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ADENG-ASSOCIATED VIRUS COMPOSITIONS FOR
PAH GENE TRANSFER AND METHODS OF USE THEREOF

RELATED APPLICATIONS

6001} This application claims priority to U.S. Provisional Patent Application Seral
No. 62/625,150, filed February 1, 2018, the entire disclosure of which is hereby incorporated

herein by reference.
REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

6002} The content of the electronically submitted scquence listing in ASCH text file
(Name: HMT-025PC Seglast ST251xt; Size: 34,214 byies; and Date of Creation: Janunary 27,

2019} is mcorporated hercin by reference in its entivety.
BACKGROUND

[0603] Phenylketonuria (PKU) 18 an autosomal recessive genetic disorder where the
majority of cases are caused by mutations in the phenylalanine hydroxylase (PAH) gene. The
PAH gene encodes a hepatic enzyme that catalyzes the hvdroxvylation of L-phenylalanine (Phe)
to L-tyrosme (Tyr} upon mulimenzation. Reduction or loss of PAH activity leads to
phenvialanine accumulation and its conversion mio phenvipyruvate {(alsc kusown as
phenviketone). This abnormality in phenvialanine metabolism mmpairs neuronal maturation
and the synthesis of myelin, resulting mn mental retardation, seizures and other serious medical

problems.

[G004] Currently, there is no cure for PKU. The standard of care is dict management
by mininuzing foods that contan high amounts of phenvlalanine. Dietary management from
birth with a low phenylalanine formula largely prevents the development of the inteliectual
disability of the disorder. However, even on a low-phenylalanine diet, children still suffer from
growth retardation, and adults often have osteoporosis and vitamin deficiencies. Moreover,

adherence to hife-long dietary treatment 1s difficult, particularly once children reach school age.

[GB05] New treatment strategies have recently emerged, including large neutral amino
acid (ENAA)Y supplementation, cofactor tetrahydrobioptenin therapy, enzyme replacement
therapy, and genctically modificd probiotie therapy. However, these strategies suffer from
shortcomings. The LNAA supplementation is suttable only for adults not adhering o a low
Phe diet. The cofactor tetrahvdrobiopterin can only be used in some mild forms of PKLL
Enzyme replacement by administration of a substitute for PAH, e.g., phenyvlalanine ammonia-
lvase (PAL), can lead to immune responses that reduce the efficacy and/or cause side effects.

1
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As to genetically modified probiotic therapy, the pathogenicity of PAL-expressing £. coli has

been a concern.

3006} Gene therapy provides a unique opportunity to cure PRKU. Retroviral vectors,
including lentiviral vectors, are capable of mtegrating nucleic acids mio host cell genomes,
5 raising safety concerns due to their non-targeted msertion 1nto the genome. For example, there
1s a risk of the vector disrupting a tumor suppressor gene or activating an oncogene, thereby
causing a malignancy. Indeed, m a clinical tral for treating X-linked severe combined
immunodeficiency (SCID} by transducing CD347 bone marrow precursors with a
gammaretroviral vector, four out of ten patients developed leukenua (Hacein-Bey-Abina ef o/ |
10 JClin Invest. (2008) 118(9):3132-42). Non-iniegrating vectors, on the other hand, ofien sufter

mnsufficient expression level or inadequate dvration of expression in vivo.

6607} Accordingly, there is a need in the art for improved gene therapy compositions

and methods that can efficiently and safely restore PAH gene function in PKUJ patients.

ot
(v

SUMMARY

[GB08] Provided herein are adeno-associated virus {AAY) compositions that can

restore PAH gene function m cells, and methods for using the same to treat discascs associated

with reduction of PAH gene function {¢.g., PKU). Also provided are packaging systems for
making the adeno-associated virus compositions.

20 [6099] Accordingly, in one aspect, the instant disclosure provides a method for
expressing a PAH polypeptide in a cell, the method comprising transducing the cell with a
replication-defective adeno-associated virus {AAV)} comprising:

(a) an AAYV capsid comprising an AAY Clade F capsid protein; and
{(b) atransfer genome comprising a transcriptional regulatory clement operably linked to a PAH

25 ¢oding sequence.

6014} In certain embodiments, the cell is a hepatocvie, a renal ccll, or a cell in the
brain, piiuitary gland, adrenal gland, pancreas, urinary bladder, gallbladder, colon, small
intesting, or breast. In certain embodiments, the cell 1s in a mammalian subject and the AAVY
is administered to the subject i an amount effective to transduce the cell i the subject.

30 (0011 In another aspect, the nstant disclosure provides a method for treating a subject

having a disease or disorder associated with a PAH gene mutation, the method comprising

administering to the subiect an effective amount of a replication-defective AAV comprising:

(a2} an AAV capsid compnsing an AAV Clade F capsid protein; and

[\]
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(b) a transfer genome comprising atranscriptional regulatory element operably linked to a PAH
coding sequence.
[6012] In certain embodiments, the discase or disorder is phenylketonuria. In certain

embodiments, the subject is a human subject.

(]

3613} In another aspect, the mstant disclosure provides a replication-defective adeno-

associated virus (AAVY) comprising:

(a) an AAV capsid comprising an AAY Clade F capsid protein; and
(b) a transfer genome comprising atranscriptional regulatory element operably linked to a PAH
coding sequence.

10 [0014] The following embodiments apply to cach of the foregoing aspecis.
381 5] In certain embodiments, the PAH coding sequence encodes an amino acid
sequence set forth m SEQ 1D NO: 23, In certain embodiments, the PAH coding sequence
comprises the nucleotide sequence set forth in SEQ 1D NO: 24, o certain embodiments, the
PAH coding sequence is silentlv alicred. In certain embodiments, the PAH coding sequence

15 compnses the nucleotide sequence set forth in SEQ 1D NG: 25,
6016} In certain embodiments, the transcriptional regulatory element is capable of
mediating transcription in a hepatocyie, a renal cell, or a cell in the brain, pituitary gland,
adrenal gland, pancreas, urinary bladder, gallbladder, colon, small intestine, or breast. In
certain embodiments, the transcriptional regulatory element is capable of mediating

20 transcription in a hepatocyte or repal cell.  In certain embodiments, the transcriptional
regulatory clement comprises one of more of the elements selected from the group consisting
of a CAG promoter, a human EF-la promoter, a human hepatic control region 1 (HCRI), a
himman al-antitrvpsin (hAAT) promoter, a hepatic specific regalatory module of the hAAT
promoter, an SV40 mmtron, and a munute virus of mouse (MVM) intron.  In certain

25  cmbodiments, the transcriptional regulatory clement comprises a nucleotide sequence at feast
D0% identical to a sequence selected from the group consisting of SEQ 1D NQOs: 28-30 and 32-
41, In certain embodiments, the transcriptional regulatory element comprises a nucleotide
sequence selected from the group cousisting of SEQ 1D NOs: 28-30 and 32-41. fn certain
embodiments, the transcrptional regulatory element comprises from 3" to 3' the nucleotide

30 seguences set forth in SEQ D NQOs: 29, 30, and 31. I certain embodiments, the transcrptional

regulatory clement comprises the nucleotide sequences set forth i SEQ 1D NO: 32.

G817} In certain embodiments, the transfer genome further comprises an intron

operably linked to the PAH coding sequence. In certamm embodiments, the mtron comprises a

nucleotide sequence at least 90% identical to the sequence set forth in SEQ 1D NO: 31 or 35,
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In certain embodiments, the intron comprises the nucleotide sequence set forth m SEQ 1D NO:
31 or 35, In certain embodiments, the transfer genome comprises from 3' to 3" a non-coding

> & o
exon, the intron, and the PAH coding sequence.

3618} In certain  embodiments, the transfer genome further comprises a

(]

polyadenviation sequence 3' to the PAH coding sequence. In certain embodiments, the
polyadenyiation sequence is an exogenous polvadenyiation sequence. In certain embodiments,
the exogenous polvadenylation sequence 1s an SV 40 polvadenylation sequence. In certain
embodiments, the SV40 polvadenylation sequence comprises a sequence selected from the
group consisting of SEQ ID NOs: 42, 43, and 45.
10 (0019 In certain embodiments, the transfer genome comprises a sequence sclected
from the group consisting of SEQ 1D NOs: 46-50, 61, 64, 67, 74, 76, 78, 80, 82, 84, §6, and
89.
[6620] In certain embodiments, the transfer genome further comprises a 5' inverted
terminal repeat (5' ITR) nucleotide sequence 3' of the genome, and a 3' inverted terminal repeat
15 (3'ITR) mucleotide sequence 3' of the genome. In certam embodiments, the 3' I'TR nucleotide
sequence has at least 95% sequence wdentity to SEQ ID NG 18, and the 3' I'TR nucleotide
sequence has at least 95% sequence identity to SEQ 1D NO: 19, In certain embodiments, the
5'1TR nucleotide scquence has at least 953% sequence identity to SEQ 1D NO: 20, and the 3
ITR nucleotide sequence has at least 95% sequence identity to SEQ ID NO: 21, In certain
20 embodiments, the 3' I'TR nucleotide sequence has at least 93% sequenee identity to SEQ 1D
NO: 26, and the 3' TR nucleotide sequence has at least 95% sequence identity to SEQ 1D NO:
27.
{6621} In certain embodiments, the transfer genome comprises a nucleotde sequence
selected from the group consisting of SEQ 1D NGs: 51-35, 62, 65, 68, 75, 77, 79, &1, 43, 85,
25 87, and 90. In certain embodiments, the transfer genome consists of a nuclectide sequence
selected from the group consisting of SEQ 1D NOs: 51-55, 62, 65, 68, 75, 77, 79, 81, 83, 853,
87, and 90. In certain embodiments, the transfer genome consists of the nuclectide sequence
set forth in SEQ 1D NO: 52,
[6622] In certain embodiments, the AAV Clade F capsid protein comprises an anuno
30 acwd sequence having at least 95% sequence identity with the aming acid sequence of amino
acids 203-736 of SEQIDNG:2,3,4,6,7,10, 11,12, 13, 15, 16, or 17. In certain embodiments,
the amino acid in the capsid protein corresponding to amino acid 206 of SEQ ID NO: 2 15 C;
the amino acid in the capsid protein corresponding to amino acid 296 of SEQ ID NG: 2 s H;

the amino acid in the capsid protein corresponding to amino acid 312 of SEQ ID NG: 215 (;
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the ammo acid m the capsid protein corresponding to amino acid 346 of SEQ [D NO: 2 15 A
the amino acid in the capsid protein corresponding to amino acid 464 of SEQ D NO: 2 s N
the amino acid in the capsid proiein corresponding to amino acid 468 of SEQ ID NO: 2 5 5;

the amino acid in the capsid protein corresponding to amino acid 501 of SEQ ID NO: 215 I

(]

the aming acid in the capsid protein corresponding to aming acid 505 of SEQ ID NO: 2 s R;
the amine acid in the capsid protein corresponding to aming acid 390 of SEQ IB NO: 2 s R;
the amino acid in the capsid protein corresponding to amino acid 626 of SEQ IDNO: 2is Gor
Y; the amino acid in the capsid protein corresponding to amino acid 681 of SEQ D NO: 2 is

M; the amino acid in the capsid protein corresponding 1o amingo acid 687 of SEQ ID NO: 2 15

10 R the amino acid i the capsid protein corresponding to amino acid 690 of SEQ 1D NO: 2 is
K the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NO: 2 1s
C: or, the amino acid in the capsid protemn corresponding to amino acid 718 of SEQ IB NG 2
is G.

6623} In certain embodiments, (a) the amino acid in the capsid protein corresponding

15 toamino acid 626 of SEQ D NO: 2 18 G, and the anuno acid in the capsid protein corresponding
to amino acid 718 of SEQ ID NG: 2 18 (5
{(b) the amino acid in the capsid protein corresponding to amino acid 296 of SEQ ID NO: 2 is
H, the amino acid i the capsid protein corresponding to amino acid 464 of SEQ 1D NO: 2 is
N, the amino acid in the capsid protein corresponding to amino acid 505 of SEQ ID NO: 2 s

20 R, and the amino acid in the capsid protein corresponding to aming acid 681 of SEQ ID NG: 2
is M:

(c) the amino acid in the capsid protein corresponding to amino acid 305 of SEQ ID NQO: 2 15
R, and the anmino acid in the capsid protem corresponding to amino acid 687 of SEQ 1D NG: 2
is R,

25 {d) the amino acid m the capsid protein corresponding to amino acid 346 of SEQ D NG 2 s
A, and the amino acid 10 the capsid protein corresponding to amino acid 505 of SEQID NG: 2
1s R or
{c) the amino acid in the capsid protein corresponding to amino acid 501 of SEQ ID NG: 2 15
I, the amino acid n the capsid protein corresponding to amino acid 505 of SEQ ID NO: 215 R,

30 and the amino acid in the capsid protemn corresponding to amino acid 706 of SEQ ID NG: 2 15

C.

[6024] In certain embodiments, the capsid protein comprises the amino acid scquence

of amino acids 203-736 of SEQ TDNO: 2,3,4.6,7, 10, 11,12, 13, 15, 16, or 17.



CA 03089824 2020-07-28

WO 2019/152841 PCT/US2019/016351

6025} In certain embodiments, the AAV Clade ¥ capaid protein comprises an amino
acid sequence having at least 95% sequence identity with the aming acid sequence of amino
acids 138-736 of SEQ ID NO: 2, 3, 4,5, 6,7,9, 10, 11, 12, 13, 15, 16, or 17, In certain

embodiments, the amino acid n the capsid protein corresponding to amine acid 151 of SEQ

(]

ID NO: 2 18 R; the amino acid i the capsid protein corresponding to aming acid 160 of SEQ
1D NG: 2 is D: the amino acid in the capsid protein corresponding to amino acid 206 of SEQ
1D NG: 2 is C; the amino acid in the capsid protein corresponding to amine acid 296 of SEQ
1D NG: 2 1s H; the anuno acid i the capsid protein corresponding to amino acid 312 of SEQ
1D NG: 2 1s Q; the amino acid in the capsid protein corresponding to amino acid 346 of SEQ
10 I NG 215 A; the amino acid i the capsid protein corresponding to amino acid 464 of SEQ
TD NO: 2 18 N; the amino acid in the capsid protein corresponding to amino acid 468 of SEQ
ID NO: 2 18 5; the anino acid in the capsid protein corresponding to amino acid 501 of SEQ
1D NO: 2 is | the amino acid in the capsid protein corresponding to amino acid 505 of SEQ 1D
NQO: 2 18 K the amuno acid 1o the capsid protein corresponding to anuno acid 590 of SEQ 1D
15 NO: 218 R; the amino acid i the capsid protemn corresponding to amino acid 626 of SEQ ID
NO: 2 1s G or Y: the amino acid in the capsid protein corresponding to amine acid 681 of SEQ
1D NG: 2 is M; the amino acid in the capsid protein corresponding to amino acid 687 of SE(Q
1D NO: 2 1s R the amino acid in the capsid protein corresponding to amino acid 690 of SE(}
D NO: 2 18 K the amino acid in the capsid protein corresponding to amine acid 706 of SEQ
20 1D NGO 2 is € or, the amino acid in the capsid protein corresponding to amino acid 718 of
SEQIDNG: 215G,
6626} In certain embodiments, (a) the amino acid i the capsid protein corresponding
to amino acid 626 of SEQ ID NO: 2 18 G, and the amino acid in the capsid protein corresponding
to amino acid 718 of SEQID NG 25 G
25 (b} the amino acid m the capsid protein corresponding to amino acid 296 of SEQ D NG 2 is
H, the amino acid in the capsid protein corresponding to amino acid 464 of SEQ ID NO: 215
N, the amino acid in the capsid protein corresponding to amino acid 365 of SEQ 1D NO: 2 is
R, and the amino acid in the capsid protein corresponding to anuno acid 681 of SEQ ID NG: 2
s M:
30 {c) the amino acid in the capsid protein corresponding to amino acid 505 of SEQ ID NQO: 2 15
R, and the amino acid in the capsid protein corresponding to amino acid 687 of SEQ 1D NG: 2
is R;
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(d) the anuno acid m the capsid protem corresponding to amino acid 346 of SEQ ID NO: 2 15
A, and the amino acid in the capsid protein corresponding to amino acid 303 of SEQ IDND: 2
is R or

(e} the amino acid in the capsid protein corresponding to amino acid 301 of SEQ TD NO: 2 1s
I, the amino acid i the capsid protein corresponding to amino acid 305 of SEQIDNO: 213 R,
and the anmino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NG: 2 s
C.

6627} In certan embodiments, the capsid protein comprises the amino acid sequence
of aming acids 138-736 of SEQIDNG: 2,3,4,5,6,7,9, 10, 11, 12, 13,15, 16, 0or 17.

[GO28] In certain embodiments, the AAY Clade F capsid protein comprises an aming
acid sequence baving at least 93% sequence identity with the amino acid sequence of amino
acids 1-736 of SEG ID NGO: 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 15, 16, or 17. In certain
embodiments, the amine acid in the capsid protein corresponding to aming acid 2 of SEQ 1D
NG 215 T the ammo acid in the capsid protein corresponding to amino acid 65 of SEQ 1D
NO: 2 is 1 the amino acid in the capsid protein corresponding to amino acid 68 of SEQ ID NO:
2 1s V; the amino acid in the capsid protein corresponding to anuno acid 77 of SEQ IB NO: 2
s R; the amino acid in the capsid protein corresponding to amino acid 119 of SEQ ID NO: 2

is L; the amino acid in the capsid protein corresponding to amino acid 131 of SEQ ID NO: 24

743

w

R the amino acid in the capsid protein corresponding to amino acid 160 of SEQ ID NG: 21

NI

D: the amino acid in the capsid protein corresponding to amino acid 206 of SEQ ID NO: 2 s

]

C; the amino acid in the capsid protein corresponding to amino acid 296 of SEQ 1D NO: 2 15

]

H; the amino acid 1o the capsid protein corresponding to anino acid 312 of SEQ ID NO: 2 15

o)

(3; the amino acid in the capsid protein corresponding to amino acid 346 of SEQ 1D NO: 2 15
A the amino acid in the capsid protein corresponding to amino acid 464 of SEQ ID NG 2 is
N; the amino acid in the capsid protein corresponding to amino acid 468 of SEQ 1D NO: 2 is
S; the amino acid n the capsid protein comresponding to amino acid 501 of SEQID NG: 21
the amine acid i the capsid protein corresponding to aming acid 305 of SEQ ID NO: 2 s R;
the aming acid in the capsid protein corresponding to amine acid 590 of SEQ D NO: 2 5 R;
the amino acid m the capsid protein corresponding to amino acid 626 of SEQ ID NO: 215 Gor
Y the amino acid in the capsid protein corresponding to amino acid 681 of SEQ ID NGO 2 15
M; the amino acid in the capsid protein corresponding to amino acid 687 of SEQ ID NO: 2 15
R; the amino acid in the capsid protein corresponding to amino acid 690 of SEQ 1D NO: 2 is

K the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NO: 2 1s

-~
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C; or, the amino acid in the capsid protein corresponding to amino acid 718 of SEQ ID NO: 2
13 G,

G829} In certain embodiments, {a) the amino acid in the capsid profein corresponding
to amino acid 2 of SEQ [D NO: 215 T, and the amino acid in the capsid protein corresponding
to aming acid 312 of SEQ ID NG: 215

(b} the amino acid in the capsid protein corresponding to amino acid 65 of SEQ ID NG 215 1,
and the amino acid in the capsid protem corresponding to amino acid 626 of SEQ 1D NGO: 2 15
Y,
{¢) the amino acid in the capsid protein corresponding to amne acid 77 of SEQ ID NO: 215 R,
and the amino acid in the capsid protein corresponding to amino acid 690 of SEQ 1D NO: 2 is
K;
(d) the amino acid i the capsid protein corresponding to amino acid 119 of SEQ ID NO: 2 i
L, and the amino acid in the capsid protein corresponding {o aming acid 468 of SEQ ID NG: 2
is 8

(¢) the amino acid in the capsid protein corresponding to amino acid 626 of SEQ ID NO: 2 15
(3, and the amino acid in the capsid protein corresponding to amino acid 718 of SEQ IDNG: 2
is (3;

(f) the amino acid in the capsid protcin corresponding to amino acid 296 of SEQ 1D NO: 2 is
H, the amino acid in the capsid protemn corresponding to amino acid 464 of SEQ IB NO: 2 18
N, the amino acid in the capsid protein corresponding to amino acid 365 of SEQ 1D NO: 2 is
R, and the amino acid in the capsid protein corresponding to anuno acid 681 of SEQ ID NG: 2
s M:

(g} the amino acid mn the capsid protein corresponding to aming acid 5305 of SEQ ID NO: 2 15
R, and the amino acid in the capsid protein corresponding to amino acid 687 of SEQ 1D NG: 2
is R;

(h) the amino acid m the capsid protein corresponding to amuno acid 346 of SEQ D NO: 2 1s
A, and the amino acid in the capsid protein corresponding to amino acid 505 of SEQ IDNG: 2
is Ko or

(1} the amino acid in the capsid protein corresponding to amino acid 301 of SEQ IDNO: 215 1,
the amino acid in the capsid protein corresponding to amino acid 505 of SEQ B NO: 2 is R,
and the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NO: 2 is
C.

3030} In certain embodiments, the capsid protein comprises the amine acid sequence

of amino acids 1-736 of SEQID N 2,3,4,5,6,7, 8,9, 10, 11,12, 13, 15,16, or 17.

B
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[6631] In another aspect, the mstant disclosure provides a pharmaceutical composition
compnsing an AAY disclosed herein,

[6032] In another aspect, the mstant disclosure provides a packaging system for
recombinant preparation of an AAV, wherein the packaging system comprises:

{(a} a Rep nucleotide sequence encoding one or more AAV Rep proteins;

(b} a Cap nucleotide sequence encoding one or more AAY (lade F capsid proteins as
disclosed herein; and

(¢} a transfer genome as disclosed herein, wherein the packaging system is operative in a cell
for enclosing the transfer genome in the capsid to form the AAV.

[G833] In certain embodiments, the packaging system comprses a first vector
compnsing the Rep nucleotide sequence and the Cap nucleotide sequence, and a second vector
comprising the transfer genome. In certain embodiments, the Rep nucleotide sequence encodes
an AAV?2 Rep protein. In cortain embodiments, the AAYZ Rep protein is 78/68 or Rep 68/52.
In certain embodiments, the AAV?2Z Rep protein comprises an amino acid sequence having a
minimum pereent sequence dentity to the AAV2 Rep amino acid sequence of SEQ ID NO:
22, wheremn the minimuom percent sequence identity is at least 70% across the length of the
amino acid sequence encoding the AAV2 Rep protein.

[B034] In certain embodiments, the packaging svstem further comprises a third vector,
wherein the third vector is a helper virus vector. In certain embodiments, the helper virus
vector is an independent third vector. fn certain embodiments, the helper vinis vector s integral
with the first vector. In certain embodiments, the helper virus vector is integral with the second
vector. In certain embodiments, the third vector compnses genes encoding helper virus
proteins.

G035} In certain embodiments, the helper virus is selected from the group consisting
of adenovirus, herpes virus, vaccimia virus, and cviomegalovirus {CMV) In certan
embodiments, the helper virus is adenovirus. In certain embodiments, the adenovirus genome
comprises one or more adenovirus RNA genes selected from the group consisting of El, E2,
Ed and VA, In certain embodiments, the helper virus 1s herpes simplex virus (HSV). In cortain
embodiments, the HSV genome comprises one or more of HSVY genes selected from the group
consisting of UL5/8/52, ICPQ, ICP4, ICP22 and UL30/ULA2.

[G036] In certain embodiments, the first vector and the third vector are contained within
a first transfecting plasmid. In certain embodiments, the nucleotides of the second vector and
the third vector are contained within a second transfecting plasmid. In certain embodiments,

the nucleotides of the first vector and the third vector are cloned into a recombinant helper
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virgs. In certain embodiments, the nucleotides of the second vector and the third vector are
cloned into a recombinant helper virus.

G037} In another aspect, the instant disclosure provides a method for recombinant
preparation of an AAY, the method comprising introducing a packaging system as described
herein into a cell under conditions operative for enclosing the transfer genome or the transfer

genome mn the capsid to form the AAV.

BRIEF DESCRIPTION OF THE DRAWINGS

{6038} Figure 1A, 1B, 1(, 1D, and 1E arc vector maps of the pHMI-hPAH-TC-004,
pHMI-hPAH-TC-025, pHMIE-hPAH-TC-010, pHMI-hPAH-TC-011, and pHMI-hPAH-TC-
(12 vectors, respectively.

16039} Figure 2 is an image of Western blot showing the expression of human PAH
from the pCOH-WT-PAH ("WT PAH"), pCOB-CO-PAH ("CO PAH pCOH™), and pHMI-
CO-PAH ("CO PAH pHMI™) vectors. 5x10° HEK 293 cells were transfected with 1pg of
vector. Lysate of the cclls was collected 48 hours after transfection. The expression of
human PAH was detected by Western blotting with an anti-PAH antibody (Sigma
HPA031642). The amount of GAPDH protein as detected by an anti-GAPDH antibody
{(Millipore MAB 374) was shown as a loading control.

0644} Figures 3A and 3B are graphs showing the Phe level in the serom of two pakr
~ mice {“Mouse HI” and “Mouse H5™} each administered with 5x105 vector genomes of the
rAAV-CBA-mPAH vector packaged in an AAVHSC capsid per kg of body weight
wntravenously via the taid vein. Scrum samples were collected n a time course. The Phe
levels were measured with a BioAssay Systems ELISA kat EPHE-100 (Figure 3A) or mass
spectrometry {Figure 3B}

16041} Figure 4 is a graph and a table showing the nwmbers of vector genomes per
10° cells detected in major organs. The rAAV-CBA-mPAH vector packaged m an AAVHSC
capsid was injected to pah™ mice intravencusly via the tail vein at a dose of 55105 vector
genomes per kg of body weight. Organs of the mice were coliected 4 weeks after the
administration. The numbers of vector genomes per 10° cells were measured by the
following method: (1) the weight/volume concentration of the vector genome in a sample was
measured by Tagman PCR using a standard curve generated with serial dilutions of the vector
plasmid; {2) the mass of a single vector genome was calculated based on the sequence of the
vector: (3) the number/volume concentration of the vector genome in the sample was

calculated; (4} the weight/volume concentration of genomic DNA in the same sample was
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measured by Tagman PCR of the apolipoprotein B gene using a standard curve generated
with serial dilutions of calculated amounts of genomic DNA isolated from mouse tissues; (5)
the number/volume concentration of cell genome in the sample was calculated based on
copies of ApoB: and (6} the number of vector genomes per 10° cells was calculated by
dividing the number/vohime concentration of the vector genome by the number/volume
concentration of the cell genome and multiplying the result by 10°,

16042} Figures SA and S8 arc graphs showing the aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) levels in the serum of pak™ mice administered with the
rAAV-CBA-mPAH vector. The rAAV-UBA-mPAH vector packaged i an AAVHSC capsid
was injected to pak” mice intravenously via the tail vein at a dose of 5x10* vector genomes
per kg of body weight, Serum samples were collected 4 weeks after the administration. The
levels of AST (Figure 5A) and ALT (Figure SB) were measured by ELISA using the Sigma
MAKOSS and Sigma MAKOS52 kits, respectively.

16043} Figures 6A-6H are graphs showing the levels of phenvialanine (Figures 64,
6C, 6F, and 60) or tyrosine {(Figures 6B, 6D, 6F, and 6H) m the serum of male {(Figures 6A,
6B, 6F, and 6F) or female (Figures 6C, 6D, 6G, and 6H) mice administered with the
indicated doses of the pHMI-hPAH-TC-004, pHMI-hPAH-TC-025, pHMI-hPAH-TC-010,
pHMI-hPAH-TC-01 1, or pHMI-hPAH-TC-012 vector,

3644} Figures 61-6J arc graphs showing the long-term efficacy on levels of
phenvialanine in the serum of male (Figure 61} or female {(Figure 6J) mice administered the
mdicated doses of the pHMI-WPAH-TC-025 vector.

16045} Figures 7TA-7D arc graphs showing the levels of phenyialanine (Figures 7A
and 7C) or tyrosing (Figures 7B and 7D} in the serum of male (Figures 7A and 7B} or female

(Figures 7C and 73) mice administered with the indicated doses of the pHMI-hPAH-TC-025

vector.

[3046] Figure 8A, 88, 8C are vector maps of pHMI-hPAH-TC-009, pHMI-hPAH-
TC-013 and pHMI-hPAH-TC-017 vectors, respectively.

16047} Figure 9A-98 depict the guantification of Western blots of human PAH

expression, from the indicated AAY vectors, in Huh7 cells (Figure 94A) and HEK293 cells
(Figure 9B).

0048} Figure 18A-10C arc graphs showing serum phenylalanine levels in mice that
have been admunistered the indicated AAY vectors. Figure 104 1s a graph showing scrom
Phe levels over time of male Pafi’™ PAHS™ mice. Figure 10B 1s a graph showing serum Phe

levels over time of female Pas” PAH™ mice. Figure 10C is a graph showing the average
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baseline serum Phe levels of the male and female mice 1n the study (55 mice per group, *¥¥*
ndicates p<0.05}.

[G049] Figure 11A, 118, 11C, 11D, 11K, and 11F are vector maps of pHMI-hPAH-
TC-018, pHMI-hPAH-TC-019, pHMI-WPAH-TC-020, pHMI-hPAH-TC-021, pHMI-hPAH-
TC-022, and pHMI-hPAH-TC-023 vectors, respectively.

16050} Figure 12 depicts the quantification of Western blots of human PAH
expression from HEK293 cells transfected with the indicated AAV vectors under the control
of a CBA promoter.

{6651} Figure 13 18 a graph showing serum phenylalanine levels over time of male

Palr’” PAH™ mice administercd the indicated AAY vectors.

DETAILED DESCRIPTION

6652} The instant disclosure provided adeno-associated virus (AAV) compositions
that can restore PAH gene function m a cell. Also provide are packaging svstems for making

the adenoc-associated virus composttions.

I Definitions

[B053] As used herein, the term “rephication-defective adeno-associated virus” refers
to an AAVY comprsing a genome lacking Rep and Cap genes.

3654} As used herein, the term “PAH gene” refers to the phenylalanine hydroxylase
gene. The human PAH gene 13 identified by Entrez Gene [ 3053, An excmplary nucleotide
sequence of a PAHmRNA 15 provided as SEQ [T NO: 24, An exemplary amino acid sequence
of a PAH polypeptide 1s provided as SEQ ID NO: 23,

[B055] As used herein, the term “transfor genome” refers to a recombinant AAY
genome comprising a coding sequence operably linked to an exogenous transcriptional
regulatory element that mediates expression of the coding sequence when the transfer genome
is introduced into a cell. In certain embodiments, the transfer genome does not integrate in the
chromosomal DNA of the cell. The skilled artisan will appreciate that the portion of a transfer
genome comprising the transcriptional regulatory element operably linked to a PAH coding
sequence can be n the sense or antisense orientation relative to direction of transcription of the
PAH coding sequence.

[B056] As used herein, the term “Clade F capsid protem” refers to an AAV VPI, VP2,

or VP3 capsid protein that has at least 90% identity with the VP, VP2, or VP3 amino acid
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sequences set torth, respectively, in amino acids 1-736, 138-736, and 203-736 of SEQ 1D NO:
1 herem.
G857 As used herein, the identity between two nucleotide sequences or between two

amino acid sequences 1s determmuned by the number of wdentical nucleotides or amino acids in

(]

alignment divided by the full length of the longer nucleotide or amino acid sequence.

[6058] As used herein, the term “a disease or disorder associated with a PAH gene

mutation” refers to any discase or disorder caused by, exacerbated by, or genetically linked

with mutation of a PAH gene. In certain embodiments, the discase or disorder associated with

a PAH gene mutation is phenylketonuria (PKU).

10 [0059] As used hercin, the term “coding sequence” refers to the portion of a
complementary DNA (cDNA) that encodes a polypeptide, starting at the start codon and ending
at the stop codon. A gene may have one or more coding sequences dug to altermative splicing,
alternative translation initiation, and vanation within the popoelation. A coding sequence may
cither be wild-type or codon-altered. An exemplary wild-type PAH coding sequence is sct

15 forth m SEQ 1D NO: 24
[0064] As used herein, the term “silently altered™ refers to alteration of a coding
sequence or a stuffer-inserted coding sequence of a gene {e.g., by nuclectide substitution)
without changing the amino acid sequence of the polypeptide encoded by the coding sequence
or stuffer-inserted coding sequence.  Such silent alteration is advantageous in that it may

20 increase the translation efficiency of a coding sequence.

6661} In the instant disclosure, nucleotide positions in a PAH gene are specified
relative to the first nucleotide of the start codon. The first nucleotide of a start codon 1s position
1, the nucleotides 5" to the first nucleotide of the start codon have negative numbers; the
nucleotides 3" to the first nucleotide of the start codon have positive numbers. An exemplary

25  woucleotide 1 of the human PAH gene is nucleotide 5,473 of the NCBI Reference Sequence:
NG 008690.1, and an exemplary nucleotide 3 of the human PAH gene 1s nucleotide 5,475 of
the NCBI Reference Sequence: NG 008690 1. The nucleotide adjacently S' to the start codon
1s nucleotide -1
[6662] In the instant disclosure, exons and mtrons in a PAH gene are specified relative

30 to the exon encompassing the first nuclestide of the start codon, which 1s nucleotide 5473 of

the NCB] Reference Sequence: NG 008690.1. The exon encompassing the first nucleotide of

the start codon is exon 1. Exons 3'to exon 1 are from 5'to 3" exon 2, exon 3, ctc. Introns 3

to exon | are from 3'to 3" intron 1, intron 2, ctc. Accordingly, the PAH gene comprises from

S'to 3t exon 1, mtron |, exon 2 intron 2, exon 3, etc. An exemplary exon 1 of the human PAH

[—
2



(]

10

20

CA 03089824 2020-07-28

WO 2019/152841 PCT/US2019/016351

gene is nucleotides 5001-5532 of the NCBI Reference Sequence: NG 0086901, An
exemplary intron 1 of the human PAH gene s nucleotides 5333-9704 of the NCBI Reference
Sequence: NG 008690.1.

{3063} As used herein, the term “transcniptional regulatory element” or “TRE” refers
to a cis-acting nucleotide sequence, for example, a BNA sequence, that regulates (¢.g., controls,
increases, or reduces) transcription of an operably hinked nmucleotide sequence by an RNA
polymerase to form an RNA molecuie. A TRE rehics on one or more trans-acting molecules,
such as transcription factors, to regulate transcription. Thus, one TRE may regulate
transcription n different ways when # is in contact with different trans-acting molecules, for
example, when it 1s in different types of cells. A TRE may comprise one or more promoter
clements and/or enhancer elements. A skilled artisan would appreciate that the promoter and
enhancer elements in a gene may be close in location, and the term “promoter” may refer to a
sequence comprising a promoter element and an eshancer element. Thus, the term “promoter”
does not exclude an enhancer clement in the sequence. The promoter and enhancer clements
do not need 1o be derived from the same gene or species, and the sequence of each promoter or
enhancer element may be ecither identical or substantially identical to the corresponding
endogenous sequence in the genome.

[0064] As used hercin, the term “operably linked” is used to describe the connection
between a TRE and a coding sequence to be transcribed. Typically, gene expression 1s placed
under the control of a TRE comprising one or more promoter and/or enhancer elements. The
coding sequence is “operably linked” to the TRE if the transcription of the coding sequence 1s
controlled or mfluenced by the TRE. The promoter and enhancer elements of the TRE mayv be
in any orentation and/or distance from the coding sequence, as long as the desired
transcriptional activity is obtained. In certain embodiments, the TRE s upstream from the
coding sequence.

[3065] As used herein, the term “polvadenyiation sequence” refers 1o a DNA sequence
that when transcribed into RNA coonstittes a polyadenvlation signal sequence.  The
polvadenylation sequence can be native {(c.g., from the PAH gene) or exogenous. The
exogenous polvadenylation sequence can be a mammalian or a viral polvadenylation sequence
{¢.g., an 5V40 polvadenylation sequence).

10864} As used herein, “exogenous polvadenviation sequence” refers t© a
polvadenviation sequence not identical or substantially identical to the endogenous
polvadenviation sequence of a PAH gene (e.g., human PAH gene). In certain embodiments,

an exogenous polyadenviation sequence is a polvadenylation sequence of a non-PAH gene n
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the same species (e.g., human). In certam embodiments, an exogenous polvadenyiation
sequence is a polyadenylation sequence of a different species (e.g., a virus).

G867} As used herein, the term “effective amount” in the context of the administration
of an AAV to a subject refers to the amount of the AAYV that achieves a desired prophyiactic

or therapeutic effect.

11K Adeno-Associated Virus Compositions

[6668] In one aspect, provided herein are novel replication-defective AAVY
compositions wsefid for expressing PAH polypeptide in cells with reduced or otherwise
defective PAH gene function. In certain embodiments, the AAY disclosed herein comprise:
an AAV capsid comprising an AAV Clade F capsid protein; and a transfer genome comprising
a transcriptional regulatory element operably linked to a2 PAH coding sequence, allowing for
extrachromosomal expression of PAH.

16069} Auny AAV Clade F capsid protein or derivative thercof can be used inthe AAY
compositions disclosed herein. For example, in certain embodiments, the AAV Clade F capsid
protein comprises an amino acid sequence having at least 80%, 81%, 82%. 83%, 84%, &5%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence
identity with the amino acid sequence of amino acids 203-736 of SEQ IDNG:2,3,.4,5,6,7,
8,9, 10, 11, 12, 13, 15, 16, or 17. In certain embodmments, the AAV Clade F capsid protein
comprises an amino acid sequence having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
with the amino acid sequence of amino acids 203-736 of SEQIDNG: 2,3,4,3,6,7,8, 9, 10,
11,12, 13,15, 16, or 17, wheremn: the amino acid in the capsid proteimn corresponding to amine
acid 206 of SEQ ID NO: 2 1s C; the amino acid in the capsid protein corresponding to amino
acid 296 of SEQ ID NO: 2 1s H; the amino acid in the capsid protein corresponding to amino
acid 312 of SEQ ID NO: 2 15 Q; the amino acid in the capsid protein corresponding to amino
acid 346 of SEGQ ID NG: 2 is A; the amino acid in the capsid protein corresponding to amino
acid 464 of SEQ 1D NO: 2 1s N; the anuno acid in the capsid protein corresponding to amino
acid 468 of SEQ ID NO: 2 18 §; the amino acid in the capsid protein comresponding to amino
acid 501 of SEQ ID NO: 2 is | the amino acid in the capsid protein corresponding to amino
acid 505 of SEQ ID NO: 2 1s R; the amino acid in the capsid protein corresponding to amino
acid 590 of SEQ ID NO: 2 1s R; the amino acid 1n the capsid protein corresponding to amino
acid 626 of SEQ ID NG 2 1s G or Y; the anuno acid in the capsid protein corresponding to

amino acid 681 of SEQ ID NO: 2 15 M; the amino acid in the capsid protein corresponding to
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(]



(]

10

]

20

CA 03089824 2020-07-28

WO 2019/152841 PCT/US2019/016351

amino acid 687 of SEQ ID NO: 2 15 R; the amino acid n the capsid protein corresponding to
aming acid 690 of SEQ 1D NO: 2 15 K; the amino acid e the capsid protein corresponding to
amino acid 706 of SEQ 1D NO: 2 15 C; or, the amino acid in the capsid protein corresponding

to amino acid 718 of SEQ ID NO: 215 G. In certain embodiments, the amino acid in the capsid
protein corresponding to amino acid 626 of S5EQ 1D NQO: 2 18 G, and the amino acid i the
capsid protein corresponding to amino acid 718 of SEQ ID NO: 2 is G, In certain embodiments,
the aming acid in the capsid protein corresponding to amine acid 296 of SEQ ID NO: 215 H,
the ammo acid in the capsid protein corresponding to amuno acid 464 of SEQ ID NO: 218 N

the amino acid in the capsid protein corresponding to amino acid 505 of SEQ B NO: 2 is R,
and the anmino acid in the capsid protein corresponding to amine acid 681 of SEQ 1D NO: 2 is
M. In certain embodiments, the amino acid in the capsid protein corresponding to amino acid
505 of SEQ ID NO: 2 1s R, and the amino acid in the capsid protein corresponding to aming
acid 687 of SEQ ID NG 2 1s R, In certain embodiments, the amine acid in the capsid protein
corresponding to amino acid 346 of SEQ ID NO: 2 is A, and the anmino acid in the capsid
protein corresponding to amino acid 505 of SEQ 1D NO: 2 13 R, In certain embodiments, the
amino acid in the capsid protein corresponding to amino acid 501 of SEQ ID NO: 2 15 [ the
amino acid in the capsid protein corresponding to amino acid 505 of SEQ 1B NO: 215 R, and
the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NO: 2 is C.
In certain embodiments, the AAY Clade F capsid protein comprises the anino acid sequence
of amino acids 203-736 of SEQ IDNG: 2,3, 4,6, 7,10, 11, 12, 13,15, 16, 0or 17.

6670} For example, in certain embodiments, the AAY Clade F capsid protein
comprises an amino acid sequence having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 929%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity
with the amino acid sequence of amino acids 138-7T36 of SEQIDNG: 2,3, 4,5, 6,7 & 9 10,
131,12, 13,15, 16, or 17, In certain embodiments, the AAV Clade F capsid protein comprises
an anuno acid sequence having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
#9%, 90%, 91%, 92%, 93%, 94%, 959%, 96%, 97%. 98%, or 99% scquence dentity with the
amino acid sequence of amino acids 138-736 of SEQID NG: 2,3, 4,5,6,7, 8,9, 10, 11, 12,
13, 15, 16, or 17, wherein: the amino acid n the capsid protem corresponding to amino acid
151 of SEQ ID NG: 2 15 R; the amino acid i the capsid proteim corresponding to amino acid
160 of SEQ ID NO: 2 15 D; the amino acid 1n the capsid protein corresponding to aming acid
206 of SEQ 1D NO: 2 is C; the amino acid in the capsid protein corresponding to amino acid
296 of SEQ ID NO: 2 is H; the amino acid in the capsid protem corresponding to amino acid

312 of SEQ ID NO: 2 13 Q; the aming acid in the capsid protein corresponding to aming acid
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346 of SEQ ID NG: 2 15 A; the anuno acid m the capsid protein corresponding to anuno acid
464 of SEQ ID NQO: 2 is N; the amino acid i the capsid protein corresponding to amino acid
468 of SEQ 1D NO: 2 15 5; the amuno acid in the capsid protein corresponding to amino acid
501 of SEQ ID NG: 2 15 I; the amino acid in the capsid protein corresponding to amino acid

{

(]
(]

5 of SEQ ID NG: 2 13 R; the amino acid i the capsid protein corresponding to aming acid
590 of SEQ 1D NO: 2 1s R; the amino acid i the capsid protein corresponding (o aming acid
626 of SEQ 1D NO: 218 G or Y, the ammno acid in the capsid protein corresponding to anuno
acid 681 of SEQ D NG: 2 15 M; the amino acid m the capsid protein corresponding to amino
acid 687 of SEQ ID NO: 2 1s R; the amino acid in the capsid protein corresponding to amino
10 acid 690 of SEQ ID NO: 2 15 K the amino acid in the capsid protein corresponding to amino
acid 706 of SEQ ID NO: 2 15 C; or, the amino acid m the capsid protein corresponding to amino
acid 718 of SEQ ID NG: 2 15 G, In certain embodiments, the aming acid in the capsid protein
corrgsponding to amino acid 626 of SEQ ID NO: 2 15 G, and the amino acid in the capsid
protein corresponding to amino acid 718 of SEQ ID NO: 215 G. In certain embodiments, the
15 amino acid in the capsid protein corresponding to amino acid 296 of SEQ ID NG: 2 s H, the
amino acid in the capsid protein corresponding to amino acid 464 of SEQ 1D NG: 2 1s N, the
amino acid in the capsid protein corresponding to amino acid 505 of SEQ 1B NO: 215 R, and
the amino acid o the capsid protein corresponding to aming acid 681 of SEQ D NO: 2 1s M.
In certain embodiments, the amino acid in the capsid protein corresponding to amino acid 505
20 of SEQ D NGO 2 s R, and the amino acid in the capsid protein corresponding to amimo acid
687 of SEQ ID NO: 2 s K. In certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 346 of SEQ ID NGO 2 15 A, and the amino acid in the capsid
protein corresponding to amino acid 505 of SEQ ID NO: 2 1s R, In certain embodiments, the
amino acid in the capsid protein corresponding to amino acid 301 of SEQ 1D NO: 2 15 [, the
25  amino acid in the capsid protein comresponding to amino acid 503 of SEQ ID NO: 215 R, and
the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NG: 215 €.
In certain embodiments, the AAV Clade F capsid protein comprises the amino acid sequence
of amino acids 138-736 of SEQIDNG: 2,3, 4,5,6, 7,9, 10, 11, 12, 13,15, 16, 0r 17.
6671} For example, mm certain embodiments, the AAV Clade F capsid protein
30 compnses an amino acid sequence having at least 809, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, #9%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, or 99% scquence identity
with the amino acid sequence of amino acids 1-736 of SEQIDNG: 2,3,4,5,6,7, 8,9, 10, 11,
12, 13, 15, 16, or 17. In cerfamn embodiments, the AAY Clade F capsid protein comprises an

amino acid sequence having at least 80%, 81%, 82%, 839%, 84%, 85%, 86%, 87%, &8%, 89%,
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90%, 91%, 92%,. 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence dentity with the amimo
acid sequence of amino acids 1-736 of SEQIDNG: 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13,15, 16,
or 17, wherein: the amino acid in the capsid protein corresponding to amino acid 2 of SEQ 1D
NG: 218 T, the amino acid in the capsid profein comresponding to amino acid 65 of SEQ 1D
NQG: 2 is I; the amino acid in the capsid protein corresponding to amino acid 68 of SEQ ID NO:
2 is V; the amino acid in the capsid protein corresponding to aming acid 77 of SEQ IB NG 2
1s R the anuno acid o the capsid protein corresponding to amino acid 119 of SEQ 1D NO: 2
18 L; the amino acid in the capsid protein corresponding to amuno acid 151 of SEQ 1D NO: 2 15
R; the amino acid n the capsid protein corresponding to amino acid 160 of SEQ ID NO: 2 15
DB: the amino acid in the capsid protein corresponding to amino acid 206 of SEQ 1D NO: 2 is
C; the amino acid 1 the capsid protein corresponding to amino acid 296 of SEQ 1D NO: 2 is
H: the amino acid in the capsid protein corresponding to amino acid 312 of SEQ ID NO: 2 18
(; the amino acid in the capsid protein corresponding 1o amino acid 346 of SEQ ID NG: 2 is
A the anuno acid in the capsid protein corresponding to amino acid 464 of SEQ D NO: 2 1s
N; the amino acid in the capsid protein corresponding to amino acid 468 of SEQ [ NO: 2 is
S: the amino acid i the capsid protein corresponding to amino acid 501 of SEQIDNG: 215 [
the amino acid in the capsid protein corresponding to amino acid 505 of SEQ ID NG 2 s K¢
the amino acid in the capsid protein corresponding to amino acid 390 of SEQ ID NO: 2 s R;
the amino acid 1n the capsid protein corresponding to anuno acid 626 of SEQ IDNO: 215 Gor
Y the amino acid in the capsid protein corresponding to amino acid 681 of SEQ ID NO: 2 is
M; the anmino acid in the capsid protein corresponding to amino acid 687 of SEQ 1D NO: 2 15
R; the amino acid m the capsid protein corresponding to ammo acid 690 of SEQ D NO: 2 15
K the amino acid in the capsid protein corresponding to amino acid 706 of SEQ ID NO: 2 15
C; or, the amine acid in the capsid proten corresponding to amino acid 718 of SEQ ID NO: 2
s G. In certain embodiments, the anino acid in the capsid protein corresponding o amino acid
2of SEQ ID NO: 213 T, and the amimo acid in the capsid protein corresponding to amino acid
312 of SEQ ID NG: 2 is Q. In certain embodiments, the aming acid in the capsid protein
corresponding to amine acid 65 of SEQ 1D NG: 2 is 1, and the amino acid in the capsid protein
corresponding to amino acid 626 of SEQ (D NG: 215 Y. In certain embodiments, the anuno
acid in the capsid protein corresponding to amino acid 77 of SEQ ID NO: 2 1s R, and the amino
acid mn the capsid protein corresponding to amino acid 690 of SEQ ID NG: 2 s K. In certamn
cmbodiments, the amino acid m the capsid protein corresponding to amine acid 119 of SE(
1D NG: 215 L, and the anuno acid in the capsid protein corresponding to amino acid 468 of

SEQID NQO: 21s 8. In certain embodiments, the amino acid in the capsid protein corresponding
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to amino acid 626 of SEQ ID NG 2 18 G, and the amuno acid in the capsid protein corresponding
to amino acid 718 of SEQ ID NG 215 . In certain embodiments, the aming acid 1 the capsid
protein corresponding to aming acid 296 of SEQ 1D NO: 2 1s H, the amino acid in the capsid
protein corresponding to amino acid 464 of SEQ 1D NO: 2 15 N, the amino acid in the capsid
protein corresponding to amino acid 505 of SEQ ID NG 2 1s R, and the amino acid i the
capsid protein corrgsponding to amino acid 681 of SEQ 1D NO: 2 is M. In certain
embodiments, the amino acid m the capsid protem corresponding to amino acid 5035 of SEQ
ID NG: 2 13 R, and the amino acid m the capsid protein corresponding to amino acid 687 of
SEQ ID NG 2 15 R In certain embodiments, the amino acid in the capsid protein
corresponding to aming acid 346 of SEQ 1D NO: 2 is A, and the amino acid in the capsid
protein corresponding to amino acid 505 of SEQ 1D NO: 2 1s R In certain embodunents, the
amino acid 1n the capsid protein corresponding 1o amino actd 561 of SEQ ID NO: 2 s [ the
amino acid in the capsid protein corresponding to amine acid 505 of SEQ ID N{O: 2 is R, and
the aming acid in the capsid protein corresponding to aming acid 706 of SEQ ID NG: Z s C.
In certain embodiments, the AAV Clade F capsid protein comprises the amino acid sequence
of amine acids 1-736 of SEQIDNG: 2,3, 4,5,6,7. 8,9, 10, 11, 12, 13, 15, 16, 0or i7.

16872} In certain embodiments, the AAY capsid comprises two or more of: {a) a Clade
F capsid protein comprising the amino acid sequence of amino acids 203-736 of SEQ 1D NG:
2,3,4,6,7, 10, 11,12 13,15, 16, or 17; (b) a Clade F capsid protein comprising the amino
acid sequence of amino acids 138-736 of SEQIDNG: 2,3, 4,5,6,7, 9,10, 11, 12, 13, 15, 16,
or 17; and (¢} a Clade F capsid protein comprising the anuno acid sequence of amino acids 1-
736 of SEQIDNG: 2,3,4,3,6,7.8,9, 10, 11, 12, 13, 15, 16, or 17, In cortain embodiments,
the AAV capsid comprises: {a} a Clade F capsid protein having an amino acid sequence
consisting of aming acids 203-736 of SEQ ID NG: 2, 3,4, 6,710, 11, 12, 13, 15, 16, 01 17,
{(by a Clade F capsid protein having an amino acid sequence consisting of amino acids 138-736
of SEQIDNG: 2,3,4,5,6,7,9, 10, 11, 12, 13, 15, 16, or 17; and (¢} a Clade F capsid protein
having an amino acid sequence consisting of amino acids 1-736 of SEQ IDB NO: 2,3, 4, 5, 4,
7.8,9, 10, 11,12, 13, 15, 16, 0r 17,

[6673] In certain embodiments, the AAY capsid comprises one or more of: (a) a Clade
F capsid protein comprising an amino acid sequence having at least 80%, 81%, 82%, 83%,
84%, 85%., 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%. or 99%
sequence identity with the sequence of amino acids 203-736 of SEQ 1D NO: &; (b) a Clade F
capsid protein comprising an anmino acid sequence having at least 80%, 81%, 82%, 83%, 84%,

83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
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sequence identity with the sequence of amino acids 138-736 of SEQ ID NU: 8; and (¢} a Clade
F capsid protein comprising an amino acid sequence having at least 80%, 81%, 82%, 83%,
84%%, 85%, R6%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, or 99%

sequence identity with the sequence of amino acids 1-736 of SEQ ID NG: 8. In cerfain

(]

embodiments, the AAY capsid comprises one or more of {a}) a Clade F capsid protein
comprising the amino acid sequence of amino acids 203-736 of SEQ 1D NO: &; {b) a Clade F
capsid protein comprising the amino acid sequence of amino acids 138-736 of SEQ 1D NO: §;
and {c) a Clade F capsid protein compnising the amino acid sequence of ammo acids 1-736 of
SEQIDNG: 8. In certain embodiments, the AAY capsid comprises two or more of: {a} a Clade
10 F capsid protein comprising the anmino acid sequence of amino acids 203-736 of SEQ 1D NO:
§: (b} a Clade F capsid protein comprising the anmmno acid sequence of amino acids 138-736 of
SEQ D NO: &; and (¢} a Clade F capsid protein comprising the aming acid sequence of amino
acids 1-736 of SEQG ID NG &, In certain embodiments, the AAV capsid comprises: {a) a Clade
F capsid protein having an amino acid sequence consisting of amino acids 203-736 of SEQ 1D
15 NO: §; (b) a Clade F capsid protein having an amino acid sequence consisting of amino acids
138-736 of SEQ ID NO: &; and (¢} a Clade F capsid protein having an amino actd sequence
consisting of amino acids 1-736 of SEQ ID NGO 8.
G874} In certain embodiments, the AAY capsid comprises one or more of: {a) a Clade
F capsid protein comprising an amino acid sequence having at least 80%, 81%, 82%, 83%,
20 84%, 85%, 86%, 87%. B8&%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, or 99%
sequence identity with the sequence of amuno acids 203-736 of SEQ ID NG: 11 (b)a Clade F
capsid protemn comprising an amino acid sequence having at least 80%, §1%, 82%, 83%, 84%,
83%, 86%, 87%, 88%, 89%, 950%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the sequence of amine acids 138-736 of SEQ ID NQO: 11 and (¢} a Clade
25 F capsid protein comprising an amnino acid sequence having at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, §8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the sequence of aming acids 1-736 of SEQ ID NO: 11, In certain
embodiments, the AAV capsid comprises one or more of (a) a Clade F capsid protein
compnising the amino acid sequence of amino acids 203-736 of SEQ ID NO: 11 (bya Clade F
30 capsid protein comprising the amino acid sequence of amino acids 138-736 of SEQ ID NO:
11; and {c} a Clade ¥ capsid protein comprising the amino acid sequence of amino acidg 1-736
of SEQ ID NO: 11, In certain embodiments, the AAV capsid comprises two or more oft {a) a
Clade F capsid protein comprising the amino acid sequence of amuino acids 203-736 of SEQ 1D

NG 1 (b) a Clade F capsid protein comprising the amino acid sequence of aming acids 138-
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736 of SEQ D NG: 11 and (¢) a Clade F capsid protemn comprising the amino acid sequence
of amino acids 1-736 of SEQ ID NG: 11, In certain embodiments, the AAV capsid comprises:
(a}) a Clade F capsid protein having an amino acid sequence consisting of anuno acids 203-736

of SEQ ID NO: 11; (b) a Clade F capsid protem having an amino acid sequence congsisting of

(]

amino acids 138-736 of SEQ ID NO: 11; and (¢} a Clade F capsid protein having an amino acid
sequence consisting of amino acids 1-736 of SEQ ID NGO 11
6675} In certain embodiments, the AAV capsid comprises one or more of: (a) a Clade
F capsid protein comprising an amino acid sequence having at least 80%, §1%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
10 sequence identity with the scquence of ammo acids 203-736 of SEQ 1D NG: 13; (bya Clade F
capsid protein comprising an anmino acid sequence having at least 80%, 81%, 82%, 83%, 84%,
83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequenee wdentity with the sequence of amino acids 138-736 of SEQ ID NGO 13; and {c} a Clade
F capsid protein comprising an amino acid sequence bhaving at least 80%, 81%, 82%, 83%,
15 84%, 835%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the sequence of amino acids 1-736 of SEQ ID NO: 13, In certan
embodiments, the AAVY capsid comprises onge or more of {a) a Clade F capsid proten
comprising the amino acid sequence of amino acids 203-736 of SEQ ID NO: 13; (bya Clade F
capsid protein comprising the amino acid sequence of amino acids 138-736 of SEQ 1D NO:
20 13; and (¢} a Clade F capsid protein comprising the amino acid sequence of amine acids 1-736
of SEQ ID NO: 13, In certain embodiments, the AAY capsid comprises two or more of. {aj a
Clade F capsid protein comprising the amino acid sequence of amino acids 203-736 of SEQ ID
NGO 13; (b} a Clade F capsid protein compnsing the amino acid sequence of amino acids 138-
736 of SEG 1D NO: 13; and (¢} a Clade F capsid protein comprising the aming acid sequence
25 of amino acids 1-736 of SEQ 1D NGO: 13, In certain embodiments, the AAV capsid comprises:
{(a} a Clade F capsid protein having an ammno acid sequence consisting of anuno acids 203-736
of SEQ ID NO: 13; {b} a Clade F capsid protein having an amino acid sequence consisting of
amino acids 138-736 of SEQ {3 NO: 13; and (¢} a Clade F capsid protein baving an anvino acid
sequence consisting of amino acids 1-736 of SEQ 1D NG: 13
30 [007s] In certain embodiments, the AAVY capsid comprises one or more of (a) a Clade
F capsid protein comprising an amino acid sequence having at least 80%, 81%, 82%, 83%,
84%%, 85%, R6%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, or 99%
sequence identity with the sequence of amino acids 203-736 of SEQ ID NG: 16; (byaClade F

capstd protein comprising an amino acid sequence having at least 80%, 81%, 82%, 83%, 34%
5 s k= 2 > 2 2
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85%, 86%, &87%, 88%, §9%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the sequence of aming acids 138-736 of SEQ ID NQO: 16; and (¢} a Clade
F capsid protein comprising an amino acid sequence having at least 80%, 81%. 82%, 83%,

84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%

(]

sequence identity with the sequence of aming acids 1-736 of SEQ ID N(O: 16, In certan
embodiments, the AAY capsid comprises one or more of {a) a Clade F capsid protein
comprising the amino acid sequence of amino acids 203-736 of SEQ 1D NO: 16;(bya Clade F
capsid protein comprising the amino acid sequence of amino acids 138-736 of SEQ 1D NO:
16; and (c) a Clade F capsid protein comprising the amine acid sequence of amino acids 1-736
10 of SEQ ID NOG: 16, In certain embodiments, the AAV capsid comprises two or more oft {a) a
Clade F capsid protein comprising the amino acid sequence of amino acids 203-736 of SEQ 1D
NG 16; (b) a Clade F capsid protein comprising the amino acid sequence of aming acids 138-
736 of SEQ ID NO: 16; and {¢) a Clade ¥ capsid protem comprising the amino acid sequence
of amino acids 1-736 of SEQ 1D NG: 16, In certain embodiments, the AAY capsid comprises:
15 {a)aClade F capsid protein having an amino acid sequence consisting of amino acids 203-736
of SEQ ID NO: 16; (b) a Clade F capsid protein having an amino acid sequence consisting of
amino acids 138-736 of SEQ 1D NG: 16; and (¢} a (lade F capsid protein having an aming acid
sequence consisting of aming acids 1-736 of SEQ {D NO: 16,
13677} Transfer genomes aseful in the AAY compositions disclosed herein generally
20 compiise a transcriptional regulatory clement {(TRE} operably linked o a PAH coding
sequence. In certain emboduments, the transfer genome coraprises a §' inverted terminal repeat
(5" ITR) nucleotide sequence 3' of the TRE and PAH coding sequence, and a 3" inverted
termunal repeat (3' I'TR) nucleotide sequence 3' of the TRE and PAH coding sequence.
{6878] In certain embodiments, the PAH coding sequence comprises all or substantially
25  all of a coding sequence of a PAH gene.  In certain embodiments, the transfer genome
comprises a nucleotide sequence encoding SEQ D NO: 23 and can optionally further comprise
an exogenous polvadenylation sequence 3' to the PAH coding sequence. In certain
embodiments, the nucleotide sequence encoding SEQ 1D NO: 23 1s wild-tvpe (e.g., having the
sequence set forth in SEQ ID NG: 24). In cerfain embodiments, the nucleotide seguence
30 encoding SEQ ID NO: 23 is codon-altered {(e.g., having the sequence set forth in SEQ D NO»
25, In certain embodiments, the nucleotide sequence encoding SEQ 1D NG 23 is codon-
altered {e.g., having the sequence set forth in SEQ 1D NG 69,70, 71, 72, or 73).
3879} In certain embodiments, the PAH coding sequence encodes a polypeptide

comprising all or substantially all of the amino acids sequence of a PAH protein. In certain
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embodiments, the PAH coding sequence encodes the amunoe acid sequence of a wild-tyvpe PAH
protein {e.g., human PAH protein). In certain embodiments, the PAH coding sequence encodes
the ammno acid sequence of a mutant PAH protein {c.g., human PAH protein), wherein the

muiant PAH polypeptide 1s a functional equivalent of the wild-type PAH polypeptide, 1.6, can

(]

function as a wild-type PAH polypeptide. In certain embodiments, the functionally equivalent
PAH polypeptide further comprises at lcast one characteristic not found in the wild-type PAH
polypeptide, ¢.g., the ability to stabilize PAH protein (e.g., dimer or tetramer), or the ability to
resist protein degradation.
[0084] The transfer genome can be used to express PAH i any mammalian cells (e.g.,
10 human cells). Thus, the TRE can be active in any mammalian cells {c.g., human cells). In
certam embodiments, the TRE is active in a broad range of human cells. Such TREs may
comprise constitutive promoter and/or enhancer elements including cviomegalovirus (CMV)
promoter/enhancer {¢.g., comprising a nucleotide sequence at least 909, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NG: 58), SV40 promoter, chicken
15 beta actin {CBA) promoter (¢.g., comprising a nucleotide sequence at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEG ID NG: 39), human
clongation factor 1 alpha (EF 1o} promoter {e.g., comprising a nuclectide sequence at least 90%,
019, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100% identical to SEQ [} NO: 40),
minute virus of mouse (MYM) mtron which comprises transeniption factor binding sites {e.g.,
20 comprising a mucleotide sequence at least 90%, 91%, 92%, 93%, 94%. 959%, 96%, 97%, 98%,
99%, or 100% dentical to SEQ 1D NO: 35}, human phosphoglveerate kinase (PGK 1) promoter,
human ubiquitin C (Ubc) promoter, human beta actin promoter, human neuron-specific enolase
{(EN(?2) promoter, human beta-ghicuronidase (GUSB) promoter, a rabbit beta-globin element
{c.g., comprising a nuclestide sequence at feast 90%, 91%, 92%. 93%, 94%, 93%, 96%, 97%,
25 98%, 99%., or 100% identical to SEQ 1D NO: 60}, and/or human Methyl~-CpG Binding Protein
2 (Me(CP2) promoter. Any of these TREs can be combined in any order to dnive efficient
transcription.  For example, a transfer genome may comprise a UMV enbancer, a CBA
promader, and the splice acceptor from exon 3 of the rabbit beta-globin gene, collectively called
a CAG promoter {¢.g., comprising a nucleotide sequence at least 90%, 91%, 92%, 93%, 94%,
30 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID NO: 28). For example, a transfer
genome may comprise a hybrid of CMV enhancer and CBA promoter followed bv a splice
donor and splice acceptor, collectively called a CASI promoter region (o.g.. comprising a
nucleotide sequence at least 90%, 31%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%

identical to SEQ 1D NO: 63).
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(6081} Alternatively, the TRE may be a tissue-specific TRE, 1.¢., it is active in specific

fissue(s) and/or organ{s). A tissue-specific TRE comprises one or more tissug-specific
promoter and/or enhancer elements, and optionally one or more constitutive promoter and/or
enhancer elements. A skilled artisan would appreciate that tissue-specific promoter and/or
enhancer ¢lements can be isolated from genes specifically expressed in the tissue by methods
well known in the art. In certain embodiments, the TRE is liver-specific {¢.g., hepatocyte-
specific). Exemplary liver-specific TREs may comprise one or more elements selected from
the group consisting of human albumin promoter, human transthyretin (TTR) promoter {e.g.,
comprising a nucleotide sequence at least 90%, 919%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ 1D NG: 34), human APOE/C-I hepatic control region (HCR)
1 or 2 {e.g., comprising a nucleotide sequence at least 90%, 91%, 92%, 93%, 94%, 93%, 96%,
97%, 98%, 99%, or 100% identical to SEQ 1D NO: 29 or 37), human APOH promoter, and
human SERPINAT (hAA'T) promoter {c.g., comprising a nucleotide sequence at least 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ {3 NO: 30 or
38) or a hepatic specific regulatory module thereof (e.g., compnsing a nucleotide sequence at
teast 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NG: 33}, In certain embodiments, an hAAT promoter region comprises a nucleotide sequence
at least 90%., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%. or 100% identical to SEQ 1D
NQG: 66. More iver-specific promoter elements are disclosed in WO 2009/130208 and Kramer
ot al. (Molecular Therapy (2003) 7, 375385}, which are mcorporated by reference herein in
their entirety.

[6682] In certain embodiments, the TRE 1s kadnev-specific {e.g., renal epithehal cell-
specificy. Excmplary kidney-specific TREs may comprise one or more elements selected from
the group comsisting of human nepbrin promoter, human parathyroid hormone receptor
promoter, human uromodulin promoter, and human SLCIZA1 promoter. In certain
embodiments, the TRE 1s brain-specific {e.g., neuron-specific, ghal cell-specific, astrocvte-
specific, oligodendrocyte-specific, microglia-specific and/or central nervous system-specific).
Excraplary bram-specific TREs may comprise one or more elemenis selected from the group
consisting of human glial fibrillary acidic protein (GFAP) promoter and human synapsin |
(S§YN1) promoter.  More bramm-specific promoter clements are disclosed in WO
2016/100575A1, which is incorporated by reference herein in its entirety.

[G083] In certain embodiments, the transfer genome comprises two or more TREs,
optionally comprising at least one of the TREs disclosed above. A skilled person in the art

would appreciate that any of these TRESs can be combined in any order, and combinations of a
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constitutive TRE and a tissue-specific TRE can drive efficient and tissue-specific transcription.
For example, in certain embodiments, the transfer genome comprises a human HCRI {eg.,
comprising a nucleotide sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to SEQ ID NO: 29 or 37) and a human EF-1g promoter (e.g., cmnprising a
nucleotide sequence at least 90%, 919, 92%, 93%. 94%, 95%, 96%, 97%, 98%, or 99%
identical to SEG 1D NO: 40), optionally wherein the human HCR1 is 5" to the human EF-1a
promater. In certain embgdiments, the transfer genome comprises a nucleotide sequenee at
least 90%, 91%, 929, 93%, 94%, 95%, 96%, 97%, 98%, or 99% 1dentical to the sequence set
forth in SEQ ID NO: 41, In certain embodiments, the transfer genome comprises a human
HCRI (c.g.. comprising the nucleotide sequence set forth in SEQ 1D NO: 29 or 37) and a
human EF-1a promoter (¢.g., comprising the nucleotide sequence set forth i SEQ 1D NG: 40),
optionally wherein the human HCRI1 18 5 1o the human EF-lo promoter. In certan
embodiments, the transfer genome comprises the sequence st forth in SEQ 1D NG 41,
[6084] Similarly, combinations of two or more tissuc-specific TREs can drive efficient
and tissue-specific transcription.  For example, in certain embodiments, the transfer genome
comprises a human HCRI (e.g., comprising a nucleotide sequence at least 90%, 91%, 92%,
03%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ 1D NG: 29) and a hAAT promoter
{cg., ccsmprisingaamcie@tide sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%.
98%, or 99% identical to SEQ ID NO: 30), optionally wherein the human HCRU s 5 to the
hAAT promoter. In certain embodiments, the transfer genome comprises a nucleotide
sequence at least Y0%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%, or 99% identical to the
sequence set forth in SEQ 1D NO: 32, In certain embodiments, the transfer genome comprises
a human HCR1 (e.g., comprising the nucleotide sequence set forth in SEQ ID NO: 29) and a
hAAT promoter (e.g.. comprising the nucleotide scquence set forth in SEQ ID NG: 30),
optionally wherein the human HCR1 1s 5' to the hAAT promoter. In certain embodiments, the
transfer genome comprises the nucleotide sequence set torth i SEQ 1D NO: 32,
[6085] In certain embodiments, the transfer genome comprises a hepatic specific
regulatory module of hAAT promoter {c.g., comprising a nmucleotide sequence at ieast 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NG 33) and a
human TTR promoter {¢.g., comprising a nucleotide sequence at least 90%, 91%, 92%, 93%,
049%, 95%, 98%, 97%, 98%, or 99% identical to SEQ ID NO: 34}, optionally wherein the
hepatic specific regulatory module 15 5' to the human TTR promoter. In certain embodiments,
the transfer genome comprises a nucleotide sequence at least 20%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, or 99% identical to the sequence set forth i SEQ ID NO: 36, In certamn
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embodiments, the transfer genome comprises a hepatic specific regulatory module of hAAT
promoter {¢.g., comprising the nucleotide sequence set forth in SEQ 1D NO: 33) and a human
TTR promoter {c.g., comprising the vpucleotide scquence set forth m SEQ 1D NO: 34),
optionally wherein the hepatic specific regulatory module is 5' to the human TTR promoter. In
certain embodiments, the transfer genome comprises the nucleotide sequence st forth i SEQ
1D NG: 36.

3686} In certain embodiment, the transfer genome comprises a human BCR1 {eg,
compnising a nucleotide sequence at least 20%, 91%, 92%, 93%, 94%, 95%, 965, 97%, 98%,
or 99% identical to SEQ ID NG: 29 or 37) and a hAAT promoter {e.g., comprising a nocleotide
sequence at least 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ
ID NO: 30 or 38}, optionally wherem the human HCR1 15 3" to the hAAT promoter. In certain
embodiments, the transfer genome comprises a nucleotide sequence at least 909, 91%, 92%,
939%, 949%, 95%, 95%, 97%, 98%, or 99% identical to the sequence set forth in SEQ 1D NO:
39, In certain embodiment, the transfer genome comprses a buman HCRI (c.g., comprising
the nucleotide sequence set forth in SEQ ID NO: 29 or 37) and a hAAT promoter (e.g.,
comprising the nucleotide sequence set forth in SEQ 1D NO: 30 or 38), optionally wherein the
human HCR1 is 3' to the hAAT promoter. In certain embodiments, the transfer genome
comprises the nucleotide sequence set forth in SEQ 1D NO: 39,

{3087} In certain embodiments, the transfer vector further comprises an mtron 3' to or
inserted in the PAH coding sequence. Such introns can mcrease transgene expression, for
exaraple, by reducing transcriptional silencing and enhancing mRNA export from the nucleus
to the cytoplasm. In certain embodiments, the transfer genome comprises from 5' o 3" anon-
coding exon, an miron, and the PAH coding sequence. In certain embodiments, an intron
sequence 1s mserted in the PAH coding sequence, optionally wherein the intron is mserted at
an internucleotide bond that links two native exons. In certain crobodiments, the mtron is
nserted at an miernucleotide bond that links native exon 1 and exon 2.

[6088] The intron can comprise a native intron sequence of the PAH gene, an intron
sequence from a different species or a different gene from the same species, and/or a synthetic
mntron sequence. A skilled worker will appreciate that synthetic intron sequences can be
designed to mediate RNA splicing by introdocing any consensas splicing motifs known in the
art {e.g., in Sibley et al., {2016} Nature Reviews Genetics, 17, 407-21, which is incorporated
by reference herein 1 its entirety). Exemplary intron sequences are provided in Lu et al. (2013)
Molecular Therapyv 21(5): 954-63, and Lu et al. {2017) Hum. Gene Ther. 28(1}: 125-34, which

arc mcorporated by reference herein in their entirety. In certain embodiments, the transfer
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genome comprises an SY40 intron {e.g., comprising a nucleotide sequence at least 90%, 91%,
02%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 31) or a minute virus
of mouse (MVYM) mtron (Qg,, comprsing a micleotide sequence at least 90%, 91%, 92%, 93%,
94%%, 95%, 96%, 97%, 98%, or 99% wdentical to SEQ 1D NO: 353, In certain embodiments,
the transfer genome comprises an 5V40 intron {¢.g., comprising the nucleotide sequence set
forth in SEQ 1D NOG: 31} or a sunugte virus of mouse (MVM} intron {(¢.g., comprising the
nucleotide scquence set forth in SEQ 1D NO: 35),

6689} In certain embodiments, the transfer genome disclosed herein further comprises
a franscription termunator {e.g., a polvadenylation sequence). In certain embodiments, the
transcription terminator i1s 3' to the PAH coding sequence. The transcrption terninator may
be anv sequence that effectively terminates transcription, and a skilled artisan would appreciate
that such sequences can be isolated from any genes that are expressed m the cell m wiach
transcription of the PAH coding sequence is desired. In certain embodiments, the transcription
terminator comprises a polvadenviation  sequence. In certain cmbodiments, the
polvadenviation sequence 1s identical or substantially identical to the endogenous
polvadenylation sequence of the human PAH gene. In certain embodiments, the
polvadenviation sequence is an exogenous polyvadenylation sequence. In certain embodiments,
the polyadenvlation sequence 15 an SV40 polvadenylation sequence {(c.g., comprising the
nucleotide sequence set forth m SEQ ID NO: 42, 43, or 45, or a nuclecotide sequence
complementary thereto). In certain embodiments, the polyadenylation sequence comprises the
sequence set forth m SEQ 1D NG 43,

6634} In certain embodiments, the transfer genome comprises from 5' to 3" a TRE,
optionally a non-coding exon and an mtron, a PAH coding sequence, and a polvadenylation
sequence. In cerfain embodiments, the TRE has at least 90%, 91%, 92%, 93%, 94%, 95%.,
96%, 97%, 98%, or 99% sequence identity to any one of SEQ 1D NOs: 28-30 and 32-41; the
wntron has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% scquence identity
to SEQ ID NO: 31 or 35; the PAH coding sequence has at least 90%, 91%, 92%, 93%. 94%
95%, 96%, 97%, 98%, or 99% sequence identity to SEQ HD NO: 25, and/or the pﬁlyadenyiation
sequence has at least 90%, 919, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence
wdentity to anv one of SEQ 1D NQOs: 42 43 and 45, In certain embodiments, the TRE comprises
a nucleotide sequence selected from the group consisting of SEQ 1D NOs: 28-30 and 32-41;
the intron comprises a nucleotide sequence selected from the group consisting of SEQ 1D NQOs:
31 and 35; the PAH coding sequence comprises the sequence set forth in SEQ 1D NO: 25;

and/or the polvadenylation sequence comprises a nucleotide sequence selected from the group
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consisting of SEQ 1D NOs: 42, 43, and 45, In certam embodiments, the TRE comprises the
sequence set forth i SEQ ID NO: 28, the PAH coding sequence comprises the sequence set
forth in SEQ 1D NO- 25; and/or the polvadenylation sequence comprises the sequence set forth
in SEQ 1D NO: 42, In certain embodiments, the TRE comprises from 5" to 3" the sequence set
forth in SEQ 1D NQG: 29, and the sequence set forth in SEQ ID NO: 30 (e.g., the TRE comprises

(]

the scquence set forth in SEQ ID NO: 32); the intron compnses the sequence set forth in SEQ
1D NO: 31; the PAH coding sequence comprises the sequence set forth in SEQ 1D NG: 25;
and/or the polvadenylation sequence comprises the sequence set forth in SEQ ID NG: 43, In
certain embodiments, the TRE comprises from §' to 3' the sequence set forth in SEQ 1D NO:
10 33, and the sequence set forth in SEQ 1D NO: 34 {¢c.g., the TRE comprises the sequence set
forth in SEQ D NO: 36); the mtron comprises the sequence set forth i SEQ ID NO: 35; the
PAH coding sequence comprises the sequence set forth in SEQ ID NG 25; and/or the
polyadenviation sequence comprises the sequence set forth in SEQ 1D NO: 45, In certain
embodiments, the TRE comprises from 3' to 3' the sequence set forth in SEQ 1D NO: 37, and
15 the sequence set forth m SEQ D NO: 38 (¢.g., the TRE compnses the sequence set forth in
SEQ ID NO: 39); the ntron comprises the sequence set forth i SEQ I NO: 35; the PAH
coding sequence comprises the sequence set forth in SEQ ID NO: 25 andior the
polvadenviation sequence comprises the sequence set forth in SEQ 1D NO: 45, In certain
embodiments, the TRE comprises from 5" to 3' the sequence set forth in SEQ 1D NO: 37, and
20 the sequence set forth i SEQ 1D NQO: 40 {e g, the TRE comprises the sequence set forth in
SEQ 1D NO: 41); and/or the polvadenvlation sequence comprises the sequence set forth in SEQ
1D NG: 45.
16691} In certain embodiments, the transfer genome comprises a sequence at least 80%,
85%, 90%., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%. or 99% identical to SEQ 1D NO: 46,
25 47,48,49,50, 61,64, 67,74, 76,78, 80, 82, 84, 86, or 89. In certain embodiments, the transter
genome comprises the nucleotide sequence set forth m SEQ 1D NO: 46, 47, 48, 49, 50, 61, 64,
67,74, 76, 78, 80, 82, 84, R6, or 39, In certain cmbodiments, the transfer genome consists of
the nucleotide sequence set forth in SEQ 1D NGO 46, 47, 48, 49, 50, 61, 64, 67, 74, 76, 78, 80,
82, 84, 86, or 89, In certamm embodiments, the transfer genome comprises the nucleotide
30 seguence set forth in SEQ ID NO: 47, In certain embodiments, the transfer genome congisis
of the nucleotide scquence set forth in SEQ 1D NO: 47,
G832} In certain embodiments, the transfer genomes disclosed herein further comprise
a 5" inverted terminal repeat (3' TTR) nucleotide sequence 5' of the TRE, and a 3" mverted

terminal repeat (3' ITR) nucleotide sequence 3' of the PAH coding sequence. I'TR sequences
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from any AAV serotyvpe or vanant thereof can be used in the transfer genomes disclosed herein.
The 5" and 3' I'TR can be from an AAV of the same serotvpe or from AAVs of different
serotypes. Excmplary ITRs for use in the transfer genomes disclosed herein are set forth in
SEQ D NOs: 18-21, 26, and 27 herein.

(3093} In certain embodiments, the 5" I'TR or 3' I'TR s from AAVZ. In certamn

(]

embodiments, both the 5' F'TR and the 3' I'TR are from AAY2. In certain embodiments, the 5'
I'TR nucleotide sequence has at least 90% {c.z., at least 939, at least 96%. at least 97%, at least
G8%, at least 99%, or 100%) sequence identity to SEQ 1D NG: 18, or the 3' ITR nucleotide
sequence has at least 90% (e.g., at least 95%, at least 96%, at least 97%, at least 989, at least
10 99%, or 100%) sequence identity to SEQ 13 NG: 19, In cortain embodiments, the 5' TR
nucleotide sequence has at feast 90% (e.g., at feast 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100%;) sequence identity to SEQ 1D NG: 18, and the 3' I'TR nucleotide
sequence has at least 90% {¢.g., at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100%) scquence identity to SEQ 1D NO: 19, In certain embodiments, the transfer
15 genome comprises a nucleotide sequence set forth m any one of SEQ 1D NOs: 46-30, 61, 64,
67,74,76,78, 80, 82,84, 86, and &9, a 5' I'TR nucleotide sequence having the sequence of SEQ
B NG 18, and a 3' TR micleotide sequence having the sequence of SEQ ID NG 19
[3094] In certain embodiments, the 3' TR or 3' ITR are from AAVS. In certain
embodiments, both the 5' F'TR and 3' TR arc from AAVS. In certain embodiments, the 5" ITR
20 nucleotide sequence has at least 90% {c.g., at least 93%, at least 96%, at least 97%, at least
98%, at least 99%, or 100%) sequence identity to SEQ 1D NG: 20, or the 3' ITR nucleotide
sequence has at least 90% (e.g., at least 95%, at least 96%, at least 97%, at least 9895, at least
89%, or 100%;) sequence identity to SEQ ID NG: 21, In certain embodiments, the §' TR
nucleotide sequence has at least 90% (o.g., at least 95%, at least 96%, at least 97%, at least
25 98%, at least 99%, or 100%) sequence identity to SEQ 1D NO: 20, and the 3' I'TR nucleotide
sequence has at least 90% (¢.g., at least 95%, at least 96%, at least 97%. at least 98%, at least
99%, or 100%;) sequence identity to SEQ 1D NO: 21, In certain embodiments, the transfer
genome comprises a nucleotide sequence set forth in any one of SEQ 1D NOs: 46-50, a 5" ITR
nucleotide sequence having the sequence of SEQ ID NGO: 20, and a 3' I'TR nucleotide sequence
30 having the sequence of SEQ IB NO: 21
16895] In certain embodiments, the 5' FTR nuclectide sequence and the 3' TR
nucleotide scquence are substantially complementary to cach other (¢ g., are complementary

to each other except for mismatch at 1, 2, 3, 4, or 5 nucleotide positions in the 5" or 3'ITR).
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6696} In certain embodiments, the 3' TR or the 3' I'TR 15 modified to reduce or
abolish resclution by Rep protein ("non-resolvable FTR"}. In certain embodiments, the non-
resolvable I'TR comprises an insertion, deletion, or substitution in the nucleotide sequence of
the terminal resolution site. Such modification allows formation of a self-complementary,
double-stranded DNA genome of the AAV after the transfer genome 1s replicated in an
infected cell. Exemplary non-resolvable ITR sequences are known in the art (sec ¢.g., those
provided in U.S. Patent Nos. 7,790,154 and 9,783,824, which are incorporated by reference
herein 1n their entirety). In certain embodiments, the 3" TR comprises a nucleotide sequence
at feast 93%, 96%, 97%, 98€%, or 99% identical to SEQ ID NG: 26, In certain embodiments,
the 5" ITR consists of a nucleotide sequence at least 959, 96%, 97%, 98%, or 99% identical
to SEQ 1D NO: 26, In certam embodiments, the 5' ['TR consists of the nucleotide sequence
set forth in SEQ ID NG 26, In certain embodiments, the 3" ITR comprises a nucleotide
sequence at least 93%. 96%, 97%, 98%, or 99% identical to SEQ ID NO: 27, In certain
embodiments, the 5' I'TR consists of a nucleotide sequence at least 95%, 96%, 97%, 98%, or
99% identical to SEQ ID NG: 27, In certain embodiments, the 3' TTR consists of the
nucleotide sequence set forth m SEQ ID NG: 27, In certain embodiments, the 5' [TR consists
of the nucleotide sequence set forth in SEQ ID NG: 26, and the 3' I'TR consists of the
oucleotide sequence set forth in SEQ 1D NG: 27, In certain embodiments, the 5' [TR consists
of the nucleotide sequence set forth in SEQ 1D NG: 26, and the 3' I'TR consists of the
nucleotide sequence set forth in SEQ 1D NO: 19,

6697} In certain embodiments, the 37 TR is flanked bv an additional nucleotide
sequence derved from a wild-type AAV?2 genomic sequence. In cerfain embodiments, the 37
I'TR 1s flanked by an additional 37 bp sequence derived from a wild-type AAV?2 sequence
that is adjacent to a wild-type AAVZ ITR. See, e.g., Savy ef al., Human Gene Therapy
Methods (2017) 28(5): 277-289 (which is hereby incorporated by reference herein in its
entirety). In certain embodiments, the additional 37 bp sequence 1s intemal to the 3 ITR. In
certain embodiments, the 37 bp sequence consists of the sequence set forth in SEQ ID NG:
56. In certain embodiments, the 3° I'TR comprises a nucleotide sequence at lcast 95%, 96%,
97%, 98%, or 99% 1dentical to SEQ ID NG: 57, In cerfain embodiments, the 37 TR
comprises the nucleotide sequence set forth i SEQ ID NO: 37, In certain embodiments, the
nucleotide sequence of the 37 I'TR consists of a nucleotide sequence at least 95%, 96%. 97%,
08%, or 99% identical to SEQ 1D NG: 57, In certain embodiments, the nucleotide sequence

ot the 3° I'TR consists of the nucleotide sequence set forth in SEQ 1D NG: 57
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[6098] In certain embodiments, the transfer genome comprises from 5 to 3" a 3" ITR;
an internal element comprising from 5" to 3" a TRE, optionally a non-coding exon and an
intron, a PAH coding sequence, and a polvadenviation sequence, as disclosed hercin; a non-
resolvable ITR; a nucleotide sequence complementary to the mternal element; and a 3'TTR.
Such transfer genome can form a sclf-complementary, double-stranded DNA genome of the
AAY after infection and before rephication.

[6699] In certain embodiments, the transfer genome comprises from 5' to 3 a 5" ITR,
a TRE, optionally a non-coding exon and an intron, a PAH coding sequence, a
polvadenylation sequence, and a 3' ITR. In certain embodiments, the 5' ITR has at least 90%,
019, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to SEQ D: 18, 20,
or 26; the TRE has at least 90%, 91%, 92%, 939, 94%, 95%, 96%, 97%, 98%, or 99%
sequence idem‘:ity to any onc of SEQ ID NQOs: 28-30 and 32-41; the intron has at least 90%,
1%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, or 99% sequence identity to SEQ 1D NO: 31 or
35; the PAH cod,mg sequence has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% sequence wdentity to SEQ 1D NO: 23; the polvadenylation sequence has at least 90%,
1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to any one of SEQ
ID NQOs: 42, 43, and 45; and/or the 3' ITR has at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequence identity to SEQ 1D: 19, 21, or 27 In certamn
embodiments, the 3" ITR comprises or consists of a nucleotide sequence selected from the
group consisting of SEQ 1D NQs: 18, 20, and 26; the TRE comprises a nucleotide sequence
selected from the group consisting of SEQ 1D NOs: 28-30 and 32-41; the intron comprises a
nucleotide sequence selected from the group consisting of SEQ ID NOs: 31 and 35; the PAH
coding sequence comprises the sequence set forth in SEQ ID NQ: 25, the polvadenylation
sequence comprises a nucleotide sequence selected from the group consisting of SEQ ID
NOs: 42, 43, and 45, and/or the 3' I'TR comprises or consists of a nucleotide sequence
selected from the group consisting of SEQ ID NQGs: 19, 21, and 27. In certain embodiments,
the 5" ITR comprises or consists of the sequence set forth m SE(Q 1D NG 18; the TRE
comprises the sequence set forth in SEQ 1D NO: 28; the PAH coding sequence comprises the
sequence set forth m SEQ 1D NO: 25; the polvadenvlation seguence comprises the sequence
set forth in SEQ D NO: 42; and/or the 3' ITR comprises or consists of the sequence set forth
in SEQ ID NO: 19, In certain embodiments, the 5' FTR comprises or consists of the sequence
set forth in SEQ 1D NO: 26; the TRE comprises from 3' to 3' the sequenee set forth in SEQ
ID NO: 29, and the sequence set forth m SEQ [ NO: 30 (e.g, the TRE comprises the
sequence set forth in SEQ 1D NO: 32} the intron comprises the sequence set forth in SEQ ID

(9]
pommi
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NO: 31; the PAH coding sequence comprises the sequence set forth in SEQ 1D NO: 23; the
polvadenylation sequence comprises the sequence set forth in SEQ 1D NO: 43 and/or the 3'
I'TR comprises or consists of the sequence st forth in SEQ 13 NO: 27, In certain

embodiments, the 3’ [TR comprises or consists of the sequence set forth in SEQ 1D NQ: 18;

(]

the TRE comprises from 3" to 3" the sequence set forth m SEQ ID NO: 33, and the sequence
set forth in SEQ 1D NG 34 (e g, the TRE comprises the sequence set forth in SEQ 1D NO:
36); the intron comprises the sequence set forth in SEQ 1D NO: 35, the PAH coding sequence
compnises the sequence set forth i SEQ [D NO: 25; the polvadenvlation sequence comprises
the sequence set forth in SEQ 1D NQO: 45; and/or the 3" I'TR comprises or consists of the
10 sequence set forth in SEQ 1D NO: 19, In certain embodiments, the 5' ITR comprises or
consists of the sequence set forth in SEQ ID NO: 18; the TRE comprises from 5 to 3' the
seqaence set forth in SEQ 1D NO: 37, and the sequence set forth in SEQ IR NO: 38 (e.g., the
TRE comprises the sequenae set forth in SEQ 1D NG: 39); the intron comprises the sequence
set forth in SEQ [D NO: 35; the PAH coding sequence comprises the sequence set forth in
15 SEQID NO: 25; the polvadenviation sequence comprises the sequence set forth n SEQ 1D
NO: 45; and/or the 3' ITR comprises or consists of the sequence set forth i SEQ ID NG: 19,
In certain embodiments, the 3' I'TR comprises or consists of the sequence s¢t forth in SEQ ID
NO: 18; the TRE comprises from 5' to 3' the sequence set forth in SEQ 1D NO: 37, and the
seqaence set forth in SEQ 1D NO: 40 (e g, the TRE comprises the sequence set forth in SEQ
20 1D NG: 41); the polvadenylation sequence comprises the sequence st forth in SEQ 1D NO:
45; and/or the 3' 'TR compriscs or consists of the sequence sct forth in SEQ D NO: 19,
[G6103] In certain embodiments, the transfer genome comprises a sequence at least
80% {c.g., at least 85%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, or 99%)
identical to the sequence set forth i SEQ ID NO: 51, 52, 53, 54, 35, 62, 65, 68, 75,77, 79,
25 81, 83, 85, 87, or 90. In certain embodiments, the transfer genome comprises the sequence
set forth in SEQ ID NG 51, 52, 53, 54, 55, 62, 65, 68,75, 77, 79, 81, 83, 85, 87, or 90. In
certain embodiments, the transfer genome comprises the sequence set forth in SEQ ID NG:
52. In certain embodiments, the transfer genome consists of the scquence set forth in SEQ {D
NG 51,52, 53, 54, 55,62, 65, 68,75, 77,79, 81, 83, 85, 87, or 90, In certamn embodiments,
30 the transfer genome consists of the sequence set forth in SEQ 1D NO: 32,
(68101} In certain embodiments, the replication-defective AAY comprises: {a) an
AAY capsid protein comprising the amino acid sequence of amino acids 203-736 of SEQ 1D
NG: 16, and a transfer genome comprising 3" to 3' following genctic clements: a 5' TR

element {e.g., the 5' TTR of SEQ 1D NOs: 26), a homan HCRI1 {e.g., the HCRI of SEQ ID
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MNOs: 29), an hAAT promoter (e.g., the BAAT promoter of SEQ 1D NOs: 30), an SV40 intron
{e.g., the SV40 mntron of SEQ 1D NQOs: 31}, a silently altered human PAH coding sequence
{c.g., the PAH coding sequence of SEQ ID NOs: 23), an SV40 polvadenvlation sequence
{¢.g.. the §V40 polyadenylation sequence of SEQ 1D NOs: 43), and a 3' [TR element {c.g.,
the 3" TTR of SEQ ID NQOs: 27); (b) an AAY capsid protein comprising the amino acid
sequence of amine acids 138-736 of SEQ ID NG: 16, and a transfer genome comprising 5' to
3' following genetic clements: a 5' TR element (c.g., the 3" ITR of SEQ 1D NOs: 26), a
human HCR1 (c.g., the HCR1 of SEQ ID NQOs: 29), an hAAT promoter (e.g., the hAAT
promoter of SEQ D NOs: 30), an SV40 wtron {e.g., the SV40 intron of SEQ ID NOs: 31), 2
silently altered human PAH coding sequence {c.g., the PAH coding scquence of SEQ 1D
NOs: 25), an $V440 polvadenylation sequence (e.2., the SV40 polvadenviation sequence of
SEQ ID NOs: 43), and a 3' TTR element (e.g., the 3' TTR of SEQ ID NQOs: 27; and/or (¢} an
AAYV capsid protein comprising the amino acid sequence of SEQ ID NO: 16, and a transfer
genome comprsing 3 to 3' following genctic clements: a 5' I'TR element {c.g ., the 5’ TTR of
SEQ ID NOs: 26), a human HCRI (e.g., the HCRI of SEQ 1D NOs: 29), an hAAT promoter
{¢.g., the hAAT promoter of SEQ ID NQOs: 30}, an 5V40 mtron {e.g., the SV40 miron of SEQ
1D NQOs: 313, a silently altered human PAH coding sequence {e.g., the PAH coding sequence
of SEQ 1D NOs: 23}, an SV40 polyadenvlation sequence (¢.g., the SV40 polvadenvlation
sequence of SEQ ID NQOs: 43}, and a 3' [TR element (e.g., the 3' I'TR of SEQ 1D NOs: 27,
[66102] In certain embodiments, the replication-defective AAV comprises: (a) an
AAY capsid protein comprising the amino acid sequence of amino acids 203-736 of SEQ 1D
NQO: 16, and a transfer genome comprising the nucleotide sequence set forth in any one of
SEQID NOs: 24, 25, 46, 47, 48,49, 50, 51, 52,53, 54, 53,61, 62, 64, 65, 67, 68, 74, 75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, &6, 87, &9, or 90; (b} an AAV capsid protein comprising the
amino acid sequence of amino acids 138-736 of SEQ ID NO: 16, and a transfer genome
comprising the nucleotide sequence set forth in any one of SEQ 1D NOs: 24, 25, 46, 47, 48,
49, 50, 51,52, 53, 54,55, 61,62 64, 65,67 68,74, 75,76, 77,78, 79, 80, 81,82, &3, 84, &5,
&6, 87, 89, or 90; and/or (¢} an AAV capsid protein comprising the amino acid sequence of
SEQ ID NO: 16, and a transfer genome comprising the nucleotide sequence set forth m any
one of SEQ ID NQGs: 24, 25,46, 47 48,49, 30,51, 52,533, 54, 35, 61, 62, 64, 65,67, 68,74,
75,776,777, 78,79, 80, 81, 82, 83, 84 85, 86, 87, 89, or 90.

G163 In another aspect, provided herein is a polynucleotide comprising a nucleic
acid sequence that is at least 30% (e.g., at least 85%, 20%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99%;} identical to the nucleie acid sequence set forth m SEQ 1D NQ: 88, 61, or

(53
2



CA 03089824 2020-07-28

WO 2019/152841 PCT/US2019/016351

92. In certain embodiments, the polvnucleotide comprises the nucleic acid sequence set forth
i SEQ ID NO: 88, 91, or 92, In certain embodiments, the polynucleotide comprises the
nucleic acid sequence sot forth in SEQ 1D NO: 92, In certain embodiments, the

polynucleotide consists of the nucleic acid sequence set forth in SEQ D NO: 88, 81, or

(]

82, In certain embodiments, the polynucleotide consists of the nucleic acid sequence set forth
in SEQ 1D NG: 92,
66104} In another aspect, the instant disclosure provides pharmaceutical compositions
comprising an AAV as disclosed herein together with a pharmaceutically acceptable excipient,
adjuvant, diluent, vehicle or carrier, or a combmation thereof. A “pharmaceutically acceptable
10 carrier” meludes any material which, when combined with an active ingredient of a
composition, allows the mgredient to retain biological activity and without causing disruptive
physiclogical reactions, such as an unintended immune reaction. Pharmaceutically acceptable
carriers include water, phosphate buffered saline, emulsions such as oil/water emulsion, and
wetting agents.  Compositions comprsing such camriers are formulated by well-known
15 conventional methods such as those set forth in Remington’s Pharmaceutical Sciences, current
Ed., Mack Publishing Co., Easton Pa. 18042, USA; A Gennaro (2000} “Renungton: The
Science and Practice of Phammacy™, 20th edition, Lippincott, Williams, & Wilkins;
Pharmaceutical Dosage Forms and Drug Delivery Systems (1999) H. C. Ansel et al, Tth ed.,
Lippincott, Williams, & Wilkins; and Handbook of Pharmaceutical Excipients (20003 A. H.
20 Kibbe et al, 3rd ed. Amer. Pharmaceutical Assoc.
60103) In another aspect, the mstant disclosure provides a polynucleotide comprising
a coding sequence encoding a human PAH protein or a tragment thereof, wherein the coding
sequence has been codon-altered to have less than 100% (e.g., less than 95%, 90%, 85%,
80%, 73%, 70%, 65%, 60%, 55%, or 530%;) ideatical to a wild-type human PAH gene. In
25 certain erbodiments, the polynucleotide comprises the sequence set forth m SEQ 1D NO: 25
In certain embodiments, the polynucleotide comprises nucleotides 4 to 1339 of the sequence
set forth in SEQ D NG: 25, The polynucleotide can comprise DNA, RNA, modified DNA,
modified RNA, or a combination thercof. In certain embodiments, the polvnucleotide 15 an

CXPIEsSion vector.

HI. Moethed of Use
[G8106] In another aspect, the instant disclosure provides methods for expressing a PAH
polvpeptide 1n a cell. The methods generally comprise transducing the cell with a replication-

defective AAV as disclosed herein.  Such methods are highly efficient at restoring PAH
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expression.  Accordingly, in certain embodiments, the methods disclosed herein mvolve
transducing the cell with a rephication-defective AAV as disclosed herein.
[G8167] The methods disclosed herein can be applicd to anv cell harboring a mutation

wn the PAH gene. The skilled worker will appreciate that cells that are active in Phe metabolism

(]

arc of particelar interest. Accordingly, in certain embodiments, the method 1s apphied to cells
in the liver, kidney, brain, pituitary gland, adrenal gland, pancreas, urinary bladder, gallbladder,
colon, small intestine, or breast. In certain embodiments, the method is applied to hepatocytes
and/or renal cells.
[06108] The methods disclosed herein can be performed in vifro for research purposes
10 orcan be performed ex vive ot in vive for therapeutic purposes.
[38109] In certain embodiments, the cell to be transduced 1s in a mammahian subject and
the AAV 1s adminisiered to the subject it an amount effective to transduce the cell in the
subject. Accordingly. in certain embodiments, the mstant disclosure provides a method for
treating a subject having a disease or disorder associated with a PAH geoe mutation, the method
15 generally comprismg adounistering to the subject an effective amount of a replication-defective
AAYV as disclosed herein. The subject can be a human subject, a non-human primate subject
{c.g., a cynomolgus), or a rodent subject {¢.z., a mouse) with a PAH mutation, or a non-human
primate subject (€., a cynomolgus) or a rodent subject {¢ g, a mouse) containing PAH-mutant
human ltver cells. Suitable mouse subjects mchide without hmitation, mice into which human
20 liver cells {e.g., human hepatocyies) have been engrafied. Any disease or disorder associated
with a PAH genc mutation can be treated using the methods disclosed hercin. Suitable discases
or disorders mnclude, without imitation, phenviketonuria.
{06114 In certain embodiments, the foregoing methods employ a replication-defective
AAV comprising: (a) an AAV capsid protein comprising the amino acid sequence of amino
25 acids 203-736 of SEQ 1D NO: 16, and a transfer genome comprising 5’ to 3' following
genetic elements: a ' ITR element (¢.g., the §5' TR of SEQ ID NOs: 26), a human HCR1
{c.g., the HCR1 of SEQ 1D NOs: 29), an hAAT promoter {¢.g., the hAAT promoter of SEQ
1D NOs: 30), an SV40 intron {¢.g., the SV40 intron of SEQ 1D NOUs: 31), a silently altered
human PAH coding sequence (e.g., the PAH coding sequence of SEQ 1D NOs: 25), an 5V40
30 polvadenylation sequence (¢.g., the SV40 polyadenviation sequence of SEQ 1D NOs: 43),
and a 3' I'TR clement {c g, the 3' I'TR of SEQ ID NOs: 273 (b} an AAV capsid protein
comprising the amino acid sequence of amino acids 138-736 of SEQ 1D NO: 16,and a
transfer genome comprising 53" to 3' following genetic elements: a 5' ITR element {e.g., the 3

ITR of SEQ 1D N{s: 26), a human HCR1 {¢.g., the HCR1 of SEQ ID NQOs: 29), an hAAT
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promoter {e.g., the hAAT promoter of SEQ D NOs: 30), an SV40 intron {e.g., the SV40
mtron of SEQ 1D NOs: 31), a silently altered human PAH coding sequence {e.g., the PAH
coding sequence of SEQ 1D NOs: 25}, an SV40 polyadenylation sequence (¢ .g., the SV40
polvadenviation sequence of SEQ 1D NOs: 43), and a 3' TR clement {¢c.g., the 3' [TR of SEQ
1D NQOs: 27; and/or (¢} an AAVY capsid protein comprising the aminoe acid sequence of SEQ
1D NG: 16, and a transfer genome comprising 3' to 3' following genetic elements: 2 5" {TR
clement {¢.g, the 5'ITR of SEQ 1D NOUs: 26), a human HCRI {c. g, the HCR1 of SEQ ID
MNOs: 29), an hAAT promoter (e.g., the BAAT promoter of SEQ 1D NOs: 30), an SV40 intron
{e.g., the SV40 mntron of SEQ 1D NQOs: 31}, a silently altered human PAH coding sequence
{c.g., the PAH coding sequence of SEQ ID NOs: 23), an SV40 polvadenvlation sequence
{¢.g.. the §V40 polyadenylation sequence of SEQ 1D NOs: 43), and a 3' [TR element {c.g.,
the 3" TTR of SEQ 1D NOs: 27,

[66111] In certain embodiments, the foregoing methods employ a replication-defective
AAY comprising: (a) an AAY capsid protein comprising the anuno acid sequence of amino
acids 203-736 of SEQ 1D NO: 16, and a transfer genome comprising the nucleotide sequence
set forth in any one of SEQ 1D NQOs: 24, 25, 46, 47, 48, 49, 50, 51, 52, 33, 54, 55, 61, 62, 64,
65,67, 68,74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 89, or 90; (b) an AAV capsid
protein comyrising the amino acid sequence of amine acids 138-736 of SEQ D NO: 16,and a
transfer genome comprising the nucleotide sequence set forth i any one of SEQ 1D NQOs: 24,
25,46, 47, 48,49 50, 51,52, 53, 54,55, 61,62, 64, 65, 67,68, 74, 75,76, 77,78, 79, 80, &1,
82, 83, 84, 83, 86, 87, 89, or 90; and/or {¢}) an AAY capsid protein comprising the amino acid
segquence of SEQ ID NGO: 16, and a transfer genome comprnising the nucleotide sequence set
forth in any one of SEQ 1D NQOs: 24, 25, 46, 47 48,49, 50, 51, 32, 53, 54, 35, 61, 62, 64, 65,
6768, 74, 75,76, 77,78, 79, 80, 81, 82, &3, 84, 85, 86, 87, 89, or 90.

68112 The methods disclosed hercin are particularly advantageous i that they are
capable of expressing a PAH protem wn a cell with high efficiency both in vivo and in vifro. In
certain embodiments, the expression level of the PAH protein is at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, or 100% of the expression level of the endogenous PAH protein
i a cell of the same type that does not have a mutation in the PAH gene. In certain
cmbodiments, the expression level of the PAH protemn isatleast 1.1, 12, 13,14, 15,16, 1.7,
18,19,2,3,4,5,6,7 8.9, or 10 fold higher than the expression level of the endogenous PAH
protein in a cell of the same tvpe that does not have a mutation in the PAH gene. Anv methods
of determining the expression level of the PAH protein can be emploved including, without

limitation, ELISA, Westemn blotting, immnunostaining, and mass spectrometry.

(9]
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66113} In certain embodiments, transduction of a cell with an AAV composition
disclosed herein can be performed as provided herein or by any method of transduction known
to one of ordinary skill in the art. In certain embodiments, the ccll may be contacted with the
AAV at a multiphicity of mfection (MOI) of 50,000, 100,000, 150,000; 200,000; 250,000
300,000, 350,000, 400,000; 450,000; or 500,000, or at any MO that provides for optimal

(]

transduction of the cell.

66114} An AAVY composition disclosed herein can be administered to a subject by any

appropriate route including, without hmitation, intravenous, miraperitoneal, subcutancous,

mtramuscular, intranasal, topical or ntradermal routes. In certain embodiments, the
10 composttion 1s formmulated for administration via intravenous injection or subcutancous

mjection.

iY.  AAV Packaging Systems
[66115] In another aspect, the mstant disclosure provides packaging systems for
13 recombmant preparation of a replication—defective AAV disclosed herem. Such packaging
systems generally comprise: a Rep nucleotide sequence encoding one or more AAY Rep
proteins; a Cap nucleotide sequence encoding one or more AAV (lade F capsid proteins as
disclosed herein; and a transfor genome for expression of the PAH gene as disclosed herein,
wherein the packaging system is operative in a cell for enclosing the transfer genome in the
20 capsid to form the AAVY.
66116} In certain embodiments, the packaging svstem comprises a first vector
comprising the Rep nucleotide sequence and the Cap nucleotide sequence, and a second vector
comprising the transfer genome. As used i the context of a packaging system as described
herein, a “vector” refers to a nucleic actd molecule that s a vehicle for introducing nucleic
25 acids mto a cell {¢.g., a plasmid, a virus, a cosnud, an artificial chromosome, etc.).
[68117] Any AAV Rep protein can be emploved m the packagmg systems disclosed
herein. In certain embodiments of the packaging system, the Rep nucleotide sequence encodes
an AAV?Z Rep protein. Suitable AAVZ Rep proteimns include, without linutation, Rep 78/68 or
Rep 68/52. In certain embodiments of the packaging system, the nucleotide sequence encoding
30 the AAV2 Rep protein comprises a nucleotide sequence that encodes a protein having a
minimam percent sequence identity to the AAV2 Rep amino acid sequence of SEQ 1D NO:
22, whercin the nuntoum perccnt scquence identity is at least 70% (e g, at least 75%, at least
809, at teast 859, at least 309, at least 95%, at least 98%, at least 99%, or 100%:;) across the

length of the amino acid sequence of the AAV2 Rep protein. In certain embodiments of the

(9]
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packaging svstem, the AAVZ Rep protein has the amino acid sequence set forth in SEQ ID
NO: 22,

30118 In certain embodiments of the packaging svstem, the packaging system further
comprises a third vector, ¢.g., a helper virus vector. The third vector may be an independent
third vector, integral with the first vector, or integral with the second vector. In certan
embodiments, the third vector compiises genes encoding helper virus proteins.

160119} In certain embodiments of the packaging system, the helper virus is selected
from the group consisting of adenovirus, herpes virus {including herpes simplex virus (HSV}),
poxvirus {such as vaccima virus), cytomegalovirus (CMV), and baculovirus. In certain
cmbodiments of the packaging system, where the helper virus is adenoviras, the adenoviras
genome comprises one or more adenovirus RNA genes selected from the group counsisting of
Bl E2, E4 and VA In certain embodiments of the packaging system, where the helper virus s
HSV, the HSV genome comprises one or more of HSV genes selected from the group
consisting of UL5/8/52, ICPO, ICP4, ICP22 and UL30/ULA2.

[6612¢] In certain embodiments of the packaging system, the first, second, and/or thard
vector are contatned within one or more transfecting plasmids. In certain embodiments, the
first vector and the third vector are contained within a first transfecting plasmid. In certain
embodiments the second vector and the third vector are contained within a second transfocting
plasmid.

[66121] In certain embodiments of the packaging system, the first, second, and/or third
vector are contained within one or more recombinant helper viruses. In certain embodiments,
the first vector and the third vector are contained within a recombinant helper virus. In certam
embodiments, the second vector and the third vector are contained within a recombinant helper
virus.

[G8122] In a further aspect, the disclosure provides a method for recombinant
preparation of an AAV as described herein, wherein the method comprises transfecting or
transducing a cell with a packaging system as described under conditions operative for
cnclosing the transfer genome in the capsid to form the AAV as described hercin. Exemplary
methods for recombinant preparation of an AAV include transient transfection (¢.g., with one
or more transfection plasnids contaiming a first, and a second, and optionally a third vector as
described herein), viral infection {e.g. with one or more recombinant helper viruses, such as a
adenovirus, poxvirus (such as vaccinia virus), herpes virus {including HSY, cyvtomegalovirus,
or baculovirus, containing a first, and a second, and optionally a third vector as described

herein), and stable producer cell hine transfection or infection {¢.g., with a stable producer cell,
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such as a mammalian or msect cell, containing a Rep nucleotide sequence encoding one or
more AAY Rep proteins and/or a Cap nucleotide sequence encoding one or more AAY Clade
F capsid proteins as described herein, and with a transfer genome as described hercin being

delivered in the form of a transfecting plasmid or a recombinant helper virus).

5 W Examples

106123} The recombinant AAV vectors disclosed herein mediate highly efficient gene
transfer in vitro and 7 vivo. The following examples demonstrate the efficient restoration of
the expression of the PAH gene, which 1s mutated in certain human discases, such as
phenylketonurnia, using an AAV-based vector as disclosed herein. These examples are

10 offered by way of illustration, and not by way of imitation.
Example 1: Bumasn PAH transfer vector
160124} This example provides human PAH transfer vectors pHMI-hPAH-TC-004,
pHMI-hPAH-TC-025, pHMI-hPAH-TC-010, pHMI-hPAH-TC-011, and pHMI-hPAH-TC-
(12 for expression of human PAH in a human or mouse cell.

15 gl pHMI-hPAH-TC-004
81 25] PAH transfer vector pHMI-hPAH-TC-004, as shown in Figure 1A, comprises

510 3' the following genetic elements: a 3' I'TR element, a CAG promoter, a silently altered
human PAH coding sequence, an SV 40 polvadenyiation sequence, and a 3' I'TR clement. The
sequences of these clements are set forth in Table ¥, This vector is capable of expressing a

20 human PAH protem in a cell {e.g., a human cell or a mouse cell) to which the vector is

transduced.

Table 1: Genetic elements in human PAH transfer vector pHMEWPAH-TC-004
Genetic Element SEQ IDNO
S'TTR element 18
CAG promoter 28
codon-altered buman PAH coding sequence 25
SV 40 polvadenvlation sequence 42
3'ITR clement 19
Transfer genome (from promoter to polvadenylation 46
Sequence)

Transfer genome (from 5 TR to 3' TTR) 51

b} pHMEWPAH-TC-025

(9]
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[60126] PAH transter vector pHMI-hPAH-TC-025, as shown in Figure 1B, comprises
5" 10 3' the following genctic elements: a truncated 5' I'TR element, a human hepatic control
region 1 (HCR1Y, a human al-antitrypsin (bAAT) promoter, an SV440 intron, a silenily
altered human PAH coding sequence, an SV40 polvadenviation sequence, and a modified 3’
ITR clement. The sequences of these elements are set forth in Table 2. The truncated 5' TTR
allows the vector to form a double-stranded AAVY genome after transduction into cells. This
vector is capable of expressing a human PAH protein in a human hepatocyie to which the
veector 1s transduced.

Table 2: Genetic edements in human PAH transfer vector pHMEWPAH-TC-025

Genetic Element SEQ D NG
truncated 5' {TR element 26
human HCR1 29
human ol-antitrypsin (hAAT) promoter 30
SV40 intron 31

transcriptional regulatory region comprising the human | 32

HCR1 and hAAT promoter

codon-altered human PAH coding sequence 25
SV 40 polvadenvlation sequence 43
modified 3' TR clement 27
Transter genome (from HCR1 to polvadenyiation 47
sequence)

Transfer genome {from 5" TR 1o 3' ITR) 52
Full sequence of transfer vector 92

¢} pHME-BPAH-TC-010
60127} PAH transfer vector pHMIE-WPAH-TC-010, as shown in Figure 1C, comprises

510 3' the following genetic clements: a 3' ITR element, a hepatic specific regulatory module
of hAAT promoter, a human TIR promoter, a modified minute virus of mouse (MVYM)
intron, a silently altered human PAH coding sequence, an SV440 polyvadenvlation sequence,
and a 3' I'TR element. The sequences of these elements are set forth m Table 3. This vector
13 capable of expressing a human PAH protein in a cell {e.g., a human cell or a mouse cell) to

which the vector is transduced, particularly at a high level in a hepatocvie.
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Table 3: Genetic elements in human PAH transfer vector pHMEWPAH-TC-010

Genetic Element SEQ B NG
S'TTR clement 13
hepatic specific regulatory module of hAAT promoter | 33
human TTR promoter 34
modified minute virus of mouse (MVM) intron 33
transcriptional regulatory region comprising the 36
hepatic specific regulatory module (HSRM) and
human TTR promoter
codon-altered human PAH coding sequence 25
SV 40 polvadenvlation sequence 43
3'TTR clement 19
Transter genome (from HSRM to polyadenylation 48
sequence)
Transfer genome(from 3" TR to 3' TTR) 53
d) pHMI-hPAH-TC-01]
33128 PAH transfer vector pHMI-hPAH-TC-011, as shown in Figure 1D, comprises

5'to 3' the following genctic clements: a 5' I'TR element, a human HCR1, a human al-

antitrypsin (RAAT) promoter, an modified MV M wniron, a silently altered human PAH

coding sequence, an SV40 polvadenylation sequence, and a 3' I'TR clement. The sequences

of these elements are set forth in Table 4. This vector is capable of expressing a luman PAH

protein in a human hepatocvie to which the vector is transduced.

Table 4: Genetic elements in human PAH transfer vector pHMI-hPAH-TC-011

Genetic Element SEQ IDNO
truncated 53' ITR clement I8

human HCR1 37

human ol-antitrvpsin (hAAT) promoter 33

modified minute virus of mouse (MVM) intron 35
transcriptional regulatory region comprising the buman | 39

HCR1 and hAAT promoter

codon-altered human PAH coding sequence 25

SY40 polyadenylation sequence 45

4
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Genetic Element SEQ IDNO
modified 3' ITR clement 19
Transfer genome (from HCR1 to polvadenylation 49
Sequence)
Transfer genome(from 5' ITR to 3' I'TR) 34

e} pHMI-hPAH-TC-012
[066129] PAH transfer vector pHMI-bPAH-TC-012, as shown in Figure 1E, comprises

510 3' the following genetic clements: a 5' TR element, a human hepatic control region |
(HCR1), a modified haman EF-lg promoter, a silently altered human PAH coding sequence,
an 5V40 polvadenyviation sequence, and a 3' I'TR element. The sequences of these elements
are set forth in Table 5. This vector is capable of expressing a human PAH protein in a
human hepatocyie to which the vector is transduced.

Table 5: Genetic elements in hwnan PAH transfer vector pHMEWPAH-TC-012

Genetic Element SEG ID NO
truncated 5'ITR element I8
huroan hepatic control region 1 {HCR1) 37
modified human EF-le promoter 40

tranacriptional regulatory region comprising the human | 41

HCR1 and modified human EF-1lg promoter

codon-altered human PAH coding sequence 25
5V40 polvadenvlation sequence 45
modified 3' ITR clement 19
Transfer genome (from HCR to polvadenylation 50
SCQUCHCe )
Transfer genome (from 5' {TR to 3' TTR) 55
6613¢] The silent alteration significantly improves the expression of the PAH protein,

as demonstrated by comparison of expression vectors pCOH-WT-PAH, pCOH-CO-PAH, and
pHMI-CO-PAH. The pCOH-WT-PAH vecior comprses a CAG promoter operably linked to
a wild-tvpe PAH coding sequence set forth tmn SEQ 1D NO: 24, The pCOH-CO-PAH and
pHMI-CO-PAH vectors each comprise a CAG promoter operably linked to a codon-altered
human PAH coding sequence as set forth in SEQ 1D NO: 25, The pLCOH-CO-PAH and

pHMI-CO-PAH vectors arc highly similar. Each vector was transfocted in HEK 293 celis
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which is naturally deficient in PAH. As shown n Figure 2, VG-GT-CO-PAH (“CO-hPAH")
gave risc to an expression level of human PAH several fold higher than VG-GT-PAH ("WT-
hPAHT).

68131} The vectors disclosed herein can be packaged m an AAYV clade F capsid, such

as an AAVHSCS, AAVHSCT7, AAVHSCIS or AAVHSC7 capsid. The packaged viral

(]

particles can be adnunistered to a wild-type animal, a PAH deficient animal, ora
reconstituted animal having human hepatocytes obtained from a patient with phenyiketonuria
caused by a PAH mutation. The gene transfer efficiency can be measured by collecting hiver
samples and quantifying the percentage of PAH-positive cells {e.g., cells that have a unigae

10 nucleotide sequence from the vector, cells that express a wild-type PAH protein, or cells with
a higher PAH activity than in cells from a control ammal not receiving the PAH expression
vectory. The restoration of phenylalanine metabolism, which indicates the efficacy of the
PAH expression vectors, can be assessed by measuring the Phe level in the blood and by
observing the coat color of the mouse. Safety of the viral particle administration can be

15 ¢valnated by measuning the aspartate aminotransferase (AST) and alanine aminotransferase
{ALT} levels m serum.
Example 2: Mouse PAH gene transfer in a2 mouse model
60132} This example provides a mousc PAH transfer vector rAAV-CBA-mPAH that
1s similar to the human PAH transfer vector pHMIE-WPAH-TC-004 described in Example 1

20 except that a wild-tvpe mouse PAH coding sequence is substituted for the codon-altered
human PAH coding sequence. This vector is capable of expressing a mouse PAH protein in a
cell {e.g., a human cell or a mouse cell) to which the vector 1s transduced.
[06133] Briefly, Pah™ (PAFH*?) mice were housed in clear polycarbonate cages with
contact bedding 1 an isolator. Picolab Mouse Diet 5058 was provided to the animals ad

25 libitum. Spring or tap water acidified with 1N HCl to atargeted pH of 2.5 - 3.0 was provided
ad libitum. Vectors packaged in AAVHSCIS capsid were prepared 1n PBS (with Ca and
Mg}, supplemented with 35 mM NaCl, 1% sucrose, and 6.05% Pluronic F-68. The
formulation was injected mtravenously via the tail vein.
061 34} Blood samples were collected every week afier the administration ot the PAH

30 transfer vector (0 week: prior {o administration) by facial vein puncture or tail smp. The
samples were allowed to clot at room temperature for at least 30 minutes, centrifoged at
ambient temperature at minimum 1000 x g for 10 minutes and the serum samples were
extracted. Serum samples were stored at -70 °C. Serum phenvialanine and tyrosine levels

were measured by tandem mass spectrometry.

L
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66135} For collection of tissue samples, the animals underwent cardiac perfusion with
saling. Liver (caudate Iobe), kidnev (left), brain, heart, and muscle {(quadriceps) tissugs were
snap frozen in liquid nitrogen and stored at -70 °C. The snap frozen tissues were ground into
powder m hguid mitrogen in a mortar and pestle and divided m to aliguots to test for PAH
expression for vector genome biodistribution by gPCR.

[66136] The safety of the rAAV-CBA-mPAH vector was assessed by measuring the
aspartate aminotransterase (AST) and alanine aminotransferase (ALT) levels in the treated
animals. Serum samples were collected pre-dose and one week afier administration of the
viral particles. The levels of AST and ALT were measured by the Sigma MAKOSS and
Sigma MAKO32 ELISA kits.

{66137} The pak” mice manifested phenylketonuria and had lighter coat color than
wild-type mice. As shown in Figures 3A and 3B, the administration of the rAAV-CBA-
mPAH vector lead to significant reduction of Phe levels in the serum within one week, and
the Phe levels remained low for four weeks. The coat color also changed from brown to
black within one week.

160138} Expression of mPAH was also observed in tissue samples. As shown in
Figure 4, DNA of the rAAV-CBA-mPAH vector was detectable in many organs, wherein the
numbers of viral genomes per 10° cells was the highest in liver, heart, and kidney.

160135} With respect to the safety of the AAV administration, the AST and ALT levels
remained low after administration (Figures 5A and 3B}, suggesting that the rtAAV-CBA-
mPAH vector was not toxic 1o the liver.

Example 3: Human PAH gene transfer in a mouse model

106144 This example demonstrates that the PAH transfer vectors described in
Example 1 effectively reversed the phenotype caused by PAH gene deficiency in a mouse
model. The mouse model, AAV packaging and formulation, and methods for cxamining
gene transfer efficiency were identical to the ones described in Example 2.

[66141] To examine the efficacy of the five PAH transfer vectors in reversing the
phenotypes, a single dose of 2.6 10" vector genomes per kg of body weight for male nuce,
or a dose of 6 « 10" vector genomes per kg of body weight for female mice. The pak mice
manifested increased level of phenvlalanine (Phe) and reduced level of tyrosine (Tyr) in the
serum. As shown in Figures 6A-6H, the administration of any one of the five vectors led to
significant reduction of Phe levels and increase of Tyr levels within one week. The cfficacy

fasted for at least 12 weeks in male muce, and at least 6 weeks in female mice. Other than
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pHMI-hPAH-TC-004, all the vectors maintained complete reduction of serum Phe levels
during the time examined.

[606142] To examine the long-term cfficacy of pHMI-hPAH-TC-02Z5 1n reversing the
phenotype caused by PAH gene deficiency, a single dose of 2.6 x 107 vector genomes per kg

of body weight was administered to male mice, or a single dose of 6 x 10

vector genomes
per kg of body weight was administered to fomale mice. As shown in Figures 61 and 6], the
adnunistration of the pHMI-hPAH-TC-025 vector led to significant reduction of Phe levels
within one week. This reduction persisted for at least 48 weeks in male muce, and at least 46
weeks in female mice. Additionally, within two weeks post administration of the AAV, the
coat color of the mice administered with pHMI-hPAH-TC-004 changed from brown to black.
An merease of PAH mRNA was observed by ddPCR n the hver samples of these mice
collected 4 weeks post injection relative to the mice not administered with AAV vectors. An
increase of the PAH enzymatic activity was also detected in biver samples by mass
spectrometry.

160143} The efficacy of different doses of the pHMI-hPAH-TC-0235 vector was further
asscssed. A single dose of 2.6 x 1011, 2.6 x 10*, or 2.6 » 10* vector genomes per kg of body
weight was administered to male mice and female mice, and the senim levels of Phe and Tyr
were measured. As shown in Figures 7A-7D, the dose of 2.6 < 10" vector genomes per kg of
body weight reduced the Phe levels and increased the Tyr levels more significantly than the
two lower doses, and maintained complete reduction of serum Phe levels during the time
gxamined in both male and female subjects.

Example 3: Additional human PAH transfer vectors

(06144} This example provides human PAH transfer vectors pHMI-WPAH-TC-009,
pHMI-hPAH-TC-013, and pHME-BPAH-TC-017 for expression of human PAH in a human
or mouse cchl. Vector maps are shown in Figure BA, 8B, and 8C, respectively.

al pHMI-RPAH-TC-059

[66145] PAH transfer vector pHMI-hPAH-TC-009, as shown in Figure 8A, comprises

510 3' the following genctic clements: a 5' TR element, a CMV enbancer, a CBA promoter,
a rabbit B-globm element, a human PAH coding sequence, a polvadenvlation sequence, and a
3'ITR clement. The sequences of these clements are set forth in Table 6. This vector 1s
capable of expressing a human PAH protein 1 a cell {¢.g., a human cell or a mouse cell) to

which the vector is transduced.

.
(]



(]

10

CA 03089824 2020-07-28

WO 2019/152841

PCT/US2019/016351

Table 6: Genetic edJements in human PAH transfer vector pHMEWPAH-TC-(09

Genetic Element SEQ B NG
S'ITR clement 13
{MYV enhancer 58
CBA promoter 39
Rabbit B-globin element 60
codon-altered human PAH coding sequence 23
Polvadenvlation sequence 45
3'TTR element 19
Transfer genome (from CMV to polvadenylation 61
sequence)
Transfer genome {from 5' TR tc 3' I'TR} 62

b)) pHMI-hPAH-TC-013

(30146} PAH transfer vector pHMIE-hPAH-TC-013, as shown in Figure 8B, comprises

3'to 3' the following genetic clements: a 5' ITR element, a CAST promoter region

(comprising a CMY enhancer, a CASI promoter, and a ubiquitin € enhancer element (hUBC

gxon)), a human PAH coding sequence, a polvadenylation sequence, and a 3' I'TR ¢lement.

The sequences of these elements are set forth 1 Table 7. This vector is capable of expressing

& human PAH protein in a cell {e.g., a human cell or a mouse cell) to which the vector is

transduced.

Table 7: Genetic elements in human PAH transfer vector pHME-hPAR-TC-013

Genetic Element SEQ IDNO
S'ITR element 18

CASI promoter region 63
Human PAH coding sequence 25
Polvadenvlation sequence 45
3'ITR clement 19
Transfer genome (from promoter region to 64
polvadenylation sequence)
Transfer genome (from 5" TR to 3' TTR) 63

£ pHMI-WPAH-TC-017

46



(]

10

CA 03089824 2020-07-28

WO 2019/152841 PCT/US2019/016351
66147} PAH transter vector pHMI-BPAH-TC-017, as shown in Figare 8C, comprises

5'to 3' the following genetic clementa: a 5 I'TR element, an hAAT promoter region
{comprising an ABMP enhancer (an enhancer region adiacent to a gene on chromosome 9
that expresses highly i liver, 5” to the ATG), a TTR enhancer, an hAAT promoter, and an
MVM mtron), a human PAH coding sequence, a polyadenylation sequence, and a 3" ITR
clement. The sequences of these elements are set forth 1n Table 8. This vector is capable of
expressing a human PAH protein in a cell {e.g., a human cell or a mouse ccliy to which the
veector 1s transduced.

Table 8: Genetic edements in heman PAH transfer vector pBMERPAH-TC-017

Genetic Element SEQ D NG
S'TTR element 18

hAAT promoter region 66

Human PAH coding sequence 23

Polyadenyviation sequence 45

3'TTR clement 19

Transfer genome (from promoter region o 67

polyadenylation sequence)

Transfer genome (from 5 TR 10 3' ITR) 68

[38148] The vectors described in this example were tested for expression in two

different cell lines. 3 x 10° HEK293 cells (kidney; non-liver) and 5 x 10° Huh7 cells (liver)
were transfected with 1 ug each of the following vectors: pHMI-hPAH-TC-004 (PAH-004);
pHMI-hPAH-TC-009 (PAH-009); pHMI-hPAH-TC-010 (PAH-010); pHMI-hPAH-TC-011
{(PAH-011}; pHMI-hPAH-TC-012 (PAH-012}; pHMI-WPAH-TC-013 (PAH-013); pHMI-
hPAH-TC-025 (LP1}); pHMI-WPAH-TC-017 (PAH-017}. Lysate of the cells was collected 48
hours atier transfection. The expression of himan PAH was detected by Westemn blotting
with an anti-PAH antibody (Sigma HPA031642). The amount of GAPDH protein as detected
by an anti-GAPDH antibody (Millipore MAB 374) was used as a loading control. PAH
expression levels of all vectors were nommalized to pHMI-hPAH-TC-004 expression level;
data was coliected from multiple independent transfections and plotted in Figure ¢, Figure
94 shows the normalized PAH expression level of the indicated vectors in Huh7 cells.
Figure 98 shows the normalized PAH expression level of the indicated vectors im HEK293

cells.
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60149} Figure 10A and 108 are graphs showing the serum phenylalanine levels over

time of male and female homozvgous Pak”™ PAH™ mice respectively. Male and female
nuice were dosed at 2¢13 vg/kg and 6¢13 ve/kg respectively with pHMI-hPAH-TC-010
(hPAH-TC-010), pHMI-hPAH-TC-023 (hPAH-TC-025), pHMI-hWPAH-TC-004 (hPAH-TC-
004), pHME-RPAH-TC-011 (WPAH-TC-011}, or pHMI-hPAH-TC-012 (hPAH-TC-012)
vectors packaged 10 AAVHSCIS capsid. Serum samples were collected weekly then
hweekly after the adnunistration.  Serum phenvialanine concentrations were assessed by LC-
MS/MS. Figure 10C is a graph showing the average baseline serum phenylalanine level for
the male and female homozygous Pos”™ PAH™ mice in the study. The data represents a
total of 55 mice per group.

8156 As shown in Figure 10, the administration of certain vectors led to significant
reduction of Phe levels within one week of administration, and this reduction persisted for at
least 45 wecks. Figure 10 demonstrates that some of the PAH transfer vectors effectively
reversed the phenotype caused by PAH gene deficiency 1 a mouse mode!. The mouse
model, AAV packaging and formulation, and methods for examining gene transfer efficiency
were tdentical to those described in Example 2 herein. The sizes of the AAV vectors were as
follows: pHMI-hPAH-TC-010 (hWPAH-TC-010): 2391 bp; pHMI-hPAH-TC-025 (WPAH-TC-
0253} 2351 bp; pHMI-hPAH-TC-004 (hPAH-TC-004): 3781 bp; pHMI-hPAH-TC-011
(hPAH-TC-011): 3158 bp; and pHMI-hPAH-TC-012 (hWPAH-TC-012): 3799 bp.

Example 4: Additional human PAH transfer vectors

160151} This example examines the effect of PAH gene CpG content on PAH protein
expression, using the PAH transfer vectors pHMEBPAH-TC-018, pHMI-hPAH-TC-019,
pHMI-hPAH-TC-020, pHMI-hPAH-TC-021, pHMI-hPAH-TC-022, and pHMI-hPAH-TC-
023, Vector maps are shown in Figure 114, 11B, 11C, 11D, 11E, and 11F, respectivelv,
These PAH transfer vectors comprise the sequences and elements set forth in Table 9.

Table 8: Genetic elements in PAH transfer vectors

pHMI-hPAH-TC-XXX Vector

SEQID NG
Genetic Element -818 -319 ~020 -021 -022 -023
S'TTR element 26 26 26 26 26 26
HCR!I 29 29 29 29 29 29
BAAT promoter 30 30 30 30 30 30
SV40 intron 31 31 31 31 31 31
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pHMI-hPAH-TC-XXX Vector

SEQ 1D NG
Genetic Element {318 -319 -(326 -821 -022 -023
PAH coding sequence 69 70 71 72 73 24
Late SV40 45 45 45 45 45 45
polvadenylation
SCquence
3'ITR clement 27 27 27 27 27 27
Transfer genome {from 74 76 78 80 &2 &4
HCRI1two
polvadenylation
Sequence)
Transfer genome (from | 75 77 79 &1 83 35
S'TTR to 3" ITR}

60152} The vectors described 1n this example were tested for expression in HEK293

cells but under the control of a CBA promoter. 5 x 10° HEK293 cells were transfected with 1
ug cach of the following vectors: pHMI-hPAH-TC-004 (PAH-TC-004); pHMI-hPAH-TC-
009 (PAB-TC-009); pHMI-hPAH-TC-018 (PAH-TC-018); pHMI-bPAH-TC-019 (PAH-TC-
019); pHMI-WPAH-TC-020 (PAH-TC-020); pHMIE-hPAH-TC-021 (PAH-TC-021); pHMI-
hPAH-TC-022 (PAH-TC-022); pHMIE-hPAH-TC-023 (PAH-TC-023). Lysate of the cells
was collected 48 hours afier transfoction. The expression of human PAH was detected by
Western blotting with an anti-PAH antibody (Sigma HPA031642). The amount of GAPDH
protein as detected by an anti-GAPDH antibody (Millipore MAB 374) was used as a loading
control. PAH expression levels of all vectors were normalized to pHMIE-hPAH-TC-004
expression level; data was plotted in Figure 12,

[B8153] Figure 13 1s a graph showing the serum phenyvialanine levels over time of
male homozygous Pafr” PAH®™ mice. Male mice have been dosed at 2¢13 vg/kg with
pHME-APAH-TC-018 (hPAH-TC-018), pHME-hPAH-TC-019 (hPAH-TC-019); pHMI-
hPAH-TC-020 (hPAH-TC-020); pHMI-WPAH-TC-021 (hPAH-TC-02 1), pHMI-hPAH-TC-
022 (hPAH-TC-022); pHMI-WPAH-TC-023 (hPAH-TC-023}); and pHMI-hPAH-TC-025
(hPAH-TC-025) vectors packaged m AAVHSCIS capsid. Serum samples were collected
weekly after the administration. Serum phenvlalanine concentration was assessed by L.C-

MS/MS.
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[06154] As shown in Figure 13, the admunistration of certain vectors led fo significant
reduction of Phe levels within ong week of administration, and this reduction persisted for at
least 25 weeks. The mouse model, AAV packaging and formulation, and methods for
examining gene transfer efficiency were identical to those previously described in Example 2
herein. The CpG content of the vectors were as follows: pHMIE-WPAH-TC-018 (hWPAH-TC-
018): 2. pHMI-hPAH-TC-019 (hPAH-TC-019): 7. pHMI-hPAH-TC-020 (hPAH-TC-020):
22; pHMIE-bPAH-TC-021 (hWPAH-TC-021): 16; pHMI-hPAH-TC-022 (WPAR-TC-022):. 7;
pHMI-hPAH-TC-023 (hPAH-TC-023): 23; and pHMI-hPAH-TC-025 (hWPAH-TC-025): 60,

(]

10 Exampile 5: Alternative I'TR bumas PAH transfer vectors
381 55] This example provides haman PAH transter vectors pHMI-01004 and pHMI-
(1008 for expression of human PAH in a haman or mouse cell. Vector maps are shown in
Figure 14A and 14B, respectively. These PAH transfer vectors comprise the sequences and
clements sct forth m Tablc 10.

15 Table 18: Genetic elements in PAH transfer vectors pHMI-01004 and pHMI-01008

pHMI-01004 pHMI-01008

Genetic Element SEQID NG SEQID NG
5'ITR clement 26 26

HCR1 29 29

hAAT promoter region 30 30

SV40 ntron 31 31

Human PAH coding sequence 25 25
Polyvadenylation sequence 43 43

3'ITR element 27 57

Transfer genome (from HCR1 to 36 &9
polyadenylation sequence}

Transfer genome (from 5" TR 10 3' TTR} | 87 90

Full sequence of transfer vector 83 91

{60156 The invention s not to be limited in scope by the specific embodiments

described herein. Indeed. vanous modifications of the invention in addition to those

20 described will become apparent to those skilled in the art from the foregoing description and
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accompanying figures. Such modifications are intended to fall within the scope of the
appended claims.

[G0157] All references {(e.g., publications or patents or paient applications) cited hercin
are incorporated herein by reference in their entirety and for all purposes to the same extent
as if each individual reference {e.g., publication or patent or patent application) was
specifically and individually indicated to be incorporated by reference in its entirety for all

purposes. Other embodiments are within the following claums.
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We claim:

L. A method for expressing a PAH polypeptide in a cell, the method comprising
transducing the cell with a replication-defective adeno-associated virus (AAV) comprising:
{a) an AAV capsid comprising an AAV Clade F capsid protem; and

(b} a transfer genome comprising a transcriptional regulatory clement operably linked to a PAH
coding sequence.

2. The method of claim 1, wherein the cell 15 a hepatocvte, a renal cell, or a cell in the

brain, pituitary gland, adrenal gland, pancreas, urmary bladder, gallbladder, colon, small

miestine, or breast.

3. The method of claim 1 or 2, whergin the cell is in a mammalian subject and the AAY

1s administered to the subject i an amount cffective to transduce the cell in the subject.

4, A method for treating a subject having a disease or disorder associated with a PAH gene
mutation, the method comprising administering to the subject an cffective amount of a
replication~defective adeno-associated virus {AAY) comprising:

(a} an AAYV capsid comprising an AAV Clade F capsid protein; and

(b} a transfer genome comprising a transcriptional regulatory clement operably linked to a PAH

coding sequence.

5. The method of claim 4, whergin the disease or disorder is phenvlketonuria.
6. The method of claim 4 or 5, wherein the subject 15 a human subject.
7. The method of any ong of the preceding claims, wherein the PAH coding sequence

encodes an amino acid sequence set forth in SEQ 1D NO: 23,

8. The method of claim 7, wherein the PAH coding sequence comprises the nucleotide

sequence set forth in SEQ 1D NG: 24,

9, The method of claim 7, wheren the PAH coding sequence is silently altered.
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10. The method of claim 9, wherein the PAH coding sequence comprises the nucleotide

sequence set forth in SEQ [D NG: 25

11, The method of anv one of the preceding claims, wherein the transcnptional regulatory

(]

element is capable of mediating transcription in a hepatocyte, a renal cell, or a cell in the brain,
pituitary gland, adrenal gland, pancreas, urinary bladder, gallbladder, colon, small intestine, or

breast.

12. The method of claim 11, wheremn the transcriptional regolatory element comprises one
10 of more of the elements selected from the group cousisting of 3 CAG promoter, a human EF-
la promoter, a human hepatic control region | (HCR1), a human ol-antitrvpsin (hAAT)
promoter, a hepatic specific regulatory module of hAAT promoter, an SV40 intron, and a

minuie virus of mouse (MY M) intron.

15 13 The method of claim 12, wherem the transcriptional regulatory element comprises a
nucleotide sequence at least 90% identical to a sequence selected from the group consisting of

SEQ 1B NOs: 28-30 and 32-41.

14. The method of claim 13, wheremn the transcriptional regulatory element comprises a

20 nucleotide sequence selected from the group consisting of SE( 1D NOs: 28-30 and 32-41.

15. The method of claim 14, wherein the transcriptional regulatory element comprises from

5'10 3" the nucleotide sequences set forth in SEQ ID NOs: 29, 30, and 31.

25 16, The method of claim 13, wherein the transcriptional regulatory element comprises the

nucleotide sequences set forth m SEQ D NO: 32,

17. The method of any one of the preceding clains, wherein the transfer genome further

comprises an niron operably linked to the PAH coding sequence.

18. The method of claim 17, wherein the intron comprises a nuclectide sequence at feast

90% identical to the sequence sct forth in SEQ 13 NOG: 31 or 35,
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9. The method of claim 18, wherein the intron comprises the nucleotide sequence set forth

m SEQ ID NG: 31 or 35,

20. The method of any one of claims 17-19, wherein the transfer genome comprises from
5 510 3" anon-coding exon, the totron, and the PAH coding sequence.

21 The method of any one of the preceding clains, wherein the transfer genome further
comprises a polvadenviation sequence 3' to the PAH coding sequence.

1 22 The method of claim 21, wherein the polyadenyiation sequence is an ¢xogenous
polvadenvlation sequence.
23 The method of claim 22, wherein the exogenous polvadenylation sequence 1s an 5V40
polyvadenylation sequence.

15
24, The method of claim 23, wherein the SV40 polyadenylation sequence comprises a

sequence selected from the group consisting of SEQ 1D NQOs: 42, 43, and 45

25, The method of any one of the preceding claims, whercin the transfer genome comprises
20 asequence selected from the group consisting of SEQ ID NOs: 46-30, 61, 64, 67, 74, 76, 78,
80, 82, 84, 86, and 9.

26. The method of any one of the preceding claims, wherein the transfer genome further
comprises a 5 inverted terminal repeat (5" I'TR) nuclectide sequence 5' of the genome, and a 3’

25 mverted terminal repeat (3' I'TR) nucleotide sequence 3' of the genome,

27. The method of claim 26, wherein the 3' I'TR nucleotide sequence has at least 95%
sequence dentity to SEQ D NO: 18, and the 3' ITR nucleotide scquence has at feast 95%
sequence wdentity to SEQ D NG: 19,

28. The method of claim 26, wherein the 5' I'TR nuclectide sequence has at least 95%

sequence wdentity to SEQ ID NO: 20, and the 3' ITR nucleotide sequence has at least 95%
sequence identity to SEQ ID NO: 21
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o

29. The method of claim 26, wherein the 5' ITR nucleotide sequence has at least 959
sequence ilentity to SEQ 1D NO: 26, and the 3' ITR nucleotide sequence has at least 95%

sequence identity to SEQ 1D NO: 27

(]

30. The method of any one of the preceding claims, whercin the transfer genome comprises
a nucleotide sequence selected from the group consisting of SEQ ID NQOs: 51-55, 62, 65, 68,
75,777,779, 81, 83, 83, 87, and 90.

31 The method of any one of the preceding claims, wherein the transfer genome consists
10 ofanucleotide sequence selected from the group consisting of SEQ 1D NOs: 51-35, 62, 65, 68,

75,77, 79, 81, 83, 85, 87, and 90.

32. The method of any one of the preceding claims, wherein the transfer genome consists

of the nucleotide sequence set forth in SEQ 13 NO: 52,

15
33, The method of any one of the preceding claims, wherein the AAV Clade F capsid
protein comprises an amino acid sequence haviog at least 95% sequence identity with the
aming acid sequence of amino acids 203736 of SEQID NG: 2,3, 4,6, 7,10, 11, 12, 13, 15,
16, 0r 17.

20
34, The method of claim 33, wherein: the amino acid in the capsid protein corresponding

to amino acid 206 of SEQ 1D NO: 2 1s C; the amuno acid m the capsid protem corresponding
to amino acid 296 of SE{Q} ID NQ: 2 is H; the amino acid in the capsid protein corresponding
to aming acid 312 of SEQ ID NO: 2 is ; the amino acid in the capsid protein corresponding
25 to amino acid 346 of SEQ 1D NG: 2 1s A the amino acid 1 the capsid protein corresponding
to ammo acid 464 of SEQ 1D NO: 2 1s N; the amino acid m the capsid protemn corresponding
to amino acid 468 of SEG 1D NO: 2 is §; the amino acid in the capsid protein corresponding
to anuno acid 301 of SEQ {D NO: 2 is §; the amino acid in the capsid protein corresponding to
amine acid 505 of SEQ ID NO: 2 1s K; the amino acid m the capsid protein corresponding to
30 aming acid 590 of SEQ ID NO: 2 is R; the amino acid n the capsid protein corresponding to
aming acid 626 of SEQ 1D NO: 2 is G or Y: the amino acid in the capsid protein corresponding
to aming acid 681 of SEQ 1D NO: 2 1s M. the amino acid in the capsid protein corresponding
to ammo acid 687 of SEQ 1D NO: 2 15 R; the amino acid m the capsid protem corresponding

to amino actd 690 of SEQ 1D NO: 2 13 K the amino acid in the capsid protein corresponding
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to amino acid 706 of SEQ D NO: 2 13 C; or, the amino acid in the capsid protem corresponding

to amino acid 718 of SEQ ID NG: 2 15 (5.

35, The method of claum 34, wheremn:

(]

{2} the amino acid in the capsid protein corresponding to amino acid 626 of SEQ ID NO: 2 1s
G, and the amino acid in the capsid protein corresponding to aming acid 718 of SEQ ID NG 2
1s G
(b} the anuno acid n the capsid protein corresponding to amino acid 296 of SEQ ID NQO: 2 is
H, the amino acid in the capsid protein corresponding to amino acid 464 of SEQ ID NO: 2 15
10 N, the amino acid in the capsid protein comresponding to amino acid 505 of SEQ 1D NO: 2 is
R. and the amino acid 1 the capsid protein corresponding to amine acid 681 of SEQ ID NG: 2
1s M;
{¢) the amino acid in the capsid protein corresponding to amino acid 503 of SEQ ID NG: 2 is
R, and the amino acid in the capsid protein corresponding to anino acid 687 of SEQ ID NG 2
15 1R
{d} the amino acid in the capsid protein corresponding o amino acid 346 of SEQ ID NQO: 2 15
A, and the amino acid in the capsid protein corresponding to amino acid 505 of SEG 1D NG: 2
is R; or
{e} the amino acid in the capsid protein corresponding to amino acid 501 of SEQ ID NO: 2 18
20 1, the amino acid in the capsid protein corresponding to amino acid 305 of SEQ ID NG 215 R,
and the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NO: 2 1s

C.

36. The methed of claim 34, wherein the capsid protein comprises the amino acid sequence
25  of amino acids 203-736 of SEQ IDNG: 2,3, 4,6, 7,10, 11, 12, 13, 15, 16, or 17,

37 The method of anv one of the preceding claims, wherein the AAV (lade F capsid

protein comprises an amino acid sequence having at least 95% sequence identity with the

amino acid sequence of amino acids 138-736 of SEQIDNG: 2, 3,4,3,6,7,9, 10, 11, 12, 13,
30 15, 16,0r 17

38. The method of claim 37, wherem: the amino acid in the capsid protein corresponding
to ammo acid 151 of SEQ 1D NO: 2 15 R; the amino acid m the capsid protem corresponding

to amino actd 160 of SEQ 1D NO: 2 15 D the amino acid in the capsid protein corresponding
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to amino acid 206 of SEQ 1D NO: 2 1s C; the amuno acid m the capsid protemn corresponding
to amino acid 296 of SE{Q} ID NQ: 2 is H; the amino acid in the capsid protein corresponding
to amino acid 312 of SEQ ID NG: 2 is (; the amino acid in the capsid protein corresponding

to ammo acid 346 of SEQ 1D NO: 2 18 A; the amino acid i the capsid protein corresponding

(]

to amino actd 464 of SEQ 1D NO: 2 13 N the amino acid in the capsid protein corresponding
to amino acid 468 of SEQ 1D NO: 2 is §; the amino acid in the capsid protein corresponding
to anuno acid 301 of SEQ {D NO: 2 is §; the amino acid in the capsid protein corresponding to
amine acid 505 of SEQ ID NO: 2 1s K; the amino acid m the capsid protein corresponding to
aming acid 590 of SEQ ID NO: 2 1s R; the amino acid in the capsid protein corresponding to
10 amino acid 626 of SEQ 1D NG: 2 s G or Y; the amino acid in the capsid protein corresponding
to amino acid 681 of SEQ ID NO: 2 1s M; the amino acid n the capsid protein corresponding
to anuno actd 687 of SEQ 1D NO: 2 15 R, the amino acid in the capsid protein corresponding
to amino acid 690 of SEQ 1D NG: 2 is K the amino acid in the capsid protein corresponding
to aming acid 706 of SEQ {3 NO: 2 1s C; or, the amino acid in the capsid protein corresponding

15 toaminoacid 718 of SEQID NG 218G,

39 The method of claim 3%, wherein:

{(a} the amino acid in the capsid protein corresponding to amino acid 626 of SEQ 1D NO: 2 15

G, and the amino acid in the capsid protein corrgsponding to aming acid 718 of SEQ ID NO: 2
20 18G;

{b) the amino acid in the capsid protein corresponding to amino acid 296 of SEQ ID NG: 2 s

H, the anuno acid in the capsid protein corresponding to anuno acid 464 of SEQ D NO: 2 15

N, the amino acid i the capsid protein corresponding to amino acid 505 of SEQ ID NO: 215

R, and the amino acid in the capsid protein corresponding to amino acid 681 of SEGQ 1D NO: 2
25 s M

(¢} the amino acid in the capsid protein corresponding to amino acid 303 of SEQ ID NO: 2 1s

R, and the amino acid in the capsid protein corresponding to amino acid 687 of SEQ ID NG: 2

s R;

{(d) the anuno acid n the capsid protein corresponding to amino acid 346 of SEQ ID NQO: 2 is
30 A, and the amino acid in the capsid protein corresponding to amino actd 3035 of SEQ IDNQO: 2

s R; or

{c} the amino acid in the capsid protein corresponding to amino acid 501 of SEQ 1D NO: 2 15

1, the amino acid in the capsid protein corresponding to amuno acid 505 of SEQ ID NG 215 R,
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and the amino acid in the capsid protem corresponding to amino acid 706 of SEQ ID NG: 2 1s
C.

44, The method of claim 38, wherein the capsid protein comprises the amino acid sequence

of amino acids 138-736 of SEQ IDNO: 2,3, 4.5, 6,7,9, 10, 11, 12, 13, 15, 16, or 17.

41, The method of any one of the preceding claims, wherein the AAVY Clade F capsid
protein comprises an amino acid sequence having at least 95% sequence identity with the
aming acid sequence of amino acids 1-736 of SEQGIDNG: 2,3,4,5,6,7, 8,9, 10, 11, 12, 13,
15,16, or 17,

42, The method of claim 41, wherein: the amino acid in the capsid protein corresponding
to amino acid 2 of SEQ ID NG: 2 is T, the amino acid in the capsid protein corresponding to
amino acid 63 of SEQ ID NO: 2 15 I; the amino acid in the capsid protein corresponding to
amine acid 68 of SEQ ID NG: 2 1s V; the anmino acid in the capsid protein corresponding to
amine acid 77 of SEQ ID NO: 2 is R. the amino acid i the capsid protein corresponding to
amino acid 119 of SEQ ID NO: 2 15 L; the amino acid in the capsid protein corresponding to
aming acid 151 of SEQ ID NG: 2 15 R; the amino acid in the capsid protein corresponding to
ammno acid 160 of SEQ ID NO: 2 1s D the amino acid in the capsid protein corresponding to
amino acid 206 of SEQ 1D NO: 2 15 {; the ammo acid in the capsid protein corresponding to
amino acid 296 of SEQ [D NO: 2 is H: the amino acid in the capsid protein corresponding to
amine acid 312 of SEQ [D NO: 2 15 Q; the amino acid n the capsid protein corresponding to
aming actd 346 of SEQ ID NQO: 2 15 A; the amuino acid in the capsid protein corresponding to
aming acid 464 of SEQ ID NO: 2 15 N; the amino acid in the capsid protein corresponding to
aming acid 468 of SEQ {1 NO: 2 is §; the anuino acid in the capsid protein corresponding to
ammo acid 501 of SEQ ID NO: 2 15 I; the amino acid m the capsid protemn corresponding to
amino acid 5035 of SEQ 1D NO: 2 15 R; the ammno acid in the capsid protein corresponding to
amino acid 590 of SEQ 1D NO: 2 15 R; the amino acid in the capsid protein corresponding to
amine acid 626 of SEQ ID NG 215 G or Y, the amino acid in the capsid protein corresponding
to amino acid 681 of SEQ 1D NO: 2 18 M. the amino acid i the capsid protein cormresponding
to aming acid 687 of SEQ 1D NO: 2 1s R; the amino acid in the capsid protein corresponding
to ammo acid 690 of SEQ D NO: 2 is K the amino acid in the capsid protein corresponding
to amino acid 706 of SEQ ID NO: 215 C; or, the amino acid in the capsid protein corresponding

to amino acid 718 of SEQ ID NO: 215 G,
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43. The method of claim 42, wherein:

{(a} the anuino acid in the capsid protein corresponding to amino acid 2 of SEQ ID NO: 215 T,
and the amino acid in the capsid proten corresponding to amino acid 312 of SEQ 1D NO: 218
Q.

{b) the ammo acid in the capsid protein corresponding to amino acid 63 of SEQ ID NO: 2 is

(]

and the amino acid in the capsid protein corresponding to amino acid 626 of SEQ 1D NO: 2 1s
Y.
{c} the amino acid in the capsid protein corresponding to amimo acid 77 of SEQ ID NO: 2 s R,
10 and the amine acid in the capsid protein corresponding to amino acid 690 of SEQ D NG 2 15
K;
{d) the amino acid m the capsid protein corresponding to amino acid 119 of SEQ ID NO: 2 s
L, and the amino acid in the capsid protein corresponding to aming acid 468 of SEQ ID NOG: 2
15 S
15 (e} the amino acid in the capsid protein corresponding to amino acid 626 of SEQ D NQO: 2 is
(5, and the ammo acid in the capsid protein corresponding to amine acid 718 of SEQ 1D NG: 2
15 ()
{f} the amino acid in the capsid protein corresponding to amino acid 296 of SEQ 1D NO: 2 15
H, the amino acid in the capsid protemn corresponding to amino acid 464 of SEQ ID NO: 215
20 N, the anmino acid in the capsid protein corresponding to amino acid 365 of SEQ ID NO: 2 is
R, and the amino acid in the capsid protein corresponding to anuno acid 681 of SEQ ID NG 2
15 M;
{g} the amino acid in the capsid protein corresponding o amino acid 505 of SEQ ID NQO: 2 15
R, and the amino acid in the capsid protein corresponding to amino acid 687 of SEGQ 1D NO: 2
25 18R
(h) the amino acid in the capsid protein corresponding to amino acid 346 of SEQ ID NO: 2 1s
A and the amino acid in the capsid protein corresponding to amino acid 505 of SEQ ID NG: 2
s R or
(1) the amino acid m the capsid protein corresponding to amino acid 501 of SEQ IDNO: 21 [,
30 the amino acid in the capsid protein corresponding to amino acid 505 of SEQ ID NG 2 s R,
and the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NG: 2 is
C
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44, The method of claim 42, wherein the capsid protein comprises the anuno acid sequence

of amino acids 1-736 of SEQIDNG: 2,3, 4,5,6,7, 84,9, 10, 11, 12, 13, 15, 16, 0r 17.

45, A replication-defective adeno-associated virus (AAV) comprising:
5 {a)an AAV capsid comprsing an AAY Clade F capsid protein; and
(b} a transfer genome comprising a transcriptional regulatory element operably linked toa PAH

AN

coding sequence.

46.  The AAV of claim 45, wherem the PAH coding sequence encodes an amino acid

10 sequoence set forth in SEQ 1D NO: 23,

47. The AAV of claim 46, wherein the PAH coding sequence comprises the nucleotide

sequence set forth in SEQ 1D NGO 24,

[
(v

48. The AAV of claim 46, whercin the PAH coding sequence is codon-altered and

comprises the sequence set forth in SEQ 1D NOs: 25 and 69-73.

49 The AAV of claim 46, wherein the PAH coding sequence is codon-altered and
comprises the sequence sot forth in SEQ 1D NO: 25

20
50, The AAV of any one of claims 45-49, wherein the transcriptional regulatory element is
capable of mediating transcription in a hepatocyte, a renal cell, or a cell in the brain, pibwitary

gland, adrenal gland, pancreas, urinary bladder, gallbladder, colon, small intestine, or breast.

25 51, The AAV of claim 50, wherein the transcriptional regulatory element comprises one of
more of the elements selected from the group consisting of a CAG promoter, a human EF-1o
promoter, a human HCRI, a human al-antitrvpsin (hAAT) promoter, a hepatic specific
regulatory module of BAAT promoter, an 5V40 wntron, and a minute virus of mouse (MVM)

miron.
52. The AAV of claim 51, wherein the transcriptional regulatory clement comprises a

nucleotide sequence at least 90% identical to a sequence sclected from the group consisting of

SEQ 1D NQOs: 28-30 and 32-41.
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53, The AAV of claim 32, wherein the transcriptional regulatory element comprises a

nucleotide sequence selected from the group consisting of SEQ ID NQOs: 28-30 and 32-41.

54, The AAV of claim 53, wherein the transeriptional regulatory element comprises from

(]

510 3' the nucleotide sequences set forth in SEQ 1D NOs: 29, 30, and 31.

55. The AAV of claim 54, wherem the transcriptional regulatory element comprises the

nucleotide sequences set forth i SEQ 1D NG: 32,

10 56, The AAV of any one of claims 45-55, wherein the transfor genome turther comprises

an intron operably linked to the PAH coding sequence.

57.  The AAV of claim 56, wherein the intron comprises a nucleotide sequence at least 90%
identical to the sequence set forth in SEQ 1D NGO 31 or 35

15
58. The AAV of claim 57, wherein the tron comprises the nucleotide sequence set forth

m SEQ 1D NG: 31 or 35,

59. The AAVY of any one of claims 56-58, wheremn the transfer genome comprises from §'

20 to 3" a non-coding exon, the intron, and the PAH coding sequence.

60.  The AAV of any one of claims 45-39, wherein the transfer genome further comprises a

polvadenylation sequence 3' to the PAH coding sequence.

25 ol The AAV of claim 60, wherein the polyadenyiation sequence is an ¢xogenous

polvadenvlation sequence.

62.  The AAV of claim 61, wherein the exogenous polvadenylation sequence is an SV40

polyadenylation sequence.

63. The AAV of claim 62, wherein the S5V40 polvadenvlation sequence comprises a

sequence selected from the group consisting of SEQ 1D NOs: 42, 43, and 45,
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64. The AAV of any one of claims 45-63, wherein the transfer genome comprises a
sequence selected from the group consisting of SEQ 1D NQOs: 46-50, 61, 64,67, 74, 76, 78, 80,
82, 84, 86, and 89,

(]
N

63, The AAV of any ong of claims 45-64, wherein the transfer genome further comprises a
5" mverted terminal repeat (8 I'TR) mucleotide sequence 5' of the genome, and a 3' inverted

terminal repeat (3' 1TR) nucleotide sequence 3' of the genome.

66. The AAV of claim 63, wherein the 5 I'TR nucleotide sequence has at keast 95%
10 sequence identity to SEQ ID NG: 18, and the 3' ITR nucleotide sequence has at least 95%
sequence identity to SEQ ID NO: 19,

67. The AAVY of claim 65, wherein the 5" I'TR nuclectide sequence has at keast 95%
sequence identity to SEQ 1D NO: 20, and the 3' ITR nucleotide sequence has at least 95%
15 sequence wdentity to SEQ 1D NO: 21

68. The AAV of claim 65, wherein the 5" I'TR mucleotide sequence has at least 95%
sequence wentity to SEQ D NO: 26, and the 3' TR nucleotide scquence has at least 95%
sequence identity to SEQ ID NG: 27,

20
69. The AAV of any onc of claims 45-68, whercin the transfer genome comprises a
nucleotide sequence selected from the group consisting of SEQ 1D NOs: 51-55,62, 65, 68, 75,
77,79, 81, 83, 85, 87, and 90.

25 70 The AAY of any onc of claims 45-69, whercin the transfer genome consists of a

nucleotide sequence selected from the group consisting of SEQ ID NOs: 51-55, 62, 65, 68, 75,
77,79, 81, 43, 85, 87, and 90.

71. The AAY of any one of claims 45-70, wherein the transfer genome consists of the

30 nuacleotide sequence set forth in SEQ 1D NQG: 52

72. The AAV of any one of claims 44-71, wherein the AAV Clade F capsid protein
comprises an amino acid sequence having at least 93% sequence identity with the amino acid

sequence of amine acids 203-736 of SEQ IDNG: 2,3, 4,6, 7,10, 11, 12, 13, 15, 16, or 17.
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73. The AAV of claim 72, wherein: the ammo acid in the capsid protein corresponding to
aming acid 206 of SEQ ID NO: 2 15 C; the amino acid in the capsid protein cormresponding to

ammno acid 296 of SEQ ID NO: 2 1s H, the amino acid in the capsid protein corresponding to

(]

amino acid 312 of SEQ ID NO: 2 1 Q) the aming acid in the capsid protein corresponding to
amino acid 346 of SEQ 1D NO: 2 5 A; the amuine acid in the capsid protein corresponding to
amino acid 464 of SEQ [D NO: 2 is N: the amino acid in the capsid protein corresponding to
amineo acid 468 of SEQ ID NO: 2 is §; the amino acid in the capsid protein corresponding to
aming acid 501 of SEQ ID NO: 2 1s [ the amimo acid in the capsid protein corresponding to
10 amino acid 505 of SEQ ID NG: 2 15 R; the amino acid in the capsid protein corresponding to
ammno acid 590 of SEQ 1D NO: 2 13 R; the amino acid in the capsid protein corresponding to
amino acid 626 of SEQ ID NO: 215 G or Y, the amino acid in the capsid protein corresponding
to amino acid 681 of SEQ 1D NO: 2 1s M; the amino acid in the capsid protein corresponding
to amino acid 687 of SEQ 1D NO: 2 15 R; the amino acid m the capsid protein corresponding
15 to amino acid 690 of SEQ ID NO: 2 is K; the amino acid n the capsid protein corresponding
to amino acid 706 of SEQ D NO: 2 1s C; or, the amino acid in the capsid protein corresponding

to amino acid 718 of SEQIDNG: 25 G

74. ¢ AAY of claim 73, wherein:
20 (a} the amino acid in the capsid protein corresponding to amino acid 626 of SEQ 1D NO: 2 is
G, and the amino acid in the capsid protein corresponding to anino acid 718 of SEQ IDNG: 2
15
{b} the amino acid in the capsid protein corresponding to amino acid 296 of SEQ ID NQO: 2 is
H, the amino acid in the capsid protein corresponding to amino acid 464 of SEQ 1D NO: 2 is
25 N, the amino acid in the capsid protein corresponding to amino acid 505 of SEQ 1D NO: 2 is
R, and the amino acid n the capsid protein corresponding to amino acid 681 of SEQ ID NG: 2
1s M;
{2} the amino acid in the capsid protein corresponding to amino acid 503 of SEQ 1D NO: 2 1s
R, and the amino acid in the capsid protein corresponding to anuno acid 687 of SEQ 1D NO: 2
36 18R
{d} the amino acid in the capsid protein corresponding to aming acid 346 of SEQ ID NG 2 18
A, and the amino acid o the capsid protein corresponding to amino acid 503 of SEQ 1D NG: 2

s R; or
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(¢} the amino acid in the capsid protein corresponding to amino acid 501 of SEQ D NQO: 2 15
1, the amino acid in the capsid protein corresponding to amino acid 503 of SEQ ID NQO: 215 R,
and the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NO: 2 1s

C.

(]

75.  The AAV of claim 73, wherein the capsid protein comprises the amino acid sequence

of amino acids 203-736 of SEQ IDNG: 2,3, 4,6, 7,10, 11, 12, 13, 15, 16, or 17.

76.  The AAVY of any one of claims 45-75, wherein the AAV Clade F capsid protein

10 comprses an amino acid sequence having at least 95% sequence identity with the amino acid
sequence of amino acids 138-736 of SEQ ID NG: 2,3, 4,5.6, 7,9, 10, 11, 12, 13, 13, 16, or
17.

77. The AAY of claim 76, wherein: the amino acid in the capsid protein corresponding to
15 amino acid 151 of SEQ ID NG: 2 1s R; the amino acid in the capsid protein corresponding to
aming actd 160 of SEQ ID NQO: 2 15 D; the anmino acid in the capsid protein corresponding to
amino acid 206 of SEQ ID NO: 2 15 ; the amino acid in the capsid protein corresponding to
aming acid 296 of SEQ ID NO: 2 is H; the amino acid in the capsid protein cormresponding to
amino acid 312 of SEQ ID NO: 2 1 Q) the aming acid in the capsid protein corresponding to
20 amino acid 346 of SEQ 1D NO: 2 s A; the amino acid in the capsid protein corresponding 1o
amino acid 464 of SEQ ID NO: 2 is N; the amino acid in the capsid protein corresponding to
amino acid 468 of SEQ ID NO: 2 18 §; the amino acid n the capsid protein correspondmg to
aming acid 301 of SEQ ID NO: 2 1s [; the ammo acid in the capsid protemn corresponding to
aminge acid 505 of SEQ ID NO: 2 15 R; the amino acid in the capsid protein corresponding to
25 amino acid 590 of SEQ ID NO: 2 15 R the anuno acid in the capsid protein comresponding to
amino acid 626 of SEQ [D NGO: 215 G or Y the amino acid m the capsid protein corresponding
to amino acid 681 of SEQ ID NO: 2 is M; the anuno acid in the capsid protein corresponding
to amino acid 687 of SEQ 1D NO: 2 is R, the amino acid in the capsid protein corresponding
to amino acid 690 of SEQ ID NG: 2 1s K; the amino acid m the capsid protein corresponding
30 to amino acid 706 of SEQ IDNG: 2 18 C; or, the amino acid in the capsid protein corresponding

to amino acid 718 of SEQIDNG: 25 G

78. The AAY of claim 77, wheremn:
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{a} the amino acid in the capsid protein corresponding to aming acid 626 of SEQ [D NG: 2 15
G, and the amino acid in the capsid protein corresponding to amino acid 718 of SEQ 1D NG: 2
is G;

(b} the amino acid in the capsid protein corresponding o amino acid 296 of SEQ ID NO: 2 1s

(]

H, the amino acid in the capsid protemn corresponding to amino acid 464 of SEQ ID NO: 215
N, the anuno acid in the capsid protein corresponding to amino acid 365 of SEQ ID NO: 2 is
R, and the amino acid in the capsid protein corresponding to anuno acid 681 of SEQ ID NG 2
15 M;
{c} the amino acid in the capsid protein corresponding to amino acid 505 of SEQ ID NQO: 2 s
10 R, and the amino acid in the capsid protem corresponding to amino acid 687 of SEQ 1D NO: 2
s R
{d) the amino acid m the capsid protein corresponding to amino acid 346 of SEQ ID NO: 2 18
A and the amino acid in the capsid protein corresponding to amino acid 505 of SEQ ID NG: 2
s R or
15 (e} the amino acid in the capsid protein corresponding to amino acid 501 of SEQ ID NQO: 2 s
I, the aming acid in the capsid protein corresponding 1o aming acid 5035 of SEQ ID NO: 215 R,
and the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NG: 2 is
C

20 79, The AAV of claim 77, wherein the capsid protein comprises the amino acid sequence

of amino acids 138-736 of SEQIDNG: 2,3, 4,5,6,7.9, 10, 11, 12, 13, 15, 16, or 17.

80.  The AAV of any one of claims 45-79, wherein the AAV Clade F capsid protein
comprises an amino acid sequence having at least 95% sequence identity with the amino acid

25 sequence of amino acids 12736 of SEQID NG 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 15, 16, or
17.

81, The AAY of claim 80, wherein: the amino acid in the capsid protein corresponding to
amino acid 2 of SEQ ID NO: 2 15 T, the amino acid in the capsid protemn corresponding to
30 aming acid 65 of SEQ 1D NO: 2 18 I; the amino acid in the capsid protein corresponding to
amino acid 68 of SEQ 1D NO: 2 15 V; the anuno acid in the capsid protein corresponding to
aming acid 77 of SEQ ID NO: 2 is R; the amino acid in the capsid protein corresponding to
ammno acid 119 of SEQ 1D NGO: 2 15 L; the amino acid i the capsid protein corresponding to

amino acid 151 of SEQ ID NO: 2 18 R; the ammno acid i the capsid protein corresponding to
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amine acid 160 of SEQ [D NO: 2 1s D; the amino acid 1n the capsid protein corresponding to
aminge acid 206 of SEQ ID NO: 2 1s C; the amino acid in the capsid protein corresponding to
aming acid 296 of SEQ ID NO: 2 is H; the amino acid in the capsid protein cormresponding to
ammno acid 312 of SEQ ID NO: 2 1s () the amino acid in the capsid protein corresponding to
amino acid 346 of SEQ ID NO: 2 1 A, the aming acid in the capsid protein corresponding to
amino acid 464 of SEQ 1D NO: 2 s N; the amine acid in the capsid protein corresponding to
amino acid 468 of SEQ 1D NO: 2 is §; the amino acid in the capsid protein corresponding to
amine acid 301 of SEQ 1D NO: 2 1s I; the amino acid in the capsid protein corresponding to
aming acid 505 of SEQ ID NO: 2 1s R; the amino acid in the capsid protein corresponding to
amino acid 5390 of SEQ ID NO: 2 1s R; the amino acid in the capsid protein corresponding to
aming acid 626 of SEQ 1D NO: 2 15 G or Y the amino acid in the capsid protein corresponding
to amino acid 681 of SEQ 1D NO: 2 is M; the amino acid in the capsid protein corresponding
to amino acid 687 of SEQ 1D NO: 2 1s R the amino acid in the capsid protein corresponding
to anumo acid 690 of SEQ 1D NG: 2 1s K; the amino acid m the capsid protein corresponding
to amino acid 706 of SEQ 1D NO: 213 C; or, the amino acid in the capsid protem corresponding

to amino acid 718 of SEQ ID NG: 218 (5.

82. The AAV of claim 81, wherein:

(a} the amino acid in the capsid protein corresponding to amino acid 2 of SEQ ID NG: 215 T,
and the amino acid in the capsid protein corresponding to amino acid 312 of SEQ 1D NO: 2 is
Q

{b) the ammo acid in the capsid protein corresponding to amino acid 65 of SEQ IDNO: 21is |,
and the aming acid m the capsid protein corresponding to aming acid 626 of SEQ ID NG: 215
Y
{c) the amino acid in the capsid protein corresponding to amino acid 77 of SEQIDNO: 2 s R,
and the amino acid in the capsid proten corresponding to amino acid 690 of SEQ 1D NO: 218
K

{(d) the amino acid n the capsid protein corresponding to amino acid 119 of SEQ 1D NG: 2 15
L, and the amino acid in the capsid protein corresponding to anuno acid 468 of SEQ ID NO: 2
i3S

{¢} the amino acid in the capsid protein corresponding to ammo acid 626 of SEQ ID NG 2 s
G, and the amino acid in the capsid protein corresponding to amino acid 718 of SEG 1D NG: 2
1s G
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{f} the anuno acid in the capsid protein corresponding to anmunoe acid 296 of SEQ D NO: 2 15
H, the amino acid in the capsid protein corresponding to amino acid 464 of SEQ ID NO: 2 15
N, the amino acid i the capsid protein corresponding to amino acid 505 of SEQ 1D NO: 2 15
R, and the amino acid n the capsid protein corresponding to amino acid 681 of SEQ ID NG: 2
1s M;

{g) the amino acid i the capsid protein corresponding to amino acid 505 of SEQ 1D NO: 2 is
R, and the amino acid in the capsid protein corresponding to anino acid 687 of SEQ ID NG 2
15 R;

(h} the amino acid in the capsid protein corresponding o amino acid 346 of SEQ ID NQO: 2 15
A, and the amino acid o the capsid protein corresponding to amino acid 503 of SEQ 1D NG: 2
s R; or

(1) the amino acid in the capsid protein corresponding to amino acid 301 of SEQIDNGO: 213 ],
the aming acid m the capsid protein corresponding to amino acid 305 of SEQ IB NO: 2 s R,
and the amino acid in the capsid protein corresponding to amino acid 706 of SEQ 1D NO: 2 1s
C.

83.  The AAV of claim 81, wherein the capsid protein comprises the amino acid sequence

of amine acids 1-736 of SEQIDNO: 2,3,4,5,6,7,. 8,9, 10, 11,12, 13,15, 16, or 17.

84. A pharmaceutical composition comprising an AAY of any one of claims 43-83.
85. A packaging svstem for recombinant preparation of a replication-defective AAV,

wherein the packaging svstem comprises:

{a} a Rep nuclectide sequence cncoding one or more AAY Rep proteins;

{b} a Cap nucleotide sequence encoding one or more AAV Clade F capsid proteins as set
forth i any one of claims 72-83; and

(o} a transfer genome as set forth i anv one of claims 45-71, wherein the packaging system is

operative 1n a cell for enclosing the transter genome in the capsid to form the AAY.
86. The packaging system of claim 85, wheremn the packaging system comprises a first

vector comprising the Rep nucleotide sequence and the Cap nucleotide sequence, and a second

vector comprising the transfer genome.
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87.  The packaging svstem of claims 85 or 86, wherein the Rep nucleotide sequence encodes

an AAV2 Rep protein.

38, ¢ packaging system of claim 87, wherein the AAV2 Rep protein 1s 78/68 or Re
68/52.
39. The packaging svstern of claim 87 or 88, wherein the AAV2 Rep protein comprises an

amine acid sequence having a nunimum percent sequence identity to the AAVZ Rep amino
acid sequence of SEQ 1D NO: 22 wherein the minimum percent sequence identity is at least

70% across the length of the amino acid sequence encoding the AAV 2 Rep protein.

50. The packaging system of any one of claims 83-89, further comprising a third vector,

wherein the third vector is a helper virus vector.

91. The packaging system of claim 90, wherein the helper virus vector is an independent

third vecior.

92 The packaging system of claim 90, wherein the helper virus vector is integral with the

first vector.

93.  The packaging system of claim 90, wherein the helper virus vector is integral with the

second vector.

4. The packaging system of any one of claims 90-93, wherein the third vector comprises

genes encoding helper virus proteins.

95.  'The packaging system of any one of claims 90-94, wherein the helper virus is selected
from the group consisting of adenovirus, herpes virus, vaccinia virus, and cvtomegalovirs

(CMV).

56.  The packaging system of claim 95, wherein the helper virus is adenovirus.
97.  The packaging system of claim 96, wherein the adenovirus genome comprises one or

more adenovirus RNA genes selected from the group consisting of E1, E2, E4 and VA,
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98. The packaging system of claim 95, wherein the helper virus is herpes simplex virus

(HSV).

99. The packaging system of claim 98, wherein the HSV genome comprises one or more
of HSV genes selected from the group comnsisting of ULS/8/52, ICPO, ICP4, ICP22 and
UL30/UL42.

100.  The packaging system of any one of claims 90-99, wherein the first vector and the third

vector arc contained within a first transfocting plasmid.

101, The packaging svstem of any one of claims 90-99, wherein the nucleotides of the

second vector and the third vector are contained within a second transfecting plasmid.

102, The packaging system of any one of claims 90-99, wherein the nucleotides of the first

vector and the third vector are cloned into a recombinant helper virus,

103, The packaging svstem of any one of claims 90-99, wherein the nucleotides of the

second vector and the third vector are cloned into a recombinant helper virus.
104. A method for recombinant preparation of a replication-defective AAVY, the method

comprising mtroducing the packaging system of anv one of claims §5-103 mto a cell under

conditions operative for enclosing the transfer genome in the capsid to form the AAV.

5%y
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