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CAPSID VARIANTS AND METHODS OF USING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application No. 63/262,341, filed
October 10, 2021, and U.S. Provisional Application No. 63/262,330, filed October 8, 2021, each

of which is hereby incorporated by reference in its entirety.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

The instant application contains a Sequence Listing which has been submitted
electronically in XML file format and is hereby incorporated by reference in its entirety. Said
XML copy, created on October 6, 2022, is named “257394_001302_SeqList. XML” and is
621,812 bytes in size.

BACKGROUND
Dependoparvoviruses, e.g. adeno-associated dependoparvoviruses, e.g. adeno-associated
viruses (AAVs), are of interest as vectors for delivering various payloads to cells, including in

human subjects.

SUMMARY

The present disclosure provides, in part, improved variant dependoparvovirus capsid
proteins (e.g. AAV9 variant capsid polypeptides), such as VP1, VP2 and/or VP3 variant capsid
polypeptides, methods of producing a dependoparvovirus, compositions for use in the same, as
well as viral particles produced by the same. In some embodiments, the viral particles that are
produced have increased central nervous system (CNS) biodistribution and/or transduction as
compared to viral particles without the mutations in the capsid proteins.

In some embodiments, the disclosure is directed, in part, to a nucleic acid comprising a
sequence encoding a variant capsid protein as provided for herein. In some embodiments, the
dependoparvovirus is an adeno-associated dependoparvovirus (AAV). In some embodiments, the

AAV is AAV9, e.g., a variant AAVO.
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In some embodiments, the disclosure is directed, in part, to a variant capsid polypeptide
described herein.

In some embodiments, the disclosure is directed, in part, to a variant capsid polypeptide
comprising a polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%
or 100% identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 101, 102, 103, 104, 105, 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, or 139, optionally comprising, e.g., consisting of, SEQ ID NO: 2.

In some embodiments, the disclosure is directed, in part, to a dependoparvovirus particle
comprising a nucleic acid described herein.

In some embodiments, the disclosure is directed, in part, to a vector, e.g., a plasmid,
comprising a nucleic acid described herein.

In some embodiments, the disclosure is directed, in part, to a nucleic acid molecule comprising a
sequence of SEQ ID NO: 3, 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, 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, 259, 260, 261, 262, 263, 264, or 265, a
fragment thereof, or a variant thereof having at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, or 100% sequence identity thereto.

In some embodiments, the disclosure is directed, in part, to a dependoparvovirus particle
comprising a nucleic acid described herein (e.g., a nucleic acid comprising a sequence encoding
a variant capsid polypeptide, such as VP1, wherein the encoding sequence comprises a change or
mutation as provided herein.

In some embodiments, the disclosure is directed, in part, to a vector comprising a nucleic

acid described herein, e.g., a nucleic acid comprising a sequence encoding a variant capsid
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polypeptide, e.g. a VP1 polypeptide, wherein the encoding sequence comprises a change or
mutation as provided for herein.

In some embodiments, the disclosure is directed, in part, to a cell, cell-free system, or
other translation system comprising a nucleic acid or vector described herein, e.g., comprising a
sequence encoding a variant capsid polypeptide, such as VP1, wherein the variant capsid
polypeptide encoding sequence comprises a change or mutation as provided for herein in the
encoding sequence. In some embodiments, the cell, cell-free system, or other translation system
comprises a dependoparvovirus particle described herein, e.g., wherein the particle comprises a
nucleic acid comprising a sequence encoding a variant capsid polypeptide, such as a VP1
polypeptide, wherein the encoding sequence comprises a change or mutation as provided for
herein.

In some embodiments, the disclosure is directed, in part, to a cell, cell-free system, or
other translation system comprising a polypeptide described herein, wherein the polypeptide
encoding sequence comprises a change or mutation as provided for herein. In some
embodiments, the cell, cell-free system, or other translation system comprises a
dependoparvovirus particle described herein, e.g., wherein the particle comprises a nucleic acid
comprising a sequence encoding a VP1 polypeptide, wherein the VP1 encoding sequence
comprises a change or mutation corresponding such as provided for herein.

In some embodiments, the disclosure is directed, in part, to a method of delivering a
payload to a cell comprising contacting the cell with a dependoparvovirus particle comprising a
nucleic acid described herein. In some embodiments, the disclosure is directed, in part, to a
method of delivering a payload to a cell comprising contacting the cell with a dependoparvovirus
particle comprising a variant capsid polypeptide described herein.

In some embodiments, the disclosure is directed, in part, to a method of making a
dependoparvovirus particle, comprising providing a cell, cell-free system, or other translation
system, comprising a nucleic acid described herein (e.g., a nucleic acid comprising a sequence
encoding an capsid variant as provided for herein); and cultivating the cell, cell-free system, or
other translation system, under conditions suitable for the production of the dependoparvovirus
particle, thereby making the dependoparvovirus particle. In some embodiments, the disclosure is

directed, in part, to a method of making a dependoparvovirus particle described herein.
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In some embodiments, the disclosure is directed, in part, to a method of making a
dependoparvovirus particle, comprising providing a cell, cell-free system, or other translation
system, comprising a polypeptide described herein; and cultivating the cell, cell-free system, or
other translation system, under conditions suitable for the production of the dependoparvovirus
particle, thereby making the dependoparvovirus particle. In some embodiments, the disclosure is
directed, in part, to a method of making a dependoparvovirus particle described herein.

In some embodiments, the disclosure is directed, in part, to a dependoparvovirus particle
made in a cell, cell-free system, or other translation system, wherein the cell, cell-free system, or
other translation system comprises a nucleic acid encoding a dependoparvovirus comprising an
capsid variant as provided for herein.

In some embodiments, the disclosure is directed, in part, to a method of treating a disease
or condition in a subject, comprising administering to the subject a dependoparvovirus particle
described herein in an amount effective to treat the disease or condition.

The invention is further described with reference to the following numbered

embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1A-1C. Illustration of exemplary AAV serotype alignments. Amino acids that are present
only in VP1 polypeptides are in normal text; amino acids that are present only in VP1 and VP2
polypeptides are in bold; amino acids that are present in VP1, VP2 and VP3 polypeptides are

underlined.

FIG.2A-D. Genome maps of plasmids used in Example 2. A) Wild-type AAV9 rep cap plasmid.
B) VAR-1 rep cap plasmid. C) Packaging plasmid pertaining to the heterologous nucleic acid
sequence packaged in the VAR-1 capsid: ITR-containing plasmid encoding NLS-eGFP. D)
Packaging plasmid pertaining to the heterologous nucleic acid sequence packaged in the wild-

type AAVO capsid: ITR-containing plasmid encoding NLS-mCherry.

FIG.3. Relative transduction (A) and biodistribution (B) for VAR-1 (relative to wild-type AAV9)
from the 2-capsid NHP experiment described in Example 2.

FIG.4A-B. A) Representative images of VAR-1 and wild-type AAV9 immunofluorescence in
the hippocampus and cerebellum. In the hippocampus, the number of cells with VAR-1 GFP
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expression is ~25 fold those with AAV9 mCherry expression. This was also found in the CA3
layer, where VAR-1 GFP is visible in the CA3 pyramidal neurons showing co-staining with the
neuronal marker NeuN. In the cerebellum, VAR-1 GFP is expressed in more cells than AAV9
mCherry and has highest expression in the purkinje cell layer. B) Representative images of
VAR-1 and wild-type AAV9 immunofluorescence in the cervical spinal cord, frontal cortex, and
caudate. The number of cells with VAR-1 GFP expression in the spinal cord is 9.4 fold AAV9
mCherry. VAR-1-expressed GFP is also detected in some neurons (co-stain with NeulN), unlike
AAV9 mCherry. In the frontal cortex and caudate, the total number of cells expressing VAR-1
GFP is increased compared to AAV9 mCherry (15.9 and 4.6 fold increase) and this increases to
25 and 37-fold for neurons specifically (co-stain with NeuN).

FIG.5. Representative images from in vitro cell transduction experiments showing transduction
of VAR-land WT AAV9 in both Primary Human Neurons and the Sh-sy5y cell line. Primary
human neurons were treated with virus at S0K MOI and Sh-sy5y cells with virus at 100K MOI
for both VAR-1 and WT AAV9. Images were taken from fixed samples using a 20X objective
on an EVOS M5000.

ENUMERATED EMBODIMENTS

L. A variant capsid polypeptide comprising a polypeptide that has at least 70, 75, 80, 85, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99% or 100% identity to a VP1, VP2, or VP3 sequence of SEQ ID
NO: 2.

2. The variant capsid polypeptide of embodiment 1, wherein the variant capsid polypeptide
is the same serotype as a polypeptide of SEQ ID NO: 2 (AAV9).

3. The variant capsid polypeptide of embodiment 1, wherein the variant capsid polypeptide
is a different serotype as compared to a polypeptide of SEQ ID NO: 2 (AAV9).

4. The variant capsid polypeptide of any one of the preceding embodiments, wherein the
variant capsid polypeptide comprises a mutation that corresponds to a mutation at one or more
positions of 579, 592, 593, 595, 596, 598, 601, or any combination thereof, as compared to SEQ

ID NO: 1, optionally wherein the mutation comprises an insertion, a deletion, or a substitution.
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5. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579 as
compared to SEQ ID NO: 1.

6. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592 as
compared to SEQ ID NO: 1.

1. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593 as
compared to SEQ ID NO: 1.

8. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 595 as
compared to SEQ ID NO: 1.

9. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 596 as
compared to SEQ ID NO: 1.

10. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 598 as
compared to SEQ ID NO: 1.

11. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 601 as
compared to SEQ ID NO: 1.

12. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579 and 592
as compared to SEQ ID NO: 1.

13. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579 and 593
as compared to SEQ ID NO: 1.

14. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579 and 595

as compared to SEQ ID NO: 1.
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15. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579 and 596
as compared to SEQ ID NO: 1.

16. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579 and 598
as compared to SEQ ID NO: 1.

17. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579 and 601
as compared to SEQ ID NO: 1.

18. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592 and 593
as compared to SEQ ID NO: 1.

19. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592 and 595
as compared to SEQ ID NO: 1.

20. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592 and 596
as compared to SEQ ID NO: 1.

21. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592 and 598
as compared to SEQ ID NO: 1.

22. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592 and 601
as compared to SEQ ID NO: 1.

23. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593 and 595
as compared to SEQ ID NO: 1.

24. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593 and 596

as compared to SEQ ID NO: 1.
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25. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593 and 598
as compared to SEQ ID NO: 1.

26. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593 and 601
as compared to SEQ ID NO: 1.

27. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 595 and 596
as compared to SEQ ID NO: 1.

28. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 595 and 598
as compared to SEQ ID NO: 1.

29. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 595 and 601
as compared to SEQ ID NO: 1.

30. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 596 and 598
as compared to SEQ ID NO: 1.

31. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 596 and 601
as compared to SEQ ID NO: 1.

32. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 598 and 601
as compared to SEQ ID NO: 1.

33. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592, and
593 as compared to SEQ ID NO: 1.

34. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592, and

595 as compared to SEQ ID NO: 1.
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35. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592, and
596 as compared to SEQ ID NO: 1.
36. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592, and
598 as compared to SEQ ID NO: 1.
37. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592, and
601 as compared to SEQ ID NO: 1.
38. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593, and
595 as compared to SEQ ID NO: 1.
39. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593, and
596 as compared to SEQ ID NO: 1.
40. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593, and
598 as compared to SEQ ID NO: 1.
41. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593, and
601 as compared to SEQ ID NO: 1.
42. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 595, and
596 as compared to SEQ ID NO: 1.
43. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 595, and
598 as compared to SEQ ID NO: 1.
44. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 595, and

601 as compared to SEQ ID NO: 1.
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45. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 596, and
598 as compared to SEQ ID NO: 1.
46. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 596, and
601 as compared to SEQ ID NO: 1.
47. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 598, and
601 as compared to SEQ ID NO: 1.
48. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593, and
595 as compared to SEQ ID NO: 1.
49. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593, and
596 as compared to SEQ ID NO: 1.
50. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593, and
598 as compared to SEQ ID NO: 1.
51. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593, and
601 as compared to SEQ ID NO: 1.
52. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 595, and
596 as compared to SEQ ID NO: 1.
53. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 595, and
598 as compared to SEQ ID NO: 1.
54. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 595, and

601 as compared to SEQ ID NO: 1.
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55. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 596, and
598 as compared to SEQ ID NO: 1.
56. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 596, and
601 as compared to SEQ ID NO: 1.
57. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 598, and
601 as compared to SEQ ID NO: 1.
8. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 595, and
596 as compared to SEQ ID NO: 1.
59. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 595, and
598 as compared to SEQ ID NO: 1.
60. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 595, and
601 as compared to SEQ ID NO: 1.
61. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 596, and
598 as compared to SEQ ID NO: 1.
62. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 596, and
601 as compared to SEQ ID NO: 1.
63. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 598, and
601 as compared to SEQ ID NO: 1.
64. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 595, 596, and

598 as compared to SEQ ID NO: 1.
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65. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 595, 596, and
601 as compared to SEQ ID NO: 1.

66. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 595, 598, and
601 as compared to SEQ ID NO: 1.

67. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 596, 598, and
601 as compared to SEQ ID NO: 1.

68. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, and 595 as compared to SEQ ID NO: 1.

69. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, and 596 as compared to SEQ ID NO: 1.

70. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, and 598 as compared to SEQ ID NO: 1.

71. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, and 601 as compared to SEQ ID NO: 1.

72. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,
595, and 596 as compared to SEQ ID NO: 1.

73. The variant capsid polypeptide of any of the preceding embodiments, wherein the capsid
polypeptide comprises a mutation that corresponds to a mutation at position 579, 593, 595, and
598 as compared to SEQ ID NO: 1.

74. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,

595, and 601 as compared to SEQ ID NO: 1.
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75. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
595, and 596 as compared to SEQ ID NO: 1.

76. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
595, and 598 as compared to SEQ ID NO: 1.

1. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
595, and 601 as compared to SEQ ID NO: 1.

78. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, and 596 as compared to SEQ ID NO: 1.

79. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, and 598 as compared to SEQ ID NO: 1.

80. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, and 601 as compared to SEQ ID NO: 1.

81. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
595, and 596 as compared to SEQ ID NO: 1.

82. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
595, and 598 as compared to SEQ ID NO: 1.

83. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
595, and 601 as compared to SEQ ID NO: 1.

84. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 595,

596, and 598 as compared to SEQ ID NO: 1.
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85. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 595,
596, and 601 as compared to SEQ ID NO: 1.

86. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 595, 596,
598, and 601 as compared to SEQ ID NO: 1.

87. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 595, and 596 as compared to SEQ ID NO: 1.

88. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 595, and 598 as compared to SEQ ID NO: 1.

89. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 595, and 601 as compared to SEQ ID NO: 1.

90. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,
595, 596 and 598 as compared to SEQ ID NO: 1.

91. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,
595, 596 and 601 as compared to SEQ ID NO: 1.

92. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
595, 596 and 598 as compared to SEQ ID NO: 1.

93. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
595, 596 and 601 as compared to SEQ ID NO: 1.

94. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,

593, 596 and 598 as compared to SEQ ID NO: 1.
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95. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 596 and 601 as compared to SEQ ID NO: 1.

96. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 595 and 598 as compared to SEQ ID NO: 1.

97. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 595 and 601 as compared to SEQ ID NO: 1.

98. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
595, 596 and 598 as compared to SEQ ID NO: 1.

99. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
595, 596 and 601 as compared to SEQ ID NO: 1.

100.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 595,
596, 598 and 601 as compared to SEQ ID NO: 1.

101. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 595, 596, and 598 as compared to SEQ ID NO: 1.

102. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 595, 596, and 601 as compared to SEQ ID NO: 1.

103.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
595, 596, 598 and 601 as compared to SEQ ID NO: 1.

104.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,

595, 596, 598 and 601 as compared to SEQ ID NO: 1.
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105.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
595, 596, 598 and 601 as compared to SEQ ID NO: 1.

106.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 596, 598 and 601 as compared to SEQ ID NO: 1.

107.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 595, 598 and 601 as compared to SEQ ID NO: 1.

108.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
593, 595, 596, 598 and 601 as compared to SEQ ID NO: 1.

109.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
596, and 598 as compared to SEQ ID NO: 1.

110.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
596, and 601 as compared to SEQ ID NO: 1.

111. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
598, and 601 as compared to SEQ ID NO: 1.

112. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,
596, and 598 as compared to SEQ ID NO: 1.

113.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,
596, and 601 as compared to SEQ ID NO: 1.

114. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,

598, and 601 as compared to SEQ ID NO: 1.
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115.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 595,
596, and 598 as compared to SEQ ID NO: 1.

116.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 595,
596, and 601 as compared to SEQ ID NO: 1.

117.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 595,
598, and 601 as compared to SEQ ID NO: 1.

118.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 596,
598, and 598 as compared to SEQ ID NO: 1.

119.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
596, and 598 as compared to SEQ ID NO: 1.

120.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
596, and 601 as compared to SEQ ID NO: 1.

121. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
598, and 601 as compared to SEQ ID NO: 1.

122.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 595,
596, and 598 as compared to SEQ ID NO: 1.

123.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 595,
596, and 601 as compared to SEQ ID NO: 1.

124.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 595,

598, and 601 as compared to SEQ ID NO: 1.
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125.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 596,
598, and 601 as compared to SEQ ID NO: 1.

126.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 595,
598, and 601 as compared to SEQ ID NO: 1.

127.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593, 596,
598, and 601 as compared to SEQ ID NO: 1.

128.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,
595, 598 and 601 as compared to SEQ ID NO: 1.

129.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 593,
596, 598 and 601 as compared to SEQ ID NO: 1.

130.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 595,
596, 598 and 601 as compared to SEQ ID NO: 1.

131. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
595, 598 and 601 as compared to SEQ ID NO: 1.

132.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,
596, 598 and 601 as compared to SEQ ID NO: 1.

133.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 595,
596, 598 and 601 as compared to SEQ ID NO: 1.

134.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 579, 592,

593, 598 and 601 as compared to SEQ ID NO: 1.
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135.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
595, 598 and 601 as compared to SEQ ID NO: 1.

136.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 593,
596, 598 and 601 as compared to SEQ ID NO: 1.

137.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 592, 595,
596, 598 and 601 as compared to SEQ ID NO: 1.

138. A variant capsid polypeptide, comprising a polypeptide that has at least 70, 75, 80, 85,
90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID
NO: 1 and comprises:

(a) A valine at a position corresponding to Q579 as compared to SEQ ID NO: 1;

(b) An isoleucine at a position corresponding to Q592 as compared to SEQ ID NO: [;

©) A valine at a position corresponding to T593 as compared to SEQ ID NO: 1;

(d) An alanine at a position corresponding to W595 as compared to SEQ ID NO: 1;

(e) A leucine at a position corresponding to V596 as compared to SEQ ID NO: 1;

) A serine at a position corresponding to N598 as compared to SEQ ID NO: 1;

(g) An alanine at a position corresponding to 1601 as compared to SEQ ID NO: 1; or

(h) Combinations thereof, optionally wherein the variant capsid polypeptide comprises all of
(@)-(2).

139.  The variant capsid polypeptide of any of embodiments 1-138, wherein the variant capsid
polypeptide comprises:

(a) A valine at a position corresponding to Q579 as compared to SEQ ID NO: 1;

(b) An isoleucine at a position corresponding to Q592 as compared to SEQ ID NO: 1;

©) A valine at a position corresponding to T593 as compared to SEQ ID NO: 1;

(d) An alanine at a position corresponding to W595 as compared to SEQ ID NO: 1;

(e) A leucine at a position corresponding to V596 as compared to SEQ ID NO: 1;

® A serine at a position corresponding to N598 as compared to SEQ ID NO: 1;

(2) An alanine at a position corresponding to 1601 as compared to SEQ ID NO: 1; or
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(h) Combinations thereof, optionally wherein the variant capsid polypeptide comprises all of
(@)-(2)-

140.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579 as compared to SEQ
ID NO: 1.

141. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a isoleucine at a position corresponding to Q592as compared to
SEQ ID NO: 1.

142.  The variant capsid polypeptide of any of the preceding embodiments, wherein variant
capsid polypeptide comprises a valine at a position corresponding to T593 as compared to SEQ
ID NO: 1.

143.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an alanine at a position corresponding to W595 as compared to
SEQ ID NO: 1.

144.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a leucine at a position corresponding to V596 as compared to SEQ
ID NO: 1.

145.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a serine at a position corresponding to N598 as compared to SEQ
ID NO: 1.

146. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

147.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579 and an isoleucine at a
position corresponding to Q592 as compared to SEQ ID NO: 1.

148.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579 and a valine at a

position corresponding to T593 as compared to SEQ ID NO: 1.
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149.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579 and an alanine at a
position corresponding to W595 as compared to SEQ ID NO: 1.

150.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579 and a leucine at a
position corresponding to V596 as compared to SEQ ID NO: 1.

151.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579 and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

152.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579 and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

153.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592 and a valine at a
position corresponding to T593 as compared to SEQ ID NO: 1.

154. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592 and an alanine at
a position corresponding to W595 as compared to SEQ ID NO: 1.

155. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592 and a leucine at
a position corresponding to V596 as compared to SEQ ID NO: 1.

156. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592 and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

157.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592 and an alanine at
a position corresponding to 1601 as compared to SEQ ID NO: 1.

158.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593 and an alanine at a

position corresponding to W595 as compared to SEQ ID NO: 1.
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159.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593 and a leucine at a
position corresponding to V596 as compared to SEQ ID NO: 1.

160. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593 and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

161. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593 and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

162.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an alanine at a position corresponding to W595 and a leucine at a
position corresponding to V596 as compared to SEQ ID NO: 1.

163.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an alanine at a position corresponding to W595 and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

164. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an alanine at a position corresponding to W595 and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

165. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a leucine at a position corresponding to V596 and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

166. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a leucine at a position corresponding to V596 and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

167. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a serine at a position corresponding to N598 and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

168. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, and a valine at a position corresponding to T593 as compared to

SEQ ID NO: 1.
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169. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, and an alanine at a position corresponding to W595 as
compared to SEQ ID NO: 1.

170.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, and a leucine at a position corresponding to V596 as compared
to SEQ ID NO: 1.

171.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, and a serine at a position corresponding to N598 as compared to
SEQ ID NO: 1.

172.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

173.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, and an alanine at a position corresponding to W595 as compared to SEQ
ID NO: 1.

174.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, and a leucine at a position corresponding to V596 as compared to SEQ
ID NO: 1.

175.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, and a serine at a position corresponding to N598 as compared to SEQ ID
NO: 1.

176. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant

capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
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corresponding to T593, and an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

177.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an alanine at a
position corresponding to W595, and a leucine at a position corresponding to V596 as compared
to SEQ ID NO: 1.

178.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an alanine at a
position corresponding to W595, and a serine at a position corresponding to N598 as compared
to SEQ ID NO: 1.

179.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an alanine at a
position corresponding to W595, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

180. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a leucine at a
position corresponding to V596, and a serine at a position corresponding to N598 as compared to
SEQ ID NO: 1.

181. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a leucine at a
position corresponding to V596, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

182. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a serine at a position
corresponding to N598, and an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

183.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, and an alanine at a position corresponding to W595 as compared

to SEQ ID NO: 1.
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184.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, and a leucine at a position corresponding to V596 as compared
to SEQ ID NO: 1.

185.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, and a serine at a position corresponding to N598 as compared to
SEQ ID NO: 1.

186.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

187.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, an alanine at a
position corresponding to W595, and a leucine at a position corresponding to V596 as compared
to SEQ ID NO: 1.

188.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, an alanine at a
position corresponding to W595, and a serine at a position corresponding to N598 as compared
to SEQ ID NO: 1.

189.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, an alanine at a
position corresponding to W595, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

190. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a leucine at a
position corresponding to V596, and a serine at a position corresponding to N598 as compared to
SEQ ID NO: 1.

191. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant

capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a leucine at a
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position corresponding to V596, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

192.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a serine at a
position corresponding to N598, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

193.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, and a leucine at a position corresponding to V596 as compared
to SEQ ID NO: 1.

194.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, and a serine at a position corresponding to N598 as compared
to SEQ ID NO: 1.

195.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

196. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, a leucine at a position
corresponding to V596, and a serine at a position corresponding to N598 as compared to SEQ ID
NO: 1.

197. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, a leucine at a position
corresponding to V596, and an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

198.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, a serine at a position
corresponding to N598, and an alanine at a position corresponding to 1601 as compared to SEQ

ID NO: 1.
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199.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an alanine at a position corresponding to W595, a leucine at a
position corresponding to V596, and a serine at a position corresponding to N598 as compared to
SEQ ID NO: 1.

200. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an alanine at a position corresponding to W595, a leucine at a
position corresponding to V596, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

201. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an alanine at a position corresponding to W595, a serine at a
position corresponding to N598, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

202. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a leucine at a position corresponding to V596, a serine at a position
corresponding to N598, and an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

203. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, and an alanine at a
position corresponding to W595 as compared to SEQ ID NO: 1.

204. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, and a leucine at a
position corresponding to V596 as compared to SEQ ID NO: 1.

205. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

206. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant

capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
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position corresponding to Q592, a valine at a position corresponding to T593, and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

207. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, an alanine at a position corresponding to W595, and a leucine at
a position corresponding to V596 as compared to SEQ ID NO: 1.

208. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, an alanine at a position corresponding to W595, and a serine at
a position corresponding to N598 as compared to SEQ ID NO: 1.

209. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, an alanine at a position corresponding to W595, and an alanine
at a position corresponding to 1601 as compared to SEQ ID NO: 1.

210. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, an alanine at a position corresponding to W595, and a leucine at
a position corresponding to V596 as compared to SEQ ID NO: 1.

211. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, an alanine at a position corresponding to W595, and a serine at
a position corresponding to N598 as compared to SEQ ID NO: 1.

212. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, an alanine at a position corresponding to W595, and an alanine
at a position corresponding to 1601 as compared to SEQ ID NO: 1.

213. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, and a leucine at a

position corresponding to V596 as compared to SEQ ID NO: 1.
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214. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

215. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

216. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, an alanine at a position corresponding to W595, and n596s as
compared to SEQ ID NO: 1.

217. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, an alanine at a position corresponding to W595, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

218.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, an alanine at a position corresponding to W595, and an alanine
at a position corresponding to 1601 as compared to SEQ ID NO: 1.

219. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

220. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, and an alanine at
a position corresponding to 1601 as compared to SEQ ID NO: 1.

221. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant

capsid polypeptide comprises an alanine at a position corresponding to W595, a leucine at a
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position corresponding to V596, a serine at a position corresponding to N598, and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

222. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, and a leucine at a position corresponding to V596 as compared
to SEQ ID NO: 1.

223.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, and a serine at a position corresponding to N598 as compared
to SEQ ID NO: 1.

224.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

225. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, an alanine at a position corresponding to W595, a leucine at a position
corresponding to V596 and a serine at a position corresponding to N598 as compared to SEQ ID
NO: 1.

226. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, an alanine at a position corresponding to W595, a leucine at a position
corresponding to V596 and an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

227. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a

position corresponding to Q592, an alanine at a position corresponding to W595, a leucine at a



WO 2023/060264 PCT/US2022/077804
31

position corresponding to V596 and a serine at a position corresponding to N598 as compared to
SEQ ID NO: 1.

228. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, an alanine at a position corresponding to W595, a leucine at a
position corresponding to V596 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

229. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, a leucine at a
position corresponding to V596 and a serine at a position corresponding to N598 as compared to
SEQ ID NO: 1.

230. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, a leucine at a
position corresponding to V596 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

231. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, an alanine at a
position corresponding to W595 and a serine at a position corresponding to N598 as compared to
SEQ ID NO: 1.

232. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, an alanine at a
position corresponding to W595 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

233. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a

position corresponding to T593, an alanine at a position corresponding to W595, a leucine at a
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position corresponding to V596 and a serine at a position corresponding to N598 as compared to
SEQ ID NO: 1.

234. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, an alanine at a position corresponding to W595, a leucine at a
position corresponding to V596 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

235. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, a serine at a
position corresponding to N598 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

236. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

237. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, and an alanine at
a position corresponding to 1601 as compared to SEQ ID NO: 1.

238. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q592, a valine at a position
corresponding to T593, an alanine at a position corresponding to W595, a leucine at a position
corresponding to V596, a serine at a position corresponding to N598 and an alanine at a position
corresponding to 1601 as compared to SEQ ID NO: 1.

239. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position

corresponding to T593, an alanine at a position corresponding to W595, a leucine at a position



WO 2023/060264 PCT/US2022/077804
33

corresponding to V596, a serine at a position corresponding to N598 and an alanine at a position
corresponding to 1601 as compared to SEQ ID NO: 1.

240. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, an alanine at a position corresponding to W595, a leucine at a
position corresponding to V596, a serine at a position corresponding to N598 and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

241. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, a leucine at a
position corresponding to V596, a serine at a position corresponding to N598 and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

242.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, a serine at a position corresponding to N598 and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

243.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, a serine at a
position corresponding to N598 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

244. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a leucine at a position corresponding to V596, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

245.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a leucine at a position corresponding to V596, and an alanine at

a position corresponding to 1601 as compared to SEQ ID NO: 1.
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246. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a serine at a position corresponding to N598, and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

247. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, a leucine at a position corresponding to V596, and a serine at a position
corresponding to N598 as compared to SEQ ID NO: 1.

248. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, a leucine at a position corresponding to V596, and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

249.  The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, a serine at a position corresponding to N598, and an alanine at a position
corresponding to 1601 as compared to SEQ ID NO: 1.

250. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

251. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, and an alanine at
a position corresponding to 1601 as compared to SEQ ID NO: 1.

252. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an alanine at a
position corresponding to W595, a serine at a position corresponding to N598, and an alanine at
a position corresponding to 1601 as compared to SEQ ID NO: 1.

253. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant

capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
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position corresponding to T593, a leucine at a position corresponding to V596, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

254. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, a leucine at a position corresponding to V596, and an alanine at
a position corresponding to 1601 as compared to SEQ ID NO: 1.

255. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a valine at a
position corresponding to T593, a serine at a position corresponding to N598, and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

256. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1.

257. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, and an alanine at
a position corresponding to 1601 as compared to SEQ ID NO: 1.

258. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, an alanine at a
position corresponding to W595, a serine at a position corresponding to N598, and an alanine at
a position corresponding to 1601 as compared to SEQ ID NO: 1.

259. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises an isoleucine at a position corresponding to Q592, a leucine at a
position corresponding to V596, a serine at a position corresponding to N598, and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1.

260. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, an alanine at a
position corresponding to W595, a serine at a position corresponding to N598, and an alanine at

a position corresponding to 1601 as compared to SEQ ID NO: 1.
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261. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to T593, a leucine at a position
corresponding to V596, a serine at a position corresponding to N598, and an alanine at a position
corresponding to 1601 as compared to SEQ ID NO: 1.

262. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, an alanine at a position corresponding to W595, a serine at a position
corresponding to N598 and an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

263. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, a valine at a position
corresponding to T593, a leucine at a position corresponding to V596, a serine at a position
corresponding to N598 and an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

264. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, a serine at a
position corresponding to N598 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

265. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, an alanine at a position corresponding to W595, a serine at a
position corresponding to N598 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

266. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a leucine at a position corresponding to V596, a serine at a
position corresponding to N598 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

267. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant

capsid polypeptide comprises a valine at a position corresponding to Q579, an alanine at a
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position corresponding to W595, a leucine at a position corresponding to V596, a serine at a
position corresponding to N598 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

268. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q579, an isoleucine at a
position corresponding to Q592, a valine at a position corresponding to T593, a serine at a
position corresponding to N598 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

268. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q592, a valine at a position
corresponding to T593, an alanine at a position corresponding to W595, a serine at a position
corresponding to N598 and an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

269. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q592, a valine at a position
corresponding to T593, a leucine at a position corresponding to V596, a serine at a position
corresponding to N598 and an alanine at a position corresponding to 1601 as compared to SEQ
ID NO: 1.

270. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide comprises a valine at a position corresponding to Q592, an alanine at a
position corresponding to W595, a leucine at a position corresponding to V596, a serine at a
position corresponding to N598 and an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1.

271. A variant capsid polypeptide (for example, a VP1, VP2, or VP3), that is at least, or about,
95, 96, 97, 98 or 99% identical to a capsid polypeptide of SEQ ID NO: 2 (for example, a VP1,
VP2 or VP3 polypeptide SEQ ID NO: 2) and comprises at least 4, at least 5, at least 6, optionally
all, the mutation differences of VAR-1.

272. A variant capsid polypeptide (for example, a VP1, VP2, or VP3), that has about 1 to
about 20 mutations as compared to a capsid polypeptide (for example, a VP1, VP2 or VP3) of
SEQ ID NO: 2 and comprises at least 4, at least 5, at least 6, optionally all, the mutation
differences of VAR-1.
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273. A variant capsid polypeptide of embodiment 215 that has about 1 to about 10 mutations
as compared to a capsid polypeptide (for example, a VP1, VP2 or VP3).

274. A variant capsid polypeptide of embodiment 215, that has about | to about 5 mutations as
compared to a capsid polypeptide (for example, a VP1, VP2 or VP3).

275. A variant capsid polypeptide (for example, a VP1, VP2, or VP3), that is at least, or about,
95, 96, 97, 98 or 99% identical to a polypeptide of SEQ ID NO: 2 and comprises a valine at a
position corresponding to 596L according to SEQ ID NO: 1.

276. A variant capsid polypeptide (for example, a VP1, VP2, or VP3), that has about 1 to
about 20 mutations as compared to a capsid polypeptide (for example, a VP1, VP2 or VP3) of
SEQ ID NO: 2 and comprises a valine at a position corresponding to 596L according to SEQ ID
NO: 1.

277. A variant capsid polypeptide of embodiment 219, that has about 1 to about 10 mutations
as compared to a capsid polypeptide (for example a VP1, VP2, or VP3) of SEQ ID NO: 2.

278. A variant capsid polypeptide of embodiment 219, that has about 1 to about 5 mutations as
compared to a capsid polypeptide (for example a VP1, VP2, or VP3) of SEQ ID NO: 2.

279. A variant capsid polypeptide comprising a VP1, VP2, or VP3 sequence of SEQ ID NO:
2.

280. A variant capsid polypeptide consisting of the VP1, VP2, or VP3 sequence of SEQ ID
NO: 2.

281. The variant capsid polypeptide of any of the preceding embodiments, wherein the variant
capsid polypeptide is a VP1 polypeptide, a VP2 polypeptide or a VP3 polypeptide.

282. A nucleic acid molecule encoding a capsid variant polypeptide of any one of the
preceding embodiments.

283. The nucleic acid molecule of embodiment 282, wherein the nucleic acid molecule
comprises a sequence of SEQ ID NO: 3, a fragment thereof (e.g., a VP1-encoding, a VP2-
encoding or a VP3-encoding fragment thereof), or a sequence having at least 70, 75, 80, 85, 90,
91, 92, 93,94, 95, 96, 97, 98, 99, or 100% sequence identity thereto.

284.  The nucleic acid molecule of embodiment 282 or 283, wherein the fragment thereof
encodes a VP2 capsid polypeptide or a VP3 capsid polypeptide.

285. The nucleic acid molecule of embodiment 282 or 283, wherein the nucleic acid molecule

comprises a sequence of SEQ ID NO: 3.
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286. A virus particle (e.g., adeno-associated virus (“AAV”) particle) comprising a variant
capsid polypeptide of any one of the preceding embodiments, or comprising a variant capsid
polypeptide encoded by the nucleic acid molecule of any one of embodiments 282-285.

287. The virus particle of embodiment 286, comprising a nucleic acid comprising a payload
(e.g., a heterologous transgene) and one or more regulatory elements.

288. A virus particle of any one of embodiments 286-287, wherein said virus particle exhibits
increased central nervous system (CNS) biodistribution, e.g., as measured in a mammal, e.g., in
mouse or in NHP, e.g., as described herein, relative to wild-type AAV9 (E.g., a virus particle
comprising capsid polypeptides of SEQ ID NO: I or encoded by SEQ ID NO: 4), optionally
wherein the biodistribution is at least 10-times, at least 20-times, at least 32-times, at least 45-
times or greater than the biodistribution of a virus particle comprising capsid polypeptides of
SEQ ID NO: 1.

289.  The virus particle of embodiment 288, wherein the increased CNS biodistribution is
exhibited upon systemic, e.g., intravenous, administration of said virus particle.

290. The virus particle of any of embodiments 286-289, wherein the virus particle exhibits
higher CNS biodistribution than peripheral nervous system (PNS) biodistribution, optionally
wherein the ratio of CNS biodistribution to PNS biodistribution is at least 10, at least 20 or at
least 25 or greater, optionally where said CNS biodistribution and PNS biodistribution are as
measured after systemic, e.g., intravenous, administration of the virus particle.

291.  The virus particle of any of embodiments 286-290, wherein said virus particle exhibits
increased transduction in CNS e.g., as measured in a mammal, e.g., in mouse or in NHP, e.g., as
described herein, relative to wild-type AAV9 (E.g., a virus particle comprising capsid
polypeptides of SEQ ID NO: 1 or encoded by SEQ ID NO: 4), optionally wherein the
transduction is at least 10-times, at least 20-times, at least 50-times, at least 60-times, at least 65-
times, at least 70-times, or at least 75-times or greater than the transduction of a virus particle
comprising capsid polypeptides of SEQ ID NO: 1.

292. The virus particle of any of embodiments 286-291, wherein said virus particle exhibits one
or more, e.g., all of:

Decreased liver biodistribution;

Decreased spleen biodistribution;

Decreased muscle biodistribution;
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Decreased heart biodistribution;

Decreased liver transduction; or

Decreased heart transduction;

in each case, relative to wild-type AAV9 (e.g., a virus particle comprising capsid polypeptides of
SEQ ID NO: 1 or encoded by SEQ ID NO: 4), optionally wherein the transduction or
biodistribution is at least 1-times, at least 2-times, at least 3-times, at least 4-times, at least 5-
times, or at least 10-times lower than the transduction or biodistribution of a virus particle
comprising capsid polypeptides of SEQ ID NO: 1, e.g., as measured in a mammal, e.g., a mouse
or NHP.

293.  The nucleic acid molecule of any one of embodiments 282-285, wherein the nucleic acid
molecule is double-stranded or single-stranded, and wherein the nucleic acid molecule is linear
or circular, e.g., wherein the nucleic acid molecule is a plasmid.

294. A method of producing a virus particle comprising a variant capsid polypeptide, said
method comprising introducing a nucleic acid molecule of any one of embodiments 282-285 or
293 into a cell (e.g., a HEK293 cell), and harvesting said virus particles therefrom.

295. A method of delivering a payload (e.g., a nucleic acid) to a cell comprising contacting the
cell with a virus particle comprising the variant capsid polypeptide of any one of the preceding
embodiments and a payload, or contacting the cell with the virus particle of any one of
embodiments 286-292.

296. The method of embodiment 295, wherein the cell is a CNS cell.

297.  The method of embodiment 296, wherein the CNS cell is a neuronal cell, a glial cell, an
astrocyte, an oligodendrocyte, an endothelial cell, or any combination thereof.

298. A method of delivering a payload (e.g., a nucleic acid) to a subject comprising
administering to the subject a virusparticle comprising the variant capsid polypeptide of any one
of the preceding embodiments and the payload, or administering to the subject the virus particle
of any one of embodiments 286-292.

299. The method of embodiment 298, wherein the virus particle delivers the payload to the
CNS.

300. The variant capsid polypeptide of any one of the preceding embodiments, the virus
particle of any one of embodiments 286-292, or the method of any one of embodiments 294-299,

wherein the virus particle (e.g., the virus particle comprising the variant capsid polypeptide)
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delivers the payload to the CNS with increased biodistribution and/or transduction, e.g.,
biodistribution as compared to a virus particle comprising capsid polypeptides of SEQ ID NO: 1,
optionally wherein the biodistribution is at least 10-times, at least 20-times, at least 32-times, at
least 50-times, at least 75-times or greater than the biodistribution and/or transduction of a virus
particle comprising capsid polypeptides of SEQ ID NO: 1.

301. The variant capsid polypeptide, virus particle or method of embodiment 300, wherein the
one or more cell of the CNS is selected from a neuronal cell, a glial cell, an astrocyte, an
oligodendrocyte, an endothelial cell, or any combination thereof.

302. A method of treating a disease or condition in a subject, comprising administering to the
subject a virus particle or the composition of embodiment 312 in an amount effective to treat the
disease or condition, wherein the virus particle is a particle comprising the variant capsid
polypeptide of any one of the preceding embodiments, or comprises a variant capsid polypeptide
encoded by the nucleic acid molecule of any one of embodiments 282-285 or 293, or the virus
particle of any one of embodiments 286-292.

303. The method of embodiment 302, wherein the disease or condition is a disease or condition
of the CNS.

304. The method of embodiment 303, wherein the disease or condition is Absence of the Septum
Pellucidum, Acid Lipase Disease, Acid Maltase Deficiency, Acquired Epileptiform Aphasia,
Acute Disseminated Encephalomyelitis, Attention Deficit-Hyperactivity Disorder (ADHD),
Adie's Pupil, Adie's Syndrome, Adrenoleukodystrophy, Agenesis of the Corpus Callosum,
Agnosia, Aicardi Syndrome, Aicardi-Goutieres Syndrome Disorder, AIDS - Neurological
Complications, Alexander Disease, Alpers' Disease, Alternating Hemiplegia, Alzheimer's
Disease, Amyotrophic Lateral Sclerosis (ALS), Anencephaly, Aneurysm, Angelman Syndrome,
Angiomatosis, Angleman syndrome, Anoxia, Antiphospholipid Syndrome, Aphasia, Apraxia,
Arachnoid Cysts, Arachnoiditis, Arnold-Chiari Malformation, Arteriovenous Malformation,
Asperger Syndrome, Ataxia, Ataxia Telangiectasia, Ataxias and Cerebellar or Spinocerebellar
Degeneration, Atrial Fibrillation and Stroke, Attention Deficit-Hyperactivity Disorder, Autism
Spectrum Disorder, Autonomic Dysfunction, Back Pain, Barth Syndrome, Batten Disease,
Becker's Myotonia, Bechet's Disease, Bell's Palsy, Benign Essential Blepharospasm, Benign
Focal Amyotrophy, Benign Intracranial Hypertension, Bernhardt-Roth Syndrome, Binswanger's

Disease, Blepharospasm, Bloch-Sulzberger Syndrome, Brachial Plexus Birth Injuries, Brachial
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Plexus Injuries, Bradbury-Eggleston Syndrome, Brain and Spinal Tumors (including, but not
limited to those that have metastasized to the brain, for example, metastatic breast cancer), Brain
Aneurysm, Brain Injury, Brown-Sequard Syndrome, Bulbar palsy, Bulbospinal Muscular
Atrophy, Cerebral Autosomal Dominant Arteriopathy with Sub-cortical Infarcts and
Leukoencephalopathy (CADASIL), Canavan Disease, Carpal Tunnel Syndrome, Causalgia,
Cavernomas, Cavernous Angioma, Cavernous Malformation, Central Cervical Cord Syndrome,
Central Cord Syndrome, Central Pain Syndrome, Central Pontine Myelinolysis, Cephalic
Disorders, Ceramidase Deficiency, Cerebellar Degeneration, Cerebellar Hypoplasia, Cerebral
Aneurysms, Cerebral Arteriosclerosis, Cerebral Atrophy, Cerebral Beriberi, Cerebral Cavernous
Malformation, Cerebral Gigantism, Cerebral Hypoxia, Cerebral Palsy, Cerebro-Oculo-Facio-
Skeletal Syndrome (COFS), Charcot-Marie-Tooth Disease, Chiari Malformation, Cholesterol
Ester Storage Disease, Chorea, Choreoacanthocytosis, Chronic Inflammatory Demyelinating
Polyneuropathy (CIDP), Chronic Orthostatic Intolerance, Chronic Pain, Cockayne Syndrome
Type 11, Coffin Lowry Syndrome, Colpocephaly, Coma, Complex Regional Pain Syndrome,
Concentric sclerosis (Bald's sclerosis), Congenital Facial Diplegia, Congenital Myasthenia,
Congenital Myopathy, Congenital Vascular Cavernous Malformations, Corticobasal
Degeneration, Cranial Arteritis, Craniosynostosis, Cree encephalitis, Creutzfeldt-Jakob Disease,
Chronic progressive external ophtalmoplegia, Cumulative Trauma Disorders, Cushing's
Syndrome, Cytomegalic Inclusion Body Disease, Cytomegalovirus Infection, Dancing Eyes-
Dancing Feet Syndrome, Dandy-Walker Syndrome, Dawson Disease, De Morsier's Syndrome,
Dejerine-Klumpke Palsy, Dementia, Dementia -Multi-Infarct, Dementia - Semantic, Dementia -
Subcortical, Dementia With Lewy Bodies, Demyelination diseases, Dentate Cerebellar Ataxia,
Dentatorubral Atrophy, Dermatomyositis, Developmental Dyspraxia, Devic's Syndrome,
Diabetic Neuropathy, Diffuse Sclerosis, Distal hereditary motor neuronopathies, Dravet
Syndrome, Dysautonomia, Dysgraphia, Dyslexia, Dysphagia, Dyspraxia, Dyssynergia
Cerebellaris Myoclonica, Dyssynergia Cerebellaris Progressiva, Dystonias, Early Infantile
Epileptic Encephalopathy, Empty Sella Syndrome, Encephalitis, Encephalitis Lethargica,
Encephaloceles, Encephalomyelitis, Encephalopathy, Encephalopathy (familial infantile),
Encephalotrigeminal Angiomatosis, Epilepsy, Epileptic Hemiplegia, Episodic ataxia, Erb's Palsy,
Erb-Duchenne and Dejerine-Klumpke Palsies, Essential Tremor, Extrapontine Myelinolysis,

Faber's disease, Fabry Disease, Fahr's Syndrome, Fainting, Familial Dysautonomia, Familial
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Hemangioma, Familial Idiopathic Basal Ganglia Calcification, Familial Periodic Paralyses,
Familial Spastic Paralysis, Farber's Disease, Febrile Seizures, Fibromuscular Dysplasia, Fisher
Syndrome, Floppy Infant Syndrome, Foot Drop, Fragile X disease, Friedreich's Ataxia,
Frontotemporal Dementia, Gaucher Disease, Generalized Gangliosidoses (GM1, GM2),
Gerstmann's Syndrome, Gerstmann-Straussler-Scheinker Disease, Giant Axonal Neuropathy,
Giant Cell Arteritis, Giant Cell Inclusion Disease, Globoid Cell Leukodystrophy,
Glossopharyngeal Neuralgia, Glycogen Storage Disease, Guillain-Barré Syndrome,
Hallervorden-Spatz Disease, Head Injury, Headache, Hemicrania Continua, Hemifacial Spasm,
Hemiplegia Alterans, Hereditary Neuropathies, Hereditary Spastic Paraplegia, Heredopathia
Atactica Polyneuritiformis, Herpes Zoster, Herpes Zoster Oticus, Hirayama Syndrome, Holmes-
Adie syndrome, Holoprosencephaly, HTLV-1 Associated Myelopathy, Hughes Syndrome,
Huntington's Disease, Hurler syndrome, Hydranencephaly, Hydrocephalus, Hydrocephalus -
Normal Pressure, Hydromyelia, Hypercortisolism, Hypersomnia, Hypertonia, Hypotonia,
Hypoxia, Immune-Mediated Encephalomyelitis, Inclusion Body Myositis, Incontinentia
Pigmenti, Infantile Hypotonia, Infantile Neuroaxonal Dystrophy, Infantile Phytanic Acid Storage
Disease, Infantile Refsum Disease, Infantile Spasms, Inflammatory Myopathies, Iniencephaly,
Intestinal Lipodystrophy, Intracranial Cysts, Intracranial Hypertension, Isaacs' Syndrome,
Joubert Syndrome, Kearns-Sayre Syndrome, Kennedy's Disease, Kinsbourne syndrome, Kleine-
Levin Syndrome, Klippel-Feil Syndrome, Klippel-Trenaunay Syndrome (KTS), Kliiver-Bucy
Syndrome, Korsakoff's Amnesic Syndrome, Krabbe Disease, Kugelberg-Welander Disease,
Kuru, Lambert-Eaton Myasthenic Syndrome, Landau-Kleffner Syndrome, Lateral Femoral
Cutaneous Nerve Entrapment, Lateral Medullary Syndrome, Learning Disabilities, Leigh's
Disease, Lennox-Gastaut Syndrome, Lesch-Nyhan Syndrome, Leukodystrophy, Levine-
Critchley Syndrome, Lewy Body Dementia, Lichtheim's disease, Lipid Storage Diseases, Lipoid
Proteinosis, Lissencephaly, Locked-In Syndrome, Lou Gehrig's Disease, Lupus - Neurological
Sequelae, Lyme Disease - Neurological Complications, Lysosomal storage disorders, Machado-
Joseph Disease, Macrencephaly, Megalencephaly, Melkersson-Rosenthal Syndrome, Meningitis,
Meningitis and Encephalitis, Menkes Disease, Meralgia Paresthetica, Metachromatic
Leukodystrophy, Microcephaly, Migraine, Miller Fisher Syndrome, Mini Stroke, Mitochondrial
Myopathy, Mitochondrial DNA depletion syndromes, Moebius Syndrome, Monomelic

Amyotrophy, Morvan Syndrome, Motor Neuron Diseases, Moyamoya Disease, Mucolipidoses,
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Mucopolysaccharidoses, Multi-Infarct Dementia, Multifocal Motor Neuropathy, Multiple
Sclerosis, Multiple System Atrophy, Multiple System Atrophy with Orthostatic Hypotension,
Muscular Dystrophy, 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 (neuropathy, ataxia and retinitis pigmentosa), Neuroacanthocytosis,
Neurodegeneration with Brain Iron Accumulation, Neurodegenerative disease,
Neurofibromatosis, Neuroleptic Malignant Syndrome, Neurological Complications of AIDS,
Neurological Complications of Lyme Disease, Neurological Consequences of Cytomegalovirus
Infection, Neurological Manifestations of Pompe Disease, Neurological Sequelae Of Lupus,
Neuromyelitis Optica, Neuromyotonia, Neuronal Ceroid Lipofuscinosis, Neuronal Migration
Disorders, Neuropathic pain, Neuropathy- Hereditary, Neuropathy, Neurosarcoidosis,
Neurosyphilis, Neurotoxicity, Nevus Cavernosus, Niemann-Pick Disease, O'Sullivan-McLeod
Syndrome, Occipital Neuralgia, Ohtahara Syndrome, Olivopontocerebellar Atrophy, Opsoclonus
Myoclonus, Orthostatic Hypotension, Overuse Syndrome, Pain -Chronic, Pantothenate Kinase-
Associated Neurodegeneration, Paraneoplastic Syndromes, Paresthesia, Parkinson's Disease,
Paroxysmal Choreoathetosis, Paroxysmal Hemicrania, Parry-Romberg, Pelizaecus-Merzbacher
Disease, Pena Shokeir II Syndrome, Perineural Cysts, Peroneal muscular atrophy, Periodic
Paralyses, Peripheral Neuropathy, Periventricular Leukomalacia, Persistent Vegetative State,
Pervasive Developmental Disorders, Phelan McDermid syndrome, Phytanic Acid Storage
Disease, Pick's Disease, Pinched Nerve, Piriformis Syndrome, Pituitary Tumors, Polymyositis,
Pompe Disease, Porencephaly, Post-Polio Syndrome, Postherpetic Neuralgia, Postinfectious
Encephalomyelitis, Postural Hypotension, Postural Orthostatic Tachycardia Syndrome, Postural
Tachycardia Syndrome, Primary Dentatum Atrophy, Primary Lateral Sclerosis, Primary
Progressive Aphasia, Prion Diseases, Progressive bulbar palsy, Progressive Hemifacial Atrophy,
Progressive Locomotor Ataxia, Progressive Multifocal Leukoencephalopathy, Progressive
Muscular Atrophy, Progressive Sclerosing Poliodystrophy, Progressive Supranuclear Palsy,
Prosopagnosia, Pseudobulbar palsy, Pseudo-Torch syndrome, Pseudotoxoplasmosis syndrome,
Pseudotumor Cerebri, Psychogenic Movement, Ramsay Hunt Syndrome I, Ramsay Hunt
Syndrome II, Rasmussen's Encephalitis, Reflex Sympathetic Dystrophy Syndrome, Refsum

Disease, Refsum Disease - Infantile, Repetitive Motion Disorders, Repetitive Stress Injuries,



WO 2023/060264 PCT/US2022/077804
45

Restless Legs Syndrome, Retrovirus-Associated Myelopathy, Rett Syndrome, Reye's Syndrome,
Rheumatic Encephalitis, Riley-Day Syndrome, Sacral Nerve Root Cysts, Saint Vitus Dance,
Salivary Gland Disease, Sandhoff Disease, Schilder's Disease, Schizencephaly, Seitelberger
Disease, Seizure Disorder, Semantic Dementia, Septo-Optic Dysplasia, Severe Myoclonic
Epilepsy of Infancy (SMEI), Shaken Baby Syndrome, Shingles, Shy-Drager Syndrome,
Sjogren's Syndrome, Sleep Apnea, Sleeping Sickness, Sotos Syndrome, Spasticity, Spina Bifida,
Spinal Cord Infarction, Spinal Cord Injury, Spinal Cord Tumors, Spinal Muscular Atrophy,
Spinocerebellar Ataxia, Spinocerebellar Atrophy, Spinocerebellar Degeneration, Sporadic ataxia,
Steele-Richardson-Olszewski Syndrome, Stiff-Person Syndrome, Striatonigral Degeneration,
Stroke, Sturge-Weber Syndrome, Subacute Sclerosing Panencephalitis, Subcortical
Arteriosclerotic Encephalopathy, Short-lasting, Unilateral, Neuralgiform (SUNCT) Headache,
Swallowing Disorders, Sydenham Chorea, Syncope, Syphilitic Spinal Sclerosis,
Syringohydromyelia, Syringomyelia, Systemic Lupus Erythematosus, Tabes Dorsalis, Tardive
Dyskinesia, Tarlov Cysts, Tay-Sachs Disease, Temporal Arteritis, Tethered Spinal Cord
Syndrome, Thomsen's Myotonia, Thoracic Outlet Syndrome, Thyrotoxic Myopathy, Tic
Douloureux, Todd's Paralysis, Tourette Syndrome, Transient Ischemic Attack, Transmissible
Spongiform Encephalopathies, Transverse Myelitis, Traumatic Brain Injury, Tremor, Trigeminal
Neuralgia, Tropical Spastic Paraparesis, Troyer Syndrome, Tuberous Sclerosis, Vascular Erectile
Tumor, Vasculitis Syndromes of the Central and Peripheral Nervous Systems, Vitamin B12
deficiency, Von Economo’s Disease, Von Hippel-Lindau Disease (VHL), Von Recklinghausen's
Disease, Wallenberg's Syndrome, Werdnig-Hoffman Disease, Wernicke-Korsakoff Syndrome,
West Syndrome, Whiplash, Whipple's Disease, Williams Syndrome, Wilson Disease, Wolman's
Disease, or X-Linked Spinal or Bulbar Muscular Atrophy.
305. The method of any of embodiments 302-304, wherein the subject is a mammal, e.g., a
human.
306. A cell, cell-free system, or other translation system, comprising the capsid polypeptide,
nucleic acid molecule, or virus particle of any one of the preceding embodiments.
307. A method of making a virus (e.g., an adeno-associated dependoparvovirus (AAV)
particle), comprising:

providing a cell, cell-free system, or other translation system, comprising the nucleic acid

of any of embodiments 282-285 or 293; and
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cultivating the cell, cell-free system, or other translation system, under conditions suitable
for the production of the virus particle,

thereby making the virus particle.
308. The method of embodiment 307, wherein the cell, cell-free system, or other translation
system comprises a second nucleic acid molecule and at least a portion of said second nucleic
acid molecule is packaged in the dependoparvovirus particle.
309. The method of embodiment 308, wherein the second nucleic acid comprises a payload,
e.g., a heterologous nucleic acid sequence encoding a therapeutic product, e.g., as described
herein.
310. The method of any one of embodiments 307-309, wherein the nucleic acid molecule of
any of embodiments 282-285 or 293mediates the production of a virus particle which does not
include said nucleic acid of any of embodiments 282-285 or 2930r fragment thereof.
311. The method of any one of embodiments 307-310, wherein the nucleic acid molecule of
any of embodiments 282-285 or 293mediates the production of a virus particle at a level similar,
or at least 10% greater than the production level mediated by a nucleic acid comprising SEQ ID
NO: 4 in an otherwise similar production system.
312. A composition, e.g., a pharmaceutical composition, comprising a virus particle of any
one of embodiments 286-292 or a virus particle produced by the method of any one of
embodiments 307-311, and a pharmaceutically acceptable carrier.
313. The variant capsid polypeptide of any of the preceding embodiments, the nucleic acid
molecule of any of embodiments 282-285 or 293, the virus particle of any of embodiments 286-
292, or the composition of embodiment 312, for use in treating a disease or condition in a
subject.
314. The variant capsid polypeptide of any of the preceding embodiments, the nucleic acid
molecule of any of embodiments 282-285 or 293, or the virus particle of any of embodiments
286-292, or the composition of embodiment 312, for use in the manufacture of a medicament for
use in treating a disease or condition in a subject.
315. A variant capsid polypeptide comprising a polypeptide that has at least 70, 75, 80, 85, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99% or 100% identity to a VP1, VP2, or VP3 sequence of SEQ ID
NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
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64, 65, 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, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.
316. The variant capsid polypeptide of embodiment 315, wherein the variant capsid
polypeptide comprises a mutation that corresponds to a mutation at one or more positions of 579,
592, 593, 595, 596, 598, 601, or any combination thereof, as compared to SEQ ID NO: 1,
optionally wherein the mutation comprises an insertion, a deletion, or a substitution.
317. The variant capsid polypeptide of embodiment 315, wherein the variant capsid
polypeptide comprises at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, but no more
than 7 mutations that correspond to a mutation at one or more positions of 579, 592, 593, 595,
596, 598, 601, or any combination thereof, as compared to SEQ ID NO: 1, optionally wherein
the mutation comprises an insertion, a deletion, or a substitution.
318. A variant capsid polypeptide, comprising a polypeptide that comprises:

(a) a valine at a position corresponding to Q579 as compared to SEQ ID NO:

1;

b) an isoleucine at a position corresponding to Q592 as compared to SEQ ID
NO: 1;

©) a valine at a position corresponding to T593 as compared to SEQ ID NO:
1

(d) an alanine at a position corresponding to W595 as compared to SEQ ID
NO: 1;

(e) a leucine at a position corresponding to V596 as compared to SEQ ID NO:
L;

® a serine at a position corresponding to N598 as compared to SEQ ID NO:
1

(2) an alanine at a position corresponding to 1601 as compared to SEQ ID
NO: 1; or

(h) combinations thereof, optionally wherein the variant capsid polypeptide

comprises all of (a)-(g);
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optionally wherein the variant capsid polypeptide has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 1, provided that
the variant capsid polypeptide comprises combinations of (a)-(g), optionally wherein the variant
capsid polypeptide comprises all of (a)-(g).
319. A variant capsid polypeptide, comprising a polypeptide that comprises:
@) a leucine at a position corresponding to V596 as compared to SEQ ID NO:
1, a serine at a position corresponding to N598 as compared to SEQ ID NO: 1,
and an alanine at a position corresponding to 1601 as compared to SEQ ID NO: 1;
(i) a valine at a position corresponding to Q579 as compared to SEQ ID NO:
1, a leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, a
serine at a position corresponding to N598 as compared to SEQ ID NO: 1, and an
alanine at a position corresponding to 1601 as compared to SEQ ID NO: 1;
(iii)  an alanine at a position corresponding to W595 as compared to SEQ ID
NO: 1, a leucine at a position corresponding to V596 as compared to SEQ ID NO:
1, and a serine at a position corresponding to N598 as compared to SEQ ID NO:
1;
(iv)  avaline at a position corresponding to T593 as compared to SEQ ID NO:
1, an alanine at a position corresponding to W595 as compared to SEQ ID NO: 1,
a leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, and
a serine at a position corresponding to N598 as compared to SEQ ID NO: [;
W) an isoleucine at a position corresponding to Q592 as compared to SEQ ID
NO: 1, a valine at a position corresponding to T593 as compared to SEQ ID NO:
1, and a leucine at a position corresponding to V596 as compared to SEQ ID NO:
L;
(vi)  a valine at a position corresponding to T593 as compared to SEQ ID NO:
1, a leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, a
serine at a position corresponding to N598 as compared to SEQ ID NO: 1, and an
alanine at a position corresponding to 1601 as compared to SEQ ID NO: 1;
(vii)  a valine at a position corresponding to Q579 as compared to SEQ ID NO:
1, an alanine at a position corresponding to W595 as compared to SEQ ID NO: 1,
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a leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, and
a serine at a position corresponding to N598 as compared to SEQ ID NO: [;
(viii) a valine at a position corresponding to Q579 as compared to SEQ ID NO:
I;or
(ix)  a valine at a position corresponding to Q579 as compared to SEQ ID NO:
1, a valine at a position corresponding to T593 as compared to SEQ ID NO: 1, an
alanine at a position corresponding to W595 as compared to SEQ ID NO: 1, a
leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, and a
serine at a position corresponding to N598 as compared to SEQ ID NO: 1;
optionally wherein the variant capsid polypeptide has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 1, provided that
the variant capsid polypeptide comprises a mutation set of (i)-(ix).
320. A variant capsid polypeptide, comprising a polypeptide that has at least 70, 75, 80, 85,
90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID
NO: 2, provided that the variant capsid polypeptide comprises:
(i) a mutation between positions 596 and 601 (numbering according to SEQ ID
NO: 1), and wherein the mutation comprises a sequence:
L-n-S-n-n-A,
wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1;
(ii) a mutation between positions 593 and 598 (numbering according to SEQ ID
NO: 1), and wherein the mutation comprises a sequence:
n/V-n-A-L-n-S,
wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1;
optionally wherein the amino acid residue at position 593 is valine;
(iii) a mutation between positions 579 and 601 (numbering according to SEQ ID
NO: 1), and wherein the mutation comprises a sequence:
V-(n)11-0/I-n/V-n-n/A-L-n-S-n-n-A,
wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID

NO: 1;
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optionally wherein the amino acid residue at position 592 is isoleucine;

optionally wherein the amino acid residue at position 593 is valine; and

optionally wherein the amino acid residue at position 595 is alanine; or

(iv) a mutation between positions 579 and 601 (numbering according to SEQ ID
NO: 1), and wherein the mutation comprises a sequence:
n/V-(n)11-0/I-n/V-n-n/A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1;

optionally wherein the amino acid residue at position 579 is valine;

optionally wherein the amino acid residue at position 592 is isoleucine;

optionally wherein the amino acid residue at position 593 is valine; and

optionally wherein the amino acid residue at position 595 is alanine.
321. A variant capsid polypeptide comprising a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), or comprising a sequence
IVGALQSQGA (SEQ ID NO: 267), or comprising the sequence VGALQS (SEQ ID NO: 268);
optionally wherein said sequence is within a region corresponding to amino acids 550-620
according to SEQ ID NO: 1, of said variant capsid polypeptide.
322. The variant capsid polypeptide of embodiment 321, wherein the capsid polypeptide has
greater than 95%, greater than 96%, greater than 97%, greater than 98%, or greater than 99%
sequence identity to a capsid polypeptide of SEQ ID NO: 1.
323. The variant capsid polypeptide of embodiment 321, wherein the capsid polypeptide has
greater than 95%, greater than 96%, greater than 97%, greater than 98% or greater than 99%
sequence identity to a capsid polypeptide of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 11 or SEQ ID NO: 12.
324. The variant capsid polypeptide of any one of embodiments 321-323, wherein the
sequence VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266) is present at a position
corresponding to amino acids 579 to 601 according to SEQ ID NO: 1 or wherein the sequence
IVGALQSQGA (SEQ ID NO: 267) is present at a position corresponding to amino acids 592 to
601 according to SEQ ID NO: 1, or wherein the sequence VGALQS (SEQ ID NO: 268).
325. A variant capsid polypeptide comprising a sequence with an edit distance of 15 or lower
to any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57,
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38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71, 72, 73,74, 75,76, 717, 78, 719, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, optionally SEQ ID NO:
2, and further comprising the mutation set of said any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 100, 101, 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, or 139.
326. A variant capsid polypeptide comprising a sequence with an edit distance of 15 or lower
to any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57,
38, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, optionally SEQ ID NO:
2, and further comprising:
(a) 70% or more of the single amino acid mutations in the mutation set of said any
one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55,
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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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,
or 139, if the mutation set includes fewer than ten single amino acid mutations;
(b) 80% or more of the single amino acid mutations in the mutation set of said any
one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55,
56,57, 58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
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80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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,
or 139, if the mutation set includes ten to nineteen single amino acid mutations; or
(c) 90% or more of the single amino acid mutations in the mutation set of said any
one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55,
56,57, 58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75,76, 77, 78, 719,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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,
or 139, if the mutation set includes twenty or more single amino acid mutations.
327. A variant capsid polypeptide comprising, e.g., consisting of, a VP1, a VP2, or a VP3
sequence of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57,
38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71, 72, 73,74, 75,76, 717, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, optionally comprising,
e.g., consisting of, SEQ ID NO: 2.
328. A variant capsid polypeptide comprising, e.g., consisting of, the sequence of SEQ ID NO:
2,14,15,16, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90,
91, 92,93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.
329. A nucleic acid molecule encoding a capsid variant polypeptide of any one of
embodiments 315-328.
330. The nucleic acid molecule of embodiment 329, wherein the nucleic acid molecule

comprises a sequence of SEQ ID NO: 3, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
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151, 152, 153, 154, 155, 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, 259, 260, 261, 262, 263, 264, or
2635, or a fragment thereof (e.g., a VP1-encoding, a VP2-encoding or a VP3-encoding fragment
thereof), or a sequence having at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or
100% sequence identity thereto.

331. The nucleic acid molecule of any one of embodiments 329 or 330, wherein the fragment
thereof encodes a VP2 capsid polypeptide or a VP3 capsid polypeptide.

332.  The nucleic acid molecule of any one of embodiments 329-331, wherein the nucleic acid
molecule comprises a sequence of SEQ ID NO: 3, 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, 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, 259, 260, 261, 262,
263, 264, or 265.

333. A virus particle (e.g., adeno-associated virus (“AAV”) particle) comprising a variant
capsid polypeptide of any one of embodiments 315-328, or comprising a variant capsid
polypeptide encoded by the nucleic acid molecule of any one of embodiments 329-332.

334. The virus particle of embodiment 19, comprising a nucleic acid comprising a payload
(e.g., a heterologous transgene) and one or more regulatory elements.

335. A virus particle of any one of embodiments 19-20, wherein said virus particle exhibits
increased central nervous system (CNS) biodistribution, e.g., as measured in a mammal, e.g., in
mouse or in NHP, e.g., as described herein, relative to a virus particle comprising wild-type
AAVO9 (e.g., a virus particle comprising capsid polypeptides of SEQ ID NO: 1, or encoded by
SEQ ID NO: 4), optionally wherein the biodistribution is at least 10-times, at least 20-times, at

least 32-times, at least 45-times, at least 90-times, or greater than the biodistribution of a virus
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particle comprising wild-type AAVO capsid polypeptides (e.g., comprising capsid polypeptides
of SEQ ID NO: 1, or encoded by SEQ ID NO: 4), as measured by quantification of viral DNA in
the target tissue (e.g., as described in Examples 1-2).
336. The virus particle of embodiment 335, wherein the increased CNS biodistribution is
exhibited upon systemic, e.g., intravenous, administration of said virus particle.
337. The virus particle of any of embodiments 333-334, wherein the virus particle exhibits
higher CNS biodistribution than peripheral nervous system (PNS) biodistribution, optionally
wherein the ratio of CNS biodistribution to PNS biodistribution is at least 10, at least 20, at least
25, at least 50, at least 90, or greater, optionally where said CNS biodistribution and PNS
biodistribution are as measured after systemic, e.g., intravenous, administration of the virus
particle.
338. The virus particle of any of embodiments 333-334, wherein said virus particle exhibits
increased transduction in CNS e.g., as measured in a mammal, e.g., in mouse, rat, or in NHP,
e.g., as described herein, relative to a virus particle comprising wild-type AAV9 capsid
polypeptides (e.g., a virus particle comprising capsid polypeptides of SEQ ID NO: 1 or encoded
by SEQ ID NO: 4), optionally wherein the transduction is at least 10-times, at least 25-times, at
least 50-times, at least 100-times, at least 150-times, at least 200-times, or at least 220-times or
greater than the transduction of a virus particle comprising wild-type AAV9 capsid polypeptides
(e.g., a virus particle comprising capsid polypeptides of SEQ ID NO: 1, or encoded by SEQ ID
NO: 4), as measured by quantification of viral transcript mRNA present in target tissue (e.g., as
described in Examples 1-3).
339. The virus particle of any of embodiments 333-334, wherein said virus particle exhibits
one or more, e.g., all of:

(a) decreased liver biodistribution;

(b) decreased spleen biodistribution;

(c) decreased muscle biodistribution;

(d) decreased heart biodistribution;

(e) decreased liver transduction; or

(f) decreased heart transduction,
in each case, relative to a virus particle comprising wild-type AAV9 capsid polypeptides (e.g., a

virus particle comprising capsid polypeptides of SEQ ID NO: 1, or encoded by SEQ ID NO: 4),
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optionally wherein the transduction or biodistribution is at least 1-times, at least 2-times, at least
3-times, at least 4-times, at least 5-times, or at least 10-times lower than the transduction or
biodistribution of a virus particle comprising capsid polypeptides of SEQ ID NO: 1, e.g., as
measured in a mammal, e.g., a mouse or NHP.

340. The nucleic acid molecule of any one of embodiments 329-332, wherein the nucleic acid
molecule is double-stranded or single-stranded, and wherein the nucleic acid molecule is linear
or circular, e.g., wherein the nucleic acid molecule is a plasmid.

341. A method of producing a virus particle comprising a variant capsid polypeptide, said
method comprising introducing a nucleic acid molecule of any one of embodiments 329-332 or
340 into a cell (e.g., a HEK293 cell), and harvesting said virus particles therefrom.

342. A method of delivering a payload (e.g., a nucleic acid) to a cell comprising contacting the
cell with a virus particle comprising the variant capsid polypeptide of any one of embodiments
315-328 and a payload, or contacting the cell with the virus particle of any one of embodiments
333-339.

343. The method of embodiment 342, wherein the cell is a CNS cell.

344. The method of embodiment 343, wherein the CNS cell is a neuronal cell, a glial cell, an
astrocyte, an oligodendrocyte, an endothelial cell, or any combination thereof.

345. A method of delivering a payload (e.g., a nucleic acid) to a subject comprising
administering to the subject a virus particle comprising the variant capsid polypeptide of any one
of embodiments 315-328 and the payload, or administering to the subject the virus particle of
any one of embodiments 333-339.

346. The method of embodiment 345, wherein the virus particle delivers the payload to the
CNS.

347. The variant capsid polypeptide of any one of embodiments 315-328, the virus particle of
any one of embodiments 333-339, or the method of any one of embodiments 341-346, wherein
the virus particle (e.g., the virus particle comprising the variant capsid polypeptide) delivers the
payload to the CNS with increased biodistribution and/or transduction, e.g., biodistribution as
compared to a virus particle comprising capsid polypeptides of SEQ ID NO: 1, optionally
wherein the biodistribution is at least 10, at least 20, at least 25, at least 50, at least 90, or greater
than the biodistribution and/or transduction of a virus particle comprising capsid polypeptides of

SEQ ID NO: 1.



WO 2023/060264 PCT/US2022/077804
56

348. The variant capsid polypeptide, virus particle or method of embodiment 347, wherein the
one or more cell of the CNS is selected from a neuronal cell, a glial cell, an astrocyte, an
oligodendrocyte, an endothelial cell, or any combination thereof.

349. A method of treating a disease or condition in a subject, comprising administering to the
subject a virus particle of any one of embodiments 333-339 or 347, or the composition of
embodiment 358, in an amount effective to treat the disease or condition.

350. The method of embodiment 349, wherein the disease or condition is a disease or
condition of the CNS.

351. The method of embodiment 350, wherein the disease or condition is Absence of the
Septum Pellucidum, Acid Lipase Disease, Acid Maltase Deficiency, Acquired Epileptiform
Aphasia, Acute Disseminated Encephalomyelitis, Attention Deficit-Hyperactivity Disorder
(ADHD), Adie's Pupil, Adie's Syndrome, Adrenoleukodystrophy, Agenesis of the Corpus
Callosum, Agnosia, Aicardi Syndrome, Aicardi-Goutieres Syndrome Disorder, AIDS -
Neurological Complications, Alexander Disease, Alpers' Disease, Alternating Hemiplegia,
Alzheimer's Disease, Amyotrophic Lateral Sclerosis (ALS), Anencephaly, Aneurysm, Angelman
Syndrome, Angiomatosis, Angleman syndrome, Anoxia, Antiphospholipid Syndrome, Aphasia,
Apraxia, Arachnoid Cysts, Arachnoiditis, Arnold-Chiari Malformation, Arteriovenous
Malformation, Asperger Syndrome, Ataxia, Ataxia Telangiectasia, Ataxias and Cerebellar or
Spinocerebellar Degeneration, Atrial Fibrillation and Stroke, Attention Deficit-Hyperactivity
Disorder, Autism Spectrum Disorder, Autonomic Dysfunction, Back Pain, Barth Syndrome,
Batten Disease, Becker's Myotonia, Bechet's Disease, Bell's Palsy, Benign Essential
Blepharospasm, Benign Focal Amyotrophy, Benign Intracranial Hypertension, Bernhardt-Roth
Syndrome, Binswanger's Disease, Blepharospasm, Bloch-Sulzberger Syndrome, Brachial Plexus
Birth Injuries, Brachial Plexus Injuries, Bradbury-Eggleston Syndrome, Brain and Spinal
Tumors (including, but not limited to those that have metastasized to the brain, for example,
metastatic breast cancer), Brain Aneurysm, Brain Injury, Brown-Sequard Syndrome, Bulbar
palsy, Bulbospinal Muscular Atrophy, Cerebral Autosomal Dominant Arteriopathy with Sub-
cortical Infarcts and Leukoencephalopathy (CADASIL), Canavan Disease, Carpal Tunnel
Syndrome, Causalgia, Cavernomas, Cavernous Angioma, Cavernous Malformation, Central
Cervical Cord Syndrome, Central Cord Syndrome, Central Pain Syndrome, Central Pontine

Myelinolysis, Cephalic Disorders, Ceramidase Deficiency, Cerebellar Degeneration, Cerebellar
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Hypoplasia, Cerebral Aneurysms, Cerebral Arteriosclerosis, Cerebral Atrophy, Cerebral
Beriberi, Cerebral Cavernous Malformation, Cerebral Gigantism, Cerebral Hypoxia, Cerebral
Palsy, Cerebro-Oculo-Facio-Skeletal Syndrome (COFES), Charcot-Marie-Tooth Disease, Chiari
Malformation, Cholesterol Ester Storage Disease, Chorea, Choreoacanthocytosis, Chronic
Inflammatory Demyelinating Polyneuropathy (CIDP), Chronic Orthostatic Intolerance, Chronic
Pain, Cockayne Syndrome Type II, Coffin Lowry Syndrome, Colpocephaly, Coma, Complex
Regional Pain Syndrome, Concentric sclerosis (Bald's sclerosis), Congenital Facial Diplegia,
Congenital Myasthenia, Congenital Myopathy, Congenital Vascular Cavernous Malformations,
Corticobasal Degeneration, Cranial Arteritis, Craniosynostosis, Cree encephalitis, Creutzfeldt-
Jakob Disease, Chronic progressive external ophtalmoplegia, Cumulative Trauma Disorders,
Cushing's Syndrome, Cytomegalic Inclusion Body Disease, Cytomegalovirus Infection, Dancing
Eyes-Dancing Feet Syndrome, Dandy-Walker Syndrome, Dawson Disease, De Morsier's
Syndrome, Dejerine-Klumpke Palsy, Dementia, Dementia -Multi-Infarct, Dementia - Semantic,
Dementia -Subcortical, Dementia With Lewy Bodies, Demyelination diseases, Dentate
Cerebellar Ataxia, Dentatorubral Atrophy, Dermatomyositis, Developmental Dyspraxia, Devic's
Syndrome, Diabetic Neuropathy, Diffuse Sclerosis, Distal hereditary motor neuronopathies,
Dravet Syndrome, Dysautonomia, Dysgraphia, Dyslexia, Dysphagia, Dyspraxia, Dyssynergia
Cerebellaris Myoclonica, Dyssynergia Cerebellaris Progressiva, Dystonias, Early Infantile
Epileptic Encephalopathy, Empty Sella Syndrome, Encephalitis, Encephalitis Lethargica,
Encephaloceles, Encephalomyelitis, Encephalopathy, Encephalopathy (familial infantile),
Encephalotrigeminal Angiomatosis, Epilepsy, Epileptic Hemiplegia, Episodic ataxia, Erb's Palsy,
Erb-Duchenne and Dejerine-Klumpke Palsies, Essential Tremor, Extrapontine Myelinolysis,
Faber's disease, Fabry Disease, Fahr's Syndrome, Fainting, Familial Dysautonomia, Familial
Hemangioma, Familial Idiopathic Basal Ganglia Calcification, Familial Periodic Paralyses,
Familial Spastic Paralysis, Farber's Disease, Febrile Seizures, Fibromuscular Dysplasia, Fisher
Syndrome, Floppy Infant Syndrome, Foot Drop, Fragile X disease, Friedreich's Ataxia,
Frontotemporal Dementia, Gaucher Disease, Generalized Gangliosidoses (GM1, GM?2),
Gerstmann's Syndrome, Gerstmann-Straussler-Scheinker Disease, Giant Axonal Neuropathy,
Giant Cell Arteritis, Giant Cell Inclusion Disease, Globoid Cell Leukodystrophy,
Glossopharyngeal Neuralgia, Glycogen Storage Disease, Guillain-Barré Syndrome,

Hallervorden-Spatz Disease, Head Injury, Headache, Hemicrania Continua, Hemifacial Spasm,
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Hemiplegia Alterans, Hereditary Neuropathies, Hereditary Spastic Paraplegia, Heredopathia
Atactica Polyneuritiformis, Herpes Zoster, Herpes Zoster Oticus, Hirayama Syndrome, Holmes-
Adie syndrome, Holoprosencephaly, HTLV-1 Associated Myelopathy, Hughes Syndrome,
Huntington's Disease, Hurler syndrome, Hydranencephaly, Hydrocephalus, Hydrocephalus -
Normal Pressure, Hydromyelia, Hypercortisolism, Hypersomnia, Hypertonia, Hypotonia,
Hypoxia, Immune-Mediated Encephalomyelitis, Inclusion Body Myositis, Incontinentia
Pigmenti, Infantile Hypotonia, Infantile Neuroaxonal Dystrophy, Infantile Phytanic Acid Storage
Disease, Infantile Refsum Disease, Infantile Spasms, Inflammatory Myopathies, Iniencephaly,
Intestinal Lipodystrophy, Intracranial Cysts, Intracranial Hypertension, Isaacs' Syndrome,
Joubert Syndrome, Kearns-Sayre Syndrome, Kennedy's Disease, Kinsbourne syndrome, Kleine-
Levin Syndrome, Klippel-Feil Syndrome, Klippel-Trenaunay Syndrome (KTS), Kliiver-Bucy
Syndrome, Korsakoff's Amnesic Syndrome, Krabbe Disease, Kugelberg-Welander Disease,
Kuru, Lambert-Eaton Myasthenic Syndrome, Landau-Kleffner Syndrome, Lateral Femoral
Cutaneous Nerve Entrapment, Lateral Medullary Syndrome, Learning Disabilities, Leigh's
Disease, Lennox-Gastaut Syndrome, Lesch-Nyhan Syndrome, Leukodystrophy, Levine-
Critchley Syndrome, Lewy Body Dementia, Lichtheim's disease, Lipid Storage Diseases, Lipoid
Proteinosis, Lissencephaly, Locked-In Syndrome, Lou Gehrig's Disease, Lupus - Neurological
Sequelae, Lyme Disease - Neurological Complications, Lysosomal storage disorders, Machado-
Joseph Disease, Macrencephaly, Megalencephaly, Melkersson-Rosenthal Syndrome, Meningitis,
Meningitis and Encephalitis, Menkes Disease, Meralgia Paresthetica, Metachromatic
Leukodystrophy, Microcephaly, Migraine, Miller Fisher Syndrome, Mini Stroke, Mitochondrial
Myopathy, Mitochondrial DNA depletion syndromes, Moebius Syndrome, Monomelic
Amyotrophy, Morvan Syndrome, Motor Neuron Diseases, Moyamoya Disease, Mucolipidoses,
Mucopolysaccharidoses, Multi-Infarct Dementia, Multifocal Motor Neuropathy, Multiple
Sclerosis, Multiple System Atrophy, Multiple System Atrophy with Orthostatic Hypotension,
Muscular Dystrophy, 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 (neuropathy, ataxia and retinitis pigmentosa), Neuroacanthocytosis,
Neurodegeneration with Brain Iron Accumulation, Neurodegenerative disease,

Neurofibromatosis, Neuroleptic Malignant Syndrome, Neurological Complications of AIDS,



WO 2023/060264 PCT/US2022/077804
59

Neurological Complications of Lyme Disease, Neurological Consequences of Cytomegalovirus
Infection, Neurological Manifestations of Pompe Disease, Neurological Sequelae Of Lupus,
Neuromyelitis Optica, Neuromyotonia, Neuronal Ceroid Lipofuscinosis, Neuronal Migration
Disorders, Neuropathic pain, Neuropathy- Hereditary, Neuropathy, Neurosarcoidosis,
Neurosyphilis, Neurotoxicity, Nevus Cavernosus, Niemann-Pick Disease, O'Sullivan-McLeod
Syndrome, Occipital Neuralgia, Ohtahara Syndrome, Olivopontocerebellar Atrophy, Opsoclonus
Myoclonus, Orthostatic Hypotension, Overuse Syndrome, Pain -Chronic, Pantothenate Kinase-
Associated Neurodegeneration, Paraneoplastic Syndromes, Paresthesia, Parkinson's Disease,
Paroxysmal Choreoathetosis, Paroxysmal Hemicrania, Parry-Romberg, Pelizaeus-Merzbacher
Disease, Pena Shokeir II Syndrome, Perineural Cysts, Peroneal muscular atrophy, Periodic
Paralyses, Peripheral Neuropathy, Periventricular Leukomalacia, Persistent Vegetative State,
Pervasive Developmental Disorders, Phelan McDermid syndrome, Phytanic Acid Storage
Disease, Pick's Disease, Pinched Nerve, Piriformis Syndrome, Pituitary Tumors, Polymyositis,
Pompe Disease, Porencephaly, Post-Polio Syndrome, Postherpetic Neuralgia, Postinfectious
Encephalomyelitis, Postural Hypotension, Postural Orthostatic Tachycardia Syndrome, Postural
Tachycardia Syndrome, Primary Dentatum Atrophy, Primary Lateral Sclerosis, Primary
Progressive Aphasia, Prion Diseases, Progressive bulbar palsy, Progressive Hemifacial Atrophy,
Progressive Locomotor Ataxia, Progressive Multifocal Leukoencephalopathy, Progressive
Muscular Atrophy, Progressive Sclerosing Poliodystrophy, Progressive Supranuclear Palsy,
Prosopagnosia, Pseudobulbar palsy, Pseudo-Torch syndrome, Pseudotoxoplasmosis syndrome,
Pseudotumor Cerebri, Psychogenic Movement, Ramsay Hunt Syndrome I, Ramsay Hunt
Syndrome II, Rasmussen's Encephalitis, Reflex Sympathetic Dystrophy Syndrome, Refsum
Disease, Refsum Disease - Infantile, Repetitive Motion Disorders, Repetitive Stress Injuries,
Restless Legs Syndrome, Retrovirus-Associated Myelopathy, Rett Syndrome, Reye's Syndrome,
Rheumatic Encephalitis, Riley-Day Syndrome, Sacral Nerve Root Cysts, Saint Vitus Dance,
Salivary Gland Disease, Sandhoff Disease, Schilder's Disease, Schizencephaly, Seitelberger
Disease, Seizure Disorder, Semantic Dementia, Septo-Optic Dysplasia, Severe Myoclonic
Epilepsy of Infancy (SMEI), Shaken Baby Syndrome, Shingles, Shy-Drager Syndrome,
Sjogren's Syndrome, Sleep Apnea, Sleeping Sickness, Sotos Syndrome, Spasticity, Spina Bifida,
Spinal Cord Infarction, Spinal Cord Injury, Spinal Cord Tumors, Spinal Muscular Atrophy,

Spinocerebellar Ataxia, Spinocerebellar Atrophy, Spinocerebellar Degeneration, Sporadic ataxia,
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Steele-Richardson-Olszewski Syndrome, Stiff-Person Syndrome, Striatonigral Degeneration,
Stroke, Sturge-Weber Syndrome, Subacute Sclerosing Panencephalitis, Subcortical
Arteriosclerotic Encephalopathy, Short-lasting, Unilateral, Neuralgiform (SUNCT) Headache,
Swallowing Disorders, Sydenham Chorea, Syncope, Syphilitic Spinal Sclerosis,
Syringohydromyelia, Syringomyelia, Systemic Lupus Erythematosus, Tabes Dorsalis, Tardive
Dyskinesia, Tarlov Cysts, Tay-Sachs Disease, Temporal Arteritis, Tethered Spinal Cord
Syndrome, Thomsen's Myotonia, Thoracic Outlet Syndrome, Thyrotoxic Myopathy, Tic
Douloureux, Todd's Paralysis, Tourette Syndrome, Transient Ischemic Attack, Transmissible
Spongiform Encephalopathies, Transverse Myelitis, Traumatic Brain Injury, Tremor, Trigeminal
Neuralgia, Tropical Spastic Paraparesis, Troyer Syndrome, Tuberous Sclerosis, Vascular Erectile
Tumor, Vasculitis Syndromes of the Central and Peripheral Nervous Systems, Vitamin B12
deficiency, Von Economo's Disease, Von Hippel-Lindau Disease (VHL), Von Recklinghausen's
Disease, Wallenberg's Syndrome, Werdnig-Hoffman Disease, Wernicke-Korsakoff Syndrome,
West Syndrome, Whiplash, Whipple's Disease, Williams Syndrome, Wilson Disease, Wolman's
Disease, or X-Linked Spinal or Bulbar Muscular Atrophy.
352. The method of any of embodiments 349-351, wherein the subject is a mammal, e.g., a
human.
353. The method of any of embodiments 349-352, wherein the virus particle comprises a
nucleic acid molecule encoding a therapeutic product effective to treat the disease or condition of
the CNS and a promoter sufficient to drive expression of said therapeutic product.
354. A cell, cell-free system, or other translation system, comprising the capsid polypeptide,
nucleic acid molecule, or virus particle of any one of the preceding embodiments.
355. A method of making a virus (e.g., an adeno-associated dependoparvovirus (AAV)
particle), comprising:

providing a cell, cell-free system, or other translation system, comprising the nucleic acid
of any of embodiments 329-332 or 340; and

cultivating the cell, cell-free system, or other translation system, under conditions suitable
for the production of the virus particle,

thereby making the virus particle.
356. The method of embodiment 355, wherein the cell, cell-free system, or other translation

system comprises a second nucleic acid molecule comprising a payload, e.g., a heterologous
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nucleic acid sequence encoding a therapeutic product, e.g., as described herein, and at least a
portion of said second nucleic acid molecule is packaged in the dependoparvovirus particle.
357. The method of any one of embodiments 355-356, wherein the nucleic acid molecule of
any of embodiments 329-332 or 340mediates the production of a virus particle which does not
include said nucleic acid of any of embodiments 329-332 or 340, or fragment thereof; or wherein
the nucleic acid molecule of any of embodiments 329-332 or 340 mediates the production of a
virus particle at a level similar, or at least 10% greater than the production level mediated by a
nucleic acid comprising SEQ ID NO: 4 in an otherwise similar production system.

358. A composition, e.g., a pharmaceutical composition, comprising a virus particle of any
one of embodiments 333-339 or a virus particle produced by the method of any one of
embodiments 355-357, and a pharmaceutically acceptable carrier.

359. The variant capsid polypeptide of any of embodiments 315-328, the nucleic acid
molecule of any of embodiments 329-332 or 340, the virus particle of any of embodiments 333-
339, or the composition of embodiment 358, for use in treating a disease or condition in a
subject.

360. The variant capsid polypeptide of any of embodiments 315-328, the nucleic acid
molecule of any of embodiments 329-332 or 340, or the virus particle of any of embodiments
333-339, or the composition of embodiment 358, for use in the manufacture of a medicament for
use in treating a disease or condition in a subject.

361. A virus particle of any of embodiments 333-339, wherein the virus particle exhibits at
least 50-time increased transduction of cells of the CNS in at least two different NHP species,
optionally wherein the species are cynomolgus macaque and African green monkey.

362. A virus particle of any of embodiments 333-339, wherein the virus particle transduces
Purkinje neurons of the cerebellum, e.g., at a level at least 10-fold or 100-fold greater than a
virus particle comprising capsid polypeptides of SEQ ID NO: 1 (e.g., as measured by histology,
e.g., according to Example 2).

363. A virus particle of any of embodiments 333-339, wherein the virus particle transduces
CA3 Pyramidal neruons of the hippocampus, e.g., at a level at least 10-fold or 100-fold greater
than a virus particle comprising capsid polypeptides of SEQ ID NO: 1 (e.g., as measured by
histology, e.g., according to Example 2).

364. A composition of matter (e.g., a virus particle) comprising:
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(A) a capsid polypeptide comprising: (i) SEQ ID NO: 2 or 14-139, or (ii) a capsid polypeptide
comprising a sequence having seventy percent (70%) or more of the mutation set of said SEQ ID
NO: 2 or 14-139 and having an edit distance of 15 or fewer from said SEQ ID NO: 2 or 14-139;
and

(B) a heterologous nucleic acid for treating a disorder described herein.

365. A composition of matter (e.g., a virus particle) comprising:

(A) a capsid polypeptide comprising: (i) SEQ ID NO: 2, or (ii) a capsid polypeptide comprising a
sequence having seventy percent (70%) or more of the mutation set of SEQ ID NO: 2 and having
an edit distance of 15 or fewer from SEQ ID NO: 2; and

(B) a heterologous nucleic acid for treating a disorder described herein.

366. A method of treatment of a disorder described herein, comprising administering the
composition of matter (e.g., virus particle) of embodiment 252 or 253 to a subject in need thereof

wherein said disorder described herein is treated.

DETAILED DESCRIPTION
The present disclosure is directed, in part, to the variant capsid variants that can be used
to generate dependoparvovirus particles. In some embodiments, the particles have increased
CNS transduction that can be used to deliver a transgene or molecule of interest to the CNS with
higher transduction efficiency in the CNS as compared to a dependoparvovirus particle without
the variant capsid polypeptides. Accordingly, provided herein are variant capsid polypeptides,
nucleic acid molecules encoding the same, viral particles comprising the variant capsid

polypeptides, and methods of using the same.

Definitions

ELIY3

A, An, The: As used herein, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise.

About, Approximately: As used herein, the terms “about” and “approximately” shall generally
mean an acceptable degree of error for the quantity measured given the nature or precision of the
measurements. Exemplary degrees of error are within 15 percent (%), typically, within 10%, and

more typically, within 5% of a given value or range of values.
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Dependoparvovirus capsid: As used herein, the term “dependoparvovirus capsid” refers to an
assembled viral capsid comprising dependoparvovirus polypeptides. In some embodiments, a
dependoparvovirus capsid is a functional dependoparvovirus capsid, e.g., is fully folded and/or
assembled, is competent to infect a target cell, or remains stable (e.g., folded/assembled and/or
competent to infect a target cell) for at least a threshold time.
Dependoparvovirus particle: As used herein, the term “dependoparvovirus particle” refers to
an assembled viral capsid comprising dependoparvovirus polypeptides and a packaged nucleic
acid, e.g., comprising a payload, one or more components of a dependoparvovirus genome (e.g.,
a whole dependoparvovirus genome), or both. In some embodiments, a dependoparvovirus
particle is a functional dependoparvovirus particle, e.g., comprises a desired payload, is fully
folded and/or assembled, is competent to infect a target cell, or remains stable (e.g.,
folded/assembled and/or competent to infect a target cell) for at least a threshold time.
Dependoparvovirus X particle/capsid: As used herein, the term “dependoparvovirus X
particle/capsid” refers to a dependoparvovirus particle/capsid comprising at least one polypeptide
or polypeptide encoding nucleic acid sequence derived from a naturally occurring
dependoparvovirus X species. For example, a dependoparvovirus B particle refers to a
dependoparvovirus particle comprising at least one polypeptide or polypeptide encoding nucleic
acid sequence derived from a naturally occurring dependoparvovirus B sequence. Derived from,
as used in this context, means having at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
or 100% identity to the sequence in question. Correspondingly, an AAVX particle/capsid, as
used herein, refers to an AAV particle/caspid comprising at least one polypeptide or polypeptide
encoding nucleic acid sequence derived from a naturally occurring AAV X serotype. For
example, an AAV9 particle refers to an AAV particle comprising at least one polypeptide or
polypeptide encoding nucleic acid sequence derived from a naturally occurring AAV9 sequence.
Exogenous: As used herein, the term “exogenous” refers to a feature, sequence, or
component present in a circumstance (e.g., in a nucleic acid, polypeptide, or cell) that does not
naturally occur in said circumstance. For example, a nucleic acid sequence comprising an ORF
encoding a polypeptide may comprise an exogenous start codon or a new start codon (e.g.,
translation start codon), such as provided for herein. Use of the term exogenous in this fashion
means that an ORF encoding a polypeptide comprising the start codon in question at this position

does not occur naturally, e.g., is not present in AAV9, e.g., is not present in SEQ ID NO: 7. In
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some embodiments, the exogenous start codon may replace an endogenous start codon. In some
embodiments, the exogenous start codon may replace a codon that is not recognized as a start
codon by the host cell. A person of skill will readily understand that a sequence (e.g., a start
codon) may be exogenous when provided in a first ORF (e.g., that does not naturally comprise a
start codon at the site in question) but may not be exogenous in a second ORF (e.g., that does
naturally comprise that particular start codon at the site in question).

Functional: As used herein in reference to a polypeptide component of a
dependoparvovirus capsid (e.g., Cap (e.g., VP1, VP2, and/or VP3) or Rep), the term “functional”
refers to a polypeptide which provides at least 50, 60, 70, 80, 90, or 100% of the activity of a
naturally occurring version of that polypeptide component (e.g., when present in a host cell). For
example, a functional VP1 polypeptide may stably fold and assemble into a dependoparvovirus
capsid (e.g., that is competent for packaging and/or secretion). As used herein in reference to a
dependoparvovirus capsid or particle, “functional” refers to a capsid or particle comprising one
or more of the following production characteristics: comprises a desired payload, is fully folded
and/or assembled, is competent to infect a target cell, or remains stable (e.g., folded/assembled
and/or competent to infect a target cell) for at least a threshold time.

Nucleic acid: As used herein, in its broadest sense, the term “nucleic acid” refers to any
compound and/or substance that is or can be incorporated into an oligonucleotide chain. In some
embodiments, a nucleic acid is a compound and/or substance that is or can be incorporated into
an oligonucleotide chain via a phosphodiester linkage. As will be clear from context, in some
embodiments, "nucleic acid" refers to an individual nucleic acid monomer (e.g., a nucleotide
and/or nucleoside); in some embodiments, "nucleic acid" refers to an oligonucleotide chain
comprising individual nucleic acid monomers or a longer polynucleotide chain comprising many
individual nucleic acid monomers. In some embodiments, a "nucleic acid" is or comprises RNA;
in some embodiments, a "nucleic acid" is or comprises DNA. In some embodiments, a nucleic
acid is, comprises, or consists of one or more natural nucleic acid residues. In some
embodiments, a nucleic acid is, comprises, or consists of one or more nucleic acid analogs. In
some embodiments, a nucleic acid is, comprises, or consists of one or more modified, synthetic,
or non-naturally occurring nucleotides. In some embodiments, a nucleic acid analog differs from
a nucleic acid in that it does not utilize a phosphodiester backbone. For example, in some

embodiments, a nucleic acid is, comprises, or consists of one or more "peptide nucleic acids",
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which are known in the art and have peptide bonds instead of phosphodiester bonds in the
backbone, are considered within the scope of the present invention. Alternatively or
additionally, in some embodiments, a nucleic acid has one or more phosphorothioate and/or 5'-
N-phosphoramidite linkages rather than phosphodiester bonds. In some embodiments, a nucleic
acid has a nucleotide sequence that encodes a functional gene product such as an RNA or
protein. In some embodiments, a nucleic acid is partly or wholly single stranded; in some
embodiments, a nucleic acid is partly or wholly double stranded.

Mutation Set: As used herein, the term "mutation set" refers to the complete set of single
amino acid mutations (substitutions, deletions and/or insertions) in a variant capsid polypeptide
sequence relative to a reference sequence (e.g., a wild-type reference sequence). In some
embodiments, the reference sequence is wild-type AAV9 (SEQ ID NO: 1). In some cases, part of
the mutation set (i.e., more than one single amino acid mutation) is notated collectively,
however, it will be understood that even when referred to in this way, the mutation set is a
collection of single amino acid mutations. For example, an insertion of amino acid 1, 2, and 3
between amino acid N at position nn and amino acid W at position ww of a reference sequence
may be notated as "Nnn_3aa_Www_123," and it will be understood that each of amino acids 1, 2
and 3 represent separate single amino acid mutations within the mutation set. The mutation sets
for certain variants described herein are found, for example, in the right-most column of Table 1.

Start codon: As used herein, the term “start codon” refers to any codon recognized by a
host cell as a site to initiate translation (e.g., a site that mediates detectable translation initiation).
Without wishing to be bound by theory, start codons vary in strength, with strong start codons
more strongly promoting translation initiation and weak start codons less strongly promoting
translation initiation. The canonical start codon is ATG, which encodes the amino acid
methionine, but a number of non-canonical start codons are also recognized by host cells.

Variant: As used herein, a “variant” or "variant capsid polypeptide" refers to a
polypeptide that differs from a reference sequence (e.g. SEQ ID NO: 1). The variant can, for
example, comprise a mutation (e.g. substitution, deletion, or insertion). In some embodiments,
the variant is about, or at least, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%., 97%, 98%, or 99% identical to the reference sequence. In some
embodiments, the reference sequence is a polypeptide comprising SEQ ID NO: 1. In some

embodiments, the variant comprises at least 1, 2, 3,4, 5,6, 7, 8,9, or 10 single amino acid
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mutations relative to a reference sequence (e.g., SEQ ID NO: 1), and optionally, further
comprises no more than 70, 60, 50, 40, 30, 35, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, or 20 single
amino acid mutations relative to said reference sequence (SEQ ID NO: 1).

CNS: as used herein, means one or more regions of the central nervous system. In some
embodiments, the CNS includes one or more of: frontal cortex, temporal cortex, motor cortex,
hippocampus, basal ganglia, midbrain, brainstem, cerebellum, and spinal cord.

PNS: as used herein, means one or more regions of the peripheral nervous system that
does not include the CNS. In some embodiments, the PNS includes dorsal root ganglia. In some

embodiments, the PNS includes sensory neurons and motor neurons.

Capsid Polypeptides and Nucleic Acids Encoding the Same

The disclosure is directed, in part, to a variant capsid polypeptide, and to a nucleic acid
comprising a sequence encoding the variant capsid polypeptide, wherein the variant capsid
polypeptide comprises a mutation (insertion, deletion, or substitution) as compared to the wild-
type sequence. In some embodiments, the wild-type sequence is SEQ ID NO: 1. The disclosure
is directed, in part, to a variant capsid polypeptide comprising SEQ ID NO: 1 with one or more
mutations as compared to SEQ ID NO: 1, and nucleic acid molecules encoding the variant capsid
polypeptide. The mutation can be, for example, an insertion, deletion, or substitution as
compared to the wild-type sequence. In some embodiments, the wild-type sequence is SEQ ID
NO: 1.

In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 579, 592, 593, 595, 596, 598, 601, or any combination
thereof as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to a mutation at position 579 as compared to SEQ ID NO:
1. In some embodiments, the variant capsid polypeptide comprises a mutation that corresponds
to a mutation at position 592 as compared to SEQ ID NO: 1. In some embodiments, the variant
capsid polypeptide comprises a mutation that corresponds to a mutation at position 593 as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a mutation at position 595 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a

mutation at position 596 as compared to SEQ ID NO: 1. In some embodiments, the variant
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capsid polypeptide comprises a mutation that corresponds to a mutation at position 598 as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a mutation at position 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579 and 592 as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to a mutation at position 579
and 593 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to a mutation at position 579 and 595 as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 579 and 596 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579 and 598 as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to a mutation at position 579
and 601 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to a mutation at position 592 and 593 as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 592 and 595 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592 and 596 as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to a mutation at position 592
and 598 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to a mutation at position 592 and 601 as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 593 and 595 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 593 and 596 as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to a mutation at position 593
and 598 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to a mutation at position 593 and 601 as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that

corresponds to a mutation at position 595 and 596 as compared to SEQ ID NO: 1. In some
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embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 595 and 598 as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to a mutation at position 595
and 601 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to a mutation at position 596 and 598 as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 596 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 598 and 601 as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to a mutation at position 579,
592, and 593 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to a mutation at position 579, 592, and 595 as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a mutation at position 579, 592, and 596 as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 579, 592, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, and 601 as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to a mutation at position
579, 593, and 595 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to a mutation at position 579, 593, and 596 as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a mutation at position 579, 593, and 598 as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 579, 593, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 595, and 596 as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to a mutation at position
579, 595, and 598 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to a mutation at position 579, 595, and 601 as

compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
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mutation that corresponds to a mutation at position 579, 596, and 598 as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 579, 596, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 598, and 601 as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to a mutation at position
592, 593, and 595 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to a mutation at position 592, 593, and 596 as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a mutation at position 592, 593, and 598 as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 592, 593, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 595, and 596 as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to a mutation at position
592, 595, and 598 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to a mutation at position 592, 595, and 601 as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a mutation at position 592, 596, and 598 as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 592, 596, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 598, and 601 as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to a mutation at position
593, 595, and 596 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to a mutation at position 593, 595, and 598 as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a mutation at position 593, 595, and 601 as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 593, 596, and 598 as compared to SEQ ID NO: 1. In some

embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
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mutation at position 593, 596, and 601 as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to a mutation at position
593, 598, and 601 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to a mutation at position 595, 596, and 598 as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a mutation at position 595, 596, and 601 as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 595, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 596, 598, and 601 as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to a mutation at position
579, 592, 593, and 595 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to a mutation at position 579, 592, 593, and
596 as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to a mutation at position 579, 592, 593, and 598 as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a mutation at position 579, 592, 593, and 601 as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a mutation at position 579, 592, 596, and 598 as compared to SEQ ID NO: 1. In
some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 596, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 593, 595, and 596 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 593, 595, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 593, 595, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a

mutation at position 579, 593, 596, and 598 as compared to SEQ ID NO: 1. In some
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embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 593, 596, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 593, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 595, and 596 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 595, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 595, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, and 596 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 595, 596, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 595, 596, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 595, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 596, 598, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 593, 595, and 596 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 593, 595, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 593, 595, and 601 as compared to SEQ ID NO: 1. In some

embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
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mutation at position 592, 593, 596, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 593, 596, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 593, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 595, 596, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 595, 596, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 595, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 596, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 593, 595, 596, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 593, 595, 596, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 593, 595, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 593, 596, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 595, 596, 598, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 595, and 596 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 595, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 595, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a

mutation at position 579, 593, 595, 596 and 598 as compared to SEQ ID NO: 1. In some
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embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 593, 595, 596 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 593, 595, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 593, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 595, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 595, 596 and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 595, 596 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 595, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 595, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 596 and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 596 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 595 and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 595 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 593, 595, 596 and 598 as compared to SEQ ID NO: 1. In some

embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
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mutation at position 592, 593, 595, 596 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 593, 595, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 593, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 595, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 593, 595, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 595, 596, and 598 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 595, 596, and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 592, 593, 595, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 593, 595, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 595, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 596, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 595, 598 and 601 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
mutation at position 579, 592, 593, 595, 596, 598 and 601 as compared to SEQ ID NO: 1.

In some embodiments, the variant capsid polypeptide comprises at least 1, at least 2, at
least 3, at least 4, at least 5, at least 6, but no more than 7 mutations that correspond to a mutation
at one or more positions of 579, 592, 593, 595, 596, 598, 601, or any combination thereof, as
compared to SEQ ID NO: 1, optionally wherein the mutation comprises an insertion, a deletion,
or a substitution. In some embodiments, the variant capsid polypeptide comprises at least 1

mutation that correspond to a mutation at one or more positions of 579, 592, 593, 595, 596, 598,
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601, or any combination thereof, as compared to SEQ ID NO: 1, optionally wherein the mutation
comprises an insertion, a deletion, or a substitution. In some embodiments, the variant capsid
polypeptide comprises at least 2 mutations that correspond to a mutation at one or more positions
of 579, 592, 593, 595, 596, 598, 601, or any combination thereof, as compared to SEQ ID NO: 1,
optionally wherein the mutation comprises an insertion, a deletion, or a substitution. In some
embodiments, the variant capsid polypeptide comprises at least 3 mutations that correspond to a
mutation at one or more positions of 579, 592, 593, 595, 596, 598, 601, or any combination
thereof, as compared to SEQ ID NO: 1, optionally wherein the mutation comprises an insertion,
a deletion, or a substitution. In some embodiments, the variant capsid polypeptide comprises at
least 4 mutations that correspond to a mutation at one or more positions of 579, 592, 593, 595,
596, 598, 601, or any combination thereof, as compared to SEQ ID NO: 1, optionally wherein
the mutation comprises an insertion, a deletion, or a substitution. In some embodiments, the
variant capsid polypeptide comprises at least 5 mutations that correspond to a mutation at one or
more positions of 579, 592, 593, 595, 596, 598, 601, or any combination thereof, as compared to
SEQ ID NO: 1, optionally wherein the mutation comprises an insertion, a deletion, or a
substitution. In some embodiments, the variant capsid polypeptide comprises at least 6 mutations
that correspond to a mutation at one or more positions of 579, 592, 593, 595, 596, 598, 601, or
any combination thereof, as compared to SEQ ID NO: 1, optionally wherein the mutation
comprises an insertion, a deletion, or a substitution. In some embodiments, the variant capsid
polypeptide comprises 7 mutations that correspond to a mutation at one or more positions of 579,
592, 593, 595, 596, 598, 601, or any combination thereof, as compared to SEQ ID NO: 1,
optionally wherein the mutation comprises an insertion, a deletion, or a substitution. In some
embodiments, the variant capsid polypeptide comprises 7 or fewer mutations that correspond to a
mutation at one or more positions of 579, 592, 593, 595, 596, 598, 601, or any combination
thereof, as compared to SEQ ID NO: 1, optionally wherein the mutation comprises an insertion,
a deletion, or a substitution. In some embodiments, the variant capsid polypeptide comprises no
more than 7 mutations that correspond to a mutation at one or more positions of 579, 592, 593,
595, 596, 598, 601, or any combination thereof, as compared to SEQ ID NO: 1, optionally
wherein the mutation comprises an insertion, a deletion, or a substitution.

In some embodiments, the mutation that corresponds to position 529 is a substitution as

compared to SEQ ID NO: 1. In some embodiments, the substitution is a naturally occurring
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amino acid. In some embodiments, the substitution is a valine. In some embodiments, the
substitution at position 529 of SEQ ID NO: 1 is E529V. In some embodiments the substitution at
a position corresponding to E529 of SEQ ID NO: 1 is a substitution of valine at the position
corresponding to E529 of SEQ ID NO: 1 in a reference capsid sequence other than SEQ ID NO:
1, e.g., as described herein.

In some embodiments, the mutation that corresponds to position 530 is a substitution as
compared to SEQ ID NO: 1. In some embodiments, the substitution is a naturally occurring
amino acid. In some embodiments, the substitution is an alanine. In some embodiments, the
substitution at position 530 is G530A according to SEQ ID NO: 1. In some embodiments the
substitution at a position corresponding to G530 of SEQ ID NO: 1 is a substitution of alanine at
the position corresponding to G530 of SEQ ID NO: 1 in a reference capsid sequence other than
SEQ ID NO: 1, e.g., as described herein.

In some embodiments, the mutation that corresponds to position 579 is a substitution as
compared to SEQ ID NO: 1. In some embodiments, the substitution is a naturally occurring
amino acid. In some embodiments, the substitution is a valine. In some embodiments, the
substitution at position 579 is Q579V according to SEQ ID NO: 1. In some embodiments the
substitution at a position corresponding to Q579 of SEQ ID NO: 1 is a substitution of valine at
the position corresponding to Q579 of SEQ ID NO: 1 in a reference capsid sequence other than
SEQ ID NO: 1, e.g., as described herein.

In some embodiments, the mutation that corresponds to position 592 is a substitution as
compared to SEQ ID NO: 1. In some embodiments, the substitution is a naturally occurring
amino acid. In some embodiments, the substitution is an isoleucine. In some embodiments, the
substitution at position 592 is Q5921 according to SEQ ID NO: 1. In some embodiments the
substitution at a position corresponding to Q592 of SEQ ID NO: 1 is a substitution of valine at
the position corresponding to Q592 of SEQ ID NO: 1 in a reference capsid sequence other than
SEQ ID NO: 1, e.g., as described herein.

In some embodiments, the mutation that corresponds to position 593 is a substitution as
compared to SEQ ID NO: 1. In some embodiments, the substitution is a naturally occurring
amino acid. In some embodiments, the substitution is a valine. In some embodiments, the
substitution at position 593 is T593V according to SEQ ID NO: 1. In some embodiments the

substitution at a position corresponding to T593 of SEQ ID NO: 1 is a substitution of valine at
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the position corresponding to T593 of SEQ ID NO: 1 in a reference capsid sequence other than
SEQ ID NO: 1, e.g., as described herein.

In some embodiments, the mutation that corresponds to position 595 is a substitution as
compared to SEQ ID NO: 1. In some embodiments, the substitution is a naturally occurring
amino acid. In some embodiments, the substitution is an alanine. In some embodiments, the
substitution at position 595 is W595A according to SEQ ID NO: 1. In some embodiments the
substitution at a position corresponding to W595 of SEQ ID NO: 1 is a substitution of valine at
the position corresponding to W595 of SEQ ID NO: | in a reference capsid sequence other than
SEQ ID NO: 1, e.g., as described herein.

In some embodiments, the mutation that corresponds to position 596 is a substitution as
compared to SEQ ID NO: 1. In some embodiments, the substitution is a naturally occurring
amino acid. In some embodiments, the substitution is a leucine. In some embodiments, the
substitution at position 596 is V596L according to SEQ ID NO: 1. In some embodiments the
substitution at a position corresponding to V596 of SEQ ID NO: 1 is a substitution of valine at
the position corresponding to V596 of SEQ ID NO: 1 in a reference capsid sequence other than
SEQ ID NO: 1, e.g., as described herein.

In some embodiments, the mutation that corresponds to position 598 is a substitution as
compared to SEQ ID NO: 1. In some embodiments, the substitution is a naturally occurring
amino acid. In some embodiments, the substitution is a serine. In some embodiments, the
substitution at position 598 is N598S according to SEQ ID NO: 1. In some embodiments the
substitution at a position corresponding to N598 of SEQ ID NO: 1 is a substitution of valine at
the position corresponding to N598 of SEQ ID NO: 1 in a reference capsid sequence other than
SEQ ID NO: 1, e.g., as described herein.

In some embodiments, the mutation that corresponds to position 601 is a substitution as
compared to SEQ ID NO: 1. In some embodiments, the substitution is a naturally occurring
amino acid. In some embodiments, the substitution is an alanine. In some embodiments, the
substitution at position 601 is I601A according to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises: (a) a

valine at a position corresponding to Q579 as compared to SEQ ID NO: 1; (b) an isoleucine
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at a position corresponding to Q592 as compared to SEQ ID NO: 1; (c)  a valine at a position
corresponding to T593 as compared to SEQ ID NO: 1; (d) an alanine at a position
corresponding to W595 as compared to SEQ ID NO: 1; (e) aleucine at a position corresponding
to V596 as compared to SEQ ID NO: 1; (f) a serine at a position corresponding to N598 as
compared to SEQ ID NO: 1; (g) an alanine at a position corresponding to 1601 as compared
to SEQ ID NO: 1; or (h) combinations thereof, optionally wherein the variant capsid
polypeptide comprises all of (a)-(g).

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises:

() a leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, a
serine at a position corresponding to N598 as compared to SEQ ID NO: 1, and an alanine at a
position corresponding to 1601 as compared to SEQ ID NO: 1;

(i) a valine at a position corresponding to Q579 as compared to SEQ ID NO: 1, a
leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, a serine at a position
corresponding to N598 as compared to SEQ ID NO: 1, and an alanine at a position
corresponding to 1601 as compared to SEQ ID NO: 1;

(iii)  an alanine at a position corresponding to W595 as compared to SEQ ID NO: 1, a
leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, and a serine at a
position corresponding to N598 as compared to SEQ ID NO: 1;

(iv)  avaline at a position corresponding to T593 as compared to SEQ ID NO: 1, an
alanine at a position corresponding to W595 as compared to SEQ ID NO: 1, a leucine at a
position corresponding to V596 as compared to SEQ ID NO: 1, and a serine at a position
corresponding to N598 as compared to SEQ ID NO: 1;

) an isoleucine at a position corresponding to Q592 as compared to SEQ ID NO: 1,
a valine at a position corresponding to T593 as compared to SEQ ID NO: 1, and a leucine at a
position corresponding to V596 as compared to SEQ ID NO: 1;

(vi)  avaline at a position corresponding to T593 as compared to SEQ ID NO: 1, a
leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, a serine at a position
corresponding to N598 as compared to SEQ ID NO: 1, and an alanine at a position
corresponding to 1601 as compared to SEQ ID NO: 1;
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(vii)  a valine at a position corresponding to Q579 as compared to SEQ ID NO: 1, an
alanine at a position corresponding to W595 as compared to SEQ ID NO: 1, a leucine at a
position corresponding to V596 as compared to SEQ ID NO: 1, and a serine at a position
corresponding to N598 as compared to SEQ ID NO: 1;

(viii) a valine at a position corresponding to Q579 as compared to SEQ ID NO: 1; or

(ix)  a valine at a position corresponding to Q579 as compared to SEQ ID NO: 1, a
valine at a position corresponding to T593 as compared to SEQ ID NO: 1, an alanine at a
position corresponding to W595 as compared to SEQ ID NO: 1, a leucine at a position
corresponding to V596 as compared to SEQ ID NO: 1, and a serine at a position corresponding
to N598 as compared to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises a leucine at a
position corresponding to V596 as compared to SEQ ID NO: 1, a serine at a position
corresponding to N598 as compared to SEQ ID NO: 1, and an alanine at a position
corresponding to 1601 as compared to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises a valine at a
position corresponding to Q579 as compared to SEQ ID NO: 1, a leucine at a position
corresponding to V596 as compared to SEQ ID NO: 1, a serine at a position corresponding to
N598 as compared to SEQ ID NO: 1, and an alanine at a position corresponding to 1601 as
compared to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises an alanine at
a position corresponding to W595 as compared to SEQ ID NO: 1, a leucine at a position
corresponding to V596 as compared to SEQ ID NO: 1, and a serine at a position corresponding
to N598 as compared to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
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sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises a valine at a
position corresponding to T593 as compared to SEQ ID NO: 1, an alanine at a position
corresponding to W595 as compared to SEQ ID NO: 1, a leucine at a position corresponding to
V596 as compared to SEQ ID NO: 1, and a serine at a position corresponding to N598 as
compared to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises an isoleucine
at a position corresponding to Q592 as compared to SEQ ID NO: 1, a valine at a position
corresponding to T593 as compared to SEQ ID NO: 1, and a leucine at a position corresponding
to V596 as compared to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises a valine at a
position corresponding to T593 as compared to SEQ ID NO: 1, a leucine at a position
corresponding to V596 as compared to SEQ ID NO: 1, a serine at a position corresponding to
N598 as compared to SEQ ID NO: 1, and an alanine at a position corresponding to 1601 as
compared to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises a valine at a
position corresponding to Q579 as compared to SEQ ID NO: 1, an alanine at a position
corresponding to W595 as compared to SEQ ID NO: 1, a leucine at a position corresponding to
V596 as compared to SEQ ID NO: 1, and a serine at a position corresponding to N598 as
compared to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises a valine at a
position corresponding to Q579 as compared to SEQ ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
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sequence of SEQ ID NO: 1, provided that the variant capsid polypeptide comprises a valine at a
position corresponding to Q579 as compared to SEQ ID NO: 1, a valine at a position
corresponding to T593 as compared to SEQ ID NO: 1, an alanine at a position corresponding to
W595 as compared to SEQ ID NO: 1, a leucine at a position corresponding to V596 as compared
to SEQ ID NO: 1, and a serine at a position corresponding to N598 as compared to SEQ ID NO:
1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide comprises:

(i) a mutation between positions 596 and 601, and wherein the mutation comprises a
sequence:
L-n-S-n-n-A,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1;

(i) a mutation between positions 593 and 598, and wherein the mutation comprises a
sequence:

n/V-n-A-L-n-S,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1;

optionally wherein the amino acid residue at position 593 is valine;

(iii) a mutation between positions 579 and 601, and wherein the mutation comprises a
sequence:
V-(n)11-n/I-n/V-n-n/A-L-n-S-n-n-A,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1;

optionally wherein the amino acid residue at position 592 is isoleucine;

optionally wherein the amino acid residue at position 593 is valine; and

optionally wherein the amino acid residue at position 595 is alanine; or

(iv) a mutation between positions 579 and 601, and wherein the mutation comprises a
sequence:

n/V-(n)11-n/I-n/V-n-n/A-L-n-S-n-n-A,
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wherein n is wile type reside as set forth in SEQ ID NO: 1;

optionally wherein the amino acid residue at position 579 is valine;

optionally wherein the amino acid residue at position 592 is isoleucine;

optionally wherein the amino acid residue at position 593 is valine; and

optionally wherein the amino acid residue at position 595 is alanine.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide comprises a mutation
between positions 596 and 601, and wherein the mutation comprises a sequence:

L-n-S-n-n-A,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide comprises a mutation
between positions 593 and 598, and wherein the mutation comprises a sequence:

n/V-n-A-L-n-S,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1; optionally wherein the amino acid residue at position 593 is valine. In some
embodiments, a variant capsid polypeptide comprises a polypeptide that has at least 70, 75, 80,
85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ
ID NO: 2, provided that the variant capsid polypeptide comprises a mutation between positions
593 and 598, and wherein the mutation comprises a sequence:

V-n-A-L-n-S,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide comprises a mutation
between positions 579 and 601, and wherein the mutation comprises a sequence:

V-(n)11-n/I-n/V-n-n/A-L-n-S-n-n-A,
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wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1; optionally wherein the amino acid residue at position 592 is isoleucine; optionally
wherein the amino acid residue at position 593 is valine; and optionally wherein the amino acid
residue at position 595 is alanine. In some embodiments, a variant capsid polypeptide comprises
a polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to
a VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide
comprises a mutation between positions 579 and 601, and wherein the mutation comprises a
sequence:
V-(n)11-I-n/V-n-n/A-L-n-S-n-n-A,
wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1; optionally wherein the amino acid residue at position 593 is valine; and optionally
wherein the amino acid residue at position 595 is alanine. In some embodiments, a variant capsid
polypeptide comprises a polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96,
97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the
variant capsid polypeptide comprises a mutation between positions 579 and 601, and wherein the
mutation comprises a sequence:
V-(n)11-n/I-V-n-n/A-L-n-S-n-n-A,
wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1; optionally wherein the amino acid residue at position 592 is isoleucine; and optionally
wherein the amino acid residue at position 595 is alanine. In some embodiments, a variant capsid
polypeptide comprises a polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96,
97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the
variant capsid polypeptide comprises a mutation between positions 579 and 601, and wherein the
mutation comprises a sequence:
V-(n)11-n/I-n/V-n-A-L-n-S-n-n-A,
wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1; optionally wherein the amino acid residue at position 592 is isoleucine; and optionally
wherein the amino acid residue at position 593 is valine. In some embodiments, a variant capsid
polypeptide comprises a polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96,
97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the
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variant capsid polypeptide comprises a mutation between positions 579 and 601, and wherein the
mutation comprises a sequence:
V-(n)11-I-V-n-n/A-L-n-S-n-n-A,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1; and optionally wherein the amino acid residue at position 595 is alanine. In some
embodiments, a variant capsid polypeptide comprises a polypeptide that has at least 70, 75, 80,
85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ
ID NO: 2, provided that the variant capsid polypeptide comprises a mutation between positions
579 and 601, and wherein the mutation comprises a sequence:

V-(n)11-I-n/V-n-A-L-n-S-n-n-A,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1; and optionally wherein the amino acid residue at position 593 is valine. In some
embodiments, a variant capsid polypeptide comprises a polypeptide that has at least 70, 75, 80,
85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ
ID NO: 2, provided that the variant capsid polypeptide comprises a mutation between positions
579 and 601, and wherein the mutation comprises a sequence:

V-(n)11-0/I-V-n-A-L-n-S-n-n-A,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1; and optionally wherein the amino acid residue at position 592 is isoleucine. In some
embodiments, a variant capsid polypeptide comprises a polypeptide that has at least 70, 75, 80,
85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ
ID NO: 2, provided that the variant capsid polypeptide comprises a mutation between positions
579 and 601, and wherein the mutation comprises a sequence:

V-(n)11-I-V-n-A-L-n-S-n-n-A,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID
NO: 1.

In some embodiments, a variant capsid polypeptide comprises a polypeptide that has at
least 70, 75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3
sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide comprises a mutation
between positions 579 and 601, and wherein the mutation comprises a sequence:

n/V-(n)11-n/I-n/V-n-n/A-L-n-S-n-n-A,
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wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 579 is valine; optionally wherein the amino acid residue at position 592
is isoleucine; optionally wherein the amino acid residue at position 593 is valine; and optionally
wherein the amino acid residue at position 595 is alanine. In some embodiments, a variant capsid
polypeptide comprises a polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96,
97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the
variant capsid polypeptide comprises a mutation between positions 579 and 601, and wherein the
mutation comprises a sequence:

V-(n)11-n/I-n/V-n-n/A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 592 is isoleucine; optionally wherein the amino acid residue at position
593 is valine; and optionally wherein the amino acid residue at position 595 is alanine. In some
embodiments, a variant capsid polypeptide comprises a polypeptide that has at least 70, 75, 80,
85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ
ID NO: 2, provided that the variant capsid polypeptide comprises a mutation between positions
579 and 601, and wherein the mutation comprises a sequence:

n/V-(n)11-I-n/V-n-n/A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 579 is valine; optionally wherein the amino acid residue at position 593
is valine; and optionally wherein the amino acid residue at position 595 is alanine. In some
embodiments, a variant capsid polypeptide comprises a polypeptide that has at least 70, 75, 80,
85, 90,91, 92, 93,94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ
ID NO: 2, provided that the variant capsid polypeptide comprises a mutation between positions
579 and 601, and wherein the mutation comprises a sequence:

n/V-(n)11-n/I-V-n-n/A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 579 is valine; optionally wherein the amino acid residue at position 592
is isoleucine; and optionally wherein the amino acid residue at position 595 is alanine. In some
embodiments, a variant capsid polypeptide comprises a polypeptide that has at least 70, 75, 80,
85, 90,91, 92, 93,94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ
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ID NO: 2, provided that the variant capsid polypeptide comprises a mutation between positions
579 and 601, and wherein the mutation comprises a sequence:

n/V-(n)11-n/I-n/V-n-A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 579 is valine; optionally wherein the amino acid residue at position 592
is isoleucine; and optionally wherein the amino acid residue at position 593 is valine. In some
embodiments, a variant capsid polypeptide comprises a polypeptide that has at least 70, 75, 80,
85, 90,91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ
ID NO: 2, provided that the variant capsid polypeptide comprises a mutation between positions
579 and 601, and wherein the mutation comprises a sequence:

V-(n)11-I-n/V-n-n/A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 593 is valine; and optionally wherein the amino acid residue at position
595 is alanine. In some embodiments, a variant capsid polypeptide comprises a polypeptide that
has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or
VP3 sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide comprises a
mutation between positions 579 and 601, and wherein the mutation comprises a sequence:

V-(n)11-n/I-V-n-n/A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 592 is isoleucine; and optionally wherein the amino acid residue at
position 595 is alanine. In some embodiments, a variant capsid polypeptide comprises a
polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a
VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide
comprises a mutation between positions 579 and 601, and wherein the mutation comprises a
sequence:

V-(n)11-n/I-n/V-n-A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 592 is isoleucine; and optionally wherein the amino acid residue at
position 593 is valine. In some embodiments, a variant capsid polypeptide comprises a
polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a
VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide
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comprises a mutation between positions 579 and 601, and wherein the mutation comprises a
sequence:

n/V-(n)11-I-V-n-n/A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 579 is valine; and optionally wherein the amino acid residue at position
595 is alanine. In some embodiments, a variant capsid polypeptide comprises a polypeptide that
has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or
VP3 sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide comprises a
mutation between positions 579 and 601, and wherein the mutation comprises a sequence:

n/V-(n)11-I-n/V-n-A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 579 is valine; and optionally wherein the amino acid residue at position
593 is valine. In some embodiments, a variant capsid polypeptide comprises a polypeptide that
has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or
VP3 sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide comprises a
mutation between positions 579 and 601, and wherein the mutation comprises a sequence:

n/V-(n)11-n/I-V-n-A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 579 is valine; and optionally wherein the amino acid residue at position
592 is isoleucine. In some embodiments, a variant capsid polypeptide comprises a polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2,
or VP3 sequence of SEQ ID NO: 2, provided that the variant capsid polypeptide comprises a
mutation between positions 579 and 601, and wherein the mutation comprises a sequence:

V-(n)11-I-V-n-n/A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 595 is alanine. In some embodiments, a variant capsid polypeptide
comprises a polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%
identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the variant capsid
polypeptide comprises a mutation between positions 579 and 601, and wherein the mutation
comprises a sequence:

V-(n)11-I-n/V-n-A-L-n-S-n-n-A,
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wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 593 is valine. In some embodiments, a variant capsid polypeptide
comprises a polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%
identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the variant capsid
polypeptide comprises a mutation between positions 579 and 601, and wherein the mutation
comprises a sequence:

V-(n)11-n/I-V-n-A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 592 is isoleucine. In some embodiments, a variant capsid polypeptide
comprises a polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%
identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 2, provided that the variant capsid
polypeptide comprises a mutation between positions 579 and 601, and wherein the mutation
comprises a sequence:

n/V-(n)11-I-V-n-A-L-n-S-n-n-A,

wherein n is wile type reside as set forth in SEQ ID NO: 1; optionally wherein the amino
acid residue at position 579 is valine.

In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to a Q579V mutation as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to a Q5921 mutation as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to a TS93V mutation as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a W595A
mutation as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to a V596L mutation as compared to SEQ ID NO: 1. In
some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to a
N598S mutation as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to a 1601 A mutation as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V and Q5921 as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations

of Q579V and T593V as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
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polypeptide comprises a mutation that corresponds to mutations of Q579V and W595A as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of Q579V and V596L as compared to SEQ ID NO: 1. In
some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of Q579V and N598S as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to mutations of Q579V and
1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to mutations of Q5921 and T593V as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q5921 and W595A as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations
of Q5921 and V596L as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of Q5921 and N598S as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of Q5921 and 1601 A as compared to SEQ ID NO: 1. In
some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of T593V and W595A as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to mutations of T593V and
V596L as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to mutations of T5S93V and N598S as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of TS93V and 1601 A as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations
of W595A and V596L as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of W595A and N598S as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of W595A and I601A as compared to SEQ ID NO: 1. In
some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of V596L and N598S as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to mutations of V596L and

1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
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comprises a mutation that corresponds to mutations of N598S and 1601 A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, and T593V as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations
of Q579V, Q5921, and W595A as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to mutations of Q579V, Q5921,
and V596L as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of Q579V, Q5921, and N598S as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of Q579V, Q592I, and I601A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, T593V, and W595A as compared to SEQ ID NO: 1. In
some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of Q579V, T593V, and V596L as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to mutations of Q579V,
T593V, and N598S as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of Q579V, T593V, and 1601A
as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises
a mutation that corresponds to mutations of Q579V, W595A, and V596L as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, W595A, and N598S as compared to SEQ ID NO: 1. In
some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of Q579V, W595A, and 1601 A as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to mutations of Q579V,
V596L, and N598S as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of Q579V, V596L, and 1601 A
as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises
a mutation that corresponds to mutations of Q579V, N598S, and 1601 A as compared to SEQ 1D
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q5921, T593V, and W595A as compared to SEQ ID NO: 1. In

some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
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mutations of Q592I, TS93V, and V596L as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to mutations of Q5921,
T593V, and N598S as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of Q592I, T593V, and 1601A as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of Q592I, W595A, and V596L as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q5921, W595A, and N598S as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations
of Q592I, W595A, and 1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant
capsid polypeptide comprises a mutation that corresponds to mutations of Q592I, V596L, and
NS598S as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to mutations of Q5921, V596L, and 1601 A as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q592I, N598S, and 1601 A as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations
of T593V, W595A, and V596L as compared to SEQ ID NO: 1. In some embodiments, the
variant capsid polypeptide comprises a mutation that corresponds to mutations of T593V,
WS595A, and N598S as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of TS93V, W595A, and 1601 A
as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises
a mutation that corresponds to mutations of T593V, V596L, and N598S as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of T593V, V596L, and I601A as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations
of T593V, N598S, and 1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant
capsid polypeptide comprises a mutation that corresponds to mutations of W595A, V596L, and
N598S as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to mutations of W595A, V596L, and 1601 A as compared
to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation

that corresponds to mutations of W595A, N598S, and 1601A as compared to SEQ ID NO: 1. In
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some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of V596L, N598S, and 1601 A as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to mutations of Q579V,
Q5921, T593V, and W595A as compared to SEQ ID NO: 1. In some embodiments, the variant
capsid polypeptide comprises a mutation that corresponds to mutations of Q579V, Q5921,
T593V, and V596L as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of Q579V, Q5921, T593V, and
NS598S as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to mutations of Q579V, Q5921I, T593V, and I601A as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of Q579V, Q592I, W595A, and V596L as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q592I, W595A, and N598S as compared to SEQ ID NO: 1.
In some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of Q579V, Q5921, W595A, and 1601 A as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations
of Q579V, Q592I, W595A, and V596L as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to mutations of Q579V,
Q5921, W595A, and N598S as compared to SEQ ID NO: 1. In some embodiments, the variant
capsid polypeptide comprises a mutation that corresponds to mutations of Q579V, Q592],
WS595A, and 1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of Q579V, Q5921, T593V, and
V596L as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to mutations of Q579V, Q5921, T593V, and N598S as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of Q579V, Q592I, T593V, and 1601 A as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q5921, T593V, W595A, and N596S as compared to SEQ ID NO: 1.
In some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of Q5921, T5S93V, W595A, and N598S as compared to SEQ ID NO: 1. In some

embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations
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of Q5921, TS93V, W595A, and 1601 A as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to mutations of TS93V,
WS595A, V596L, and N598S as compared to SEQ ID NO: 1. In some embodiments, the variant
capsid polypeptide comprises a mutation that corresponds to mutations of T593V, W595A,
V596L, and 1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of W595A, V596L, N598S, and
1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to mutations of Q579V, Q5921I, V596L, and N598S as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of Q579V, Q592I, V596L, and 1601 A as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, N598S, and 1601 A as compared to SEQ ID NO: 1.
In some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of Q579V, T593V, V596L, and N598S as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations
of Q579V, T593V, V596L, and 1601 A as compared to SEQ ID NO: 1. In some embodiments,
the variant capsid polypeptide comprises a mutation that corresponds to mutations of Q579V,
T593V, N598S, and 1601A as compared to SEQ ID NO: 1. In some embodiments, the variant
capsid polypeptide comprises a mutation that corresponds to mutations of Q579V, W595A,
V596L, and N598S as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of Q579V, W595A, V596L, and
1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to mutations of Q579V, W595A, N598S, and I601A as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of Q592I, T593V, V596L, and N598S as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q592I, T593V, V596L, and 1601A as compared to SEQ ID NO: 1.
In some embodiments, the variant capsid polypeptide comprises a mutation that corresponds to
mutations of Q5921, T593V, N598S, and 1601A as compared to SEQ ID NO: 1. In some
embodiments, the variant capsid polypeptide comprises a mutation that corresponds to mutations

of Q5921, W595A, V596L, and N598S as compared to SEQ ID NO: 1. In some embodiments,



WO 2023/060264 PCT/US2022/077804
94

the variant capsid polypeptide comprises a mutation that corresponds to mutations of Q5921,
WS595A, V596L, and 1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant
capsid polypeptide comprises a mutation that corresponds to mutations of Q592I, W595A,
N598S, and 1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises a mutation that corresponds to mutations of Q592I, V596L, N598S, and
1601 A as compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide
comprises a mutation that corresponds to mutations of T5S93V, W595A, N598S, and I601A as
compared to SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a
mutation that corresponds to mutations of T593V, V596L, N598S, and I601A as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921I, T593V, W595A, and V596L as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, T593V, W595A, and N598S as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, T593V, W595A, and 1601A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, T593V, W595A, V596L and N598S as compared to SEQ
ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, T593V, W595A, V596L and 1601 A as compared to SEQ 1D
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, W595A, V596L and N598S as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q592I, W595A, V596L and 1601 A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921I, T593V, V596L and N598S as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, T593V, V596L and 1601 A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921I, T593V, W595A and N598S as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that

corresponds to mutations of Q579V, Q5921I, T593V, W595A and 1601 A as compared to SEQ ID
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NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q592I, T593V, W595A, V596L and N598S as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q592I, T593V, W595A, V596L and 1601 A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of TS93V, W595A, V596L, N598S and 1601 A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, T593V, W595A, N598S and 1601 A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, T593V, V596L, N598S and 1601A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, W595A, V596L, N598S and I601A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q592I, W595A, N598S and 1601 A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, V596L, N598S and I601A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, W595A, V596L, N598S and 1601A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, T593V, N598S and 1601 A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q592V, T593V, W595A, N598S and 1601A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q592V, T593V, V596L, N598S and 1601A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q592V, W595A, V596L, N598S and I601A as compared to SEQ ID
NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, T593V, W595A, V596L, and N598S as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, T593V, W595A, V596L, and 1601 A as compared to

SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
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corresponds to mutations of Q592V, T593V, W595A, V596L, N598S and 1601 A as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, T593V, W595A, V596L, N598S and 1601 A as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q592I, W595A, V596L, N598S and 1601 A as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921, T593V, V596L, N598S and I601A as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921I, T593V, W595A, N598S and 1601 A as compared to
SEQ ID NO: 1. In some embodiments, the variant capsid polypeptide comprises a mutation that
corresponds to mutations of Q579V, Q5921I, T593V, W595A, V596L, N598S and I601A as
compared to SEQ ID NO: 1.

In some embodiments, the variant capsid polypeptide comprises: (a) a sequence
comprising any one of SEQ ID NO: 2-139; (b) a sequence having at least 95%, at least 96%, at
least 97%, at least 98% or at least 99% sequence identity to any one of SEQ ID NO: 2 or 14-139
and comprises the mutation set of said SEQ ID NO: 2 or 14-139; or (c) a sequence comprising
the mutation set of any one of SEQ ID NO: 2 or 14-139 and having at least 1, 2, 3,4,5,6,7,8, 9,
or 10 single amino acid mutations relative to said any one of SEQ ID NO: 2 or 14-139,
optionally having fewer than 70, 60, 50, 40, 35, 30 or 20 single amino acid mutations relative to
said any one of SEQ ID NO: 2 or 14-139.

In some embodiments, the disclosure provides a variant capsid polypeptide (and nucleic
acids encoding said variant capsid polypeptide) that comprises at least 1 of the mutation
differences associated with any variant capsid polypeptide of Table 1 or comprises at least 1
mutation which corresponds to a mutation difference associated with any variant capsid
polypeptide of Table 1. In some embodiments, the disclosure provides a variant capsid
polypeptide (and nucleic acids encoding said capsid polypeptide) that comprises at least 2
mutation differences associated with any variant capsid polypeptide of Table 1 or comprises at
least 2 mutations which corresponds to 2 mutation differences associated with any variant capsid
polypeptide of Table 1. In some embodiments, the disclosure provides a variant capsid
polypeptide (and nucleic acids encoding said capsid polypeptide) that comprises at least 3

mutation differences associated with any variant capsid polypeptide of Table 1 or comprises at
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least 3 mutations which corresponds to 3 mutation differences associated with any variant capsid
polypeptide of Table 1. In some embodiments, the disclosure provides a variant capsid
polypeptide (and nucleic acids encoding said capsid polypeptide) that comprises at least 4
mutation differences associated with any variant capsid polypeptide of Table 1 or comprises at
least 4 mutations which corresponds to 4 mutation differences associated with any variant capsid
polypeptide of Table 1. In some embodiments, the disclosure provides a variant capsid
polypeptide (and nucleic acids encoding said capsid polypeptide) that comprises at least 5
mutation differences associated with any variant capsid polypeptide of Table 1 or comprises at
least 5 mutations which corresponds to 5 mutation differences associated with any variant capsid
polypeptide of Table 1. In some embodiments, the disclosure provides a variant capsid
polypeptide (and nucleic acids encoding said capsid polypeptide) that comprises at least 6
mutation differences associated with any variant capsid polypeptide of Table 1 or comprises at
least 6 mutations which corresponds to 6 mutation differences associated with any variant capsid
polypeptide of Table 1. In some embodiments, the disclosure provides a variant capsid
polypeptide (and nucleic acids encoding said capsid polypeptide) that comprises at least 7
mutation differences associated with any variant capsid polypeptide of Table 1 or comprises at
least 7 mutations which corresponds to 7 mutation differences associated with any variant capsid
polypeptide of Table 1.

In some embodiments, the disclosure provides a variant capsid polypeptide (and nucleic
acids encoding said capsid polypeptide) that comprises all of the mutation differences associated
with any variant capsid polypeptide of Table 1 or comprises mutations which corresponds to all
of the mutation differences associated with any variant capsid polypeptide of Table 1.

In any of the above aspects it will be understood that in variant capsid polypeptides
described above where a number of mutation differences associated with or corresponding to the
mutation differences of any variant capsid polypeptide of Table 1 is specified, the mutations may
be chosen from any of the mutation differences associated with that variant capsid polypeptide.
Thus, for example, with respect to the mutation differences of VAR-1 (Q579V, Q592I, T593V,
W595A, V596L, N598S, 1601 A), where a variant capsid comprises 1 of the mutation differences,
it may be Q579V, Q5921I, T593V, W595A, V596L, N598S or 1601 A; likewise, where a variant
capsid comprises 2 of the mutation differences, those two may be Q579V and Q5921, Q579V
and T593V, Q579V and W595A, Q579V and V596L, Q579V and N598S, Q579V and 1601A,
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Q5921 and T593V, Q5921 and W595A, Q5921 and V596L, Q5921 and N598S, Q5921 and 1601 A,
T593V and W595A, T593V and V596L, T593V and N598S, T593V and 1601A, W595A and
V596L, W595A and N598S, W595A and 1601 A, V596L and N598S, V596L and 1601A, N598S
and 1601 A; likewise, where the variant comprises 3 of the mutation differences, those 3 may be
Q579V and Q592] and TS593V, Q579V and Q5921 and W595A, Q579V and Q5921 and V596L,
Q579V and Q5921 and N598S, Q579V and Q5921 and 1601 A, Q5921 and T593V and W595A,
Q5921 and T593V and V596L, Q5921 and T593V and N598S, Q5921 and T593V and 1601A,
T593V and W595A and V596L, TS93V and W595A and N598S, T593V and W595A and
1601 A, W595A and V596L and N598S, W595A and V596L and 1601A, V596L and N598S and
1601 A; likewise, where the variant comprises 4 of the mutation differences, those 4 may be
Q579V and Q5921 and T593V and W595A, Q579V and Q5921 and T593V and V596L, Q579V
and Q592I and T593V and N598S, Q579V and Q5921 and T593V and 1601 A, Q5921 and T593V
and W595A and V596L, Q5921 and T593V and W595A and N598S, Q5921 and T593V and
W595A and I601 A, T593V and W595A and V596L and N598S, T593V and W595A and V596L
and I601A, W595A and V596L and N598S and 1601 A; likewise, where the variant comprises 5
of the mutation differences, those S may be Q579V and Q5921 and T593V and W595A and
V596L, Q579V and Q5921 and T593V and W595A and N598S, Q579V and Q5921 and T593V
and W595A and 1601A, Q5921 and T593V and W595A and V596L and N598S, Q5921 and
T593V and W595A and V596L and 1601A, T593V and W595A and V596L and N598S and
1601A; likewise, where the variant comprises 6 of the mutation differences, those 6 may be
Q579V and Q5921 and T593V and W595A and V596L and N598S, Q579V and Q5921 and
T593V and W595A and V596L and 1601A, Q5921 and T593V and W595A and V596L and
N598S and I1601A, Q579V and T593V and W595A and V596L and N598S and 1601A, Q579V
and Q5921 and W595A and V596L and N598S and 1601A, Q579V and Q5921 and T593V and
V596L and N598S and 1601 A, Q579V and Q5921 and T593V and W595A and N598S and
1601 A; likewise, where the variant comprises 7 of the mutation differences, those 7 may be
Q579V and Q5921 and T593V and W595A and V596L and N598S and I1601A.

In some embodiments, the variant capsid polypeptide comprises one or more mutation
differences, e.g., as described herein, e.g., as described in Table 1, and has at least 80%, at least
85%, at least 90%), at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% sequence identity to a reference AAV serotype,
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e.g., as described herein, e.g., to SEQ ID NO: 1. In some embodiments, the variant capsid
polypeptide comprises one or more mutation differences as described in Table 1 or which
correspond to one or more mutation differences as described in Table 1. In some embodiments,
the variant capsid polypeptide is, but for the mutation differences described in or corresponding
to the mutation differences as described in Table 1, at least 90%, at least 95%, 96%, 97%, 98%,
99%, or 100% identical to a reference AAV serotype described herein. In some embodiments,
the variant capsid polypeptide described herein is, but for the mutation differences of Table 1 or
which correspond to the mutation differences of Table 1 comprised within such variant capsid
polypeptide, at least 90%, at least 95%, 96%, 97%, 98%, 99%, or 100% identical to a capsid
polypeptide of SEQ ID NO: 1 (e.g., a VP1, VP2 or VP3 sequence of SEQ ID NO: 1). In some
embodiments, the variant capsid polypeptide described herein is, but for the mutation differences
of Table 1 or which correspond to the mutation differences of Table 1 comprised within such
variant capsid polypeptide, at least 90%, at least 95%, 96%, 97%, 98%, 99%, or 100% identical
to a capsid polypeptide of SEQ ID NO: 5 (e.g., a VP1, VP2 or VP3 sequence of SEQ ID NO: 5).
In some embodiments, the variant capsid polypeptide described herein is, but for the mutation
differences of Table 1 or which correspond to the mutation differences of Table 1 comprised
within such variant capsid polypeptide, at least 90%, at least 95%, 96%, 97%, 98%, 99%, or
100% identical to a capsid polypeptide of SEQ ID NO: 7 (e.g., a VP1, VP2 or VP3 sequence of
SEQ ID NO: 7). In some embodiments, the variant capsid polypeptide described herein is, but
for the mutation differences of Table 1 or which correspond to the mutation differences of Table
1 comprised within such variant capsid polypeptide, at least 90%, at least 95%, 96%, 97%, 98%,
99%, or 100% identical to a capsid polypeptide of SEQ ID NO: 9 (e.g., a VP1, VP2 or VP3
sequence of SEQ ID NO: 9). In some embodiments, the variant capsid polypeptide described
herein is, but for the mutation differences of Table 1 or which correspond to the mutation
differences of Table 1 comprised within such variant capsid polypeptide, at least 90%, at least
95%, 96%, 97%, 98%, 99%, or 100% identical to a capsid polypeptide of SEQ ID NO: 11 (e.g., a
VP1, VP2 or VP3 sequence of SEQ ID NO: 11). In some embodiments, the variant capsid
polypeptide described herein is, but for the mutation differences of Table 1 or which correspond
to the mutation differences of Table 1 comprised within such variant capsid polypeptide, at least
90%, at least 95%, 96%, 97%, 98%, 99%, or 100% identical to a capsid polypeptide of SEQ ID
NO: 12 (e.g., a VP1, VP2 or VP3 sequence of SEQ ID NO: 12).
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In some embodiments, a variant capsid polypeptide comprises a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), or comprises a sequence
IVGALQSQGA (SEQ ID NO: 267), or comprises the sequence VGALQS (SEQ ID NO: 268). In
some embodiments, a variant capsid polypeptide comprises a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), or comprises a sequence
IVGALQSQGA (SEQ ID NO: 267), or comprises the sequence VGALQS (SEQ ID NO: 268);
optionally wherein said sequence is within a region corresponding to amino acids 550-620
according to SEQ ID NO: 1, of said variant capsid polypeptide.

In some embodiments, a variant capsid polypeptide comprises a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266). In some embodiments, a variant
capsid polypeptide comprises a sequence IVGALQSQGA (SEQ ID NO: 267). In some
embodiments, a variant capsid polypeptide comprises a sequence VGALQS (SEQ ID NO: 268).
In some embodiments, a variant capsid polypeptide comprises a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), optionally wherein said sequence is
within a region corresponding to amino acids 550-620 according to SEQ ID NO: 1, of said
variant capsid polypeptide. In some embodiments, a variant capsid polypeptide comprises a
sequence IVGALQSQGA (SEQ ID NO: 267), or comprises the sequence VGALQS (SEQ ID
NO: 268); optionally wherein said sequence is within a region corresponding to amino acids 550-
620 according to SEQ ID NO: 1, of said variant capsid polypeptide. In some embodiments, a
variant capsid polypeptide comprises a sequence VGALQS (SEQ ID NO: 268); optionally
wherein said sequence is within a region corresponding to amino acids 550-620 according to
SEQ ID NO: 1, of said variant capsid polypeptide.

In some embodiments, a variant capsid polypeptide comprises a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), wherein the capsid polypeptide has
greater than 95%, greater than 96%, greater than 97%, greater than 98%, or greater than 99%
sequence identity to a capsid polypeptide of SEQ ID NO: 1. In some embodiments, a variant
capsid polypeptide comprises a sequence IVGALQSQGA (SEQ ID NO: 267), wherein the
capsid polypeptide has greater than 95%, greater than 96%, greater than 97%, greater than 98%,
or greater than 99% sequence identity to a capsid polypeptide of SEQ ID NO: 1. In some
embodiments, a variant capsid polypeptide comprises a sequence VGALQS (SEQ ID NO: 268),
wherein the capsid polypeptide has greater than 95%, greater than 96%, greater than 97%,
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greater than 98%, or greater than 99% sequence identity to a capsid polypeptide of SEQ ID NO:
1. In some embodiments, a variant capsid polypeptide comprises a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), wherein the capsid polypeptide has
greater than 95%, greater than 96%, greater than 97%, greater than 98% or greater than 99%
sequence identity to a capsid polypeptide of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 11 or SEQ ID NO: 12. In some embodiments, a variant capsid polypeptide comprises a
sequence IVGALQSQGA (SEQ ID NO: 267), wherein the capsid polypeptide has greater than
95%, greater than 96%, greater than 97%, greater than 98% or greater than 99% sequence
identity to a capsid polypeptide of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO:
11 or SEQ ID NO: 12. In some embodiments, a variant capsid polypeptide comprises a sequence
VGALQS (SEQ ID NO: 268), wherein the capsid polypeptide has greater than 95%, greater than
96%, greater than 97%, greater than 98% or greater than 99% sequence identity to a capsid
polypeptide of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11 or SEQ ID NO:
12. In some embodiments, a variant capsid polypeptide comprises a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), wherein the sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266) is present at a position corresponding
to amino acids 579 to 601 according to SEQ ID NO: 1. In some embodiments, a variant capsid
polypeptide comprises a sequence IVGALQSQGA (SEQ ID NO: 267), wherein the sequence
IVGALQSQGA (SEQ ID NO: 267) is present at a position corresponding to amino acids 592 to
601 according to SEQ ID NO: 1. In some embodiments, a variant capsid polypeptide comprises a
sequence VGALQS (SEQ ID NO: 268), wherein the sequence VGALQS (SEQ ID NO: 268) is
present at a position corresponding to amino acids 592 to 601 according to SEQ ID NO: 1. In
some embodiments, a variant capsid polypeptide comprises a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), wherein the capsid polypeptide has
greater than 95%, greater than 96%, greater than 97%, greater than 98%, or greater than 99%
sequence identity to a capsid polypeptide of SEQ ID NO: 1, and wherein the sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266) is present at a position corresponding
to amino acids 579 to 601 according to SEQ ID NO: 1. In some embodiments, a variant capsid
polypeptide comprises a sequence IVGALQSQGA (SEQ ID NO: 267), wherein the capsid
polypeptide has greater than 95%, greater than 96%, greater than 97%, greater than 98%, or
greater than 99% sequence identity to a capsid polypeptide of SEQ ID NO: 1, and wherein the



WO 2023/060264 PCT/US2022/077804
102

sequence IVGALQSQGA (SEQ ID NO: 267) is present at a position corresponding to amino
acids 592 to 601 according to SEQ ID NO: 1. In some embodiments, a variant capsid
polypeptide comprises a sequence VGALQS (SEQ ID NO: 268), wherein the capsid polypeptide
has greater than 95%, greater than 96%, greater than 97%, greater than 98%, or greater than 99%
sequence identity to a capsid polypeptide of SEQ ID NO: 1, and wherein the sequence VGALQS
(SEQ ID NO: 268) is present at a position corresponding to amino acids 592 to 601 according to
SEQ ID NO: 1. In some embodiments, a variant capsid polypeptide comprises a sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), wherein the capsid polypeptide has
greater than 95%, greater than 96%, greater than 97%, greater than 98% or greater than 99%
sequence identity to a capsid polypeptide of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 11 or SEQ ID NO: 12, and wherein the sequence VVATNHQSAQAQAIVGALQSQGA
(SEQ ID NO: 266) is present at a position corresponding to amino acids 579 to 601 according to
SEQ ID NO: 1. In some embodiments, a variant capsid polypeptide comprises a sequence
IVGALQSQGA (SEQ ID NO: 267), wherein the capsid polypeptide has greater than 95%,
greater than 96%, greater than 97%, greater than 98% or greater than 99% sequence identity to a
capsid polypeptide of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11 or SEQ
ID NO: 12, and wherein the sequence IVGALQSQGA (SEQ ID NO: 267) is present at a position
corresponding to amino acids 592 to 601 according to SEQ ID NO: 1. In some embodiments, a
variant capsid polypeptide comprises a sequence VGALQS (SEQ ID NO: 268), wherein the
capsid polypeptide has greater than 95%, greater than 96%, greater than 97%, greater than 98%
or greater than 99% sequence identity to a capsid polypeptide of SEQ ID NO: 5, SEQ ID NO: 7,
SEQ ID NO: 9, SEQ ID NO: 11 or SEQ ID NO: 12, and wherein the sequence VGALQS (SEQ
ID NO: 268) is present at a position corresponding to amino acids 592 to 601 according to SEQ
ID NO: 1.

In some embodiments, a variant capsid polypeptide comprises a sequence VGALQS
(SEQ ID NO: 268), optionally wherein said variant capsid polypeptide has greater than 95%,
greater than 96%, greater than 97%, greater than 98% or greater than 99% sequence identity to a
capsid polypeptide of SEQ ID NO: 1. In some embodiments, a variant capsid polypeptide
comprises a sequence VGALQS (SEQ ID NO: 268) and said variant capsid polypeptide has
greater than 95%, greater than 96%, greater than 97%, greater than 98% or greater than 99%
sequence identity to a capsid polypeptide of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
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ID NO: 11 or SEQ ID NO: 12. In some embodiments, the sequence VGALQS (SEQ ID NO:
268) is present at a position corresponding to amino acids 593 to 598 according to SEQ ID NO:
1.

In some embodiments, described herein is a variant capsid polypeptide comprising a
sequence with an edit distance of 15 or lower to any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97,98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, optionally SEQ ID NO: 2, and further comprising the mutation set of said
any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139. In such embodiments,
the reference sequence used to calculate the edit distance is the same as the sequence from which
the mutation set present in the variant capsid polypeptide is derived. For example, in one
embodiment, provided is a variant capsid polypeptide comprising a sequence with an edit
distance of 15 or lower to SEQ ID NO: 2 and further comprising the mutation set of SEQ ID NO:
2 (i.e., a valine at position 579, an isoleucine at position 592, a valine at position 593, an alanine
at position 595, a leucine at position 596, a serine at position 598 and an alanine at position 601,
with numbering all with respect to SEQ ID NO: 1).

In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to any one of SEQ ID NO: 2, 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, 50,
51,52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101,
102, 103, 104, 105, 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, or 139,
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and further comprises the mutation set of said any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100, 101, 102, 103, 104, 105, 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, or 139. In some embodiments, a variant capsid polypeptide comprises a sequence with
an edit distance of 15 or lower to any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74,
75,76,77,7178,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 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, or 139, optionally SEQ ID NO: 2, and further comprises the mutation set of said any one of
SEQID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139. In some embodiments, a variant
capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 2,
and further comprises the mutation set of said any one of SEQ ID NO: 2. In some embodiments,
a variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ
ID NO: 14, and further comprises the mutation set of said any one of SEQ ID NO: 14. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 15, and further comprises the mutation set of said any one of SEQ ID NO:
15. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 16, and further comprises the mutation set of said any
one of SEQ ID NO: 16. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 17, and further comprises the

mutation set of said any one of SEQ ID NO: 17. In some embodiments, a variant capsid
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polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 18, and
further comprises the mutation set of said any one of SEQ ID NO: 18. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 19, and further comprises the mutation set of said any one of SEQ ID NO: 19. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 20, and further comprises the mutation set of said any one of SEQ ID NO:
20. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 21, and further comprises the mutation set of said any
one of SEQ ID NO: 21. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 22, and further comprises the
mutation set of said any one of SEQ ID NO: 22. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 23, and
further comprises the mutation set of said any one of SEQ ID NO: 23. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 24, and further comprises the mutation set of said any one of SEQ ID NO: 24. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 25, and further comprises the mutation set of said any one of SEQ ID NO:
25. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 26, and further comprises the mutation set of said any
one of SEQ ID NO: 26. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 27, and further comprises the
mutation set of said any one of SEQ ID NO: 27. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 28, and
further comprises the mutation set of said any one of SEQ ID NO: 28. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 29, and further comprises the mutation set of said any one of SEQ ID NO: 29. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 30, and further comprises the mutation set of said any one of SEQ ID NO:
30. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 31, and further comprises the mutation set of said any

one of SEQ ID NO: 31. In some embodiments, a variant capsid polypeptide comprises a
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sequence with an edit distance of 15 or lower to SEQ ID NO: 32, and further comprises the
mutation set of said any one of SEQ ID NO: 32. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 33, and
further comprises the mutation set of said any one of SEQ ID NO: 33. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 34, and further comprises the mutation set of said any one of SEQ ID NO: 34. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 35, and further comprises the mutation set of said any one of SEQ ID NO:
35. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 36, and further comprises the mutation set of said any
one of SEQ ID NO: 36. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 37, and further comprises the
mutation set of said any one of SEQ ID NO: 37. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 38, and
further comprises the mutation set of said any one of SEQ ID NO: 38. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 39, and further comprises the mutation set of said any one of SEQ ID NO: 39. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 40, and further comprises the mutation set of said any one of SEQ ID NO:
40. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 41, and further comprises the mutation set of said any
one of SEQ ID NO: 41. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 42, and further comprises the
mutation set of said any one of SEQ ID NO: 42. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 43, and
further comprises the mutation set of said any one of SEQ ID NO: 43. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 44, and further comprises the mutation set of said any one of SEQ ID NO: 44. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 45, and further comprises the mutation set of said any one of SEQ ID NO:

45. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
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distance of 15 or lower to SEQ ID NO: 46, and further comprises the mutation set of said any
one of SEQ ID NO: 46. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 47, and further comprises the
mutation set of said any one of SEQ ID NO: 47. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 48, and
further comprises the mutation set of said any one of SEQ ID NO: 48. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 49, and further comprises the mutation set of said any one of SEQ ID NO: 49. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 50, and further comprises the mutation set of said any one of SEQ ID NO:
50. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 51, and further comprises the mutation set of said any
one of SEQ ID NO: 51. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 52, and further comprises the
mutation set of said any one of SEQ ID NO: 52. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 53, and
further comprises the mutation set of said any one of SEQ ID NO: 53. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 54, and further comprises the mutation set of said any one of SEQ ID NO: 54. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 55, and further comprises the mutation set of said any one of SEQ ID NO:
55. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 56, and further comprises the mutation set of said any
one of SEQ ID NO: 56. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 57, and further comprises the
mutation set of said any one of SEQ ID NO: 57. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 58, and
further comprises the mutation set of said any one of SEQ ID NO: 58. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 59, and further comprises the mutation set of said any one of SEQ ID NO: 59. In some

embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
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lower to SEQ ID NO: 60, and further comprises the mutation set of said any one of SEQ ID NO:
60. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 61, and further comprises the mutation set of said any
one of SEQ ID NO: 61. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 62, and further comprises the
mutation set of said any one of SEQ ID NO: 62. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 63, and
further comprises the mutation set of said any one of SEQ ID NO: 63. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 64, and further comprises the mutation set of said any one of SEQ ID NO: 64. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 65, and further comprises the mutation set of said any one of SEQ ID NO:
65. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 66, and further comprises the mutation set of said any
one of SEQ ID NO: 66. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 67, and further comprises the
mutation set of said any one of SEQ ID NO: 67. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 68, and
further comprises the mutation set of said any one of SEQ ID NO: 68. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 69, and further comprises the mutation set of said any one of SEQ ID NO: 69. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 70, and further comprises the mutation set of said any one of SEQ ID NO:
70. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 71, and further comprises the mutation set of said any
one of SEQ ID NO: 71. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 72, and further comprises the
mutation set of said any one of SEQ ID NO: 72. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 73, and
further comprises the mutation set of said any one of SEQ ID NO: 73. In some embodiments, a

variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
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NO: 74, and further comprises the mutation set of said any one of SEQ ID NO: 74. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 75, and further comprises the mutation set of said any one of SEQ ID NO:
75. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 76, and further comprises the mutation set of said any
one of SEQ ID NO: 76. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 77, and further comprises the
mutation set of said any one of SEQ ID NO: 77. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 78, and
further comprises the mutation set of said any one of SEQ ID NO: 78. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 79, and further comprises the mutation set of said any one of SEQ ID NO: 79. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 80, and further comprises the mutation set of said any one of SEQ ID NO:
80. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 81, and further comprises the mutation set of said any
one of SEQ ID NO: 81. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 82, and further comprises the
mutation set of said any one of SEQ ID NO: 82. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 83, and
further comprises the mutation set of said any one of SEQ ID NO: 83. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 84, and further comprises the mutation set of said any one of SEQ ID NO: 84. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 85, and further comprises the mutation set of said any one of SEQ ID NO:
85. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 86, and further comprises the mutation set of said any
one of SEQ ID NO: 86. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 87, and further comprises the
mutation set of said any one of SEQ ID NO: 87. In some embodiments, a variant capsid

polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 88, and
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further comprises the mutation set of said any one of SEQ ID NO: 88. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 89, and further comprises the mutation set of said any one of SEQ ID NO: §9. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 90, and further comprises the mutation set of said any one of SEQ ID NO:
90. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 91, and further comprises the mutation set of said any
one of SEQ ID NO: 91. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 92, and further comprises the
mutation set of said any one of SEQ ID NO: 92. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 93, and
further comprises the mutation set of said any one of SEQ ID NO: 93. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 94, and further comprises the mutation set of said any one of SEQ ID NO: 94. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 95, and further comprises the mutation set of said any one of SEQ ID NO:
95. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 96, and further comprises the mutation set of said any
one of SEQ ID NO: 96. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 97, and further comprises the
mutation set of said any one of SEQ ID NO: 97. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 98, and
further comprises the mutation set of said any one of SEQ ID NO: 98. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 99, and further comprises the mutation set of said any one of SEQ ID NO: 99. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 100, and further comprises the mutation set of said any one of SEQ ID
NO: 100. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 101, and further comprises the mutation set of said any
one of SEQ ID NO: 101. In some embodiments, a variant capsid polypeptide comprises a
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mutation set of said any one of SEQ ID NO: 102. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 103, and
further comprises the mutation set of said any one of SEQ ID NO: 103. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 104, and further comprises the mutation set of said any one of SEQ ID NO: 104. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 105, and further comprises the mutation set of said any one of SEQ ID
NO: 105. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 106, and further comprises the mutation set of said any
one of SEQ ID NO: 106. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 107, and further comprises the
mutation set of said any one of SEQ ID NO: 107. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 108, and
further comprises the mutation set of said any one of SEQ ID NO: 108. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 109, and further comprises the mutation set of said any one of SEQ ID NO: 109. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 110, and further comprises the mutation set of said any one of SEQ ID
NO: 110. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 111, and further comprises the mutation set of said any
one of SEQ ID NO: 111. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 112, and further comprises the
mutation set of said any one of SEQ ID NO: 112. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 113, and
further comprises the mutation set of said any one of SEQ ID NO: 113. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 114, and further comprises the mutation set of said any one of SEQ ID NO: 114. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 115, and further comprises the mutation set of said any one of SEQ ID
NO: 115. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit

distance of 15 or lower to SEQ ID NO: 116, and further comprises the mutation set of said any
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one of SEQ ID NO: 116. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 117, and further comprises the
mutation set of said any one of SEQ ID NO: 117. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 118, and
further comprises the mutation set of said any one of SEQ ID NO: 118. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 119, and further comprises the mutation set of said any one of SEQ ID NO: 119. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 120, and further comprises the mutation set of said any one of SEQ ID
NO: 120. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 121, and further comprises the mutation set of said any
one of SEQ ID NO: 121. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 122, and further comprises the
mutation set of said any one of SEQ ID NO: 122. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 123, and
further comprises the mutation set of said any one of SEQ ID NO: 123. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 124, and further comprises the mutation set of said any one of SEQ ID NO: 124. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 125, and further comprises the mutation set of said any one of SEQ ID
NO: 125. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 126, and further comprises the mutation set of said any
one of SEQ ID NO: 126. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 127, and further comprises the
mutation set of said any one of SEQ ID NO: 127. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 128, and
further comprises the mutation set of said any one of SEQ ID NO: 128. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 129, and further comprises the mutation set of said any one of SEQ ID NO: 129. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or

lower to SEQ ID NO: 130, and further comprises the mutation set of said any one of SEQ ID
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NO: 130. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 131, and further comprises the mutation set of said any
one of SEQ ID NO: 131. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 132, and further comprises the
mutation set of said any one of SEQ ID NO: 132. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 133, and
further comprises the mutation set of said any one of SEQ ID NO: 133. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 134, and further comprises the mutation set of said any one of SEQ ID NO: 134. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 135, and further comprises the mutation set of said any one of SEQ ID
NO: 135. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 136, and further comprises the mutation set of said any
one of SEQ ID NO: 136. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 137, and further comprises the
mutation set of said any one of SEQ ID NO: 137. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 138, and
further comprises the mutation set of said any one of SEQ ID NO: 138. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 139, and further comprises the mutation set of said any one of SEQ ID NO: 139.

In some embodiments, described herein is a variant capsid polypeptide comprising a
sequence with an edit distance of 15 or lower to any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, §9, 90, 91, 92, 93, 94, 95, 96,
97,98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, optionally SEQ ID NO: 2, and further comprising: (a) 70% or more of the
single amino acid mutations in the mutation set of said any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
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70,71,72,73,74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, if the mutation set includes fewer than ten single amino acid
mutations; (b) 80% or more of the single amino acid mutations in the mutation set of said any
one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, if the mutation set includes ten to
nineteen single amino acid mutations; or (c) 90% or more of the single amino acid mutations in
the mutation set of said any one of SEQ ID NO: 2, 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, 50, 51,
52,53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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, or 139, if
the mutation set includes twenty or more single amino acid mutations. In such embodiments, the
reference sequence used to calculate the edit distance (e.g., SEQ ID NO: 2) is the same as the
sequence from which the mutation set present in the variant capsid polypeptide is derived. For
example, in one embodiment, provided is a variant capsid polypeptide comprising a sequence
with an edit distance of 15 or lower to SEQ ID NO: 2 and further comprising at least 5 of the 7
single amino acid mutations of the mutation set of SEQ ID NO: 2 (i.e., at least 5 of a valine at
position 579, an isoleucine at position 592, a valine at position 593, an alanine at position 595, a
leucine at position 596, a serine at position 598 and an alanine at position 601, with numbering
all with respect to SEQ ID NO: 1).

In some embodiments, a variant capsid polypeptide comprising a sequence with an edit
distance of 15 or lower to any one of SEQ ID NO: 2, 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, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75, 76,
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71,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101,
102, 103, 104, 105, 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, or 139,
optionally SEQ ID NO: 2, and further comprising:

(a) 70% or more of the single amino acid mutations in the mutation set of said any one of
SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75,76, 717,78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, if the mutation set includes fewer
than ten single amino acid mutations;

(b) 80% or more of the single amino acid mutations in the mutation set of said any one of
SEQID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75,76, 717,78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, if the mutation set includes ten to
nineteen single amino acid mutations; or

(c) 90% or more of the single amino acid mutations in the mutation set of said any one of
SEQID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, if the mutation set includes twenty
or more single amino acid mutations.

In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 2, optionally SEQ ID NO: 2, and further comprises 70%

or more of the single amino acid mutations in the mutation set of SEQ ID NO: 2. In some
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embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 14, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 14. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 15, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 15. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 16,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 16. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 17, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 17. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 18, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
18. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 19, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 19. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 20, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 20. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 21, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 21. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 22,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 22. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 23, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 23. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 24, optionally SEQ ID NO: 2, and further

comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
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24. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 25, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 25. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 26, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 26. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 27, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 27. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 28,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 28. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 29, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 29. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 30, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
30. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 31, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 31. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 32, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 32. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 33, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 33. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 34,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 34. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 35, optionally SEQ ID

NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
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of SEQ ID NO: 35. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 36, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
36. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 37, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 37. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 38, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 38. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 39, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 39. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 40,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 40. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 41, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 41. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 42, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
42. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 43, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 43. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 44, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 44. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 45, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 45. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 46,

optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
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in the mutation set of SEQ ID NO: 46. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 47, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 47. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 48, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
48. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 49, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 49. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 50, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 50. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 51, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 51. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 52,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 52. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 53, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 53. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 54, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
54. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 55, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 55. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 56, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 56. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID

NO: 57, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
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mutations in the mutation set of SEQ ID NO: 57. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 58,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 58. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 59, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 59. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 60, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
60. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 61, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 61. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 62, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 62. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 63, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 63. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 64,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 64. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 65, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 65. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 66, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
66. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 67, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 67. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or

lower to SEQ ID NO: 68, optionally SEQ ID NO: 2, and further comprises 70% or more of the
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single amino acid mutations in the mutation set of SEQ ID NO: 68. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 69, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 69. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 70,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 70. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 71, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 71. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 72, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
72. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 73, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 73. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 74, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 74. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 75, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 75. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 76,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 76. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 77, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 77. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 78, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
78. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit

distance of 15 or lower to SEQ ID NO: 79, optionally SEQ ID NO: 2, and further comprises 70%



WO 2023/060264 PCT/US2022/077804
122

or more of the single amino acid mutations in the mutation set of SEQ ID NO: 79. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 80, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 80. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 81, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: §1. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 82,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 82. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 83, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 83. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 84, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
84. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 85, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: §85. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 86, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 86. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 87, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 87. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 88,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 88. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 89, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 89. In some embodiments, a variant capsid polypeptide comprises a sequence
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comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
90. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 91, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 91. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 92, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 92. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 93, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 93. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 94,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 94. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 95, optionally SEQ ID
NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation set
of SEQ ID NO: 95. In some embodiments, a variant capsid polypeptide comprises a sequence
with an edit distance of 15 or lower to SEQ ID NO: 96, optionally SEQ ID NO: 2, and further
comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID NO:
96. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 97, optionally SEQ ID NO: 2, and further comprises 70%
or more of the single amino acid mutations in the mutation set of SEQ ID NO: 97. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 98, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 98. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 99, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 99. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 100,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 100. In some embodiments, a variant capsid polypeptide
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ID NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation
set of SEQ ID NO: 101. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 102, optionally SEQ ID NO: 2, and
further comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID
NO: 102. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 103, optionally SEQ ID NO: 2, and further comprises
70% or more of the single amino acid mutations in the mutation set of SEQ ID NO: 103. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 104, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 104. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 105, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 105. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 106,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 106. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 107, optionally SEQ
ID NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation
set of SEQ ID NO: 107. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 108, optionally SEQ ID NO: 2, and
further comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID
NO: 108. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 109, optionally SEQ ID NO: 2, and further comprises
70% or more of the single amino acid mutations in the mutation set of SEQ ID NO: 109. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 110, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 110. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 111, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 111. In some embodiments, a variant capsid

polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 112,
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optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 112. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 113, optionally SEQ
ID NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation
set of SEQ ID NO: 113. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 114, optionally SEQ ID NO: 2, and
further comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID
NO: 114. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 115, optionally SEQ ID NO: 2, and further comprises
70% or more of the single amino acid mutations in the mutation set of SEQ ID NO: 115. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 116, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 116. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 117, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 117. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 118,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 118. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 119, optionally SEQ
ID NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation
set of SEQ ID NO: 119. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 120, optionally SEQ ID NO: 2, and
further comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID
NO: 120. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 121, optionally SEQ ID NO: 2, and further comprises
70% or more of the single amino acid mutations in the mutation set of SEQ ID NO: 121. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 122, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 122. In some embodiments, a

variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
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NO: 123, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 123. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 124,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 124. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 125, optionally SEQ
ID NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation
set of SEQ ID NO: 125. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 126, optionally SEQ ID NO: 2, and
further comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID
NO: 126. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 127, optionally SEQ ID NO: 2, and further comprises
70% or more of the single amino acid mutations in the mutation set of SEQ ID NO: 127. In some
embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
lower to SEQ ID NO: 128, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 128. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 129, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 129. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 130,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 130. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 131, optionally SEQ
ID NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation
set of SEQ ID NO: 131. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 132, optionally SEQ ID NO: 2, and
further comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID
NO: 132. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 133, optionally SEQ ID NO: 2, and further comprises
70% or more of the single amino acid mutations in the mutation set of SEQ ID NO: 133. In some

embodiments, a variant capsid polypeptide comprises a sequence with an edit distance of 15 or
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lower to SEQ ID NO: 134, optionally SEQ ID NO: 2, and further comprises 70% or more of the
single amino acid mutations in the mutation set of SEQ ID NO: 134. In some embodiments, a
variant capsid polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID
NO: 135, optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid
mutations in the mutation set of SEQ ID NO: 135. In some embodiments, a variant capsid
polypeptide comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 136,
optionally SEQ ID NO: 2, and further comprises 70% or more of the single amino acid mutations
in the mutation set of SEQ ID NO: 136. In some embodiments, a variant capsid polypeptide
comprises a sequence with an edit distance of 15 or lower to SEQ ID NO: 137, optionally SEQ
ID NO: 2, and further comprises 70% or more of the single amino acid mutations in the mutation
set of SEQ ID NO: 137. In some embodiments, a variant capsid polypeptide comprises a
sequence with an edit distance of 15 or lower to SEQ ID NO: 138, optionally SEQ ID NO: 2, and
further comprises 70% or more of the single amino acid mutations in the mutation set of SEQ ID
NO: 138. In some embodiments, a variant capsid polypeptide comprises a sequence with an edit
distance of 15 or lower to SEQ ID NO: 139, optionally SEQ ID NO: 2, and further comprises
70% or more of the single amino acid mutations in the mutation set of SEQ ID NO: 139.

In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ
ID NO: 2. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 14. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 15. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 16. In some embodiments, the variant capsid polypeptide comprises
the mutation set of SEQ ID NO: 17. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 18. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 19. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 20. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 21. In some embodiments,
the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 22. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 23. In
some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:
24. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID

NO: 25. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ
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ID NO: 26. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 27. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 28. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 29. In some embodiments, the variant capsid polypeptide comprises
the mutation set of SEQ ID NO: 30. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 31. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 32. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 33. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 34. In some embodiments,
the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 35. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 36. In
some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:
37. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID
NO: 38. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ
ID NO: 39. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 40. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 41. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 42. In some embodiments, the variant capsid polypeptide comprises
the mutation set of SEQ ID NO: 43. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 44. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 45. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 46. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 47. In some embodiments,
the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 48. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 49. In
some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:
50. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID
NO: 51. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ
ID NO: 52. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 53. In some embodiments, the variant capsid polypeptide comprises the mutation

set of SEQ ID NO: 54. In some embodiments, the variant capsid polypeptide comprises the
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mutation set of SEQ ID NO: 55. In some embodiments, the variant capsid polypeptide comprises
the mutation set of SEQ ID NO: 56. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 57. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 58. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 59. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 60. In some embodiments,
the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 61. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 62. In
some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:
63. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID
NO: 64. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ
ID NO: 65. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 66. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 67. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 68. In some embodiments, the variant capsid polypeptide comprises
the mutation set of SEQ ID NO: 69. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 70. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 71. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 72. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 73. In some embodiments,
the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 74. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 75. In
some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:
76. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID
NO: 77. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ
ID NO: 78. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 79. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 80. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 81. In some embodiments, the variant capsid polypeptide comprises
the mutation set of SEQ ID NO: 82. In some embodiments, the variant capsid polypeptide

comprises the mutation set of SEQ ID NO: 83. In some embodiments, the variant capsid
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polypeptide comprises the mutation set of SEQ ID NO: 84. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 85. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 86. In some embodiments,
the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 87. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 88. In
some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:
89. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID
NO: 90. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ
ID NO: 91. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 92. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 93. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 94. In some embodiments, the variant capsid polypeptide comprises
the mutation set of SEQ ID NO: 95. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 96. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 97. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 98. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 99. In some embodiments,
the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 100. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 101. In
some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:
102. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID
NO: 103. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 104. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 105. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 106. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 107. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 108. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 109. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 110. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 111. In

some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:



WO 2023/060264 PCT/US2022/077804
131

112. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID
NO: 113. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 114. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 115. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 116. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 117. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 118. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 119. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 120. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 121. In
some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:
122. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID
NO: 123. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 124. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 125. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 126. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 127. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 128. In some embodiments, the variant
capsid polypeptide comprises the mutation set of SEQ ID NO: 129. In some embodiments, the
variant capsid polypeptide comprises the mutation set of SEQ ID NO: 130. In some
embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO: 131. In
some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID NO:
132. In some embodiments, the variant capsid polypeptide comprises the mutation set of SEQ ID
NO: 133. In some embodiments, the variant capsid polypeptide comprises the mutation set of
SEQ ID NO: 134. In some embodiments, the variant capsid polypeptide comprises the mutation
set of SEQ ID NO: 135. In some embodiments, the variant capsid polypeptide comprises the
mutation set of SEQ ID NO: 136. In some embodiments, the variant capsid polypeptide
comprises the mutation set of SEQ ID NO: 137. In some embodiments, the variant capsid
polypeptide comprises the mutation set of SEQ ID NO: 138. In some embodiments, the variant

capsid polypeptide comprises the mutation set of SEQ ID NO: 139.
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In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide as
provided herein.

In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that is at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 91%, 98%, 99%,
or 100% identical to a variant capsid polypeptide as provided herein.

In some embodiments, a variant capsid polypeptide is provided that comprises a variant
capsid polypeptide that is at least 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to a variant capsid polypeptide as provided herein.

In some embodiments where capsid polypeptides and variant capsid polypeptide
sequences are concerned, it would be understood by one of ordinary skill in the art that when a
VP1I sequence is disclosed, that sequence also discloses a VP2 sequence and a VP3 sequence as
fragments thereof and as described herein. Thus, in some embodiments, variant capsid
polypeptides disclosed herein are VP1 sequences, and in such cases, sequence identity or other
comparison to reference sequences are with respect to the corresponding VP1 sequence. In other
embodiments, variant capsid polypeptides disclosed herein are VP2 sequences, and in such cases
sequence identity or other comparison to a reference sequence are with respect to the
corresponding VP2 sequence. In other embodiments the variant capsid polypeptides disclosed
herein are VP3 sequences, and in such cases, sequence identity or other comparisons to a
reference sequence are made with respect to the corresponding VP3 sequence.

In some embodiments, the variant capsid polypeptide comprises a VP1, VP2, or VP3
sequence that is at least, or about, 95, 96, 97, 98 or 99% identical to a polypeptide of SEQ ID
NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

In some embodiments, the variant capsid polypeptide comprises a VP1, VP2, or VP3
sequence that has about 1 to about 20 mutations as compared to a polypeptide of SEQ ID NO: 2,
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, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
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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, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

In some embodiments, the variant capsid polypeptide comprises a VP1, VP2, or VP3
sequence that has about | to about 10 mutations as compared to a polypeptide of SEQ ID NO: 2,
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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

In some embodiments, the variant capsid polypeptide comprises a VP1, VP2, or VP3
sequence that has about 1 to about 5 mutations as compared to a polypeptide of SEQ ID NO: 2,
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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91,
92,93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

In some embodiments, the variant capsid polypeptide comprising a VP1, VP2, or VP3, or
any combination thereof, that is each at least, or about, 95, 96, 97, 98 or 99% identical to a
polypeptide of SEQ ID NO: 2 and comprises the V596 mutation.

In some embodiments, the variant capsid polypeptide comprising a VP1, VP2, or VP3, or
any combination thereof, that each has about 1 to about 20 mutations as compared to a
polypeptide of SEQ ID NO: 2 and comprises the V596 mutation.

In some embodiments, the variant capsid polypeptide comprising a VP1, VP2, or VP3, or
any combination thereof, that each has about 1 to about 10 mutations as compared to a

polypeptide of SEQ ID NO: 2 and comprises the V596L mutation.
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In some embodiments, the variant capsid polypeptide comprising a VP1, VP2, or VP3, or
any combination thereof, that each has about 1 to about 5 mutations as compared to a
polypeptide of SEQ ID NO: 2 and comprises the V596L mutation.

In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57,
38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73,74, 75,76, 77, 78, 19, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 2. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 14. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 15. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 16. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 17. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 18. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 19. In some embodiments, the variant capsid polypeptide comprises a
VP1, VP2 or VP3 sequence of SEQ ID NO: 20. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 21. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 22. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 23. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 24. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 25. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 26. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 27. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 28. In some embodiments, the variant capsid polypeptide comprises a

VP1, VP2 or VP3 sequence of SEQ ID NO: 29. In some embodiments, the variant capsid
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polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 30. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 31. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 32. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 33. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 34. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 35. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 36. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 37. In some embodiments, the variant capsid polypeptide comprises a
VPI1, VP2 or VP3 sequence of SEQ ID NO: 38. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 39. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 40. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 41. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 42. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 43. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 44. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 45. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 46. In some embodiments, the variant capsid polypeptide comprises a
VP1, VP2 or VP3 sequence of SEQ ID NO: 47. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 48. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 49. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 50. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 51. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 52. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 53. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 54. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
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sequence of SEQ ID NO: 55. In some embodiments, the variant capsid polypeptide comprises a
VP1, VP2 or VP3 sequence of SEQ ID NO: 56. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 57. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 58. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 59. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 60. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 61. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 62. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 63. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 64. In some embodiments, the variant capsid polypeptide comprises a
VPI, VP2 or VP3 sequence of SEQ ID NO: 65. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 66. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 67. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 68. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 69. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 70. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 71. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 72. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 73. In some embodiments, the variant capsid polypeptide comprises a
VP1, VP2 or VP3 sequence of SEQ ID NO: 74. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 75. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 76. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 77. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 78. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 79. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 80. In some
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embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 81. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 82. In some embodiments, the variant capsid polypeptide comprises a
VP1, VP2 or VP3 sequence of SEQ ID NO: 83. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 84. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 85. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 86. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 87. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 88. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 89. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 90. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 91. In some embodiments, the variant capsid polypeptide comprises a
VPI1, VP2 or VP3 sequence of SEQ ID NO: 92. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 93. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 94. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 95. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or
VP3 sequence of SEQ ID NO: 96. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 97. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 98. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 99. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 100. In some embodiments, the variant capsid polypeptide comprises a
VP1, VP2 or VP3 sequence of SEQ ID NO: 101. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 102. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 103. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 104. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2
or VP3 sequence of SEQ ID NO: 105. In some embodiments, the variant capsid polypeptide
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comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 106. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 107. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 108. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 109. In some embodiments, the variant capsid polypeptide comprises a
VP1, VP2 or VP3 sequence of SEQ ID NO: 110. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 111. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 112. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 113. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2
or VP3 sequence of SEQ ID NO: 114. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 115. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 116. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 117. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 118. In some embodiments, the variant capsid polypeptide comprises a
VPI, VP2 or VP3 sequence of SEQ ID NO: 119. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 120. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 121. In
some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of
SEQ ID NO: 122. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2
or VP3 sequence of SEQ ID NO: 123. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 124. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 125. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 126. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 127. In some embodiments, the variant capsid polypeptide comprises a
VP1, VP2 or VP3 sequence of SEQ ID NO: 128. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 129. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 130. In
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WO 2023/060264 PCT/US2022/077804
139

SEQ ID NO: 131. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2
or VP3 sequence of SEQ ID NO: 132. In some embodiments, the variant capsid polypeptide
comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 133. In some embodiments, the variant
capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 134. In some
embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID
NO: 135. In some embodiments, the variant capsid polypeptide comprises a VP1, VP2 or VP3
sequence of SEQ ID NO: 136. In some embodiments, the variant capsid polypeptide comprises a
VPI1, VP2 or VP3 sequence of SEQ ID NO: 137. In some embodiments, the variant capsid
polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 138. In some embodiments,
the variant capsid polypeptide comprises a VP1, VP2 or VP3 sequence of SEQ ID NO: 139.

In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57,
38, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 2. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 14. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 15. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 16. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 17. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 18. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 19. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 20. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 21. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 22. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 23. In
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SEQ ID NO: 24. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 25. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 26. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 27. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 28. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 29. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 30. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 31. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 32. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 33. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 34. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 35. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 36. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 37. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 38. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 39. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 40. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 41. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 42. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 43. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 44. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 45. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 46. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 47. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 48. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
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VP3 sequence of SEQ ID NO: 50. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 51. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 52. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 53. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 54. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 55. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 56. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 57. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 58. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 59. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 60. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 61. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 62. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 63. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 64. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 65. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 66. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 67. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 68. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 69. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 70. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 71. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 72. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 73. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 74. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 75. In some embodiments, the variant capsid polypeptide consists
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of a VP1, VP2 or VP3 sequence of SEQ ID NO: 76. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 77. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 78. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 79. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 80. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 81. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 82. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 83. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 84. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 85. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 86. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 87. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 88. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 89. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 90. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 91. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 92. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 93. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 94. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 95. In some embodiments, the variant capsid polypeptide consists
of a VP1, VP2 or VP3 sequence of SEQ ID NO: 96. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 97. In some embodiments,
the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 98. In
some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of
SEQ ID NO: 99. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or
VP3 sequence of SEQ ID NO: 100. In some embodiments, the variant capsid polypeptide
consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 101. In some embodiments, the variant



WO 2023/060264 PCT/US2022/077804
143

capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 102. In some
embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 103. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 104. In some embodiments, the variant capsid polypeptide consists of a
VPI1, VP2 or VP3 sequence of SEQ ID NO: 105. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 106. In some
embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 107. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 108. In some embodiments, the variant capsid polypeptide consists of a
VPI1, VP2 or VP3 sequence of SEQ ID NO: 109. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 110. In some
embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 111. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 112. In some embodiments, the variant capsid polypeptide consists of a
VPI1, VP2 or VP3 sequence of SEQ ID NO: 113. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 114. In some
embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 115. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 116. In some embodiments, the variant capsid polypeptide consists of a
VP1, VP2 or VP3 sequence of SEQ ID NO: 117. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 118. In some
embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 119. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 120. In some embodiments, the variant capsid polypeptide consists of a
VP1, VP2 or VP3 sequence of SEQ ID NO: 121. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 122. In some
embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 123. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 124. In some embodiments, the variant capsid polypeptide consists of a
VP1, VP2 or VP3 sequence of SEQ ID NO: 125. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 126. In some
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embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 127. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 128. In some embodiments, the variant capsid polypeptide consists of a
VPI1, VP2 or VP3 sequence of SEQ ID NO: 129. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 130. In some
embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 131. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 132. In some embodiments, the variant capsid polypeptide consists of a
VPI1, VP2 or VP3 sequence of SEQ ID NO: 133. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 134. In some
embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 135. In some embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3
sequence of SEQ ID NO: 136. In some embodiments, the variant capsid polypeptide consists of a
VPI, VP2 or VP3 sequence of SEQ ID NO: 137. In some embodiments, the variant capsid
polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID NO: 138. In some
embodiments, the variant capsid polypeptide consists of a VP1, VP2 or VP3 sequence of SEQ ID
NO: 139.

In some embodiments, the variant capsid polypeptide comprises a VP1 polypeptide, a
VP2 polypeptide or a VP3 polypeptide. In some embodiments, the variant capsid polypeptide, or
the reference polypeptide for purposes of % identity, comprises a sequence of SEQ ID NO: 2,
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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91,
92,93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

In some embodiments, the nucleic acid molecule or the nucleic acid molecule encoding
the reference polypeptide for purposes of % identity, comprises a nucleotide sequence of SEQ ID
NO: 3, 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, 175, 176,
177,178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195,
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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, 259, 260, 261, 262, 263, 264, or 265.

In some embodiments, the nucleic acid molecule or the nucleic acid molecule encoding
the reference polypeptide for purposes of % identity, comprises a nucleotide sequence that
encodes a sequence of a variant capsid polypeptide, e.g., as described herein, e.g., encodes a
SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,74, 75,76, 717,78, 79, 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

In some embodiments, the variant capsid polypeptide, or the reference polypeptide for
purposes of % identity, comprises a sequence of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 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, or 139, that is encoded by a nucleotide sequence of SEQ ID NO: 3, 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, 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,
259, 260, 261, 262, 263, 264, or 265.

In some embodiments, the variant capsid polypeptide comprises a sequence that includes
all of the mutation differences associated with any one of VAR-1 through VAR-127 (e.g., as

indicated in Table 1), and further includes no more than 30, no more than 20, no more than 10,
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no more than 9, no more than 8, no more than 7, no more than 6, no more than 5, no more than 4,
no more than 3, no more than 2 or no more than 1 additional mutations relative to a reference
capsid sequence, e.g., relative to SEQ ID NO: 1.

In some embodiments, the variant capsid polypeptide is a VP1 capsid polypeptide. In
some embodiments, the variant capsid polypeptide is a VP2 capsid polypeptide. In some
embodiments, the variant capsid polypeptide is a VP3 capsid polypeptide. With respect to
reference sequence SEQ ID NO: 1, a VPI capsid polypeptide comprises amino acids 1-737 of
SEQ ID NO: 1. With respect to reference sequence SEQ ID NO: 1, a VP2 capsid polypeptide
comprises amino acids 138-737 of SEQ ID NO: 1. With respect to reference sequence SEQ ID
NO: 1, a VP3 capsid polypeptide comprises amino acids 203-737 of SEQ ID NO: 1.

With respect to variant capsid polypeptide sequence SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, a VP1 capsid polypeptide comprises amino acids 1-737 of SEQ ID NO: 2,
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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91,
92,93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

With respect to sequence SEQ ID NO: 2, 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, 50, 51, 52,
53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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, or 139, a
VP2 capsid polypeptide comprises amino acids 138-737 of SEQ ID NO: 2, 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,
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46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,74,75, 76,717,178, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98,99, 100, 101, 102, 103, 104, 105, 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, or 139.

With respect to sequence SEQ ID NO: 2, 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, 50, 51, 52,
53,54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,75, 16, 77, 78,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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, or 139, a
VP3 capsid polypeptide comprises amino acids 203-737 of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

Exemplary sequences of variant capsid polypeptides and nucleic acid molecules encoding
the same are provided in Table 1 and the Sequence Listing submitted electronically in XML file

format, which is hereby incorporated by reference in its entirety.

Table 1
Capsid Amino Acid Sequence of VPl Exemplary nucleic acid Mutation Differences as
Variant capsid polypeptide (SEQ ID sequence encoding a compared to SEQ ID NO: _
NO); starting amino acid variant cepsid VP1 Collectively for each
of VP2 is underlined; polypeptide (includes TAA wvariant, the “mutation set”
starting amino acid of VP3 stop codon at 3’ end which
is in bold. may optionally be removed)

(SEQ ID NO)

VAR-1  MAADGYLPDWLEDNLSEGIREWWALK .+
PGAPQPKANQQHODNARGLVLPGYKY <
LGPGNGLDKGEPVNAADAAALEHDKA
YDQOLKAGDNPYLKYNHADAEFQERL cct
KEDTSFGGNLGRAVFQAKKRLLEPLG @94
LVEEAAKTAPGKKRPVEQSPQEPDSS

crg ['Q579V’, Q592I7, “T593V,
-« ‘WH95A’, ‘V598L7, ‘N598S’,
o “I601A’ -
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APVADNNEGADGVGSSSGNWHCDSQW &

LGDRVITTSTRTWALPTYNNHLYKQI
SNSTSGGSSNDNAYFGYSTPWGYFDF
NRFHCHF SPRDWQRLINNNWGERPKR
LNFKLENIQVKEVIDNNGVKTIANNL

TSTVQVETDSDYQLPYVLGSAHEGCL

PPFPADVFMIPQYGYLTLNDGSQAVG [

RSSFYCLEYFPSQMLRTGNNEFQFSYE
FENVPFHSSYAHSQSLDRLMNPLIDQ

YLYYLSKTINGSGONQQTLKESVAGP
SNMAVQGRNY-PGPSYRQQRVSTTVT
ONNNSEFAWPGASSWALNGRNSLMNP

GPAMASHKEGEDRFFPLSGSLIFGKQ <%

GIGRDNVDADKVMITNEEEIKTTNPV
ATESYGVVATNHQSAQAQAIVGALQS

OGALPGMVWQDRDVYLQGP IWAKIPH (:
TDGNFHPSPLMGGFGMKHPPPQILIK

NTPVPADPPTAFNKDKLNSEITQYST
GOQVSVEIEWELOKENSKRWNPEIQYT
SNYYKSNNVEFAVNTEGVYSEPRPIG
TRYLTRNL (SEQ ID NO: 2)

ctaagcgactcaac

g

att

o

148

tcagtac

ggeageca
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VAR-126 SEQ ID NO: 139 SEQ ID NO: 263 ["Q592I", "T593V", "K595A",
"I601AM

In some embodiments, disclosed herein is a nucleic acid molecule encoding a variant
capsid polypeptide described herein. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a VP1, VP2, or VP3 sequence as provided in Table 1, or the Sequence
Listing submitted electronically in XML file format, which is hereby incorporated by reference
in its entirety. In some embodiments, the nucleic acid molecule encodes a variant capsid
polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100%
identity to a polypeptide of SEQ ID NO: 2, 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, 50, 51, 52, 53,
54,55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,75, 76, 11, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103,
104, 105, 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, or 139. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 2. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 14. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 15. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 83, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 16. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 17. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%. or 100% identity to a

polypeptide of SEQ ID NO: 18. In some embodiments, the nucleic acid molecule encodes a
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or 100% identity to a polypeptide of SEQ ID NO: 19. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 20. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 21. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 22. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 23. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 24. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 25. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 26. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 27. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 28. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 29. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 30. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 31. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 32. In some

embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
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75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 33. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 34. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 35. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 36. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 37. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 38. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 39. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 40. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 41. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 42. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 43. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 44. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 45. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a

polypeptide of SEQ ID NO: 46. In some embodiments, the nucleic acid molecule encodes a
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variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 47. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 48. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 49. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 50. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 51. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 52. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 53. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 54. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 55. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 56. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 57. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 58. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 59. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 60. In some
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embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 61. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 62. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 63. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 64. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 65. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 66. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 67. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 68. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 69. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 70. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 71. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 72. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 73. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide

that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
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polypeptide of SEQ ID NO: 74. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 75. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 76. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 77. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 78. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 79. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 80. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 81. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 82. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 83. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 84. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 85. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 86. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 87. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
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95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 88. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 89. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 90. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 91. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 92. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 93. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 94. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 95. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 96. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 97. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 98. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 99. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 100. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID

NO: 101. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
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that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 102. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 103. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 104. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 105. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 106. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 107. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 108. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 109. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 110. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 111. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 112. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 113. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 114. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 115. In some embodiments, the nucleic acid
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molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 116. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 117. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 118. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 119. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 120. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 121. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 122. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 123. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 124. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 125. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 126. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 127. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 128. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,

75, 80, 85,90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
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NO: 129. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 130. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 131. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 132. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85, 90,91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 133. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 134. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%,
or 100% identity to a polypeptide of SEQ ID NO: 135. In some embodiments, the nucleic acid
molecule encodes a variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID NO: 136. In some
embodiments, the nucleic acid molecule encodes a variant capsid polypeptide that has at least 70,
75, 80, 85,90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a polypeptide of SEQ ID
NO: 137. In some embodiments, the nucleic acid molecule encodes a variant capsid polypeptide
that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%, or 100% identity to a
polypeptide of SEQ ID NO: 138. In some embodiments, the nucleic acid molecule encodes a
variant capsid polypeptide that has at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99%),
or 100% identity to a polypeptide of SEQ ID NO: 139.

Variant Capsids (Corresponding Positions)

The mutations to capsid polypeptide sequences described herein are described in relation
to a position and/or amino acid at a position within a reference sequence, e.g., SEQ ID NO: 1.
Thus, in some embodiments, the capsid polypeptides described herein are variant capsid
polypeptides of the reference sequence, e.g., SEQ ID NO: 1, e.g., include capsid polypeptides
comprising at least 80%, at least 85%, at least 90%, at least 91 %, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to the
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reference capsid polypeptide sequence (e.g., reference capsid polypeptide VP1, VP2 and/or VP3
sequence), e.g., SEQ ID NO: 1 (or VP2 or VP3 sequence comprised therein) and include one or
more mutations described herein.

It will be understood by the skilled artisan, and without being bound by theory, that each
amino acid position within a reference sequence corresponds to a position within the sequence of
other reference capsid polypeptides such as capsid polypeptides derived from
dependoparvoviruses with different serotypes. Such corresponding positions are identified using
sequence alignment tools known in the art. A particularly preferred sequence alignment tool is
Clustal Omega (Sievers F., et al., Mol. Syst. Biol. 7:359, 2011, DOI: 10.1038/msb.2011.75,
incorporated herein by reference in its entirety). Other tools are described in Madeira F, et al.,
Nuc. Acids Res., 2019, 47(W1):W636-W641 (DOI: 10.1093/nar/gkz268) (incorporated herein by
reference in its entirety). An alignment of exemplary reference capsid polypeptides is shown in
FIG.1A-1C. Thus, in some embodiments, the variant capsid polypeptides of the invention
include variants of reference capsid polypeptides that include one or more mutations described
herein in such reference capsid polypeptides at positions corresponding to the position of the
mutation described herein in relation to a different reference capsid polypeptide. Thus, for
example, a mutation described as XnnnY relative to SEQ ID NO: 1 (where X is the amino acid
present at position nnn in SEQ ID NO: 1 and Y is the amino acid mutation at that position, e.g.,
described herein), the disclosure provides variant capsid polypeptides comprising at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to a
reference capsid polypeptide sequence (e.g., reference capsid polypeptide VP1, VP2 and/or VP3
sequence) other than SEQ ID NO: 1 (or VP2 or VP3 sequence comprised therein) and further
comprising the disclosed mutation at a position corresponding to position nnn of SEQ ID NO: 1
(e.g., comprising Y at the position in the new variant capsid polypeptide sequence that
corresponds to position nnn of SEQ ID NO: 1). As described above, such corresponding position
is determined using a sequence alignment tool, such as, for example, the clustal omega tool
described above. Examples of corresponding amino acid positions of exemplary known AAV
serotypes is provided in FIG.1A-1C. In some embodiments, the variant is a variant of the AAV9
capsid polypeptide, which can be referred to as a “AAV9 variant capsid polypeptide” or “variant

AAV9 capsid polypeptide.”
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Thus, in some embodiments, the disclosure provides variant capsid polypeptide
sequences that are variants of a reference sequence other than SEQ ID NO: 1, e.g., a reference
sequence other than SEQ ID NO: 1 as described herein, which include one or more mutation
corresponding to the mutations described herein. In some embodiments, such variants include
mutations corresponding to all of the mutations associated with any one of VAR-1 through
VAR-127 according to Table 1, and the Sequence Listing submitted electronically in the XML
file format, which is hereby incorporated by reference in its entirety.

As used herein, the term “corresponds to” as used in reference to a position in a sequence,
such as an amino acid or nucleic acid sequence, can be used in reference to an entire capsid
polypeptide or polynucleotide sequence, such as the full length sequence of the capsid
polypeptide that comprises a VP1, VP2, and VP3 polypeptide, or a nucleic acid molecule
encoding the same. In some embodiments, the term “corresponds to”’ can be used in reference to
a region or domain of the capsid polypeptide. For example, a position that corresponds to a
position in the VP1 section of the reference capsid polypeptide can correspond to the VP1
portion of the polypeptide of the variant capsid polypeptide. Thus, when aligning the two
sequences to determine whether a position corresponds to another position the full length
polypeptide can be used or domains (regions) can be used to determine whether a position
corresponds to a specific position. In some embodiments, the region is the VP1 polypeptide. In
some embodiments, the region is the VP2 polypeptide. In some embodiments, the region is the
VP3 polypeptide. In some embodiments, when the reference polypeptide is the wild-type
sequence (e.g., full length or region) of a certain serotype of AAV, the variant polypeptide can be
of the same serotype with a mutation made at such corresponding position as compared to the
reference sequence (e.g., full length or region). In some embodiments, the variant capsid
polypeptide is a different serotype as compared to the reference sequence.

The variant capsid polypeptides described herein are optionally variants of reference capsids
serotypes known in the art. Non-limiting examples of such reference AAV serotypes include
AAV1, AAVrhl0, AAV-DJ, AAV-DJ8, AAV5, AAVPHP.B (PHP.B), AAVPHP.A (PHP.A),
AAVG2B-26, AAVG2B-13, AAVTHI1.1-32, AAVTHI1.1- 35, AAVPHP.B2 (PHP.B2),
AAVPHP.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-QQP, AAVPHP.B-SNP(3), AAVPHP.B-
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SNP, AAVPHP.B-QGT, AAVPHP.B-NQT, AAVPHP.B- EGS, AAVPHP.B-SGN, AAVPHP.B-
EGT, AAVPHP.B-DST, AAVPHP.B-DST, AAVPHP.B-STP, AAVPHP.B-PQP, AAVPHP.B-
SQP, AAVPHP.B-QLP, AAVPHP.B-TMP, AAVPHP.B-TTP, AAVPHP.eB,
AAVPHP.S/G2A12, AAVG2A15/G2A3 (G2A3), AAVG2B4 (G2B4), AAVG2BS (G2BS),
PHP.S, AAV2, AAV2GY, AAV3, AAV3a, AAV3b, AAV3-3, AAV4, AAV4-4, AAVE,
AAV6.1, AAV6.2, AAV6.1.2, AAV7, AAVT.2, AAVS, AAV9.11, AAV9.13, AAVY, AAVO
K449R (or K449R AAV9), AAV9.16, AAV9.24, AAV9.45, AAbiodisV9.47, AAV9.61,
AAV9.68, AAV9.84, AAV9.9, AAV10, AAV11, AAVI2, AAV16.3, AAV24.1, AAV27.3,
AAV42.12, AAV42- 1b, AAV42-2, AAV42-3a, AAV42-3b, AAV42-4, AAVA2-5a, AAVA42-5b,
AAV42-6b, AAV42-8, AAVA2-10, AAV42-11, AAV42-12, AAVA42-13, AAV42-15, AAV42-
aa, AAV43-1, AAV43-12, AAV43-20, AAV43-21, AAV43-23, AAV43-25, AAV43.5,
AAV44.1, AAV44.2, AAV4A4.5, AAV223.1, AAV223.2, AAV223.4, AAV223.5, AAV223.6,
AAV223.7, AAV1-7/th.48, AAV1-8/th.49, AAV2-15/th.62, AAV2-3/th.61, AAV2-4/rh.50,
AAV2-5/th.51, AAV3.1/hu.6, AAV3.1/hu.9, AAV3-9/th.52, AAV3-11/th.53, AAV4- 8/r11.64,
AAV4-9/th.54, AAV4-19/th.55, AAV5-3/th.57, AAV5-22/th.58, AAV7.3/hu.7,
AAV16.8/hu.10, AAV16.12/hu.11, AAV29.3/bb.1, AAV29.5/bb.2, AAV106.1/hu.37,
AAV114.3/hu.40, AAV127.2/hudl, AAV127.5/hu.42, AAV128.3/hu.44, AAV130.4/hu.48,
AAV145.1/hu.53, AAV145.5/hu.54, AAV145.6/hu.55, AAV161.10/hu.60, AAV161.6/hu.61,
AAV33.12/hu.17, AAV33.4/hu.15, AAV33.8/hu.16, AAV52/hu.19, AAV52.1/hu.20,
AAV58.2/hu.25, AAVA3.3, AAVA3.4, AAVA3.5, AAVA3.7, AAVCI, AAVC2, AAVCS,
AAVF3, AAVF5, AAVH2, AAVrh.72, AAVhu.8, AAVrh.68, AAVth.70, AAVpi.l, AAVpi.3,
AAVpi.2, AAVTh.60, AAVrh.44, AAVrh.65, AAVTh.55, AAVrh.47, AAVrh.69, AAVrh.45,
AAVTh.59, AAVhu.12, AAVH6, AAVH-1/hu.1, AAVH-5/hu.3, AAVLG- 10/rh.40, AAVLG-
4/th.38, AAVLG-9/hu.39, AAVN721-8/rh.43, AAVCh.5, AAVCh.5R1, AAVcy.2, AAVcy.3,
AAVcy.4, AAVey.5, AAVCy.5R1, AAVCy.5R2, AAVCy.SR3, AAVCy.5R4, AAVcy.6,
AAVhu.1, AAVhu.2, AAVhu.3, AAVhu.4, AAVhu.5, AAVhu.6, AAVhu.7, AAVhu.9,
AAVhu.10, AAVhu.11, AAVhu.13, AAVhu.1S, AAVhu.16, AAVhu.17, AAVhu.18,
AAVhu.20, AAVhu.21, AAVhu.22, AAVhu.23.2, AAVhu.24, AAVhu.25, AAVhu.27,
AAVhu.28, AAVhu.29, AAVhu.29R, AAVhu.31, AAVhu.32, AAVhu.34, AAVhu.35,
AAVhu.37, AAVhu.39, AAVhu.40, AAVhu.41, AAVhu.42, AAVhu.43, AAVhu.44,
AAVhu.44R1, AAVhu.44R2, AAVhu.44R3, AAVhu.45, AAVhu.46, AAVhu.47, AAVhu.48,
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AAVhu.48R1, AAVhu.48R2, AAVhu.48R3, AAVhu.49, AAVhu.51, AAVhu.52, AAVhu.54,
AAVhu.55, AAVhu.56, AAVhu.57, AAVhu.58, AAVhu.60, AAVhu.61, AAVhu.63,
AAVhu.64, AAVhu.66, AAVhu.67, AAVhu.14/9, AAVhu.t 19, AAVrh.2, AAVrh.2R,
AAV1h.8, AAVrh.8R, AAVth.10, AAVrth.12, AAVrh.13, AAVrh.13R, AAVrh.14, AAVrh.17,
AAVrh.18, AAVrh.19, AAVrh.20, AAVrh.21, AAVrh.22, AAVrh.23, AAVrh.24, AAVrh.25,
AAVrh.31, AAVrh.32, AAVrh.33, AAVrh.34, AAVrh.35, AAVrh.36, AAVrh.37, AAVrh.37R2,
AAVrh.38, AAVrh.39, AAVrh.40, AAVrh.46, AAVrh.48, AAVrh.48.1, AAVrh.48.1.2,
AAV1h.48.2, AAVth.49, AAVth.51, AAVrh.52, AAVrh.53, AAVrh.54, AAVrh.56, AAVrh.57,
AAVTh.58, AAVrh.61, AAVrh.64, AAVrh.64R1, AAVrh.64R2, AAVrh.67, AAVrh.73,
AAVrh.74 (also referred to as AAVrh74), AAVrh8R, AAVrh8R A586R mutant, AAVrh8R
R533A mutant, AAAV, BAAV, caprine AAV, bovine AAV, AAVhEL.1, AAVhErl.5,
AAVhERI.14, AAVhErl.8, AAVhErl.16, AAVhErl.18, AAVhErl.35, AAVhErl.7,
AAVhErl.36, AAVhEr2.29, AAVhEr2.4, AAVhEr2.16, AAVhEr2.30, AAVhEr2.31,
AAVhEr2.36, AAVhER1.23, AAVhEr3.1, AAV2.5T, AAV-PAEC, AAV-LKO1, AAV-LKO02,
AAV-LKO03, AAV-LK04, AAV-LKO05, AAV-LK06, AAV-LK07, AAV-LK08, AAV-LK09,
AAV-LKI10, AAV-LK11, AAV-LKI12, AAV-LK13, AAV-LK14, AAV-LKI15, AAV-LKI16,
AAV-LK17, AAV-LK18, AAV-LK19, AAV-PAEC2, AAV-PAEC4, AAV-PAEC6, AAV-
PAEC7, AAV-PAECS, AAV-PAEC11, AAV-PAECI12, 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, AAV Shuffle 10-6, AAV Shuffle 10-8, AAV Shuffle 100- 2,
AAV SM 10-1, AAV SM 10-8 , AAV SM 100-3, AAV SM 100-10, BNP61 AAV, BNP62
AAV, BNP63 AAV, AAVrh.50, AAVrh.43, AAVrh.62, AAVrh.48, AAVhu.19, AAVhu.11,
AAVhu.53, AAV4-8/th.64, AAVLG-9/hu.39, AAV54.5/hu.23, AAV54.2/hu.22,
AAVS54.7/hu.24, AAV54.1/hu.21, AAVS54.4R/hu.27, AAV46.2/hu.28, AAV46.6/hu.29,
AAV128.1/hu.43, true type AAV (ttAAV), UPENN AAYV 10, Japanese AAV 10 serotypes, AAV
CBr-7.1, AAV CBr-7.10, AAV CBr-7.2, AAV CBr-7.3, AAV CBr-7.4, AAV CBr-7.5, AAV
CBr-7.7, AAV CBr-7.8, AAV CBr-B7.3, AAV CBr-B7.4, AAV CBr-El, AAV CBr- E2, AAV
CBr-E3, AAV CBr-E4, AAV CBr-ES5, AAV CBr-e5, AAV CBr-E6, AAV CBr-E7, AAV CBr-
E8, AAV CHt-1, AAV CHt-2, AAV CHt-3, AAV CHt-6.1, AAV CHt-6.10, AAV CHt-6.5,
AAV CHt-6.6, AAV CHt-6.7, AAV CHt-6.8, AAV CHt-P1, AAV CHt-P2, AAV CHt-P5, AAV
CHt-P6, AAV CHt-P§, AAV CHt-P9, AAV CKd-1, AAV CKd-10, AAV CKd-2, AAV CKd-3,
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AAV CKd-4, AAV CKd-6, AAV CKd-7, AAV CKd-8, AAV CKd-B1, AAV CKd-B2, AAV
CKd-B3, AAV CKd-B4, AAV CKd-B5, AAV CKd-B6, AAV CKd-B7, AAV CKd-B§, AAV
CKd-H1, AAV CKd-H2, AAV CKd-H3, AAV CKd-H4, AAV CKd- H5, AAV CKd-H6, AAV
CKd-N3, AAV CKd-N4, AAV CKd-N9, AAV CLg-F1, AAV CLg-F2, AAV CLg-F3, AAV
CLg-F4, AAV CLg-F5, AAV CLg-F6, AAV CLg-F7, AAV CLg-F8, AAV CLv-1, AAV CLvl1-
1, AAV Clvl-10, AAV CLv1-2, AAV CLv-12, AAV CLv1-3, AAV CLv-13, AAV CLv1-4,
AAV Clvl-7, AAV Clvl-8, AAV Clvl-9, AAV CLv-2, AAV CLv-3, AAV CLv-4, AAV CLv-6,
AAV CLv-8, AAV CLv-D1, AAV CLv-D2, AAV CLv-D3, AAV CLv-D4, AAV CLv-D5, AAV
CLv-D6, AAV CLv-D7, AAV CLv-D§, AAV CLv-El, AAV CLv-K1, AAV CLv-K3, AAV
CLv-K6, AAV CLv-L4, AAV CLv-L5, AAV CLv-L6, AAV CLv-M1, AAV CLv-M11, AAV
CLv-M2, AAV CLv-M5, AAV CLv-M6, AAV CLv-M7, AAV CLv-M8, AAV CLv-M9, AAV
CLv-R1, AAV CLv-R2, AAV CLv-R3, AAV CLv-R4, AAV CLv-RS5, AAV CLv-R6, AAV
CLv-R7, AAV CLv-RS8, AAV CLv-R9, AAV CSp-1, AAV CSp-10, AAV CSp-11, AAV CSp-2,
AAV CSp-3, AAV CSp-4, AAV CSp-6, AAV 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, AAV3B, AAV4, AAVS, AAVF1/HSCI,
AAVF11/HSC11, AAVF12/HSC12, AAVF13/HSC13, AAVF14/HSC14, AAVF15/HSC15,
AAVF16/HSC16, AAVF17/HSC17, AAVF2/HSC2, AAVF3/HSC3, AAVF4/HSC4,
AAVFS5/HSCS, AAVF6/HSC6, AAVF7/HSC7, AAVF8/HSCS, and/or AAVF9/HSC9, 7m8,
Spark100, AAVMYO and variants thereof.

In some embodiments, the reference AAV capsid sequence comprises an AAV?2
sequence. In some embodiments, the reference AAV capsid sequence comprises an AAVS
sequence. In some embodiments, the reference AAV capsid sequence comprises an AAV8
sequence. In some embodiments, the reference AAV capsid sequence comprises an AAV9
sequence. In some embodiments, the reference AAV capsid sequence comprises an AAVrh74
sequence. While not wishing to be bound by theory, it is understood that a reference AAV capsid
sequence comprises a VP1 region. In certain some embodiments, a reference AAV capsid
sequence comprises a VP1, VP2 and/or VP3 region, or any combination thereof. A reference
VP1 sequence may be considered synonymous with a reference AAV capsid sequence.

The wild-type reference sequence of SEQ ID NO: 1 is as follows:
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MAADGYLPDWLEDNLSEGIREWWALKPGAPQPKANQQHODNARGLVLPGYKYLGPGNGLDKGEPVNAADAAALEHDK
AYDQOLKAGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRLLEPLGLVEEAAKTAPGKKRPVEQSPQEPD
SSAGIGKSGAQPAKKRLNFGQTGDTESVPDPQP IGEPPAAPSGVGSLTMASGGGAPVADNNEGADGVGS SSGNWHCD
SOWLGDRVITTSTRTWALPTYNNHLYKQISNSTSGGSSNDNAYFGYSTPWGYFDFNRFHCHF SPRDWQRLINNNWGE
RPKRLNFKLENIQVKEVTIDNNGVKTIANNLTSTVQVFTDSDYQLPYVLGSAHEGCLPPFPADVFMIPQYGYLTLNDG
SQAVGRSSFYCLEYFPSOMLRTGNNFQF SYEFENVPFHSSYAHSQSLDRLMNPLIDQYLYYLSKTINGSGQONQQTLK
FSVAGPSNMAVOGRNYIPGP SYRQORVSTTVTONNNSEFAWPGASSWALNGRNSLMNPGPAMASHKEGEDRFFPLSG
SLIFGKQGTGRDNVDADKVMITNEEEIKTTINPVATESYGQVATNHQSAQAQAQTGWVONQGILPGMVWQDRDVYLOG
PIWAKIPHTDGNFHPSPLMGGFGMKHPPPOQILIKNTPVPADPP TAFNKDKLNSFITQYSTGQVSVEIEWELQKENSK
RWNPEIQYTSNYYKSNNVEFAVNTEGVYSEPRPIGTRYLTRNL (SEQ ID NO: 1).

Unless otherwise noted, SEQ ID NO: 1 is the reference sequence. In the sequence above,
the sequence found in VP1, VP2 and VP3 is underlined (e.g., a VP3 capsid polypeptide includes,
e.g., consists of, amino acids corresponding to amino acids 203-737 of SEQ ID NO: 1), the
sequence found in both VP1 and VP2 is in bold (e.g., a VP2 capsid polypeptide includes, e.g.,
consists of, the sequence corresponding to amino acids 138-737 of SEQ ID NO: 1) and the
sequence that is not underlined or bold is found only in VP1 (e.g., a VP1 capsid polypeptide
includes, e.g., consists of, amino acids corresponding to amino acids 1-737 of SEQ ID NO: 1).
The wild-type reference sequence of SEQ ID NO: 1 can be encoded by a reference nucleic acid

molecule sequence of SEQ ID NO: 4:

ATGGCTGCCGATGGTTATCTTICCAGATTGGCTCGAGGACAACCTTAGTGAAGGTATTCGCGAGTGGTGGGCTTTIGAA
ACCTGGAGCCCCTCAACCCAAGGCAAATCAACAACATCAAGACAACGCTCGAGGTCTTGTGCTTCCGGGTTACAAAT
ACCTTGGACCCGGCAACGGACTCGACAAGGGGGAGCCGGTCAACGCAGCAGACGCGGCGGCCCTCGAGCACGACAAG
GCCTACGACCAGCAGCTCAAGGCCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCCGAGTTCCAGGAGCG
GCTCAAAGAAGATACGTCTTTITGGGGGCAACCTCGGGCGAGCAGTCTTCCAGGCCAAAAAGAGGCTTCTTGAACCTC
TTGGTCTGGTTGAGGAAGCGGCTAAGACGGCTCCTGGAAAGAAGAGGCCTGTAGAGCAGTCTCCTCAGGAACCGGAC
TCCTCCGCGGGTATTGGCAAATCGGGTGCACAGCCCGCTAAAAAGAGACTCAATTTCGGTCAGACTGGCGACACAGA
GTCAGTCCCAGACCCTCAACCAATCGGAGAACCTCCCGCAGCCCCCTCAGGTGTGGGATCTCTTACAATGGCTTCAG
GTGGTGGCGCACCAGTGGCAGACAATAACGAAGGTGCCGATGGAGTGGGTAGTTCCTCGGGAAATTGGCATTGCGAT
TCCCAATGGCTGGGGGACAGAGTCATCACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAATCACCTCTA
CAAGCAAATCTCCAACAGCACATCTGGAGGATCTTCAAATGACAACGCCTACTTCGGCTACAGCACCCCCTGGGGGET
ATTTTGACTTCAACAGATTCCACTGCCACTTCTCACCACGTGACTGGCAGCGACTCATCAACAACAACTGGGGATTC
CGGCCTAAGCGACTCAACTTCAAGCTCTTCAACATTCAGGTCAAAGAGGTTACGGACAACAATGGAGTCAAGACCAT
CGCCAATAACCTTACCAGCACGGTCCAGGTICTTCACGGACTCAGACTATCAGCTCCCGTACGTGCTCGGGTCGGCTC
ACGAGGGCTGCCTCCCGCCGTTCCCAGCGGACGTTTTCATGATTCCTCAGTACGGGTATCTGACGCTTAATGATGGA
AGCCAGGCCGTGGGTCGTTCGTICCTTTTACTGCCTGGAATATTTCCCGTCGCAAATGCTAAGAACGGGTAACAACTT
CCAGTTCAGCTACGAGTTTGAGAACGTACCTTTCCATAGCAGCTACGCTCACAGCCAAAGCCTGGACCGACTAATGA
ATCCACTCATCGACCAATACTTGTACTATCTCTCAAAGACTATTAACGGTTCTGGACAGAATCAACAAACGCTAAAA
TTCAGTGTGGCCGGACCCAGCAACATGGCTGTCCAGGGAAGAAACTACATACCTGGACCCAGCTACCGACAACAACG
TGTCTCAACCACTGTGACTCAAAACAACAACAGCGAATTTGCTTIGGCCTGGAGCTTCTTCTTGGGCTCTCAATGGAC
GTAATAGCTTGATGAATCCTGGACCTGCTATGGCCAGCCACAAAGAAGGAGAGGACCGTTTICTTTCCTITTIGTICTGGA
TCTTTAATTTTTGGCAAACAAGGAACTGGAAGAGACAACGTGGATGCGGACAAAGTCATGATAACCAACGAAGAAGA
AATTAAAACTACTAACCCGGTAGCAACGGAGTCCTATGGACAAGTGGCCACAAACCACCAGAGTGCCCAAGCACAGG
CGCAGACCGGCTGGGTTCAAAACCAAGGAATACTTCCGGGTATGGTTTGGCAGGACAGAGATGTGTACCTGCAAGGA
CCCATTTGGGCCAAAATTCCTCACACGGACGGCAACTTTCACCCTTCTCCGCTGATGGGAGGGTTTGGAATGAAGCA
CCCGCCTCCTCAGATCCTCATCAAAAACACACCTGTACCTGCGGATCCTCCAACGGCCTTCAACAAGGACAAGCTGA
ACTCTTTCATCACCCAGTATTICTACTGGCCAAGTCAGCGTGGAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAG
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CGCTGGAACCCGGAGATCCAGTACACTTCCAACTATTACAAGTCTAATAATGTTGAATTTGCTGTTAATACTGAAGG
TGTATATAGTGAACCCCGCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAA (SEQ ID NO: 4).

An exemplary reference sequence of wild-type AAV2, SEQ ID NO: 5 (wild-type AAV2)

is as follows:

MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPGYKYLGPFNGLDKGEPVNEADAAALEHDK
AYDRQLDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVFQAKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEPD
SSSGTGKAGQQPARKRLNFGQTGDADSVPDPQPLGQPPAAPSGLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCD
STWMGDRVITTSTRTWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDENRFHCHF SPRDWQRLINNNWGERP
KRLNFKLENIQVKEVTONDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMVPQYGYLTLNNGSQ
AVGRSSFYCLEYFPSQMLRTGNNFTFSYTFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQF
SOAGASDIRDOSRNWLPGPCYRQORVSKTSADNNNSEYSWTIGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGV
LIFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLOQRGNRQAATADVNTQGVLP GMVWQDRDVYLQGP
IWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTTEFSAAKFASFITQYSTGOQVSVEIEWELQKENSKR

WNPEIQYTSNYNKSVNVDFTVDTNGVYSEPRPIGTRYLTRNL (SEQ ID NO: 5).

In the sequence above, the sequence found in VP1, VP2 and VP3 is underlined (e.g., a
VP3 capsid polypeptide includes, e.g., consists of, amino acids corresponding to amino acids
203-735 of SEQ ID NO: 5), the sequence found in both VP1 and VP2 is in bold (e.g., a VP2
capsid polypeptide includes, e.g., consists of, the sequence corresponding to amino acids 138-
735 of SEQ ID NO: 5) and the sequence that is not underlined or bold is found only in VP1 (e.g.,
a VP1 capsid polypeptide includes, e.g., consists of, amino acids corresponding to amino acids 1-
735 of SEQ ID NO: 5).

An example nucleic acid sequence encoding SEQ ID NO: 5 is SEQ ID NO: 6:

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGAAGGAATAAGACAGTGGTGGAAGCTCAA
ACCTGGCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGACGACAGCAGGGGTCTTGTGCTTCCTGGGTACAAGT
ACCTCGGACCCTTCAACGGACTCGACAAGGGAGAGCCGGTCAACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAA
GCCTACGACCGGCAGCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCGGAGTTTCAGGAGCG
CCTTAAAGAAGATACGTCTITTITGGGGGCAACCTCGGACGAGCAGTCTTCCAGGCGAAAAAGAGGGTTCTTGAACCTC
TGGGCCTGGTTGAGGAACCTGTTAAGACGGCTCCGGGAAAAAAGAGGCCGGTAGAGCACTCTCCTGTGGAGCCAGAC
TCCTCCTCGGGAACCGGAAAGGCGGGCCAGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGA
CTCAGTACCTGACCCCCAGCCTICTCGGACAGCCACCAGCAGCCCCCTCTGGTCTGGGAACTAATACGATGGCTACAG
GCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGACGGAGTGGGTAATTCCTCGGGAAATTGGCATTGCGAT
TCCACATGGATGGGCGACAGAGTCATCACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCTICTA
CAAACAAATTTCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCCTTGGGGGTATTTTG
ACTTCAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATCAACAACAACTGGGGATTCCGACCC
AAGAGACTCAACTTCAAGCTCTTTAACATTCAAGTCAAAGAGGTCACGCAGAATGACGGTACGACGACGATTGCCAA
TAACCTTACCAGCACGGTTCAGGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAG
GATGCCTCCCGCCGTTCCCAGCAGACGTCTITCATGGTGCCACAGTATGGATACCTCACCCTGAACAACGGGAGTCAG
GCAGTAGGACGCTCTTCATTTITACTGCCTGGAGTACTTITCCTTCTCAGATGCTGCGTACCGGAAACAACTTTACCTT
CAGCTACACTTTTGAGGACGTTCCTTTCCACAGCAGCTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTC
TCATCGACCAGTACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGCAGTCAAGGCTTCAGTTT
TCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTCCTGGACCCTGTTACCGCCAGCAGCGAGT
ATCAAAGACATCTGCGGATAACAACAACAGTGAATACTCGTGGACTGGAGCTACCAAGTACCACCTCAATGGCAGAG
ACTCTCTGGTGAATCCGGGCCCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGGGTT
CTCATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTACAGACGAAGAGGAAAT
CAGGACAACCAATCCCGTGGCTACGGAGCAGTATGGTTCTGTATCTACCAACCTCCAGAGAGGCAACAGACAAGCAG
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CTACCGCAGATGTCAACACACAAGGCGTTCTTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCC
ATCTGGGCAAAGATTCCACACACGGACGGACATTTITCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAACACCC
TCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAATCCTTICGACCACCTTCAGTGCGGCAAAGTTTGCTT
CCTTCATCACACAGTACTCCACGGGACAGGTCAGCGTGGAGATCGAGTGGGAGCTGCAGAAGGAAAACAGCAAACGC
TGGAATCCCGAAATTCAGTACACTTCCAACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGT
GTATTCAGAGCCTCGCCCCATTIGGCACCAGATACCTGACTCGTAATCTGTAA (SEQ ID NO: 6).

An exemplary reference sequence of wild type AAVS, SEQ ID NO: 7 (wild-type AAVS),

is as follows:

MSFVDHPPDWLEEVGEGLREFLGLEAGPPKPKPNQQHODOQARGLVLPGYNYLGPGNGLDRGEPVNRADEVAREHDI S
YNEQLEAGDNPYLKYNHADAEFQEKLADDTSFGGNLGKAVFQAKKRVLEPFGLVEEGAKTAPTGKRIDDHFPKRKKA
RTEEDSKPSTSSDAEAGPSGSQQLQIPAQPASSLGADTMSAGGGGP LGDNNQGADGVGNASGDWHCDSTWMGDRVVT
KSTRTWVLPSYNNHQYREIKSGSVDGSNANAYFGYSTPWGYFDEFNRFHSHWSPRDWOQRLINNYWGFRPRSLRVKIFEN
IQVKEVTIVODSTTTIANNLTSTVOQVFTDDDYQLPYVVGNGTEGCLPAFPPQVFTLPQYGYATLNRDNTENPTERSSFE
FCLEYFPSKMLRTGNNFEFTYNFEEVPFHSSFAPSOQNLFKLANPLVDQYLYRFVSTNNTGGVQFNKNLAGRYANTYK
NWEPGPMGRTQGWNLGSGVNRASVSAFATTNRMELEGASYQVPPOPNGMTNNLOGSNTYALENTMIFNSQPANPGTT
ATYLEGNMLITSESETQPVNRVAYNVGGOMATNNQSSTTAPATGTYNLQEIVPGSVWMERDVYLQGPIWAKIPETGA
HFHPSPAMGGFGLKHPPPMMLIKNTPVPGNITSEFSDVPVSSFITQYSTGOQVIVEMEWELKKENSKRWNPEIQYTNNY
NDPQFVDFAPDSTGEYRTTRPIGTRYLTRPL (SEQ ID NO: 7).

In the sequence above, the sequence found in VP1, VP2 and VP3 is underlined (e.g., a
VP3 capsid polypeptide includes, e.g., consists of, amino acids corresponding to amino acids
193-725 of SEQ ID NO: 7), the sequence found in both VP1 and VP2 is in bold (e.g., a VP2
capsid polypeptide includes, e.g., consists of, the sequence corresponding to amino acids 137-
725 of SEQ ID NO: 7) and the sequence that is not underlined or bold is found only in VP1 (e.g.,
a VPI1 capsid polypeptide includes, e.g., consists of, amino acids corresponding to amino acids 1-
725 of SEQ ID NO: 7).

An example nucleic acid sequence encoding SEQ ID NO: 7 is SEQ ID NO: 8:

ATGTCTTTTIGTTGATCACCCICCAGATTGGTTGGAAGAAGTTGGTGAAGGTCTTICGCGAGTTTTTGGGCCTTGAAGC
GGGCCCACCGAAACCAAAACCCAATCAGCAGCATCAAGATCAAGCCCGTIGGTICTTGTGCTGCCTGGTTATAACTATC
TCGGACCCGGAAACGGGCTCGATCGAGGAGAGCCTGTCAACAGGGCAGACGAGGTCGCGCGAGAGCACGACATCTICG
TACAACGAGCAGCTTGAGGCGGGAGACAACCCCTACCTCAAGTACAACCACGCGGACGCCGAGTTTCAGGAGAAGCT
CGCCGACGACACATCCTTCGGGGGAAACCTCGGAAAGGCAGTCTTTCAGGCCAAGAAAAGGGTTCTCGAACCTTTTG
GCCTGGTTGAAGAGGGTGCTAAGACGGCCCCTACCGGAAAGCGGATAGACGACCACTTTCCAAAAAGAAAGAAGGCT
CGGACCGAAGAGGACTCCAAGCCTTCCACCTCGTCAGACGCCGAAGCTGGACCCAGCGGATCCCAGCAGCTGCAAAT
CCCAGCCCAACCAGCCTCAAGTTTGGGAGCTGATACAATGTCTGCGGGAGGTGGCGGCCCATTGGGCGACAATAACC
AAGGTGCCGATGGAGTIGGGCAATGCCTCGGGAGATTGGCATTGCGATTCCACGTGGATGGGGGACAGAGTCGTCACC
AAGTCCACCCGAACCTGGGTGCTGCCCAGCTACAACAACCACCAGTACCGAGAGATCAAAAGCGGCTCCGTCGACGG
AAGCAACGCCAACGCCTACTTITGGATACAGCACCCCCTGGGGGTACTTTIGACTTITAACCGCTTCCACAGCCACTGGA
GCCCCCGAGACTGGCAAAGACTCATCAACAACTACTGGGGCTTCAGACCCCGGTCCCTCAGAGTCAAAATCTTCAAC
ATTCAAGTCAAAGAGGTCACGGTGCAGGACTCCACCACCACCATCGCCAACAACCTCACCTCCACCGTICCAAGTGTT
TACGGACGACGACTACCAGCTGCCCTACGTICGTCGGCAACGGGACCGAGGGATGCCTGCCGGCCTTCCCTCCGCAGG
TCTTTACGCTGCCGCAGTACGGTTACGCGACGCTGAACCGCGACAACACAGAAAATCCCACCGAGAGGAGCAGCTTC
TTCTGCCTAGAGTACTTTCCCAGCAAGATGCTGAGAACGGGCAACAACTTTGAGTTTACCTACAACTTTGAGGAGGT
GCCCTTCCACTCCAGCTTICGCTCCCAGTCAGAACCTGTTCAAGCTGGCCAACCCGCTGGTGGACCAGTACTTGTACC
GCTTCGTGAGCACAAATAACACTGGCGGAGTCCAGTTCAACAAGAACCTGGCCGGGAGATACGCCAACACCTACAAA
AACTGGTTCCCGGGGCCCATGGGCCGAACCCAGGGCTGGAACCTGGGCTCCGGGGTCAACCGCGCCAGTGTCAGCGC
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CTTCGCCACGACCAATAGGATGGAGCTCGAGGGCGCGAGTTACCAGGTGCCCCCGCAGCCGAACGGCATGACCAACA
ACCTCCAGGGCAGCAACACCTATGCCCTGGAGAACACTATGATCTTCAACAGCCAGCCGGCGAACCCGGGCACCACC
GCCACGTACCTCGAGGGCAACATGCTCATCACCAGCGAGAGCGAGACGCAGCCGGTGAACCGCGTGGCGTACAACGT
CGGCGGGCAGATGGCCACCAACAACCAGAGCTCCACCACTGCCCCCGCGACCGGCACGTACAACCTCCAGGAAATCG
TGCCCGGCAGCGTGTGGATGGAGAGGGACGTGTACCTCCAAGGACCCATCTGGGCCAAGATCCCAGAGACGGGGGLG
CACTTTCACCCCTCTCCGGCCATGGGCGGATTCGGACTCAAACACCCACCGCCCATGATGCTCATCAAGAACACGCC
TGTGCCCGGAAATATCACCAGCTTCTCGGACGTGCCCGTCAGCAGCTTCATCACCCAGTACAGCACCGGGCAGGTCA
CCGTGGAGATGGAGTGGGAGCTCAAGAAGGAAAACTCCAAGAGGTGGAACCCAGAGATCCAGTACACAAACAACTAC
AACGACCCCCAGTTTGTIGGACTTTGCCCCGGACAGCACCGGGGAATACAGAACCACCAGACCTATCGGAACCCGATA
CCTTACCCGACCCCTTTAA (SEQ ID NO: 8).

An exemplary reference sequence of wild-type AAVSE, SEQ ID NO: 9 (wild-type AAVS),

is as follows:

MAADGYLPDWLEDNLSEGIREWWALKPGAPKPKANQQOKODDGRGLVLPGYKYLGPFNGLDKGEPVNAADAAALEHDK
AYDQOLQAGDNPYLRYNHADAEFQERLQEDTSFGGNLGRAVFQAKKRVLEPLGLVEEGAKTAPGKKRPVEPSPQRSP
DSSTGIGKKGQQPARKRLNFGQTGDSESVPDPQPLGEPPAAPSGVGPNTMAAGGGAPMADNNEGADGVGSSSGNWHC
DSTWLGDRVITTSTRTWALPTYNNHLYKQISNGTSGGATNDNTYFGYSTPWGYFDFNRFHCHF SPRDWQRLINNNWG
FRPKRLSFKLENIQVKEVTONEGTKTIANNLTSTIQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMIPQYGYLTLNN
GSQAVGRSSFYCLEYFPSQMLRTGNNFQFTYTFEDVPFHSSYAHSQSLDRLMNPLIDOYLYYLSRTQTTGGTANTQT
LGFSQGGPNTMANQAKNWLPGPCYRQQRVSTTTGONNNSNFAWTAGTKYHLNGRNSLANPGIAMATHKDDEERFFP S
NGILIFGKONAARDNADYSDVMLTSEEEIKTTNPVATEEYGIVADNLQQONTAPQIGTVNSQGALPGMVWQONRDVYL
QGPIWAKIPHTDGNFHP SPLMGGFGLKHPPPQILIKNTPVPADPPTTENQSKLNSFITQYSTGQVSVEIEWELQKEN
SKRWNPEIQYTSNYYKSTSVDFAVNTEGVYSEPRPIGTRYLTRNL (SEQ ID NO: 9).

In the sequence above, the sequence found in VP1, VP2 and VP3 is underlined (e.g., a
VP3 capsid polypeptide includes, e.g., consists of, amino acids corresponding to amino acids
204-739 of SEQ ID NO: 9), the sequence found in both VP1 and VP2 is in bold (e.g., a VP2
capsid polypeptide includes, e.g., consists of, the sequence corresponding to amino acids 138-
735 of SEQ ID NO: 9) and the sequence that is not underlined or bold is found only in VP1 (e.g.,
a VP1 capsid polypeptide includes, e.g., consists of, amino acids corresponding to amino acids 1-
739 of SEQ ID NO: 9).

An example nucleic acid sequence encoding SEQ ID NO: 9 is SEQ ID NO: 10:

ATGGCTGCCGATGGTTATCTTICCAGATTGGCTCGAGGACAACCTCTCTGAGGGCATTCGCGAGTGGTGGGCGCTGAA
ACCTGGAGCCCCGAAGCCCAAAGCCAACCAGCAAAAGCAGGACGACGGCCGGGGTCTGGTGCTTCCTGGCTACAAGT
ACCTCGGACCCTTCAACGGACTCGACAAGGGGGAGCCCGTCAACGCGGCGGACGCAGCGGCCCTCGAGCACGACAAG
GCCTACGACCAGCAGCTGCAGGCGGGTGACAATCCGTACCTGCGGTATAACCACGCCGACGCCGAGTTTCAGGAGCG
TCTGCAAGAAGATACGTICITITGGGGGCAACCTCGGGCGAGCAGTCTTCCAGGCCAAGAAGCGGGTTCTCGAACCTC
TCGGTCTGGTTGAGGAAGGCGCTAAGACGGCTCCTGGAAAGAAGAGACCGGTAGAGCCATCACCCCAGCGTTCTCCA
GACTCCTCTACGGGCATCGGCAAGAAAGGCCAACAGCCCGCCAGAAAAAGACTCAATTTTGGTCAGACTGGCGACTC
AGAGTCAGTTCCAGACCCTCAACCTCTCGGAGAACCTCCAGCAGCGCCCTCTIGGTGTGGGACCTAATACAATGGCTG
CAGGCGGTGGCGCACCAATGGCAGACAATAACGAAGGCGCCGACGGAGTIGGGTAGTTCCTCGGGARATTGGCATTGC
GATTCCACATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGAACCTGGGCCCTGCCCACCTACAACAACCACCT
CTACAAGCAAATCTCCAACGGGACATCGGGAGGAGCCACCAACGACAACACCTACTTCGGCTACAGCACCCCCTGGG
GGTATTTTGACTTTAACAGATTCCACTGCCACTTTTCACCACGTGACTGGCAGCGACTCATCAACAACAACTGGGGA
TTCCGGCCCAAGAGACTCAGCTTCAAGCTCTTCAACATCCAGGTCAAGGAGGTCACGCAGAATGAAGGCACCAAGAC
CATCGCCAATAACCTCACCAGCACCATCCAGGTGTITTACGGACTCGGAGTACCAGCTGCCGTACGTTCTCGGCTCTG
CCCACCAGGGCTGCCTIGCCTCCGTTCCCGGCGGACGTGTTCATGATTICCCCAGTACGGCTACCTAACACTCAACAAC
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GGTAGTCAGGCCGTGGGACGCTCCTCCTTCTACTGCCTGGAATACTTITCCTICGCAGATGCTGAGAACCGGCAACAA
CTTCCAGTTTACTTACACCTTICGAGGACGTGCCTTITCCACAGCAGCTACGCCCACAGCCAGAGCTTGGACCGGCTGA
TGAATCCTCTGATTGACCAGTACCTGTACTACTTGTCTCGGACTCAAACAACAGGAGGCACGGCAAATACGCAGACT
CTGGGCTTCAGCCAAGGTGGGCCTAATACAATGGCCAATCAGGCAARAGAACTGGCTGCCAGGACCCTGTTACCGCCA
ACAACGCGTCTCAACGACAACCGGGCAAAACAACAATAGCAACTTTGCCTIGGACTGCTGGGACCAAATACCATCTGA
ATGGAAGAAATTCATTGGCTAATCCTGGCATCGCTATGGCAACACACAAAGACGACGAGGAGCGTTTTITTTCCCAGT
AACGGGATCCTGATTTITIGGCAAACAAAATGCTGCCAGAGACAATGCGGATTACAGCGATGTCATGCTCACCAGCGA
GGAAGAAATCAAAACCACTAACCCTGTGGCTACAGAGGAATACGGTATCGTGGCAGATAACTTGCAGCAGCAAAACA
CGGCTCCTCAAATTGGAACTGTCAACAGCCAGGGGGCCTTACCCGGTATGGTCTGGCAGAACCGGGACGTGTACCTG
CAGGGTCCCATCTGGGCCAAGATTCCTCACACGGACGGCAACTTCCACCCGTICTICCGCTGATGGGCGGCTTTGGCCT
GAAACATCCTCCGCCTICAGATCCTGATCAAGAACACGCCTGTACCTGCGGATCCTCCGACCACCTTCAACCAGTCAA
AGCTGAACTCTTTCATCACGCAATACAGCACCGGACAGGTCAGCGTGGAAATTGAATGGGAGCTGCAGAAGGAAAAC
AGCAAGCGCTGGAACCCCGAGATCCAGTACACCTCCAACTACTACAAATCTACAAGTGTGGACTTTGCTGTTAATAC

AGAAGGCGTGTACTCTGAACCCCGCCCCATTGGCACCCGTTACCTCACCCGTAATCTGTAA (SEQ ID NO: 10).

An exemplary reference sequence of wild-type AAVrh74, SEQ ID NO: 11 (wild-type
AAVrh74), is as follows:

MAADGYLPDWLEDNLSEGIREWWDLKP GAPKPKANQQKODNGRGLVLPGYKYLGPFNGLDKGEPVNAADAAALEHDK
AYDQQLQAGDNPYLRYNHADAEFQERLQEDTSFGGNLGRAVFQAKKRVLEPLGLVESPVKTAPGKKRPVEPSPQRSP
DSSTGIGKKGQQPAKKRLNFGQTGDSESVPDPQPIGEPPAGPSGLGSGTMAAGGGAPMADNNEGADGVGSSSGNWHC
DSTWLGDRVITTSTRTWALPTYNNHLYKQISNGTSGGSTNDNTYFGYSTPWGYFDEFNRFHCHEF SPRDWQRLINNNWG
FRPKRLNFKLENIQVKEVIONEGTKTIANNLTSTIQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMIPQYGYLTLNN
GSQAVGRSSFYCLEYFPSQOMLRTIGNNFEFSYNFEDVPFHSSYAHSQSLDRLMNPLIDOQYLYYLSRTQSTGGTAGTQQ
LLFSQAGPNNMSAQAKNWLPGPCYRQQRVSTTLSONNNSNFAWTGATKYHLNGRDSLVNPGVAMATHKDDEERFFP S
SGVLMFGKQGAGKDNVDYSSVMLTSEEEIKTINPVATEQYGVVADNLQQONAAP IVGAVNSQGALP GMVWONRDVY L
QGPIWAKIPHTDGNFHP SPLMGGFGLKHPPPQILIKNTPVPADPPTTFNQAKLASFITQYSTGQVSVEIEWELQKEN
SKRWNPEIQYTSNYYKSTNVDFAVNTEGTYSEPRPIGTRYLTRNL (SEQ ID NO: 11).

An alternative exemplary reference sequence of SEQ ID NO: 12 (alternate wild-type
AAVrh74) is as follows:

MAADGYLPDWLEDNLSEGIREWWDLKP GAPKPKANQQKODNGRGLVLPGYKYLGPFNGLDKGEPVNAADAAALEHDK
AYDQQLQAGDNPYLRYNHADAEFQERLQEDTSFGGNLGRAVFQAKKRVLEPLGLVESPVKTAPGKKRPVEPSPQRSP
DSSTGIGKKGQQPAKKRLNFGQTGDSESVPDPQPIGEPPAGPSGLGSGTMAAGGGAPMADNNE GADGVGSSSGNWHC
DSTWLGDRVITTSTRTWALPTYNNHLYKQISNGTSGGSTNDNTYFGYSTPWGYFDENRFHCHEF SPRDWQRLINNNWG
FRPKRLNFKLENIQVKEVIONEGTKTIANNLTSTIQVFTDSEYQLPYVLGSAHQGCLPPFPADVFMIPQYGYLTLNN
GSQAVGRSSFYCLEYFPSQMLRTGNNFEFSYNFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTQSTGGTAGTQQ
LLFSQAGPNNMSAQAKNWLPGPCYRQQRVSTTLSONNNSNFAWTGATKYHLNGRDSLVNPGVAMATHKDDEERFFP S
SGVLMFGKQGAGKDNVDYSSVMLTSEEEIKTTINPVATEQYGVVADNLQQQONAAPIVGAVNSQGALP GMVWQNRDVY L
QGPIWAKIPHTDGNFHP SPLMGGFGLKHPPPOQILIKNTPVPADPPTTFTKAKLASFITQYSTGQVSVEIEWELQKEN
SKRWNPEIQYTSNYYKSTNVDFAVNTEGTYSEPRPIGTRYLTRNL (SEQ ID NO: 12).

In the sequences above (SEQ ID NO: 11 or SEQ ID NO: 12), the sequence found in VP1,
VP2 and VP3 is underlined (e.g., a VP3 capsid polypeptide includes, e.g., consists of, amino
acids corresponding to amino acids 204-739 of SEQ ID NO: 11), the sequence found in both
VPI and VP2 is in bold (e.g., a VP2 capsid polypeptide includes, e.g., consists of, the sequence
corresponding to amino acids 137-739 of SEQ ID NO: 11) and the sequence that is not
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underlined or bold is found only in VP1 (e.g., a VPI capsid polypeptide includes, e.g., consists
of, amino acids corresponding to amino acids 1-739 of SEQ ID NO: 11).
An example nucleic acid sequence encoding SEQ ID NO: 11 is SEQ ID NO: 13:

ATGGCTGCCGATGGTTATCTTICCAGATTGGCTCGAGGACAACCTCTCTGAGGGCATTCGCGAGTGGTGGGACCTGAA
ACCTGGAGCCCCGAAACCCAAAGCCAACCAGCAAAAGCAGGACAACGGCCGGGGTCTGGTGCTTCCTGGCTACAAGT
ACCTCGGACCCTTCAACGGACTCGACAAGGGGGAGCCCGTCAACGCGGCGGACGCAGCGGCCCTCGAGCACGACAAG
GCCTACGACCAGCAGCTCCAAGCGGGTGACAATCCGTACCTGCGGTATAATCACGCCGACGCCGAGTTTCAGGAGCG
TCTGCAAGAAGATACGTCTTTITIGGGGGCAACCTCGGGCGCGCAGTCTTCCAGGCCAAAAAGCGGGTTCTCGAACCTC
TGGGCCTGGTTGAATCGCCGGTTAAGACGGCTCCTGGAAAGAAGAGGCCGGTAGAGCCATCACCCCAGCGCTCTCCA
GACTCCTCTACGGGCATCGGCAAGAAAGGCCAGCAGCCCGCAAAAAAGAGACTCAATTTTGGGCAGACTGGCGACTC
AGAGTCAGTCCCCGACCCTCAACCAATCGGAGAACCACCAGCAGGCCCCTCIGGTCTGGGATCTGGTACAATGGCTG
CAGGCGGTGGCGCTCCAATGGCAGACAATAACGAAGGCGCCGACGGAGTGGGTAGTTCCTCAGGAAATTGGCATTGC
GATTCCACATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGCACCTIGGGCCCTGCCCACCTACAACAACCACCT
CTACAAGCAAATCTCCAACGGGACCTCGGGAGGAAGCACCAACGACAACACCTACTTCGGCTACAGCACCCCCTIGGG
GGTATTTTGACTTCAACAGATTCCACTGCCACTTTITCACCACGTGACTGGCAGCGACTCATCAACAACAACTGGGGA
TTCCGGCCCAAGAGGCTCAACTTCAAGCTCTTCAACATCCAAGTCAAGGAGGTCACGCAGAATGAAGGCACCAAGAC
CATCGCCAATAACCTTACCAGCACGATTCAGGTCTITTACGGACTCGGAATACCAGCTCCCGTACGTGCTCGGCTCGG
CGCACCAGGGCTGCCTGCCTCCGTTCCCGGCGGACGTCTTCATGATTCCTCAGTACGGGTACCTGACTCTGAACAAT
GGCAGTCAGGCTGTGGGCCGGTCGTCCTTCTACTGCCTGGAGTACTTTCCTTICTCAAATGCTGAGAACGGGCAACAA
CTTTGAATTCAGCTACAACTTICGAGGACGTGCCCTITCCACAGCAGCTACGCGCACAGCCAGAGCCTGGACCGGCTGA
TGAACCCTCTCATCGACCAGTACTTGTACTACCTGTCCCGGACTCAAAGCACGGGCGGTACTGCAGGAACTCAGCAG
TTGCTATTTTCTCAGGCCGGGCCTAACAACATGTCGGCTCAGGCCAAGAACTGGCTACCCGGTCCCTGCTACCGGCA
GCAACGTGTCTCCACGACACTGTCGCAGAACAACAACAGCAACTTTGCCTGGACGGGTGCCACCAAGTATCATCTGA
ATGGCAGAGACTCTCIGGTGAATCCTGGCGTTGCCATGGCTACCCACAAGGACGACGAAGAGCGATTTITTITCCATCC
AGCGGAGTCTTAATGTTTGGGAAACAGGGAGCTGGAAAAGACAACGTGGACTATAGCAGCGTGATGCTAACCAGCGA
GGAAGAAATAAAGACCACCAACCCAGTGGCCACAGAACAGTACGGCGTGGTGGCCGATAACCTGCAACAGCAAAACG
CCGCTCCTATTGTAGGGGCCGTCAATAGTCAAGGAGCCTTACCTGGCATGGTGTGGCAGAACCGGGACGTGTACCTG
CAGGGTCCCATCTGGGCCAAGATTCCTCATACGGACGGCAACTTTCATCCCICGCCGCTGATGGGAGGCTTTGGACT
GAAGCATCCGCCTCCTCAGATCCTGATTAAAAACACACCTGTTCCCGCGGATCCTCCGACCACCTTCAATCAGGCCA
AGCTGGCTTCTTTCATCACGCAGTACAGTACCGGCCAGGTCAGCGTGGAGATCGAGTGGGAGCTGCAGAAGGAGAAC
AGCAAACGCTGGAACCCAGAGATTCAGTACACTTCCAACTACTACAAATCTACAAATGTGGACTTTGCTGTCAATAC
TGAGGGTACTTATTCCGAGCCTICGCCCCATTGGCACCCGTTACCTCACCCGTAATCTGTAA (SEQ ID NO:
13).

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 (i.e. capsid) of a viral vector such as AAV. VP capsid proteins synthesized from Cap
polynucleotides generally include a methionine as the first amino acid in the peptide sequence
(Metl), which is associated with the start codon (AUG or ATG) in the corresponding Cap
nucleotide sequence. However, it is common for a first-methionine (Met1) residue or generally
any first amino acid (AA1) to be cleaved off after or during polypeptide synthesis by protein
processing enzymes such as Met-aminopeptidases. This “Met/AA-clipping” process often
correlates with a corresponding acetylation of the second amino acid in the polypeptide sequence
(e.g., alanine, valine, serine, threonine, etc.). Met-clipping commonly occurs with VP1 and VP3

capsid proteins but can also occur with VP2 capsid proteins. Where the Met/AA-clipping is
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incomplete, a mixture of one or more (one, two or three) VP capsid proteins comprising the viral
capsid can be produced, some of which include a Metl/AA1 amino acid (Met+/AA+) and some
of which lack a Metl/AA1 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 Liquid
Chromatography/Mass Spectrometry Analysis for Complete Characterization of Recombinant
Adeno-Associated Virus Capsid Proteins. Hum Gene Ther Methods.2017 Oct.28(5):255-267;
Hwang, et al. N- Terminal Acetylation of Cellular Proteins Creates Specific Degradation Signals.
Science. 2010 February 19.327(5968): 973-977; the contents of which are each incorporated
herein by reference in its entirety. According to the present disclosure, references to capsid
polypeptides is not limited to either clipped (Met-/AA-) or unclipped (Met+/AA+) and, in
context, also refer to independent capsid polypeptides, viral capsids comprised of a mixture of
capsid proteins, and/or polynucleotide sequences (or fragments thereof) which encode, describe,
produce or result in capsid polypeptides of the present disclosure. A direct reference to a “capsid
polypeptide” (such as VP1, VP2 or VP3) also comprise VP capsid proteins which include a
Met1/AA1 amino acid (Met+/AA+) as well as corresponding VP capsid polypeptide which lack
the Met1/AA1 amino acid as a result of Met/AA-clipping (Met-/AA-). Further according to the
present disclosure, a reference to a specific SEQ ID NO: (whether a protein or nucleic acid)
which comprises or encodes, respectively, one or more capsid polypeptides which include a
Met1/AA1 amino acid (Met+/AA+) should be understood to teach the VP capsid polypeptides
which lack the Metl/AA1 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 Met1/AA1). As a non-
limiting example, reference to a VP1 polypeptide sequence which is 736 amino acids in length
and which includes a “Met1” amino acid (Met+) encoded by the AUG/ATG start codon is also
understood to teach a VP1 polypeptide sequence which is 735 amino acids in length and which
does not include the “Met1” amino acid (Met-) of the 736 amino acid Met+ sequence. As a
second non-limiting example, reference to a VP1 polypeptide sequence which is 736 amino acids
in length and which includes an “AA1” amino acid (AA1+) encoded by any NNN initiator codon
can also be understood to teach a VP1 polypeptide sequence which is 735 amino acids in length
and which does not include the “AA1” amino acid (AA1-) of the 736 amino acid AA1+
sequence. References to viral capsids formed from VP capsid proteins (such as reference to

specific AAV capsid serotypes), can incorporate VP capsid proteins which include a Met1/AA1
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amino acid (Met+/AA1+), corresponding VP capsid proteins which lack the Met1/AA1 amino
acid as a result of Met/AA1-clipping (Met-/AA1-), and combinations thereof (Met+/AA 1+ and
Met-/AAl-). As a non-limiting example, an AAV capsid serotype can include VP1
(Met+/AA1+), VP1 (Met-/AA1-), or a combination of VP1 (Met+/AA1+) and VP1 (Met- /AA1-
). An AAYV capsid serotype can also include VP3 (Met+/AAl+), VP3 (Met-/AA1l-), or a
combination of VP3 (Met+/AA1+) and VP3 (Met-/AA1-); and can also include similar optional
combinations of VP2 (Met+/AA1) and VP2 (Met-/AAl-).

In some embodiments, the reference AAV capsid sequence comprises an amino acid
sequence with 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, T10%, T1%, 12%, 13%, 14%, 15%, 16%, T1%, 18%, 19%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identity to any of the those described above.

In some embodiments, the reference AAV capsid sequence is encoded by a nucleotide
sequence with 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, T10%, T1%, 12%, 13%, 14%, 15%, 16%, T1%, 18%, 19%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identity to any of those described above. In certain some
embodiments, the reference sequence is not an AAV capsid sequence and is instead a different
vector (e.g., lentivirus, plasmid, etc.).

In some embodiments, a nucleic acid of the disclosure (e.g., encoding an AAV9 variant
capsid protein or a variant capsid polypeptide described herein) comprises conventional control
elements or sequences which are operably linked to the nucleic acid molecule in a manner which
permits transcription, translation and/or expression in a cell transfected with the nucleic acid
(e.g., a plasmid vector comprising said nucleic acid) or infected with a virus comprising said
nucleic acid. As used herein, “operably linked” sequences include both expression control
sequences that are contiguous with the gene of interest and expression control sequences that act
in trans or at a distance to control the gene of interest.

Expression control sequences include efficient RNA processing signals such as splicing
and polyadenylation (polyA) signals; appropriate transcription initiation, termination, promoter
and enhancer sequences; sequences that stabilize cytoplasmic mRNA; sequences that enhance

protein stability; sequences that enhance translation efficiency (e.g., Kozak consensus sequence);
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and in some embodiments, sequences that enhance secretion of the encoded transgene product.
Expression control sequences, including promoters which are native, constitutive, inducible
and/or tissue-specific, are known in the art and may be utilized with the compositions and
methods disclosed herein.

In some embodiments, the native promoter for the transgene may be used. Without
wishing to be bound by theory, the native promoter may mimic native expression of the
transgene, or provide temporal, developmental, or tissue-specific expression, or expression in
response to specific transcriptional stimuli. In some embodiment, the transgene may be operably
linked to other native expression control elements, such as enhancer elements, polyadenylation
sites or Kozak consensus sequences, e.g., to mimic the native expression.

In some embodiments, the transgene is operably linked to a tissue-specific promoter, e.g.,
a promoter active specifically in one or more CNS cell types. In some embodiments, the CNS
cell is, for example, a neuronal cell, a glial cell, an astrocyte, an oligodendrocyte, an endothelia
cell, and the like.

In some embodiments, a vector, e.g., a plasmid, carrying a transgene may also include a
selectable marker or a reporter gene.. Such selectable reporters or marker genes can be used to
signal the presence of the vector, e.g., plasmid, in bacterial cells. Other components of the vector,
e.g., plasmid, may include an origin of replication. Selection of these and other promoters and
vector elements are conventional and many such sequences are available (see, e.g., Sambrook et
al, and references cited therein).

In some embodiments, the viral particle comprising a variant capsid polypeptide, e.g., a
variant capsid polypeptide described herein, exhibits increased CNS transduction as compared to
a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments,
CNS transduction comprises brain, spinal cord, cortical, subcortical, midbrain and brainstem, and
cerebellum transduction.

In some embodiments, the viral particle comprising a variant capsid polypeptide, e.g., a
variant capsid polypeptide described herein, exhibits increased brain transduction as compared to
a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments,
the viral particle comprising a variant capsid polypeptide, e.g., a variant capsid polypeptide
described herein, exhibits increased brain transduction of at least 1-fold, e.g., as compared to a

viral particle with a reference capsid polypeptide, for example, with the wild-type capsid
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polypeptide (SEQ ID NO: 1). In some embodiments, the variant capsid polypeptide present in a
viral particle increases brain transduction at least 2-fold, e.g., as compared to a viral particle with
a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased brain transduction at least 4-fold,
e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with the
wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased brain transduction at least 6-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased brain transduction at least 8-fold,
e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with the
wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased brain transduction at least 10-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased brain transduction at least 15-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased brain transduction at least 16-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased brain transduction at least 32-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased brain transduction at least 64-fold, e.g., as compared to a viral particle with a

reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
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1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased brain transduction at least 70-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased brain transduction at least 100-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the increased brain transduction is as measured by quantification of
viral RNA isolated from tissue of one or more, e.g., 5 or more, brain regions, e.g., of an animial,
e.g., of a non-human primate (“NHP”’) (e.g., as described in the examples).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased cerebellum transduction as
compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased cerebellum transduction at least 1-fold, e.g., as
compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type
capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased cerebellum transduction at least 2-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cerebellum transduction at least
4-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cerebellum transduction at least 6-fold, e.g., as compared to a viral particle
with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased cerebellum transduction at
least 8-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for

example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral
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particle comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described
herein, exhibits increased cerebellum transduction at least 10-fold, e.g., as compared to a viral
particle with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide
(SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant capsid
polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased cerebellum
transduction at least 15-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased cerebellum transduction at least 16-fold, e.g., as
compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type
capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased cerebellum transduction at least 32-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cerebellum transduction at least
64-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cerebellum transduction at least 90-fold, e.g., as compared to a viral particle
with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the increased brain transduction is as measured by quantification
of viral RNA isolated from cerebellum tissue, e.g., of an animal, e.g., of an NHP (e.g., as
described in the examples).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased cortical transduction as
compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased cortical transduction at least 1-fold, e.g., as
compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type

capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
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variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased cortical transduction at least 2-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cortical transduction at least 4-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cortical transduction at least 6-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cortical transduction at least 8-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cortical transduction at least 10-fold, e.g., as compared to a viral particle with
areference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cortical transduction at least 15-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cortical transduction at least 16-fold, e.g., as compared to a viral particle with
a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cortical transduction at least 32-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cortical transduction at least 64-fold, e.g., as compared to a viral particle with

a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
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1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cortical transduction at least 80-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the increased brain
transduction is as measured by quantification of viral RNA isolated from tissue of the cortex,
e.g., of an animal, e.g., of a non-human primate (“NHP”’) (e.g., as described in the examples).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased midbrain and brainstem
transduction as compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased midbrain and brainstem
transduction at least 1-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased midbrain and brainstem transduction at least 2-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased midbrain and brainstem transduction at least 4-fold, e.g., as compared to a
viral particle with a reference capsid polypeptide, for example, with the wild-type capsid
polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant
capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased
midbrain and brainstem transduction at least 6-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased midbrain and brainstem
transduction at least 8-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased midbrain and brainstem transduction at least 10-

fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
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the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased midbrain and brainstem transduction at least 15-fold, e.g., as compared to a
viral particle with a reference capsid polypeptide, for example, with the wild-type capsid
polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant
capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased
midbrain and brainstem transduction at least 16-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased midbrain and brainstem
transduction at least 32-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased midbrain and brainstem transduction at least 50-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the increased brain
transduction is as measured by quantification of viral RNA isolated from tissue of the midbrain
and/or brainstem, e.g., of an animal, e.g., of a non-human primate (“NHP”) (e.g., as described in
the examples).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased spinal cord transduction as
compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased spinal cord transduction at least 1-fold, e.g., as
compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type
capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased spinal cord transduction at least 2-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the

variant capsid polypeptide described herein, exhibits increased spinal cord transduction at least
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4-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased spinal cord transduction at least 6-fold, e.g., as compared to a viral particle
with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased spinal cord transduction at
least 8-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for
example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral
particle comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described
herein, exhibits increased spinal cord transduction at least 10-fold, e.g., as compared to a viral
particle with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide
(SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant capsid
polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased spinal cord
transduction at least 15-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased spinal cord transduction at least 16-fold, e.g., as
compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type
capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased spinal cord transduction at least 32-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased spinal cord transduction at least
64-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the increased
brain transduction is as measured by quantification of viral RNA isolated from tissue of the
spinal cord, e.g., of an animal, e.g., of a non-human primate (“NHP”) (e.g., as described in the

examples).
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In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased subcortical transduction as
compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased subcortical transduction at least 1-fold, e.g., as
compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type
capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased subcortical transduction at least 2-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased subcortical transduction at least
4-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased subcortical transduction at least 6-fold, e.g., as compared to a viral particle
with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased subcortical transduction at
least 8-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for
example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral
particle comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described
herein, exhibits increased subcortical transduction at least 10-fold, e.g., as compared to a viral
particle with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide
(SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant capsid
polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased subcortical
transduction at least 15-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased subcortical transduction at least 16-fold, e.g., as

compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type
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capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased subcortical transduction at least 32-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased subcortical transduction at least
64-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased subcortical transduction at least 90-fold, e.g., as compared to a viral particle
with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the increased brain transduction is as measured by quantification
of viral RNA isolated from tissue of the subcortex, e.g., of an animal, e.g., of a non-human
primate (“NHP”) (e.g., as described in the examples).

In some embodiments, the capsid polypeptide is an isolated or purified polypeptide (e.g.,
isolated or purified from a cell, other biological component, or contaminant). In some
embodiments, the variant polypeptide is present in a dependoparvovirus particle, e.g., described
herein. In some embodiments, the variant capsid polypeptide is present in a cell, cell-free system,
or translation system, e.g., described herein.

In some embodiments, the capsid polypeptide is present in a dependoparvovirus B (e.g.,
AAV9) particle. In some embodiments, the capsid particle has increased CNS transduction.

In some embodiments, a dependoparvovirus particle comprises an amino acid sequence
that has at least 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100% identity to the amino acid
sequences provided for herein (e.g., SEQ ID NO: 2, 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, 50, 51,
52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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, or 139). In
some embodiments, the variant capsid polypeptide comprises an amino acid sequence that differs

by no more than 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,
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9,8,7,6,5,4,3,2, or | amino acids from the amino acid sequence of a variant capsid
polypeptide provided for herein.

In some embodiments, the additional alteration improves a production characteristic of a
dependoparvovirus particle or method of making the same. In some embodiments, the additional

alteration improves or alters another characteristic of a dependoparvovirus particle, e.g., tropism.

Nucleic Acids and Polypeptides

The disclosure is further directed, in part, to a nucleic acid comprising a sequence
encoding a variant capsid polypeptide as provided for herein. In some embodiments the nucleic
acid encodes a VP variant capsid polypeptide, e.g., as described herein. In some embodiments,
the nucleic acid encodes a VP2 variant capsid polypeptide, e.g., as described herein. In some
embodiments, the nucleic acid encodes a VP3 variant capsid polypeptide, e.g., as described
herein. In some embodiments, the nucleic acid encodes a VP1, VP2 and VP3 variant capsid
polypeptide, e.g., as described herein. In some embodiments, the variant capsid polypeptide
comprises a sequence of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54,
55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104,
105, 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, or 139. In some
embodiments, the variant capsid polypeptide comprises a sequence of SEQ ID NO: 2.

In some embodiments, the nucleic acid comprises SEQ ID NO: 3, 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, 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, 259, 260, 261, 262, 263, 264, or 265; or comprises a VP2 or VP3-encoding fragment
thereof. In some embodiments, the nucleic acid comprises SEQ ID NO: 3. In some embodiments,

the nucleic acid comprises SEQ ID NO: 140. In some embodiments, the nucleic acid comprises
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SEQ ID NO: 141. In some embodiments, the nucleic acid comprises SEQ ID NO: 142. In some
embodiments, the nucleic acid comprises SEQ ID NO: 143. In some embodiments, the nucleic
acid comprises SEQ ID NO: 144. In some embodiments, the nucleic acid comprises SEQ ID NO:
145. In some embodiments, the nucleic acid comprises SEQ ID NO: 146. In some embodiments,
the nucleic acid comprises SEQ ID NO: 147. In some embodiments, the nucleic acid comprises
SEQ ID NO: 148. In some embodiments, the nucleic acid comprises SEQ ID NO: 149. In some
embodiments, the nucleic acid comprises SEQ ID NO: 150. In some embodiments, the nucleic
acid comprises SEQ ID NO: 151. In some embodiments, the nucleic acid comprises SEQ ID NO:
152. In some embodiments, the nucleic acid comprises SEQ ID NO: 153. In some embodiments,
the nucleic acid comprises SEQ ID NO: 154. In some embodiments, the nucleic acid comprises
SEQ ID NO: 155. In some embodiments, the nucleic acid comprises SEQ ID NO: 156. In some
embodiments, the nucleic acid comprises SEQ ID NO: 157. In some embodiments, the nucleic
acid comprises SEQ ID NO: 158. In some embodiments, the nucleic acid comprises SEQ ID NO:
159. In some embodiments, the nucleic acid comprises SEQ ID NO: 160. In some embodiments,
the nucleic acid comprises SEQ ID NO: 161. In some embodiments, the nucleic acid comprises
SEQ ID NO: 162. In some embodiments, the nucleic acid comprises SEQ ID NO: 163. In some
embodiments, the nucleic acid comprises SEQ ID NO:164. In some embodiments, the nucleic
acid comprises SEQ ID NO: 165. In some embodiments, the nucleic acid comprises SEQ ID NO:
166. In some embodiments, the nucleic acid comprises SEQ ID NO: 167. In some embodiments,
the nucleic acid comprises SEQ ID NO: 168. In some embodiments, the nucleic acid comprises
SEQ ID NO: 169. In some embodiments, the nucleic acid comprises SEQ ID NO: 170. In some
embodiments, the nucleic acid comprises SEQ ID NO: 171. In some embodiments, the nucleic
acid comprises SEQ ID NO: 172. In some embodiments, the nucleic acid comprises SEQ ID NO:
173. In some embodiments, the nucleic acid comprises SEQ ID NO: 174. In some embodiments,
the nucleic acid comprises SEQ ID NO: 175. In some embodiments, the nucleic acid comprises
SEQ ID NO: 176. In some embodiments, the nucleic acid comprises SEQ ID NO: 177. In some
embodiments, the nucleic acid comprises SEQ ID NO: 178. In some embodiments, the nucleic
acid comprises SEQ ID NO: 179. In some embodiments, the nucleic acid comprises SEQ ID NO:
180. In some embodiments, the nucleic acid comprises SEQ ID NO: 181. In some embodiments,
the nucleic acid comprises SEQ ID NO: 182. In some embodiments, the nucleic acid comprises

SEQ ID NO: 183. In some embodiments, the nucleic acid comprises SEQ ID NO: 184. In some
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embodiments, the nucleic acid comprises SEQ ID NO: 185. In some embodiments, the nucleic
acid comprises SEQ ID NO: 186. In some embodiments, the nucleic acid comprises SEQ ID NO:
187. In some embodiments, the nucleic acid comprises SEQ ID NO: 188. In some embodiments,
the nucleic acid comprises SEQ ID NO: 189. In some embodiments, the nucleic acid comprises
SEQ ID NO: 190. In some embodiments, the nucleic acid comprises SEQ ID NO: 191. In some
embodiments, the nucleic acid comprises SEQ ID NO: 192. In some embodiments, the nucleic
acid comprises SEQ ID NO: 193. In some embodiments, the nucleic acid comprises SEQ ID NO:
194. In some embodiments, the nucleic acid comprises SEQ ID NO: 195. In some embodiments,
the nucleic acid comprises SEQ ID NO: 196. In some embodiments, the nucleic acid comprises
SEQ ID NO: 197. In some embodiments, the nucleic acid comprises SEQ ID NO: 198. In some
embodiments, the nucleic acid comprises SEQ ID NO: 199. In some embodiments, the nucleic
acid comprises SEQ ID NO: 200. In some embodiments, the nucleic acid comprises SEQ ID NO:
201. In some embodiments, the nucleic acid comprises SEQ ID NO: 202. In some embodiments,
the nucleic acid comprises SEQ ID NO: 203. In some embodiments, the nucleic acid comprises
SEQ ID NO: 204. In some embodiments, the nucleic acid comprises SEQ ID NO: 205. In some
embodiments, the nucleic acid comprises SEQ ID NO: 206. In some embodiments, the nucleic
acid comprises SEQ ID NO: 207. In some embodiments, the nucleic acid comprises SEQ ID NO:
208. In some embodiments, the nucleic acid comprises SEQ ID NO: 209. In some embodiments,
the nucleic acid comprises SEQ ID NO: 210. In some embodiments, the nucleic acid comprises
SEQ ID NO: 211. In some embodiments, the nucleic acid comprises SEQ ID NO: 212. In some
embodiments, the nucleic acid comprises SEQ ID NO: 213. In some embodiments, the nucleic
acid comprises SEQ ID NO: 214. In some embodiments, the nucleic acid comprises SEQ ID NO:
215. In some embodiments, the nucleic acid comprises SEQ ID NO: 216. In some embodiments,
the nucleic acid comprises SEQ ID NO: 217. In some embodiments, the nucleic acid comprises
SEQ ID NO: 218. In some embodiments, the nucleic acid comprises SEQ ID NO: 219. In some
embodiments, the nucleic acid comprises SEQ ID NO: 220. In some embodiments, the nucleic
acid comprises SEQ ID NO: 221. In some embodiments, the nucleic acid comprises SEQ ID NO:
222. In some embodiments, the nucleic acid comprises SEQ ID NO: 223. In some embodiments,
the nucleic acid comprises SEQ ID NO: 224. In some embodiments, the nucleic acid comprises
SEQ ID NO: 225. In some embodiments, the nucleic acid comprises SEQ ID NO: 226. In some

embodiments, the nucleic acid comprises SEQ ID NO: 227. In some embodiments, the nucleic
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acid comprises SEQ ID NO: 228. In some embodiments, the nucleic acid comprises SEQ ID NO:
229. In some embodiments, the nucleic acid comprises SEQ ID NO: 230. In some embodiments,
the nucleic acid comprises SEQ ID NO: 231. In some embodiments, the nucleic acid comprises
SEQ ID NO: 232. In some embodiments, the nucleic acid comprises SEQ ID NO: 233. In some
embodiments, the nucleic acid comprises SEQ ID NO: 234. In some embodiments, the nucleic
acid comprises SEQ ID NO: 235. In some embodiments, the nucleic acid comprises SEQ ID NO:
236. In some embodiments, the nucleic acid comprises SEQ ID NO: 237. In some embodiments,
the nucleic acid comprises SEQ ID NO: 238. In some embodiments, the nucleic acid comprises
SEQ ID NO: 239. In some embodiments, the nucleic acid comprises SEQ ID NO: 240. In some
embodiments, the nucleic acid comprises SEQ ID NO: 241. In some embodiments, the nucleic
acid comprises SEQ ID NO: 242. In some embodiments, the nucleic acid comprises SEQ ID NO:
243. In some embodiments, the nucleic acid comprises SEQ ID NO: 244. In some embodiments,
the nucleic acid comprises SEQ ID NO: 245. In some embodiments, the nucleic acid comprises
SEQ ID NO: 246. In some embodiments, the nucleic acid comprises SEQ ID NO: 247. In some
embodiments, the nucleic acid comprises SEQ ID NO: 248. In some embodiments, the nucleic
acid comprises SEQ ID NO: 249. In some embodiments, the nucleic acid comprises SEQ ID NO:
250. In some embodiments, the nucleic acid comprises SEQ ID NO: 251. In some embodiments,
the nucleic acid comprises SEQ ID NO: 252. In some embodiments, the nucleic acid comprises
SEQ ID NO: 253. In some embodiments, the nucleic acid comprises SEQ ID NO: 254. In some
embodiments, the nucleic acid comprises SEQ ID NO: 255. In some embodiments, the nucleic
acid comprises SEQ ID NO: 256. In some embodiments, the nucleic acid comprises SEQ ID NO:
257. In some embodiments, the nucleic acid comprises SEQ ID NO: 258. In some embodiments,
the nucleic acid comprises SEQ ID NO: 259. In some embodiments, the nucleic acid comprises
SEQ ID NO: 260. In some embodiments, the nucleic acid comprises SEQ ID NO: 261. In some
embodiments, the nucleic acid comprises SEQ ID NO: 262. In some embodiments, the nucleic
acid comprises SEQ ID NO: 263. In some embodiments, the nucleic acid comprises SEQ ID NO:
264. In some embodiments, the nucleic acid comprises SEQ ID NO: 265.

Dependoparvovirus Particles
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The disclosure is also directed, in part, to a dependoparvovirus particle (e.g., a functional
dependoparvovirus particle) comprising a nucleic acid or polypeptide described herein or
produced by a method described herein.

Dependoparvovirus is a single-stranded DNA parvovirus that grows only in cells in
which certain functions are provided, e.g., by a co-infecting helper virus. Several species of
dependoparvovirus are known, including dependoparvovirus A and dependoparvovirus B, which
include serotypes known in the art as adeno-associated viruses (AAV). At least thirteen serotypes
of AAYV that have been characterized. General information and reviews of AAV can be found in,
for example, Carter, Handbook of Parvoviruses, Vol. 1, pp. 169-228 (1989), and
Berns, Virology, pp. 1743-1764, Raven Press, (New York, 1990). AAV serotypes, and to a
degree, dependoparvovirus species, are significantly interrelated structurally and functionally.
(See, for example, Blacklowe, pp. 165-174 of Parvoviruses and Human Disease, J. R. Pattison,
ed. (1988); and Rose, Comprehensive Virology 3:1-61 (1974)). For example, all AAV serotypes
apparently exhibit very similar replication properties mediated by homologous rep genes; and all
bear three related capsid proteins. In addition, heteroduplex analysis reveals extensive cross-
hybridization between serotypes along the length of the genome, further suggesting
interrelatedness. Dependoparvoviruses genomes also comprise self-annealing segments at the
termini that correspond to “inverted terminal repeat sequences” (ITRs).

The genomic organization of naturally occurring dependoparvoviruses, e.g., AAV
serotypes, is very similar. For example, the genome of AAV is a linear, single-stranded DNA
molecule that is approximately 5,000 nucleotides (nt) in length or less. Inverted terminal repeats
(ITRs) flank the unique coding nucleotide sequences for the non-structural replication (Rep)
proteins and the structural capsid (Cap) proteins. Three different viral particle (VP) proteins form
the capsid. The terminal 145 nt are self-complementary and are organized so that an
energetically stable intramolecular duplex forming a T-shaped hairpin may be formed. These
hairpin structures function as an origin for viral DNA replication, serving as primers for the
cellular DNA polymerase complex. The Rep genes encode the Rep proteins: Rep78, Rep68,
Rep52, and Rep40. Rep78 and Rep68 are transcribed from the pS promoter, and Rep 52 and
Rep40 are transcribed from the p19 promoter. The cap genes encode the VP proteins, VP1, VP2,

and VP3. The cap genes are transcribed from the p40 promoter.
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In some embodiments, a dependoparvovirus particle of the disclosure comprises a nucleic
acid comprising a variant capsid polypeptide provided for herein. In some embodiments, the
particle comprises a polypeptide as provided for herein.

In some embodiments, the dependoparvovirus particle of the disclosure may be an AAV9
particle. In some embodiments, the AAV9 particle comprises a variant capsid polypeptide as
provided for herein or a nucleic acid molecule encoding the same.

In some embodiments the dependoparvovirus particle comprises a variant capsid
comprising a variant capsid polypeptide described herein. In some embodiments, the
dependoparvovirus particle comprises variant capsid polypeptide described herein and a nucleic
acid molecule. In some embodiments, the dependoparvovirus particle comprises variant capsid
polypeptide described herein and a nucleic acid molecule comprising one or more inverted
terminal repeat sequences (ITRs), for example, ITRs derived from an AAV9 dependoparvovirus
or an AAV2 dependoparvovirus, one or more regulatory elements (for example, a promoter), and
a payload (e.g., as described herein, e.g., a heterologous transgene) . In some embodiments, at
least one of the ITRs is modified. In some embodiments, the nucleic acid molecule is single-
stranded. In some embodiments, the nucleic acid molecule is double stranded, for example, self-

complementary.

Increased CNS Biodistribution and Transduction Characteristics

The disclosure is directed, in part, to nucleic acids, polypeptides, cells, cell free systems,
translation systems, viral particles, and methods associated with using and making the same to
produce viral particles that have increased distribution to tissues and cells of the CNS and/or
CNS transduction as compared to a viral particle comprising a variant capsid polypeptide
comprising a reference sequence that does not otherwise comprise the mutations described herein
(or mutations corresponding thereto), for example, as compared with a viral particle comprising
a variant capsid polypeptide comprising a wild-type sequence of SEQ ID NO: 1. In some
embodiments, a use of a viral particle comprising the variant capsid polypeptides leads to
increased CNS biodistribution of the viral particle and/or increased transduction of a transgene
virus particle in the cells of the CNS, and, therefore, increased expression of the payload

(transgene) in the CNS of the transgene.
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In some embodiments, the increase in CNS biodistribution and/or transduction is, on a
log2 scale, about or at least about 1-6 (for example, 2 times better, e.g., 4 times better, e.g., 8
times better, e.g., 16 times better, e.g., 32 times better, e.g., 64 times better, e.g., 128 times
better) relative to a virus particle comprising a variant capsid polypeptide having a reference
sequence, e.g., having the wild-type capsid protein, e.g., having capsid polypeptides of SEQ ID
NO: 1. In some embodiments, biodistribution and transduction are measured as described herein.
In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased CNS biodistribution as compared
to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments,
CNS biodistribution comprises brain, spinal cord, cortical, subcortical, midbrain and brainstem,
and cerebellum biodistribution.

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased brain biodistribution as
compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased brain biodistribution at least 1-fold, e.g., as
compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type
capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased brain biodistribution at least 2-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased brain biodistribution at least 4-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased brain biodistribution at least 6-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased brain biodistribution at least 8-

fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
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the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased brain biodistribution at least 10-fold, e.g., as compared to a viral particle with
a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased brain biodistribution at least 15-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased brain biodistribution at least 16-fold, e.g., as compared to a viral particle with
a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased brain biodistribution at least 32-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased brain biodistribution at least 40-fold, e.g., as compared to a viral particle with
a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased cerebellum biodistribution as
compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased cerebellum biodistribution at least 1-fold, e.g.,
as compared to a viral particle with a reference capsid polypeptide, for example, with the wild-
type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased cerebellum biodistribution at least 2-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the

variant capsid polypeptide described herein, exhibits increased cerebellum biodistribution at least
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4-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cerebellum biodistribution at least 6-fold, e.g., as compared to a viral particle
with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased cerebellum biodistribution at
least 8-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for
example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral
particle comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described
herein, exhibits increased cerebellum biodistribution at least 10-fold, e.g., as compared to a viral
particle with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide
(SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant capsid
polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased cerebellum
biodistribution at least 15-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased cerebellum biodistribution at least 16-fold, e.g.,
as compared to a viral particle with a reference capsid polypeptide, for example, with the wild-
type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased cerebellum biodistribution at least 32-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cerebellum biodistribution at least
60-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased cortical biodistribution as
compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some

embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
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polypeptide described herein, exhibits increased cortical biodistribution at least 1-fold, e.g., as
compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type
capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased cortical biodistribution at least 2-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cortical biodistribution at least 4-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cortical biodistribution at least 6-fold, e.g., as compared to a viral particle with
a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased cortical biodistribution at least 8-
fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example, with
the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cortical biodistribution at least 10-fold, e.g., as compared to a viral particle
with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased cortical biodistribution at least
15-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cortical biodistribution at least 16-fold, e.g., as compared to a viral particle
with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased cortical biodistribution at least
32-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,

with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
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comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased cortical biodistribution at least 50-fold, e.g., as compared to a viral particle
with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased midbrain and brainstem
biodistribution as compared to a viral particle with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased midbrain and brainstem
biodistribution at least 1-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased midbrain and brainstem biodistribution at least
2-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased midbrain and brainstem biodistribution at least 4-fold, e.g., as compared to a
viral particle with a reference capsid polypeptide, for example, with the wild-type capsid
polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant
capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased
midbrain and brainstem biodistribution at least 6-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased midbrain and brainstem
biodistribution at least 8-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased midbrain and brainstem biodistribution at least
10-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle

comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
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exhibits increased midbrain and brainstem biodistribution at least 15-fold, e.g., as compared to a
viral particle with a reference capsid polypeptide, for example, with the wild-type capsid
polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant
capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased
midbrain and brainstem biodistribution at least 16-fold, e.g., as compared to a viral particle with
a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased midbrain and brainstem
biodistribution at least 32-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased midbrain and brainstem biodistribution at least
40-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased spinal cord biodistribution as
compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased spinal cord biodistribution at least 1-fold, e.g.,
as compared to a viral particle with a reference capsid polypeptide, for example, with the wild-
type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased spinal cord biodistribution at least 2-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased spinal cord biodistribution at least
4-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,
exhibits increased spinal cord biodistribution at least 6-fold, e.g., as compared to a viral particle

with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
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NO: 1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased spinal cord biodistribution at
least 8-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for
example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral
particle comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described
herein, exhibits increased spinal cord biodistribution at least 10-fold, e.g., as compared to a viral
particle with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide
(SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant capsid
polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased spinal cord
biodistribution at least 15-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased spinal cord biodistribution at least 16-fold, e.g.,
as compared to a viral particle with a reference capsid polypeptide, for example, with the wild-
type capsid polypeptide (SEQ ID NO: I).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased subcortical biodistribution as
compared to a viral particle with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased subcortical biodistribution at least 1-fold, e.g.,
as compared to a viral particle with a reference capsid polypeptide, for example, with the wild-
type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased subcortical biodistribution at least 2-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased subcortical biodistribution at least
4-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle
comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described herein,

exhibits increased subcortical biodistribution at least 6-fold, e.g., as compared to a viral particle
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with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID
NO: 1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits increased subcortical biodistribution at
least 8-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for
example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral
particle comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described
herein, exhibits increased subcortical biodistribution at least 10-fold, e.g., as compared to a viral
particle with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide
(SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant capsid
polypeptide, e.g., the variant capsid polypeptide described herein, exhibits increased subcortical
biodistribution at least 15-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the variant capsid
polypeptide described herein, exhibits increased subcortical biodistribution at least 16-fold, e.g.,
as compared to a viral particle with a reference capsid polypeptide, for example, with the wild-
type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral particle comprising the
variant capsid polypeptide, e.g., the variant capsid polypeptide described herein, exhibits
increased subcortical biodistribution at least 32-fold, e.g., as compared to a viral particle with a
reference capsid polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO:
1). In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g., the
variant capsid polypeptide described herein, exhibits increased subcortical biodistribution at least
40-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for example,
with the wild-type capsid polypeptide (SEQ ID NO: 1).

In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, does not exhibit increased dorsal root ganglia
(DRG) biodistribution as compared to a viral particle with a reference capsid polypeptide, for
example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the
viral particle comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide
described herein, does not exhibit increased peripheral nervous system (PNS) biodistribution as
compared to a viral particle with a reference capsid polypeptide, for example, with the wild-type

capsid polypeptide (SEQ ID NO: 1).
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In some embodiments, the viral particle comprising the variant capsid polypeptide, e.g.,
the variant capsid polypeptide described herein, exhibits reduced liver biodistribution, e.g., of at
least 2-fold, e.g., as compared to a viral particle with a reference capsid polypeptide, for
example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some embodiments, the viral
particle comprising the variant capsid polypeptide, e.g., the variant capsid polypeptide described
herein, exhibits reduced spleen biodistribution, e.g., of at least 2-fold, e.g., as compared to a viral
particle with a reference capsid polypeptide, for example, with the wild-type capsid polypeptide
(SEQ ID NO: 1). In some embodiments, the viral particle comprising the variant capsid
polypeptide, e.g., the variant capsid polypeptide described herein, exhibites reduced spleen
biodistribution, e.g., of at least 4-fold, e.g., as compared to a viral particle with a reference capsid
polypeptide, for example, with the wild-type capsid polypeptide (SEQ ID NO: 1). In some
embodiments the increased or decreased biodistribution and/or transduction is exhibited in a
mammal, e.g., a primate, e.g., a human. In some embodiments, the increased or decreased
biodistribution and/or transduction is exhibited upon administration of the virus particle or
pharmaceutical composition comprising the virus particle, e.g., as described herein, by systemic
administration, e.g., intravenous administration.

In some embodiments, the administration is intrathecal, intraventricular, or intravenous
administration. In some embodiments, the administration is an intravenous administration. In
some embodiments, the administration is an intraventricular administration. In some
embodiments, the intraventricular administration is an administration into one or more brain
ventricle. In some embodiments, the administration is an intrathecal administration. In some
embodiments, the intrathecal administration is an intralumbar or intracisterna magna
administration. In some embodiments, the intrathecal administration is an intralumbar
administration. In some embodiments, the intrathecal administration is an intracisterna magna
administration.

In some embodiments, the virus particle, e.g., as described herein, e.g., comprising a
variant capsid polypeptide described herein, is capable of crossing the blood-brain barrier. In
some embodiments the virus particle, e.g., as described herein, e.g., comprising a variant capsid
polypeptide described herein, exhibits increased crossing of the blood-brain barrier relative to a
virus particle comprising a reference capsid polypeptide, e.g., a reference capsid polypeptide of

SEQ ID NO: 1. In some embodiments, the virus particle, e.g., as described herein, e.g.,
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comprising a variant capsid polypeptide described herein, exhibits increased transduction of
neurons, astrocytes, glial cells, or combinations thereof, relative to a virus particle comprising a
reference capsid polypeptide, e.g., a reference capsid polypeptide of SEQ ID NO: 1.

In some embodiments, the virus particle, e.g., as described herein, e.g., comprising a
variant capsid polypeptide described herein, exhibits at least 50-time increased transduction of
cells of the CNS in at least two different NHP species, optionally wherein the species are
cynomolgus macaque and African green monkey.

In some embodiments, the virus particle, e.g., as described herein, e.g., comprising a
variant capsid polypeptide described herein, transduces Purkinje neurons of the cerebellum, e.g.,
at a level at least 10-fold or 100-fold greater than a virus particle comprising capsid polypeptides
of SEQ ID NO: 1 (e.g., as measured by histology, e.g., according to Example 2).

In some embodiments, the virus particle, e.g., as described herein, e.g., comprising a
variant capsid polypeptide described herein, transduces CA3 Pyramidal neruons of the
hippocampus, e.g., at a level at least 10-fold or 100-fold greater than a virus particle comprising
capsid polypeptides of SEQ ID NO: 1 (e.g., as measured by histology, e.g., according to
Example 2).

Methods of Making Compositions Described Herein

The disclosure is directed, in part, to a method of making a dependoparvovirus particle,
e.g., a dependoparvovirus particle described herein. In some embodiments, a method of making
dependoparvovirus particle comprises providing a cell, cell-free system, or other translation
system, comprising a nucleic acid described encoding a variant capsid polypeptide provided for
herein, or a polypeptide provided for herein (e.g., a variant capsid polypeptide); and cultivating
the cell, cell-free system, or other translation system under conditions suitable for the production
of the dependoparvovirus particle, thereby making the dependoparvovirus particle.

In some embodiments, providing a cell comprising a nucleic acid described herein
comprises introducing the nucleic acid to the cell, e.g., transfecting or transforming the cell with
the nucleic acid. The nucleic acids of the disclosure may be situated as a part of any genetic
element (vector) which may be delivered to a host cell, e.g., naked DNA, a plasmid, phage,
transposon, cosmid, episome, a protein in a non-viral delivery vehicle (e.g., a lipid-based carrier),

virus, etc. which transfer the sequences carried thereon. Such a vector may be delivered by any
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suitable method, including transfection, liposome delivery, electroporation, membrane fusion
techniques, viral infection, high velocity DNA- coated pellets, and protoplast fusion. A person of
skill in the art possesses the knowledge and skill in nucleic acid manipulation to construct any
embodiment of this invention and said skills include genetic engineering, recombinant
engineering, and synthetic techniques. See, e.g., Sambrook et al, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY.

In some embodiments, a vector of the disclosure comprises sequences encoding a
dependoparvovirus variant capsid polypeptide as provided for herein or a fragment thereof. In
some embodiments, a vectors of the disclosure comprises sequences encoding a
dependoparvovirus rep protein or a fragment thereof. In some embodiments, such vectors may
contain both dependoparvovirus cap and rep proteins. In vectors in which both AAV rep and cap
are provided, the dependoparvovirus rep and dependoparvovirus cap sequences may both be of
the same dependoparvovirus species or serotype origin, such as AAV9. Alternatively, the present
embodiments also provides vectors in which the rep sequences are from a dependoparvovirus
species or serotype which differs from that which is providing the cap sequences. In some
embodiments, the rep and cap sequences are expressed from separate sources (e.g., separate
vectors, or a host cell genome and a vector). In some embodiments, the rep sequences are fused
in frame to cap sequences of a different dependoparvovirus species or serotype to form a
chimeric dependoparvovirus vector. In some embodiments, the vectors of the invention further
contain a payload, e.g., a minigene comprising a selected transgene, e.g., flanked by
dependoparvovirus 5' ITR and dependoparvovirus 3' ITR.

The vectors described herein, e.g., a plasmid, are useful for a variety of purposes, but are
particularly well suited for use in production of recombinant dependoparvovirus particles
comprising dependoparvovirus sequences or a fragment thereof, and in some embodiments, a
payload.

In one aspect, the disclosure provides a method of making a dependoparvovirus particle
(e.g., a dependoparvovirus B particle, e.g., an AAVO particle), or a portion thereof. In some
embodiments, the method comprises culturing a host cell which contains a nucleic acid sequence
encoding a dependoparvovirus variant capsid protein as provided for herein, or fragment thereof,
; a functional rep gene; a payload, e.g., a minigene comprising dependoparvovirus inverted

terminal repeats (ITRs) and a transgene; and sufficient helper functions to promote packaging of
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the payload, e.g., minigene, into the dependoparvovirus capsid. The components necessary to be
cultured in the host cell to package a payload, e.g., minigene, in a dependoparvovirus capsid may
be provided to the host cell in trans. In some embodiments, any one or more of the required
components (e.g., payload (e.g., minigene), rep sequences, cap sequences, and/or helper
functions) may be provided by a host cell which has been engineered to stably comprise one or
more of the required components using methods known to those of skill in the art. In some
embodiments, a host cell which has been engineered to stably comprise the required
component(s) comprises it under the control of an inducible promoter. In some embodiments, the
required component may be under the control of a constitutive promoter. Examples of suitable
inducible and constitutive promoters are provided herein and further examples are known to
those of skill in the art. In some embodiments, a selected host cell which has been engineered to
stably comprise one or more components may comprise a component under the control of a
constitutive promoter and another component under the control of one or more inducible
promoters. For example, a host cell which has been engineered to stably comprise the required
components may be generated from 293 cells (e.g., which comprise helper functions under the
control of a constitutive promoter), which comprises the rep and/or cap proteins under the
control of one or more inducible promoters.

The payload (e.g., minigene), rep sequences, cap sequences, and helper functions
required for producing a dependoparvovirus particle of the disclosure may be delivered to the
packaging host cell in the form of any genetic element which transfers the sequences carried
thereon (e.g., in a vector or combination of vectors). The genetic element may be delivered by
any suitable method, including those described herein. Methods used to construct genetic
elements, vectors, and other nucleic acids of the disclosure are known to those with skill and
include genetic engineering, recombinant engineering, and synthetic techniques. See, e.g.,
Sambrook et al, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold
Spring Harbor, NY. Similarly, methods of generating rAAYV virions are well known and the
selection of a suitable method is not a limitation on the present invention. See, e.g., K. Fisher et
al, J. Virol, 70:520-532 (1993) and US Patent 5,478,745. Unless otherwise specified, the
dependoparvovirus ITRs, and other selected dependoparvovirus components described herein,
may be readily selected from among any dependoparvovirus species and serotypes, e.g., AAV1,

AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVOI. ITRs or other dependoparvovirus
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components may be readily isolated using techniques available to those of skill in the art from a
dependoparvovirus species or serotype. Dependoparvovirus species and serotypes may be
isolated or obtained from academic, commercial, or public sources (e.g., the American Type
Culture Collection, Manassas, VA). In some embodiments, the dependoparvovirus sequences
may be obtained through synthetic or other suitable means by reference to published sequences
such as are available in the literature or in databases such as, e.g., GenBank or PubMed.

The dependoparvovirus particles (e.g., including a variant capsid polypeptide and, for
example, a payload) of the disclosure may be produced using any invertebrate cell type which
allows for production of dependoparvovirus or biologic products and which can be maintained in
culture. In some embodiments, an insect cell may be used in production of the compositions
described herein or in the methods of making a dependoparvovirus particle described herein. For
example, an insect cell line used can be from Spodoptera frugiperda, such as Sf9, SF21, SFO00+,
drosophila cell lines, mosquito cell lines, e.g., Aedes albopictus derived cell lines, domestic
silkworm cell lines, e.g. Bombyxmori cell lines, Trichoplusia ni cell lines such as High Five cells
or Lepidoptera cell lines such as Ascalapha odorata cell lines. In some embodiments, the insect
cells are susceptible to baculovirus infection, including High Five, Sf9, Se301, SelZD2109,
SeUCR1, SP900+, Sf21, BTI-TN-5B1-4, MG-1, Tn368, HzAml, BM-N, Ha2302, Hz2ES and
Ao38.

In some embodiments, the methods of the disclosure can be carried out with any
mammalian cell type which allows for replication of dependoparvovirus or production of
biologic products, and which can be maintained in culture. In some embodiments, the
mammalian cells used can be HEK293, HelLa, CHO, NSO, SP2/0, PER.C6, Vero, RD, BHK, HT
1080, A549, Cos-7, ARPE-19 or MRC-5 cells.

Methods of expressing proteins (e.g., recombinant or heterologous proteins, e.g.,
dependoparvovirus polypeptides) in insect cells are well documented, as are methods of
introducing nucleic acids, such as vectors, e.g., insect-cell compatible vectors, into such cells and
methods of maintaining such cells in culture. See, for example, METHODS IN MOLECULAR
BIOLOGY, ed. Richard, Humana Press, N J (1995); O'Reilly et al., BACULOVIRUS
EXPRESSION VECTORS, A LABORATORY MANUAL, Oxford Univ. Press (1994); Samulski et
al., J. Vir. 63:3822-8 (1989); Kajigaya et al., Proc. Nat'l. Acad. Sci. USA 88:4646-50 (1991);
Ruffing et al., J. Vir. 66:6922-30 (1992); Kirnbauer et al., Vir. 219:37-44 (1996); Zhao et
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al., Vir. 272:382-93 (2000); and Samulski et al., U.S. Pat. No. 6,204,059. In some embodiments,
a nucleic acid construct encoding dependoparvovirus polypeptides (e.g., a dependoparvovirus
genome) in insect cells is an insect cell-compatible vector. An “insect cell-compatible vector” as
used herein refers to a nucleic acid molecule capable of productive transformation or transfection
of an insect or insect cell. Exemplary biological vectors include plasmids, linear nucleic acid
molecules, and recombinant viruses. Any vector can be employed as long as it is insect cell-
compatible. The vector may integrate into the insect cell's genome or remain present extra-
chromosomally. The vector may be present permanently or transiently, e.g., as an episomal
vector. Vectors may be introduced by any means known in the art. Such means include but are
not limited to chemical treatment of the cells, electroporation, or infection. In some
embodiments, the vector is a baculovirus, a viral vector, or a plasmid.

In some embodiments, a nucleic acid sequence encoding an dependoparvovirus
polypeptide is operably linked to regulatory expression control sequences for expression in a
specific cell type, such as Sf9 or HEK cells. Techniques known to one skilled in the art for
expressing foreign genes in insect host cells or mammalian host cells can be used with the
compositions and methods of the disclosure. Methods for molecular engineering and expression
of polypeptides in insect cells is described, for example, in Summers and Smith. A Manual of
Methods for Baculovirus Vectors and Insect Culture Procedures, Texas Agricultural
Experimental Station Bull. No. 7555, College Station, Tex. (1986); Luckow. 1991. In Prokop et
al., Cloning and Expression of Heterologous Genes in Insect Cells with Baculovirus Vectors'
Recombinant DNA Technology and Applications, 97-152 (1986); King, L. A. and R. D.

Possee, The baculovirus expression system, Chapman and Hall, United Kingdom (1992);
O'Reilly, D. R,, L. K. Miller, V. A. Luckow, Baculovirus Expression Vectors: A Laboratory
Manual, New York (1992); W. H. Freeman and Richardson, C. D., Baculovirus Expression
Protocols, Methods in Molecular Biology, volume 39 (1995); U.S. Pat. No. 4,745,051;
US2003148506; and WO 03/074714. Promoters suitable for transcription of a nucleotide
sequence encoding a dependoparvovirus polypeptide include the polyhedron, p10, p35 or IE-1
promoters and further promoters described in the above references are also contemplated.

In some embodiments, providing a cell comprising a nucleic acid described herein

comprises acquiring a cell comprising the nucleic acid.
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Methods of cultivating cells, cell-free systems, and other translation systems are known
to those of skill in the art. In some embodiments, cultivating a cell comprises providing the cell
with suitable media and incubating the cell and media for a time suitable to achieve viral particle
production.

In some embodiments, a method of making a dependoparvovirus particle further
comprises a purification step comprising isolating the dependoparvovirus particle from one or
more other components (e.g., from a cell or media component).

In some embodiments, production of the dependoparvovirus particle comprises one or
more (e.g., all) of: expression of dependoparvovirus polypeptides, assembly of a
dependoparvovirus capsid, expression (e.g., duplication) of a dependoparvovirus genome, and
packaging of the dependoparvovirus genome into the dependoparvovirus capsid to produce a
dependoparvovirus particle. In some embodiments, production of the dependoparvovirus particle
further comprises secretion of the dependoparvovirus particle.

In some embodiments, and as described elsewhere herein, the nucleic acid molecule
encoding the variant capsid polypeptide is disposed in a dependoparvovirus genome. In some
embodiments, and as described elsewhere herein, the nucleic acid molecule encoding the variant
capsid polypeptide is packaged into a dependoparvovirus particle along with the
dependoparvovirus genome as part of a method of making a dependoparvovirus particle
described herein. In other embodiments, the nucleic acid molecule encoding the variant capsid
polypeptide is not packaged into a dependoparvovirus particle made by a method described
herein.

In some embodiments, a method of making a dependoparvovirus particle described
herein produces a dependoparvovirus particle comprising a payload (e.g., a payload described
herein) and the variant capsid polypeptide. In some embodiments, the payload comprises a
second nucleic acid (e.g., in addition to the dependoparvovirus genome), and production of the
dependoparvovirus particle comprises packaging the second nucleic acid into the
dependoparvovirus particle. In some embodiments, a cell, cell-free system, or other translation
system for use in a method of making a dependoparvovirus particle comprises the second nucleic
acid. In some embodiments, the second nucleic acid comprises an exogenous sequence (e.g.,
exogenous to the dependoparvovirus, the cell, or to a target cell or subject who will be

administered the dependoparvovirus particle). In some embodiments, the exogenous sequence
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encodes an exogenous polypeptide. In some embodiments, the exogenous sequence encodes a
therapeutic product.

In some embodiments, a nucleic acid or polypeptide described herein is produced by a
method known to one of skill in the art. The nucleic acids, polypeptides, and fragments thereof
of the disclosure may be produced by any suitable means, including recombinant production,
chemical synthesis, or other synthetic means. Such production methods are within the knowledge

of those of skill in the art and are not a limitation of the present invention.

Applications

The disclosure is directed, in part, to compositions comprising a nucleic acid,
polypeptide, or particles described herein. The disclosure is further directed, in part, to methods
utilizing a composition, nucleic acid, polypeptide, or particles described herein. As will be
apparent based on the disclosure, nucleic acids, polypeptides, particles, and methods disclosed
herein have a variety of utilities.

The disclosure is directed, in part, to a vector comprising a nucleic acid described herein,
e.g., anucleic acid encoding a variant capsid polypeptide. Many types of vectors are known to
those of skill in the art. In some embodiments, a vector comprises a plasmid. In some
embodiments, the vector is an isolated vector, e.g., removed from a cell or other biological
components.

The disclosure is directed, in part to a cell, cell-free system, or other translation system,
comprising a nucleic acid or vector described herein, e.g., a nucleic acid or vector comprising a
nucleic acid molecule encoding a variant capsid polypeptide. In some embodiments, the cell,
cell-free system, or other translation system is capable of producing dependoparvovirus particles
comprising the variant capsid polypeptides. In some embodiments, the cell, cell-free system, or
other translation system comprises a nucleic acid comprising a dependoparvovirus genome or
components of a dependoparvovirus genome sufficient to promote production of
dependoparvovirus particles comprising the variant capsid polypeptides.

In some embodiments, the cell, cell-free system, or other translation system further
comprises one or more non-dependoparvovirus nucleic acid sequences that promote
dependoparvovirus particle production and/or secretion. Said sequences are referred to herein as

helper sequences. In some embodiments, a helper sequence comprises one or more genes from
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another virus, e.g., an adenovirus or herpes virus. In some embodiments, the presence of a helper
sequence is necessary for production and/or secretion of a dependoparvovirus particle. In some
embodiments, a cell, cell-free system, or other translation system comprises a vector, e.g.,
plasmid, comprising one or more helper sequences.

In some embodiments, a cell, cell-free system, or other translation system comprises a
first nucleic acid and a second nucleic acid, wherein the first nucleic acid comprises a sequences
encoding one or more dependoparvovirus genes (e.g., a Cap gene, a Rep gene, or a complete
dependoparvovirus genome) and a helper sequence, and wherein the second nucleic acid
comprises a payload. In some embodiments, a cell, cell-free system, or other translation system
comprises a first nucleic acid and a second nucleic acid, wherein the first nucleic acid comprises
a sequences encoding one or more dependoparvovirus genes (e.g., a Cap gene, a Rep gene, or a
complete dependoparvovirus genome) and a payload, and wherein the second nucleic acid
comprises a helper sequence. In some embodiments, a cell, cell-free system, or other translation
system comprises a first nucleic acid and a second nucleic acid, wherein the first nucleic acid
comprises a helper sequence and a payload, and wherein the second nucleic acid comprises a
sequences encoding one or more dependoparvovirus genes (e.g., a Cap gene, a Rep gene, or a
complete dependoparvovirus genome). In some embodiments, a cell, cell-free system, or other
translation system comprises a first nucleic acid, a second nucleic acid, and a third nucleic acid,
wherein the first nucleic acid comprises a sequences encoding one or more dependoparvovirus
genes (e.g., a Cap gene, a Rep gene, or a complete dependoparvovirus genome), the second
nucleic acid comprises a helper sequence, and the third nucleic acid comprises a payload.

In some embodiments, the first nucleic acid, second nucleic acid, and optionally third
nucleic acid are situated in separate molecules, e.g., separate vectors or a vector and genomic
DNA. In some embodiments, one, two, or all of the first nucleic acid, second nucleic acid, and
optionally third nucleic acid are integrated (e.g., stably integrated) into the genome of a cell.

A cell of the disclosure may be generated by transfecting a suitable cell with a nucleic
acid described herein. In some embodiments, a method of making a dependoparvovirus particle
comprising a variant capsid polypeptide as provided for herein or improving a method of making
a dependoparvovirus particle comprises providing a cell described herein. In some embodiments,
providing a cell comprises transfecting a suitable cell with one or more nucleic acids described

herein.
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Many types and kinds of cells suitable for use with the nucleic acids and vectors
described herein are known in the art. In some embodiments, the cell is a human cell. In some
embodiments, the cell is an immortalized cell or a cell from a cell line known in the art. In some

embodiments, the cell is an HEK293 cell. In some embodiments, the cell is an HEK293T cell.

Methods of delivering a payload

The disclosure is directed, in part, to a method of delivering a payload to a cell, e.g., a
cell in a subject or in a sample. In some embodiments, a method of delivering a payload to a cell
comprises contacting the cell with a dependoparvovirus particle comprising a variant capsid
polypeptide (e.g., described herein) comprising the payload. In some embodiments, the
dependoparvovirus particle is a dependoparvovirus particle described herein and comprises a
payload described herein. In some embodiments, the cell is a CNS cell. In some embodiments,
the CNS cell is, for example, a neuronal cell, a glial cell, an astrocyte, an oligodendrocyte, an
endothelia cell, and the like.

In some embodiments, the payload comprises a transgene. In some embodiments, the
transgene is a nucleic acid sequence heterologous to the vector sequences flanking the transgene
which encodes a polypeptide, RNA (e.g., a miRNA or siRNA) or other product of interest. The
nucleic acid of the transgene may be operatively linked to a regulatory component in a manner
sufficient to promote transgene transcription, translation, and/or expression in a host cell.

A transgene may be any polypeptide or RNA encoding sequence and the transgene
selected will depend upon the use envisioned. In some embodiments, a transgene comprises a
reporter sequence, which upon expression produces a detectable signal. Such reporter sequences
include, without limitation, DNA sequences encoding colorimetric reporters (e.g., B-lactamase,
B-galactosidase (LacZ), alkaline phosphatase), cell division reporters (e.g., thymidine kinase),
fluorescent or luminescence reporters (e.g., green fluorescent protein (GFP) or luciferase),
resistance conveying sequences (e.g., chloramphenicol acetyltransferase (CAT)), or membrane
bound proteins including to which high affinity antibodies directed thereto exist or can be
produced by conventional means, e.g., comprising an antigen tag, e.g., hemagglutinin or Myc.

In some embodiments, a reporter sequence operably linked with regulatory elements
which drive their expression, provide signals detectable by conventional means, including

enzymatic, radiographic, colorimetric, fluorescence or other spectrographic assays, fluorescent
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activating cell sorting assays and immunological assays, including enzyme linked
immunosorbent assay (ELISA), radioimmunoassay (RIA) and immunohistochemistry. In some
embodiments, the transgene encodes a product which is useful in biology and medicine, such as
RNA, proteins, peptides, enzymes, dominant negative mutants. In some embodiments, the RNA
comprises a tRNA, ribosomal RNA, dsRNA, catalytic RNAs, small hairpin RNA, siRNA, trans-
splicing RNA, and antisense RNAs. In some embodiments, the RNA inhibits or abolishes
expression of a targeted nucleic acid sequence in a treated subject (e.g., a human or animal
subject).

In some embodiments, the transgene may be used to correct or ameliorate gene
deficiencies. In some embodiments, gene deficiencies include deficiencies in which normal
genes are expressed at less than normal levels or deficiencies in which the functional gene
product is not expressed. In some embodiments, the transgene encodes a therapeutic protein or
polypeptide which is expressed in a host cell. In some embodiments, a dependoparvovirus
particle may comprise or deliver multiple transgenes, e.g., to correct or ameliorate a gene defect
caused by a multi-subunit protein. In some embodiments, a different transgene (e.g., each
situated/delivered in a different dependoparvovirus particle, or in a single dependoparvovirus
particle) may be used to encode each subunit of a protein, or to encode different peptides or
proteins, e.g., when the size of the DNA encoding the protein subunit is large, e.g., for
immunoglobulin, platelet-derived growth factor, or dystrophin protein. In some embodiments,
different subunits of a protein may be encoded by the same transgene, e.g., a single transgene
encoding each of the subunits with the DNA for each subunit separated by an internal ribozyme
entry site (IRES). In some embodiments, the DNA may be separated by sequences encoding a
2A peptide, which self-cleaves in a post-translational event. See, e.g., Donnelly et al, J. Gen.
Virol., 78(Pt 1):13-21 (January 1997); Furler, et al, Gene Ther., 8(11):864-873 (June 2001);
Klump et al., Gene Ther 8§(10):811-817 (May 2001).

In some embodiments, virus particles comprising a genome are provided, wherein the
genome includes a nucleic acid expression construct. The nucleic acid expression construct can
include a heterologous transgene and one or more regulatory elements.

In some embodiments, the regulatory elements include a promotor. In some
embodiments, the promoter is a ubiquitous or constitutive promoter active in a mammalian cell,

for example a human cell, for example, in a human cell type of interest. In some embodiments,
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the cell type is a CNS cell such as, for example, a neuronal cell, a glial cell, an astrocyte, an
oligodendrocyte, an endothelia cell, and the like. Examples of ubiquitous promoters include, but
are not limited, to a CAG promoter (hybrid from a cytomegalovirus early enhancer element, a
chicken-beta actin promoter, e.g., the first exon and the first intron of the chicken beta actin
gene, and the splice acceptor of the rabbit beta globin gene), chicken-beta actin promoter, CBA
promoter, CBh promoter, CB6 promoter, CMV promoter, human EF1-alpha promoter, PGK
promoter, ubiquitin C (UBC) promoter and fragments thereof. In some embodiments, the
promoter is a tissue-specific promoter, for example, a promoter specific in CNS tissue or cells of
the CNS. Examples of CNS-specific promoters include but are not limited to a synapsin (SYN or
SYN1) promoter, a neuron-specific enolase (NSE) promoter, a Ca**/calmodulin-dependent
kinase subunit o (CaMKII) promoter, a synapsin I with a minimal CMV sequence (Synl-
minCMV) promoter, a glial fibrillary acidic protein (GFAP) promoter, a internexin neuronal
intermediate filament protein alpha (INA) promoter, a nestin (NES) promoter, a neurofilament
light chain (NfL) promoter, a neurofilament heavy chain (NfH) promoter, a myelin-associated
oligodendrocyte basic protein (MOBP) promoter, a myelin basic protein (MBP) promoter, a
tyrosine hydroxylase (TH) promoter, a forkhead box A2 (FOXA?2) promoter, a aldehyde
dehydrogenase 1 family member L1 (ALDHI1L1) promoter, a glutamate decarboxylase 2
(GAD?2) promoter, a riken gene A930098C0O7Rik (A93) promoter, a somatostatin (SST)
promoter, a platelet derived growth factor receptor alpha (PDGFRA) promoter, a glutamate
receptor metabotropic 1 (GRM1) promoter, a C-type natriuretic peptide precursor (NPPC)
promoter, a adrenomedullin (ADM) promoter, a type 2 lactosamine alpha-2,3-sialyltransferase
(ST3GALS®6) promoter, a ras responsive element binding protein 1 (RREB1) promoter, a
deiodinase iodothyronine type II (DIO2) promoter, an excitatory amino acid transporter 2
(EAAT?2) promoter, a nuclear receptor subfamily 2 group F member 2 (NR2F2) promoter, a
platelet-derived growth factor (PDGF) promoter, a methyl-CpG binding protein 2 (MeCP2)
promoter, and mouse, primate or human homologs of any of the forgoing, and fragments (e.g.,
active fragments) of any of the foregoing. In some embodiments, the CNS-specific promoter is a
neuron specific promoter. In some embodiments, the CNS-specific promoter is a astrocyte-
specific promoter.

In some embodiments, the nucleic acid expression construct comprises an intron. The

intron may be disposed between the promoter and the heterologous transgene. In some aspects,
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the intron is disposed 5’ to the heterologous transgene on the expression construct, for example
immediately 5’ to the heterologous transgene or 100 nucleotides or less 5’ to the heterologous
transgene. In some aspects, the intron is a chimeric intron derived from human b-globin and Ig
heavy chain (also known as b- globin splice donor/immunoglobulin heavy chain splice acceptor
intron, or b-globin/IgG chimeric intron; Reed, R., et al. Genes and Development, 1989,
incorporated herein by reference in its entirety). In other aspects, the intron is a VH4 intron or a
SV40 intron.

As provided herein, in some embodiments, virus particles comprising a payload, wherein
the payload includes a nucleic acid that includes a heterologous transgene are provided. In some
embodiments, the heterologous transgene encodes an RNA interference agent, for example a
siRNA, shRNA or other interfereing nucleic acid.

In some embodiments, the payload includes a heterologous transgene that encodes a
therapeutic polypeptide. In some aspects, the heterologous transgene is a human gene or
fragment thereof. In some aspects, the therapeutic polypeptide is a human protein. In some
embodiments, the heterologous transgene of the virus particle encodes a molecule useful in
treating a disease, and the virus particle is administered to a patient in need thereof to treat said
disease. In some aspects the payload comprises a molecule that is effective in treating chronic
CNS disease, such as, for example, an RNA interference nucleotide (e.g., ShRNA, siRNA or
miRNA that inhibits APOL-1). Examples of diseases (and heterologous transgenes or molecules
encoded by said heterologous transgenes) according to the present disclosure include: MPSI
(alpha-L-iduronidase (IDUA)); MPS II — Hunter syndrome (iduronate-2-sulfatase (IDS)); Ceroid
lipofuscinosis-Batten disease (CLN1, CLN2, CLN10, CLN13, CLNS5, CLN11, CLN4, CNL14,
CLN3, CLN6, CLN7, CLNS, CLN12); MPS Illa - Sanfilippo Type A syndrome (heparin sulfate
sulfatase (also called N-sulfoglucosamine sulfohydrolase (SGSH)); MPS IIIB — Sanfilippo Type
b syndrome (N-acetyl-alpha-D-glucosaminidase (NAGLU)); MPS VI - Maroteaux-Lamy
syndrome (arylsulfatase B); MPS IV A - Morquio syndrome type A (GALNS); MPS IV B —
Morquio syndrome type B (GLB1); chronic or neuropathic pain; Osteogenesis Imperfecgta Type
I, IL, IIT or IV (COL1Al and/or COL1A2); hereditary angioedema (SERPING1, C1NH);
Osteogenesis Imperfecta Type V (IFITMS); Osteogenesis Imperfecta Type VI (SERPINF1);
Osteogenesis Imperfecta Type VII (CRTAP); Osteogenesis Imperfecta Type VIII (LEPRE1
and/or P3H1); Osteogenesis Imperfecta Type IX (PPIB); Gaucher disease type I, II and II1
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(Glucocerebrosidase; GBAL); Parkinson's Disease (Glucocerebrosidase; GBAI and/or dopamine
decarboxylase); Pompe (acid maltase; GAA; hGAA); Metachromatic leukodystrophy (Aryl
sulfatase A); MPS VII - Sly syndrome (beta-glucuronidase); MPS VIII (glucosamine-6-sulfate
sulfatase); MPS IX (Hyaluronidase); maple syrup urine disease (BCKDHA, BCKDHB, and/or
DBT); Niemann-Pick disease (Sphingomyelinase); Parkinson’s disease (anti-alpha synuclein
RNAI1); Alzheimer’s disease (anti-mutant APP RNA1); Niemann-Pick disease without
sphingomyelinase deficiency (NPC1 or NPC gene encoding a cholesterol metabolizing enzyme);
Tay-Sachs disease (alpha subunit of beta-hexosaminidase); Sandhoff disease (both alpha and
beta subunit of beta-hexosaminidase); Fabry Disease (alpha-galactosidase); Fucosidosis
(fucosidase (FUCAL)); Alpha-mannosidosis (alpha-mannosidase); Beta-mannosidosis (beta-
mannosidase); Wolman disease (cholesterol ester hydrolase); Dravet syndrome (SCN1A,
SCN1B, SCN2A, GABRG?2); Parkinson's disease (Neurturin); Parkinson's disease (glial derived
growth factor (GDGF)); Parkinson's disease (tyrosine hydroxylase); frontotemporal dementia
(progranulin); Angleman syndrome (ubiquitin protein ligase 3A (UBE3A), gene editing systems
targeting a UBE3A inhibitory RNA (UBE3A-anitsense transcript)); Parkinson's disease
(glutamic acid decarboxylase; FGF-2; BDGF); Spinal Muscular Atrophy (SMN, including
SMN1 or SMN2); Friedreich's ataxia (Frataxin); Amyotrophic lateral sclerosis (ALS) (SOD1
inhibitor, e.g., anti-SOD1 RNAI); Glycogen Storage Disease la (Glucose-6-phosphatase);
XLMTM (MTMI); Crigler Najjar (UGTIAl); CPVT (CASQ2); spinocerebellar ataxia (ATXN2;
ATXN3 or other ATXN gene; anti-mutant Machado-Joseph disease/SCA3 allele RNAi); Rett
syndrome (MECP2 or fragment thereof); Achromatopsia (CNGB3, CNGA3, GNAT2, PDE6C);
Choroidermia (CDM); Danon Disease (LAMP?2); Cystic Fibrosis (CFTR or fragment thereof);
Duchenne Muscular Dystrophy (Mini-/ Micro-Dystrophin Gene); SARS-Cov-2 infection (anti-
SARS-Cov-2 RNAi, SARS-Cov-2 genome fragments or S protein (including variants)); Limb
Girdle Muscular Dystrophy Type 2C - Gamma-sarcoglycanopathy (human-alpha-sarcoglycan);
Advanced Heart Failure (SERCA2a); Rheumatoid Arthritis (TNFR:Fc Fusion; anti-TNF
antibody or fragment thereof); Leber Congenital Amaurosis (GAA); X-linked
adrenoleukodystrophy (ABCD1); Limb Girdle Muscular Dystrophy Type 2C - Gamma-
sarcoglycanopathy (gamma-sarcoglycan); Angelman syndrome (UBE3A); Retinitis Pigmentosa
(hMERTK); Age-Related Macular Degeneration (SFLTO1); Phelan-McDermid syndrome
(SHANK3; 22q13.3 replacement); Becker Muscular Dystrophy and Sporadic Inclusion Body
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Myositis (huFollistatin344); Parkinson's Disease (GDNF); Metachromatic Leukodystrophy —
MLD (cuARSA); Hepatitis C (anti-HCV RNAIi); Limb Girdle Muscular Dystrophy Type 2D
(hSGCA); Human Immunodeficiency Virus Infections; (PGO9DP); Acute Intermittant Porphyria
(PBGD); Leber's Hereditary Optical Neuropathy (PIND4v2); Alpha-1 Antitrypsin Deficiency
(alphalAT); X-linked Retinoschisis (RS1); Choroideremia (hCHM); Giant Axonal Neuropathy
(GAN); Hemophilia B (Factor IX); Homozygous FH (hLDLR); Dysferlinopathies (DYSF);
Achromatopsia (CNGA3 or CNGB3); Progressive supranuclear palsy (MAPT; anti-Tau; anti-
MAPT RNAIi); Omithine Transcarbamylase deficiency (OTC); Hemophilia A (Factor VIII);
Age-related macular degeneration (AMD), including wetAMD (anti-VEGF antibody or RNAi);
X-Linked Retinitis Pigmentosa (RPGR); Myotonic dystrophy Type 1 (DMPK; anti-DMPK
RNAI, including anti-CTG trinucleotide repeat RNA1); Myotonic dystrophy Type 2 (CNBP);
Facioscapulohumeral muscular dystrophy (D474 DNA); oculopharynggeal muscular dystrophy
(PABPN1; mutated PABPNI inhibitor (e.g., RNAi)); Mucopolysaccharidosis Type VI (hARSB);
Leber Hereditary Optic Neuropathy (ND4); X-Linked myotubular Myopathy (MTMI); Crigler-
Najjar Syndrome (UGTIALl); Retinitis Pigmentosa (hPDE6B); Mucopolysaccharidosis Type 3B
(hNAGLU); Duchenne Muscular Dystrophy (GALGT?2); Alzheimer's Disease (NGF; ApoE4;
ApoE2; ApoE3; Anti-ApoE RNAi, MAPT, anti-Tau antibody, anti-amyloid beta antibody (e.g.,
aducanumab)); multiple system atrophy; Familial Lipoprotein Lipase Deficiency (LPL); Alpha-
1 Antitrypsin Deficiency (hAAT); Leber Congenital Amaurosis 2 (hRRPE65v2); Batten Disease;
Late Infantile Neuronal Lipofuscinosis (CLN2); Huntington’s disease (HTT; anti-HTT RNAI);
Fragile X syndrome (FMR1); Leber's Hereditary Optical Neuropathy (PIND4v2); Aromatic
Amino Acid Decarboxylase Deficiency (hAADC); Retinitis Pigmentosa (W ERKTK); and
Retinitis Pigmentosa (RLBPI).

In some embodiments, the heterologous transgene encodes a therapeutic polypeptide. In
some aspects, the heterologous transgene is a human gene or fragment thereof. In some aspects,
the therapeutic polypeptide is a human protein. In some aspects, the heterologous transgene
encodes an antibody or fragment thereof (for example an antibody light chain, an antibody heavy
chain, a Fab or an scFv). Examples of antibodies or fragments thereof that are encoded by the
heterologous transgene include but are not limited to: and an anti-Ab antibody (e.g.
solanezumab, GSK933776, and lecanemab), anti-sortilin ( e.g. AL-001), anti-Tau (e.g. ABBV-
8E12, UCB-0107, and NI- 105), anti-SEMAA4D (e.g. VX15/2503), anti-alpha synuclein (e.g.
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prasinezumab, NI-202, and MED-1341), anti- SOD1 (e.g. NI-204), anti-CGRP receptor (e.g.
eptinezumab, fremanezumab, or galcanezumab), anti-VEGF (e.g., sevacizumab, ranibizumab,
bevacizumab, and brolucizumab), anti-EpoR (e.g., LKA-651, ), anti-ALKI (e.g., ascrinvacumab),
anti-C5 (e.g., tesidolumab, ravulizumab, and eculizumab), anti-CD105 (e.g., carotuximab), anti-
CCIQ (e.g., ANX-007), anti-TNFa (e.g., adalimumab, infliximab, and golimumab), anti-RGMa
(e.g., elezanumab), anti-TTR (e.g., NI-301 and PRX-004), anti-CTGF (e.g., pamrevlumab), anti-
IL6R (e.g., satralizumab, tocilizumab, and sarilumab), anti-IL6 (e.g. siltuximab, clazakizumab,
sirukumab, olokizumab, and gerilimzumab), anti-IL4R (e.g., dupilumab), anti-IL17A (e.g.,
ixekizumab and secukinumab), anti-ILSR (e.g. reslizumab), anti-IL-5 (e.g., benralizumab and
mepolizumab), anti-IL13 (e.g. tralokinumab), anti-IL12/IL.23 (e.g., ustekinumab), anti-CD 19
(e.g., inebilizumab), anti-IL31RA (e.g. nemolizumab), anti-ITGF7 mAb (e.g., etrolizumab), anti-
SOST mAb (e.g., romosozumab), anti-IgE (e.g. omalizumab), anti-TSLP (e.g. nemolizumab),
anti-pKal mAb (e.g., lanadelumab), anti-ITGA4 (e.g., natalizumab), anti- ITGA4B7 (e.g.,
vedolizumab), anti-BLyS (e.g., belimumab), anti-PD-1 (e.g., nivolumab and pembrolizumab),
anti-RANKL (e.g., denosumab), anti-PCSK9 (e.g., alirocumab and evolocumab), anti-ANGPTL3
(e.g., evinacumab*), anti-OxPL (e.g., E06), anti-fD (e.g., lampalizumab), or anti-MMP9 (e.g.,
andecaliximab), optionally wherein the heavy chain (Fab and Fc region) and the light chain are
separated by a self-cleaving furin (F)/F2A or furin (F)/T2A, IRES site, or flexible linker, for
example, ensuring expression of equal amounts of the heavy and the light chain polypeptides.

In some embodiments, the virus particle comprises a heterologous transgene encoding a
genome editing system. Examples include a CRISPR genome editing system (e.g., one or more
components of a CRISPR genome editing system such as, for example, a guide RNA molecule
and/or a RNA-guided nuclease such as a Cas enzyme such as Cas9, Cpfl and the like), a zinc
finger nuclease genome editing system, a TALEN genome editing system or a meganuclease
genome editing system. In some embodiments, the genome editing system targets a mammalian,
e.g., human, genomic target sequence. In some embodiments, the virus particle includes a
heterologous transgene encoding a targetable transcription regulator. Examples include a
CRISPR-based trascription regulator (for example, one or more components of a CRISPR-based
transcription regulator, for example, a guide RNA molecule and/or a enzymatically-inactive

RNA-guided nuclease/transcription factor (“TF”) fusion protein such as a dCas9-TF fusion,
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dCpfl1-TF fusion and the like), a zinc finger transcription factor fusion protein, a TALEN
transcription regulator or a meganuclease transcription regulator.

In some embodiments, components of a therapeutic molecule or system are delivered by
more than one unique virus particle (e.g., a population that includes more than one unique virus
particles). In other embodiments, the therapeutic molecule or components of a therapeutic
molecule or system are delivered by a single unique virus particle (e.g., a population that
includes a single unique virus particle).

The transgene may also encode any biologically active product or other product, e.g., a
product desirable for study. Suitable transgenes may be readily selected by persons of skill in the
art, such as those, but not limited to, those described herein.

Other examples of proteins encoded for by the transgene include, but are not limited to,
colony stimulating factors (CSF); blood factors, such as B-globin, hemoglobin, tissue
plasminogen activator, and coagulation factors; interleukins; soluble receptors, such as soluble
TNF-a. receptors, soluble VEGF receptors, soluble interleukin receptors (e.g., soluble IL-1
receptors and soluble type II IL-1 receptors), or ligand-binding fragments of a soluble receptor;
growth factors, such as keratinocyte growth factor (KGF), stem cell factor (SCF), or fibroblast
growth factor (FGF, such as basic FGF and acidic FGF); enzymes; chemokines,; enzyme
activators, such as tissue plasminogen activator; angiogenic agents, such as vascular endothelial
growth factors, glioma-derived growth factor, angiogenin, or angiogenin-2; anti-angiogenic
agents, such as a soluble VEGF receptor; a protein vaccine; neuroactive peptides, such as nerve
growth factor (NGF) or oxytocin; thrombolytic agents;; tissue factors; macrophage activating
factors; tissue inhibitors of metalloproteinases; or IL-1 receptor antagonists.

Accordingly, provided herein is a virus particle comprising a capsid polypeptide
comprising (a) a VP1, VP2 or VP3 sequence of SEQ ID NO: 2, (b) a VP1, VP2 or VP3 sequence
comprising the mutation set of VAR-1 and having greater than 80% (for example, greater than
85%, greater than 90%, greater than 91%, greater than 92%, greater than 93%, greater than 94 %,
greater than 95%, greater than 96%, greater than 97%, greater than 98%, greater than 99%)
identity to SEQ ID NO: 2, or (c) a VP1, VP2 or VP3 sequence comprising the mutation set of
VAR-1 and having at least 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 additional mutations, but fewer than 16
additional mutations, relative to SEQ ID NO: 1. In embodiments, the capsid polypeptide
comprises VP1, VP2 and VP3 sequences of SEQ ID NO: 2. In embodiments, the virus particle



WO 2023/060264 PCT/US2022/077804
218

comprises a nucleic acid molecule comprising a transgene, for example a transgene encoding a
molecule for the treatment of a CNS disorder (for example as described herein).

In embodiments, the transgene encodes a molecule for the treatment of Alzheimer’s
disease. In embodiments, the molecule for the treatment of Alzheimer’s disease comprises an
inhibitory nucleic acid molecule (e.g., an antisense oligonucleotide or inhibitory RNA (e.g.,
siRNA, miRNA or shRNA molecule). In embodiments, the molecule for the treatment of
Alzheimer’s disease comprises an inhibitory nucleic acid molecule (e.g., an antisense
oligonucleotide or inhibitory RNA (e.g., siRNA, miRNA or shRNA molecule) targeting beta-
amyloid, alpha-synuclein, Tau, TREM, e.g., TREM2, or an apolipoprotein (APO) E protein, e.g.
APOE1, APOE2, APOE3 or APOEA4.

In embodiments, the molecule for the treatment of Alzheimer’s disease comprises a
genome editing system (for example a zinc finger nuclease, a meganuclease, a TALEN, or an
RNA-guided genome editing system (e.g. a Cas polypeptide and a guide RNA molecule). In
embodiments the genome editing system targets a genetic region encoding a beta-amyloid
protein or a Tau protein. In embodiments, the genome editing system targets MSA4.

In embodiments, the molecule for the treatment of Alzheimer’s disease is an antibody or antigen-
binding fragment thereof (e.g., as scFV). In embodiments, the molecule for the treatment of
Alzheimer’s disease is a human protein or fragment or variant thereof. In embodiments, the
molecule for the treatment of Alzheimer’s disease is an inhibitor of beta-amyloid aggregation. In
embodiments, the molecule for the treatment of Alzheimer’s disease is an inhibitor of alpha-
synuclein. In embodiments, the molecule for the treatment of Alzheimer’s disease is an anti-beta
amyloid antibody, e.g., gantenerumab, crenezumab, aducanumab or lecanemab. In embodiments,
the molecule for the treatment of Alzheimer’s disease is a Tau inhibitor, e.g., an anti-tau
antibody (e.g., semorinemab). In embodiments, the molecule for the treatment of Alzheimer’s
disease is an anti-TREM antibody or antigen-binding fragment thereof. In embodiments, the
molecule for the treatment of Alzheimer’s disease is human nerve growth factor or a fragment or
variant thereof. In embodiments, the molecule for the treatment of Alzheimer’s disease is human
brain-derived neurotrophic factor or a fragment or variant thereof. In embodiments, the molecule
for the treatment of Alzheimer’s disease is human synapsin-caveolin-1 (SynCavl) or a fragment

or variant thereof.
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Accordingly, in embodiments, described herein is a virus particle comprising (a) a capsid
polypeptide described herein, e.g., a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Alzheimer’s disease, for example as described herein, and (ii) a promoter operably linked to said
transgene. In embodiments, the heterologous nucleic acid molecule of the virus particle further
comprises one or more of (a) a dependoparvovirus ITR, (b) an intron, (c) an enhancer or
repressor sequence, (d) a stuffer sequence, and (e) a polyA sequence. In embodiments, provided
herein is a virus particle comprising (a) a capsid polypeptide comprising a VP1, VP2 or VP3
sequence of SEQ ID NO: 2; and (b) a heterologous nucleic acid comprising (i) a transgene
encoding a molecule for the treatment of Alzheimer’s disease, for example as described herein,
and (ii) a promoter operably linked to said transgene.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Alzheimer’s disease, for example gantenerumab or an antigen binding fragment thereof, and (ii)
a promoter operably linked to said transgene. In embodiments, the heterologous nucleic acid
molecule of the virus particle further comprises one or more of (a) a dependoparvovirus ITR, (b)
an intron, (¢) an enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA
sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Alzheimer’s disease, for example crenezumab or an antigen binding fragment thereof, and (ii) a
promoter operably linked to said transgene. In embodiments, the heterologous nucleic acid
molecule of the virus particle further comprises one or more of (a) a dependoparvovirus ITR, (b)
an intron, (c) an enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA
sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of

myasthenia Gravis disease, for example an anti-IL-6 antibody (e.g., satralizumab) or antigen-
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binding fragment thereof, and (ii) a promoter operably linked to said transgene. In embodiments,
the heterologous nucleic acid molecule of the virus particle further comprises one or more of (a)
a dependoparvovirus ITR, (b) an intron, (c) an enhancer or repressor sequence, (d) a stuffer

sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Parkinson’s disease, for example an anti-alpha synuclein antibody (e.g., prasinezumab or
BIIB054) or antigen-binding fragment thereof, and (ii) a promoter operably linked to said
transgene. In embodiments, described herein is a virus particle comprising (a) a capsid
polypeptide described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and
(b) a heterologous nucleic acid comprising (i) a transgene (e.g., a human GBA gene) encoding a
molecule for the treatment of Parkinson’s disease, for example human beta-glucocerebrosidase
or a fragment thereof, and (ii) a promoter operably linked to said transgene. In embodiments,
described herein is a virus particle comprising (a) a capsid polypeptide described herein, for
example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid
comprising (i) a transgene encoding a molecule for the treatment of Parkinson’s disease, for
example an inhibitor of LRRK?2, and (ii) a promoter operably linked to said transgene. In
embodiments, described herein is a virus particle comprising (a) a capsid polypeptide described
herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a heterologous
nucleic acid comprising (i) a transgene encoding a molecule for the treatment of Parkinson’s
disease, for example a trophic factor (e.g., glial cell line-derived neurotrophic factor (GDNF) or
cerebral dopamine neurotrophic factor (CDNF)) or a fragment thereof, and (ii) a promoter
operably linked to said transgene. In embodiments, the heterologous nucleic acid molecule of the
virus particle further comprises one or more of (a) a dependoparvovirus ITR, (b) an intron, (c) an
enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene (e.g., a human GBA gene, e.g., a human

GBA-1 gene) encoding a molecule for the treatment of Gaucher’s disease, for example a human
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glucocerebrosidase (GCase, e.g. beta-glucosylceramidase-1) or fragment or variant thereof, and
(ii) a promoter operably linked to said transgene. In embodiments, the heterologous nucleic acid
molecule of the virus particle further comprises one or more of (a) a dependoparvovirus ITR, (b)
an intron, (¢) an enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA
sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
multiple sclerosis, for example an anti-CD-20 antibody (e.g., ocrelizumab, rituximab or
ofatumumab) or antigen-binding fragment thereof, and (ii) a promoter operably linked to said
transgene. In embodiments the multiple sclerosis is relapsing remitting multiple sclerosis. In
embodiments the multiple sclerosis is primary progressing multiple sclerosis. In embodiments
the multiple sclerosis is secondary progressive multiple sclerosis. In embodiments, the
heterologous nucleic acid molecule of the virus particle further comprises one or more of (a) a
dependoparvovirus ITR, (b) an intron, (c) an enhancer or repressor sequence, (d) a stuffer
sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Huntington’s disease, for example an inhibitory nucleic acid directed to mutated huntingtin
protein (HTT) (e.g., tominersen), and (ii) a promoter operably linked to said transgene. In
embodiments, the heterologous nucleic acid molecule of the virus particle further comprises one
or more of (a) a dependoparvovirus ITR, (b) an intron, (c) an enhancer or repressor sequence, (d)
a stuffer sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Phelan McDermid syndrome, for example human SHANK3 or fragment or variant thereof, and
(ii) a promoter operably linked to said transgene. In embodiments, described herein is a virus
particle comprising (a) a capsid polypeptide described herein, for example, a capsid polypeptide

comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid comprising (i) a transgene
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encoding a molecule for the treatment of Phelan McDermid syndrome, for example a human
growth hormone, e.g., human insulin like growth factor 1 (IGF-1), or fragment or variant thereof,
and (ii) a promoter operably linked to said transgene. In embodiments, the heterologous nucleic
acid molecule of the virus particle further comprises one or more of (a) a dependoparvovirus
ITR, (b) an intron, (c) an enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA
sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
frontotemporal dementia, for example human progranulin or granulin, or fragment or variant
thereof, and (ii) a promoter operably linked to said transgene. In embodiments, described herein
is a virus particle comprising (a) a capsid polypeptide described herein, for example, a capsid
polypeptide comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid comprising (i) a
transgene encoding a molecule for the treatment of frontotemporal dementia, for example an
anti-tau antibody (e.g., semorinemab), or fragment or variant thereof, and (ii) a promoter
operably linked to said transgene. In embodiments, described herein is a virus particle
comprising (a) a capsid polypeptide described herein, for example, a capsid polypeptide
comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid comprising (i) a transgene
encoding a molecule for the treatment of frontotemporal dementia, for example an inhibitory
nucleic acid which targets SOD-1 (e.g., tofersen). In embodiments, the heterologous nucleic acid
molecule of the virus particle further comprises one or more of (a) a dependoparvovirus ITR, (b)
an intron, (¢) an enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA
sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
amyotrophic lateral sclerosis (ALS), for example an inhibitory nucleic acid which targets SOD-1
(e.g., tofersen), and (ii) a promoter operably linked to said transgene. In embodiments, described
herein is a virus particle comprising (a) a capsid polypeptide described herein, for example, a
capsid polypeptide comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid comprising (i)

a transgene encoding a molecule for the treatment of ALS, for example an inhibitory nucleic acid
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which targets C9orf72 (e.g., BIIBO78), and (ii) a promoter operably linked to said transgene. In
embodiments, described herein is a virus particle comprising (a) a capsid polypeptide described
herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a heterologous
nucleic acid comprising (i) a transgene encoding a molecule for the treatment of ALS, for
example an inhibitory nucleic acid which targets ATXN2 (e.g., BIIB105), and (ii) a promoter
operably linked to said transgene. In embodiments, described herein is a virus particle
comprising (a) a capsid polypeptide described herein, for example, a capsid polypeptide
comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid comprising (i) a transgene
encoding a molecule for the treatment of ALS, for example an inhibitory nucleic acid which
targets FUS, and (ii) a promoter operably linked to said transgene. In embodiments, the
heterologous nucleic acid molecule of the virus particle further comprises one or more of (a) a
dependoparvovirus ITR, (b) an intron, (c) an enhancer or repressor sequence, (d) a stuffer
sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
multiple system atrophy, for example an anti-alpha synuclein antibody (e.g., prasinezumab), and
(ii) a promoter operably linked to said transgene. In embodiments, described herein is a virus
particle comprising (a) a capsid polypeptide described herein, for example, a capsid polypeptide
comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid comprising (i) a transgene
encoding a molecule for the treatment of multiple system atrophy, for example human glial cell-
derived neurotrophic factor (GDNF) or fragment or variant thereof, and (ii) a promoter operably
linked to said transgene. In embodiments, the heterologous nucleic acid molecule of the virus
particle further comprises one or more of (a) a dependoparvovirus ITR, (b) an intron, (c) an
enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
progressive supranuclear palsy (PSP), for example an anti-Tau antibody (e.g., ssmorinemab), and
(ii) a promoter operably linked to said transgene. In embodiments, described herein is a virus

particle comprising (a) a capsid polypeptide described herein, for example, a capsid polypeptide
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comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid comprising (i) a transgene
encoding a molecule for the treatment of progressive supranuclear palsy (PSP), for example an
anti-alpha-synuclein antibody (e.g., prasinezumab), and (ii) a promoter operably linked to said
transgene. In embodiments, the heterologous nucleic acid molecule of the virus particle further
comprises one or more of (a) a dependoparvovirus ITR, (b) an intron, (c) an enhancer or
repressor sequence, (d) a stuffer sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Freidrich’s ataxia, for example human frataxin (FRXN) or fragment or variant thereof, and (ii) a
promoter operably linked to said transgene. In embodiments, the heterologous nucleic acid
molecule of the virus particle further comprises one or more of (a) a dependoparvovirus ITR, (b)
an intron, (c) an enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA
sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Angelman syndrome, for example an inhibitor of a UBE3A antisense nucleic acid (e.g.,
rugonersen) or a human UBE3A or fragment or variant thereof, and (ii) a promoter operably
linked to said transgene. In embodiments, the heterologous nucleic acid molecule of the virus
particle further comprises one or more of (a) a dependoparvovirus ITR, (b) an intron, (c) an
enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Fragile X syndrome, for example human fragile X mental retardation protein (FMRP) or
fragment or variant thereof, and (ii) a promoter operably linked to said transgene. In
embodiments, described herein is a virus particle comprising (a) a capsid polypeptide described
herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a heterologous
nucleic acid comprising (i) a transgene encoding a molecule for the treatment of Fragile X

syndrome, for example an inhibitor of transcriptional silencing of FMRP, and (ii) a promoter
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operably linked to said transgene. In embodiments, described herein is a virus particle
comprising (a) a capsid polypeptide described herein, for example, a capsid polypeptide
comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid comprising (i) a transgene
encoding a molecule for the treatment of Fragile X syndrome, for example human diacylglycerol
kinase (DGKK) or fragment or variant thereof, and (ii) a promoter operably linked to said
transgene. In embodiments, the heterologous nucleic acid molecule of the virus particle further
comprises one or more of (a) a dependoparvovirus ITR, (b) an intron, (c) an enhancer or
repressor sequence, (d) a stuffer sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Rett syndrome, for example a human MECP2 or fragment or variant thereof, and (ii) a promoter
operably linked to said transgene. In embodiments, the heterologous nucleic acid molecule of the
virus particle further comprises one or more of (a) a dependoparvovirus ITR, (b) an intron, (c) an
enhancer or repressor sequence, (d) a stuffer sequence, and (e) a polyA sequence.

In embodiments, described herein is a virus particle comprising (a) a capsid polypeptide
described herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a
heterologous nucleic acid comprising (i) a transgene encoding a molecule for the treatment of
Dravet syndrome, for example human sodium channel, voltage gated, type 1-alpha (SCN1A or
Navl.1) or fragment or variant thereof, and (ii) a promoter operably linked to said transgene. In
embodiments, described herein is a virus particle comprising (a) a capsid polypeptide described
herein, for example, a capsid polypeptide comprising SEQ ID NO: 2 and (b) a heterologous
nucleic acid comprising (i) a transgene encoding a molecule for the treatment of Dravet
syndrome, for example an inhibitory nucleic acid targeting a mutant SCN1A transcript, and (ii) a
promoter operably linked to said transgene. In embodiments, described herein is a virus particle
comprising (a) a capsid polypeptide described herein, for example, a capsid polypeptide
comprising SEQ ID NO: 2 and (b) a heterologous nucleic acid comprising (i) a transgene
encoding a molecule for the treatment of Dravet syndrome, for example an anti-tau antibody
(e.g., semorinemab), or fragment or variant thereof, and (ii) a promoter operably linked to said

transgene. In embodiments, the heterologous nucleic acid molecule of the virus particle further
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comprises one or more of (a) a dependoparvovirus ITR, (b) an intron, (c) an enhancer or
repressor sequence, (d) a stuffer sequence, and (e) a polyA sequence.

The disclosure is further directed, in part, to a method of delivering a payload to a
subject, e.g., an animal or human subject. In some embodiments, a method of delivering a
payload to a subject comprises administering to the subject a dependoparvovirus particle
comprising a variant polypeptide (e.g., described herein) comprising the payload, e.g., in a
quantity and for a time sufficient to deliver the payload. In some embodiments, the
dependoparvovirus particle is a dependoparvovirus particle described herein and comprises a
payload described herein. In some embodiments, the particle delivers the payload to the CNS.
In some embodiments, the delivery to the CNS is increased as compared to a particle without the
variant capsid polypeptide or as compared to a wild-type capsid polypeptide.

In some embodiments, administration of the virus particle, e.g., a virus particle described
herein, is by systemic, e.g., intravenous, administration. In some embodiments, administration of
the virus particle, e.g., a virus particle described herein, is by intrathecal administration, e.g., by
intracisternal magna administration or by intralumbar administration. In some embodiments,
administration of the virus particle, e.g., a virus particle described herein, is by direct injection
into a CNS region, e.g., intra cerebral ventricular administration. In some embodiments,
administration of the virus particle, e.g., a virus particle described herein, is by intramuscular

administration.

Methods of treatment

The disclosure is directed, in part, to a method of treating a disease or condition in a
subject, e.g., an animal or human subject. As used herein, the term “treating a disease or
condition” refers to treating a manifest disease or condition, for example, where the subject is
already suffering from one or more symptoms of the disease or condition, or refers to treating a
pre-manifest disease or condition, for example, where the subject is identified as having a disease
or condition but is not yet exhibiting one or more symptoms of the disease or condition. Pre-
manifest conditions may be identified by, for example, genetic testing. In some embodiments, a
method of treating a disease or condition in a subject comprises administering to the subject a
dependoparvovirus particle comprising a variant polypeptide described herein, e.g., comprising a

payload described herein. In some embodiments, the dependoparvovirus particle, which
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comprises a variant polypeptide, comprising a payload described herein is administered in an
amount and/or time effective to treat the disease or condition. In some embodiments, the payload
is a therapeutic product. In some embodiments, the payload is a nucleic acid, e.g., encoding an
exogenous polypeptide.

The dependoparvovirus particles comprising a variant polypeptide described herein or
produced by the methods described herein can be used to express one or more therapeutic
proteins to treat various diseases or disorders. In some embodiments, the disease or disorder is a
cancetr, e.g., a cancer such as carcinoma, sarcoma, leukemia, lymphoma; or an autoimmune
disease, e.g., multiple sclerosis. Non-limiting examples of carcinomas include esophageal
carcinoma; bronchogenic carcinoma; colon carcinoma; colorectal carcinoma; gastric carcinoma;
hepatocellular carcinoma; basal cell carcinoma, squamous cell carcinoma (various tissues);
bladder carcinoma, including transitional cell carcinoma; lung carcinoma, including small cell
carcinoma and non-small cell carcinoma of the lung; adrenocortical carcinoma; sweat gland
carcinoma; sebaceous gland carcinoma; thyroid carcinoma; pancreatic carcinoma; breast
carcinoma; ovarian carcinoma; prostate carcinoma; adenocarcinoma; papillary carcinoma;
papillary adenocarcinoma; cystadenocarcinoma; medullary carcinoma; renal cell carcinoma;
uterine carcinoma; testicular carcinoma; osteogenic carcinoma; ductal carcinoma in situ or bile
duct carcinoma; choriocarcinoma; seminoma; embryonal carcinoma; Wilm's tumor; cervical
carcinoma; epithelial carcinoma; and nasopharyngeal carcinoma. Non-limiting examples of
sarcomas include fibrosarcoma, myxosarcoma, liposarcoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, chondrosarcoma, chordoma, osteogenic sarcoma, osteosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's sarcoma, leiomyosarcoma,
rhabdomyosarcoma, and other soft tissue sarcomas. Non-limiting examples of solid tumors
include ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,
glioma, astrocytoma, medulloblastoma, craniopharyngioma, menangioma, melanoma,
neuroblastoma, and retinoblastoma. Non-limiting examples of leukemias include chronic
myeloproliferative syndromes; T-cell CLL prolymphocytic leukemia, acute myelogenous
leukemias; chronic lymphocytic leukemias, including B-cell CLL, hairy cell leukemia; and acute
Iymphoblastic leukemias. Examples of lymphomas include, but are not limited to, B-cell
lymphomas, such as Burkitt's lymphoma; and Hodgkin's lymphoma. In some embodiments, the

disease or disorder is a genetic disorder. In some embodiments, the genetic disorder is sickle cell
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anemia, Glycogen storage diseases (GSD, e.g., GSD types 1, 11, 111, IV, V, VI, VII, VIII, IX, X,
X1, X1II, XIII, and XIV), cystic fibrosis, lysosomal acid lipase (LAL) deficiency 1, Tay-Sachs
disease, Phenylketonuria, Mucopolysaccharidoses, Galactosemia, muscular dystrophy (e.g.,
Duchenne muscular dystrophy), hemophilia such as hemophilia A (classic hemophilia) or
hemophilia B (Christmas Disease), Wilson's disease, Fabry Disease, Gaucher Disease hereditary
angioedema (HAE), and alpha 1 antitrypsin deficiency. Examples of other diseases or disorders
are provided above in the “Methods of delivering a payload™ section.

In aspects, the disease or condition is a disease of the CNS. Exemplary diseases of the
CNS include, Absence of the Septum Pellucidum, Acid Lipase Disease, Acid Maltase
Deficiency, Acquired Epileptiform Aphasia, Acute Disseminated Encephalomyelitis, Attention
Deficit-Hyperactivity Disorder (ADHD), Adie's Pupil, Adie's Syndrome, Adrenoleukodystrophy,
Agenesis of the Corpus Callosum, Agnosia, Aicardi Syndrome, Aicardi-Goutieres Syndrome
Disorder, AIDS - Neurological Complications, Alexander Disease, Alpers' Disease, Alternating
Hemiplegia, Alzheimer's Disease, Amyotrophic Lateral Sclerosis (ALS), Anencephaly,
Aneurysm, Angelman Syndrome, Angiomatosis, Angleman syndrome, Anoxia,
Antiphospholipid Syndrome, Aphasia, Apraxia, Arachnoid Cysts, Arachnoiditis, Arnold-Chiari
Malformation, Arteriovenous Malformation, Asperger Syndrome, Ataxia, Ataxia Telangiectasia,
Ataxias and Cerebellar or Spinocerebellar Degeneration, Atrial Fibrillation and Stroke, Attention
Deficit-Hyperactivity Disorder, Autism Spectrum Disorder, Autonomic Dysfunction, Back Pain,
Barth Syndrome, Batten Disease, Becker's Myotonia, Bechet's Disease, Bell's Palsy, Benign
Essential Blepharospasm, Benign Focal Amyotrophy, Benign Intracranial Hypertension,
Bernhardt-Roth Syndrome, Binswanger's Disease, Blepharospasm, Bloch-Sulzberger Syndrome,
Brachial Plexus Birth Injuries, Brachial Plexus Injuries, Bradbury-Eggleston Syndrome, Brain
and Spinal Tumors (including, but not limited to those that have metastasized to the brain, for
example, metastatic breast cancer), Brain Aneurysm, Brain Injury, Brown-Sequard Syndrome,
Bulbar palsy, Bulbospinal Muscular Atrophy, Cerebral Autosomal Dominant Arteriopathy with
Sub-cortical Infarcts and Leukoencephalopathy (CADASIL), Canavan Disease, Carpal Tunnel
Syndrome, Causalgia, Cavernomas, Cavernous Angioma, Cavernous Malformation, Central
Cervical Cord Syndrome, Central Cord Syndrome, Central Pain Syndrome, Central Pontine
Myelinolysis, Cephalic Disorders, Ceramidase Deficiency, Cerebellar Degeneration, Cerebellar

Hypoplasia, Cerebral Aneurysms, Cerebral Arteriosclerosis, Cerebral Atrophy, Cerebral
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Beriberi, Cerebral Cavernous Malformation, Cerebral Gigantism, Cerebral Hypoxia, Cerebral
Palsy, Cerebro-Oculo-Facio-Skeletal Syndrome (COFES), Charcot-Marie-Tooth Disease, Chiari
Malformation, Cholesterol Ester Storage Disease, Chorea, Choreoacanthocytosis, Chronic
Inflammatory Demyelinating Polyneuropathy (CIDP), Chronic Orthostatic Intolerance, Chronic
Pain, Cockayne Syndrome Type II, Coffin Lowry Syndrome, Colpocephaly, Coma, Complex
Regional Pain Syndrome, Concentric sclerosis (Bald's sclerosis), Congenital Facial Diplegia,
Congenital Myasthenia, Congenital Myopathy, Congenital Vascular Cavernous Malformations,
Corticobasal Degeneration, Cranial Arteritis, Craniosynostosis, Cree encephalitis, Creutzfeldt-
Jakob Disease, Chronic progressive external ophtalmoplegia, Cumulative Trauma Disorders,
Cushing's Syndrome, Cytomegalic Inclusion Body Disease, Cytomegalovirus Infection, Dancing
Eyes-Dancing Feet Syndrome, Dandy-Walker Syndrome, Dawson Disease, De Morsier's
Syndrome, Dejerine-Klumpke Palsy, Dementia, Dementia -Multi-Infarct, Dementia - Semantic,
Dementia -Subcortical, Dementia With Lewy Bodies, Demyelination diseases, Dentate
Cerebellar Ataxia, Dentatorubral Atrophy, Dermatomyositis, Developmental Dyspraxia, Devic's
Syndrome, Diabetic Neuropathy, Diffuse Sclerosis, Distal hereditary motor neuronopathies,
Dravet Syndrome, Dysautonomia, Dysgraphia, Dyslexia, Dysphagia, Dyspraxia, Dyssynergia
Cerebellaris Myoclonica, Dyssynergia Cerebellaris Progressiva, Dystonias, Early Infantile
Epileptic Encephalopathy, Empty Sella Syndrome, Encephalitis, Encephalitis Lethargica,
Encephaloceles, Encephalomyelitis, Encephalopathy, Encephalopathy (familial infantile),
Encephalotrigeminal Angiomatosis, Epilepsy, Epileptic Hemiplegia, Episodic ataxia, Erb's Palsy,
Erb-Duchenne and Dejerine-Klumpke Palsies, Essential Tremor, Extrapontine Myelinolysis,
Faber's disease, Fabry Disease, Fahr's Syndrome, Fainting, Familial Dysautonomia, Familial
Hemangioma, Familial Idiopathic Basal Ganglia Calcification, Familial Periodic Paralyses,
Familial Spastic Paralysis, Farber's Disease, Febrile Seizures, Fibromuscular Dysplasia, Fisher
Syndrome, Floppy Infant Syndrome, Foot Drop, Fragile X disease, Friedreich's Ataxia,
Frontotemporal Dementia, Gaucher Disease, Generalized Gangliosidoses (GM1, GM2),
Gerstmann's Syndrome, Gerstmann-Straussler-Scheinker Disease, Giant Axonal Neuropathy,
Giant Cell Arteritis, Giant Cell Inclusion Disease, Globoid Cell Leukodystrophy,
Glossopharyngeal Neuralgia, Glycogen Storage Disease, Guillain-Barré Syndrome,
Hallervorden-Spatz Disease, Head Injury, Headache, Hemicrania Continua, Hemifacial Spasm,

Hemiplegia Alterans, Hereditary Neuropathies, Hereditary Spastic Paraplegia, Heredopathia
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Atactica Polyneuritiformis, Herpes Zoster, Herpes Zoster Oticus, Hirayama Syndrome, Holmes-
Adie syndrome, Holoprosencephaly, HTLV-1 Associated Myelopathy, Hughes Syndrome,
Huntington's Disease, Hurler syndrome, Hydranencephaly, Hydrocephalus, Hydrocephalus -
Normal Pressure, Hydromyelia, Hypercortisolism, Hypersomnia, Hypertonia, Hypotonia,
Hypoxia, Immune-Mediated Encephalomyelitis, Inclusion Body Myositis, Incontinentia
Pigmenti, Infantile Hypotonia, Infantile Neuroaxonal Dystrophy, Infantile Phytanic Acid Storage
Disease, Infantile Refsum Disease, Infantile Spasms, Inflammatory Myopathies, Iniencephaly,
Intestinal Lipodystrophy, Intracranial Cysts, Intracranial Hypertension, Isaacs' Syndrome,
Joubert Syndrome, Kearns-Sayre Syndrome, Kennedy's Disease, Kinsbourne syndrome, Kleine-
Levin Syndrome, Klippel-Feil Syndrome, Klippel-Trenaunay Syndrome (KTS), Kliiver-Bucy
Syndrome, Korsakoff's Amnesic Syndrome, Krabbe Disease, Kugelberg-Welander Disease,
Kuru, Lambert-Eaton Myasthenic Syndrome, Landau-Kleffner Syndrome, Lateral Femoral
Cutaneous Nerve Entrapment, Lateral Medullary Syndrome, Learning Disabilities, Leigh's
Disease, Lennox-Gastaut Syndrome, Lesch-Nyhan Syndrome, Leukodystrophy, Levine-
Critchley Syndrome, Lewy Body Dementia, Lichtheim's disease, Lipid Storage Diseases, Lipoid
Proteinosis, Lissencephaly, Locked-In Syndrome, Lou Gehrig's Disease, Lupus - Neurological
Sequelae, Lyme Disease - Neurological Complications, Lysosomal storage disorders, Machado-
Joseph Disease, Macrencephaly, Megalencephaly, Melkersson-Rosenthal Syndrome, Meningitis,
Meningitis and Encephalitis, Menkes Disease, Meralgia Paresthetica, Metachromatic
Leukodystrophy, Microcephaly, Migraine, Miller Fisher Syndrome, Mini Stroke, Mitochondrial
Myopathy, Mitochondrial DNA depletion syndromes, Moebius Syndrome, Monomelic
Amyotrophy, Morvan Syndrome, Motor Neuron Diseases, Moyamoya Disease, Mucolipidoses,
Mucopolysaccharidoses, Multi-Infarct Dementia, Multifocal Motor Neuropathy, Multiple
Sclerosis, Multiple System Atrophy, Multiple System Atrophy with Orthostatic Hypotension,
Muscular Dystrophy, 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 (neuropathy, ataxia and retinitis pigmentosa), Neuroacanthocytosis,
Neurodegeneration with Brain Iron Accumulation, Neurodegenerative disease,
Neurofibromatosis, Neuroleptic Malignant Syndrome, Neurological Complications of AIDS,

Neurological Complications of Lyme Disease, Neurological Consequences of Cytomegalovirus
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Infection, Neurological Manifestations of Pompe Disease, Neurological Sequelae Of Lupus,
Neuromyelitis Optica, Neuromyotonia, Neuronal Ceroid Lipofuscinosis, Neuronal Migration
Disorders, Neuropathic pain, Neuropathy- Hereditary, Neuropathy, Neurosarcoidosis,
Neurosyphilis, Neurotoxicity, Nevus Cavernosus, Niemann-Pick Disease, O'Sullivan-McLeod
Syndrome, Occipital Neuralgia, Ohtahara Syndrome, Olivopontocerebellar Atrophy, Opsoclonus
Myoclonus, Orthostatic Hypotension, Overuse Syndrome, Pain -Chronic, Pantothenate Kinase-
Associated Neurodegeneration, Paraneoplastic Syndromes, Paresthesia, Parkinson's Disease,
Paroxysmal Choreoathetosis, Paroxysmal Hemicrania, Parry-Romberg, Pelizaeus-Merzbacher
Disease, Pena Shokeir II Syndrome, Perineural Cysts, Peroneal muscular atrophy, Periodic
Paralyses, Peripheral Neuropathy, Periventricular Leukomalacia, Persistent Vegetative State,
Pervasive Developmental Disorders, Phelan McDermid syndrome, Phytanic Acid Storage
Disease, Pick's Disease, Pinched Nerve, Piriformis Syndrome, Pituitary Tumors, Polymyositis,
Pompe Disease, Porencephaly, Post-Polio Syndrome, Postherpetic Neuralgia, Postinfectious
Encephalomyelitis, Postural Hypotension, Postural Orthostatic Tachycardia Syndrome, Postural
Tachycardia Syndrome, Primary Dentatum Atrophy, Primary Lateral Sclerosis, Primary
Progressive Aphasia, Prion Diseases, Progressive bulbar palsy, Progressive Hemifacial Atrophy,
Progressive Locomotor Ataxia, Progressive Multifocal Leukoencephalopathy, Progressive
Muscular Atrophy, Progressive Sclerosing Poliodystrophy, Progressive Supranuclear Palsy,
Prosopagnosia, Pseudobulbar palsy, Pseudo-Torch syndrome, Pseudotoxoplasmosis syndrome,
Pseudotumor Cerebri, Psychogenic Movement, Ramsay Hunt Syndrome I, Ramsay Hunt
Syndrome II, Rasmussen's Encephalitis, Reflex Sympathetic Dystrophy Syndrome, Refsum
Disease, Refsum Disease - Infantile, Repetitive Motion Disorders, Repetitive Stress Injuries,
Restless Legs Syndrome, Retrovirus-Associated Myelopathy, Rett Syndrome, Reye's Syndrome,
Rheumatic Encephalitis, Riley-Day Syndrome, Sacral Nerve Root Cysts, Saint Vitus Dance,
Salivary Gland Disease, Sandhoff Disease, Schilder's Disease, Schizencephaly, Seitelberger
Disease, Seizure Disorder, Semantic Dementia, Septo-Optic Dysplasia, Severe Myoclonic
Epilepsy of Infancy (SMEI), Shaken Baby Syndrome, Shingles, Shy-Drager Syndrome,
Sjogren's Syndrome, Sleep Apnea, Sleeping Sickness, Sotos Syndrome, Spasticity, Spina Bifida,
Spinal Cord Infarction, Spinal Cord Injury, Spinal Cord Tumors, Spinal Muscular Atrophy,
Spinocerebellar Ataxia, Spinocerebellar Atrophy, Spinocerebellar Degeneration, Sporadic ataxia,

Steele-Richardson-Olszewski Syndrome, Stiff-Person Syndrome, Striatonigral Degeneration,
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Stroke, Sturge-Weber Syndrome, Subacute Sclerosing Panencephalitis, Subcortical
Arteriosclerotic Encephalopathy, Short-lasting, Unilateral, Neuralgiform (SUNCT) Headache,
Swallowing Disorders, Sydenham Chorea, Syncope, Syphilitic Spinal Sclerosis,
Syringohydromyelia, Syringomyelia, Systemic Lupus Erythematosus, Tabes Dorsalis, Tardive
Dyskinesia, Tarlov Cysts, Tay-Sachs Disease, Temporal Arteritis, Tethered Spinal Cord
Syndrome, Thomsen's Myotonia, Thoracic Outlet Syndrome, Thyrotoxic Myopathy, Tic
Douloureux, Todd's Paralysis, Tourette Syndrome, Transient Ischemic Attack, Transmissible
Spongiform Encephalopathies, Transverse Myelitis, Traumatic Brain Injury, Tremor, Trigeminal
Neuralgia, Tropical Spastic Paraparesis, Troyer Syndrome, Tuberous Sclerosis, Vascular Erectile
Tumor, Vasculitis Syndromes of the Central and Peripheral Nervous Systems, Vitamin B12
deficiency, Von Economo's Disease, Von Hippel-Lindau Disease (VHL), Von Recklinghausen's
Disease, Wallenberg's Syndrome, Werdnig-Hoffman Disease, Wernicke-Korsakoff Syndrome,
West Syndrome, Whiplash, Whipple's Disease, Williams Syndrome, Wilson Disease, Wolman's
Disease, or X-Linked Spinal or Bulbar Muscular Atrophy. Examples of other diseases or
disorders are provided above in the “Methods of delivering a payload™ section.

In some embodiments, administration of a dependoparvovirus particle comprising a
variant polypeptide and comprising a payload (e.g., a transgene) to a subject induces expression
of the payload (e.g., transgene) in a subject. In some embodiments, the expression is induced in
the CNS. In some embodiments, the production is similar in the CNS as compared to a similar
particle with the wild-type capsid protein. In some embodiments, the production is increased in
the CNS as compared to a similar particle with the wild-type capsid protein. The amount of a
payload, e.g., transgene, e.g., heterologous protein, e.g., therapeutic polypeptide, expressed in a
subject (e.g., the serum of the subject) can vary. For example, in some embodiments the payload,
e.g., protein or RNA product of a transgene, can be expressed in the serum of the subject in the
amount of at least about 9 pg/ml, at least about 10 pg/ml, at least about 50 pg/ml, at least about
100 pg/ml, at least about 200 pg/ml, at least about 300 ug/ml, at least about 400 ug/ml, at least
about 500 pg/ml, at least about 600 pg/ml, at least about 700 pg/ml, at least about 800 pug/ml, at
least about 900 pg/ml, or at least about 1000 pg/ml. In some embodiments, the payload, e.g.,
protein or RNA product of a transgene, is expressed in the serum of the subject in the amount of
about 9 pg/ml, about 10 ug/ml, about 50 pg/ml, about 100 pg/ml, about 200 pg/ml, about 300
pg/ml, about 400 pg/ml, about 500 pg/ml, about 600 pg/ml, about 700 pg/ml, about 800 pg/ml,
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about 900 pg/ml, about 1000 pg/ml, about 1500 pug/ml, about 2000 png/ml, about 2500 pg/ml, or a
range between any two of these values.

In some embodiments, administration of the virus particle, e.g., a virus particle described
herein, is by systemic, e.g., intravenous, administration. In some embodiments, administration of
the virus particle, e.g., a virus particle described herein, is by intrathecal administration, e.g., by
intracisternal magna administration or by intralumbar administration. In some embodiments,
administration of the virus particle, e.g., a virus particle described herein, is by direct injection
into a CNS region, e.g., intra cerebral ventricular administration. In embodiments, administration
of the virus particle, e.g., a virus particle described herein, is by intramuscular administration.

Sequences disclosed herein may be described in terms of percent identity. A person of
skill will understand that such characteristics involve alignment of two or more sequences.
Alignments may be performed using any of a variety of publicly or commercially available
Multiple Sequence Alignment Programs, such as “Clustal W, accessible via the Internet. As
another example, nucleic acid sequences may be compared using FASTA, a program in GCG
Version 6.1. FASTA provides alignments and percent sequence identity of the regions of the best
overlap between the query and search sequences. For instance, percent identity between nucleic
acid sequences may be determined using FASTA with its default parameters as provided in GCG
Version 6.1, herein incorporated by reference. Similar programs are available for amino acid
sequences, e.g., the “Clustal X" program. Additional sequence alignment tools that may be used
are provided by (protein sequence alignment; (http://www.ebi.ac.uk/Tools/psa/emboss_needle/))
and (nucleic acid alignment; http://www.ebi.ac.uk/Tools/psa/emboss_needle/nucleotide.html)).
Generally, any of these programs may be used at default settings, although one of skill in the art
can alter these settings as needed. Alternatively, one of skill in the art can utilize another
algorithm or computer program which provides at least the level of identity or alignment as that
provided by the referenced algorithms and programs. Sequences disclosed herein may further be
described in terms of edit distance. As used herein, the term “Edit Distance” shall mean with
respect to any two amino acid sequences being compared, the minimum number of single amino
acid substitutions, insertions or deletions that are sufficient to change one amino acid sequence
into another amino acid sequence. The minimum number of sequence edits (i.e., additions,

substitutions, or deletions of a single amino acid residue or a nucleotide residue) which change
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one sequence into another sequence is the edit distance between the two sequences. In some
embodiments, the distance between two sequences is calculated as the Levenshtein distance.

All publications, patent applications, patents, and other publications and references (e.g.,
sequence database reference numbers) cited herein are incorporated by reference in their entirety.
For example, all GenBank, Unigene, and Entrez sequences referred to herein, e.g., in any Table
herein, are incorporated by reference. Unless otherwise specified, the sequence accession
numbers specified herein, including in any Table herein, refer to the database entries current as
of August 21, 2020. When one gene or protein references a plurality of sequence accession
numbers, all of the sequence variants are encompassed.

The invention is further illustrated by the following examples. The examples are provided
for illustrative purposes only and are not to be construed as limiting the scope or content of the

invention in any way.

EXAMPLES

Example 1
High throughput AAV9 library evaluation in the CNS

Library Creation

Using machine learning algorithms trained on data from hondreds of thousands of capsid
variants across multiple serotypes, including AAYV particle production efficiency, and
transduction and biodistribution across multiple tissues, a library of 1E5 capsid variants of wild-
type AAVY was designed with the goals of producing a capsid that would package into AAV
particles, transduce central nervous system tissues after intravenous injection with high
efficiency, and detarget the liver and other tissue types. The designed capsid polypeptides were
cloned into plasmids to create a library of plasmids encoding the capsid variants. A library of
AAV variant genomes encoding each variant’s capsid and a unigque capsid variant barcode
identifier was cloned into two ¥TR plasmid backbones as described previously (Ogden et al.
Science, Nov. 19 2019, 366,(64691:1139-1143; doi: 10.1126/science.aaw2900, hereby
incorporated by reference in ifs entirety}, one with expression of the capsid gene under the
control of a human EF1-alpha promoter (hEF1-alpha) and the other with expression of the capsid
gene under the control of a CBh promoter. Both hEF1-alpha and CBh are ubiguitous promoters

that express in CNS and other tissues. Each plasmid backbone contained a unique genomic
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identifier (“backbone tag”) cnabling analysis of biodistribution and transdnction cfficiencies via
zach of the two promoters. Each capsid polypeptide variant was incladed in combination with
between 1-500 unique genomic dentifiers (“barcodes”) to enable measurement of biological
replicates for each virus comprising a unique capsid polypeptide. A library of AAV capsid
variants, cach comprising a genome encoding that variant’s capsid polypeptides, was produced
via transient triple transfection of adherent HEK293T. Transfections were completed at a 1:1:1
ratio of Helper, Rep, and Cap-inside-ITR plasmid. which has been optimized with these plasmids
to limit cross packaging. Cells were harvested, lysed. and purified by a sequence of steps: (1)
diafiltration, (2) tangential flow filtration (TFF), (3) iodixanol gradient purification, and (4)
buffer exchange. The produced virus was tested for suitable sterility and endotoxin, and titer
performed by ddPCR.
In Vitro Evaluation of Library

Data was prepared as described below. To measore each variant’s packaging efficiency
{or “production”}, barcodes from vector genomes in the plasmid library and produced AAV
fibrary were prepared for Hllurnina sequencing using two rounds of PCR. Production efficiency
for each of the produced AAV particle variants was normalized for its abundance in the input
plasmid library, and was expressed by comparing barcode sequencing levels for each variant in
the produced AAV particle vector pool to the barcode sequence levels for each variant in the
input plasmid Hbrary used to create the AAV vector pool. The measurements of variant
frequency in the AAV vector library also enable downstream normahization of biodistribution
and transduction measurements by variant frequency in the input vector library.
In Vivo Evaluation of Library in Non-Human Primate

All NHP experiments were conducted in accordance with institutional policies and NIH
guidelines. Two female African Green Monkeys (Chlorocebus sabaeus) weighing 3.04 and 3.33
kg and seronegative for anti-AAVY neutralizing antibodies (serum NAD titers <1:4 based on in
vitro NAb assay) were selected for the study. Prior to test article administrations, samples of
blood were collected. The animals were anesthetized with ketamine and zylazine and received an
intravenous injection of a mixture of the vector libraries having the different promoters (doses:
8.5e13 vg/kg and 9.5¢13 vg/kg). During the in-life period the animals were monitored for signs

of inflammation and were treated with weekly IM injections of steroids (methylprednisolone, 8
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recommendations from the veterinarian. Serum samples were collected at 1 h, 4 h and 24 h, and
weekly after the injections. The animals were sacrificed 4 weeks after the injections and tissues
were collected for biodistribution and transduction analyses. The tissues collected are shown in
Table 2. All samples were collected into RNAlater® (Sigma-Aldrich) and incubated overnight at
4°C, after which the RNAlater® was drained and samples were frozen at -80°C or maintained at
4°C in RNAlater® (small subset of samples). In addition, samples of serum and cerebrospinal
fluid were collected at necropsy and stored at -80°C.

Table 2. List of tissues collected.

Tissue

Adrenal gland

Artery (carotid)

Aorta

brain (full brain except cerebellum) coronal axis slices

cerebellum sagittal axis slices

dorsal root ganglion (cervical)

dorsal root ganglion (thoracic)

dorsal root ganglion (lumbar)

gonad (ovaries)

heart, basal

heart, apex

kidney

liver

Lung

lymph nodes, cervical

Neural Retinal

Sciatic nerve

skeletal muscle, gastrocnemius

skeletal muscle, quadriceps

spinal cord (cervical)

spinal cord (thoracic)
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spinal cord (lumbar)

spleen

Brain slices were dissected to isolate regions including, but not limited to, frontal cortex,
temporal cortex, motor cortex, hippocampus, basal ganglia, midbrain, brainstem, and cerebellum.
For all biodistribution and transduction analyses, total DNA and RNA was extracted from tissue
samples with Trizol/chloroform and isopropanol precipitation. Reverse transcription was done
with Protoscript II Reverse Transcriptase (NEB) utilizing primers that were specific to the vector
transgene and included unique molecular identifiers (UMIs). Control reactions lacking the
reverse transcriptase enzyme (-RT control) were also prepared. Quantification of biodistribution
(based on viral DNA quantification) and transduction (based on viral transcript RNA
quantification) was done with Luna Universal Probe gPCR Master Mix (NEB) using primers and
probes specific to the transgene construct. Finally, samples were prepared for next-generation
sequencing by amplifying the transgene barcode regions with primers compatible with Illumina
NGS platform and sequenced with NextSeq 550 (Illumina).

After sequencing, the barcode tags were extracted from reads with the expected amplicon
structure, and the abundance (number of reads or number of UMIs) of each barcode was
recorded. Analyses were restricted to the set of barcodes that were present in the input plasmid
sample, as measured by a separate sequencing assay that targeted the variant regions of the input
plasmid sample.

To aggregate packaging replicates, the read counts from replicate virus production
samples were summed. To aggregate biodistribution samples, read counts from samples from the
same tissue were summed. To aggregate transduction samples, the number of transduction events
(measured by unique id tags detected) from samples from the same tissue were summed.

Virus packaging and transduction of tissue were calculated using a Bayesian model with
aggregated production and/or transduction samples as the input. Briefly, probabilistic
programming and stochastic variational inference were used to model the measurement process
and sources of decoupling (e.g., cross-packaging, template switching, and errors in DNA
synthesis) between the actual test virus particles and their designed sequences, and to calculate
virus production and transduction (in various tissue samples), and error rates. Biodistribution of

tissue was calculated by normalizing aggregated biodistribution samples with input virus
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abundance. The output was the log2-transformed mean of the calculated distribution or
normalized rate relative to the wild-type (WT) AAVO. Thus, positive values indicate higher
performance than WT for the measured property, and negative values indicate lower-than-WT
performance. Unless otherwise noted, all results are reported from aggregated values from the
library comprising the CBh promoter.
Results

One variant capsid (VAR-1) was identified that showed a more than 75-fold increase in
transduction and biodistribution across multiple brain regions relative to wild-type AAV9. This
variant additionally packaged/produced AAYV virus particles efficiently from the HEK293T cell
production system. Property measurements for VAR-1, averaged across all tissue pieces for the
indicated tissue type and across both NHPs, are reported in Table 3. Assessment of off-target
tissues showed that VAR-1 exhibits reduced biodistribution to liver (approximately 2-fold lower
than wild-type AAV9), reduced transduction of liver tissue (approximately 6-fold lower than
AAV9), and reduced biodistribution to spleen, muscle and heart (approximately 4-fold lower, 2-
fold lower and 2-fold lower, respectively, relative to wild-type AAV9), indicating that this AAV
variant capsid is specific for the brain regions of interest after intravenous administration. In
addition, relative transduction of dorsal root ganglia to overall brain transduction for VAR-1 was
substantially lower than for AAV9 (0.023 for VAR-1 vs. 1.0 for wtAAV?9), indicating a
substantial (over 40-fold) specificity for brain regions of interest relative to the DRG. In addition,
measurements of biodistribution and transduction for VAR-1 were well-correlated across the two
primates. Taken together, these findings indicate that capsid polypeptides such as VAR-1 and as
described herein are suitable for gene therapies where targeting the brain is important, for
example, as described herein. Without being bound by theory, such gene therapies are preferred
over existing alternatives, such as those using wild-type AAV9Y, due to their enhanced specificity

for the brain regions of interest and substantial increase in transduction efficiency.

Table 3. Mean production, biodistribution and transduction of VAR-1. All values reported as
log2 relative to wtAAV9. All values are calculated from aggregating across all tissue samples

collected from both NHP animals in the study.

Property Log2 relative to wtAAVY (fold-change)
Production - HEK293T cells -0.6675 (0.63)
Brain transduction 6.2845 (77.95)
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Brain biodistribution

5.5945 (48.31)

Cerebellum transduction

6.5867 (96.11)

Cerebellum biodistribution

5.9750 (62.90)

Cortex transduction

6.4616 (88.13)

Cortex biodistribution

5.8256 (56.71)

Midbrain/Brainstem transduction

5.9003 (59.72)

Midbrain/Brainstem biodistribution

5.3450 (40.65)

Spinal cord transduction

6.0535 (66.42)

Spinal cord biodistribution

4.0654 (16.74)

Subcortex transduction

6.5805 (95.70)

Subcortex biodistribution

5.4570 (43.93)

Liver transduction

-2.6841 (0.16)

Liver biodistribution

-1.0338 (0.49)

Heart transduction

-0.9601 (0.51)

Heart biodistribution

-0.8876 (0.54)

Muscle transduction

0.1441 (1.10)

Muscle biodistribution

-0.8026 (0.57)

DRG biodistribution

0.8356 (1.78)

Spleen biodistribution

-2.0366 (0.24)

Example 2

Low Throughput In vive Evaluation of VAR-1 in NHP

In order to confirm the performance of virus particles comprising the capsid polypeptide

of VAR-1 and further investigate its properties, virus particle comprising the VAR-1 capsid

polypeptide and carrying a transgene encoding a fluorescent protein was synthesized and tested

in in vivo and in vitro studies alongside virus particle comprising a wild-type AAV9 capsid

polypeptide and different fluorescent protein, as described below.

Virus design and production

Virus particles comprising the VAR-1 and wild-type AAV9 capsids were produced

individually via transient triple transfection of adherent HEK293T cells (pRepCap(VAR-1),
pHELP (pALD X-80, Aldevron), pITR.Cbh.GFP; and pRepCap(wtAAV9), pHELP (pALD X-
80, Aldevron), pITR.CBh.mCherry) (See FIG. 2) followed by purification as described in

Example 1. Each variant capsid was produced with a self-complementary (scAAV) genome

containing 5 distinct regions: One, the ubiquitous CBh promoter (CMV enhancer, Cba promoter,

CBA/MVM hybrid intron); two, a fluorescent reporter unique to each virus with a nuclear

localization signal (NLS) tag (GFP in the case of VAR-1 virus particles and mCherry in the case
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of wild-type AAVO virus particles); three, a unique barcode. Each genome was produced with 8
unique barcodes per florescent reporter, which were included to provide technical replicates for
each capsid within the single study. Four, the SV40 PolyA termination signal; and five, left and
right ITRs capable of enabling self-complementary genome packaging in the virus particles (See
FIG. 2A-2D). After individual purification of each virus, concentrations and amounts were
quantified using ddPCR and a final test article was formulated at 50% VAR-1: 50% AAV9.
In vivo study design

All NHP experiments were conducted in accordance with institutional policies and NIH
guidelines. Two female Cynomolgus macaque NHPs weighing 3 kg and seronegative for anti-
AAV9 neutralizing antibodies (serum NADb titers <1:4 based on in vitro NAb assay) were
selected for the study. Animals were treated with Kenalog (10 mg/mL, 0.8 mg/kg) on Day -8 and
2x weekly for the duration of the study. Prior to test article administration, samples of blood
were collected. The animals received an intravenous injection of final test article virus containing
VAR-1 and AAV9 (total combined doses: 9e12 vg/kg (low dose) and 1.9e13 vg/kg (high dose)).
During the in-life period the animals were monitored according to the animal facility’s SOPs.
Serum samples were collected at 1 day, 2 days, 4 days, and weekly post injection. The animals
were sacrificed 4 weeks after the injections, perfused with cold saline, and tissues were collected
for biodistribution, transduction, and histology analyses. The tissues and collection methods are
shown in Table 4. For brain, the left hemisphere was dissected, and flash froze in 4 mm slices
(stored at -80°C) and the right hemisphere was sliced at 4 mm and fixed in 10% naturally
buffered formalin at room temperature for 48 hours before being moved to cold PBS. Other
samples were collected and either flash frozen, formalin fixed, or collected into RNA/later®
(Sigma-Aldrich), as indicated in Table 4. Samples collected in RNAlater® were incubated
overnight at 4°C, after which the RNAlater® was drained and samples were frozen at -80°C. In
addition, serum samples were collected at necropsy and stored at -80°C.

Table 4: List of tissues collected

Tissue

Collection Method

Left brain coronal axis slices

Flash Frozen

Right brain coronal axis slices

Formalin Fixed

Brainstem

Flash Frozen, Formalin Fixed

dorsal root ganglion (cervical)

Flash Frozen, Formalin Fixed

dorsal root ganglion (thoracic)

Flash Frozen, Formalin Fixed
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dorsal root ganglion (lumbar)

Flash Frozen, Formalin Fixed

dorsal root ganglion (sacral)

Flash Frozen, Formalin Fixed

gonad (ovaries) RNAlater
heart, basal RNAlater
heart, apex RNAlater
kidney RNAlater, Formalin Fixed
liver RNAIlater, Formalin Fixed, Flash Frozen

lymph nodes, cervical RNAlater

Neural Retinal Flash Frozen, Formalin Fixed
skeletal muscle, gastrocnemius RNAlater
skeletal muscle, quadriceps RNAlater

spinal cord (cervical)

Flash Frozen, Formalin Fixed

spinal cord (thoracic)

Flash Frozen, Formalin Fixed

spinal cord (lumbar)

Flash Frozen, Formalin Fixed

spinal cord (sacral)

Flash Frozen, Formalin Fixed

spleen

RNAlater

carotid artery

RNAlater

Tissue biodistribution and transduction analysis

Left Hemisphere Flash Frozen brain slices were dissected to isolate regions including, but

not limited to, frontal cortex, temporal cortex, motor cortex, hippocampus, basal ganglia,

midbrain, brainstem, and cerebellum. Liver, Spleen, and DRG samples were also analyzed. For

biodistribution and transduction analyses, total DNA and RNA was extracted from tissue

samples with Trizol/chloroform and isopropanol precipitation. Reverse transcription was done

with Protoscript II Reverse Transcriptase (NEB) with primers that were specific to the vector

transgene and transcripts included the unique molecular identifiers (UMIs). Control reactions

lacking the reverse transcriptase enzyme (-RT control) were also prepared. Quantification of

biodistribution and transduction was done with Luna Universal Probe qPCR Master Mix (NEB)

using primers and probes specific to the transgene construct. Finally, samples were prepared for

next-generation sequencing by amplifying the transgene barcode regions with primers

compatible with Illumina NGS platform and sequenced with NextSeq 550 (Illumina).

After sequencing, the barcode tags were extracted from reads with the expected amplicon

structure, and the abundance (number of reads or number of UMIs) of each barcode was

recorded. Analyses were restricted to the set of barcodes that were present in the input plasmid
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sample, as measured by a separate sequencing assay that targeted the variant regions of the input
plasmid sample.

To aggregate packaging replicates, the read counts from replicate virus production
samples were summed. To aggregate biodistribution samples, read counts from samples from the
same tissue were summed. To aggregate transduction samples, the UMI counts from samples
from the same tissue were summed.

NHP tissue Immunofluorescence

Formalin fixed right hemisphere brain slices, as well as DRG and spinal cord, were paraffin
embedded, sliced at 5 uM, and stained for NeuN (neuronal marker), mCherry, and GFP. The
NeuN/GFP/mCherry staining was performed on the Leica BOND RX Autostainer. The primary
antibodies used include GFP (PA5-34974, Thermo-Fisher), mCherry (Ab6556, Abcam), and
NeuN (Ab177487, Abcam). Immunofluorescence-stained tissue 1 x 3 glass slides were scanned
using an Akoya Vectra Polaris Fluorescent scanner to produce whole-slide digital images. The
number of total cells staining for GFP (VAR-1) and mCherry (AAV9), as well as the number of
VAR-1 and AAV9 positive cells co-staining with NeuN (to ascertain transduction and expression
in neurons), were manually counted in the high dose animal using QuPath software. Regions of
interest (ROI) analyzed included the hippocampus, frontal cortex, caudate, cerebellum, and spinal
cord. All areas were analyzed in duplicate (2 slides each), except spinal cord which was analyzed
in triplicate. All ROIs were counted in their entirely on the slide except the cerebellum where 2

cortical folds were analyzed per slice.

Results
Bulk Tissue Analysis by NGS sequencing of viral RNA (transduction) and viral DNA
(biodistribution)

VAR-1 shows increased transduction across multiple brain regions compared to WT
AAV9 in this two-capsid, direct comparison study. The number of samples analyzed by NGS in
each animal and brain region is listed in Tables 5 and 6 and the property measurements for VAR-
1, averaged across all tissue pieces for the indicated tissue type for each NHP, are reported in
Table 7 and in Figure 3A (transduction relative to wild-type AAV9) and Figure 3B
(biodistribution relative to wild-type AAV9). In Figure 3A and Table 7, “brain transduction”
represents an aggregated measurement of relative transduction averaged across all collected

brain samples. The high dose resulted in a 56.73 fold increase in brain transduction overall with a
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range of 34 to 76 fold increase in different regions (Table 7 and Fig. 3A). The low dose resulted
in a relative increase to WT AAV9 of 161-fold for total brain transduction, ranging from 82 to
213 fold increase in different brain regions (Table 7 and Fig. 3A). Assessment of off-target
tissues showed that VAR-1 exhibits reduced liver biodistribution at 0.26 and 0.23 fold AAV9 in
high and low doses respectively, and liver transduction was 0.11 fold WT AAV9 for both doses
(Table 7 and Fig 3A and 3B). Biodistribution of VAR-1 in the DRG was largely unchanged from
WT AAV9 with a 1.1 and 1.6 fold increase to AAV9 observed in high and low doses,
respectively (Table 7 and Fig 3B). Spleen biodistribution was unchanged at the low dose but
decreased to 0.63 fold AAVO at the high dose (FIG. 3B). These results confirm the improved
properties of VAR-1 exhibited in the high-throughput library experiment reported in Example 1.
These results suggest that, without being bound by theory, gene therapies that include the capsid
variant described herein is useful for the treatment of CNS disorders, for example as described
herein, for example, neurodegenerative disorders such as, but not limited to, Parkinson’s
Disease, Huntington’s disease, Alzheimer’s disease, Fragile X, Rett Syndrome, Angelman

Syndrome, ataxias and frontotemporal dementia.

Table 5: RNA transduction tissue sample number

Tissue High Dose | Low Dose
Frontal Cortex 1 5
Motor Cortex 5 2
Basal Ganglia 8 9
Hippocampus 3 4
Temporal Cortex 7 7
Substantia Nigra 1 1
Cerebellum 5 6
Midbrain 3 2
Brainstem 6 5
Spinal Cord 5 5
Liver 2 2

Table 6: vDNA biodistribution sample number

Tissue High Dose | Low Dose
Liver 4 4
DRG 4 4

Spleen 4 4
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Table 7: Biodistribution and transduction of VAR-1. All values reported fold change relative to
WT AAVO. All values are an aggregate across all tissue samples collected from each NHP
animal in the study. “Brain transduction” is an aggregate across all brain samples analyzed from

each NHP animal in the study.

Fold Change from WT AAV9

Property High Dose Low Dose
Brain transduction 56.7314 160.8062
Frontal Cortex transduction 70.7492 213.4124
Motor Cortex Transduction 76.7434 196.2372
Basal Ganglia transduction 61.8081 120.7397
Hippocampus transduction 54.2627 139.2863
Temporal Cortex transduction 57.2538 228.6310
Substantia Nigra transduction 36.3738 220.6999
Cerebellum transduction 57.3525 170.9359
Midbrain transduction 58.4986 82.2261
Brainstem transduction 33.5664 95.7057
Spinal cord transduction 43.7355 97.4933
Liver transduction 0.111524 0.112531
Liver biodistribution 0.255386 0.234775
DRG biodistribution 1.102479 1.621922
Spleen biodistribution 0.625651 1.046902

Histology: Immunofluorescence

Histological analysis of cell numbers expressing GFP from the VAR-1 virus particles and
mCherry from the wild-type AAV9 virus particles demonstrates that VAR-1 virus particles have
increased transgene expression relative to wild-type AAV9 virus particles throughout the brain
areas analyzed from the high dose animal. The fold increase in number of cells stained for VAR-
1 compared to WT AAV9 virus particles transgene expression varies by region, with highest
increases in the hippocampus and cerebellar cortex (Table 8, Figure 4A and 4B). A consistent
increase in the number of neurons stained was also observed for VAR-1 compared to AAV9,
although also varying by area. Large increases in neuronal staining are observed in the frontal
cortex and caudate (Table 8, Figure 4B). The hippocampal CA3 also shows distinct staining by
transduction from VAR-1 in the pyramidal neuron layer, with 16.6% of neurons in this region
expressing GFP whereas no neurons express mCherry (Table 8, Figure 4A). Additionally, 5% of
the total counted CA3 neurons expressed the VAR-1 virus particle transgene (GFP). The
Purkinje cell layer of the cerebellar cortex also had very high levels of VAR-1 GFP staining
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compared to AAV9 mCherry. However, despite having visual appearance of large neurons,
Purkinje neurons do not stain with the NeuN antibody used, so neuronal staining cannot be
determined (Figure 4A). The high transduction and cell staining patterns exhibited in the
cerebellum suggest that, without being bound by theory, gene therapies that include the capsid
variant described herein are particularly useful for the treatment of Spinocerebellar ataxias. The
full brain histology staining results suggest that, without being bound by theory, gene therapies
that include the capsid variant described herein are useful for the treatment of CNS disorders,
e.g., as described herein, e.g., neurodegenerative disorders such as Parkinson’s Disease,

Huntington’s disease, and Alzheimer’s disease.

Table 8: Cell counts for VAR-1 virus particle transgene expression (GFP) normalized to wild-
type AAV9 virus particle transgene expression (mCherry) for total cells and neurons. All values
are the reported fold change relative to AAV9 and are the average of counts in 2 slices for all
regions except the cerebellar cortex (average of 4 cortical folds (2/slice) and spinal cord (3
slices). Not determinable: fold change not able to be determined due to 0 neurons detected with

AAV9 mCherry. N/A*: Purkinje neurons in the Purkinje layer do not stain with NeuN.

Brain Region Total Cells Fold change from Neuron Fold change from
AAVY9 in VAR-1 positive cells | AAVY in VAR-1 positive cells

Hippocampus Total 25.0 43

Hippocampus CA3 24.7 Not determinable: no AAVY staining

Frontal Cortex 15.9 252

Cerebellum Purkinje 36.4 N/A*

Layer

Cerebellum Granule 253 11

Layer

Caudate 4.6 372

Spinal Cord 9.4 Not determinable: no AAV9 staining

Example 3:
In Vitro evaluation of VAR-1 and AAV9

In vitro transduction was used to evaluate the ability of WT AAV9 and VAR-1 virus

particles to infect and transduce human neurons. Sh-sy5y and primary neuron cultures were used
for this analysis and analyzed for the expression of GFP from the VAR-1 virus particles and
mCherry from the WT AAV09 virus particles produced in Example 2.

Sh-sySy In Vitro Transduction Assay
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The assays were performed in 12 well plates with poly-1-lysine coated coverslips. Sh-
sySy (human glioblastoma cell line, Sigma, 94030304-1VL) cells were plated at a density of
300,000 cells per well. 24 hours post plating the virus particles were added to the cells at MOIs
of 100,000, 50,000, and 10,000 vg/cell in media lacking FBS and incubated on ice for 1 hour.
After one hour, complete media was added to the cells. Four days post transduction the cells
were fixed with 4% paraformaldehyde and stained by immunofluorescence for MAP2 (1:1000
Abcam ab5392) and NeuN (1:500, Sigma Aldrich ABN78), utilizing Alexa 595 and 405
conjugated (1:1000) secondary antibodies. GFP was visualized using the native fluorescence
from the capsid transgene.

Primary Human Neurons In vitro Transduction Assay

The assays were performed in 12 well plates with poly-l-lysine coated coverslips.
Primary Human Neurons (Sciencell #1530) were plated at 8.3e4 cells per well. The cells were
grown for 7 days in a 37°C incubator with media changes every two days. At 7 days in vitro the
virus particles were added to the cells at MOlIs of 10,000, 25,000, or 50,000 vg/cell and
incubated at 37°C for 1 hour. After one hour incubation complete media was added, including all
the required supplements. Seven days post-transduction the cells were fixed with 4%
paraformaldehyde and stained/visualized using MAP2 (1:1000 Abcam ab5392), native GFP or
mCherry fluorescence, and DAPI (Vectashield NC1601055).

Image Acquisition

Images were acquired on an EVOS M5000 with a 20x objective. The images were
quantified using ImageJ plugin cell count. The counts were averaged across 5-7 fields of view
from two different coverslips.

Results

The in vitro transduction results are summarized in Table 9. VAR-1 virus particles
transduce Primary Human Neurons at a rate of 8.65% (SOK MOI) and Sh-sy5y glioblastoma
neurons at 37.65% (100K MOI). VAR-1 also transduces human neurons at a greater abundance
than WT AAVO in both cell types with a 3.7 fold increased compared to WT in Sh-sySy (100K
MOI) and 1.6 fold increase in primary human neurons (50K MOI). Representative images
(brightfield, transgene expression, and cell markers) from sh-sySy and primary human neurons
treated with VAR-1 and WT AAV?9 virus particles are shown in Figure 5. These results

demonstrate that VAR-1 has the ability to transduce human neurons in vitro, supporting a
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translational and clinical application of this capsid in gene therapies targeting CNS disorders, for

example as described herein.

Table 9: Cell transduction of Varl and WT AAV9 quantification in Sh-sySy and Primary

Human Neurons

Cell Type Test Article MOI Cells % Cells Standard
Transduced | Counted Transduced | Error
10K MOI 403 1.74 1.1
WT AAV9 25K MOI 284 3.26 0.95
Primary Human Neurons 50K MOI 1033 5.5 2.26
10K MOI 551 1.42 0.61
VAR-1 25K MOI 590 3.8 1.7
50K MOI 577 8.65 2.9
10K MOI 1201 1.74 2.5
WT AAV9 50K MOI 1955 11.19 5.1
Sh-sySy 100K MOI | 940 10.14 3.7
10K MOI 2552 6.63 0.65
VAR-1 50K MOI 1581 28.64 2.216
100K MOI | 2868 37.69 1.66

Example 4:
High-through evaluation of VAR-1 additional capsid variants

Library Creation

A library of 1ES capsid variants of wild-type AAVY was designed with the goals of
producing a capsid that would package into AAV particles, transduce central nervous system
tissues after intravenous injection with high efficiency, and de-target the liver and other tissue
types. This library was designed and synthesized according to Example 1, with the following
variations. First, a subset of these variants included in this library is 126 capsid polypeptide
variants that are identical to the sequence of wild-type AAV9, but contain various
subcombinations of the amino acid mutations in the mutation set of VAR-1. The capsid
polypeptide VP1 sequences are provided as SEQ ID NOS: 14 to 139 (corresponding

representative nucleic acid sequences are provided in SEQ ID NOS: 140-256) as shown in Table
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1) (“subcombination variant set”). The mutation set associated with each of these variants is
provided below in Table 1. Without being bound by theory, these variants were designed to
specifically characterize the minimally active set of mutations responsible for the enhanced
activity of VAR-1. In addition, the library contained a selection of variants which, relative to
wild-type AAVY, included between 1 and 3 amino acid mutations in addition to the mutations of
the mutation set of VAR-1. Without being bound by theory, these additional variants were
designed to provide evidence confirming the enhanced performance of virus particles comprising
the mutation sets described herein, for example, of VAR-1, in different sequence contexts.
Second, the library was cloned twice using two different versions of the viral genome, one with
expression of the capsid gene under the control of a ubiquitous CBh promoter and the other with
expression of the capsid gene onder the control of a neuronal specific hSyn promoter. Each
plasmid backbone contained a unique genomic identifier enabling analysis of biodistribution and

transduction efficiencies of each capsid variant via each of the two promoters.

In Vitro Evaluation of Library

In vitro evaluation of the library was completed as outlined in Example 1.
In Vivo Evaluation of Library in Non-Human Primate

All NHP experiments were conducted in accordance with institutional policies and NIH
guidelines. Two female Cynomolgus Macaque primates weighing 2.5 and 2.6 kg and
seronegative for anti-AAV9 neutralizing antibodies (serum NAD titers <1:4 based on in vitro
NAD assay) were selected for the study. Animals were treated with Methylprednisolone (40 or 80
mg IM) on Day -8 and weekly for the duration of the study. Prior to test article administration,
samples of blood were collected. The animals received an intravenous injection of a mixture of
the promoter vector libraries (total combined dose for each animal: 8.64 e13 vg/kg). During the
in-life period the animals were monitored according to the animal facility’s SOPs. Serum
samples were collected at 2 days, 4 days, 7 days, and weekly after the injections. The animals
were sacrificed 4 weeks after the injections and tissues were collected and analyzed as described

in Example 1 for biodistribution and transduction. The tissues collected are shown in Table 11.

Table 11: List of tissue collected

| Tissue |
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Adrenal gland

Adipose Tissue

Aorta

Brain coronal axis slices

Carotid artery

dorsal root ganglion (cervical)

dorsal root ganglion (thoracic)

dorsal root ganglion (lumbar)

dorsal root ganglion (sacral)

gonad (ovaries)

heart, basal

heart, apex

Heart, ventricle

kidney

liver

Lung

lymph nodes, cervical

Optic nerve

Sciatic nerve

skeletal muscle, gastrocnemius

skeletal muscle, quadriceps

Skeletal muscle, diaphragm

spinal cord (cervical)

spinal cord (cranial thoracic)

spinal cord (caudal thoracic)

Spinal cord (lumbar)

spleen

After sequencing, the barcode tags were extracted from reads with the expected amplicon
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structure, and the abundance (number of reads or number of UMIs) of each barcode was

recorded. Analyses were restricted to the set of barcodes that were present in the input plasmid

sample, as measured by a separate sequencing assay that targeted the variant regions of the input

plasmid sample.

To aggregate packaging replicates, the read counts from replicate virus production

samples were summed. To aggregate biodistribution samples, read counts from samples from the

same tissue were summed. To aggregate transduction samples, the number of transduction events

(measured by unique id tags detected) from samples from the same tissue were summed.

Virus packaging was calculated by normalizing aggregated production replicates with

input plasmid abundance. Biodistribution and transduction of tissue were calculated by
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normalizing aggregated biodistribution or transduction samples with input virus abundance. The

output was reported as fold change relative to the WT AAV9.

Results

The production, biodistribution and transduction results for VAR-1 and the
subcombination variant set from this library experiment are summarized in Table 13
(production), Table 14 (CNS biodistribution), Table 15 (periphery biodistribution), Table 16
(CNS transduction) and Table 17 (periphery transduction). As was the case in the library
experiment described in Example 1 and the single capsid experiment described in Example 2,
VAR-1 displays increased transduction and biodistribution across the brain regions sampled
compared to AAV9. This was observed for both promoters with brain transduction having a 138
fold and 129 fold increase compared to WT AAV9 with the CBh and hSyn promoters,
respectively. Additionally, periphery VAR-1 biodistribution and transduction in the liver is
decreased to 0.3 fold AAV9 and biodistribution was also decreased in the spleen, again
confirming the results of the previous experiments. HEK293 virus production was also suitable
in this study. Taken together, these findings further indicate that VAR-1 is suitable for gene
therapies where targeting the brain is important, for example, as described herein.

In addition to VAR-1, other VAR-1-like capsid polypeptides (e.g., containing
subcombinations of the mutation set of VAR-1) exhibited similar transduction profiles to VAR-1
with elevated transduction across the brain. As shown in Table 16, of the 93 variants where brain
transduction data could be captured, 77 of the variants with subcombinations of the VAR-1
mutation set exhibited better than WT AAV9 transduction in aggregated brain regions assessed
when transgene expression was under the control of the neuronal specific hSyn promoter, and 79
of the 93 variants measured showed better than WT AAVO transduction in aggregated brain
regions when expression was under the control of the ubiquitous CBh promoter.

Assessment of the set of variants with subcombinations of the VAR-1 mutation set
revealed several sequences which represent minimal sets of mutations conferring enhanced brain
transduction of variant capsid polypeptides. In particular, VAR-80 (having 4 mutations in its
mutation set: ["T593V", "V596L", "N598S", and "I601 A"]) exhibited 22.4 and 32.2 fold
increases in aggregated brain transduction relative to wild-type AAV9 from the CBh and hSyn
promoters, respectively. In addition, the mutations V596L, N598S and 1601 A are entirely
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conserved in the top 10 subcombination set variants when ranked by aggregated brain expression
from the hSyn promoter, and the variant comprising only these three mutations (VAR-83)
exhibits greater than 5-fold increased transduction in aggregated brain relative to wild-type
AAVO9. Another highly conserved motif in the top aggregated brain transducers is the
combination of W595A, V596L, and N598S. The variant containing only these three mutations
in its mutation set (VAR-112) exhibited nearly 2-fold increased transduction relative to wild-type
AAV9 in aggregated brain tissue. Interestingly, the variant which also includes the Q579V
mutation to this mutation set (VAR-82) exhibited a 6.5-fold increase in aggregated brain
transduction relative to AAV9 from the hSyn promoter, indicating that the combination of valine
at 579, alanine at position 595, leucine at position 596 and serine at position 589 confers
enhanced brain transduction properties on virus particles. Another motif which emerged was the
combination of Q592I, T593V and V596L. The variant having only these mutations in its
mutation set (VAR-110) was the strongest transducing variant with only 3 mutations relative to
wtAAV9, exhibiting 8.2-fold increase in aggregated brain transduction from the hSyn promoter
relative to wild-type AAV9. Another motif which emerged was the combination of T593V,
WS595A, V596L, and N598S. 5 of the 10 ten variants ranked according to fold improvement over
wild-type AAV9 in aggregated brain transduction from the hSyn promoter included this mutation
set and the variant with only these 4 mutations (VAR-114) exhibited 2.18-fold aggregate brain
transduction over wild-type AAV9 from the hSyn promoter and 1.06-fold aggregate brain
transduction from the CBh promoter. Again, the results show an improved effect when
combining the mutation sets: for example, when these 4 mutations (T593V, W595A, V596L, and
N598S) are included with the Q579V mutation (VAR-75), virus particles show 17.07-fold and
18.85-fold aggregated brain transduction relative to wild-type AAV9 from the CBh and hSyn
promoters, respectively. Since these minimal motifs independently lead to increased brain
transduction, without being bound by theory, these motifs are additive and/or synergistic, and
can lead to enhanced effects when combined.

Of the variants exhibiting greater than 5-fold aggregated brain transduction from the
hSyn promoter, 6 variants had 6 of the 7 mutations of the VAR-1 mutation set; 9 variants had 5
of the 7 mutations of the VAR-1 mutation set; 7 variants had 4 of the 7 mutations of the VAR-1
mutation set; and 3 variants had 3 of the 7 mutations of the VAR-1 mutation set. This indicates

that variants which contain 3, 4, 5, 6 or 7 of the mutations in the mutation set of VAR-1 are
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capable of transducing cells of the CNS upon intravenous injection, indicating the potential to
cross the blood brain barrier and reach cells of interest to treat CNS disorders for example as
described herein.

Finally, an additional set of variants were designed which included the mutation set of
VAR-1 and which included between 1 and 3 additional mutations. Of the variants from this set,
all but one of the designed variants (18 of 19 designed variants) which were detected in at least
one brain region exhibited transduction levels of at least 1.75-fold over wild-type AAV9 in
aggregated brain regions from the hSyn promoter. Fold increases in these 19 variants in
aggregated brain samples ranged from a 1.75-fold improvement to an over 134-fold
improvement. Without being bound by theory, these results indicate that the mutation set of
VAR-1 is active in providing increased brain transduction when present in diverse sequence
contexts.

When assessing the data by individual brain region, 3 variants other than VAR-1; VAR-
54, VAR-74, and VAR-87, exhibit high transduction in the temporal cortex. Additionally, VAR-
61 exhibits consistent increased transduction for the hSyn neuronal promoter compared to the
CBh promoter (relative to AVV9). This result suggests that this variant could have more
neuronal-specific characteristics and without being bound by theory, gene therapies that include
the capsid variants described herein are useful for the treatment of neuronal specific disorder
such as Rett Syndrome, Angelman syndrome, Fragile-X, or Tay-Sachs disease, as well as
broader neurcdegenerative diseases.

Another important finding is based on the fact the experiments described in Example 1
and Example 4 were completed in AGM and Cynomolgus macaque non-human primates,
respectively, thereby enabling comparison of VAR-1 across 2 different genus of NHP. VAR-1
transduction compared to AAVY in AGM (Exp 1) and Cyno {Exp 4) are shown in Table 12.
Similar fevels of brain transduction were observed in both species. In the experiment described
in BExample 4, in Cynos, VAR-1 did show slightly increased transduction across the brain (with
the exception of spinal cord) compared to the results in AGM. However, differences between
species/experiment are minor and suggest that the method by which VAR-1 increases brain
transduction is conserved across NHP species of 2 different genus. These findings further
indicate that VAR-1 is suitable for gene therapies where targeting the brain is important, and in

particular in other related species such as humans, for example, as described herein.
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Table 12. Aggregated brain transduction of VAR-1 in two separate high-throughput library

experiments, one in AGM (Example 1) and one in Cynomolgus macaque (Example 4). Relative

fold transduction increase to AAV9Y is conserved across species for multiple regions.

Fold Transduction for VAR-1 relative to AAV9

Brain region

Results from

Results from Example 4:

Example. 1: AGM | Cyno
Whole brain 78x (63-96x) 139x (75-300x)
Cerebellum 96x 122x
Cortex 88x 129x
Spinal cord 66x 46x

Table 13. Production efficiency in HEK293 cells in vitro, relative to production efficiency of
WT AAV9, ranked from highest to lowest. CBh indicates virus particles comprising genomes
with the cap gene under the control of the CBh promoter. hSyn indicates virus particles
comprising genomes with the cap gene under the control of the hSyn promoter. Variants are
ranked in order of highest fold change to lowest fold change from the hSyn-containing virus

particles.

CBh hSyn CBh hSyn
Variant Fold Change | Fold Change Variant Fold Fold Change
Name Relative to Relative to Name Change Relative to

wtAAV9 wtAAV9 Relative to | wtAAV9

wtAAV9

VAR-10 1.19 1.41 VAR-31 0.9 0.61
VAR-14 1.26 1.17 VAR-74 0.53 0.6
VAR-114 1.35 0.99 VAR-123 | 0.95 0.58
VAR-124 1.16 0.97 VAR-86 1.07 0.58
VAR-9 1.21 0.96 VAR-11 0.52 0.58
VAR-15 0.93 0.94 VAR-22 0.24 0.58
VAR-67 0.66 0.91 VAR-99 1.2 0.57
VAR-82 1.32 0.91 VAR-3 0.32 0.57
VAR-121 1.18 0.89 VAR-109 | 0.28 0.57
VAR-13 1.22 0.88 VAR-122 | 0.87 0.56
VAR-93 1.11 0.87 VAR-107 | 0.72 0.55
VAR-81 1.8 0.87 VAR-115 | 0.41 0.55




WO 2023/060264 PCT/US2022/077804
254

VAR-104 0.92 0.87 VAR-80 0.41 0.54
VAR-7 1.16 0.87 VAR-69 0.41 0.54
VAR-63 0.55 0.87 VAR-77 0.4 0.54
VAR-87 0.54 0.83 VAR-45 0.38 0.54
VAR-68 1.2 0.83 VAR-97 0.82 0.53
VAR-24 1.22 0.83 VAR-78 0.33 0.53
VAR-38 0.44 0.83 VAR-26 1.14 0.52
VAR-83 0.7 0.82 VAR-36 0.95 0.52
VAR-85 1.63 0.82 VAR-41 0.84 0.5

VAR-112 1.32 0.81 VAR-23 0.66 0.5

VAR-120 1.2 0.81 VAR-60 0.41 0.5

VAR-32 0.89 0.78 VAR-84 0.42 0.5

VAR-79 1.09 0.77 VAR-5 0.95 0.49
VAR-101 091 0.76 VAR-19 0.31 0.48
VAR-98 0.51 0.76 VAR-106 | 0.28 0.48
VAR-6 0.94 0.76 VAR-65 0.31 0.47
VAR-21 1.07 0.76 VAR-1 0.43 0.46
VAR-75 1.16 0.75 VAR-66 0.39 0.46
VAR-116 0.53 0.74 VAR-100 | 0.36 0.45
VAR-28 0.94 0.74 VAR-52 0.33 0.45
VAR-27 1.18 0.74 VAR-61 0.29 0.44
VAR-57 0.76 0.73 VAR-105 | 0.3 0.44
VAR-96 1.44 0.72 VAR-73 0.11 0.44
VAR-90 1.21 0.72 VAR-117 | 0.46 0.44
VAR-58 1.05 0.72 VAR-62 0.35 0.43
VAR-42 0.93 0.72 VAR-59 0.39 0.42
VAR-48 0.65 0.72 VAR-43 0.36 0.42
VAR-4 0.55 0.71 VAR-103 | 0.35 0.42
VAR-33 0.77 0.7 VAR-39 0.37 0.42
VAR-95 0.77 0.7 VAR-125 |0.39 0.41
VAR-71 0.78 0.69 VAR-53 0.24 0.39
VAR-50 1.03 0.69 VAR-30 0.28 0.39
VAR-44 0.91 0.68 VAR-102 | 0.37 0.38
VAR-118 0.5 0.68 VAR-40 0.29 0.38
VAR-25 0.74 0.67 VAR-110 | 0.26 0.37
VAR-70 0.55 0.67 VAR-20 0.39 0.36
VAR-55 1.31 0.67 VAR-49 0.31 0.35
VAR-29 0.72 0.67 VAR-46 0.32 0.34
VAR-89 0.51 0.66 VAR-113 | 0.37 0.33
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VAR-8 0.46 0.66 VAR-72 0.54 0.31
VAR-12 0.87 0.66 VAR-111 | 0.34 0.31
VAR-56 0.83 0.66 VAR-35 0.4 0.29
VAR-54 0.52 0.65 VAR-76 0.26 0.29
VAR-94 0.67 0.65 VAR-18 0.22 0.28
VAR-119 0.54 0.64 VAR-108 |0.19 0.26
VAR-51 0.74 0.64 VAR-91 0.34 0.26
VAR-34 0.81 0.64 VAR-16 0.19 0.25
VAR-88 0.73 0.62 VAR-37 0.29 0.25
VAR-17 0.79 0.62 VAR-92 0.24 0.25
VAR-47 0.6 0.62 VAR-126 |0.27 0.25
VAR-2 041 0.62 VAR-64 0.15 0.23

VAR-127 | 0.21 0.22

Table 14. Fold change in biodistribution of virus particles comprising the indicated variant
capsid polypeptide, relative to the biodistribution of virus particles comprising WT AAV9 for

brain regions. “Aggregated” is an average across all other measured areas. CBh indicates

measurements from virus particles comprising genomes with the cap gene under the control of
the CBh promoter. hSyn indicates virus particles comprising genomes with the cap gene under
the control of the hSyn promoter. Values of “0” indicated variant was not detected in the
indicated samples.
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1 8 4 2 2

VAR- [41.9 [42.98 [54.79 [64.69 |27.25|27.63(50.55 [51.82 |33.1 35.0 |47.9 |21.3 50.7 147.0 |37.04 35.02
54 4 6 3 3

VAR- |18.31 |19.67 [18.5 36.45 [14.63]9.84 [24.14 |26.96 |15.7 |13.4 [26.34 [8.29 10.1 |15.5 (18.98 12.4
74 4 8 1 3

VAR- |31.11 |30.01 [54.19 |28.27 (13.15|28.54|30.87 |30.98 |29.4 |35.5 [67.62 |27.49 |16.5 [33.5 |24.58 26.22
87 7 1 3 6

VAR-|16.22 |17.31 (23.2 17.81 |9.95 [19.35(23.46 (19.65 [16.9 [12.6 |13.65 (13.48 [11.6 |18.4 |9.54 16.8
61 4 5 3 6

VAR- |13.39 |18.5 [11.92 |22.24 (5.24 |12.7 |19.31 |18.45 |13.2 |17.1 [2.42 10.82 |14.4 (24.2 |19.12 21.38
116 5 1 1

VAR- |22.35 |28.52 [18.86 |37.94 (16.17|17.72|36.64 |31.52 |26.0 |24.0 [30.57 |24.09 |20.2 [49.9 |11.93 21.08
100 5 9 7 9
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VAR- (14.9 |18.21 |15.91 |23.83 ([8.31 (14.79(12.5 (16.89 |7.83 |13.8 |27.7 19.72 |26 (26.4 |21.71 17.08

30 1 4

VAR- [27.05 |18.9 |35.73 |19.18 (14 [20.82(32.21 (18.95 |23.3 |23.9 [43.42 |18.9 23.0 [11.7 |26.64 14.95
89 3 1 3 1

VAR- [4.75 |7.98 |1.95 13.5 3.22 |3.79 |0.45 |11.36 (7.78 [5.59 [0 0 10.4 |4.19 |10.03 3
102 6

VAR-3.01 |2.73 |2.18 2.05 2.96 |1.38 |6.27 |4.42 ([1.69 [2.91 [1.1 0.68 3.05 |4.22 (1.95 2.51
122

VAR-|5.22 6.29 [6.92 12.33 |2.92 [3.15 |6.76 [5.24 |5.94 [8.63 |3.41 0 6.69 [5.89 |3.38 3.9
75

VAR-[2.76 [2.75 [4.34 2.09 1.28 (4.08 [3.58 [4.18 [3.05 [0.96 |2.76 2.41 |4.26 [1.36 |0.95 2.76
96

VAR-9.64 |10.69 |12.72 |10.68 ([5.82 |8.54 (12.26 |14.46 [6.99 |7.15 |18.4 14.52 |15.8 [13.0 [5.16 9.16

67 6 5

VAR-16.25 [7.12 [6.49 7.66 6.29 [6.35 [8.35 [5.61 [5.45 |6.65 |3.64 4.27 7.13 |13.2 |4.67 7.85
57 3

VAR-[3.25 [3.74 [0.53 4.34 3.73 [2.48 [1.71 [6.89 [5.25 |2.15 |1.49 0.18  [9.12 [5.81 (3.47 1.99
59

VAR-[2.16 [0.52 [0 0 0.13 [0 5.91 (0 0.59 3.35 |20.05 |0 0 0 0 0
35

VAR- 0.9 0 0.76 0 0.02 [0 0 0 0 0 10.53 |0 2.78 |0 0.52 0
110

VAR-|1.64 |2.5 1.39 2.09 1.29 |14 [0.97 |1.56 |2.32 1.35 |1.4 5.71 3.61 [8.75 [1.64 2.63
93

VAR-(0.23 |1.16 |0 1.18 1.26 [0.21 [0 1.27 |0 0.04 [0 0 0 0 0 3.89
76

VAR-|1.82 |1.89 |[5.62 4.35 1.5 (2.2 |1.35 [1.11 0.8 [0.96 [0.11 2.03 |0.54 [0.52 |0.71 1.23
119

VAR-13.33 [3.87 |2.46 3.63 3.61 [3.76 [3.02 4.2 [3.25 |1.94 |6.53 3.03 2.24 |6.84 3.97 4.59
82

VAR-2.59 [3.31 ([2.49 6.21 2.42 [3.03 |0.43 [0.41 ([3.21 3.7 [4.94 [0.61 4.74 18.42 |3.2 2.27
83
VAR-10.27 [1.72 (0.01 4.88 0.12 (1.17 [0.92 [0.09 (0.01 |2.48 |1.16 3.8 0.04 (0.02 (0.08 0.17
108

VAR-[2.82 2.6 3.8 1.29 2.04 |1.37 |1.79 |0.57 [4.11 3.74 [1.96 7.78 3.99 [5.95 |2.35 3.76
71

VAR-11.69 |1.79 |[1.25 0.68 0.74 |0.49 |3.7 1.88 |1.22 |1.88 |3.5 9.98 0.83 |0.32 |1.22 2.22
90

VAR-(0.91 |1.15 |11 0 0.37 |0.45 |1.85 |0 0.62 0.9 [0.01 12.37 10.24 (1.14 1.01 1.4
123
VAR- (0.73 |0.41 |0.15 0 0.42 |0 1.15 |0 1.9 [2.25 [0 0 04 |0 0.43 0.39
44
VAR- (1.01 |1.44 |0.68 0.02 2.72 |2.98 |0.7 |0.25 [0.31 [4.96 [0.14 0 2.18 [0 0.32 0.74
86

VAR-10.99 ([1.92 (0.93 0.79 0.76 [1.34 [0.89 |1.46 [0.61 2.4 |3.32 0.01 1.17 |8.14 |1.06 1.81
81

VAR-[0.94 [126 [136 [178 |08 [0 [28 [1.68 [0.14 [o.82 o 3.81 [0.35 [2.22 [0.42 0.58
43
VAR-[0.8  [0.71 [0.22 [0.15 |0.64 [0.82 [1.77 [0.02 [0.6 [1.17 o 1.58 |0.48 [1.26 [0.99 1.17
41
VAR-[0.99 [1.04 [0.57 [0.83 [0.88 [0.76 [0.12 [1.12 [4.12 [0.78 o 021 |02 [121 [o.26 1.87
38
VAR-0.82 (093 [1.77 [oo1 |0 |o.84 [167 [0.08 0.9 [2.11 fo 0 o [5.73 |oa 0.25
127
VAR-[1.13 [1.18 [046 [1.84 [1.72 j0.97 [16 [0.84 [0.93 [162 0.75 o 1.26 [0.01 [0.93 1.55

85
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VAR-10.38 [0.16 [0 0 0.64 (0.11 [0 0 0.63 [0.85 |1.96 |0 0 0 0.43 0.05
51
VAR- 0.7 2.4 |0.51 0.35 0.83 (0.1 [0.47 |11.07 [0.66 |0.04 |0.75 0 1.02 [0 0.93 0
99
VAR-10.61 [0.6 [1.17 0.72 0.64 (0.34 [0 0 0.42 0.84 |1.16 0 0.89 |1.13 |0.58 1.23
101
VAR-[1.01 [0.59 [0.77 2.18 0.63 [0.59 [0.5 [0 0.3 |0.13 |7.69 0 1.76 [0 0.81 0.4
107
VAR-10.25 [0.39 [0.22 0 0.13 (0.6 [0 0.75 10.56 0 1.44 0.42 0.24 |0 0.11 0.69
5
VAR- (1 0.66 [0.61 1.43 0.52 0.77 |1.99 [0.19 (1.19 [0.71 [0.37 0 0.6 [0.75 [0.97 0.41
33
VAR-10.74 1033 |1.24 0 0.55 [0.19 |0 0 0 0.02 |0 0 2.7 3.95]1.3 0.07
3

VAR-10.62 (0.8 [0.67 0.7 0.16 (1.21 (0.84 [0 0.43 |2.19 |1.79 [0.02 (0.59 [0 0.65 0.79
25

VAR-[0.42 (037 [0 024 02 o o 092 [2.45 o1 [0 0 o b o 0.74
a9
VAR-[0.85 [1.31 [0.56 [0.12 [0.88 [1.31 [0.64 [2.54 [0.63 [2.02 [0.78 [1.03 [1.27 [0.83 [1.39 0.71
68
VAR-[0.71 [0.88 [1.76 |o.64 [0.37 [0.72 [0.49 [0.97 |[0.88 [1.95 o 0 1420 o 0.85
40

VAR-[0.93 |1.74 |2.12 0.49 0.69 |04 |0 6.24 [0 0.1 [5.92 2.03 1.14 |0.94 [0.49 0.55
97

VAR-10.95 [0.71 [0.65 11 1.32 |0.47 |0.61 [0.18 |1.57 (0.77 [0 0.62 0.39 |0 1.16 1.5
10

VAR-10.78 [0.92 [0.61 0.32 0.64 [1.64 [0.6 [0.75 [0.68 [1.01 |0 0 4.32 (0.77 [0.15 1.36
105

VAR- 2.49 [1.92 [1.67 2 1.26 |2.64 |4.74 [0.41 |2.89 [3.26 [0.82 2.11 2.29 [2.54 |2.25 1.45
114

VAR-10.75 |1.96 [0.82 0.04 0.86 [0.51 |1.52 [0.39 [0.32 |4.16 [1.58 0 0.01 [12.6 [0.18 1.48
69 2

VAR-10.97 [0.24 (0.37 0.61 0.97 (0.77 [0.49 [0 0.32 0.02 |11.5 0 0 0 0.38 0
14

VAR-10.92 [1.17 (0.04 0.66 0 0.19 [4.58 |3.33 (0.1 |0.63 |0 0 0 0.55 10.09 11
70

VAR-[1.03 [0.28 [0.25 0 0.36 [0 2.57 (0.01 [0.13 |0.16 [3.55 0 0.6 |1.69 |1.15 0.81
55

VAR- [1.2 0.33 (0.15 0 1.36 |0.09 |0 0 0.81 0.9 [6.2 0 2.29 10.92 [2.03 0.65
78

VAR-10.88 [0.53 (0.71 0.65 0.29 [0.91 [0.93 [0.27 [0.16 [0.56 |0 0.08 15 [0 2.22 0.7
50

VAR- 0.6 0.49 (0.14 0.07 0.11 [2.46 [0 0 2.91 [0.44 [0 0 0.2 |0 0.47 0.04
53

VAR-10.57 [0.24 (0.01 0.01 0 0.25 [0 0.68 |2.98 0.31 [0 0.07 0.6 |0.03 |0.32 0.01
77

VAR-10.46 10.92 |0.65 1.76 0 0.58 |0 1.64 (1.17 (0.09 |0.77 0 0 0.76 (0.74 0.53
109

VAR-10.89 [0.67 [0.77 0.03 0.85 [0.54 (0.29 [0.23 (1.01 [0.68 |0 5.5 1.21 10 1.68 0.86
112

VAR- (1 1.21 |2.43 1.26 0.82 (0.53 (0.45 [2.15 |0.75 [1.38 |2.7 1.39 0.46 |0 0.37 0.93
124

VAR-10.42 [0.44 [1.66 0.36 0.16 [0.87 [0 1.03 (0.3 (011 (0 0 0 0 0.27 0
46

VAR- (1.28 |1.17 |0.64 0.81 1.29 [2.04 [1.61 [0.11 |0.47 |1.71 |4.99 1.42 2.39 |1.77 (0.88 1.2
28
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VAR-10.56 [1.46 [0.14 1.02 0.42 (0.77 [0.77 |1.26 [(0.89 |4.01 |0 0 0.43 |0.98 |0.8 1.19
17
VAR-10.34 [0.44 (0.04 0.12 1.29 |0.56 |0 0.68 10.16 (0.34 [0 0 0.59 |0.02 10.18 0.8
47
VAR-10.89 [0.93 ([1.04 0.29 1.12 |0.77 |0.06 ([1.31 |0.7 (0.65 |1.67 0 0.67 |0.42 |1.44 2.09
62
VAR-10.84 [0.73 [1.86 0 0.18 (1.72 (0.01 |1.52 (2.31 [0.77 |0 0 0.01 |0.17 |0.65 0
2
VAR-10.26 [0.14 (0.66 0 0.08 [0.39 [0.37 [0 0.06 [0.31 |0 0 0 0 0.27 0.18
30
VAR-10.49 0.23 |1.34 0 0 0.55 |0 0 1.6 [0 0 0 0 0.16 (0.01 0.8
103
VAR-10.37 062 |0 0 0.4 1085 |0 0 0.41 |1.12 |0 0 0.02 [0 1.34 1.87
72
VAR-10.12 [0.54 (0.18 0.11 0 0.07 [0.29 |1.86 [0 0.46 |0 0 0.17 |0.19 |0.14 0.18
23
VAR-[3.71 [2.86 [4.02 2.1 2.26 |2.94 2.79 (1.4 |3.28 |5.18 (17 1.81 4.39 |6.21 |2.6 2.15
95
VAR-10.41 [0.97 ([2.11 1.02 0 1.83 |0 0.81 10.24 0.44 [0 0 0 1.16 |0 0.94
73
VAR-10.21 [1.21 [0 3.89 0.6 [0.05 [0 0 0.27 |0 0 0 0 0 0.35 2.96
79

VAR-(1.35 1.1 |0.55 0.27 1.11 |1.55 [3.89 |1.25 |0.51 |0.17 |0.44 6.4 0.01 [0.12 |1.15 1.02
115

VAR-[1.14 [1.37 (0.28 1.44 0.64 (1.42 (1.33 [2.3 [0.27 |0.5 [8.06 1.86 3.56 |0.36 |0.3 1.13
98

VAR- 0.8 0.57 (0.9 2.94 0.68 (0.02 [0 0.02 0.98 0.1 [0 0 3.96 [0 0.47 0
125

VAR-[1.79 [0.58 [1.94 0 1.35 |2.41 |2.75 [0 1.8 0.7 [1.7 0 2.81 |0.17 (0.64 0.36
104

VAR-10.59 0.23 [0.33 0.07 0.44 10.38 |0 0.23 0.45 |0.61 [0.06 0 0.01 [0 2.17 0.07
31

VAR-10.87 [0.83 [0.38 0.6 0.64 0.2 ([1.86 |1.13 [1.06 [1.39 |0 1.73 0.28 (0 0.81 0.88
24

VAR-10.16 [0.06 [0 0 0.25 [0 0 0.01 [0 0.02 |0 0 0 0.3 |0.66 0.19
39

VAR-[1.12 [0.53 [0.53 191 0.11 (0.39 (1.04 [0.01 (1.46 |0.28 [8.29 0 2.73 10.11 [0.05 0.33
8

VAR-10.87 [0.84 [0.65 0.01 1.3 1413 [0.89 [0 0.66 0.46 0.65 0 132 [0 0.7 0.52
11

VAR- [0.99 |0.63 |1.19 0.79 0.54 |0.67 |1.48 |0 0.97 [1.06 [0.14 0.05 0.33 10.14 [1.22 1.2
32

VAR-(1.37 |0.83 |2.61 0.31 0.65 |0.75 |1.28 |0.29 ([1.87 [2.21 [1.75 1.47 0.02 |0.84 [0.96 0.66

VAR-10.97 [0.78 [0.78 0.8 0.65 [0.77 [1.75 [0.76 [0.26 (1.41 [0.74 0.96 1.55 [0.03 [1.06 0.51
121

VAR- (1 0.26 [1.28 0.1 2.02 0.17 |0.06 [0.07 (0.6 [0.45 [1.9 1.84 1.99 10.01 |0.47 0.19

VAR-10.96 [0.55 [0.37 1.29 0.17 (0.48 [3.63 [0.23 [(0.41 |0.23 10.02 1.21 0.3 [0.75 |0.42 0.22
65

VAR-(1.28 |0.72 |0.32 0.03 1.61 [0.15 [2.93 [2.15 |0.57 |0.33 |0 0.29 2.18 (0.08 |0.7 1.03
21

VAR-0.76 |0.89 |0.8 0.56 0.88 |1.03 |0.46 |0.39 ([1.58 [0.18 [0.37 3.98 0.17 10.24 [0.56 1.75
58

VAR- [0.52 |1.24 |0.5 3.57 0.77 |0.61 |0.12 |0.93 ([1.23 [043 [0 0.41 0 2.28 [0.42 0.17
34
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VAR-[1.01 [0.85 [1.35 [0.87 [0.53 J0.45 [1.27 [0.87 [1.39 [1.25 Jo.a9 [1 1.44 [0.21 Jo.51 1.08
120

VAR-[0.73  [1.31 |03 123|047 [2.11 Jo.39 [1.31 [o.01 [0.84 [o o 4.41 [0.01 [1.16 2.02
118

VAR-[0.59 [0.55 [0.17  fo.1s  [1.38 J0.37 [0.77 fo22 oss Joss fop.or 282 fo22 o fo37 1.08
27

VAR-[0.45 [0.47 [061 [0.85 [0.58 Jos [0.32 [0.11 [0.34 Jo.24 [0.88  [1.64 [0.29 0.36 [0.38 0.4
29

VAR-[0.34 067 [0 0.01 [0.31 [0.05 [0 0.8 [1.22 032 o 0 0 [1.58 [0.51 2.02
4

VAR-[1.69 [1.12 [3.28 [253 [1.95 [0.24 [1.88 [0.13 [0.16 3.39 [0 o 3.42 [0.08 [0.7 0.35
7

VAR-[1.12 [0.81 [0.43 Jo.85 [2.58 [0.47 f0.01 [0.83 [1.15 Jo.65 [o o 158 0.9 [1.61 1.46
12

VAR-[0.55 [0.07 [0.46 o 0320 foas Jo 0.98 [0.03 o o 1320 039 0.4
13

VAR-[1.58 [2.11 [0.99 [6.46 [1.62 |1.69 [1.75 [0.47 [1.73 Jo.28 [o o 6.08 [0.24 [o0.42 2.88
15

VAR-[0.97 [o96 [o61 Joes [3 Jo [141r B2 fo1 Jo27 o o o o Jois 0.76
16

VAR-[1.09 [0.19 o 0 5.84 [0.36 [0 o 0.01 [0.54 o o o o [o2s 0.31
18

var-[1.07 Jo9s [161 o 1.87 [1.59 [0 o o b o 1406 [0 o [256 0

19

VAR-[1.77 [1.2 |0.85 [3.00 [1.76 |0.58 [0.81 [0.55 [0.97 .02 [5.76 [0 0.3 [4.91 [4.05 0.36
20

VAR-[0.63 [1.3 |o 265 [0.34 [0.22 166 [0 0.98 0.58 [0 o 0.97 [4.13 [0.14 2.35
22

VAR-[1.1 [1.3 [1.73 194 Joo Jose3 o o 0.39 o.01 Jo 1033 [451 0 [1.39 1.86
26

VAR-[0.16 [0.24 o o o o foo2 Jo 0.93 [1.58 o o o Jo Jooa 0

36

VAR-[0.85 [1.8 |o 026 [1.19 [0.77 081 o 0.01 [7.43 Jo 3.3 259 [0 [1es 0.3
37

VAR-[0.49 [0.13 [0.14 o 12 (018 [0.61 [0 o Joea 275 o o o J[oos 0

38

VAR-[0.77 Jo99 047 [3.37 fo.98 Jo.eo f0.35 o 0.86 064 [5.87 [1.77 [0 |o.06 0.24 0.38
42

vAR-[0.25 Jo.62 o 036 [0.04 [0.11 [0 o 0.34 [1.99 [o 369 [0 [0 [108 0.22
45

VAR-[1.15 [1.35 [0.24 [1.29 |36 [1.03 [1.35 Joes [1.1 [3.48 2.37 Jo.03 |17 |o.4as 115 1.41
a8

VAR-[0.18 [0.44 [0.03 [0.9 0.17 [0.08 [0 o 0.8 [1.54 o o o 0 o1t 0.12
52

VAR-[1.04 [1.46 [157 053 Jo.36 [0.94 [0.01 [3.87 [1.32 [0.62 Jo.o2 [3.25 [2.95 Jo.01 [1.58 0.84
56

VAR-[1.5  [0.73 311 Joos [0 [3.48 [a.86 [o.01 [o.0s Jo23 fo o o Jo Joo1 0.65
50

VAR-[3.19 [1.18 262 [0.71  [2.92 Jo.59 [8.08 [2.76 [0.68 [0.83 [0 015 [3.47 [1.22 16 0.92
63

VAR-[0.55 [0.18 o 0 o o o 0 o o o o 766 [0 o 1.09
64

VAR-[0.37 [1.03 o8 0.02 [0.88 [o.05 [0 3.97 [0.33 Jo.29 o o 0 [1.42 [0.08 0.26
66

vAR-[o56  [1.62 [1.9 0 0.19 [0.04 [0 o 0.83 3.16 [0 18.49 [066 [0 [0.07 1.09
34
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VAR-(0.23 [0 0.56 0 0 0 0 0 0.54 0 0.03 0 0 0 0.26 0
91

VAR- 0.3 1.41 |0.54 3.65 0.84 (4.05 [0 0 0.05 0.44 |0 0 0.48 |0 0.04 0
92

VAR-[1.05 [0.29 [0.44 1.19 4.27 [0 0 0.11 0.11 0 0 0 0 0 1.04 0.27
94

VAR-10.47 (1.13 [0 0.19 0.99 (0.87 (0.8 [2.15 [0.53 [1.08 |0 0 0 1.07 0.33 1.58
106

VAR-[1.37 [0.47 [0 0.54 0 0.57 [4.69 |0 0.88 10.35 |0 0 1.13 [0.01 (1.37 1.34
111

VAR- |1.4 1.05 |0 1.68 0.43 [1 0 0 6.18 2.23 (0.05 2.05 0 0.45 |1.98 0.56
113

VAR-|1.62 0.82 |1.35 1.07 3.85 [1.05 |25 [0.06 (0.2 [1.31 [0 0 0 1.45 |1 0.83
117

VAR-10.87 [0.97 [0 0.1 2.4 |3.67 |0 0.33 |2 1.71 0 0 0 0 0.74 0.09
126

Table 15. Fold change in biodistribution of virus particles comprising the indicated variant
capsid polypeptide, relative to the biodistribution of virus particles comprising WT AAV9 for
non-brain regions. CBh indicates measurements from virus particles comprising genomes with
the cap gene under the control of the CBh promoter. hSyn indicates virus particles comprising
genomes with the cap gene under the control of the hSyn promoter. Values of “0” indicate
variant was not detected in the indicated sample.

organ dorsal_root_ga |dorsal_root_galliver  |liver [skeletal_m(skeletal_m|spinal_c[spinal_c[spleen [spleen
nglion nglion uscle uscle ord ord
tissue aggregated aggregated aggreg |aggreg |aggregate |aggregate |aggregalaggregalaggreg |aggreg
ated |ated |d d ted ted ated |ated
promoter|CBh hSyn CBh hSyn  [CBh hSyn CBh hSyn  |CBh hSyn
Variant
Name
VAR-1 5.37 8.11 0.32 0.3 4.22 4.62 18.01 ([11.83 [0.85 0.9
VAR-54 (3.94 6.71 0.37 0.32 5.07 5.37 22.73 |21.66 |0.7 0.85
VAR-74 [10.37 10.08 0.27 0.26 3.33 5.22 16.29 [15.2 0.76 0.73
VAR-87 [5.85 2.93 0.68 0.6 3.57 2.9 24.18 |18.85 ]0.84 0.65
VAR-61 [6.39 8.33 0.42 0.31 4.57 1.14 9.96 1.39 0.72 0.56
VAR-116 (3.14 2.36 0.65 0.69 2.24 2.51 11.11 [5.18 1.22 1.09
VAR-100 [1.25 1.31 0.68 0.77 2.72 2.42 14.08 [8.55 0.56 1.19
VAR-80 (3.83 13.9 0.44 0.39 2.56 4.26 20.78 ]15.31 |0.81 0.67
VAR-89 (3.4 1.15 0.71 0.69 1.88 5.63 11.21 [19.88 [1.68 0.86
VAR-102 [27.04 3.8 0.12 0.15 1.98 1.11 17.77 (4.6 0.32 0.11
VAR-122 [1.52 0.71 0.33 0.35 0.5 0.89 4.98 1.14 0.74 1.01
VAR-75 [1.3 0.12 0.51 0.46 0.79 1.7 5.53 0.92 1.13 1.07
VAR-96 [1.83 0.6 0.23 0.23 0.88 0.8 2.8 0.99 0.71 0.6
VAR-67 (1.01 3.17 0.71 0.71 1.73 2.16 4.44 7.29 0.94 0.86
VAR-57 (2.4 1.71 0.61 0.61 1.08 2.41 2.99 3.31 0.46 0.66
VAR-59 [1.73 1.6 0.49 0.5 0.54 1.99 0.88 3.25 0.51 0.8
VAR-35 [0.08 0 0.23 0.37 0 0 0 0 0.44 1.11
VAR-110 [1.98 0 0.64 0.67 1.74 2.05 0.09 0.31 1.14 0.77
VAR-93 [0.95 1.45 0.89 0.78 1.37 0.46 0.52 0.48 0.81 0.73
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VAR-76 10.06 2.24 0.63 [|0.78 [0.4 0.05 0.52 0.26 |0.97 |1.14
VAR-119 |1.39 0.83 0.83 [0.79 [L.15 0.78 0.93 1.3 0.59 |0.6
VAR-82 [1.35 0.16 0.84 0.83 [0.34 1.35 0.65 0.55 0.73 J1.05
VAR-83 10.37 0.81 0.5 0.7 [2.71 1.87 1.139 |0.55 0.8 0.84
VAR-108 10.17 0.06 0.34 1045 |0 0.49 11.04 [0.9 1.52 [1.17
VAR-71 |0.62 1.01 0.3 ]1.02 [1.07 2.19 2.36 1.7 1.03  ]1.06
VAR-90 10.59 0.8 0.65 0.76 [1.31 0 0.57 10.04 1 1.15
VAR-123 |0.1 1.09 0.65 [0.63 [0.74 0.96 1.77 147 [0.79 |0.74
VAR-44 ]0.38 0 1 1.11  [0.34 1.04 4.07  10.07 0.65 ]0.86
VAR-86 [2.4 0.99 1.01 [1.06 |2.3 0.38 0.39 |0 1.03 [0.99
VAR-81 [0.73 1.76 0.73 10.67 [0.75 1.88 2.33 0.04 0.92 ]0.62
VAR-43 |0 1.03 0.73 10.86 [2.04 0.36 0 1.44 0.77 ]1.26
VAR-41 |0.75 0.14 0.61 10.67 [0.74 1.48 0.55 0.69 0.96 ]1.05
VAR-88 10.79 1.11 0.38 [0.35 [0.73 1.21 1.71 0.54 0.54 10.76
VAR-127 10.06 0 0.75 10.78 |0 0 5.7 0 116 (1.3
VAR-85 [0.42 0.71 0.92 |1.04 [1.29 0.74 0.67 7.03 0.78 |1.09
VAR-51 [0.24 2.24 0.84 0.78 [L.29 0.62 0.18 |0 1.23 |05
VAR-99 [2.53 0.34 0.62 10.73 |1.2 0 0.04 |0 0.84 |1.37
VAR-101 ]1.07 0.09 0.8 10.81 [0.38 0.96 0.33 0.48 1 0.94
VAR-107 |0.6 0.43 0.45 1045 [0.74 0.44 0.04 10.62 0.84 ]0.95
VAR-5 ]1.28 0.13 0.32 [0.36 [0.52 0.74 0.09 0.03 0.57 |0.84
VAR-33 ]1.09 0.7 0.5 0.44 |0.63 0.98 1.37 2.06 1.15 [1.52
VAR-3  |2.26 0.86 0.96 |1.03 [L.06 0 0.33 0 1.18 |0.75
VAR-25 [0.43 0.45 0.36 0.39 [2.38 0.46 0 0.68 1.08 [1.07
VAR-49 |0 0.26 0.24 10.22 |0 0.78 0 0 0.55 ]1.16
VAR-68 10.94 0.29 103 094 |13 1.28 0.12 0.08 10.81 J1.01
VAR-40 |0.23 1.21 0.81 0.66 [1.54 0.01 0.85 0 0.6S  10.67
VAR-97 |0 1.02 0.79 [0.88 [2.17 0.61 0.64 ]0.31 0.57 ]1.18
VAR-10 [1.52 0.99 0.88 0.96 [0.55 1.19 0.97 10.86 0.94 |0.78
VAR-105 |2.94 0.75 0.43 044 [0.46 0.27 0.37 041 0.88 10.82
VAR-114 |1.49 1.3 0.85 [0.73 [1.02 1.48 0.44 1.22 1.22 [0.98
VAR-69 10.84 1.77 0.79 10.89 [1.53 0.75 4.14  10.32 0.98 ]1.06
VAR-14 10.09 13 0.57 10.89 [0.01 0 1.17  |0.22 0.88  10.85
VAR-70 |0.5 0.31 1.07 [1.03 [0.23 0.78 0.01 2.31 0.96 [1.28
VAR-55 [0.53 0.1 0.91 [0.73 [0.39 0.41 0.58 |0 1.23 |0.85
VAR-78 |1.27 0.7 1.17 |[1.06 |0 0.59 0.13 0.29 0.88 |2.23
VAR-50 [0.66 1.77 0.54 [0.53 [L.67 0 0.47 |0 0.55 J1.01
VAR-53 10.79 0.83 0.6 0.57 [1.24 1.32 0.01 7.93 0.52  ]0.63
VAR-77 10.48 0.54 0.6 0.52 1.7 0.96 1.24  |0.03 1.17 10.88
VAR-109 [0.25 0.04 0.67 [0.72 [0.54 0.07 0.76  10.49 0.68 10.78
VAR-112 |1.36 1.46 1.01 [0.96 [2.2 1.31 0.52 2.24 1.05 [L.14
VAR-124 0.46 0.19 0.79 [0.86 [0.96 0.78 0.45 1.04 0.82 |1.06
VAR-46 [0.42 0 0.63 0.6 3.5 0.65 3.47 |0 0.78 |1.64
VAR-28 [0.31 0.45 0.53 049 [0.33 0.43 0.14 1.62 0.87 |13
VAR-17 10.36 0.15 0.89 0.7 [0.58 0.89 0.21 0.13 1.05 [1.18
VAR-47 [1.35 0.3 0.59 0.54 [0.92 0.87 0.25 119 [0.68 |0.74
VAR-62 |2.24 0.99 0.59 [0.55 [0.75 0.67 1.6 0.31 0.78 |1.08
VAR-2  |0.47 1.53 0.95 [0.85 [0.45 0.39 0.95 0.67 |0.92 |0.99
VAR-30 [0.43 0.23 0.66 [0.63 |0 0.48 0 0.01 0.52 ]0.82
VAR-103 |0.29 18.77 0.77 0.78 [0.72 1.05 0.05 0 0.59 |0.88
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VAR-72 |0 0.18 0.27 [0.24 [0.42 0.08 0.9 0 0.41 [0.52
VAR-23 0.99 0.38 0.22 [0.17 [0.81 0.25 0 0.83 0.48 10.48
VAR-95 |2.77 1.43 0.68 0.64 |1.6 1.89 1.83 3.13 0.94 |1.19
VAR-73 |1.8 1.88 1.23  |0.79 |3.95 0.49 0 0.53 1 1.02
VAR-79 10.76 2.01 0.89 |1 0.94 0.01 0 0 0.61 ]1.25
VAR-115 |0.93 1.51 0.73 1071 |0 0.47 4.24  14.26 0.95 |0.68
VAR-98 2.7 231 0.87 10.89 [0.98 0.66 2.67 1037 [0.83 (111
VAR-125 |0.74 3.48 1.04 |0.89 [0.66 0.89 0.32 0.1 145 (1.1
VAR-104 [1.32 1.07 0.85 [0.69 [2.83 2.68 0.11 0.96 111 1.27
VAR-31 |0.54 0.17 0.37 10.33 [0.11 0.9 0.34 0.2 0.61 |0.72
VAR-24 ]1.56 1.51 0.85 0.5 [0.99 3.98 0.25 1.51 0.83 ]1.03
VAR-39 |0 0.34 0.19 0.21 [1L.66 0.5 0 0 0.61 |0.76
VAR-8 [1.72 0.69 0.72  10.68 [0.93 2.11 5.19 [0.57 1.52  10.93
VAR-11 [2.01 0.73 0.78 0.81 |0 2.22 0.36 1.53 1.07 [1.26
VAR-32 ]0.28 0.11 0.75 0.81 [1.05 0.96 0.88 ]0.36 1.06 [0.96
VAR-6  |0.88 0.53 0.89 0.93 [1.06 1.28 0.29 1.59 1.05 (1.1
VAR-121 |0.61 0.21 0.91 [0.86 [1.04 1.6 0.15 0.26  |0.83 ]0.92
VAR-9  0.54 1.19 1.23 |1.01 |0.95 0.44 0.5 0.31 1.34 [0.81
VAR-65 [0.93 0.74 0.89 10.89 [0.72 1.09 0.8 |0 0.93 ]1.18
VAR-21 0.8 0.48 0.63 0.6 0.31 0.6 1.27 [2.08 [0.93 |0.87
VAR-58 [0.7 0.28 1.07 1.1 1.04 0.32 0.31 0.65 0.93 |0.96
VAR-34 |1.14 0.3 0.31 [0.32 [0.87 1.41 2.45 0.73 0.79 |1.11
VAR-120 |0.4 1 1.05 [0.93 |0.589 0.05 0.94 |0.55 1.26  |0.69
VAR-118 |0.98 0.17 0.99 |1.07 [0.03 0.45 0.05 0.78 0.97 10.78
VAR-27 0.22 0.43 0.78 10.75 [0.42 1.31 0.07 ]0.19 0.92 ]0.85
VAR-28 ]1.04 0.6 0.73 10.88 [0.71 0.45 2.62 3.5 0.81 1.2
VAR-4 10.16 0.8 0.89 0.4 [0.38 1.06 0.67 3.06 0.2 [1.27
VAR-7  |0.62 0.04 0.78 [0.99 [1.08 2.74 146 [0.24 [0.93 |0.62
VAR-12 [0.23 0.18 0.9 1.06 [1.53 2.07 0.52 0.15 0.83 |14
VAR-13 0.74 4.06 0.77 0.2 [0.16 0 0 0 0.77 0.3
VAR-15 [1.05 0.91 0.97 10.88 [2.52 0.02 1.65 0 0.96 |1.12
VAR-16 10.14 0 0.9 0.78 [1.28 0 0.08 10.34 1.64 [1.3S
VAR-18 |0.02 0.26 0.85 10.74 [0.68 0 0.19 2.68 1.7 0.63
VAR-19 [1.41 0 0.64 [0.83 [0.71 0.62 6.1 0 0.44 |1.66
VAR-20 |0 1.67 0.8 0.88 [1.31 2.51 1.33 0.93 0.93 [0.74
VAR-22 |1.66 5.74 0.88 0.85 [0.08 0.02 0.16  |0.44 143 0.82
VAR-26 |0.46 0.8 0.83 |1.01 [1.28 0.71 0.89 10.92 [1.02 |1.31
VAR-36 10.67 0 0.17 10.17 [0.02 0 0.0 |0 0.76  10.46
VAR-37 ]1.27 0.01 0.55 |0.51 [0.23 2.24 2.56 |0 0.26  ]1.56
VAR-38 [0.18 0 0.44 1042 |13 0.33 0.57 6.44 0.79 10.84
VAR-42 [0.72 0.84 0.73 [0.78 [1.53 1.19 0.69 0.49 1.24 [1.06
VAR-45 ]1.87 0.09 0.25 0.3 0.83 0.35 0.08 2.28 0.38 [0.52
VAR-48 [0.32 0.65 0.68 [0.55 [0.96 0.31 0.14 0.35 0.8 1.07
VAR-52 0.4 0 0.64 0.79 [0.38 0.57 1.27 [0 0.19 [0.72
VAR-56 |1.04 0.76 0.75 0.8 0.97 2.99 0.08 1047 10.97 ]1.24
VAR-60 10.04 1.66 0.78 10.63 1.7 0 0 1.67 0.78  10.58
VAR-63 ]0.88 0.48 0.59 [|0.51 [0.2 0.77 0.38 1.65 0.48 |0.65
VAR-64 |0 0 0.68 |0.77 |0 0 0.02 0 1.57 [0.73
VAR-66 |1 2.79 0.5 0.44 [2.14 0.53 0.14  |0.06 1.28 |1.01
VAR-84 10.38 5.7 0.33 [0.39 [0.01 0 1.41 0 0.68 [0.52
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VAR-91 [0.3 0.62 0.17 [0.16 [0 0 0.77 |0 0.56 [0.78
VAR-92 [0.6 3.53 0.4 0.53 [0.21 0 0 0 0.75 10.84
VAR-94 |0.9 1.29 0.79 [0.76  [4.55 0 0.2 0 0.73 0.6
VAR-106 |0.06 0.22 0.43 10.36 [0.25 0 0.15 4.89 1.09 [0.93
VAR-111 |0 0 0.29 10.21 [1.66 0.02 1.52 0 0.28 ]1.28
VAR-113 |0.73 1.98 0.75 10.76  [0.07 0 1.06  |0.08 0.74 |13
VAR-117 10.69 0.46 0.51 0.2 [0.31 0.37 0.08 |0 0.74 1.3
VAR-126 |1.29 0 0.71 [0.76 [1.08 0.47 0.33 0 0.96 |1.12

Table 16. Fold change in transduction of virus particles comprising the indicated variant capsid
polypeptide, relative to the transduction of virus particles comprising wild-type AAV9 in brain
tissues. CBh indicates measurements from virus particles comprising genomes with the cap gene
under the control of the CBh promoter. hSyn indicates virus particles comprising genomes with
the cap gene under the control of the hSyn promoter. Values of “0” indicate variant transduction
was not detected in the indicated sample. Variants are ranked in order of fold improvement over
WT AAV9 in aggregated brain from the hSyn promoter.

proper [transdu|transdftransd [transd [transd [transd[transd [transd [transd [transd|transd [transd |transd [transd [transduc|transduc

ty ction |uction fuction |uction |uction |uction |uction |uction |uction fuction |uction [uction [uction |uction [tion tion

organ |brain |brain |brain [brain |brain [brain |brain |brain [brain |brain |brain [brain [brain [brain |brain brain

tissue |aggregalaggre |basal_ |basal_ |brains |brains [cereb |cereb [forebr [forebr |hippoc|hippoc|midbr |midbr [temporajtempora
ted gated |gangli [gangli [tem |tem [ellum [ellum |ain ain ampus [ampus |ain ain |_cortex [I_cortex

a a

promo |CBh hSyn |CBh  [hSyn |CBh [hSyn |CBh |hSyn |CBh [hSyn |CBh  [hSyn [CBh [hSyn |CBh hSyn

ter

Variant

Name

VAR-1 [138.56 (129.2 |318.84(311.32|83.55 [64.71 |122.4 |103.8 |183.4 |179.5 |0 339.62|159.1 |186.7 [129.25 (165.4

3 3 6 7 9 3 9

VAR- [139.39 (102.7 |188.54[271.6 [94.53 [52.68 |64.49 |115.2 |244.2 |106.3 |0 0 121.0 (335.2 290.19 |72.56

54 1 7 & 4 7 4

VAR- [82.23 [97.04 |110.69(288.47|86.12 [56.91 |82.03 [16.8 [92.2 |135.3 |0 0 79.97 [173.0 |14.2 89.91

74 3 8

VAR- ([55.93 |[67.84 |144.3 (85.43 |33.68 [62.46 |57.58 [14.93 |50.08 [56.95 |340.56(0 34.75 [215.2 |55.53 |99.85

37 8

VAR- (33.03 [67.11 [19.17 |149.46(9.94 ([37.17 [76.5 [130.5 |66.54 |71.17 [0 0 46.17 |76.86 [0 74.87

61 9

VAR- [24.32 (41.56 [34.75 |111.65[9.01 [21.38 [29.71 [29.27 |36.18 |70.3 [0 0 125.5 (40.19 |0 26.1

116 1

VAR- [28.65 (34.95 [0 46.95 [30.19 [24.52 (28.44 [41.03 [57.71 |60.86 |0 0 0 42.26 [21.33 |0

100

VAR- (22.41 (32.16 |9.91 [62.2 |20.57 [16.24 |22.6 |27.17 |41.29 |48.95 |0 0 47.75 169.98 |0 36.35

80

VAR- (37.41 (29.26 |69.5 [41.97 |24.03 [25.05 |48.42 [26.2 |42.88 |31.09 |0 0 37.19 [32.38 |29.71 |42.05

89

VAR- [25.95 (24.83 |0 30.02 (7.81 [26.13 (17.17 |0 104.5 [33.35 |0 0 72.55 [0 0 35.09

102 5

VAR- [9.87 20.49 (11.83 |40.44 |5.37 |10.56 [3.37 |8.83 ([24.64 |26.21 [0 (0] 7.12 |18.2 |18.97 |65

122

VAR- [17.07 |[18.85 |38.75 [62.16 |10.05 [13.22 |8.03 |[18.1 [26.9 [25.58 |0 0 25.45 [0 22.59 |0

75
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VAR- [12.64 |17.45 |34.52 [43.65 |7.16 ([2.53 |5.9 25.43 [28.75 |29.64 [0 0 8.31 [26.19 |0 34.01
96

VAR- (20.97 [17.3 [33.26 |23.24 |16.02 |11.56 |13.54 [26.11 |42.87 (17.21 |0 0 34.32 (17.93 |0 38.8
67

VAR- (22.54 |16.12 [23.79 |16.24 |16.04 |12.25 |21.7 [23.65 |46.24 (20.05 |0 0 34.38 [48.72 |6.1 0

57

VAR- [13.83 [9.08 [10.7 [14.96 |11.1 |[6.95 |24.41 [4.36 |14.86 (11.09 |0 0 0 17.96 |13.73 11.66
59

VAR- [0 8.63 [0 0 0 18.17 |0 0 0 0 0 0 0 0 0 0
35

VAR- (2.81 8.22 |0 0 6.77 [8.65 |0 0 0 0 0 0 0 89.39 |0 0
110

VAR- (2.42 7.48 |0 0 2.5 6.3 1.83 |7.9 2.23 [0 0 0 7.73 [65.13 |4.12 10.57
93

VAR- (2.3 6.88 |0 0 5.54 [9.66 |0 0 0 10.27 |0 0 0 0 0 0
76

VAR- [1.25 6.74 |0 0 3 10.85 |0 4.19 (0 5.33 [0 0 0 0 0 0
119

VAR- [4.54 6.49 [6.02 [26.14 |4.68 [4.55 |6.87 [5.71 [2.09 [4.84 |0 0 0 11.76 |3.86 0
82

VAR- (3.03 569 [9.37 |0 2.43 [6.84 |5.34 [8.59 |0 3.64 [0 0 0 0 0 11.49
83

VAR- [2.35 5.64 |0 45.49 |5.66 (3.96 |0 0 0 0 0 0 0 0 0 0
108

VAR- [5.97 5.47 [9.24 |33.08 |14.79 |3.84 |0 0 6.41 [0 0 0 0 19.85 |23.69 0
71

VAR- (2.46 5.26 [5.71 [10.59 |0 1.84 |0 0 3.96 |[11.77 |0 119.18|13.75 [0 7.32 0
90

VAR- [1.99 496 [4.62 [20.01 (1.2 3.48 [2.64 |0 3.21 (741 |0 0 0 0 0 0
123

VAR- [1.89 4.62 [0 0 0 0 6.66 [0 4.06 |20.67 [0 0 0 0 0 0
44

VAR- [1.71 449 [0 0 4.12 |0 0 11.86 |0 10.06 |0 0 0 0 0 15.87
86

VAR- ([3.17 4 3.68 |0 0.95 |4.21 [6.29 [10.57 [5.1 4.48 (0 0 0 0 4.71 0
81

VAR- [0 3.88 |0 0 0 2.72 [0 13.67 |0 5.79 [0 0 0 0 0 0
43

VAR- [(1.44 3.86 |0 0 3.48 [8.13 |0 0 0 0 0 0 0 0 0 0
41

VAR- [4.36 3.61 [11.58 |0 3 3.37 [3.3 0 8.04 |7.17 [0 0 0 8.72 [0 0
38

VAR- [0 341 [0 0 0 0 0 0 0 0 0 0 0 0 0 48.18
127

VAR- [0.81 3.36 [0 0 195 [4.71 |0 0 0 0 0 0 0 0 0 15.81
85

VAR- [0 3.28 |0 0 0 0 0 0 0 14.7 |0 0 0 0 0 0
51

VAR- (2.43 3.16 |0 0 1.46 |0 3.21 [0 3.91 [0 0 0 13.57 |68.69 [0 0
99

VAR- (1.01 3.15 |0 0 1.22 [4.97 [0 0 3.27 [3.52 |0 0 0 0 0 0
101

VAR- (3.81 291 |0 0 4.59 14.08 (10.09 |0 0 4.34 (0 0 0 0 0 0
107

VAR-5 (2.7 286 |0 0 2.17 |2 4.76 |0 0 4.26 [98.59 |0 0 0 5.36 13.45
VAR- [0.57 2.82 [5.29 |0 0 4.45 |0 0 0 3.15 [0 0 0 0 0 0
33
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VAR-3 [0 262 [0 0 0 5.51 |0 0 0 0 0 0 0 0 0 0

VAR- (1.5 258 [0 208 (1.8 |1.81 |0 0 0 0 0 0 0 0 3.92 0
25

VAR- [0 256 |0 0 0 2.7 |0 0 0 0 0 0 0 0 0 18.1
49

VAR- [0.98 233 [0 0 0 2.8 |3.47 |0 2.11 [1.49 |0 0 0 0 0 9.4
68

VAR- |0 231 [0 13.94 (0 2.43 |0 0 0 0 0 0 0 0 0 0

40

VAR- [0 231 [0 0 0 2.43 |0 0 0 5.17 |0 0 0 0 0 0

97

VAR- [0.88 23 [0 13.93 |1.06 |0 0 6.09 |0 0 0 0 0 0 5.23 8.14
10

VAR- [5.03 226 [0 0 8.08 (1.9 |0 0 5.41 [6.07 [0 0 18.76 |0 0 0

105

VAR- [1.06 218 |0 0 1.28 |0 0 0 342 65 [0 0 0 15.8 [0 0

114

VAR- [0 216 |0 8.69 |0 1.51 [0 0 0 3.22 |0 0 0 0 0 0

69

VAR- [1.72 214 |0 0 4.13 [0 0 0 0 9.57 |0 0 0 0 0 0

14

VAR- [0.86 2.07 [8.01 [0 0 4.37 [0 0 0 0 0 0 0 0 0 0

70

VAR- [1.78 195 [0 0 4.28 (0 0 0 0 8.72 |0 0 0 0 0 0

55

VAR- [2.32 191 [0 0 0 0 0 0 0 0 0 0 0 41.66 27.59 |0
78

VAR- [0.83 1.88 [0 0 1 1.32 219 [0 0 5.62 |0 0 0 0 0 0
50

VAR- [0 187 [0 0 0 3.93 |0 0 0 0 0 0 0 0 0 0
53

VAR- [7.02 186 [0 0 16.91 [3.92 [0 0 0 0 0 0 0 0 0 0
77

VAR- (7.4 1.84 (3435 |0 8.91 ([3.86 |0 0 0 0 0 0 0 0 0 0
109

VAR- [0.37 184 [0 0 0.89 ([3.86 |0 0 0 0 0 0 0 0 0 0
112

VAR- (3.02 1.81 (2,55 |[8.73 (3.31 [0.76 |2.91 |0 3.54 |1.62 [60.19 [0 0 7.86 |0 0
124

VAR- |0 177 [0 21.43 |0 0 0 0 0 0 0 0 0 0 0 0
46

VAR- |1 1.7 (466 |0 1.21 [2.68 [0 0 0 1.9 [0 0 0 0 0 0
28

VAR- [1.62 162 [0 0 1.3 |L71 (286 [0 3.49 364 [0 0 0 0 0 0
17

VAR- [2.06 162 [0 0 1.65 [0 0 0 8.86 (2.42 |0 0 0 11.78 [0 7.65
47

VAR- [0.99 157 (9.21 |0 0 0 0 0 0 7.02 |0 0 0 0 0 0
62

VAR-2 [1.09 152 |0 0 262 3.2 [0 0 0 0 0 0 0 0 0 0
VAR- (3.13 151 [0 0 3.77 [3.17 |0 0 10.1 |0 0 0 0 0 0 0
30

VAR- [0 145 [0 0 0 0 0 0 0 6.48 |0 0 0 0 0 0
103

VAR- (3.26 135 |0 0 2.62 [|2.84 [5.76 |0 0 0 0 0 0 0 1295 [0
72
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VAR- [1.16 134 [0 0 14 [0 0 7.1 3.75 |0 0 0 14.63 (0 0
23
VAR- [6.92 1.34 (1285 |0 3.33 |0 7.33 |14.11 |8.92 [0 0 15.47 [0 8.24 0
95
VAR- [0 1.27 [0 0 0 2.66 |0 0 0 0 0 0 0 0 0
73
VAR- (1.8 1.21 (8.34 |14.63 [2.16 [0 0 0 0 0 0 0 0 0 0
79
VAR- [2.63 116 (6.1 0 0 1.22 [3.48 [0 0 26 |0 29.37 |0 0 0
115
VAR- [0.98 115 [0 0 236 [2.41 |0 0 0 0 0 0 0 0 0
98
VAR- [1.39 1.05 [0 0 3.35 |0 0 0 0 4.68 |0 0 0 0 0
125
VAR- [0 1.03 [0 0 0 2.16 |0 0 0 0 0 0 0 0 0
104
VAR- (1.34 [0.99 [0 0 1.08 [2.08 (236 [0 0 0 97.9 0 0 0 0
31
VAR- [1.43 0.97 |0 0 0 0 0 0 9.2 (433 |0 0 0 0 0
24
VAR- [0 0.96 |0 0 0 0 0 0 0 0 0 0 0 0 13.53
39
VAR-8 [1.5 0.94 |0 0 0 1.97 [0 0 0 0 0 33.59 |0 0 0
VAR- [2.94 091 |0 0 0 0 0 0 18.96 4.08 |0 0 0 0 0
11
VAR- [0.91 (0.8 [4.21 (0 0 1.68 [0 0 0 0 0 0 0 5.4 0
32
VAR-6 [0.37 [0.76 [0 0 0 1.59 [1.98 [0 0 0 0 0 0 0 0
VAR- [0.51 [0.76 [0 0 0.62 [0.53 |1.36 [|2.66 [0 1.13 [0 0 0 0 0
121
VAR-9 [1.02 0.73 1475 [0 1.23 [1.54 |0 0 0 0 0 0 0 0 0
VAR- [1.29 [0.65 [0 0 3.11 |0 0 0 0 2.91 |0 0 0 0 0
65
VAR- [1.03 0.62 |0 0 124 1.3 (273 [0 0 0 0 0 0 0 0
21
VAR- |1 0.59 3.1 0 0.8 [0 0 0 2.15 |2.65 [0 0 0 0 0
58
VAR- (1.04 [0.58 [0 0 0 1.22 [0 0 6.69 |0 0 0 0 0 0
34
VAR- [0.57 [0.54 [0 0 0.68 [0 0 0 1.83 |0 0 0 0 0 7.63
120
VAR- [0 0.53 |0 0 0 0 0 0 0 2.36 |0 0 0 0 0
118
VAR- |0 051 |0 0 0 0 0 0 0 2.27 |0 0 0 0 0
27
VAR- [1.45 0.46 898 [0 0 0 2.56 |0 0 2.07 |0 0 0 0 0
29
VAR-4 |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
VAR-7 [2.87 [0 0 0 3.45 |0 3.79 |0 0 0 0 16.03 [0 0 0
VAR- [1.89 [0 0 0 2.28 |0 0 0 6.1 |0 0 0 0 0 0
12
VAR- [4.84 [0 0 0 9.33 [0 5.13 |0 0 0 0 0 0 0 0
13
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16
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VAR- [11.04 [0 0 0 26.6 |0 0 0 0 0 0 0 0 0 0 0
18
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19
VAR- [1.64 [0 0 0 0 0 8.71 [0 0 0 0 0 0 0 0 0
20
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
22
VAR- [2.33 0 7.2 0 0 0 8.21 [0 0 0 0 0 0 0 0 0
26
VAR- [1.42 0 0 0 3.42 |0 0 0 0 0 0 0 0 0 0 0
36
VAR- |0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
37
VAR- (1.4 0 13.04 [0 0 0 0 0 0 0 0 0 0 0 0 0
38
VAR- [2.93 0 5.45 |0 4.24 (0 3.11 |0 0 0 0 0 0 0 0 0
42
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
45
VAR- [0.57 [0 0 0 0 0 0 0 3.67 |0 0 0 0 0 0 0
48
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
52
VAR- [1.19 [0 0 0 143 |0 3.14 |0 0 0 0 0 0 0 0 0
56
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
60
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
63
VAR- 16.27 |0 0 0 0 0 0 0 40.4 [0 0 0 0 0 0 0
64
VAR- [4.98 [0 0 0 4.8 [0 5.27 |0 6.42 |0 0 0 22.28 |0 0 0
66
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
84
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
91
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
92
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
94
VAR- [4.24 [0 19.71 [0 5.11 |0 0 0 0 0 0 0 0 0 0 0
106
VAR- [2.26 [0 0 0 5.44 |0 0 0 0 0 0 0 0 0 0 0
111
VAR- [2.13 0 0 0 5.13 |0 0 0 0 0 0 0 0 0 0 0
113
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
117
VAR- [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
126

Table 17. Fold change in transduction of virus particles comprising the indicated variant capsid
polypeptide, relative to the transduction of virus particles comprising wild-type AAV9 in non-
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brain tissues. CBh indicates measurements from virus particles comprising genomes with the cap
gene under the control of the CBh promoter. hSyn indicates virus particles comprising genomes
with the cap gene under the control of the hSyn promoter. Values of “0” indicate variant
transduction was not detected in the indicated sample. Variants are ranked in order of fold
improvement over WT AAV9 in aggregated brain from the hSyn promoter.

property [transduction [transduction [transdu [transdu [transducti [transducti [transdu [transdu |transdu [transdu
ction ction on on ction ction ction ction
organ  |dorsal_root_g |dorsal_root_g|liver liver skeletal_ |skeletal_ [spinal_c|spinal_c|spleen |spleen
anglion anglion muscle  |muscle  |ord ord
tissue  |aggregated aggregated |aggrega [aggrega |aggregate |aggregate |aggrega |aggrega |aggrega [aggrega
ted ted d d ted ted ted ted
promote |[CBh hSyn CBh hSyn CBh hSyn CBh hSyn  [CBh hSyn
r
Variant
Name
VAR-1 [1.76 1.78 0.32 0.52 1.19 1.47 46.06 [63.23 [0 2.36
VAR-54 |0 2.43 0.3 0.4 2.65 1.73 89.64 [48.29 |0 0
VAR-74 [5.88 0 0.17 0.5 1.33 0 50.24 [18.41 |0 0
VAR-87 |0 0 1.02 1.03 1.3 0 9.36 8.18 0 0
VAR-61 |0 0 0.45 0.18 2.89 0 12.43 ]10.22 |0 0
VAR-116 |0 3.5 1.09 0.86 2.61 0 11.26 |32.07 |0 0
VAR-100 |0 14.72 1.04 0.81 1.5 0 21.56 (33.71 |0 0
VAR-80 |0 0 0.23 0.47 1.79 3.47 6.43 11.17 |0 0
VAR-89 |0 0 0.61 0.52 1.16 0.67 10.01 |17.22 |0 0
VAR-102 [16.01 0 0.24 0.26 0 0 19.53 |28.74 |0 0
VAR-122 (3.14 3.17 0.28 0.3 0.8 0.56 7.67 2.42 0 0
VAR-75 |0 0 0.36 0.71 1.8 0 2.28 6.61 0 0
VAR-96 (3.67 4.56 0.16 0.19 1.45 0 6.71 3.48 0 0
VAR-67 |0 0 1.04 1.11 1.57 0.37 12.32 |9.54 0 0
VAR-57 |0 0 0.45 1.07 1.72 1.21 15.43 |2.59 4.8 6.77
VAR-59 |0 1.56 0.84 0.6 0.97 0 6.94 7.16 10.8 6.24
VAR-35 |0 0 0 1.79 0 0 (6] 0 0 0
VAR-110 |0 0 0.41 0.85 0 5.54 0 0 0 0
VAR-93 [5.12 0 0.68 1.4 1.64 1.01 4.16 0 0 0
VAR-76 |0 0 1.51 1.43 1.93 3.09 0 0 0 0
VAR-119 [4.1 0 0.61 0.7 0.81 3.74 2.5 4.59 0 0
VAR-82 |0 2.05 1.04 1.52 1.09 0 3.9 3.13 0 0
VAR-83 |0 0 1.1 1.27 0.56 2.19 0 4.7 0 0
VAR-108 |0 0 0.34 1.17 2.63 0 0 10.89 |0 0
VAR-71 |0 3.46 0.94 2.27 0.56 1.23 5.99 0 0 0
VAR-90 |0 0 0.72 0.55 1.03 1.18 0 0 0 0
VAR-123 [2.46 0 0.8 0.86 0.97 4.46 9 9.58 0 25.01
VAR-44 |0 0 1.29 0.64 0.35 2.07 0 0 0 0
VAR-86 |0 4.26 0.83 1.75 1.28 1.51 0 0 10.69 |0
VAR-81 [1.95 0 0.81 0.31 1.22 0 2.38 0 0 0
VAR-43 |0 0 0.4 1.88 0.77 1.74 0 0 0 0
VAR-41 |0 0 0.46 0.48 0.54 0 2.9 0 0 0
VAR-88 (3.08 0 0.5 0.29 0.52 1.08 3.75 2.32 0 0
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VAR-127 |0 0 1.04 1.06 0 0 0 0 0 0
VAR-85 |2 0 0.86 0.81 1.36 4.52 0 0 0 0
VAR-51 |0 12.44 1.06 1.02 0.51 0 10.91 |19 0 0
VAR-99 |3 11.97 0.58 1.31 2.04 0 7.31 0 0 0
VAR-101 |0 0 0.55 0.74 0.71 2.12 3.05 0 0 0
VAR-107 |0 0 0.19 0.71 0.53 0 0 11.22 |0 0
VAR5 |0 10.83 0.56 0.3 0.75 0 2.71 0 0 0
VAR-33 [8.44 5.34 0.71 0.37 1.12 1.9 0 8.15 0 0
VAR-3 |0 0 1.4 1.22 0.54 0 0 7.57 0 0
VAR-25 |0 0 0.38 0.54 1.05 0 0 4.98 0 0
VAR-49 |0 0 0.5 0.8 0 0 0 0 0 0
VAR-68 [1.62 2.52 0.86 1.21 1.1 0.9 0 1.92 3.07 0
VAR-40 [8.14 0 0.12 0.6 0.46 0 0 0 0 0
VAR-97 |0 0 1.04 1.2 0 0 0 0 0 0
VAR-10 |0 0 0.77 0.54 0.86 0.78 0 0 0 0
VAR-105 |0 1.71 0.24 0.52 0.94 3.05 0 0 0 0
VAR-114 [2.62 0 0.77 0.75 0.74 1.96 3.19 4.2 0 0
VAR-69 4.62 2.73 1.23 1.57 0.79 0.97 0 0 0 0
VAR-14 |0 0 1.38 0.44 1.44 2.88 0 0 0 0
VAR-70 |0 1.97 0.76 1.08 1.45 2.1 0 0 0 7.84
VAR-55 |0 0 0.84 0.4 0.5 0 0 0 0 0
VAR-78 |0 0 1.35 1.59 1.94 2.58 0 0 0 0
VAR-50 [4.09 0 0.33 0.72 1.04 0.85 0 0 0 0
VAR-53 |0 0 0.39 0.58 1.5 0 0 0 0 0
VAR-77 |0 0 0.34 0.19 0 0 0 0 0 0
VAR-109 |0 0 0.4 1.05 0.52 0 0 0 0 0
VAR-112 |0 0 1.08 0.95 1.04 1.24 0 0 0 0
VAR-124 [2.71 2.74 1.42 1.54 1.23 0.97 0 0 2.57 0
VAR-46 |0 0 0.39 0.37 0.99 0 0 0 0 0
VAR-28 |0 0 0.29 0.62 0 0.57 0 4.91 0 0
VAR-17 |0 0 0.47 1.18 1.81 2.19 0 0 0 0
VAR-47 |0 0 0.8 1.07 1.54 1.46 0 0 0 0
VAR-62 |0 2.97 0.43 0.57 0.28 0 0 0 0 0
VAR-2 |0 5.77 1.03 0.63 1.22 0 0 0 0 0
VAR-30 [7.74 5.71 0.69 0.78 0 0 0 0 0 0
VAR-103 |0 0 0.93 1.05 0 1.95 0 0 0 0
VAR-72 |0 0 0.4 0.28 0.3 0 0 7.8 0 0
VAR-23 |0 2.55 0.13 0.35 1.46 0 3.5 3.89 0 0
VAR-95 |0 0 0.3 0.28 2.13 3.6 0 0 0 0
VAR-73 |0 4.8 1.91 0.53 0 1.71 0 0 0 0
VAR-79 4.43 4.59 0.26 0.5 0.5 0 0 0 0 0
VAR-115 |0 0 0.53 0.84 1.29 2.35 0 0 0 0
VAR-98 |0 2.17 0.79 1.13 0.55 0.77 5.91 0 0 0
VAR-125 |0 0 0.81 0.76 2.34 141 0 0 13.04 ]15.81
VAR-104 |0 3.9 1.07 0.96 0.27 1.39 0 0 0 0
VAR-31 [4.41 1.87 0.85 0.51 1 3.32 2.69 2.85 0 0
VAR-24 |0 0 0.68 1 0 0 0 0 0 0
VAR-39 |0 0 0 0.5 0.44 0 0 0 0 0
VAR-8 |0 0 0.66 0.78 1.26 0 0 5.43 0 0
VAR-11 |0 0 0.64 0.66 0.82 0 0 0 0 0
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VAR-32 |0 0 0.43 1.08 1.27 0 0 0 0 0
VAR-6 [1.85 0 0.79 0.91 1.26 0 2.25 0 0 5.73
VAR-121 [1.27 0 0.86 0.63 1.22 1.36 1.55 0 0 3.81
VAR-9 [2.53 0 1.19 0.76 1.29 0 3.08 0 0 11.07
VAR-65 |0 2.46 0.66 0.74 1.81 0 0 0 0 0
VAR-21 |0 4.68 0.34 1.03 1.73 0 0 3.57 0 9.33
VAR-58 |1.65 4.48 1.1 0.98 1.03 1.59 0 0 0 0
VAR-34 |0 0 0.19 0.48 0.43 0.78 3.12 0 0 0
VAR-120 |1.4 0 0.68 1.23 1.43 2.18 0 0 2.66 0
VAR-118 |0 0 0.09 1.15 1.44 0.71 0 0 0 7.96
VAR-27 [2.61 0 0.77 0.74 1.03 0.68 0 0 9.89 0
VAR-29 [4.77 0 1.27 1.35 1.76 0.62 0 2.68 0 0
VAR-4 |4.92 0 0.44 1.11 0.28 1.2 12 5.15 0 0
VAR-7 |0 0 1.15 1.34 0.8 1.93 0 0 0 0
VAR-12 |0 0 0.62 0.64 0.53 1.38 0 5.93 0 0
VAR-13 |0 0 0.71 1.69 2.44 0 0 0 0 0
VAR-15 |0 0 1.95 1.02 0.85 0 0 0 0 0
VAR-16 |0 6.06 0.63 0.66 0.8 0 0 0 0 0
VAR-18 |0 0 0.54 0 2.06 0 0 0 0 0
VAR-18 |0 0 0.78 0.93 0.99 0 0 0 0 0
VAR-20 [8.12 0 0.48 1.1 1.84 3.57 0 0 0 0
VAR-22 |0 0 0.36 0.33 0.68 0 0 0 0 0
VAR-26 |0 0 0.85 0.86 0.43 0 0 0 0 0
VAR-36 |0 0 0.1 0 0.79 2.79 0 0 0 0
VAR-37 |0 10.25 1.66 1.69 0.64 0 0 0 0 0
VAR-38 |0 0 0.31 0.16 1.18 2.1 0 0 0 0
VAR-42 2.9 2.47 0.56 0.68 2.63 2.63 0 0 0 9.83
VAR-45 [6.29 0 0.74 0.21 1.07 0 0 0 0 0
VAR-48 |0 1.48 0.5 0.69 1.11 0 0 6.78 0 0
VAR-52 |0 0 0.51 0.99 1.18 0 0 0 0 0
VAR-56 [2.93 0 1.04 0.74 0.66 0 0 5.16 0 0
VAR-60 |0 0 1.69 0.94 5.18 0 0 0 0 0
VAR-63 |0 0 0.67 0.83 0.51 1.2 0 5.14 0 0
VAR-64 |0 0 1.37 0 1.75 0 0 0 0 0
VAR-66 |0 2.63 0.22 0.58 1.11 0 0 4.02 0 0
VAR-84 |0 0 0.26 0 0 0 0 18.3 0 0
VAR-91 |0 0 0.18 0 0.67 12.41 0 0 0 0
VAR-92 |0 0 0.51 0.81 0.65 0 0 0 0 0
VAR-94 |0 0 0.66 0.38 0 4.99 0 0 0 0
VAR-106 |0 0 0.15 0.13 1.78 5.05 12.78 |7.23 19.87 |0
VAR-111 |0 0 0 0.5 1.26 2.16 0 0 0 0
VAR-113 |0 0 1.24 0.26 0.59 0 0 0 0 0
VAR-117 |0 0 0.5 1.53 1.6 0 0 0 0 0
VAR-126 |0 0 0.38 0.84 0 0 0 0 0 0
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CLAIMS

L. A variant capsid polypeptide comprising a polypeptide that has at least 70, 75, 80, 85, 90,
91, 92, 93, 94, 935, 96, 97, 98, 99% or 100% identity to a VP1, VP2, or VP3 sequence of SEQ ID
NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

2. The variant capsid polypeptide of claim 1, wherein the variant capsid polypeptide
comprises a mutation that corresponds to a mutation at one or more positions of 579, 592, 593,
595, 596, 598, 601, or any combination thereof, as compared to SEQ ID NO: 1, optionally

wherein the mutation comprises an insertion, a deletion, or a substitution.

3. The variant capsid polypeptide of claim 1, wherein the variant capsid polypeptide
comprises at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, but no more than 7
mutations that correspond to a mutation at one or more positions of 579, 592, 593, 595, 596, 598,
601, or any combination thereof, as compared to SEQ ID NO: 1, optionally wherein the mutation

comprises an insertion, a deletion, or a substitution.

4. A variant capsid polypeptide, comprising a polypeptide that comprises:
(a) a valine at a position corresponding to Q579 as compared to SEQ ID NO:
L;
(b) an isoleucine at a position corresponding to Q592 as compared to SEQ ID
NO: 1;
(©) a valine at a position corresponding to T593 as compared to SEQ ID NO:
L;
(d) an alanine at a position corresponding to W595 as compared to SEQ ID
NO: 1;
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(e) a leucine at a position corresponding to V596 as compared to SEQ ID NO:

® a serine at a position corresponding to N598 as compared to SEQ ID NO:

() an alanine at a position corresponding to 1601 as compared to SEQ ID
NO: 1; or
(h) combinations thereof, optionally wherein the variant capsid polypeptide
comprises all of (a)-(g);
optionally wherein the variant capsid polypeptide has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 1, provided that
the variant capsid polypeptide comprises combinations of (a)-(g), optionally wherein the variant

capsid polypeptide comprises all of (a)-(g).

S. A variant capsid polypeptide, comprising a polypeptide that comprises:
@) a leucine at a position corresponding to V596 as compared to SEQ ID NO:
1, a serine at a position corresponding to N598 as compared to SEQ ID NO: 1,
and an alanine at a position corresponding to 1601 as compared to SEQ ID NO: 1;
(i) a valine at a position corresponding to Q579 as compared to SEQ ID NO:
1, a leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, a
serine at a position corresponding to N598 as compared to SEQ ID NO: 1, and an
alanine at a position corresponding to 1601 as compared to SEQ ID NO: 1;
(iii)  an alanine at a position corresponding to W595 as compared to SEQ ID
NO: 1, a leucine at a position corresponding to V596 as compared to SEQ ID NO:
1, and a serine at a position corresponding to N598 as compared to SEQ ID NO:
L;
(iv)  a valine at a position corresponding to T593 as compared to SEQ ID NO:
1, an alanine at a position corresponding to W595 as compared to SEQ ID NO: 1,
a leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, and
a serine at a position corresponding to N598 as compared to SEQ ID NO: 1;
%] an isoleucine at a position corresponding to Q592 as compared to SEQ ID

NO: 1, a valine at a position corresponding to T593 as compared to SEQ ID NO:
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1, and a leucine at a position corresponding to V596 as compared to SEQ ID NO:
L;
(vi)  avaline at a position corresponding to T593 as compared to SEQ ID NO:
1, a leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, a
serine at a position corresponding to N598 as compared to SEQ ID NO: 1, and an
alanine at a position corresponding to 1601 as compared to SEQ ID NO: 1;
(vii)  a valine at a position corresponding to Q579 as compared to SEQ ID NO:
1, an alanine at a position corresponding to W595 as compared to SEQ ID NO: 1,
a leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, and
a serine at a position corresponding to N598 as compared to SEQ ID NO: [;
(viii) a valine at a position corresponding to Q579 as compared to SEQ ID NO:
1;or
(ix)  a valine at a position corresponding to Q579 as compared to SEQ ID NO:
1, a valine at a position corresponding to T593 as compared to SEQ ID NO: 1, an
alanine at a position corresponding to W595 as compared to SEQ ID NO: 1, a
leucine at a position corresponding to V596 as compared to SEQ ID NO: 1, and a
serine at a position corresponding to N598 as compared to SEQ ID NO: 1;
optionally wherein the variant capsid polypeptide has at least 70, 75, 80, 85, 90, 91, 92, 93, 94,
95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID NO: 1, provided that

the variant capsid polypeptide comprises a mutation set of (i)-(ix).

6. A variant capsid polypeptide, comprising a polypeptide that has at least 70, 75, 80, 85,
90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identity to a VP1, VP2, or VP3 sequence of SEQ ID
NO: 2, provided that the variant capsid polypeptide comprises:

(i) a mutation between positions 596 and 601 (numbering according to SEQ ID
NO: 1), and wherein the mutation comprises a sequence:

L-n-S-n-n-A,
wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID

NO: 1;

(ii) a mutation between positions 593 and 598 (numbering according to SEQ ID

NO: 1), and wherein the mutation comprises a sequence:
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7.

274

n/V-n-A-L-n-S,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID

optionally wherein the amino acid residue at position 593 is valine;
(iii) a mutation between positions 579 and 601 (numbering according to SEQ ID
NO: 1), and wherein the mutation comprises a sequence:
V-(n)11-0/I-n/V-n-n/A-L-n-S-n-n-A,

wherein n is any amino acid, optionally wherein n is unmodified as set forth in SEQ ID

optionally wherein the amino acid residue at position 592 is isoleucine;
optionally wherein the amino acid residue at position 593 is valine; and
optionally wherein the amino acid residue at position 595 is alanine; or
(iv) a mutation between positions 579 and 601 (numbering according to SEQ ID
NO: 1), and wherein the mutation comprises a sequence:
n/V-(n)11-0/I-n/V-n-n/A-L-n-S-n-n-A,
wherein n is wile type reside as set forth in SEQ ID NO: 1;
optionally wherein the amino acid residue at position 579 is valine;
optionally wherein the amino acid residue at position 592 is isoleucine;
optionally wherein the amino acid residue at position 593 is valine; and

optionally wherein the amino acid residue at position 595 is alanine.

A variant capsid polypeptide comprising a sequence

VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266), or comprising a sequence
IVGALQSQGA (SEQ ID NO: 267), or comprising the sequence VGALQS (SEQ ID NO: 268);

optionally wherein said sequence is within a region corresponding to amino acids 550-620

according to SEQ ID NO: 1, of said variant capsid polypeptide.

8.

The variant capsid polypeptide of claim 7, wherein the capsid polypeptide has greater

than 95%, greater than 96%, greater than 97%, greater than 98%, or greater than 99% sequence

identity to a capsid polypeptide of SEQ ID NO: 1.
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9. The variant capsid polypeptide of claim 7, wherein the capsid polypeptide has greater
than 95%, greater than 96%, greater than 97%, greater than 98% or greater than 99% sequence
identity to a capsid polypeptide of SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO:
11 or SEQ ID NO: 12.

10. The variant capsid polypeptide of any one of claims 7-9, wherein the sequence
VVATNHQSAQAQAIVGALQSQGA (SEQ ID NO: 266) is present at a position corresponding
to amino acids 579 to 601 according to SEQ ID NO: 1 or wherein the sequence IVGALQSQGA
(SEQ ID NO: 267) is present at a position corresponding to amino acids 592 to 601 according to
SEQ ID NO: 1, or wherein the sequence VGALQS (SEQ ID NO: 268).

11. A variant capsid polypeptide comprising a sequence with an edit distance of 15 or lower
to any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 56, 57,
38, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, and further comprising
the mutation set of said any one of SEQ ID NO: 2, 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, 50, 51,
52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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, or 139.

12. A variant capsid polypeptide comprising a sequence with an edit distance of 15 or lower
to any one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
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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, or 139, and further comprising:

(a) 70% or more of the single amino acid mutations in the mutation set of said any
one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55,
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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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,
or 139, if the mutation set includes fewer than ten single amino acid mutations;

(b) 80% or more of the single amino acid mutations in the mutation set of said any
one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75,76, 77, 78, 719,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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,
or 139, if the mutation set includes ten to nineteen single amino acid mutations; or

(c) 90% or more of the single amino acid mutations in the mutation set of said any
one of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55,
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, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 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,

or 139, if the mutation set includes twenty or more single amino acid mutations.

13. A variant capsid polypeptide comprising, e.g., consisting of, a VP1, a VP2, or a VP3
sequence of SEQ ID NO: 2, 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, 50, 51, 52, 53, 54, 55, 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,
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84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139, optionally comprising,
e.g., consisting of, SEQ ID NO: 2.

14. A variant capsid polypeptide comprising, e.g., consisting of, the sequence of SEQ ID NO:
2,14,15,16,17, 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, 50, 51, 52, 53, 54, 55, 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, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 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, or 139.

15. A nucleic acid molecule encoding a capsid variant polypeptide of any one of claims 1-14.

16. The nucleic acid molecule of claim 15, wherein the nucleic acid molecule comprises a
sequence of SEQ ID NO: 3, 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, 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, 259, 260, 261, 262, 263, 264, or 265, or a
fragment thereof (e.g., a VP1-encoding, a VP2-encoding or a VP3-encoding fragment thereof),
or a sequence having at least 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%

sequence identity thereto.

17. The nucleic acid molecule of any one of claims 15 or 16, wherein the fragment thereof

encodes a VP2 capsid polypeptide or a VP3 capsid polypeptide.
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18. The nucleic acid molecule of any one of claims 15-17, wherein the nucleic acid molecule
comprises a sequence of SEQ ID NO: 3, 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, 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, 259, 260, 261, 262, 263, 264, or
265.

19. A virus particle (e.g., adeno-associated virus (“AAV”) particle) comprising a variant
capsid polypeptide of any one of claims 1-14, or comprising a variant capsid polypeptide

encoded by the nucleic acid molecule of any one of claims 15-18.

20. The virus particle of claim 19, comprising a nucleic acid comprising a payload (e.g., a

heterologous transgene) and one or more regulatory elements.

21. A virus particle of any one of claims 19-20, wherein said virus particle exhibits increased
central nervous system (CNS) biodistribution, e.g., as measured in a mammal, e.g., in mouse or
in NHP, e.g., as described herein, relative to a virus particle comprising wild-type AAV9 (e.g., a
virus particle comprising capsid polypeptides of SEQ ID NO: 1, or encoded by SEQ ID NO: 4),
optionally wherein the biodistribution is at least 10-times, at least 20-times, at least 32-times, at
least 45-times, at least 90-times, or greater than the biodistribution of a virus particle comprising
wild-type AAV9 capsid polypeptides (e.g., comprising capsid polypeptides of SEQ ID NO: 1, or
encoded by SEQ ID NO: 4), as measured by quantification of viral DNA in the target tissue (e.g.,

as described in Examples 1-2).

22. The virus particle of claim 21, wherein the increased CNS biodistribution is exhibited

upon systemic, e.g., intravenous, administration of said virus particle.
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23. The virus particle of any of claims 19-20, wherein the virus particle exhibits higher CNS
biodistribution than peripheral nervous system (PNS) biodistribution, optionally wherein the
ratio of CNS biodistribution to PNS biodistribution is at least 10, at least 20, at least 25, at least
50, at least 90, or greater, optionally where said CNS biodistribution and PNS biodistribution are

as measured after systemic, e.g., intravenous, administration of the virus particle.

24. The virus particle of any of claims 19-20, wherein said virus particle exhibits increased
transduction in CNS e.g., as measured in a mammal, e.g., in mouse, rat, or in NHP, e.g., as
described herein, relative to a virus particle comprising wild-type AAV9 capsid polypeptides
(e.g., a virus particle comprising capsid polypeptides of SEQ ID NO: 1 or encoded by SEQ ID
NO: 4), optionally wherein the transduction is at least 10-times, at least 25-times, at least 50-
times, at least 100-times, at least 150-times, at least 200-times, or at least 220-times or greater
than the transduction of a virus particle comprising wild-type AAV9 capsid polypeptides (e.g., a
virus particle comprising capsid polypeptides of SEQ ID NO: 1, or encoded by SEQ ID NO: 4),
as measured by quantification of viral transcript mRNA present in target tissue (e.g., as described

in Examples 1-3).

25. The virus particle of any of claims 19-20, wherein said virus particle exhibits one or
more, e.g., all of:

(g) decreased liver biodistribution;

(h) decreased spleen biodistribution;

(i) decreased muscle biodistribution;

(j) decreased heart biodistribution;

(k) decreased liver transduction; or

(1) decreased heart transduction,
in each case, relative to a virus particle comprising wild-type AAV9 capsid polypeptides (e.g., a
virus particle comprising capsid polypeptides of SEQ ID NO: 1, or encoded by SEQ ID NO: 4),
optionally wherein the transduction or biodistribution is at least 1-times, at least 2-times, at least
3-times, at least 4-times, at least 5-times, or at least 10-times lower than the transduction or
biodistribution of a virus particle comprising capsid polypeptides of SEQ ID NO: 1, e.g., as

measured in a mammal, e.g., a mouse or NHP.
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26. The nucleic acid molecule of any one of claims 15-18, wherein the nucleic acid molecule
is double-stranded or single-stranded, and wherein the nucleic acid molecule is linear or circular,

e.g., wherein the nucleic acid molecule is a plasmid.

27. A method of producing a virus particle comprising a variant capsid polypeptide, said
method comprising introducing a nucleic acid molecule of any one of claims 15-18 or 26 into a

cell (e.g., a HEK293 cell), and harvesting said virus particles therefrom.

28. A method of delivering a payload (e.g., a nucleic acid) to a cell comprising contacting the
cell with a virus particle comprising the variant capsid polypeptide of any one of claims 1-14 and

a payload, or contacting the cell with the virus particle of any one of claims 19-25.

29. The method of claim 28, wherein the cell is a CNS cell.

30. The method of claim 29, wherein the CNS cell is a neuronal cell, a glial cell, an astrocyte,

an oligodendrocyte, an endothelial cell, or any combination thereof.

31. A method of delivering a payload (e.g., a nucleic acid) to a subject comprising
administering to the subject a virus particle comprising the variant capsid polypeptide of any one
of claims 1-14 and the payload, or administering to the subject the virus particle of any one of

claims 19-25.

32. The method of claim 31, wherein the virus particle delivers the payload to the CNS.

33. The variant capsid polypeptide of any one of claims 1-14, the virus particle of any one of
claims 19-25, or the method of any one of claims 27-32, wherein the virus particle (e.g., the virus
particle comprising the variant capsid polypeptide) delivers the payload to the CNS with

increased biodistribution and/or transduction, e.g., biodistribution as compared to a virus particle

comprising capsid polypeptides of SEQ ID NO: 1, optionally wherein the biodistribution is at
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least 10, at least 20, at least 25, at least 50, at least 90, or greater than the biodistribution and/or

transduction of a virus particle comprising capsid polypeptides of SEQ ID NO: 1.

34. The variant capsid polypeptide, virus particle or method of claim 33, wherein the one or
more cell of the CNS is selected from a neuronal cell, a glial cell, an astrocyte, an

oligodendrocyte, an endothelial cell, or any combination thereof.

35. A method of treating a disease or condition in a subject, comprising administering to the
subject a virus particle of any one of claims 19-25 or 33, or the composition of claim 45, in an

amount effective to treat the disease or condition.

36. The method of claim 35, wherein the disease or condition is a disease or condition of the
CNS.
37. The method of claim 36, wherein the disease or condition is Absence of the Septum

Pellucidum, Acid Lipase Disease, Acid Maltase Deficiency, Acquired Epileptiform Aphasia,
Acute Disseminated Encephalomyelitis, Attention Deficit-Hyperactivity Disorder (ADHD),
Adie's Pupil, Adie's Syndrome, Adrenoleukodystrophy, Agenesis of the Corpus Callosum,
Agnosia, Aicardi Syndrome, Aicardi-Goutieres Syndrome Disorder, AIDS - Neurological
Complications, Alexander Disease, Alpers' Disease, Alternating Hemiplegia, Alzheimer's
Disease, Amyotrophic Lateral Sclerosis (ALS), Anencephaly, Aneurysm, Angelman Syndrome,
Angiomatosis, Angleman syndrome, Anoxia, Antiphospholipid Syndrome, Aphasia, Apraxia,
Arachnoid Cysts, Arachnoiditis, Arnold-Chiari Malformation, Arteriovenous Malformation,
Asperger Syndrome, Ataxia, Ataxia Telangiectasia, Ataxias and Cerebellar or Spinocerebellar
Degeneration, Atrial Fibrillation and Stroke, Attention Deficit-Hyperactivity Disorder, Autism
Spectrum Disorder, Autonomic Dysfunction, Back Pain, Barth Syndrome, Batten Disease,
Becker's Myotonia, Bechet's Disease, Bell's Palsy, Benign Essential Blepharospasm, Benign
Focal Amyotrophy, Benign Intracranial Hypertension, Bernhardt-Roth Syndrome, Binswanger's
Disease, Blepharospasm, Bloch-Sulzberger Syndrome, Brachial Plexus Birth Injuries, Brachial
Plexus Injuries, Bradbury-Eggleston Syndrome, Brain and Spinal Tumors (including, but not

limited to those that have metastasized to the brain, for example, metastatic breast cancer), Brain
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Aneurysm, Brain Injury, Brown-Sequard Syndrome, Bulbar palsy, Bulbospinal Muscular
Atrophy, Cerebral Autosomal Dominant Arteriopathy with Sub-cortical Infarcts and
Leukoencephalopathy (CADASIL), Canavan Disease, Carpal Tunnel Syndrome, Causalgia,
Cavernomas, Cavernous Angioma, Cavernous Malformation, Central Cervical Cord Syndrome,
Central Cord Syndrome, Central Pain Syndrome, Central Pontine Myelinolysis, Cephalic
Disorders, Ceramidase Deficiency, Cerebellar Degeneration, Cerebellar Hypoplasia, Cerebral
Aneurysms, Cerebral Arteriosclerosis, Cerebral Atrophy, Cerebral Beriberi, Cerebral Cavernous
Malformation, Cerebral Gigantism, Cerebral Hypoxia, Cerebral Palsy, Cerebro-Oculo-Facio-
Skeletal Syndrome (COFS), Charcot-Marie-Tooth Disease, Chiari Malformation, Cholesterol
Ester Storage Disease, Chorea, Choreoacanthocytosis, Chronic Inflammatory Demyelinating
Polyneuropathy (CIDP), Chronic Orthostatic Intolerance, Chronic Pain, Cockayne Syndrome
Type 11, Coffin Lowry Syndrome, Colpocephaly, Coma, Complex Regional Pain Syndrome,
Concentric sclerosis (Bald's sclerosis), Congenital Facial Diplegia, Congenital Myasthenia,
Congenital Myopathy, Congenital Vascular Cavernous Malformations, Corticobasal
Degeneration, Cranial Arteritis, Craniosynostosis, Cree encephalitis, Creutzfeldt-Jakob Disease,
Chronic progressive external ophtalmoplegia, Cumulative Trauma Disorders, Cushing's
Syndrome, Cytomegalic Inclusion Body Disease, Cytomegalovirus Infection, Dancing Eyes-
Dancing Feet Syndrome, Dandy-Walker Syndrome, Dawson Disease, De Morsier's Syndrome,
Dejerine-Klumpke Palsy, Dementia, Dementia -Multi-Infarct, Dementia - Semantic, Dementia -
Subcortical, Dementia With Lewy Bodies, Demyelination diseases, Dentate Cerebellar Ataxia,
Dentatorubral Atrophy, Dermatomyositis, Developmental Dyspraxia, Devic's Syndrome,
Diabetic Neuropathy, Diffuse Sclerosis, Distal hereditary motor neuronopathies, Dravet
Syndrome, Dysautonomia, Dysgraphia, Dyslexia, Dysphagia, Dyspraxia, Dyssynergia
Cerebellaris Myoclonica, Dyssynergia Cerebellaris Progressiva, Dystonias, Early Infantile
Epileptic Encephalopathy, Empty Sella Syndrome, Encephalitis, Encephalitis Lethargica,
Encephaloceles, Encephalomyelitis, Encephalopathy, Encephalopathy (familial infantile),
Encephalotrigeminal Angiomatosis, Epilepsy, Epileptic Hemiplegia, Episodic ataxia, Erb's Palsy,
Erb-Duchenne and Dejerine-Klumpke Palsies, Essential Tremor, Extrapontine Myelinolysis,
Faber's disease, Fabry Disease, Fahr's Syndrome, Fainting, Familial Dysautonomia, Familial
Hemangioma, Familial Idiopathic Basal Ganglia Calcification, Familial Periodic Paralyses,

Familial Spastic Paralysis, Farber's Disease, Febrile Seizures, Fibromuscular Dysplasia, Fisher
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Syndrome, Floppy Infant Syndrome, Foot Drop, Fragile X disease, Friedreich's Ataxia,
Frontotemporal Dementia, Gaucher Disease, Generalized Gangliosidoses (GM1, GM2),
Gerstmann's Syndrome, Gerstmann-Straussler-Scheinker Disease, Giant Axonal Neuropathy,
Giant Cell Arteritis, Giant Cell Inclusion Disease, Globoid Cell Leukodystrophy,
Glossopharyngeal Neuralgia, Glycogen Storage Disease, Guillain-Barré Syndrome,
Hallervorden-Spatz Disease, Head Injury, Headache, Hemicrania Continua, Hemifacial Spasm,
Hemiplegia Alterans, Hereditary Neuropathies, Hereditary Spastic Paraplegia, Heredopathia
Atactica Polyneuritiformis, Herpes Zoster, Herpes Zoster Oticus, Hirayama Syndrome, Holmes-
Adie syndrome, Holoprosencephaly, HTLV-1 Associated Myelopathy, Hughes Syndrome,
Huntington's Disease, Hurler syndrome, Hydranencephaly, Hydrocephalus, Hydrocephalus -
Normal Pressure, Hydromyelia, Hypercortisolism, Hypersomnia, Hypertonia, Hypotonia,
Hypoxia, Immune-Mediated Encephalomyelitis, Inclusion Body Myositis, Incontinentia
Pigmenti, Infantile Hypotonia, Infantile Neuroaxonal Dystrophy, Infantile Phytanic Acid Storage
Disease, Infantile Refsum Disease, Infantile Spasms, Inflammatory Myopathies, Iniencephaly,
Intestinal Lipodystrophy, Intracranial Cysts, Intracranial Hypertension, Isaacs' Syndrome,
Joubert Syndrome, Kearns-Sayre Syndrome, Kennedy's Disease, Kinsbourne syndrome, Kleine-
Levin Syndrome, Klippel-Feil Syndrome, Klippel-Trenaunay Syndrome (KTS), Kliiver-Bucy
Syndrome, Korsakoff's Amnesic Syndrome, Krabbe Disease, Kugelberg-Welander Disease,
Kuru, Lambert-Eaton Myasthenic Syndrome, Landau-Kleffner Syndrome, Lateral Femoral
Cutaneous Nerve Entrapment, Lateral Medullary Syndrome, Learning Disabilities, Leigh's
Disease, Lennox-Gastaut Syndrome, Lesch-Nyhan Syndrome, Leukodystrophy, Levine-
Critchley Syndrome, Lewy Body Dementia, Lichtheim's disease, Lipid Storage Diseases, Lipoid
Proteinosis, Lissencephaly, Locked-In Syndrome, Lou Gehrig's Disease, Lupus - Neurological
Sequelae, Lyme Disease - Neurological Complications, Lysosomal storage disorders, Machado-
Joseph Disease, Macrencephaly, Megalencephaly, Melkersson-Rosenthal Syndrome, Meningitis,
Meningitis and Encephalitis, Menkes Disease, Meralgia Paresthetica, Metachromatic
Leukodystrophy, Microcephaly, Migraine, Miller Fisher Syndrome, Mini Stroke, Mitochondrial
Myopathy, Mitochondrial DNA depletion syndromes, Moebius Syndrome, Monomelic
Amyotrophy, Morvan Syndrome, Motor Neuron Diseases, Moyamoya Disease, Mucolipidoses,
Mucopolysaccharidoses, Multi-Infarct Dementia, Multifocal Motor Neuropathy, Multiple
Sclerosis, Multiple System Atrophy, Multiple System Atrophy with Orthostatic Hypotension,
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Muscular Dystrophy, 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 (neuropathy, ataxia and retinitis pigmentosa), Neuroacanthocytosis,
Neurodegeneration with Brain Iron Accumulation, Neurodegenerative disease,
Neurofibromatosis, Neuroleptic Malignant Syndrome, Neurological Complications of AIDS,
Neurological Complications of Lyme Disease, Neurological Consequences of Cytomegalovirus
Infection, Neurological Manifestations of Pompe Disease, Neurological Sequelae Of Lupus,
Neuromyelitis Optica, Neuromyotonia, Neuronal Ceroid Lipofuscinosis, Neuronal Migration
Disorders, Neuropathic pain, Neuropathy- Hereditary, Neuropathy, Neurosarcoidosis,
Neurosyphilis, Neurotoxicity, Nevus Cavernosus, Niemann-Pick Disease, O'Sullivan-McLeod
Syndrome, Occipital Neuralgia, Ohtahara Syndrome, Olivopontocerebellar Atrophy, Opsoclonus
Myoclonus, Orthostatic Hypotension, Overuse Syndrome, Pain -Chronic, Pantothenate Kinase-
Associated Neurodegeneration, Paraneoplastic Syndromes, Paresthesia, Parkinson's Disease,
Paroxysmal Choreoathetosis, Paroxysmal Hemicrania, Parry-Romberg, Pelizaeus-Merzbacher
Disease, Pena Shokeir II Syndrome, Perineural Cysts, Peroneal muscular atrophy, Periodic
Paralyses, Peripheral Neuropathy, Periventricular Leukomalacia, Persistent Vegetative State,
Pervasive Developmental Disorders, Phelan McDermid syndrome, Phytanic Acid Storage
Disease, Pick's Disease, Pinched Nerve, Piriformis Syndrome, Pituitary Tumors, Polymyositis,
Pompe Disease, Porencephaly, Post-Polio Syndrome, Postherpetic Neuralgia, Postinfectious
Encephalomyelitis, Postural Hypotension, Postural Orthostatic Tachycardia Syndrome, Postural
Tachycardia Syndrome, Primary Dentatum Atrophy, Primary Lateral Sclerosis, Primary
Progressive Aphasia, Prion Diseases, Progressive bulbar palsy, Progressive Hemifacial Atrophy,
Progressive Locomotor Ataxia, Progressive Multifocal Leukoencephalopathy, Progressive
Muscular Atrophy, Progressive Sclerosing Poliodystrophy, Progressive Supranuclear Palsy,
Prosopagnosia, Pseudobulbar palsy, Pseudo-Torch syndrome, Pseudotoxoplasmosis syndrome,
Pseudotumor Cerebri, Psychogenic Movement, Ramsay Hunt Syndrome I, Ramsay Hunt
Syndrome II, Rasmussen's Encephalitis, Reflex Sympathetic Dystrophy Syndrome, Refsum
Disease, Refsum Disease - Infantile, Repetitive Motion Disorders, Repetitive Stress Injuries,
Restless Legs Syndrome, Retrovirus-Associated Myelopathy, Rett Syndrome, Reye's Syndrome,
Rheumatic Encephalitis, Riley-Day Syndrome, Sacral Nerve Root Cysts, Saint Vitus Dance,
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Salivary Gland Disease, Sandhoff Disease, Schilder's Disease, Schizencephaly, Seitelberger
Disease, Seizure Disorder, Semantic Dementia, Septo-Optic Dysplasia, Severe Myoclonic
Epilepsy of Infancy (SMEI), Shaken Baby Syndrome, Shingles, Shy-Drager Syndrome,
Sjogren's Syndrome, Sleep Apnea, Sleeping Sickness, Sotos Syndrome, Spasticity, Spina Bifida,
Spinal Cord Infarction, Spinal Cord Injury, Spinal Cord Tumors, Spinal Muscular Atrophy,
Spinocerebellar Ataxia, Spinocerebellar Atrophy, Spinocerebellar Degeneration, Sporadic ataxia,
Steele-Richardson-Olszewski Syndrome, Stiff-Person Syndrome, Striatonigral Degeneration,
Stroke, Sturge-Weber Syndrome, Subacute Sclerosing Panencephalitis, Subcortical
Arteriosclerotic Encephalopathy, Short-lasting, Unilateral, Neuralgiform (SUNCT) Headache,
Swallowing Disorders, Sydenham Chorea, Syncope, Syphilitic Spinal Sclerosis,
Syringohydromyelia, Syringomyelia, Systemic Lupus Erythematosus, Tabes Dorsalis, Tardive
Dyskinesia, Tarlov Cysts, Tay-Sachs Disease, Temporal Arteritis, Tethered Spinal Cord
Syndrome, Thomsen's Myotonia, Thoracic Outlet Syndrome, Thyrotoxic Myopathy, Tic
Douloureux, Todd's Paralysis, Tourette Syndrome, Transient Ischemic Attack, Transmissible
Spongiform Encephalopathies, Transverse Myelitis, Traumatic Brain Injury, Tremor, Trigeminal
Neuralgia, Tropical Spastic Paraparesis, Troyer Syndrome, Tuberous Sclerosis, Vascular Erectile
Tumor, Vasculitis Syndromes of the Central and Peripheral Nervous Systems, Vitamin B12
deficiency, Von Economo's Disease, Von Hippel-Lindau Disease (VHL), Von Recklinghausen's
Disease, Wallenberg's Syndrome, Werdnig-Hoffman Disease, Wernicke-Korsakoff Syndrome,
West Syndrome, Whiplash, Whipple's Disease, Williams Syndrome, Wilson Disease, Wolman's
Disease, or X-Linked Spinal or Bulbar Muscular Atrophy.

38. The method of any of claims 35-37, wherein the subject is a mammal, e.g., a human.
39. The method of any of claims 35-38, wherein the virus particle comprises a nucleic acid
molecule encoding a therapeutic product effective to treat the disease or condition of the CNS

and a promoter sufficient to drive expression of said therapeutic product.

40. A cell, cell-free system, or other translation system, comprising the capsid polypeptide,

nucleic acid molecule, or virus particle of any one of the preceding claims.
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41. A method of making a virus (e.g., an adeno-associated dependoparvovirus (AAV)
particle), comprising:

providing a cell, cell-free system, or other translation system, comprising the nucleic acid
of any of claims 15-18 or 26; and

cultivating the cell, cell-free system, or other translation system, under conditions suitable
for the production of the virus particle,

thereby making the virus particle.

42. The method of claim 41, wherein the cell, cell-free system, or other translation system
comprises a second nucleic acid molecule comprising a payload, e.g., a heterologous nucleic acid
sequence encoding a therapeutic product, e.g., as described herein, and at least a portion of said

second nucleic acid molecule is packaged in the dependoparvovirus particle.

43. The method of any one of claims 41-42, wherein the nucleic acid molecule of any of
claims 15-18 or 26 mediates the production of a virus particle which does not include said
nucleic acid of any of claims 15-18 or 26, or fragment thereof; or wherein the nucleic acid
molecule of any of claims 15-18 or 26 mediates the production of a virus particle at a level
similar, or at least 10% greater than the production level mediated by a nucleic acid comprising

SEQ ID NO: 4 in an otherwise similar production system.

44, A composition, e.g., a pharmaceutical composition, comprising a virus particle of any
one of claims 19-25 or a virus particle produced by the method of any one of claims 27 or 41-43,

and a pharmaceutically acceptable carrier.

45. The variant capsid polypeptide of any of claims 1-14, the nucleic acid molecule of any of
claims 15-18 or 26, the virus particle of any of claims 19-25, or the composition of claim 44, for

use in treating a disease or condition in a subject.

46. The variant capsid polypeptide of any of claims 1-14, the nucleic acid molecule of any of
claims 15-18 or 26, or the virus particle of any of claims 19-25, or the composition of claim 44,

for use in the manufacture of a medicament for use in treating a disease or condition in a subject.
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47. A virus particle of any of claims 19-25, wherein the virus particle exhibits at least 50-
time increased transduction of cells of the CNS in at least two different NHP species, optionally

wherein the species are cynomolgus macaque and African green monkey.

48. A virus particle of any of claims 19-25, wherein the virus particle transduces Purkinje
neurons of the cerebellum, e.g., at a level at least 10-fold or 100-fold greater than a virus particle
comprising capsid polypeptides of SEQ ID NO: 1 (e.g., as measured by histology, e.g., according
to Example 2).

49. A virus particle of any of claims 19-25, wherein the virus particle transduces CA3
Pyramidal neruons of the hippocampus, e.g., at a level at least 10-fold or 100-fold greater than a
virus particle comprising capsid polypeptides of SEQ ID NO: 1 (e.g., as measured by histology,

e.g., according to Example 2).



