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ADENO - ASSOCIATED VIRUS 
COMPOSITIONS FOR RESTORING PAH 

GENE FUNCTION AND METHODS OF USE 
THEREOF 

RELATED APPLICATIONS 
[ 0001 ] This application claims priority to U . S . Provisional 
Patent Application Ser . Nos . 62 / 625 , 149 , filed Feb . 1 , 2018 , 
and 62 / 672 , 377 , filed May 16 , 2018 , the entire disclosures of 
which are hereby incorporated herein by reference . 

bone marrow precursors with a gammaretroviral vector , four 
out of ten patients developed leukemia ( Hacein - Bey - Abina 
et al . , J Clin Invest . ( 2008 ) 118 ( 9 ) : 3132 - 42 ) . 
[ 0007 ] It has also been speculated that nuclease - based 
gene editing technologies , such as meganucleases , zinc 
finger nucleases ( ZFNS ) , transcription activator - like effector 
nucleases ( TALENs ) , and clustered , regularly interspaced , 
short palindromic repeat ( CRISPR ) technology , may be used 
to correct defects in the PAH gene in PKU patients . How 
ever , each of these technologies raises safety concerns due 
to the potential for off - target mutation of sites in the human 
genome similar in sequence to the intended target site . 
[ 0008 ] 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 PKU patients . 

REFERENCE TO SEQUENCE LISTING 
SUBMITTED ELECTRONICALLY 

[ 0002 ] The content of the electronically submitted 
sequence listing in ASCII text file ( Name : 610009 _ HMT 
024 _ Sequence _ Listing . txt ; Size : 367 , 285 bytes ; and Date of 
Creation : Feb . 1 , 2019 ) is incorporated herein by reference 
in its entirety . 

SUMMARY 

BACKGROUND 
[ 0003 ] Phenylketonuria ( PKU ) is 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 
hydroxylation of L - phenylalanine ( Phe ) to L - tyrosine ( Tyr ) 
upon multimerization . Reduction or loss of PAH activity 
leads to phenylalanine accumulation and its conversion into 
phenylpyruvate ( also known as phenylketone ) . This abnor 
mality in phenylalanine metabolism impairs neuronal matu 
ration and the synthesis of myelin , resulting in mental 
retardation , seizures and other serious medical problems . 
( 0004 ] Currently , there is no cure for PKU . The standard 
of care is diet management by minimizing foods that contain 
high amounts of phenylalanine . Dietary management from 
birth with a low phenylalanine formula largely prevents the 
development of the neurological consequences of the dis 
order . However , even on a low - protein diet , children still 
suffer from growth retardation , and adults often have osteo 
porosis and vitamin deficiencies . Moreover , adherence to 
life - long dietary treatment is difficult , particularly beyond 
school age . 
[ 0005 ] New treatment strategies have recently emerged , 
including large neutral amino acid ( LNAA ) supplementa 
tion , cofactor tetrahydrobiopterin therapy , enzyme replace 
ment therapy , and genetically modified probiotic therapy . 
However , these strategies suffer from shortcomings . The 
LNAA supplementation is suitable only for adults not adher 
ing to a low Phe diet . The cofactor tetrahydrobiopterin can 
only be used in some mild forms of PKU . Enzyme replace 
ment by administration of a substitute for PAH , e . g . , phe 
nylalanine ammonia - lyase ( PAL ) , can lead to immune 
responses that reduce the efficacy and / or cause side effects . 
As to genetically modified probiotic therapy , the pathoge 
nicity of PAL - expressing E . coli has been a concern . 
[ 00061 Gene therapy provides a unique opportunity to cure 
PKU . Retroviral vectors , including lentiviral vectors , are 
capable of integrating nucleic acids into host cell genomes . 
However , these vectors may raise safety concerns due to 
their non - targeted insertion into the genome . For example , 
there is a risk of the vector disrupting a tumor suppressor 
gene or activating an oncogene , thereby causing a malig 
nancy . Indeed , in a clinical trial for treating X - linked severe 
combined immunodeficiency ( SCID ) by transducing CD34 + 

[ 0009 ] Provided herein are adeno - associated virus ( AAV ) 
compositions that can restore PAH gene function in cells , 
and methods for using the same to treat diseases associated 
with reduction of PAH gene function ( e . g . , PKU ) . Also 
provided are packaging systems for making the adeno 
associated virus compositions . 
[ 0010 ] Accordingly , in one aspect , the instant disclosure 
provides a method for correcting a mutation in a phenylala 
nine hydroxylase ( PAH ) gene in a cell , the method com 
prising transducing the cell with a replication - defective 
adeno - associated virus ( AAV ) comprising : 
( a ) an AAV capsid ; and 
( b ) a correction genome comprising : ( i ) an editing element 
for editing a target locus in the PAH gene ; ( ii ) a 5 ' homology 
arm nucleotide sequence 5 ' of the editing element having 
homology to a first genomic region 5 ' to the target locus ; and 
( iii ) a 3 ' homology arm nucleotide sequence 3 ' of the editing 
element having homology to a second genomic region 3 ' to 
the target locus , 
wherein the cell is transduced without co - transducing or 
co - administering an exogenous nuclease or a nucleotide 
sequence that encodes an exogenous nuclease . 
10011 ] In certain embodiments , the cell is a hepatocyte , 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 cell is in a 
mammalian subject and the AAV is administered to the 
subject in an amount effective to transduce the cell in the 
subject . 
In another aspect , the instant disclosure provides a method 
for treating a subject having a disease or disorder associated 
with a PAH gene mutation , the method comprising admin 
istering to the subject an effective amount of a replication 
defective AAV comprising : 
( a ) an AAV capsid ; and 
( b ) a correction genome comprising : ( i ) an editing element 
for editing a target locus in the PAH gene ; ( ii ) a 5 ' homology 
arm nucleotide sequence 5 ' of the editing element having 
homology to a first genomic region 5 ' to the target locus ; and 
( iii ) a 3 ' homology arm nucleotide sequence 3 ' of the editing 
element having homology to a second genomic region 3 ' to 
the target locus , 
wherein an exogenous nuclease or a nucleotide sequence 
that encodes an exogenous nuclease is not co - administered 
to the subject . 
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[ 0012 ] In certain embodiments , the disease or disorder is 
phenylketonuria . In certain embodiments , the subject is a 
human subject . 
[ 0013 ] In another aspect , the instant disclosure provides a 
replication - defective adeno - associated virus ( AAV ) com 
prising : 
( a ) an AAV capsid ; and 
( b ) a correction genome comprising : ( i ) an editing element 
for editing a target locus in the PAH gene ; ( ii ) a 5 ' homology 
arm nucleotide sequence 5 ' of the editing element having 
homology to a first genomic region 5 ' to the target locus ; and 
( iii ) a 3 ' homology arm nucleotide sequence 3 ' of the editing 
element having homology to a second genomic region 3 ' to 
the target locus . 
[ 0014 ] The following embodiments apply to each of the 
foregoing aspects . 
[ 0015 ] In certain embodiments , the editing element com 
prises at least a portion of a PAH coding sequence . In certain 
embodiments , the editing element comprises a PAH coding 
sequence . In certain embodiments , the PAH coding 
sequence encodes an amino acid sequence set forth in SEQ 
ID NO : 23 . In certain embodiments , the PAH coding 
sequence comprises the sequence set forth in SEQ ID NO : 
24 . In certain embodiments , the PAH coding sequence is 
silently altered . In certain embodiments , the PAH coding 
sequence comprises the sequence set forth in SEQ ID NO : 
25 , 116 , 131 , 132 , 138 , 139 , or 143 . 
[ 0016 ] In certain embodiments , the editing element com 
prises a PAH intron - inserted coding sequence , optionally 
wherein the PAH intron - inserted coding sequence comprises 
a nonnative intron inserted in a PAH coding sequence . In 
certain embodiments , the nonnative intron is selected from 
the group consisting of a first intron of a hemoglobin beta 
gene and a minute virus in mice ( MVM ) intron . In certain 
embodiments , the nonnative intron consists of a nucleotide 
sequence at least 90 % identical to any one of SEQ ID NOs : 
28 - 30 , and 120 - 130 . In certain embodiments , the nonnative 
intron consists of a nucleotide sequence set forth in any one 
of SEQ ID NOs : 28 - 30 , and 120 - 130 . 
[ 0017 ] In certain embodiments , the PAH intron - inserted 
coding sequence encodes an amino acid sequence set forth 
in SEQ ID NO : 23 . In certain embodiments , the PAH 
intron - inserted coding sequence comprises from 5 ' to 3 ' : a 
first portion of a PAH coding sequence , the intron , and a 
second portion of a PAH coding sequence , wherein the first 
portion and the second portion , when spliced together , form 
a complete PAH coding sequence . In certain embodiments , 
the PAH coding sequence comprises the sequence set forth 
in SEQ ID NO : 24 . In certain embodiments , the PAH coding 
sequence is silently altered . In certain embodiments , the 
PAH coding sequence comprises the sequence set forth in 
SEQ ID NO : 25 or 116 . In certain embodiments , the first 
portion of the PAH coding sequence comprises the amino 
acid sequence set forth in SEQ ID NO : 64 or 65 , and / or the 
second portion of the PAH coding sequence comprises the 
amino acid sequence set forth in SEQ ID NO : 66 or 67 . In 
certain embodiments , the first portion of the PAH coding 
sequence consist of the amino acid sequence set forth in 
SEQ ID NO : 64 or 65 , and the second portion of the PAH 
coding sequence consists of the amino acid sequence set 
forth in SEQ ID NO : 66 or 67 . 
[ 0018 ] In certain embodiments , the editing element com 
prises from 5 ' to 3 ' : a ribosomal skipping element , and the 
PAH coding sequence or the PAH intron - inserted coding 

sequence . In certain embodiments , the editing element fur 
ther comprises a polyadenylation sequence 3 ' to the PAH 
coding sequence or the PAH intron - inserted coding 
sequence . In certain embodiments , the polyadenylation 
sequence is an exogenous polyadenylation sequence , option 
ally wherein the exogenous polyadenylation sequence is an 
SV40 polyadenylation sequence . In certain embodiments , 
the SV40 polyadenylation sequence comprises a nucleotide 
sequence selected from the group consisting of SEQ ID 
NOs : 31 - 34 , and a sequence complementary thereto . 
[ 0019 . In certain embodiments , the nucleotide 5 ' to the 
target locus is in an exon of the PAH gene . In certain 
embodiments , the nucleotide 5 ' to the target locus is in exon 
1 of the PAH gene . 
[ 0020 ] In certain embodiments , the editing element further 
comprises a splice acceptor 5 ' to the ribosomal skipping 
element . In certain embodiments , the nucleotide 5 ' to the 
target locus is in an intron of the PAH gene . In certain 
embodiments , the nucleotide 5 ' to the target locus is in intron 
1 of the PAH gene . In certain embodiments , the editing 
element comprises the nucleotide sequence set forth in SEQ 
ID NO : 35 . 
[ 0021 ] In certain embodiments , the 5 ' homology arm 
nucleotide sequence is at least 90 % , 95 % , 96 % , 97 % , 98 % , 
or 99 % identical to the first genomic region . In certain 
embodiments , the 3 ' homology arm nucleotide sequence is at 
least 90 % , 95 % , 96 % , 97 % , 98 % , or 99 % identical to the 
second genomic region . 
[ 0022 ] . In certain embodiments , the first genomic region is 
located in a first editing window , and the second genomic 
region is located in a second editing window . In certain 
embodiments , the first editing window consists of the 
nucleotide sequence set forth in SEQ ID NO : 36 or 45 . In 
certain embodiments , the second editing window consists of 
the nucleotide sequence set forth in SEQ ID NO : 36 or 45 . 
In certain embodiments , the first editing window consists of 
the nucleotide sequence set forth in SEQ ID NO : 36 , and the 
second editing window consists of the nucleotide sequence 
set forth in SEQ ID NO : 45 . 
10023 ] In certain embodiments , the first genomic region 
consists of the nucleotide sequence set forth in SEQ ID NO : 
36 . In certain embodiments , the second genomic region 
consists of the nucleotide sequence set forth in SEQ ID NO : 
45 . 
[ 0024 ] In certain embodiments , each of the 5 ' and 3 ' 
homology arm nucleotide sequences independently has a 
length of about 100 to about 2000 nucleotides . 
f0025 ] In certain embodiments , the 5 ' homology arm com 
prises : C corresponding to nucleotide - 2 of the PAH gene , 
G corresponding to nucleotide 4 of the PAH gene , G 
corresponding to nucleotide 6 of the PAH gene , G corre 
sponding to nucleotide 7 of the PAH gene , G corresponding 
to nucleotide 9 of the PAH gene , A corresponding to 
nucleotide - 467 of the PAH gene , A corresponding to 
nucleotide - 465 of the PAH gene , A corresponding to 
nucleotide - 181 of the PAH gene , G corresponding to 
nucleotide - 214 of the PAH gene , C corresponding to 
nucleotide - 212 of the PAH gene , A corresponding to 
nucleotide - 211 of the PAH gene , G corresponding to 
nucleotide 194 of the PAH gene , C corresponding to nucleo 
tide - 433 of the PAH gene , C corresponding to nucleotide 
- 432 of the PAH gene , ACGCTGTTCTTCGCC ( SER ID 
NO : 68 ) corresponding to nucleotides - 394 to - 388 of the 
PAH gene , A corresponding to nucleotide - 341 of the PAH 
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gene , A corresponding to nucleotide - 339 of the PAH gene , 
A corresponding to nucleotide - 225 of the PAH gene , A 
corresponding to nucleotide - 211 of the PAH gene , and / or A 
corresponding to nucleotide - 203 of the PAH gene . In 
certain embodiments , the 5 ' homology arm comprises : 
( a ) C corresponding to nucleotide - 2 of the PAH gene , G . 
corresponding to nucleotide 4 of the PAH gene , G corre 
sponding to nucleotide 6 of the PAH gene , G corresponding 
to nucleotide 7 of the PAH gene , and G corresponding to 
nucleotide 9 of the PAH gene ; 
( b ) A corresponding to nucleotide - 467 of the PAH gene , 
and A corresponding to nucleotide - 465 of the PAH gene ; 
( c ) A corresponding to nucleotide - 181 of the PAH gene ; 
( d ) G corresponding to nucleotide - 214 of the PAH gene , C 
corresponding to nucleotide - 212 of the PAH gene , and A 
corresponding to nucleotide - 211 of the PAH gene ; 
( e ) G corresponding to nucleotide 194 of the PAH gene ; 
( f ) C corresponding to nucleotide - 433 of the PAH gene , and 
C corresponding to nucleotide - 432 of the PAH gene ; 
( g ) ACGCTGTTCTTCGCC ( SEQ ID NO : 68 ) correspond 
ing to nucleotides - 394 to - 388 of the PAH gene ; and / or 
( h ) A corresponding to nucleotide - 341 of the PAH gene , A 
corresponding to nucleotide - 339 of the PAH gene , A 
corresponding to nucleotide - 225 of the PAH gene , A 
corresponding to nucleotide - 211 of the PAH gene , and A 
corresponding to nucleotide - 203 of the PAH gene . In 
certain embodiments , the 5 ' homology arm comprises the 
modifications of ( c ) and ( d ) , ( f ) and ( g ) , and / or ( b ) and ( h ) . 
[ 0026 ] In certain embodiments , the 5 ' homology arm con 
sists of a nucleotide sequence set forth in any one of SEQ ID 
NOs : 36 - 44 , 111 , 115 , and 142 . In certain embodiments , the 
3 ' homology arm consists of the nucleotide sequence set 
forth in SEQ ID NO : 45 , 112 , 117 , 144 . 
[ 0027 ] In certain embodiments , the correction genome 
comprises the nucleotide sequence set forth in any one of 
SEQ ID NOs : 46 - 54 , 113 , 118 , 134 , 136 , and 145 . 
[ 0028 ] In certain embodiments , the correction genome 
further comprises a 5 ' inverted terminal repeat ( 5 ' ITR ) 
nucleotide sequence 5 ' of the 5 ' homology arm nucleotide 
sequence , and a 3 ' inverted terminal repeat ( 3 ' ITR ) nucleo 
tide sequence 3 ' of the 3 ' homology arm nucleotide 
sequence . In certain embodiments , the 5 ' ITR nucleotide 
sequence has at least 95 % sequence identity to SEQ ID NO : 
18 , and the 3 ' ITR nucleotide sequence has at least 95 % 
sequence identity to SEQ ID NO : 19 . In certain embodi 
ments , the 5 ' ITR nucleotide sequence has at least 95 % 
sequence identity to SEQ ID NO : 20 , and the 3 ' ITR 
nucleotide sequence has at least 95 % sequence identity to 
SEQ ID NO : 21 . In certain embodiments , the 5 ' ITR 
nucleotide sequence has at least 95 % sequence identity to 
SEO ID NO : 26 , and the 3 ' ITR nucleotide sequence has at 
least 95 % sequence identity to SEQ ID NO : 27 . 
10029 ] In certain embodiments , the correction genome 
comprises the nucleotide sequence set forth in any one of 
SEO ID NOs : 55 - 63 , 114 , 119 , 135 , 137 , and 146 . In certain 
embodiments , the correction genome consists of the nucleo 
tide sequence set forth in any one of SEQ ID NOs : 55 - 63 , 
114 , 119 , 135 , 137 , and 146 . 
[ 0030 ] In certain embodiments , the AAV capsid comprises 
an AAV Clade F capsid protein . 
[ 0031 ] In certain embodiments , the AAV Clade F capsid 
protein comprises an amino acid sequence having at least 
95 % sequence identity with the amino acid sequence of 
amino acids 203 - 736 of SEQ ID NO : 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 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 protein corresponding to amino 
acid 312 of SEQ ID NO : 2 is Q ; the amino acid in the capsid 
protein corresponding to amino acid 346 of SEQ ID NO : 2 
is A ; the amino acid in the capsid protein corresponding to 
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 is S ; the amino acid in the capsid protein correspond 
ing to amino acid 501 of SEQ ID NO : 2 is I ; the amino acid 
in the capsid protein corresponding to amino acid 505 of 
SEQ ID NO : 2 is R ; the amino acid in the capsid protein 
corresponding to amino acid 590 of SEQ ID NO : 2 is R ; the 
amino acid in the capsid protein corresponding to amino 
acid 626 of SEQ ID NO : 2 is G or Y ; the amino acid in the 
capsid protein corresponding to amino acid 681 of SEQ ID 
NO : 2 is M ; the amino acid in the capsid protein corre 
sponding to amino acid 687 of SEQ ID NO : 2 is R ; the 
amino acid in the capsid protein corresponding to amino 
acid 690 of SEQ ID NO : 2 is K ; the amino acid in the capsid 
protein corresponding to amino acid 706 of SEQ ID NO : 2 
is C ; or , the amino acid in the capsid protein corresponding 
to amino acid 718 of SEQ ID NO : 2 is G . In certain 
embodiments , 
( a ) the amino acid in the capsid protein corresponding to 
amino acid 626 of SEO ID NO : 2 is G , and the amino acid 
in the capsid protein corresponding to amino acid 718 of 
SEQ ID NO : 2 is G ; 
( b ) 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 protein corresponding to amino acid 464 of SEQ ID 
NO : 2 is N , the amino acid in the capsid protein correspond 
ing to amino acid 505 of SEQ ID NO : 2 is R , and the amino 
acid in the capsid protein corresponding to amino acid 681 
of SEQ ID NO : 2 is M ; 
( c ) the amino acid in the capsid protein corresponding to 
amino acid 505 of SEQ ID NO : 2 is R , and the amino acid 
in the capsid protein corresponding to amino acid 687 of 
SEQ ID NO : 2 is R ; 
( d ) the amino acid in the capsid protein corresponding to 
amino acid 346 of SEQ ID NO : 2 is A , and the amino acid 
in the capsid protein corresponding to amino acid 505 of 
SEQ ID NO : 2 is R ; or 
( e ) the amino acid in the capsid protein corresponding to 
amino acid 501 of SEQ ID NO : 2 is I , the amino acid in the 
capsid protein corresponding to amino acid 505 of SEQ ID 
NO : 2 is R , and the amino acid in the capsid protein 
corresponding to amino acid 706 of SEQ ID NO : 2 is C . 
In certain embodiments , the capsid protein comprises the 
amino acid sequence of amino acids 203 - 736 of SEQ ID 
NO : 2 , 3 , 4 , 6 , 7 , 10 , 11 , 12 , 13 , 15 , 16 , or 17 . 
[ 0032 ] In certain embodiments , the AAV Clade 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 SEQ ID NO : 2 , 3 , 4 , 5 , 6 , 7 , 9 , 10 , 
11 , 12 , 13 , 15 , 16 , or 17 . In certain embodiments , the amino 
acid in the capsid protein corresponding to amino acid 151 
of SEQ ID NO : 2 is R ; the amino acid in the capsid protein 
corresponding to amino acid 160 of SEQ ID NO : 2 is D ; the 
amino acid in the capsid protein corresponding to amino 
acid 206 of SEQ ID NO : 2 is C ; the amino acid in the capsid 
protein corresponding to amino acid 296 of SEQ ID NO : 2 
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is H ; the amino acid in the capsid protein corresponding to 
amino acid 312 of SEQ ID NO : 2 is Q ; the amino acid in the 
capsid protein corresponding to amino acid 346 of SEQ ID 
NO : 2 is A ; the amino acid in the capsid protein correspond 
ing to 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 is S ; the amino acid in the capsid protein 
corresponding to amino acid 501 of SEQ ID NO : 2 is I ; the 
amino acid in the capsid protein corresponding to amino 
acid 505 of SEQ ID NO : 2 is R ; the amino acid in the capsid 
protein corresponding to amino acid 590 of SEQ ID NO : 2 
is R ; the amino acid in the capsid protein corresponding to 
amino acid 626 of SEQ ID NO : 2 is G or Y ; the amino acid 
in the capsid protein corresponding to amino acid 681 of 
SEQ ID NO : 2 is M ; the amino acid in the capsid protein 
corresponding to amino acid 687 of SEQ ID NO : 2 is R ; the 
amino acid in the capsid protein corresponding to amino 
acid 690 of SEQ ID NO : 2 is K ; the amino acid in the capsid 
protein corresponding to amino acid 706 of SEQ ID NO : 2 
is C ; or , the amino acid in the capsid protein corresponding 
to amino acid 718 of SEQ ID NO : 2 is G . In certain 
embodiments , 
( a ) the amino acid in the capsid protein corresponding to 
amino acid 626 of SEQ ID NO : 2 is G , and the amino acid 
in the capsid protein corresponding to amino acid 718 of 
SEQ ID NO : 2 is G ; 
( b ) 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 protein corresponding to amino acid 464 of SEQ ID 
NO : 2 is N , the amino acid in the capsid protein correspond 
ing to amino acid 505 of SEO ID NO : 2 is R , and the amino 
acid in the capsid protein corresponding to amino acid 681 
of SEQ ID NO : 2 is M ; 
( c ) the amino acid in the capsid protein corresponding to 
amino acid 505 of SEQ ID NO : 2 is R , and the amino acid 
in the capsid protein corresponding to amino acid 687 of 
SEQ ID NO : 2 is R ; 
( d ) the amino acid in the capsid protein corresponding to 
amino acid 346 of SEQ ID NO : 2 is A , and the amino acid 
in the capsid protein corresponding to amino acid 505 of 
SEQ ID NO : 2 is R ; or 
( e ) the amino acid in the capsid protein corresponding to 
amino acid 501 of SEQ ID NO : 2 is I , the amino acid in the 
capsid protein corresponding to amino acid 505 of SEQ ID 
NO : 2 is R , and the amino acid in the capsid protein 
corresponding to amino acid 706 of SEQ ID NO : 2 is C . 
In certain embodiments , the capsid protein comprises the 
amino 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 . 
[ 0033 ] In certain embodiments , the AAV Clade F capsid 
protein comprises an amino acid sequence having at least 
95 % sequence identity with the amino acid sequence of 
amino acids 1 - 736 of SEQ ID NO : 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
11 , 12 , 13 , 15 , 16 , or 17 . In certain embodiments , the amino 
acid in the capsid protein corresponding to amino acid 2 of 
SEQ ID NO : 2 is T ; the amino acid in the capsid protein 
corresponding to amino acid 65 of SEQ ID NO : 2 is I ; the 
amino acid in the capsid protein corresponding to amino 
acid 68 of SEO ID NO : 2 is V ; the amino acid in the capsid 
protein corresponding to amino acid 77 of SEQ ID NO : 2 is 
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 151 of SEQ ID 
NO : 2 is R ; the amino acid in the capsid protein correspond 

ing to amino acid 160 of SEQ ID NO : 2 is D ; the amino acid 
in the capsid protein corresponding to amino acid 206 of 
SEQ ID 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 protein corresponding to amino 
acid 312 of SEQ ID NO : 2 is Q ; the amino acid in the capsid 
protein corresponding to amino acid 346 of SEQ ID NO : 2 
is A ; the amino acid in the capsid protein corresponding to 
amino acid 464 of SEQ ID NO : 2 is N ; the amino acid in the 
capsid protein corresponding to amino acid 468 of SEO ID 
NO : 2 is S ; the amino acid in the capsid protein correspond 
ing to amino acid 501 of SEQ ID NO : 2 is I ; the amino acid 
in the capsid protein corresponding to amino acid 505 of 
SEQ ID NO : 2 is R ; the amino acid in the capsid protein 
corresponding to amino acid 590 of SEQ ID NO : 2 is R ; the 
amino acid in the capsid protein corresponding to amino 
acid 626 of SEQ ID NO : 2 is G or Y ; the amino acid in the 
capsid protein corresponding to amino acid 681 of SEQ ID 
NO : 2 is M ; the amino acid in the capsid protein corre 
sponding to amino acid 687 of SEQ ID NO : 2 is R ; the 
amino acid in the capsid protein corresponding to amino 
acid 690 of SEQ ID NO : 2 is K ; the amino acid in the capsid 
protein corresponding to amino acid 706 of SEQ ID NO : 2 
is C ; or , the amino acid in the capsid protein corresponding 
to amino acid 718 of SEQ ID NO : 2 is G . In certain 
embodiments , 
( a ) the amino acid in the capsid protein corresponding to 
amino acid 2 of SEQ ID NO : 2 is T , and the amino acid in 
the capsid protein corresponding to amino acid 312 of SEQ 
ID NO : 2 is Q ; 
( b ) the amino acid in the capsid protein corresponding to 
amino acid 65 of SEQ ID NO : 2 is I , and the amino acid in 
the capsid protein corresponding to amino acid 626 of SEQ 
ID NO : 2 is Y ; 
( c ) the amino acid in the capsid protein corresponding to 
amino acid 77 of SEQ ID NO : 2 is R , and the amino acid in 
the capsid protein corresponding to amino acid 690 of SEQ 
ID NO : 2 is K ; 
( d ) the amino acid in the capsid protein corresponding to 
amino acid 119 of SEQ ID NO : 2 is L , and the amino acid 
in the capsid protein corresponding to amino acid 468 of 
SEQ ID NO : 2 is S ; 
( e ) the amino acid in the capsid protein corresponding to 
amino acid 626 of SEQ ID NO : 2 is G , and the amino acid 
in the capsid protein corresponding to amino acid 718 of 
SEQ ID NO : 2 is G ; 
( f ) 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 protein corresponding to amino acid 464 of SEQ ID 
NO : 2 is N , the amino acid in the capsid protein correspond 
ing to amino acid 505 of SEQ ID NO : 2 is R , and the amino 
acid in the capsid protein corresponding to amino acid 681 
of SEQ ID NO : 2 is M ; 
( g ) the amino acid in the capsid protein corresponding to 
amino acid 505 of SEQ ID NO : 2 is R , and the amino acid 
in the capsid protein corresponding to amino acid 687 of 
SEQ ID NO : 2 is R ; 
( h ) the amino acid in the capsid protein corresponding to 
amino acid 346 of SEQ ID NO : 2 is A , and the amino acid 
in the capsid protein corresponding to amino acid 505 of 
SEQ ID NO : 2 is R ; or 
( i ) the amino acid in the capsid protein corresponding to 
amino acid 501 of SEQ ID NO : 2 is I , the amino acid in the 
capsid protein corresponding to amino acid 505 of SEQ ID 
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ing plasmid . In certain embodiments , the nucleotides of the 
first vector and the third vector are cloned into a recombinant 
helper virus . In certain embodiments , the nucleotides of the 
second vector and the third vector are cloned into a recom 
binant helper virus . 
[ 0041 ] In another aspect , the instant disclosure provides a 
method for recombinant preparation of an AAV , the method 
comprising introducing a packaging system as described 
herein into a cell under conditions operative for enclosing 
the correction genome or the transfer genome in the capsid 
to form the AAV . 

NO : 2 is R , and the amino acid in the capsid protein 
corresponding to amino acid 706 of SEQ ID NO : 2 is C . 
10034 ] In certain embodiments , the capsid protein com 
prises the amino acid sequence of amino acids 1 - 736 of SEQ 
ID NO : 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 15 , 16 , or 17 . 
[ 0035 ] In certain embodiments , the integration efficiency 
of the editing element into the target locus is at least 1 % 
when the AAV is administered to a mouse implanted with 
human hepatocytes in the absence of an exogenous nuclease 
under standard AAV administration conditions . In certain 
embodiments , the allelic frequency of integration of the 
editing element into the target locus is at least 0 . 5 % when the 
AAV is administered to a mouse implanted with human 
hepatocytes in the absence of an exogenous nuclease under 
standard AAV administration conditions . 
[ 0036 ] In another aspect , the instant disclosure provides a 
pharmaceutical composition comprising an AAV disclosed 
herein . 
[ 0037 ] In another aspect , the instant 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 ) Cap nucleotide sequence encoding one or more AAV 
Clade F capsid proteins as disclosed herein ; and 
( c ) a correction genome or transfer genome as disclosed 
herein , wherein the packaging system is operative in a cell 
for enclosing the correction genome or transfer genome in 
the capsid to form the AAV . 
[ 0038 ] In certain embodiments , the packaging system 
comprises a first vector comprising the Rep nucleotide 
sequence and the Cap nucleotide sequence , and a second 
vector comprising the correction genome . In certain embodi 
ments , the Rep nucleotide sequence encodes an AAV2 Rep 
protein . In certain embodiments , the AAV2 Rep protein is 
78 / 68 or Rep 68 / 52 . In certain embodiments , the AAV2 Rep 
protein comprises an amino acid sequence having a mini 
mum percent sequence identity to the AAV2 Rep amino acid 
sequence of SEQ ID NO : 22 , wherein the minimum percent 
sequence identity is at least 70 % across the length of the 
amino acid sequence encoding the AAV2 Rep protein . 
[ 0039 ] In certain embodiments , the packaging system fur 
ther 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 . In certain embodi 
ments , the helper virus vector is integral with the first vector . 
In certain embodiments , the helper virus vector is integral 
with the second vector . In certain embodiments , the third 
vector comprises genes encoding helper virus proteins . In 
certain embodiments , the helper virus is selected from the 
group consisting of adenovirus , herpes virus , vaccinia virus , 
and cytomegalovirus ( CMV ) . In certain 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 E1 , E2 , E4 and 
VA . In certain embodiments , the helper virus is herpes 
simplex virus ( HSV ) . In certain embodiments , the HSV 
genome comprises one or more of HSV genes selected from 
the group consisting of UL5 / 8 / 52 , ICPO , ICP4 , ICP22 and 
UL30 / UL42 . 
[ 0040 ] 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 transfect 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0042 ] FIG . 1A is a map of the pHMI - hPAH - HAC - 008 
vector . 
[ 0043 ] FIG . 1B is a map of the pHMI - HPAH - h1C - 007 
vector . 
[ 0044 ] FIG . 1C is a map of the pHMIA - HPAH - H11C - 032 . 1 
vector . 
0045 FIG . 2 is an image of Western blot showing the 

expression of human PAH from the pCOH - WT - PAH ( “ WT 
PAH ” ) , pCOH - CO - PAH ( “ CO PAH PCOH ” ) , and pHMI 
CO - PAH ( “ CO PAH PHMI ” ) vectors . 5x10 HEK 293 cells 
were transfected with 1 ug of vector . Lysate of the cells 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 . 
10046 ] FIG . 3A is a graph showing quantitation of the 
PAH DNA cassette following linear amplification ( “ LAM 
Enriched ” ) or PCR amplification ( “ Amplicon ” ) of the edit 
ing target site . 
[ 0047 ] FIG . 3B is a graph showing quantitative analysis of 
integration of the pHMI - hPAH - HA - 002 vector by droplet 
digital PCR ( ddPCR ) . 
[ 0048 ] FIG . 4A shows the design of the pHMI - HPAH 
MAC - 006 vector and its expected integration into a mouse 
genome . 
[ 0049 ] FIG . 4B is a diagram illustrating a method for 
detecting by PCR an allele edited by the pHMI - HPAH - MAC 
006 vector . Two pairs of primers were designed : the first pair 
could amplify a 867 bp DNA from an unedited allele 
( “ Control PCR ” ) ; the second pair could specifically amplify 
a 2459 bp DNA from an edited allele ( “ Edited Allele PCR ” ) . 
10050 ] FIG . 4C is an image of DNA electrophoresis show 
ing the PCR product from the Control PCR ( “ Control PCR ” ) 
and Edited Allele PCR ( “ Edit PCR " ) as illustrated in FIG . 
4A . The pHMI - HPAH - MAC - 006 vector packaged in an 
AAVHSC capsid was injected to two wild - type neonatal 
mice intravenously via the tail vein at a dose of 2x1013 
vector genomes per kg of body weight . Liver samples were 
collected after 2 weeks . A liver sample from a saline treated 
mouse and a cell sample of 3T3 mouse fibroblasts were used 
as negative control for the Edited Allele PCR . 
[ 0051 ] FIG . 5A is a diagram illustrating a method for 
quantifying an edited allele by ddPCR . A first pair of primers 
was designed to amplify a first sequence in the PHMI - HPAH 
MAC - 006 vector , and a first probe ( “ vector probe ” ) was 
designed to hybridize to the first sequence . A second pair of 
primers was designed to amplify a second sequence on the 
mouse genome near the vector , and a second probe ( “ locus 
probe ” ) was designed to hybridize to the second sequence . 
DNA samples were partitioned into oil droplets . The con 
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centration of DNA was optimized to 600 pg per 20 uL in 
order to significantly reduce the probability that one oil 
droplet randomly contains a vector particle and a genomic 
DNA particle ( p < 0 . 001 ) . Upon integration of the vector into 
the genome , the rate of double positivity of the vector probe 
and the locus probe in the same droplet increases . 
[ 0052 ] FIG . 5B is a diagram illustrating an expected result 
using the method described in FIG . 5A . In this diagram , each 
dot represents a single oil droplet . The dots with negative 
vector probe signal but positive locus probe signal represent 
the unedited alleles , whereas the dots with positive vector 
probe signal but positive locus probe signal represent the 
edited alleles . 
0053 ] FIG . 5C is a graph showing the data generated from 

mouse liver using the method described in FIG . 5A . The 
PHMI - HPAH - MAC - 006 vector packaged in an AAVHSC 
capsid was injected to two wild - type neonatal mice intra 
venously via the tail vein at a dose of 2x10 ' vector genomes 
per kg of body weight . Liver samples were collected after 2 
weeks . One sample was analyzed using the method 
described in FIG . 5A . Vector probe and locus probe double 
positive droplets were detected . 
[ 0054 ] FIG . 5D is a graph showing the data generated 
from a sample containing liver from a saline treated mouse 
and the pHMI - HPAH - MAC - 006 plasmid . Few probe and 
locus probe double positive droplets were detected , suggest 
ing that the sample has been sufficiently diluted so that the 
probability that one oil droplet randomly contains a vector 
particle and a genomic DNA particle is very low . 
[ 0055 ] FIG . 5E is a graph showing the quantification of the 
graph in FIG . 5D and the graphs generated from other 
samples . The two control mice had 0 % and 0 . 0395 % edited 
alleles in the liver , respectively , and the two mice treated 
with the pHMI - hPAH - MAC - 006 vector had 2 . 504 % and 
2 . 783 % edited alleles in the liver , respectively . 
[ 0056 ] FIG . 6 is a graph showing the mRNA expression of 
human PAH in the liver after administration of the pHMI 
hPAH - MAC - 006 vector . RNA was extracted and reverse 
transcribed . A pair of primers and a probe were designed to 
specifically detect PAH expression from the edited allele . 
Each PAH expression level is normalized to the expression 
level of endogenous Hprt . 
[ 0057 ] FIG . 7A is a graph showing the transduction effi 
ciency of the pHMI - HPAH - MAC - 006 vector packaged in 
AAVHSC capsids in mouse blood samples , measured by 
ddPCR using primer and probe sets to measure the vector 
and the mouse PAH genomic loci copy numbers . The 
numbers of vector genomes per cell ( “ VG per Cell ” ) is 
calculated from the measured ratio of number of vectors 
versus the copy numbers of the genomic locus of mouse 
PAH . 
[ 0058 ] FIG . 7B is a graph showing the percentage editing 
efficiency in mouse blood samples measured by multiplexed 
ddPCR using primer probe sets to measure the frequency of 
the integrated DNA from the AAV vector ( payload ” ) inte 
grating into the mouse PAH locus and the human PAH locus . 
Editing frequency was calculated based on the detected 
co - partitioning of a payload and a target DNA in a single 
droplet in excess of expected probability of co - partitioning 
of a payload and a target DNA in separate nucleic acid 
molecules . 
[ 0059 ] FIG . 7C is a graph showing the percentage levels 
of serum phenylalanine relative to the baseline in the mice 
after administration of the PHMI - HPAH - MAC - 006 vector 

packaged in an AAVHSC capsid . The average levels in the 
treated animals and control animals ( mice that did not 
receive AAV administration ) are plotted . 
f0060 ] FIG . 7D is a graph showing the percentage levels 
of serum phenylalanine relative to the baseline in each 
individual mouse injected with the pHMI - hPAH - MAC - 006 
vector packaged in an AAVHSC capsid or in each control 
mice that did not receive AAV administration . The p values 
were calculated by ANOVA against the control distribution . 
[ 0061 ] FIG . 7E is a graph showing the correlation between 
the percentage levels of serum phenylalanine relative to the 
baseline and the percentage editing efficiency . 
[ 0062 ] FIG . 7F is a set of images showing in situ hybrid 
ization ( ISH ) of Pah mRNA and possibly virus DNA com 
prising PAH sequence in liver samples of mice injected with 
the hPAH - MAC - 006 vector ( middle panel ) , a non - integrat 
ing Pah transgene vector ( right panel ) , or saline control ( left 
panel ) . 
10063 ] . FIG . SA is a graph showing the transduction effi 
ciency of the hPAH - HAC - 008 vector and hPAH - HAC - 008 
HBB vector in human and mouse hepatocytes in mice 
administered with the vector packaged in AAVHSC15 
capsids , as measured by ddPCR using primers and probe sets 
specific for the vector . The y - axis represents the number of 
vectors measured relative to genomes of the mouse or 
human cells . 
[ 0064 ] FIG . 8B is a series of photos showing in situ 
hybridization of human Pah mRNA and possibly virus DNA 
comprising PAH sequence with silent codon alteration in 
liver samples from mice administered an unmodified or a 
modified hPAH - HAC - 008 vector . The probe detected only 
the mRNA transcribed from a gene locus edited by the 
unmodified or modified hPAH - HAC - 008 vector . 
[ 0065 ] FIG . 8C is a graph showing the percentage editing 
efficiency of the hPAH - HAC - 008 vector in mouse and 
human hepatocytes from mice transplanted with human 
hepatocytes , as measured by multiplexed ddPCR . The left 
half of the figure refers to the editing efficiency of an animal 
treated with the hPAH - HAC - 008 - HBB vector , and the right 
half refers to that of an animal treated with the hPAH - HAC 
008 vector . The p values were calculated by ANOVA . 
[ 0066 ] FIG . 9A depicts a schematic of the assay used to 
determine editing efficiency of the PAH gene in mice . 
100671 FIG . 9B is a graph showing the PAH gene editing 
efficiency in cells from mice that have been administered 
either the pHMI - HPAH - MAC - 006 vector or vehicle control . 
10068 ] FIG . 10A is a graph showing the average percent 
age levels of serum phenylalanine relative to the baseline in 
mice after administration of either the pHMI - HPAH - MAC 
006 vector packaged in AAVHSC15 capsids or a vehicle 
control . 
[ 0069 ] FIG . 10B is a graph showing the average percent 
age levels of serum tyrosine relative to the baseline in mice 
after administration of either the pHMI - HPAH - MAC - 006 
vector packaged in AAVHSC15 capsids or a vehicle control . 
[ 0070 ] FIG . 10C is a graph showing the ratio between 
serum phenylalanine and serum tyrosine levels in mice that 
received either the pHMI - HPAH - MAC - 006 vector packaged 
in AAVHSC15 capsids or a vehicle control . 
[ 0071 ] FIG . 11A is a graph showing the average PAH gene 
editing efficiency and transduction efficiency in cells 
obtained from mice administered either the pHMI - HPAH 
mAC - 006 vector or a vehicle control . 
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[ 0072 ] FIG . 11B depicts a graph showing the relative 
quantity of PAH mRNA expressed , normalized to the 
expression level of mouse GAPDH , in cells obtained from 
mice administered either the pHMI - hPAH - MAC - 006 vector 
( AAVHSC15 - mPAH ) and or a vehicle control . 
[ 0073 ] FIG . 12A is a schematic showing the HuLiv 
humanized liver mouse model . 
[ 0074 ] FIG . 12B depicts the average PAH gene editing 
efficiency in cells obtained from mice 1 week and 6 weeks 
after administration of the pHMIK - hPAH - hI1C - 032 vector 
packaged in AAVHSC15 capsids . 
[ 0075 ] FIG . 13 is a graph showing the average PAH gene 
editing efficiency , as determined by ddPCR and next gen 
eration sequencing ( NGS ) , in cells obtained from HuLiv 
mice administered the pHMIK - HPAH - hI1C - 032 vector 
packaged in AAVHSC15 capsids . 
[ 0076 ] FIG . 14 is a graph showing the average serum 
phenylalanine levels of PAH knock - out mouse model ( PA 
HENU2 ) mice administered intravenously with either the 
pHMIK - HPAH - H11C - 032 vector ( hPAH - 032 ) or the pHMI 
hPAH - MAC - 006 vector ( mPAH - 006 ) , packaged in 
AAVHSC15 capsids , compared to control mice . 
[ 0077 ] FIG . 15A is a graph showing the relationship 
between human PAH expression and serum Phe levels . 
[ 0078 ] FIG . 15B is a plot showing the expression of 
human PAH relative to human GAPDH in two different 
HuLiv mice treated with pHMIK - HPAH - h11C - 032 vector 
packaged in AAVHSC15 capsids . 
[ 0079 ] FIG . 16 is a plot showing human PAH gene expres 
sion in HuLiv mice treated with ( left ) and mouse PAH gene 
expression in PAHENU2 mice treated with pHMI - HPAH 
MAC - 006 vector ( right ) packaged in AAVHSC15 capsids . 
[ 0080 ] FIG . 17A , 17B , 17C , 17D , 17E depict vector maps 
of PKITR - HPAH - MAC - 006 - HCR , PKITR - UPAH - hI1C - 032 
HCR , PKITR - HPAH - MAC - 006 - SD . 3 , PHMIA2 - hPAH 
hI1C - 032 - SD . 3 , and pHMIA2 - hPAH - MAC - 006 - HBB1 , 
respectively . 

nucleotide sequence encoding at least a portion of a wild 
type PAH polypeptide or a functional equivalent thereof into 
the mutant PAH gene , such that a wild - type PAH polypep 
tide or a functional equivalent thereof is expressed from the 
mutant PAH gene locus ( e . g . , under the control of an 
endogenous PAH gene promoter ) . 
10085 ] As used herein , the term " correction genome " 
refers to a recombinant AAV genome that is capable of 
integrating an editing element ( e . g . , one or more nucleotides 
or an internucleotide bond ) via homologous recombination 
into a target locus to correct a genetic defect in a PAH gene . 
In certain embodiments , the target locus is in the human 
PAH gene . The skilled artisan will appreciate that the portion 
of a correction genome comprising the 5 ' homology arm , 
editing element , and 3 ' homology arm can be in the sense or 
antisense orientation relative to the target locus ( e . g . , the 
human PAH gene ) . 
[ 0086 ] As used herein , the term " editing element ” refers to 
the portion of a correction genome that when integrated at a 
target locus modifies the target locus . An editing element can 
mediate insertion , deletion , or substitution of one or more 
nucleotides at the target locus . As used herein , the term 
" target locus ” refers to a region of a chromosome or an 
internucleotide bond ( e . g . , a region or an internucleotide 
bond of the human PAH gene ) that is modified by an editing 
element . 
10087 ] As used herein , the term “ homology arm ” refers to 
a portion of a correction genome positioned 5 ' or 3 ' of an 
editing element that is substantially identical to the genome 
flanking a target locus . In certain embodiments , the target 
locus is in a human PAH gene , and the homology arm 
comprises a sequence substantially identical to the genome 
flanking the target locus . 
[ 0088 ] As used herein , the term “ Clade F capsid protein ” 
refers to an AAV VP1 , VP2 , or VP3 capsid protein that 
comprises an amino acid sequence having at least 90 % 
identity with the VP1 , VP2 , or VP3 amino acid sequences set 
forth , respectively , in amino acids 1 - 736 , 138 - 736 , and 
203 - 736 of SEQ ID NO : 1 herein . 
[ 0089 ] As used herein , the identity between two nucleo 
tide sequences or between two amino acid sequences is 
determined by the number of identical nucleotides or amino 
acids in alignment divided by the full length of the longer 
nucleotide or amino acid sequence . 
[ 0090 ] As used herein , the term “ a disease or disorder 
associated with a PAH gene mutation ” refers to any disease 
or disorder caused by , exacerbated by , or genetically linked 
with variation of a PAH gene . In certain embodiments , the 
disease or disorder associated with a PAH gene mutation is 
phenylketonuria ( PKU ) . 
[ 0091 ] 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 nucleotide substitution ) without 
changing the amino acid sequence of the polypeptide 
encoded by the coding sequence or stuffer - inserted coding 
sequence . Codon alteration can be conducted by any method 
known in the art ( e . g . , as described in Mauro & Chappell 
( 2014 ) Trends Mol Med . 20 ( 11 ) : 604 - 13 , which is incorpo 
rated by reference herein in its entirety ) . Such silent altera 
tion is advantageous in that it reduces the likelihood of 
integration of the correction genome into loci of other genes 
or pseudogenes paralogous to the target gene . Such silent 
alteration also reduces the homology between the editing 

DETAILED DESCRIPTION 
[ 0081 ] The instant disclosure provided adeno - associated 
virus ( AAV ) compositions that can restore PAH gene func 
tion in a cell . Also provide are packaging systems for 
making the adeno - associated virus compositions . 

I . Definitions 
[ 0082 ] As used herein , the term “ replication - defective 
adeno - associated virus ” refers to an AAV comprising a 
genome lacking Rep and Cap genes . 
[ 0083 ] As used herein , the term “ PAH gene ” refers to the 
phenylalanine hydroxylase ( PAH ) gene , including but not 
limited to the coding regions , exons , introns , 5 ' UTR , 3 ' 
UTR , and transcriptional regulatory regions of the PAH 
gene . The human PAH gene is identified by Entrez Gene ID 
5053 . An exemplary nucleotide sequence of a PAH mRNA 
is provided as SEO ID NO : 24 . An exemplary amino acid 
sequence of a PAH polypeptide is provided as SEQ ID NO : 
23 . 
[ 0084 ] As used herein , the term " correcting a mutation in 
a PAH gene ” refers to the insertion , deletion , or substitution 
of one or more nucleotides at a target locus in a mutant PAH 
gene to create a PAH gene that is capable of expressing a 
wild - type PAH polypeptide . In certain embodiments , “ cor 
recting a mutation in a PAH gene ” involves inserting a 
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element and the target gene , thereby reducing undesired 
integration mediated by the editing element rather than by a 
homology arm . 
[ 0092 ] As used herein , 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 due to alternative splicing and / or alternative 
translation initiation . A coding sequence may either be 
wild - type or silently altered . An exemplary wild - type PAH 
coding sequence is set forth in SEQ ID NO : 24 . 
[ 0093 ] As used herein , the term “ intron - inserted coding 
sequence ” of a gene refers to a nucleotide sequence com 
prising one or more introns inserted in a coding sequence of 
the gene . In certain embodiments , at least one of the introns 
is a nonnative intron , i . e . , having a sequence different from 
a native intron of the gene . In certain embodiments , all of the 
introns in the intron - inserted coding sequence are nonnative 
introns . A nonnative intron can have the sequence of an 
intron from a different species or the sequence of an intron 
in a different gene from the same species . Alternatively or 
additionally , at least a portion of a nonnative intron sequence 
can be synthetic . A skilled worker will appreciate that 
nonnative intron sequences can be designed to mediate RNA 
splicing by introducing any consensus splicing motifs 
known in the art . Exemplary consensus splicing motifs are 
provided in Sibley et al . , ( 2016 ) Nature Reviews Genetics , 
17 , 407 - 21 , which is incorporated by reference herein in its 
entirety . Insertion of a nonnative intron may promote the 
efficiency and robustness of vector packaging , as stuffer 
sequences allow adjustments of the vector to reach an 
optimal size ( e . g . , 4 . 5 - 4 . 8 kb ) . In certain embodiments , at 
least one of the introns is a native intron of the gene . In 
certain embodiments , all of the introns in the intron - inserted 
coding sequence are native introns of the gene . The nonna 
tive or native introns can be inserted at any internucleotide 
bonds in the coding sequence . In certain embodiments , one 
or more nonnative or native introns are inserted at inter 
nucleotide bonds predicted to promote efficient splicing ( see 
e . g . , Zhang ( 1998 ) Human Molecular Genetics , 7 ( 5 ) : 919 - 32 , 
which is incorporated by reference herein in its entirety ) . In 
certain embodiments , one or more nonnative or native 
introns are inserted at internucleotide bonds that link two 
endogenous exons . 
[ 0094 ] As used herein , the term “ ribosomal skipping ele 
ment ” refers to a nucleotide sequence encoding a short 
peptide sequence capable of causing generation of two 
peptide chains from translation of one mRNA molecule . In 
certain embodiments , the ribosomal skipping element 
encodes a peptide comprising a consensus motif of 
X X EX3NPGP , wherein X is D or G , X , is V or I , and Xz 
is any amino acid ( SEQ ID NO : 75 ) . In certain embodi 
ments , the ribosomal skipping element encodes thosea 
asigna virus 2A peptide ( T2A ) , porcine teschovirus - 1 2A 
peptide ( P2A ) , foot - and - mouth disease virus 2A peptide 
( F2A ) , equine rhinitis A virus 2A peptide ( E2A ) , cytoplas 
mic polyhedrosis virus 2A peptide ( BmCPV 2A ) , or flach 
erie virus of B . mori 2A peptide ( BmIFV 2A ) . Exemplary 
amino acid sequences of T2A peptide and P2A peptide are 
set forth in SEQ ID NOs : 76 and 77 , respectively . Exemplary 
nucleotide sequences of T2A element and P2A element are 
set forth in SEQ ID NOs : 78 and 79 , respectively . In certain 
embodiments , the ribosomal skipping element encodes a 
peptide that further comprises a sequence of Gly - Ser - Gly at 

the N terminus , optionally wherein the sequence of Gly 
Ser - Gly is encoded by the nucleotide sequence of GGCA 
GCGGA . While not wishing to be bound by theory , it is 
hypothesized that ribosomal skipping elements function by : 
terminating translation of the first peptide chain and re 
initiating translation of the second peptide chain ; or by 
cleavage of a peptide bond in the peptide sequence encoded 
by the ribosomal skipping element by an intrinsic protease 
activity of the encoded peptide , or by another protease in the 
environment ( e . g . , cytosol ) . 
[ 0095 ] As used herein , the term “ ribosomal skipping pep 
tide ” refers to a peptide encoded by a ribosomal skipping 
element . 
[ 0096 ] As used herein , the term “ polyadenylation 
sequence ” refers to a DNA sequence that when transcribed 
into RNA constitutes a polyadenylation signal sequence . 
The polyadenylation sequence can be native ( e . g . , from the 
PAH gene ) or exogenous . The exogenous polyadenylation 
sequence can be a mammalian or a viral polyadenylation 
sequence ( e . g . , an SV40 polyadenylation sequence ) . 
10097 ] . 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 is position 
1 ; the nucleotides 5 ' to the first nucleotide of the start codon 
have negative numbers ; the nucleotides 3 ' to the first nucleo 
tide of the start codon have positive numbers . As used 
herein , nucleotide 1 of the human PAH gene is nucleotide 
5 , 473 of the NCBI Reference Sequence : NG _ 008690 . 1 , and 
nucleotide - 1 of the human PAH gene is nucleotide 5 , 472 of 
the NCBI Reference Sequence : NG _ 008690 . 1 . 
[ 0098 ] In the instant disclosure , exons and introns in a 
PAH gene are specified relative to the exon encompassing 
the first nucleotide of the start codon , which is nucleotide 
5473 of the NCBI 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 , 
etc . Introns 3 ' to exon 1 are from 5 ' to 3 ' : intron 1 , intron 2 , 
etc . Accordingly , the PAH gene comprises from 5 ' to 3 ' : exon 
1 , intron 1 , exon 2 , intron 2 , exon 3 , etc . As used herein , 
exon 1 of the human PAH gene is nucleotides 5001 - 5532 of 
the NCBI Reference Sequence : NG _ 008690 . 1 , and intron 1 
of the human PAH gene is nucleotides 5533 - 9704 of the 
NCBI Reference Sequence : NG _ 008690 . 1 . As used herein , 
the term " integration ” refers to introduction of an editing 
element into a target locus ( e . g . , of a PAH gene ) by homolo 
gous recombination between a correction genome and the 
target locus . Integration of an editing element can result in 
substitution , insertion and / or deletion of one or more nucleo 
tides in a target locus ( e . g . , of a PAH gene ) . 
[ 0099 ] As used herein , the term “ integration efficiency of 
the editing element into the target locus ” refers to the 
percentage of cells in a transduced population in which 
integration of the editing element into the target locus has 
occurred . 
[ 0100 ] As used herein , the term “ allelic frequency of 
integration of the editing element into the target locus ” refers 
to the percentage of alleles in a population of transduced 
cells in which integration of the editing element into the 
target locus has occurred . 
[ 0101 ] As used herein , the term “ standard AAV adminis 
tration conditions ” refers to transduction of human hepato 
cytes implanted into a mouse following hepatocyte ablation , 
wherein the AAV is administered intravenously at a dose of 
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1x1013 vector genomes per kilogram of body weight , as 
provided by the method of Example 5 , section b . 
[ 0102 ] 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 AAV that achieves a desired prophy 
lactic or therapeutic effect . 

II . Adeno - Associated Virus Compositions 
[ 0103 ] In one aspect , provided herein are novel replica 
tion - defective AAV compositions useful for restoring PAH 
expression in cells with reduced or otherwise defective PAH 
gene function . Such AAV compositions are highly efficient 
at correcting mutations in the PAH gene or restoring PAH 
expression , and do not require cleavage of the genome at the 
target locus by the action of an exogenous nuclease ( e . g . , a 
meganuclease , a zinc finger nuclease , a transcriptional acti 
vator - like nuclease ( TALEN ) , or an RNA - guided nuclease 
such as a Cas9 ) to facilitate such correction . Accordingly , in 
certain embodiments , the AAV composition disclosed herein 
does not comprise an exogenous nuclease or a nucleotide 
sequence that encodes an exogenous nuclease . 
[ 0104 ] In certain embodiments , the AAV disclosed herein 
comprise : an AAV capsid ; and a correction genome for 
editing a target locus in a PAH gene . The AAV capsid 
proteins that can be used in the AAV compositions disclosed 
herein include without limitation AAV capsid proteins and 
derivatives thereof of Clade A AAVs , Clade B AAVs , Clade 
CAAVs , Clade D AAVs , Clade E AAVs , and Clade F AAVs . 
In certain embodiments , the AAV capsid protein is an AAV 
capsid protein or a derivative thereof of AAV1 , AAV2 , 
AAV3 , AAV4 , AAV5 , AAVO , AAV7 , AAV8 , AAVO , or 
AAVrh10 . In certain embodiments , the AAV capsid com 
prises an AAV Clade F capsid protein . 
[ 0105 ] Any AAV Clade F capsid protein or derivative 
thereof can be used in the AAV 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 % , 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 SEQ ID NO : 2 , 3 , 4 , 5 , 
6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 15 , 16 , or 17 . In certain embodi 
ments , 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 SEQ ID 
NO : 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 206 of SEQ ID 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 protein 
corresponding to amino acid 312 of SEQ ID NO : 2 is Q ; the 
amino acid in the capsid protein corresponding to amino 
acid 346 of SEQ ID NO : 2 is A ; the amino acid in the capsid 
protein corresponding to 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 is S ; the amino acid in the 
capsid protein corresponding to amino acid 501 of SEQ ID 
NO : 2 is I ; the amino acid in the capsid protein correspond 
ing to amino acid 505 of SEQ ID NO : 2 is R ; the amino acid 
in the capsid protein corresponding to amino acid 590 of 
SEQ ID NO : 2 is R ; the amino acid in the capsid protein 
corresponding to amino acid 626 of SEQ ID NO : 2 is G or 

Y ; the amino acid in the capsid protein corresponding to 
amino acid 681 of SEQ ID NO : 2 is M ; the amino acid in the 
capsid protein corresponding to amino acid 687 of SEQ ID 
NO : 2 is R ; the amino acid in the capsid protein correspond 
ing to amino acid 690 of SEQ ID NO : 2 is K ; the amino acid 
in the capsid protein corresponding to amino acid 706 of 
SEQ ID NO : 2 is C ; or , the amino acid in the capsid protein 
corresponding to amino acid 718 of SEQ ID NO : 2 is G . In 
certain embodiments , the amino acid in the capsid protein 
corresponding to amino acid 626 of SEQ ID NO : 2 is G , and 
the amino acid in the capsid protein corresponding to amino 
acid 718 of SEQ ID NO : 2 is G . In certain embodiments , 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 
protein corresponding to amino acid 464 of SEQ ID NO : 2 
is N , the amino acid in the capsid protein corresponding to 
amino acid 505 of SEQ ID NO : 2 is R , and the amino acid 
in the capsid protein corresponding to amino acid 681 of 
SEQ ID NO : 2 is M . In certain embodiments , the amino acid 
in the capsid protein corresponding to amino acid 505 of 
SEQ ID NO : 2 is R , and the amino acid in the capsid protein 
corresponding to amino acid 687 of SEQ ID NO : 2 is R . In 
certain embodiments , the amino acid in the capsid protein 
corresponding to amino acid 346 of SEQ ID NO : 2 is A , and 
the amino acid in the capsid protein corresponding to amino 
acid 505 of SEQ ID NO : 2 is R . In certain embodiments , the 
amino acid in the capsid protein corresponding to amino 
acid 501 of SEQ ID NO : 2 is I , the amino acid in the capsid 
protein corresponding to amino acid 505 of SEQ ID NO : 2 
is R , and the amino acid in the capsid protein corresponding 
to amino acid 706 of SEO ID NO : 2 is C . In certain 
embodiments , the AAV Clade F capsid protein comprises the 
amino acid sequence of amino acids 203 - 736 of SEQ ID 
NO : 2 , 3 , 4 , 6 , 7 , 10 , 11 , 12 , 13 , 15 , 16 , or 17 . 
[ 0106 ] For example , in certain embodiments , 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 138 - 736 of SEQ ID NO : 2 , 3 , 4 , 5 , 
6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 15 , 16 , or 17 . In certain embodi 
ments , 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 138 - 736 of SEQ ID 
NO : 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 151 of SEQ ID NO : 2 is R ; the amino acid in 
the capsid protein corresponding to amino acid 160 of SEQ 
ID NO : 2 is D ; the amino acid in the capsid protein 
corresponding to amino acid 206 of SEQ ID 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 
protein corresponding to amino acid 312 of SEQ ID NO : 2 
is Q ; the amino acid in the capsid protein corresponding to 
amino acid 346 of SEQ ID NO : 2 is A ; the amino acid in the 
capsid protein corresponding to amino acid 464 of SEQ ID 
NO : 2 is N ; the amino acid in the capsid protein correspond 
ing to amino acid 468 of SEQ ID NO : 2 is S ; the amino acid 
in the capsid protein corresponding to amino acid 501 of 
SEQ ID NO : 2 is 1 ; the amino acid in the capsid protein 
corresponding to amino acid 505 of SEQ ID NO : 2 is R ; the 
amino acid in the capsid protein corresponding to amino 
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acid 590 of SEQ ID NO : 2 is R ; the amino acid in the capsid 
protein corresponding to amino acid 626 of SEQ ID NO : 2 
is G or Y ; the amino acid in the capsid protein corresponding 
to amino acid 681 of SEQ ID NO : 2 is M ; the amino acid in 
the capsid protein corresponding to amino acid 687 of SEQ 
ID NO : 2 is R ; the amino acid in the capsid protein 
corresponding to amino acid 690 of SEQ ID NO : 2 is K ; the 
amino acid in the capsid protein corresponding to amino 
acid 706 of SEQ ID NO : 2 is C ; or , the amino acid in the 
capsid protein corresponding to amino acid 718 of SEQ ID 
NO : 2 is G . In certain embodiments , the amino acid in the 
capsid protein corresponding to amino acid 626 of SEQ ID 
NO : 2 is G , and the amino acid in the capsid protein 
corresponding to amino acid 718 of SEQ ID NO : 2 is G . In 
certain embodiments , 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 protein corresponding to amino 
acid 464 of SEQ ID NO : 2 is N , the amino acid in the capsid 
protein corresponding to amino acid 505 of SEQ ID NO : 2 
is R , and the amino acid in the capsid protein corresponding 
to amino acid 681 of SEQ ID NO : 2 is M . In certain 
embodiments , the amino acid in the capsid protein corre 
sponding to amino acid 505 of SEQ ID NO : 2 is R , and the 
amino acid in the capsid protein corresponding to amino 
acid 687 of SEQ ID NO : 2 is R . In certain embodiments , the 
amino acid in the capsid protein corresponding to amino 
acid 346 of SEQ ID NO : 2 is A , and the amino acid in the 
capsid protein corresponding to amino acid 505 of SEQ ID 
NO : 2 is R . In certain embodiments , the amino acid in the 
capsid protein corresponding to amino acid 501 of SEQ ID 
NO : 2 is I , the amino acid in the capsid protein correspond 
ing to amino acid 505 of SEQ ID NO : 2 is R , and the amino 
acid in the capsid protein corresponding to amino acid 706 
of SEO ID NO : 2 is C . In certain embodiments , the AAV 
Clade F capsid protein comprises the amino 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 . 
[ 0107 ] For example , in certain embodiments , 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 1 - 736 of SEQ ID NO : 2 , 3 , 4 , 5 , 6 , 
7 , 8 , 9 , 10 , 11 , 12 , 13 , 15 , 16 , or 17 . In certain embodiments , 
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 1 - 736 of SEQ ID NO : 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 ID NO : 2 is T ; the amino acid in the capsid protein 
corresponding to amino acid 65 of SEQ ID NO : 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 amino acid 77 of SEQ ID NO : 2 is 
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 151 of SEO ID 
NO : 2 is R ; the amino acid in the capsid protein correspond 
ing to amino acid 160 of SEQ ID NO : 2 is D ; the amino acid 
in the capsid protein corresponding to amino acid 206 of 
SEQ ID 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 protein corresponding to amino 
acid 312 of SEQ ID NO : 2 is Q ; the amino acid in the capsid 
protein corresponding to amino acid 346 of SEQ ID NO : 2 
is A ; the amino acid in the capsid protein corresponding to 
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 is S ; the amino acid in the capsid protein correspond 
ing to amino acid 501 of SEQ ID NO : 2 is I ; the amino acid 
in the capsid protein corresponding to amino acid 505 of 
SEQ ID NO : 2 is R ; the amino acid in the capsid protein 
corresponding to amino acid 590 of SEQ ID NO : 2 is R ; the 
amino acid in the capsid protein corresponding to amino 
acid 626 of SEQ ID NO : 2 is G or Y ; the amino acid in the 
capsid protein corresponding to amino acid 681 of SEQ ID 
NO : 2 is M ; the amino acid in the capsid protein corre 
sponding to amino acid 687 of SEQ ID NO : 2 is R ; the 
amino acid in the capsid protein corresponding to amino 
acid 690 of SEQ ID NO : 2 is K ; the amino acid in the capsid 
protein corresponding to amino acid 706 of SEQ ID NO : 2 
is C ; or , the amino acid in the capsid protein corresponding 
to amino acid 718 of SEQ ID NO : 2 is G . In certain 
embodiments , the amino acid in the capsid protein corre 
sponding to amino acid 2 of SEQ ID NO : 2 is T , and the 
amino acid in the capsid protein corresponding to amino 
acid 312 of SEQ ID NO : 2 is Q . In certain embodiments , the 
amino acid in the capsid protein corresponding to amino 
acid 65 of SEO ID NO : 2 is I , and the amino acid in the 
capsid protein corresponding to amino acid 626 of SEQ ID 
NO : 2 is Y . In certain embodiments , the amino acid in the 
capsid protein corresponding to amino acid 77 of SEQ ID 
NO : 2 is R , and the amino acid in the capsid protein 
corresponding to amino acid 690 of SEQ ID NO : 2 is K . In 
certain embodiments , the amino acid in the capsid protein 
corresponding to amino acid 119 of SEQ ID NO : 2 is L , and 
the amino acid in the capsid protein corresponding to amino 
acid 468 of SEQ ID NO : 2 is S . In certain embodiments , the 
amino acid in the capsid protein corresponding to amino 
acid 626 of SEQ ID NO : 2 is G , and the amino acid in the 
capsid protein corresponding to amino acid 718 of SEQ ID 
NO : 2 is G . In certain embodiments , 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 protein correspond 
ing to amino acid 464 of SEQ ID NO : 2 is N , the amino acid 
in the capsid protein corresponding to amino acid 505 of 
SEQ ID NO : 2 is R , and the amino acid in the capsid protein 
corresponding to amino acid 681 of SEQ ID NO : 2 is M . In 
certain embodiments , the amino acid in the capsid protein 
corresponding to amino acid 505 of SEQ ID NO : 2 is R , and 
the amino acid in the capsid protein corresponding to amino 
acid 687 of SEQ ID NO : 2 is R . In certain embodiments , the 
amino acid in the capsid protein corresponding to amino 
acid 346 of SEQ ID NO : 2 is A , and the amino acid in the 
capsid protein corresponding to amino acid 505 of SEQ ID 
NO : 2 is R . In certain embodiments , the amino acid in the 
capsid protein corresponding to amino acid 501 of SEQ ID 
NO : 2 is I , the amino acid in the capsid protein correspond 
ing to amino acid 505 of SEQ ID NO : 2 is R , and the amino 
acid in the capsid protein corresponding to amino acid 706 
of SEQ ID NO : 2 is C . In certain embodiments , the AAV 
Clade F capsid protein comprises the amino acid sequence 
of amino acids 1 - 736 of SEQ ID NO : 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 
10 , 11 , 12 , 13 , 15 , 16 , or 17 . 
[ 0108 ] In certain embodiments , the AAV capsid comprises 
two or more of : ( a ) a Clade F capsid protein comprising the 
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amino acid sequence of amino acids 203 - 736 of SEQ ID 
NO : 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 SEQ ID NO : 2 , 3 , 4 , 5 , 6 , 7 , 9 , 10 , 
11 , 12 , 13 , 15 , 16 , or 17 ; and ( c ) a Clade F capsid protein 
comprising the amino acid sequence of amino acids 1 - 736 of 
SEQ ID NO : 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 15 , 16 , or 
17 . 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 ID NO : 2 , 3 , 4 , 
6 , 7 , 10 , 11 , 12 , 13 , 15 , 16 , or 17 ; ( b ) a Clade F capsid protein 
having an amino acid sequence consisting of amino acids 
138 - 736 of SEQ ID NO : 2 , 3 , 4 , 5 , 6 , 7 , 9 , 10 , 11 , 12 , 13 , 
15 , 16 , or 17 ; and ( c ) a Clade F capsid protein having an 
amino acid sequence consisting of amino acids 1 - 736 of 
SEQ ID NO : 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 15 , 16 , or 
17 . 

[ 0109 ] 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 % , 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 ID NO : 8 ; ( b ) 
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 138 - 736 of SEQ ID NO : 8 ; and ( c ) 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 1 - 736 of 
SEQ ID NO : 8 . In certain embodiments , the AAV capsid 
comprises one or more of : ( a ) a Clade F capsid protein 
comprising the amino acid sequence of amino acids 203 - 736 
of SEQ ID NO : 8 ; ( b ) a Clade F capsid protein comprising 
the amino acid sequence of amino acids 138 - 736 of SEQ ID 
NO : 8 ; and ( c ) a Clade F capsid protein comprising the 
amino acid sequence of amino acids 1 - 736 of SEQ ID NO : 
8 . In certain embodiments , the AAV capsid comprises two or 
more of : ( a ) a Clade F capsid protein comprising the amino 
acid sequence of amino acids 203 - 736 of SEQ ID NO : 8 ; ( b ) 
a Clade F capsid protein comprising the amino acid 
sequence of amino acids 138 - 736 of SEQ ID NO : 8 ; and ( c ) 
a Clade F capsid protein comprising the amino acid 
sequence of amino acids 1 - 736 of SEQ ID NO : 8 . 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 ID NO : 8 ; ( b ) a Clade F capsid 
protein having an amino acid sequence consisting of amino 
acids 138 - 736 of SEQ ID NO : 8 ; and ( c ) a Clade F capsid 
protein having an amino acid sequence consisting of amino 
acids 1 - 736 of SEQ ID NO : 8 . 
[ 0110 ] 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 % , 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 ID NO : 11 ; ( b ) 
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 138 - 736 of SEQ ID NO : 11 ; and ( c ) 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 1 - 736 of 
SEQ ID NO : 11 . In certain embodiments , the AAV capsid 
comprises one or more of : ( a ) a Clade F capsid protein 
comprising the amino acid sequence of amino acids 203 - 736 
of SEQ ID NO : 11 ; ( b ) a Clade F capsid protein comprising 
the amino acid sequence of amino acids 138 - 736 of SEQ ID 
NO : 11 ; and ( c ) a Clade F capsid protein comprising the 
amino acid sequence of amino acids 1 - 736 of SEQ ID NO : 
11 . In certain embodiments , the AAV capsid comprises two 
or more of : ( a ) a Clade F capsid protein comprising the 
amino acid sequence of amino acids 203 - 736 of SEQ ID 
NO : 11 ; ( b ) a Clade F capsid protein comprising the amino 
acid sequence of amino acids 138 - 736 of SEQ ID NO : 11 ; 
and ( c ) a Clade F capsid protein comprising the amino acid 
sequence of amino acids 1 - 736 of SEQ ID NO : 11 . 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 ID NO : 11 ; ( b ) a Clade F 
capsid protein having an amino acid sequence consisting of 
amino acids 138 - 736 of SEQ ID NO : 11 ; and ( c ) a Clade F 
capsid protein having an amino acid sequence consisting of 
amino acids 1 - 736 of SEQ ID NO : 11 . 
[ 0111 ] 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 % , 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 ID NO : 13 ; ( b ) 
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 138 - 736 of SEQ ID NO : 13 ; and ( c ) 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 1 - 736 of 
SEQ ID NO : 13 . In certain embodiments , the AAV capsid 
comprises one or more of : ( a ) a Clade F capsid protein 
comprising the amino acid sequence of amino acids 203 - 736 
of SEQ ID NO : 13 ; ( b ) a Clade F capsid protein comprising 
the amino acid sequence of amino acids 138 - 736 of SEQ ID 
NO : 13 ; and ( c ) a Clade F capsid protein comprising the 
amino acid sequence of amino acids 1 - 736 of SEQ ID NO : 
13 . In certain embodiments , the AAV capsid comprises two 
or more of : ( a ) a Clade F capsid protein comprising the 
amino acid sequence of amino acids 203 - 736 of SEQ ID 
NO : 13 ; ( b ) a Clade F capsid protein comprising the amino 
acid sequence of amino acids 138 - 736 of SEO ID NO : 13 : 
and ( c ) a Clade F capsid protein comprising the amino acid 
sequence of amino acids 1 - 736 of SEQ ID NO : 13 . 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 SEO ID NO : 13 ; ( b ) a Clade F 
capsid protein having an amino acid sequence consisting of 
amino acids 138 - 736 of SEO ID NO : 13 ; and ( c ) a Clade F 
capsid protein having an amino acid sequence consisting of 
amino acids 1 - 736 of SEQ ID NO : 13 . 
[ 0112 ] 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 % , 81 % , 82 % , 83 % , 
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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 ID NO : 16 ; ( b ) 
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 138 - 736 of SEQ ID NO : 16 ; and ( c ) 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 1 - 736 of 
SEQ ID NO : 16 . In certain embodiments , the AAV capsid 
comprises one or more of : ( a ) a Clade F capsid protein 
comprising the amino acid sequence of amino acids 203 - 736 
of SEQ ID NO : 16 ; ( b ) a Clade F capsid protein comprising 
the amino acid sequence of amino acids 138 - 736 of SEO ID 
NO : 16 ; and ( c ) a Clade F capsid protein comprising the 
amino acid sequence of amino acids 1 - 736 of SEQ ID NO : 
16 . In certain embodiments , the AAV capsid comprises two 
or more of : ( a ) a Clade F capsid protein comprising the 
amino acid sequence of amino acids 203 - 736 of SEQ ID 
NO : 16 ; ( b ) a Clade F capsid protein comprising the amino 
acid sequence of amino acids 138 - 736 of SEQ ID NO : 16 ; 
and ( c ) a Clade F capsid protein comprising the amino acid 
sequence of amino acids 1 - 736 of SEQ ID NO : 16 . 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 ID NO : 16 ; ( b ) a Clade F 
capsid protein having an amino acid sequence consisting of 
amino acids 138 - 736 of SEQ ID NO : 16 ; and ( c ) a Clade F 
capsid protein having an amino acid sequence consisting of 
amino acids 1 - 736 of SEQ ID NO : 16 . 
[ 0113 ] Correction genomes useful in the AAV composi 
tions disclosed herein generally comprise : ( i ) an editing 
element for editing a target locus in an PAH gene , ( ii ) a 5 ' 
homology arm nucleotide sequence 5 ' of the editing element 
having homology to a first genomic region 5 ' to the target 
locus , and ( iii ) a 3 ' homology arm nucleotide sequence 3 ' of 
the editing element having homology to a second genomic 
region 3 ' to the target locus , wherein the portion of the 
correction genome comprising the 5 ' homology arm , editing 
element , and 3 ' homology arm can be in the sense or 
antisense orientation relative to the PAH gene locus . In 
certain embodiments , the correction genome comprises a 5 ' 
inverted terminal repeat ( 5 ' ITR ) nucleotide sequence 5 ' of 
the 5 ' homology arm nucleotide sequence , and a 3 ' inverted 
terminal repeat ( 3 ' ITR ) nucleotide sequence 3 ' of the 3 ' 
homology arm nucleotide sequence . 
[ 0114 ] Editing elements used in the correction genomes 
disclosed herein can mediate insertion , deletion or substitu 
tion of one or more nucleotides at the target locus . 
[ 0115 ] In certain embodiments , when correctly integrated 
by homologous recombination at the target locus , the editing 
element inserts a nucleotide sequence comprising at least a 
portion of a PAH coding sequence into a mutant PAH gene , 
such that a wild - type PAH polypeptide or a functional 
equivalent thereof is expressed from the mutant PAH gene 
locus . In certain embodiments , the editing element com 
prises a complete PAH coding sequence ( e . g . , a wild - type 
PAH coding sequence or a silently altered PAH coding 
sequence ) . In certain embodiments , the editing element 
comprises nucleotides 4 to 1359 of a PAH coding sequence . 
In certain embodiments , the editing element comprises a 

PAH intron - inserted coding sequence ( e . g . , comprising an 
intron inserted in a wild - type or silently altered PAH coding 
sequence ) . 
[ 0116 ] In certain embodiments , the PAH coding sequence 
encodes a wild - type PAH polypeptide ( e . g . , having the 
amino acid sequence set forth in SEQ ID NO : 23 ) . In certain 
embodiments , the PAH coding sequence is wild - type ( e . g . , 
comprising the nucleotide sequence set forth in SEQ ID NO : 
24 ) . In certain embodiments , the PAH coding sequence is 
silently altered to be less than 100 % ( e . g . , less than 95 % , 
90 % , 85 % , 80 % , 75 % , 70 % , 65 % , 60 % , 55 % , or 50 % ) 
identical to the corresponding exons of the wild - type PAH 
gene . In certain embodiments , the PAH coding sequence 
comprises the nucleotide sequence set forth in SEQ ID NO : 
25 ) . In certain embodiments , the PAH coding sequence 
comprises the nucleotide sequence set forth in SEQ ID NO : 
116 ) . 
[ 0117 ] In certain embodiments , the PAH intron - inserted 
coding sequence encodes a wild - type PAH polypeptide ( e . g . , 
having the amino acid sequence set forth in SEQ ID NO : 
23 ) . In certain embodiments , the PAH intron - inserted coding 
sequence comprises at least one ( e . g . , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 
9 , 10 , 11 , or 12 ) intron inserted in a PAH coding sequence . 
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 
intron sequence . In certain embodiments , the nonnative 
intron is no more than 100 , 200 , 300 , 400 , 500 , 600 , 700 . 
800 , 900 , 1000 , 1 , 500 , or 2 , 000 nucleotides in length . While 
not wishing to be bound by theory , it is hypothesized that 
introns can increase transgene expression , for example , by 
reducing transcriptional silencing and enhancing mRNA 
export from the nucleus to the cytoplasm . A skilled worker 
will appreciate that synthetic intron sequences can be 
designed to mediate RNA splicing by introducing any con 
sensus 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 in its entirety ) . Exemplary 
intron sequences are provided in Lu et al . ( 2013 ) Molecular 
Therapy 21 ( 5 ) : 954 - 63 , and Lu et al . ( 2017 ) Hum . Gene 
Ther . 28 ( 1 ) : 125 - 34 , which are incorporated by reference 
herein in their entirety . In certain embodiments , the editing 
element comprises a first intron of a hemoglobin beta gene 
in any species ( e . g . , human , mouse , or rabbit ) . In certain 
embodiments , the editing element comprises a first intron of 
a human HBB gene ( e . g . , comprising a nucleotide sequence 
at least 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 
or 99 % identical to SEQ ID NO : 28 ) . In certain embodi 
ments , the editing element comprises a first intron of a 
mouse HBB gene ( e . g . , comprising a nucleotide sequence at 
least 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 
99 % identical to SEQ ID NO : 29 ) . In certain embodiments , 
the editing element comprises a minute virus of mouse 
( MVM ) intron ( e . g . , comprising a nucleotide sequence at 
least 90 % , 91 % 92 % 93 % 94 % , 95 % , 96 % , 97 % , 98 % , or 
99 % identical to SEQ ID NO : 30 ) . 
[ 0118 ] In certain embodiments , the editing element com 
prises a chimeric MVM intron ( also referred to herein as 
ChiMVM ) , e . g . , comprising or consisting of a nucleotide 
sequence of at least 90 % , 91 % 92 % , 93 % 94 % , 95 % , 96 % , 
97 % , 98 % , or 99 % identical to SEQ ID NO : 120 . In certain 
embodiments , the editing element comprises an SV40 
intron , e . g . , comprising or consisting of a nucleotide 
sequence of at least 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 
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97 % , 98 % , or 99 % identical to SEQ ID NO : 121 . In certain 
embodiments , the editing element comprises an adenovirus 
tripartite leader intron ( also referred to herein as AdTPL ) , 
e . g . , comprising or consisting of a nucleotide sequence of at 
least 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 
99 % identical to SEQ ID NO : 122 . In certain embodiments , 
the editing element comprises a mini ß - globin intron ( also 
referred to herein as MiniBGlobin ) , e . g . , comprising or 
consisting of a nucleotide sequence of at least 90 % , 91 % , 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 99 % identical to 
SEQ ID NO : 123 . In certain embodiments , the editing 
element comprises an AdV / Ig chimeric intron ( also referred 
to herein as AdVIgG ) , e . g . , comprising or consisting of a 
nucleotide sequence of at least 90 % , 91 % 92 % , 93 % , 94 % , 
95 % , 96 % , 97 % , 98 % , or 99 % identical to SEQ ID NO : 124 . 
In certain embodiments , the editing element comprises a 
B - globin Ig heavy chain intron ( also referred to herein as 
Bglobinig ) , which is a chimeric intron comprising a 
B - globin splice donor region and a IgG heavy chain splice 
acceptor region , e . g . , comprising or consisting of a nucleo 
tide sequence of at least 90 % , 91 % 92 % 93 % 94 % , 95 % , 
96 % , 97 % , 98 % , or 99 % identical to SEQ ID NO : 125 . In 
certain embodiments , the editing element comprises a Wu 
MVM intron ( also referred to herein as Wu MVM ) , which 
is a variant of the wild type MVM intron , e . g . , comprising 
or consisting of a nucleotide sequence of at least 90 % , 91 % , 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 99 % identical to 
SEQ ID NO : 126 . In certain embodiments , the editing 
element comprises an HCR1 element ( also referred to herein 
as OptHCR ) , e . g . , comprising or consisting of a nucleotide 
sequence of at least 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 
97 % , 98 % , or 99 % identical to SEQ ID NO : 127 . In certain 
embodiments , the editing element comprises a B - globin 
intron ( also referred to herein as Bglobin ) , e . g . , comprising 
or consisting of a nucleotide sequence of at least 90 % , 91 % , 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 99 % identical to 
SEQ ID NO : 128 . In certain embodiments , the editing 
element comprises a Factor IX intron ( also referred to herein 
as tFIX or FIX intron ) , e . g . , comprising or consisting of a 
nucleotide sequence of at least 90 % , 91 % 92 % 93 % , 94 % , 
95 % , 96 % , 97 % , 98 % , or 99 % identical to SEQ ID NO : 129 . 
In certain embodiments , the editing element comprises a 
ch2BLood intron ( also referred to herein as BloodEnh ) , e . g . , 
comprising or consisting of a nucleotide sequence of at least 
90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 99 % 
identical to SEQ ID NO : 130 . In certain embodiments , the 
PAH intron - inserted coding sequence encodes a wild - type 
PAH polypeptide ( e . g . , having the amino acid sequence set 
forth in SEQ ID NO : 23 ) . In certain embodiments , the PAH 
intron - inserted coding sequence comprises portions of a 
PAH coding sequence that when spliced together , form a 
complete PAH coding sequence . In certain embodiments , 
the PAH coding sequence is wild - type ( e . g . , comprising the 
nucleotide sequence set forth in SEQ ID NO : 24 ) . In certain 
embodiments , the PAH coding sequence is silently altered to 
be less than 100 % ( e . g . , less than 95 % , 90 % , 85 % , 80 % , 
75 % , 70 % , 65 % , 60 % , 55 % , or 50 % ) identical to the 
corresponding exons of the wild - type PAH gene . In certain 
embodiments , the PAH coding sequence comprises the 
nucleotide sequence set forth in SEQ ID NO : 25 ) . In certain 
embodiments , the PAH coding sequence comprises or con 
sists of the nucleotide sequence set forth in SEQ ID NO : 
116 . In certain embodiments , an intron - inserted PAH coding 
sequence comprises a nucleotide sequence at least 90 % , 

91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 99 % 
identical to SEQ ID NO : 116 . In certain embodiments , the 
PAH coding sequence consists of the nucleotide sequence 
set forth in SEQ ID NO : 116 . In certain embodiments , an 
intron - inserted PAH coding sequence comprises the nucleo 
tide sequence set forth in SEQ ID NO : 80 , 81 , 82 , 131 , 132 , 
or 143 . In certain embodiments , an intron - inserted PAH 
coding sequence comprises a nucleotide sequence at least 
90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 99 % 
identical to SEQ ID NO : 80 , 81 , 82 , 131 , 132 , or 143 . In 
certain embodiments , an intron - inserted PAH coding 
sequence consists of the nucleotide sequence set forth in 
SEQ ID NO : 80 , 81 , 82 , 131 , 132 , or 143 . 
[ 0119 ] The intron can be inserted at any position in the 
PAH coding sequence . In certain embodiments , the intron is 
inserted at a position corresponding to an internucleotide 
bond that links two native exons . In certain embodiments , 
the intron is inserted at a position corresponding to an 
internucleotide bond that links native exon 8 and exon 9 . In 
certain embodiments , the PAH intron - inserted coding 
sequence comprises from 5 ' to 3 ' : a first portion of a PAH 
coding sequence , the intron , and a second portion of a PAH 
coding sequence , wherein the first portion and the second 
portion , when spliced together , form a complete PAH coding 
sequence ( e . g . , wild - type PAH coding sequence , or silently 
altered PAH coding sequence ) . In certain embodiments , the 
first portion of the PAH coding sequence comprises the 
amino acid sequence set forth in SEQ ID NO : 64 or 65 , 
and / or the second portion of the PAH coding sequence 
comprises the amino acid sequence set forth in SEQ ID NO : 
66 or 67 . In certain embodiments , the first portion of the 
PAH coding sequence consist of the amino acid sequence set 
forth in SEQ ID NO : 64 or 65 , and the second portion of the 
PAH coding sequence consists of the amino acid sequence 
set forth in SEQ ID NO : 66 or 67 . In certain embodiments , 
the first portion of the PAH coding sequence consist of the 
amino acid sequence set forth in SEQ ID NO : 65 , and the 
second portion of the PAH coding sequence consists of the 
amino acid sequence set forth in SEQ ID NO : 67 . In certain 
embodiments , the editing element comprises from 3 ' to 5 ' : a 
first portion of a PAH coding sequence consist of the 
nucleotide sequence set forth in SEQ ID NO : 64 , or a silently 
altered variant thereof ( e . g . , consisting of the nucleotide 
sequence set forth in SEQ ID NO : 65 ) ; an intron ( e . g . , 
consisting the nucleotide sequence set forth in SEQ ID NO : 
28 , 29 , or 30 ) ; and a second portion of a PAH coding 
sequence consist of the nucleotide sequence set forth in SEQ 
ID NO : 66 , or a silently altered variant thereof ( e . g . , con 
sisting of the nucleotide sequence set forth in SEQ ID NO : 
66 ) . 
[ 0120 ] In certain embodiments , the PAH coding sequence 
comprises a modified splice donor site . In certain embodi 
ments , a splice donor site - modified PAH coding sequence 
comprises the nucleotide sequence set forth in SEQ ID NO : 
138 or 139 . In certain embodiments , a splice donor site 
modified PAH coding sequence comprises a nucleotide 
sequence at least 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 
97 % , 98 % , or 99 % identical to SEQ ID NO : 138 or 139 . In 
certain embodiments , a splice donor site - modified PAH 
coding sequence consists of the nucleotide sequence set 
forth in SEQ ID NO : 138 or 139 . 
[ 0121 ] In certain embodiments , the editing element further 
comprises a transcription terminator 3 to the PAH coding 
sequence or the PAH intron - inserted coding sequence . In 
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certain embodiments , the transcription terminator comprises 
a polyadenylation sequence ( e . g . , an exogenous polyade 
nylation sequence ) . In certain embodiments , the exogenous 
polyadenylation sequence comprises an SV40 polyade 
nylation sequence ( e . g . , comprising a nucleotide sequence 
selected from the group consisting of SEQ ID NOs : 31 - 34 , 
or a sequence complementary thereto ) . In certain embodi 
ments , the SV40 polyadenylation sequence comprises the 
nucleotide sequence set forth in SEQ ID NO : 31 . In certain 
embodiments , the editing element comprises from 5 ' to 3 ' : a 
PAH coding sequence ( e . g . , comprising the nucleotide 
sequence set forth in SEQ ID NO : 25 ) or a PAH intron - 
inserted coding sequence ( e . g . , comprising the nucleotide 
sequence set forth in SEQ ID NO : 80 ) , and an SV40 
polyadenylation sequence ( e . g . , comprising the nucleotide 
sequence set forth in SEQ ID NO : 31 ) . 
[ 0122 ] In certain embodiments , the editing element may 
further comprise an ID cassette 5 ' to an SV40 polyade 
nylation sequence ( e . g . , comprising the nucleotide sequence 
set forth in SEQ ID NO : 31 ) . The ID cassette provides a 
sequence that can be used for identification purposes when 
performing next generation sequencing experiments . In cer 
tain embodiments , the ID cassette comprises the nucleotide 
sequence set forth in SEQ ID NO : 33 . In certain embodi 
ments , the ID cassette comprises a nucleotide sequence at 
least 90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 
99 % identical to SEQ ID NO : 33 . In certain embodiments , 
the ID cassette consists of the nucleotide sequence set forth 
in SEQ ID NO : 33 . In certain embodiments , the editing 
element comprises from 5 ' to 3 ' : a PAH coding sequence or 
PAH intron - inserted coding sequence , an ID cassette , and an 
SV40 polyadenylation sequence . 
[ 0123 ] In certain embodiments , the editing element further 
comprises a ribosomal skipping element 5 ' to the PAH 
coding sequence or the PAH intron - inserted coding 
sequence . In certain embodiments , the editing element com 
prises from 5 ' to 3 ' : a ribosomal skipping element ; a PAH 
coding sequence or a PAH intron - inserted coding sequence ; 
and optionally a transcription terminator ( e . g . , polyade 
nylation sequence ) . In certain embodiments , the aforemen 
tioned editing elements can be integrated into an exon of the 
PAH gene ( e . g . , the nucleotide 5 ' to the target locus is in an 
exon of the PAH gene ) by homologous recombination to 
produce a recombinant sequence comprising from 5 ' to 3 ' : a 
portion of the PAH gene 5 ' to the target locus ; the ribosomal 
skipping element ; the PAH coding sequence or PAH intron 
inserted coding sequence ; and the transcription terminator 
( e . g . , polyadenylation sequence ) , wherein the ribosomal 
skipping element is positioned such that it is in frame with 
the portion of the PAH gene 5 ' to the target locus and the 
complete PAH coding sequence . Transcription and transla 
tion of this recombinant sequence produces a first polypep 
tide comprising the amino acid sequence encoded by the 
portion of the PAH gene 5 ' to the target locus fused to a 5 ' 
portion of the encoded ribosomal skipping peptide , and a 
second polypeptide comprising a 3 ' portion of the encoded 
ribosomal skipping peptide fused to the complete amino acid 
sequence of the PAH polypeptide . 
[ 0124 ] In certain embodiments , the nucleotide 5 ' to the 
target locus is in an exon ( e . g . , exon 1 , exon 2 , exon 3 , exon 
4 , exon 5 , exon 6 , exon 7 , exon 8 , exon 9 , exon 10 , exon 11 , 
exon 12 , or exon 13 ) of the PAH gene . In certain embodi 
ments , the target locus is an internucleotide bond in an exon 
( e . g . , exon 1 , exon 2 , exon 3 , exon 4 , exon 5 , exon 6 , exon 

7 , exon 8 , exon 9 , exon 10 , exon 11 , exon 12 , or exon 13 ) 
of the PAH gene . In certain embodiments , the target locus is 
a sequence in the PAH gene , wherein the 5 ' end of this 
sequence is in an exon ( e . g . , exon 1 , exon 2 , exon 3 , exon 
4 , exon 5 , exon 6 , exon 7 , exon 8 , exon 9 , exon 10 , exon 11 , 
exon 12 , or exon 13 ) of the PAH gene or in the intergenic 
region between Achaete - scute homolog 1 ( ASCL1 ) and 
PAH , and wherein the 3 ' end of this sequence can be any 
nucleotide in the PAH gene or in the intergenic region 
between PAH and insulin - like growth factor 1 ( IGF1 ) . In 
certain embodiments , the nucleotide 5 ' to the target locus is 
in exon 1 , exon 2 , or exon 3 of the PAH gene . In certain 
embodiments , the target locus is an internucleotide bond in 
exon 1 , exon 2 , or exon 3 of the PAH gene . In certain 
embodiments , the target locus is a sequence in the PAH gene 
wherein the 5 ' end of this sequence is in exon 1 , exon 2 , or 
exon 3 of the PAH gene , wherein the 3 ' end of this sequence 
can be any nucleotide in the PAH gene or in the intergenic 
region between PAH and IGF1 . 
[ 0125 ] In certain embodiments , the editing element com 
prises a splice acceptor 5 ' to the ribosomal skipping element . 
In certain embodiments , the editing element comprises from 
5 ' to 3 ' : a splice acceptor ; a ribosomal skipping element ; a 
PAH coding sequence or a PAH intron - inserted coding 
sequence ; and optionally a transcription terminator ( e . g . , 
polyadenylation sequence ) . In certain embodiments , the 
aforementioned editing element can be integrated into an 
intron of the PAH gene ( e . g . , the nucleotide 5 ' to the target 
locus is in an intron of the PAH gene ) by homologous 
recombination to produce a recombinant sequence compris 
ing 5 ' to 3 ' : a portion of the PAH gene 5 ' to the target locus 
including the endogenous splice donor site but not the 
endogenous splice acceptor of the intron ; the splice accep 
tor ; the ribosomal skipping element , the PAH coding 
sequence or PAH intron - inserted coding sequence ; and the 
transcription terminator ( e . g . , polyadenylation sequence ) , 
wherein the ribosomal skipping element is positioned such 
that it is in frame with the PAH coding sequence or PAH 
intron - inserted coding sequence , and such that splicing of 
the splice acceptor to the endogenous splice donor of the 
intron of PAH places it in frame with the portion of the PAH 
gene 5 ' to the target locus . Expression of this recombinant 
sequence produces a first polypeptide comprising the amino 
acid sequence encoded by the portion of the PAH gene 5 ' to 
the target locus fused to a 5 ' portion of the encoded ribo 
somal skipping peptide , and a second polypeptide compris 
ing the complete amino acid sequence of the PAH polypep 
tide fused to a 3 ' portion of the encoded ribosomal skipping 
peptide . 
[ 0126 ] In certain embodiments , the nucleotide 5 ' to the 
target locus is in an intron ( e . g . , intron 1 , intron 2 , intron 3 , 
intron 4 , intron 5 , intron 6 , intron 7 , intron 8 , intron 9 , intron 
10 , intron 11 , or intron 12 ) of the PAH gene . In certain 
embodiments , the target locus is an internucleotide bond in 
an intron ( e . g . , intron 1 , intron 2 , intron 3 , intron 4 , intron 5 , 
intron 6 , intron 7 , intron 8 , intron 9 , intron 10 , intron 11 , or 
intron 12 ) of the PAH gene . In certain embodiments , the 
target locus is a sequence in the PAH gene wherein the 5 ' end 
of this sequence is in an intron ( e . g . , intron 1 , intron 2 , intron 
3 , intron 4 , intron 5 , intron 6 , intron 7 , intron 8 , intron 9 , 
intron 10 , intron 11 , or intron 12 ) of the PAH gene , wherein 
the 3 ' end of this sequence can be any nucleotide in the PAH 
gene or in the intergenic region between PAH and IGF1 . In 
certain embodiments , the nucleotide 5 ' to the target locus is 
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in intron 1 , intron 2 , or intron 3 of the PAH gene . In certain 
embodiments , the target locus is an internucleotide bond in 
intron 1 , intron 2 , or intron 3 of the PAH gene . In certain 
embodiments , the target locus is a sequence in the PAH gene 
wherein the 5 ' end of this sequence is in intron 1 , intron 2 , 
or intron 3 of the PAH gene , wherein the 3 ' end of this 
sequence can be any nucleotide in the PAH gene or in the 
intergenic region between PAH and IGF1 . In certain 
embodiments , the nucleotide 5 ' to the target locus is in intron 
1 of the PAH gene . In certain embodiments , the target locus 
is a sequence in the PAH gene wherein the 5 ' end of this 
sequence is in intron 1 of the PAH gene , wherein the 3 ' end 
of this sequence can be any nucleotide in the PAH gene or 
in the intergenic region between PAH and IGF1 . 
[ 0127 ] Any and all of the editing elements disclosed 
herein can further comprise a restriction endonuclease site 
not present in the wild - type PAH gene . Such restriction 
endonuclease sites allow for identification of cells that have 
integration of the editing element at the target locus based 
upon restriction fragment length polymorphism analysis or 
by nucleic sequencing analysis of the target locus and its 
flanking regions , or a nucleic acid amplified therefrom . 
[ 0128 ] Any and all of the editing elements disclosed 
herein can comprise one or more nucleotide alterations that 
cause one or more amino acid mutations in PAH polypeptide 
when integrated into the target locus . In certain embodi 
ments , the mutant PAH polypeptide is a functional equiva 
lent of the wild - type PAH polypeptide , i . e . , can function as 
a wild - type PAH polypeptide . In certain embodiments , the 
functionally equivalent PAH polypeptide further comprises 
at least one characteristic not found in the wild - type PAH 
polypeptide , e . g . , the ability to stabilize PAH protein ( e . g . , 
dimer or tetramer ) , or the ability to resist protein degrada 
tion . 
[ 0129 ] In certain embodiments , an editing element as 
described herein comprises at least 0 , 1 , 2 , 10 , 100 , 200 , 500 , 
1000 , 1500 , 2000 , 3000 , 4000 , or 5000 nucleotides . In 
certain embodiments , the editing element comprises or 
consists of 1 to 5000 , 1 to 4500 , 1 to 4000 , 1 to 3000 , 1 to 
2000 , 1 to 1000 , 1 to 500 , 1 to 200 , 1 to 100 , 1 to 50 , or 1 
to 10 nucleotides . 
[ 0130 ] In certain embodiments , an editing element as 
described herein comprises or consists of a PAH coding 
sequence or a portion thereof ( e . g . , the complete human PAH 
coding sequence , or nucleotides 4 to 1359 of the human PAH 
coding sequence ) , a 5 ' untranslated region ( UTR ) , a 3 ' UTR , 
a promoter , a splice donor , a splice acceptor , a sequence 
encoding a non - coding RNA , an insulator , a gene , or a 
combination thereof . 
[ 0131 ] In certain embodiments , the editing element com 
prises a nucleotide sequence at least 70 % , 75 % , 80 % , 85 % , 
90 % , 91 % 92 % 93 % 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 
99 . 5 % identical to the sequence set forth in SEQ ID NO : 35 , 
83 , or 84 . In certain embodiments , the editing element 
comprises the nucleotide sequence set forth in SEQ ID NO : 
35 , 83 , or 84 . In certain embodiments , the editing element 
consists of the nucleotide sequence set forth in SEQ ID NO : 
35 , 83 , or 84 . In certain embodiments , the editing element 
comprises a nucleotide sequence at least 70 % , 75 % , 80 % , 
85 % , 90 % , 91 % 92 % 93 % 94 % , 95 % , 96 % , 97 % , 98 % , 
99 % , or 99 . 5 % identical to the sequence set forth in SEQ ID 
NO : 147 , 148 , 149 , 150 , 151 , 152 , or 153 . In certain 
embodiments , the editing element comprises the nucleotide 
sequence set forth in SEQ ID NO : 147 , 148 , 149 , 150 , 151 , 

152 , or 153 . In certain embodiments , the editing element 
consists of the nucleotide sequence set forth in SEQ ID NO : 
147 , 148 , 149 , 150 , 151 , 152 , or 153 . 
10132 ] Homology arms used in the correction genomes 
disclosed herein can be directed to any region of the PAH 
gene or a gene nearby on the genome . The precise identity 
and positioning of the homology arms are determined by the 
identity of the editing element and / or the target locus . 
10133 ] Homology arms employed in the correction 
genomes disclosed herein are substantially identical to the 
genome flanking a target locus ( e . g . , a target locus in a PAH 
gene ) . In certain embodiments , the 5 ' homology arm has at 
least about 90 % ( e . g . , at least about 91 % 92 % , 93 % , 94 % , 
95 % , 96 % , 97 % , 98 % , 99 % , or 99 . 5 % ) nucleotide sequence 
identity to a first genomic region 5 ' to the target locus . In 
certain embodiments , the 5 ' homology arm has 100 % 
nucleotide sequence identity to the first genomic region . In 
certain embodiments , the 3 ' homology arm has at least about 
90 % ( e . g . , at least about 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 
97 % , 98 % , 99 % , or 99 . 5 % ) nucleotide sequence identity to 
a second genomic region 3 ' to the target locus . In certain 
embodiments , the 3 ' homology arm has 100 % nucleotide 
sequence identity to the second genomic region . In certain 
embodiments , the 5 ' and 3 ' homology arms are each at least 
about 90 % ( e . g . , at least about 91 % 92 % 93 % , 94 % , 95 % , 
96 % , 97 % , 98 % , 99 % , or 99 . 5 % ) identical to the first and 
second genomic regions flanking the target locus ( e . g . , a 
target locus in the PAH gene ) , respectively . In certain 
embodiments , the 5 ' and 3 ' homology arms are each 100 % 
identical to the first and second genomic regions flanking the 
target locus ( e . g . , a target locus in the PAH gene ) , respec 
tively . In certain embodiments , differences in nucleotide 
sequences of the 5 ' homology arm and / or the 3 ' homology 
arm and the corresponding regions the genome flanking a 
target locus comprise , consist essentially of or consist of 
non - coding differences in nucleotide sequences . 
[ 0134 ] The skilled worker will appreciate that homology 
arms do not need to be 100 % identical to the genomic 
sequence flanking the target locus to be able to mediate 
integration of an editing element into that target locus by 
homologous recombination . For example , the homology 
arms can comprise one or more genetic variations in the 
human population , and / or one or more modifications ( e . g . , 
nucleotide substitutions , insertions , or deletions ) designed to 
improve expression level or specificity . Human genetic 
variations include both inherited variations and de novo 
variations that are private to the target genome , and encom 
pass simple nucleotide polymorphisms , insertions , dele 
tions , rearrangements , inversions , duplications , micro - re 
peats , and combinations thereof . Such variations are known 
in the art , and can be found , for example , in the databases of 
dnSNP ( see Sherry et al . Nucleic Acids Res . 2001 ; 29 ( 1 ) : 
308 - 11 ) , the Database of Genomic Variants ( see Nucleic 
Acids Res . 2014 ; 42 ( Database issue ) : D986 - 92 ) , Clin Var 
( see Nucleic Acids Res . 2014 ; 42 ( Database issue ) : D980 
D985 ) , Genbank ( see Nucleic Acids Res . 2016 ; 44 ( Database 
issue ) : D67 - D72 ) , ENCODE ( genome . ucsc . edu / encode / 
terms . html ) , JASPAR ( see Nucleic Acids Res . 2018 ; 46 ( D1 ) : 
D260 - D266 ) , and PROMO ( see Messeguer et al . Bioinfor 
matics 2002 ; 18 ( 2 ) : 333 - 334 ; Farré et al . Nucleic Acids Res . 
2003 ; 31 ( 13 ) : 3651 - 3653 ) , each of which is incorporated 
herein by reference . The skilled worker will further appre 
ciate that in situations where a homology arm is not 100 % 
identical to the genomic sequence flanking the target locus , 
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homologous recombination between the homology arm and 
the genome may alter the genomic sequence flanking the 
target locus such that it becomes identical to the sequence of 
the homology arm used . 
0135 ] In certain embodiments , the first genomic region 5 ' 
to the target locus is located in a first editing window , 
wherein the first editing window consists of the nucleotide 
sequence set forth in SEQ ID NO : 36 . In certain embodi 
ments , the second genomic region 3 to the target locus is 
located in a second editing window , wherein the second 
editing window consists of the nucleotide sequence set forth 
in SEO ID NO : 45 . In certain embodiments , the first 
genomic region 5 ' to the target locus is located in a first 
editing window , wherein the first editing window consists of 
the nucleotide sequence set forth in SEQ ID NO : 36 ; and the 
second genomic region 3 ' to the target locus is located in a 
second PAH targeting locus , wherein the second editing 
window consists of the nucleotide sequence set forth in SEO 
ID NO : 45 . 
[ 0136 ] In certain embodiments , the first and second edit 
ing windows are different . In certain embodiments , the first 
editing window is located 5 ' to the second editing window . 
In certain embodiments , the first genomic region consists of 
a sequence shorter than the sequence of the first editing 
window in which the first genomic region is located . In 
certain embodiments , the first genomic region consists of the 
sequence of the first editing window in which the first 
genomic region is located . In certain embodiments , the 
second genomic region consists of a sequence shorter than 
the sequence of the second editing window in which the 
second genomic region is located . In certain embodiments , 
the second genomic region consists of the sequence of the 
second editing window in which the second genomic region 
is located . In certain embodiments , the first genomic region 
5 ' to the target locus has the sequence set forth in SEQ ID 
NO : 36 . In certain embodiments , the second genomic region 
3 ' to the target locus has the sequence set forth in SEQ ID 
NO : 45 . In certain embodiments , the first genomic region 5 
to the target locus and the second genomic region 3 ' to the 
target locus have the sequences set forth in SEQ ID NOs : 36 
and 45 , respectively . 
101371 . In certain embodiments , the first and second edit 
ing windows are the same . In certain embodiments , the 
target locus is an internucleotide bond or a nucleotide 
sequence in the editing window , wherein the first genomic 
region consists of a first portion of the editing window 5 ' to 
the target locus , and the second genomic region consists of 
a second portion of the editing window 3 ' to the target locus . 
In certain embodiments , the first portion of the editing 
window consists of the sequence from the 5 ' end of the 
editing window to the nucleotide adjacently 5 ' to the target 
locus . In certain embodiments , the second portion of the 
editing window consists of the sequence from the nucleotide 
adjacently 3 to the target locus to the 3 ' end of the editing 
window . In certain embodiments , the first portion of the 
editing window consists of the sequence from the 5 ' end of 
the editing window to the nucleotide adjacently 5 ' to the 
target locus , and the second portion of the editing window 
consists of the sequence from the nucleotide adjacently 3 ' to 
the target locus to the 3 ' end of the editing window . In certain 
embodiments , the editing window consists of the nucleotide 
sequence set forth in SEQ ID NO : 36 or 45 . In certain 
embodiments , the first and second portions of the editing 
windows have substantially equal lengths ( e . g . , the ratio of 

the length of the shorter portion to the length of the longer 
portion is greater than 0 . 5 , 0 . 55 , 0 . 6 , 0 . 65 , 0 . 7 , 0 . 75 , 0 . 8 , 
0 . 85 , 0 . 9 , 0 . 95 , 0 . 96 , 0 . 97 , 0 . 98 , or 0 . 99 ) . 
[ 0138 ] In certain embodiments , the 5 ' homology arm has 
a length of about 50 to about 4000 nucleotides ( e . g . , about 
100 to about 3000 , about 200 to about 2000 , about 500 to 
about 1000 nucleotides ) . In certain embodiments , the 5 ' 
homology arm has a length of about 800 nucleotides . In 
certain embodiments , the 5 ' homology arm has a length of 
about 100 nucleotides . In certain embodiments , the 3 ' 
homology arm has a length of about 50 to about 4000 
nucleotides ( e . g . , about 100 to about 3000 , about 200 to 
about 2000 , about 500 to about 1000 nucleotides ) . In certain 
embodiments , the 3 ' homology arm has a length of about 800 
nucleotides . In certain embodiments , the 3 ' homology arm 
has a length of about 100 nucleotides . In certain embodi 
ments , each of the 5 ' and 3 ' homology arms independently 
has a length of about 50 to about 4000 nucleotides ( e . g . , 
about 100 to about 3000 , about 200 to about 2000 , about 500 
to about 1000 nucleotides ) . In certain embodiments , the 5 
and 3 ' homology arm has a length of about 800 nucleotides . 
101391 . In certain embodiments , the 5 ' and 3 ' homology 
arms have substantially equal nucleotide lengths . In certain 
embodiments , the 5 ' and 3 ' homology arms have asymmetri 
cal nucleotide lengths . In certain embodiments , the asym 
metry in nucleotide length is defined by a difference between 
the 5 ' and 3 ' homology arms of up to 90 % in the length , such 
as up to an 80 % , 70 % , 60 % , 50 % , 40 % , 30 % , 20 % , or 10 % 
difference in the length . 
[ 0140 ] In certain embodiments , the 5 ' homology arm com 
prises : C corresponding to nucleotide - 2 of the PAH gene , 
G corresponding to nucleotide 4 of the PAH gene , G 
corresponding to nucleotide 6 of the PAH gene , G corre 
sponding to nucleotide 7 of the PAH gene , G corresponding 
to nucleotide 9 of the PAH gene , A corresponding to 
nucleotide - 467 of the PAH gene , A corresponding to 
nucleotide - 465 of the PAH gene , A corresponding to 
nucleotide - 181 of the PAH gene , G corresponding to 
nucleotide - 214 of the PAH gene , C corresponding to 
nucleotide - 212 of the PAH gene , A corresponding to 
nucleotide - 211 of the PAH gene , G corresponding to 
nucleotide 194 of the PAH gene , C corresponding to nucleo 
tide - 433 of the PAH gene , C corresponding to nucleotide 
- 432 of the PAH gene , ACGCTGTTCTTCGCC ( SEQ ID 
NO : 68 ) corresponding to nucleotides - 394 to - 388 of the 
PAH gene , A corresponding to nucleotide - 341 of the PAH 
gene , A corresponding to nucleotide - 339 of the PAH gene , 
A corresponding to nucleotide - 225 of the PAH gene , A 
corresponding to nucleotide - 211 of the PAH gene , and / or A 
corresponding to nucleotide - 203 of the PAH gene . 
[ 0141 ] In certain embodiments , the 5 ' homology arm com 
prises : 
( a ) C corresponding to nucleotide - 2 of the PAH gene , G 
corresponding to nucleotide 4 of the PAH gene , G corre 
sponding to nucleotide 6 of the PAH gene , G corresponding 
to nucleotide 7 of the PAH gene , and G corresponding to 
nucleotide 9 of the PAH gene ; 
( b ) A corresponding to nucleotide - 467 of the PAH gene , 
and A corresponding to nucleotide - 465 of the PAH gene ; 
( c ) A corresponding to nucleotide - 181 of the PAH gene ; 
( d ) G corresponding to nucleotide - 214 of the PAH gene , C 
corresponding to nucleotide - 212 of the PAH gene , and A 
corresponding to nucleotide - 211 of the PAH gene ; 
( e ) G corresponding to nucleotide 194 of the PAH gene ; 
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( f ) C corresponding to nucleotide - 433 of the PAH gene , and 
C corresponding to nucleotide - 432 of the PAH gene ; 
( g ) ACGCTGTTCTTCGCC ( SEQ ID NO : 68 ) correspond 
ing to nucleotides - 394 to - 388 of the PAH gene ; and / or 
( h ) A corresponding to nucleotide - 341 of the PAH gene , A 
corresponding to nucleotide - 339 of the PAH gene , A 
corresponding to nucleotide - 225 of the PAH gene , A 
corresponding to nucleotide - 211 of the PAH gene , and A 
corresponding to nucleotide - 203 of the PAH gene . 
[ 0142 ] In certain embodiments , the 5 ' homology arm com 
prises : 
( a ) C corresponding to nucleotide - 2 of the PAH gene , G 
corresponding to nucleotide 4 of the PAH gene , G corre 
sponding to nucleotide 6 of the PAH gene , G corresponding 
to nucleotide 7 of the PAH gene , and G corresponding to 
nucleotide 9 of the PAH gene ; 
( b ) A corresponding to nucleotide - 467 of the PAH gene , 
and A corresponding to nucleotide - 465 of the PAH gene ; 
( c ) A corresponding to nucleotide - 181 of the PAH gene ; 
( d ) A corresponding to nucleotide - 181 of the PAH gene , G 
corresponding to nucleotide - 214 of the PAH gene , C 
corresponding to nucleotide - 212 of the PAH gene , and A 
corresponding to nucleotide - 211 of the PAH gene ; 
( e ) G corresponding to nucleotide 194 of the PAH gene ; 
( f ) C corresponding to nucleotide - 433 of the PAH gene , and 
C corresponding to nucleotide - 432 of the PAH gene ; 
( g ) C corresponding to nucleotide - 433 of the PAH gene , C 
corresponding to nucleotide - 432 of the PAH gene , and 
ACGCTGTTCTTCGCC ( SEQ ID NO : 68 ) corresponding to 
nucleotides – 394 to - 388 of the PAH gene ; and / or 
( h ) A corresponding to nucleotide - 467 of the PAH gene , A 
corresponding to nucleotide - 465 of the PAH gene , A 
corresponding to nucleotide - 341 of the PAH gene , A 
corresponding to nucleotide - 339 of the PAH gene , A 
corresponding to nucleotide - 225 of the PAH gene , A 
corresponding to nucleotide - 211 of the PAH gene , and A 
corresponding to nucleotide - 203 of the PAH gene . 
10143 ] In certain embodiments , the 5 ' homology arm has 
at least about 90 % ( e . g . , at least about 91 % 92 % , 93 % , 94 % , 
95 % , 96 % , 97 % , 98 % , 99 % , or 99 . 5 % ) nucleotide sequence 
identity to the nucleotide sequence set forth in SEQ ID NO : 
36 , optionally comprising one or more of the nucleotides at 
the positions set forth above . In certain embodiments , the 5 ' 
homology arm further comprises one or more genetic varia 
tions in the human population . In certain embodiments , the 
5 ' homology arm comprises the nucleotide sequence set 
forth in SEQ ID NO : 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , or 44 . 
In certain embodiments , the 5 ' homology arm consists of the 
nucleotide sequence set forth in SEQ ID NO : 36 , 37 , 38 , 39 , 
40 , 41 , 42 , 43 , or 44 . 
[ 0144 ] In certain embodiments , the 3 ' homology arm has 
at least about 90 % ( e . g . , at least about 91 % , 92 % , 93 % , 94 % , 
95 % , 96 % , 97 % , 98 % , 99 % , or 99 . 5 % ) nucleotide sequence 
identity to the nucleotide sequence set forth in SEQ ID NO : 
45 . In certain embodiments , the 3 ' homology arm further 
comprises one or more genetic variations in the human 
population . In certain embodiments , the 3 ' homology arm 
comprises the nucleotide sequence set forth in SEQ ID NO : 
45 . In certain embodiments , the 3 ' homology arm consists of 
the nucleotide sequence set forth in SEQ ID NO : 45 . 
[ 0145 ] In certain embodiments , the 5 ' homology arm and 
the 3 ' homology arm each have at least about 90 % ( e . g . , at 
least about 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 
99 % , or 99 . 5 % ) nucleotide sequence identity to the nucleo 

tide sequences set forth in SEQ ID NOs : 36 and 45 , 
respectively , optionally wherein the 5 ' homology arm com 
prises one or more of the nucleotides at the positions set 
forth above . In certain embodiments , the 5 ' homology arm 
and the 3 ' homology arm comprise the nucleotide sequences 
set forth in SEQ ID NOs : 36 and 45 , 37 and 45 , 38 and 45 , 
39 and 45 , 40 and 45 , 41 and 45 , 42 and 45 , 43 and 45 , or , 
44 and 45 , respectively . In certain embodiments , the 5 
homology arm and the 3 ' homology arm consist of the 
nucleotide sequences set forth in SEQ ID NOs : 36 and 45 , 
37 and 45 , 38 and 45 , 39 and 45 , 40 and 45 , 41 and 45 , 42 
and 45 , 43 and 45 , or , 44 and 45 , respectively . 
[ 0146 ] In certain embodiments , the 5 ' homology arm com 
prises the nucleotide sequence set forth in SEQ ID NO : 69 
or 72 . In certain embodiments , the 5 ' homology arm consists 
of the nucleotide sequence set forth in SEQ ID NO : 69 or 72 . 
In certain embodiments , the 3 ' homology arm comprises the 
nucleotide sequence set forth in SEQ ID NO : 70 or 73 . In 
certain embodiments , the 3 ' homology arm consists of the 
nucleotide sequence set forth in SEQ ID NO : 70 or 73 . In 
certain embodiments , the 5 ' homology arm and the 3 ' 
homology arm comprise the nucleotide sequences set forth 
in SEQ ID NOs : 69 and 70 , or 72 and 73 , respectively . In 
certain embodiments , the 5 ' homology arm and the 3 ' 
homology arm consist of the nucleotide sequences set forth 
in SEQ ID NOs : 69 and 70 , or 72 and 73 , respectively . 
[ 0147 ] In certain embodiments , the 5 ' homology arm com 
prises the nucleotide sequence set forth in SEQ ID NO : 111 , 
115 , or 142 . In certain embodiments , the 5 ' homology arm 
consists of the nucleotide sequence set forth in SEQ ID NO : 
111 , 115 , or 142 . In certain embodiments , the 3 ' homology 
arm comprises the nucleotide sequence set forth in SEQ ID 
NO : 112 , 117 , or 144 . In certain embodiments , the 3 ' 
homology arm consists of the nucleotide sequence set forth 
in SEQ ID NO : 112 , 117 , or 144 . In certain embodiments , 
the 5 ' homology arm and the 3 ' homology arm comprise the 
nucleotide sequences set forth in SEQ ID NOs : 111 and 112 , 
115 and 117 , or 142 and 144 , respectively . In certain 
embodiments , the 5 ' homology arm and the 3 ' homology arm 
consist of the nucleotide sequences set forth in SEQ ID NOs : 
111 and 112 , 115 and 117 , or 142 and 144 , respectively . 
[ 0148 ] In certain embodiments , the correction genome 
comprises a nucleotide sequence at least 90 % ( e . g . , at least 
91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 
99 . 5 % ) identical to SEO ID NO : 46 , 47 , 48 , 49 , 50 , 51 , 52 , 
53 , 54 , 85 , 86 , 113 , 118 , 134 , 136 , or 145 . In certain 
embodiments , the correction genome comprises the nucleo 
tide sequence set forth in SEQ ID NO : 46 , 47 , 48 , 49 , 50 , 51 , 
52 , 53 , 54 , 85 , 86 , 113 , 118 , 134 , 136 , or 145 . In certain 
embodiments , the correction genome consists of the nucleo 
tide sequence set forth in SEO ID NO : 46 , 47 , 48 , 49 , 50 , 51 , 
52 , 53 , 54 , 85 , 86 , 113 , 118 , 134 , 136 , or 145 
[ 0149 ] In certain embodiments , the correction genomes 
disclosed herein further comprise a 5 ' inverted terminal 
repeat ( 5 ' ITR ) nucleotide sequence 5 ' of the 5 ' homology 
arm nucleotide sequence , and a 3 ' inverted terminal repeat 
( 3 ' ITR ) nucleotide sequence 3 ' of the 3 ' homology arm 
nucleotide sequence . ITR sequences from any AAV serotype 
or variant thereof can be used in the correction genomes 
disclosed herein . The 5 ' and 3 ' ITR can be from an AAV of 
the same serotype or from AAVs of different serotypes . 
Exemplary ITRs for use in the correction genomes disclosed 
herein are set forth in SEQ ID NO : 18 - 21 herein . In certain 
embodiments , the 5 ' ITR nucleotide sequence and the 3 ' ITR 



US 2019 / 0256867 A1 Aug . 22 , 2019 

nucleotide sequence are substantially complementary to 
each other ( e . g . , are complementary to each other except for 
mismatch at 1 , 2 , 3 , 4 or 5 nucleotide positions in the 5 ' or 
3 ' ITR ) . 

[ 0150 ] In certain embodiments , the 5 ' ITR or 3 ' ITR is 
from AAV2 . In certain embodiments , both the 5 ' ITR and the 
3 ' ITR are from AAV2 . In certain embodiments , the 5 ' ITR 
nucleotide sequence has at least 95 % ( e . g . , at least 96 % , at 
least 97 % , at least 98 % , at least 99 % , or 100 % ) sequence 
identity to SEQ ID NO : 18 , or the 3 ' ITR nucleotide sequence 
has at least 95 % ( e . g . , at least 96 % , at least 97 % , at least 
98 % , at least 99 % , or 100 % ) sequence identity to SEQ ID 
NO : 19 . In certain embodiments , the 5 ' ITR nucleotide 
sequence has at least 95 % ( e . g . , at least 96 % , at least 97 % , 
at least 98 % , at least 99 % , or 100 % sequence identity to 
SEQ ID NO : 18 , and the 3 ' ITR nucleotide sequence has at 
least 95 % ( e . g . , at least 96 % , at least 97 % , at least 98 % , at 
least 99 % , or 100 % ) sequence identity to SEQ ID NO : 19 . In 
certain embodiments , the correction genome comprises an 
editing element having the nucleotide sequence set forth in 
SEQ ID NO : 35 , a 5 ' ITR nucleotide sequence having the 
sequence of SEQ ID NO : 18 , and a 3 ' ITR nucleotide 
sequence having the sequence of SEQ ID NO : 19 . In certain 
embodiments , the correction genome comprises the nucleo 
tide sequence set forth in any one of SEQ ID NOs : 46 - 54 , 
a 5 ' ITR nucleotide sequence having the sequence of SEQ ID 
NO : 18 , and a 3 ' ITR nucleotide sequence having the 
sequence of SEQ ID NO : 19 . In certain embodiments , the 
correction genome consists of 5 ' to 3 ' a 5 ' ITR nucleotide 
sequence having the sequence of SEQ ID NO : 18 , the 
nucleotide sequence set forth in any one of SEQ ID NOs : 
46 - 54 , and a 3 ' ITR nucleotide sequence having the sequence 
of SEQ ID NO : 19 . 
[ 0151 ] In certain embodiments , the 5 ' ITR or 3 ' ITR are 
from AAV5 . In certain embodiments , both the 5 ' ITR and 3 
ITR are from AAV5 . In certain embodiments , the 5 ' ITR 
nucleotide sequence has at least 95 % ( e . g . , at least 96 % , at 
least 97 % , at least 98 % , at least 99 % , or 100 % ) sequence 
identity to SEQ ID NO : 20 , or the 3 ' ITR nucleotide sequence 
has at least 95 % sequence identity to SEQ ID NO : 21 . In 
certain embodiments , the 5 ' ITR nucleotide sequence has at 
least 95 % ( e . g . , at least 96 % , at least 97 % , at least 98 % , at 
least 99 % , or 100 % ) sequence identity to SEQ ID NO : 20 , 
and the 3 ' ITR nucleotide sequence has at least 95 % ( e . g . , at 
least 96 % , at least 97 % , at least 98 % , at least 99 % , or 100 % ) 
sequence identity to SEQ ID NO : 21 . In certain embodi 
ments , the correction genome comprises an editing element 
having the nucleotide sequence set forth in SEQ ID NO : 35 , 
a 5 ' ITR nucleotide sequence having the sequence of SEQ ID 
NO : 20 , and a 3 ' ITR nucleotide sequence having the 
sequence of SEQ ID NO : 21 . In certain embodiments , the 
correction genome comprises the nucleotide sequence set 
forth in any one of SEQ ID NOs : 46 - 54 , a 5 ' ITR nucleotide 
sequence having the sequence of SEQ ID NO : 20 , and a 3 ' 
ITR nucleotide sequence having the sequence of SEQ ID 
NO : 21 . In certain embodiments , the correction genome 
consists of 5 ' to 3 ' a 5 ' ITR nucleotide sequence having the 
sequence of SEQ ID NO : 20 , the nucleotide sequence set 
forth in any one of SEQ ID NOs : 46 - 54 , and a 3 ' ITR 
nucleotide sequence having the sequence of SEQ ID NO : 21 . 
[ 0152 ] In certain embodiments , the 5 ' ITR nucleotide 
sequence and the 3 ' ITR nucleotide sequence are substan 

t ially complementary to each other ( e . g . , are complementary 
to each other except for mismatch at 1 , 2 , 3 , 4 or 5 nucleotide 
positions in the 5 ' or 3 ' ITR ) . 
10153 ] In certain embodiments , the 5 ' ITR or the 3 ' ITR is 
modified to reduce or abolish resolution by Rep protein 
( " non - resolvable ITR ” ) . In certain embodiments , the non 
resolvable ITR comprises an insertion , deletion , or substi 
tution in the nucleotide sequence of the terminal resolution 
site . Such modification allows formation of a self - comple 
mentary , double - stranded DNA genome of the AAV after the 
transfer genome is replicated in an infected cell . Exemplary 
non - resolvable ITR sequences are known in the art ( see e . g . , 
those provided in U . S . Pat . Nos . 7 , 790 , 154 and 9 , 783 , 824 , 
which are incorporated by reference herein in their entirety ) . 
In certain embodiments , the 5 ' ITR comprises a nucleotide 
sequence at least 95 % , 96 % , 97 % , 98 % , or 99 % identical to 
SEQ ID NO : 26 . In certain embodiments , the 5 ' ITR consists 
of a nucleotide sequence at least 95 % , 96 % , 97 % , 98 % , or 
99 % identical to SEQ ID NO : 26 . In certain embodiments , 
the 5 ' ITR consists of the nucleotide sequence set forth in 
SEQ ID NO : 26 . In certain embodiments , the 3 ' ITR 
comprises a nucleotide sequence at least 95 % , 96 % , 97 % , 
98 % , or 99 % identical to SEQ ID NO : 27 . In certain 
embodiments , the 5 ' ITR consists of a nucleotide sequence 
at least 95 % , 96 % , 97 % , 98 % , 3or 99 % identical to SEQ ID 
NO : 27 . In certain embodiments , the 3 ' ITR consists of the 
nucleotide sequence set forth in SEQ ID NO : 27 . In certain 
embodiments , the 5 ' ITR consists of the nucleotide sequence 
set forth in SEQ ID NO : 26 , and the 3 ' ITR consists of the 
nucleotide sequence set forth in SEQ ID NO : 27 . In certain 
embodiments , the 5 ' ITR consists of the nucleotide sequence 
set forth in SEQ ID NO : 26 , and the 3 ' ITR consists of the 
nucleotide sequence set forth in SEQ ID NO : 19 . 
[ 0154 ] In certain embodiments , the 3 ' ITR is flanked by an 
additional nucleotide sequence derived from a wild - type 
AAV2 genomic sequence . In certain embodiments , the 3 ' 
ITR is flanked by an additional 37 bp sequence derived from 
a wild - type AAV2 sequence that is adjacent to a wild - type 
AAV2 ITR . See , e . g . , Savy et al . , Human Gene Therapy 
Methods ( 2017 ) 28 ( 5 ) : 277 - 289 ( which is hereby incorpo 
rated by reference herein in its entirety ) . In certain embodi 
ments , the additional 37 bp sequence is internal to the 3 ' ITR . 
In certain embodiments , the 37 bp sequence consists of the 
sequence set forth in SEQ ID NO : 140 . In certain embodi 
ments , the 3 ' ITR comprises a nucleotide sequence at least 
95 % , 96 % , 97 % , 98 % , or 99 % identical to SEQ ID NO : 141 . 
In certain embodiments , the 3 ' ITR comprises the nucleotide 
sequence set forth in SEQ ID NO : 141 . In certain embodi 
ments , the nucleotide sequence of the 3 ' ITR consists of a 
nucleotide sequence at least 95 % , 96 % , 97 % , 98 % , or 99 % 
identical to SEQ ID NO : 141 . In certain embodiments , the 
nucleotide sequence of the 3 ' ITR consists of the nucleotide 
sequence set forth in SEQ ID NO : 141 . 
[ 0155 ] In certain embodiments , the correction genome 
disclosed herein has a length of about 0 . 5 to about 8 kb ( e . g . , 
about 1 to about 5 , about 2 to about 5 , about 3 to about 5 , 
about 4 to about 5 , about 4 . 5 to about 4 . 8 , or about 4 . 7 kb ) . 
[ 0156 ] In certain embodiments , the correction genome 
comprises a nucleotide sequence at least 90 % ( e . g . , at least 
91 % 92 % 93 % 94 % , 95 % , 96 % , 97 % , 98 % , 99 % , or 
99 . 5 % ) identical to SEQ ID NO : 55 , 56 , 57 , 58 , 59 , 60 , 61 , 
62 , 63 , 87 , 88 , 114 , 119 , 135 , 137 , or 146 . In certain 
embodiments , the correction genome comprises the nucleo 
tide sequence set forth in SEQ ID NO : 55 , 56 , 57 , 58 , 59 , 60 , 
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61 , 62 , 63 , 87 , 88 , 114 , 119 , 135 , 137 , or 146 . In certain 
embodiments , the correction genome consists of the nucleo - 
tide sequence set forth in SEQ ID NO : 55 , 56 , 57 , 58 , 59 , 60 , 
61 , 62 , 63 , 87 , 88 , 114 , 119 , 135 , 137 , or 146 . 
[ 0157 ] In certain embodiments , the replication - defective 
AAV comprises : ( a ) an AAV capsid protein comprising the 
amino acid sequence of amino acids 203 - 736 of SEQ ID 
NO : 16 , and a transfer genome comprising 5 ' to 3 ' the 
following genetic elements : a 5 ' ITR element ( e . g . , the 5 ' 
ITR of SEQ ID NOs : 18 ) , a 5 ' homology arm ( e . g . , the 5 ' 
homology arm of SEQ ID NOs : 115 ) , a splice acceptor ( e . g . , 
the splice acceptor of SEQ ID NOs : 14 ) , a 2A element ( e . g . , 
the 20 element of SEQ ID NOs : 74 ) , a silently altered 
human PAH coding sequence ( e . g . , the PAH coding 
sequence of SEQ ID NOs : 116 ) , an SV40 polyadenylation 
sequence e . g . , the SV40 polyadenylation sequence of SEQ 
ID NOs : 31 ) , a 3 ' homology arm ( e . g . , the 3 ' homology arm 
of SEQ ID NOs : 117 , and a 3 ' ITR element ( e . g . , the 3 ' ITR 
of SEQ ID NOs : 19 ) ; ( 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 5 ' to 3 ' the 
following genetic elements : a 5 ' ITR element ( e . g . , the 5 
ITR of SEQ ID NOs : 18 ) , a 5 ' homology arm ( e . g . , the 5 ' 
homology arm of SEQ ID NOs : 115 ) , a splice acceptor ( e . g . , 
the splice acceptor of SEQ ID NOs : 14 ) , a 2A element ( e . g . , 
the 2A element of SEQ ID NOs : 74 ) , a silently altered 
human PAH coding sequence ( e . g . , the PAH coding 
sequence of SEQ ID NOs : 116 ) , an SV40 polyadenylation 
sequence e . g . , the SV40 polyadenylation sequence of SEQ 
ID NOs : 31 ) , a 3 ' homology arm ( e . g . , the 3 ' homology arm 
of SEQ ID NOs : 117 , and a 3 ' ITR element ( e . g . , the 3 ' ITR 
of SEQ ID NOs : 19 ) ; and / or ( c ) an AAV capsid protein 
comprising the amino acid sequence of SEQ ID NO : 16 , and 
a transfer genome comprising 5 ' to 3 the following genetic 
elements : a 5 ' ITR element ( e . g . , the 5 ' ITR of SEQ ID NOs : 
18 ) , a 5 ' homology arm ( e . g . , the 5 ' homology arm of SEQ 
ID NOs : 115 ) , a splice acceptor ( e . g . , the splice acceptor of 
SEQ ID NOs : 14 ) , a 2A element ( e . g . , the 2A element of 
SEQ ID NOs : 74 ) , a silently altered human PAH coding 
sequence ( e . g . , the PAH coding sequence of SEQ ID NOs : 
116 ) , an SV40 polyadenylation sequence e . g . , the SV40 
polyadenylation sequence of SEQ ID NOs : 31 ) , a 3 ' homol 
ogy arm ( e . g . , the 3 ' homology arm of SEQ ID NOs : 117 , 
and a 3 ' ITR element ( e . g . , the 3 ' ITR of SEQ ID NOs : 19 ) . 
[ 0158 ] In certain embodiments , the replication - defective 
AAV comprises : ( a ) an AAV capsid protein comprising the 
amino acid sequence of amino acids 203 - 736 of SEQ ID 
NO : 16 , and a correction genome comprising the nucleotide 
sequence set forth in any one of SEQ ID NOs : 25 , 46 - 63 , 
113 , 114 , 116 , 118 , 119 , 134 - 137 , 145 , and 146 ; ( b ) an AAV 
capsid protein comprising the amino acid sequence of amino 
acids 138 - 736 of SEQ ID NO : 16 , and a correction genome 
comprising the nucleotide sequence set forth in any one of 
SEQ ID NOs : 25 , 46 - 63 , 113 , 114 , 116 , 118 , 119 , 134 - 137 , 
145 , and 146 ; and / or ( c ) an AAV capsid protein comprising 
the amino acid sequence of SEQ ID NO : 16 , and a correction 
genome comprising the nucleotide sequence set forth in any 
one of SEQ ID NOs : 25 , 46 - 63 , 113 , 114 , 116 , 118 , 119 , 
134 - 137 , 145 , and 146 . 
10159 ) The AAV compositions disclosed herein are par 
ticularly advantageous in that they are capable of correcting 
a PAH gene in a cell with high efficiency both in vivo and 
in vitro . In certain embodiments , the integration efficiency of 
the editing element into the target locus is at least 1 % ( e . g . 

at least 2 % , 3 % , 4 % , 5 % , 6 % , 7 % , 8 % , 9 % , 10 % , 15 % , 20 % , 
25 % , 30 % , 35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 70 % , 
75 % , 80 % , 85 % , 90 % , or 95 % ) when the AAV is adminis 
tered to a mouse implanted with human hepatocytes in the 
absence of an exogenous nuclease under standard AAV 
administration conditions . In certain embodiments , the 
allelic frequency of integration of the editing element into 
the target locus is at least 0 . 5 % ( e . g . at least 1 % , 2 % , 3 % , 
4 % , 5 % , 6 % , 7 % , 8 % , 9 % , 10 % , 15 % , 20 % , 25 % , 30 % , 
35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 70 % , 75 % , 80 % , 
85 % , 90 % , or 95 % ) when the AAV is administered to a 
mouse implanted with human hepatocytes in the absence of 
an exogenous nuclease under standard AAV administration 
conditions . 
[ 0160 ] Any methods of determining the efficiency of edit 
ing of the PAH gene can be employed . In certain embodi 
ments , individual cells are separated from the population of 
transduced cells and subject to single - cell PCR using PCR 
primers that can identify the presence of an editing element 
correctly integrated into the target locus of the PAH gene . 
Such method can further comprise single - cell PCR of the 
same cells using PCR primers that selectively amplify an 
unmodified target locus . In this way , the genotype of the 
cells can be determined . For example , if the single cell PCR 
showed that a cell has both an edited target locus and an 
unmodified target locus , then the cell would be considered 
heterozygous for the edited PAH gene . 
[ 0161 ] Additionally or alternatively , in certain embodi 
ments , linear amplification mediated PCR ( LAM - PCR ) , 
quantitative PCR ( qPCR ) or digital droplet PCR ( ddPCR ) 
can be performed on DNA extracted from the population of 
transduced cells using primers and probes that only detect 
edited PAH alleles . Such methods can further comprise an 
additional qPCR or ddPCR ( either in the same reaction or a 
separate reaction ) to determine the number of total genomes 
in the sample and the number of unedited PAH alleles . These 
numbers can be used to determine the allelic frequency of 
integration of the editing element into the target locus . 
[ 0162 ] Additionally or alternatively , in certain embodi 
ments , the PAH locus can be amplified from DNA extracted 
from the population of transduced cells either by PCR using 
primers that bind to regions of the PAH gene flanking the 
target locus , or by LAM - PCR using a primer that binds a 
region within the correction genome ( e . g . , a region com 
prising an exogenous sequence non - native to the locus ) . The 
resultant PCR amplicons can be individually sequenced 
using single molecule next generation sequencing ( NGS ) 
techniques to determine the relative number of edited and 
unedited PAH alleles present in the population of transduced 
cells . These numbers can be used to determine the allelic 
frequency of integration of the editing element into the target 
locus . 
[ 0163 ] In another aspect , the instant disclosure provides 
pharmaceutical compositions comprising an AAV as dis 
closed herein together with a pharmaceutically acceptable 
excipient , adjuvant , diluent , vehicle or carrier , or a combi 
nation thereof . A " pharmaceutically acceptable carrier " 
includes any material which , when combined with an active 
ingredient of a composition , allows the ingredient to retain 
biological activity and without causing disruptive physi 
ological reactions , such as an unintended immune reaction . 
Pharmaceutically acceptable carriers include water , phos 
phate buffered saline , emulsions such as oil / water emulsion , 
and wetting agents . Compositions comprising such carriers 
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are formulated by well - known conventional methods such as 
those set forth in Remington ' s Pharmaceutical Sciences , 
current Ed . , Mack Publishing Co . , Easton Pa . 18042 , USA ; 
A . Gennaro ( 2000 ) “ Remington : The Science and Practice of 
Pharmacy ” , 20th edition , Lippincott , Williams , & Wilkins ; 
Pharmaceutical Dosage Forms and Drug Delivery Systems 
( 1999 ) H . C . Ansel et al , 7th ed . , Lippincott , Williams , & 
Wilkins ; and Handbook of Pharmaceutical Excipients 
( 2000 ) A . H . Kibbe et al , 3rd ed . Amer . Pharmaceutical 
Assoc . 

least 2 % , 3 % , 4 % , 5 % , 6 % , 7 % , 8 % , 9 % , 10 % , 15 % , 20 % , 
25 % , 30 % , 35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 70 % , 
75 % , 80 % , 85 % , 90 % , or 95 % ) when the AAV is adminis 
tered to a mouse implanted with human hepatocytes in the 
absence of an exogenous nuclease under standard AAV 
administration conditions . In certain embodiments , the 
allelic frequency of integration of the editing element into 
the target locus is at least 0 . 5 % ( e . g . at least 1 % , 2 % , 3 % , 
4 % , 5 % , 6 % , 7 % , 8 % , 9 % , 10 % , 15 % , 20 % , 25 % , 30 % , 
35 % , 40 % , 45 % , 50 % , 55 % , 60 % , 65 % , 70 % , 75 % , 80 % . 
85 % , 90 % , or 95 % ) when the AAV is administered to a 
mouse implanted with human hepatocytes in the absence of 
an exogenous nuclease under standard AAV administration 
conditions . 
[ 0169 ] 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 
cell may be contacted with the AAV at a multiplicity of 
infection ( 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 MOI that provides for optimal transduction of the 
cell . 

III . Method of Use 
[ 0164 ] In another aspect , the instant disclosure provides 
methods for correcting a mutation in the PAH gene or 
expressing a PAH polypeptide in a cell . The methods gen 
erally comprise transducing the cell with a replication 
defective AAV as disclosed herein . Such methods are highly 
efficient at correcting mutations in the PAH gene or restoring 
PAH expression , and do not require cleavage of the genome 
at the target locus by the action of an exogenous nuclease 
( e . g . , a meganuclease , a zinc finger nuclease , a transcrip - 
tional activator - like nuclease ( TALEN ) , or an RNA - guided 
nuclease such as a Cas9 ) to facilitate such correction . 
Accordingly , in certain embodiments , the methods disclosed 
herein involve transducing the cell with a replication - defec 
tive AAV as disclosed herein without co - transducing or 
co - administering an exogenous nuclease or a nucleotide 
sequence that encodes an exogenous nuclease . 
[ 0165 ] The methods disclosed herein can be applied to any 
cell harboring a mutation in the PAH gene . The skilled 
worker will appreciate that cells that actively express PAH 
are of particular interest . Accordingly , in certain embodi 
ments , the method is applied to cells in the liver , kidney , 
brain , pituitary gland , adrenal gland , pancreas , urinary blad 
der , gallbladder , colon , small intestine , or breast . In certain 
embodiments , the method is applied to hepatocytes and / or 
renal cells . 
0166 ] The methods disclosed herein can be performed in 
vitro for research purposes or can be performed ex vivo or 
in vivo for therapeutic purposes . 
[ 0167 ] In certain embodiments , the cell to be transduced is 
in a mammalian subject and the AAV is administered to the 
subject in an amount effective to transduce the cell in the 
subject . Accordingly , in certain embodiments , the instant 
disclosure provides a method for treating a subject having a 
disease or disorder associated with a PAH gene mutation , the 
method generally comprising administering to the subject an 
effective amount of a replication - defective AAV as disclosed 
herein . The subject can be a human subject or a rodent 
subject ( e . g . , a mouse ) containing human liver cells . Suitable 
mouse subjects include without limitation , mice into which 
human liver cells ( e . g . , human hepatocytes ) have been 
engrafted . Any disease or disorder associated with a PAH 
gene mutation can be treated using the methods disclosed 
herein . Suitable diseases or disorders include , without limi 
tation , phenylketonuria . In certain embodiments , the cell is 
transduced without co - transducing or co - administering an 
exogenous nuclease or a nucleotide sequence that encodes 
an exogenous nuclease . 
[ 0168 ] The methods disclosed herein are particularly 
advantageous in that they are capable of correcting a PAH 
gene in a cell with high efficiency both in vivo and in vitro . 
In certain embodiments , the integration efficiency of the 
editing element into the target locus is at least 1 % ( e . g . at 

[ 0170 ] In certain embodiments , the foregoing methods 
employ a replication - defective AAV comprising : ( a ) an AAV 
capsid protein comprising the amino acid sequence of amino 
acids 203 - 736 of SEQ ID NO : 16 , and a transfer genome 
comprising 5 ' to 3 ' the following genetic elements : a 5 ' ITR 
element ( e . g . , the 5 ' ITR of SEQ ID NOs : 18 ) , a 5 ' homology 
arm ( e . g . , the 5 ' homology arm of SEQ ID NOs : 115 ) , a 
splice acceptor ( e . g . , the splice acceptor of SEQ ID NOs : 
14 ) , a 2A element ( e . g . , the 2A element of SEQ ID NOs : 74 ) , 
a silently altered human PAH coding sequence ( e . g . , the 
PAH coding sequence of SEQ ID NOs : 116 ) , an SV40 
polyadenylation sequence e . g . , the SV40 polyadenylation 
sequence of SEQ ID NOs : 31 ) , a 3 ' homology arm ( e . g . , the 
3 ' homology arm of SEQ ID NOs : 117 , and a 3 ' ITR element 
( e . g . , the 3 ' ITR of SEQ ID NOs : 19 ) ; ( b ) an AAV capsid 
protein comprising the amino acid sequence of amino acids 
138 - 736 of SEQ ID NO : 16 , and a transfer genome com 
prising 5 ' to 3 ' the following genetic elements : a 5 ' ITR 
element ( e . g . , the 5 ' ITR of SEQ ID NOs : 18 ) , a 5 ' homology 
arm ( e . g . , the 5 ' homology arm of SEQ ID NOs : 115 ) , a 
splice acceptor ( e . g . , the splice acceptor of SEQ ID NOs : 
14 ) , a 2A element ( e . g . , the 2A element of SEQ ID NOs : 74 ) , 
a silently altered human PAH coding sequence ( e . g . , the 
PAH coding sequence of SEQ ID NOs : 116 ) , an SV40 
polyadenylation sequence e . g . , the SV40 polyadenylation 
sequence of SEQ ID NOs : 31 ) , a 3 ' homology arm ( e . g . , the 
3 ' homology arm of SEQ ID NOs : 117 , and a 3 ' ITR element 
( e . g . , the 3 ' ITR of SEQ ID NOs : 19 ) ; and / or ( c ) an AAV 
capsid protein comprising the amino acid sequence of SEQ 
ID NO : 16 , and a transfer genome comprising 5 ' to 3 ' the 
following genetic elements : a 5 ' ITR element ( e . g . , the 5 ' 
ITR of SEQ ID NOs : 18 ) , a 5 ' homology arm ( e . g . , the 5 ' 
homology arm of SEQ ID NOs : 115 ) , a splice acceptor ( e . g . , 
the splice acceptor of SEQ ID NOs : 14 ) , a 2A element ( e . g . , 
the 2A element of SEQ ID NOs : 74 ) , a silently altered 
human PAH coding sequence ( e . g . , the PAH coding 
sequence of SEQ ID NOs : 116 ) , an SV40 polyadenylation 
sequence e . g . , the SV40 polyadenylation sequence of SEQ 
ID NOs : 31 ) , a 3 ' homology arm ( e . g . , the 3 ' homology arm 
of SEQ ID NOs : 117 , and a 3 ' ITR element ( e . g . , the 3 ' ITR 
of SEQ ID NOs : 19 ) . 
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[ 0171 ] In certain embodiments , the foregoing methods 
employ a replication - defective AAV comprising : ( a ) an AAV 
capsid protein comprising the amino acid sequence of amino 
acids 203 - 736 of SEQ ID NO : 16 , and a correction genome 
comprising the nucleotide sequence set forth in any one of 
SEQ ID NOs : 25 , 46 - 63 , 113 , 114 , 116 , 118 , 119 , 134 - 137 , 
145 , and 146 ; ( b ) an AAV capsid protein comprising the 
amino acid sequence of amino acids 138 - 736 of SEQ ID 
NO : 16 , and a correction genome comprising the nucleotide 
sequence set forth in any one of SEQ ID NOs : 25 , 46 - 63 , 
113 , 114 , 116 , 118 , 119 , 134 - 137 , 145 , and 146 ; and / or ( c ) 
an AAV capsid protein comprising the amino acid sequence 
of SEQ ID NO : 16 , and a correction genome comprising the 
nucleotide sequence set forth in any one of SEQ ID NOs : 25 , 
46 - 63 , 113 , 114 , 116 , 118 , 119 , 134 - 137 , 145 , and 146 . 
[ 0172 ] An AAV composition disclosed herein can be 
administered to a subject by any appropriate route including , 
without limitation , intravenous , intraperitoneal , subcutane 
ous , intramuscular , intranasal , topical or intradermal routes . 
In certain embodiments , the composition is formulated for 
administration via intravenous injection or subcutaneous 
injection . 

IV . AAV Packaging Systems 
[ 0173 ] In another aspect , the instant disclosure provides 
packaging systems for recombinant preparation of a repli 
cation - defective AAV disclosed herein . Such packaging sys 
tems generally comprise : a Rep nucleotide sequence encod 
ing one or more AAV Rep proteins ; a Cap nucleotide 
sequence encoding one or more AAV Clade F capsid pro 
teins as disclosed herein ; and a correction genome for 
correction of the PAH gene or a transfer genome for expres 
sion of the PAH gene as disclosed herein , wherein the 
packaging system is operative in a cell for enclosing the 
correction genome in the capsid to form the AAV . 
[ 0174 ] In certain embodiments , the packaging system 
comprises a first vector comprising the Rep nucleotide 
sequence and the Cap nucleotide sequence , and a second 
vector comprising the correction genome or transfer 
genome . As used in the context of a packaging system as 
described herein , a “ vector ” refers to a nucleic acid molecule 
that is a vehicle for introducing nucleic acids into a cell ( e . g . , 
a plasmid , a virus , a cosmid , an artificial chromosome , etc . ) . 
[ 0175 ] Any AAV Rep protein can be employed in the 
packaging systems disclosed herein . In certain embodiments 
of the packaging system , the Rep nucleotide sequence 
encodes an AAV2 Rep protein . Suitable AAV2 Rep proteins 
include , without limitation , Rep 78 / 68 or Rep 68 / 52 . In 
certain embodiments of the packaging system , the nucleo 
tide sequence encoding the AAV2 Rep protein comprises a 
nucleotide sequence that encodes a protein having a mini 
mum percent sequence identity to the AAV2 Rep amino acid 
sequence of SEQ ID NO : 22 , wherein the minimum percent 
sequence identity is at least 70 % ( e . g . , at least 75 % , at least 
80 % , at least 85 % , at least 90 % , 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 packaging system , the AAV2 Rep protein has the 
amino acid sequence set forth in SEQ ID NO : 22 . 
[ 0176 ] In certain embodiments of the packaging system , 
the packaging system further comprises a third vector , e . g . , 
a helper virus vector . The third vector may be an indepen 
dent third vector , integral with the first vector , or integral 

with the second vector . In certain embodiments , the third 
vector comprises genes encoding helper virus proteins . 
[ 0177 ] 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 vaccinia virus ) , cytomegalovirus 
( CMV ) , and baculovirus . In certain embodiments of the 
packaging system , where the helper virus is adenovirus , the 
adenovirus genome comprises one or more adenovirus RNA 
genes selected from the group consisting of E1 , E2 , E4 and 
VA . In certain embodiments of the packaging system , where 
the helper virus is 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 / UL42 . 
[ 0178 ] In certain embodiments of the packaging system , 
the first , second , and / or third vector are contained 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 
transfecting plasmid . 
[ 0179 ] 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 embodi 
ments , the first vector and the third vector are contained 
within a recombinant helper virus . In certain embodiments , 
the second vector and the third vector are contained within 
a recombinant helper virus . 
[ 0180 ] In a further aspect , the disclosure provides a 
method for recombinant preparation of an AAV as described 
herein , wherein the method comprises transfecting or trans 
ducing a cell with a packaging system as described under 
conditions operative for enclosing the correction genome in 
the capsid to form the AAV as described herein . Exemplary 
methods for recombinant preparation of an AAV include 
transient transfection ( e . g . , with one or more transfection 
plasmids containing 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 adeno 
virus , poxvirus ( such as vaccinia virus ) , herpes virus ( in 
cluding HSV , cytomegalovirus , or baculovirus , containing a 
first , and a second , and optionally a third vector as described 
herein ) , and stable producer cell line transfection or infec 
tion ( e . g . , with a stable producer cell , such as a mammalian 
or insect cell , containing a Rep nucleotide sequence encod 
ing one or more AAV Rep proteins and / or a Cap nucleotide 
sequence encoding one or more AAV Clade F capsid pro 
teins as described herein , and with a correction genome as 
described herein being delivered in the form of a transfect 
ing plasmid or a recombinant helper virus ) . 

V . Examples 

[ 0181 ] The recombinant AAV vectors disclosed herein 
mediate highly efficient gene editing in vitro and in vivo . 
The following examples provide correction vectors that can 
be packaged with an AAV clade F capsid ( e . g . , AAVHSC7 , 
AAVHSC15 or AAVHSC17 , as disclosed in U . S . Pat . No . 
9 , 623 , 120 , which is incorporated by reference herein in its 
entirety ) , and demonstrate the efficient restoration of the 
expression of the PAH gene which is mutated in certain 
human diseases , such as phenylketonuria . These examples 
are offered by way of illustration , and not by way of 
limitation . 
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Example 1 : PAH Correction Vector 
pHMI - HPAH - HAC - 008 

comprising 5 ' to 3 ' the following elements : exon 1 of 
endogenous PAH , the 2A element ( in frame with the PAH 
exon 1 ) , the silently altered human PAH coding sequence ( in 
frame with the 2A element ) , and the SV40 polyadenylation 
sequence . The 2A element leads to generation of two poly 
peptides : a truncated PAH peptide terminated at the end of 
exon 1 fused with an N - terminal part of the 2A peptide , and 
a proline from the 2A peptide fused with a full - length PAH 
polypeptide . Therefore , integration of the vector pHMI 
hPAH - h1C - 007 can restore the expression of wild - type PAH 
protein that has been impaired by mutations in the coding 
sequence or 3 ' UTR of the PAH gene . 

TABLE 2 

[ 0182 ] a ) PAH Correction Vector pHMI - HPAH - HAC - 008 
[ 0183 ] PAH correction vector pHMI - HPAH - HAC - 008 , as 
shown in FIG . 1A , comprises 5 ' to 3 ' the following genetic 
elements : a 5 ' ITR element , a 5 ' homology arm , a silently 
altered human PAH coding sequence , an SV40 polyade 
nylation sequence , a targeted integration restriction cassette 
( “ TI RE " ) , a 3 ' homology arm , and a 3 ' ITR element . The 
sequences of these elements are set forth in Table 1 . The 5 ' 
homology arm comprises a wild - type genomic sequence 800 
nucleotides upstream from the human PAH start codon , and 
thus has the ability to correct mutations in the start codon 
and / or 5 ' untranslated region ( UTR ) that affect PAH expres 
sion as observed in some PKU patients . The 3 ' homology 
arm comprises the wild - type genomic sequence 800 nucleo 
tides downstream from the start codon . Integration of the 
PAH correction vector pHMI - HPAH - HAC - 008 into the 
human genome inserts the silently altered human PAH 
coding sequence , the SV40 polyadenylation sequence , and 
the targeted integration restriction cassette at the PAH start 
codon target locus ( i . e . , replacing nucleotides 1 - 3 of the PAH 
gene ) , thereby restoring the expression of a wild - type PAH 
protein that has been impaired by mutations in 5 ' UTR , 
coding sequence , or 3 ' UTR of the PAH gene . 

Genetic elements in PAH correction vector pHMI - HPAH - h1C - 007 

Genetic Element SEQ ID NO 
18 
? ? 

5 ' ITR element 
5 ' homology arm 
Splice acceptor 
2A element 
silently altered human PAH coding sequence 
SV40 polyadenylation sequence 
targeted integration restriction cassette 
3 ' homology arm 
3 ' ITR element 
Editing element 
Correction genome from 5 ' homology arm 
to 3 ' homology arm 
Correction genome from 5 ' ITR to 3 ' ITR 

? ? ?? ?? ?? ?? 

19 
84 
86 

TABLE 1 88 

Genetic elements in PAH correction vector pHMI - hPAH - HAC - 008 

Genetic Element SEQ ID NO 
5 ' ITR element 
5 ' homology arm 
silently altered human PAH coding sequence 
SV40 polyadenylation sequence 
targeted integration restriction cassette 
3 ' homology arm 
3 ' ITR element 
Editing element 
Correction genome from 5 ' homology 
arm to 3 ' homology arm 
Correction genome from 5 ' ITR to 3 ' ITR 

[ 0185 ] The silent alteration adopted in the two vectors 
above significantly improved the expression of the PAH 
protein , as demonstrated by comparison of expression vec 
tors PCOH - WT - PAH , PCOH - CO - PAH , and pHMI - CO 
PAH . The pCOH - WT - PAH vector comprises a CBA pro 
moter operably linked to a wild - type PAH coding sequence 
set forth in SEQ ID NO : 24 . The pCOH - CO - PAH and 
PHMI - CO - PAH vectors each comprise a CBA promoter 
operably linked to a silently altered human PAH coding 
sequence as set forth in SEQ ID NO : 25 . The pCOH - CO 
PAH and PHMI - CO - PAH vectors were highly similar . Each 
vector was transfected in HEK 293 cells which is naturally 
deficient in PAH . As shown in FIG . 2 , VG - GT - CO - PAH 
( “ CO - HPAH ” ) gave rise to an expression level of human 
PAH notably higher than VG - GT - PAH ( “ WT - HPAH ” ) . 

Example 2 : PAH Correction Vector 
pHMIA - APAH - hI1C - 032 . 1 and its Variants 

b ) PAH correction vector pHMI - HPAH - h1C - 007 
[ 0184 ] PAH correction vector pHMI - HPAH - h1C - 007 , as 
shown in FIG . 1B , comprises 5 ' to 3 ' the following genetic 
elements : a 5 ' ITR element , a 5 ' homology arm , a splice 
acceptor , a 2A element , a silently altered human PAH coding 
sequence , an SV40 polyadenylation sequence , a targeted 
integration restriction cassette ( “ TI RE " ) , a 3 ' homology 
arm , and a 3 ' ITR element . The sequences of these elements 
are set forth in Table 2 . The 5 ' homology arm comprises the 
wild - type genomic sequence of 800 nucleotides upstream 
from nucleotide 2128 of human PAH , which is located in 
intron 1 . The 3 ' homology arm comprises the wild - type 
genomic sequence of 800 nucleotides downstream from 
nucleotide 2127 of human PAH . Integration of the PAH 
correction vector pHMI - HPAH - h1C - 007 into the human 
genome allows transcription of the PAH locus into a pre 
mRNA comprising 5 ' to 3 ' the following elements : exon 1 of 
endogenous PAH , part of intron 1 from its 5 ' splice donor to 
nucleotide 2127 , the splice acceptor in the vector pHMI - 
hPAH - h1C - 007 , the 2A element , the silently altered human 
PAH coding sequence , and the SV40 polyadenylation 
sequence . Splicing of this pre - mRNA generates an mRNA 

( 0186 ] In order to identify homology arm sequences that 
facilitate efficient gene editing , 130 correction vectors were 
designed , and 70 of them were tested in human hepatocel 
lular carcinoma cells . The pHMIA - APAH - hI1C - 032 . 1 vector 
showed the highest editing efficiency in vitro . This example 
provides the structure of this vector and its variants . 
a ) PAH Correction Vector pHMIA - HPAH - hI1C - 032 . 1 
[ 0187 ] PAH correction vector pHMIA - HPAH - hI1C - 032 . 1 , 
as shown in FIG . 1C , comprises 5 ' to 3 ' the following genetic 
elements : a 5 ' ITR element , a 5 ' homology arm , a splice 
acceptor , a P2A element , a silently altered human PAH 
coding sequence , an SV40 polyadenylation sequence , a 3 ' 
homology arm , and a 3 ' ITR element . The sequences of these 
elements are set forth in Table 3 . The 5 ' homology arm 
comprises the wild - type genomic sequence of nucleotides 
- 686 to 274 of human PAH , the 3 ' end of which is located 
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TABLE 4 - continued 
Variants of the pHMIA - APAH - hI1C - 032 . 1 vector 

SEQ ID NO 

5 ' homology 
arm 
( HA ) 

Correction 
genome 
from 5 ' 

HA to 3 ' HA 

Correction 
genome from 5 ' 
ITR to 3 ' ITR Vector name 

42 52 pHMIA - hPAH - h11C - 032 . 7 
pHMIA - APAH - hI1C - 032 . 8 
pHMIA - HPAH - hI1C - 032 . 9 

43 
44 63 

in intron 1 . The 3 ' homology arm comprises the wild - type 
genomic sequence of nucleotides 415 to 1325 of human 
PAH . Integration of the PAH correction vector pHMIA 
hPAH - hI1C - 032 . 1 into the human genome allows transcrip 
tion of the PAH locus into a pre - mRNA comprising 5 ' to 3 ' 
the following elements : exon 1 of endogenous PAH , part of 
intron 1 from its 5 ' splice donor to nucleotide 274 , the splice 
acceptor in the vector pHMIA - HPAH - h11C - 032 . 1 , the P2A 
element , the silently altered human PAH coding sequence , 
and the SV40 polyadenylation sequence . Splicing of this 
pre - mRNA generates an mRNA comprising 5 ' to 3 ' the 
following elements : exon 1 of endogenous PAH , the P2A 
element ( in frame with the PAH exon 1 ) , the silently altered 
human PAH coding sequence ( in frame with the P2A 
element ) , and the SV40 polyadenylation sequence . The P2A 
element leads to generation of two polypeptides : a truncated 
PAH peptide terminated at the end of exon 1 fused with an 
N - terminal part of the P2A peptide , and a proline from the 
P2A peptide fused with a full - length PAH polypeptide . 
Therefore , integration of the vector pHMIA - HPAH - h11C 
032 . 1 can restore the expression of wild - type PAH protein 
that has been impaired by mutations in the coding sequence 
or 3 ' UTR of the PAH gene . 

TABLE 3 
Genetic elements in PAH correction vector pHMIA - hPAH - hI1C - 032 . 1 

Genetic Element SEQ ID NO 

18 5 ' ITR element 
5 ' homology arm 
Splice acceptor 
P2A element 
silently altered human PAH coding sequence 
SV40 polyadenylation sequence 
3 ' homology arm 
3 ' ITR element 
Editing element 
Correction genome from 5 ' homology arm 
to 3 ' homology arm 
Correction genome from 5 ' ITR to 3 ' ITR 

[ 0189 ] The pHMIA - HPAH - hI1C - 032 . 2 vector was 
designed to optimize the Kozak sequence for improved 
ribosome recruitment to the transcript . It differs from 
PHMIA - APAH - hI1C - 032 . 1 in having the nucleotides C , G , 
G , G , and G at positions - 2 , 4 , 6 , 7 , and 9 , respectively , of 
the PAH gene . 
0190 ] The pHMIA - HPAH - h11C - 032 . 3 vector was 
designed to remove a single quadruplex in 5 ' UTR of the 
PAH gene that might suppress expression . It differs from 
PHMIA - HPAH - h11C - 032 . 1 in having the nucleotides A and 
A at positions - 467 and - 465 , respectively , of the PAH gene . 
[ 0191 ] The pHMIA - HPAH - hI1C - 032 . 4 vector was 
designed to optimize a cyclic AMP response element to 
increase expression . It differs from pHMIA - HPAH - h11C 
032 . 1 in having the nucleotide A at position - 181 of the PAH 
gene . 
[ 0192 ] The pHMIA - HPAH - h11C - 032 . 5 vector was 
designed to optimize two cyclic AMP response elements to 
increase expression . It differs from pHMIA - HPAH - hI1C 
032 . 1 in having the nucleotides G , C , A , and A at positions 
- 214 , - 212 , - 211 , and - 181 , respectively , of the PAH gene . 
[ 0193 ] The PHMIA - APAH - hI1C - 032 . 6 vector was 
designed to incorporate the minor allele of SNP rs 1522295 , 
which correlates with altered PAH expression in humans . It 
differs from pHMIA - APAH - h11C - 032 . 1 in having the 
nucleotide G at position 194 of the PAH gene . 
[ 0194 ] The pHMIA - HPAH - hI1C - 032 . 7 vector was 
designed to optimize a glucocorticoid binding site in the 5 ' 
UTR to increase expression . It differs from pHMIA - HPAH 
hI1C - 032 . 1 in having the nucleotides C and C at positions 
- 433 and - 432 , respectively , of the PAH gene . 
[ 0195 ] The pHMIA - HPAH - H11C - 032 . 8 vector was 
designed to modify two glucocorticoid binding sites and a 
single AP2 binding site for improved expression . It differs 
from pHMIA - HPAH - h11C - 032 . 1 in having the nucleotides C 
and C at positions - 433 and - 432 , respectively , of the PAH 
gene , and having the nucleotide sequence ACGCTGTTCT 
TCGCC ( SEQ ID NO : 68 ) at positions – 394 to - 388 of the 
PAH gene . 
0196 ] The PHMIA - APAH - hI1C - 032 . 9 vector was 
designed to disrupt three G - quadruplexes in the 5 ' UTR that 
might suppress expression . It differs from pHMIA - HPAH 
hI1C - 032 . 1 in having the nucleotide A at each of the 
nucleotide positions - 467 , - 465 , - 341 , - 339 , - 225 , - 211 , 
and - 203 of the PAH gene . 

b ) Variants of PAH Correction Vector pHMIA - HPAH - hI1C 
032 . 1 
[ 0188 ] Eight variants of the pHMIA - APAH - H11C - 032 . 1 
vector have been designed to improve the expression of the 
PAH gene locus . These variants , named pHMIA - HPAH 
h11C - 032 . 2 to PHMIA - APAH - hI1C - 032 . 9 , differ from 
pHMIA - HPAH - H11C - 032 . 1 only in the 5 ' homology arm . 
The sequences of the different elements are set forth in Table 

TABLE 4 
Variants of the pHMIA - APAH - hI1C - 032 . 1 vector 

SEQ ID NO 

5 ' homology 
arm 
( HA ) 

Correction 
genome 
from 5 ' 

HA to 3 ' HA 

Correction 
genome from 5 ' 
ITR to 3 ' ITR Vector name 

pHMIA - APAH - hI1C - 032 . 2 
pHMIA - APAH - h11C - 032 . 3 
pHMIA - APAH - h11C - 032 . 4 
pHMIA - HPAH - hI1C - 032 . 5 
pHMIA - HPAH - hI1C - 032 . 6 

Example 3 : In Vitro Human PAH Gene Editing 
[ 0197 ] This example provides an in vitro method for 
examining PAH correction vectors , such as those described 
in the previous examples . 
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0198 ] PAH correction vector pHMI - HPAH - HA - 002 , a 
variant of pHMI - HPAH - HAC - 008 wherein the PAH coding 
sequence is wild - type ( i . e . , not silently altered ) , and PAH 
correction vector pHMI - hPAH - h1 - 001 , a variant of PHMI 
hPAH - h1C - 007 wherein the PAH coding sequence is wild 
type ( i . e . , not silently altered ) , were examined for assess 
ment of targeted integration . K562 cells were transduced 
with the pHMI - hPAH - HA - 002 vector packaged in 
AAVHSC17 at an MOI of 150 , 000 . The genomic DNA of 
the cells was collected after 48 hours . Single biotinylated 
primers with the sequences ccaaatcccaccagctcact ( SEQ ID 
NO : 89 ) and tcccatgaaactgaggtgtga ( SEQ ID NO : 90 ) , each 
located outside the homology arms , were separately used to 
amplify the DNA samples by linear amplification . Both the 
edited and unedited alleles were amplified without bias . The 
amplified DNA samples were pooled and enriched by 
streptavidin pulldown . The number of alleles with pHMI 
hPAH - HA - 002 integration was measured by ddPCR using 
the PAH _ Genomic Set 1 primer / probe set . 
10199 ] As shown in FIG . 3A , left panel ( “ LAM - En - 
riched ” ) , the desired integration was detected in a sample 

[ 0201 ] DNA samples were partitioned into oil droplets . 
The concentration of DNA was optimized to a concentration 
of 600 pg per 20 uL in order to significantly reduce the 
probability that one oil droplet randomly contains two DNA 
molecules ( e . g . , a vector particle and a genomic DNA 
particle ) ( p < 0 . 001 ) . The quantity of DNA identified by 
PAH _ Genomic Set 1 ( Quantity _ genome ) represented the 
total amount of unedited and edited genomes . The quantity 
of DNA identified by SV40 _ FAM Set 1 ( Quantity _ payload ) 
represented the total amount of edited genomes and unin 
tegrated vectors . The quantity of DNA identified by PAH _ 
HA Set 1 ( Quantity _ HA ) represented the total amount of 
unedited genomes , edited genomes , and unintegrated vec 
tors . Thus , the quantity of edited genome can be calculated 
by the follow formula : Quantity _ genome + Quantity _ pay 
load - Quantity _ HA . The fraction of genome having the cor 
rect integration can be calculated as the quantity of edited 
genome divided by Quantity _ genome . 

TABLE 5 . 

Primers and probes for quantifying integration of human PAH into 
the human genome 

Primer or Probe Sequence SEQ ID NO 
PAH _ Genomic Set 1 , primer F GCTCCATCCTGCACATAGTT 

PAH _ Genomic Set 1 , primer R CCTATGCTTTCCTGATGAGATCC 
TTGGTGCTGCTGGCAATACGGTC PAH _ Genomic Set 1 , probe 

SV40 _ FAM Set 1 , primer F GCAATAGCATCACAAATTTCAC 
SV40 _ FAM Set 1 , primer R GATCCAGACATGATAAGATACATTG 
SV40 _ FAM Set 1 , probe TCACTGCATTCTAGTTGTGGTTTGTCCA 

PAH _ HA Set 1 , primer F TCCAGTCACCAGACAGTTAGT 

PAH _ HA Set 1 , primer R GGAGAGAAATGGAGCAAGTGAA 
PAH _ HA Set 1 , probe ACAGCCTATATTTCACCATGCTGATCCC 99 

[ 0202 ] As shown in FIG . 3B , the percentage of genome 
having the correct integration of the pHMI - HPAH - HA - 002 
vector , as measured by the above primer / probe sets , was 
17 . 86 % . No integration was detected in the control cells 
which were not transduced with the pHMI - HPAH - HA - 002 
vector . 

from cells transduced with the pHMI - HPAH - HA - 002 vector 
( “ R1 ATG ” ) , but not detected in samples from cells trans 
duced with the PHMI - HPAH - h1 - 001 vector ( “ R1 Intron ” ) or 
untransduced cells ( “ R1 WT ” ) . In the right panel of FIG . 3A 
( “ Amplicon ” ) , the amount of vector integration was mea 
sured by ddPCR using the SV40 _ FAM Set 1 primer / probe 
set . Positive signals were detected in samples from both the 
cells transduced with the pHMI - hPAH - HA - 002 vector 
( “ T001 Frag ” ) and the cells transduced with the pHMI 
hPAH - h1 - 001 vector ( “ T002 Frag ” ) , indicating that both 
cells underwent vector integration . 
[ 0200 ] To quantify the targeted integration , three sets of 
primers and probes , as shown in Table 6 , were designed for 
detection the integration by ddPCR . PAH _ Genomic Set 1 
detected the unedited genome and the edited genome after 
the targeted integration of pHMI - HPAH - HA - 002 . SV40 _ 
FAM Set 1 detected a sequence in the SV40 polyadenylation 
sequence , which was present in the edited genome and the 
unintegrated vectors . PAH _ HA Set 1 detected a region in the 
homology arm , which was present in both edited and 
unedited genomes , as well as in the unintegrated vectors . 

Example 4 : In Vivo PAH Gene Editing in Mouse 
Liver 

[ 0203 ] This example provides animal models for examin 
ing PAH correction vectors that are capable of editing mouse 
PAH gene , and determining their editing efficiency in mouse 
liver . 

a ) Editing of the Mouse PAH Gene in Wild - Type Mice 
[ 0204 ] In a specific example , provided herein is in vivo 
editing of the mouse genome using the pHMI - HPAH - MAC 
006 vector . The pHMI - APAH - MAC - 006 vector was similar 
to the pHMI - HPAH - HAC - 008 vector , but was capable of 
editing the mouse PAH gene rather than the human PAH 
gene ( FIG . 4A ) . Specifically , pHMI - HPAH - MAC - 006 com 
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prised 5 ' to 3 ' the following genetic elements : a 5 ' ITR 
element , a 5 ' homology arm , a silently altered human PAH 
coding sequence , an SV40 polyadenylation sequence , a 
targeted integration restriction cassette ( “ TI RE ” ) , a 3 ' 
homology arm , and a 3 ' ITR element . The sequences of these 
elements are set forth in Table 6 . The 5 ' homology arm 
comprised the wild - type genomic sequence upstream from 
and including the mouse PAH start codon , and thus had the 
ability to correct mutations in the start codon and / or 5 ' 
untranslated region ( UTR ) of the mouse PAH gene . The 3 ' 
homology arm comprised the wild - type genomic sequence 
downstream from the start codon of mouse PAH . Integration 
of the PAH correction vector pHMI - hPAH - MAC - 006 into 
the mouse genome could insert the silently altered human 
PAH coding sequence , the SV40 polyadenylation sequence , 
and the targeted integration restriction cassette at the start 
codon of the mouse PAH gene ( i . e . , replacing nucleotides 
1 - 3 of the mouse PAH gene ) , thereby expressing a wild - type 
human PAH protein in a mouse cell . The vector alone did not 
include a promoter sequence , and could not drive indepen 
dent PAH expression without genomic integration . 

genome . As shown in FIG . 4B , a first pair of primers ( SEQ 
ID NOs : 62 and 63 ) were designed to amplify an 867 bp 
DNA from an unedited allele ( “ Control PCR ” ) ; a second pair 
of primers ( SEQ ID NOs : 64 and 65 ) were designed to 
specifically amplify a 2459 bp DNA from an edited allele 
( “ Edited Allele PCR ” ) . As shown in FIG . 4C , a liver sample 
from a saline treated mouse and a cell sample of 3T3 mouse 
fibroblasts did not generate the PCR product corresponding 
to the edited allele , whereas the liver samples from the two 
mice injected with the pHMI - hPAH - MAC - 006 vector gen 
erated the PCR product corresponding to the edited allele . 
All four samples generated similar levels of the PCR product 
corresponding to the unedited allele , suggesting that the 
samples were comparable in quality . 
[ 0207 ] A ddPCR method was developed to quantify the 
integration of the PHMI - HPAH - MAC - 006 vector into the 
mouse genome . Two sets of primers and probes , as shown in 
Table 7 , were designed for detection the integration by 
ddPCR . MPAH _ ATG _ gDNA _ FAM Set 1 detected the 
unedited genome and the edited genome after the targeted 
integration of pHMI - HPAH - MAC - 006 . SV40 _ FAM Set 1 
detected a sequence in the SV40 polyadenylation sequence , 
which was present in the edited genome and the unintegrated 
vectors ( FIG . 5A ) . 
[ 0208 ] DNA samples were partitioned into oil droplets . 
The concentration of DNA was optimized to 600 pg per 20 
uL in order to significantly reduce the probability that one oil 
droplet randomly contains a vector particle and a genomic 
DNA particle ( p < 0 . 001 ) ( FIGS . 5C and 5D ) . Upon integra 
tion of the vector into the genome , the rate of double 
positivity of the vector probe and the locus probe in the same 
droplet increases ( FIG . 5B ) . As shown in FIG . 5E , the two 
control mice had 0 % and 0 . 0395 % edited alleles in the liver , 
respectively , and the two mice treated with the PHMI - HPAH 
MAC - 006 vector had 2 . 504 % and 2 . 783 % edited alleles in 
the liver , respectively . Thus , the overall integration effi 
ciency of the pHMI - HPAH - MAC - 006 vector in the liver 
under the given conditions was about 2 . 6 % . The integration 
efficiency for each individual cell is expected to be higher , 
because not all cells were transduced with the vector . 

TABLE 6 
Genetic elements in PAH correction vector pHMI - hPAH - MAC - 006 

Genetic Element SEQ ID NO 
18 

100 
25 

5 ' ITR element 
5 ' homology arm 
Silently altered human PAH coding sequence 
SV40 polyadenylation sequence 
targeted integration restriction cassette 
3 ' homology arm 
3 ' ITR element 

31 
11 
101 
19 

[ 0205 ] The pHMI - HPAH - MAC - 006 vector was packaged 
in AAVHSC17 capsid and injected to two wild - type neonatal 
mice intravenously via the tail vein at a dose of 2x1013 
vector genomes per kg of body weight . Two control mice 
received saline injection via the tail vein . Liver samples 
were collected after 2 weeks . 
[ 0206 ] A PCR method was developed to detect the inte 
gration of the PHMI - HPAH - MAC - 006 vector into the mouse 

TABLE 7 

Primers and probes for quantifying integration of human PAH 
into the mouse genome 

SEQ ID 
NO Primer or Probe Sequence 

MPAH _ ATG _ ODNA _ FAM 
Set 1 , primer F 

CAGCATCAGAAGCAGAACATTT 102 

AAAGCACATCAGCAGTTTCAA 103 MPAH _ ATG _ ODNA _ FAM 
Set 1 , primer R 

AGATGAAAGCAACTGAACATCGACTACGA 104 MPAH _ ATG _ ODNA _ FAM 
Set 1 , probe 

SV40 _ FAM Set 1 , primer F GCAATAGCATCACAAATTTCAC 105 

SV40 FAM Set 1 , primer R GATCCAGACATGATAAGATACATTG 106 

SV40 _ FAM Set 1 , probe TCACTGCATTCTAGTTGTGGTTTGTCCA 107 

mPah 1C LHA FAM Set 3 , 
primer F 

gcaagctccagatcaccaata 108 
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TABLE 7 - continued 
Primers and probes for quantifying integration of human PAH 

into the mouse qenome 

SEQ ID 
NO Primer or Probe Sequence 

ctgagcaatgcattcagcaataa 109 mPah _ 1C _ LHA _ FAM Set 3 , 
primer R . 

CCCTGAACATCCCTTGACAGAGCA 110 mPah 1C LHA FAM Set 3 , 
probe 

[ 0209 ] The relative quantity of the mRNA expressed from 
the edited allele was determined by ddPCR . SV40 _ FAM Set 
1 was used to specifically detect human PAH expression 
from the edited allele . Each PAH expression level was 
normalized to the expression level of endogenous Hprt . As 
shown in FIG . 6 , control mice showed no expression of 
human PAH , suggesting that the primers and probe did not 
cross react with the endogenous mouse PAH . The percent 
PAH expression relative to wild - type levels was calculated 
based on the human PAH signal relative to Hprt normalized 
against the endogenous mouse PAH signal relative to Hprt . 
The two mice treated with the PHMI - HPAH - MAC - 006 vec 
tor had 5 . 378 % and 4 . 846 % mRNA levels relative to the 
endogenous mouse PAH levels , respectively . Thus , the over 
all mRNA level of the pHMI - hPAH - MAC - 006 vector in the 
liver under the given conditions was about 5 % . The mRNA 
level for each individual cell is expected to be higher , 
because not all cells were transduced with the vector . 

b ) Editing of the Mouse pah Gene in Pah Knockout Mice 
[ 0210 ] In one experiment , the efficacy of the pHMI - HPAH 
MAC - 006 vector in phenotypic correction was determined 
using a PAH knock - out mouse model ( PAHENU2 ) . Briefly , 
the hPAH - MAC - 006 vector packaged in AAVHSC15 
capsids was administered intravenously , in 5 consecutive 
days , to these mice at a dose of 1 . 16x10 ' 4 vector genomes 
per kilogram of body weight . Serum phenylalanine ( Phe ) 
was measured weekly for 5 months by mass spectrometry . 
After 5 months , DNA was extracted from liver samples , and 
the numbers of vector genomes per cell were analyzed by 
ddPCR using primer and probe sets to measure the vector 
and the human PAH genomic locus copy numbers . 
[ 0211 ] Transduction efficiency ( measured in number of 
vector genomes per cell ( “ VG per Cell " ) ) was the deter 
mined by ddPCR using primer and probe sets to measure the 
vector , and the mouse and human PAH genomic loci copy 
numbers . Editing frequency was measured by multiplexed 
ddPCR using primer probe sets to measure the frequency of 
the editing element DNA from the AAV vector ( “ payload ” ) 
integrated into the mouse PAH locus and the human PAH 
locus . Briefly , single DNA strands were partitioned into oil 
droplets . Each droplet was tested for the presence of either 
human or mouse PAH DNA along with the presence or 
absence of the payload . Editing frequency was calculated 
based on the detected co - partitioning of a payload and a 
target DNA in a single droplet in excess of expected prob 
ability of co - partitioning of a payload and a target DNA in 
separate nucleic acid molecules . 
[ 0212 ] The PAH knock - out mice had a phenotype of 
increased phenylalanine ( Phe ) levels in the blood . To exam 

ine phenotypic changes , the serum levels of Phe after 
administration of the AAV vectors were measured , the 
percentage levels were calculated relative to the baseline at 
time zero , and the percentage levels were compared to the 
control mice that did not receive the AAV vectors . 
10213 ] . The mice administered the hPAH - mAC - 006 vector 
packaged in AAVHSC15 capsids showed a transduction 
efficiency of about 8 to 18 vector genomes per cell ( FIG . 
7A ) , and an average editing efficiency of about 4 . 4 % relative 
to the number of alleles ( FIG . 7B ) . This editing efficiency 
supported an expression level of PAH sufficient to reduce 
Phe levels in the serum of the mice by about 50 % for at least 
5 months ( FIGS . 7C and 7D ) , and the phenotypic changes 
correlated with the editing efficiency ( FIG . 7E ) . The correct 
homologous recombination of the vector at the Pah locus 
was verified by the length of the PCR product amplified 
from the edited genomic locus using a first primer that 
hybridized to the payload , and a second primer that hybrid 
ized to a genomic sequence downstream from the right 
homology arm ( data not shown ) . 
102141 . To determine whether the homologous recombina 
tion introduced any genomic alterations into the edited 
alleles , the DNA sequences in the genomic regions corre 
sponding to the homology arms were further analyzed by 
deep sequencing ( Illumina ) . The samples all had high qual 
ity sequence reads , and all the positions were sequenced 
with a depth of over 20 , 000 reads . Insertions and deletions 
( hereinafter “ indels ” ) were identified by Somatic Variant 
Callers with an indel quality filter and a strand bias filter . 
Specifically , a region in the right homology arm comprising 
10 continuous G showed an elevated indel rate of about 
0 . 02 - 0 . 05 % in both control and treated animals . Indels at this 
locus , as well as several other loci , did not pass filters for 
bona fide changes , and were removed from further analysis . 
As shown in Table 8 , the untreated control animals showed 
an indel rate of 0 . 002 - 0 . 006 % . Treated animal 1 had an indel 
rate of 0 . 031 % ; treated animal 2 had no indels that passed 
the filters ; treated animal 3 had an indel rate similar to those 
of the control animals . All the indels identified were located 
in untranslated regions . 

TABLE 8 

Deep sequencing data for individual animals 

Total 
reads 

Average 
depth 

per base 

Number of 
mutations 

passing filter 

Accumulative 
mutations 
passing 

filter in % Animal 

1 Control animal 1 
Control animal 2 

4 , 218 , 356 
5 , 599 , 928 

341 , 291 
453 , 069 

0 . 002 % 
0 . 006 % 
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TABLE 8 - continued control . As shown in FIG . 9B , PAH gene editing efficiency 
in mice administered the HMI - HPAH - MAC - 006 vector was 
determined to be about 8 % relative to the number of alleles . 
No errors were detected in the edited regions . 

Deep sequencing data for individual animals 

Average 
Accumulative 
mutations 
passing 

filter in % 
dep 

Number of 
mutations 

passing filter 
Total 
reads Animal per base 

Treated animal 1 
Treated animal 2 
Treated animal 3 

4 , 785 , 826 
3 , 353 , 288 
9 , 514 , 938 

387 , 203 
271 , 302 
769 , 817 

0 . 031 % 
0 . 000 % 
0 . 006 % 9 

[ 0215 ] The results above demonstrated the feasibility of 
reversing the phenotypes of PAH deficiency using correction 
vectors that insert a PAH coding sequence in a genome . 
[ 0216 ] To detect expression of human PAH in individual 
mouse hepatocytes after the in vivo transduction , RNA in 
situ hybridization ( ISH ) was performed on liver tissue 
sections using a probe specific to > 1 kb of the human PAH 
RNA having the silent codon alteration as described above 
( Advanced Cell Diagnostics , Inc . , Hayward , Calif . ) . As 
shown in FIG . 7F , this probe detected human PAH RNA and 
possibly virus DNA comprising PAH sequence in mouse 
hepatocytes transduced with the hPAH - MAC - 006 vector , but 
did not cross - hybridize to endogenous mouse Pah RNA . A 
liver sample of a mouse transduced with a transgene con 
struct comprising a CMV promoter driving the expression of 
a human Pah RNA having the same silent codon alteration 
was used as a positive control . 
c ) PAH Correction Vector pHMI - HPAH - MAC - 006 
[ 0217 ] The pHMI - HPAH - MAC - 006 vector comprised 5 ' to 
3 ' the following genetic elements : a 5 ITR element , a 5 
homology arm , a silently altered human PAH coding 
sequence , an SV40 polyadenylation sequence , a 3 ' homol 
ogy arm , and a 3 ' ITR element . The sequences of these 
elements are set forth in Table 9 . 

Durable Phenotypic Correction of 
Hyperphenylalaninemia in Mouse Models 
[ 0219 ] In one experiment , the efficacy of the PHMI - HPAH 
MAC - 006 vector in phenotypic correction was determined 
using a PAH knock - out mouse model ( PAHEND2 ) . The 
PHMI - hPAH - MAC - 006 vector was packaged in 
AAVHSC15 capsids and administered intravenously to mice 
at a dose of 1x1014 vector genomes per kilogram of body 
weight . To examine phenotypic changes , the serum levels of 
phenylalanine ( Phe ) and tyrosine ( Tyr ) after administration 
of the pHMI - EPAH - MAC - 006 vector packaged in 
AAVHSC15 capsids was measured weekly beyond 7 weeks , 
the percentage levels were calculated relative to the baseline 
at time zero , and the percentage levels were compared to the 
control mice that received a vehicle control . A total of 4 mice 
were administered the pHMI - hPAH - MAC - 006 vector pack 
aged in AAVHSC15 capsids , and 2 mice were administered 
vehicle control . As shown in FIG . 10 , a significant reduction 
in serum levels of Phe ( FIG . 10A ; * indicates p < 0 . 0001 by 
repeated measures 2 - way ANOVA vs vehicle ; p < 0 . 0001 by 
repeated measures 2 - way ANOVA vs time ) and a significant 
increase in serum levels of Tyr ( FIG . 10B ; * indicates 
p < 0 . 05 by repeated measures 2 - way ANOVA vs vehicle ; 
p < 0 . 0003 by repeated measures 2 - way ANOVA vs time ) 
were observed in mice that received the vector . FIG . 10C 
shows the ratio between serum Phe and serum Tyr in mice 
that received the vector or a vehicle control * indicates 
p < 0 . 002 by repeated measures 2 - way ANOVA vs vehicle ; 
p < 0 . 0004 by repeated measures 2 - way ANOVA vs time ) . 
[ 0220 ] FIG . 11A depicts a graph showing the PAH gene 
editing efficiency and transduction efficiency of cells 
obtained from mice administered either the pHMI - HPAH 
MAC - 006 vector or a vehicle control . The left y - axis of FIG . 
11A indicates the percentage of editing efficiency and shows 
that mice administered the pHMI - HPAH - MAC - 006 vector 
( AAVHSC15 - mPAH ) had about 5 % editing efficiency rela 
tive to the number of alleles . The right y - axis of FIG . 11A 
indicates the number of vector genomes per cell and shows 
that mice administered the pHMI - HPAH - MAC - 006 vector 
( AAVHSC15 - mPAH ) had a transduction efficiency of about 
140 vector genomes per cell . 
[ 0221 ] FIG . 11B depicts a graph showing the relative 
quantity of PAH mRNA expressed , normalized to the 
expression level of mouse GAPDH , of cells obtained from 
mice administered either the PHMI - HPAH - MAC - 006 vector 
( AAVHSC15 - mPAH ) or a vehicle control . As shown , cells 
obtained from mice administered the pHMI - HPAH - MAC 
006 vector ( AAVHSC15 - mPAH ) had significant levels of 
human PAH mRNA , as compared mice administered a 
vehicle control ( * indicates p < 0 . 005 by two - tailed Mann 
Whitney test vs vehicle ) . 

TABLE 9 
Genetic elements in PAH correction vector pHMI - hPAH - MAC - 006 

Genetic Element SEQ ID NO 
18 

111 
25 

31 
11 

5 ' ITR element 
5 ' homology arm 
Silently altered human PAH 
coding sequence 
SV40 polyadenylation sequence 
Targeted integration restriction 
cassette 
3 ' homology arm 
3 ' ITR element 
correction genome ( 5 ' HA to 3 ' 
?? ) 
correction genome ( 5 ' ITR to 3 ' 
ITR ) 

112 
19 

113 

114 

d ) PAH Gene Editing Efficiency in Mice Administered 
pHMI - APAH - MAC - 006 
[ 0218 ] FIG . 9A depicts a schematic of the assay used to 
determine editing efficiency of the PAH gene in mice that 
received the pHMI - HPAH - MAC - 006 vector . ddPCR and 
LAM - NGS ( LAM - PCR followed by next generation 
sequencing ( NGS ) ) was performed as described herein and 
as indicated in FIG . 9A . FIG . 9B shows a graph of PAH gene 
editing efficiency as determined in cells of mice adminis - 
tered either the pHMI - HPAH - MAC - 006 vector or vehicle 

Example 5 : In Vivo Editing of the Human PAH 
Gene in a Mouse Model 

[ 0222 ] This example provides animal models for examin 
ing PAH correction vectors , such as those described in the 
previous examples , in the editing of the human PAH gene in 
a mouse model . 
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between exon 8 and exon 9 of the native PAH gene , which 
was not disrupted by the silent alteration of the codons . 
[ 0228 ] The vectors were packages with AAVHSC15 
capsids , and were administered into mice intravenously at a 
dose of 1x1013 vector genomes per kilogram of body weight . 
Six weeks after the administration , liver samples were 
collected , and the localization of the silently altered human 
PAH mRNA and possibly virus DNA comprising PAH 
sequence was examined by in situ hybridization . As shown 
in FIG . 8B , the addition of the HBB intron substantially 
improved the nuclear export of the mRNA . This result 
demonstrated that addition of an intron in the PAH coding 
sequence could potentially increase the expression level of 
the PAH gene , and this feature can be included in the design 
of PAH correction vectors . 

a ) Editing of Human PAH in Human Blood Cells in a Mouse 
Model 

[ 0223 ] Briefly , NOD . Cg - Prkdcscidi12rgtan twji / SZJ ( NSG ) 
mice were myeloblated through sublethal irradiation , and 
transplanted with human CD34 + hematopoietic stem cells . 
Engraftment levels were determined after 12 weeks by 
identifying the amounts of human and murine CD45 + cells 
in the peripheral blood by flow cytometry , and the mice 
having more than 50 % of circulating human CD45 + cells 
were selected . The hPAH - HAC - 008 vector packaged with 
the AAVHSC17 capsid was administered intravenously to 
12 such mice divided equally into four groups . The first and 
second groups of mice received a dose of 1 . 54x1013 vector 
genomes per kilogram of body weight , and the third and 
fourth groups received a dose of 2 . 1x1012 vector genomes 
per kilogram of body weight . The mice were euthanized 6 
weeks after the injections . Samples of blood , bone marrow 
and spleen tissues were collected , and genomic DNA was 
extracted . 
[ 0224 ] Editing frequency in mouse and human cells were 
measured by multiplexed droplet digital PCR ( ddPCR ) 
using primer probe sets to measure the frequency of the 
integrated DNA from the AAV vector ( payload ” ) integrat - 
ing into the mouse PAH locus and the human PAH locus . In 
short , single DNA strands were partitioned into oil droplets . 
Each droplet was tested for the presence of either human or 
mouse PAH DNA along with the presence or absence of the 
payload . Editing frequency was calculated based on the 
detected co - partitioning of a payload and a target DNA in a 
single droplet in excess of expected probability of co 
partitioning of a payload and a target DNA in separate 
nucleic acid molecules . 
[ 0225 ] As shown in Table 10 , editing of human cells was 
detected in bone marrow samples in a dose - dependent 
manner . Notably , editing was specific to human genome , as 
no editing was detected in mouse cells . 

c ) Editing of Human PAH in Human Hepatocytes in a 
Mouse Model 

TABLE 10 
Editing efficiencies of hPAH - HAC - 008 in mouse tissues 

% Editing in 
bone marrow 

% Editing 
in spleen 

% Editing 
in blood Group 

[ 0229 ] Briefly , Fah - ' - Rag2 - / - 112rg - ' - mice on the 
C57B1 / 6 background , commonly referred to as the FRG? 
Knockout mice , were used as a model for liver humaniza 
tion . The mice were immunodeficient and lacked the tyro 
sine catabolic enzyme fumarylacetoacetate hydrolase ( Fah ) . 
Ablation of mouse hepatocytes was induced by the with 
drawal of the protective drug 2 - ( 2 - nitro - 4 - trifluoromethyl 
benzoyl ) - 1 , 3 - cyclohexanedione ( NTBC ) . The mice were 
then engrafted with human hepatocytes , and a urokinase 
expressing adenovirus was administered to enhance repopu 
lation of the human hepatocytes . Engraftment was sustained 
over the life of the animal with an appropriate regimen of 
CuRxTM Nitisinone ( 20 - 0026 ) and prophylactic treatment of 
SMX / TMP antibiotics ( 20 - 0037 ) . The animals weighed 22 
grams on average and had a typical lifespan of 18 - 24 
months . 
[ 0230 ] The hPAH - HAC - 008 or hPAH - HAC - 008 - HBB vec 
tor was packaged with AAVHSC15 capsids , and was admin 
istered into mice intravenously at a dose of 1x1013 vector 
genomes per kilogram of body weight . Six weeks after the 
administration , liver samples were collected , the human and 
mouse hepatocytes were separated and purified using Milte 
nyi auto MACS columns following liver perfusion . DNA 
was extracted , and the efficiency of gene editing was mea 
sured using the same ddPCR method as described above . 
[ 0231 ] As shown in FIG . 8C , the percentage editing effi 
ciency in human hepatocytes , measured as the percentage of 
edited alleles out of all alleles , was 2 . 2 % in an animal treated 
with the hPAH - HAC - 008 vector , and 4 . 3 % in an animal 
treated with the hPAH - HAC - 008 - HBB vector . Editing was 
not detected in mouse hepatocytes from either animal . The 
lack of detection of editing in mouse hepatocytes from either 
animal is unlikely to be due to lack of transduction efficiency 
as mouse hepatocytes were transduced well ( FIG . 8A ) . In a 
separate experiment , editing of the human genome by the 
hPAH - HAC - 008 vector was detected at a rate of 2 . 131 % 
relative to the number of alleles of human genome , whereas 
editing of the mouse genome in the liver sample was 
detected at a rate of 0 . 05 % relative to the number of alleles 
of mouse genome . These results showed human - specific 
editing of the PAH gene by the hPAH - HAC - 008 vector or a 
modified version thereof , and provided an in vivo model for 
examining the editing efficiency in hepatocytes . 

Hnmt 
0 . 16 
0 . 25 
0 . 09 
0 . 02 

0 . 0 
0 . 01 
0 . 09 
0 . 013 

0 . 0 
0 . 0 
0 . 0 
0 . 001 

[ 0226 ] FIG . 8A shows the transduction efficiency of the 
hPAH - HAC - 008 vector and hPAH - HAC - 008 - HBB vector in 
human and mouse hepatocytes in mice administered with the 
vector packaged in AAVHSC15 capsids . 
b ) Editing of Human PAH in Human Hepatocytes in a 
Mouse Model Using a Vector Comprising an HBB Intron 
[ 0227 ] The hPAH - HAC - 008 vector comprises a complete 
human PAH coding sequence without any intron . A modified 
vector hPAH - HAC - 008 - HBB , wherein the first intron of the 
human HBB gene ( having the nucleotide sequence of SEQ 
ID NO : 28 ) is added between nucleotides 912 and 913 of the 
human PAH coding sequence , was generated for improving 
the nuclear export and stability of RNA molecules tran 
scribed from the vector . The internucleotide bond between 
nucleotides 912 and 913 corresponds to the splicing site 
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d ) Editing of Human PAH in Human Hepatocytes in a 
Mouse Model 
[ 0232 ] In one experiment , Fah - ' - Rag2 - / - 112rg - / - mice on 
the C57B1 / 6 background , commonly referred to as the 
FRG® Knockout mice ( also referred to herein as HuLiv 
mice ) , were used as a model for liver humanization , as 
described above ( see FIG . 12A ) . 
[ 0233 ] The pHMIK - HPAH - hI1C - 032 vector comprised 5 
to 3 ' the following genetic elements : a 5 ' ITR element , a 5 ' 
homology arm , a splicing acceptor , a 2A element , a silently 
altered human PAH coding sequence , an SV40 polyade 
nylation sequence , a 3 ' homology arm , and a 3 ' ITR element . 
The sequences of these elements are set forth in Table 11 . 

TABLE 11 
Genetic elements in PAH correction vector pHMIK - hPAH - hI1C - 032 

Genetic Element SEQ ID NO 
18 

115 
14 
74 

dose of 1x10 " vector genomes per kilogram of body weight , 
the level of serum phenylalanine was similar to that of mice 
administered a control up to 3 weeks post - injection . In 
contrast , mice administered the pHMI - HPAH - MAC - 006 vec 
tor ( mPAH - 006 ) showed reduction in serum Phe levels as 
soon as 1 week post - injection . 
[ 0238 ] FIG . 15A shows the relationship between human 
PAH expression and serum Phe levels . As shown , in data 
gleaned from experiments using the pHMI - HPAH - MAC - 006 
vector in PAHENU2 mice , 10 % of human PAH expression 
corrects the phenotype in PAHENU2 mice . Thus , 10 % of 
human PAH expression relative to endogenous levels was 
determined to be the level required to correct phenylala 
ninemia ( e . g . , a therapeutic level ) . 
[ 0239 ] Therapeutic levels of expression were detected 
with the pHMIK - HPAH - hI1C - 032 vector . Human PAH 
expression in human hepatocytes was measured relative to 
human GAPDH in HuLiv mice administered the pHMIK 
hPAH - hI1C - 032 vector ( hPAH - 032 ) at a dose of 1x1014 
vector genomes per kilogram of body weight . As shown in 
FIG . 15B , using two different expression probes to measure 
expression of human PAH in two different HuLiv mice 
treated with the vector , human PAH expression was deter 
mined to be greater than 10 % in human hepatocytes . The 
PAH gene editing range in human hepatocytes of HuLiv 
mice administered the vector was measured to be about 5 % 
to about 11 % in 13 different mice across 3 different experi 
ments . 
[ 0240 ] The pHMIK - HPAH - hI1C - 032 vector was found to 
target human PAH gene and resulted in corrected levels of 
edited mRNA in HuLiv mice . The PAH mRNA level 
required for phenotypic correction was first established in a 
murine model ( using the PAH knock - out mouse model 
( PAHENU2 ) ) . This was determined to be about 10 % of PAH 
expression relative to endogenous levels ( see FIG . 15A ) . As 
shown in FIG . 16 , human PAH gene expression relative to 
GAPDH expression was determined to be about 44 . 9 % 
( left ) , and mouse PAH gene expression relative to GAPDH 
expression was determined to be about 39 . 7 % ( right ) . 

5 ' ITR element 
5 ' homology arm 
Splice acceptor 
2 A element 
Silently altered human PAH coding sequence 
SV40 polyadenylation sequence 
3 ' homology arm 
3 ' ITR element 
Correction genome ( 5 ' HA to 3 ' HA ) 
Correction genome ( 5 ' ITR to 3 ' ITR ) 

116 
31 
117 
19 

118 
119 

Example 6 : Human PAH Correction Vectors 

[ 0234 ] The pHMIK - HPAH - hI1C - 032 vector was packaged 
with AAVHSC15 capsids , and was administered into mice 
intravenously at a dose of 1x10 ' 4 vector genomes per 
kilogram of body weight . Liver samples from 3 mice that 
received the pHMIK - HPAH - h11C - 032 vector packaged with 
AAVHSC15 capsids were collected , the human and mouse 
hepatocytes were separated and purified , and DNA was 
extracted . The efficiency of gene editing was measured using 
the same ddPCR method as described above . 
[ 0235 ] The durability of PAH gene editing in human 
hepatocytes was measured by determining the percentage of 
edited alleles out of all alleles in cells obtained from treated 
mice 1 week and 6 weeks post - administration of vector . As 
shown in FIG . 12B , about 4 % PAH gene editing was 
measured in cells obtained from mice 1 week after admin 
istration of the vector , and about 7 % editing was measured 
in cells obtained from mice 6 weeks after administration of 
the vector . 
[ 0236 ] Genome editing mediated by the pHMIK - EPAH 
h11C - 032 vector was found to be specific for human hepato 
cytes in the HuLiv mice . As shown in FIG . 13 , at 1 week 
after administration of the vector , PAH gene editing ( as 
determined by ddPCR and NGS ) was detected at a rate of 
about 3 % to 3 . 5 % relative to the number of alleles of human 
genome , whereas editing of the mouse genome in the liver 
sample was close to 0 % relative to the number of alleles of 
mouse genome . At 6 weeks after administration of the 
vector , editing was detected at a rate of about 5 % to 6 . 5 % 
relative to the number of alleles of human genome . * 
indicates p < 0 . 0025 compared to mouse values . 
[ 0237 ] Further , the pHMIK - HPAH - hI1C - 032 vector was 
found to be ineffective in non - human cells . As shown in FIG . 
14 , when PAH knock - out mouse ( PAHENU2 ) mice were 
administered intravenously the PHMIK - EPAH - hI1C - 032 
vector ( hPAH - 032 ) packaged with AAVHSC15 capsids at a 

[ 0241 ] This example provides the human PAH correction 
vectors PKITR - HPAH - MAC - 006 - HCR , PKITR - HPAH 
h11C - 032 - HCR , PKITR - HPAH - MAC - 006 - SD . 3 , PHMIA2 
hPAH - hI1C - 032 - SD . 3 , and pHMIA2 - hPAH - MAC - 006 
HBB1 . Schematics of the vectors are depicted in FIGS . 17A , 
17B , 170 , 17D , and 17E , respectively . 
a ) PKITR - HPAH - MAC - 006 - HCR , PKITR - HPAH - hI1C - 032 
HCR , and pHMIA2 - hPAH - MAC - 006 - HBB1 

[ 0242 ] Vectors PKITR - APAH - MAC - 006 - HCR and 
PKITR - APAH - hI1C - 032 - HCR were generated by inserting 
an HCR intron into the PAH coding sequence . Vector 
PHMIA2 - hPAH - MAC - 006 - HBB1 was generated by insert 
ing an HBB1 intron into the PAH coding sequence . The 
HCR and HBB1 introns were selected based on their per 
formance in intron screening experiments using a luciferase 
reporter to determine introns that exhibit high expression in 
liver and blood cell lines . The introns used in the screen are 
set forth in Table 12 . 
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TABLE 12 b ) PKITR - HPAH - MAC - 006 - SD . 3 and pHMIA2 - hPAH 
hl1C - 032 - SD . 3 

Intron sequences used in luciferase reporter screen 

Intron SEQ ID NO 

120 
121 
122 

Chimeric MVM Intron ( ChiMVM ) 
SV40 Intron 
Adenovirus Tripartite Leader 
Intron ( ADTPL ) 
Mini B - Globin Intron 
AdV / Ig Chimeric Intron ( AdVIgG ) 
B - Globin Ig Heavy Chain Intron ( BGlobinig ) 
Wu MVM Intron ( Wu MVM ) 
HCR1 Intron ( OptHCR ) 
B - Globin Intron 
tFIX Intron ( FIX ) 
ch2BLood Intron ( BloodEnh ) 

123 
124 
125 
126 
127 
128 
129 
130 

[ 0244 ] Vectors PKITR - HPAH - MAC - 006 - SD . 3 and 
pHMIA2 - hPAH - hI1C - 032 - SD . 3 were generated by modify 
ing a splice donor site . The splice donor was modified as 
indicated in FIGS . 17C and 17D , respectively . PKITR 
hPAH - MAC - 006 - SD . 3 comprised 5 ' to 3 ' the following 
genetic elements : a 5 ' ITR element , a 5 ' homology arm , a 
silently altered human PAH coding sequence with splice 
donor modification , an SV40 polyadenylation sequence , a 
targeted integration restriction cassette ( “ TI RE ” ) , a 3 ' 
homology arm , and a 3 ' ITR element . PHMIA2 - hPAH - hI1C 
032 - SD . 3 comprised 5 ' to 3 ' the following genetic elements : 
a 5 ' ITR element , a 5 ' homology arm , a splicing acceptor , a 
2A element , a silently altered human PAH coding sequence 
with splice donor modification , an SV40 polyadenylation 
sequence , a 3 ' homology arm , and a 3 ' ITR element . The 
sequences of these elements are set forth in Table 14 . 

TABLE 14 

Genetic elements in PAH correction vectors PKITR - HPAH 
MAC - 006 - SD . 3 and pHMI42 - hPAH - hI1C - 032 - SD . 3 

[ 0243 ] PKITR - HPAH - MAC - 006 - HCR comprised 5 ' to 3 ' 
the following genetic elements : a 5 ' ITR element , a 5 ' 
homology arm , a silently altered human PAH coding 
sequence with HCR intron inserted therein , an SV40 poly 
adenylation sequence , a targeted integration restriction cas 
sette ( “ TI RE ” ) , a 3 ' homology arm , and a 3 ' ITR element . 
PKITR - hPAH - h11C - 032 - HCR comprised 5 ' to 3 ' the follow 
ing genetic elements : a 5 ' ITR element , a 5 ' homology arm , 
a splice acceptor , a 2A element , a silently altered human 
PAH coding sequence with HCR intron inserted therein , an 
SV40 polyadenylation sequence , a 3 ' homology arm , and a 
3 ITR element . PHMIA2 - hPAH - MAC - 006 - HBB1 com 
prised 5 ' to 3 ' the following genetic elements : a 5 ' ITR 
element , a 5 ' homology arm , a silently altered human PAH 
coding sequence with HBB intron inserted therein , an SV40 
polyadenylation sequence , a targeted integration restriction 
cassette ( “ TI RE ” ) , a 3 ' homology arm , and a 3 ' ITR element . 
The sequences of these elements are set forth in Table 13 . 

SEQ ID NO 

Genetic Element - 006 - SD . 3 - 032 - SD . 3 

18 
111 
N / A 

18 
115 
14 

N / A 
138 

74 
139 

5 ' ITR element 
5 ' homology arm 
Splice acceptor 
2A element 
Human PAH coding sequence 
SV40 polyadenylation sequence 
Targeted integration restriction 
cassette 
3 ' homology arm 
3 ' ITR element 

31 31 
71 N / A 

TABLE 13 
112 117 
19 19 Genetic elements in PAH correction vectors pKITR - HPAH 

MAC - 006 - HCR , PKITR - hPAH - h11C - 032 - HCR , and pHMI42 
hPAH - MAC - 006 - HBB1 

SEQ ID NO 

Genetic Element - 006 - HCR - 032 - HCR - 006 - HBB1 

18 
115 
14 

18 
111 

N / A 
N / A 
131 
31 

74 
132 
31 

N / A 

18 
142 
N / A 
N / A 
143 
31 
71 

5 ' ITR element 
5 ' homology arm 
Splice acceptor 
2A element 
Human PAH coding sequence 
SV40 polyadenylation sequence 
Targeted integration restriction 
cassette 
3 ' homology arm 
3 ' ITR element 
Correction genome ( 5 ' HA to 3 ' 
HA ) 
Correction genome ( 5 ' ITR to 3 ' 
ITR ) 

[ 0245 ] The invention is not to be limited in scope by the 
specific embodiments described herein . Indeed , various 
modifications of the invention in addition to those described 
will become apparent to those skilled in the art from the 
foregoing description and accompanying figures . Such 
modifications are intended to fall within the scope of the 
appended claims . 
[ 0246 ] All references ( e . g . , publications or patents or 
patent applications ) cited herein 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 individu 
ally indicated to be incorporated by reference in its entirety 
for all purposes . Other embodiments are within the follow 
ing claims . 

112 
19 

134 

117 
19 

136 

144 
19 

145 

135 137 146 

SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 153 
< 210 > SEQ ID NO 1 
< 211 > LENGTH : 736 
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- continued 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : adeno - associated AAVI 

< 400 > SEQUENCE : 1 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
10 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
20 25 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
40 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
55 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
70 75 65 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
85 90 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
100 105 

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arq Leu Leu Glu Pro 
120 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gin Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 150 155 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
165 170 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
180 185 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
200 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 235 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
245 250 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
260 265 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
280 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 310 315 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
325 330 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gin Leu 
340 345 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
360 
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Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 390 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
405 415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
420 430 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Ara Asn Tyr Ile Pro 
465 470 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
485 495 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
500 510 

Gly Ara Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
565 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gin Ala Gin 
580 590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 600 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
630 640 625 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
660 670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
675 680 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
705 710 720 
Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 

725 735 

< 210 > SEO ID NO 2 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

3 > OTHER INFORMATION : novel AAV isolate 
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- continued 

< 400 > SEQUENCE : 2 

Met Thr Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
20 30 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
35 40 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
55 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
70 75 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
100 110 

Asn Leu Gly Arq Ala Val Phe Gln Ala Lys Lys Arq Leu Leu Glu Pro 
115 120 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gin Glu Pro Asp Ser Ser Ala Gly Ile Gly 
150 155 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
180 190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
195 200 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
230 235 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
260 265 270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 
295 

Asn Tri Gly Phe Arg Pro Lys Gln Leu Asn Phe Lys Leu Phe Asn Ile 
315 310 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gln Leu 
340 345 350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
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390 395 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
410 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
425 430 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
440 435 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
475 480 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
490 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
505 510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
555 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
570 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gin Ala Gin 
585 590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 600 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
635 640 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
650 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
665 670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
675 680 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
715 720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 730 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

< 400 > SEQUENCE : 3 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
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- continued 
10 15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
25 30 

Lys Ala Asn Gin Gin His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro 
40 Gin Gin His Gin Aep Aen Ala Arg 35 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
55 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
75 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
105 110 

Asn Leu Gly Arg Ala Val Phe Gin Ala Lys Lys Arg Leu Leu Glu Pro 
115 120 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gin Glu Pro Asp Ser Ser Ala Gly Ile Gly 
155 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
185 190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
195 200 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
235 

Thr Thr Ser Thr Ara Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
265 270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
315 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gin Leu 
345 350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
395 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
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Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
425 430 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
440 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
465 470 475 480 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
495 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
505 510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 555 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gln Ala Gln Ala Gln 
585 590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
600 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 

Thr Gly Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
625 630 635 640 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
665 670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
680 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Gly Gly Val 
705 710 715 720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 735 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 
< 400 > SEQUENCE : 4 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
10 15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
20 25 30 
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- continued 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
35 40 45 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
55 

Ile Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
80 75 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
90 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
110 

Asn Leu Gly Arg Ala Val Phe Gin Ala Lys Lys Arg Leu Leu Glu Pro 
115 120 125 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gin Glu Pro Asp Ser Ser Ala Gly Ile Gly 
155 160 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
170 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
195 200 205 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
235 240 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
250 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 285 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
315 320 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
330 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gin Leu 
350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 365 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
395 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
410 415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
430 
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Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 

435 445 440 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 
450 455 

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Ara Asn Tyr Ile Pro 
470 475 480 

Gly Pro Ser Tyr Arg Gln Gln Arg Val Ser Thr Thr Val Thr Gin Asn 
485 490 495 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
500 510 

Gly Ara Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 
530 535 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
550 555 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
565 570 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gln Ala Gln Ala Gln 
580 590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 600 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 
610 615 

Thr Tyr Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
630 635 640 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 650 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
660 670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
675 680 

Lys Glu Asn Ser Lys Ara Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn 
690 695 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
710 715 720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 730 735 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

< 400 > SEQUENCE : 5 
Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 

15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
20 25 30 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
40 Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 

35 
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Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 

55 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
65 70 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
85 95 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
105 

Asn Leu Gly Arg Ala Val Phe Gin Ala Lys Lys Arg Leu Leu Glu Pro 
115 120 125 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gin Glu Pro Asp Ser Ser Ala Gly Ile Asp 
145 150 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
165 175 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro 
185 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
195 200 205 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
245 255 

Tyr Lys Gln Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
265 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 285 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 310 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
325 335 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gin Leu 
345 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 365 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 395 

Pro Ser Gin Met Leu Arq Thr Gly Asn Asn Phe Gln Phe Ser Tyr Glu 
410 415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
425 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 445 

Lys Thr Ile Asn G Gln Asn Gln Gin Thr Leu Lys Phe Ser 
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455 460 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Ara Asn Tyr Ile Pro 
465 470 480 

Gly Pro Ser Tyr Arg Gln Gln Arq Val Ser Thr Thr Val Thr Gln Asn 
495 Gly pro ser Tyr Arg Gin Gin Arg va 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu le Phe Gly 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gin Ala Gin 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
625 630 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
675 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu 
705 710 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
735 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

3 > OTHER INFORMATION : novel AAV isolate 

< 400 > SEQUENCE : 6 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
20 25 

| Leu Val Leu Pro Lys Ala Asn Gin Gln His Gln Asp Asn Ala Arq 
35 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
50 55 Gly Tyr Lys Tyr Leu Gly pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 



US 2019 / 0256867 A1 Aug . 22 , 2019 

- continued 
65 70 75 80 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
85 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
100 105 110 

Asn Leu Gly Arg Ala Val Leu Gin Ala Lys Lys Arg Leu Leu Glu Pro 
115 120 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 

Pro Val Glu Gin Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 150 155 160 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
180 185 190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
195 200 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 235 240 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
260 265 270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 310 315 320 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gln Leu 
340 345 350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 390 395 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
420 425 430 

Asp Arq Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 

Val Ala Gly Ser Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
465 470 475 480 
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Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
485 495 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
500 505 510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
565 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gln Ala Gln Ala Gln 
580 585 590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
600 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
625 630 640 

Lys His Pro Pro Pro Gin Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
660 665 670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
680 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
705 710 720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 735 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

< 400 > SEQUENCE : 7 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
25 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
55 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
65 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
85 
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Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
100 105 110 

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro 
120 125 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gin Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 150 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
165 175 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
180 185 190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
200 205 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 240 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
245 255 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
260 265 270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
280 285 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 310 320 

Gln Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
325 335 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gln Leu 
340 345 350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
360 365 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 390 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
405 415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu 
420 425 430 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
440 445 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 
455 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
465 470 480 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
485 495 
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Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
500 510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 
535 540 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 555 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
565 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Arg Ala Gin 
580 590 

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln 
595 600 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 
615 620 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
625 630 635 640 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
660 670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
675 680 

Lys Glu Asn Ser Lys Arq Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn 
695 700 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Glv Val 
705 710 715 720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 735 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

< 400 > SEQUENCE : 8 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
25 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
35 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 

Val Asn Ala Val Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
95 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
105 
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Asn Leu Gly Arg Ala Val Phe Gin Ala Lys Lys Arg Leu Leu Glu Pro 
115 120 125 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gin Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 150 160 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
170 175 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
180 190 185 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
195 200 205 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 240 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
250 255 

Tyr Lys Gln Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
260 265 270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 285 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
310 320 305 

Gln Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
330 335 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gin Leu 
340 345 350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 365 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 390 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
410 415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
420 425 430 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 445 440 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 
455 460 

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Ara Asn Tyr Ile Pro 
465 470 480 

Ly Pro Ser Tyr Arg Gin Gin Arg val Ser 1 Gin Gin Arg Val Ser Thr Thr Val Thr Gln Asn 
490 495 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
500 505 510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
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515 520 525 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 
535 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 555 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gin Ala Gin 
585 590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 
615 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
625 630 635 640 

Lys His Pro Pro Pro Gin Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
665 670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
675 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 
695 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
705 715 720 710 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 735 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

< 400 > SEQUENCE : 9 
Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 

15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
20 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
35 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
55 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
95 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
100 

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro 
115 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
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130 135 140 

Pro Val Glu Gin Ser Pro Arq Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 160 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
185 190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
195 200 205 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 240 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
265 270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 285 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 320 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gin Leu 
345 350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly cys Leu Pro Pro Phe Pro 
355 360 365 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
425 430 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 445 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 
455 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
465 480 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
505 510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 525 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu le Phe Gly 
530 535 
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Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 555 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
570 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gin Ala Gin 
585 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 
615 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
625 630 635 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
650 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
665 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 
695 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
705 710 715 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 730 735 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

< 400 > SEQUENCE : 10 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
30 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
35 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
55 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
75 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
110 

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro 
115 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 155 
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Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser cys Gly Gly 
195 200 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 240 

Thr Thr Ser Thr Ara Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 310 320 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gin Leu 
350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gin Ala Val Gly Ara Ser Ser Phe Tyr Cys Leu lu Tyr Phe 
385 390 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
430 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser 
435 440 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 
455 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
465 470 480 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 
535 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 560 
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Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 

565 570 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gin Ala Gin 
585 590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 600 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
630 635 640 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 650 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
665 670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
675 680 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Glv Val 
710 715 720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 730 735 

< 210 > SEO ID NO 11 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

N MOM 

< 400 > SEQUENCE : 11 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
35 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
55 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Arg Ala Tyr Asp 
70 75 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 

Asn Leu Gly Arq Ala Val Phe Gln Ala Lys Lys Arq Leu Leu Glu Pro 
115 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gin Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 150 155 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
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- continued 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
185 190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
195 200 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 240 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
250 255 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
265 270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 285 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gln Arq Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 310 320 

Gln Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
330 335 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gin Leu 
345 350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 365 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gln Ala Val Gly Ara Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 390 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
410 415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu 
425 430 

Asp Arq Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 445 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 
455 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
465 470 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
490 495 

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn 
505 510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
520 525 515 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 
535 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
565 570 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gln Ala Gln 
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580 585 590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
600 605 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
640 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
680 

Lys Lys Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 735 

< 210 > SEQ ID NO 12 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
23 > OTHER INFORMATION : novel AAV isolate 

< 400 > SEQUENCE : 12 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
25 20 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
35 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
70 80 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
95 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
100 105 

Asn Leu Gly Arg Ala Val Phe Gin Ala Lys Lys Arg Leu Leu Glu Pro 
115 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 140 

Pro Val Glu Gin Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly 
150 160 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
175 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
180 185 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
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- continued 
195 200 205 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
230 240 

Thr Thr Ser Thr Ara Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
255 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 

Phe His Cys His Phe Ser Pro His Asp Trp Gin Arg Leu Ile Asn Asn 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
310 320 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
335 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gln Leu 
350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
390 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
430 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Asn 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
470 480 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
495 

Asn Asn Ser Glu Phe Ala Trp Pro Arg Ala Ser Ser Trp Ala Leu Asn 
510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
560 550 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gin Ala Gin 
590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 600 
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Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 
610 615 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
625 640 

Lys His Pro Pro Pro Gin Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
670 

Gin Tyr Ser Thr Gly Gin Val Ser Met Glu Ile Glu Trp Glu Leu Gin 
680 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn 
690 695 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
705 720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 730 735 

V 

V 

V 

< 210 > SEQ ID NO 13 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

V 

V 

V 

< 400 > SEQUENCE : 13 
Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 

15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
30 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
40 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
65 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
95 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
110 

Asn Leu Gly Arg Ala Val Phe Gin Ala Lys Lys Arg Leu Leu Glu Pro 
120 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 

Pro Val Glu Gin Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
175 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro 
190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
200 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
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Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 240 Bop Ser Gin Top 
Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 

250 255 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 310 320 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
330 335 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gln Leu 
350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 390 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
410 415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
430 

Asp Arq Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 

Lys Thr Ile Asn Gly Ser Gly Gln Asn Gin Gin Thr Leu Lys Phe Ser 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Ara Asn Tyr Ile Pro 
465 470 480 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
490 495 

Asn Asn Ser Glu Phe Ala Trp Pro Arg Ala Ser Ser Trp Ala Leu Asn 
510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
570 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gln Ala Gln Ala Gln 
590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 600 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 
615 
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Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
625 630 635 640 

Lys His Pro Pro Pro Gin Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
660 665 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
675 680 685 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 
695 700 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Glv Val 
705 710 715 720 

Tyr Ser Glu Pro Arq Pro Ile Gly Thr Ara Tyr Leu Thr Ara Asn Leu 
725 730 

< 210 > SEO ID NO 14 
< 211 > LENGTH : 26 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : splice acceptor N NAP 
< 400 > SEQUENCE : 14 

ctgacctctt ctcttcctcc cacaqq 26 

< 210 > SEO ID NO 15 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

N MOM 

< 400 > SEQUENCE : 15 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
5 15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
35 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 
55 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
70 75 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 

Asn Leu Gly Arq Ala Val Phe Gln Ala Lys Lys Arq Leu Leu Glu Pro 
115 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gin Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 150 155 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
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Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
185 190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser 
195 200 

Ser Gly Gly Gly 
O 
u 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
215 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 240 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
250 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
265 270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 285 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gln Arq Leu Ile Asn Asn 
295 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 310 320 

Gln Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
330 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gin Leu 
345 350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 365 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 
375 

Gly Ser Gln Ala Val Gly Ara Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 390 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
410 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu 
425 430 

Asp Arq Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 445 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 
455 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
465 470 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
490 

Asn Asn Ser Glu Phe Ala Trp Pro Arq Ala Ser Ser Trp Ala Leu Asn 
505 510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
520 525 515 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 
535 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
565 570 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gln Ala Gln 
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580 585 590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
600 605 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
640 

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Arg Gin 
680 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 735 

< 210 > SEQ ID NO 16 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
23 > OTHER INFORMATION : novel AAV isolate 

< 400 > SEQUENCE : 16 

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 
15 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
25 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
35 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
70 80 65 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 
95 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
105 

Asn Leu Gly Arg Ala Val Phe Gin Ala Lys Lys Arg Leu Leu Glu Pro 
115 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 
135 

Pro Val Glu Gin Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 150 160 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 
175 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gin Pro Ile Gly Glu Pro Pro 
185 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 



US 2019 / 0256867 A1 Aug . 22 , 2019 
59 

- continued 
195 200 205 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
230 240 

Thr Thr Ser Thr Ara Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
255 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
310 320 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
335 

Asn Leu Thr Ser Thr Val Gin Val Phe Ala Asp Ser Asp Tyr Gln Leu 
350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
390 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
430 

Asp Arg Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 

Lys Thr Ile Asn Gly Ser Gly Gin Asn Gin Gin Thr Leu Lys Phe Ser 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Arg Asn Tyr Ile Pro 
470 480 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
495 

Asn Asn Ser Glu Phe Ala Trp Pro Arg Ala Ser Ser Trp Ala Leu Asn 
510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
560 550 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gin Ala Gin Ala Gin 
590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 600 
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Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 
610 615 

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 
625 640 

Lys His Pro Pro Pro Gin Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 655 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
680 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn 
690 695 

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val 
705 720 

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu 
725 730 735 

V 

V 

V 

< 210 > SEQ ID NO 17 
< 211 > LENGTH : 736 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : novel AAV isolate 

V 

V 

V 

< 400 > SEQUENCE : 17 
Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser 

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gin Pro 
30 

Lys Ala Asn Gin Gin His Gin Asp Asn Ala Arg Gly Leu Val Leu Pro 
40 

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro 

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp 
65 

Gin Gin Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala 

Asp Ala Glu Phe Gin Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly 
110 

Asn Leu Gly Arg Ala Val Phe Gin Ala Lys Lys Arg Leu Leu Glu Pro 
120 

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg 

Pro Val Glu Gin Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly 
145 

Lys Ser Gly Ala Gin Pro Ala Lys Lys Arg Leu Asn Phe Gly Gin Thr 

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro 
190 

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly 
200 

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser 
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- continued 

Ser Gly Asn Trp His Cys Asp Ser Gin Trp Leu Gly Asp Arg Val Ile 
225 230 240 

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu 
250 255 

Tyr Lys Gin Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn 
270 

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg 
275 280 

Phe His Cys His Phe Ser Pro Arg Asp Trp Gin Arg Leu Ile Asn Asn 

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile 
305 310 320 

Gin Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn 
330 335 

Asn Leu Thr Ser Thr Val Gin Val Phe Thr Asp Ser Asp Tyr Gln Leu 
350 

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro 
355 360 

Ala Asp Val Phe Met Ile Pro Gin Tyr Gly Tyr Leu Thr Leu Asn Asp 

Gly Ser Gin Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe 
385 390 400 

Pro Ser Gin Met Leu Arg Thr Gly Asn Asn Phe Gin Phe Ser Tyr Glu 
410 415 

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gin Ser Leu 
430 

Asp Arq Leu Met Asn Pro Leu Ile Asp Gin Tyr Leu Tyr Tyr Leu Ser 
435 440 

Lys Thr Ile Asn Gly Ser Gly Gln Asn Gin Gin Thr Leu Lys Phe Ser 

Val Ala Gly Pro Ser Asn Met Ala Val Gin Gly Ara Asn Tyr Ile Pro 
465 470 480 

Gly Pro Ser Tyr Arg Gin Gin Arg Val Ser Thr Thr Val Thr Gin Asn 
490 495 

Asn Asn Ser Glu Ile Ala Trp Pro Arq Ala Ser Ser Trp Ala Leu Asn 
510 

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys 
515 520 

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly 

Lys Gin Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile 
545 550 560 

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser 
570 575 

Tyr Gly Gin Val Ala Thr Asn His Gin Ser Ala Gln Ala Gln Ala Gln 
590 

Thr Gly Trp Val Gin Asn Gin Gly Ile Leu Pro Gly Met Val Trp Gin 
595 600 

Asp Arg Asp Val Tyr Leu Gin Gly Pro Ile Trp Ala Lys Ile Pro His 
615 
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- continued 
Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met 

630 635 640 

Lys His Pro Pro Pro Gin Ile Leu Ile Lys Asn Thr Pro Val Pro Ala 
645 

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr 
660 665 670 

Gin Tyr Ser Thr Gly Gin Val Ser Val Glu Ile Glu Trp Glu Leu Gin 
675 680 685 

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gin Tyr Thr Ser Asn 
695 700 

Tyr Cys Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Glv Val 
710 715 720 

Tyr Ser Glu Pro Arq Pro Ile Gly Thr Ara Tyr Leu Thr Ara Asn Leu 
725 730 

< 210 > SEQ ID NO 18 
< 211 > LENGTH : 145 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : AAV2 5 ' ITR N NAP 
< 400 > SEQUENCE : 18 

ttggccactc cctctctgcg cgctcgctcg ctcactgagg ccgggcgacc aaaggtcgcc 60 

cgacgcccgg gotttgcccg ggcggcctca gtgagcgagc gagcgcgcag agagggagtg 120 

gccaactcca tcactagggg ttcct 145 

< 210 > SEQ ID NO 19 
< 211 > LENGTH : 145 
< 212 > TYPE : DNA 

ORGANISM : Artificial Sequence 
FEATURE : 

< 223 > OTHER INFORMATION : AAV2 3 ' ITR 

< 400 > SEQUENCE : 19 

aggaacccct agtgatggag ttggccactc cctctctgcg cgctcgctcg ctcactgagg 60 
ccgggcgacc aaaggtcgcc cgacgcccgg gotttgcccg ggcggcctca gtgagcgage 120 
gagcgcgcag agagggagtg gocaa 145 

< 210 > SEO ID NO 20 
< 211 > LENGTH : 167 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : AAV5 5 ' ITR 

< 400 > SEQUENCE : 20 

ctctcccccc tgtcgcgttc gctcgctcgc tggctcgttt gggggggtgg cagctcaaag 60 

agctgccaga cgacggccct ctggccgtcg cccccccaaa cgagccagcg agcgagcgaa 120 

cgcgacaggg gggagagtgc cacactctca agcaaggggg ttttgta 167 

< 210 > SEO ID NO 21 
< 211 > LENGTH : 167 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

3 > OTHER INFORMATION : AAV5 3 ! ITR 
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< 400 > SEQUENCE : 21 

tacaaaacct ccttgottga gagtgtggca ctctcccccc tgtcgcgttc gotcgctcgc 60 
tggctcgttt gggggggtgg cagctcaaag agctgccaga cgacggccct ctggccgtcg 120 

cccccccaaa cgagccagcg agcgagcgaa cgcgacaggg gggagag 167 

< 210 > SEQ ID NO 22 
< 211 > LENGTH : 621 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
223 > OTHER INFORMATION : AAV2 Rep 

??? ??? 

< 400 > SEQUENCE : 22 

Met Pro Gly Phe Tyr Glu Ile Val Ile Lys Val Pro Ser Asp Leu Asp 
15 

Glu His Leu Pro Gly Ile Ser Asp Ser Phe Val Asn Trp Val Ala Glu 
30 

Lys Glu Trp Glu Leu Pro Pro Asp Ser Asp Met Asp Leu Asn Leu Ile 
35 

Glu Gin Ala Pro Leu Thr Val Ala Glu Lys Leu Gin Arg Asp Phe Leu 
55 

Thr Glu Trp Arg Arg Val Ser Lys Ala Pro Glu Ala Leu Phe Phe Val 
80 65 75 

Gin Phe Glu Lys Gly Glu Ser Tyr Phe His Met His Val Leu Val Glu 
95 

Thr Thr Gly Val Lys Ser Met Val Leu Gly Arg Phe Leu Ser Gin Ile 
110 

Arg Glu Lys Leu Ile Gin Arg Ile Tyr Arg Gly Ile Glu Pro Thr Leu 
115 

Pro Asn Trp Phe Ala Val Thr Lys Thr Arg Asn Gly Ala Gly Gly Gly 
135 

Asn Lys Val Val Asp Glu Cys Tyr Ile Pro Asn Tyr Leu Leu Pro Lys 
145 155 160 

Thr Gin Pro Glu Leu Gin Trp Ala Trp Thr Asn Met Glu Gin Tyr Leu 
175 

Ser Ala Cys Leu Asn Leu Thr Glu Ara Lys Arg Leu Val Ala Gln His 
190 

Leu Thr His Val Ser Gin Thr Gln Glu Gln Asn Lys Glu Asn Gln Asn 
195 

Pro Asn Ser Asp Ala Pro Val Ile Arg Ser Lys Thr Ser Ala Arg Tyr 
215 

Met Glu Leu Val Gly Trp Leu Val Asp Lys Gly Ile Thr Ser Glu Lys 
225 235 240 

Gin Trp Ile Gin Glu Asp Gin Ala Ser Tyr Ile Ser Phe Asn Ala Ala 
255 

Ser Asn Ser Arg Ser Gin Ile Lys Ala Ala Leu Asp Asn Ala Gly Lys 
270 

Ile Met Ser Leu Thr Lys Thr Ala Pro Asp Tyr Leu Val Gly Gin Gin 
275 

Pro Val Glu Asp Ile Ser Ser Asn Arg Ile Tyr Lys Ile Leu Glu Leu 
295 
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Asn Gly Tyr Asp Pro Gin Tyr Ala Ala Ser Val Phe Leu Gly Trp Ala 
305 310 315 320 

Thr Lys Lys Phe Gly Lys Arg Asn Thr Ile Trp Leu Phe Gly Pro Ala 
335 

Thr Thr Gly Lys Thr Asn Ile Ala Glu Ala Ile Ala His Thr Val Pro 
340 345 350 

Phe Tyr Gly cys Val Asn Trp Thr Asn Glu Asn Phe Pro Phe Asn Asp 
355 360 365 

Cys Val Asp Lys Met Val Ile Trp Trp Glu Glu Gly Lys Met Thr Ala 
375 

Lys Val Val Glu Ser Ala Lys Ala Ile Leu Gly Gly Ser Lys Val Arg 
385 390 395 

Val Asp Gin Lys Cys Lys Ser Ser Ala Gin Ile Asp Pro Thr Pro Val 
415 

Ile Val Thr Ser Asn Thr Asn Met Cys Ala Val Ile Asp Gly Asn Ser 
420 425 430 

Thr Thr Phe Glu His Gln Gln Pro Leu Gln Asp Art Met Phe Lys Phe 
435 440 445 

Glu Leu Thr Arg Arg Leu Asp His Asp Phe Gly Lys Val Thr Lys Gin 
455 

Glu Val Lys Asp Phe Phe Arg Trp Ala Lys Asp His Val Val Glu Val 
465 470 475 

Glu His Glu Phe Tyr Val Lys Lys Gly Gly Ala Lys Lys Arg Pro Ala 
495 

Pro Ser Asp Ala Asp Ile Ser Glu Pro Lys Arq Val Arq Glu Ser Val 
500 505 510 

Ala Gin Pro Ser Thr Ser Asp Ala Glu Ala Ser Ile Asn Tyr Ala Asp 
515 520 525 

Arg Tyr Gin Asn Lys Cys Ser Arg His Val Gly Met Asn Leu Met Leu 
535 

Phe Pro Cys Arg Gin Cys Glu Arg Met Asn Gin Asn Ser Asn Ile Cys 
545 550 555 

Phe Thr His Gly Gin Lys Asp Cys Leu Glu Cys Phe Pro Val Ser Glu 
575 

Ser Gin Pro Val Ser Val Val Lys Lys Ala Tyr Gin Lys Leu Cys Tyr 
580 585 590 

Ile His His Ile Met Gly Lys Val Pro Asp Ala Cys Thr Ala Cys Asp 
595 600 605 

Leu Val Asn Val Asp Leu Asp Asp Cys Ile Phe Glu Gin 
610 615 

< 210 > SEQ ID NO 23 
< 211 > LENGTH : 452 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 23 
Met Ser Thr Ala Val Leu Glu Asn Pro Gly Leu Gly Arg Lys Leu Ser 

15 

Asp Phe Gly Gin Glu Thr Ser Tyr Ile Glu Asp Asn Cys Asn Gin Asn 
20 25 

Gly Ala Ile Ser Leu Ile Phe Ser Leu Lys Glu Glu Val Gly Ala Leu 
35 40 45 
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Ala Lys Val Leu Arg Leu Phe Glu Glu Asn Asp Val Asn Leu Thr His 
55 

Ile Glu Ser Arg Pro Ser Arg Leu Lys Lys Asp Glu Tyr Glu Phe Phe 
75 

Thr His Leu Asp Lys Arg Ser Leu Pro Ala Leu Thr Asn Ile Ile Lys 
85 95 

Ile Leu Arg His Asp Ile Gly Ala Thr Val His Glu Leu Ser Arg Asp 

Lys Lys Lys Asp Thr Val Pro Trp Phe Pro Arg Thr Ile Gin Glu Leu 
120 115 

Asp Ara Phe Ala Asn Gln Ile Leu Ser Tyr Gly Ala Glu Leu Asp Ala 
135 

Asp His Pro Gly Phe Lys Asp Pro Val Tyr Arg Ala Arg Arg Lys Gin 
155 

Phe Ala Asp Ile Ala Tyr Asn Tyr Arg His Gly Gin Pro Ile Pro Arg 
165 175 

Val Glu Tyr Met Glu Glu Glu Lys Lys Thr Trp Gly Thr Val Phe Lys 

Thr Leu Lys Ser Leu Tyr Lys Thr His Ala Cys Tyr Glu Tyr Asn His 
195 200 

Ile Phe Pro Leu Leu Glu Lys Tyr Cys Gly Phe His Glu Asp Asn Ile 
215 

Pro Gin Leu Glu Asp Val Ser Gin Phe Leu Gin Thr cys Thr Gly Phe 
235 240 

Arg Leu Arg Pro Val Ala Gly Leu Leu Ser Ser Arg Asp Phe Leu Gly 
245 

Gly Leu Ala Phe Arg Val Phe His Cys Thr Gin Tyr Ile Arg His Gly 

Ser Lys Pro Met Tyr Thr Pro Glu Pro Asp Ile Cys His Glu Leu Leu 
275 280 

Gly His Val Pro Leu Phe Ser Asp Arg Ser Phe Ala Gin Phe Ser Gin 
295 

Glu Ile Gly Leu Ala Ser Leu Gly Ala Pro Asp Glu Tyr Ile Glu Lys 
315 320 

Leu Ala Thr Ile Tyr Trp Phe Thr Val Glu Phe Gly Leu Cys Lys Gin 
325 

Gly Asp Ser Ile Lys Ala Tyr Gly Ala Gly Leu Leu Ser Ser Phe Gly 

Glu Leu Gin Tyr Cys Leu Ser Glu Lys Pro Lys Leu Leu Pro Leu Glu 
355 360 

Leu Glu Lys Thr Ala Ile Gln Asn Tyr Thr Val Thr Glu Phe Gln Pro 
375 

Leu Tyr Tyr Val Ala Glu Ser Phe Asn Asp Ala Lys Glu Lys Val Arg 
395 400 

Asn Phe Ala Ala Thr Ile Pro Arg Pro Phe Ser Val Arg Tyr Asp Pro 
405 

Tyr Thr Gin Arg Ile Glu Val Leu Asp Asn Thr Gin Gin Leu Lys Ile 
425 

Leu Ala Asp Ser Ile Asn Ser Glu Ile Gly Ile Leu Cys Ser Ala Leu 
435 440 
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Gin Lys Ile Lys 

450 

< 210 > SEQ ID NO 24 
< 211 > LENGTH : 1359 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 24 
atgtccactg cggtcctgga aaacccaggc ttgggcagga aactctctga ctttggacag 60 
gaaacaagct atattgaaga caactgcaat caaaatggtg ccatatcact gatcttctca 120 

ctcaaagaag aagttggtgc attggccaaa gtattgcgct tatttgagga gaatgatgta 180 

aacctgaccc acattgaatc tagaccttct cgtttaaaga aagatgagta tgaatttttc 240 

acccatttgg ataaacgtag cctgcctgct ctgacaaaca tcatcaagat cttgaggcat 300 

gacattggtg ccactgtcca tgagctttca cgagataaga agaaagacac agtgccctgg 360 

ttcccaagaa ccattcaaga gctggacaga tttgccaatc agattctcag ctatggagcg 420 
gaactggatg ctgaccaccc tggttttaaa gatcctgtgt accgtgcaag acggaagcag 480 
tttgctgaca ttgcctacaa ctaccgccat gggcagccca tccctcgagt ggaatacatg 540 

gaggaagaaa agaaaacatg gggcacagtg ttcaagactc tgaagtcctt gtataaaacc 600 

catgottgct atgagtacaa tcacattttt ccacttcttg aaaagtactg tggcttccat 660 
gaagataaca ttccccagct ggaagacgtt tctcaattcc tgcagacttg cactggtttc 720 
cgcctccgac ctgtggctgg cctgctttcc tctcgggatt tcttgggtgg cctggccttc 780 

cgagtcttcc actgcacaca gtacatcaga catggatcca agcccatgta tacccccgaa 840 

cctgacatct gccatgagct gttgggacat gtgcccttgt tttcagatcg cagctttgcc 900 

cagttttccc aggaaattgg ccttgcctct ctgggtgcac ctgatgaata cattgaaaag 960 

ctcgccacaa tttactggtt tactgtggag tttgggctct gcaaacaagg agactccata 1020 
aaggcatatg gtgctgggct cctgtcatcc tttggtgaat tacagtactg cttatcagag 1080 

aagccaaagc ttctccccct ggagctggag aagacagcca tccaaaatta cactgtcacg 1140 
gagttccagc ccctgtatta cgtggcagag agttttaatg atgccaagga gaaagtaagg 1200 
aactttgctg ccacaatacc tcggcccttc tcagttcgct acgacccata cacccaaagg 1260 
attgaggtct tggacaatac ccagcagctt aagattttgg ctgattccat taacagtgaa 1320 

attggaatcc tttgcagtgc cctccagaaa ataaagtaa 1359 

< 210 > SEQ ID NO 25 
< 211 > LENGTH : 1359 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Silently altered PAH coding sequence 

< 400 > SEQUENCE : 25 
atgtccaccg ctgtgctgga gaaccctggg ctggggagga aactgtcaga cttcgggcag 199cag 60 
gagacttcat acattgagga taactgtaac cagaatggcg ccatctctct gatcttcage 120 
ctgaaggagg aagtgggcgc cctggcaaag gtgctgcgcc tgtttgagga gaacgacgtg 180 
aatctgaccc acatcgagtc ccggccttct agactgaaga aggacgagta cgagttcttt 240 
acccacctgg ataagcggtc cctgccagcc ctgacaaaca tcatcaagat Cctgaggcac 300 
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gacatcggag caaccgtgca cgagctgtct cgggacaaga agaaggatac cgtgccctgg 360 

ttccctcgga caatccagga gctggataga tttgccaacc agatcctgtc ttacggagca 420 

gagctggacg cagatcaccc tggcttcaag gacccagtgt atcgggcccg gagaaagcag 480 

tttgccgata tcgcctacaa ttataggcac ggacagccaa tccctcgcgt ggagtatatg 540 

gaggaggaga agaagacctg gggcacagtg ttcaagaccc tgaagagcct gtacaagaca 600 
cacgcctgct acgagtataa ccacatcttc cccctgctgg agaagtattg tggctttcac 660 
gaggacaata tccctcagct ggaggacgtg agccagttcc tgcagacctg cacaggcttt 720 

aggctgaggc cagtggcagg actgctgagc tcccgggact tcctgggagg actggccttc 780 

agagtgtttc actgcaccca gtacatcagg cacggctcca agccaatgta tacaccagag 840 
cccgacatct gtcacgagct gctgggccac gtgcccctgt ttagcgatag atccttcgcc 900 

cagttttccc aggagatcgg actggcatct ctgggagcac ctgacgagta catcgagaag 960 

ctggccacca tctattggtt cacagtggag tttggcctgt gcaagcaggg cgatagcatc 1020 
aaggcctacg gagcaggact gctgtctagc ttcggcgagc tgcagtattg tctgtccgag 1080 
aagccaaagc tgctgcccct ggagctggag aagaccgcca tccagaacta caccgtgaca 1140 

gagttccagc ccctgtacta tgtggccgag tcttttaacg atgccaagga gaaggtgaga 1200 
aatttcgccg ccacaatccc taggcccttc agcgtgcggt acgaccetta tacccagagg 1260 

atcgaggtgc tggataatac acagcagctg aagatcctgg ctgactcaat caatagcgaa 1320 

atcggaatcc tgtgctccgc cctgcagaaa atcaaatga 1359 

< 210 > SEQ ID NO 26 
< 211 > LENGTH : 106 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

FEATURE : 
< 223 > OTHER INFORMATION : truncated AAV2 5 ' ITR 

< 400 > SEQUENCE : 26 

ctgcgcgctc gctcgctcac tgaggccgcc cgggcaaagc ccgggcgtcg ggcgaccttt 60 
ggtcgcccgg cctcagtgag cgagcgagcg cgcagagagg gagtgg 106 

< 210 > SEQ ID NO 27 
< 211 > LENGTH : 143 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 

20 > FEATURE : 
< 223 > OTHER INFORMATION : modified AAV2 3 ' ITR 

< 400 > SEQUENCE : 27 

aggaacccct agtgatggag ttggccactc cctctctgcg cgctcgctcg ctcactgagg 60 

ccgggcgacc aaaggtcgcc cgacgcccgg gotttgcccg ggcggcctca gtgagcgagc 120 
gagcgcgcag agagggagtg gcc 143 

< 210 > SEQ ID NO 28 
< 211 > LENGTH : 130 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 28 

gttggtatca aggttacaag acaggtttaa ggagaccaat agaaactggg catgtggaga 60 
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cagagaagac tcttgggttt ctgataggca ctgactctct ctgcctattg gtctattttc 120 

ccacccttag 130 

< 210 > SEQ ID NO 29 
< 211 > LENGTH : 116 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Mus musculus 

< 400 > SEQUENCE : 29 

gttggtatcc aggttacaag gcagctcaca agaagaagtt gggtgottgg agacagaggt 60 
ctgctttcca gcagacacta actttcagtg tcccctgtct atgtttccct ttttag 116 

< 210 > SEQ ID NO 30 
< 211 > LENGTH : 92 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Minute virus in mice 

< 400 > SEQUENCE : 30 
aagaggtaag ggtttaaggg atggttggtt ggtggggtat taatgtttaa ttacctggag 

cacctgcctg aaatcacttt ttttcaggtt gg 

< 210 > SEQ ID NO 31 
< 211 > LENGTH : 198 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Simian virus 40 

< 400 > SEQUENCE : 31 
gatccagaca tgataagata cattgatgag tttggacaaa ccacaactag aatgcagtga 60 

aaaaaatgct ttatttgtga aatttgtgat gotattgott tatttgtaac cattataagc 120 

tocaataaac aagttaacaa caacaattgc attcatttta tgtttcaggt tcagggggag 180 

gtgtgggagg ttttttaa 198 

< 210 > SEQ ID NO 32 
< 211 > LENGTH : 122 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Simian virus 40 

< 400 > SEQUENCE : 32 

aacttgttta ttgcagetta taatggttac aaataaagca atagcatcac aaatttcaca 60 
aataaagcat ttttttcact gcattctagt tgtggtttgt ccaaactcat caatgtatct 120 

ta 122 

< 210 > SEQ ID NO 33 
< 211 > LENGTH : 133 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Simian virus 40 

< 400 > SEQUENCE : 33 

tgctttattt gtgaaatttg tgatgctatt gotttatttg taaccattat aagctgcaat 60 

aaacaagtta acaacaacaa ttgcattcat tttatgtttc aggttcaggg ggaggtgtgg 120 
gaggtttttt aaa 133 
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< 210 > SEQ ID NO 34 
< 211 > LENGTH : 135 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Simian virus 40 

< 400 > SEQUENCE : 34 
gatccagaca tgataagata cattgatgag tttggacaaa ccacaactag aatgcagtga 

aaaaaatgct ttatttgtga aatttgtgat gctattgctt tatttgtaac cattataagc 120 

tgcaataaac aagtt 135 

< 210 > SEQ ID NO 35 
< 211 > LENGTH : 1654 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : PHMIA - APAH - h11C - 032 . 1 editing element 

< 400 > SEQUENCE : 35 

ctgacctctt ctcttcctcc cacagggcag cggagctact aacttcagcc tgctgaagca 60 

ggctggagac gtggaggaga accctggacc tatgtccacc gctgtgctgg agaaccctgg 120 
gctggggagg aaactgtcag acttcgggca ggagacttca tacattgagg ataactgtaa 180 

ccagaatggc gccatctctc tgatcttcag cctgaaggag gaagtgggcg ccctggcaaa 240 
ggtgctgcgc ctgtttgagg agaacgacgt gaatctgacc cacatcgagt cccggccttc 300 

tagactgaag aaggacgagt acgagttctt tacccacctg gataagcggt ccctgccagc 360 

cctgacaaac atcatcaaga tcctgaggca cgacatcgga gcaaccgtgc acgagctgtc 420 

tcgggacaag aagaaggata ccgtgccctg gttccctcgg acaatccagg agctggatag 480 

atttgccaac cagatcctgt cttacggagc agagctggac gcagatcacc ctggcttcaa 540 

ggacccagtg tatcgggccc ggagaaagca gtttgccgat atcgcctaca attataggca 600 

cggacagcca atccctcgcg tggagtatat ggaggaggag aagaagacct ggggcacagt 660 
gttcaagacc ctgaagagcc tgtacaagac acacgcctgc tacgagtata accacatctt 720 

ccccctgctg gagaagtatt gtggctttca cgaggacaat atccctcagc tggaggacgt 780 

gagccagttc ctgcagacct gcacaggctt taggctgagg ccagtggcag gactgctgag 840 

ctcccgggac ttcctgggag gactggcctt cagagtgttt cactgcaccc agtacatcag 900 
gcacggctcc aagccaatgt atacaccaga goccgacatc tgtcacgagc tgctgggcca 960 
cgtgcccctg tttagcgata gatccttcgc ccagttttcc caggagatcg gactggcatc 1020 
tctgggagca cctgacgagt acatcgagaa gctggccacc atctattggt tcacagtgga 1080 
gtttggcctg tgcaagcagg gcgatagcat caaggcctac ggagcaggac tgctgtctag 1140 
cttcggcgag ctgcagtatt gtctgtccga gaagccaaag ctgctgcccc tggagctgga 1200 
gaagaccgcc atccagaact acaccgtgac agagttccag cccctgtact atgtggccga 1260 
gtcttttaac gatgccaagg agaaggtgag aaatttcgcc gocacaatcc ctaggccctt 1320 
cagcgtgcgg tacgaccctt atacccagag gatcgaggtg ctggataata cacagcagct 1380 

gaagatcctg gotgactcaa tcaatagcga aatcggaatc ctgtgctccg ccctgcagaa 1440 
aatcaaatga ggtaccgatc cagacatgat aagatacatt gatgagtttg gacaaaccac 1500 
aactagaatg cagtgaaaaa aatgctttat ttgtgaaatt tgtgatgcta ttgctttatt 1560 
tgtaaccatt ataagctgca ataaacaagt taacaacaac aattgcattc attttatgtt 1620 
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tcaggttcag ggggaggtgt gggaggtttt ttaa 1654 

< 210 > SEQ ID NO 36 
< 211 > LENGTH : 960 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 36 
gcttcaggag cagttgtgcg aatagctgga gaacaccagg ctggatttaa acccagatcg 60 
ctcttacatt tgctctttac ctgctgtgct cagcgttcac gtgccctcta gctgtagttt 120 

totgaagtca gcgcacagca aggcagtgtg cttagaggtt aacagaaggg aaaacaacaa 180 

caacaaaaat ?taaatgaga atcctgactg tttcagctgg gggtaagggg ggcggattat 240 

tcatataatt gttataccag acggtcgcag gottagtcca attgcagaga actcgcttcc 300 
caggcttctg agagtcccgg aagtgcctaa acctgtctaa tcgacggggc ttgggtggcc 360 

cgtcgctccc tggcttcttc cctttaccca gggcgggcag cgaagtggtg cctcctgcgt 420 
cccccacacc ctccctcagc ccctcccctc cggcccgtcc tgggcaggtg acctggagca 480 

tccggcaggc tgccctggcc tcctgcgtca ggacaacgcc cacgaggggc gttactgtgc 540 

ggagatgcac cacgcaagag acaccctttg taactctctt ctcctcccta gtgcgaggtt 600 

aaaaccttca gccccacgtg ctgtttgcaa acctgcctgt acctgaggcc ctaaaaagcc 660 
agagacctca ctcccgggga gccagcatgt ccactgcggt cctggaaaac ccaggcttgg 720 
gcaggaaact ctctgacttt ggacaggtga gccacggcag cctgagctgc tcagttaggg 780 

gaatttgggc ctccagagaa agagatccga agactgctgg tgcttcctgg tttcataagc 840 

tcagtaagaa gtctgaattc gttggaagct gatgagaata tccaggaagt caacagacaa 900 

atgtcctcaa caattgtttc taagtaggag aacatctgtc ctcggtggct ttcacaggaa 960 

< 210 > SEQ ID NO 37 
< 211 > LENGTH : 960 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 32 . 2 vector 5 ' homology arm 

< 400 > SEQUENCE : 37 

gcttcaggag cagttgtgcg aatagctgga gaacaccagg ctggatttaa acccagatcg 

ctcttacatt tgctctttac ctgctgtgct cagcgttcac gtgccctcta gctgtagttt 120 
tctgaagtca gcgcacagca aggcagtgtg cttagaggtt aacagaaggg aaaacaacaa 180 

caacaaaaat ?taaatgaga atcctgactg tttcagctgg gggtaagggg ggcggattat 240 

tcatataatt gttataccag acggtcgcag gettagtoca attgcagaga actcgcttcc 300 

caggcttctg agagtcccgg aagtgcctaa acctgtctaa tcgacggggc ttgggtggcc 360 
cgtcgctccc tggcttcttc cctttaccca gggcgggcag cgaagtggtg cctcctgcgt 420 

cccccacacc ctccctcagc ccctcccctc cggcccgtcc tgggcaggtg acctggagca 480 

tccggcaggc tgccctggcc tcctgcgtca ggacaacgcc cacgaggggc gttactgtgc 540 

ggagatgcac cacgcaagag acaccctttg taactctctt ctcctcccta gtgcgaggtt 600 

aaaaccttca gccccacgtg ctgtttgcaa acctgcctgt acctgaggcc ctaaaaagcc 660 

agagacctca ctcccgggga gccaccatgg cggcggcggt cctggaaaac ccaggettgg 720 
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gcaggaaact ctctgacttt ggacaggtga gccacggcag cctgagctgc tcagttaggg 780 
gaatttgggc ctccagagaa agagatccga agactgctgg tgcttcctgg tttcataagc 840 

tcagtaagaa gtctgaattc gttggaagct gatgagaata tccaggaagt caacagacaa 900 
atgtcctcaa caattgtttc taagtaggag aacatctgtc ctcggtggct ttcacaggaa 960 

< 210 > SEQ ID NO 38 
< 211 > LENGTH : 960 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
223 > OTHER INFORMATION : 32 . 3 vector 5 ' homology arm 

< 400 > SEQUENCE : 38 

gcttcaggag cagttgtgcg aatagctgga gaacaccagg ctggatttaa acccagatcg 60 

ctcttacatt tgctctttac ctgctgtgct cagcgttcac gtgccctcta gctgtagttt 120 
totgaagtca gcgcacagca aggcagtgtg cttagaggtt aacagaaggg aaaacaacaa 
caacaaaaat ?taaatgaga atcctgactg tttcagctga gagtaagggg ggcggattat 

180 
240 

tcatataatt gttataccag acggtcgcag gcttagtcca attgcagaga actcgcttcc 300 

caggcttctg agagtcccgg aagtgcctaa acctgtctaa tcgacggggc ttgggtggcc 360 
cgtcgctccc tggcttcttc cctttaccca gggcgggcag cgaagtggtg cctcctgcgt 420 

cccccacacc ctccctcagc ccctcccctc cggcccgtcc tgggcaggtg acctggagca 480 

tccggcaggc tgccctggcc tcctgcgtca ggacaacgcc cacgaggggc gttactgtgc 540 

ggagatgcac cacgcaagag acaccctttg taactctctt ctcctcccta gtgcgaggtt 600 

aaaaccttca gccccacgtg ctgtttgcaa acctgcctgt acctgaggcc ctaaaaagcc 660 

agagacctca ctcccgggga gccagcatgt ccactgcggt cctggaaaac ccaggcttgg 720 

gcaggaaact ctctgacttt ggacaggtga gccacggcag cctgagctgc tcagttaggg 780 

gaatttgggc ctccagagaa agagatccga agactgctgg tgcttcctgg tttcataagc 840 

tcagtaagaa gtctgaattc gttggaagct gatgagaata tccaggaagt caacagacaa 900 
atgtcctcaa caattgtttc taagtaggag aacatctgtc ctcggtggct ttcacaggaa 960 

< 210 > SEQ ID NO 39 
< 211 > LENGTH : 960 
< 212 > TYPE : DNA 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : 32 . 4 vector 5 ' homology arm 

< 400 > SEQUENCE : 39 

gottcaggag cagttgtgcg aatagctgga gaacaccagg ctggatttaa acccagatcg 60 
ctcttacatt tgctctttac ctgctgtgct cagcgttcac gtgccctcta gctgtagttt 120 
tctgaagtca gcgcacagca aggcagtgtg cttagaggtt aacagaaggg aaaacaacaa 180 

caacaaaaat ?taaatgaga atcctgactg tttcagctgg gggtaagggg ggcggattat 240 

tcatataatt gttataccag acggtcgcag gottagtcca attgcagaga actcgcttcc 300 
caggcttctg agagtcccgg aagtgcctaa acctgtctaa tcgacggggc ttgggtggcc 360 

cgtcgctccc tggcttcttc cctttaccca gggcgggcag cgaagtggtg cctcctgcgt 420 

cccccacacc ctccctcagc ccctcccctc cggcccgtcc tgggcaggtg acctggagca 480 


































































































































































































