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ADENQG-ASSOCIATED VIRUS VECTORS
FOR NUCLEIC ACID BELIVERY TO RETINAL CELLS
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390, 2022, of U.S. Patent Application Serial No. 63/323,533, filed on March 30, 2022, of U5,
Patent Application Serial No. 63/325,562, filed on March 30, 2022 of U.S. Patent
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on March 30, 2022, of U.S. Patent Application Serial No. 63/325,530, filed on March 30,
2022, ot U.S. Patent Application Sertal No. 63/325,551, filed on March 30, 2022, of U S,

Patent Application Serial No. 63/325,555, filed on March 30, 2022, of U.S. Patent
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Application Serial No. 63/325,558, filed on March 30, 2022, and of U.S. Patent Application
Senal Mo. 63/325,559, filed on March 30, 2022, The disclosures of the prior applications are

considered part of {and are incorporated by reference in) the disclosure of this apphcation.

STATEMENT REGARDING FEDERAL FUNIDHNG
20 This mvention was made with government support under MH 120094 awarded by the

National Institutes of Health. The government has certain rights in the invention.

TECHNICAL FIELD
This document relates to adenoc-associated virus {AAV) vectors. For example, this
25 document provides methods and materials for making and using AAY veectors {e.g., AAV2
vectors) having {a) the ability to deliver nucleic acid to foveal cones, (b} an increased
cfficicney to deliver nucleic acid to retinal cells, (¢) the ability to deliver nucleie acid to
retinal cells and drive high expression levels of nucleic acid within retinal cells, {d} the ability
to deliver nucleic acid to retinal cells across retinal regions {¢.g.. across at least two retinal
30 regions), {c} the ability to deliver nucleic acid to retinal cells of the paratovea region of the
eve, (f} the ability to dehiver nucleic acid to two or more different retinal cell types within an
eye, (g} the ability to deliver mucleic acid to retinal pigment epithelial (RPE} cells, (h) an
increased efficicncy to deliver nucleic acid to photoreceptor colls of the reting, (1) an
ncreased efficiency to deliver nucleic acid to retinal ganghon cells of the retina, () an
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increased efficiency to deliver nucleic acid o bipolar cells of the retina, (k) an increased
efficiency to deliver nucleic acid to OFF-retinal ganglion cells, and/or {1} increased packaging

efficiency and the abilitv to dehver nucleic acid to cells {e.g., retinal cells).

3 BACKGROUND
Viral vectors, such as AAVY vectors, are efficient vehicles for i vivo nucleic acid
delivery, and their use in the chinic is expanding. Improved AAV vectors and AAV
production technigques for making effective AAV vector preparations should further expand

the use of AAV vectors in the laboratory and clinic.

10
SUMMARY
This document provides AAY vectors {o.g., AAVZ vectors}, For example, this
document provides AAY vectors (e.g., AAVZ vectors) containing a capsid polypeptide that
includes an amino acid sequence set forth n Table 1 {or a vaniant thereof} or Formula A, The
15 AAV vectors (e.g., AAV?2 vectors) described herein containing a capsid polypeptide that

meludes an amino acid sequence set forth in Table 1 {or a vanant thercof) or Forowla A can
have the abibity to infect retinal cells {e.g., retinal ganglion cells, photoreceptor cells, and
bipolar cells) in vive and deliver exogenous nucleie acid to the infected retinal cells such that
the infected retinal cells express the exogenous nucleic acid. This document also provides

206 mcthods and materials for making and using AAY vectors {¢.3., AAVZ vectors) having the
ability to deliver macleic acid to retinal cells.

As deseribed herein, an AAY vector {e.g., an AAVZ vector) provided herein having
an AAV capsid polypeptide that includes an amino acid seguence set forth in Table | (ora
variant thereof) or Formuuila A can have the ability to mfect retinal cells {¢.g., retinal ganglion

25 cells, photoreceptor cells, and bipolar cells} 7n vive and deliver exogenous nucleic acid to the
infected retinal cells such that the infected retinal cells express the exogenous nucleic acid.
In some cases, an AAV vector {e.g., an AAV2 vector) provided herein can have the ability to
drive alevel of mRNA expression of an exogenous nucleie acid in retinal cells {e.g., refinal
ganglion cells, photoreceptor cells, and bipolar cells} of 2 mammal (¢.g., a human or a non-

30 human primate) that is greater than {¢.g., at least 2 percent greater than, at least 2.5 percent
greater than, at least S percent greater than, at least 7.5 percent greater than, at least 10
percent greater than, at least 25 pereent greater than, at least S0 percent greater than, at least
75 percent greater thav, or at least 100 percent greater than} the level of mRNA expression of

an exogenous nucleic acid doiven by a comparable AAV vector having an AAV capsid

-
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polypeptide that consists of the amino acid sequence of SEQ ID NG (e.g., a wild-type
AAVZ vector} in retimal celis of a control mammal {¢.g., a control human or a control non-
human prirate). In some cases, an AAV vector (¢.g., an AAVZ vector} provided herein
having an AAYV capsid polypeptide that includes an amino acid sequence set forth in Table 1
{or a variant thereof) or Formula A can be used in place of the 7m8 AAVZ vector (Dalkara ef
al., Sci. Transl Med., 5{189):189ra76 {2013} and Bennett er ol , J. Struct. Biol.,

209(2): 107433 (2020)) or in place of the K912 AAV2 vector (Oztiirk ef af, elife, 10:¢64175
{202 1)) to deliver nucleic acid to retinal cells {e.g., retinal ganglion cells, photoreceptor cells,
and bipolar cells).

In another aspect, this document provides AAY vectors {e.g., AAVZ vectors). For
example, this document provides AAY vectors {¢.g., AAVZ vectors) containing a capsid
polypeptide that includes an amino acid sequence set forth in Table 1 {or a vanant thereof) or
Formula A. The AAV vectors {o.g., AAV2 vectors) described herein containing a capsid
polyvpeptide that includes an amino acid sequence set forth o Table 1 {or a vanant thereof) or
Formula A can have the ability to infect foveal cones in vivo and deliver exogenous nucleic
acid to the infected foveal cones such that the infected foveal cones express the exogenous
nucleic acid. This document also provides methods and matenals for making and using AAVY
vectors (e.2., AAVZ vectors) having the ability to deliver nucleic acid to foveal cones.

As described herein, ann AAV vector {¢.g., an AA V2 vector) provided herein having
an AAV capsid polypeptide that includes an anmino acid sequence set forth in Table 1 {ora
variant thereof) or Formula A can have the ability to infect foveal cones in vivo and deliver
exogenous micleic acid to the infected foveal cones such that the mfected foveal cones
express the exogenous nucleic acid. In some cases, an AAY vector {¢.g., an AAVZ vecior)
provided herein can have the ability o infect and dnive mRNA expression of an exogenous
nucleic acid in cone eells present i the fovea of a mammal {¢.g., a human or a non-human
primate}. In some cases, an AAV vector {e.g., an AAV2 vector) provided herein can have the
ability to drive a level of mRNA expression of an exogenous nucleic acid in foveal cones of a
mammal (e.g., a haman or a8 non-human primate) that is greater than {e.g., at least 10 percent
greater than, at least 25 percent greater than, at least 30 porcont greater than, at least 75
percent greater than, or at least 100 percent greater than) the level of mRNA expression of an
exogenous nucleie acid driven by a comparable AAV vector having an AAV capsid
polypeptide that consists of the amine acid sequence of SEQ ID NG:1 (.., a wild-type
AAV?2 vector) in foveal cones of a control mammal {¢.g., a control human or a control non-

human primate). In some cases, an AAV vector {e.g., an AAV?2 vector} provided herein
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having an AAVY capsid polypeptide that includes an amine acid sequence set forth in Table 1
{or a variant thereof) or Formula A can be used m place of the Tm®& AAV2 vector {(Dalkara ef
al., Sci. Transi. Med., 5(189): 189376 (2013) and Benncett er ol J Struct. Biol,

209(2y: 107433 (2020)) or in place of the K912 AAV?2 vector (Outivck et al | eLife, 10:¢64175

(4

{20213) to deliver nucleic acid to foveal cones.

In another aspect, this document provides AAV vectors {e.g., AAV2 vectors)
containing a capsid polypeptide that includes an amino acid sequence set forth in Table 1 {or
a variant thereof) or Formula A. The AAV vectors {e.g., AAVZ vectors} described herein
containing a capsid polypeptide that includes an amine acid sequence set forth 1o Table 1 {or
10 avarnant thereof) or Formula A can have the ability to nfect retinal cells {e.g., retinal
ganglion cells, photoreceptor cells, and bipolar cells) in vivo and deliver exogenous nucleic
acid to the infocted retinal cells such that the infected retinal cells express the exogencus
nucleic acid at high levels. This document also provides methods and materials for making

and using AAV vectors {e.g., AAV2 vectors) having the ability to dehiver nucleic acid to

[
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retinal cells and drive high expression levels of mucleic acid within retinal cells.
As described berein, an AAVY vector {e.2., an AAV2 vector) provided herem having
an AAV capsid polypeptide that includes an amino acid sequence set forth in Table 1 (ora
variant thereof} or Formula A can have the ability to nfect retinal cells (g.g., retinal ganghon
cells, photoreceptor cells, and bipolar cells) i vive and deliver exogenous nucleic acid to the
20 infected retinal cells such that the infected retinal cells express the exogenous nucleic acid at
high levels. In some cases, an AAV vector {e.g., an AAV2 vector) provided herein can have
the ability to infect and drive mRNA expression of an exogenous nucleic acid in at least 2
percent {c.g., at least 2.5 percent, at least S percent, at least 7.5 percent, at least 10 peorcent, or
at least 25 percent) of retinal cells {¢.g.. retinal ganglion cells, photoreceptor cells, and

25 hipolar cells) in an eye of a mammal {e.g., a huoman or a non-human primate). In some cases,
an AAV vector {e.g., an AAV?2 vector) provided herein can have the ability to dave a level of
mBNA expression of an exogenous nucleie acid in retinal cells (e.g., retinal ganghon cells,
photoreceptor cells, and bipolar cells) of a mammal (¢ g., a human or a non-human primate}
that is greater than {o.g., at least 2 percent greater than, af least 2.3 percent greater than, at

30 least 5 percent greater than, at least 7.5 percent greater than, at least 10 percent greater than,

at least 25 percent greater than, at least 50 percent greater than, at least 75 percent greater

than, or at least 100 percent greater than} the level of mRNA expression of an exogenous

nucleic acid driven by a comparable AAV vector having an AAY capsid polypeptide that

consists of the amino acid sequence of SEQ ID NO: 1 {e.g., a wild-tvpe AAV2 vector} in
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retinal cells of a control mammal {¢.g., 2 control human or a control non-human primate). In
some cases, an AAV vector (e.g., an AAVZ vector) provided herein having an AAV capsid
polypeptide that includes an amino acid sequence set forth in Table 1 (or a variant thereof) or

Formula A can be used in place of the Tm8 AAV 2 vector (Dalkara ef af., Sci. Transi. Med.,

(4

5¢189%:189¢a76 (2013} and Beonelt er ol , J Struct. Biol, 209(2): 107433 (2020}) or in place
of the K912 AAVZ vector {Oztirk ef ol elife, 10:e64175 (2021)) to deliver nucleic acid to
retinal cells {e.g., retinal ganghon cells, photoreceptor cells, and bipolar cells).

In ancther aspect, this document provides AAV veciors {e.2., AAV2 vectors)
containing a capsid polypeptide that includes an amine acid sequence set forth 1o Table 1 {or
10 avanant thereof) or Formula A, The AAV vectors {e.g., AAVZ vectors) described herem
containing a capsid polypeptide that includes an amino acid sequence set forth in Table 1 {or
a variant thereof} or Formula A can have the ability to infect retinal cells {e.g., retinal
ganglion cells, photoreceptor cells, and bipolar cclis) across retinal regions {¢.g.. across at

least two retinal regions) in vive and deliver exogenous nucleic acid o the infected retinal

[
v

cels such that the infected retinal cells express the exogenous nucleic acid. This document
also provides methods and matenals for making and using AAY vectors {e.g., AAVZ vectors)
having the ability to dehiver mucleic acid to retinal cells across retinal regions and drive
expression of delivered nucleic acid within the retinal cells. For example, the AAV vectors
{c.g.. AAVZ vectors) described herein can deliver nucleic acid to at least about 2 porcent
20 {e.g. atlecast about 2.5 percent, at least about 5 percent, at least about 7.5 percent, at least
about 10 percent, or at least about 23 percent) of the retinal cells in the fovea region, at feast
about 2 percent {(e.g., at least about 2.5 percent, at least about 5 percerd, at least about 7.5
percent, at least about 10 percent, or at least about 25 percent) of the retinal cells in the
parafovea region, at least about 2 percent {e.g., at least about 2.5 percent, at least about 5
25 percent, at least about 7.5 percent, at least about 10 percent, or at least about 25 percent) of
the retinal cells in the vascular arcade region, and/or at least about 2 percent {¢.g , at least
about 2.5 percent, at least about 5 percent, at least about 7.5 percent, at least about 10 percent,
or at feast about 25 percent} of the retinal cells in the periphery region.
As described berein, an AAV veetor {e.g., an AAVZ vector) provided herein having
30 an AAV capsid polypeptide that includes an aminoe acid sequence set forth 1o Table 1 {ora
vanant thereof) or Formula A can have the ability to nfect retinal cells {¢.g., retinal ganghon
cells, photoreceptor cells, and bipolar cells) across retinal regions {(¢.g., across at least two
retival regions) in vive and deliver exogenous nucleic acid to the jufected retinal cells such
that the infected retinal cells express the exogenous nucleic acid. In some cases, an AAV
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vector (e.g., an AAV2 vector) provided herein can have the ability to infect and drive mRNA
expression of an exogenous mucleic acid in at least about 2 percent {c.g., at least about 2.5
percent, at least about 5 percent, at least about 7.5 percent, at least about 10 percent, or at
least about 23 percent) of the retinal cells in the fovea region, at least about 2 percent {e.g., at

cast about 2.5 percent, at least about 3 percent, at feast about 7.5 percent, at least about 10
percent, ot at least about 23 percent) of the retinal cells in the parafovea region, at least about
2 percent {e.g., at least about 2.5 percent, at least about § percent, at least about 7.5 percent, at
least about 10 percent, or at least about 23 percent) of the retinal cells i the vascular arcade
region, and/or at least about 2 porcent {¢.g., at least about 2.5 percent, at least about 5 percent,
at Jeast about 7.5 percent, at least about 10 percent, or at least about 25 percent} of the retinal
cells in the periphery region of an eve of a mammal {e.g., a human or a non-homan primate).
In some cases, an AAV vector {e.g., an AAV?Z vector) provided herein can have the abilny to
drive a Jevel of mRNA expression of an exogenous sucleic acid in retinal celis of the fovea
region, the parafovea region, the vascular arcade region, and/or the periphery region of an eye
of a mammal (e.g., 2 human or a non-human primate) that is greater than the level of mRNA
expression of an exogenous nucleic acid driven by a comparable AAV vector baving an AAV
capsid polypeptide that consists of the amuno acid sequence of SEQ ID NG (e.g., a wild-
type AAV?2 vector) in retinal cells of those regions in a control mammal (e.g., a control
human or a control non-human prinate}. In some cases, an AAY vector {e.g., an AAV2
vector) provided herein having an AAY capsid polypeptide that includes an amino acid
seqguence set forth in Table 1 {or a vanant thereof) or Formula A can be used in place of the
Tm8 AAV2 vector (Dalkara ef of ., Sci. Transi Med., 5(189).18%ra76 (2013) and Bennett ef
al.,J. Srruct. Biol., 209(2): 107433 (2020)) or in place of the K912 AAV2 vector (Oztiirk ef
al ., elife, 10:e64175 (2021)) to deliver nucleic acid to retinal cells (e.g., retinal ganglion
cells, photoreceptor cells, and bipolar cells).

In another aspect, this document provides AAVY vectors (e.g.. AAV2 vectors)
containing a capsid polypeptide that includes an amino acid sequence set forth in Table 1 {or
a variant thereof) or Formula A. The AAV vectors {e.g., AAV?2 vectors} described herein
containing a capsid polypeptide that includes an amino acid sequence set forth 1o Table 1 {or
a variant thereof) or Formula A can have the ability to mfect retinal cells of the parafovea
region of the eve i vive and deliver exogenous nucleic acid to the infected retinal cells of the
parafovea region such that the nfected retinal cells express the exogenous nacleic acid. This

docurment also provides methods and materials for making and usimg AAY vectors {e.g.,
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AAVZ vectors) having the ability to deliver nucleic acid to retinal cells of the parafovea
region of the eye.

As described berein, an AAV vector (6.g.. an AAVZ vector) provided herem having
an AAY capsid polypeptide that includes an anino acid sequence set forth in Table 1 (ora
variant thereof} or Formula A can have the ability to infect retinal cells of the paafovea
region of the eve i vive and deliver exogenous nucleic acid to the infected retinal cells such
that the infected retinal cells express the exogenous mucleic acid. In some cases, an AAV
vector (e.g., an AAV?2 vector) provided herein can have the ability to infect and drive mRNA
expression of an exogenous nucleic acid 1n at least about 2 percent (¢.g., at least about 2.5
percent, at least about 5 percent, at least about 7.5 percent, at least about 10 percent, or at
least about 235 percent) of the retinad cells present in the parafovea region of an eye of a
mammal {e.g., a human or a non-human primate}. In some cases, an AAY vector (o.g., an
AAV?2 vector) provided herein can have the ability to drive a level of mRNA expression of ap
exogenous nucleic acid in refinal cells of the parafovea region of the eve of a mammal {e.g., a
hwman or a non-human primate) that is greater than {¢.g., at least 10 percent greater than, at
least 25 percent greater than, at least 50 percent greater than, at least 75 percent greater than,
or at feast 100 percent greater than) the level of mRNA expression of an exogenous nucleie
acid driven by a comparable AAV vecior having an AAV capsid polypeptide that consists of
the amino acid sequence of SEQ ID NG {c.g., a wild-type AAVZ vector} 1n retinal celis of
the parafovea region of the eve of a control mammal {e.g., a control human or a control von-
human primate). In some cases, an AAV vector (e.g., an AAVZ vector) provided herein
having an AAY capsid polypeptide that includes an aming acid sequence set forth in Table 1
{or a varant thercof) or Formuda A can be used in place of the 7Tm8 AAV2 vector (Dalkara et
al . Sci. Transi. Med ., 5(189):18%ra76 (2013} and Benmett er o, J. Struct. Riol,
209(2y: 107433 (2020)) or in place of the K912 AAV2 vector (Qutivk er ol | elife, 101664175
{20213) to deliver nucleic acid to retinal cells (e.g., retinal ganglion cells, photoreceptor cells,
and bipolar cells) of the parafovea region of the eye.

In ancther aspect, this document provides AAV veciors (e.2., AAV2 vectors)
containing a capsid polypeptide that includes an amino acid sequence set forth 1o Table 1 {or
a vanant thereof) or Formula A, The AAV vectors (8.3, AAVZ vectors) described herein
containing a capsid polyvpeptide that includes an ammo acid sequence set forth 1 Table 1 (or
a vanant thereof or Formula A can have the ability to mfect two or more {e.g., two or more,
three or more, four or more, five or more, six or mare, or seven or more) different retinal cell
types within an eye in vivo and deliver exogenous nucleie acid to the infected retinal cells

7
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such that the infected retinal cells express the exogenous mucleic acid. This docament also
provides methods and materials for making and using AAV vectors {(e.g.. AAV?2 vectors)
having the ability to dehiver mucleic acid to two or more {¢.g., two or more, three or more,
four or more, five or more, Six or more, or seven or more) different retinal cell types within
an eye and drive expression of delivered nucleic acid within those retinal cclls. For example,

the AAV vectors {e.g., AAV?2 vectors) described herein can deliver nucleic acid to two, thiee,

four, five, six, or seven of the followimng retinal cell types of an eve: retinal ganglion cells,
amacrine cells, horizontal cells, bipolar cells, Muldler ghia cells, photoreceptor cells, and
retinal pigment epithelial (RPE) cells. In some cases, an AAV vector {e.g., an AAV2 vecior)
described heremn can deliver nucleic acid to at least some {e.g., at least 2 percent, at least 2.5
percent, at least 5 percent, at least 10 percent, or at least 23 percent) of the retinal ganglion
colls, amacrine cells, horizontal cells, bipolar cells, Muller glia celis, photoreceptor cells, and
RPE cells of an eye of a mammal {¢.g., a human or a non-human primate) following an
intravitreal administration.

As described herein, an AAV vector (e.g., an AAVZ vector) provided herein having
an AAV capsid polypeptide that includes an amine acid sequence set forth 1o Table 1 {(ora
variant thereof) or Formula A can have the ability to infect two or more {e.g., two or more,
three or more, four or more, five or more, six or more, or seven or more) different retinal cell
types within an eve in vive and deliver exogenous nucleie acid to the infected retinal cells
such that the infocted retival colls express the exogenous nucleic acid. In some cases, an
AAV vector (e.g., an AAV2 vector) provided herein can have the ability to infect and drive
mRNA expression of an exogenous nucieie acid in at least about 2 percent (¢.g., at least about
2.5 percent, at least about 5 percent, at least about 7.5 percent, at least about 10 percent, or at
least about 25 percent) of the retinal ganglion cells, at least about 2 percent {e.g., at least
about 2.5 percent, at least about 3 percent, at least about 7.5 percent, at feast abowut 10 percent,
or at least about 25 percent} of the amacrine cells, at least about 2 percent {¢.g., at least about
2.5 percent, at least about S percent, at least about 7.5 percent, at least about 10 percent, or at
least about 25 percent} of the horizontal cells, at least about 2 percent {e.g., at least about 2.5
percent, at least about 5 percent, at least about 7.5 percent, at least about 10 percent, or at
least about 25 percent) of the bipolar cells, at least about 2 percent {c.g.. at least about 2.5
percent, at least about 5 percent, at least about 7.5 percent, at least about 10 percent, or at
least about 23 percent) of the Muller ghia cells, at least about 2 percent {e.g., at least about 2.3
percent, at least about 5 percent, at least about 7.5 percent, at least about 10 percent, or at
least about 25 percent) of the photoreceptor cells, and/or at least about 2 percent {¢.g., at least

&
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about 2.3 percent, at least about § percent, at Ieast about 7.5 percent, at least about 10 percent,
or at ieast about 25 percent} of the RPE cells of an eye of a mammal {¢.g., a human or a non-
human prirate} following, for example, an intravitreal administration. In some cases, an

AAV vector {e.g., an AAV?2 vector) provided herein can have the ability to drive alevel of

(4

mERNA expression of an exogenous nucleic acid in retinal ganglion cells, amacrine cells,
horizoutal cells, bipolar cells, Muller ghia cells, photoreceptor cells, and/or RPE cells of an
¢ve of a mamumal {¢.g., a human or a non-human primate) that is greater than {e.g., at least 10
percent greater than, at least 25 percent greater than, at least 50 percent greater than, at least
75 percent greater than, or at least 100 percent greater than) the level of mRNA expression of
10 an exogenous nucleic acid driven by a comparable AAY vector having an AAV capsid
polypeptide that consists of the amino acid sequence of SEQ ID NGO (e.g., a wild-type
AAV?2 vector) in those retinal cells in a control mammal {e.g.. a control human or a control
non-hwman primate). In some cases, an AAV vector {c.g., an AAVZ vector) provided herein

having an AAV capsid polypeptide that includes an amino acid sequence set forth in Table 1

[
v

{or a variant thereof) or Formula A can be used in place of the 7Tm8 AAV2 vector {Dalkara ef
al., Sei. Transi. Med ., 5(189):18%:a76 (2013) and Bennett er ol , J. Struct. Biol
209(2%: 107433 (2020)) or in place of the K912 AAVZ vector (Oztivk er al | eLife, 101664175
(20213) to deliver nucleic acid to two or more {.g., two or more, three or more, four or more,
five or more, six or more, of seven or more} different retinal cell types within an eye of a
20 mammal {e.g., a huwman or a non-human primate}.
In another aspect, this document provides AAV vectors (€.2., AAVZ vectors)
containing a capsid polypeptide that includes an amino acid sequence set forth in Table 1 {or
a variant thereof) or Formula A, The AAV vectors (e, AAVZ vectors) described herein
containing a capsid polyvpeptide that includes an amino acid sequence set forth 1o Table 1 {or
25 avariant thereof} or Formula A can have the ability to mfect RPE cells in vivo and deliver
exogenous nucleic acid to the infected RPE cells such that the infected RPE cells express the
exogenous nucleic acid. This document also provides methods and materials for making and
using AAV vectors {e.g., AAV2 vectors) having the ability to deliver nucleic acid to RPE
celis and drive expression of delivered nucleic acid within the RPE celis. For example, the
30 AAV vectors {e.g., AAV2 vectors) deseribed heren can deliver nucleic acid to at least about
2 percent {e.g., at least about 2.5 percent, at least about 5 percent, at least about 7.5 percent, at
least about 10 percent, or at least about 25 percent} of the RPE cells of an eve of a mammal

after, for example, an intravitreal adnunistration.
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Ag deseribed herein, an AAV vector {e.g., an AAVZ vector) provided herein having
an AAYV capsid polypeptide that includes an amino acid sequence set forth in Table 1 (ora
variant thercof) or Formula A can have the ability to mfect RPE cells i1 vive and deliver

exogenous nucleic acid to the infected RPE cells such that the infected RPE cells express the

(4

exogenous mucleic acid. In some cases, an AAY vector (e.g., an AAV?2 vector) provided
herein can have the ability to infect and duve mRNA expression of an exogenous nucleic
acid 1 at least about 2 percent {e.g., at least about 2.5 percent, at least about 5 percent, at
least about 7.5 percent, at least about 10 percent, or at least about 25 percent) of the RPE cells
of an cye of a maramal {¢.g., a human or a non-human primate}. In some cases, an AAY

160 vector {e.g., an AAV2 vector) provided herein can have the ability to drive alevel of mRNA
expression of an exogenous nucleic acid in RPE cells of an eve of a mammal (e.g., a haman
or a non-human primate) that is greater than {e.g., at least 10 percent greater than, at least 25
pereent greater than, at least 50 percent greater than, at least 75 percent greater than, or at

least 100 percent greater than) the level of mRNA expression of an exogenous nucleic acid

[
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driven by a comparable AAV vector having an AAY capsid polvpeptide that consists of the
amino acid sequence of SEQ ID NG {eg., a wild type AAV2 vector) in RPE cellsin a
control mammal {e.g., a control human or a control non-human primate}. In some cases, an
AAY vector {e.g., an AAV2 vector} provided herein having an AAYV capsid polypeptide that
includes an amino acid sequence set forth in Table 1 {or a variant thereof} or Formula A can
20 be used n place of the Tm8 AAV2 vector (Dalkara er ol Sci. Transl Med., 5(189):18%a76
{2013) and Bennett er o/, J. Struct. Biol., 209(2%: 107433 (2020)} or 1 place of the K912
AAV2 vector {Oztink er al | eLife, 10:264175 (2021)) to deliver nucleic acid to RPE cells.
10 another aspect, this document provides AAY vectors {e.g., AAV2 vectors)
containing a capsid polyvpeptide that includes an amino acid sequence set forth 1o Table 1 {or
25 avariant thereof} or Formula A. The AAV vectoss {e.g., AAV2 vectors) described herein
containing a capsid polypeptide that includes an amino acid sequence set forth in Table 1 {or
a variant thereof) or Formula A can have the ability to infect photoreceptor cells of the retina
in vivo and deliver exogenous nucleic acid to the infected photoreceptor cells such that the
infected photoreceptor cells express the exogenous nucieis acid. This document also
30 provides methods and materials for making and using AAV vectors {¢.g., AAV2 vectors)
having the ability to dehiver mucleic acid to photoreceptor cells of the retina.
As described herein, an AAV vector {e.g., an AAV2 vector) provided herein having
an AAY capsid polypeptide that includes an amino acid sequence set forth in Table 1{ora
variant thereof) or Formula A can have the ability to infect photoreceptor cells of the retina in
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vivo and deliver exogenous nucleic acid to the infected photoreceptor cells such that the
infected photoreceptor cells express the exogenous nucleic acid. In some cases, an AAY
vector (¢.g., an AAV2 vector) provided herein can have the ability to infect and dove mRNA
expression of an exogenous nucleic acid in at least about 2 percent {¢.g., at least about 2.5
percent, at lcast about 5 percent, at least about 7.5 percent, at least about 10 percent, or at
least about 25 percent) of photoreceptor cells of an eve of a maramal {e.g.. a human or a non-
human primate). In some cases, an AAV vector {e.g., an AAV?2 vector) provided herein can
have the ability to drive a level of mRNA expression of an exogenous nucleic acid in
photoreceptor cells of the retina of a mammal (e.g., 2 human or a non-human primate) that is
greater than {e.g., at least 10 percent greater than, at least 25 percent greater than, at least 30
percent greater than, at least 75 percent greater than, or at least 100 percent greater than) the
evel of mRINA expression of an exogenous nucleic acid driven by a comparable AAV vector
having an AAV capsid polypeptide that consists of the anuno acid sequence of SEQ ID NO: L
{e.g., awild-type AAV?2 vector) in photoreceptor cells of the retina of a control mammal
{e.g., a control human or a control non-human primate}. In some cases, an AAV vector {c.g.,
an AAV?2 vector) provided herein having an AAV capsid polypeptide that includes an amino
acid sequence set forth i Table 1 (or a variant thereof) or Formula A can be used 1 place of
the Tm& AAV?2 vector (Dalkara ef i, Sci. Transl. Med ., 5{1893:18%9ra76 (2013} and Bennelt
etal., J. Struct. Biol. 209{2):107433 (2020} or in place of the K912 AAV2 vector (Oztiirk e
al., elife, 10:e64175 (2021)) to deliver nucleic acid to photoreceptor cells of the retina.

In another aspect, this document provides AAV vectors (€.2., AAVZ vectors)
containing a capsid polypeptide that includes an amine acid sequence set forth 1n Table 1 {or
a variant thereof) or Formula A, The AAV vectors (e, AAVZ vectors) described herein
containing a capsid polyvpeptide that includes an amino acid sequence set forth 1o Table 1 {or
a variant thereof} or Formula A can have the ability to infeet retinal ganglion cells in vive and
deliver exogenous nucleic acid to the infected retinal ganglion cells such that the infected
retinal ganglion cells express the exogenous nucleic acid. This document also provides
methods and materials for making and using AAV vectors {e.g., AAV2 veetors) having the
ability to deliver nucleic acid to retinal ganglion cells.

As described berein, an AAVY vector {¢.g., an AAVZ vector) provided herem having
an AAV capsid polvpeptide that includes an amino acid sequence set forth in Table 1 {ora
variant thereof} or Formula A can have the ability to mfect retinal ganglhion cells in vive and
deliver exogenous nucleic acid to the infocted retinal ganglion cells such that the nfected
retinal ganghon cells express the exogenous nucleic acid. In some cases, an AAV vector
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{c.g., an AAV2 vector) provided herein can have the ability to infect and drive mRNA
expression of an exogenous mucleic acid in at least about 2 percent {c.g., at least about 2.5
percent, at least about 5 percent, at least about 7.5 percent, at least about 10 percent, or at

least about 23 percent) of retinal ganglion cells of an eye of amammel {e.g., ahuwnan ora

(4

non-human pumate}. In some cases, an AAV vector {¢.g., an AAVZ vector) provided herein
can have the ability to drive a level of mRNA expression of an exogenous nucleic acid in
retinal ganghon cells of a mammal {e.g., a human or a non-human primate) that is greater
than {c.g., at least 10 percent greater than, at least 25 percent greater than, at least 50 percent
greater than, at least 75 percent greater than, or at least 100 percent greater than) the level of
10 mRNA expression of an exogenous nucleic acid driven by a comparable AAV vector having
an AAY capsid polypeptide that consists of the amino acid sequence of SEQIDNO: 1 {eg..a
wild-type AAV?2 vector) in retinal ganglion cells of an eve of a control mammal {e.g.. a
control buman or a control non-human prumate). In some cases, an AAV vector {e.g., an

AAV2 vector) provided herein having an AAV capsid polyvpeptide that includes an amino

[
v

acid sequence set forth in Table 1 {or a vaniant thereof) or Formula A can be used in place of

the Tm8 AAVZ vector (Dalkara ef ¢i., Sci. Transi. Med., 5(189):189ra76 (2013} and Bennett

et al., g Struct. Biol | 209(2): 107433 (2020)) or in place of the K912 AAV? vector (Oztivk et
al.,elife, 10:¢64175 {2021} to deliver nucleic acid to photoreceptor cells of the retina.
in another aspeet, this document provides AAY vectors {e.g.. AAV2 vectors)

20 contauung a capsid polypeptide that includes an anuno acid sequence set forth in Table 1 {or
a variant thereof) or Formula A, The AAV vectors {e.g., AAVZ vectors) described herein
containing a capsid polypeptide that includes an amine acid sequence set forth 1n Table 1 {or
a variant thercof) or Formula A can have the ability to mfect bipolar cells of the retina in vivo
and deliver exogenous nucleic acid to the infected bipolar cells such that the infected retinal

25 bipolar celis express the exogenous nucleic acid. This document also provides methods and
materials for making and using AAV vectors {e.g., AAV2 vectors) having the ability to
deliver nucleie acid to bipolar colls of the retina,

As deseribed herein, an AAYV vector {e.g., an AAV?Z vector) provided herein having
an AAV capsid polypeptide that includes an aming acid sequence set forth in Table 1 {ora

30 vanant thercof) or Fornla A can have the ability to mfect bipolar celis of the retina in vivo

and deliver exogenous nucleic acid to the infected bipolar cells such that the infected bipolar

cells express the exogenous nucleic acid. In some cases, an AAV vector (8.8, an AAV2
vector) provided herein can have the ability to infect and drive oRNA expression of an
exogenous mucleic acid n at least about 2 percent {e.g., at least about 2.3 percent, at least
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about 5 percent, at least about 7.5 percent, at least about 10 percent, or at least about 25
percent) of bipolar cells of the retina of a mammal {¢.g., a human or a nop-human primate).
In some cases, an AAY vector {e.g., an AAV?2 vector) provided herein can have the ability to
drive alevel of mRNA expression of an exogenous mucleic acid in bipolar cells of the retina
of a mammal {¢.g., a human or a non-human primate} that is greater than {e.g., at least 10
percent greater than, at least 25 percent greater than, at least 50 percent greater than, at least
75 percent greater than, or at least 100 percent greater than) the level of mRNA expression of
an exogenous nucleic acid driven by a comparable AAV vector having an AAV capsid
polypeptide that consists of the amino acid sequence of SEQ 1D NG:1 {c.g., a wild-type
AAVZ vector) in bipolar cells of the retina of a control mammal {e.2.. a control human ora
control non-human primate}. In some cases, an AAVY vector {(e.g., an AAV2 vector) provided
herein having an AAV capsid polypeptide that inchedes an amine acid sequence set forth in
Table | {or a variant thercof) or Formula A can be used in place of the 78 AAV2 vector
(Dalkara er al, Sci. Transi. Med., 5(189}:189ra76 (2013} and Bennett et ol , J. Struct. Biol.,
209(2): 107433 (2020)) or in place of the K812 AAV2 vector (Outiuk er ol eLife, 10:064173
(2021)) to deliver nucleic acid to photoreceptor cells of the retina.

In another aspect, this document provides AAV vectors (e.g., AAVZ vectors)
containing a capsid polypeptide that includes an amino acid sequence set forth in Table 1 {or
a variant thereof) or Formula A, The AAV vectors (e.g., AAV2 vectors) described herein
contatning a capsid polypeptide that includes an amino acid sequence set forth in Table 1 {or
a variant thereot) or Formula A can have the ability to infect OFF-retinal ganglion cells in
vive and deliver exogenous nucleic acid to the infected OFF-retinal ganglion cells such that
the jutected OFF-retinal ganghion cells express the exogenous nucleic acid. This document
also provides methods and matenals for making and using AAYV vectors {e.g., AAV2 vectors)
having the ability to debiver nucleic acid to OFF-retinal ganghion cells.

As described herein, an AAV vector {e.g., an AAV2 vector) provided herein having
an AAV capsid polypeptide that includes an amino acid sequence set forth in Table 1 {ora
variant thereof) or Formula A can have the ability to infect OFF-retinal ganglion cells in vive
and deliver exogenous mucleic acid to the infected OFF-retinal ganglion cells such that the
infected OFF-retinal ganglion colls express the exogenous nucleic acid. In some cases, an
AAV vector {e.g., an AAV2 vector) provided herein can have the ability to infect and drive
mRNA expression of an exogenocus nucleic acid in at least about 2 percent (&.g., at least about
2.5 percent, at least about § percent, at least about 7.5 percent, at least about 10 percent, or at
least about 25 pereent) of OFF-retinal ganglion cells of a mammal (e g, a2 human or a non-

i
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human primate). In some cases, an AAV vector {e.g., an AAVZ vector) provided herein can
have the ability to drive a level of mRINA expression of an exogenous mucleic acid in OFF-
retinal ganghion cells of a mammal {e.g.. 3 human or a non-buman pruvate) that is greater

than {e.g., at least 10 percent greater than, at least 25 percent greater than, at least 50 percent

7
/
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greater than, at least 75 percent greater than, or at least 100 percent greater than} the level of
mBNA expression of an exogenous nucleic acid doven by a comparable AAV vector having
an AAV capsid polypeptide that consists of the amino acid sequence of SEQID NGO 1 {eg., a
wild-type AAVZ vector) in OFF-retinal ganglion cells of a control mammal {¢.g., a control
human or a control non-human primate). In some cases, an AAV vector {c.g., an AAVY2Z

10 wvector) provided herein having an AAV capsid polypeptide that includes an anuno acid

sequence set forth in Table 1 {or a variant thereof) or Formula A can be used in place of the

Tm8 AAVZ vector (Dalkara et af | Sci. Transi Med., 5(189):189ra76 (2013) and Bennett ef

al., J. Struct. Biol., 200(2): 107433 (2020)) or in place of the K912 AAV2 vector (Oztirk er

al., elife, 10:e64175 (20213 to deliver nucleic acid to photoreceptor cells of the retina.

[
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In another aspect, this document provides AAY vectors {¢.g., AAV2 vectors)
containing a capsid polyvpeptide that includes an amino acid sequence set forth 1o Table 1 (or
a variant thereof) or Formula A, The AAV vectors (e.g., AAV2 vectors) deseribed herein
containing a capsid polypeptide that includes an amino acid sequence set forth in Table 1 {or
a variant thereof) or Formula A can have increased packaging cfficiency, the ability to mfect
20 cells{e.g., retinal cells) in vivo ot in vitro, and the ability to deliver exogenous nucleic acid to

the nfected cells such that the infected cells express the exogenous nucleic acid. This
document also provides methods and materials for making and using AAV vectors {e.g.,
AANVZ vectors) having increased packaging ctficiency, the ability to deliver nucleic acid to
cells {e.g., retinal cells} in vive or in vitro, and the ability to drive expression of delivered
25 nucleic acid within the cells. For example, the AAV vectors {e.g., AAV2 vectors) described
herein can have a packaging efficiency greater than that of a comparable AAY vector having
an AAV capsid polypeptide that consists of the anmino acid sequence of SEQIDNO: 1 {cg., a
wild type AAV2 vector).
As deseribed berein, an AAV vector {e.g.. an AAV?2 vector) provided heremn having
30 an AAV capsid polypeptide that includes an aminoe acid sequence set forth 1o Table 1 {ora
vanant thereof) or Fornmula A can have increased packaging efficiency {(e.g., package
efficiency greater than that of a comparable AAY vector having an AAV capsid polypeptide
that consists of the anuno acid sequence of SEQ ID NO: 1 {c.g., a wild type AAV2 vecton)),
the ability to infect cells {e.g., retinal cells} in vivo or in vifro, and the ability o dnive
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exogenous mucleic acid to the infected cells such that the infected cells express the exogenous
nucleic acid. In some cases, an AAV vector {e.g.. an AAVZ vector) provided herein can have
a packaging efficiency that is greater than (e.g., at least 10 percent greater than, at least 25
percent greater than, at least 50 percent greater than, at least 75 percent greater than, or at
feast 100 percent greater than) the packaging efficiency of a comparable AAV vecior having
an AAVY capsid polypeptide that consists of the amino acid sequence of SEQIDNO: l{eg ., a
wild-type AAV2 vector). In some cases, an AAV vector {e.g., an AAV?2 vector) provided
herein having an AAY capsid polypeptide that includes an amino acid sequence set forth in
Table 1 {or a vartant thereof) or Formula A can have a packaging cfficiency greater than that
of the Tm8 AAV?2 vector (Dalkara ef ol , Sci. Transl Med ., 5(189}:18%a76 (2013} and
Bennett ef ai, J. Struct. Biol., 209(2):107433 (2020)) or the K912 AAV2 vector ({zturk ef
al.,elife, 10:e64175 (2021)).

In general, one aspect of this document features an adeno-associated virus (AAV)
vector {e.g., an AAVZ vector) comprising an AAVY capsid polypeptide, wherein the capsid
polypeptide comprises the amino acid sequence of any one of SEQ ID NQGs:2-5. The capsid
polypepiide can comprise the amino acid sequence of SEQ ID NO: 1 {or an alternative
sequence that is the amino acid sequence set forth i SEQ 1D NO:10 or that is an amino acid
sequence af least 95%. at least 96%, at least 97%, at least 98%, or at least 99% identical (o
the amino acid sequence sct forth m SEQ 1D NO: 1) except that the amine acid sequence of
any one of SEQ 1D NOs:2-5 1s located between anuno acid positions 587 and 588 of SEQ ID
NO:1 {or the appropriate amino acid posttions of the aliemative sequence). The capsid
polypeptide can comprise the amino acid sequence of SEQ ID NG 1 {or an alternative
scquence that is the amino acid sequence set forth i SEQ 1D NO: 10 or that 1s an amino acid
sequence at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to
the amino acid sequenee set forth in SEQ 1D NO: 1) except that the amino acid sequence of
SEQ 1D NG5 15 located between amino acid positions 587 and 588 of SEQ 1D NO:1 {or the
appropriate amino acid positions of the altermative sequence}. The capsid polypeptide can
comprise the amino acid sequence of SEQ ID NO:1 {or an altemative sequence that is the
amino acid sequence set forth in SEQ 1D NO:10 or that is an amino acid sequence at least
95%, at least 96%, at least 97%, at least 98%, or at least 999 identical to the anuno acid
sequence set forth in SEQ ID NG: ) except that the amino acids from position 585 to 590 of
SEQ D NO:1 {or the appropriate amino acid positions of the aliernative sequence) are
replaced with the amino acid sequence of any one of SEQ D NOs:2-5. The capsid
polypeptide can comprise the amino acid sequence of SEQ IDNO: 1 {or an altemative
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sequence that 1s the amino acid sequence set forth i SEQ ID NG: 10 or that 1s an amino acd
sequence at least 95%, at feast 96%, at least 97%, at least 98%, or at least 99% identical to
the anuno acid sequence set forth in SEQ 1D NO: ) exeept that the amno acids from position
585 to 390 of SEGQ 1D NO: 1 {or the appropriate aming acid positions of the alternative
sequence) are replaced with the amino acid sequence of SEQ 1D NG:2Z. The vector can be an
AAV2 vector. The vector can infect greater than 2.5 percent of retinal cells when a titer of at
least 1 x 107 of the vector is administered intravitreally to an eye of a human {(or a non-human
primate). The vector can comprise an exogenous nucleic acid encoding an RNA ora
polypeptide. The exogenous nucleic acid can encode an RNA. The RNA can be an siRNA
or microRNA. The exogenous nucleie acid can encode a polypeptide. The polypeptide can
be an ABCA4 polvpeptide, a CRBI polypeptide, an NPHPS polvpeptide, or an NRZE3
polypeptide. The vector can express more mucleic acid in retinal cells than the level of
expression from a comparable AAV vector comprising a capsid polyvpeptide consisting of the
amino acid sequence set forth in SEQIDNO: L

In another aspect, this document featares an AAV capsid polypeptide comprising the
amino acid sequence of any one of SEQ 1D NUs:2-5. The polvpeptide can comprise the
amino acid sequence of SEQ 1D NO: 1 (or an alternative sequence that is the amino acid
seqaence set forth in SEQ ID NG 10 or that 1s an amino acid sequence at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical to the amine acid sequence sct forth
in SEQ ID NO: 1) except that the amino acid sequence of any one of SEQ ID NOs:2-5 15
located between aming actd positions 587 and 588 of SEQ ID NG 1 (or the appropriate
amino acid posttions of the alternative sequence). The polypeptide can comprise the amino
acid scquence of SEQ 1D NG: 1 {or an alternative sequence that is the amino acid sequence
set forth in SEQ ID NG 10 or that is an amino acid sequence at least 95%, at least 96%, at
least 97%, at loast 98%, or at least 99% identical to the amine acid scquence set forth wn SEQ
I NG: 1) except that the amino acid sequence of SEQ ID NG:3 is located between aming
acid positions 587 and 588 of SEQ ID NGO 1 {or the appropniate amino acid positions of the
alternative sequence). The polypeptide can comprise the amino acid sequence of SEQ D
NO:1 {or an alternative sequence that is the anuino acid sequence set forth in SEQ 1D NG 10
ot that is an amino acid sequence at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical to the ammno acid sequence set forth in SEQ 1D NGO 1) except that the
amino acids from position 583 to 590 of SEQ D NG 1 (or the appropriate amino acid
positions of the alternative sequence) are replaced with the amino acid sequence of any one

of SEQ ID NOs:2-5. The polvpeptide can comprise the amino acid sequence of SEQ ID
i6
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NO:1 {or an alternative sequence that is the amino acid sequence set forth in SEQ D NGO
or that is an aming acid sequence at least 93%, at least 96%. at least 97%, at least 98%, or at
least 99% identical o the amino acid sequence set forth 1n SEQ ID NO:1) except that the
amino acids from position 585 to 590 of SEQ ID N1 (or the appropriate amino acid
positions of the alternative sequence, ¢.g., SEQ 1 NO:10) are replaced with the amino acid
sequence of SEQ 1D NOG:2. In some cases, the capsid polypeptide can comprise or consist of
the amino acid sequence of any of SEQ 1D NOs:11-26. An AAV vector comprising the
polypeptide can infect greater than 2.5 percent of retinal cells when a titer of at least 1 x 107
of the vector is adnunistered intravitreally to an ove of a human {(or a non-human primate).
An AAV vector comprising the polypeptide can express more nucleie acid in retinal cells
than the level of expression from a comparable AAV vector comprising a capsid polypeptide
consisting of the amino acid sequence set forth in SEQ ID NG L

in another aspect, this document features a nucleic acid molecule encoding an adeno-
associated virus (AAV} vector comprising an AAYV capsid polypeptide, wherein the capsid
polypeptide comprises the amino acid sequence of any one of SEQ ID NQGs:2-5. The capsid
polypepiide can comprise the amino acid sequence of SEQ ID NO: 1 {or an altemative
sequence that is the amino acid sequence set forth i SEQ 1D NO:10 or that is an amino acid
sequence af least 95%. at least 96%, at least 97%, at least 98%, or at least 99% identical (o
the amino acid sequence sct forth m SEQ 1D NO: 1) except that the amine acid sequence of
any one of SEQ 1D NOs:2-5 1s located between anuno acid positions 587 and 588 of SEQ ID
NO:1 {or the appropriate amino acid posttions of the alternative sequence, e.g., SEQ ID
NG: 10}, In some cases, the capsid polypeptide can comprise or consist of the amino acid
sequence of any of SEQ 1D NOs:11-26. The capsid polypeptide can comprise the amino acid
sequence of SEQ ID NG: | {or an alternative sequence that is the amino acid sequence set
forth in SEQ ID NO: 10 or that 15 an anmino acid sequence at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identical to the amino acid sequence set forth in SEG 1D
NO: 1) except that the amino acid sequence of SEQ ID NG:5 15 located between amino acid
positions 587 and 588 of SEQ ID NO:1 {or the appropriate amino acid positions of the
alternative sequence). The capsid polypeptide can comprise the amine acid sequence of SEG
T2 NO: 1 {or an alternative sequence that is the amino acid sequence set forth in SEQ 1D
NG 10 or that 1s an anmuno acid sequence at least 5%, at least 969, at teast 979%, at least
G8%, or at least 99% identical to the amino acid sequence set forth in SEQ ID NO: 1) except
that the amino acids from position 383 to 590 of SEQ ID NO:1 {or the appropriate amino acid
positions of the alternative sequence} are replaced with the amino acid sequence of any one
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of SEQ ID NOs:2-5. In some cases, the capsid polypeptide can comprise or consist of the
amino acid sequence of any of SEQ 1D NOs:27-42. The capsid polypeptide can comprise the
amino acid sequence of SEQ 13 NO:1 (or an alternative sequence that is the amino acid

sequence set forth in SEQ ID NG 10 or that 1s an amino acid sequence at least 5%, at least

(4

6%, at least 97%, at least 98%, or at least 99% identical to the amino acid sequence set forth
in SEQ ID NO: 1) except that the amino acids from position 3835 to 590 of SEQ ID NO:1 (or
the appropriate amino acid positions of the altemative sequence} are replaced with the amino
acid sequence of SEQ IDNG:2. The vector can be an AAV2 vector. The vector can nfect
greater than 2.5 percent of retinal cells when a titer of at least 1 x 107 of the vector is

10 admuustered intravitreally to an eve of a human (or a non-human prnimate). The vector can
comprise an exogenous nucleic acid encoding an RNA or a polypeptide. The exogenous
nucleic acid can encode an RNA. The RNA can be an siRNA or microRNA. The exogenous
nucleic acid can encode a polypeptide. The polvpeptide can be an ABCA4 polypeptide, a

CRBI polypeptide, an NPHPS polvpeptide, or an NR2ZE3 polypeptide. The vector can

[
v

express more nucleic acid in retinal cells than the level of expression from a comparable
AAV vector comprising a capsid polypeptide consisting of the amine acid sequence set forth
n SEQ 1D NO:1. The nucleic acid molecule can be DNA,

In another aspect, this document foatures a nucleie acid molecule encoding an AAV
capsid polypeptide comprising the amine acid sequence of any one of SEQ 1D NGs:2-5. The
20 polvpeptide can comprise the amino acid sequence of SEQ 1D NO:1 {or an altemative

seqguence that 1s the amino acid sequence set forth i SEQ ID NG: 10 or that 1s an amino acd
sequence at least 95%, at feast 96%, at least 97%, at least 98%, or at least 99% identical to
the amino acid sequence set forth in SEQ 1D NO: 1) except that the amino acid sequence of
any one of SEQ ID NOs:2-5 13 located between amino acid positions 587 and 588 of SEQ ID
25 NO:1 (or the appropriate amino acid positions of the altemative sequence}. The polypeptide
can comprise the amino acid sequence of SEQ 1D NO: 1 {or an alternative sequence that is the
amino acid sequence set forth in SEQ ID NO: 10 or that is an amino acid sequence at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to the aming acid
sequence set forth 1n SEG 1D NO: 1) oxcept that the amino acid sequence of SEQ ID NG 3 i
30 located between amuno acid positions 587 and 588 of SEQ 1D NO:1 {or the appropriate
amino acid positions of the alternative sequence). The polypeptide can comprise the amino
acid sequence of SEQ ID NG 1 {or an altermative sequence that is the amine acid sequence
set forth in SEQ 1D NO: 10 or that is an anuno acid sequence at least 953%, at least 96%, at
least 97%, at least 98%, or at least 99% identical to the amino acid sequence set forth m SEQ
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IB N(: 1) except that the amino acids from position 385 to 580 of SEQ ID NO:1 {or the
appropriate amino acid positions of the altemative sequence} are replaced with the amino
acid sequence of any one of SEQ 1D NOs:2-3. The capsid polvpeptide can comprise or

consist of the amino acid sequence of any of SEQ 1D NOs: 11-42. The polypeptide can

(4

comprise the aming acid sequence of SEQ 1D NG: 1 {or an alternative sequence that s the
amuno acid sequence set forth in SEQ 1D NO: 10 or that is an anuno acid sequence at least
5%, at least 969%, at least 97%, at least 98%, or at least 99% identical to the amino acid
sequence set forth in SEQ D NO: 1) except that the amino acids from position 585 to 590 of
SEQ ID NO:1 (or the appropriate amine acid positions of the alternative sequence) are

10 replaced with the amino acid sequence of SEQ 1D NO:2. An AAV vector comprising the
polypeptide can infect greater than 2.3 percent of retinal celis when a titer of at least 1 x 107
of the vector 1s administered indravitreally to an eve of a human {or a non-human primate}.
An AAY vector comprising the polypeptide can express more nucieic acid mn retinal cells

than the level of expression from a comparable AAV vector comprising a capsid polvpeptide

[
v

congisting of the amine acid sequence set forth in SEQ ID NO:1. The nucleic acid molecule

can be DNA.

In another aspeet, this document features a host cell comprising a nucleic acid
molecule of either of the two preceding paragraphs. The host cell can express the vector.
The host cell can express the polypeptide.

20 In another aspect, this document features a host cell comprising an AAV vector
comprising an AAV capsid polypeptide, wherein the capsid polypeptide comprises the amino
acid sequence of any one of SEQ 1D NOs:2-5. The capsid polypeptide can comprise the
amino acid sequence of SEQ I NG 1 (or an alternative sequence that is the ammno acid
sequence set forth in SEQ ID NG: 10 or that is an amino acid sequence at least 95%, at least

25 96%, at least 97%, at least 98%, or at least 99% identical to the amino acid sequence set forth
in SEG 1D NG: 1) except that the amino acid sequence of any one of SEQ 1D NGs:2-5 s
located between amine acid positions 587 and 588 of SEQ ID NG: 1 {or the appropriate
amine acid posttions of the alternative sequence). The capsid polypeptide can comprise the
amino acid sequence of SEQ 1D NG 1 {or an alternative sequence that is the aming actd

30 sequence set forth in SEQ 1D NG: 10 or that s an amino acid sequence at least 95%, at least

96%, at least 97%, at least 98%, or at least 99% identical fo the amino acid sequence set forth

i SEG ID NO: 1) except that the amino acid sequence of SEQ ID NO:3 is located between

amino acid positions 387 and 588 of SEQ 1D NO: 1 {or the appropriate amine acid posttions

of the altemative sequence}. The capsid polypeptide can compnse the amino acid sequence
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of SEQ ID NO:1 {or an alternative sequence that is the amingo acid sequence set forth in SEQ
1D NG 10 or that is an amino acid sequence aft least 95%, at least 96%, at least 97%, at least

98%, or at least 99% wdentical to the amino acid sequence set forth 1o SEQ 1D NG: 1) except

that the amino acids from position 385 to 590 of SEQ 1D NG I (or the appropriate amino acid

(4

positions of the alternative sequence) are replaced with the amino acid sequence of any one
of SEQ 1D NOs:2-5. The capsid polypeptide can comprise the amino acid sequence of SEQ
IB NG 1 {or an alternative sequence that is the anuno acid sequence set forth in SEQ ID
NG 10 or that is an aming acid sequence at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identical to the aming acid sequence set forth in SEQ 1D NG: 1) except
10 that the amino acids from position 585 to 590 of SEQ ID NO: 1 (or the appropriate amino acid
positions of the alternative sequence) are replaced with the amino acid sequence of SEQ ID
N2, The capsid polypeptide can comprise or consist of the amino acid sequence of any of
SEQ ID NOs: 11-42. The vector can be an AAV2 veetor. The vector can mtect greater than

2.5 percent of retinal cells when a titer of at least | x 107 of the vector is administered

[
v

intravitreally to an eve of a human {(or a non-human primate}. The vector can comprise an
exogenaus nuclete acid encoding an RNA or a polypeptide. The exogenous nucletc acid can
encode an RNA, The RNA can be an siRNA or microRNA. The exogenous nucleic acid can
encode a polypeptide. The polypeptide can be an ABCA4 polypeptide, a CRB1 polypeptide,
an NPHPS polypeptide, or an NR2E3 polypeptide. The vector can express more nucleic acid
20 1o retinal cells than the level of expression fron a comparable AAV vector conprising a
capsid polvpeptide consisting of the amino acid sequence set forth in SEQ IDNOG:1. The
host cell can be a retinal coll.
10 another aspect, this document features a host cell comprising an AAV capsid
polypeptide comprising the amino acid sequence of any one of SEQ ID NOs:2-5. The
25 polypeptide can comprise the amino acid sequence of SEQ ID NO:1 {or an altemative
sequence that is the amino acid sequence set forth in SEQ HP NO: 10 or that is an amino acid
sequence at least 959, at least 96%, at least 97%, at least 98%, or at least 99% 1dentical to
the amino acid sequence set forth 1n SEQ 1D NG 1) except that the amino acid sequence of
any one of SEG 1D NOs:2-5 15 located between amino acid positions 587 and 588 of SEQ 1D
30 NGl {or the appropriate amino acid positions of the altemmative sequence). The polypeptide
can comprise the ammno acid sequence of SEQ ID NO: 1 {(or an alternative sequence that is the
amino acid sequence set forth in SEQ ID NO:10 or that is an amino acid sequence at least
5%, at least 969, at least 979, at least 98%, or at least 99% identical to the amino acid
sequence set forth in SEQ ID NO: 1) except that the amino acid sequence of SEQ ID NG5

20
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located between aming actd positions 587 and 588 of SEQ ID NG 1 (or the appropriate
amino acid posttions of the alternative sequence). The polypeptide can comprise the amino
acud sequence of SEQ 1D NO: 1 {or an alternative sequence that s the amino acid sequence

set forth in SEQ 1D NG: 10 or that is an amino acid sequence at least 95%, at least 96%, at

(4

least 97%. at least 98%, or at least 99% identical to the amino acid sequence set forth in SEQ
ID NGO 1) except that the amino acids from postition 585 to 590 of SEQ ID NO:1 {or the
appropriate amino acid positions of the alternative sequence) are replaced with the amino
acid sequence of any one of SEQ ID NGs:2-5. The polypeptide can comprise the amino acid
sequence of SEG 1D NO: 1 {or an alternative sequenec that s the amino acid sequence set

10 forth in SEQ ID NO: 10 or that 1s an anmuno acid sequence at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% wdentical to the amino acid sequence set forth in SEQ 1D
NG 1) except that the aming acids from position 585 to 5390 of SEG ID NG| {or the
appropriate arino acid positions of the alternative sequence) are replaced with the amino

acid sequence of SEQ 1D NG:2. The capsid polypeptide can compnise or consist of the

[
v

amino acid sequence of any of SEQ ID NOs:11-+42. An AAV vector comprising the
polypeptide can infect greater than 2.5 percent of retinal cells when a titer of at feast 1 x 107
of the vector 1s admunistered intravitreally 1o an eve of a human {or a non-human primate).
An AAV vector comprising the polypeptide can express more nucleie acid in retinal cells
than the level of expression from a comparable AAVY vector comprising a capsid polypeptide
20 consisting of the amino acid sequence set forth in SEQ HD NO: 1. The hostcelicanbea
retinal cell.
1n another aspect, this document features a composition comprising an AAY vector
comprising an AAY capsid polvpeptide, wherein the capsid polvpeptide coraprises the amsino
acid sequence of any one of SEQ D N{Os:2-5S. The capsid polvpeptide can compnise the
25 amino acid sequence of SEQ ID NG 1 {or an alternative scquence that s the amino acid
sequence set forth in SEQ 1D NG 10 or that is an amino acid sequence at least 95%, at least
G6%, at least 979, at least 98%, or at least 99% identical to the ammo acid sequence set forth
in SEQ ID NO: 1) except that the aming acid sequence of any ong of SEQ ID NGs:2-3 15
located betweoen anuno acid positions 587 and 58% of SEQ 1D NO: 1 (or the appropriate
30 amino acid positions of the altermative sequence). The capsid polypeptide can comprise the
amino acid sequence of SEQ 1D NG 1 (or an alternative sequence that is the anuno acid
seqaence set forth in SEQ ID NG 10 or that 1s an amino acid sequence at least 95%, at least
6%, at least 97%, at least 98%, or at least 99% identical to the ammno acid sequence sct forth
in SEQ ID NGO 1) except that the amino acid sequence of SEQ TD NO:S is located between
21
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amino acid positions 587 and 388 of SE( 1D NO:1 (or the appropriate amino acid posttions
of the altemative sequence}. The capsid polypeptide can comprise the amino acid sequence
of SEQ I3 NO:1 (or an alternative sequence that 1s the anuno acid scquence set forth in SEQ

1D NG 10 or that s an amine acid sequence at least 93%, at least 96%. at least 97%, at feast

(4

8%, or at least 99% identical to the amino acid sequence set forth in SEQ ID NG 1) except
that the amino acids from position 385 to 590 of SEQ 1D NO:1 {or the appropriate amino acid
positions of the alternative sequence) are replaced with the amino acid sequence of any one
of SEQ ID NOs:2-5. The capsid polvpeptide can comprise the amingo acid sequence of SEQ
1D NO: 1 {or an alternative sequence that is the amino acid sequence set forth in SEQ D

10 NG:10 or that is an anuno acid sequence at least 95%, at least 96%, at least 97%, at least
98%, or at least 99% identical to the amino acid sequence set forth in SEQ ID NO:1) except
that the amino acids from position 585 to 590 of SEQ 1D NO:1 (or the appropriate amino acid
positions of the alternative sequence) are replaced with the amino acid sequence of SEQ 1D

NO:2. The capsid polvpeptide can comprise or consist of the amino acid sequence of any of

[
v

SEQ ID NQOs:11-42. The vector can be an AAV2 vector. The vector can infect greater than
2.5 percent of tetinal cells when a titer of at least § x 107 of the vector is administered
wntravitreally to an eve of a human (or a non-human primate}. The vector can comprise an
exogenous nucleic acid encoding an RNA or a polypeptide. The exogenous nacleie acid can
cncode an RNA. The RNA can be an siRNA or microRNA. The cxogenous nucleic acid can
20 encode a polypeptide. The polypeptide can be an ABCA4 polypeptide, a CRB1 polypeptide,
an NPHPS polypeptide, or an NRZE3S polypeptide. The vector can express more nucleic acid
in retinal cells than the level of expression from a comparable AAV vector comprising a
capsid polypeptide consisting of the amino acid sequence set forthin SEQ D NO:1. The
composition can comprise from about § x 107 to about 1 x 10" of the vector. The
25 composifion can comprise phosphate buffered saline, Hank’s Balanced Salt Solution, or
Pluronic Fo8.

In another aspect, this document features a method for delivering an exogenous
nucleic acid sequence to a retinal cell within a mammal. The method comprises {or consists
cssentially of, or consists of) contacting the retinal cell with an AAV vector comprising an

30 AAV capsid polypeptide and the exogenous nucleic acid scquence, wherein the capsid
polypeptide comprises the anuno acid sequence of any one of SEQ 1D NO¢:2-5, wherein the
AAY vector infects the retinal cell, thereby delivering the exogenous nucleic acid sequence to
the retinal cell. The capsid polypeptide can comprise the ammne acid sequence of SEQ 1D
NO:1 {or an altemative sequence that is the amino acid sequence set forth m SEQ D NG 10
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or that s an amino acid sequence at least 93%, at least 96%, at least 97%, at least 98%, or at
least 99% identical to the amino acid sequence set forth in SEQ 1D NO:1) except that the
amino acid sequence of any one of SEQ 1D NOs:2-5 is located between amino acid positions

587 and 588 of SEQ ID NO:1 {or the appropriate amino acid positions of the alternative

(4

sequence). The capsid polypeptide can comprise the amino acid seguence of SEQ 1D NG
{or an alternative sequence that 1s the amino acid sequence set forth in SEQ 1D NO:10 or that
18 an amino acid sequence at least 93%, at least 96%, at least 97%, at least 8%, or at least
9% identical to the amino acid sequence set forth in SEQ ID NO:1) except that the amino
acid scquence of SEQ 1D NG:3 1s focated between amino acid positions 587 and 388 of SEQ
10 TDNO: 1 {or the appropriate amino acid positions of the altemative sequence). The capsid
polypeptide can comprise the amino acid sequence of SEQ ID NG:1 {or an altemative
sequence that is the amino acid scquence set forth 1n SEQ D NO: 10 or that is an amino acid
sequence at cast 95%, at least 96%, at least 97%, at least 98%, or at least 99% 1dentical to

the amino acid sequence set forth m SEQ D NO: 1) except that the amino acids from position

[
v

585 10 590 of SEQ ID NO:1 {or the appropriate anuno acid positions of the alternative

sequence) are replaced with the anmino acid sequence of any one of SEQ 1D NOs:2-5. The

capsid polypeptide can comprise the anmino acid sequence of SEQ ID NO:1 {or an alternative

sequence that is the amino acid sequence set forth in SEQ ID NG 10 or that is an amino acid

sequence at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to

20 the amino acid sequence set forth m SEQ 1D NO: 1) except that the amuno acids from position
585 1o 590 of SEQ ID NG:1 {or the appropriate amino acid positions of the alternative
sequence) are replaced with the amino acid sequence of SEQ ID NG:2. The capsid
polypepiide can comprise or consist of the amino acid sequence of any of SEQ 1D NOs: 1 1-
42. The mammal can be a human (or a non-human primate). The vector can be an AAV?2

25 vector. The vector can infect greater than 2.5 percent of retinal cells when a titer of at least 1
x 107 of the vector is administered intravitreaily to an eye of a human {or a non-human
primate). The exogenous nucleic acid sequence can encode an RNA or a polvpeptide. The
exogenous nucleic acid can cneode an RNA. The RNA can be an stRNA or microRNA. The
exogenous nucleic acid can encode a polypeptide. The polypeptide can be an ABCA4

30 polypeptide, a CRBI polypeptide, an NPHP3 polypeptide, or an NR2E3 polypepuide. The

vector can express mwore of the exogenous nucleic acid sequence 1n the retinal cell than the

level of expression in a retinal cell from a comparable AAV vector comprising a capsid

polypeptide consisting of the amine acid sequence sct forth i SEQ 3 NO: 1. The method

can comprise mtravitreally administering a composition comprising the vector to the

+3
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mammal, thereby contacting the retinal cell with the vector. The composition can comprise
from about 1 x 107 to about 1 x 10" of the vector.
in another aspect, this document features a method for treating a retinal condition.

The method comprises {or consists essentially of, or consists of} contacting retinal cells of a

(4

marmmal having the retinal condition with AAV vectors comprising an AAV capsid
polvpeptide and an exogenous nucleic acid sequence, wherein the capsid polypeptide
comprises the amino acid sequence of anv one of SEQ ¥ NOs:2-5, wherein the AAV vectors
infect the retinal cells and drive expression of the exogenous nucleie acid sequence within the
retinal colls, therchy treating the retinal condition. The mammal can be a human {or a non-
10 human primate}. The retinal condition can be selected from the group consisting of LCA,
OCAIL, retimitis pigmentosa, rod/eone dystrophy, cone dystrophy, Stargardt Phsease, Usher
syndrome, XLRP, and XLRS. The capsid polypeptide can comprise the amino acid sequence
of SEQ 1D NO: 1 (or an aliernative sequence that 1s the amino acid sequence sct forth in SEQ

ID NG 10 or that 1s an amino acid sequence at least 95%, at least 96%, at least 97%, at least

[
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8%, or at least 99% identical to the aming acid sequence set forth in SEQ 1D NG:1) except
that the anmino acid sequence of any one of SEQ 1D NOs:2-5 15 located between amine actd
postitons 587 and 588 of SEQ ID NO:1 {or the appropriate amino acid posttions of the
alternative sequence}. The capsid polvpeptide can compnse the amino acid sequence of SEQ
I NO: 1 {or an alternative sequence that is the amino acid sequence set forth in SEQ 1D
20 NO:10 orthat is an amino acid sequence at least 95%, at least 96%, at least 97%, at least
8%, or at least 99% 1dentical to the aming acid sequence set forth in SEQ D NO: 1) except
that the amino acid sequence of SEQ) ID NO:S 15 located between amino acid positions 587
and 588 of SEQ 1D NO:1 (o7 the appropriate anuno actd positions of the altemative
sequence). The capsid polypeptide can comprise the amino acid sequence of SEQ 1D N1
25 {or an alternative sequence that is the amino acid sequence sot forth in SEQ ID NGO 10 or that
is an amino acid sequence at least 95%, at least 96%, at feast 97%. at least 98%. or at least
9% identical to the amino acid sequence set forth in SEQ ID NG:1) except that the amino
acids from position 585 to 390 of SE{} ID NO: 1 {or the appropriate amino acid posttions of
the alternative sequence) are replaced with the amine acid sequence of any one of SEQ D
30 NOs:2-3. The capsid polypeptide can comprise the amino acid sequence of SEQ ID NO:1 (or
an alternative sequence that is the amino acid sequence set forth i SEQ ID NG 10 or that 1s
an aming actd sequence at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identical to the amino acid sequence set forth in SEQ 1D NO: 1) except that the anuno acids
from position 585 to 590 of SEQ 1D NO:1 {or the appropriate amino acid posttions of the

24
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alternative sequence) are replaced with the amino acid sequence SEQ ID NG:2. The capsid
polypeptide can comprise or consist of the amino acid sequence of any of SEQ 1D NOs: 11-
42. The vectors can be AAVZ vectors. The vectors can nfect greater than 2.5 percent of

retinal cells when a titer of at least 1 x 107 of the vectors is administered intravitreally to an

(4

eye of the mammal. The cxogenous nucleic acid sequence can encode an RNA. The RNA
can be an siRNA or a nucroRNA. The exogenous nucleic acid can encode a polypeptide.
The polypeptide can be an ABCA4 polypeptide, a CRB1 polvpeptide, an NPHP3
polypeptide, and an NR2E3 polypeptide. The vectors can express more of the exogenous
nucleic acid sequence in the retinal cells than the level of expression in retinal cells frony a
10 comparable AAV vector comprising a capsid polvpeptide consisting of the amino acid
sequence set forth in SEQ ID NO:1. The method can comprise mtravitreally administering a
composition comprising the vectors to the mammal, thereby contacting the retinal cells with
the vectors. The composition can comprise from about | x 107 to about 1 x 10™ of the

vectors.

[
v

Unless otherwise defined, alf technical and scientific terms used herein have the same
meaning as commanty understood by one of ordinary skill in the art to which this jnvention
pertains. Although methods and materials similar or equivalent 1o those described herein can
be used to practice the invention, suitable methods and methods are deseribed below. All
pubklications, patent applications, patents, and other references mentioned herein are
20 incorporated by reference v their entirety. In case of conflict, the present specification,
including defimtions will control. In addition, the materials, methods, and examples are
iflustrative only and not intended to be limiting.

The details of one or more embodiments of the invention are set forth in the
accompanying descuption below, Other features, objects, and advantages of the invention

25 will be apparent from the description and from the claims.

DESCRIPTION OF DRAWINGS
Figure 1 1s a listing of SEQ ID NQs:11-76.
Figure 2 1s a diagram of AAVY vectors that include a wild type AAV?2 Rep polyvpeptide
30 and an indicated AAV2 capsid polypeptide engineered to include an msert sequence {e.g.,

any one of SEQ ID NQOs:2-5 or a scquence of Formula A) located between positions 587 and
588 (using SEQ ID NO:1 numbering), according to some embodiments.

Figure 3 1s a diagram of AAV vectors that include a mutant AAV2 Rep polvpeptide
{AAV2-MIT-REP} and an indicated AAV2 capsid polypeptide engineered to include an

25
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nsert sequence {e.g., any one of SEQ ID NQOs:2-5 or a sequence of Formula A) located
between positions 587 and 588 {using SEQ ID NO: 1 numbering), according to some
crabodiments.

Figure 4 s a diagram of AAV vectors that include a wild type AAVZ Rep polypeptide

(4

and an indicated AAV?Z capsid polypeptide engineered to include an insert sequence {e.3.,
any oune of SEQ 1D NOs:2-5 or a sequence of Formula A) as a replacement of ammno acid
residues at postiions 585 to 590 (using SEQ 1D NO: 1 numbering), according to some
embodiments.

Figure 3 is a diagram of AAV vectors that include a mutant AAVZ Rep polypeptide
10 (AAVZ-MIT-REP) and an indicated AAV?2 capsid polypeptide engineered to include an
nsert sequence {e.g., any one of SEQ ID NOs:2-5 or a sequence of Formuala Ayas a
replacement of amino acid residues at positions 385 to 390 {using SEQ 1D NO:1 numbering),
according to some embodiments.

DETAILED DESCRIPTION

[
v

This document provides AAV vectors {e.g., AAV2 vectors). For example, this
document provides AAV vectors (e.g., AAV2 vectors) containing a capsid palypeptide that
includes an amino acid sequence set forth 1 Table 1 {or a vanant thereof) or Formuda A,
Any appropriate AAV vector can be designed to include a capsid polypeptide described
herein {¢.g., a capsid polypeptide that includes an amino acid sequence sct forth in Table 1
20 {or avariant thereof) or Formula A). For example, AAVZ, AAVR, and AAVY can be
designed to mclade a capsid polypeptide that includes an amino acid sequence set forth in
Table 1 (or a variant thereof) or Formula A, In some cases, an AAVZ having an ACG start
codon for the AAV Rep polypeptides (e.g.. AAV2 Rep78 and Rep6 polypeptides; see, ¢.g.,
SEQ D NOs:75-76) instead of an ATG start codon {e.g., an AAV2-MIT-REP} can be

25 designed to mclude a capsid polypeptide that inclades an amino acid sequence set forth in
Table I {or a variant thercof) or Formula A.

Any appropriate AAV capsid polypeptide can be designed to include an amino acid
seqguence set forth in Table 1 {or a variant thereof) or Formula A. For example, AAV2,
AAVS, AAVE and AAVY capsid polypeptides can be designed to mclude an anuno acid

30 sequence set forth in Table | {or a vanant thereof) or Formula A, Tn some cases, an AAV2
capsid polypeptide can be designed to include an amino acid sequence set forth in Table 1 {or
a vanant thereofy or Formula A, In some cases, an AAV2 capsid polypeptide having the

following amino acid sequence can be designed to nclude an amino acid sequence set forth
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10
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int Table 1 {or a variant thereof} or Formula A:

AADGYLPDWLEDTLSEGIRQWWEKLKPGPPPPKPAERHKDD
SRGLVLPGYKYLGPFNGLDKGEPYNEADAAALEHDKAYDROLDSGDNPYLKYNHA
DAEFQERLKEDTSFGONLGRAVFQAKKRVLEPLGLVEEPVKTAPGKKRPVEHSPVEP
DSSSGTGRKAGQQPARKRLNFGQTGDADSYPDPOPLGOPPAAPSGLGTNTMATGESGA
PMADNNEGADGVGONSSGNWHCDSTWMGDRVITTSTRTWALPTYNNHLYKQISS(QS
GASNDNHYFGY STPWGYFDFNRFHCHFSPRDWOQRLINNNWGFRPKRLNFELFNIQY
KEVTONDGTTTIANNLTSTVOVFTDSEY QLPYVLGSAHQGULPPFPADVFMVPRYG
YLTLNNGSQAVGRSSFYCLEYFPSOMLRTGNNETFSYTFEDVPFHSSY AHSQSLDRL
MNPLIDOYLYYLSRTNTPSGTTTQSRLOFSQAGASDIRDOGSRNWLPGPCYRGORVSK
TSADNNNSEY SWTGATKYHLNGRDSLYVNPGPAMASHKDDEEKFFPQSGVLIFGKQG
SEKTNVDIEKVMITDEEEIRTINPVATEQYGSVSTNLORGNROAATADVYNTOQGVLPG
MVWGDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPANPSTT
FSAAKFASFITQYSTGOVSVEIEWELQGKENSKRWNPEIGY TSNYNKSVNVIRFTVDTN
GVYSEPRPIGTRYLTRNL (SEQ ID NG:1}. The two bold amino acid residues are at
postitons 587 and 582, and the underlined amino acids arce at positions 585 to 590,

In some cases, an AAV capsid polypeptide {¢.g., an AAV2 capsid polypeptide)
having the following amine acid sequence can be designed to imchude an aming acid sequence
st forth in Table 1 {or a variant thereof) or Formula A
MAADGYLPDWLEDTLSEGIRQWWERKLKPG
PPPPKPAERHKDDSRGLVLPGYKYLGPFNGLDRGEPYNXGADAAALEHDKAYDRGL
DSGDNPYLKYNHADAEFQERLKEDTSFGOGNLGRAVFQAKKRVLEPLGLVEEPYVKTA
PGKKRPYVEHSPVEPDSSSGTGRKAGQGPARKRLNFGOTGDADSVPDPOPLGQPPAAPRS
GLOTNTMATGSGAPMADNNEGADGVONSSGNWHCDSTWMGDRVITTSTRTWALP
TYNNHLYKQISSQSGASNDNHYFGY STPWGYFDENRFHCHFSPRDWQRLINNNWGF
RPKRENFKLFNIQVEKEVTONDGTTTIANNLTSTVOVFTDSEYQLPY VLGSAHQGCLP
PFPADVFMVPOQYGYLTLNNGSQAVGRSSFY CLEYFPSQMLRTOGNNFTFSY TFEDVPF
HSSYAHSQSLDRUMNPLIDOYLYYLSRINTPSGTTTOSRLGFSQAGASDIRDQSRNW
LPGPCYRQQRVSKTSADNNNSEY SWTGATKYHLNGRDSLYNPGPAMASHKDDEEK
FFPOSGVLIFGKQGSERTNVDIEKVMITDEEEIRTINPVATEQYGSVSTNLORGNRQA
ATADVNTQOGVLPGMVWQDRDVYLOGPIWARIPHTDGHFHPSPLMGGFGLKHPPPOI
LIKNTPVPANPSTTFSAAKFASFITRQYSTGQVSVEIEWELGKENSKRWNPEIYTENY
NKSIGNVDFTVDTNGVYSEPRPIGTRYLTRNL, wherein X is E or A, and wherein X3 is
V or I (SEQ ID NG:10).
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In some cases, an AAV capsid polypeptide {e.g., an AAV?Z capsid polypeptide} that i3

at least 953%. at least 96%, at least 97%, at least 98%, or at least 99% identical to the amino

>

actd sequence set forth 1o SHEQ 1D NO: 1 can be designed to include an amino acid sequence

set forth in Table 1 {or a variant thereof} or Formuda A,

(4

in some cases, certain AAVZ sequences contemplated herein can include
modifications or mutations of SEQ 1D NO: 1 such as a V7081 and/or E6TA substitution.

When designing an AAV capsid polypeptide {e.g., an AAVZ capsid polvpeptide) to
inclhude an amino acid sequence set forth in Table 1 {or a variant thereof) or Formula A, that
included amine acid sequence can be located at any appropriate focation along the AAV
10 capsid polypeptide {c.g., the AAV2 capsid polypeptide}. For example, an amino acid
sequence set forth in Table 1 {or a variant thercof} or Formula A soach as any one of SEQ 1D
NOs:2-5 can be located between the naturally-oocurring amino acid residues at positions 387
and 588 of an AAV capsid polypeptide {c.g., an AAVZ capsid polypeptide}, can be located

between the naturallv-ocourring amino acid residuces at posttions 452 and 433 of an AAV

15 capsid polvpeptide (c.g., an AAV?2 capsid polypeptide), or can be located between the
naturally-occurring anmino acid residucs at positions 433 and 454 of an AAV capsid
polypeptide (¢.g., an AAV2 capsid polvpeptide).

Table | Amino acid sequences that can be inserted into an AAV capsid polypeptide.
Amino Acid SEQ ID | Nucleie Acid Sequence encoding the Amino Acid SEQ D
Sequence NO: Sequence NO:
EGSGRN 2 FAGGGCAGCGGCCGGAAL 6
AEGSGRN 3 GCAGAGGGCAGCGGCCGGAAL 7
LAEGSGRN | 4 {TAGCAGAGGGUAGUGGCCGGAAL 8
LAEGSGRNA | § CTAGCAGAGGGCAGCGGCCGGAACGCT 9
20

As described herein, an AAY vector can be designed to have an AAV capsid
polyvpeptide that includes an amino acid sequence msert of Formula A, For example, an
AAV vector can be designed to have an AAV capsid polypeptide of SEQ ID NG:1 {oran
alternative sequence that is the amino acid sequence set forth in SEQ ID NG 10 orthat is an

25 amino acid sequence at least 953%, at least 969, at least 97%, at least 98%, or at least 99%
wdentical to the amino acid sequence set forth in SEQ ID NGO 1) that includes an amune acid

sequence insert of Foromula A located between amino acid positions 587 and 588 of SEQ 1D
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NO:1 {or the appropriate amino acid positions of the alternative sequence). Formula A can
be as follows:
-LI-HGSGRN (SEQ ID NG 2)-L2-,

wherein L1 and L2 are each independently optional anmino acid linkers having one, two, or
three amino acids. In some cases, L1, L2, orboth L1 and L2 can be absent. In some cases,
L1 can be one amino acid X1, two anuno acids X2-X1, or three amino acids X3-X2-X1.
When X1 1s present, it can be an amino acid residue selected from the group consisting of A,
V, L and L. When X2 15 present, it can be an amino acid residue selected from the group
consisting of A, V, L and L. When X3 is present, it can be an amino acid residuc sclected
from the group consisting of A, V, [, and L. In some cases, L2 can be one amino acid 21,
two amino acids £1-72, or three amino acids Z1-Z2-Z3. When Z1 i present, it can be an
amino acid residue selected from the group consisting of A, V. {, and L. When Z2 is present,
it can be an amino acid residue selected from the group consisting of A, V. 1 and L. When
Z3 1s present, it can be an anmino acid residue selected from the group consisting of A, V, 1,
and L. Examples of an L1 linkers inchlude, without mitation, A, V, L, L. AA, AV, AL AL,
VA, VV, VL VL, IA, IV, [ TL, LA, LV, LL LL, AAA, AAY, AAL AAL, AVA, AVV, AVL
AVL, ATA, ATV, AT ATL, ALA, ALV, ALL ALL, VAA, VAV, VAL VAL, VVA VVV,

VL VVL, VIA, VIV, VIL VIL, VLA, VLV. VLL VLL, IAA, TAV, IAL IAL, IVA, IVV,
WL VL, HA BV, OL UL LA LY ILL B, LAA LAV, LAL LAL LVA LVV, LVL
LVL, LIA, LIV, LI LIL, LA LLV, LLL and LLL. Examples of an L2 linkers include,
without imitation, A, V, L L, AA AV, AL AL VA VYV, VL VL IA IV, IL L LA LYV LL
LL. AAA, AAV, AAL AAL, AVA, AVV, AVL AVL. ATA, ATV, AIL AIL, ALA. ALV,
ALL ALL, VAA VAV, VAL VAL, VVA, VVV_ VVIL VVL, VIA VIV, VI}, VIL, VLA,
VLV, VLL VLL. IAA, TAV, IAL IAL. IVA, IVV, TVL VL, TA. TV, TIL, T7L, LA, TV, TLL
ILL, LAA, LAV, LAL LAL, LVA LYV LVL LVE LIA LIV, LH LIL, LLA LLV, LLL
and LLL.

In some cases, an AAV?Z capsid polypeptide provided herein can have the sequence
set forth in SEQ 1D NG:1 {or an alternative sequence that 1s the amino acid sequence set forth
in SEQ ID NQ: 10 or that 1s an amino acid sequence at least 95%, at least 96%, at least 97%,
at least 98%, or at least 99% identical to the amino acid sequence set forth in SEQ 1D NO: D)
with an anuino acid sequence set forth in Table | (or a variant thereof) or Formula A inserted
between asparagine-387 and arginine-388 {or the appropriate amino acid positions of the
altemative sequence) (see, ¢.g., Figures 2-3). In some cases, an AAVZ capsid polvpeptide
provided herein can have the sequence set forth in SEQ ID NG:{ {or an altemative sequence
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that i3 the anino acid sequence set forth in SEQ ID NG 10 or that is an amino acid sequence

at least 953%. at least 96%, at least 97%, at least 98%, or at least 99% identical to the amino

acid soquence set forth o SEQ 1D NO: 1) with an anuno acid sequence set forth i any one of

SEQ 1D N3s:2-5 {or a vanant thereof) inserted between asparagine-387 and argimine-588 (or

(4

the appropriate amino acid positions of the altemative sequence).

In some cases, when designing an AAY capsid polvpeptide {e.g., an AAV?Z capsid
polypeptide) to include an amino acid sequence set forth in Table 1 {or a variant thereof) or
Formuda A, that included amino acid sequence can be used to replace one or more naturally-
occurring aming actd residucs located at any appropriate location along the AAV capsid
10 polypeptide {¢.g., the AAV?2 capsid polypeptide). For example, an amino acid sequence set
forth in Table 1 {or a variant thereof} or Formula A such as any one of SEQ I NOg:2-5 can
be used to replace the naturally-occurring amino acid resudues at positions 385 to 590 of an
AAY capsid polvpeptide (¢.g.. an AAV2 capsid polypeptide) (see, ¢.g., Figures 4-5),

In some cases, an AAVZ capsid polvpeptide provided herein can have the sequence

[
v

set forth in SEQ ID NO:1 {or an alternative sequence that is the aming acid sequence set forth
i SEQ ID NO:10 or that is an amino acid sequence at least 939%, at least 96%, at least 97%,
at least 98%, or at least 99% 1dentical to the amino acid sequence set forth in SEQ ID NO: 1)
except that the aminoc acid residass at positions 583 to 590 (or the appropriate amine acid
posttions of the alternative sequence) are replaced with an anine acid sequence set forth in
20 Table I {or a vanant thereof) or Formula A, In some cases, an AAV?2 capsid polypeptide
provided herein can have the sequence set forth in SEQ ID NG:1 {(or an altemative sequence
that is the amino acid sequence sct forth in SEQ 1D NO: 10 or that is an amino acid sequence
at least 93%, at least 969, at least 97%, at lcast 98%, or at least 99% identical to the amino
acid sequence set forth in SEQ ID NG: 1) with the exception that amino acid residues 385 to
25 390 (or the appropriate amino acid positions of the altemative sequence) are replaced with the
amino acid sequence set forth in any one of SEQ 1D NOs:2-5 {or a variant thereof).

In some cases, an AAV capsid polypeptide {e.g., an AAV?Z capsid polypeptide) can be
designed to mclade two or more amino acid sequences set forth in Table 1 {or a vanant
thereof) or Formula A, For cxample, an AAV capsid polypeptide {c.g., an AAVZ capsid

30 polypeptide) can be designed to include two or three amine acid sequences set forth in Table
i {or a variant thercof) or Formula A.

As described herein, an AAV capsid polvpeptide (e.g., an AAV2 capsid polypeptide)
can be designed to mchade an amimo acid sequence st forth in Table | {or a variant thercof)
or Formula A. A variant of an amino acid sequence set forth in Table I refers to an amino
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acid sequence that is identical to that amino acid sequence set forth n Table 1 except that it
has one, two, or three amino acid additions, deletions, substitutions, or combinations therecf.
For example, a varant of SEQ 1D NO:Z can be SEQ 1D NG:2 except that it has one, two, or
three amino acid additions, deletions, substitotions, or combinations thereof. In some cases, a
variant provided herem can be the amino acid sequence set forth in any one of SEQ ID
NOs:2-3 except that it contains one, two, or three anino acid additions. In some cases, a
variant provided heremn can be the amino acid sequence set forth i any one of SEQ ID
NGs:2-5 except that it contains one, two, or three aminoe acid deletions. fn some cases, a
variant provided hercin can be the amine acid sequence set forth 1o any one of SEQ [D
N(s:2-5 except that it contains one, two, or three amine acid substifutions. In some cases, a
variant provided herein can be the amino acid sequence set forth in any one of SEQ ID
NOs:2-5 except that it contains one amino acid addition, deletion, or substitution. In some
cases, a vatant provided herein can be the amino acid sequence set forth i any one of SEQ
1D N(s:2-3 except that 1t contains two amino acid additions, deletions, substitutions, ora
combination thereof. In some cases, a vartant provided herein can be the amino acid
sequence set forth in any one of SEQ 1D NOs:2-35 except that ¢ contains three amino acid
additions, deletions, substitutions, or a combination thereof.

In some cases, an amino acid substitution present 10 a vanant can be a conservative
amino acid substitution. For cxample, conservative amino acid substitutions can be made by
substituting one amuno actd residue for another anuno acid residue having a simiar side
chain. Families of amino acid residues having similar side chains can include amino acids
with basic side chains {¢.g., lysine, arginine, histidine}. acidic side chains (¢.g., aspartic acid,
glutamic acid), uncharged polar side chains (¢ g., glveine, asparagione, ghitamine, seting,
threonine, tyrosing, cysteine), non-polar side chans (¢ g., alanine, valine, leucine, isoleucine,
prohine, phenyialanine, methionine, trvptophan), beta-branched side chains (e.g., threonine,
valine, isoleucine), and aromatic side chains {e.g ., tyrosing, phenylalanine, tryvptophan,
histidine).

In some cases, an amino acid substitution present m a variant can be a non-
conservative aming acid substitution. Non-conservative amino acid substitutions can be
made by substituting one amino acid residue for another amino acid residue baving a
dissimilar side chain. Examples of non-conservative substitutions include, without linitation,
substituting (3} a hydrophilic residue (g.g., serine or threomne} for a hydrophobic residue
{c.g., leucine, isoleucine, phenylalanine, valine, or alanine); (b} a cysteine or proline for any

other residue; (¢} a residue having a basic side chain {e.g., lvsine, arginine, or lustidine) fora

(%)

i
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residae having an acidic side chain {¢.g., aspartic acid or ghitamic acid): and {d} a residue
having a bulky side chain {2.g., phenylalanine) for glyveine or other residue having a small
side chain,

The percent sequence identity between a particular amine acid sequence and an amino

(4

acid sequence referenced by a particular sequence identification mumber is determined as
follows. First, an amino acid sequence is compared to the sequence set forth in a particular
sequence identitication nuraber using the BLAST 2 Sequences (BlZseq) program from the
stand-alone version of BLASTZ containing BLASTP version 2.0.14. This stand-alone
version of BLASTZ can be obtained from Fish & Richardson’s web site {0.g.,

10 www . frcom/blast’y or the U.S. government’s National Center for Biotechnology Information
web site (www nebinlm nth gov). Instructions explaiming how to use the BiZseq program
can be found in the readme file accompanying BELASTZ. BiZseq performs a comparison
between two scquences using either the BLASTN or BLASTP algorthun. BLASTN is used

to compare mucleic acid sequences, while BLASTP 15 used to compare amino acid sequences.

[
v

To compare two amino acid sequences, the options of BlZseqg are set as follows: -1issettoa
file containing the first amino acid sequence to be compared (e.g., Clseqltxt) -j issetto a
file containing the second amino acid sequence to be compared {e.z., Clseq? txt); ~p 15 setio
blastp; -0 is setto any desired file name {e.g., Cloutput.txt); and all other options are left at
their default setting. For exampie, the following command can be used to generate an output
20 file containing a comparison between two amino acid sequences: CI\Bl2seq - ¢lsegl ixt +
chseqZ.txt -p blastp -o el\outputtxt. [fthe two compared sequences share homology, then the
designated output file will present those regions of homology as aligned sequences. fthe
two corapared sequences do not share homology, then the designated output file will not
present aligned sequences. Once aligned, the number of matches is determined by counting
25 the number of positions where an identical amino acid residue is presented in both
sequences. A matched position refers to a position in which an identical amino acid residue
occurs at the same position in aligned sequences. The percent sequence identity 1s
determined by dividing the number of matches by the length of the sequence set forth in the
identified sequence (e.g., SEQ 1D NO: 1), followed by multiplyving the resulting value by
30 100. Forcxample, an ammno acid sequence that bas 725 matches when aligned with the
sequence set forth in SEQ ID NG: I 1s 98.6 percent wdentical to the sequence set forth in SEQ
[B NG (1e., 725 + 735 % 100 = 98.6). | is noted that the percent sequence identity value i3

rounded to the nearest tenth. For example, 78.11, 7812, 7813, and 78.14 is rounded down to

[
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78.1, while 78.15, 78.16, 78.17, 78.18, and 78.19 15 rounded up to 78.2. H also is noted that
the length value will always be an mteger.
Methods for generating an amino acid sequence vanant can include site-specific

mutagenesis or random mutagenesis (2.g., by PCR) of a nucleic acid encoding an AAV capsid

(4

polypeptide. See, for example, Zoller, Curr Opin. Biotechnol 3: 348-354 (1992).

The AAY vectors {e.2.. AAV2 vectors) described herein can be designed to include
one or more exogenous nucleic acid sequences. For example, an AAV vector {e.g., an AAV2
vector) described herein can be designed to include an exogenous nucleic acid sequence that
encodes an RNA of mterest and/or a polypeptide of interest. An exogenous nucleic acid
10 sequence can be designed to encode any appropriate RNA of interest. Examples of RNAs of
interest that can be encoded by an exogenous nucleic acid sequence designed to be included
within an AAY vector provided herein nchude, without imitation, siRNAs, RNA
components for gene editing, and microRNAs. In some cases, an RNA of interest that can be

encoded by an exogenous nucleie acid sequence included within an AAV vector provided

[
v

herein can be SIRNA-027 to treat, ¢.g., sub-foveal CNVM secondary to age-related macular

degeneration {see, ¢.g., NCT00363714), Cand5/Bevasiranub to treat, ¢.g., diabetic macular

edema (sce, ¢.g., NCTO0306904), PF-04523655 to treat, ¢.g., diabetic macular edema (sce,

e.g., NCT01445899), QPI-1007 to treat, e.g., optic nerve atrophy in NAION (see, ¢.g.,

NCTO1064505), Aganirsen to treat, ¢.g., ischemic CRVO to provent neovascular glavcoma

20 (soe, eg., NCT02947867), QR-~421a to treat, e.g., retinitis pigmentosa/Usher syndrome type 2
{sce, c.g., NCTO3780257), QR-1123 to treat, e.g., antosomal dontinant retinitis pigmentosa
(see, e.g., NCT04123626), IONIS-FB-LRx to treat, e.g.. geographic atrophy secondary to
age-related macular degencration (see, e.g., NCTO3815825), or Sepofarsen/QR-~110 to treat,
e.g., Leber’s congenital amaurosis {(see, e.g., NCT03913143).

25 An exogenous nucleic acid sequence can be designed to encode any appropriate
polypeptide of interest. Examples of polvpeptides of interest that can be encoded by an
exogenous nucleic acid sequence designed to be included withan an AAY veetor provided
herein include, without limitation, therapeutic polypeptides, trophic factor polypeptides, gene
editing polypeptides (¢.g., a Cas9 polypeptide, a TALEN polypeptide, or a zine finger

30 polypeptide), enzviaes, optogenetic tool polvpeptides (e .g., a ChR polypeptide, an NhpR

polypeptide, or a ReachR polypeptide}, antibodies, antibody domains {¢.g., VH domains),

cytokines, anti-angiogenic polvpeptides, and nearoprotective polvpeptides. Examples of
polypeptides of ntcrest that can be encoded by an exogenous nucleic acid sequence desigued

1o be mcluded within an AAV vector provided herein include, without limitation, an ABCA4

(5]
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polypeptide, a CRB1 polypeptide, an NPHPS polypeptide, an NR2E3 polypeptide, a PDESA
polypeptide, a PDESB polypeptide, a PDESC polvpeptide, a PRPF31 polypeptide, a RPE6GS
polypeptide, a RPGR polypeptide, a RS 1 polypeptide, a TYR polypeptide, a USH2A
polypeptide, a MYQ7A polypeptide, an REPT polypeptide, an OPNILW polypeptide, an
OPNIMW polypeptide, a CNGA3 polypeptide, a CNGB3 polypeptide, a GUCYZD
polvpeptide, a GACALA polypeptide, a GNATZ polypeptide, a PDESH polypeptide, a
PROMI polypeptide, a PRPH2 polypeptide, a CRX polypeptide, an NPHPS polvpeptide, an
EYS polypeptide, an NDB4 polypeptide, a CLN1-14 polypeptide {2.g., a CLN3 polypeptide, a
CLNS3 polypeptide, a CLNG polypeptude, or a CLNR polypeptide}, an NY X polypeptide, a
GRMS polypeptide, a TRPM 1 polvpeptide, a GPR179 polyvpeptide, an LRIT3 polypeptide, a
glial cell dertved neurotrophic factor (GDNF} polypeptide, a bram-derived neurotrophic
factor {BDNF) polypeptide, a fibroblast growth factor (FGF) polypeptide, a truncated rod-
derived cone viability factor (RACVF) polypeptide, a full-length rod-derived cone viability
factor (RACVFL) polypeptide, an X-linked inhibitor of apoptosis (XIAP) polvpeptide, a
sohible fms-related receptor tyrosine kinase 1 (sFLT} polypeptide, a CYP4V2 polypeptide, a
palovtoy] protein thioesterase | polypeptide, a trpeptidyl peptidase 1 polypeptide, a
DNAJCS polypeptide, a MEFSDS polypeptide, a cathepsin D polypeptide, a granulin
polypeptide, an ATPI3AZ polvpeptide, a cathepsin F polypeptide, a KOCTD7 polypeptide, a
“P” gene polypeptide, a TRPI polypeptide, a MATP (SLC45A2) polypeptide, a SLCZ4A3
polvpeptide, a LRMDA polypeptide, a GPR 143 polypeptide, an RPGR-exon 1-ORF135
polypeptide, an USH2b polvpeptide, an USHIC polypeptide, a CDH23 polvpeptide, a
PCDHI1S polypeptide, a SANS polypeptide, an USH1H polypeptide, a CIB2 polypeptide, an
USHIK polypeptide, an ADGRV1 polypeptide, a WHRN polypeptide, a PDZADT
polypeptide, a CLRN1 polypeptide, a HARS polypeptide, an RP2 polypeptide, a FAMI161
polypeptide, a DLK polypeptide, a RHO polypeptide, a CHM polypeptide, a BEST]
polypeptide, a RP1 polypeptide, an OPAIL polypeptide, a CEP290 polypeptide, a RDH12
polypeptide, a CACNALF polvpeptide, a BBST polypeptide, a FAM161A polypeptide, a
CERKL polvpeptide, a PRPFS polypeptide, a RPILI polypeptide, a SNRNP200 polypeptide,
an IMPG2 polypeptide, a CDHR I polypeptide, an IMPDHI polypeptide, a UNGB1
polypeptide, a MERTK polvpeptide, a KOCNV2 polypeptide, an ATPL1 polypeptide, a
RPGRIPI polypeptide, a TULPL polypeptide, a C2ORF7! (aka PCARE) polypeptide, a
MAK polvpeptide, a TIMP3 polypeptide, a GUCATA polvpeptide, an ALMST polypeptide, a
BBS10 polypeptide, an IFT 140 polypeptide, a CNGAT polypeptide, a NMNATT polypeptide,
a COL2A | polypeptide, an EFEMPI polvpeptide, a WFST polypeptide, a RDHS polypeptide,
34
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a PRPF3 polypeptide, a LRPS polyvpeptide, a TOPORS polvpeptide, a BHDDS polypeptide, a
LLCAS polypeptide, an IQUBI polypeptide, a RP9 polypeptide, an ATXNT polypeptide. a
BBS2 polypeptide, a SAG RLBP! polvpeptide, a NDS (MT-ND6) polypeptide, a CIQTNES
polypeptide, a VPS13B polypeptide, a KIF11 polypeptide, a MT-TL1 polypeptide, a KEHL7
polypeptide, an ACO2 polypeptide, a (21orf2 (aka CFAP410) polypeptide, an AHII
polvpeptide, a KIZ polypeptide, a SPATAT polypeptide, a TTLLS polvpeptide, an HGSNAT
polvpeptide, a NRL polypeptide, an OAT polvpeptide, a FLYCRI polypeptide, an ABCCo
polypeptide, a LRAT polvpeptide, a CEP78 polypeptide, a CDH3 polypeptide, a FZDB4
polypeptide, a BBS12 polypeptide, an HK1 polypeptide, a PRDMI3 polypeptide. an
ADAMS polvpeptide, a BBS7 polypeptide, a CABP4 polypeptide, an ABHD2 polypeptide,
a COLIBAT polypeptide, a MEFRP polvpeptide, a RIMS1 polypeptide, a ROMI polypeptide,
a BBS4 polypeptide, an IMPG1 polypeptide, an INPPSE polypeptide, a VCAN polypeptide, a
POCIEB polypeptide, a RAXZ polypeptide, a TSPANIZ polypeptide, a CACNAZD4
polypeptide, a JAGT polypeptide, a MKKS polvpeptide, a NPHP4 polyvpepude, a BBSY
polypeptide, a COL11A1 polypeptide, an ELOVLA4 polypeptide, a NIDIP polypeptide, a
NPHPI polypeptide, a RGR polypeptide, a BBSS polypeptide, a WDRI19 polypeptide, a
C8ORFE37 polvpeptide, a CTNNAT polypeptide, a LAMPZ polypeptide, a PEX 1 polypeptide,
a PHYH polvpeptide, an ATF6 polvpeptide, a PRPSI polypeptide, a SEMA4A polypeptide,
an ARLG polypeptide, a CNNM4 polvpeptide, an OTXZ polypeptide, a PRPFS polypeptide, a
RBP3 polypeptide, a PNPLAS polypeptide, a SLC24A1 polypeptide, an USHIG polypeptide,
a PITPNMS3 polvpeptide, a TTCS polypeptide, an ARSG polvpeptide, a CWC27 polyvpeptide,
a DRAM?2 polypeptide, a PRCD polypeptide, a REEPS polypeptide, a SSBP1 palypeptide, a
LAMA] polypeptide, a RAB2S polvpeptide, a ZNF408 polypeptide, a GNAT] polypeptide,
an IDH3A polypeptide, a PBE6G polypeptide, a PEXG6 polypeptide, a TUB polypeptide, a
CEP250 polypeptide, a FSCN2 polypeptide, a GRK1 polypeptids, a RBP4 polypeptide, a
RD3 polypeptide, an AGBLS polypeptide, a CAPNS polypeptide, an IFT172 polypeptide, a
KCNIL3 polypeptide, a PAX2 polypeptide, a CC2D2A polypeptide, a HMON| polypeptide,
a MT-ATP6 polypeptide, a RCBTB1 polvpeptide, an ARL2BP polypeptide, a CA4
polypeptide, a DFNB31 polypeptide, a GNB3 polypeptide, a MMACHC polvpeptide, a
PRPF4 polypeptide, a RGS9 polypeptide, an ARHGEF 18 polvpeptide, a KIAA1549
polypeptide, a MKS1 polvpeptide, a MTTP (not MT-TP) polypeptide, a PLK4 polvpeptide, a
RPGRIPIL polvpeptide, a SBUCAGR polvpeptide, a SRD3A3 polypeptide, a TUBB4B
polypeptide, an ADAMTS1S polypeptide, an ARL3 polypeptide, a COL11AZ polypeptide. a
MVK polypeptide, a NBAS polvpeptide, an OFD1 polypeptide, a P3H2 polypeptide, a
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RGSOBE polypeptide, a CSPPI polypeptide, an ITMZB polypeptide, a PANK2 polypeptide,
a PEX7 polypeptide, a POMGNT! polypeptide, a SLC4AT polypeptide, a TMEMZ31
polypeptide, a TRNTI polypeptide, a TUBGCPS polypeptide, a ZNF313 polypeptide. an
AFG3L2 polypeptide, an ARL13B polypeptide, a8 C5ORF42 {aka CPLANEL) polypeptide, a
COLYAT polypeptide, a CTSD polypeptide. a DTHD! polypeptide, a DY NC2H1
polvpeptide, an IFT81 polvpeptide, a KIAAQ386 polypeptide, a MFN2 polypeptide, a
NPHP3 polypeptide, a PCYTIA polypeptide, a PEX12 polypeptide, a PLAZGS polypeptide,
a POCS polypeptide, a SCAPER polvpeptide, a SLC25A46 polypeptide, a TMEM237
polypeptide, a TRAF3IP1 polypeptide, a TTC218B polypeptide, a TUBGCP4 polypeptide, an
ADIPORI polypeptide, a CEP164 polypeptide, a CLCCT polvpeptide, a COLSA2
polypeptide, a CTNNBI polypeptide, a DHX3S polypeptide, a GNPTG polypeptide, a GRN
polypeptide, a GUCALB polypeptide, an IFT27 polypeptide. an IFT74 polypeptide, a
KIAAQSS6 polypeptide, a LRP2 polypeptide, a MAPKAPKS polypeptide, a MIRZ204
polypeptide, a MT-ND3 polvpeptide, a MT-RNRI polypeptide, a MT-TS2 polypeptide, a
ND3 (MT-ND3} polvpeptide, a NEK2 polypeptide, an OPNI1SW polypeptide, a PEX13
polypepiide, a PEXZ polvpeptide, a RHBDD2 polvpeptide, a SAMD L polypeptide, a
SCLTI polypeptide, a SLETA 14 polypeptide, a TCTNI polvpeptide, a TCTNZ polypeptide,
a TLCD3B polypeptide, a TREXT polypeptide, a TTPA polypeptide, an UNCH19
polypeptide, a WDPCP polypeptide, an ACBDS polypeptide, an AHR polvpeptide, an
ARMUCO polypeptide, an ASRGL1 polypeptide, an ATOHT polypeptide, a BOD1 polypeptide,
a BOD¥ polypeptide, a BBIPI polypeptide, a C120RF65 polypeptide, a CZCD3 polypeptide,
a C5ARZ polypeptide, a CCDC18S polypeptide, a CCT2 polypeptide, a CEP104 polypeptide,
a CEP120 polypeptide, a CEP19 polypeptide, a CEP4 1 polypeptide, a CISD2 polypeptide, a
CLUAP! polypeptide, a COLYAS polypeptide, a CRB2 polvpeptide, a CTCT polypeptide, a
DACT2 polypeptide, a DDR1 polypeptide, an ENSA polvpeptide, an ESPN polypeptide, an
EXOSC2 polypeptide, a FBN3 polypeptide, a GIF6 polypeptide, a GPR12S5 polypeptide, a
HKDC] polypeptide, a HMX 1 polypeptide, an IDH3B polypeptide, an IFT43 polypeptide, an
IFT80 polypeptide, an INVS polvpeptide, a KIAAO7S3 polypeptide, a KIF3B polypeptide, a
KIF7 polypeptide, a LRRTM4 polypeptide, a LZTFL1 polypeptide, a MT-ATPE polypeptide,
a MT-CO1 polypeptide, a MT-CO2 polypeptide, a MT-CO3 polypeptide, a MT-CYB
polypeptide, a MT-ND2 polvpeptide, a MT-ND4L polypeptide, a MT-RNR2 polypeptide, a
MT-TA polypeptide, a MT-TC polypeptide, a MT-TD polvpeptide, a MT-TE polypeptide, a
MT-TF polypeptide, a MT-TG polvpeptide, a MT-TH polypeptide, a MT-T1 polypeptide, a
MT-TK polypeptide, a MT-TL2 polypeptide, a MT-TM polvpeptide, a MT-TN polvpeptide,
36
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a MT-TP (Not MTTP) polypeptide, a MT-TQ polvpeptide, a MT-TR polyvpeptide, a MT-T51
polypeptide, a MT-TT polypeptide, a MT-TV polypeptide. a MT-TW polypeptide, a MT-TY
polypeptide, a NEUROD polypeptide, a PDESD polypeptide, a PEX10 polypeptide, a
PEX11B polvpeptide, a PEX14 polypeptide, a PEX 16 polypeptide, a PEX19 polvpeptide, a
PEXZ6 polypeptide, a PEX3 polvpeptide, a PEXS polvpeptide, a PGK1 polypeptide, a PISD
polvpeptide, a PPP2ZR3C polypeptide, a PROST polypeptide, a PSENT polypeptide, a RDH1T
polvpeptide, a RRM2B polypeptide, a SMARCA4 polypeptide, a SPP2 polvpeptide, a
TCTNS polvpeptide, a TEADI polypeptide, a TMEM107 polvpeptide, a TMEMI138
polypeptide, a TMEM2 16 polypeptide, a TMEMG67 polypeptide, a TPP1 polypeptide, a
TRIM32 polypeptide, a USP45 polvpeptide, and a ZNF423 polypeptide.

In some cases, one or more AAV vectors provided herein can be designed to carry out
gene editing within one or more cells {e.g., retinal cells). Such gene editing can resuft in a
genoroic modification of one or more cells. Examples of such genomic modifications
include, without limitation, a targeted insertion of a nucleic acid encoding an RNA and/or
polypeptide of interest into one or more cells, a targeted modification (e.g., targeted
tnactivation or knock-out} of a genomic sequence of one or more cells, and a targeted
replacement of nucleic acid {e.g., nucleic acid encoding an RNA,| a regulatory nucleie acid
sequence, and/or nucleic acid encoding a polypeptide of interest) within one or more cells.

Any appropniate gene editing components can be enginecred into one or more AAV
vectors provided herein such that those one or more AAV vectors can be used to deliver the
gene editing components to target cells {e.g., one or more retinal cells) within 2 mammal
{c.g., a human or a non-human primate) in a manner effective to edit the genome of those
cells. Typically, the gene cditing components include, without limitation, a component that is
capable of cleaving genomie nucleic acid at a desired location and an optional donor nucleic
acid designed to be inserted mnto that desired location once it is cleaved. Any appropriate
rare-cutting endonucicase can be used to cleave genomic nucleic acid at a desired location.
Examples of such rare~cutting endonucleases include, without himitation, meganucleases,
transcription activator-hike effector {TALE} nucleases (TALENs™, Cellectis, Paris, France),
zinc-finger-nucleases (£FNs), and endonucleases of a clustered rogularly imterspaced short
palindronuc repeats (CRISPR)Y/Cas system (e.g., endonucleases of a CRISPR/Cas 9 system).
See, e.g., Baker, Nasure Methods, 9:23-26 (2012); Intemational PCT Patent Application
Publication No. WO 2004/067736; International PCT Patent Application Publication No. WO
2011/072246; U S. Patent No. 8,586,363, Porteus and Carroll, Nature Biorechnol., 23:967-
973 (2005); hinek ef ol , Scienice, 337:816-821 (2012); Mali er al, Science, 339:823-526
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(2013} La er ., Nature Biotechnology, 31(8):688-691 (2013}, and Makarova ef o/, Nai. Rev.
Microhiol , %6y467-477 (20113}
in some cases, to facilitate gene replacoment, two sequences in genomie nucleic acid

of a cell {e.g., a retinal cell} ~ one on either side of a sequence to be removed — can be

(4

targeted for endonuclease cleavage. For example, a first target sequence adjacent to the 57
end of a sequence to be removed and a second target sequence adjacent to the 3”7 end of the
sequence to be removed can be targeted by guide RNAs to enable Cas9® cleavage or can be
targeted by TALENs designed to specifically recognize those targets. Delivery using one or
more AAY vectors provided herein of (a) endonucleases targeted to the genomic DNA and
10 (b} a donor nucleic acid construct can allow cleavage at both genomic targets, removal of the
sequence between the genomic targets, and nsertion of the donor sequence into the location
of the deletion.

An AAV vector {€.g., an AAV2 vector) provided herein can include any appropriate

promoter and/or other regulatory sequence {¢.g., enhancers, transcription mitiation sites,

[
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translation initiation sites, and termination signals) operably linked an exogenous nucleic acid
sequence designed to be expressed. In some cases, a promoter used to drive expression can
be a constitutive promotor, a regulatable promotor, a tissue-specific promoter, or a viral
promotor. Examples of constitutive promotors that can be used as described herein inchude,
without Himitation, SV40 promotors, CMV promotors, and EIALPHA promotors. Exampics
20 of regulatable promoters that can be used as described herein include, without linitation,
inducible promotors and repressible promotors. Examples of tissue-specific promotors that
can be used as described herein include, without imitation, rhodopsin promotors, cone
arrestin promotors, and synapsin prosotors. Exaraples of viral promotors that can be used as
described herein include, without hmitation, adenoviral promotors, vaccinia virus promotors,
25 CMYVY promotors {e.g., immediate carly CMV promotors), and AAVY promoters.

In some cases, an AAY vector {¢.2., an AAVZ vector) provided herein can inchude a
total number of nucleotides up to about 3 kb. In some cases, an AAV vector {e.g., an AAV2
vector) provided herein can include a total number of nucleotides that is from about 1 kb to
about 3 kb, from about 1 kb to about 4 kb, from about 1 kb to about 3 kb, from about 2 kb to

33 about 5 kb, from about 2 kb to about 4 kb, from about 2 kb to about 3 kb, from about 3 kb o
about 5 kb, from about 3 kb to about 4 kb, or from about 4 kb to about 35 kb.

An AAV vector {e.g., an AAVZ vector) described herein containing an AAVY capsid
polypeptide {¢.g., an AAV2 capsid polypeptide) that includes an amino acid sequence set

forth in Table 1 {or a vaniant thereof) or Formula A can have the ability to infect retinal cells

o
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{¢.g., retinal ganghion cells) 7n vive and deliver exogenous nucleic acid sequence to the
infected retinal cells such that the infected retinal cells express the exogenous nucleic acid
scquence. In some cases, an AAVY vector (.., an AAV?2 vector) provided herein can have
the ability to infoct and drive RNA expression of an exogenous nucleic acid sequence in more
retinal cefls of a mammal {e.g., a wman or a non-human primate} when compared to wild-
type AAV2. o some cases, an AAV vector (.2, an AAV?2 vector) provided herein can have
the ability to drive a level of RNA expression of an exogenous nucleic acid sequence in
retinal cells of a mammald (e.g., 3 human or a non-human primate) that is greater than the
level of RINA expression of an exogenous nucleic acid sequence driven by a control AAV
vector {e.g., wild-type AAV2) having an AAV capsid polypeptide that consists of the amino
acid sequence set forth m SEQ ID NG 1 1 retinal cells of a control mammal (e.g., a control
human or a control non-human primate).

Exaroples of retinal cclls that can be infocted by an AAV vector {e.g., an AAV2
vector) described herein containing an AAV capsid polypeptide {e.g., an AAV2 capsid
polypeptide} that inchudes an amino acid sequence set forth in Table 1 {or a vanant thereof)
ot Formula A include, without imitation, retinal ganglion cells, retinal pigment epithelium
cells, photoreceptor cells, bipolar cells, amacrne cells, Muller ghia, and horizontal cells.

This document also provides compositions containing one or more AAV vectors
provided herein {¢.g., one or more AAV2 vectors provided berein). For example, one or
more AAV vectors provided herein {e.g., one or more AAV2 vectors provided herein) can be
formulated as a phanmaceutical composttion for administration to a mammal {¢.g., 2 human
or a non-human primate} to treat that mammal. In some cases, one or more AAV vectors
provided herein {¢.g., ouc or more AAV?2 vectors provided herein) can be forowlated as a
pharmaceutical composition for admimstration 1o a mammal {¢.g., a human or a non-human
primate} to deliver an exogenous nucleic acid sequence o retinal cells {e.g., retinal ganghion
cells} for expression within retinal cells. For example, an AAY vector (2.5, an AAV2
vector) provided herein can be formulated as a pharmaceutical composition for
administration to a mammal {e.g. a human or a non-human primate}. In some cases, a
pharmaceutical composition provided herein can include a pharmaceutically acceptable
carrier such as a buffer, a salt, a surfactant, a sugar, a tonicity modifier, or combinations
thereof as, for example, described elsewhere (Gervast ef o, Fur J. Pharmaceutics and
Biopharmaceutics, 131:8-24 (2018)). Examples of pharmaceutically acceptable carriers that
can be used to make a pharmaceutical composttion provided hercin include, without
Iimtation, water, lactic acid, citric acid, sodium chionde, sodinm cifrate, sodium succinate,
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sodium phosphate, a surfactant {e.g., polysorbate 20, polysorbate 80, or poloxamer 1883,
dextran 40, or a sugar {¢.g., sorbitol, mannitol, sucrose, dextrose, or trehalose), or
combinations thereof. For exanmple, a pharmaceutical composition designed to include an
AAV vector {e.g., an AAV?2 vector) provided herein can be formulated to include a buffer
{c.g., an acetate, citrate, histidine, succinate, phosphate, or hvdroxymethyl-aminomethane
{Tris) buffer), a surfactant {¢.g., polysorbate 20, polysorbate 80, or poloxamer 188), and a
sugar such as sucrose. Other ingredients that can be included within a pharmaceutical
composition provided herein include, without limitation, amino acids such as glycine or
arginine, antioxidants such as ascorbic acid, methionine, or ethylencdiammetetraacetic acid
{(EDTA}, or combinations thereof,

in some cases, when a pharmaceustical composition is formulated to include one or
more AAV vectors {¢.g., one or more AAVZ vectors) provided herem, any appropriate titer of
the AAV vectors can be used. For example, a pharmaceutical composition provided herein
can be formulated to have AAV vectors {e.g., AAVZ vectors) provided herein at a titer that is
greater than 1x107 {e.g., greater than 1 = 10%, greater than 1 x 10, greater than 1 x 107,
greater than 1 x 10", greater than 1 x 10°2, greater than 1 x 107, or greater than 1 x 10'). In
some cases, a pharmaceutical composition provided herein can be formulated fo have AAV
vectors {e.g., AAV?2 vectors) provided herein at a titer that is from about 1x107 to about
1x10' (e g., from about | x 107 to about 1 x 10Y, from about 1 x 107 to about 1 x 10%, from
about 1 x 107 to about 1 x 10, from about | x 107 to about 1 x 10", from about 1 x 10% 10
about 1 x 10, from about 1 x 107 to about I x 10", from about 1 x 10" to about 1 x 1044,
from about 1 x 10% to about 1 x 10, or from about 1 x 10° to about 1 x 10'h).

A pharmaceutical composition provided heren can be m any appropriate form. For
example, a pharmaceutical composition provided herein can be designed to be a liquid, a
semi-solid, or a solid. In some cases, a pharmaceutical composition provided herein can be a
feguid solution {¢.g., an injectable and/or infusible solution), a dispersion, a suspension, a
tablet, a pill, a powder, a microemulsion, a iposome, or a supposttory. In some cases, a
pharmaceutical composition provided hersin can be lyophilized. In some cases, a
pharmaceutical composition provided hercin {¢.g., a pharmaceutical composition that
includes one or more AAY vectors provided hercin such as one or more AAV?2 vectors
provided herein) can be formulated with a carner or coating designed to protect against rapid
release. For example, a pharmaceutical composition provided heroin can be formulated as a

controlled release fornwmlation or as a regulated release formulation as described elsewhere
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(U.S. Patent Application Publication Nos. 2019/0241667; 2019/0233322; and
2019/0233498).
This document also provides nucleic acid molecules encoding an AAV capsid

polypeptide that includes an amino acid sequence set forth in Table 1 {or a variant thereof) or

(4

Formula A. In some cases, a nucleic acid molecule can be designed to encode an AAY
capsid polypeptide that includes an amino acid sequence that is encoded by a DNA sequence
set forth in Table 1 {¢.g., any one of SEQ 1D NOs:6-93.

This document also provides nucleie acid molecules encoding an AAV vector {e.g.,
an AAV2 vector) described heremn. For example, an isolated nucleie acid molecule can be
10 designed to encode one or more AAV vectors provided herein {e.g., an AAV having an AAV
capsid polypeptide that includes an amino acid sequence set forth in Table 1 {or a variant
thereof} or Formuda A). In some cases, a nucleic acid molecule can be designed to encode an
AAYV veector baving an AAY capsid polypeptide that includes an amino acid sequence that is

encoded by a DNA sequence set forth in Table 1 {e.g., any one of SEQ 1D NQGs:6-9).

[
v

This document also provides host cells containing a nucleic acid molecule provided
herein. For example, a host cell can be designed to include a nucleic acid molecule encoding
an AAV capsid polypeptide described heremn and/or a nucleic acid molecule encoding an
AAY vector described herein. In some cases, a host cell can be designed to mnclade a mucleic
acid molecule encoding an AAV capsid polypeptide that ncludes an aming acid sequence set
26 forth in Table 1 {or a variant thereof) or Formula A, In some cases, a host cell can be
designed to mclade a nucleic acid molecule encoding an AAV vector having an AAY capsid
polypeptide that includes an amino acid sequence set forth in Table 1 {or a vanant thereof) or
Forowila A. Examples of host cells that can be designed to include a sucleic acid molecule
encoding an AAV capsid polypeptide described herein and/or a nucleic acid molecule

25 encoding an AAV vector described herein include, without limitation, HEK293T cells
{(ATCC), 293AAV cells (Cell Biolabs), NEB 5-alpha cells, TakaraBio Stellar cells, and
MegaX cells. Any appropriate method can be used to introduce a nuclete acid molecule
provided herein {e.g., a nucleic acid molecule encoding an AAV capsid polypeptide
described heorein and/or an AAV vector described herein} into a cell. For example, viral

30 transfoction, electroporation, transient transfoction, and gene gun techniques can be used to

wmtroduce a nucleic acid molecule provided herein into a cell.

This document also provides methods and materials for making an AAV vector {e.g.,
an AAV?Z vector) provided herein. For example, this document provides methods and
materials for making AAV vectors {e.g., AAV2 vectors) containing an AAV capsid
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polypeptide that includes an anino acid sequence set forth in Table 1 {or a vanant thereof} or
Fornmula A. As described herein, an AAV vector can be constructed to include an AAY
capsid polypeptide that includes an amino acid sequence st forth in Table 1 {or a vanant

thereof} or Formula A. Any appropriate method can be used to construct an AAV vector

(4

having an AAY capsid polypeptide {¢.g., an AAVZ capsid polypeptide} provided herein {e.g.,
a capsid polypeptide that includes an amino acid sequence set forth in Table 1 (or a vanant
thereof) or Formula A). For example, molecular cloning and AAV vector production
technigues such as those described elsewhere can be used to construct and prodace an AAY
vector having an AAY capsid polypeptide {c.g., an AAV2 capsid polypeptide) provided

10 herein {see, e.g., Sambrook ef al., Molecular Cloning: A Laboratory Manual, 2nd edition,
Cold Spring Harbor Laboratory, NY {1989); Ausubel ef ¢f., Current Protocols in Molecular
Biclogy, Green Publishing Associates and John Wiley & Sons, New York, N.Y. {1994);
Gricger ef al., Nat. Protoc., 1{3):1412-28 (2006); and Flannery ef ol , Methads Mol Biol,,

935:351-69 (2013)). In some cases, AAV vectors can be produced m HEK293T cells

[
v

{ATCC) or 293AAYV cells (Cell Biolabs) using a double or triple transfection method (sce,
¢.g., Grieger ef al., Nat. Proroc., 13 1412-28 (2006); and Flannery er al., Methods Mol
Biod., 935:351-69 (2013)).
This document also provides methods and materials for using an AAVY vector (e.g., an
AAV?2 vector) provided herein. For example, this document provides methods and materials
20 forusing AAY vectors (0.g., AAVZ vectors) containing an AAV capsid polypeptide that
includes an amino acid sequence set forth in Table 1 {or a variant thereof) or Formula A, As
described herein, an AAY vector provided herein can be used to infect retinal cells {e g,
retinal ganghion cells) i vivo and to deliver an exogenous nucleic acid sequence to the
mfected retinal cells such that the infected retinal cells express the exogenous nucleic acid
25 seguence.
In some cases, an AAY vector {e.g., an AAVZ vector) provided herein {e.g., an AAV
vector containing an AAV capsid polypeptide that includes an amino acid sequence set forth
int Table 1 {or a variant thereof} or Formula A) can be used to treat a retinal condition {e.g., a
retinal disease). For example, an AAV vector {c.g., an AAVZ vector) provided herein that is
30 designed to contain and drive expression of an exogenous nucleic acid sequence encoding an
RNA and/or polypeptide capable of treating a retinal condition {e.g., a retinal discase) can be
administered to a mammal (e.g., a human or a non-human primaie) having a retinal condition
in a manner such that the AAV vector (a) infects retinal cells (e.g., retinal ganglion cells) and
{(b) drives expression of the delivered exogenous nucleic acid i the infected retinal cells,
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thereby reducing the severity of one or more symptoms of the retinal condition and/or
slowing the progression of the retinal condition.

As described berein, an AAVY vector {e.g.. an AAV?2 vector) provided herem can be
designed to mchude and drive expression of an exogenous nucleic acid sequence encoding
any appropriate RNA of mterest and/or polypeptide of inderest. When an AAV vector
provided herein s designed to treat a retinal condition {¢.g., a retinal disease), an exogenous
nucleic acid sequence that encodes an RNA and/or polyvpeptide capable of treating the retinal
condition can be mchuded within the AAV vector. Examples of RNAs that can be encoded
by an exogenous nucleic acid sequence designed to treat a retinal condition {¢.3., a retinal
discase} and designed to be included within an AAV vector provided herein inchude, without
limitation, SIRNA-027 to treat, e.g., sub-foveal CNVM secondary to age-related macuolar
degeneration (see, e.g., NCT00363714), Cand5/Bevasiranib to treat, e.g., diabetic macular
cdema (see, e.g., NCTO0306904), PF-04523635 1o treat, ¢.g., diabetic macular edema (see,
¢.g., NCT01445899), QPI-1007 to treat, e.g., optic nerve atrophy i NAION (sec, eg.,
NCT01064503), Aganirsen to treat, .., ischemic CRVO to prevent neovascular glaucoma

(see, e.g., NCT02947867), QR-421a to treat, ¢ g., retinitis pigrentosa/Usher syndrome type 2

s

(see, e.g., NCTO3780257), QR-1123 o treat, ¢.g., autosomal dominant retinitis pigmentosa
(see, e.g., NCT04123626), IONIS-FB-LRx to treat, ¢.g., geographic atrophy secondary (o

age-related macular degeneration {sce, ¢.g., NCT038135825), and Sepofarsen/QR-110 to treat,
c.g.. Lebet’s congenital amaurosis (see, ¢.g., NCT03913143}. Examples of polypeptides that
can be encoded by an exogenous nucleic acid sequence designed to treat a retinal condition
{c.g., a retinal disease) and designed to be included within an AAY vector provided herein
nclude, without limitation, av ABCA4 polypeptide, a CRB1 polypeptide, an NPHPS
polypeptide, an NR2E3 polypeptide, a PDEGA polypeptide, a PDEGE polvpeptide, a PDESC
polypeptide, a PRPF31 polypeptide, a RPESS polypeptide, a RPGR polypeptide, a RS
polypeptide, a TYR polypeptide, a USH2A polypeptide, a MYGTA polypeptide, an REP1
polypeptide, an OPNILW polypeptide, an OPN1IMW polypeptide, a CNGAS polypeptide, a
CNGB3 polvpeptide, a GUCY 2D polypeptide, a GACALA polypeptide, a GNAT2
polypeptide, a PDESGH polypeptide, a PROMI polypeptide, a PRPHZ polypeptide, a CRX
polypeptide, an NPHPS polypeptide, an EY'S polypeptide, an NDM polypeptide, a CLNI-14
polypeptide {e.g., a CLN3 polypeptide, a CLNS polypeptide, a CLNG polypeptide, or a CLN3
polypeptide), an NYX polypeptide, a GRMS6 polypeptide, a TRPMI polypeptide, a GPR179
polypeptide, an LRIT3 polypeptide, a glial cell derived neurotrophic factor (GDNF)
polypeptide, a brain-denved nearotrophic factor (BDNF) polypeptide, a fibroblast growth

47
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factor (FGF} polypeptide, a truncated rod-derived cone viability factor {RACVE) polvpeptide,
a full-length rod-derived cone viability factor (RACVELY} polypeptide, an X-linked inhibitor
of apoptosis {X1AP) polypeptide, a scluble fims-related receptor tyrosine kinase 1 (sFLTD)
polypeptide, a CYP4V2 polypeptide, a palmitoyl protein thioesterase 1 polypeptide, a
tripeptidyl peptidase 1 polypeptide. a DNAJCS polypeptide, a MFSDS polypeptide. a
cathepsin D polypeptide, a granulin polypeptide, an ATP13AZ polvpeptide, a cathepsin F
polvpeptide, a KCTD7 polypeptide, a “P” gene polypeptide, a TRPI polypeptde, a MATP
{(SLC435A2) polypeptide, a SLC24A5 polypeptide, a LRMDBA polypeptide, a GPR143
polypeptide, an RPGR-cxon 1-ORF15 polypeptide. an USH2b polypeptide, an USHIC
polypeptide, a CDH23 polypeptide, a PCDH I3 polypeptide, a SANS polypeptide, an USHIH
polypeptide, a CIB2 polypeptide, an USHIK polypeptide, an ADGRV1 polypeptide, a
WHRN polypeptide, a PDZD7 polypeptide, a CLRN1T polypeptide, a HARS polypeptide, an
RP? polypeptide, a FAM161 polypeptide, a DLK polypeptide, a RHO polypeptide, a CHM
polypeptide, a BESTI polypeptide, a RPI polypeptide, an OPAT polvpeptide, a CEP290
polypeptide, a RDHI2 polypeptide, a CACNAIF polypeptide, a BBS1 polypeptide, a
FAMIS1A polvpeptide, a CERKL polypeptide, a PRPFR polypeptide, a RPIL 1 polypeptide,
a SNRNP200 polypeptide, an IMPGZ polypeptide, a CDHRI polvpeptide, an IMPDHI
polypeptide, a UNGB1 polypeptide, a MERTK polypeptide, a KOCNV2 polypeptide, an
AIPLI polypeptide, a RPGRIP1 polypeptide, a TULP] polypeptide, a C2ORFT71 (aka
PCARE) polypeptide, a MAK polypeptide, a TIMP3 polvpeptide, a GUCATA polypeptide,
an ALMS]! polypeptide, a BBS10 polypeptide, an IFT140 polypeptide, a CNGAL
polypeptide, a NMNATI polypeptide, a COL2AT polypeptide, an EFEMPL polypeptide, a
WEST polypeptide, a RDHS polypeptide, a PRYF3 polypeptide, a LRPS polypeptide. a
TOPORS polypeptide, a DHDDS polypeptide, a LCAS polyvpeptide, an IQCBI polypeptide, a
RPY polypeptide, an ATXNT polypeptide, a BBS2 polypeptide, a SAG RLBP1 polypeptide, a
ND6 (MT-ND6) polypeptide, a CHITNFS polypeptide, a VPS13B polypeptide, a KIF11
polypeptide, a MT-TL1 polypeptide, a KLHL7 polypeptide, an ACO2 polypeptide, a C21orf2
{aka CFAP410) polvpeptide, an AHI1 polypeptide, a KIZ polypeptide, a SPATA7
polypeptide, a TTLLS polypeptide, an HGSNAT polypeptide, a NRL polypeptide, an OAT
polypeptide, a FLYCRI polypeptide, an ABCCG polypeptide, a LRAT polypeptide, a CEPTE
polypeptide, a CDH3 polypeptide, a FZD4 polypeptide, a BBS12 polvpeptide, an HK1
polypeptide, a PRBM13 polypeptide, an ADAMS polypeptide, a BBS7 polypeptide, a
CABP4 polvpeptide, an ABHDI12 polypeptide, a COLI8A1 polypeptide, a MFRP
polyvpeptide, a RIMS T polypeptide, a ROM!I polypeptide, a BBS4 polypeptide, an IMPGH

44



(4

10

[
v

20

WO 2023/192463 PCT/US2023/016871

polypeptide, an INPPSE polypeptide, a VCAN polvpeptide, a POCIB polvpeptide, a RAX2
polypeptide, a TSPANIZ polypeptide, a CACNAZD4 polypeptide. a JAGI polypeptide, a
MEKS polypeptide, a NPHP4 polypeptide, a BBSY polypeptide, a COL11AL polypeptide, an
ELOVLA polypeptide, a NDP polvpeptide, a NPHP!I polypeptide, 3 RGR polypeptide, a
BBSS polypeptide, a WDRI1S polypeptide, a CRBORF37 polypeptide, a CTNNAT polypeptide,
a LAMP? polypeptide, a PEX 1 polypeptide, a PHYH polypeptide, an ATF6 polypeptide, a
PRPSI polypeptide, a SEMA4A polypeptide, an ARLS polypeptide, a CNNM4 polypeptide,
an OTX2 polypeptide, a PRPFS polyvpeptide, a RBP3 polypeptide, a PNPLAG polypeptide, a
SLCZ4A1 polypeptide, an USHIG polypeptide, a PITPNMS3 polypeptide, a TTCR
polypeptide, an ARSG polypeptide, a CWC27 polypeptide, a DRAM?2 polypeptide, a PRCD
polypeptide, a REEPS polypeptide, a SSBP1 polypeptide, a LAMAL polypeptide, a RAB28
polypeptide, a ZNF408 polypeptide. a GNATI polypeptide, an IDH3A polypeptide, a
PDESG polvpeptide, a PEXS polypeptide, a TUB polypeptide, a CEP230 polypeptide, a
FSCN2 polypeptide, a GRK polypeptide, a RBP4 polypeptide, a RD3 polypeptide, an
AGBLS polypeptide, a CAPNS polvpeptide, an IFT172 polypeptide, a KCNJ3 polypeptide,
a PAXZ polvpeptide, a CC2D2A polypeptide, a HMCNI polypeptide, a MT-ATP6
polypeptide, a RUBTBI polvpeptide, an ARL2BP polypeptide, a CA4 polypeptide, a
DFNB31 polypeptide, a GNB3 polypeptide, a MMACHC polvpeptide, a PRPF4 polypeptide,
a RGSY polypeptide, an ARHGEF18 polypeptide, a KIAA1549 polypeptide, a MKS1
polvpeptide, a MTTP (not MT-TP) polypeptide, a PLK4 polypeptide, a RPGRIPIL
polypeptide, a SDCCAGS polvpeptide, a SRB5A3 polvpeptide, a TUBB4B polypeptide, an
ADAMTS 18 polypeptide, an ARL3 polypeptide, a COL1IAZ polypeptide, a MYK
polypeptide, a NBAS polypeptide, an OFD1 polypeptide, a P3H2 polypeptide, a RGSOBP
polypeptide, a CSPPI polypeptide, an TTM2B polypeptide, a PANKZ polypeptide, a PEX7
polypeptide, 3 POMGNTI polypeptide, a SLC4AT polvpeptide, a TMEM231 polypeptide, a
TRNTT polypeptide, a TUBGCPS polyvpeptide, a ZNF513 polypeptide, an AFG3L2
polypeptide, an ARL13B polypeptide, a CS5ORF42 (aka CPLANET1) polvpeptide, a COLSAL
polypeptide, a CTSD polypeptide, 3 DTHDI polypeptide, a BYNC2HI polypeptide, an
[FTRT polypeptide, 2 KIAAOGSE6 polypeptide, a MFNZ polypeptide, a NPHP3 polypeptide, 2
PCYTIA polypeptide, a PEX12 polypeptide, a PLA2GS polypeptide, a POCS polypeptide, a
SCAPER polypeptide, a SLLC25446 polypeptide, a TMEM237 polypepiide, a TRAF3IPI
polypeptide, a TTC21B polypeptide, a TUBGCP4 polypeptide, an ADIPOR1T polypeptide, a
CEP 164 polypeptide, a CLCCH polypeptide, a COLYA2 polypeptide, a CTNNBI
polypeptide, a DHX38 polvpeptide, a GNPTG polypeptide, a GRN polypeptide, a GUCA 1B
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polypeptide, an IFT27 polvpeptide, an IFT74 polypeptide, a KIAAD356 polypeptide, a LRP2
polypeptide, a MAPKAPKS polypeptide, a MIR204 polypeptide, a MT-ND3 polypeptide, a
MT-RNRI polvpeptide, a MT-T52 polypeptide, a NDS (MT-ND35) polypeptide, a NEK2
polypeptide, an OPNISW polypeptide, a PEXI3 polvpeptide, a PEX2 polypeptide, a
RHEBDDZ polypeptide, a SAMDI I polypeptide, a SCLTI polvpeptide, a SLC7A1T4
polvpeptide, a TCTN I polvpeptide, a TCTN2 polvpeptide, a TLCD3R polypeptide, a TREX]
polvpeptide, a TIPA polypeptide, an UNC119 polypeptide, a WDPCP polypeptide, an
ACBDS polvpeptide, an AHR polyvpeptide, an ARMCSY polypeptide, an ASRGL1
polypeptide, an ATOH? polypeptide. a B9D1 polypeptide, a BOD2 polypeptide, a BBIP
polypeptide, a C120RF6S polypeptide, a C2CD3 polypeptide, a C5AR? polvpeptide, a
CCBC18S polvpeptide, a CCT2 polypeptide, a CEP104 polypeptide, a CEP120 polypeptide,
a CEPI9 polypeptide, a CEP41 polypeptide, a CISD?2 polypeptide, a CLUAP! polypeptide, a
COLYA3 polypeptide, a CRBZ polvpeptide, a CTCI polypeptide, a DACT? polypeptide, a
DDR1 polvpeptide, an ENSA polvpeptide, an ESPN polvpeptide, an EXOSC2 polypeptide, a
FBN3 polypeptide, a GDF6 polypeptide, a GPR125 polypeptide, a HKDCH polypeptide, a
HMX1 polypeptide, an ITVH3B polypeptide, an IFT43 polvpeptide, an IFT80 polypeptide, an
INVS polvpeptide, a KIAAOTS3 polyvpeptide, a KIF3B polypeptide, a KIF7 polypeptide, a
LRRTM4 polypeptide, a LZTFLL polypeptide, a MT-ATPS polypeptide, a MT-CO1
polypeptide, a MT-CO2Z polypeptide, a MT-CO3 polypeptide, a MT-CYB polypeptide, a MT-
ND2 polypeptide, a MT-ND4L polypeptide, a MT-RNR2 polvpeptide, a MT-TA polypeptide,
a MT-TC polypeptide, a MT-TD polypeptide, a MT-TE polypeptide, a MT-TF polvpeptide, a
MT-TG polypeptide, a MT-TH polypeptide, a MT-T1 palypeptide, a MT-TK polypeptide, a
MT-TL2 polypeptide, a MT-TM polypeptide, a MT-TN polvpeptide, a MT-TP (Not MTTP)
polypeptide, a MT-TQ polypeptide, a MT-TR polypeptide, a MT-TS1 polvpeptide, a MT-TT
polypeptide, a MT-TV polypeptide, a MT-TW polypeptide, a MT-TY polypeptide, a
NEUROGD! polypeptide, a PDEOSD polypeptide, a PEX10 polypeptide, a PEX11B
polypeptide, a PEX14 polypeptide, a PEX16 polypeptide, a PEX19 polypeptide, a PEX26
polypeptide, a PEX3 polypeptide, a PEXS polypeptide, a PGK1 polypeptide, a PISD
polypeptide, a PPP2R3C polypeptide, a PROSIT polypeptide, a PSEN1 polypeptide, a RDHIL
polypeptide, a RRMZB polypeptide, a SMARCA4 polypeptide, a SPP2 polypeptide, a
TCTN3 polypeptide, a TEAD polypeptide, a TMEMIO7 polypeptide, a TMEMI38
polypeptide, a TMEMZ2 16 polypeptide, a TMEMG67 polvpeptides, a TPP1 polvpeptide, a
TRIM32 polypeptide, a USP45 polypeptide, and a ZNF423 polvpeptide.

46



WO 2023/192463 PCT/US2023/016871

Any appropriate retinal condition {e.g., a retinal disease) can be treated using an AAY
vector (2.g.. an AAV?2 veotor) provided heremn {e.g., an AAV vector containing an AAY
capsid polypeptide that includes an amino acid sequence st forth in Table 1 {or a variant

thereof) or Formula A and an exogenous nucleic acid sequence encoding a therapeuntic RNA

(4

and/or polypeptide). Exaraples of such retinal conditions include, without Himitation, Leber
congenital amaurosis (LLCA), Leber hereditary optic neuropathy (LHON), oculocutancous
albimism type 1 (OCA L), retimitis pigmentosa, rod/cone dystrophy, cone dystrophy, rod
dystrophy, Stargardt Discase, Usher syndrome, X-hinked retinitis pigmentosa (XLRP}, X-
linked retinoschisis (XLRS), choroideremia, achromatopsia, blue cone monochromacy, color
10 blindness, glaucoma, optic atrophy, Batten discase, congenital stationary might blindness
(CSNB), macular degeneration, CRB1-related retinal dystrophy, and foveal cone dystrophy.
Examples of therapeutic RNAs and polypeptides that can be delivered using an AAV
vector provided hercin to treat particular retinal conditions are sot forth m Tables 2 and 3.

Examples of genomic nucleic acids that can be inactivated and/or knocked out to treat

[
v

particalar retinal conditions using onc or more AAY vectors provided herein that are
desigoed to deliver gene editing components are set forth in Table 3. Examples of genomic
nucleic acids of disease causing alleles that can be replaced with healthy alicles to treat
particular retinal conditions using one or more AAV vectors provided herein that are

designed to deliver gene editing components are sct forth in Table 3.

20 Table 2. Examples of therapeutic polypeptide for treating retinal conditions.

Retinal Condition Examples of therapeutic polypeptides
Stargardt Discase ABCA4

Leber congenital amaurosis 8 CRBI

{.eber congenital amaurosis NPHPS
Retinitis pigmentosa 37 NRZE3
Rod/Cone dystrophy PDESA/PDEGB
Rod/Cone dystrophy PDEGe
Retintiis pigmentosa 11 PRPF31

Leber congenttal amaurosis 2 RPESS
X-linked retinitis pigmeniosa RPGR
X-linked retinoschisis RS1
Oculocutancous albinism type 1 TYR
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mutations m the CIDHZ3 gene

Usher syndrome PCDHIS
Usher syndrome USH2a
Usher syndrome USHZb
Usher syvadrome, subtype IB caused by MYQOT7A
mtations in the MYQ7A gene

Usher syndrome, subtype IC caused by USHIC
mmtations in the USHIC gene

Usher syndrome, subtype 1D caused by CDH23

Usher syndrome, subtype 1D-F caused by
mutations in the PCDH1S and/or CDH23

PCDHIS and/or CDH23

muutations in the USHZA

gencs

Usher syndrome, subtyvpe IF caused by PCDHIS
mutations in the PCDH1S gene

Usher syndrome, subtype 16 caused by SANS
mutations in the SANS gene

Usher syndrome, subtvpe TH caused by USHIH
mutations i the USHIH gene

Usher syndrome, subtvpe 1 caused by CiB2
mutations i the C1BZ gene

Usher syndrome, subtype 1K caused by USHIK
mutations in the USHIK gene

Usher syndrome, subtvpe A, caused by USHZA

Usher syndrome, subtvpe HC caused by

mutations in the ADGRV 1 gene

ADGRV1

Usher syndrome, subtype 1D caused by

mutations i the WHRN gene

WHRN

Usher svndrome, subtype 1 caused by
mutations in the GPRIY and/or PDZDT
genes (ADGRV1 is also known as GPRYE)

GPRYE and/or PDZDYT

Usher syvadrome, subtype HIA caused by

mutations in the CLRNI gene

CLRNI
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Usher syndrome, subtype UIB caused by

mutations in the HARS gene

IHB, caused by mutations i the HARS

gene

Retinitis pigmentosa

One or more trophic factors

Leber congenital amaurosis

One or more trophic factors

Achromatopsia

CNGA3, CNGB3, and/or PDEGH

Any blindmg discase

Optogenetic tools: Chr, NhpR, ReachR,

and/or others

Blue cone monochromacy

OPNILW and/or OPNIMW

Cone dystrophy

GNATZ

Cone-rod dystrophy

PDEGC and/or PROMI

Table 3. Examples of polypeptide that can be expressed to treat retinal conditions, examples

of polypeptides that can be knocked out to treat retinal conditions, and/or exarapies of

polypeptides that can be knocked out and replace with an alternative {¢.g., wild-type or non-

disease version) to treat retinal conditions.

IHsease Polypeptide Gene Gene KO | Gene
expression editing-
replacement
Achromatopsia CNGA3 X
Achromatopsia CNGEB3 X
Achromatopsia PDESH X
Any blinding disease Optogenetic X
tools: Chr,
NhpR, and/or
ReachR
Batten disease CTSD X
Bietti crystalline dystrophy | CYP4V2 X X
Blue cone monochromacy | OPNILW X
Blue cone monochromacy | OPNIMW X
Choroideremia REP1 X
Cone dystrophy PDEse X
Cone dystrophy GNAT2 X
Cong-rod dystrophy PDESC X
Cone-rod dystrophy PROM1 X
Cone/rod dystrophy PRPHZ X X X
{SNB NYX X
CSNB GRMS6 X
CSNB TRPM]I X




WO 2023/192463 PCT/US2023/016871
CSNB GPR179 X
CSNB LRIT3 X
Glageoma Trophic factors | X
Glaucoma Complement X
mhibition
factors
Glaucoma Apoptosis X
inhibition
factors
Glaacoma Survival factors | X
Glavcoma Neuwroprotective | X
factors
LCA NPHPS X
L.CA GUCY2ZD X
Leber congenital amaurosis | RPE6SS X
Leber congenital amaurosts | CRBI X X
g
LHON ND4 X
Macular dvstrophy CRX X X X
Oculocutancous albinism TYR X
tvpe |
Optic atrophy CLNI-14 X
Retinitis pigmentosa EYS X X
Retinitis pigmentosa RHO X X X
Retinitis pigmentosa PRPF3] X
Retinitis pigmentosa PDESA X
Bestrophinopathy BEST1 X X
Retinitis pigmentosa PRPF3 X
Retnitis pigmentosa PRPFE X
Retinitis pigmentosa TOPORS X X X
Retinitis pigmentosa 37 NRZEZ X X X
Rod/Cone dystrophy PBESE X
RP, LCA, Others Trophic factors | X
Stargardt Discase ABCA4 X X
Usher svndrome PCDHILS X
Usher syndrome USH2A X X
Usher syndrome MYOTA X X
XLRP RPGR X
XLRS RS1 X
Wet AMD Survival factors | X
Dry AMD Survival factors | X
Dhabetic retinopathy Survival factors | X
Diabetic Macular Edema Survival factors | X
Retinitis pigmentosa Survival factors | X
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Wet AMD

Apoptosis
ithibition
factors

Dry AMD

Apoptosis
imthibition
factors

Dnabetic retinopathy

A poptosis
mhibition
factors

Dhabetic Macular Edema

Apoptosis
hibifion
factors

Retinitis pigmentosa

Apoptosis
mhibition
factors

Wet AMD

Complement
mhibition
factors

Dry AMD

Complement
whibition
factors

Dhabetic retinopathy

Complement
inhibition
factors

Diabetic Macular Edema

Complement
inhibition
factors

Wet AMD

Neuroprotective
factors

Dry AMD

Neuroprotective
factors

Diabetic retinopathy

Neuaroprotective
factors

Diabetic Macular Edema

Neuroprotective
factors

Retinitis pigmentosa

MNeuroprotective
factors

e I

Wet AMD

Anti-VEGF
polvpeptides

ot

Dhabetic retinopathy

Anti-VEGF
polypeptides

e

Dabetic Macular Edema

Anti-VEGF
polvpeptides

Wet AMD

Optogenetic
tools: Chr,
NhpR, and/or
ReachR

Dry AMD

Optogenetic
tools: Chr,

5%
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NhpR, and/or
ReachR
Diabetic retinopathy Optogenetic X

tools: Chr,
NhpR. and/or

ReachR

Diabetic Macular Edema Optogenetic X
tools: Chr,
NhpR, and/or
ReachR

Retintis pigmentosa Optogenetic X

tools: Chr,
NbpR, and/or
ReachR

In some cases, a retinal condition can be treated using an AAV vector provided herein
that is designed to express one or more polypeptides having the ability to inhibit vascular
angiogenesis. Examples of polvpeptides having the abiity to inbibit vascular angiogenesis
that can be used as descnbed herein include, without outation, monoclonal anti-VEGF
antibody polypeptides, angiostatin polypeptides, siRNA polyvpeptides, and endostatin
polvpeptides. In some cases, wet AMID can be treated using an AAVY vector provided hercin
that 13 designed to express a monoclonal anti-VEGF antibody polypeptide, an angiostatin
polypeptide, an siRNA, and/or endostatin polypeptide. In some cases, diabetic retinopathy
can be treated using an AAV vector provided herein that is designed to express a monoclonal
anti-VEGYF antibody polypeptide, an angiostatin polypeptide, an siRNA, and/or an endostatin
polypeptide. In some cases, diabetic macular edema can be treated using an AAV vector
provided herein that is designed to express a monoclonal anti-VEGE antibody palypeptide, an
angiostatin polypeptide, an siRNA, and/or an endostatin polypeptide.

In some cases, a retinal condition can be treated using an AAV vector provided herein
that is designed to express one or more polvpeptides with neuroprotective capabilities.
Examples of polypeptides having the ability to provide neuroprotective activity that can be
used as described herein include, without hmitation, GDNF polypeptides, CNTF
polypeptides, HGF-1 polypeptides, VEGF polypeptides, and BDNF polypeptides. In some
cases, wet AMD can be treated using an AAY vector provided herein that is designed to
express a GDNF polypeptide, a CNTF polvpeptide, an FGF-1 polvpeptide, a VEGF
polypeptide, and/or a BDNF polypeptide. In some cases, dry AMD can be treated using an
AAY vector provided herein that is designed to express a GBNF polypeptide, a CNTF

polypepiide, an IGF-1 polypeptide, a VEGF polypeptide, and/or a BDNF polypeptide. In
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some cases, diabetic retinopathy can be treated using an AAV vector provided herein that is
designed to express a GDNF polypeptide, a CNTF polypeptide. an IGF-1 polypeptide. a
VEGF polypeptide, and/or a BDNF polypeptide. In some cases, diabetic macular edema can
be treated vsing an AAV vector provided herein that is designed to express a GDNF
polypeptide, a UNTF polypeptide, an ¥GF-1 polypeptide, a VEGF polypeptide, and/ora
BDNF polypeptide.

In some cases, a retinal condition can be treated using an AAV vector provided herein
that 1s designed to express one or more polypeptides having the ability to provide optogenetic
capabilitics. Examples of polypeptides having the ability to provide optogenetic capabilitics
that can be used as described herem include, without mitation, ChR polvpeptides, ChR2
polypeptides, ArchT polypeptides, NpHR polvpeptides, and ChrimsonR polypeptides. In
some cases, wet AMD can be treated using an AAY vector provided herein that is designed
to cxpress a ChR polypeptide, a ChR2 polypeptide, an ArchT polvpeptide, a NpHR
polypeptide, and/or a ChrimsonR polypeptide. In some cases, dry AMD can be treated using
an AAV vector provided herein that is designed to express a ChR polypeptide, a ChR2
polypeptide, an ArchT polypeptide, a NpHR polypeptide, and/or a ChrimisonR polypeptide.
In some cases, diabetic retinopathy can be treated using an AAV vector provided herem that
is designed to express a ChR polypeptide, a ChR2 polvpeptide, an ArchT polypeptide, a
NpHR polypeptide, and/or a ChrimsonR polypeptide. In some cases, diabetic macular edema
can be treated using an AAV vector provided herein that is designed to express a ChR
polypeptide, a ChR2 polypeptide, an ArchT polypeptide, a NpHR polypeptide, and/or a
ChrimsonR polypeptide.

{0 somne cases, a retinal condition can be treated using an AAV vector provided herein
that is designed to express one or more polypeptides having the ability to inhibit apoptosis.
Examples of polypeptides having the ability to inhibit apoptosis that can be used as described
herein inchude, without limitation, XEAP polypeptides, ¢IAP1 polypeptides, C-IAP2
polypeptides, Livin polypeptides, and Survivin polypeptides. In some cases, wet AMD can
be treated using an AAY vector provided herein that is designed to express a XIAP
polypeptide, a clAPI polypeptide, a C-IAP2 polypeptide, a Livin polypeptide, and/or a
Survivin polypeptide. In some cases, diabetic retinopathy can be treated using an AAV
vector provided herein that 1s designed to express a XIAP polypeptide, a ¢IAP1 polvpeptide,
a C-IAP2 polypeptide, a Livin polypeptide, and/or a Survivin polypepiide. In some cases,

diabetic macular edema can be treated using an AAV vector provided herein that is desigoed

A
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to express a XEAP polypeptide, a ¢lAP1 polypeptide, a C-IAP2 polypeptide, a Livin
polypeptide, and/or a Survivin polypeptide.

in some cases, a retinal condition can be treated using an AAVY vector provided herein
that is designed to express one or more polypeptides having the ability to inhibit complement.
Examples of polypeptides having the ability to inhibit complement that can be used as
described herein include, without linutation, Complement Factor ¥ polypeptides, Complement
factor H polyvpeptides, and sCD39 polvpeptides. In some cases, wet AMD can be treated
asing an AAV vector provided hercin that is designed to express a Complement Factor |
polypeptide, a Complement factor H polypeptide, and/or a sCDS9 polypeptide. In some
cases, dry AMD can be treated using an AAVY vector provided herein that is designed to
express a Complement Factor I polvpeptide, a Complement factor H polvpeptide, and/or a
sCD59 polypeptide. In some cases, diabetic retinopathy can be troated using an AAY vector
provided herein that is designed to express a Complement Factor § polypeptide, a
Complement factor H polvpeptide, and/or a sCD39 polvpeptide. In some cases, diabetic
macular edema can be treated using an AAYV vector provided herein that is designed to
express a Complement Factor I polypeptide, a Complement factor H polypeptide, and/ora
sCDSY polvpeptide.

In some cases, a retinal condition can be treated using an AAV vector provided herein
that 1s designed to cxpress one or more polypeptides having the ability to induce survival
factors. Examples of polypeptides having the ability to mduce survival factors that can be
used as described herein include, without imitation, RACVF polypeptides, RACVFL
polypeptides, HIF-1 polypeptides, IAP family polypeptides, and BCL-2 family polypeptides.
In some cases, wet AMID can be treated using an AAV vector provided hercin that 1s
designed to express a RACVF polypeptide, a RACVFEL polvpeptide, an HIF-1 polyvpeptide, an
[AP family polypeptide, and/or a BCL-2 family polypeptide. In some cases, dry AMD can be
treated using an AAY vector provided herein that is designed to express a RACVF
polypeptide, a RACVFL polypeptide, an HIF-1 polypeptide, an IAP family polypeptide,
and/or a BCL-2 family polypeptide. In some cases, diabetic retinopathy can be treated using
an AAYV vector provided herein that is designed to express a RACVF polypeptide, a RACVFL
polypeptide, an HIF-1 polypeptide, an IAP family polypeptide, and/or a BCL-Z fanuly
polypeptide. In some cases, diabetic macular edema can be treated using an AAV vector

provided herein that 1s designed to express a RACVE polvpeptide, a RACVFEL polypeptide, an
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Any appropriate method can be used to admimster an AAV vector provided herein or
composition {(e.g., a pharmaceutical composition) provided hereinto a mammal {e.g., a
human or a non-human primaie). For example, a composition provided herein{eg.. a
pharmaceutical composition containing one or more AAV vectors provided herein) can be
admuinistered to a mammal (¢.g., a human or 2 nop-human primate) intravitreally,
intravenousty (e.2., via an miravenous mjection or infusion}, subcutancously {e.g., viaa
subcuwtaneous injection), ntraperiioneally {¢.g., via an mtraperitoneal injection}), orally, via
inhalation, ntramuscolarly {e.g., via intramascudar injection), subretinally, intravitreally,
systemically, or suprachoroidally. In some cases, the route and/or mode of adnunistration of
a composition {¢.g., a pharmaceutical composition provided herein} can be adjusted for the
mammal being treated.

In some cases, an effective amount of a composition containing an AAY vector
provided berein {e.g., a pharmaceutical composition provided herein) to treat a retinal
condition can be an amount that reduces the severity of one or more symptoms of the retinal
condition and/or siows the progression of the retinal condition without producing significant
toxicity to the manunal. For example, an effoctive amount of ann AAY vector provided herein
can be from about 1x107 viral genomes to about 1x10™ viral genomes (e.g., from about 1 x
107 viral genomes to about 1 x 10% viral genomes, from about 1 x 107 viral genomes to about
1 x 10" viral genomes, from about 1 x 107 viral genomes to about 1 x 10" viral genomes,
from about 1 x 107 viral genomes to about | x 10 viral genomes, from about 1 x 10% viral
genomes to about 1« 101 viral genomes, from about 1 x 107 viral genomes to about 1 x 10
viral genomes, from about 1 x 10'° viral genomes to about 1 x 16 viral genomes, from about
i x 10% viral genomes to about | x 10% viral genomes, or from about 1 x 107 viral genomes to
about 1 x 10%! viral genomes). Tn some cases, an effective amount of an AAYV vector

provided herein can be from about 1 x 10" viral genomes/kg of body weight to about 1 x 10

viral genomes/kg of body weight (c.g., from about 1 x 107

viral genomes’kg of body weight
1o about 1 x 10" viral genomes/kg of body weight, from about 1 x 10 viral genomes/kg of
body weight to about 1 < 10! viral genomes/kg of body weight, from about 1 x 10% viral
genomes/kg of body weight to about 1 x 107! viral genomes/kg of body weight). The
effective amount can remain constant or can be adjusted as a sliding scale or vanable dose
depending on the mammal’s response to treatment. Varnious factors can mfluence the actual
effective amount used for a particelar application. For example, the severity of a retinal
condition, the route of adounistration, the age and general bealth condition of the manunal,
excipient usage, the possibility of co-usage with other therapeutic or prophyiactic treatments
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sach as use of other retinal drugs, and the judgment of the treating physician may require an
increase or decrease in the actual effective amount of a composition provided herein {(o.g., a
pharmaceutical composition contaming an AAY vector provided herein) that is administered.

In some cases, an effective frequency of adnunistration of a composition containing
an AAY vector provided herein {¢.g., a pharmaceutical composition provided herein} can be a
frequency that reduces the severity of one or more symptoms of the retinal condition and/or
slows the progression of the retinal condition without producing significant tosicity to the
mammal. Various factors can tnfluence the actual effective frequency used for a particudar
application. For example, the severity of a retinal condition, the route of administration, the
age and general health condition of the mammal, excipient usage, the possibility of co-usage
with other therapeutic or prophyvlactic treatments such as use of other retinal drugs, and the
judgment of the treating physician may require an increase or decrease in the actual effective
frequency of administration of a conposttion provided herein.

In some cases, an effective duration of admimstration of a composition containing an
AAV vector provided herein {e.g., a pharmaceutical composition provided herem) canbe a
duration that reduces the severity of one or more symptoms of the retinal condition and/or
slows the progression of the retinal condition without producing significant toxiciiy to the
mammal. For example, an effective duration of administration of a pharmaceutical
composition provided herein can vary from a single time point of administration to several
weeks to several months (e.g., 4 to 12 weeks). In some cases, the duration can be for as long
as the mammal i3 alive. Multiple factors can influence the actual effective duration used for a
particular application. For example, the severity of a retinal condition, the route of
admistration, the age and general health condition of the mammal, excipiont usage, the
possibility of co~-usage with other therapeutic or prophylactic treatments such as use of other
retinal drags, and the judgment of the treating physician may require an increase or decrease
in the actual effective duration of administration of a composition provided herein{e.g., a
pharmaceutical composition containing an AAV vector provided herein).

In some cases, an effective amount of a composition contaning an AAY vector
provided herein {¢.g., a pharmaceutical composition provided herein} to ireat a retinal
condition can be administercd once or twice to a manunal {e.g., a human or a non-human
primate} to treat that mammal.

The mvention will be further deseribed in the following examples, which do not limit

the scope of the invention described m the clavus.
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EXAMPLES
A high-throughput method was used to create AAV vectors with mutated capsid

polypeptides and to screen those created AAY vectors for particular AAV vectors having the

(4

ability to exhibit high efficiency and/or specificity for infocting retinal cells. See, e.g.,
Oztirk et ol , bioRxiv, 2020.10.01.323196 (2020) and Oztink e ol | elife, 10:264175 (2021).
Briefly, hughly complex Iibraries of AAV mutants were created and mijected into the eves of
primates {cvinolmolgus macaqgues or thesus macaques). These librartes were created such
that cach AAV vector in the library contained a unigue DNA barcode, which allowed for

10 tracking of a mutated AAV capsid polypeptide. In one library version, successfully packaged
AAV vectors were polymerase chain reaction (PCR) amplified and repackaged, resulting ina
“repack” library. In another library version, AAY vectors were injected into primate retinas,
and vucleic acid encoding the AAV capsid polypeptides were then amplified from the nucler

of foveal cells, resulting i an “enriched” Iibrary. Each tteration of the AAV library {c.g., the

[
v

original library, the repack library, and the enniched library) was injected intravitreally into
primate eyes.

After fmjection, the AAV vectors competed with each other i vivo. Infection of
successfil AAY vectors led to expression of the DNA barcodes. Single cell suspensions
were created from isolated retinal tissue, and single cell microfluidic technology (10X
20 Genonucs) was used to create cDNA libraries of individual cells. Computational analysis

was performed to identify optimal vectors, according to cell specificities, expression levels,
and/or other destrable characteristics, based on the presence and quantity of DNA barcodes in
transcriptomes from thousands of different cells of multiple cell types in parallel. The
performance of AAV capsid polypeptides was evaluated on the basis of mRNA transeription
25 levels rather than the presence of BNA, reflecting the ability of the AAV vectors to drive
expression of the AAV vector nucleic acid as opposed to simply having the ability to ender a
cell.
AAV vectors having capsid polypeptides that included SEQ 1D NO:14 (SEQ IDNG:3
located betweoen anuno acid residues 587 and 58% of SEQ ID NO:L; see, ¢.g., Figure 1)
30 extubited the ability to infect and duve mRNA oxpression within retinal cells in a manner
sinular to that of Tm8 AAV vector. Thus, the AAV vector having capsid polypeptide that
incladed SEG ID NO: 14 has the ability to exhibit more infectivity of retinal cells than a wild-

type AAV2 vector containing an AAV?2 capsid polypeptide that consists of SEQ 1D NO:1L
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Taken together, these resolts demonstrate that AAY vectors that include an AAV
capsid polvpeptide {e.g., an AAVZ capsid polypeptide) baving an amino acid sequence set
forth 1o Table 1 {or Forowula A} can have the ability to mediate transgene expression in retinal

cells.

(4

Example 2 — Treating a retinal condition using an AAY vegior

An AAV vector is constructed to include an AAV2 capsid polypeptide having an
amine acid seqaence set forth in Table 1 {e.g., SEQ ID NG:2 or 5) {or Formula A} and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constructed AAY

10 vector is administered intravitreally to a human identified as having a retinal condition in an
amount that is from about 1 x 107 to about 1 x 10M* AAV vectors. After the administration,
the severity of one or more symptoms of the retinal condition is reduced and/or the

progression of the retinal condition is slowed.

[
v

Example 3 - Construction of AAV vectors containing mutated capsid polvpeptides

A high-throughput method was used to create AAV vectors with mutated capsid
polypeptides and to screen those created AAY vectors for particular AAV vectors having the
ability to extubit high efficiency and/or specificity for infecting foveal cones in the retina.
See. e.g.. Qztiirk ef al, BioRxiv, 2020.10.01.323196 (2020) and Oztiirk ef ol elife,

206 101064175 (2021). Briefly, lughly complex libraries of AAV mutants were created and
injected mto the eyes of primates {cvnolmolgus macagues or thesus macaques). These
libraries were ¢reated such that each AAY vector in the ibrary contained a unigue DNA
barcode, which allowed for tracking of a mutated AAV capsid polypeptide. In one library
version, successfully packaged AAV vectors were polymerase chain reaction (PCR)

25 amplified and repackaged, resulting in a “repack” library. In another library version, AAV
vectors were injected into primate retinas, and nucleic acid encoding the AAV capsid
polypeptides were then amplified from the nuclel of foveal cells, resulting in an “enriched”
bibrary. Each iteration of the AAY bibrary (e.g., the original library, the repack library, and
the cariched library) was injected intravitreally into primate eves.

30 After mmjection, the AAV vectors competed with each other i vivo. Infection of
successful AAV vectors led to expression of the DNA barcodes. Single cell suspensions
were created from isolated retinal tissue, and single cell microfhadic technology (16X
Genomics) was used to create cDNA libraries of mndividual cells. Computational analysis
was performed to identify optimal vectors, according to cell specificities, expression levels,
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and/or other desirable characteristics, based on the presence and quantity of DNA barcodes in
transcriptomes from thousands of different cells of multiple cell types in parallel. The
performance of AAV capsid polypeptides was evaluated on the basis of mRNA transcription
levels rather than the presence of DNA, reflecting the ability of the AAV vectors to drive
expression of the AAV vector nucleic acid as opposed to simply having the ability to ender a
cell.

AAV vectors having capsid polypeptides that included an amino acid sequence msert
located between amine acid residues 587 and 588 of SEQ ID NG:1 (18 vectors) or an amino
acid scquence insert as a replacement of amino acid residues 583 t0 590 of SEQ ID NG:1 (1
vector) mediated expression in foveal cells. The AAV vectors were ranked based on overall
rankings with +++ indicating those that performed in the top 1/3 of vectors tested, with ++
indicating those that performed in middle 1/3 of vectors tested, and with + indicating those
that performed 1o the bottom 1/3 of vectors tested. These were deternuned 1o teros of total
levels of gene expression 1o foveal cells. SEQ ID NO: 14 (SEQ ID NG5 mserted between
amino acid residues 587 and 388 of SEQ 1D NO1; see, ¢.g., Figure 1) resulted in ™+ No
exprossion was detected within the limits of detection when the wild-type AAV2 vector was
used.

Taken together, these results demonstrate that AAV vectors that inchude an AAV
capsid polypeptide {e.g., an AAV?2 capsid polypeptide) having an anunoe acid sequence set
forth in Table 1 {or Formula A) can bave the ability to mediate transgenc expression in foveal

cones following intravitreal injection.

Example 4 ~ Treating a retinal condition using an AAV vector

An AAY vector ts constructed to include an AAVZ capsid polypeptide having an
amino acid sequence set forth m Table 1 {e.g., SEQ T2 NG:2 or 5} {or Formula A) and an
exogenous nocleic acid sequence encoding a therapeutic polypeptide. The constructed AAYV
vector is administered intravitreally to a human identified as having a retinal condition in an
amount that is from about 1 x 107 to about 1 x 10™ AAV vectors. After the administration,
the severity of one or more symptoms of the retinal condition 1s redaced and/or the

progression of the retinal condition 1s slowed.

Example 5 ~ Construction of AAY vectors containming mutated capsid polvpeptides

A high-throughput method was used to create AAV vectors with mutated capsid
polypeptides and to screen those created AAY vectors for particular AAV vectors having the
ability to exhibit high efficiency and/or specificity for infecting retinal cells. See, eg.,
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OQutivrk ef ol , bioRxiv, 2020.10.01.323196 (2020} and Qztirk ef ol | elife, 1e64175 (2021).
Bretly, highly complex librarics of AAV nmtants were created and ingected into the eves of
prmates {(cynolmolgus macaques or thesus macaques). These libraries were created such

that each AAV vector in the hbrary contained a anique DNA barcode, which allowed for

(4

tracking of a mutated AAV capsid polypeptide. In one library version, successtully packaged
AAY vectors were palvmerase chain reaction (PCR) amplified and repackaged, resulting ma
“repack” library. In another hibrary version, AAV vectors were injected 1to primate retinas,
and nucleic actd encoding the AAV capsid polypeptides were then amplified from the nuele
of foveal cells, resulting i an “enriched” library. Each iteration of the AAV library {c.g., the
10 original library, the repack library, and the enriched library) was injected intravitreally into
primate eyes.

After mjection, the AAY vectors competed with cach other i vive. Infection of
successful AAY vectors led to expression of the DNA barcodes. Single cell suspensions

were created from solated retinal tissue, and single cell microfluidic technology (10X

[
v

Genomics) was used to create cDNA librarics of mdividual cells. Computational analysis
was performed to identify aptisal vectors, according to cell specificitics, cxpression levels,
and/or other desirable characteristics, based on the presence and quantity of DNA barcodes in
transeriptomes from thousands of different cells of multiple cell tvpes in parallel. The
performance of AAV capsid polypeptides was evaluated on the basis of mRNA transeription
20 levels rather than the presence of DNA, reflecting the ability of the AAV vectors to drive
expression of the AAV vector nucleic acid as opposed o simply having the ability to enter a
cell.
AAV vectors having capsid polvpeptides that included an amino acid sequence msert
located between anuno acid residues 587 and 388 of SEQ 1D NO:1 {305 total vectors with
25 less than three unique vectors of the total being present within the total more than once) or an
amino acid sequence msert as a replacement of aming acid residues 585 to 590 of SEQ ID
NO:1 (19 vectors) mediated expression in retinal cells. The AAV vectors were ranked based
on overall rankings with +++ indicating those that performed in the top 173 of vectors tested,
with -++ indicating those that performed in muddle 1/3 of vectors tested, and with + indicating
30 those that performed in the bottom 1/3 of vectors tested. These were deternuned in tforms of
total levels of gene expression in retinal cells. SEQ ID NO: 14 (SEQ ID NG:5 inserted
between amino acid residues 587 and 388 of SEQ D NO:1; see, ¢.g., Figure 1) resolted in
“+++7 once, “++7 four times, and 7 once. No cxpression was detected within the luntts of
detection when the wild-type AAV2 vector was used.
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Taken together, these resolts demonstrate that AAY vectors that include an AAV
capsid polvpeptide {e.g., an AAVZ capsid polypeptide) baving an amino acid sequence set
forth in Table ! {or Formula A} can have the ability to mediate transgene expression (e.g.,

high expression) in retinal cells following tmtravitreal injection.

(4

Example 6 — Treating a retinal condition using an AAY vegior

An AAV vector is constructed to include an AAV2 capsid polypeptide having an
amine acid seqaence set forth in Table 1 {e.g., SEQ ID NG:2 or 5) {or Formula A} and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constructed AAY

10 vector is administered intravitreally to a human identified as having a retinal condition in an
amount that is from about 1 x 107 to about 1 x 10M* AAV vectors. After the administration,
the severity of one or more symptoms of the retinal condition is reduced and/or the

progression of the retinal condition is slowed.

[
v

Example 7 - Construction of AAV vectors containing mutated capsid polvpeptides

A high-throughput method was used to create AAV vectors with mutated capsid
polypeptides and to screen those created AAY vectors for particular AAV vectors having the
ability to exhubit high efficiency and/or specificity for infecting retinal cells. See, e.g.,
Ouztiirk et o, hiokuiv, 2020.10.01.323196 {2020) and Ozt er i, eLife, 10:e64175 (2021).

206 Brefly, highly complex librarics of AAV mutants were created and injected o the eves of
primates {cvnolmolgus macaques or rhesus macaques). These Hbraries were created such
that cach AAYV vector in the fibrary contained a unique DNA barcode, which allowed for
tracking of a mutated AAV capsid polvpeptide. In one library version, successfully packaged
AAV vectors were polymerase chain reaction (PCR) amplified and repackaged, resulting ina

25 “repack” hibrary. In another library version, AAV vectors were injected into primate retinas,
and nucleic acid encoding the AAV capsid polypeptides were then amplified from the nuclei
of foveal cells, resulting in an “enriched” library. Each iteration of the AAV Library {e.g., the
original library, the repack library, and the enniched library) was injected intravitreally into
primaie eyes.

30 After mmjection, the AAV vectors competed with each other i vivo. Infection of
successful AAV vectors led to expression of the DNA barcodes. Single cell suspensions
were created from isolated retinal tissue, and single cell microfhadic technology (16X
Genomics) was used to create cDNA libraries of mndividual cells. Computational analysis
was performed to identify optimal vectors, according to cell specificities, expression levels,
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and/or other desirable characteristics, based on the presence and quantity of DNA barcodes in
transcriptomes from thousands of different cells of multiple cell types in parallel. The
performance of AAV capsid polypeptides was evaluated on the basis of mRNA transcription

levels rather than the presence of DNA, reflecting the ability of the AAV vectors to drive

(4

expression of the AAV vector nucleic acid as opposed to simply having the ability to ender a
cell.

AAV vectors having capsid polypeptides that included an amino acid sequence msert
located between amino acid residaes 587 and 588 of SEQ ID NG 1 (44 vectors with some
duplicates) or an amino acid sequence insert as a replacement of amino acid residues 585 to
10 5390 of SEQ D NO: T (two vectors) mediated expression in retinal cells across two or more
retinal regions. The AAYV vectors were ranked based on overall rankings with +++ indicating
those that performed in the top 1/3 of vectors tested, with -++ indicating those that performed
in middie 1/3 of vectors tested, and with + jndicating those that performed 1o the bottom 1/3
of vectors tested. These were determined in terms of total levels of gene expression across
retinal regions. SEQ ID NG: 14 (SEQ ID NO:5 inserted between amine acid residaes 587 and

388 of SEQ I NO 1, see, e.g., Figure 1) resulted in “++7 twice. No expression was detected

[
v

within the hmits of detection when the wild-type AAVZ vector was used.
Taken together, these results demonstrate that AAV vectors that inchude an AAV
capsid polypeptide {e.g., an AAV?2 capsid polypeptide) having an anunoe acid sequence set
20 forth in Table 1 {or Formula A} can have the ability to deliver nucleic acid to and express

nucleic acid in retinal cells in at least two different retinal regions.

Example & — Treating a retinal condition using an AAY vegtor

An AAV vector is constructed to include an AAV? capsid polypeptide having an
25  amino acid sequence set forth in Table 1 {e.g., SEQ ID NG:2 or 5} (or Formula A) and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constructed AAYV
vector 1s administered ntravitreally o a human identified as having a retinal condition in an
amount that is from about 1 x 107 to about 1 x 10" AAV vectors. After the administration,
the severity of one or more symptoms of the retinal condition is reduced and/or the

30 progression of the retinal condition is slowed.

Example 9 - Construction of AAV vectors containing mutated capsid polypeptides

A high-throughput method was used to create AAY vectors with mutated capsid
g Y I
polypeptides and to screen those created AAV vectors for particular AAV vectors having the
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ability to exhibit high efficiency and/or specificity for infecting retinal cells of the parafovea
region of the eve. See, e.g., Oztiirk ef af., bioRxiv, 2020.10.01.323196 (2020). Briefly,
highly complex libraries of AAY mutants were created and injected into the eves of primates

{eynolmolgus macaques or thesus macaques). These hbraries were created such that each

(4

AAV vector in the library contained a unigque DNA barcode, which allowed for tracking of a
routated AAV capsid polypeptide. In one library version, successfully packaged AAV
vectors were polvmerase chain reaction (PCR) amplificd and repackaged, resulting in a
“repack” library. In another library version, AAV vectors were injected into primate retinas,
and nucleic acid encoding the AAY capsid polyvpeptides were then amplified from the nuclet
10 of foveal cells, resulting f an “enrniched” library. Each iteration of the AAV hibrary {e.g., the
original library, the repack library, and the enriched library} was injected mtravitreally mto
primate eyes.

Afier injoction, the AAY vectors competed with cach other i vive. Tafection of

successful AAV vectors led to expression of the DNA barcodes. Single cell suspensions

[
v

were oreated from isolated retinal tissue, and single cell microfluidic technology (10X
Genomics) was used to create ¢DINA libranies of mdividual cells. Computational analysis
was performed to identify optimal vectors, according to cell specifictties, expression levels,
and/or other desirable characteristics, based on the presence and quantity of DBNA barcodes in
transcriptomes from thousands of different colls of multiple cell tyvpes in paraliel. The
20 performance of AAV capsid polypeptides was evaluated on the basis of mRNA transcription
levels rather than the presence of DNA, reflecting the ability of the AAV vectors to drive
expression of the AAVY vector nucleic acid as opposed to simply having the ability to entera
celh.
AAV vectors having capsid polvpeptides that included an amino acid sequence msert
25 located between amino acid residues 587 and 588 of SEQ 1D NO:1 {79 total vectors with less
than three unique vectors of the total being present within the total more than once) or an
amino acid sequence msert as a replacement of amino acid residues 585 {0 590 of SEQ 1D
NG:1 {two vectors) mediated expression in retinal cells of the parafovea region. The AAY
vectors were ranked based on overall rankings with +++ indicating those that performed in
30 thetop 1/3 of vectors tested, with ++ mdicating those that performed 1o middle 1/3 of vectors
tested, and with + mndicating those that performed in the bottom 1/3 of vectors tested. These
were determined in terms of total levels of gene expression in the parafoveal region of the

retina, SEQ ID NO: 14 (SEQ 1D NGS5 mserted between amino acid residucs 587 and 588 of
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SEQ ID NG see, e.g., Figure 1) resubted i “++7 once and ™+ once. No expression was
detected within the linits of detection when the wild-type AAVZ vector was used.
Taken together, these resulis demonstrate that AAY vectors that wclude an AAV

capsid polypeptide {e.g., an AAV?2 capsid polypeptide) having an amingo acid sequence set

(4

forth in Table 1 {or Formula A} can bave the ability to mediate transgene expression in retinal

cells of the parafovea region following mtravitreal tjection.

Example 10 - Treating a retinal condition using an AAV vector

An AAV vector s constructed to include an AAVZ capsid polypeptide having an
10 amino acid sequence set forth in Table 1 {e.g., SEQ B NG:2 or 5} {or Fornnula A) and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constracted AAY
vector is administored intravitreally to a human identified as having a retinal condition in an
amount that is from about | x 107 to about 1 x 10™ AAV vectors. After the adnunistration,

the severity of one or more symptoms of the retinal condition 1s reduced and/or the

[
v

progression of the retinal condition 1s slowed.

Example 11 - Construction of AAY vectors containing mutated capsid polvpeptides

A high-throughput method was used to create AAV vectors with mutated capsid
polypeptides and to screen those created AAV vectors for particular AAV vectors having the
206 ability to exhibit high efficiency and/or specificity for infocting retival cells. See, eg.,
Oztirk et al ., bioRxiv, 2020.10.01.323196 (2020} and Oztiirk e al., elife, 10:e64175 (2021).
Bretly, highly complex libraries of AAV mmtants were created and ingected into the eves of
primates {cynolimolgus macagues or thesus macaques). These librarics were created such
that each AAV vector in the hbrary contained a unigue DNA barcode, which allowed for
25 tracking of a mutated AAV capsid polypeptide. In one library version, successfully packaged
AAV vectors were polymerase chain reaction (PCR) amplified and repackaged, resulting ina
“repack” library. In another hibrary version, AAV vectors were injected into primate retinas,
and nucleic acid encoding the AAY capsid polypeptides were then amplified from the nuclet
of foveal cells, resulting i an “enriched” library. Each iteration of the AAV library {c.g, the
30 ongmal Iibrary, the repack library, and the enriched library} was injected intravitreally nto
primate eyes.
After mjection, the AAV vectors competed with each other 7n vivo. Infection of
successful AAY vectors led to expression of the DNA barcodes. Single cell suspensions
were created from isolated retinal tissue, and single cell microfluidic technology (10X
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Genomics) was used to ereate ¢DNA bibraries of individual cells. Computational analysis
was performed to identify optimal vectors, according to cell specificitios, cxpression levels,
and/or other desirable characteristics, based on the presence and gquantity of DNA barcodes in

transeriptomes from thousands of different cells of multiple cell tvpes i parallel. The

(4

performance of AAV capsid polypeptides was evaluated on the basis of mRNA transeription
levels rather than the presence of DNA, reflecting the ability of the AAV vectors to drive
expression of the AAV vector nucleic acid as opposed o simply having the ability to enter a
cell.

AAV vectors having capsid polypeptides that included an amine acid sequence msert
10 located between amuno acid residues 587 and 588 of SEQ 1D NG: 1 (76 total vectors with less
than three unique vectors of the total being present within the total more than once) or an
amino acid sequence nsert as a replacement of aming acid residues 585 to 590 of SEQ ID
NG:1 (8 vectors) mediated expression the ability to deliver nucleic acid to and express

nucleic acid in multiple different retinal cells types within an eye, thereby providing an

[
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cfficient way to obtain nucleic acid delivery to many different retinal cell types. The AAV
vectors were ranked based on overall rankings with +++ indicating those that perforsed
the top 173 of vectors tested, with ++ indicating those that performed 1n middle 1/3 of vectors
tested, and with + indicating those that performed in the bottom 1/3 of vectors tested. These
were determined in temmns of total levels of gene expression across cell types. SEQ 1D NO:14
20 (SEQID NG:S inserted between amino acid residues 587 and 588 of SEQID NO: 1 see, ¢,
Figure 1} resulted in “+7 No expression was detected within the limits of detection when the
wild-type AAVZ vector was used.
Taken together, these results demonstrate that AAY vectors that include an AAY
capsid polypeptide {e.g., an AAV?2 capsid polyvpeptide) having an amino acid sequence set
25 forth in Table 1 {or Formula A) can have the ability to mediate transgene expression in

multiple different retinal cells tvpes within an eye following mtravitreal injection.

Example 12 - Treating a retinal condition using an AAV vector

An AAV vector s constructed to include an AAVZ capsid polypeptide having an
30 amino acid sequence set forth v Table 1 {e.g., SEQ ID NO:2 or 5} {or Formula A) and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constructed AAV
vector is administered intravitreally to a human identified as having a retinal condition in an

amount that is from about | x 107 to about 1 x 10™ AAV vectors. After the adnunistration,
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the severity of one or more symptoms of the retinal condition is redoced and/or the

progression of the retinal condition 1s slowed.

Example 13 — Construction of AAV vectors containing mutated capsid polvpeptides

A high-throughput method was used to create AAV vectors with mutated capsid
polvpeptides and to screen those created AAY vectors for particular AAV vectors having the
ability to exhibit high efficiency and/or specificity for infecting retinal cells. See, g,
Oztiek et al., bioRxiv, 2020.10.01.323196 (2020} and Oztivrk et ol , elife, 10:e64175 (2021).
Briefly, highly complex hibraries of AAY mutants were created and injected into the eves of
primates (cynolmolgus macagues or thesus macaques). These hbranies were created such
that each AAV vector in the hbrary contained a snigue DNA barcode, which allowed for
tracking of a mutated AAV capsid polypeptide. In one library version, successtully packaged
AAY vectors were polvmerase chain reaction (PCR) amplified and repackaged, resulting ma
“repack” library. In another library version, AAV vectors were injected info primate retinas,
and nucleic acid encoding the AAY capsid polypeptides were then amplified from the nuelei
of foveal cells, resulting v an “enriched” library. Each iteration of the AAV library {o.g., the
origial library, the repack library, and the enriched library) was mjected intravitreally mto
primate eyes.

After mjection, the AAY vectors competed with cach other in vive. Infection of
successful AAV vectors led to expression of the DNA barcodes. Single cell suspensions
were created from isolated retinal tissue, and single cell microfluidic technology (10X
Genomics) was used to oreate ¢DNA libraries of individual cells. Computational analysis
was performed to identify optiraal vectors, according to cell specificitics, expression levels,
and/or other desirable charactenistics, based on the presence and gquantity of DNA barcodes in
transcriptomes from thousands of different cells of multiple cell tvpes in parallel. The
performance of AAV capsid polypeptides was evaluated on the basis of mRNA transeription
levels rather than the presence of DNA, reflecting the abilitv of the AAV vectors to drive
expression of the AAV vector nucleic acid as opposed o simply having the ability to enter a
celk.

AAYV vectors having capsid polypeptides that included an anmuno acid sequence nsert
located between amino acid residues 587 and 388 of SEQ 1D NO: 1 {10 vectors) mediated
expression in RPE cells. The AAV vectors were ranked based on overall rankings with 4+
indicating those that performed in the top 1/3 of vectors tested, with ++ indicating those that
performed in middle 1/3 of vectors tested, and with + indicating those that performed in the
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bottom 1/3 of vectors tested. SEQ ID NG: 14 (SEQ 1D NO: 5 insceried between aming acid
residucs 387 and 58% of SEQ 1D NO:1; see, e.g., Figure 1} resulted in “+.” These were
determined i terms of total levels of gene expression i RPE cells. No expression was
detected within the limits of detection when the wild-type AAV?2 vector was used.

Taken together, these results demonstrate that AAV vectors that include an AAV
capsid polypeptide {e.g., an AAV?2 capsid polypeptide) having an anuno acid sequence set
forth in Table 1 {or Formula A} can have the ability to mediate transgene expression in RPE

cells following intravitreal injection.

Example 14 — Treating a retinal condition using an AAY vecior

An AAV vector 1s constructed to include an AAV?2 capsid polyvpeptide having an
amino acid sequence set forth in Table 1 {c.g., SEQ 1D NG:2 or 5) (or Formula A) and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constructed AAYV
vector 1s administered travitreally to a human identified as having a retinal condition in an
amount that is from about 1 x 107 to about 1 x 10" AAV vectors. After the administration,
the severity of one or more symptoms of the retinal condition 1s reduced and/or the

progression of the retinal condition is slowed.

Example 13 - Construction of AAVY vectors containing mutaied capsid polvpeptides

A high-throughput method was used to create AAV vectors with mutated capsid
polypeptides and to screen those created AAV vectors for particular AAV vectors having the
ability to exhibit high efficiency and/or spectficity for infecting retinal cells. See, e.g.,
OQaztisek er af., bioRyiv, 2020.10.01.323196 (2020) and Oztirk er al., elife, 10:664175 (2021},
Bretly, highly complex libraries of AAV mutants were created and injected into the eves of
primates (cynolmolgus macaques or thesus macaques). These hibraries were created such
that each AAY vector in the hibrary contained a unique DNA barcode, which allowed for
tracking of a mutated AAV capsid polypeptide. In one hibrary version, successfully packaged
AAY vectors were polvmerase chain reaction (PCR) amplified and repackaged, resulting in a
“repack” library. In another library version, AAYV vectors were injected into primate retinas,
and mucleic acid encoding the AAV capsid polypeptides were then amplified from the nuclet
of foveal cells, resulting fn an “enriched” ibrary, Each iteration of the AAV hibrary {e.g., the
original library, the repack library, and the enriched library) was injected intravitreally into

primate cyes.
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After mjection, the AAV vectors competed with each other in vivo. Infection of
successful AAV vectors fed to expression of the DNA barcodes. Single cell suspensions
were created from tsolated retinal tissue, and single cell microfiuidic technology (10X

Genomics) was used to create ¢DINA libranies of individual cells. Computational analysis

(4

was performed to identify optimal vectors, according to cell specificitics, expression levels,
and/or other desirable characteristics, based on the presence and quantity of DNA barcodes in
transcriptomes from thousands of ditferent cells of multiple cell types in parallel. The
performance of AAY capsid polypeptides was evaluated on the basis of mRNA transcription
levels rather than the presence of DNA, reflecting the ability of the AAY vectors to drive
10 expression of the AAV vector nucleic acid as opposed to simply having the ability to entera
cell.

AAY vectors having capsid polypeptides that included an amino acid sequence insert
focated between amino acid residues 587 and 588 of SEQ 1D NO: 1 (72 total vectors with less

than three unique vectors of the total being present within the total more than once) or an

[
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amino acid sequence insert as a replacement of amino acid residucs 585 {6 390 of SEQ 1D
NG 1 (7 vectors) mediated expression preferentially in photoreceptor cells. The AAV
vectors were ranked based on overall rankings with +++ indicating those that performed in
the top 1/3 of vectors tested, with ++ indicating those that performed in middie 173 of vectors
tested, and with + indicating those that performed in the bottorn 173 of vectors tested. These
206 wore determined in terms of total levels of gene expression in retinal cells. SEQ ID NG: 14
{(SEQ ID NG5 inserted between anino acid residuaes 5387 and 588 of SEQ ID NO:1; see, eg.,
Figure 1) resulted i “+++7 once, “++7 once, and “+7 once. No expression was detected
within the funits of detection when the wild-type AAVZ vector was used.
Taken together, these results demonstrate that AAV vectors that inchude an AAV
25 capsid polypeptide {e.g., an AAV2 capsid polypeptide) having an amino acid sequence set
forth in Table 1 {or Formula A) can have the ability to mediate transgene expression

preferentially in photoreceptor cells following intravitreal injection.

Example 16 — Treating a retinal condition using an AAVY vector

30 An AAV vector is constructed to include an AAVZ capsid polypeptide having an
amino acid sequence set forth in Table 1 (e.g., SEQ TR NG:2 or 5} (or Formula Ay and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constracted AAY
vector is administered mtravitreally to a buman tdeotified as having a retinal condition 1o an

amount that is from about | x 107 to about 1 x 10™ AAV vectors. After the administration,
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the severity of one or more symptoms of the retinal condition is redoced and/or the

progression of the retinal condition 1s slowed.

Example 17 — Construction of AAV vectors containing mutated capsid polvpentides

A high-throughput method was used to create AAV vectors with mutated capsid
polvpeptides and to screen those created AAY vectors for particular AAV vectors having the
ability to exhibit high efficiency and/or specificity for infecting retinal cells. See, g,
Ouztivrk ef al, bioRxiv, 2020.10.01.323196 (2020} and Oztiirk ef al | elife, 10:e64175 {2021).
Briefly, highly complex hibraries of AAY mutants were created and injected into the eves of
primates (cynolmolgus macagues or thesus macaques). These hbranies were created such
that each AAV vector in the hbrary contained a snigue DNA barcode, which allowed for
tracking of a mutated AAV capsid polypeptide. In one library version, successtully packaged
AAY vectors were polvmerase chain reaction (PCR) amplified and repackaged, resulting ma
“repack” library. In another library version, AAV vectors were injected info primate retinas,
and nucleic acid encoding the AAY capsid polypeptides were then amplified from the nuelei
of foveal cells, resulting v an “enriched” library. Each iteration of the AAV library {o.g., the
origial library, the repack library, and the enriched library) was mjected intravitreally mto
primate eyes.

After mjection, the AAY vectors competed with cach other in vive. Infection of
successful AAV vectors led to expression of the DNA barcodes. Single cell suspensions
were created from isolated retinal tissue, and single cell microfluidic technology (10X
Genomics) was used to oreate ¢DNA libraries of individual cells. Computational analysis
was performed to identify optiraal vectors, according to cell specificitics, expression levels,
and/or other desirable charactenistics, based on the presence and quantity of DNA barcodes in
transcriptomes from thousands of different cells of multiple cell tvpes in parallel. The
performance of AAV capsid polypeptides was evaluated on the basis of mRNA transeription
levels rather than the presence of DNA, reflecting the abilitv of the AAV vectors to drive
expression of the AAV vector nucleic acid as opposed o simply having the ability to enter a
celk.

AAYV vectors having capsid polypeptides that included an anmuno acid sequence nsert
located between anuno acid residues 587 and 588 of SEQ 1D NO: 1 (248 total vectors with
less than three unique vectors of the total being present within the total more than once} or an
amino acid sequence msert as a replacement of aming acid residues 585 to 590 of SEQ 1D
NO: 1 (15 vectors) mediated expression preferentially in retinal ganglion cells. The AAV
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vectors were ranked based on overall rankmgs with +++ indicating those that performed in
the top 1/3 of vectors tested, with ++ indicating those that performed in middle 1/3 of veciors
tested, and with + indicating those that performed in the botton 1/3 of vectors tested. These
were determined in tenms of total levels of gene expression in retinal cells. SEQ ID NG: 14

(SEGQ 1D NG5 mmserted between amino acid residues 537 and 588 of SEQ IDNO:1;see, ez,

(4

Figure 1} resulted in “+++7 ance, “++7 twice, and “+7 once. No expression was detected
within the limits of detection when the wild-tvpe AAV2 vector was used.
Taken together, these results demonstrate that AAY vectors that include an AAV
capsid polvpeptide (c.g., an AAVZ capsid polypeptide} having an amino acid sequence set
10 forth in Table | {or Formula A) can have the ability to mediate transgene expression

preferentially in retinal ganglion cells following intravitreal injection.

Example 18 -~ Treating a retinal condition using an AAV vector

An AAV vector is constructed to include an AAV?Z capsid polypeptide having an
15 amino acid sequence set forth in Table 1 {e.g., SEQ D NO:2 or 5} {or Fornmula A) and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constructed AAY
vector is administered intravitreally to a human identified as having a retinal condition in an
amount that ts from about | x 107 to about 1 x 10™ AAV vectors. After the adnunistration,
the severity of one or more symptoms of the retinal condition 1s reduced and/or the

20 progression of the retinal condition 1s slowed.

Example 19 — Construction of AAV vectors containing mutated capsid polvpeptides

A high-throughput method was used to create AAV vectors with mutated capsid

polypeptides and to screen those created AAY vectors for particular AAV vectors having the

215 abiliy to exhibit high efficiency and/or specificity for infocting retival cells. See, eg.,
Ostivrk ef ol | bioRxiv, 2020 10.01.323196 (2020} and Oztirk ef ol | efife, 10:e64175 (2021).
Briefly, highly complex libraries of AAV mutants were created and injected into the eves of
primates {(cynolmolgus macaques or thesus macaques). These hibraries were created such
that each AAV vector m the hbrary contained a uvnigue DNA barcode, which allowed for

36 tracking of a mutated AAV capsid polypeptide. In one library version, successfully packaged
AAV vectors were polvmerase chain reaction (PCR) anaplified and repackaged, resulting m a
“repack” library. In another hibrary version, AAV vectors were injected info primate retinas,
and mueleic acid encoding the AAV capsid polypeptides were then amplified from the nuelet

of foveal cells, resulting in an “enriched” library. Each iteration of the AAV library {o.g., the
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original library, the repack library, and the ennched library) was injected intravitreally into
primate eyes.
After injection, the AAV vectors compeoted with each other in vivo. Infection of

successful AAY vectors led to expression of the DNA barcodes. Single cell suspensions

(4

were created from isolated retinal tissue, and single cell microftuidic technology (10X
Genomics) was used to creatc cDNA librares of mdividual cells. Computational analysis
was performed to identify optimal vectors, according to cell specificities, expression levels,
and/or other desirable characteristics, based on the presence and quantity of DNA barcodes in
transcriptomes from thousands of different cells of multiple cell types in parallel. The

10 performance of AAV capsid polypeptides was evaluated on the basis of mRNA transcription
levels rather than the presence of DNA, reflecting the ability of the AAV vectors to drtve

expression of the AAV vector nucleic acid as opposed to simply having the ability to ender a

AAV vectors having capsid polypeptides that included an amino acid sequence insert

[
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located between aming acid residues 587 and 588 of SEQ ID NG 1 (67 vectors) or an amino

acid sequence nsert as a replacement of amino acid residues 585 10 590 of SEQ ID NG 1 (7

vectors) mediated expression preferentially m bipolar celis. The AAV vectors were ranked

based on overall rankings with +++ imndicating those that performed in the top 173 of vectors

tested, with ++ mdicating those that performed in nuddle 1/3 of vectors tested, and with +

20 indicating those that performed in the bottom 1/3 of vectors tested. These were detenmined in
terms of total levels of gene expression in retinal cells. SEQ ID NO:14 (SEQ ID NG5S
inserted between amino acid residues 587 and 588 of SEQ D NG see, e.g., Figure 1)
resulted 1 “+.” No cxpression was detected within the limits of detection when the wild-type
AAV2 vector was used.

25 Taken together, these results demonstrate that AAV vectors that include an AAV

capsid polypeptide {e.g., an AAV?2 capsid polypeptide) having an amino acid sequence set

forth in Table 1 {or Formula A} can have the ability to mediate transgene expression

preferentially in bipolar cells following intravitreal injection.

Example 20 — Treating a retinal condition using an AAY vector

An AAY vector 1s constructed to include an AAV? capsid polypeptide having an
amino acid sequence set forth in Table 1 {e.g., SEQ ID NG:2 or 5} {or Formula Ay and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constructed AAV
vector 1s administered mtravitreally to a human identified as having a retinal condition in an
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amount that is from about 1 x 107 to about 1 x 10™ AAV vectors. After the administration,
the severity of one or more symptoms of the retinal condition is reduced and/or the

progression of the retinal condition is stowed.

Example 21 — Construction of AAV vectors containing mutated capsid polvpeptides

(4

A high-throughput method was used to create AAV vectors with mutated capsid
polypeptides and to screen those created AAV vectors for particular AAV vectors having the
ability to exhibit high efficiency and/or specificity for infecting retinal cells. Sce, e.g.,
Ouztisek er of, bioRxiv, 2020.10.01.323196 (2020} and Oztirk e7 ol , elife, 10:664175 (2021).

10 Brefly, bighly complex libraries of AAV mutants were created and imgected into the eyes of
primates (cynolmolgus macaques or rhesus macagues). These hibraries were created sach
that each AAY vector in the hibrary contained a unigque DNA barcode, which allowed for
tracking of a mutated AAV capsid polypeptide. In one library version, successtully packaged

AAV vectors were polvmerase chain reaction (PCR) amplified and repackaged, resulting ina

[
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“repack” library. In ancther library version, AAV vectors were injected into primate retinas,
and mucleic acid encoding the AAV capsid polypeptides were then amplified from the nuclet
of foveal cells, resulting n an “enriched” library, Each iteration of the AAV hibrary {e.g., the
original library, the repack library, and the enriched library) was injected mtravitreally into
primate eyes.

20 Atfter mjection, the AAVY vectors competed with cach other i vive. Infection of
succeasful AAV vectors led to expression of the DNA barcodes. Single cell suspensions
were created from isolated retinal tissue, and single cell microfluidic technology (16X
Genomies) was used to create ¢DNA Ubraries of individual cells. Computational analysis
was performed to identify optimal vectors, according to cell specificities, expression levels,

25  and/or other desirable characteristics, based on the presence and quantity of DNA barcodes in
transcriptomes from thousands of different cells of multiple cell types in paraliel. The
performance of AAV capsid polypeptides was evaluated on the basis of mRNA franscription
levels rather than the presence of BNA, reflecting the ability of the AAY vectors to drive
expression of the AAV veetor nucleic acid as opposed to simply having the ability to entera

30 cell

AAYV vectors having capsid polvpeptides that included an amino acid sequence nsert
focated between amino acid residues 587 and 588 of SEQ 1D NO:1 (61 vectors) or an amino

acid sequence insert as a replacervent of anuno acid residucs 585 to 590 of SEQ D NO:1 (3

vectors) mediated expression preferentially in OFF-retinal ganglion cells. The AAV vectors
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were ranked based on overall rankings with +++ indicating those that performed in the top
173 of vectors tested, with ++ indicating those that performed in nuddle 1/3 of vectors tested,
and with + indicating those that performed in the bottont 1/3 of vectors tested. These were
determined i ferms of total levels of gene expression in retinal cells. SEQ ID NO:14 (SEQ
I NG5 inserted between amino acid residues 587 and 588 of SEGQ D NO:1; see, ¢g.,
Figure 1} resulted 1n “+++." No expression was detected within the houts of detection when
the wild-type AAV2 vector was used.

Taken together, these results demonstrate that AAY vectors that include an AAV
capsid polvpeptide (c.g., an AAVZ capsid polypeptide} having an amino acid sequence set
forth in Table I {or Formula A) can have the ability to mediate transgene expression

preferentially in OFF-retinal ganghion cells following intravitreal imjection.

Example 22 — Treannz a retinal condition using an AAY vector

An AAV vector is constructed to include an AAV?2 capsid polypeptide having an
amino acid sequence set forth in Table 1 {e.g., SEQ ID NG:2 or 5} {or Formula A) and an
exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constructed AAY
vector is administered intravitreally to a human identified as having a retinal condition in an
amount that is from about I x 107 to about 1 x 10% AAV vectors. After the administration,
the severity of one or more symptoms of the retinal condition is reduced and/or the
progression of the retinal condition s slowed.

3

- Construction of AAV vectors containing mutated capsid polvpeptides

Example 2

A high~throughput method was used to create AAV vectors with sutated capsid
polypeptides and to screen those created AAYV vectors for particular AAV vectors having the
ability to exhibit high efficiency and/or specificity for infecting retinal cells. See, eg.,
Guztiirk ef ol ., hioRxiv, 2020.10.01.323196 (2020 and Oztink e ol , eLife, 10:e64175 (2021).
Briefly, highly complex hbraries of AAYV mutants were created and injected into the eves of
primates {cynolmolgus macaques or rhesus macaques). These lbrartes were created such
that cach AAV vector in the library contained a unigue DNA barcode, which allowed for
tracking of a mutated AAV capsid polypeptide. In one library version, successfully packaged
AAV vectors were polymerase chain reaction {PCR) amphified and repackaged, resulting ina

“repack” hbrary.

~3
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The performance of AAV capsid polypeptides for packaging was evaluated on the
basis of successful packaging in the original and the “repack™ library, reflecting the ability of
the AAY vectors to package.

AAV vectors having capsid polypeptides that included an anuino acid sequence mnsert

(4

focated between amino acid residues 587 and 588 of SEQ 1D NO:1 {19 vectors) or an amino
acid sequence insert as a replacement of anino acid residues 585 to 390 of SEQ 1D NO:1 (8
vectors) mediated efficient packaging. The AAV vectors were ranked based on overall
rankings with +++ indicating those that performed 1 the top 1/3 of vectors tested, with ++
indicating those that performed in middle 1/3 of vectors tested, and with + indicating those
10 that performed in the bottom /3 of veciors tested. SEQ ID NG: 14 (SEQ 1D NO:S mserted
between amino acid residues 587 and 388 of SEQ D NO:1; see, ¢.g., Figure 1) resolied in
e

Taken together, these results demoustrate that AAV vectors that include an AAVY

capsid polyvpeptide {e.g., an AAV?2 capsid polypeptide) having an amino acid sequence set

[
v

forth in Table 1 {or Formula A} can have the ability to mediate efficient packaging.

Example 24 - Treating a retingl condition using an AAV vector

An AAV vector is constructed to include an AAV?Z capsid polyvpeptide having an
amino acid sequence set forth in Table 1 {c.g., SEQ 1D NO:2 or 5) {or Formula A) and an
20 exogenous nucleic acid sequence encoding a therapeutic polypeptide. The constructed AAV
vector s administered intravitreally to a human identified as having a retinal condition in an
amount that is from about 1 x 107 to about 1 x 10™ AAV vectors. After the administration,
the severity of one or more symptoms of the retinal condition is reduced and/or the

progression of the retinal condition is slowed.

Highly diverse libranies of AAV vanants {about 1E+5 to about 1E+6 variants) were
pooled and mjected mto the eyes of rhesus macagues and cynomolgus macagques nop-human
primates {(u=4} via intravitreal imjection. The AAVs were packaged with a ubiquitous CMV

30 promoter driving expression of a GFP transgene. Barcodes identifving unigque AAV vananis
were included following the GFP transgene. 30-60 dayvs following injection, single~cell
RINA-Seq was used to quantify the expression of GFP as a metric of the performance of

varants in the pool. The vanant with SEQ 1D NO:S emerged as a top performer from this
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screen in four non-homan primates. Performance was quantified according to the number of
cells expressing the transgene.
in a separate expertment, AAV variants including a variant having SEQ 1D NG:66

were cloned, packaged, and pooled together. The AAV variants were pooled and injected

(4

into the eyes of thesus macagues and cynomolgus macaques non-human primaies (8=3) via
intravitreal injection. The AAVs were packaged with a ubiquitous CAG promoter driving
expression of a GFP transgene. Barcodes identifving unique AAV variants were included
following the GFP transgene. 30-60 days following injection, single-cell RNA-Seq was used
to quantify the expression of GFF as a metric of the performance of variants in the pool.

10 AAV?2 {Scientific name: Adeno-associated virus 2 (isolate Srivastava/1982); UmiProt Taxon
ID No. 648242} was included tn the mixture as a benchmarking control in the screen. The
performance of each vartant was quantified according to the number of cells expressing the
transgeoe. The vanant containing SEQ 1D NO:66 outperforued the naturally occurriog

serotype controls across all cell types in all non-human primates, and performed sumilarly o

[
v

engineered serotypes. Injection of the variant containing SEQ 1D NO:S also resulted in
mereased levels of transgene expression per cell relative to that observed with the naturally

oceurring serotypes (Table 4).

Table 4.

AAV2 engineered to

include SEQ ID
Cell Type NO:66 Wild-type AAV2
Rod At nd
Cong nd nd
Horizontal Cell S nd
Off-Bipolar ot nd
On-Bipolar ettt nd
Amacrine Cell Attt i
Microglia et bt
Mutler Glia i -+
Retinal Ganglion Cell At ad
Retinal pigment epithelium ottt nd
All Cells - A+

26  nd = not detectable. Plus rankings were based upon log-transformed percent cells infected.
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These results demonstrate that AAV vectors with an AAV capsid polypeptide that
includes an amino acid sequence set forth 1o Table | {or Formula A} effectively infect retinal

cells and result in high fevel expression of delivered nucleic acid 1n those infected cells.

(4

Example 26 — Additional Embodunents

Embodiment 1. An AAV capsid polypeptide comprising the amino acid sequence of
any one of SEQ 1D N3g:2-5.

16 Embodiment 2. The polvpeptide of Embodiment 1, wherein said polypeptide
comprises the amino acid sequence of SEQ ID NO: 1 or SEG 1D NO: 10 except that said
amino acid sequence of any one of SEQ D NOs:2-5 is located between amine acid positions

587 and 588 of SEQ 1D NO:{ or SEQ 1D NO: 10,

[
v

Embodiment 3. The polypeptide of Embodiment 1, wherein said polypeptide
comprses the amino acid sequence of SEQ 1D NO:1 or SEQ 1D NO: 10 except that said
amino acid sequence of SEQ 1D NO:5 15 located between anuno acid posttions S87 and 588

of SEQ ID N1 or SEG ID NG 10

26 Emboduvent 4. The polypeptide of Embodiment 1, wherein said palypeptide
comprises the amino acid sequence of SEQ 1D NG:1 or SEQ 1D NG: 10 except that the amino
acids from position 585 to 390 of SEQ 1D NG: 1 or SEG 1D NG 10 are replaced with said

aroino acid sequence of any one of SEQ 1D NOs:2-5.

25  Embodiment 5. The polyvpeptide of Embodiment 1, wherein said polypeptide
comprises the amino acid sequence of SEQ D NGO 1 or SE 1D NO: 10 except that the amino
acids from posttion 385 o 5906 of SEQ 1D NO:1 or SEQ 1D NO: 10 are replaced with said
amino acid sequence of SEQ IDNQG:2.

30 Embodument 6. The polypeptide of any one of Embodiments [-5, wherein an AAV

vector comprising said polypeptide infects greater than 2.5 percent of retinal cells when a

titer of at least 1 x 107 of said vector is administered intravitreally to an eye of a human.
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Embodiment 7. The polypeptide of any one of Embodiments 1-6, wherein an AAV
vector comprising said polypeptide expresses more nucleic acid in retinal cells than the level
of expression from a comparable AAY vector comprising a capsid polypeptide consisting of

the amino acid sequence set forth in SEQ ID NG L

(4

Embodument 8. A nucleic acid molecule encoding a polypeptide of any one of

Embodunents 1-7.

Embodiment 9. The nucleic acid molecule of Embodiment 8, wherein said nucleic acid

16 molecule 1s DNA.

Embodiment 10. A host cell comprising a nucleic acid molecule of any one of

Embodunents 8-9.

15  Embodiment 11. The host cell of Embodiment 10, wherein said host cell expresses a
vector comprising said polypeptide.
Embodiment 12. The host cell of Embodiment 10, wherein said host cell expresses said
polypeptide.

20
Embodiment 13, A host cell comprising a polypeptide of any one of Embodiments 1-7.
Erobodiment 14, The host cell of any one of Embodiments 10-13, wheremn said host cell
1s a retinal cell.

25
Embodiment 135. A non-naturally occurring AAV capsid polypeptide, wherein said
capsid polvpeptide comprises the amino acid sequence of SEQ IDNO:1 or SEQ ID NG 10
comprising an amino acid sequence insert of Formula A located between amino acid
positions 587 and 588 of SEQ ID NOG:1 or SEQ ID NO: 10, wherein said Formula A is:

30 -L1-EGSGRN (SEQ 1D NO:2)-L2-,

wherein said L1 and said L2 are cach independently optional amino acid linkers having one,

two, or three amino acids.
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Embodiment 16. The capsid polypeptide of Embodiment 15, wherein said L1 is one

amino acid X1.

Embodiment 17. The capsid polypeptide of Embodiment 17, wherein said X1 is selected

(4

from the group of amino acid residues consisting of A, V. L and L.

Embodiment 18, The capsid polypeptide of Embodmment 17, wherein said X1 15 A
Embodiment 19 The capsid polypeptide of Embodiment 15, wherein said L1 is two

16 ammno acids X2-X1.

Embodiment 20. ‘The capsid polypeptide of Embodiment 19, wherein said X1 is selected

from the group of amino acid residues consisting of A, V, 1, and L.

15 Embodiment 21. The capsid polypeptide of Embodiment 19, wheretn said X1 is A
Embodiment 22, The capsid polvpeptide of any one of Embodiments 19-21, wherein
said X2 is selected from the group of aming acid residues consisting of A, V, L and L.

26 Emboduvent 23. The capsid polypeptide of Embodmment 22, wherein said X2 1s L.

Embodiment 24, The capsid polypeptide of Embodiment 19, wherein said X2-X1 s LA,
Embodiment 25, The capsid polvpeptide of Embodiment 15, wherein said L1 is three

25 amino acids X3-X2-X1.

Embodiment 26, The capsid polypeptide of Embodiment 25, wherein said X1 is sclected

from the group of amino acid restdues conststing of A, V, |, and L.

30 Embodiment 27. The capsid polypeptide of Embodiment 26, whercin said X1 is A,
Embodiment 28. The capsid polypeptide of any one of Embodiments 25-27 wherein

sard X2 is selected from the group of anuno acid residucs consisting of A, V. I, and L.
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Embodiment 29, The capsid polypeptide of Embodiment 28, wherein said X2 1s L.
Ermbodiment 30, The capsid polypeptide of Embodiment 25, wherein said X2-X1is LA,
5  Embodiment 31. ‘The capsid polypeptide of any one of Embodiments 25-30, wherein

said X3 is selected from the group of anuno acid residucs consisting of A, V. I, and L.
Embodiment 32. The capsid polypeptide of Embodiment 15, wherein said L1 1s absent.

16 Embodiment 33. The capsid polvpeptide of any one of Embodiments 15-32, wherein
said L2 is one amino acid Z1.
Embodiment 34. The capsid polypeptide of Embodiment 33, wherein said 7 11s selected
from the group of amino acid residues consisting of A, V. I, and L.

15
Embodiment 35, The capsid polvpeptide of Embodiment 34, whercin said 21 15 A.
Embodiment 36. The capsid polvpeptide of any one of Embodiments 15-32 wherein
said L2 is two amino acids Z21-Z2.

20
Embodiment 37. The capsid polypeptide of Embodiment 36, wherein said Z1 1s selected
from the group of amino acid residues consisting of A, V, L and L.
Embodiment 38, The capsid polvpeptide of Embodiment 37, wherein said Z1 is A,

25
Embodiment 39. ‘The capsid polypeptide of any one of Embodiments 36-38, wherein
said 22 1s selected from the group of amino acid residucs consisting of A, V, L and L.
Embodiment 40. The capsid polypeptide of Embodiment 39, wherein said 22 1s L.

30
Embodiment 41. The capsid polvpeptide of Embodiment 36, wherein said Z1-22 15 AL,
Embodunent 42. The capsid polypeptide of anv one of Erbodiments 15-32, wherein

said L2 1s three amino acids Z1-22-723.
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Embodiment 43. The capsid polypeptide of Embodiment 42, wherein said 21 is selected

from the group of amino acid residues consisting of A, V, [ and L.

5 Embodiment 44. ‘The capsid polypeptide of Embodiment 43, wherein said Z11s A,
Embodiment 45, The capsid polypeptide of any one of Embodiments 42-44, wherein
said Z2 is selected from the group of aming actd residues consisting of A, V, L and L.

16 Embodiment 46. The capsid polvpeptide of Embodiment 45, wherein said Z2 is L.
Embodiment 47. 'The capsid polypeptide of Embodiment 42, wherein said Z1-72 1s AL
Embodiment 43, The capsid polypeptide of any one of Embodiments 42-47, wherein

15 said Z3 is selected from the group of amine acid residues consisting of A, V, Land L.
Embodiment 49, The capsid polvpeptide of any one of Embodiments 15-32, wherein
said L2 is absent.

26 Emboduvent 50. The capsid polypeptide of Embodmment 15, wherein said amino acid
sequence insert comprises any one of SEQ I NOs.2-5.

Embodiment 51 A viral particle comprising a capsid polypeptide of any one of
Embodiments 15-31.
25

OTHER EMBODIMENTS
it is to be understood that wiile the invention has been described n comjunction with
the detatled description thereof, the foregoing descniption is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

30 aspects, advantages, and modifications are within the scope of the following clams.
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WHAT IS CLAIMED IS:

i An adeno-associated virus (AAV) vector comprising an AAY capsid polvpeptide,
wherein said capsid polypeptide comprises the amino acid sequence of any ong of SEQ ID
NQOs:2-3.

2. The vector of claim [, wherein said capsid polypeptide comprises the amino acid
sequence of SEQ D NOG:1 or SEQ ID NGO 10 except that said amino acid sequence of any
one of SEQ 1D NOs:2-5 is located between amino acid positions 587 and 588 of SEQ ID
NG or SEQ D NG 10

3. The vector of claim |, wherein said capsid polvpeptide comprises the amino acid
sequence of SEQ 1D NG or SEQ 1D NOG: 10 except that said anuno acid sequence of SEQ
I3 NG5 1s located between amino acid positions 587 and 588 of SEQ ID NGO or SEQ 1D
NG:10.

4. The vector of claim 1, wherein said capsid polvpeptide comprises the amino acid
sequence of SEQ ID NG 1 or SEQ ID NG: 10 except that the aminge acids from position 583
10 590 of SEG 1D NO:1 or SE(} 1D NO: 10 are replaced with said amino acid sequence of any
onc of SEQ ID N(s:2-5.

5. The vector of claim 1, wherein said capsid polypeptide comprises the amino acid
sequence of SEQ 1D NO: 1 or SEQ ID NG: 10 except that the amino acids from position 585
to 590 of SEQ 1D NO: T or SEQ 1D NG 10 are replaced with said amino acid sequence of
SEQ IDNG:2.

6. The vector of any one of claims 1-5, wherein said vector is an AAV2 vector.
7. The vector of any one of claims 1-6, wherein satd vector infocts greater than 2.5

percent of rotinal cells when a titer of at least 1 x 107 of said vector is administered

wntravitreally to an eve of a human.
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8. The vector of any one of claims 1-7, wherein said vector comprises an exogenous

nucleic acid encoding an RNA or a polypeptide.

9. The vector of claim 8, wherein said exogenous nucleic acid encodes an RNA.

10, The vector of claim 9. wherein said RNA is an siRNA or nucroRNA.

11, The vector of claim &, wherein said exogenous nucleie acid encodes a polypeptide.

i2. Thevector of claim 11, wherein said polvpeptide is an ABCA4 polypeptide, a CRBI
polypeptide, an NPHPS polypeptide, or an NRZE3 polypeptide.

13, The vector of any one of clavns 1-12, wherein said vector expresses more nucleic acid
in retinal cells than the level of expression from a comparable AAV vector comprising a

capsid polypeptide consisting of the amino acid sequence set forth in SEQ ID NO: L

14, The vector of any one of claims 1-13, wherein said capsid polypeptide comprises the

amino acid sequence of any of SEQ 1D NOg:11-42.

15, A composition comprising a vector of any one of clavus 1-14 and a pharmaceutically

acceptable excipient.

16, The composition of claim 13, wherein said composition comprises from about 1 x 107

to about 1 x 10 of said vector.

17.  The composition of any onc of claims 15-16, wherein said pharmaceutically
acceptable excipient comprises one or more of phosphate buffered saline, Hank’s Balanced

Salt Solation, and Pluronic F68.

i8. A method for dehivering an exogenous nucleic acid sequence to a retinal cell withina
manunal, wherein said method comprises contacting said retinal cell with an AAV vector
comprising an AAV capsid polvpeptide and said exogenous nueleic acid sequence, wherein

said capsid polypeptide comprises the anuno acid scquence of any one of SEQ 1D NQs:2-5,
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wherein said AAY vector infects said retinal cell, therchy dehivenng said exogenous mucleic

acid sequence to said retinal ceil.

19, The method of claim 18, wherein said capsid polypeptide comprises the amino acid
sequence of SEQ ID NOG:1 or SEQ ID NO:10 except that said amino acid sequence of any
one of SEQ 1D N{s:2-5 1s located between amino acid positions 587 and 388 of SEQ ID
NO:1 or SEQ ID NO: 16

20, The method of claim 18, whercin said capsid polypeptide comprises the amino acid
sequence of SEQ ID NG:1 or SEQ ID NG: 10 except that said amino acid sequence of SEQ
1D NO:S 18 located between amino acid positions 387 and 588 of SEQ ID NG:1 or SEQ ID
NGO

21, The method of claim 18, wherem said capsid polvpeptide comprises the amino acid
sequence of SEQ 1D NO:1 or SEQ 1D NO: 10 except that the amino acids from position 585
t0 590 of SEQ 1D NO: 1 or SEQ 1D NO: 10 are replaced with said amino acid sequence of any
one of SEQ 1D NOs:2-5.

22, The method of claim 18, wheremn said capsid polypeptide comprises the amino acid
sequence of SEQ 1D NO: 1 or SEQ 1D NG:10 except that the ammo acids from position 583
1o $90 of SEQ ID NO:1 or SEQ ID NG 10 are replaced with said amino acid seqaence of
SEQ ID NO:2.

23, The method of any one of claims 18-22, wheremn said mammal 1s a human.
24, The method of any one of claims 18-23, wherein said vector is an AAV?2 vector.
25, The method of any one of claims 18-24, wherein said vector mfects greater than 2.5

percent of retinal cells when a titer of at least 1 x 107 of said vector is administered

intravitreally to an eye of a human.

26.  The method of any one of claims 18-25, wheremn said exogenous nucleic acid

sequence encodes an RNA or a polypeptide.

fou=]
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27, The method of claim 26, wherein said exogenous nucleic actd encodes an RNA.
28, The method of clazm 27, wherein said RNA 1s an siRNA or microRNA,
29, The method of claim 26, wherein said exogenous nucleie acid encodes a polypeptide.

30. The method of claim 28, wheren said polypeptide 1s an ABCA4 polypeptide, a CRBI
polypeptide, an NPHPS polypeptide, or an NR2E3 polypeptide.

3f. The method of any one of claims 18-30, wherein said vector expresses more of said
exogenous nucleic acid sequence i said retinal cell than the level of expression in a retinal
cell from a comparable AAV vector comprising a capsid polypeptide consisting of the amino

acid sequence set forth m SEQ 1D NO: 1.

(98]

2. The method of any one of claims 18-31, wherein said method comprises intravitreally
administering a composition comprising said vector to said mammal, thereby contacting said

retinal cell with sard vector.

33, The method of claim 32, wherein said composition comprises from about 1 x 107 to

about 1 x 10 of said vector,

34, A method for treating a retinal condition in a mammal in need thereof, wherein said
method comprises contasting retinal cells of a mammal having said retinal condition with
AAV vectors comprising an AAV capsid polvpeptide and an exogenous nucleic acid
sequence, wherein said capsid polypeptide comprises the amino acid sequence of any one of
SEQ D NOs:2-5, wherein said AAY vectors infect said retinal cells and drive expression of

said exogenous nucleie acid sequence within said retinal cells, thereby treating said retinal

condition.
35, The method of claim 34, wherein said maownal is a hunan.
36.  The method of any one of claims 34-35, wherein said retinal condition is selected

from the group consisting of LCA, OCA L, retinitis pigmentosa, rod/cone dystrophy, cone
dystrophy, Stargardt Disease, Usher syndrome, XLRP, and XLRS.
84
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37, The method of any one of claims 34-36, wherem said capsid polypeptide comprises
the anuno acid sequence of SEG D NG: 1 or SEQ 1D NG 10 except that said amino acid
sequence of any one of SEQ 1D NOs:2-5 15 located between amino acid positions 387 and
388 of SEQ ID NO: 1 or SEQ IDNO: 10

38, The method of any one of claims 34-36, wherein said capsid polypeptide comprises
the amino acid sequence of SEQ 1D NO:1 or SEQ 1D NO: 10 except that said amino acid
sequence of SEQ 1D NO:5 is located between amino acid positions 587 and 588 of SEQ ID
NO:1 or SEQ 1D NO: 10

39.  The method of any one of claims 34-36, wherein said capsid polypeptide comprises
the amino acid sequence of SEQ 1D NG 1 or SEQ ID NG 10 except that the amino acids
from posttion 585 10 590 of SEQ ID NO:1 or SEQ 1D NO: 10 are replaced with said amino
acid sequence of any one of SEQ 1D NQGs:2-5.

49, The method of any one of claims 34-36, wheremn said capsid polypeptide comprises
the amino acid sequence of SEQ ID NG 1 or SEQ 1D NO: 10 except that the amino acids
from position S85 to 590 of SEQ ID NG: 1 or SEQ 1D NG 10 are replaced with said anmiino
acid sequence SEQ ID NG:2.

41, The method of any one of claims 34-40, wherein said vectors are AAV2 vectors.
42, The method of any one of claims 34-41, wherein said vectors infect greater than 2.5
percent of retinal cells when a titer of at least 1 x 107 of said vectors is administered

intravitreally to an eve of said mammal.

43, The method of any one of clatms 34-42, wherein said exogenous nucleic acid

seqguence encodes an RNA,

44, The method of claim 43, wherein said RNA is an siRNA or a microRNA.
45, The method of any one of claims 34-42 wheren said exogenous nucleic acid encodes
a polypeptide.

fou=]
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46.  The method of claim 45, wherein said polvpeptide 1s an ABCA4 polypeptide, a CRBI
polypeptide, an NPHP3 polypeptide, and an NRZE3 polypeptide.

47.  The method of any one of claims 34-46, wherein said vectors express more of said
exogenous mucleic acid sequence in said retinal cells than the level of expression in retinal
cells from a comparable AAV vector comprising a capsid polypeptide consisting of the

amino acid sequence set forth in SEQIDNO: 1

48, The method of any one of claims 34-47, wherein said method comprises intravitrcally
administening a composition comprising said vectors to said mammal, thereby contacting said

retinal cells with said vectors.

49, The method of clain 48, wheremn said composition comprises from about 1 x 107 1o

about 1 x 10" of said vectors.

50 A non-paturally occurring adeno-assoctated virus (AAV) vector comprising an AAY
capsid polypeptide, wherein said capsid polypeptide comprises the amino acid sequence of
SEQ 1D NG or SEQ 1D NG 1O comprising an amino acid sequence insest of Formulda A
located between amino acid positions 587 and 388 of SEQ 1D NG:1 or SEQ 1D NO:10,
whertein said Fornwla A 1s:

~LI-EGSGRN (SEQ ID NO:2)-L2~,
wherein said L and said L2 are each independently optional amino acid linkers having one,

two, or three anuno acids,

51 The vector of claim 50, wherein said L1 is one amino acid X1.

52, The vector of claim 51, wherein said X1 15 selected from the group of anuno acid

residacs consisting of A, V. [ and L.

53, The vector of claim 54, wherein said X1 is A.

2
e

The vector of claim SO, wherein said L1 15 two amino acids X2-X1,
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55, The vector of claim 34, wherein said X1 1s selected from the group of amuno acid

residues consisting of A, V. L and L.

(e
N

The vector of claim 55, wherein said X1 s A,

57, The vector of any one of claims 54-36, wherein said X2 is selected from the group of

amino acid residues consisting of A, V, L and L.

58, The vector of claim 37, whercin said X2 is L.

39. The vector of claim 54, wherein said X2-X1 1s LA,

60, The vector of claim 30, wherein said L1 is three amino acids X3-X2-X1.

6.  The vector of claim 60, wherein said X1 is selected from the group of anuno acid

residucs consisting of A, V., L and L.

62. The vector of claim 61, wherein said X1 is A,

63, The vector of anv one of claims 60-62, wherein said X7 is selected from the group of

amino acid residues consisting of ALV, L and L.

64, The vector of claim 63, wherein said X2 is L.
63. The vector of claim 60, wherein said X2-X1 is LA,
66.  The vector of any one of claims 60-63, wherein said X3 is selected from the group of

amine acid residues consisting of A, V, L and L.

67, The vector of claim 50, wherein said L1 is absent,
68.  The vector of any one of claims 50-67, wherein said L2 i3 one amino acid Z1.

o]
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69, The vector of claim 68, wherein said Z1 1s selected from the group of amino acid

residues consisting of A, V. L and L.

70, The vector of claim 68, wherein said Z1 1s A,
7t The vector of any one of clatms 50-67, wherein said L2 ts two amino acids Z1-722.
72, The vector of claim 71, wherein said Z1 is selected from the group of amino acid

residues consisting of A, ¥V, L and L.

73. The vector of ¢laim 71, wherein said Z1 15 A
74.  The vector of any one of clawms 71-73, wherein said 22 is selected from the group of

amino acid residues consisting of A, V. L, and L.

75. The vector of claim 74, wheremn said 22 1s L

76. The vector of claim 75, wherein said Z1-Z2 is AL,

77, The vector of any one of clatras 50-67, wherein said L2 is three amino acids 21-22-
Z3.
78.  The vector of claim 77, whercin said 21 1s selected from the group of amine acid

residues consisting of A, V, I and L.

79. The vector of claim 78, wherein said Z1 1s A,
80.  The vector of any one of claims 77-79, wherein said Z2 15 selected from the group of

amino acid residues consisting of A, V, L and L.

g1 The vector of claim 80, wherein said 22 1s L.
82, The vector of claim 77, wherein said Z1-22 is AL,
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83.  The vector of any one of claims 77-82, wherein said Z3 15 selected from the group of

amino acid residues consisting of A, V, L, and L.

84.  The vector of any one of claims 50-67, wherein said L2 s absent.
85, The vector of claim 30, wherein said amuno acid sequence insert comprises any one of

SEQ ID NQOs:2-5.

86. A non-natuerally ocourring AAY capsid polypeptide, whercin said capsid polvpeptide
comprises the amino acid sequence of SEQ I3 NO: T or SEQ D NO: 10 compnising an amino
acid sequence insert of Formula A located between amino acid positions 387 and 588 of SEQ
I3 NG 1 or SEQ ID NO: 10, wherein said Formula A is;

~LI-EGSGRN (SEQ 1D NO:2y-L.2-,
wherein said L1 and said L2 are each independently optional amino acid hinkers having one,

two, or three amino acids.

87. A method for administering an exogenous nocleic acid sequence to a mamimal in need
thereof, wherein said method comprises administering an effective amount of a vector of any
one of clairas 50-85 to said manwnal, whercin said vector comprising said exogenous nucleic

acid sequence.

88, The method of claim 87, wherein said maowumnal is a human.

89, The method of any one of claims 87-88, wherein said administering comprises

administering said effective amount to an eye of said mammal.

80.  The method of any one of claims 87-39, wherein said administering is sufficient to

allow for expression of said exogenous nucleic acid sequence in a coll of said manunal.

91, The method of any one of claims §7-90, wherem said exogenous nucleic acid

sequence encodes a therapeutic polypeptide.
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82, A method of treating a retinal disorder in a patient in need thereof, comprising
administering to the patient’s oye an effective amount of an AAV vector, wherein the AAY
vector comprises an AAV capsid polvpeptide and an exogenous rucleic acid sequence,

wherein the AAV capsid polypeptide is represented by Formula A

90



