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METHOD OF INCREASING THE FUNCTION
OF AN AAV VECTOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. Pat.
Application No. 16/368,758, filed Mar. 28, 2019, which 1s

a division of U.S. Pat. Application No. 14/624,671, filed
Feb. 18, 2015, which 1s a division of U.S. Pat. Application
No. 11/887.679, filed Oct. 2, 2007, now U.S. Pat. No.
8,999,678, 1ssued Apr. 7, 2015, which 1s a national stage
of PCT/US2006/013375, filed Apr. 7, 2006, which claims
the benefit of U.S. Pat. Application No. 60/669,083, filed
Apr. 7, 2005, now expired, and U.S. Pat. Application No.
60/733,497, filed Nov. 4, 2005, now expired, which are
hereby incorporated by reference.

GOVERNMENT SUPPORT

[0002] This mvention was made with government support
under grant number POl HIL059407 awarded by the
National Institutes of Health. The government has certamn
rights m the mvention.

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED IN ELECTRONIC
FORM

[0003] Applicant hereby incorporates by reference the
Sequence Listing material filed 1n electronic form herewith.
This file 1s labeled “R3895USD2C2 Seq Listing.xml”.

BACKGROUND OF THE INVENTION

[0004] Adeno-associated virus (AAV), a member of the

Parvovirus family, 1s a small nonenveloped, icosahedral
virus with smgle-stranded linear DNA genomes of 4.7 kilo-
bases (kb) to 6 kb. AAV 1s assigned to the genus, Dependo-
virus, because the virus was discovered as a contaminant 1n
purtfied adenovirus stocks. AAV’s life cycle includes a
latent phase at which AAV genomes, after infection, are
site specifically integrated mnto host chromosomes and an
infectious phase m which, following either adenovirus or
herpes simplex virus mfection, the integrated genomes are
subsequently rescued, replicated, and packaged nto 1nfec-
tious viruses. The properties of non-pathogenicity, broad
host range of mfectivity, mcluding non-dividing cells, and
potential site-specific chromosomal integration make AAV

an attractive tool for gene transier.
[0005] AAV vectors have been described for use as deliv-

ery vehicles for both therapeutic and immunogenic mole-
cules. To date, there have been several different well-char-
acterized AAVs 1solated from human or non-human
primates (NHP).

[0006] Recently, mvestigators have described a large
number of AAVs of different sequences [G. Gao, et al.,

Proc Natl Acad Sci USA, 100(10):6081-6086 (May 13,
2003); US-2003-0138772-A1 (Jul. 24, 2003)] and charac-
terized these AAVs mto different serotypes and clades [G.
Gao, et al., J. Virol., 78(12):6381-6388 (June 2004); Inter-
national Patent Publication No. WO 2005/033321]. It has
been reported that different AAVs exhibit different transtec-
tion efficiencies, and also exhibit tropism for different cells
or tissues.
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[0007] What 1s desirable are AAV-based constructs for
delivery of heterologous molecules to different cell types.

SUMMARY OF THE INVENTION

[0008] The present mvention provides a method of
improving vectors dertved from AAV which are non-func-

tional and/or which perform weakly.
[0009] In one aspect, the method provides a method for

correcting singletons 1n a selected AAV sequence 1n order
to increase the packaging yield, transduction etficiency, and/
or gene transter efficiency of the selected AAV. This method
involves altering one or more singletons in the parental AAV
capsid to conform the singleton to the amimo acid mn the
corresponding position(s) of the aligned functional AAV
capsid sequences.

[0010] In another aspect, the mmvention provides modified
AAV sequences, 1.€., sequences with one or more singletons
eliminated.

[0011] In yet another aspect, the mvention provides AAV
vectors having modified AAV capsids according to the pre-

sent invention.
[0012] Other aspects and advantages of the mvention will

be readily apparent from the following detailed description
of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 1s a graph illustrating 1n vitro 293 transduc-
tion of singleton corrected AAV vectors. Singleton correc-
tions are mdicated after the vector name with - 1f present - a

number to indicate the number of mutations performed.
[0014] FIGS. 2A-2C are line graphs illustrating the titra-

tion of AAV vectors on 293 cells at multiplicities of infec-
tion ranging from 10! to 104, with a comparison between
parent th.8 and singleton-corrected rh.8 (rh.8R) 1n FIG.
2A, parent th.37 and modified rh.37 (FIG. 2B), and AAV?2
and AAVS8 1n FIG. 2C. As a control, a similar titration of
AAV2 and AAV2/8 e¢GFP expressing vector 1s presented.
Percent (%) of eGFP positive cells 1s presented on the Y-
ax1s and was assayed by flow cytometry.

[0015] FIG. 3 1s a phylogenetic tree of AAV sequences,
which mdicates their phylogenetic relationship and clades.
[0016] FIGS. 4A-4L are an alignment of the nucleic acid
sequences of the capsid protein (vpl) of AAV2 [SEQ ID
NO:7], ¢y.5 [SEQ ID NO:8], th.10 [SEQ ID NO: 9], rth.13
[SEQ ID NO: 10], AAV1 [SEQ ID NO: 11], AAV3 [SEQ ID
NO: 12], AAV6 [SEQ ID NO: 13], AAV7 [SEQ ID NO: 14],
AAVSE [SEQ ID NO: 15], hu. 13 [SEQ ID NO:16], hu.26
ISEQ ID NO: 17], hu.37 [SEQ ID NO: 18], hu.53 [SEQ
ID NO: 19], rh.39 [SEQ ID NO: 20], rh.43 [SEQ ID NO:

21]and rh.46 [SEQ ID NO: 22].
[0017] FIGS. 5A-5D are an alignment of the amimo acid

sequences of the capsid protemn (vpl) of AAV2 [SEQ ID
NO: 23], ¢y.5 [SEQ ID NO: 24], rh.10 [SEQ ID NO: 23],
th.13 [SEQ ID NO: 26], AAVI1 [SEQ ID NO: 27], AAV3
ISEQ ID NO: 28], AAV6 [SEQ ID NO: 29], AAV7 [SEQ
ID NO: 30], AAVS8 [SEQ ID NO: 31], hu.13 [SEQ ID NO:
32], hu.26 [SEQ ID NO: 331, hu.37 [SEQ ID NO: 34], hu.53
ISEQ ID NO: 35], th.39 [SEQ ID NO: 36], th.43 [SEQ ID
NO: 37]and rh.46 [SEQ ID NO: 38].

[0018] FIGS. 6A-6B arc an alignment of the amino acid
sequences of the capsid protem (vpl) of rh.13 [SEQ ID NO:
26], th2 [SEQ ID NO: 39], th.8 [SEQ ID NO: 41], hu.29
ISEQ ID NO: 42], and rth.64 [SEQ ID NO: 43].
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DETAILED DESCRIPTION OF THE INVENTION

[0019] The present mvention provides a method for
improving the function of an AAV vector. The present
invention 1s particularly well suited to improve the packa-
gmg yield, transduction etficiency, and/or gene transfer etfi-
ciency of an AAV vector having a capsid of an AAV which
contains one or more singletons. The mvention further pro-
vides novel AAV capsid sequences 1dentified and prepared
according to the method of the imnvention.

[0020] As used throughout this specification and the
claims, the terms “comprising” and “including” are inclu-
sive of other components, elements, mtegers, steps and the
like. Conversely, the term “consisting” and 1ts variants are

exclusive of other components, elements, integers, steps and
the like.

Singleton Method of Invention

[0021] As used herein, the term “singleton” refers to a
variable amino acid 1n a given position 1 a selected (1.¢.,
parental) AAV capsid sequence. The presence of a variable
amino acid 1s determined by aligning the sequence of the
parental AAV capsid with a library of functional AAV cap-
sid sequences. The sequences are then analyzed to deter-
mine the presence of any variable amino acid sequences 1
the parental AAV capsid where the sequences of the AAV n
the library of functional AAVs have complete conservation.
The parental AAV sequence 15 then altered to change the
singleton to the conserved amino acid identified n that posi-
tion 1 the functional AAV capsid sequences. According to
the present mvention, a parental AAV sequence may have 1
to6, 1 to5, 1to4, 1 to 3, or 2 singletons. A parental AAV

sequence may have more than 6 smgletons.
[0022] Once modified, the modified AAV capsid can be

used to construct an AAV vector having the modified capsid.
This vector can be constructed using techmques known to
those of skill 1n the art.

[0023] The AAV selected for modification according to
the invention method 1s one for which 1t 1s desirable to
increase any one or more of the following three functional
properties of AAV, 1.¢., packaging mnto the viral particle hav-
ing the capsid of the selected AAV sequence, mcreasing
transduction efficiency, or increasmg gene transfer effi-
ciency as compared to the parental AAV. For example, the
parental AAV may be characterized by having a lower
packaging eff]

efficiency than other, closely related AAV. In
another example the parental AAV may have a lower trans-
duction efficiency as compared to closely related AAVs. In
another example, the parental AAV may have a lower gene
transter efficiency (1.€., a lower ability to deliver a target
molecule 1 vivo) as compared to closely related AAVs. In
other examples, the parental AAV 1s characterized by ade-
quate function m each of these categories, but increased
function one or more of these areas 1s desired.

[0024] Thus, the invention provides a library of functional
AAVs, the sequences of which are to be compared to the
selected (parental) AAV. Suitably, the library contains
AAVs which have a desired function which 1s targeted for
improvement 1n the selected parental AAV. In other words,
cach of the sequences 1n the library of functional AAVs 1s
characterized by a desired level of packaging ability, a
desired level of 1n vitro transductlon efficiency, or a desired
level of 1n vivo gene transier efficiency (1.e., the ability to
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deliver to a target selected target tissue or cell 1n a subject).
The functional AAVs which compose the library may 1ndi-
vidually have one, two or all of these functional character-
1stics. Other desired functions for the library may be readily
determined by one of skill 1n the art.

[0025] In one embodiment, a functional AAV 1s an AAV
characterized by the ability to produce viral particles with
equivalent or greater packaging and transduction efficiency
as any on¢ of AAV 1, AAV2, AAV7, AAVS or AAV9. Func-
tion may be assessed 1 a pseudotyping setting with AAV?2
rep and AAV2 ITRs. Thus, an altered parental AAV can be
constructed using conventional techniques and the AAV
vector 1s considered functional 1f virus 1s produced from
the parental AAV at titers of at least 50% when compared
to production of AAV2. Further, the ability of AAV to trans-
duce cells can be readily determined by one of skill in the
art. For example, a parental AAV can be constructed such
that 1t contains a marker gene which allows ready detection
of virus. For example, the AAV contains eGFP or another
gene which allows fluorescent detection. Where the AAV
contains CMV-eGFP, when the virus produced from the
altered parental AAV capsid 1s transduced mto 293 cells at
a multiplicity of infection of 104, function 1s demonstrated
where transduction efficiency 1s greater than 5% GFP fluor-
escence of total cells in a context where the cells were pre-
treated with wild-type human adenovirus type 5 at a multi-

plicity of mnfection of 20 for 2 hours.
[0026] Suitably, a library 1s composed of at least three or

at least four tunctional AAV capsid sequences which repre-
sent at least two different clades. Preferably, at least two
sequences from each of the represented clades 1s included
in the library. In certain embodiments, three, four, five, six,
or more clades are represented.

[0027] A “clade” 1s a group of AAV which are phylogen-
etically related to one another as determined using a Neigh-
bor-Joining algorithm by a bootstrap value of at least 75%
(of at least 1000 replicates) and a Poisson correction dis-
tance measurement of no more than 0.05, based on align-
ment of the AAV vpl ammo acid sequence.

[0028] The Neighbor-Jomning algorithm has been
described extensively i the literature. See, e.g., M. Nei
and S. Kumar, Molecular Evolution and Phylogenetics
(Oxford Umversity Press, New York (2000). Computer pro-
ograms are available that can be used to implement this algo-
rithm. For example, the MEGA v2.1 program implements
the modified Ne1-Gojobor1 method. Using these techniques
and computer programs, and the sequence of an AAV vp 1
capsid protein, one of skill in the art can readily determine
whether a selected AAV 1s contamed 1 one of the clades
1dentified herein, 1n another clade, or 1s outside these clades.
[0029] While the AAV clades are based primarily upon
naturally occurring AAV vpl capsids, the clades are not lim-
ited to naturally occurring AAV. The clades can encompass
non-naturally occurring AAYV, including, without limitation,
recombinant, modified or altered, chimeric, hybrid, syn-
thetic, artificial, etc., AAV which are phylogenetically
related as determined using a Neighbor-Joming algorithm
at least 75% (of at least 1000 replicates) and a Poisson cor-
rection distance measurement of no more than 0.05, based

on alignment of the AAV vpl amino acid sequence.
[0030] The AAV clades which have been described

include Clade A (represented by AAV1 and AAV6), Clade
B (represented by AAV?2) and Clade C (represented by the
AAV2-AAV3 hybrid), Clade D (represented by AAV7),
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Clade E (represented by AAVS), and Clade F (represented
by human AAV9). These clades are represented by a mem-
ber of the clade that 1s a previously described AAV serotype.
Previously described AAV1 and AAV6 are members of a
single clade (Clade A) in which 4 1solates were recovered
from 3 humans. Previously described AAV3 and AAV)S ser-
otypes are clearly distinct from one another, but were not
detected 1n the screen described herein, and have not been

included 1 any of these clades.
[0031] Further discussion of AAV clades 1s provided in G.

Gao, et al., J. Virol., 78(12):6381-6388 (June 2004) and
International Patent Publication Nos. WO 2004/028817
and WO2005/033321. The latter document also provides
novel human AAV sequences, which are incorporated by
reference herein.

[0032] In one embodiment, the libraries used m the
method of the invention exclude AAVS. In another embodi-
ment, the libraries used in the method of the mvention
exclude AAV4. However, 1n certain embodiments, ¢.g.,
where the parental AAV 18 stmilar to AAVS, 1t may be desir-
able to include this sequence 1n the alignment.

[0033] Although a library can be constructed that contains
the minimal number of sequences, etficiency 1n 1dentitying
simngletons may be optimized by utilizing a library contain-
ing a larger number of sequences. Suitably, the library con-
tains a minimum of four sequences, with at least two clades
being represented. Preferably, the library contains at least
two sequences from each of the represented clades. In one
embodiment, the library contains more than 100 AAV
sequences. In another embodiment, the library contains at
least three to 100 AAV sequences. In still another embodi-

ment, the library contains at least six to 50 AAV sequences.
[0034] Suitable AAVSs for use n the functional libraries of
the mvention nclude, e¢.g., AAVI, AAV2, AAV6, AAVT,
AAVE, AAVY, and other sequences which have been
described [G. Gao, et al, Proc Natl Acad Sci.,
100(10):6081-6086 (May 13, 2003); International Patent
Publication Nos. WO 2004/042397 and WO 2005/
033321]. One of skill m the art can readily select other
AAVs, e.g., those 1solated using the methods described m
International Patent Publication No. WO 03/093460 Al
(Nov. 13, 2003) and US Patent Application Publication
No. 2003-0138772 Al (Jul. 24, 2003).

[0035] According to the present mvention, the at least
three sequences within the hibrary are least 85% 1dentical
over the full-length of their aligned capsid sequences.
[0036] The term “percent (%) 1dentity” may be readily
determined for amino acid sequences, over the full-length
of a protein, or a fragment thereof. Suitably, a fragment 1s
at least about 8 amino acids m length, and may be up to
about 700 amino acids. Generally, when referring to “i1den-
tity”, “homology”, or “similarity” between two different
adeno-associated viruses, “identity”’, “homology™ or “simi-
larity” 1s determined 1n reference to “aligned” sequences.
“Aligned” sequences or “alignments” refer to multiple
nucleic acid sequences or protein (amino acids) sequences,
often contamning corrections for missing or additional bases
or amino acids as compared to a reference sequence.
[0037] Alignments are performed using any of a variety of
publicly or commercially available Multiple Sequence
Alignment Programs. Sequence alignment programs are
available for ammo acid sequences, ¢.g., the “Clustal X”,
“MAP”, “PIMA”, “MSA”, “BLOCKMAKER”, “MEME”,

and “Match-Box” programs. Generally, any of these pro-
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orams are used at default settings, although one of skill n
the art can alter these settings as needed. Alternatively, one
of skill 1n 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. See, ¢.g., J. D. Thomson et al, Nucl. Acids.
Res., “A comprehensive comparison of multiple sequence
alignments”, 27(13):2682-2690 (1999).

[0038] Multiple sequence alignment programs are also
available for nucleic acid sequences. Examples of such pro-
orams mclude, “Clustal W, “CAP Sequence Assembly”,
“MAP”, and “MEME”, which are accessible through Web
Servers on the internet. Other sources for such programs are
known to those of skill in the art. Alternatively, Vector NTI
utilities are also used. There are also a number of algorithms
known 1n the art that can be used to measure nucleotide
sequence 1dentity, mcluding those contained 1n the programs
described above. As another example, polynucleotide
sequences can be compared using Fasta™, a program 1n
GCG Version 6.1. Fasta™ provides alignments and percent
sequence 1dentity of the regions of the best overlap between
the query and search sequences. For mstance, percent
sequence 1dentity between nucleic acid sequences can be
determimed using Fasta™ with 1ts default parameters (a
word size of 6 and the NOPAM factor for the scorng
matrix) as provided in GCG Version 6.1, herein incorpo-
rated by reference.

[0039] According to the mnvention, the sequences of the
target or parental AAV capsid suspected of containing a sin-
gleton are compared to the sequences of the AAV capsids
within the library. This comparison 1s performed using an
alignment of the full-length vpl protein of the AAV capsid.
[0040] A singleton 1s 1dentified where, for a selected
amino acid position when the AAV sequences are aligned,
all of the AAVs 1n the library have the same amino acid
residue (1.e., are completely conserved), but the parental
AAV has a different amino acid residue.

[0041] Typically, when an alignment 1s prepared based
upon the AAV capsid vpl protem, the alignment contains
insertions and deletions which are so 1dentified with respect
to a reference AAV sequence (e.g., AAV2) and the number-
ing of the amino acid residues 1s based upon a reference
scale provided for the alignment. However, any given
AAV sequence may have fewer ammo acid residues than
the reference scale. In the present mvention, when discuss-
ing the parental AAV and the sequences of the reference
library, the term “the same position” or the “corresponding
position” refers to the amino acid located at the same residue
number 1 each of the sequences, with respect to the refer-
ence scale for the aligned sequences. However, when taken
out of the alignment, cach of the AAV vp | proteins may
have these amino acids located at different residue numbers.
[0042] Optionally, the method of the invention can be per-
formed using a nucleic acid alignment and 1dentifying as a
singleton a codon which encodes a ditferent amino acid (1.e.,
a non-synonymous codon). Where the nucleic acid
sequences of a given codon are not 1dentical in the parental
AAV as compared to the sequences of that codon in the
library, but encode the same amino acid, they are considered
synonymous and are not a simgleton.

[0043] According to the present invention, a parental AAV
contaming a smgleton 1s altered such that the singleton resi-

due 1s replaced with the conserved amino acid residue of the
AAVs 1n the library.




US 2023/0272424 Al

[0044] Conveniently, this replacement can be performed
by using conventional site-directed mutagenesis techniques
on the codon for the variable amino acid. Typically, the site-
directed mutagenesis 1s performed using as few steps as
required to obtain the desired codon for the conserved
amino acid residue. Such methods are well known to those
of skill in the art and can be performed using published
methods and/or commercially available kits [e.g., available
from Stratagene and Promega]. The site-directed mutagen-
¢s1s may be performed on the AAV genomic sequence. The
AAV sequence may be carried by a vector (e.g., a plasmid
backbone) for convenience.

[0045] Alternatively, one of skill in the art can alter the
parental AAV using other techniques know to those of skill

in the art.
[0046] A parental AAV may have more than one single-

ton, e¢.g., two, three, four, five, si1x or more. However,
improvement 1n function may be observed after correction
of one singleton. In the embodiment where a parental AAV
carries multiple singletons, each singleton may be altered at
a time, followed by assessment of the modified AAV for
enhancement of the desired function. Alternatively, multiple
singletons may be altered prior to assessment for enhance-
ment of the desired function.

[0047] Even where a parental AAV contains multiple sin-
oletons and functional improvement 1s observed altered of a
first singleton, 1t may be desirable to optimize function by
altering the remaining smgleton(s).

[0048] ‘Typically, a parental AAV which has had one or
more smgleton(s) altered according to the method of the
invention, 1s assessed for function by packaging the AAV
into an AAV particle. These methods are well known to
those of skill i the art. See, e.g., G. Gao et al, Proc Natl
Acad Sci., cited above; Sambrook et al, Molecular Cloning;
A Laboratory Manual, Cold Spring Harbor Press, Cold

Spring Harbor NY.
[0049] These altered AAVs have novel capsids produced

according to the method of the immvention and are assessed
for function. Suitable methods for assessing AAV function
have been described herein and include, e.g., the ability to
produce DNAse protected particles, m vitro cell transduc-
tion efficiency, and/or i vivo gene transfer. Suitably, the
altered AAVs of the immvention have a sufficient number of
simngletons altered to increase function 1n one or all of these

characteristics, as compared to the function of the parent
AAV.

II. Novel AAV of the Invention

[0050] The mvention further provides a method of predict-
ing whether a novel AAV will be functional. The method
involves using the singleton method of the mvention and
1dentifying the absence of a singleton m the sequence of
the selected AAV, 1.¢., an AAV which lacks a singleton.
[0051] Thus, m one embodiment, the mvention provides a
method of selecting an AAV for use m producing a vector.
This method mvolves selecting a parental AAV capsid
sequence for analysis and identifying the absence of any
singletons 1 the parental AAV capsid 1 an alignment com-
prising the parental AAV capsid sequence and a hibrary of
functional AAV capsid sequences. Once the absence of a
smngleton 1n a selected AAV capsid 1s determined, the AAV
can be used to genecrate a vector according to known
techmques.
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[0052] The term “substantial homology” or “substantial
similarity,” when referring to a nucleic acid, or fragment
thereof, indicates that, when optimally aligned with appro-
priate nucleotide 1insertions or deletions with another nucleic
acid (or 1its complementary strand), there 1s nucleotide
sequence 1dentity 1n at least about 95 to 99% of the aligned
sequences. Preferably, the homology 1s over full-length
sequence, or an open reading frame thereof, or another sui-
table fragment which 1s at least 15 nucleotides n length.
Examples of suitable fragments are described herein.
[0053] The terms “sequence 1dentity”, “percent sequence
idenftity”, or “percent i1dentical” 1n the context of nucleic
acid sequences refers to the residues n the two sequences
which are the same when aligned for maximum correspon-
dence. The length of sequence 1dentity comparison may be
over the full-length of the genome, the full-length of a gene
coding sequence, or a fragment of at least about 500 to 5000
nucleotides, 1s desired. However, 1dentity among smaller
fragments, ¢.g. of at least about nine nucleotides, usually
at least about 20 to 24 nucleotides, at least about 28 to 32
nucleotides, at least about 36 or more nucleotides, may also
be desired.

[0054] The term “substantial homology™ or “substantial
similarity,” when referring to amino acids or fragments
thereof, indicates that, when optimally aligned with appro-
priate amino acid msertions or deletions with another amino
acid (or 1ts complementary strand), there 1s amino acid
sequence 1dentity 1n at least about 95 to about 99% of the
aligned sequences and 1n certain embodiments, about 97%
of the aligned sequences. Preterably, the homology 1s over
tull-length sequence, or a protein thereof, ¢.g., a cap protein,
a rep protein, or a fragment thereof which 1s at least 8 amino
acids, or more desirably, at least 15 amino acids 1 length.
Examples of suitable fragments are described herein.
[0055] By the term “highly conserved” 1s meant at least
80% 1dentity, preferably at least 90% 1dentity, and more pre-
ferably, over 97% 1dentity. Identity 1s readily determined by
on¢ of skill in the art by resort to algorithms and computer
programs known by those of skill in the art.

[0056] The term “serotype” 1s a distinction with respect to
an AAV having a capsid which 1s serologically distinct from
other AAV serotypes. Serologic distinctiveness 1s deter-
mined on the basis of the lack of cross-reactivity between
antibodies to the AAV as compared to other AAV. Cross-
reactivity 1s typically measured 1n a neutralizing antibody
assay. For this assay polyclonal serum 1s generated against
a speciiic AAV 1n a rabbit or other suitable animal model
using the adeno-associated viruses. In this assay, the serum
generated against a specitic AAV 1s then tested 1n 1ts ability
to neutralize either the same (homologous) or a heterolo-
oous AAV. The dilution that achieves 50% neutralization 1s
considered the neutralizing antibody titer. It for two AAVs
the quotient of the heterologous titer divided by the homo-
logous titer 1s lower than 16 1 a reciprocal manner, those
two vectors are considered as the same serotype. Conver-
sely, 1f the ratio of the heterologous titer over the homolo-
oous titer 15 16 or more 1 a reciprocal manner the two AAVs
are considered distinct serotypes.

[0057] In a further embodiment, the mvention provides
AAV having novel capsids, mcluding rh. 20, rh.32/33,
th.39, th.46, rh.73, and rh.74. The sequences of rh.20 have
the amino acid sequence of SEQ ID NO:1, or a sequence 95
to 99% 1dentical over the full-length of SEQ ID NO: 1. The
capsid of rh.32/33 has an amino acid sequence of SEQ ID
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NO:2, or sequences 95% to 99% 1dentical thereto over the
full-length of SEQ ID NO:2. The capsid of rh.39 has an
amino acid sequence of SEQ ID NO:3, or sequences 95%
to 99% 1dentical thereto over the tull-length of SEQ ID
NO:3. The capsid of rh.46 has an amino acid sequence of
SEQ ID NO:4, or sequences 95% to 99% 1dentical thereto
over the tull-length of SEQ ID NO:4. The capsid of rth.73
has an amino acid sequence of SEQ ID NO:35, or sequences
95% to 99% 1dentical thereto over the tull-length of SEQ ID
NO:5. The capsid of th.74 has an amino acid sequence of
SEQ ID NO:6, or sequences 95% to 99% 1dentical thereto
over the full-length of SEQ ID NO:6. Preferably, the
sequence 1dentity of these novel AAV capsids 1s such that
it lacks any singletons.

[0058] The sequences of the novel AAV are provided m
the Sequence Listing.

[0059] In still another embodiment, the novel AAV
sequences of the mvention 1nclude the singleton-corrected
AAYV capsid protemns and the sequences encoding these cap-
sid proteins. Examples of suitable singleton-correct AAV
sequences 1nclude, AAV6.1, AAV6.2, AAV6.1.2, th.8R,
rh.48.1, rth.48.2, rth.48.1.2, hu.44R1, hu.44R2 hu.44R3,
hu.29R, ch.5R1, rh.67, rh.54, hu.48R1, hu48R2, and
hu.48R3. For example, the singleton-corrected AAV6,
including AAV6.1, AAV6.2 and AAV6.12 have shown sig-
nificant functional improvement over the parental AAV6
sequence.

[0060] Particularly desirable proteins include the AAV
capsid proteins, which are encoded by the nucleotide
sequences 1dentified above. The AAV capsid 1s composed
of three protemns, vpl, vp2 and vp3, which are alternative
splice varnants. Other desirable fragments of the capsid pro-
tein mclude the constant and variable regions, located
between hypervaniable regions (HVR). Other desirable frag-
ments of the capsid protein include the HVR themselves.
[0061] An algorithm developed to determine areas of
sequence divergence m AAV?2 has yielded 12 hypervariable
regions (HVR) of which 5 overlap or are part of the four
previously described variable regions. [Chiormi et al, J
Virol, 73:1309-19 (1999); Rutledge et al, J. Virol., 72:309-
319] Using this algorithm and/or the alignment techniques
described herem, the HVR of the novel AAV serotypes are
determined. For example, the HVR are located as follows:
HVRI, aa 146-152; HVR2, aa 182-186; HVR3, aa 262-264;
HVR4, aa 381-383; HVRJ, aa 450-474; HVRG6, aa 490-495;
HVR7, aa 500-504; HVRS, aa 514-522; HVR9, aa 534-5535;
HVRI10, aa 381-594; HVRI1, aa 658-667;, and HVR12, aa
705-719 [the numbering system 1s based on an alignment
which uses the AAV2 vpl as a pomnt of reference]. Using
the alignment provided herein performed using the Clustal
X program at default settings, or using other commercially
or publicly available alignment programs at default settings
such as are described herein, one of skill in the art can read-
1ly determine corresponding fragments of the novel AAV
capsids of the invention.

[0062] Suitably, fragments are at least 8 amino acids 1n
length. However, fragments of other desired lengths may
be readily utilized. Such fragments may be produced recom-
bmantly or by other suitable means, ¢.g., by chemaical
synthesis.

[0063] The 1nvention further provides other AAV
sequences which are 1dentified using the sequence miorma-
tion provided herem. For example, given the sequences pro-
vided herein, infectious may be 1solated using genome walk-
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ing technology (Siebert et al., 1995, Nucleic Acid Research,
23:1087-1088, Friezner-Degen et al., 1986, J. Biol. Chem.
261:6972-6985, BD Biosciences Clontech, Palo Alto, CA).
Genome walking 1s particularly well suited for identifying
and 1solating the sequences adjacent to the novel sequences
identified according to the method of the mvention. This
technique 1s also useful for 1solating inverted terminal repeat
(ITRs) of the novel AAV, based upon the novel AAV capsid
and rep sequences provided herem.

[0064] The novel AAV amio acid sequences, peptides
and proteins may be expressed from AAV nucleic acid
sequences of the imnvention. Additionally, these amino acid
sequences, peptides and proteins can be generated by other
methods known m the art, including, €.g., by chemical
synthesis, by other synthetic techniques, or by other meth-
ods. The sequences of any of the AAV capsids provided
herein can be readily generated using a variety of
techniques.

[0065] Sutable production techniques are well known to
those of skill 1n the art. See, ¢.g., Sambrook et al, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Press
(Cold Spring Harbor, NY). Alternatively, peptides can also
be synthesized by the well-known solid phase peptide synth-
esis methods (Merrifield, J Am. Chem. Soc., 85:2149
(1962); Stewart and Young, Solid Phase Peptide Synthesis
(Freeman, San Francisco, 1969) pp. 27-62). These and other
suitable production methods are within the knowledge of
those of skill in the art and are not a limitation of the present
invention.

[0066] The sequences, proteins, and fragments of the
invention may be produced by any suitable means, including
recombinant production, chemical synthesis, or other syn-
thetic means. Such production methods are within the
knowledge of those of skill i the art and are not a limitation
of the present invention.

I. Production of tAAV With Novel AAV Capsids

[0067] The mvention encompasses novel AAV capsid
sequences generated by mutation following use of the
method of the mvention for identifying singletons. The
invention further encompasses the novel AAV rh.20, rth.32/
33, rh.39, th.46, th.73, and rh.74 capsid sequences [SEQ ID
Nos: 1-6].

[0068] In another aspect, the present mvention provides
molecules that utilize the novel AAV sequences of the
invention, including fragments thercof, for production of
viral vectors useful in delivery ot a heterologous gene or
other nucleic acid sequences to a target cell.

[0069] The molecules of the mvention which contain AAV
sequences mclude any genetic element (vector) which may
be dehivered to a host cell, e.g., naked DNA, a plasmid,
phage, transposon, cosmid, episome, a protemn 1n a non-
viral dehivery vehicle (e.g., a lipid-based carrier), virus,
etc., which transters the sequences carried thereon.

[0070] The selected vector may be delivered by any suita-
ble method, including transtection, electroporation, lipo-
some delivery, membrane fusion techniques, high velocity
DNA-coated pellets, viral mfection and protoplast tusion.
The methods used to construct any embodiment of this
mvention are known to those with skill i nucleic acid
manipulation and mclude genetic engineering, recombinant
engmeering, and synthetic techniques. See, ¢.g., Sambrook
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et al, Molecular Cloming: A Laboratory Manual, Cold

Spring Harbor Press, Cold Spring Harbor, NY.
[0071] In one embodiment, the vectors of the mvention

contain, inter alia, sequences encoding an AAV capsid of
the mvention or a fragment thereof. In another embodiment,
the vectors of the invention contain, at a mmmmum,
sequences encoding an AAV rep protem or a fragment
thereof. Optionally, vectors of the mvention may contain
both AAV cap and rep proteins. In vectors in which both
AAV rep and cap are provided, the AAV rep and AAV cap
sequences can originate from an AAV of the same clade.
Alternatively, the present invention provides vectors i
which the rep sequences are from an AAV source which
differs from that which 1s providing the cap sequences. In
one embodiment, the rep and cap sequences are expressed
from separate sources (e.g., separate vectors, or a host cell
and a vector). In another embodiment, these rep sequences
are fused m frame to cap sequences of a different AAV
source to form a chimeric AAV vector. Optionally, the vec-
tors of the mvention are vectors packaged in an AAV capsid
of the imnmvention. These vectors and other vectors described
herem can further contain a minigene comprising a selected
transgene which 1s flanked by AAV 5'ITR and AAV 3' I'TR.
[0072] Thus, in one embodiment, the vectors described
heremn contain nucleic acid sequences encoding an intact
AAV capsid which may be from a single AAV sequence .
Alternatively, these vectors contain sequences encoding
artificial capsids which contain one or more fragments of
the singleton-corrected AAV capsid fused to heterologous
AAV or non-AAV capsid proteins (or fragments thereot).
These artificial capsid proteins are selected from non-con-
tiguous portions of the singleton-corrected capsid or from
capsids of other AAVs. These modifications may be to
increase expression, yield, and/or to mimprove purification
in the selected expression systems, or for another desired
purpose (¢.g., to change tropism or alter neutralizing anti-
body epitopes).

[0073] The vectors described herein, €.g., a plasmmd, are
useful for a variety of purposes, but are particularly well
suited for use m production of a rAAV containing a capsid
comprising AAV sequences or a fragment thercof. These
vectors, mcluding rAAV, their elements, construction, and
uses are described 1 detail herem.

[0074] In one aspect, the mnvention provides a method of
generating a recombinant adeno-associated virus (AAV)
having a novel AAV capsid of the invention. Such a method
involves culturing a host cell which contains a nucleic acid
sequence encoding a novel AAV capsid protein of the inven-
tion, or fragment thereot, as defined herein; a functional rep
ogene; a mimigene composed of, at a minimum, AAV mverted
terminal repeats (ITRs) and a transgene; and sufficient
helper tunctions to permit packaging of the minigene nto
the AAV capsid protein.

[0075] The components required to be cultured in the host
cell to package an AAV minmigene 1 an AAV capsid may be
provided to the host cell in trans. Alternatively, one or more
of the required components (¢.g., miigene, rep sequences,
cap sequences, and/or helper functions) may be provided by
a stable host cell which has been engineered to contain one
or more of the required components using methods known
to those of skill 1n the art. Most suitably, such a stable host
cell will contain the required component(s) under the con-
trol of an inducible promoter. However, the required com-
ponent(s) may be under the control of a constitutive promo-
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ter. Examples of suitable inducible and constitutive
promoters are provided herem, 1n the discussion of regula-
tory elements suitable for use with the transgene. In still
another alternative, a selected stable host c¢ell may contain
selected component(s) under the control of a constitutive
promoter and other selected component(s) under the control
of one or more inducible promoters. For example, a stable
host cell may be generated which 1s denived from 293 cells
(which contamn El helper functions under the control of a
constitutive promoter), but which contams the rep and/or
cap proteins under the control of inducible promoters. Still
other stable host cells may be generated by one of skill 1n the
art.

[0076] The mimigene, rep sequences, cap sequences, and
helper tunctions required for producing the rAAV of the
invention may be delivered to the packaging host cell n
the form of any genetic element which transfer the
sequences carried thereon. The selected genetic element
may be delivered by any suitable method, including those
described herem. The methods used to construct any embo-
diment of this imnvention are known to those with skill n
nucleic acid manipulation and include genetic engineering,
recombinant engineering, and synthetic technmiques. See,
¢.g., Sambrook et al, Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Press, Cold Spring Harbor,
NY. Smmilarly, methods of generating rAAV virions are
well known and the selection of a suitable method 1s not a

limitation on the present invention. See, €.g., K. Fisher et al,
J. Virol., 70:520-532 (1993) and U.S. Pat. No. 5,478,745.

[0077] Unless otherwise specified, the AAV ITRs, and
other selected AAV components described herein, may be
readily selected from among any AAV, including, without
limitation, AAV1, AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7, AAVY and one of the other novel AAV sequences
of the mvention. These ITRs or other AAV components
may be readily 1solated using techniques available to those
of skill in the art from an AAV sequence. Such AAV may be
1solated or obtained from academic, commercial, or public
sources (e.g., the American Type Culture Collection, Man-
assas, VA). Alternatively, the AAV sequences may be
obtained through synthetic or other suitable means by reter-

ence to published sequences such as are available 1n the lit-
crature or 1 databases such as, ¢.g., GenBank®, PubMed®,
or the like.

A. The Minigene

[0078] The minigene 15 composed of, at a mumimum, a
transgene and 1ts regulatory sequences, and 5" and 3" AAV
mverted terminal repeats (ITRs). In one desirable embodi-
ment, the ITRs of AAV serotype 2 are used. However, ITRS
from other suitable sources may be selected. It 1s this mini-
oene that 1s packaged 1nto a capsid protein and delivered to a
selected host cell.

1. The Transgene

[0079] The transgene 1s a nucleic acid sequence, heterolo-
oous to the vector sequences flanking the transgene, which
encodes a polypeptide, protein, or other product, of interest.
The nucleic acid coding sequence 1s operatively linked to
regulatory components in a manner which permits transgene
transcription, translation, and/or expression 1n a host cell.

[0080] The composition of the transgene sequence will
depend upon the use to which the resulting vector will be
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put. For example, one type of transgene sequence includes a
reporter sequence, which upon expression produces a
detectable signal. Such reporter sequences include, without
lmmatation, DNA sequences encoding B-lactamase, [3-galac-
tosidase (LacZ), alkaline phosphatase, thymidine kinase,
orcen fluorescent protein (GFP), enhanced GFP (EGFP),
chloramphenicol acetyltransferase (CAT), luciterase, mem-
brane bound proteins including, for example, CD2, CD4,
CDS8, the influenza hemagglutinin proteimn, and others well
known 1n the art, to which high affinity antibodies directed
thereto exist or can be produced by conventional means, and
fusion proteins comprising a membrane bound protein
appropriately fused to an antigen tag domain from, among
others, hemagglutinin or Myc.

[0081] These coding sequences, when associated with reg-
ulatory elements which drive their expression, provide sig-
nals detectable by conventional means, including enzy-
matic, radiographic, colorimmetric, fluorescence or other
spectrographic assays, fluorescent activating cell sorting
assays and immunological assays, mcluding enzyme linked
immunosorbent assay (ELISA), radioimmunoassay (RIA)
and 1mmunohistochemistry. For example, where the marker
sequence 18 the LacZ gene, the presence of the vector carry-
ing the signal 1s detected by assays for beta-galactosidase
activity. Where the transgene 1s green fluorescent protein
or luciferase, the vector carrying the signal may be mea-
sured visually by color or light production 1in a luminometer.
[0082] However, desirably, the transgene 1s a non-marker
sequence encoding a product which 1s useful in biology and
medicine, such as proteins, peptides, RNA, enzymes, domi-
nant negative mutants, or catalytic RNAs. Desirable RNA
molecules include tRNA, dsRNA, ribosomal RNA, catalytic
RNAs, siRNA, small hairpin RNA, trans-splicing RNA, and
antisense RNAs. One example of a useful RNA sequence 1s
a sequence which ihibits or extinguishes expression of a
targeted nucleic acid sequence 1n the treated anmimal. Typi-
cally, suitable target sequences include oncologic targets
and viral diseases. See, for examples of such targets the
oncologic targets and viruses 1dentified below 1 the section
relating to immunogens.

[0083] The transgene may be used to correct or ameliorate
gene deficiencies, which may mclude deficiencies 1n which
normal genes are expressed at less than normal levels or
deficiencies in which the functional gene product 1s not
expressed. Alternatively, the transgene may provide a pro-
duct to a cell which 1s not natively expressed in the cell type
or 1n the host. A preferred type of transgene sequence
encodes a therapeutic protem or polypeptide which 1s
expressed i a host cell. The mvention further includes
using multiple transgenes. In certain situations, a ditferent
transgene may be used to encode each subunit of a protein,
or to encode different peptides or proteins. This 1s desirable
when the size of the DNA encoding the protein subunit 18
large, e¢.g., for an mmmunoglobulin, the platelet-derived
orowth factor, or a dystrophin protein. In order for the cell
to produce the multi-subunit protein, a cell 1s infected with
the recombinant virus containing each of the ditferent sub-
units. Alternatively, different subunits of a protein may be
encoded by the same transgene. In this case, a single trans-
oene mcludes the DNA encoding each of the subunits, with
the DNA for each subunit separated by an internal ribozyme
entry site (IRES). This 1s desirable when the size of the
DNA encoding each of the subunits 1s small, e¢.g., the total
s1ze of the DNA encoding the subunits and the IRES 1s less
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than five kilobases. As an alternative to an IRES, the DNA
may be separated by sequences encoding a 2A peptide,
which self-cleaves 1n a post-translational event. See, e.g.,
M.L. Donnelly, et al, J. Gen. Virol., 78(Pt 1):13-21 (January
1997); Furler, S., et al, Gene Ther., 8(11):864-873 (June
2001); Klump H., et al., Gene Ther., 8(10):811-817 (May
2001). This 2A peptide 1s significantly smaller than an
IRES, making 1t well suited for use when space 1s a limiting
tactor. More often, when the transgene 1s large, consists of
multi-subunits, or two transgenes are co-dehivered, tAAV
carrying the desired transgene(s) or subunits are co-adminis-
tered to allow them to concatamerize 1n vivo to form a single
vector genome. In such an embodiment, a first AAV may
carry an expression cassette which expresses a single trans-
oene and a second AAV may carry an expression cassette
which expresses a different transgene for co-expression in
the host cell. However, the selected transgene may encode
any biologically active product or other product, €.g., a pro-
duct desirable for study.

[0084] Suitable transgenes may be readily selected by one
of skill 1in the art. The selection of the transgene 18 not con-
sidered to be a limitation of this mnvention.

2. Regulatory Elements

[0085] In addition to the major elements 1dentified above
for the minigene, the vector also includes conventional con-
trol elements which are operably linked to the transgene 1n a
manner which permits 1ts transcription, translation and/or
expression m a cell transtected with the plasmid vector or
infected with the virus produced by the mvention. As used
herein, “operably linked” sequences mclude both expression
control sequences that are contiguous with the gene of inter-
est and expression control sequences that act 1n trans or at a
distance to control the gene of mterest.

[0086] Expression control sequences include appropriate
transcription mitiation, termination, promoter and enhancer
sequences; efficient RNA processing signals such as spli-
cing and polyadenylation (polyA) signals; sequences that
stabilize cytoplasmic mRNA; sequences that enhance trans-
lation efliciency (1.e., Kozak consensus sequence);
sequences that enhance protein stability; and when desired,
sequences that enhance secretion of the encoded product. A
great number of expression control sequences, including
promoters which are native, constitutive, inducible and/or
tissue-specitic, are known 1 the art and may be utilized.
[0087] Examples of constitutive promoters mclude, with-
out limitation, the retroviral Rous sarcoma virus (RSV) LTR
promoter (optionally with the RSV enhancer), the cytome-
galovirus (CMYV) promoter (optionally with the CMV
enhancer) [see, e¢.g., Boshart et al, Cell, 41:521-530
(1983)], the SV40 promoter, the dihydrofolate reductase
promoter, the B-actin promoter, the phosphoglycerol kinase
(PGK) promoter, and the EF1 promoter [Invitrogen]. Indu-
cible promoters allow regulation of gene expression and can
be regulated by exogenously supplied compounds, environ-
mental factors such as temperature, or the presence of a spe-
cific physiological state, e.g., acute phase, a particular dif-
ferentiation state of the cell, or m replicating cells only.
Inducible promoters and inducible systems are available
from a variety of commercial sources, including, without
limitation, Invitrogen, Clontech and Arnad. Many other sys-
tems have been described and can be readily selected by one
of skill in the art. Examples of inducible promoters regu-
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lated by exogenously supplied compounds, imclude, the
zinc-inducible sheep metallothiomine (MT) promoter, the
dexamethasone (Dex)-inducible mouse mammary tumor
virus (MMTYV) promoter, the T7 polymerase promoter sys-
tem [International Patent Publication No. WO 98/10088];
the ecdysone 1nsect promoter [No et al, Proc. Natl. Acad.
Sc1. USA, 93:3346-3351 (1996)], the tetracycline-repressi-
ble system [Gossen ¢t al, Proc. Natl. Acad. Sci. USA,
89:5547-3551 (1992)], the tetracycline-inducible system
|Gossen et al, Science, 268: 1766-1769 (1995), see also Har-
vey ¢t al, Curr. Opin. Chem. Biol., 2:512-518 (1998)], the
RU486-mnducible system [Wang et al, Nat. Biotech., 15:239-
243 (1997) and Wang ¢t al, Gene Ther., 4:432-441 (1997)]
and the rapamycim-inducible system [Magan et al, J. Clin.
Invest., 100:2865-2872 (1997)]. Other types of inducible
promoters which may be useful in this context are those
which are regulated by a specific physiological state, e.g.,
temperature, acute phase, a particular ditferentiation state
of the cell, or mn replicating cells only.

[0088] In another embodiment, the native promoter for the
transgene will be used. The native promoter may be pre-
ferred when 1t 1s desired that expression of the transgene
should mmmic the native expression. The native promoter
may be used when expression of the transgene must be regu-
lated temporally or developmentally, or 1n a tissue-specific
manner, or 1n response to specific transcriptional stimuli. In
a turther embodiment, other native expression control ele-
ments, such as enhancer elements, polyadenylation sites or
Kozak consensus sequences may also be used to mimic the
native expression.

[0089] Another embodiment of the transgene includes a
oene operably linked to a tissue-specific promoter. For
instance, 1t expression 1n skeletal muscle 1s desired, a pro-
moter active 1 muscle should be used. These include the
promoters from genes encoding skeletal P-actin, myosin
light chamn 2A, dystrophin, muscle creatine kinase, as well
as synthetic muscle promoters with activities higher than
naturally-occurring promoters (see L1 et al., Nat. Biotech.,
17:241-245 (1999)). Examples of promoters that are tissue-
specific are known for liver (albumin, Miyatake et al., J.
Virol., 71:5124-32 (1997); hepatitis B virus core promoter,
Sandig et al., Gene Ther., 3:1002-9 (1996); alpha-tetopro-
tein (AFP), Arbuthnot et al., Hum. Gene Ther., 7: 1503-14
(1996)), bone osteocalcin (Stein et al., Mol. Biol. Rep.,
24:185-96 (1997)); bone sialoprotemn (Chen et al., J Bone
Miner. Res., 11:654-64 (1996)), lymphocytes (CD2, Hansal
et al., J. Immunol., 161: 1063-8 (1998); immunoglobulin
heavy chain; T cell receptor chain), neuronal such as neu-
ron-specific enolase (INSE) promoter (Andersen et al., Cell.
Mol. Neurobiol., 13:503-15 (1993)), neurofilament light-
chain gene (Piccioli et al., Proc. Natl. Acad. Sci. USA,
88:5611-5 (1991)), and the neuron-specific vgt gene (Pic-
ciol1 et al., Neuron, 15:373-84 (1995)), among others.
[0090] Optionally, plasmids carrying therapeutically use-
ful transgenes may also include selectable markers or repor-
ter genes may include sequences encoding geneticin, hygro-
micin Or purimycin resistance, among others. Such
selectable reporters or marker genes (preferably located out-
side the viral genome to be rescued by the method of the
invention) can be used to signal the presence of the plasmids
1in bactenal cells, such as ampicillin resistance. Other com-
ponents of the plasmid may include an origin of replication.
Selection of these and other promoters and vector elements
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are conventional and many such sequences are available

[see, e.g., Sambrook et al, and references cited therein].
[0091] The combination of the transgene, promoter/

enhancer, and 5" and 3" AAV ITRs 1s referred to as a “mini-
oene” for ease of reference herein. Provided with the teach-
ings of this mvention, the design of such a minigene can be
made by resort to conventional techniques.

3. Delivery of the Minigene to a Packaging Host Cell

[0092] The mimigene can be carried on any suitable vector,
¢.g., a plasmtmd, which 1s delivered to a host cell. The plas-
mids useful 1n this mvention may be engineered such that
they are suitable for replication and, optionally, mntegration
in prokaryotic cells, mammalian cells, or both. These plas-
mids (or other vectors carrying the 5" AAV ITR-heterolo-
gous molecule-3" AAV ITR) contain sequences permitting
replication of the mimigene 1 eukaryotes and/or prokaryotes
and selection markers for these systems. Selectable markers
or reporter genes may mclude sequences encoding geneti-
cin, hygromicin or purmmycin resistance, among others.
The plasmids may also contain certain selectable reporters
or marker genes that can be used to signal the presence of
the vector 1n bacterial cells, such as ampicillin resistance.
Other components of the plasmid may include an origin of
replication and an amplicon, such as the amplicon system
employmg the Epstein Barr virus nuclear antigen. This
amplicon system, or other similar amplicon components
permit high copy episomal replication m the cells. Prefer-
ably, the molecule carrying the minigene 1s transfected mto
the cell, where 1t may exist transiently. Alternatively, the
minigene (carrying the 5" AAV ITR-heterologous mole-
cule-3' ITR) may be stably mtegrated nto the genome of
the host cell, either chromosomally or as an episome. In
certain embodiments, the mimigene may be present i multi-
ple copies, optionally in head-to-head, head-to-tail, or tail-
to-tail concatamers. Suitable transfection techniques are
known and may readily be utilized to deliver the minigene
to the host cell.

[0093] Generally, when delivering the vector comprising
the minigene by transfection, the vector 1s delivered 1n an
amount from about 5 ug to about 100 ug DNA, about 10 ug
to about 50 ug DNA to about 1 x 104 cells to about 1 x 1013
cells, or about 1 x 105 cells. However, the relative amounts
of vector DNA to host cells may be adjusted by one of
ordmary skill in the art, who may take into consideration
such factors as the selected vector, the delivery method
and the host cells selected.

B. Rep and Cap Sequences

[0094] In addition to the minigene, the host cell contains
the sequences which drive expression of a novel AAV cap-
sid protein of the invention (or a capsid protein comprising a
fragment thereof) mn the host cell and rep sequences of the
same source as the source of the AAV I'TRs found in the
minigene, or a cross-complementing source. The AAV cap
and rep sequences may be independently obtained from an
AAV source as described above and may be mtroduced nto
the host cell m any manner known to one in the art as
described above. Additionally, when pseudotyping an AAV
vector, the sequences encoding each of the essential rep pro-
teins may be supplied by different AAV sources (e.g.,
AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAVT,
AAVSE, AAV9). For example the rep78/68 sequences may
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be from AAV2, whereas the rep52/40 sequences may be
from AAVS.

[0095] In one embodiment, the host cell stably contains
the capsid protein under the control of a suitable promoter,
such as those described above. Most desirably, 1n this embo-
diment, the capsid protein 1s expressed under the control of
an inducible promoter. In another embodiment, the capsid
protein 1s supplied to the host cell in trans. When delivered
to the host cell 1 trans, the capsid protein may be delivered
via a plasmid which contains the sequences necessary to
direct expression of the selected capsid protein 1n the host
cell. Most desirably, when delivered to the host cell 1n trans,
the plasmd carrying the capsid protein also carries other
sequences required for packaging the rAAV, e.g., the rep
sequences.

[0096] In another embodiment, the host cell stably con-
tains the rep sequences under the control of a suitable pro-
moter, such as those described above. Most desirably, 1n this
embodiment, the essential rep protemns are expressed under
the control of an mnducible promoter. In another embodi-
ment, the rep protemns are supplied to the host cell 1n trans.
When delivered to the host cell 1in trans, the rep proteins may
be dehivered via a plasmud which contains the sequences
necessary to direct expression of the selected rep proteins
in the host cell. Most desirably, when delivered to the host
cell 1n trans, the plasmud carrying the capsid protein also
carries other sequences required for packaging the rAAV,
¢.g., the rep and cap sequences.

[0097] Thus, 1n one embodiment, the rep and cap
sequences may be transfected into the host cell on a single
nucleic acid molecule and exist stably 1 the cell as an epi-
some. In another embodiment, the rep and cap sequences are
stably integrated mto the chromosome of the cell. Another
embodiment has the rep and cap sequences transiently
expressed 1n the host cell. For example, a usetul nucleic
acid molecule for such transfection comprises, from 5’ to
3', a promoter, an optional spacer interposed between the
promoter and the start site of the rep gene sequence, an
AAV rep gene sequence, and an AAV cap gene sequence.
[0098] Optionally, the rep and/or cap sequences may be
supplied on a vector that contamns other DNA sequences
that are to be introduced mnto the host cells. For mstance,
the vector may contain the rAAV construct comprising the
minigene. The vector may comprise one or more of the
genes encoding the helper functions, e.g., the adenoviral
proteins E1, E2a, and E4 ORF6, and the gene for VAI RNA.
[0099] Preferably, the promoter used mn this construct may
be any of the constitutive, mducible or native promoters
known to one of skill in the art or as discussed above. In
one embodiment, an AAV P5 promoter sequence 1s
employed. The selection of the AAV to provide any of
these sequences does not limit the mvention.

[0100] In another preferred embodiment, the promoter for
rep 18 an inducible promoter, such as are discussed above 1n
connection with the transgene regulatory elements. One pre-
terred promoter for rep expression 1s the T7 promoter. The
vector comprising the rep gene regulated by the T7 promoter
and the cap gene, 18 transtected or transformed into a cell
which either constitutively or inducibly expresses the 17
polymerase. See International Patent Publication No. WO
08/10088, published Mar. 12, 1998.

[0101] The spacer 1s an optional element 1 the design of
the vector. The spacer 1s a DNA sequence iterposed
between the promoter and the rep gene ATG start site. The
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spacer may have any desired design; that 1s, 1t may be a
random sequence of nucleotides, or alternatively, 1t may
encode a gene product, such as a marker gene. The spacer
may contain genes which typically incorporate start/stop
and polyA sites. The spacer may be a non-coding DNA
sequence from a prokaryote or eukaryote, a repetitive non-
coding sequence, a coding sequence without transcriptional
controls or a coding sequence with transcriptional controls.
Two exemplary sources of spacer sequences are the phage
ladder sequences or yeast ladder sequences, which are avail-
able commercially, ¢.g., from Gibco or Invitrogen, among
others. The spacer may be of any size sufficient to reduce
expression of the rep78 and rep68 gene products, leaving the
repd>2, repd0 and cap gene products expressed at normal
levels. The length of the spacer may therefore range tfrom
about 10 bp to about 10.0 kbp, preferably in the range of
about 100 bp to about 8.0 kbp. To reduce the possibility of
recombination, the spacer 1s preferably less than 2 kbp 1n
length; however, the invention 1s not so limited.

[0102] Although the molecule(s) providing rep and cap
may exist 1n the host cell transiently (1.e., through transtec-
tion), 1t 1s preferred that one or both of the rep and cap pro-
teins and the promoter(s) controlling their expression be sta-
bly expressed m the host cell, e¢.g., as an episome or by
integration mnto the chromosome of the host cell. The meth-
ods employed for constructing embodiments of this inven-
tion are conventional genetic engineering or recombinant
engmeering techniques such as those described 1n the refer-
ences above. While this specification provides illustrative
examples of specific constructs, using the mformation pro-
vided herein, one of skill in the art may select and design
other suitable constructs, using a choice of spacers, P35 pro-
moters, and other elements, including at least one transla-
tional start and stop signal, and the optional addition of
polyadenylation sites.

[0103] In another embodiment of this invention, the rep or
cap protein may be provided stably by a host cell.

C. The Helper Functions

[0104] The packagmg host cell also requires helper func-
tions 1 order to package the rAAV of the mnvention. Option-
ally, these functions may be supplied by a herpesvirus. Most
desirably, the necessary helper functions are each provided
from a human or non-human primate adenovirus source,
such as those described above and/or are available from a
variety of sources, including the American Type Culture
Collection (ATCC), Manassas, VA (US). In one currently
preferred embodiment, the host cell 1s provided with and/
or contams an Ela gene product, an Elb gene product, an
E2a gene product, and/or an E4 ORF6 gene product. The
host cell may contain other adenoviral genes such as VAI
RNA, but these genes are not required. In a preferred embo-
diment, no other adenovirus genes or gene functions are pre-
sent 1n the host cell.

[0105] By “adenoviral DNA which expresses the Ela gene
product”, 1t 1s meant any adenovirus sequence encoding Ela
or any functional Ela portion. Adenoviral DNA which
expresses the E2a gene product and adenoviral DNA
which expresses the E4 ORF6 gene products are defined
similarly. Also included are any alleles or other modifica-
tions of the adenoviral gene or functional portion thereof.
Such modifications may be deliberately introduced by resort
to conventional genetic engineermmg or mutagenic techni-
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ques to enhance the adenoviral function 1n some manner, as
well as naturally occurring allelic vanants thercof. Such
modifications and methods for manipulating DNA to
achieve these adenovirus gene functions are known to
those of skill 1n the art.

[0106] The adenovirus Ela, Elb, E2a, and/or E4AORF6
oene products, as well as any other desired helper functions,
can be provided using any means that allows their expres-
sion 1 a cell. Each of the sequences encoding these products
may be on a separate vector, or one or more genes may be on
the same vector. The vector may be any vector known 1n the
art or disclosed above, mcluding plasmids, cosmids and
viruses. Introduction 1nto the host cell of the vector may be
achieved by any means known 1n the art or as disclosed
above, mcluding transtection, infection, electroporation,
liposome delivery, membrane fusion techniques, high velo-
city DNA-coated pellets, viral mfection and protoplast
fusion, among others. One or more of the adenoviral genes
may be stably integrated into the genome of the host cell,
stably expressed as episomes, or expressed transiently. The
oene products may all be expressed transiently, on an epi-
some or stably integrated, or some of the gene products may
be expressed stably while others are expressed transiently.
Furthermore, the promoters for each of the adenoviral genes
may be selected independently from a constitutive promoter,
an inducible promoter or a native adenoviral promoter. The
promoters may be regulated by a specific physiological state
of the organism or cell (1.¢., by the differentiation state or n
replicating or quiescent cells) or by other means, ¢.g., by
exogenously added factors.

D. Host Cells and Packaging Cell Lines

[0107] The host cell itself may be selected from any bio-
logical organism, mcluding prokaryotic (e.g., bacterial)
cells, and eukaryotic cells, including, insect cells, yeast
cells and mammalian cells. Particularly desirable host cells
are selected from among any mammalian species, including,
without limitation, cells such as A549, WEHI, 3713, 1071,
BHK, MDCK, COS 1, COS 7, BSC 1, BSC 40, BMT 10,
VERO, WI38, Hel.a, 293 cells (which express functional
adenoviral E1), Saos, C2C12, L cells, HT1080, HepG2
and primary fibroblast, hepatocyte and myoblast cells
dertved from mammals including human, monkey, mouse,
rat, rabbit, and hamster. The selection of the mammalian
species providing the cells 1s not a limitation of this mven-
tion; nor 18 the type of mammalian cell, 1.¢., fibroblast, hepa-
tocyte, tumor cell, etc. The requirements for the cell used 1s
that 1t not carry any adenovirus gene other than E1, E2a and/
or E4 ORF6; 1t not contain any other virus gene which could
result m homologous recombination of a contaminating
virus during the production of tAAV; and 1t 1s capable of
infection or transfection of DNA and expression of the
transtected DNA. In a preferred embodiment, the host cell
1s on¢ that has rep and cap stably transtected 1n the cell.

[0108] One host cell usetul 1n the present mvention 1s a
host cell stably transformed with the sequences encoding
rep and cap, and which 1s transfected with the adenovirus
El, E2a, and E4AORF6 DNA and a construct carrying the
minigene as described above. Stable rep and/or cap expres-
sing cell lines, such as B-30 (International Patent Applica-
tion Publication No. WO 99/15685), or those described n
U.S. Pat. No. 5,658,785, may also be similarly employed.
Another desirable host cell contains the mimimum adeno-
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viral DNA which 1s sufficient to express E4 ORF6. Yet
other cell lines can be constructed using the novel single-
ton-corrected AAV cap sequences of the invention.

[0109] The preparation of a host cell according to this
invention 1mnvolves techniques such as assembly of selected
DNA sequences. This assembly may be accomplished uti-
lizing conventional techniques. Such techmiques include
cDNA and genomic cloning, which are well known and
are described 1n Sambrook et al., cited above, use of over-
lapping oligonucleotide sequences of the adenovirus and
AAV genomes, combimed with polymerase chain reaction,
synthetic methods, and any other suitable methods which
provide the desired nucleotide sequence.

[0110] Introduction of the molecules (as plasmids or
viruses) mto the host cell may also be accomplished using
techniques known to the skilled artisan and as discussed
throughout the specification. In preferred embodiment, stan-
dard transfection techniques are used, ¢.g., CaPO, transiec-
tion or electroporation, and/or infection by hybrid adeno-
virus/AAV vectors mto cell lines such as the human
embryonic kidney cell ine HEK 293 (a human kidney cell
line containing functional adenovirus E1 genes which pro-
vides trans-acting E1 proteins).

[0111] One of skill in the art will readily understand that
the novel AAV sequences of the mvention can be readily
adapted for use 1n these and other viral vector systems for
In vitro, €x vivo or m vivo gene delivery. Stmilarly, one of
skill 1n the art can readily select other fragments of the AAV
genome of the mvention for use 1n a variety of tAAV and
non-rAAV vector systems. Such wvectors systems may
include, €.g., lentiviruses, retroviruses, poxviruses, vaccinia
viruses, and adenoviral systems, among others. Selection of
these vector systems 1s not a hmitation of the present
invention.

[0112] Thus, the mnvention further provides vectors gener-
ated using the nucleic acid and amino acid sequences of the
novel AAV of the mvention. Such vectors are useful for a
variety of purposes, including for delivery of therapeutic
molecules and for use 1n vaccine regimens. Particularly
desirable for delivery of therapeutic molecules are recombi-
nant AAV containing capsids of the novel AAV of the inven-
tion. These, or other vector constructs containing novel
AAV sequences of the invention may be used 1n vaccine
regimens, €.g., for co-delivery of a cytokine, or for delivery
of the immunogen 1tself.

IV. Recombinant Viruses and Uses Therefor

[0113] Using the techniques described herein, one of skill
in the art can generate a tAAV having a capsid of an AAV of
the mvention or having a capsid containing one or more
fragments of an AAV of the mvention. In one embodiment,
a full-length capsid from a singleton-corrected AAV can be
utilized.

A. Delivery of Viruses

[0114] In another aspect, the present mnvention provides a
method for delivery of a transgene to a host which 1mnvolves
transfecting or infecting a selected host cell with a recomba-
nant viral vector generated with the singleton-corrected
AAV (or functional fragments thereof) of the mvention.
Methods for delivery are well known to those of skill mn
the art and are not a limitation of the present mvention.
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[0115] In one desirable embodiment, the mvention pro-
vides a method for AAV-mediated delivery of a transgene
to a host. This method nvolves transfecting or mfecting a
selected host cell with a recombinant viral vector containing
a selected transgene under the control of sequences that
direct expression thereof and the modified capsid proteins
of the capsids.

[0116] Optionally, a sample from the host may be first
assayed for the presence of antibodies to a selected AAV
source (e.g., a serotype). A variety of assay formats for
detecting neutralizing antibodies are well known to those
of skill in the art. The selection of such an assay 1s not a
limitation of the present mvention. See, e.g., Fisher et al,
Nature Med., 3(3):306-312 (March 1997) and W. C. Man-
ning ¢t al, Human Gene Therapy, 9:477-485 (Mar. 1, 1998).
The results of this assay may be used to determine which
AAV vector containing capsid proteins of a particular source
are preferred for delivery, e.g., by the absence of neutraliz-
ing antibodies specific for that capsid source.

[0117] In one aspect of this method, the delivery of vector
with AAV capsid protems of the invention may precede or
tollow delivery of a gene via a vector with a different AAV
capsid protem. Thus, gene delivery via rAAV vectors may
be used for repeat gene dehivery to a selected host cell.
Desirably, subsequently administered rAAV vectors carry
the same transgene as the first rAAV vector, but the subse-
quently administered vectors contain capsid protemns of
sources (and preferably, ditferent serotypes) which ditfer
from the first vector. For example, if a first vector has a
singleton-corrected capsid proteins, subsequently adminis-
tered vectors may have capsid protemns selected from
among the other AAV, optionally, from another serotype or
from another clade.

[0118] Optionally, multiple TAAV vectors can be used to
deliver large transgenes or multiple transgenes by co-admin-
1stration of rAAV vectors concatamerize in vivo to form a
single vector genome. In such an embodiment, a first AAV
may carry an expression cassette which expresses a smgle
transgene (or a subunit thereof) and a second AAV may
carry an expression cassette which expresses a second trans-
ogene (or a different subunit) for co-expression 1n the host
cell. A first AAV may carry an expression cassette which
1s a first piece of a polycistronic construct (e.g., a promoter
and transgene, or subumt) and a second AAV may carry an
expression cassette which 1s a second piece of a polycistro-
nic construct (e.g., transgene or subunit and a polyA
sequence). These two pieces of a polycistronic construct
concatamerize m vivo to form a single vector genome that
co-expresses the transgenes delivered by the first and second
AAV. In such embodiments, the TAAV vector carrying the
first expression cassette and the rAAV vector carrying the
second expression cassette can be delivered 1n a single phar-
maceutical composition. In other embodiments, the two or
more rAAV vectors are delivered as separate pharmaceutical
compositions which can be administered substantially

simultaneously, or shortly before or after one another.
[0119] The above-described recombinant vectors may be

delivered to host cells according to published methods. The
rAAV, preferably suspended 1n a physiologically compatible
carrier, may be admimstered to a human or non-human
mammalian patient. Suitable carriers may be readily
selected by one of skill in the art 1n view of the indication
for which the transter virus 1s directed. For example, one
suitable carrier includes saline, which may be formulated
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with a variety of buffering solutions (e.g., phosphate but-
fered saline). Other exemplary carriers include sterile saline,
lactose, sucrose, calcium phosphate, gelatin, dextran, agar,
pectin, peanut o1l, sesame o1l, and water. The selection of the
carrier 1s not a limitation of the present invention.

[0120] Optionally, the compositions of the invention may
contain, m addition to the rAAV and carrier(s), other con-
ventional pharmaceutical ingredients, such as preservatives,
or chemical stabilizers. Suitable exemplary preservatives
include chlorobutanol, potassium sorbate, sorbic acid, sulfur
dioxide, propyl gallate, the parabens, ethyl vanillin, gly-
cerin, phenol, and parachlorophenol. Suitable chemical sta-
bilizers mnclude gelatin and albuman.

[0121] The vectors are administered 1n sutficient amounts
to transfect the cells and to provide sutficient levels of gene
transfer and expression to provide a therapeutic benefit
without undue adverse etfects, or with medically acceptable
physiological effects, which can be determined by those
skilled 1 the medical arts. Conventional and pharmaceuti-
cally acceptable routes of administration include, but are not
limated to, direct delivery to a desired organ (e.g., the liver
(optionally via the hepatic artery) or lung), oral, inhalation,
intranasal, intratracheal, mtraarterial, intraocular, itrave-
nous, mtramuscular, subcutaneous, intradermal, and other
parental routes of administration. Routes of administration

may be combined, 1f desired.
[0122] Dosages of the viral vector will depend primarily

on factors such as the condition bemng treated, the age,
weight and health of the patient, and may thus vary among
patients. For example, a therapeutically etfective human
dosage of the viral vector 1s generally 1 the range of from
about (.1 mL to about 100 mL of solution contaming con-
centrations of from about 1 x 109 to 1 x 1016 genomes virus
vector. A preferred human dosage for delivery to large
organs (e.g., liver, muscle, heart and lung) may be about 5
x 1010 to 5 x 1013 AAV genomes per 1 kg, at a volume of
about 1 to 100 mL. A preferred dosage for delivery to eye 1s
about 5 x 10? to 5 x 1012 genome copies, at a volume of
about 0.1 mL to 1 mL. The dosage will be adjusted to bal-
ance the therapeutic benefit against any side ettects and such
dosages may vary depending upon the therapeutic applica-
tion for which the recombinant vector 1s employed. The
levels of expression of the transgene can be monitored to
determine the frequency of dosage resulting 1n viral vectors,
preferably AAV vectors containing the minigene. Option-
ally, dosage regimens similar to those described for thera-
peutic purposes may be utilized for immunization using the
compositions of the invention.

[0123] Examples of therapeutic products and immuno-
oenic products for delivery by the AAV-contaimning vectors
of the mvention are provided below. These vectors may be
used for a variety of therapeutic or vaccmal regimens, as
described herem. Additionally, these vectors may be deliv-
ered 1n combination with one or more other vectors or active
ingredients 1n a desired therapeutic and/or vaccial regimen.

™

B. Therapeutic Transgenes

[0124] Usetul therapeutic products encoded by the trans-
gene mclude hormones and growth and differentiation fac-
tors including, without limitation, msulin, glucagon, growth
hormone (GH), parathyroid hormone (PTH), growth hor-
mone releasmg factor (GRF), follicle stimulating hormone
(FSH), luteimzing hormone (LH), human chorionic gonado-
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tropin (hCGQG), vascular endothelial growth factor (VEGF),
angiopoietins, angiostatin, granulocyte colony stimulating
tactor (GCSF), erythropoietin (EPO), connective tissue
orowth factor (C1GF), basic fibroblast growth factor
(bFGF), acidic fibroblast growth factor (aFGF), epidermal
orowth factor (EGF), platelet-derived growth factor
(PDGF), msulin growth factors I and II (IGF-I and IGF-
[I), any one of the transtorming growth factor a superfamaily,
including TGFa, activins, inhibins, or any of the bone mor-
phogenic proteins (BMP) BMPs 1-15, any one of the here-
oluin/neuregulin/ ARIA/neu  ditferentiation factor (INDF)
family of growth factors, nerve growth factor (NGF),
bramn-derived neurotrophic factor (BDNF), neurotrophins
NT-3 and NT-%, ciliary neurotrophic factor (CNTF), glal
cell line derived neurotrophic factor (GDNF), neurturin,
agrin, any on¢ of the famly of semaphorins/collapsins,
netrin-1 and netrin-2, hepatocyte growth factor (HGF),
ephrins, noggin, sonic hedgehog and tyrosine hydroxylase.
[0125] Other useful transgene products include protems
that regulate the immune system mcluding, without limaita-
tion, cytokines and lymphokines such as thrombopoietin
(TPO), mterleukins (IL) IL-1 through IL-25 (including,
¢.g., IL-2, IL-4, IL-12 and IL-18), monocyte chemoattrac-
tant protein, leukemia inhibitory factor, granulocyte-macro-
phage colony stimulating factor, Fas ligand, tumor necrosis
tactors o and P, mterferons a, B, and vy, stem cell factor, k-
2/M1t3 ligand. Gene products produced by the immune sys-
tem are also useful in the mvention. These include, without
lmmaitations, immunoglobulins IgG, IgM, IgA, IgD and IgE,
chimeric immunoglobulins, humanized antibodies, sigle
chain antibodies, T cell receptors, chimeric T cell receptors,
simgle chain T cell receptors, class 1 and class IT MHC mole-
cules, as well as engineered immunoglobulins and MHC
molecules. Useful gene products also include complement
regulatory proteins such as complement regulatory proteins,
membrane cofactor protein (MCP), decay accelerating fac-
tor (DAF), CR1, CF2 and CD39.

[0126] Still other useful gene products include any one of
the receptors for the hormones, growth factors, cytokines,
lymphokines, regulatory protems and immune system pro-
teins. The mvention encompasses receptors for cholesterol
regulation and/or lipid modulation, mcluding the low den-
sity lipoprotein (LDL) receptor, high density lipoprotein
(HDL) receptor, the very low density lipoprotemn (VLDL)
receptor, and scavenger receptors. The ivention also
encompasses gene products such as members of the steroid
hormone receptor superfamly 1ncluding glucocorticoid
receptors and estrogen receptors, Vitamin D receptors and
other nuclear receptors. In addition, useful gene products
include transcription factors such as jun, fos, max, mad,
serum response factor (SRF), AP-1, AP2, myb, MyoD and
myogenin, ETS-box contaming protems, TFE3, E2F, ATF1,
ATF2, ATF3, ATF4, ZF5, NFAT, CREB, HNF-4, C/EBP,
SP1, CCAAT-box binding proteins, interferon regulation
tactor (IRF-1), Wilms tumor protein, ETS-binding protein,
STAT, GATA-box binding proteins, e.g., GATA-3, and the
torkhead family of winged helix proteins.

[0127] Other usetul gene products include, carbamoyl
synthetase I, ormithine transcarbamylase, arginosuccinate
synthetase, arginosuccinate lyase, arginase, fumarylacetace-
tate hydrolase, phenylalanine hydroxylase, alpha-1 antitryp-
sin, glucose-6-phosphatase, porphobilinogen deaminase,
cystathione beta-synthase, branched chain ketoacid decar-
boxylase, albumin, 1sovaleryl-coA dehydrogenase, propio-
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nyl CoA carboxylase, methyl malonyl CoA mutase, glutaryl
CoA dehydrogenase, msulin, beta-glucosidase, pyruvate
carboxylate, hepatic phosphorylase, phosphorylase kinase,
olycine decarboxylase, H-protemn, T-protein, a cystic fibro-
s1s transmembrane regulator (CFTR) sequence, and a dys-
trophin gene product [e.g., a mini- or micro-dystrophin].
Still other useful gene products mmclude enzymes such as
may be useful 1n enzyme replacement therapy, which 1s use-
ful 1n a variety of conditions resulting from deficient activity
of enzyme. For example, enzymes that contain mannose-6-
phosphate may be utilized 1n therapies for lysosomal storage
diseases (e.g., a suitable gene includes that encoding B-glu-
curonidase (GUSB)).

[0128] Still other usetul gene products include those used
for treatment of hemophilia, including hemophilia B
(including Factor IX) and hemophilia A (including Factor
VIII and 1ts vanants, such as the light chain and heavy
chain of the heterodimer and the B-deleted domain; U.S.
Pat. No. 6,200,560 and U.S. Pat. No. 6,221,349). The Factor
VIII gene codes for 2351 amino acids and the protein has six
domains, designated from the amino to the terminal carboxy
terminus as Al-A2-B-A3-C1-C2 [Wood et al, Nature,
312:330 (1984); Vehar et al., Nature 312:337 (1984); and
Toole et al, Nature, 342:337 (1984)]. Human Factor VIII 1s
processed within the cell to yield a heterodimer primarily
comprising a heavy chain contaming the Al, A2 and B
domains and a light chain contamming the A3, Cl1 and C2
domains. Both the smgle chain polypeptide and the hetero-
dimer circulate 1n the plasma as inactive precursors, until
activated by thrombin cleavage between the A2 and B
domains, which releases the B domamn and results 1n a
heavy chain consisting of the Al and A2 domains. The B
domain 1s deleted 1n the activated procoagulant form of the
protem. Additionally, 1n the native protein, two polypeptide
chains (“a” and “b”), flanking the B domain, are bound to a
divalent calcium cation.

[0129] In some embodiments, the minigene comprises
first 57 base pairs of the Factor VIII heavy chamn which
encodes the 10 amino acid signal sequence, as well as the
human growth hormone (hGH) polyadenylation sequence.
In alternative embodiments, the minigene further comprises
the Al and A2 domains, as well as 5 amino acids from the
N-terminus of the B domain, and/or 85 amino acids of the C-
terminus of the B domain, as well as the A3, C1 and C2
domains. In yet other embodiments, the nucleic acids encod-
ing Factor VIII heavy chain and light chaim are provided 1n a
single minigene separated by 42 nucleic acids coding for 14
amino acids of the B domain [U.S. Pat. No. 6,200,560].
[0130] As used herein, a therapeutically effective amount
1s an amount of AAV vector that produces sufficient
amounts of Factor VIII to decrease the time 1t takes for a
subject’s blood to clot. Generally, severe hemophiliacs hav-
ing less than 1% of normal levels of Factor VIII have a
whole blood clotting time of greater than 60 minutes as
compared to approxmately 10 mmutes for non-
hemophiliacs.

[0131] The present imvention 1s not limited to any specific
Factor VIII sequence. Many natural and recombinant forms
of Factor VIII have been 1solated and generated. Examples
of naturally occurring and recombimant forms of Factor VII
can be found 1n the patent and scientific literature including,
US Patent Nos. 5,563,045, 5,451,521, 5,422,260;
5,004,803; 4,757,006; 5,661,008; 5,789,203; 5,681,746;
5,595,886, 5,045,455; 5,668,108; 5,633,150; 5,693,499;
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5,587,310; 5,171,844; 5,149,637, 5,112,950; 4,886,876;
International Patent Publication Nos. WO 94/11503, WO
87/07144, WO 92/16557, WO 91/09122, WO 97/03195,
WO 96/21035, and WO 91/07490; European Patent Appli-
cation Nos. EP 0 672 138, EP 0270618, EP 0 182 448, EP 0
162 067, EP 0 786 474, EP 0 533 862, EP 0 506 757, EP O
874 057,EP 0795 021, EP 0 670 332, EP 0 500 734, EP 0
232 112, and EP 0 160 457; Sanberg et al., XXth Int. Con-
oress of the World Fed. Of Hemophilia (1992), and Lind et
al., Eur. J. Biochem., 232:19 (1995).

[0132] Nucleic acids sequences coding for the above-
described Factor VIII can be obtamed using recombimant
methods or by denving the sequence from a vector known
to include the same. Furthermore, the desired sequence can
be 1solated directly from cells and tissues containing the
same, using standard technmiques, such as phenol extraction
and PCR of cDNA or genomic DNA [Seg, ¢.g., Sambrook et
al]. Nucleotide sequences can also be produced syntheti-
cally, rather than cloned. The complete sequence can be
assembled from overlapping oligonucleotides prepared by
standard methods and assembled 1nto a complete coding
sequence [See, €.g., Edge, Nature 292:757 (1981); Nambar
et al, Science, 223:1299 (1984); and Jay et al, J. Biol. Chem.
259:6311 (1984).

[0133] Furthermore, the invention 1s not limited to human
Factor VIII. Indeed, 1t 1s mtended that the present mmvention
encompass Factor VIII from amimals other than humans,
including but not lmited to companion ammals (e.g.,
canine, fehines, and equines), livestock (e.g., bovines,
caprines and ovines), laboratory animals, marine mammals,
large cats, etc.

[0134] 'The AAV vectors may contain a nucleic acid cod-
ing for fragments of Factor VIII which 1s 1tself not biologi-
cally active, yet when administered mto the subject
improves or restores the blood clotting time. For example,
as discussed above, the Factor VIII protein comprises two
polypeptide chains: a heavy chain and a light chain sepa-
rated by a B-domain which 1s cleaved during processing.
As demonstrated by the present immvention, co-tranducing
recipient cells with the Factor VIII heavy and light chains
leads to the expression of biologically active Factor VIII.
Because most hemophiliacs contain a mutation or deletion
in only one of the chains (e.g., heavy or light chain), 1t may
be possible to administer only the chamn defective 1n the
patient to supply the other cham.

[0135] Other usetul gene products mclude non-naturally
occurring polypeptides, such as chimeric or hybrid polypep-
tides having a non-naturally occurring amino acid sequence
containing msertions, deletions or amino acid substitutions.
For example, single-chain engineered immunoglobulins
could be usetul 1n certamm mmmunocompromised patients.
Other types of non-naturally occurring gene sequences
include antisense molecules and catalytic nucleic acids,
such as ribozymes, which could be used to reduce overex-

pression of a target.
[0136] Reduction and/or modulation of expression of a

oene 18 particularly desirable for treatment of hyperproli-
ferative conditions characterized by hyperproliferating
cells, as are cancers and psoriasis. Target polypeptides
include those polypeptides which are produced exclusively
or at higher levels m hyperproliferative cells as compared to
normal cells. Target antigens include polypeptides encoded
by oncogenes such as myb, myc, fyn, and the translocation
gene ber/abl, ras, sre, P33, neu, trk and EGRF. In addition to
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oncogene products as target antigens, target polypeptides for
anti-cancer treatments and protective regimens include vari-
able regions of antibodies made by B cell lymphomas and
variable regions of T cell receptors of T cell lymphomas
which, 1 some embodiments, are also used as target anti-
gens for autormmune disease. Other tumor-associated poly-
peptides can be used as target polypeptides such as polypep-
tides which are found at higher levels 1 tumor cells
including the polypeptide recognized by monoclonal anti-
body 17-1A and folate binding polypeptides.

[0137] Other suitable therapeutic polypeptides and pro-
teins mclude those which may be usetul for treating indivi-
duals suffering from autoimmune diseases and disorders by
conferring a broad based protective mmmune response
against targets that are associated with autoimmunity
including cell receptors and cells which produce “self-direc-
ted antibodies. T cell mediated autormmune diseases mclude
Rheumatoid arthnitis (RA), multiple sclerosis (MS), $10g-
ren’s syndrome, sarcoidosis, msulin dependent diabetes
mellitus (IDDM), autoimmune thyroiditis, reactive arthritis,
ankylosing spondylitis, scleroderma, polymyositis, derma-
tomyositis, psoriasis, vasculitis, Wegener’s granulomatosis,
Crohn’s disease and ulcerative colitis. Each of these dis-
cases 18 characterized by T cell receptors (TCRs) that bind
to endogenous antigens and initiate the inflammatory cas-
cade associated with autoimmune diseases.

C. Immunogenic Transgenes

[0138] Sutably, the AAV vectors of the mvention avoid
the generation of immune responses to the AAV sequences
contammed within the vector. However, these vectors may
nonetheless be formulated mm a manner that permits the
expression of a transgene carried by the vectors to induce
an 1mmune response to a selected antigen. For example, 1n
order to promote an immune response, the transgene may be
expressed from a constitutive promoter, the vector can be
adjuvanted as described herein, and/or the vector can be
put mnto degenerating tissue.

[0139] Examples of suitable mmmunogenic transgenes
include those selected from a vanety of viral families.
Examples of desirable wviral families against which an
immune response would be desirable 1include, the picoma-
virus family, which mcludes the genera rhinoviruses, which
are responsible for about 50% of cases of the common cold;
the genera enteroviruses, which include polioviruses, cox-
sackieviruses, echoviruses, and human enteroviruses such
as hepatitis A virus; and the genera apthoviruses, which
are responsible for foot and mouth diseases, primarily 1n
non-human ammals. Within the picornavirus famly of
viruses, target antigens mclude the VP1, VP2, VP3, VP4,
and VPG. Other viral families include the astroviruses and
the calcivirus family. The calcivirus family encompasses the
Norwalk group of viruses, which are an important causative
agent of eprdemic gastroenteritis. Still another viral family
desirable for use 1n targeting antigens for mmducing immune
responses 1 humans and non-human animals 15 the toga-
virus family, which includes the genera alphavirus, which
include Sindbis viruses, RossRiver virus, and Venezuelan,
Eastern & Western Equine encephalitis, and rubivirus,
including Rubella virus. The flaviviridae family includes
dengue, yellow fever, Japanese encephalitis, St. Louis ence-
phalitis and tick borne encephalitis viruses. Other target
antigens may be generated from the Hepatitis C or the cor-
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onavirus family, which imcludes a number of non-human
viruses such as mfectious bronchitis virus (poultry), porcine
transmissible gastroenteric virus (pig), porcine hemaggluti-
natin encephalomyelitis virus (pig), feline infectious perito-
nitis virus (cat), teline enteric coronavirus (cat), canine cor-
onavirus (dog), and human respiratory coronaviruses, which
may cause the common cold and/or non-A, B or C hepatitis,
and which mclude the putative cause of sudden acute
respiratory syndrome (SARS). Within the coronavirus
family, target antigens include the E1 (also called M or
matrix protem), E2 (also called S or Spike proten), E3
(also called HE or hemagglutin-elterose) glycoprotein (not
present 1 all coronaviruses), or N (nucleocapsid). Still other
antigens may be targeted agaist the arterivirus family and
the rhabdovirus family. The rhabdovirus family includes the
ogenera vesiculovirus (e.g., Vesicular Stomatitis Virus), and
the general lyssavirus (e.g., rabies). Within the rhabdovirus
family, suitable antigens may be derived from the G proten
or the N protem. The family filoviridae, which includes
hemorrhagic fever viruses such as Marburg and Ebola
virus may be a suitable source of antigens. The paramyxo-
virus family mcludes paramfluenza Virus Type 1, parain-
fluenza Virus Type 3, bovine paraintluenza Virus Type 3,
rubulavirus (mumps virus, paramnfluenza Virus Type 2, para-
influenza virus Type 4, Newcastle disease virus (chickens),
rinderpest, morbillivirus, which includes measles and canine
distemper, and pneumovirus, which mcludes respiratory
syncytial virus. The mfluenza virus 1s classified within the
tamily orthomyxovirus and 1s a suitable source of antigen
(c.g., the HA protemn, the N1 protemn). The bunyavirus
family mcludes the genera bunyavirus (California encepha-
lit1s, La Crosse), phlebovirus (Rift Valley Fever), hantavirus
(puremala 18 a hemahagin fever virus), nairovirus (Nairobi
sheep disease) and various unassigned bungaviruses. The
arcnavirus family provides a source ol antigens against
[LCM and Lassa fever virus. Another source of antigens 1s
the bornavirus family. The reovirus family includes the gen-
era reovirus, rotavirus (which causes acute gastroenteritis i
children), orbiviruses, and cultivirus (Colorado Tick fever,
Lebombo (humans), equine encephalosis, blue tongue). The
retrovirus family includes the sub-family oncorivirmal
which encompasses such human and vetermary diseases as
feline leukemia virus, HTLVI and HTLVII, lentivirinal
(which includes HIV, sittman immunodeficiency virus, feline
immunodeficiency virus, equine infectious anemia virus,
and spumavirinal).

[0140] With respect to HIV and SIV, many suitable anti-
oens have been described and can readily be selected.
Examples of suitable HIV and SIV antigens include, without
lmmitation the gag, pol, Vit, Vpx, VPR, Env, Tat and Rev
proteins, as well as various fragments thereof. For example,
suitable fragments of the envelope (env) protemn mclude,
c.g., gpdl, gpld0, and gpl20. In addition, a variety of mod-
ifications to these and other HIV and SIV antigens have been
described. Suitable antigens for this purpose are known to
those of skill in the art. For example, one may select a
sequence encoding the gag, pol, Vii, and Vpr, Env, Tat and
Rev, amongst other proteins. See, ¢.g., the modified gag pro-
tein which 1s described 1 US Patent 5,972,596. See, also,
the HIV and SIV proteins described in D.H. Barouch ¢t al, J.
Virol., 75(5):2462-2467 (March 2001), and R.R. Amara, et
al, Science, 292:69-74 (6 Apr. 2001). These proteins or sub-
units thereof may be delivered alone, or 1n combination via
separate vectors or from a single vector.
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[0141] The papovavirus family includes the sub-family
polyomaviruses (BKU and JCU viruses) and the sub-family
papillomavirus (associated with cancers or malignant pro-
oression of papilloma). The adenovirus family includes
viruses (EX, AD7, ARD, O.B.) which cause respiratory dis-
case and/or enteritis. The parvovirus family includes feline
parvovirus (feline ententis), feline panleucopeniavirus,
canine parvovirus, and porcine parvovirus. The herpesvirus
family mcludes the sub-tamily alphaherpesvirinae, which
encompasses the genera simplexvirus (HSVI, HSVII), var-
icellovirus (pseudorabies, varicella zoster) and the sub-
family betaherpesvirinae, which includes the genera cyto-
megalovirus (HCMYV, muromegalovirus) and the sub-family
gammaherpesvirinae, which includes the genera lympho-
cryptovirus, EBV (Burkitts lymphoma), human herpes-
viruses 6A, 6B and 7, Kaposi’s sarcoma-associated herpes-
virus and cercopithecine herpesvirus (B virus), ifectious
rhinotracheitis, Marek’s disease virus, and rhadmovirus.
The poxvirus family includes the sub-tamily chordopoxvir-
inae, which encompasses the genera orthopoxvirus (Variola
major (Smallpox) and Vaccima (Cowpox)), parapoxvirus,
avipoxvirus, capripoxvirus, leporipoxvirus, Suipoxvirus,
and the sub-family entomopoxvirinac. The hepadnavirus
family 1ncludes the Hepatitis B virus. One unclassified
virus which may be suitable source of antigens 1s the Hepa-
titis delta virus, Hepatitis E virus, and prions. Another virus
which 1s a source of antigens 1s Nipan Virus. Still other viral
sources may mclude avian infectious bursal disease virus
and porcine respiratory and reproductive syndrome virus.
The alphavirus family includes equine arteritis virus and
various Encephalitis viruses.

[0142] The present mvention may also encompass 1mmu-
nogens which are useful to immunize a human or non-
human animal against other pathogens including bactera,
fungi, parasitic microorganisms or multicellular parasites
which infect human and non-human vertebrates, or from a
cancer cell or tumor cell. Examples of bacterial pathogens
include pathogenic gram-positive coccl include pneumo-
coccl; staphylococcl (and the toxins produced thereby, €.g.,
enterotoxin B); and streptococci. Pathogenic gram-negative
coccl 1nclude menmingococcus; gonococcus. Pathogenic
enteric gram-negative bacilli imnclude enterobacteriaceae;
pseudomonas, acmetobacteria and eikenella; melioidosis;
salmonella; shigella; haemophilus; moraxella; H. ducreyi
(which causes chancroid); brucella species (brucellosis);
Francisella tularensis (which causes tularemia); Yersinia
pestis (plague) and other yersinia (pasteurella); streptobacil-
lus momniliformis and spirillum; Gram-positive bacilhi
include listeria monocytogenes; erysipelothrix rhusio-
pathiae; Corynebacterium diphtheria (diphthena); cholera;
B. anthracis (anthrax); donovanosis (granuloma mmguinale);
and bartonellosis. Diseases caused by pathogenic anaerobic
bacteria include tetanus; botulism (Clostridum botulinum
and 1ts toxin); Clostridium perfringens and 1ts epsilon
toxin; other clostridia; tuberculosis; leprosy; and other
mycobacteria. Pathogenic spirochetal diseases include
syphilis; treponematoses: yaws, pinta and endemic syphilis;
and leptospirosis. Other infections caused by higher patho-
gen bacteria and pathogenic fungir include glanders (Bur-
kholderia mallei); actinomycosis; nocardiosis; Cryptococco-
s18, blastomycosis, histoplasmosis and coccidioidomycosis;
candidiasis, aspergillosis, and mucormycosis; sporotricho-
s1s; paracoccidiodomycosis, petriellidiosis, torulopsosis,
mycetoma and chromomycosis; and dermatophytosis. Rick-
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ettsial 1nfections include Typhus fever, Rocky Mountain
spotted fever, Q fever (Coxiella burnetti), and Rickettsial-
pox. Examples of mycoplasma and chlamydial infections
include: mycoplasma pneumomiae; Ilymphogranuloma
venereum; psittacosis; and perinatal chlamydial infections.
Pathogenic eukaryotes encompass pathogenic protozoans
and helminths and infections produced thereby include:
amebiasis; malara; leishmaniasis; trypanosomiasis; toxo-
plasmosis; Preumocystis carinii; Trichans; Toxoplasma
gondii; babesiosis; giardiasis; trichinosis; filariasis; schisto-
somiasis; nematodes; trematodes or flukes; and cestode
(tapeworm) mfections.

[0143] Many of these organisms and/or the toxins pro-
duced thereby have been 1dentified by the Centers for Dis-
case Control [(CDC), Department of Heath and Human Ser-
vices, USA], as agents which have potential for use m
biological attacks. For example, some of these biological
agents, mclude, Bacillus anthracis (anthrax), Clostridium
botulinum and 1ts toxin (botulism), Yersima pestis (plague),
variola major (smallpox), Francisella tularensis (tularemia),
and viral hemorrhagic fevers [filoviruses (e.g., Ebola, Matr-
burg|, and arenaviruses [e.g., Lassa, Machupo]), all of
which are currently classified as Category A agents; Cox-
iella burnetn (QQ tever); Brucella species (brucellosis), Bur-
kholderia mallei (glanders), Burkholderia pseudomallei
(meloidosis), Ricinus communis and 1ts toxin (ricin toxin),
Clostridium perfringens and 1ts toxin (epsilon toxin), Sta-
phylococcus species and their toxins (enterotoxin B), Chla-
mydia psittaci (psittacosis), water safety threats (e.g., Vibrio
cholerae, Crytosporidium parvum), Typhus tever (Richett-
sia powazekii), and viral encephalitis (alphaviruses, €.g.,
Venezuelan equine encephalitis; eastern equine encephalitis;
western equine encephalitis); all of which are currently clas-
sified as Category B agents; and Nipan virus and hanta-
viruses, which are currently classified as Category C agents.
In addition, other organisms, which are so classified or dif-
ferently classified, may be i1dentified and/or used for such a
purpose 1 the future. It will be readily understood that the
viral vectors and other constructs described herein are useful
to deliver antigens from these organisms, viruses, their tox-
ins or other by-products, which will prevent and/or treat
infection or other adverse reactions with these biological
agents.

[0144] Administration of the vectors of the invention to
deliver immunogens agamst the vanable region of the T
cells elicit an immune response mcluding CTLs to eliminate
those T cells. In rheumatoid arthritis (RA), several specific
variable regions of TCRs which are involved 1n the disease
have been characterized. These TCRs include V-3, V-14, V-
17 and V-17. Thus, delivery of a nucleic acid sequence that
encodes at least one of these polypeptides will elicit an
immune response that will target T cells involved in RA.
In multiple sclerosis (MS), several specific variable regions
of TCRs which are mvolved 1n the disease have been char-
acterized. These TCRs include V-7 and V-10. Thus, delivery
of a nucleic acid sequence that encodes at least one of these
polypeptides will elicit an immune response that will target
T cells mvolved in MS. In scleroderma, several specific vari-
able regions of TCRs which are involved in the disease have
been characterized. These TCRs include V-6, V-8, V-14 and
V-16, V-3C, V-7, V-14, V-15, V-16, V-28 and V-12. Thus,
delivery of a nucleic acid molecule that encodes at least one
of these polypeptides will elicit an immune response that
will target T cells mmvolved 1n scleroderma.
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[0145] Thus, a rAAV-dernived recombinant viral vector of
the mvention provides an efficient gene transfer vehicle
which can deliver a selected transgene to a selected host
cell i vivo or ex vivo even where the organism has neutra-
lizing antibodies to one or more AAV sources. In one embo-
diment, the rAAV and the cells are mixed ex vivo; the
infected cells are cultured using conventional methodolo-
o1es; and the transduced cells are re-infused 1nto the patient.
[0146] These compositions are particularly well suited to
gene delivery for therapeutic purposes and for immuniza-
tion, including inducing protective immunity. AAV of the
invention and compositions containing same can also be

used mm mmmunization regimens such as those described 1n
co-owned U.S. Pat. Application No. 60/565,936, filed Apr.

28, 2004 for “Sequential Adenovirus and AAV-Mediated
Delivery of Immunogenic Molecules™.

[0147] Further, the compositions of the invention may also
be used for production of a desired gene product i vitro. For
in vitro production, a desired product (e.g., a protein) may
be obtained from a desired culture following transfection of
host cells with a rAAV contaming the molecule encoding the
desired product and culturing the cell culture under condi-
tions which permit expression. The expressed product may
then be purified and 1solated, as desired. Suitable techniques
for transtection, cell culturing, purification, and 1solation are
known to those of skill 1n the art.

[0148] The following examples 1llustrate several aspects
and embodiments of the mvention.

Example 1

[0149] According to the method of the mvention, AAV
sequences have been 1dentified as having smgletons, when
placed 1 an alignment with a library of sequences contain-
ing representatives of each of clades A, B, C, D, E, and F
(represented by AAV9). The following table illustrates the
capsid sequences and the singleton to be altered to a con-
served sequence. For certamn mutations, the singleton 1s fol-
lowed by an * and then the amino acid reside which replaces
it. For other mutations, the singleton 1s followed by 1its
amino acid position and the residue which replaced it.
[0150] The amino acid numbering 1s based upon the pub-
lished sequences for each of these AAV capsids. See, e.g.,
G. Gao, et al., J. Virol., 78(12):6381-6388 (June 2004) and
International Patent Publication No. WO 2004/042397 |all
sequences therein deposited with GenBank], and Interna-
tional Patent Publication No. WO 2005/033321, filed Sep.
30, 2004, which are incorporated by reference.

[0151] For example, with reference to the following table,
the nomenclature should be read as follow. Cy5R1 refers to
the amio acid sequence of SEQ 1D NO. 24, which has been
modified to contain an aspartic acid (D) 1n amimo acid resi-
due position 13; ¢y5 has a glycine 1n 1ts native amino acid
sequence at residue number 13. Cy5SR2 refers to the amino
acid sequence of SEQ ID NO:24, which has been modified
to contain an aspartic acid 1n amino acid position 13 (glycine
in the native sequence) and an asparagine 1 amimo acid
residue position 403 (aspartic acid mn the native sequence).
Cy3R3 has the ammo acid sequence of SEQ ID NO:24,
which has been modified to have the same modifications
as the Cy5R2 and, additionally, a lysmne at position 158
(natively an asparagime) and a glutamine at position 161
(natively a proline). Given this mformation, one of skill 1n
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the art should be readily able to determine the other single-
ton modifications recited in the following table.
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[0155] Cloning of the singleton corrections went as fol-
lows. From the original packaging plasmd, site directed
mutagenesis was performed. Subsequent to that, vector
backbone integrity was assayed by a Pstl digest and correc-
tion of the singleton was confirmed by sequencing. EGEFP-
expressing vector was then produced m triplicates on 12-
well format side by side with the parental singleton-contain-
ing vector, AAV2 and AAV2/8 positive control and a pro-
duction without presence of packaging plasmid as a nega-
tive control. Equal volume of harvested lysate after a 3x
freeze was mcubated on 293 cells. eGFP expressing was
monitored by flow cytometry 72 h post transduction.

[0156] Site-directed mutagenesis of the singleton residues
in clones rh.37, th.2, ch.5, rh. 13, and rh.8 was performed.
These particular sequences were selected to represent a vari-
ety of phenotypes that were previously documented.

Gene Transfer
Clone

Packaging

Phenotype

Clade
Phenotype Lung Liver Muscle # Singleton (serotype)
rh.37 insufficient nfa n/a n/a 2 D (AAV7)
rh.2 Low ++ + +++ ‘ E (AAVR)
ch.5 Good - - Ch.5
rh.13 Excellent + + + D (AAV7Y)
rh.8 Good + ++ Rh.§

SEQ ID
NO:
(Parent
Name AAV) Sites Mutated Clade
CYd 24
Cy5SR1 G13D D
Cy5SR2 G13D D403N D
Cy5R3 G13D D403N RS351K D
Cy5SR4 G13D D403N RS351K NI38K+ D
P161Q
rh. 13 26 D
Rh. 13R E538K D
Rh37 40 D
Rh37R2 E634K T207M D
Rh.2 39 E
th.2R V6511 E
Rh.8 41
th.8§R D331E
Rh .48 44
Rh.48.1 K217E B
Rh.48.2 S304N B
Rh.48.1.2 K217E S304N B
Hu.44 45 A
Hu.44R1 E137K A
HuX 44R2 E137K P446L Aqg
HuX 44R3 E137K P446L. G609D A
Rh32/33 2
Hu. 29 42 B
Hu.29R G396E B
Ch. 5 46
Ch.5R1 Tol1l
th.67 47 D
th.58 48 S653N E15
Rh.64 43 E
Rho4R1 R697TW E
Rh64R?2 R697W V686K E
AAV6 29 A
AAV6.2 F129L Asp
AAV6.1 K3531E A
AAV6.12 F129L K331E A
rh.54 49 V404M D
hu.48 50 A
hu.48R1 G277S A
hu.48R2 G277S E322K Ass
hu.48R3 G2778S E322K S552N A
Example 2

[0152] In a prelimmary study, five clones were selected to
test the singleton method of the mvention. The table below
provides the phenotype description of the 5 clones. The
number of predicted smgletons 1s given with the clade and
serotype classification.

[0153] Packaging phenotype 18 considered insufficient
when therr titer 18 lower than 1xX1011GC, low when lower
than 1x1012GC, good when lower 1x1013 excellent when
higher.

[0154] Gene transfer phenotypes were established by
CB.AIAT gene expression and indicated as follows;
“+++7 better than lead candidate for target tissue, “++7,
“+7 and “-” respectively better than 50%, between 10-50%
or lower than 10% of AIAT serum levels of lead candidates
(muscle: AAV1, Liver:AAVS, Lung:AAV9). “n/a” indicated
that vector could not be produced at sufficient levels for n
vivo gene transier studies.

[0157] An mcrease 1n vector expression was noticed for 4
out of 5 clones. The increase was most dramatic for rh.37
and rh.2, vectors that were previously shown to have a low
packaging yield. For these vectors productive particles were
produced at levels sufficient for detection. Vectors rh.8 and

rh. 13 showed an mcrease n transduction.
[0158] In order to distinguish the effects of the singleton

mutation on transduction versus packaging and assembly,
small-scale vector preparations were made and titered for
Dnase resistant particles by quantitative PCR. For th.37, a
two-log 1ncrease 1 vector production was observed. rh.8
showed a moderate 5 fold increase 1n titer whereas rh. 13
performed equally. All titers of singleton corrected clones
were within acceptable range 1n comparison to AAV2 and
AAV?2/8 production and when extrapolated to large-scale
preparations, rh.2 was not assayed for titration.

[0159] Subsequently the effect of the singleton change
was monitored 1 vitro 1n a transduction setting with equal
particle number per cell. A titration on 293 cells was per-
formed for th.8 and rh. 13. Moderate increases m transduc-
tion efficiency were described at all MOls.

[0160] From this mitial subset of 5 clones, 3 productively
transduced cells. Two clones were unable to yield any eGFP
expression 1n this setting. This 1s most likely due to a defect
in packaging of the vector that could not be predicted by the
singleton approach.

[0161] The method of the invention was utilized to correct
four predicted smgleton locations 1n AAV clone hu. 46,
P156S R362C S393F A676. However, these modifications
did not result in an AAV which could be rescued, indicating
another type of fatal error 1n the hu. 46 sequence.

EXAMPLE 3 - In Vitro Analysis of Viral Vectors
With Altered Capsids

[0162] Using the methods of the mvention, the capsid pro-
temns of rh.64 and hu.29 were altered and then used to con-
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struct viral vectors with the altered capsids using pseudotyp-
ing as described in Example 2 and 1n G. Gao et al., Proc Nat!
Acad Sci U S A 99, 11854-9 (Sep. 3, 2002).

[0163] Briefly, vectors expressing enhanced green fluores-
cent protein (EGFP) were used to examine 1 vitro transduc-
tion efficiency of the vectors i human endothelial kidney
cells (293 cells). These 293 cells were incubated 1n the pre-
sence of 104 GC/cell pseudotyped AAVCMVeGEP particles
after a short pre-incubation with wtAd5. The number of
eGP positive cells per 10,000 total cells was measured by
FACS analysis with a limit of detection of 5 cells/10K.
[0164] Modification of the Rh.64 capsid according to the
invention atforded modified rh.64 particles which were over
a 100-told more etficient after a R697W change. A subse-
quent VO686E mutation yielded a 2-fold mncrease n packa-
oing capability.

[0165] Modification of the Hu.29 capsid according to the
invention afforded modified rh.64 virions that were rescued
from a deficient packaging capability by changing (G396E.
A greater than 1000-fold increase in production was
observed.

[0166] Many of the over 20 modified AAV virions showed

improvement m expression include, AAV6.1, hu.48RI,
hu.48R2. hu.44R2, hu.44R3, rh.48.2, rth.48.2, th.48.2.1.

EXAMPLE 4 - Singleton Effect in In Vivo Gene
Transier Applications

[0167] 'The etfects of the singleton mutants were studied
1n an 1n vivo setting. Gene transfers studies on C57B/6 mice
have been mitiated on a number of vectors modified accord-
ing to the method of the mnvention. Muscle directed and liver
directed studies were mitiated and benchmarked versus the
current lead candidates for the particular application.
[0168] Human o-antitrypsin (A1AT) was selected as a
sensitive and quantitative reporter gene 1 the vectors and
expressed under the control of CMV-enhanced chicken -
actin promoter. Employment of the CB promoter enables
high levels of tissue non-specific and constitutive ATAT
oene transier to be achieved and also permits use of the
same vector preparation for gene transfer studies 1n any tis-
sue of interest.

[0169] Muscle was chosen as a first target tissue. 40 dif-
ferent novel vectors (based on 24 different clones each with
their respective singleton mutant(s)) were injected intramus-
cularly 1n a hind limb of C57B/6 mice. All experiments were
performed with 1 x 1011GC/animal with a CB.A1AT trans-
oene cassette. Vectors were each time aliquoted at equal
volume (50ul) per mouse and group per Clade. Every mdi-
vidual study comprised one or two clades with control
oroups mcluding the representative serotype, AAV2/8 and
AAV2/1 that served as benchmarks for muscle targeted
oene transter. Transgene expression 18 detected at day 7,
14, 28 and 63 post injection and evaluated by a specific
hA1AT ELISA.

[0170] For several 1solates and singleton corrected ver-
sions, data on their performance after mntraportal liver-direc-
ted mnfusion was generated. Preliminary results show that
the majority of the corrected clones perform equal or better
than the original 1solated.

[0171] For one particular clone namely cy.5, the singleton
correction seem to beneficial effect on muscle transduction.
The clone ¢y.5R4 carrying 4 singleton corrections improved
gene transier efficiency on an already decent muscle tropism
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exhibited by the original 1solate. The pertormance of ¢y.5R4

1s equal or slightly better than the benchmark controls

AAV2/1 and AAV2/7T.
[0172] An 1solate that was previously yielded too low

titers for further evaluation, rh.64, performed exceptionally
well 1n muscle after correction of one singleton. Rh.64R1
performed better than rh64.2 and gave hA1AT levels higher
than those achieved by its closest relative serotype AAV2/8

but also than AAV2/7.
[0173] In other studies, mice were mjected with vector n

ogroups based on the clades. 1 x 1011GC/mouse was dosed
with vector expressing CB.hA1AT. Serum levels of hATAT
were measured by specific hATAT ELISA.

[0174] The eftects of singleton on 1n vivo gene transter
seem to be dependent on 1solate and target tissue. Several
interesting observations were made.

[0175] For certamn singleton clones, the effects are qualita-
tively similar i muscle and hiver (e.g. th.2, rh.13 or ¢y.5).
Isolates hu.48 and rh.48 show an increased expression 1n

muscle with mcreased number of smgletons reverted.
[0176] Other clones like rh.64 and AAV6 show a particu-

lar expression profile. Isolate hu.48R2 for example packages
about 10told less efficient when compared to hu.48R3 but
the latter transduces muscle about 5-fold less efficient.
AAV6 contains two singletons. Both have moderate effects
on packaging and combined they bring AAV6 packaging up
to benchmark level. In vitro, little difference 1s noticeable

between the parental clone and the different clones. In
vivo, m muscle, AAV6.1 and AAV6.1.2 show decreased
gene transfer whereas AAV6.2 show a moderate increase.

.

Example 5 - Evaluation of Singleton-Corrected AAV
in Lung and Liver

[0177] AAV vectors optimized for packaging and gene
transter efficiency by the reversion of singleton residues
were further evaluated 1n lung and liver. The data 1s pre-
sented for both vectors that were 1dentified as non-singleton
contaming or for those for which the smgleton residue was
converted to the conserved amino-acid.

A. Evaluation of CB.A1AT AAV Gene Transfer to Lung
After Intratracheal Imjection Mediated by pi12, rh32.33,
AAV2/9, AAVZ, th.2R, chSR

[0178] Several AAV capsids are compared 1n their ability
to target lung. hA1AT levels were measured 1n serum. The
AAVs evaluated are either singleton free (p12, rh32.33.
AAV2/9, AAVZs, th.2R, ch5R) or contain one singleton resi-
due (rh.2, rh.8). AAVZ% and AAV2/9 are represented as
benchmarks.

[0179] The gene transfer studies were performed i C57B/
6 mice (male, 5 per group) using the vectors carrying either
the CB.AI1AT expression cassette (1.e., AAV2 5" ITR,
chicken pB-actin promoter (CB), human ol-antitrypsin
(A1AT), AAV2 3'ITR) or the CB.nLacZ expression cassette
(1.e., AAV2, 51TR, nuclear-localized P-galactosidase
(nLacZ), AAV2 3'TIR) 1 the capsids described above.
Brietly, 50 uL of these singleton-corrected or smgleton-
free vectors were co-instilled (1 x 1011 genome copies
(GC)) mtratracheally with vectors carrying the A1AT and
the vectors carrying the nLLacZ (1 x 1011 GC).

[0180] Atdays 12 and 20, 20 bleeds were taken and serum
levels of A1AT were measured (ng AAT/mL serum). The
data showed a dramatic increase of human ol-anfitrypsin
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expression 1n lung for rh.2 to rh.2R after mtratracheal (IT)
injection of 1 x 101 GC. In addition a variety AAV vectors
that are free of singleton residues were evaluated. All vec-
tors showed acceptable levels of expression 1in lung.

B. Evaluation of AAV6 Singleton Vectors i Comparison to
the AAV% and AAV2/9

[0181] AAVG6 singleton corrected clones were evaluated.
Moditied AAV6 (AAV6.2) was prepared using the smgleton
correction method of the mvention, and the pseudotyping
techniques described herein. The AAV6.2 particles carrying
A1AT and LacZ expression cassettes, prepared as described
in Example 5, were comjected intranasally (1 x 1011 GC)
and 1ntratracheally. AAT expression was evaluated by
ELISA 1 serum and in bronchial alveolar liquud (BAL).
Expression levels were normalized for total protein. LacZ
expression was measured by ELISA for B-galactosidase
from lung homogenate. Necropsy was performed at day 21.
[0182] These vectors were compared to AAV2/6, a current
clinical candidate for lung gene transfer, AAV %5 and AAV?2/
9 11 a study mvolving C57 Bl/6 mice (male, n=8/ group).
[0183] AAVO6.2 presented statistically significant improve-
ment over AAV6 1 serum A1AT excretion. AAV6.2 also
showed higher levels of A1AT levels as compared to the
other vectors, including AAV2/9 and AAVZ5. Mild improve-
ment 1 BAL was noted as was for LacZ expression 1in lung
homogenate. However, due to large animal to animal varia-
tions, no conclusions could be drawn from LacZ
quantitation.

[0184] When evaluating the localization of AAV gene
expression, superior staming for nuclear localized LacZ n
the AAV2/6.2 group was observed, as compared to AAV 2/
6. There was marked improvement over AAV2/6 and
AAV%s 1n lung airway epithelium, the primary target for dis-
cases like cystic fibrosis.

SEQUENCE LISTING

Sequence total guantitv: 49
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C. Intraportal (IV) Injection of AAVCB.AIAT (1 x 1011

GC) m C57Bl/6 Mice With Clade B and Clade C AAV
Members

[0185] All vectors used are absent of singleton residues
either from 1solation (AAV2/8, AAV2, hu. 13, hu.51, hu.
11, hu.53)or by mutation (hu.29R) All vectors are compared
to AAV?2/8 (clade E) as a benchmark.

D. Intravenous Injection of AAV Members of Clade E. Rh.

64R 1, Rh. 64R2, rh.2R Are Singleton Optimized. All Other
Vector Are Singleton Free

[0186] The expression from AAV Clade B and C members
was found similar to equivalent for all members including
hu.29R, a singleton optimized clone. This particular clone
was reconstituted 1n packaging capability from a hu.29 and
now presents similar gene transter functionality to other
members of the virus famly.

[0187] For Clade E vectors evaluated, all vectors that are
either singleton free naturally or corrected for smgleton resi-
dues perform 1n the similar range as the current best perfor-
mer for liver directed gene transfer, AAV2/8. Particularly
AAV rh64R1 and rh.64R2 are of interest. rh.64, found to
be defective 1n packaging, now performs equally well 1n
liver directed gene ftransfer after conversion of oneg
(th.64R1) or two (rh.64R2) singletons. For rh.2 the single-
ton correction corresponds to a dramatic more than 10 fold
Increase m gene delivery.

[0188] All publications, mcluding patents, cited m this
specification are incorporated herein by reference. While
the mvention has been described with reference to particu-
larly preferred embodiments, 1t will be appreciated that
modifications can be made without departing from the spirit
of the mvention.

SEQ ID NO: 1 moltype = AA length = 738
FEATURE Location/Qualifiers
REGION 1..738

note = rhesus adeno-associated virus, 20
source 1..738

mol type = proteiln

organlism = unldentified
SEQ ID NO: 1
MAADGYLPDW LEDNLSEGIR EWWDLKPGAP KPKANQCOKOD DGRGLVLPGY KYLGPFNGLD ©0
KGEPVNAADA AALEHDKAYD QOOLKAGDNPY LRYNHADAEER QERIOEDTSF GGNLGRAVEFD 120
AKKRVLEPLG LVEEGAKTAP GKKRPVEPSP QRSPDSSTGI GKTGQQPAKK RLNEFGQOTGDS 180
ESVPDPOPIG EPPAGPSGLG SGTMAAGGGA PMADNNEGAD GVGSSSGNWH CDSTWLGDRYV 240
ITTSTRTWAL PTYNNHLYKQO ISNGTSGGST NDNTYFGYST PWGYEDENREF HCHESPRDWO 300
RLINNNWGFR PKRLNEFKLEFN IQVKEVTONE GTKTIANNLT STIOQVFTDSE YOLPYVLGSA 360
HOGCLPPFPA DVFMIPOYGY LTLNNGSQAV GRSSFYCLEY FPSOMLRTGN NFEFSYQFED 420
VPFHSSYAHS QSLDRLMNPL IDQYLYYLSR TOSTGGTAGT QOLLEFSQAGP NNMSAQAKNW 430
LPGPCYROQOR VSTTLSQNNN SNFAWTGATK YHLNGRDSLV NPGVAMATHK DDEERFFPSS 540
GVLMFGKOGA GKDNVDYSSV MLTSEEEIKT TNPVATEQYG VVADNLOOON AAPIVGAVNS o000
OGALPGMVWQ NRDVYLOGPI WAKIPHTDGN FHPSPLMGGE GLKHPPPQIL IKNTPVPADP 660
PTTFSOQAKLA SFITQYSTG) VSVEIEWELO KENSKRWNPE IQYTSNYYKS TNVDFAVNTE /20
GTYSEPRPIG TRYLTRNL 738
SEQ ID NO: 2 moltyvpe = AA length = 733
FEATURE Location/Qualifiers

REGION

1..733



US 2023/0272424 Al

SOuUrce

SkEQ 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
GPPEGSDTSA
WVLPTYNNHL
AMRVKIEFNIQ
FMVPQYGYCG
Qo LDRLMNPL
RFESKTASQNY
GPSVTGNTTT
GMVWONRDIY
AARVDSELTO
PRVIGSRYLT

SEQ ID NO:
FEATURE
REGION

SQOUrce

Sk 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPLG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHSSYAHS
LPGPCYROQQR
GVLMEFGKQGA
QGALPGMVWQ)
PTTFSQAKLA
GTYSEPRPIG

Sk 1D NO:
FEATURE
REGION

SQUrce

SEQ ID NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPIG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHS55YAHS
LPGPCYROQQR
GILMEFGKQGA
QGALPGMVWQ)
PTAFNQAKLN
GVYSEPRPIG

ok 1D NO:
FEATURE
REGION

SOUrce

<
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
MSSDIEMRAA
YLRLGTTSNS
VKEVTTSNGE
IVTGENQNQT
LDQY LWHLQS
KIPASGGNAL
SANNLLFTSE
YOGPIWAKIP
YSTGOVAVQOL
NHL

3
LEDNLSEGIR
AALFEHDKAYD
LVEEAAKTAP
EPPAGPSGLG
PTYNNHLYKQ
PKRLSFKLEFN
DVFMIPQYGY
QSLDRLMNPL
VSTTLSONNN
GRDNVDYS55V
NRDVYLOQGPI
SELITQYSTGO
TRYLTRNL

4
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
EPPAAPSSVEG
PTYNNHLYKQ
PKRLSEFKLEN
DVFMILPQYGY
QS LDRLMNPL
VSTTLSONNN
GKDNVDY SNV
NRDVYLQGPI
SELITQYSTGO
TRYLTRNL

3

note =
1..733
mol type
organlsm

EWWDLKPGAP
QULKAGDNPY
GKKRPLESPQ
PGGNAVDAGQ
NTYNGFSTPW
T"TVANNLTST
DRNAFYCLEY
T"TSGETLNQG
LKYDTHYTLN
EETAATNFRD
HADGHFHPSP
EWEIEKERSK

moltype =

proteiln

19

-continued

unidentified

KPKANQOKQD
LRYNHADARF
EPDS55G1IGK
GSDGVGENASG
GYFDFNREFHC
VOIFADSSYE
FPSOMLRTGN
NAATTEFGKIR
NRWSNIAPGP
TDMFGQTADN
LIGGFGLKHP
RWNPEVQETS

AA  length

Location/Qualifiers

1..738
note =
1..738
mol type
organlsm

EWWDLKPGAP
QOLKAGDNPY
GKKRPVEPSP
S GTMAAGGGA
LSNGTSGGEST
LTOVKEVTONE
LTLNNGSQAV
IDQYLYYLSR
SNEAWTGATK
MLTSERETIKT
WAKTIPHTDGN
VEVEITEWELQ

moltype =

proteln

DGRGLVLPGY
QERLOEDTSE
KGKQPAKKRL
DWHCDSTWSE,
HFESPRDWOQRL
LPYVMDAGQLE
NFEMAYNFEK
SGDFAFYREKN
PMATAGPSDG
NONATTAPIT
PPQIFIKNTP
NYGNQSSMLW

= 738

unidentified

KPKANQOQKQD
LRYNHADAREF
QRSPDSSTGIL
PMADNNLEGAD
NDNTYFGY ST
GTKTIANNLT
GRSSFYCLEY
TOQSTGGETQGT
YHLNGRDSLV
TNPVATEQYG
FHPSPLMGGE
KENSKRWNPE

AA  length

Location/Qualifiers

1..738
note =
1..738
mol type
organlsm

EWWDLKPGAP
QULKAGDNPY
GKKRPVEPSP
SGTMAAGGGA
ISNGTSGGEST
TOQVKEVTONE
LTLNNGSQAV
IDOQYLYYLSR
SNEFAWTGATK
MLTSEEETKA
WAKIPHTDGN
VESVEIEWELQ

moltvype =

protein

DGRGLVLPGY
QERLOEDTSE
GKKGQQPAKK
GVGESSSGNWH
PWGYFDEFNRE
STIQVETDSE
FPSOMLRTGN
QOLLESQAGP
NPGVAMATHK
VVADNLQOTN
GLKHPPPQIL
IQYTSNYYKS

= 738

unidentified

KPKANQOKQD
LRYNHADARFE
QRSPDSSTGL
PMADNNEGAD
NDNTYFGY ST
GTKTIANNLT
GRSSEFYCLEY
TQSTGGTAGT
YHLNGRDSLV
TNPVATEQYG
FHPSPLMGGE
KENSKRWNPE

AA  length

Location/Qualifiers

1..738
note =
1..738
mol tType
organlsm

proteln

DGRGLVLPGY
QERLOEDTSE
GKKGQOQPARK
GVGESS5SGNWH
PWGYFDEFNRF
STIQVETDSE
FPSOMLRTGN
QOLLESQAGP
NPGVAMATNK
VVADNLQOON
GLKHPPPQIL
IQYTSNYYKS

= 738

unidentified

KYLGPENGLD
GGNLGRAVEQ
NEFEEDTGAGD
GKVTTTSTRT
INNNWGLRPK
GSLPPEFPNDV
VPFHSMYAHS
WLPGPCVRKQQ
DESNAQLIFP
GNVTAMGVLP
VPANPATTET
APDTTGRYTE

Rhesus adeno—-asscociliated virus clone

KYLGPFENGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
HCHE S PRDWQ
YOLPYVLGSA
NEFEFSYTEFRD
ANMSAQAKNW
DDEEREFPSS
TGPIVGNVNS
IKNTPVPADP
TNVDFAVNTE

Rhesus adeno—-asscociated virus clone

KYLGPENGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
HCHESPRDWO
YQLPYVLGSA
NESEFSYTEFRD
SNMSAQARNW
DDEDREFPSS
TAPIVGAVNS
IKNTPVPADP
TNVDFAVNTE

Rhesus adeno—-assococliated virus clone

capsid of Rhesus adenoc-associlated virus clone 32/33

60

120
180
240
300
360
420
480
540
600
600
120
133

39 capsid

60

120
180
240
300
360
420
4350
540
600
600
120
7138

46 capsid proteiln

60

120
180
240
300
360
420
430
540
600
600
120
7138

713 capsid
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sk 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPLG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHS55YAHS
LPGPCYROQQR
G1LMEGKQGA
QGALPGMVWOQ
PTAFNQAKLN
GVYSEPRPIG

SEQ ID NO:
FEATURE
REGION

SOUrce

Sk 1D NO:
MAADGYLPDW
KGDPVNEADA
AKKRILEPLG
ESVPDPQPIG
ITTSTRTWAL
INNNWGEFRPK
GCLPPFPADV
FHSSYAHSQS
GPCYRQQRVS
LVEFGKNGAGN
VLPGMVWQDR
THFTPGKFASE
YSEPRPIGTR

SkQ 1D NO:
FEATURE

2
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
EPPAAPSSVEG
PTYNNHLYKQ
PKRLSFKLEFN
DVFMILPQYGY
QS LDRLMNPL
VSTTLSONNN
GKDNVDYSNV
NRDVYLOGPIL
SELITQYSTGR
TRYLTRNL

0
LEDNLSEGIR
AALFEHDKAYG
LVETPAKTAP
EPPSDPSS5VEG
PTYNNHLYKQ
RLSFKLENIQ
FMIPQYGYLT
LDRLMNPLID
KTANDNNNSE
SNVDIENVMI
DVYLOGPIWA
ITQYSTGRVS
YLTRNL

7

misc_feature

SQOUrCce

SEQ ID NO:
atggctgccg
cagtggtgga
gacagcagdy
ddgggagagc
cggcagctcyg
caggagcgcc
gcgaaaaaga
ggaaaaaaga
ddaggcgggec
tcagtacctyg
aatacgatgg
gtgggtaatt
accaccagca
tccagccaat
tattttgact
aacaacaact
aaagaggtca
caggtgttta
tgcctcececge
aacaacggga
cagatgctgc
cacagcagct
tacctgtatt
cagttttctc
ccctgttacce

’
atggttatct
agctcaaacc
gtcttgtgct
cggtcaacga
acagcggaga
ttaaagaaga
gggttcttyga
ggccggtaga
agcagcctgc
acccccagcec
ctacaggcag
cctcgggaaa
cccgaacctg
caggagcctc
Ccaacagatt
ggggattccg
cgcagaatga
ctgactcgga
cgttcccagc
gtcaggcagt
gtaccggaaa
acgctcacaqg
acttgagcag
dggccggagco
gccagcagcg

EWWDLKPGAP
QULKAGDNPY
GKKRPVEPSP
SGTMAAGGGA
ISNGTSGGEST
LTOQVKEVTOQNE
LTLNNGSQAV
IDOQYLYYLSR
SNEFAWTGATK
MLTSEREETIKT
WAKIPHTDGN
VOVE IEWELQ

moltype

KPKANQOQKQD
LRYNHADARFE
QRSPDSSTGL
PMADNNEGAD
NDNTYEFGY ST
GTKTIANNLT
GRSSEFYCLEY
TQSTGGTAGT
YHLNGRDSLV
TNPVATEQYG
FHPSPLMGGE
KENSKRWNPE

AA  length

Location/Qualifiers

1..736
note
1..73¢6

mol type

organlsm

EWLNLKPGAP
QOLKAGDNPY
GKKRPVDPSP
SGTMAAGGGA
LSSQS5GATND
VEKEVTQONDGT
LNNGSQAVGR
QYLYYLSKTQ
YAWTGATKYH
TDEEEIRTTN
KIPHTDGHEH
VO IEWELQKE

moltvype

proteln

20

-continued

DGRGLVLPGY
QERLOEDTSE
GKKGQOPARK
GVGES55GNWH
PWGYEFDEFNRE
STIQVETDSE
FPSOQMLRTGN
QOLLESQAGP
NPGVAMATNK
VVADNLQRON
GLKHPPPOQIL
IQYTSNYYKS

130

unidentified

QPKANQOKQD
LKYNHADARFE
QRSPDSS5G1L
PMADNNEGAD
NHYFGYSTPW
TTTIANNLTST
S FYCLEYFP
GTNATVQGAK
LNGRDSLVNP
PVATEQYGVV
PSPLMGGEGL
NSKRWNPEILQ

DNA

Location/Qualifiers

1..2208
note
1..2208
mol type

organlsm

tccagattgg
tggcccacca
tcctgggtac
ggcagacgcc
caacccgtac
tacgtctttt
acctctgggc
gcactctcecct
aagaaaaaga
tctcggacayg
tggcgcacca
ttggcattgc
ggccctgecce
Jgaacgacaat
ccactgccac
acccaagaga
cggtacgacg
gtaccagctc
agacgtcttc
aggacgctct
caactttacc
ccagagtctg
aacaaacact
gagtgacatt
agtatcaaag

length

NARGLVLPGY
QERLOKDTSE
GKKSPHPARK
GVGENSSGNWH
GYFDENRFHC
VOVEFTDSEYQ
SOMLRTGNNE
LOEFSQAGPSN
GPAMASHKDD
SDNLQSSNTR
KHPPPQILIK
YTSNYNKSVN

2208

unassigned DNA

unidentified

ctcgaggaca
ccaccaaagc
aagtacctcg
gcggcecccteg
ctcaagtaca

gggdggceaacco
ctggttgagg
gtggagccag
ttgaattttyg
ccaccagcag
atggcagaca
gattccacat
acctacaaca
cactactttg
ttttcaccac
ctcaacttca
acgattgcca
ccgtacgtec
atggtgccac
tcattttact
ttcagctaca
gaccgtctca
ccaagtggaa
cgggaccagt
acatctgcgg

ctctctctga
ccgcagagcyg
gacccttcaa
agcacgacaa
accacgccga
tcggacgagc
aacctgttaa
actcctcecctc
gtcagactgg
cccecctetgg
ataacgaggg
ggatgggcga
accacctcta
gctacagcac
gtgactggca
agctctttaa
ataaccttac
tcggecteggce
agtatggata
gcectggagta
cttttgagga
tgaatcctct
ccaccacgca
ctaggaactg
ataacaacaa

KYLGPEFNGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
HCHESPRDWQ
YQLPYVLGSA
NESEFSYTEFRD
SNMSAQARNW
DDEDREFPSS
TAPIVGAVNS
IKNTPVPADP
TNVDEFAVNTE

Rhesus adeno—-assocociliated virus clone

KYLGPEFNGLD
GGNLGKAVEQ
RLNFGQTGEA
CDSTWLGDRV
HESPRDWQRL
LPYVLGSAHQ
QEFSYTEFEDVP
MRDQARNWLP
EEKFEFPMNGT
PITGDVDSQG
NTPVPANPAT
VDFTVDTNGV

aggaataaga
gcataaggac
cggactcgac
agcctacgac
cgcggagttt
agtcttccag
gacggctccg
gggaaccdgyga
agacgcagac
tctgggaact
cgccgacgga
cagagtcatc
caaacaaatt
cccttggggg
aagactcatc
cattcaagtc
cagcacggtt
gcatcaagga
cctcaccctg
ctttcecttcet
cgttccttte
catcgaccag
gtcaaggctt
gcttecctgga
cagtgaatac

60

120
180
240
300
360
420
480
540
600
600
120
7138

74 capsid

60

120
180
240
300
360
420
4380
240
600
600
120
7130

adeno—-assoclated virus serotvpe 2 capsid

60
120
180
240
300
360
420
4380
540
600
600
120
180
640
900
900
1020
1080
1140
1200
12060
1320
1380
1440
1500

Aug. 31, 2023
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-continued

tcgtggactyg gagctaccaa gtaccacctce aatggcagag actcectcectggt gaatccggge 1560
ccggccatgg caagccacaa Jggacgatgaa gaaaagtttt ttcecctcagag cggggttcecte 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccce gtggcectacgg agcagtatgg ttcectgtatect 1740
accaacctcc agagaggcaa cagacaagca gctaccgcag atgtcaacac acaaggegtt 1800
cttccaggca tggtctggca ggacagagalt gtgtaccttc aggggcccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccce tcectcececcecctca tgggtggatt cggacttaaa 1920
caccctcecctce cacagattct catcaagaac accccecggtac ctgcgaatcecce ttcgaccacce 1980
ttcagtgcgg caaagtttgce ttccecttcatce acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagcctc gceccecccattgg caccagatac ctgactcgta atctgtaa 2208
SEQ ID NO: 8 moltype = DNA length = 2187
FEATURE Location/Qualifiers
misc feature 1..2187

note = cvnomolgus {(cy.) 5 capsid
source 1..2187

mol type unassigned DNA

organlsm unidentified
SEQ ID NO: B
atggctgccg atggttatct tceccagattgg ctcgagggca acctctctga gggcattcge o©0
gagtggtggg acttgaaacc tggagccccg aaacccaaag ccaaccagca aaagcaggac 120
gacggccggyg gtctggtgcet tecctggcectac aggtacctcecg gacceccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcce gcecggecceccltcg agcacgacaa ggcecctacgac 240
aagcagctcg agcaggggga caacccgtac ctcaagtaca accacgccga cgccgagttt 300
caggagcgtc ttcaagaaga tacgtcectttt gggggcaacc tcecgggcgagce agtcttccag 3600
gccaagaagc gggttctcga acctctcecggt ctggttgagg aaggcgctaa gacggetcect 420
Jgaaagaaga gacccataga atcccccgac tcectceccacgg gcecatcggcaa gaacggceccag 480
ccgeccecgcecta aaaagaagcect caactttggg cagactggcecg actcagagtce agtgecccgac 540
ccccaaccte tcggagaacce tcecccecgecgeg ccctcaggtce tgggatctgg tacaatgget 600
gecaggcggtyg gcgcaccaat ggcagacaat aacgaaggcg ccgacggagt gggtaatgcce 660
tccggaaatt ggcattgcga ttccacatgg ctgggcgaca gagtcatcac caccagcacc 7120
cgcacctggg ccctgcecccac ctacaacaac cacctcectaca agcagatatce aagtcagagce 780
ggggctacca acgacaacca cttcecttcecgge tacagcaccce cctggggceta ttttgactte 840
aacagattcc actgccactt ctcaccacgt gactggcagc gactcatcaa caacaactgg 900
ggattccggce ccagaaagct gcecggttcaag ttgttcaaca tccaggtcaa ggaggtcacg 960
acgaacgacyg gcgttacgac catcgctaat aaccttacca gcacgattca ggtcttcteg 1020
gactcggagt accaactgcc gtacgtcecctce ggcectcectgcegce accagggcetg ccteccecctecg 1080
ttcecctgecgg acgtgttcat gattcectcag tacggatatce tgactctaaa caacggcagt 1140
cagtctgtgg gacgttcctce cttctactge ctggagtact ttceccecttcectca gatgctgaga 1200
acgggcgata actttgaatt cagctacacce tttgaggaag tgcctttcecca cagcagcectat 1260
gcgcacagcce agagcecctgga ccggcectgatg aatcceccecctceca tcecgaccagta cctgtactac 1320
ctggcccgga cccagagcac tacggggtcecce acaagggagce tgcagttcecca tcaggectggg 1380
cccaacacca tggccgagca atcaaagaac tggctgcecceg gaccecctgtta tecggcagcag 1440
agactgtcaa aaaacataga cagcaacaac aacagtaact ttgcctggac cggggceccact 1500
aaataccatc tgaatggtag aaattcatta accaacccgg gcgtagceccat ggccaccaac 1560
aaggacgacyg aggaccagtt ctttcccatce aacggagtge tggtttttgg caaaacgggg 1620
gectgccaaca agacaacgct ggaaaacgtg ctaatgacca gcgaggagga gatcaaaacc 1680
accaatcccg tggctacaga agaatacggt gtggtctcca gcaacctgca atcgtctacg 1740
geccggacccecce agacacagac tgtcaacagce cagggggcectce tgcecccggecat ggtcectggcag 1800
aaccgggacyg tgtacctgca gggtcccatce tgggceccaaaa ttcecctcacac ggacggcaac 1860
tttcaccecgt cteccecctgat gggeggattt ggactcaaac acccecgectcece tcaaattcecte 1920
atcaaaaaca ccccggtacce tgctaatcecct ccagaggtgt ttactcecctge caagtttgece 1980
tcatttatca cgcagtacag caccggccag gtcagcgtgg agatcgagtg ggaactgcag 2040
aaagaaaaca gcaaacgctg gaatccagag attcagtaca cctcaaatta tgccaagtcect 2100
aataatgtgg aatttgctgt caacaacgaa ggggtttata ctgagcecctceg ccccattgge 2160
acccgttace tcacccecgtaa cctgtaa 2187
SEQ ID NO: ¢ moltype = DNA length = 2217
FEATURE Location/Qualifiers
misc feature 1..2217

note = rhesus adeno-—-asscclated virus 10 capsid
source 1..2217

mol type unassigned DNA

organlsm unidentified
SEQ ID NO: ¢
atggctgccg atggttatcect tceccagattgg ctcgaggaca acctcectcectga gggcattcecge 60
gagtggtggg acttgaaacc tggagccccg aaacccaaag ccaaccagca aaagcaggac 120
gacggccggyg gtctggtgcet tecctggcectac aagtacctcg gacccttcaa cggactcgac 1890



US 2023/0272424 Al Aug. 31, 2023

22

-continued

aagggggage ccgtcaacgce ggcecggacgcea gcecggceccctcecdg agcacgacaa ggcecctacgac 240
cagcagctca aagcgggtga caatccgtac ctgcggtata accacgceccga cgceccgagttt 300
caggagcgtc tgcaagaaga tacgtctttt gggggcaacc tcecgggcgagce agtcttccag 360
gccaagaagce gggttctcga acctcectcecggt ctggttgagg aaggcecgcectaa gacggetect 420
Jgaaagaaga gaccggtaga gccatcaccce cagcecgttctce cagactceccte tacgggcecatce 480
Jgcaagaaag gccagcagcecc cgcgaaaaag agactcaact ttgggcagac tggcgactca 540
gagtcagtgc ccgaccctca accaatcgga gaaccccceccg caggcecceccte tggtcectggga  ©00
tctggtacaa tggctgcagg cggtggcgct ccaatggcag acaataacga aggcgcecgac ©6o0
ggagtgggta gttcctcagg aaattggcat tgcgattcca catggctggg cgacagagtce 720
atcaccacca gcacccgaac ctgggceccecctce cccacctaca acaaccacct ctacaagcaa 780
atctccaacg ggacttcggg aggaagcacce aacgacaaca cctacttcecgg ctacagcacce 840
ccctgggggt attttgactt taacagattc cactgccact tcectcaccacg tgactggcag 900
cgactcatca acaacaactg gggattccgg cccaagagac tcaacttcaa gcectcttcaac 960
atccaggtca aggaggtcac gcagaatgaa ggcaccaaga ccatcgccaa taaccttacce 1020
agcacgattc aggtctttac ggactcggaa taccagctcecc cgtacgtceccect cggetcectgeg 1080
caccagggct gcctgcctecce gttcecceceggeg gacgtcecttceca tgattcecctca gtacgggtac 1140
ctgactctga acaatggcag tcaggccgtg ggceccgttcecet ccecttctactg cctggagtac 1200
ttteccttctec aaatgctgag aacgggcaac aactttgagt tcagctacca gtttgaggac 1260
gtgeccttttc acagcagcta cgcgcacagce caaagcectgg accggcetgat gaacccceccte 1320
atcgaccagt acctgtacta cctgtctcecgg actcagtcca cgggaggtac cgcaggaact 1380
cagcagttge tattttctca ggccgggect aataacatgt cggcectcagge caaaaactgg 1440
ctacccggge cctgctaccg gcagcaacgce gtcectceccacga cactgtcgca aaataacaac 1500
agcaactttg cctggaccgg tgccaccaag tatcatctga atggcagaga ctctctggta 1560
aatcccggtyg tcecgcectatgge aacccacaadg gacgacgaag agcecgattttt tceccecgtceccage 1620
ggagtcttaa tgtttgggaa acagggagct ggaaaagaca acgtggacta tagcagegtt 1680
atgctaacca gtgaggaaga aattaaaacc accaacccag tggccacaga acagtacgge 1740
gtggtggccg ataacctgca acagcaaaac gccgctceccta ttgtaggggce cgtcaacagt 1800
caaggagcct tacctggcat ggtctggcag aaccgggacg tgtacctgca gggtcctatce 1860
tgggccaaga ttcecctcacac ggacggaaac tttcatccecct cgeccecgectgat gggaggettt 1920
ggactgaaac acccgcectcce tcagatcecctg attaagaata cacctgttcecce cgcecggatcecct 1980
ccaactacct tcagtcaagc taagctggcecg tcecgttcatca cgcagtacag caccggacag 2040
gtcagcgtgg aaattgaatg ggagctgcag aaagaaaaca Jcaaacgctg gaacccagag 2100
attcaataca cttccaacta ctacaaatct acaaatgtgg actttgctgt taacacagat 2160
ggcacttatt ctgagcctcg ccccatcecgge acccgttacce tcacccecgtaa tcectgtaa 2217
SEQ ID NGO: 10 moltvpe = DNA length = 2187
FEATURE Location/Qualifiers
misc feature 1..2187

note = rhesus adeno—-asscclated virus 13 capsid
source 1..2187

mol type unassigned DNA

organlsm unidentified
SEQ ID NO: 10
atggctgccg atggttatcect tceccagattgg ctcecgaggaca acctctcectga gggcattcecge 60
gagtggtggg acttgaaacc tggagccccd aaacccaaag ccaaccagca aaagcaggac 120
gacggccggg gtctggtget tecctggcectac aagtacctcecg gacccttcaa cggactcgac 180
aagggagagc cggtcaacga ggcagacgcce gcggceccctcg agcacgacaa ggcectacgac 240
aagcagctcyg agcaggggga caacccgtac ctcaagtaca accacgceccga cgceccgagttt 300
caggagcgtc ttcaagaaga tacgtctttt gggggcaacc tcecgggcgagce agtcttccag 360
gccaagaagc gggttctcga acctcecteggt ctggttgagg aaggcecgctaa gacggetect 420
Jgaaagaaga gacccataga atcccceccgac tectceccacgg gcecatcggcaa gaaaggccag 480
cagcccgceta aaaagaagcect caactttggg cagactggcecg actcagagtce agtgcecccgac 2540
ccccaacctce tcggagaacce tceccecgeccecgcyg ccecctcaggte tgggatctgg tacaatgget 600
gecaggcggtyg gcgcaccaat ggcagacaat aacgaaggcg ccgacggagt gggtaatgcecce 660
tccggaaatt ggecattgcga ttccacatgg ctgggcgaca gagtcatcac caccagcacc 720
cgcacctggyg ccctgcccac ctacaacaac cacctctaca agcagatatc aagtcagage 780
ggggctacca acgacaacca cttcttcgge tacagcaccce cctggggeta ttttgactte 840
aacagattcc actgccactt ctcaccacgt gactggcagc gactcatcaa caacaactgg 900
ggattccggce ccagaaagct gcecggttcaag ttgttcaaca tceccaggtcaa ggaggtcacg 960
acgaacgacg gcgttacgac catcgctaat aaccttacca gcacgattca ggtcttcecteg 1020
gactcggagt accaactgcc gtacgtcecctce ggcectcectgcecge accagggcetg cctceccecctecg 1080
ttcecctgecgg acgtgttcat gattcctcag tacggatatce tgactctaaa caacggcagt 1140
cagtctgtgg gacgttcecctce cttctactge ctggagtact ttceccecttcectca gatgctgaga 1200
acgggcaata actttgaatt cagctacacce tttgaggaag tgcctttcecca cagcagcectat 1260
gcgcacagcec agagcecctgga ccggcectgatg aatccecccectceca tcecgaccagta cctgtactac 1320
ctggcccgga cccagagcac tacggggtcece acaagggagce tgcagttcecca tcaggcectggg 1380
cccaacacca tggccgagca atcaaagaac tggctgcceccg gaccctgtta tcggcagcag 1440
agactgtcaa aaaacataga cagcaacaac aacagtaact ttgcctggac cggggccact 1500
aaataccatc tgaatggtag aaattcatta accaacccgg gcgtagceccat ggccaccaac 1560
aaggacgacyg aggaccagtt ctttcccatcec aacggagtgce tggtttttgg cgaaacgggg 1620
gectgccaaca agacaacgct ggaaaacgtg ctaatgacca gcgaggagga gatcaaaacce 1680
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accaatcccyg tggctacaga agaatacggt gtggtctcecca gcaacctgceca atcgtcectacg 1740
gccggacccc agacacagac tgtcaacagce cagggggctce tgcceccggcecat ggtcectggcag 1800
aaccgggacyg tgtacctgca gggtcccatce tgggceccaaaa ttcecctcacac ggacggcaac 1860
tttcacccgt ctecceccectgat gggeggattt ggactcaaac acccecgectcece tcaaattcecte 1920
atcaaaaaca ccccggtacce tgctaatcecct ccagaggtgt ttactecctge caagtttgece 1980
tcatttatca cgcagtacag caccggccag gtcagecgtgg agatcgagtg ggaactgcag 2040
aaagaaaaca gcaaacgctg gaatccagag attcagtaca cctcaaatta tgccaagtcect 2100
aataatgtgg aatttgctgt caacaacgaa ggggtttata ctgagcctcecg ccccattgge 2160
acccgttace tcacccgtaa cctgtaa 2187
SEQ ID NO: 11 moltype = DNA length = 2211
FEATURE Location/Qualifiers
misc feature 1..2211

note = adeno—-assoclated virus serotype 1 capsid
source 1..2211

mcl type = unassigned DNA

organism = unldentified
SEQ ID NO: 11
atggctgccg atggttatct tceccagattgg ctcgaggaca acctctctga gggcattcge 60
gagtggtggg acttgaaacc tggagccecccg aagcccaaag ccaaccagca aaagcaggac 120
gacggccggg gtcectggtgcet tecctggectac aagtacctcecg gacccttcaa cggactcgac 180
aagggggagce ccgtcaacgce ggcggacgceca gcecggeccteg agcacgacaa ggcecctacgac 240
cagcagctca aagcgggtga caatccgtac ctgcggtata accacgceccga cgceccgagttt 300
caggagcgtc tgcaagaaga tacgtctttt gggggcaacc tcecgggcgagce agtcttccag 360
gccaagaagce gggttctcga acctcecteggt ctggttgagg aaggcecgctaa gacggetect 420
Jgaaagaaac gtccggtaga gcagtcgcca caagagccag actcecctceccte gggcecatcgge 480
aagacaggcc agcagcccgce taaaaagaga ctcaattttg gtcagactgg cgactcagag 540
tcagtccccyg atccacaacce tcectcecggagaa ccltceccagcaa cccecceccecgetge tgtgggacct 000
actacaatgg cttcaggcgg tggcgcacca atggcagaca ataacgaagg cgccgacgga ©60
gtgggtaatyg cctcaggaaa ttggcattgce gattccacat ggcectgggcga cagagtcatc 720
accaccagca cccgcacctg ggcececttgcecce acctacaata accacctcta caagcaaatc 780
tccagtgcectt caacgggggc cagcaacgac aaccactact tcecggctacag caccccecctgg 840
gggtattttg atttcaacag attccactgce cacttttcac cacgtgactg gcagcgactcec 900
atcaacaaca attggggatt ccggcccaag agactcaact tcaaactctt caacatccaa 960
gtcaaggagg tcacgacgaa tgatggcgtc acaaccatcg ctaataacct taccagcacg 1020
gttcaagtct tctcggactc ggagtaccag cttcecgtacg tceccectecggete tgcecgcaccag 1080
ggctgcctce ctceccecgttcecee ggcggacgtg ttcatgattce cgcaatacgg ctacctgacg 1140
ctcaacaatyg gcagccaagc cgtgggacgt tcatcctttt actgcctgga atatttceccect 1200
tctcagatgce tgagaacggg caacaacttt accttcagcect acacctttga ggaagtgect 1260
ttccacagca gctacgcgca cagccagagce ctggaccggce tgatgaatcecce tcectcatcgac 1320
caatacctgt attacctgaa cagaactcaa aatcagtccg gaagtgccca aaacaaggac 1380
ttgcectgttta gcecgtgggtc tceccagcectgge atgtcectgttc agcccaaaaa ctggcectacct 1440
ggaccctgtt atcggcagca gcecgegtttcect aaaacaaaaa cagacaacaa caacagcaat 1500
tttacctgga ctggtgcttc aaaatataac ctcaatgggce gtgaatccat catcaaccct 1560
ggcactgcta tggcctcaca caaagacgac gaagacaagt tcecttteccat gagecggtgte 1620
atgatttttg gaaaagagag cgccggagcet tcaaacactg cattggacaa tgtcatgatt 1680
acagacgaaqg aggaaattaa agccactaac cctgtggcca ccgaaagatt tgggaccgtg 1740
gcagtcaatt tccagagcag cagcacagac cctgcecgaccg gagatgtgca tgctatggga 1800
gcattacctyg gcatggtgtg gcaagataga gacgtgtacc tgcagggtcecce catttgggecce 1860
aaaattcctc acacagatgg acactttcac ccgtcectceccte ttatgggegg ctttggacte 1920
aagaacccgce ctcctcagat cctcatcaaa aacacgectg ttceccectgcgaa tectceccecggeg 1980
gagttttcag ctacaaagtt tgcttcattc atcacccaat actccacagg acaagtgagt 2040
gtggaaattg aatgggagct gcagaaagaa aacagcaagc gctggaatcc cgaagtgcag 2100
tacacatcca attatgcaaa atctgccaac gttgatttta ctgtggacaa caatggactt 2160
tatactgagc ctcgceccccat tggcacccgt taccttaccce gtceccecccectgta a 2211
SEQ ID NO: 12 moltype = DNA length = 2211
FEATURE Location/Qualifiers

misc feature 1..2211

note = adeno—-assoclated virus serotype 3 capsid
source 1..2211

mol type = unassigned DNA

organlism = unldentified
SEQ ID NO: 172
atggctgctyg acggttatct tceccagattgg ctcgaggaca acctttctga aggcattcecgt ©0
gagtggtggg ctctgaaacc tggagtccecct caacccaaag cgaaccaaca acaccaggac 120
aaccgtcggg gtcecttgtgcet teccgggttac aaatacctcg gacccggtaa cggactcgac 180
aaaggagagc cggtcaacga Jggcggacgcg gcagceccctcg aacacgacaa agcttacgac 2490
cagcagctca aggccggtga caacccgtac ctcaagtaca accacgceccga cgceccgagttt 300
caggagcgtc ttcaagaaga tacgtcectttt gggggcaacc ttggcagagce agtcttccag 360
gccaaaaaga ggatccttga gecctecttggt ctggttgagg aagcagctaa aacggcectcect 420
Jggaaagaagdg gggctgtaga tcagtctcecct caggaaccgg actcatcatce tggtgttgge 480
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aaatcgggca aacagcctgce cagaaaaagdga ctaaatttecg gtcagactgg agactcagag 540
tcagtcccag accctcaacce tcectcggagaa ccaccagcag cccccacaag tttgggatcect o000
aatacaatgg cttcaggcgg tggcgcacca atggcagaca ataacgaggg tgccgatgga ©600
gtgggtaatt cctcaggaaa ttggcattgce gattcccaat ggctgggcga cagagtcatce 720
accaccagca ccagaacctg ggccecctgcecce acttacaaca accatctcta caagcaaatc 780
tccagccaat caggagcttc aaacgacaac cactactttg gctacagcac cccttggggg 840
tattttgact ttaacagatt ccactgccac ttctcaccac gtgactggca gcgactcatt 900
aacaacaact ggggattccg gcccaagaaa ctcagcettca agectcttcaa catccaagtt 960
agaggggtca cgcagaacga tggcacgacg actattgcca ataaccttac cagcacggtt 1020
caagtgttta cggactcgga gtatcagctce ccgtacgtgce tcecgggtcggce gcaccaagge 1080
tgtctcececge cgtttceccage ggacgtcectte atggtcecctce agtatggata cctcaccctg 1140
aacaacggaa gtcaagcggt gggacgctca tceccttttact gcecctggagta cttceccecctteg 1200
cagatgctaa ggactggaaa taacttccaa ttcagctata ccttcgagga tgtacctttt 1260
cacagcagct acgctcacag ccagagtttg gatcgecttga tgaatcecctcet tattgatcag 1320
tatctgtact acctgaacag aacgcaagga acaacctctg gaacaaccaa ccaatcacgg 1380
ctgcecttttta gccaggcectgg gecctcagtcect atgtcectttgce aggccagaaa ttggctacct 1440
gggccctget accggcaaca gagactttca aagactgcta acgacaacaa caacagtaac 1500
ttteccttgga cagcggccag caaatatcat ctcaatggcce gcgactcecget ggtgaatcca 1560
ggaccagcta tggccagtca caaggacgat gaagaaaaat ttttcecctat gcacggcaat 1620
ctaatatttyg gcaaagaagg gacaacggca agtaacgcag aattagataa tgtaatgatt 1680
acggatgaag aagagattcg taccaccaalt cctgtggcaa cagagcagta tggaactgtg 1740
gcaaataact tgcagagctc aaatacagct cccacgactg gaactgtcaa tcatcagggg 1800
gececttacctyg gecatggtgtg gcaagatcecgt gacgtgtacce ttcaaggacce tatctgggca 1860
aagattcctc acacggatgg acactttcat ccttcectcecctce tgatgggagg ctttggactg 1920
aaacatccgce ctcecctcaaat catgatcaaa aatactccecgg taccggcaaa tceccteccgacg 1980
actttcagce cggccaagtt tgcttcattt atcactcagt actccactgg acaggtcage 2040
gtggaaattg agtgggagct acagaaagaa aacagcaaac gttggaatcc agagattcag 2100
tacacttcca actacaacaa gtctgttaat gtggacttta ctgtagacac taatggtgtt 2160
tatagtgaac ctcgceccecctat tggaacccgg tatctcacac gaaacttgtg a 2211
SEQ ID NO: 13 moltype = DNA length = 2208
FEATURE Location/Qualifiers
misc feature 1..2208

note = adeno—-assoclated virus serotype 6 capsid
source 1..2208

mcl type = unassigned DNA

organlism = unldentified
SEQ ID NO: 13
atggctgccg atggttatcect tceccagattgg ctcecgaggaca acctctcectga gggcattcecge 60
gagtggtggg acttgaaacc tggagccccg aaacccaaag ccaaccagca aaagcaggac 120
gacggccggg gtcectggtgcet tecctggectac aagtacctcecg gacccttcaa cggactcgac 180
aaggyggggagce ccgltcaacgc ggcggatgca gcecggceccecctcg agcacgacaa ggcecctacgac 240
cagcagctca aagcgggtga caatccgtac ctgcggtata accacgceccga cgceccgagttt 300
caggagcgtc tgcaagaaga tacgtcectttt gggggcaacc tcgggcgagce agtcttccag 360
gccaagaaga gggttctcga accttttggt ctggttgagg aaggtgctaa gacggectcect 420
gJgaaagaaac gtccggtaga gcagtcgcecca caagagccag actcecctcectce gggcecattgge 480
aagacaggcc agcagcccgce taaaaagaga ctcaattttg gtcagactgg cgactcagag 2540
tcagtccccyg acccacaacce tcectcecggagaa cctccagcaa cccecceccecgetge tgtgggacct 600
actacaatgg cttcaggcgg tggcgcacca atggcagaca ataacgaagg cgccgacgga ©60
gtgggtaatg cctcaggaaa ttggcattgce gattccacat ggcectgggcga cagagtcatc 720
accaccagca cccgaacaltg ggccttgece acctataaca accacctcecta caagcaaatce 780
tccagtgctt caacgggggc cagcaacgac aaccactact tcecggctacag caccceccecctgg 840
gggtattttg atttcaacag attccactgce catttctcac cacgtgactg gcagcgactc 4900
atcaacaaca attggggatt ccggcccaag agactcaact tcaagcectcectt caacatccaa 960
gtcaaggagg tcacgacgaa tgatggcgtc acgaccatcg ctaataacct taccagcacg 1020
gttcaagtct tctcggactc ggagtaccag ttgccecgtacg tectcecggecte tgcgcaccag 1080
ggctgcctce cteccgttcecce ggcggacgtg ttcatgattce cgcagtacgg ctacctaacg 1140
ctcaacaatyg gcagccaggce agtgggacgg tcatcctttt actgccectgga atatttceccca 1200
tcgcagatge tgagaacggg caataacttt accttcagcect acaccttcga ggacgtgect 1260
ttccacagca gctacgcgca cagccagagce ctggaccggce tgatgaatcecce tcectcatcgac 1320
cagtacctgt attacctgaa cagaactcag aatcagtccg gaagtgccca aaacaaggac 1380
ttgctgttta gcecgggggtce tceccagcectgge atgtctgttc agcccaaaaa ctggcectacct 1440
ggaccctgtt accggcagca gcecgegtttcect aaaacaaaaa cagacaacaa caacagcaac 1500
tttacctgga ctggtgcttc aaaatataac cttaatgggce gtgaatctat aatcaaccct 1560
ggcactgcta tggcctcaca caaagacgac aaagacaagt tcectttcecccat gagecggtgte 1620
atgatttttyg gaaaggagag cgccggagct tcaaacactg cattggacaa tgtcatgatcec 1680
acagacgaag aggaaatcaa agccactaac cccgtggcca ccgaaagatt tgggactgtg 1740
gcagtcaatc tccagagcag cagcacagac cctgcecgaccg gagatgtgca tgttatggga 1800
gececttacctyg gaatggtgtg gcaagacaga gacgtatacce tgcagggtcecce tatttgggece 1860
aaaattcctc acacggatgg acactttcac ccgtctecte tecatgggegg ctttggactt 1920
aagcacccge ctecctcagat cctcatcaaa aacacgcectg ttcecctgcgaa tceccteccecggeca 1980



US 2023/0272424 Al Aug. 31, 2023

235

-continued

gagttttcgyg ctacaaagtt tgcttcattc atcacccagt attccacagg acaagtgage 2040
gtggagattg aatgggagct gcagaaagaa aacagcaaac gctggaatcc cgaagtgcag 2100
tatacatcta actatgcaaa atctgccaac gttgatttca ctgtggacaa caatggactt 2160
tatactgagc ctcecgceccccat tggcacccgt tacctcaccce gtceccceccectg 2208
SEQ ID NO: 14 moltyvpe = DNA length = 2214
FEATURE Location/Qualifiers
misc feature 1..2214

note = adeno—-assoclated virus serotype 7 capsid
source 1..2214

mcl type = unassigned DNA

organlism = unldentified
SEQ ID NO: 14
atggctgccg atggttatct tceccagattgg ctcgaggaca acctctcectga gggcattcecge o©0
gagtggtggg acctgaaacc tggagccccdg aaacccaaag ccaaccagca aaagcaggac 120
aacggccggyg gtcectggtget tecctggectac aagtacctcecg gacccttcaa cggactcgac 180
aagggggagce ccgtcaacgce ggcggacgceca gcecggecctoeg agcacgacaa ggcecctacgac 240
cagcagctca aagcgggtga caatccecgtac ctgcggtata accacgccga cgccgagttt 300
caggagcgtc tgcaagaaga tacgtcattt gggggcaacc tcecgggcgagce agtcttceccag 360
gccaagaagce gggttctcga acctcectcecggt ctggttgagg aaggcecgctaa gacggetcecct 420
Jcaaagaaga gaccggtaga gccgtcacct cagcecgttceccce ccgactcectce cacgggcecatce 480
Jgcaagaaag gccagcagcecc cgccagaaag agactcaatt tecggtcagac tggcgactca 540
gagtcagtcc ccgaccctca acctcectcgga gaacctccag cagecgcececctce tagtgtggga  ©00
tctggtacag tggctgcagg cggtggcgca ccaatggcag acaataacga aggtgccgac ©60
ggagtgggta atgcctcagg aaattggcat tgcgattcca catggctggg cgacagagtce 720
attaccacca gcacccgaac ctgggceccecctg cccacctaca acaaccacct ctacaagcaa 780
atctccagtyg aaactgcagg tagtaccaac gacaacacct acttcggcecta cagcacccce 840
CLgggggtatt ttgactttaa cagattccac tgccacttct caccacgtga ctggcagcga 900
ctcatcaaca acaactgggg attccggccce aagaagctgce ggttcaagcect cttcaacatc 960
caggtcaagg aggtcacgac gaatgacggce gttacgacca tcecgcectaataa ccttaccage 1020
acgattcagg tattctcgga ctcggaatac cagcectgceccegt acgtcectecgg ctcectgcecgcac 1080
cagggctgcecce tgcctcecegtt cceccggeggac gtcecttcatga ttceccectcagta cggcectacctg 1140
actcltcaaca atggcagtca gtctgtggga cgttcctcect tcectactgcecect ggagtacttce 1200
ccctctcaga tgctgagaac gggcaacaac tttgagttca gctacagcett cgaggacgtg 1260
cctttccaca gcagctacgce acacagccad agcecctggacce ggcectgatgaa tcecccecctcecatce 1320
gaccagtact tgtactacct ggccagaaca cagagtaacc caggaggcac agctggcaat 1380
cgggaactgce agttttacca gggcgggcect Ttcaactatgg ccgaacaagce caagaattgg 1440
ttacctggac cttgcttccg gcaacaaaga gtctccaaaa cgcectggatca aaacaacaac 1500
agcaactttg cttggactgg tgccaccaaa tatcacctga acggcagaaa ctcecgttggtt 1560
aatcccggcecyg tcecgceccatgge aactcacaadg gacgacgagg accgettttt cccatccage 1620
ggagtcctga tttttggaaa aactggagca actaacaaaa ctacattgga aaatgtgtta 1680
atgacaaatyg aagaagaaat tcgtcctact aatcctgtag ccacggaaga atacgggata 1740
gtcagcagca acttacaagc ggctaatact gcagcccaga cacaagttgt caacaaccag 1800
ggagccttac ctggcatggt ctggcagaac cgggacgtgt acctgcaggg tcccatctgg 1860
gccaagattc ctcacacgga tggcaacttt caccecgtcectce ctttgatggg cggetttgga 1920
cttaaacatc cgcctcctca gatcctgatce aagaacactcec cecgttcecccecge taatcctceccg 1980
gaggtgttta ctcctgccaa gtttgecttcecg ttcatcacac agtacagcac cggacaagtce 2040
agcgtggaaa tcgagtggga gctgcagaag gaaaacagca agcgctggaa cccggagatt 2100
cagtacacct ccaactttga aaagcagact ggtgtggact ttgccgttga cagccagggt 2160
gtttactctg agcctcecgece tattggcact cgttacctca cccgtaatct gtaa 2214
SEQ ID NO: 15 moltype = DNA length = 2217
FEATURE Location/Qualifiers
misc feature 1..2217

note = adeno—-assoclated virus serotype 8 capsid
source 1..2217

mocl type = unassigned DNA

organlism = unldentified
SEQ ID NO: 15
atggctgccg atggttatcect tceccagattgg ctcgaggaca acctcectcectga gggcattcecge 60
gagtggtggg cgctgaaacc tggagceccccd aagcccaaag ccaaccagca aaagcaggac 120
gacggccggg gtctggtgcet tecctggcectac aagtacctcg gacccttcaa cggactcgac 180
aagyggggagce ccgtcaacgc ggcggacgca gcggceccltcg agcacgacaa ggcecctacgac 240
cagcagctgce aggcgggtga caatccgtac ctgcggtata accacgceccga cgceccgagttt 300
caggagcgtc tgcaagaaga tacgtcectttt gggggcaacc tcecgggcgagce agtcttceccag 360
gccaagaagce gggttctcecga acctcectcecggt ctggttgagg aaggcgctaa gacggcectcecct 420
Jggaaagaaga gaccggtaga gccatcaccce cagcecgttctce cagactcectce tacgggcecatce 480
ggcaagaaag gccaacagcc cgccagaaaa agactcaatt ttggtcagac tggcgactca 2540
gagtcagttc cagaccctca acctctcgga gaacctccag cagecgcececctce tggtgtggga  ©00
cctaatacaa tggctgcagg cggtggcgca ccaatggcag acaataacga aggcgceccgac 660
ggagtgggta gttcctcecggg aaattggcecat tgcgattcca catggctggg cgacagagte 720
atcaccacca gcacccgaac ctgggceccecctyg cccacctaca acaaccacct ctacaagcaa 780
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atctccaacyg ggacatcggg aggagccacce aacgacaaca cctacttecgg ctacagcacce 540
ccctgggggt attttgactt taacagattc cactgccact tttcaccacg tgactggcag 900
cgactcatca acaacaactg gggattccgg cccaagagac tcagcecttcaa gcectcecttcaac 960
atccaggtca aggaggtcac gcagaatgaa ggcaccaaga ccatcgccaa taacctcacce 1020
agcaccatccec aggtgtttac ggactcggag taccagctgce cgtacgttcet cggectctgece 1080
caccagggct gcctgcecctcecce gttcecceceggeg gacgtgttca tgattcecccca gtacggctac 1140
ctaacactca acaacggtag tcaggccgtg ggacgcectcecct ccttctactg cctggaatac 1200
ttteccttcge agatgctgag aaccggcaac aacttccagt ttacttacac cttcgaggac 1260
gtgcecctttcce acagcagcta cgcccacagce cagagettgg accggcetgat gaatcecctetg 1320
attgaccagt acctgtacta cttgtctcgg actcaaacaa caggaggcac ggcaaatacg 1380
cagactctgg gcecttcagcecca aggtgggect aatacaatgg ccaatcaggce aaagaactgg 1440
ctgccaggac cctgttaccg ccaacaacgce gtctcaacga caaccgggca aaacaacaat 1500
agcaactttg cctggactgc tgggaccaaa taccatctga atggaagaaa ttcattggcect 1560
aatcctggca tcecgctatggcec aacacacaaa gacgacgadgg agcecgtttttt tcccagtaac 1620
gggatcctga tttttggcaa acaaaatgct gccagagaca atgcggatta cagcecgatgtce 1680
atgctcacca gcgaggaaga aatcaaaacc actaaccctg tggctacaga ggaatacggt 1740
atcgtggcag ataacttgca gcagcaaaac acggctcctc aaattggaac tgtcaacage 1800
cagggggcct tacccecggtat ggtctggcag aaccgggacg tgtacctgca gggtcccatce 1860
tgggccaaga ttcctcacac ggacggcaac ttccacccegt ctececgectgat gggeggettt 1920
ggcctgaaac atcctceccecgcece tcagatcecctg atcaagaaca cgcecctgtacce tgcecggatcect 1980
ccgaccacct tcaaccagtc aaagctgaac tcectttcatca cgcaatacag caccggacag 2040
gtcagcecgtgg aaattgaatg ggagctgcag aaggaaaaca Jcaagcecgcectg gaaccccgag 2100
atccagtaca cctccaacta ctacaaatct acaagtgtgg actttgctgt taatacagaa 2160
ggcgtgtact ctgaaccccg ccccattgge acccecgttacce tcaccecgtaa tcectgtaa 2217
SEQ ID NO: 16 moltype = DNA length = 2208
FEATURE Location/Qualifiers
misc feature 1..2208

note = adeno—-assoclated virus, hu.l3 capsid
source 1..2208

mcl type = unassigned DNA

organlism = unldentified
SEQ ID NO: 16
atggctgccg atggttatcect tceccagattgg ctcecgaggaca ctcectcectcectga aggaataaga ©0
cagtggtgga agctcaaacc tggcecccacca ccaccaaagc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tcecctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagce cggtcaacga ggcagacgceco gcecggecctcecg agcacgacaa ggcecctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgceccga cgcggagttt 300
caggagcgcc ttaaagaaga tacgtcectttt gggggcaacc tcggacgagce agtcttccag 360
Jcaaaaaaga gggttcttga acctctggge ctggttgagg agecctgttaa aacggetceccg 420
Jgaaaaaaga ggccggtaga gcactctcecct gecggagccag actecctcectce gggaaccgga 480
aaagcgggcce agcagcectgce aagaaaaaga ttgaatttcg gtcagactgg agacgcagac 2340
tccgtacctyg acccccagece tectcecggacadg ccaccagcag cccectcectgg tectgggaact 600
aatacgatgg cttcaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga ©60
gtgggtaatt cctcgggaaa ttggcattgce gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgaacttg ggccctgece acctacaaca accatctcecta caagcaaatce 780
tccagccaat caggagccag caacgacaac cactactttg gctacagcac cccecttggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 900
aacaacaact ggggattccg gcccaagaga ctcaacttca agectcectttaa cattcaagte 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtceccec teggcectcecgge gcatcaagga 1080
tgcctceccececge cgttecccage agacgtcecttce atggtgccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcagt aggacgctct tcattttact gcctggagta cttteccttet 1200
cagatgctgc gtaccggaaa caactttacce ttcagcectaca cctttgagga cgttecttte 1260
cacagcagct acgctcacag ccagagtttg gaccgtctceca tgaatcctcet catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagcggaa ccaccacgca gtccaggett 1380
cagttttctc aggccggagce aagtgacatt cgggaccagt ctaggaactg gettcecctgga 1440
ccctgttace gceccagcagcqg agtatcaaag acatctgcecgg ataacaacaa cagtgaatac 1500
tcgtggactyg gagctaccaa gtaccacctce aatggcagag actcectcectggt gaatccggge 1560
ccggceccatgg ccagccacaa ggacgatgaa gaaaagtttt ttcectcagag cggggttcecte 1620
atctttggga agcaaggctc agagaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac caccaatccce gtggctacgg agcagtatgg ttctgtatcect 1740
accaacctgc agggcggcaa cacacaagca gctaccgcag atgtcaacac acaaggegtt 1800
cttccaggca tggtctggca ggacagagac gtgtacctgce aggggceccat ctgggcaaag 1860
attccacaca cggacggaca ttttcacccce tcectcececccecteca tgggcggatt cggacttaaa 1920
caccctcecctce cacagattct catcaagaac accccecggtac ctgcgaatcece ttcgaccacce 1980
ttcagtgcgg caaagtttgce ttcectttcatc acacagtatt ccacggggca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggagaac agcaaacgct ggaatcccga gatccagtac 2100
acttccaact acaacaaatc tgttaatgtg gactttactg ttgacactaa tggcgtgtat 2160
tcagagccte gccccattgg caccagatac ctgactcecgta atctgtaa 2208
SEQ ID NO: 17 moltype = DNA length = 2208
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FEATURE Location/Qualifiers
misc feature 1..2208

note = adeno—-assoclated virus, hu.Z26 capsid
source 1..2208

mol type = unassigned DNA

organlism = unldentified
SEQ ID NO: 17
atggctgccg atggttatct tceccagattgg ctcecgaggaca ctcectctcectga aggaataaga o©0
cagtggtgga agctcaaacc tggcecccacca ccaccaaadgc ccgcagagcg gcataaggac 120
gacagcaggg gtcttgtgct tecctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagce cggtcaacga ggcagacgceccoe gcecggcecctcecg agcacgacaa ggcecctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgceccga cgcecggagttt 300
caggagcgtc ttaaagaaga tacgtcectttt gggggcaacc tcecggacgagce agtcttceccag 360
gccaaaaaga ggattcttga acctctggge ctggttgagg aacctgttaa gacggcetceccg 420
Jgaaaaaaga ggccggtaga gcactctcecct gecggagceccag actcectcectce gggaaccgga 480
aaagcgggcece agcagcecctgce aagaaagaga ttgaattttg gtcagactgg agacgcagac 540
CLcagtacctyg acccccagcece tcectcecggacag ccaccagcag ccccecctcectgg tectgggaact 600
aatacgatgg cttcaggcag tggcgcacca atggcagaca ataacgaggg cgccgacgga ©60
gtgggtaatt cctcgggaaa ttggcattgce gattccacat ggatgggcga cagagtcatc 720
accaccagca cccgcacctg ggceccecctgcececce acctacaaca accatctgta caagcaaatc 780
tccagccagt ctggagccag caacgacaac cactactttg gcectacagcac cccecctggggg 840
tattttgact tcaacagatt ccactgccac ttctceccccac gtgactggca aagactcatce $00
aacaacaact ggggattccg gcccaagaga ctcagcecttca agectcectttaa cattcaagte 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctce ccgtacgtcecc tcecggectcecgge gcatcaagga 1080
tgcctccececge cgttcccage agacgtcectte atggtgceccac agtatggata cctcaccctg 1140
aacaacggca gtcaggcggt aggacgctct tceccecttttact gcecctggagta cttteccttet 1200
cagatgcttc gtaccggaaa caactttacce ttcagctaca cctttgaaga cgttceccttte 1260
catagcagct acgctcacag ccaaagtctg gaccgtctca tgaatcecctcet catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagcggaa ccaccacgat gtccaggett 1380
cagttttcte aggccggagce aagtgacatt cgggaccagt ctagaaactg gcecttcecctgga 1440
ccctgttace gccagcagcg agtatcaaag acagctgcgg acaacaacaa cagtgattac 1500
tcgtggactyg gagctaccaa gtaccacctce aatggaagag actctcectggt gaatccggge 1560
ccagctatgg ccagccacaa ggacgatgaa gaaaaatatt ttcecctcagag cggggttcecte 1620
atctttggaa aacaagactc gggaaaaact aatgtggaca ttgaaaaggt tatgattaca 1680
gacgaagagyg aaatcaggac caccaatccce gtggctacgg agcagtatgg ttcectgtatcect 1740
accaacctcc agagcggcaa cacacaagca gctacctcag atgtcaacac acaaggegtt 1800
cttccaggca tggtctggca ggacagagac gtgtacctgce aggggceccat ctgggcaaag 1860
attccacaca cggacggaca ttttcaccce tcectececcecctceca tgggecggatt cggacttaaa 1920
caccctcecctce cacaaattct catcaagaac acccecggtac ctgcgaatcecce ttcecgaccact 1980
ttcagtgcgg caaagtttgce ttccttcatce acacagtact ccacggggca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggagaac agcaaacgct ggaatcccga aattcagtac 2100
acttccaact acaacaaatc tgttaatgtg gactttactg tggacactaa tggtgtgtat 2160
tcagagcctc gceccccecattgg caccagatac ctgactecgta atctgtaa 2208
SEQ ID NO: 18 moltype = DNA length = 2217
FEATURE Location/Qualifiers
misc feature 1..2217

note = adeno—-assoclated virus, hu.37 capsid
source 1..2217

mol type = unassigned DNA

organlism = unldentified
SEQ ID NO: 18
atggctgctyg acggttatct tceccagattgg ctcgaggaca acctctcectga gggcattcecge 60
gagtggtggg acctgaaacc tggagccccce aagcccaadgg ccaaccagca gaagcaggac 120
gacggccggyg gtctggtget tectggcectac aagtacctcecg gacccttcaa cggactcgac 180
aagggggagce ccgltcaacgc ggcggacgca gcggcececctcg agcacgacaa ggcectacgac 240
cagcagctca aagcgggtga caatccgtac ctgcggtata accacgceccga cgceccgagttt 300
caggagcgtc tgcaagaaga tacgtcectttt gggggcaacc tcecgggcgagce agtcttccag 360
geccaagaagce gggttctcga acctctcecggt ctggttgagg aagcectgctaa gacggetcect 420
ggaaagaaga gaccggtaga accgtcacct cagcecgttccce ccgactcectce cacgggcecatce 4380
ggcaagaaadg gccagcagcc cgctaaaaag agactgaact ttggtcagac tggcgactca 540
gagtcagtcc ccgaccctca accaatcgga gaaccaccag caggcecccecctce tggtcectggga  ©00
tctggtacaa tggctgcagg cggtggcecgct ccaatggcag acaataacga aggcgceccgac 660
ggagtgggta gttcctcagg aaattggcat tgcgattcca catggctggg cgacagagtce 720
atcaccacca gcacccgaac ctgggceccecctyg cccacctaca acaaccacct ctacaagcaa 780
atatccaatyg ggacatcggg aggaagcacc aacgacaaca cctacttcgg ctacagcacc 840
ccctgggggt attttgactt caacagattc cactgccact tcectcaccacg tgactggcag 9S00
cgactcatca acaacaactg gggattccgg ccaaaaagac tcagcecttcaa gcectcecttcaac 960
atccaggtca aggaggtcac gcagaatgaa ggcaccaaga ccatcgccaa taaccttacc 1020
agcacgattc aggtatttac ggactcggaa taccagctgce cgtacgtcecct cggcectceccecgeg 1080
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caccagggct gcctgcctcece gttcecceggeg gacgtcectteca tgattcecceccecca gtacggcectac 1140
cttacactga acaatggaag tcaagccgta ggccgttcect ccttctactg cctggaatat 1200
tttccatctc aaatgctgcg aactggaaac aattttgaat tcagctacac cttcgaggac 1260
gtgcecctttce acagcagcta cgcacacagce cagagcettgg accgactgat gaatcctete 1320
atcgaccagt acctgtacta cttatccaga actcagtcca caggaggaac tcaaggtacc 1380
cagcaattgt tattttctca agctgggecct gcaaacatgt cggcectcagge taagaactgg 1440
ctacctggac cttgctaccg gcagcagcga gtctctacga cactgtcgca aaacaacaac 1500
agcaactttg cttggactgg tgccaccaaa tatcacctga acggaagaga ctctttggta 1560
aatccecggtg tcecgceccecatgge aacccacaad gacgacgagg aacgcettett cccecgtcecgagt 1620
ggagtcctga tgttcggaaa acagggtgct ggaagagaca atgtggacta cagcagegtt 1680
atgctaacca gcgaagaaga aattaaaacc actaaccccecg tagceccacaga acaatacggt 1740
gtggtggctg acaacttgca gcaaaccaat acagggccta ttgtgggaaa tgtcaacagce 1800
caaggagcct tacctggcat ggtctggcag aaccgagacg tgtacctgca gggtcecccatce 1860
Ctgggccaaga ttcecctcacac ggacggcaac ttccacccectt caccgcectaat gggaggattt 1920
ggactgaagc acccacctcce tcagatcecctg atcaagaaca cgceccecggtacce tgcecggatcect 1980
ccaacaacdgt tcagccaggce gaaattgget tceccttcatta cgcagtacag caccggacag 2040
gtcagcgtgg aaatcgagtg ggagctgcag aaggagaaca Jgcaaacgctg gaacccagag 2100
attcagtaca cttcaaacta ctacaaatct acaaatgtgg actttgctgt caatacagag 2160
ggaacttatt ctgagcctcg ccccattggt actcgttacce tcaccecgtaa tcectgtaa 2217
SEQ ID NO: 19 moltype = DNA length = 2205
FEATURE Location/Qualifiers
misc feature 1..2205

note = adeno—-assoclated virus, hu.53 capsid
source 1..2205

mol type unassigned DNA

organlsm unidentified
SEQ ID NO: 19
atggctgccg atggttatct tceccagattgg ctcgaggaca ctcectctcectga aggaataaga 60
cagtggtgga agctcaaacc tggcccacca ccaccaaadgc ccgcagagcg gcecataaggac 120
gacagcaggg gtcttgtgct tcecctgggtac aagtacctcg gacccttcaa cggactcgac 180
aagggagagce cggtcaacga Jggcagacgcecoe gcecggcecctocg agcacgacaa ggcecctacgac 240
cggcagctcg acagcggaga caacccgtac ctcaagtaca accacgceccga cgcecggagttt 300
caggagcgtc ttaaagaaga tacgtcectttt gggggcaacc tcggacgagce agtcttccag 360
gcgaaaaaga gggttcttga acctctggge ctggttgagg aacctgttaa gacggetceccg 420
Jgaaaaaaga ggccggtaga gcactctcecct gecggagccag actecctcecte gggaaccgga 480
aaagcgggcece agcagcecctgce aagaaaaaga ctgaatttcecg gtcagactgg agacgcagac 540
tccgtacctyg acccccagece tcectcagacadg ccaccagcag cccccacaag tttgggatcet 600
actacaatgg ctacaggcag tggcgcacca atggcagaca ataacgaggg tgccgatgga ©60
gtgggtaatt cctcaggaaa ttggcattgce gattcccaat ggectgggcga cagagtcatc 720
accaccagca cccgaacctg ggccecctgcecce acctacaaca accaccttta caagcaaatc 780
tccagccaat caggagcecctc aaacgacaac cactactttg gctacagcac cccecctggggg 840
tattttgact tcaacagatt ccactgccac ttttcaccac gtgactggca aagactcatc 4$00
aacaacaact ggggattccg acccaagaga ctcaacttca agectctttaa cattcaagte 960
aaagaggtca cgcagaatga cggtacgacg acgattgcca ataaccttac cagcacggtt 1020
caggtgttta ctgactcgga gtaccagctc ccgtacgtcecc tecggctcgge gcatcaagga 1080
tgcctccececge cgtttceccage ggacgtcettce atggtcecccac agtatggata cctcaccctg 1140
aacaacggga gtcaggcggt aggacgctct tceccecttttact gcecctggagta cttteccttet 1200
cagatgctgc gtactggaaa caactttcag ttcagctaca cttttgaaga cgtgccttte 1260
cacagcagct acgctcacag ccagagtttg gatcggctga tgaatcctcet gatcgaccag 1320
tacctgtatt atctaaacag aacacaaaca gctagtggaa ctcagcagtcec tcecggctactg 1380
tttagccaag ctggacccac aagcatgtct cttcaagcta aaaactggcet gecctggaccg 1440
tgttatcgcc agcagcegttt gtcaaagcag gcaaacgaca acaacaacadg caactttceccce 1500
tggactggag ctaccaagta ctacctcaat ggcagagact ctttggtgaa cccgggeccg 1560
geccatggcecca gceccacaagga cgatgaagaa aagtttttcecce ccatgecatgg aaccctaata 1620
tttggtaaag aaggaacaaa tgctaccaac gcggaattgg aaaatgtcat gattacagat 1680
gaagaggaaa tcaggaccac caatcccecgtg gcectacagagce agtacggata tgtgtcaaat 1740
aatttgcaaa actcaaatac tgctgcaagt actgaaactg tgaatcacca aggagcatta 1800
cctggtatgg tgtggcagga tcgagacgtg tacctgcagg gacccatttg ggccaagatt 1860
cctcacaccg atggacactt tcatccttcect ccactgatgg gaggttttgg actcaaacac 1920
ccgectectce agattatgat caaaaacact cccecgttccag ccaatcecctcece cacaaactte 1980
agttctgcca agtttgcttc cttcatcaca cagtattcca cgggacaggt cagcecgtggag 2040
atcgagtggg agctgcagaa ggagaacagce aaacgctgga atcccgaaat tcagtacact 2100
tccaactaca acaaatctgt taatgtggac tttactgtgg acactaatgg tgtgtattca 2160
gagcctcgece ccattggcac cagatacctg actcgtaatce tgtaa 22005
SEQ ID NO: 20 moltype = DNA length = 2217
FEATURE Location/Qualifiers
misc feature 1..2217

note = rhesus adeno-asscclated virus, rh.39% capsid

SQUrce

1..2217
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-continued

mol type = unassigned DNA

organlism = unldentified
SEQ ID NO: 20
atggctgctyg acggttatct tccagattgg ctcgaggaca acctctctga gggcattcge 60
gagtggtggg acctgaaacc tggagceccecccce aagcecccaagg ccaaccagca gaagcaggac 120
gacggccggyg gtctggtget tecctggcectac aagtacctcecg gacccttcaa cggactcgac 180
aagyggggagce ccgtcaacdgc ggcggacgca gcggcoeccectcg agcacgacaa ggcecctacgac 2490
cagcagctca aagcgggtga caatccgtac ctgcggtata accacgceccga cgceccgagttt 300
caggagcgtc tgcaagaaga tacgtcectttt gggggcaacc tcecgggcecgagce agtcttccag 360
gccaagaagce gggttcectcga acctcectecggt ctggttgagg aagcectgcectaa gacggetcecct 420
Jgaaagaaga gaccggtaga accgtcacct cagcgttccecce ccgactcecctce cacgggcatce 480
ggcaagaaad gccagcagcece cgctaaaaag agactgaact ttggtcagac tggcgactca 2540
gagtcagtcc ccgaccctca accaatcgga gaaccaccag caggcecccecctce tggtcectggga  ©00
tctggtacaa tggctgcagg cggtggcecgct ccaatggcag acaataacga aggcgceccgac ©60
ggagtgggta gttcctcagg aaattggcat tgcgattcca catggctggg cgacagagtcec 720
atcaccacca gcacccgaac ctgggceccctg cccacctaca acaaccacct ctacaagcaa 780
atatccaatyg ggacatcggg aggaagcacc aacgacaaca cctacttcecgg ctacagcacce 840
ccctgggggt attttgactt caacagattc cactgccact tcectcaccacg tgactggcag 900
cgactcatca acaacaactg gggattccgg ccaaaaagac tcagcecttcaa gcectcecttcaac 960
atccaggtca aggaggtcac gcagaatgaa ggcaccaaga ccatcgccaa taaccttaccec 1020
agcacgattc aggtatttac ggactcggaa taccagcectgce cgtacgtcecct cggcectceccecgeg 1080
caccagggct gcctgcctcecce gtteccecggcecg gacgtcecttca tgattcecccca gtacggcectac 1140
cttacactga acaatggaag tcaagccgta ggccgttcect ccttctactg cctggaatat 1200
tttccatctc aaatgctgcecg aactggaaac aattttgaat tcagctacac cttcgaggac 1260
gtgecctttce acagcagcta cgcacacagce cagagcecttgg accgactgat gaatcctecte 1320
atcgaccagt acctgtacta cttatccaga actcagtcca caggaggaac tcaaggtacc 1380
cagcaattgt tattttctca agctgggcecct gcaaacatgt cggctcaggce taagaactgg 1440
ctacctggac cttgctaccg gcagcagcga gtctctacga cactgtcgca aaacaacaac 1500
agcaactttg cttggactgg tgccaccaaa tatcacctga acggaagaga ctcectttggta 1560
aatccecggtg tcecgceccatgge aacccacaad gacgacgadgg aacgcettett cccecgtcecgagt 1620
ggagtcctga tgtttggaaa acagggtgct ggaagagaca atgtggacta cagcagcecgtt 1680
atgctaacca gcgaagaaga aattaaaacc actaaccctg tagccacaga acaatacggt 1740
gtggtggctyg ataacttgca gcaaaccaat acggggccta ttgtgggaaa tgtcaacagce 1800
caaggagcct tacctggcat ggtctggcag aaccgagacg tgtacctgca gggtcccatce 1860
tgggccaaga ttcctcacac ggacggcaac ttccacccectt caccgcectaat gggaggattt 1920
ggactgaagc acccacctcecce tcagatcctg atcaagaaca cgccecggtace tgcecggatcecct 1980
ccaacaacgt tcagccaggc gaaattggct tceccttcatta cgcagtacag caccggacag 2040
gtcagecgtgg aaatcgagtg ggagctgcag aaggagaaca gcaaacgctg gaacccagag 2100
attcagtaca cttcaaacta ctacaaatct acaaatgtgg actttgctgt caatacagag 2160
ggaacttatt ctgagcctcg ccceccattggt actcecgttacc tcaccecgtaa tcectgtaa 2217
SEQ ID NO: 21 moltype = DNA length = 2211
FEATURE Location/Qualifiers
misc feature 1..2211

note = rhesus adeno-asscclated virus, 43 capsid
source 1..2211

mol type = unassigned DNA

organlism = unldentified
SEQ ID NO: 21
atggctgccg atggttatct tceccagattgg ctcgaggaca acctctctga gggcattcecge 60
gagtggtggg acttgaaacc tggagccccdg aaacccaaag ccaaccagca aaagcaggac 120
gacggccggg gcecctggtgcet tecctggcectac aagtacctcg gacccttcaa cggactcgac 180
aagggggagce ccgtcaacgc ggcggacgca gcggcecectcg agcacgacaa ggcecctacgac 2490
cagcagctcg aagcgggtga caatccecgtac ctgcecggtata accacgceccga cgceccgagttt 300
caggagcgtce tgcaagaaga tacgtcectttt gggggcaacc tcecgggcgagce agtcttccag 360
gccaagaagce gggttctcga acctcectcecggt ctggttgagg aaggcecgctaa gacggetcecct 420
Jgaaagaaga gaccagtaga gcagtcaccc caagaaccag actcecctcectce gggcatcgge 480
aagaaaggcc aacagcccgc cagaaaaaga ctcaattttg gccagactgg cgactcagag 540
tcagttccag accctcaacce tctcecggagaa ccltceccagcag cgcececctcectgg tgtgggacct 600
aatacaatgg ctgcaggcgg tggcgcacca atggcagaca ataacgaagg cgccgacgga ©6o0
gtgggtagtt cctcgggaaa ttggcattgce gattccacat ggctgggcga cagagtcatc 720
accaccagca cccgaacctg ggccecctgcecce acctacaaca accacctcta caagcaaatce 780
tccaacggga catcgggagg agccaccaac gacaacacct acttcggcecta cagcaccceccce 840
tgggggtatt ttgactttaa cagattccac tgccactttt caccacgtga ctggcagcga 900
ctcatcaaca acaactgggg attccggceccce aagagactca gcecttcaagcet cttcaacatc 960
caggtcaagg aggtcacgca gaatgaaggc accaagacca tcecgccaataa cctcaccage 1020
accatccagg tgtttacgga ctcggagtac cagctgceccecgt acgttctcecgg ctctgcecceccac 1080
cagggctgcce tgcctecegtt ccecggecggac gtgttcatga ttceccccagta cggectaccta 1140
acactcaaca acggtagtca ggccgtggga cgctcecctceccet tectactgect ggaatacttt 1200
ccttcgcaga tgctgagaac cggcaacaac ttccagttta cttacacctt cgaggacgtg 1260
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cctttccaca gcagctacge ccacagceccag agcecttggacce ggcectgatgaa tectcectgatt 1320
gaccagtacc tgtactactt gtctcggact caaacaacaqg gaggcacggc aaatacgcag 1380
actctgggct tcagccaagg tgggcecctaat acaatggcca atcaggcaaa gaactggetg 1440
ccaggaccct gttaccgcca acaacgcegtce tcaacgacaa ccgggcaaaa caacaatage 1500
aactttgcct ggactgctgg gaccaaatac catctgaatg gaagaaattc attggctaat 1560
cctggcatcg ctatggcaac acacaaagac gacgaggage gttttttcecce agtaacggga 1620
tcctgttttt ggcaacaaaa tgctgccaga gacaatgcgg attacagcga tgtcatgectce 1680
accagcgaqgg aagaaatcaa aaccactaac cctgtggcta cagaggaata cggtatcgtg 1740
gcagataact tgcagcagca aaacacggct cctcaaattg gaactgtcaa cagccagggg 1800
gececttaccecg gtatggtcetg gcagaaccgg gacgtgtacce tgcagggtcece catctgggece 1860
aagattcctec acacggacgg caacttccac ccgtcecteccge tgatgggecgg ctttggectg 1920
aaacatcctc cgcecctcagat cctgatcaag aacacgcecctg tacctgcgga tceccteccgacce 1980
accttcaacc agtcaaagct gaactcectttce atcacgcaat acagcaccgg acaggtcage 2040
gtggaaattg aatgggagct acagaaggaa aacagcaagc gctggaaccce cgagatccag 2100
tacacctcca actactacaa atctacaagt gtggactttg ctgttaatac agaaggcegtg 2160
tactctgaac cccgccccat tggcacccegt tacctcaccecce gtaatctgta a 2211
SEQ ID NO: 227 moltyvpe = DNA length = 2217
FEATURE Location/Qualifiers
misc feature 1..2217

note = rhesus adeno—-asscclated virus 46 capsid
source 1..2217

mol type = unassigned DNA

organlism = unldentified
SEQ ID NO: 22
atggctgccg atggttatct tccagattgg ctcgaggaca acctctctga gggcattcge 60
gagtggtggg acctgaaacc tggagccecccd aaacccaaag ccaaccagca aaagcaggac 120
gacggccggg gtctggtgcet tecctggcectac aagtacctcg gacccttcaa cggactcgac 180
aagggggagce ccgtcaacgc ggcggacgca gcggceccltcg agcacgacaa ggcecctacgac 240
cagcagctca aagcgggtga caatccgtac ctgcecggtata atcacgceccga cgceccgagttt 300
caggagcgtc tgcaagaaga tacgtctttt gggggcaacc tcecgggcecgage agtcttccag 360
gccaagaagce gggttctcga acctcectcecggt ctggttgagg aaggcecgctaa gacggetect 420
Jgaaagaaga gaccggtaga gccgtcacca cagcecgttceccce ccgactcectce cacgggcecatce 480
gJgcaagaaad Jgccagcagcc cgccagaaad agactcaatt tcecggtcagac tggcecgactca 540
gagtcagtcc ccgaccctca acctatcgga gaacctccag cagegcecceccte tagtgtggga 600
tctggtacaa tggctgcagg cggtggcgca ccaatggcag acaataacga aggtgccgac 660
ggagtgggta gttcctcggg aaattggcat tgcgattcca catggctggg cgacagagtce 720
atcaccacca gcacccgaac ctgggceccecctyg cccacctaca acaaccacct ctacaagcaa 780
atctccaacyg ggacctcggg aggcagcacce aacgacaaca cctactttgg ctacagcacc 840
ccctgggggt attttgactt taacagattc cactgccact tcectcaccacg tgactggcag 900
cgactcatca acaacaactg gggattccgg cccaagagac tcagcecttcaa gcectcecttcaac 960
atccaggtca aagaggtcac gcagaatgaa ggcaccaaga ccatcgccaa taacctcacce 1020
agcaccatcc aggtgtttac ggactcggaa taccagctgce cgtacgtcecct cggectctgece 1080
caccagggct gcctgcectcece gtteccecggcecg gacgtcecttceca tgattecctca gtacggcectac 1140
ctgactctca acaacggtag tcaggccgtg ggacgttccect ccecttctactg cctggagtac 1200
ttcecectcecte agatgctgag aacgggcaac aacttttcect tcagcectacac tttcgaggac 1260
gtgcctttcce acagcagcta cgcgcacagce cagagtttgg acaggcectgat gaatcctcecte 1320
atcgaccagt acctgtacta cctgtcaaga acccagtcta cgggaggcac agcgggaacce 1380
cagcagttgce tgttttctca ggccecgggect agcaacatgt cggctcagge cagaaactgg 1440
ctgcctggac cctgctacag acagcagcecgce gtctccacga cactgtcgca aaacaacaac 1500
agcaactttg cctggactgg tgccaccaag tatcatctga acggcagaga ctctctggtg 1560
aatccgggcyg tcecgccatggce aaccaacaad gacgacgagg accgcecttcett cccatccage 1620
ggcatcctca tgtttggcaa gcagggagct ggaaaagaca acgtggacta tagcaacgtg 1680
atgctaacca gcgaggaaga aatcaaggcc accaaccceccqg tggccacaga acagtatgge 1740
gtggtggctyg ataacctaca gcagcaaaac accgctceccta ttgtggggge cgtcaacage 1800
cagggagcct tacctggcat ggtctggcag aaccgggacg tgtacctgca gggtcecctatt 1860
tgggccaaga ttcctcacac agatggcaac tttcacccegt ctecctttaat gggcecggettt 1920
ggacttaaac atccgcectcecce tcagatcecctce atcaaaaaca ctecctgttcecce tgcecggatcect 1980
ccaacagcgt tcaaccaggc caagctgaat tcectttcatca cgcagtacag caccggacaa 2040
gtcagcecgtgg agatcgagtg ggagctgcag aaggagaaca Jgcaagcegcectg gaacccagag 2100
attcagtata cttccaacta ctacaaatct acaaatgtgg actttgctgt taatactgag 2160
ggtgtttact ctgagcctcg ccccattgge actcecgttacce tcaccecgtaa tcectgtaa 2217
SEQ ID NO: 23 moltyvpe = AA length = 735
FEATURE Location/Qualifiers
REGION 1..735

note = capsid proteln of adeno-assoclated virus serotype 2
source 1..735

mol type = protein

organlism = unldentified




US 2023/0272424 Al

sk 1D NO:
MAADGYLPDW
KGEPVNEADA
AKKRVLEPLG
SVPDPOPLGO
T"ISTRTWALP
NNNWGFRPKR
CLPPFPADVE
HS5YAHSQS5 L
PCYRQORVSK
IFGKOGSEKT
LPGMVWQDRD
FSAAKFASEL
SEPRPIGTRY

SEQ ID NO:
FEATURE
REGION

SOUrce

Sk 1D NO:
MAADGYLPDW
KGEPVNEADA
AKKRVLEPLG
POPLGEPPAA
RTWALPTYNN
GFRPRKLRFK
FPADVFMI PQ
AHSQSLDRLM
RLSKNIDSNN
AANKTTLENY
NRDVYLOGPI
SFITQYSTGO
TRYLTRNL

SkQ 1D NO:
FEATURE
REGION

SQOUrCce

ok 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPIG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHS5SYAHS
LPGPCYROQQR
GVLMEGKQGA
QGALPGMVWQ)
PTTFSQAKLA
GTYSEPRPIG

Sk 1D NO:
FEATURE
REGION

SOuUrce

SkEQ 1D NO:
MAADGYLPDW
KGEPVNEADA
AKKRVLEPLG

23
LEDTLSEGIR
AALFEHDKAYD
LVEEPVKTAP
PPAAPSGLGT
TYNNHLYKQ1L
LNFKLENIQV
MVPQYGYLTL
DRLMNPLIDQ
TSADNNNSEY
NVDIEKVMIT
VYLOGPIWAK
TQYSTGOVSV
LTRNL

24

24

LEGNLSEGIR
AALEHDKAYD
LVEEGAKTAP
P5GLGSGETMA
HLYKQIS505
LENIQVKEVT
YGYLTLNNGS
NPLIDQYLYY
NSNEAWTGAT
LMTSEERTIKT
WAKITPHTDGN
VSVETEWELQ

23

25
LEDNLSEGIR
AALEHDKAYD
LVEEGAKTAP
EPPAGPSGLG
PTYNNHLYKQ
PKRLNEFKLFN
DVFMILPQYGY
QSLDRLMNPL
VSTTLSONNN
GKDNVDYSSV
NRDVYLQGPI
SELITQYSTGO
TRYLTRNL

20

20
LEDNLSEGIR

QWWKLKPGPP
RQLDSGDNPY
GKKRPVEHSP
NTMATGSGAP
oo QSGASNDN
KEVTONDGTT
NNGSQAVGRS
YLYYLSRTNT
SWITGATKYHL
DEEEIRTTNP
IPHTDGHFHP
EIEWELOKEN

moltype =

PPKPAERHKD
LKYNHADARE
VEPDSS5GTG
MADNNEGADG
HYFGYSTPWG
TIANNLTSTV
SEFYCLEYEPS
PSGTTTQSRL
NGRDSLVNPG
VATEQYGSVS
- PLMGGFGLK
SKRWNPEIQY

AA  length

Location/Qualifiers

1..728
note =
1..728
mol type
organlsm

EWWDLKPGAP
KQLEQGDNPY
GKKRPIESPD
AGGGAPMADN
GATNDNHFFG
TNDGVTTIAN
QSVGERSS5FYC
LARTQSTTGS
KYHLNGRNS L
INPVATERYG
FHPSPLMGGE
KENSKRWNPE

moltvyvpe =

proteln

31

-continued

DSRGLVLPGY
QERLKEDTSEF
KAGQOQPARKR
VGNSSGNWHC
YFDFNREHCH
QVETDSEYQL
QMLRTGNNET
QFSQAGASDI
PAMASHKDDE
ITNLQRGNRQA
HPPPOQILIKN
TOSNYNKSVNY

= 728

capslid proteln of cvy.b

unidentified

KPKANQOKQD
LKYNHADARFE
oo LG LGKNGY
NEGADGVGNA
YSTPWGYEDE
NLTSTIQVES
LEYFPSQOMLR
TRELOQFHQAG
TNPGVAMATN
VVSSNLQSST
GLKHPPPQIL
IQYTSNYAKS

AA  length

Location/Qualifiers

1..738
note =
1..738
mol type
organlsm

EWWDLKPGAP
QOLKAGDNPY
GKKRPVEPSP
SGTMAAGGGA
ISNGTSGGEST
LTOQVKEVTOQNE
LTLNNGSQAV
IDOQYLYYLSR
SNEFAWTGATK
MLTSEREETIKT
WAKIPHTDGN
VEVE IEWELQ

moltype =

proteiln

DGRGLVLPGY
QERLOEDTSE
PPAKKKLNEG
SGNWHCDSTW
NREFHCHESPR
DSEYQLPYVL
TGDNFEESY'T
PNTMAEQSKN
KDDEDQEFPI
AGPQTOQTVNS
TKNTPVPANP
NNVEEFAVNNE

= 738

capsld protein of rhesus

unidentified

KPKANQOQKQD
LRYNHADARF
QRSPDSSTGL
PMADNNEGAD
NDNTYEFGY ST
GTKTIANNLT
GRSSEFYCLEY
TOQSTGGTAGT
YHLNGRDSLV
TNPVATEQYG
FHPSPLMGGE
KENSKRWNPE

AA length

Location/Qualifiers

1..728
note =
1..728
mol type
organlsm

EWWDLKPGAP

protein

DGRGLVLPGY
QERLOEDTSE
GKKGQOPAKK
GVGESS5SGNWH
PWGYEFDEFNRE
STIQVETDSE
FPSOMLRTGN
QOLLESQAGP
NPGVAMATHK
VVADNLQOON
GLKHPPPQIL
IQYTSNYYKS

= 728

capsld protein of rhesus

unidentified

KPKANQOQKQD

DGRGLVLPGY

AALEHDKAYD KQLEQGDNPY LKYNHADAREF QERLOQEDTSE
LVEEGAKTAP GKKRPIESPD S5TGIGKKGY QPAKKKLNEG

KYLGPEFNGLD
GGNLGRAVEQ
LNFGQTGDAD
DSTWMGDRV 1
FSPRDWORL T
PYVLGSAHQG
FSYTFEDVPE
RDQSRNWLPG
EKFFPQSGVL
ATADVNTQGV
TPVPANPSTT
DETVDTNGVY

RYLGPEFNGLD
GGNLGRAVEQ
QTGDSESVED
LGDRVITTST
DWORL I NNNW
GSAHQGCLPP
FEEVPEFHSS5Y
WLPGPCYRQQ
NGVLVEGKTG
QGALPGMVWQ)
PEVEFTPAKFA
GVYTEPRPIG

adeno-assocliated wvirus,

KYLGPEFNGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
HCHE S PRDWQ
YQLPYVLGSA
NEEFSYQFRED
NNMSAQAKNW
DDEERFFPSS
AAPIVGAVNS
IKNTPVPADP
TNVDFAVNTD

adeno—-assoclated virus,13

KYLGPENGLD
GGNLGRAVEQ
QTGDSESVEPD

60

120
180
240
300
360
420
480
540
600
600
120
7135

60

120
180
240
300
360
420
4380
240
600
600
120
128

60

120
180
240
300
360
420
4380
540
600
600
120
7138

60
120
180

Aug. 31, 2023



US 2023/0272424 Al

PROPLGEPPAA
RTWALPTYNN
GFRPRKLRFK
FPADVEFMI PQ
AHSQ5LDRLM
RLSKNIDSNN
AANKTTLENY
NRDVYLOGPI
SEFITOQYSTGO
TRYLTRNL

ok 1D NO:
FEATURE
REGION

SOUrce

SkEQ 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
SVPDPOPLGE
T"ISTRTWALP
INNNWGEFRPK
GCLPPFPADV
FHSSYAHSQS
GPCYRQQRVS
MIFGKESAGA
ALPGMVWQDR
EFSATKEASE
YTEPRPIGTR

SEQ ID NO:
FEATURE
REGION

SQOUrce

Sk 1D NO:
MAADGYLPDW
KGEPVNEADA
AKKRILEPLG
SVPDPOPLGE
T"ISTRTWALP
NNNWGFRPKK
CLPPFPADVEF
HS5YAHSQS5 L
GPCYROQQRLS
LIFGKEGTTA
ALPGMVWQDR
THFSPAKFASE
YSEPRPIGTR

Sk 1D NO:
FEATURE
REGION

SQUrce

SEQ ID NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPFG
SVPDPOPLGE
T'TSTRTWALP
INNNWGERPK
GCLPPFPADV

PSGLGSGTMA
HLYKQISSQS
LENIQVKEVT
YGYLTLNNGS
NPLIDQYLYY
NSNEAWTGAT
LMTSEERIKT
WAKITPHTDGN
VSVETLEWELQ

27

27
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
PPATPAAVGP
TYNNHLYKQI
RLNFKLENIQ
FMIPOQYGYLT
LDRLMNPLID
KTKTDNNNSN
SNTALDNVMI
DVYLOQGPIWA
LITQYSTGRVS
YLTRPL

28

28
LEDNLSEGIR
AALFEHDKAYD
LVEEAAKTAP
PPAAPTSLGS
TYNNHLYKQIT
LSFKLENIQV
MVPQYGYLTL
DRLMNPLIDQ
KTANDNNNSN
SNAELDNVMI
DVYLOGPIWA
ITQYSTGRVS
YLTRNL

29

29

LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
PPATPAAVGP
TYNNHLYKQI
RLNFKLENIQ
FMIPQYGYLT

AGGGAPMADN
GATNDNHEFFG
TNDGVTTIAN
QSVGERSSFYC
LARTQSTTGS
KYHLNGRNS L
INPVATERYG
FHPSPLMGGH
KENSKRWNPE

moltvpe =

NEGADGVGNA
YSTPWGYEDE
NLTSTIQVES
LEYFPSQOMLR
TRELOQFHQAG
TNPGVAMATN
VVOSNLQSST
GLKHPPPQIL
IQYTSNYAKS

AA length

Location/Qualifiers

1..736
note =
1..736
mol tType
organlsm

EWWDLKPGAP
QULKAGDNPY
GKKRPVEQSP
T'TMASGGGAP
SSASTGASND
VKEVTTNDGYV
LNNGSQAVGR
QYLYYLNRTQ
P TWIGASKYN
TDEEETKATN
KIPHTDGHEH
VEIEWELQKE

moltype =

proteln

32

-continued

SGNWHCDSTW
NREFHCHESPR
DSEYQLPYVL
TGNNFEESY'T
PNTMAEQSKN
KDDEDQEFPI
AGPQTOQTVNS
TKNTPVPANP
NNVEEFAVNNE

= 730

unidentified

KPKANQOKQD
LRYNHADAREE
QEPDS55G1G
MADNNEGADG
NHYFGYSTPW
TTTANNLTST
oo FYCLEYFP
NQSGSAQNKD
LNGRESTINP
PVATERFGTV
PSPLMGGEGL
NSKRWNPEVQ

AA  length

Location/Qualifiers

1..736
note =
1..736
mol type
organlsm

EWWALKPGVP
QOLKAGDNPY
GKKGAVDQSP
NTMASGGGAP
SoQSGASNDN
RGVTONDGTT
NNGSQAVGRS
YLYYLNRTQG
FPWIAASKYH
TDEREIRTTN
KIPHTDGHEH
VEIEWELQKE

moltvype =

proteiln

DGRGLVLPGY
QERLOEDTSE
KTGQQPAKKR
VGNASGNWHC
GYFDENRFHC
VOVESDSEYQ
SOQMLRTGNNE
LLEFSRGSPAG
GTAMASHKDD
AVNFQSS55TD
KNPPPQILIK
YTSNYAKSAN

= 730

unidentified

QPRKANQOHQD
LKYNHADARF
QEPDSS55GVEG
MADNNEGADG
HYFGYSTPWG
TIANNLTSTV
SEYCLEYFEPS
TTSGTTNQSR
LNGRDSLVNP
PVATEQYGTV
PSPLMGGEGL
NSKRWNPEIQ

AA  length

Location/Qualifiers

1..736
note =
1..736
mol type
organlsm

EWWDLKPGAP
QULKAGDNPY
GKKRPVEQSP
T'TMASGGGAP
SSASTGASND
VKEVTTNDGY
LNNGSQAVGR

proteiln

NRRGLVLPGY
QERLOEDTSE
KSGKQPARKR
VGNSSGNWHC
YFDFNREHCH
QVEFTDSEYQL
OMLRTGNNEQ
LLESQAGPQS
GPAMASHKDD
ANNLQSSNTA
KHPPPQIMIK
YTSNYNKSVN

= 730

unidentified

KPKANQOKQD
LRYNHADARFE
QEPDS55GIG
MADNNEGADG
NHYFGYSTPW
TTTIANNLTST
oo FYCLEYFP

DGRGLVLPGY
QERLOEDTSE
KTGQQPAKKR
VGNASGNWHC
GYFDENRFHC
VOVESDSEYQ
SOQMLRTGNNE

LGDRVITTST
DWORL ITNNNW
GSAHQGCLPP
FEEVPEFHSS5Y
WLPGPCYRQQ
NGVLVEGETG
QGALPGMVWQ)
PEVEFTPAKFA
GVYTEPRPIG

KYLGPEFNGLD
GGNLGRAVEQ
LNFGQTGDSE
DSTWLGDRV I
HESPRDWOQRIL
LPYVLGSAHQ
TESYTEFEEVP
MSVOQPKNWLP
EDKFFPMS5GYV
PATGDVHAMG
NTPVPANPPA
VDFTVDNNGL

KYLGPGNGLD
GGNLGRAVEQ
LNFGQTGDSE
DSOQWLGDRV L
FSPRDWOQORL T
PYVLGSAHQG
FSYTFEDVPE
MSLOARNWLP
EEKFEFPMHGN
PTTGTVNHQG
NTPVPANPPT
VDFTVDTNGV

KYLGPENGLD
GGNLGRAVEQ
LNFGQTGDSE
DSTWLGDRV I
HESPRDWORL
LPYVLGSAHQ
TESYTEFEDVP

240
300
360
420
480
540
600
600
120
128

capsld proteln of adeno—-assoclated virus

60

120
180
240
300
360
420
4380
240
600
6600
120
7130

capsld proteln of adeno—-assoclated virus

60

120
180
240
300
360
420
430
540
600
600
120
7136

capsld proteln of adeno-assoclated virus

60

120
180
240
300
360
420

serotvype 1

serotype 3

serotvype ©
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FHSSYAHSQOS
GPCYRQQRVS
MIFGKESAGA
ALPGMVWQDR
EFSATKEFASE
YTEPRPIGTR

Sk 1D NO:
FEATURE
REGION

SOuUrce

SEQ ID NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPLG
ITTSTRTWAL
LINNNWGEFRP
QGCLPPEFPAD
PFHSSYAHSQ)
LPGPCFROQR
GVLIFGKTGA
GALPGMVWQN
EVETPAKFAS
VYSEPRPIGT

SEQ ID NO:
FEATURE
REGION

SOUrce

Sk 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPLG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHSSYAHS
LPGPCYRQQR
GILIFGKQNA
QGALPGMVWQ)
PTTFNQSKLN
GVYSEPRPIG

Sk 1D NO:
FEATURE
REGION

SQUrce

SEQ ID NO:
MAADGYLPDW
KGEPVNEADA
AKKRVLEPLG
SVPDPOPLGO
T"ISTRTWALP
NNNWGFRPKR
CLPPFPADVEF
HS5YAHSQS5 L
PCYRQORVSK
IFGKOGSEKT
LPGMVWQDRD

LDRLMNPLID
KTKTDNNNSN
SNTALDNVMI
DVYLOGPIWA
ITQYSTGOVS
YLTRPL

30

30
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
EPPAAPSSVEG
PTYNNHLYKQ
KKLRFKLENL
VEMIPQYGY L
SLDRLMNPL I
VSKTLDONNN
TNKTTLENVL
RDVYLQGPIW
FITQYSTGQV
RYLTRNL

31

31
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
EPPAAPSGVEG
PTYNNHLYKQ
PKRLSFKLEFN
DVFMIPQYGY
QS LDRLMNPL
VSTTTGONNN
ARDNADYSDV
NRDVYLOQGPI
SELITQYSTGR
TRYLTRNL

37

37

LEDTLSEGIR
AALEHDKAYD
LVEEPVKTAP
PPAAPSGLGT
TYNNHLYKQ1L
LNFKLENIQV
MVPQYGYLTL
DRLMNPLIDQ
TSADNNNSEY
NVDIEKVMIT
VYLOQGPIWAK

QYLYYLNRTQ
PTWIGASKYN
TDERETKATN
KIPHTDGHEH
VEIEWELQKE

moltype =

NOSGSAQNKD
LNGRESTINP
PVATERFGTV
PSPLMGGEGL
NSKRWNPEVQ

AA length

Location/Qualifiers

1..737
note =
1..737
mol type
organlsm

EWWDLKPGAP
QULKAGDNPY
AKKRPVEPSP
SGTVAAGGGA
ISSETAGSTN
QVKEVTTNDG
TLNNGSQSVG
DOYLYYLART
SNEFAWTGATK
MTNEEEIRPT
AKIPHTDGNE
SVEITEWELQK

moltype =

protein

33

-continued

LLESRGSPAG
GTAMASHKDD
AVNLQSSSTD
KHPPPQILIK
YTSNYAKSAN

= 737

unidentified

KPKANQOKQD
LRYNHADAREFE
QRSPDSSTGL
PMADNNEGAD
DNTYFGYSTP
VITIANNLTS
RSSEFYCLEYFE
QSNPGGTAGN
YHLNGRNSLV
NPVATERYGI
HPSPLMGGEG
ENSKRWNPEL

AA length

Location/Qualifiers

1..738
note =
1..738
mol type
organlsm

EWWALKPGAP
QOLOAGDNPY
GKKRPVEPSP
PNTMAAGGGA
ILSNGTSGGEAT
LTOVKEVTONE
LTLNNGSQAV
IDOQYLYYLSR
SNEAWTAGTK
MLTSERETIKT
WAKTIPHTDGN
VEVEIEWELQ

moltvype =

proteln

NGRGLVLPGY
QERLOEDTSE
GKKGQQPARK
GVGNASGNWH
WGYFDEFNREFH
TIQVESDSEY
PSOMLRTGNN
RELOQEYQGGP
NPGVAMATHK
VSSNLQAANT
LEHPPPQILI
QYTSNFEKQT

= 738

unidentified

KPKANQOKQD
LRYNHADAREF
QRSPDSSTGIL
PMADNNEGAD
NDNTYFGY ST
GTKTIANNLT
GRSSEFYCLEY
TQTTGGTANT
YHLNGRNSLA
TNPVATEEYG
FHPSPLMGGE
KENSKRWNPE

AA  length

Location/Qualifiers

1..735
note =
1..735
mol type
organlsm

QWWKLKPGPP
ROQLDSGDNPY
GKKRPVEHSP
NTMASGSGAP
oo QSGASNDN
KEVTONDGTT
NNGSQAVGRS
YLYYLSRTNT
SWTGATKYHL
DEEEIRTTNP
IPHTDGHFHP

proteln

DGRGLVLPGY
QERLOEDTSE
GKKGQQPARK
GVGESSSGEGNWH
PWGYFDEFNRF
STIQVETDSE
FPSOMLRTGN
QTLGESQGGEP
NPGIAMATHK
IVADNLQQON
GLKHPPPQIL
IQYTSNYYKS

= 73D

unidentified

PPKPAERHKD
LKYNHADARF
AEPDSS55GTG
MADNNEGADG
HYFGYSTPWG
TIANNLTSTV
SEYCLEYFEPS
PSGTTTQSRL
NGRDSLVNPG
VATEQYGSVS
> PLMGGFGLK

DSRGLVLPGY
QERLKEDTSE
KAGQQPARKR
VGNSSGNWHC
YFDFNREHCH
QVETDSEYQL
OMLRTGNNET
QFSQAGASDI
PAMASHKDDE
ITNLQGGNTQA
HPPPQILIKN

MSVQPKNWLP
KDKFFPMSGV
PATGDVHVMG
NTPVPANPPA
VDFTVDNNGL

KYLGPENGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
CHEFSPRDWQR
QLPYVLGSAH
FEFSYSFEDV
o> TMARQAKNW
DDEDREFPSS
AAQTOVVNNO
KNTPVPANPP
GVDFAVDS5QG

KYLGPEFNGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
HCHESPRDWQ)
YOLPYVLGSA
NEQFTYTFEED
NTMANQAKNW
DDEERFFPSN
TAPQIGTVNS
IKNTPVPADP
TSVDFAVNTE

KYLGPEFNGLD
GGNLGRAVEQ
LNFGQTGDAD
DSTWMGDRVY I
FSPRDWORL T
PYVLGSAHQG
FSYTFEDVPE
RDQSRNWLPG
EKFFPQSGVL
ATADVNTQGV
TPVPANPSTT

430
240
600
600
120
71306

capsld proteln of adeno—-assoclated vilirus serotvype 7

60

120
180
240
300
360
420
4380
540
600
600
120
137

capslid proteln of adeno—-assoclated vilirus serotvyvpe 8

60

120
180
240
300
360
420
430
240
600
600
120
738

capsld proteilin of adeno-assoclated virus,

60

120
180
240
300
360
420
480
540
600
600

Aug. 31, 2023
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FSAARKEFASEL
SEPRPIGTRY

SkEQ 1D NO:
FEATURE

REGION

SQUrce

ok 1D NO:
MAADGYLPDW
KGEPVNEADA
AKKRILEPLG
SVPDPOPLGO
T'TSTRTWALP
NNNWGFRPKR
CLPPFPADVF
HS5YAHSQS5 L
PCYRQORVSK
IFGKOQDSGKT
LPGMVWQDRD
FSAAKFASEL
SEPRPIGTRY

ok ID NO:
FEATURE
REGION

SOUrce

SkEQ 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPIG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHSSYAHS
LPGPCYRQQR
GVLMEFGKQGA
QGALPGMVWQ
PTTFSQAKLA
GTYSEPRPIG

SkEQ 1D NO:
FEATURE
REGION

SQOUrCce

ok 1D NO:
MAADGYLPDW
KGEPVNEADA
AKKRVLEPLG
SVPDPQPLRO
T"ISTRTWALP
NNNWGFRPKR
CLPPFPADVEF
HS5YAHSQS5 L
CYRQOQRLSKQ
FGKEGTNATN
PGMVWQDRDV
SSAKFASEFIT
EPRPIGTRY L

Sk 1D NO:

34
-continued

TOYSTGOVSYV EIEWELOKEN SKRWNPREIQY TSNYNKSVNY DETVDTNGVY /20
LTENL 735
33 moltyvpe = AA length = 735

Location/Qualifiers

1..735

note = capsid protein of adeno-assoclated virus,

1..735

mol type = proteiln

organlism = unldentified
33
LEDTLSEGIR QWWKLKPGPP PPKPAERHKD DSRGLVLPGY KYLGPENGLD 60
AALEHDKAYD ROQLDSGDNPY LKYNHADAEF QERLKEDTSFE GGNLGRAVEQ 120
LVEEPVKTAP GKKRPVEHSP AEPDSSSGTG KAGQOPARKR LNFGOQTGDAD 180
PPAAPSGLGT NTMASGSGAP MADNNEGADG VGNSSGNWHC DSTWMGDRVI 240
TYNNHLYKQI SSQOSGASNDN HYFGYSTPWG YFDEFNREFHCH FSPRDWOQRLI 300
LSFKLENIQV KEVTONDGTT TIANNLTSTV OVETDSEYQL PYVLGSAHQG 360
MVPOYGYLTL NNGSQAVGRS SEFYCLEYEFPS OMLRTGNNET FSYTFEDVPE 420
DRLMNPLIDO YLYYLSRTNT PSGTTTMSRL QFSQAGASDI RDOSRNWLPG 430
TAADNNNSDY SWTGATKYHL NGRDSLVNPG PAMASHKDDE EKYFPOSGVL 540
NVDIEKVMIT DEEEIRTTNP VATEQYGSVS TNLQSGNTOA ATSDVNTQOGYV ©00
VYLOGPIWAK IPHTDGHFHP SPLMGGFGLK HPPPQILIKN TPVPANPSTT 660
TOYSTGOVSYV EIEWELOKEN SKRWNPEIQY TSNYNKSVNY DETVDTNGVY /20
LTENL 7135
34 moltyvpe = AA length = 738

Location/Qualifiers

1..738

note = capsid proteln of adeno-assoclated virus,

1..738

mocl type = protein

organlism = unldentified
34
LEDNLSEGIR BEWWDLKPGAP KPKANQOKOD DGRGLVLPGY KYLGPENGLD 60
AATLEHDKAYD QOLKAGDNPY LRYNHADAEF QERLOEDTSFE GGNLGRAVFEQ 120
LVEEAAKTAP GKKRPVEPSP QRSPDSSTGI GKKGQQPAKK RLNEFGOTGDS 180
EPPAGPSGLG SGTMAAGGGA PMADNNEGAD GVGSSSGNWH CDSTWLGDRV 240
PTYNNHLYKD ISNGTSGGST NDNTYEGYST PWGYFDENRFE HCHESPRDWO 300
PKRLSFKLFN IQVKEVTONE GTKTIANNLT STIQVFTDSE YOLPYVLGSA 360
DVFMIPOYGY LTLNNGSQAV GRSSFYCLEY FPSOMLRTGN NFEFSYTEFED 420
QSLDRLMNPL IDOYLYYLSR TOSTGGTQOGT OOLLESQAGP ANMSAQAKNW 430
VSTTLSONNN SNEFAWTGATK YHLNGRDSLV NPGVAMATHK DDEERFFPSS 540
GRDNVDYSSYV MLTSEEEIKT TNPVATEQYG VVADNLOQOTN TGPIVGNVNS 600
NRDVYLOGPI WAKIPHTDGN FHPSPLMGGEF GLKHPPPQIL IKNTPVPADP 660
SEFITQYSTGYO VSVEIEWELO KENSKRWNPE IQYTSNYYKS TNVDFAVNTE /720
TRYLTRNL 738
3D moltyvpe = AA length = 734

Location/Qualifiers

1..734

note = capsid proteln of adeno-assoclated virus,

1..734

mcl type = protein

organlism = unldentified
35
LEDTLSEGIR QOWWKLKPGPP PPKPAERHKD DSRGLVLPGY KYLGPENGLD 60
AALEHDKAYD ROQLDSGDNPY LKYNHADAEF QERLKEDTSFE GGNLGRAVEQ 120
LVEEPVKTAP GKKRPVEHSP AEPDSSSGTG KAGQOPARKR LNFGOQTGDAD 180
PPAAPTSLGS TTMATGSGAP MADNNEGADG VGNSSGNWHC DSQWLGDRVI 240
TYNNHLYKQI SSQOSGASNDN HYFGYSTPWG YFDFNRFHCH FSPRDWORLI 300
LNFKLENIQV KEVTONDGTT TIANNLTSTV OVETDSEYQOL PYVLGSAHQG 360
MVPOYGYLTL NNGSQAVGRS SEFYCLEYEPS OMLRTGNNEQ FSYTFEDVPE 420
DRLMNPLIDYD YLYYLNRTQT ASGTQOSRLL FSQAGPTSMS LOAKNWLPGP 4830
ANDNNNSNEFP WTGATKYYLN GRDSLVNPGP AMASHKDDEE KFFPMHGTLI 540
AELENVMITD EEEIRTTNPY ATEQYGYVSN NLONSNTAAS TETVNHQGAL 600
YLOGPIWAKI PHTDGHFHPS PLMGGFGLKH PPPQIMIKNT PVPANPPTNE 660
QYSTGOVSVE IEWELQKENS KRWNPEIQYT SNYNKSVNVD FTVDTNGVYS /20
TRNL 734
30 moltype = AA length = 738

hu.Zo6

hu. 37/

hu. 53
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FRATURE
REGION

SQOUrce

Sk 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPLG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHS5SYAHS
LPGPCYROQQR
GVLMEFGKQGA
QGALPGMVWQ
PTTFSQAKLA
GTYSEPRPILG

Sk 1D NO:
FEATURE
REGION

SQUrce

SEQ ID NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
SVPDPOPLGE
TTSTRTWALP
LINNNWGEFRP
QGCLPPEPAD
PFHSS5YAHSQ)
PGPCYRQORV
SCEFWQONAAR
ALPGMVWONR
TFNQSKLNSF
YSEPRPIGTR

ok 1D NO:
FEATURE
REGION

SOUrce

Sk 1D NO:
RMAADGYLPD
DKGEPVNAAD
QAKKRVLEPL
ESVPDPQPLG
ITTSTRTWAL
LINNNWGFRP
QGCLPPEPAD
PFHSSYAHSQ)
PGPCYRQORV
VMIFGKESAG
GALPGMVWQD
ARFSATKEFAS
LYTEPRPIGT

SkEQ 1D NO:
FEATURE
REGION

36
LEDNLSEGIR
AALFEHDKAYD
LVEEAAKTAP
EPPAGPSGLG
PTYNNHLYKQ
PKRLSFKLEFN
DVFMIPQYGY
QSLDRLMNPL
VSTTLSONNN
GRDNVDYS55V
NRDVYLOGP I
SELITQYSTGR
TRYLTRNL

37

37
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
PPAAPSGVGP
TYNNHLYKQI
KRLSFKLENL
VEMIPQYGY L
SLDRLMNPL I
STTTGONNNS
DNADYSDVML
DVYLQGPIWA
ITQYSTGRVS
YLTRNL

38

38
WLEDNLSEGI
AAALEHDKAY
GLVEEGAKTA
EPPATPAAVEG
PTYNNHLYKQ
KRLNFKLEFNI
VEMIPQYGY L
SLDRLMNPL I
SKTKTDNNNS
ASSTALDNVM
RDVYLOQGPIW
FITQYSTGOV
RYLTRPL

39

Location/Qualifiers

1..738
note =
rh.39
1..738
mol tType
organism

EWWDLKPGAP
QOLKAGDNPY
GKKRPVEPSP
S GTMAAGGGA
ISNGTSGGEST
LTOVKEVTQONE
LTLNNGSQAV
IDQYLYYLSR
SNEAWTGATK
MLTSERETKT
WAKTIPHTDGN
VEVEITEWELQ

moltvype =

proteln

35

-continued

capsld protein of rhesus

unidentified

KPKANQOKQD
LRYNHADAREF
QRSPDSSTGL
PMADNNLEGAD
NDNTYFGY ST
GTKTIANNLT
GRSSFYCLEY
TOQSTGGETOGT
YHLNGRDSLV
TNPVATEQYG
FHPSPLMGGE
KENSKRWNPE

AA  length

Location/Qualifiers

1..736
note =
1..736
mol type
organlsm

EWWDLKPGAP
QULEAGDNPY
GKKRPVEQSP
NTMAAGGGAP
SNGTSGGATN
QVKEVTONEG
TLNNGSQAVG
DOYLYYLSRT
NFAWTAGTKY
TSEEETIKTTN
KIPHTDGNEH
VEIEWELQKE

moltype =

proteln

DGRGLVLPGY
QERLOEDTSE
GKKGQOQPAKK
GVGESSSGNWH
PWGYFDEFNREFE
STIQVETDSE
FPSOMLRTGN
QOLLESQAGP
NPGVAMATHK
VVADNLQOTN
GLKHPPPQIL
IQYTSNYYKS

= 730

capsld protein of rhesus

unidentified

KPKANQOQKQD
LRYNHADARFE
QEPDS55GIG
MADNNEGADG
DNTYFGYSTP
TKTLIANNLTS
RSSEFYCLEYFE
QTTGGTANTO
HLNGRNSLAN
PVATEEYGIV
PSPLMGGEGL
NSKRWNPEILQ

AA  length

Location/Qualifiers

1..737
note =
1..737
mol tType
organlsm

REWWDLKPGA
DOQLKAGDNP
PGKKRPVEQS
PTTMASGGGA
ISS5TSTGASN
QVEEVTTNDG
TLNNGSQAVG
DOYLYYLNRT
NFTWTGASKY
ITDEEEITIKAT
AKIPHTDGHF
SVEIEWELQK

moltvyvpe =

proteln

DGRGLVLPGY
QERLOEDTSE
KKGQOQPARKR
VGES55S5GNWHC
WGYFDEFNREFH
TIQVETDSEY
PSOMLRTGNN
TLGFS5QGGPN
PGIAMATHEKD
ADNLQOONTA
KHPPPQILIK
YTSNYYKSTS

= 737

unidentified

PKPKANQOQKO
YLRYNHADAE
POEPDSS55G1L
PMADNNEGAD
DNHYFGYGTP
VITIANNLTS
RSSEFYCLEYFE
QNQSGSAQNK
NLNGRESITIN
NPVATERFEFGT
HPSPLMGGFG
ENSKRWNPEV

AA  length

Location/Qualifiers

1..738
note =

DDGRGLVLPG
FOERLQEDTS
GRTGQRQPAKK
GVGEGNASGNWH
WGYFDEFNREH
TVOVESDSEY
PSOMLRTGNN
DLLFSRGSPA
PGTAVASHEKD
VAVNEQSS 5T
LENPPPQILI
QYTSNYAKSA

= 738

capsld protein of rhesus

adeno-assocliated wvirus,

KYLGPFENGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
HCHE S PRDWQ
YOLPYVLGSA
NEFEFSYTEFRD
ANMSAQAKNW
DDEEREFPSS
TGPIVGNVNS
IKNTPVPADP
TNVDFAVNTE

adeno—-assoclated virus,

KYLGPENGLD
GGNLGRAVEQ
LNFGQTGDSE
DSTWLGDRVI
CHEFSPRDWQR
QLPYVLGSAH
FOQFTYTFEDV
TMANQAKNWIL
DEERFEPVTG
POIGTVNSQG
NTPVPADPPT
VDFAVNTEGY

YKYLGPEFNGL
FGGNLGRAVE
RLNFGQTGDS
CDSTWLGDRV
CHEFSPRDWQR
QLPYVLGS5AH
FTFSYTFERV
GMSVQOPKNWILL
DEDKFEPMSG
DPATGDVHAM
KNTPVPANPP
NVDETVDNNG

adeno-assocliated wvirus,

60

120
180
240
300
360
420
430
540
600
600
120
7138

60

120
180
240
300
360
420
480
540
600
600
120
1306

capsld protelin of adeno—-assoclated virus,

60

120
180
240
300
360
420
4380
240
600
600
120
137

Aug. 31, 2023
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Source

SkEQ 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPIG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHSSYAHS
LPGPCYRQQR
GVLMEFGKQGA
QGALPGMVWQ
PTTFSQAKLA
GTYSEPRPILG

SkEQ 1D NO:
FEATURE

REGION

SQOUrCce

ok ID NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
POPLGEPPAA
RTWALPTYNN
WGFRPKKLRF
PFPADVEFMIP
YAHSQSLDRL
QRLSKNLDEN
GAANKTTLEN
QNRDVY LOGP
ASEFITQYSTG
GTRYLTRNL

Sk 1D NO:
FEATURE
REGION

SOuUrce

SkEQ 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
SVPDPOPLGE
T'TSTRTWALP
LINNNWGFRP
QGCLPPEPAD
PFHSSYAHSQ)
GPCYRQQRVS
LIFGKQGAGN
VIPGMVWONR
TFNQAKLNSF
YSEPRPIGTR

SEQ ID NO:
FEATURE
REGION

SQOUrce

Sk 1D NO:

39
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
EPPAGPSGLG
PTYNNHLYKQ
PKRLNEFKLFN
DVFMIPQYGY
QS LDRLMNPL
VSTTLSOQNNN
GKDNVDYS55V
NRDVYLOQGPI
SELITQYSTGE
TRYLTRNL

40

40

LEDNLSEGIR
AALEHDKAYD
LVEEGAKTAP
P5SVGESGETMA
HLYKQLISS5S
KLENIQVKEY
QYGY LTLNNG
MNPLIDQYLY
NNSNFAWTAA
VLMTSEREELK
ITWAKIPHTDG
QVSVEILIEWEL

41

41
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
PPAAPSGLGP
TYNNHLYKQI
KRLNFKLENI
VEMVPQYGY L
SLDRLMNPL I
TTTNOQNNNSN
DGVDYSQVLI
DVYLOQGPIWA
ITQYSTGRVS
YLTRNL

47

47

1..738
mol tType
organlsm

EWWDLKPGAP
QULKAGDNPY
GKKRPVEPSP
SGTMAAGGGA
ISNGTSGGEST
TOVKEVTONE
LTLNNGSQAV
IDOQYLYYLSR
SNEAWTGATK
MLTSERETKT
WAKTIPHTDGN
VSVEIEWELQ

moltvype =

proteln

36

-continued

unidentified

KPKANQOKQD
LRYNHADAREFE
QRSPDSSTGL
PMADNNLEGAD
NDNTYFGY ST
GTKTIANNLT
GRSSEFYCLEY
TQSTGGETQGT
YHLNGRDSLV
TNPVATEQYG
FHPSPLMGGE
KENSKRWNPE

AA  length

Location/Qualifiers

1..729
note =
1..729
mol type
organlsm

EWWDLKPGAP
QOLKAGDNPY
GKKRPIDSPD
AGGGAPTADN
SGATNDNHY I
T'INDGVTT LA
SQSVGERSSEY
YLARTQSTTG
TKYHLNGRNS
T'INPVATEEY
NFHPSPLMGG
QKENSKRWNP

moltvpe =

proteiln

DGRGLVLPGY
QERLOEDTSE
GKKGHQPARK
GVGESSSGEGNWH
PWGYFDEFNREF
STIQVETDSE
FPSOMLRTGN
QOLLESQAGP
NPGVAMATHK
VVADNLQOQTN
GLKHPPPQIL
IQYTSNYYKS

= 129

capsld protein of rhesus

unidentified

KPKANQOQKQD
LRYNHADARF
oo TGIGKKGY
NEGADGVGNA
GYSTPWGYED
NNLTSTVOVE
CLEYFPSQOMIL
STRELQFHQA
LTNPGIPMAT
GVVSSNLQSS
FGLEHPPPOI
EIQYTSNYAK

AA  length

Location/Qualifiers

1..736
note =
1..736
mol type
organlsm

EWWDLKPGAP
QULKAGDNPY
GKKRPVEQSP
NTMASGGGAP
SNGTSGGESTN
QVKEVTTNEG
TLNNGSQALG
DOYLYYLVRT
FAWTGAAKEFK
TDEEETKATN
KIPHTDGNEH
VEIEWELQKE

moltype =

protein

DGRGLVLPGY
QERLOEDTSE
QPAKKKLNEG
SGNWHCDSTW
FNRFHCHEFSP
SDSEYQLPYV
RTGNNFEFSY
GPNTMAEQSK
NKDDEDQFEP
TAGPQSQTIN
LIKNTPVPAN
SNNVEFAVNP

= 730

capsld protein of rhesus

unidentified

KPKANQOQKQD
LRYNHADAREFE
QEPDS55G1G
MADNNEGADG
DNTYFGYSTP
TKTIANNLTS
RSSEFYCLEYE
QUTGTGGETQT
LNGRDSLMNP
PVATEEYGAV
PSPLMGGEGL
NSKRWNPELQ

AA  length

Location/Qualifiers

1..735
note =
1..735
mol type
organlsm

proteln

DGRGLVLPGY
QERLOEDTSE
KTGQQPAKKR
VGNSSGNWHC
WGYFDEFNREH
TVOVETDSEY
PSOMLRTGNN
LAFSQAGPSS
GVAMASHKDD
ATNNQAANTOQ
KHPPPQILIK
YTSNYYKSTN

= 73D

unidentified

KYLGPEFNGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
HCHESPRDWQ
YOLPYVPGSA
NEEFSYTERD
ANMSAQAKNW
DDEERFFPSS
GAPIVGTVNS
VKNTPVPADP
TNVDFAVNTE

adeno-assocliated wvirus,

KYLGPEFNGLD
GGNLGRAVEQ
QTGDSESVED
LGDRVITTST
RDWQRLINNN
LGSAHQGCLP
SFEDVPEFHSS
NWLPGPCYRO
INGVLVEFGKT
S QGALPGMVW
PPEVFTPAKE
DGVYTEPRPI

adeno—-assoclated virus,

KYLGPENGLD
GGNLGRAVEQ
LNFGQTGDSE
DSTWLGDRV I
CHEFSPRDWQR
QLPYVLGSAH
FOQFSYTFEDV
MANQARNWVP
DDREFPSS5GV
AQTGLVHNQG
NTPVPADPPL
VDFAVNTEGY

60

120
180
240
300
360
420
430
240
600
600
120
738

60

120
180
240
300
360
420
4380
540
600
600
120
129

60

120
180
240
300
360
420
4380
540
600
6600
120
7130

capsld proteln of adeno—-assoclated virus,

Aug. 31, 2023
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MAADGYLPDW
KGEPVNEADA
AKKRVLEPLG
SVPDPOPLGO
T'TSTRTWALP
NNNWGFRPKR
CLPPFPADVE
HSS5YAHSQS L
PCYRQORVSK
ITFGKOGPEKT
LPGMVWQDRD
FSAAKFASEL
SEPRPIGTRY

SEQ ID NO:
FEATURE
REGION

SQOUrce

Sk 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPIG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHSSYAHS
LPGPCYROQQR
GI1LMEFGKQGA
QGALPGMVWQ)
PTAFNQAKLN
GVYSEPRPIG

Sk 1D NO:
FEATURE
REGION

SQUrce

SEQ ID NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPIG
ITTSTRTWAL
LINSNWGEFRP
QGCLPPEFPAD
PFHSSYAHSQ)
LPGPCFROQR
GVLIFGKTGA
GALPGMVWQN
EVETPAKFAS
VYSEPRPIGT

SEQ ID NO:
FEATURE
REGION

SOUrce

Sk 1D NO:
MAADGYLPDW
KGEPVNEADA
AKKRVLEPLG
SVPDPQPLGE

LEDTLSEGIR
AALFEHDKAYD
LVEEPVKTAP
PPAAPSGLGT
TYNNHLYKQI
LNFKLENIQV
MVPQYGYLTL
DRLMNPLIDQ
TSADNNNSEY
NVDIEKVMIT
VYLOGPIWAK
TQYSTGOVSV
LTRNL

43

43
LEDNLSEGIR
AALFEHDKAYD
LVEEGAKTAP
EPPAAPSSVEG
PTYNNHLYKQ
PKRLSEFKLEFN
DVFMIPQYGY
QSLDRLMNPL
VSTTLSONNN
GKDNVDY SNV
NRDVYLOQGPI
SELITQYSTGR
TRYLTRNL

44

44
LEDNLSEGIR
AALFEHDKAYD
LVEEAAKTAP
EPPAGPSGLG
PTYNNHLYKQ
KKLNFKLENL
VEMIPQYGY L
SLDRLMNPL I
VSKTLDONNN
ANKTTLENVL
RDVYLQGPIW
FITQYSTGQV
RYLTRNL

45

45

LEDTLSEGIR
AALEHDKAYD
LVEEGAETAP
PPATPAAVGP

QWWKLKPGPP
RQLDSGDNPY
GKKRPVEHSP
NTMATGSGAP
S9QSGASNDN
KEVTONDGTT
NNGSQAVGRS
YLYYLSRTNT
SWIGATKYHL
DEEEIRTTNP
IPHTDGHFHP
EIEWELOKEN

moltype =

PPKPAERHKD
LKYNHADARFE
AEPDSS55GTG
MADNNEGADG
HYFGYS5TPWG
TIANNLTSTV
SEFYCLGYEPS
PSGTTTQSRL
NGRDSLVNPG
VATEQYGSVS
- PLMGGFGLK
S KRWNPLEIQY

AA  length

Location/Qualifiers

1..738
note =
1..738
mol type
organlsm

EWWDLKPGAP
QOLKAGDNPY
GKKRPVEPSP
S GTMAAGGGA
LSNGTSGGEST
LOQVKEVTQONE
LTLNNGSQAV
IDQYLYYLSR
SNEAWTGATK
MLTSERETKT
WAKTIPHTDGN
VEVEIVWELQ

moltvyvpe =

proteln

37

-continued

DSRGLVLPGY
QERLKEDTSE
KSGNQPARKR
VGNSSGNWHC
YFDFNREHCH
QVETDSEYQL
QMLRTGNNET
QFSQAGASDI
PAMASHKDDE
TNLQSGNTQA
HPPPOQILIKN
TONYNKSVNY

= 738

capsld protein of rhesus

unidentified

KPKANQOKQD
LRYNHADARF
QRSPDSSTGIL
PMADNNLEGAD
NDNTYFGY ST
GTKTIANNLT
GRSSFYCLEY
TQSTGGTAGT
YHLNGRDSLV
TNPVATEQYG
FHPSPLMGGE
KENSKRRNPE

AA length

Location/Qualifiers

1..737
note =
1..737
mol type
organlsm

EWWDLKPGAP
QULKAGDNPY
GKKRPVEPSP
SGTMAAGGGA
IS5Q5AGSTN
QVKEVTTNDG
TLNNGSQSVG
DOYLYYLART
SNEFAWTGATK
MTNEEEIRPT
AKIPHTDGNE
SVEITEWELQK

moltype =

proteiln

DGRGLVLPGY
QERLOEDTSE
GKKGQQPARK
GVGESSSGENWH
PWGYFDEFNRE
STIQVETDSE
FPSOMLRTGN
QOLLESQAGP
NPGVAMATNK
VVADNLQOON
GLKHPPPQIL
IQYTSNYYKS

= 137

capsld protein of rhesus

unidentified

KPKANQOKQD
LRYNHADARF
QRSPDSSTGL
PMADNNKGAD
DNVYFGYSTP
VITIANNLTS
RSSEFYCLEYFE
QSNAGGTAGN
YHLNGRNSLV
NPVATERYGT
HPSPLMGGEG
ENSKRWNPEL

AA length

Location/Qualifiers

1..736
note =
1..736
mol tType
organlsm

proteln

DGRGLVLPGY
QERLOEDTSE
GKKGQOQPARK
GVGNASGNWH
WGYFDEFNREH
TVQVESDSEY
PSOMLRTGNN
RELOQEYQGGP
NPGVAMATHK
VSSNLQAANT
LEHPPPQILI
QYTSNFDKQT

= 730

unidentified

KYLGPEFNGLD
GGNLGRAVEQ
LNFGQTGDSD
DSTWMGDRVY 1
FSPRDWORL T
PYVLGSAHQG
FSYTFEDVPE
RDQSRNWLPG
EKFFPQSGVL
ATADVNTQGV
TPVPANPSTT
DETVDTNGVY

adeno—-assoclated virus,

KYLGPFENGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
HCHE S PRDWQ
YQOLPYVLGSA
NESEFSYTEFRD
SNMSAQARNW
DDEDREFPSS
TAPIVGAVNS
IKNTPVPADP
TNVDFAVNTE

adeno—-assoclated virus,

KYLGPENGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
CHEFSPRDWQR
QLPYVLGSAH
FTFSYTFEDV
TTMAEQAKNW
DDEERFFPSS5
AAQTOVVNNO
KNTPVPANPP
GVDFAVDS5QG

OWWKLRPGPP PPKPAERHKD DSRGLVLPGY KYLGPENGLD
ROLDSGDNPY LKYNHADAREE OQERLKEDTSE GGNLGRAVEQ
QGPDSS5G1IGE KTGQQPAKKR LNEFGQTGDSE
MADNNEGADG VGNASGNWHC DSTWLGDRVI

GKKRPVEQSP
T'TMASGGGAP

o0

120
180
240
300
360
420
430
540
600
600
120
7135

60

120
180
240
300
360
420
4380
540
600
600
120
738

60

120
180
240
300
360
420
4380
540
600
600
120
137

capslid proteln of adeno—-assoclated virus,

60

120
180
240

Aug. 31, 2023
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T TSTRTWALP
INNNWGEFRPK
GCLPPFPADV
FH5SYAHSQS
GPCYRQQRVS
MIFGKESAGA
ALPGMVWQGR
EFSATKEASE
YTEPRPIGTR

ok 1D NO:
FEATURE
REGION

SOUrce

Sk 1D NO:
MAADGYLPDW
KGEPVNEADA
AKKRVLEPLG
SVPDPQPIGE
T"ISTRTWALP
NNNWGFRPKK
CLPPFPADVF
HsSYAHSQS L
PSYRQORMSK
IFGKROQGTGTT
LPGMVWQDRD
FTPGKFASFEIL
SEPRPIGTRY

SkEQ 1D NO:
FEATURE
REGION

SQOUrCce

SEQ ID NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPIG
ITTSTRTWAL
LINNNWGFRP
QGCLPPEPAD
PFHSS5YAHSQ)
LPGPCFROQR
GVLIFGKTGA
GALPGMVWQN
EVETPAKFAS
VYSEPRPIGT

ok 1D NO:
FEATURE
REGION

SOUrce

SkEQ 1D NO:
MAADGYLPDW
KGEPVNAADA
AKKRVLEPLG
ESVPDPQPIG
ITTSTRTWAL
RLINNNWGER
HQGCLPPFPA
VPFHSSYAHS

TYNNHLYKQT
RLNFKLENIQ
FMIPQYGYLT
LDRLMNPLID
KTKTDNNNSN
SNTALDNVMI
DVYLOQGPIWA
ITQYSTGRVS
YLTRPL

40

46
LEDTLSEGIR
AALFEHDKAYD
LVEEAVKTAP
PPAAPSGVGS
TYNNHLYKQIL
LNFKLENIQV
MIPQYGYLTL
DRLMNPLIDQ
TANDNNNSEE
NVDIESVLIT
VYLOGPIWAK
TQYSTGOVSV
LTRNL

47

477
LEDNLSEGIR
AALEHDKAYD
LVEEAAKTAP
EPPAGPSGLG
PTYNNHLYKQ
KKLNFKLEFNI
VEMIPQYGY L
SLDRLMNPL I
VSKTLDONNN
ANKTTLENVL
RDVYLQGPIW
FITQYSTGQV
RYLTRNL

483

43

LEDNLSEGIR
AALFEHDKAYD
LVEEAAKTAP
EPPAAPSSEVEG
PTYNNHLYKQ
PKRLSEFKLEFN
DVFMIPQYGY
QS LDRLMNPL

SoASTGASND
VKEVTTNDGY
LNNGSQAVGR
QYLYYPNRTQ
F'TWIGASKYN
ITDEEETKATN
KIPHTDGHEH
VEIEWELQKE

moltvype =

NHYFGYSTPW
TTTIANNLTST
oo FYCLEYFP
NOSGSAQNKD
LNGRESTINP
PVATERFGTV
PSPLMGGEGL
NSKRWNPEVQ

AA  length

Location/Qualifiers

1..735
note =
1..735
mol tType
organlsm

QWWKLKPGPP
HOLKOGDNPY
GKKRPIEQSP
NTMASGGGAP
oo BESGATNDN
KEVTONDGTT
NNGSQAVGRS
YLYYLSKTQG
AWTAATKYY L,
DEEEIRTTNP
IPHTDGHFHP
EIEWELOKEN

moltvpe =

proteln

38

-continued

GYEFDENREHC
VOVESDSREYQ)
SOQMLRTGNNE
LLEFSRGSPAG
GTAMASHKDD
AVNEFQSSSTD
KNPPPQILIK
YTSNYAKSAN

= 73D

unidentified

PPKPNQOQHRD
LKYNHADAREF
AEPDSS5GIG
MADNNEGADG
HYFGYSTPWG
TIANNLTSTV
SEYCLEYFEPS
TSGTTQOSRL
NGRNSLVNPG
VATEQYGQVA
SPLMGGFGLK
SKRWNPEIQY

AA  length

Location/Qualifiers

1..737
note =
1..737
mol type
organlsm

EWWDLKPGAP
QOLKAGDNPY
GKKRPVEPSP
SGTMAAGGGA
ISSQSAGSTN
QVKEVTTNDG
TLNNGSQSVG
DOYLYYLART
SNEFAWTGATK
MTNEEEIRPT
AKTIPHTDGNEF
SVEITEWELQK

moltype =

proteln

DSRGLVLPGY
QERLOEDTSE
KSGQQPAKKR
VGNSSGNWHC
YFDFNREHCH
QVEFTDSEYQL
OMLRTGNNET
QEFSQAGPSS5M
PPMASHKDDLE
TNHQSONTTA
HPPPOILIKN
TSNYNKSVNY

= 737

capsld protein of rhesus

unidentified

KPKANQOQKQD
LRYNHADARF
QRSPDSSTGL
PMADNNEGAD
DNVYFGYSTP
VITIANNLTS
RSSEFYCLEYFE
QSNAGGTAGN
YHLNGRNSLV
NPVATERYGT
HPSPLMGGFG
ENSKRWNPEL

AA  length

Location/Qualifiers

1..738
note =
1..738
mol type
organlsm

EWWDLKPGAP
QULKAGDNPY
GKKRPVEPSP
SGTMAAGGGA
ISNGTSGGEST
TOVKEVTQONE
LTLNNGSQAV
IDQYLYYLSR

protein

DGRGLVLPGY
QERLOEDTSE
GKKGQOPARK
GVGNASGNWH
WGYFDENREH
TVOVESDSEY
PSOMLRTGNN
RELOQEYQGGP
NPGVAMATHK
VOSNLQAANT
LEKHPPPQILI
QYTSNFDKQT

= 738

capsld protein of rhesus

unidentified

KPKANQOKQD
LRYNHADAREFE
QRSPDSSTGL
PMADNNEGAD
NDNTYFGY ST
GTKTIANNLT
GRSSEFYCLEY
TQSTGGTAGT

DGRGLVLPGY
QERLOEDTSE
GKKGQQPARK
GVGESS5SSGNWH
PWGYFDEFNRF
STIQVETDSE
FPSOMLRTGN
QULLESQAGP

HESPRDWORL
LPYVLGSAHQ
TESYTEFEEVP
MSVOPKNWLP
EDKFFPMS5GYV
PATGDVHAMG
NTPVPANPPA
VDFTVDNNGL

KYLGPEFNGLD
GGNLGRAVEQ
LNFGQTGDTE
DSTWMGDRVY 1
FSPRDWORL T
PYVLGSAHQG
FSYTFEDVPE
AQOAKNWLPG
EKYFPMHGNL
S YGESVDSQGT
TPVPANPATT
EFTVDANGVY

adeno—assoclated virus,

KYLGPEFNGLD
GGNLGRAVLQ
RLNFGQTGDS
CDSTWLGDRV
CHESPRDWQR
QLPYVLGSAH
FTFSYTFEDV
TTMAEQAKNW
DDEERFFPSS
AAQTOVVNNQ
KNTPVPANPP
GVDFAVDS5QG

adeno—-assoclated virus,

KYLGPEFNGLD
GGNLGRAVEQ
RLNFGQTGDS
CDSTWLGDRV
HCHESPRDWO
YOLPYVLGSA
NESESYTERD
SNMSAQARNW

300
360
420
480
540
600
600
120
71306

capsld proteln of adeno—-assoclated virus

60

120
180
240
300
360
420
4380
240
600
600
120
7135

60

120
180
240
300
360
420
4350
540
600
6600
120
137

60

120
180
240
300
360
420
480

chimpanzee 5
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39
-continued

LPGPCYROOR WVSTTLSONNN SNFAWTGATK YHLNGRDSLV NPGVAMATNK DDEDRFEPSS 540
GILMEFGKOQGA GKDNVDYSNV MLTSEEEIKT TNPVATEQYG VVADNLOOON TAPIVGAVNS 600
OGALPGMVWQ NRDVYLQGPI WAKIPHTDGN FHPSPLMGGEF GLKHPPPQIL IKSTPVPADP 660
PTAFNQAKLN SFITQYSTGO VSVEIEWELQ KENSKCWNPE IQYTSNYYKS TNVDFAVNTE 720
GVYSEPRPIG TRYLTRNL 7383
SkEQ ID NO: 49 moltype = AA length = 737
FEATURE Location/Qualifiers
REGION 1..737

note = capsid proteln of rhesus adeno—-assoclated virus,
source 1..737

mol type = protein

organlism = unldentified
SEQ ID NO: 49
MAADGYLPDW LEDNLSEGIR EWWDLKPGAP KPKANQOKOD DGRGLVLPGY KYLGPENGLD 60
KGEPVNAADA AATLEHDKAYD QOOLKAGDNPY LRYNHADAEER QERLOEDTSEF GGNLGRAVEFQ 120
AKKRVLEPLG LVEEAAKTAP GKKRPVEPSP QRSPDSSTGI GKKGOQPARK RLNEFGQTGDS 180
ESVPDPOPLG EPPAGPSGLG SGTMAAGGGA PMADNNEGAD GVGNASGNWH CDSTWLGDRV 240
ITTSTRTWAL PTYNNHLYKQ ISSQSAGSTN DNVYFGYSTP WGYFDFNREH CHEFSPRDWOR 300
LINNNWGFRP KKLNFKLENI QVKEVTTNDG VTTIANNLTS TVOVFSDSEY QLPYVLGSAH 360
OGCLPPFPAD VEMIPOYGYL TLNNGSQSVG RSSEFYCLEYF PSQOVLRTGNN FTEFSYTFEDV 420
PFHSSYAHSQ SLDRLMNPLI DOQYLYYLART QSNPGGTSGN RELQFYQGGP STMAEQAKNW 480
LPGPCFROQOR VSKTLDONNN SNFAWTGATK YHLNGRNSLV NPGVAMATHK DDEDRFEFPSS 540
GVLIFGKTGA TNKTTLENVL MTNEEEIRPT NPVATEEYGI VSSNLQOQAANT AAQTOVVNNQO 600
GALPGMVWON RDVYLOGPIW AKIPHTDGNF HPSPLMGGFG LKHPPPOILI KNTPVPANPP 660
EVFTPAKFAS FITOYSTGOV SVEIEWELOK ENSKRWNPEI QOYTSNEFDKOT GVDEFAVDSQG 720
VYISEPRPIGT RYLTRNL 137

1. An adeno-associated virus (AAV) comprising an AAV

Aug. 31, 2023

6. A composition comprising the AAVaccording to claim 1

capsid and a minigene having AAV mverted terminal repeats
and a heterologous gene operably linked to regulatory
sequences which direct expression of the heterologous gene
in a host cell, wherein the AAV capsid comprises AAV vpl
proteins, AAV vp2 proteins, and AAV vp3 proteins, wherein
the AAV vpl proteins have 1) the sequence of amino acids 1 to
738 0of SEQ ID NO: 4 (AAVrh46) with a G135P modification,
or 11) a sequence having at least 95% 1dentity to the tull length
of amino acids 1 to 738 of SEQ ID NO:4, wherem the amino
acid residue corresponding to position 135 i SEQ ID NO:4 1s
P when aligned along the full length of amino acids 1 to 738 of

SEQ ID NO: 4.

2. The AAVaccording to claim 1, wherein the AAV inverted
terminal repeats are from a different AAV than the AAV sup-
plying the capsid proteins.

3. The AAVaccording to claim 1, wherein the heterologous
gene encodes a dystrophin gene product.

4. The AAV according to claim 3, wherein the dystrophin
gene product 1s micro-dystrophin.

S. The AAVaccording to claim 1, wherein the heterologous
oene encodes Factor IX.

and a physiologically compatible carrier.

7. The AAV according to claim 1, wherem the AAV vpl
proteins turther comprise 1) the sequence of amino acids 1 to
738 0f SEQID NO: 4 (AAVrh46) witha A136V modification,
or 11) a sequence having at least 95% 1dentity to the full length
of amino acids 1 to 738 of SEQ ID NO:4 wherein the amino

acid residue corresponding to position 136 1s V when aligned
along the full length of amino acids 1 to 738 0 SEQ ID NO: 4.

8. The AAVaccording toclaim 7, wherein the AAV inverted
terminal repeats are from a different AAV than the AAV sup-
plying the capsid proteins.

9. The AAVaccording to claim 7, wherein the heterologous
oene encodes a dystrophin gene product.

10. The AAV according to claim 9, wherein the dystrophin
gene product 1s micro-dystrophin.

11. The AAV according to claim 7, wherein the heterolo-
oous gene encodes Factor IX.

12. A composition comprising the AAV according to
claim 7 and a physiologically compatible carrier.
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