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Inducible AAV Rep Genes

The present invention relates to host cells comprising a nucleic acid encoding
Adeno-associated virus (AAV) Rep proteins Rep78 and Rep68, wherein the internal
AAV promoter p19 has been inactivated by one or more mutations that maintain the
functionality of said Rep78 and Rep68 proteins. The present invention further relates
to respective nucleic acids and vectors comprising the same, as well as respective

methods for the production of AAV.

Recently there has been a rapid increase in the number of gene therapy trials and
products based on Adeno-associated virus (AAV)-derived vectors. Advantages of
AAV vectors in gene therapy are a good safety profile, the fact that such vectors are
not pathogenic, i.e., are not associated with any disease, the stable expression of

transgenes, and the possibility of transducing dividing as well as non-dividing cells.

The production of recombinant AAV inter alia requires the expression of AAV Rep
and Cap proteins, usually encoded by the AAV genome, for production of
recombinant virus supplied in frans. Further, helper genes must be used which can
be derived from different helper viruses, the most common being helper virus genes
taken from Adenovirus (AV), such as E1A, E1B, E2A, E4orf6, or VA RNA.

Furthermore, a transfer vector containing the gene of interest (GOI) is needed.

Current production systems for AAV rely mostly on the following techniques which,
however, have several drawbacks. Transient transfection of AAV rep genes, e.g.
using a three-plasmid system comprising a transfer vector containing the gene of
interest, a plasmid with adenoviral helper functions, and a plasmid supplying the
capsid and replicase functions, lacks scalability, robustness, reproducibility, and
entails high costs of GMP-grade DNA. Producer cell lines which are mostly based
on Hela cells still need infection with helper virus, thus requiring extensive
purification and costly proof of the absence of helper viruses. Inducible expression
of AAV rep genes by way of insertion of a stop cassette into the rep locus
downstream of the p19 promoter requires the insertion of an artificial intron that
contains a stop signal (e.g. SV40 Poly(A)) flanked by two loxP sites. In addition,
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cells need the Cre recombinase that recognizes the loxP sites and excises the stop
cassette. This has either to be supplied inducibly or by a modified adenoviral vector,
requiring the costly proof of the absence of helper virus. Further, Cre-mediated

recombination often shows only a low efficiency.

Accordingly, current AAV production systems are limited with respect to scalability,
robustness, reproducibility, ease of use and cost efficiency. Thus, a scalable system
for the stable production of AAV vectors that does not require transient transfection

or helper virus is highly desirable.

Accordingly, the technical problem underlying the present invention is to provide

respective host cells, nucleic acids, vectors and methods constituting such a system.

The solution to the above technical problem is achieved by the embodiments

characterized in the claims.

In particular, in a first aspect, the present invention relates to a host cell comprising
a nucleic acid encoding Adenoc-associated virus (AAV) Rep proteins Rep78 and
Rep68, wherein the internal AAV promoter p19 has been inactivated by one or more

mutations that maintain the functionality of said Rep78 and Rep68 proteins.

In this context, stable producer cell lines for the production of AAV are difficult to
generate, as Rep proteins are toxic for cells. The expression of Rep proteins is
regulated by E1A that is also necessary for AAV production. In cell lines such as
CAP cells, HEK293 cells or Per.C6 cells, E1A is already constitutively expressed.
In total, four Rep proteins exist: two long ones (Rep78, Rep68) which are expressed
from the p5 promoter, and two short ones (Rep52, Rep40) which are expressed
from the internal p19 promoter that is located within the coding region of the long

Rep proteins (see Figure 1 for a schematic overview).

The p5 promoter can be replaced by an inducible promoter but not the internal p19
promoter which is part of the Rep78 and Rep68 coding region. Thus, the generation

of packaging/producer cell lines based on cells constitutively expressing E1A is
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impossible, since this would result in a constitutive expression of toxic levels of
Rep52 and Rep40. Other cell lines not constitutively expressing EA1 need inducible
E1A or E1A supply, e.g. by infection with Adenovirus, entailing the drawbacks

indicated above.

This problem is advantageously solved by the present invention which is based on
the inactivation of the internal AAV p19 promoter by mutations which prevent
constitutive Rep52 and Rep40 expression while at the same time maintaining the

functionality of said Rep78 and Rep68 proteins.

The terms “Adeno-associated virus” and “AAV" as used herein are not limited to
particular AAV serotypes. In this context, it should be noted that AAV Rep proteins
are highly conserved among the different AAV serotypes. In particular embodiments,

the above terms refer to Adeno-associated virus serotype 2 (AAV2).

The term “maintain the functionality of said Rep78 and Rep68 proteins” as used
herein refers to the fact that the mutations according to the present invention do not
reduce the functional activity of said proteins, or reduce said activity at most by 30%,
preferably at most 25%, at most 20%, at most 15%, at most 12.5%, at most 10%, at
most 7.5%, at most 5%, at most 4%, at most 3%, at most 2%, or at most 1%.

In preferred embodiments, the one or more mutations according to the present
invention are within at least one of the regulatory sites of the p19 promoter,
preferably the SP1 -50 region (nucleotides 817 to 829), the TATA -20 region
(nucleotides 843 to 849), or the TATA -35 region (nucleotides 830 to 835).
Specifically, said one or more mutations can be within the SP1 -50 region, within the
TATA -20 region, within the TATA -35 region, within both the SP1 -50 region and
the TATA -20 region, within both the SP1 -50 regions and the TATA -35 region,
within both the TATA -20 region and the TATA -35 region, or within all three regions,
i.e., in the SP1 -50 region, the TATA -20 region, and the TATA -35 region. In
particular, it has been shown in the present invention that even mutation of a single
nucleotide within one of said regions advantageously leads to significant reduction

of Rep52 and Rep40 expression.
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In this context, all nucleotide positions as indicated herein refer to the AAV2
complete genome sequence available under GenBank accession number
AF043303. The same applies to all amino acid positions. Further, Table 1 below
shows an excerpt of the one-letter nucleotide nomenclature according to IUPAC.

Table 1: One-letter nucleotide nomenclature according to IUPAC.

Letter Nucleotides
w AT
S C G
M A; C
K G T
R A G
Y CT
B CGT
D A G T
H ACT
\4 AC G

In preferred embodiments, the one or more mutations according to the present
invention which inactivate the internal p19 promoter are silent mutations, ie.,

mutations that do not alter the encoded amino acid.

Preferably, said one or more mutations comprise at least one mutation, selected
from the group consisting of mutations 731C>D, 732A>C, 734A>B, 737T>C,
7T46A>G, 749C>D, 752G>H, 758G>A, 761G>H, 764G>H, 818G>A, 824G>H,
830T>V, 833T>C, 845T>C, 846T>C, 848A>B or 848A>G, 849A>T, 850G>C, and
851C>D.

In cases where said one or more mutations are within the SP1 -50 region of the p19
promoter, said mutations comprise at least one mutation, selected from the group
consisting of mutations 818G>A and 824G>H. In cases wherein said one or more
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mutations are within the TATA -20 region of the p19 promoter, said mutations
comprise at least one mutation, selected from the group consisting of mutations
845T>C, 846T>C, 848A>B or 848A>(G, and 849A>T. In cases wherein said one or
more mutations are within the TATA -35 region of the p19 promoter, said mutations
comprise at least one mutation, selected from the group consisting of mutations
830T>V, and 833T>C.

In preferred embodiments, said one or more mutations comprise 2, 3, 4, 5, 6, 7, 8,
9,10,11,12,13, 14, 15, 16, 17, 18, 19, or all 20 of the above mutations. Accordingly,
the host cells of the present invention can comprise a nucleic acid comprising any
one, any two, and three, any four, any five, any six, any seven, any eight, any nine,
any ten, any eleven, any twelve, any 13, any 14, any 15, any 16, any 17, any 18,
any 19, or all 20 of the mutations 731C>D, 732A>C, 734A>B, 737T>C, 746A>G,
749C>D, 752G>H, 758G>A, 761G>H, 764G>H, 818G>A, 824G>H, 830T>V,
833T>C, 845T>C, 846T>C, 848A>B or 848A>G, 849A>T, 850G>C, and 851C>D.

The nucleic acid used in the present invention, encoding Adeno-associated virus
(AAV) Rep proteins Rep78 and Rep68, wherein the internal AAV promoter p19 has
been inactivated by silent mutations, is preferably a nucleic acid comprising at least
one nucleotide sequence, selected from the group consisting of the nucleotide
sequences according to SEQ ID NO: 1 to 8, 11 to 14, and 34 to 42. In particularly
preferred embodiments, said nucleic acid comprises the nucleotide sequence
according to SEQ ID NO: 1, 6, 8, 13, 14, 34 to 39, 41, and 42.

In this context, the term “internal promoter” as used herein indicates the fact that the
AAV p19 promoter is located within the coding sequence of Rep78 and Rep68, and
forms a part of said coding sequence. Further, the term “inactivated” with respect to
the AAV p19 promoter indicates the fact that by way of introducing silent mutations
into the AAV p19 promoter region, said promoter has abolished or at least strongly
reduced (e.g. reduced by at least 50%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 97%, at least 98%, or at least 99%) promoter

activity.
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The nucleotide sequences according to SEQ ID NOs: 1to 8, 11 to 14, and 34 to 42
represent the AAV p19 promoter region (nucleotides 651 to 1053 of the AAV2
genome), wherein the mutation patterns indicated in Table 2 below are present.

In preferred embodiments, the nucleic acid used in the present invention, encoding
Adeno-associated virus (AAV) Rep proteins Rep78 and Rep68, wherein the internal
AAV promoter p19 has been inactivated by silent mutations, is preferably a nucleic
acid comprising a nucleotide sequence, selected from the group consisting of the
nucleotide sequences according to SEQ 1D NOs: 15 to 22, 25 to 28, and 43 to 51.
In particularly preferred embodiments, said nucleic acid comprises the nucleotide
sequence according to SEQ ID NO: 15, 20, 22, 27, 28, 43 to 48, 50, and 51.

The nucleotide sequences according to SEQ ID NOs: 15 to 22, 25 to 28, and 43 to
51 represent the AAV coding region for the Rep proteins Rep78, Rep68, Rep52 and
Rep40 (nucleotides 321 to 2252 of the AAV2 genome), wherein the p19 promoter
region (nucleotides 651 to 1053 of the AAV2 genome) has been replaced by the
mutated p19 promoter region containing the mutations indicated in Table 2 below.

Table 2: Preferred p19 promoter region mutation patterns.

SEQ
Mutation pattern Mutations
ID NO:

731C>D; 732A>C; 734A>B; 737T>C; 746A>G; 749C>D;
752G>H; 758G>A; 761G>H; 764G>H; 818G>A:;

1/15 muti9
824G>H; 830T>V; 833T>C; 845T>C; 848A>G; 840A>T;
850G>C; 851C>D

2/16 mut5 845T>C; 848A>G; 849A>T; 850G>C; 851C>D

3/17 mut1 848A>G

4/18 mut2 849A>T; 850G>C

5/19 mut1-2 845T>C
731C>D; 732A>C; 734A>B; 737T>C, 746A>G; 749C>D;

6/20 mut14 752G>H, 758G>A; 761G>H; 764G>H, 818G>A;
824G>H, 830T>V; 833T>C
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731C>D; 732A>C; 734A>B; 737T>C, 746A>G; 749C>D;

7/21 mut10
752G>H; 758G>A; 761G>H; 764G>H
818G>A; 824G>H, 830T>V; 833T>C, 845T>C; 846T>C;
8/22 mut10-2
848A>B; 849A>T; 850G>C; 851C>D
11/25 mut2-3 846T>C; 848A>B
12/26 mut1-3 846T>C
13/27 mut5-2 845T>C, 846T>C; 848A>B, 849A>T, 850G>C
731C>D; 732A>C; 734A>B; 737T>C, 746A>G; 749C>D;
752G>H, 758G>A; 761G>H; 764G>H, 818G>A;
14/28 mut20
824G>H, 830T>V; 833T>C, 845T>C, 846T>C; 848A>B,
849A>T, 850G>C, 851C>D
L
34/43 818G>A; 824G>H
(SP1 -50)
M
35/44 830T>V; 833T>C
(TATA -20)
N
36/45 818G>A
(SP1-501)
O
37/46 824G>H
(SP1-50 2)
P
38/47 830T>V
(TATA-20 1)
Q
39/48 833T>C
(TATA -20 2)
R
40/49 (SP1 -50 & 818G>A; 824G>H; 830T>V; 833T>C
TATA -35)
S
818G=>A; 824G>H; 845T>C, 846T>C; 848A>B, 849A>T,
41/50 (SP1-50 &
850G>C
TATA -20)
T
830T=>V; 833T>C; 845T>C, 846T>C; 848A>B, 849A>T,
42/51 (TATA -20 &

TATA -35)

850G>C
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In other preferred embodiments, the one or more mutations according to the present
invention which inactivate the internal p19 promoter are mutations that result in one
or more conservative amino acid exchanges, ie., amino acid exchanges that
change an amino acid to a different amino acid with similar biochemical properties
(e.g. regarding charge, hydrophobicity or size). Preferably, said one or more amino
acid exchanges are amino acid exchanges occurring within the class of aliphatic
amino acids (Gly, Ala, Val, Leu, lle), within the class of hydroxyl- or
sulphur/selenium-containing amino acids (Ser, Cys, Sec, Thr, Met), within the class
of basic amino acids (His, Lys, Arg), or within the class of acidic amino acids (Asp,
Glu, Asn, Gin).

In particular embodiments, said one or more amino acid exchanges comprise the

amino acid exchanges Leu176>Ala and/or Ala168>Gly.

In this respect, the nucleic acid used in the present invention, encoding Adeno-
associated virus (AAV) Rep proteins Rep78 and Rep68, wherein the internal AAV
promoter p19 has been inactivated by mutations resulting in conservative amino
acid exchanges, is preferably a nucleic acid comprising at least one nucleotide
sequence, selected from the group consisting of the nucleotide sequences
according to SEQ ID NOs: 8 and 10.

In this context, the term “inactivated” with respect to the AAV p19 promoter indicates
the fact that by way of introducing mutations resulting in conservative amino acid
exchanges into the AAV p19 promoter region, said promoter has abolished or at
least strongly reduced (e.g. reduced by at least 50%, at least 75%, at least 80%, at
least 85%, at least 90%, at least 95%, at least 97%, at least 98%, or at least 99%)

promoter activity.

The nucleotide sequences according to SEQ ID NOs: 9 and 10 represent the AAV
p19 promoter region (nucleotides 651 to 1053 of the AAV2 genome), wherein the

mutation patterns indicated in Table 3 below are present.
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In preferred embodiments, the nucleic acid used in the present invention, encoding
Adeno-associated virus (AAV) Rep proteins Rep78 and Rep68, wherein the internal
AAV promoter p19 has been inactivated by mutations resulting in conservative
amino acid exchanges, is a nucleic acid comprising at least one nucleotide
sequence, selected from the group consisting of the nucleotide sequences
according to SEQ ID NOs: 23 and 24.

The nucleotide sequences according to SEQ ID NOs: 23 and 24 represent the AAV
coding region for the Rep proteins Rep78, Rep68, Rep52 and Rep40 (nucleotides
321 to 2252 of the AAV2 genome), wherein the p19 promoter region (nucleotides
651 to 1053 of the AAV2 genome) has been replaced by the mutated p19 promoter

region containing the mutations indicated in Table 3 below.

Table 3: Preferred p19 promoter region mutation patterns.

SEQ | Mutation Resulting amino acid
Mutations
ID NO: | pattern exchange
9/23 mut3 846T>G, 847T>C, 848A>B Leu176>Ala
10/24 mut2-2 | 823C>G, 824G>H Ala168>Gly

The nucleic acid comprised in the host cell of the present invention can further
comprise at least one element, selected from the group consisting of inducible
promoters, poly(A) regions, selection markers, IRES sequences and enhancing
elements. Suitable inducible promoters are not particularly limited and are known in
the art, e.g. Tet-inducible promoters such as the third generation TRE3G-promoter.
Suitable poly(A) regions are not particularly limited and are known in the art, e.g. the
SV40 poly(A) region. Suitable selection markers are not particularly limited and are

known in the art, e.g. antibiotic resistance cassettes such as blasticidin or ampicillin

resistance cassettes.

The present invention also relates to host cells comprising a nucleic acid having at
least 70% sequence identity to a nucleic acid as defined above, provided that the

specific mutations defined above are present. In this context, the term “provided that
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the specific mutations defined above are present” refers to the following situations
(i) to (xxiii):

(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

(ix)

()

(i)

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 1 or 15, the mutations 731C>D; 732A>C; 734A>B; 737T>C;
T46A>G; 749C>D; 752G>H; 758G>A; 761G>H; 764G>H; 818G>A; 824G>H;
830T=>V; 833T>C; 845T>C; 848A>G; 849A>T,; 850G>C; and 851C>D are
present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 2 or 16, the mutations 845T>C; 848A>G; 849A>T,; 850G>C;
and 851C>D are present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 3 or 17, the mutation 848A>G is present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 4 or 18, the mutations 849A>T; and 850G>C are present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 5 or 19, the mutation 845T>C is present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 6 or 20, the mutations 731C>D; 732A>C; 734A>B; 737T>C,
T46A>G; 749C>D; 752G>H, 758G>A; 761G>H; 764G>H, 818G>A, 824G>H,
830T>V; and 833T>C are present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 7 or 21, the mutations 731C>D; 732A>C; 734A>B,; 737T>C,
746A>G; 749C>D; 752G>H; 758G>A; 761G>H; and 764G>H are present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 8 or 22, the mutations 818G>A; 824G>H, 830T>V,; 833T>C,
845T>C; 846T>C; 848A>B; 849A>T; 850G>C; and 851C>D are present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 9 or 23, the mutations 846T>G, 847T>C, and 848A>B are
present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 10 or 24, the mutations 823C>G, and 824G>H are present;

in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 11 or 25, the mutations 846T>C; and 848A>B are present;
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(xiii)

(xiv)

(xv)

(xvi)

(xvii)

(xviii)

(xix)

(xx)

(xxi)

(xxii)

(xxiii)
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in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 12 or 26, the mutation 846T>C is present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 13 or 27, the mutations 845T>C, 846T>C; 848A>B, 849A>T,
and 850G>C are present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 14 or 28, the mutations 731C>D; 732A>C; 734A>B; 737T>C,
T46A>G; 749C>D; 752G>H, 758G>A; 761G>H; 764G>H, 818G>A; 824G>H,
830T>V; 833T>C, 845T>C, 846T>C; 848A>B, 849A>T, 850G>C, and
851C>D are present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 34 or 43, the mutations 818G>A and 824G>H are present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 35 or 44, the mutations 830T>V and 833T>C are present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 36 or 45, the mutation 818G>A is present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 37 or 46, the mutation 824G>H is present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 38 or 47, the mutation 830T>V is present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 39 or 48, the mutation 833T>C is present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 40 or 49, the mutations 818G>A; 824G>H; 830T>V; and
833T>C are present;
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 41 or 50, the mutations 818G>A; 824G>H; 845T>C, 846T>C;
848A>B, 849A>T, and 850G>C are present; and
in nucleotide sequences derived from the nucleotide sequences according to
SEQ ID NOs: 42 or 51, the mutations 830T>V, 833T>C, 845T>C, 846T>C;
848A>B, 849A>T, and 850G>C are present.
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Preferably, said nucleic acids have at least 70%, 72%, 74%, 76%, 78%, 80%, 82%,
84%, 86%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 95.5%, 96%, 96.5%, 97%,
97.5%, 98%, 98.2%, 98.4%, 98.6%, 98.8%, 99%, 99.1%, 99.2%, 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8%, or 99.9% sequence identity to a nucleic acid as
defined above. In particular embodiments, such nucleic acids have 1, 2, 3, 4, 5, 6,
7.8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29

or 30 nucleotide deletions, insertions or replacements (exchanges).

Respective nucleic acids having a defined sequence identity to a nucleic acid as
defined above or having specific nucleotide deletions, insertions or replacements
with respect to a nucleic acid as defined above exclude any nucleic acids having
any kind of frameshift mutation, as well as any nucleic acids encoding non-functional
Rep78 and Rep68 proteins, i.e., said nucleic acids still encode functional Rep78 and

Rep68 proteins.

In preferred embodiments, the nucleic acid comprised in the host cells of the present
invention is stably integrated into the host cell genome. In other preferred
embodiments, the nucleic acid comprised in the host cells of the present invention
is comprised in a vector, i.e., is part of a vector. Said vector is preferably a vector
selected from the group consisting of plasmid vectors, viral vectors, cosmid vectors,

and artificial chromosome vectors. Preferably said vector is an expression vector.

According to the present invention, the internal AAV p19 promoter is inactivated by
introduction of silent mutations or mutations resulting in conservative amino acid
exchanges. In this manner, a nucleic acid encoding Rep78 and Rep68 can be
placed under the control of an inducible promoter, wherein no constitutive
expression of Rep52 and Rep40 occurs. However, since production of AAV requires
all four Rep proteins, an additional nucleic acid encoding Rep52 and Rep40 can be
placed under the control of the same promoter, an identical promoter or a different
promoter. Thus, in specific embodiments, the host cell of the present invention
further comprises a nucleic acid encoding AAV Rep proteins Rep52 and Rep40
under the control of an inducible promoter. This nucleic acid can be part of the vector

as defined above, or of the nucleic acid encoding Rep78 and Rep68.
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Host cells suitable for the present invention are not particularly limited and are
known in the art. Preferably, said host cells display constitutive E1A expression. In
preferred embodiments, said host cells are CAP cells, HEK293 cells or Per.C8 cells,

i.e., are derived from said cell lines.

Methods for generating the host cells of the present invention, i.e., methods for the
introduction of the nucleic acids of the present invention into suitable host cells, are
not particularly limited and are known in the art. The same applies to methods for

the generation of the nucleic acids and vectors of the present invention.

In a second aspect, the present invention relates to the nucleic acids and vectors as

defined above.

In a third aspect, the present invention relates to a method for the production of
Adeno-associated virus (AAV), comprising the step of recombinantly expressing
AAV Rep proteins Rep78 and Rep68 in a host cell according to the present invention.

Respective methods for generating the necessary nucleic acids, vectors, and/or
host cells, as well as respective expression methods, are not particularly limited and

are known in the art.

Preferably, the method of the present invention further comprises the step of
recombinantly expressing AAV Rep proteins Rep52 and Rep40 in said host cells.

As used herein, the term “comprising”/"comprises” expressly includes the terms
“consisting essentially of/"consists essentially of” and “consisting of’/’consists of”,

i.e., all of said terms are interchangeable with each other.

According to the present invention, host cells are provided that can express AAV
Rep proteins Rep78 and Rep68 without constitutive expression of Rep52 and
Rep40. This is achieved by providing nucleic acids wherein the internal AAV p19

promoter region is inactivated by introducing specific mutations.
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Promoters are activated by binding of specific transcription factors and basal
transcription complex; these factors recognize specific binding sites within the
promoter region that have previously been described for the p19 promoter. Mutating
these binding sites abolishes activation of the promoter. Since the integrity of the
long Rep proteins has to be maintained, mutations are chosen that do alter the
nucleotide sequence but within the genetic code encode the same amino acid and,
therefore, result in formation of the same protein (silent mutations), or mutations are

chosen that alter the nucleotide sequence resulting in conservative amino acid

exchanges.

After introducing the above mutations, it is possible to separate the expression units
for long and short Rep proteins: The expression cassette for the long Rep proteins
contains the mutated p19 promoter with said mutations. The isolated expression
unit for the short Rep proteins starts downstream of the p19 promoter with the start
codon. Expression of both expression units can then be placed under regulation of
an inducible promoter (as e.g. Tet inducible promoters). Based on this, a stable

packaging/producer cell line can be generated.

The host cells, nucleic acids, vectors, and methods of the present invention
represent a system for the production of AAV that is advantageously characterized
by superior reproducibility, ensuring consistent quality, scalability, and cost

efficiency, which does not need the use of helper virus.

The figures show:

Figure 1.
Schematic overview of the rep locus.

Figure 2:
Schematic overview of expression construct for inducible Rep proteins.
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Figure 3:
Overview of analyzed mutation patterns with SEQ ID NOs. of the corresponding
AAV2 Rep proteins coding region (cf. also Table 2). The indication “SEQ-ID” in
Figure 3 refers to the respective SEQ ID NOs.

Figure 4:

Expression of different Rep proteins in CAP cells upon transfection with different
constructs containing silent mutations within the regulatory sequences of the p19
promoter (Table 2) and the wildtype construct (wt). Protein levels were detected in
cell lysates of transiently transfected CAP-T cells 72 h post transfection using anti-
replicase antibody (Progen). As control, cell lysate of non-transfected cells was
included (BI). The indication of “ID” numbers in Figure 4 refers to the respective SEQ

ID NOs.

Figure 5.
Quantification of anti-Rep western blots. Rep protein bands were quantified by

densitometric analysis using Imaged. Ratio of long to short Rep protein bands was
calculated and wt was set to 1. All other values were normalized to wt. The indication
of “ID” numbers in Figure 5 refers to the respective SEQ ID NOs.

Figure 6:
Inducible expression of the Rep proteins in a stable CAP derived cell line upon

induction with 1 ug/mL doxycycline. Rep proteins were detected by immunoblot with
anti-Replicase antibody (Progen). As control, cell lysate of non-induced cells was
loaded (-Dox). At ~ 80 kDa, an unspecific background band is detected.

Figure 7.
Induction of Rep proteins by addition of 1 yg/mL doxycycline in single cell clones

derived from the stable cell line. Cells were transiently transfected with necessary
components for rAAV5 production and induced with 1 pg/mL doxycycline 5 h after
transfection. 72 h post transfection, cell lysates were prepared and expression of
Rep proteins was detected by immunoblot with anti-Replicase antibody (Progen).

The clones 5B6 and 2E3 do express very low levels of the long Rep proteins,
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Figure 8:
Viral titers of rAAV5 production by inducible Rep expressing clones. Viral
genomes/mL were measured by qPCR with a primer/probe combination detecting
the CMV-promoter using linearized transfer plasmid as standard. The single cell
clones 5B6 and 2E3 do not show clear expression of long and short Rep proteins

and therefore, do also only produce very low titers of rAAVS.

Figure 9:
(A & B): Expression of different Rep proteins in CAP cells upon transfection with

different constructs containing mutations within the regulatory sequences of the p19
promoter (Table 3) resulting in conservative amino acid exchanges and the wildtype
construct (wt). Protein levels were detected in cell lysates of transiently transfected
CAP-T cells 72 h post transfection using anti-replicase antibody (Progen). As control,
cell lysate of non-transfected cells was included (BI).

(C): Viral production upon transfection of CAP cells with the following construct
combination: pStbl-Rep-p19mut-ID 47, 48 or 37 or wt, pStbl-TRE3G-Rep50/42,
pCMV-Tet3G, pHelper, pStbl-CMV-Cap5, pAAV-GFP. Viral genomes/mL were
measured by gPCR with a primer/probe combination detecting the SV40 PolyA
using linearized transfer plasmid as standard.

The indication of “ID” numbers in Figure 9 refers to the respective SEQ ID NOs.

The present invention will be further illustrated in the following examples without

being limited thereto.

Examples

Experimental procedures:

Cloning of expression constructs.

Synthesis of the rep locus of AAVZ with Hpal restriction sites at each end and

regulatory sites within the p19 promoter. The genomic sequence of AAV2 was
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derived from GenBank: AF043303 (nucleotides 162 to 2332). The sequence of the
synthetic locus is shown in SEQ ID NO: 29.

Different constructs for the p19 promoter region (nucleotides 651 to 1053 of the
AAV2 genome) were designed containing different numbers of silent mutations

within the regulatory sequences (Table 2) and produced synthetically.

Respective expression constructs were produced by standard cloning techniques
and verified by sequencing. Components of the final expression constructs pStbl-
bsd-Rep, pStbl-bsd-Rep-p19mut-SEQ 1D NO: 1-14, 34-42 were the p5 promoter,
the Rep locus containing either mutated or wt p19 promoter, a SV40 poly(A), a
blasticidin selection cassette under the control of human Ubc promoter, an
enhancing element for stable transcription of integrated ORFs, a pUC ori for
propagation in E. coli, and an ampicillin resistance cassette for selection in E. coli.

A construct placing the Rep proteins under the control of a Tet-inducible promoter
of the third generation (TRE3G-promoter) (Figure 2) was produced by standard
cloning techniques and verified by sequencing. The final sequence of this construct
pStbl-bsd-TRE3G-Rep52/40-IRES-Rep78/68, starting from the TRE3G promoter
until the SV40 poly(A) is shown in SEQ ID NO: 30. Components of pStbl-bsd-
TRE3G-Rep52/40-IRES-Rep78/68 are the TRE3G promoter, the Rep locus starting
from start codon of short Rep proteins, an IRES sequence of ECMV, the Rep locus
containing mutated p19 promoter starting from start codon of long Rep proteins, a
SV40 poly(A), a blasticidin selection cassette under the control of human Ubc

promoter, and an enhancing element for stable transcription of integrated ORFs.

Cell culture.

CAP cells were routinely cultivated in chemically defined, serum-free PEM medium
(Thermo Fisher Scientific) supplemented with 4 mM L-alanyl-L-glutamine (Biochrom,
Germany) in shake flasks (125 mL; Corning) on a shaking incubator at 185 rpm (5
cm orbit), 5 % CO2 and 37 °C.
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During routine cultivation, cells were diluted with fresh medium to a viable cell
density of 1 x 10° cells/ml every 72 to 96 h. Viable cell density and viability were
determined by trypan blue exclusion using a CEDEX XS cell counter (Innovatis,
Roche Applied Science). Stable cell line expressing the Tet-on-3G-activator was
cultivated in presence of 25 ug/mL G418; upon nucleofection with the pStbl-bsd-
TRE3G-Rep50/42-IRES-Rep78/68 5 pg/mL blasticidin were added.

Transient transfection and Western blot to test for Rep protein expression.

Transient transfection was performed using PEImax (PolySciences) in FreeStyle
293 medium (Thermo Fisher Scientific). 5 h post transfection, cells were fed with
complete PEM medium (Thermo Fisher Scientific). An overview of generated

transient transfection pools is found in Table 4, below.

Waestern Blot analysis was performed with cell lysates from 1 x 105 transfected cells
utilizing mouse-anti-Replicase antibody (Progen, Germany) and horseradish
peroxidase labeled anti-mouse antibody (Cell Signaling). Proteins were detected
using the Pierce ECL WB Substrate Kit via chemiluminescence detector (INTAS).

Nucleofection and generation of stable pools.

Stable pools were generated using Lonza's Nucleofector according to the
manufacturer's instructions. A stable CAP cell line expressing the Tet-on-3G
transactivator of the third generation was used for nucleofection with the inducible
Rep-expression construct. For each nucleofection reaction, 1 x 107 cells were
harvested by centrifugation (150 x g, 5 min). The cells were resuspended in 100 pL
complete nucleofector solution V (Lonza) and mixed with 5 pg of the linearized
expression vector. The DNA/cell suspension was transferred into a cuvette and the
nucleofection was performed using the X001 program. The transfected cells were
transferred into 12.5 mL growth medium and cultured as described before at 37 °C,

5 % CO2 at 185 rpm.
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For generation of stable pools, cells were pelleted by centrifugation and
resuspended in selection medium (see Table 4) 72 to 96 h post-transfection

following cultivation in a shaking incubator as described before.

Table 4: Generated CAP-T transient expression and CAP stable pools with

corresponding expression vectors and media.

Cell line Plasmid Selection medium
CAP-T pStbl-bsd-Rep wt transient
CAP-T pStbl-bsd-Rep p19mut-ID 15 transient
CAP-T pStbl-bsd-Rep p19mut-ID 16 fransient
CAP-T pStbl-bsd-Rep p19mut-I1D 17 fransient
CAP-T pStbl-bsd-Rep p19mut-ID 18 transient
CAP-T pStbl-bsd-Rep p19mut-ID 19 transient
CAP-T pStbl-bsd-Rep p19mut 1D 20 transient
CAP-T pStbl-bsd-Rep p19mut-iD 21 transient
CAP-T pStbl-bsd-Rep p19mut-ID 22 fransient
CAP-T pStbl-bsd-Rep p19mut-ID 25 transient
CAP-T pStbl-bsd-Rep p19mut-ID 26 transient
CAP-T pStbl-bsd-Rep p19mut-ID 27 transient
CAP-T pStbl-bsd-Rep p19mut-ID 28 transient
CAP-T pStbl-bsd-Rep p19mut-ID 43 fransient
CAP-T p3tbl-bsd-Rep p19mut-ID 44 transient
CAP-T pStbl-bsd-Rep p19mut-ID 45 transient
CAP-T pStbil-bsd-Rep p19mut-1D 46 transient
CAP-T pStbl-bsd-Rep p19mut-1D 47 transient
CAP-T pStbl-bsd-Rep p19mut-ID 48 transient
CAP-T pStbl-bsd-Rep p19mut-1D 49 transient
CAP-T pStbl-bsd-Rep p19mut-ID 50 transient
CAP-T pStbl-bsd-Rep p19mut-ID 51 transient
CAP-T pStbl-bsd-Rep p19mut-ID 23 transient
CAP-T pStbl-bsd-Rep p19mut-ID 24 transient

pStbi-bsd-TRE3G-Rep50/42- PEM =+ 4 mM Gin
CAP-Tet-on-3G + 5 pg/mL blasticidin
IRES-Rep78/68
+ 25 ug/mL G418
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The indication of “ID” numbers in the above Table 4 refers to the respective SEQ ID
NOs.

Induction and fransient transfection to test for AAV production.

To test for AAV production by the stable single cell clones with inducible Rep
expression, transient transfections were performed as described before. The
following three constructs were used to provide the additional components for
production of rAAVS in a ratio of 1:1:0.5 (pAAV-GFP : pHelper : pStbl-CMV-Cap5).
5 h post transfection, a final concentration of 1 yg/mL doxycycline (Clontech) was

added to induce expression of the Rep proteins.

72 h post transfection, cell suspension was harvested. Cells were lysed by addition
of 0.5 % Triton-X and incubation for 30 min at 37 °C with 1300 rpm. After
centrifugation, supernatants were diluted 10-fold with buffer (50 mM Tris/HCI, pH
8.0; 2 mM MgCl2) and incubated with 125 U/mL benzonase (Merck Millipore) for 2
h at 37 °C. Addition of 2 mM EDTA and incubation at 70 °C for 10 min was used to
inactivate the benzonase. Viral DNA was purified via the Pure Link Viral RNA/DNA

mini kit (Thermo Fisher Scientific) according to the manufacturer’s instructions.

gPCR to determine viral titer.

The following primer/dual-labelled probe combination (ordered at MWG, Eurofins;
Table 5) directed against the CMV promoter or the SV40 poly A were used to

measure the viral titer:

Table 5: Primer/probe combination used for measuring the viral titer

Primer/Probe Sequence

CMV Primer for
(SEQ ID NO: 31)

5-AAATGGCCCGCCTGGCATTATG-3
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CMV Primer rev
(SEQ ID NO: 32)

5-AAACCGCTATCCACGCCCATTG-3’

ROX-5'-
CMV Probe
ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATC-
(SEQ ID NO: 33) 3-BHQ2

SV40 PolyA fw
(SEQ ID NO: 52)
SV40 PolyA rev
(SEQ ID NO: 53)

SV40 PolyA Probe | FAM-5-AGC ATT TITTTC ACT GCATTC TAG TTG TGG
(SEQ ID NO: 54) TTT GTC-3'-BHQ1

5-AGCAATAGCATCACAAATTTCACAA-3

5-CCAGACATGATAAGATACATTGATGAGTT-3

As standard, linearized transgene plasmid with a defined copy number was used.
The gPCR reaction contained the following components: 2 x Brilliant Multiplex gPCR
Master Mix (Agilent), nuclease-free H20 (Thermo Fisher Scientific), primer/probe
mix and sample/standard. gPCR was run on an Agilent Mx3005PF according to the

manufacturer’s instructions.

Example 1:
Effects of silent mutations on expression of REP proteins.

Introduction:

CAP cells are human amniocyte-derived suspension cells, which have been

immortalized by stable transfection with a construct encoding E1A/E1B.

AAV Rep proteins are encoded by the AAV genome. There are in total four Rep
proteins: Rep78 and Rep68 (expressed from p5 promoter); as well as Rep52 and
Rep40 (expressed from p19 promoter located within coding region of long Rep
proteins). These proteins mediate the replication and packaging of the AAV genome.

However, said proteins are toxic for cells when stably expressed.
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For the inactivation of the internal p19 promoter by introduction of silent mutations,
regulatory elements of the p19 promoter were identified and different silent
mutations not affecting the final protein sequence were inserted into the nucleotide

sequence of these regulatory elements.

Results:

Expression of long and short Rep proteins was successfully separated by
introducing silent mutations in the regulatory sequences of the p19 promoter. Most
versions with mutations showed significantly reduced expression of the short Rep
proteins. The reduction in expression of the short Rep proteins was already visible
upon introducing one single mutation becoming more pronounced when introducing
up to 20 mutations (Figure 4, Figure 5). Separating the 5’ and 3’ motifs showed that
especially the 3' motifs next to the promoter (SP1 -50; TATA -35, TATA -20) are
important for the activation of the internal p19 promoter. Mutating only the
TATA -20 motif led to a significant but not full reduction of expression of the short
rep proteins suggesting that also SP1 -50 and TATA -35 are important for the
activation of expression, supported further by the fact that mutating everything
except the TATA -20 also resulted in a clear decrease of expression of the short rep
proteins. Looking closer at the single motifs, especially the SP1 -50 motif and more
exactly the mutation 824G>H resulted in a very clear reduction of the expression of
the short rep proteins. In addition, mutation of TATA -20 clearly reduced expression
of short rep proteins. For TATA -35, only the combination of the different mutations
within the motif resulted in a very clear decrease with the mutation 848A>G having

the biggest effect on expression.

To generate a stable cell line inducibly expressing Rep proteins, the genes for the
long Rep proteins carrying the silent mutations and the genes for the short Rep
proteins were separated and each put under control of an inducible promoter. For
the further experiments, the p19mut construct with the 19 mutations was chosen.
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Example 2:
Generation of stable CAP clones inducibly expressing Rep proteins of AAV2.

Introduction:

For the generation of an inducible expression cassette for AAV2 Rep proteins the

p19mut variant with 19 silent mutations was selected.

Tet-inducible promoters of the third generation (TRE3G-promoter) were used to
regulate expression of the Rep proteins by doxycycline addition (overview of
construct see Figure 2). CAP cells expressing the Tet-on-3G transactivator were
previously generated by nucleofection and selection with 25 pg/mL G418. The pStbl-
bsd-TRE3G-Rep52/40-IRES-Rep78/68 construct was nucleofected in this stable
pool and selected with 5 pg/mL blasticidin. Single cell cloning using limiting dilutions

was performed and clones were screened by western blot for Rep proteins.

Results:

A stable CAP cell pool carrying the Tet-on-3G transactivator and the pStbl-bsd-
TRE3G-Rep52/40-IRES-Rep78/68 was analyzed by Western blot for expression of
the different rep protein before and after induction with doxycyclin (Figure 6).
Without Doxycyclin induction, no signals specific for the Rep proteins could be
detected, whereas both long and short Rep proteins were expressed upon

Doxycyclin induction.

From the stable pool, single cell-derived clones were generated by limiting dilution.
The single cell-derived clones were analyzed for expression of the Rep proteins
after Doxycyclin induction. Out of 5 clones, 3 clones expressed both the long and
the short Rep proteins in the expected ratio, whereas 2 of the clones displayed

reduced levels of the long Rep proteins (Figure 7).

The data shows that using rep constructs with silent mutations in the p19 promoter,

clonal cell populations with inducible expression of both long and short Rep proteins
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can be generated. Such clones can serve as a basis for the generation of

packaging/producer cell lines.

Example 3:
Production of AAV in stable CAP clones inducibly expressing Rep proteins of AAV2.

Introduction:

To proof that the inducible Rep cell lines are capable of producing AAV vectors, the
missing components for AAV production were transiently introduced into celis of the

5 different ciones:

Capsid proteins from AAVS5, cloned under control of CMV promoter in pStbl vector,
the additional helper genes E2A, E4orf6, VA RNA, as well as the transfer vector with
gene of interest (GOI): pAAV-GFP.

Results:

Using single cell clones of the stable Rep inducible expressing cell line, AAV
production could be shown upon transfecting the cells with the lacking necessary
components and doxycycline induction (Figure 8). The two clones with lower levels
of long Rep proteins also showed lower AAV titers as expected. This proofs that this
approach results in production of viral vectors, and that the generation of a high

producing AAV packaging cell line is now possible.

Example 4.
AAV production using Rep proteins with conservative amino acid exchange

For the inactivation of the internal p19 promoter by introduction of mutations in the
promoter regions resulting in conservative amino acid exchanges, regulatory

elements of the p19 promoter were identified. Three distinct mutations, 846T>G,
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847T>C, 848A>B, were inserted into the nucleotide sequence of the TATA -20
region resulting in a conservative Leu176>Ala exchange (ID23). Two distinct
mutations, 823C>G, 824G>H, were inserted into the nucleotide sequence of the
SP1 -50 region resulting in a conservative Ala168>Gly exchange (ID24). The
different constructs were transiently introduced into CAP-T cells and the expression
level of the long and short Rep proteins was analyzed and compared to the wt and
mut-20 (ID28) (Fig. 9 A, B).

To proof the functionality of the long rep proteins with conservative amino acid
exchanges in the TATA -20 orthe SP1 -50 region, AAV was produced by introducing
the following construct combination transiently into the CAP-T cells: a construct
coding for the long Rep proteins, either pStbl-Rep-p19mut-1D23, or -1D24, or -mut20,
or -wt, together with the a construct encoding for the short Rep proteins (pStbl-
TRE3G-Rep50/42), pCMV-Tet3G, and the additional helper genes E2A, E4orf6, VA
RNA, as well as the transfer vector with gene of interest (GOI), pAAV-GFP (Fig. 9

C).
Results:

Western biot analysis revealed that the expression of long and short Rep proteins
was successfully separated by introducing distinct mutations in the regulatory
sequences of the p19 promoter resulting in conservative aa exchanges either in the
SP1 -50 or in the TATA -20 region.

As before the mutation in the SP1 -50 region had a more pronounced effect that the
introduced mutations in the TATA -20 box, confirming the important role of SP1 -50

(Fig. 9 A, B).

Importantly the functionality of the long Rep proteins harboring the Leu176>Ala
(ID23) or Ala168>Gly (ID24) exchange could be proven by the production of AAV
particle via transient production. The titer of the AAV particle produced with the Rep
proteins harboring the conservative amino acid exchange are in the same range as
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the wt or the mut-20 control, with some reduction of the AAV titer in the 1D24 sample
(Fig. 9C).

The present invention relates to the following nucleotide sequences.

SEQ 1D NO: 1
AAV2 mutated p19 promoter region mut19

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACDCGBAACGGCGCCGGGEGDGGHAACARAGTHGTHGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAATGGGCHTGGACVAAC
ATGGAACAGTACTTGTCDGCCTGTTTGAATCTCACGGAGCGTARACGGTTGGTGGCGCAGT
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACARAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGETGATCAGATCARAAACTTCAGCCAGGTACATGGAGCTGGTCGGGTGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGE

SEQ ID NO: 2

AAV2 mutated p19 promoter redion mutd

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGGCGCCGEGAGGCGGGAACAAGGTGETGCGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGCETGGACTAAT
ATGGAACAGTACTTGTCDGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAARGAGAATCAGAATCCCAATTCTGA
TGCGCCEGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGETGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG



10

15

20

25

30

WO 2019/057691 PCT/EP2018/075158

-97-
SEQ ID NO: 3
AAV2 mutated p19 promoter region mut1

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGGECGCCGGAGGCEGGAACAAGGTGGTGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGCGTGGACTAAT
ATGGAACAGTATTTGAGCGCCTGTTTGAATCTCACGGAGCGTARACGGTTGCTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACARAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGGTGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG

SEQ ID NO: 4
AAVZ2 mutated 19 promoter region mut?2

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAGGCGGEGAACAAGGTGGTGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGEGCGETGGACTAAT
ATGGAACAGTATTTATCCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGGTGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG



10

16

20

25

30

WO 2019/057691 PCT/EP2018/075158

-28 -
SEQIDNO:5
AAV2 mutated p19 promoter region muti-2

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAARMCTGATTCAGAGAATTTACCGCGGGATCGAGCCCGACTTTGCCAAACT
GGTTCGCGGTCACAANGACCAGARATGECGCCGEGAGGCGGGAACAAGEGTGGETGCATGAGTG
CTACATCCCCAATTACTTGCTCCCCAARAACCCAGCCTGAGCTCCAGTGGGCGTGGACTAAT
ATGGAACAGTACTTAAGCGCCTGTITTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAAT CAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGETCGGGTGGCTCETG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG

SEQ ID NO: 6
AAVZ2 mutated p19 promoter region muti4

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCARACT
GGTTCGCGGTCACARAGACDCGBAACGGCGCCGGGGGDGGHAACARAGTHGTHGATCGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAATGGGCHTGGACVAAC
ATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACGEACCGTAAACGETTGGTGGCGCAGT
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGEAGCTGATCEGGTGGCTCATG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG
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SEQID NO: 7
AAV2 mutated p19 gromoter region muti0

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAARAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACDCGBAACGGCGCCGGGGGDGGHAACAAAGTHGTHGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGCGTGGACTAAT
ATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACGGAGCGTARACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACARAGAGAATCAGAATCCCAATTCTGA
TGCGCCGETGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGGTGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGE

SEQ ID NO: 8
AAV2 mutated p19 promoter region mut10-2

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAGCGCGEEGAACAAGGTGGTGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAATGGGCHTGGACVAALC
ATGGAACAGTACCTBTCDGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGCGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCECCGETGATCAGATCAARAACTTCAGCCAGGTACATGGAGCTGGTCGGGTGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGS
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SEQID NO: 9
AAV2 mutated p19 promoter region mut3

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAARACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAALCT
GGTTCGCGGTCACAAAGACCAGAAATGECGCCGGAGGCGGGAACAAGETGGEGTGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAARACCCAGCCTGAGCTCCAGTGGGCGTGGACTAAT
ATGGAACAGTATGCBAGCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAARMGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTCGATCAGATCAAANMACTTCAGCCAGGTACATGGAGCTGETCGGETGGCTCGETG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG

SEQ ID NO: 10
AAV2 mutated p19 promoter region mut2-2

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

CAGATTCGCGAMAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGGCGCCGCGAGECOECGAACAAGGTGGTGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGGHTGGACTAAT
ATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGALATCAGAATCCCAATTCTGA
TGCGCCGETGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGETGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG
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SEQ ID NO: 11
AAV2 mutated p19 promoter region mut2-3

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGECGCCGGAGGCGGGAACAAGGETGGTGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGCGTGGACTAAT
ATGGAACAGTATCTBAGCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAARAACTTCAGCCAGGTACATGGAGCTGGTCGGETGGCTCGTG
GACAMAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG

SEQID NO: 12
AAV2 mutated p19 promoter region mut1-3

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGETCACARAGACCAGAAATGGECGCCGGAGGCGGEGAACAAGGTCGETGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTCGAGCTCCAGTGGECGTGGACTAAT
ATGGAACAGTATCTAAGCGCCTGTTTGAATCTCACGGAGCCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGCGAGCTGGTCGGGTGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGS
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SEQ ID NO: 13

AAV2 mutated p19 promoter region muts-2

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGECGCCGEAGCGCGEGGAACAAGCETGETGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGEGGCGTGGACTAAT
ATGGAACAGTACCTBTCCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAARGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGETCEGETGGCTCGTE
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG

SEQ ID NO: 14
AAV2 mutated p19 promoter region mut20

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACDCGBAACGGCGCCGGGGGDGGHAACAAAGTHGTHCGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAATGGGCHTGGACVAAC
ATGGAACAGTACCTBTCDGCCTGTTTGAATCTCACGGAGCGTARAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACARAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGGTGGCTCATG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG
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SEQ ID NO: 15
AAV2 Rep proteins coding region with mutated p19 promoter region mut19

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTIGATTGAGCAGGCACCCCTGACCGTGGCCGAGRAAGCTGCAGCGL
GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTITGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATCGCACGTGCTCGTGGARACCACCGGGGTGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAAAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACDCGBAACGGCGCCGEGGE
GDGGHAACAAAGTHGTHGATGAGTGCTACATCCCCAATTACTTGCTCCCCAARAACCCAGCC
TGAGCTCCAATGGGCHTGGACVAACATGGAACAGTACTTGTCDGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGETGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGCGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGTCGEGETGGCTCGTGCGACAAGGGCGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCRATCGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGET
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAARATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGEGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AARCGACTGTGTCGACAAGATGGTGATCTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAARAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGCGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCAARAAAG
GGTGGAGCCAAGAARAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTCGATGCTGTTTCCCTGCAGACAA
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TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCARAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGARAGGETGCCAGACGCTTGCACTGCCTGCGATCTGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 16
AAV2 Rep proteins coding region with mutated p19 promoter region mutd

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTCCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGEGTGGCCGAGAAGCTGCAGLCGC
GACTTTCTGACGGAATGGCGCCETGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGGACGTTTCCIGAGTCAGATTCGCGAAAAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGCTTCGCGGTCACAAAGACCAGAAATGECGCCGGAG
GCGGGAACAAGGTGEGETGCATGAGTGCTACATCCCCAATTACTTGCTCCCCARAAACCCAGCC
TGAGCTCCAGTGGGCGTGGACTAATATGGAACAGTACTTGTCDGCCTGTTTGAATCTCACG
CAGCGTAAACGGETTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGETCGGGTGGCTCETGGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCCGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGARAAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTARACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGCGTGATCTGGTGGCGAGGAGGGCGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCETGATCCTCACCTCCAACACCAACATCTGCGCCETG
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ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGGTTGAGCGTGGAGCATGAATTCTACGTCAAAANG
GGTGGAGCCAAGAARAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCCGACGTCAGACGCGGAAGCTTCCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAAARAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 17
AAV2 Rep proteins coding region with mutated p19 promoter region mut1

bold: regulatory sites within the p19 promoter
underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGETGGCCCGAGAAGCGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGL
GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGETGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAARACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGETCACAARAGACCAGAAATGGECGCCGGAG
GCGGGAACAAGGTGGTGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAGTGGGCGTGCGACTAATATGGAACAGTATTTGAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGETCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGTCGGGTGGCTCGTGGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATCGAGCCTGACTAAAACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAANTTTTGGAACTAAAC
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GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGCGATGGGCCACGAAARAGTTCGGCA
AGAGGAACACCATCTGGCTETTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCETARAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGGTGGGAGCGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGETGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTT CAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCARAGCGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCAAAARG
GGTGGAGCCAAGARAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCARACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACABATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGRAAGACTGTTTAG
AGTGCTTTCCCGTIGTCAGAATCTCAACCCGTTTCTGTCGTCARAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NQO: 18
AAV2 Rep proteins coding region with mutated p19 promoter region mut2

bold: regulatory sites within the p19 promoter
underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGCTCGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTCAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGL
GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGEAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGCGACGTTTCCTGAGTCAGATTCGCGAAARMMCTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGETTCGCGGTCACAAAGACCAGAAATGGCGCCGGAG
GCGGGAACAAGETGETGCGATGAGTGCTACATCCCCAATTACTTGCTCCCCAARAACCCAGCC
TGAGCTCCAGTGGGCGETGCGACTAATATGGAACAGTATTTATCCGCCTGTTTGAATCTCACG
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GAGCGTAARACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
ARAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAMACTTCAGCCAGGTA
CATGGAGCTGGTCGGEGTGGCTCEGTGGACAAGGGGATTACCTCGCAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAARATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTCGACTAAAACCGCCCCCGACTACCTGGET
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAARATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCCTAAACTCGACCAATGAGARACTTTCCCTTC
AACGACTGTGTCGACAAGATGGETGATCTGGTGGCGAGGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCARCACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGCGTCACCAAGCAGGAAGT CAAAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGGTTGAGGTGCGAGCATGAATTCTACGTCARAAAG
GGTGGAGCCAAGAAMAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGETGC
GCGAGTCAGTTGCGCAGCCATCCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGETTTCTGTCGTCAARAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGOTGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 19
AAV2 Rep proteins coding region with mutated p19 promoter region mut1-2

bold: regulatory sites within the p19 promoter

underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGL
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GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGARARACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGGECGCCGGAG
GCGGGAACAAGGTGETCGCATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAGTGGGCGTGCGACTAATATGGAACAGTACTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACCGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAARRACTTCAGCCAGGTA
CATGGAGCTGGTCGGGETGGCTCGTGGACAAGGGGATTACCTCGCGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGETCCCAAATCAAGG
CTGCCTTGGACAATGCGGCGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAANC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGARARAGTTCGGCA
AGAGGAACACCATCTGGCTIGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCCGACAAGATGGTGATCTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGCGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGETG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCARAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCAARAAG
GGTGGAGCCAAGARAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACARAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAR
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGETGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGARACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA
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SEQ ID NO: 20

AAV2 Rep proteins coding region with mutated p19 promoter region mut14

bold: regulatory sites within the p19 promoter
underlined: mutation in the p19 promoter region

ATGCCGGGGETTITTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCETGGCCGAGAAGCTGCAGCGL
GACTTTCTGACGGAATGGCECCETGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGARACCACCGGGETGARATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGARAAMACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCCGGTCACAAAGACDCGBAACGGCGCCGGGE
GDGGHAACAAAGTHGTHGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAARCCCAGCC
TGAGCTCCAATGGGCHTGGACVAACATGCGAACAGTATTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGETGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAMDANCTTCAGCCAGGTA
CATGGAGCTGGTCGGETGGCTCGTGCACRAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAARATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTARAACCGCCCCCGACTACCTGGET
GGGCCAGCAGCCCETGEGAGGACATTTCCAGCARATCGGATTTATAAAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTICTGGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTCCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGGTGGGAGCAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCETGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGT CARAGA
CTTTTTCCGGTGGGCAAAGCGATCACCGTGETTGAGCTGGAGCATGAATTCTACGTCAAAAAG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACARATGTTCTCGTCACCTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
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TGCGAGAGAATGAAT CAGAATTCAAATATCTGCTTCACTCACGGACAGAMAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETIC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTCGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 21

AAV2 Rep proteins coding region with mutated p19 promoter region mut10

bold: regulatory sites within the p19 promoter
underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAARGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGL
GACTTTCTGACGGAATGGCGCCGTGTGAGTARAGGCCCCEGAGGCCCTTTTCTTTGTGCAAT
TTGAGARGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGCGACGTTTCCTGAGTCAGATTCGCGAAAAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACDCGBAACGGCGCCGGGE
GDGGHAACAAAGTHGTHGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAGTGGGCGTGGACTAATATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCEGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGTCGGGTGEGCTCGTGGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCGETGGAGGACATTTCCAGCAATCGGATTTATAABATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGETGATCTGGETGGGAGGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGETGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCETG
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ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATCGACTTTGGGAAGGTCACCAAGCAGGAAGTCARAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGGETTGAGGTGGAGCATGAATTCTACGTCARRAANG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCCGACGTCAGACGCGGAAGCTTCCGATCAACTACGCAGACAG
GTACCAAAACARATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGARAAGACTGTTTAG
AGTGCTTTCCCGTGETCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGRTC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGECTCGAGGACACTCTCTCTGA

SEQ ID NO: 22
AAV2 Rep proteins coding region with mutated p19 promoter region mut10-2

bold: regulatory sites within the p19 promoter

underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTITGTGAACTGGGTGECCGAGAAGGAATGGEAGTTGCGCCGCCAGATTC
TGACATGGATCTGAATCITGATTGAGCAGGCACCCCTGACCETGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCGTGETGAGCTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGETGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAAAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAG
GCGGGAACAAGGTGGTCGGATGAGTGCTACATCCCCAATTACTTGCTCCCCARAACCCAGCT
TGAGCTCCAATGGGCHTGGACVAACATGGAACAGTACCTBTCDGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGETGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGTCGGETGGCTCGTCGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTICATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTARAACCGCCCCCGACTACCTGGET
GGGCCAGCAGCCCGTGCAGGACATTTCCAGCAATCGGATTTATAARATTTTGGAACTARAAC
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GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGCGATGGGCCACGAARAAGTTCGGECA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGEGETGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGCTGCGGAGGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCECGTGCACCAGARATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGLCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGETTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCARAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGGTTGAGGTGGAGCATCGAATTCTACGTCARAAAG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGEGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 23
AAV?2 Rep proteins coding region with mutated p19 promoter region mut3

bold: regulatory sites within the p19 promoter
underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGCTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGOCCCAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGRAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAARACCACCGGGGETGAAATC
CATGGTTTITGCGGACGTTTCCTGAGTCAGATTCGCCGAAAANCTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGETTCGCGGTCACAAAGACCAGAAATGCGCGCCGGAG
GCGGGAACAAGGTIGGETGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAARCCCAGCC
TGAGCTCCAGTGGEGCGTGGACTAATATGGAACAGTATGCBAGCGCCTGTTTGAATCTCACG
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GAGCGTARACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAARACTTCAGCCAGGTA
CATGCAGCTGGTCGGGTGGCTCGTGGACRAGGGGATTACCTCCGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCGGCGARAGATTATGAGCCTCGACTAAAACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAAAC
GGETACGATCCCCAATATGCGGCTTCCETCTTTCTCGGATCGCGCCACGAAARAGTTCGGECA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGLGGAGEC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGGETGGGAGGAGGGGAAGATGACCGCCAAGGETCG
TGGAGTCGEGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGARAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCETG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGCAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCAMAGCGATCACGTGGETTGAGGTGGAGCATGAATTCTACGTCAAAAAG
GGTGGAGCCAAGARAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGETGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGARAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCARRAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 24
AAV2 Rep proteins coding region with mutated p19 promoter region mut2-2

bold: regulatory sites within the p19 promoter
underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCCAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTCGACCGTGGCCCAGAAGCTGCAGCGC
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GACTTTCTGACGGRAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGEGGETGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGARAAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAG
GCGGGAACAAGGTGETGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAGTGGGGHTGGACTAATATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAARAACTTCAGCCAGGTA
CATGGAGCTGGTCEGETGGCTCGTGGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACRATGCGGGARAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCGTGCAGGACATTTCCAGCAATCGCATTTATAAAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGAAARAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGARATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCETGATCGTCACCTCCAACACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGARACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAALGA
CTTTTTCCGGTGGGCAARAGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCARRAALG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACARAATGTTICTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGARAGACTGTTITAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCETTTCTGTCGTCAAAAAGGCGTATCAGARALT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATARATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA
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SEQ ID NO: 25

AAV2 Rep proteins coding region with mutated p19 promoter region mut2-3

bold: regulatory sites within the p19 promoter
underlined: mutation in the p19 promoter region

ATGCCGGGCTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGRAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCETGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAMGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGETTTTGGGACGTTTCCTCGAGTCAGATTCGCGARAAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCARAACTGGTTCGCGGTCACAAAGACCAGAAATGECGCCGREAG
GCGGGAACAAGGTGGTGGATGAGTGCTACATCCCCAATTACTTGCTCCCCARAACCCAGCC
TGAGCTCCAGTGGGCGTGGACTAATATGGAACAGTATCTBAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGETTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGTCGGETGECTCETGCGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCARATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGET
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCCGGATTTATAAAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGECTTCCATCTTTCTGGGATGGECCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGECTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGEC
CATAGCCCACACTGTGCCCTTCTACGGETGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGGTGGCAGGAGCGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGCTGCGCOTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCCGTCACCTCCAACACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCAAAGCGATCACGTGETTGAGGTGGAGCATGAATTCTACGTCAAARAG
GGTGGAGCCAAGAARAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
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TGCGAGAGAATGAATCAGAATTCARATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCARAAAGGCGTATCAGAAALCT
GTGCTACATTCATCATATCATCGGARAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATCTGCGATTTGCGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 26
AAV2 Rep proteins coding region with mutated p19 promoter region mut1-3

bold: regulatory sites within the p19 promoter
underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCETGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGCACGTTTCCTGAGTCAGATTCGCGAAAARCTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCARACTGGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAG
GCGGGAACAAGGTEGTGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAGTGGGCGTGGACTAATATGGAACAGTATCTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCCCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
ARGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGTCGGETGCCTCETGGACAAGGGCGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCARATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTARAACCGCCCCCGACTACCTGGET
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATARAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCCGECTTCCETCTTTCTGGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTCG
TGCAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTG
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ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGETTCGAGGTGGAGCATGAATTCTACGTCAARAAG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAARACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACADATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGARAGGTGCCAGACGCTTGCACTGCCTGCGATCTGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 27
AAV2 Rep proteins coding region with mutated p19 promoter region mut5-2

bold: regulatory sites within the p19 promoter

underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCCGAGRAGCGAATGGCGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCETGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAARARCTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGETTCGCGETCACAAAGACCAGAAATGGCGCCGGAG
GCGGGAACAAGGTGGETGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAGTGGGCGTGGACTAATATGGAACAGTACCTBTCCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGRAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGCGAGCTGGTCGGETGGECTCETGCGACAAGGGCGATTACCTCGCGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCGCGAARGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGET
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAARATTTTGGAACTAANC
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GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGAARAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTARACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGGTGGGAGCGAGGGGAAGATGACCGCCAAGETCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGETGCGCGTGGACCAGAAATGEGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTCGATCOTCACCTCCAACACCAACATGTGCGCCETIG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGT CAALGA
CTTTTTCCGGTGGGCARAGCGAT CACGTGETTGAGGTGGAGCATGAATTCTACGTCAAAAALG
GGTGGAGCCAAGAARAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGRAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAARAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGCAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 28
AAV2 Rep proteins coding region with mutated p19 promoter region mut20

bold: regulatory sites within the p19 promoter
underlined: mutation in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTCGACCGTGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGEGGETGARAATC
CATGGTTTTGGCGACGTTTCCTGAGTCAGATTCGCGAARAACTCGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACDCGBAACGGCGCCGGGE
GDGGHAACARAGTHGTHGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAATGGGCHTGGACVAACATGGAACAGTACCTBTCDGCCTGTTTGAATCTCACG
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GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGTCGGEETGGCTCGTGGACAAGGGGATTACCT CGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGE
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTEGT
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCCGGATTTATAAAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGCGCCACGAAARAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGL
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTARAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGGTCGGGAGGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCETGGACCAGARATGCAAGTC
CTCGGCCCACGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGETGCGCCGETG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGET CACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGGTTGAGGTGCGAGCATGAATTCTACGTCAAAAAG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAMACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAR
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTT CACTCACGGACAGARAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGETC
ARATGTGGATTTGGATGACTGCATCTTTGAACAATARATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 29

Svynthetic AAV2 rep locus

bold: regulatory sites within the p19 promoter

underlined: Hpal restriction sites

GTTAACTGACGTGAATTACGTCATAGGGTTAGGGAGCTCCTGTATTAGAGGTCACGTGAGT
CTTTTGCGACATTTTGCGACACCATGTGCGTCACGCTGGGTATTTAAGCCCGAGTGAGCALCG
CAGGGTCTCCATTTTGAAGCGGGAGGTTTGAACGCGCAGCCGCCATGCCGGEGETTTTACGA
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GATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCGGCATTTCTGACAGCTTT
GTGAACTGGETGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTCTGACATGGATCTGAATC
TGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGCGACTTTCTGACGGAATG
GCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAATTTGAGAAGGGAGAGAGC
TACTTCCACATGCACGTGCTCGTGGARACCACCGGGCTGAAATCCATGGTTTTGGGACGTT
TCCTGAGTCAGATTCGCGAAARAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTT
GCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAGGCBGGAACAAGGTGGETG
GATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGECGET
GGACTAATATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGT
GGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCC
AATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGETCGGGET
GGCTCCTGGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGGAGGACCAGGCCTCATA
CATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGGCTGCCTTGGACAATGECGE
GGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGTGGGCCAGCAGCCCETGE
AGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAAACGGGTACGATCCCCAATA
TGCGGCTTCCGTCTTTCTGGGATGGGCCACGAARNAGTTCGGCAAGAGGAACACCATCTGE
CIGTTTGGGCCTGCAACTACCGGGAAGACCARACATCGCGGAGGCCATAGCCCACACTGTGC
CCTTCTACGGGTGCGTAAACTGGACCAATCGAGAACTTTCCCTTCAACGACTGTGTCGACAA
GATGGTGATCTGGTCGGGAGCAGGGGAAGATGACCGCCARAGGTCGTGGAGTCEGCCAAAGCC
ATTCTCGGAGGAAGCAAGGTGCGCGTGCGACCAGAAATGCAAGTCCTCGGCCCAGATAGACC
CGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTGATTGACGGGAACTCAAC
GACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAATTTGAACTCACCCGCCGT
CTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGACTTTTTCCGGTGEGCAA
AGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCAARAAGGGTGGAGCCAAGARAAG
ACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGCGCGAGTCAGTTGCGCAG
CCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAGGTACCAAAACAAATGTT
CTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAATGCGAGAGAATGAATCA
GAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAGAGTGCTTTCCCGTGTCA
GAATCTCAACCCGTTTCTGTCGTCAARAANGGCGTATCAGAAACTGTGCTACATTCATCATA
TCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETCAATGTGCGATTTGGATGA
CTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCCGATGGTTATCTTCCAGA
TTGGCTCGAGGACACTCTCTCTGAAGGAATAAGACAGTGGTGGAAGCTCAAACCTGGECCCA
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SEQ ID NO: 30

Inducible expression construct for AAVZ Rep proteins

GTTTACTCCCTATCAGTGATAGAGAACGTATGAAGAGTTTACTCCCTATCAGTGATAGAGA
ACGTATGCAGACTTTACTCCCTATCAGTGATAGAGAACGTATAAGGAGTTTACTCCCTATC
AGTGATAGAGAACGTATGACCAGTTTACTCCCTATCAGTGATAGAGAACGTATCTACAGTT
TACTCCCTATCAGTGATAGAGAACGTATATCCAGTTTACTCCCTATCAGTGATAGAGAACG
TATAAGCTTTAGGCGTGTACGGTGGGCGCCTATAAAAGCAGAGCTCGTTTAGTGAACCGETC
AGATCGCCTGGAGCAATTCCACAACACTTTTGTCTTATACCAACTTTCCGTACCACTTCCT
ACCCTCGTAAAGTCGACACCGGGGCCCAGATCTATCGATCGGCCGGATAACGCCACCATGG
AGCTGGTCGECTCECTCETGCGACAAGGGGATTACCTCGCGAGAAGCAGTGGATCCAGGAGGA
CCAGGCCTCATACATCTCCTTICAATGCGGCCTCCAACTCGCGGTCCCARAATCAAGGCTGCC
TTGCGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGTGGGCC
AGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAAACGGGTA
CGATCCCCAATATGCGGCTTCCGTCTTTCTGGCATGGGCCACGAAAAAGTTCGGCAAGAGG
AACACCATCTGGCTGTITTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGCCATAG
CCCACACTGTGCCCTTCTACGGGTGCGTARACTGGACCAATGAGANCTTTCCCTTCAACGA
CTGTGTCGACAAGATGGETGATCTGGTGGCGAGCGAGGGGCAAGATGACCGCCAAGGTCGTGGAG
TCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTCCTCGG
CCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTGATTGA
CGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAATTTGAA
CTCACCCGCCETCTGCGATCATGACTTTGGGAAGCETCACCAAGCAGGAAGTCAAAGACTTTT
TCCGGTGGGCAAAGGAT CACGTGGETTGAGGTGGAGCATGAATTCTACGTCABRAAAGGGTGG
AGCCAAGAARAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGCGCGAG
TCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAGGTACC
AAAACAAATGTTCTCGTCACGTGGGECATGAATCTGATGCTGTTTCCCTGCAGACAATGCGA
GAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAGAGTGC
TTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGAAACTGTGCT
ACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETCAATGT
GGATTTGGATGACTGCATCTTTGAACAATAANTGATTTAARTCAGGTATGGCTGCCGATGG
TTATCTTCCAGATTGGCTCCGAGGACACTCTCTCTGAGATAACTGAGGGATAGAATTCCGCC
CCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTAT
ATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGTCGAGGGCCCGGAAACCTGGCCCTG
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TCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTT
GAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCG
ACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCCTCTGCGGCCAAAAGCCALC
GTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGT
TCTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAG
AAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTT
AGTCGAGGTTAAAAAARACGTCTAGGCCCCCCGAACCACGGGGACGTGGETTTTCCTTTGAAR
AACACGATGATAATAGTTATCGCCGCCATGCCGGEGTTTTACGAGATTGTGATTAAGGETCC
CCAGCGACCTTGACGAGCATCTGCCCGGCATTTCTCGACAGCTTTGTGAACTGGGETGGCCGA
GAAGCAATGGGAGTTGCCGCCAGATTCTGACATGGATCTGAATCTGATTGAGCAGGCACCC
CTGACCGTGGCCGAGAAGCTGCAGCGCGALCTTTCTGACGGAATGGCGCCGTGTCGAGTAAGG
CCCCGGAGGCCCTTTTCTTTGTGCAATTTGAGAAGGGAGAGAGCTACTTCCACATGCACGT
GCTCGTGGAAACCACCGGGETGAMATCCATGGTTTTGGGACGTTTCCTGAGT CAGATTCGC
GAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACTGGETTCGCGG
TCACAAAGACACGGAACGGCGCCGGGGGAGGCAACARAAGTCGTCGATGAGTGCTACATCCC
CAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAATGGGCTTGGACCAACATGGAACAG
TACTTGTCGGCCTGTTTGAATCTCACGGAGCGTAAACGETTGETGGCGCAGCATCTGALGC
ACGTGCTCGCAGACGCAGGAGCAGAACAAAGAGAAT CAGAATCCCAATTCTGATGCECCGET
GATCAGATCAAAAACTTCAGCCAGGTACATGCGAGCTGCETCGGGTGGCTCGTGGACAAGGGEG
ATTACCTCGGAGAAGCAGTGGATCCAGGAGGACCAGGCCTCATACATCTCCTTCAATGCGEG
CCTCCAACTCGCGGTCCCAAATCAAGGCTGCCTTGGACAATGCGGGAAAGATTATGAGCCT
GACTAAAACCGCCCCCGACTACCTGGTGGECCAGCAGCCCGTGCAGGACATTTCCAGCAAT
CGGATTTATAAAATTTTGGAACTAARCCGGGTACGATCCCCAATATGCGECTTCCGTCTTTC
TGGGATGGGCCACGAAAAAGTTCGGCAAGAGGAACACCATCTGGCTGETTTGGGCCTGCAAC
TACCGGGAAGACCAACATCGCGGAGGCCATAGCCCACACTGTGCCCTTCTACGGETGCGTA
AACTGGACCAATGAGAACTTTCCCTTCAACGACTGTGTCGACAAGATGGETGATCTGETGEGE
AGGAGGGGAAGATGACCGCCAAGGTCGTGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAA
GGTGCGCGTGGACCAGAAATGCAAGTCCTCGGCCCAGATAGACCCGACTCCCGTGATCGTC
ACCTCCAACACCAACATGTGCGCCGTGATTGACGGGAACTCAACGACCTTCGAACACCAGC
AGCCGTTGCAAGACCGGATGTTCAAATTTGAACTCACCCGCCGTCTGGATCATGACTTTGG
GAAGGTCACCAAGCAGGAAGTCAAAGACTTTTITCCGGTGGECAAAGGATCACGTGGTTGAG
GTGGAGCATGAATTCTACGTCAAAAAGGGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACG
CAGATATAAGTGAGCCCAAACGGGTGCGCGAGTCAGTTGCGCAGCCATCGACGTCAGACGC
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GGAAGCTTCGATCAACTACGCAGACAGGTACCAAAACAAATGTTCTCGTCACGTGGGCATG
AARTCTGATGCTGTTTCCCTGCAGACAATGCGAGAGAATGAATCAGAATTCAAATATCTGCT
TCACTCACGGACAGAAAGACTGTTTAGAGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTC
TCTCGTCAAAAAGGCGTATCAGAALACTGTGCTACATTCATCATATCATGGGAAAGGTGCCA
GACGCTTGCACTGCCTGCCGATCTGGTCAATGTGGATTTGGATGACTGCATCTTTGAACAAT
AAATGATTTARNATCAGGTATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTC
TCTCTGAGITATCATTTAARATGGCGCGCCCACGTGGETACCGCGGCCGUGEGGATCCAGAL
ATGATAAGATACATTGATGAGTTTGCGACAAACCACAACTAGAATGCAGTGAAAAAAATGCT
TTATTTGTGAAATTTCTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACA
AGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGETGTGGGAGGTT
TTTTCGGATCCTCTAGAGTCGACCTGCAGGCA

SEQ ID NO: 31
CMV forward primer

AAATGGCCCGCCTGGCATTATG

SEQ ID NO: 32
CMV reverse primer

AARACCGCTATCCACGCCCATTG

SEQ ID NO: 33
CMV probe

ACATGACCTTATGGGACTTTCCTACTTGGCAGTACATC
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SEQ ID NO: 34
AAV2 mutated p19 promoter region L (SP1 -50)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAGGCGGGAACAAGGTEETGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCARAACCCAGCCTGAGCTCCAATGGGCHTGGACTAAT
ATGCAACAGTATTITAAGCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTCGATCAGATCAAARACTTCAGCCAGGTACATGGAGCTGGTCGEGTEECTCETG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG

SEQ ID NO: 35
AAV2 mutated p19 promoter region M (TATA -20)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGGECGCCGGAGGCGEGAACAAGCGTCGGTEGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGCGTGGACVAAC
ATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGECGCAGT
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTCGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGEGETGGCTCATG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG
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SEQ ID NO: 36
AAV2 mutated p19 promoter region N (SP1 -50 1)

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

CAGATTCGCGAARAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCARAACT
GGTTCGCGGTCACAARAGACCAGAAATGGCGCCGGAGGCGEGAACAAGETGETGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAATGGGCGTGGACTAAT
ATGGAACAGTATTTAAGCGCCTCTTTGAATCTCACGCGAGCGTAAALCGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAMACTTCAGCCAGGTACATGCAGCTGGTCEGETGGCTCGETG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG

SEQ ID NO: 37
AAV2 mutated p19 promoter region O (SP1 -50 2)

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGCGATCGAGCCGACTTTGCCAAALCT
GGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAGGCGGGAACAAGEGTGETGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGCHTGGACTAAT
ATGGAACAGTATTITAAGCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGETGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAARAAACTTCAGCCAGGTACATGGAGCTGGTCGGETGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG
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SEQ ID NO: 38

AAV2 mutated p19 promoter region P (TATA -20 1)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAALCT
GGTTCGCEGGTCACAAAGACCAGAAATECCGCCGGAGGCGGEAACAAGGTGETGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCARAACCCAGCCTGAGCTCCAGTGGGCGTGGACVAAT
ATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGECAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACARAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAALACTTCAGCCAGGTACATGCAGCTGGTCGGGTGGCTCGTG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGE

SEQ ID NO: 39
AAV2 mutated p19 promoter region Q (TATA -20 2)

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

CAGATTCGCGAAARACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGARATGGCGCCGGAGEGCGREGAACAAGGTGOTGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAGTGGGCGTGGACTAAC
ATGGAACAGTATTTAAGCGCCTGTTTCGAATCTCACGGAGCGTAAACGGTTGGETGGCGCAGL
ATCTGACGCACGTGTCGCAGACGCAGCGAGCAGAACAAAGAGAATCAGAATCCCAATTCIGA
TGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGETGGCTCETG
GACRAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG
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SEQ ID NO: 40
AAV2 mutated p19 promoter region R (SP1 -50 & TATA -35)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGARAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGECGCCCEAGECGEGAACALAGGEGTGETGCATGAGTG
CTACATCCCCAATTACTTGCTCCCCAAAACCCAGCCTGAGCTCCAATGGGCHTGGACVAAC
ATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACGGAGCGTAAACGGETTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGETGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGGETGGCTCGETG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG

SEQ ID NO: 41
AAV2 mutated p19 promoter region S (SP1 -50 & TATA -20)

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCAAACT
GGTTCGCGGTCACAAAGACCAGAAATGCECGCCGCAGGECGEEGALCAAGETGEGTGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCAARACCCAGCCTGAGCTCCAATGGGCHTGGACTAAT
ATGGAACAGTACCTBTCDGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAAAGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAANCTTCAGCCAGGTACATGCGAGCTGGTCGGETGGCTCETG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG
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SEQ ID NO: 42
AAV2 mutated p19 promoter region T (TATA -20 & TATA -35)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

CAGATTCGCGAAAAACTGATTCAGAGAATTTACCGCGGGATCGAGCCGACTTTGCCARAACT
GGTTCGCGGTCACAAAGACCAGAAATGCECGCCGCAGGCEGCAACAAGGTGETGGATGAGTG
CTACATCCCCAATTACTTGCTCCCCARAACCCAGCCTGAGCTCCAGTGGGCGTGGACVAAC
ATGGAACAGTACCTBTCDGCCTGTTTGAATCTCACGGAGCGTAAACGGTTGGTGGCGCAGC
ATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACAANGAGAATCAGAATCCCAATTCTGA
TGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTACATGGAGCTGGTCGGETGGLTCETG
GACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAGG

SEQ ID NO: 43
AAV2 Rep proteins coding region with mutated p19 promoter region L (SP-1)

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTARGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCEGTGGCCGAGAAGCTGCAGCGELC
GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAARACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAG
GCCGGGAACAAGGTGGETGCATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAATGGGCHTGGACTAATATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCARAAACTTCAGCCAGGTA
CATGGAGCTGGTCGGGTCGCTCETGGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGE
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CTGCCTTGGACAATGCGGGARAGATTATGAGCCTGACTARAACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTARAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGAAARAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCETAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGCTGGGAGGAGGGGARAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCETG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCARAGGATCACGTGGTTGAGGTCGACGCATGAATTCTACGTCAAAAAG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCARACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACCTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAMATATCTGCTTCACTCACCGGACAGARAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAARAAGGCGTATCAGAARCT
GTGCTACATTCATCATATCATGCGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATARATGATTTARATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 44
AAVZ2 Rep proteins coding region with mutated p19 promoter region M (TATA -20)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTCGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCETGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGETGARATC
CATGGTTTTGGCGACGTTTCCTGAGTCAGATTCGCCGAAAAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGGCGCCGGAG
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GCGGGAACAAGGTGEETEGCGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAGTGGGCGTGGACVAACATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGETGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGETCGEETGGCTCGTGGACAAGGGGATTACCT CGCGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCADATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAARACCGCCCCCGACTACCTGGET
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTARAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGECTIGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGEGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AARCGACTGTGTCGACAAGATGGCTGATCTGGTGGGAGGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGETG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGETGGGCAAAGGATCACCGTGGTTCGAGGTGGAGCATGAATTCTACGTCARRAALG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCCTCAARAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGARAAGGETGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTARATCAGGTATGGCTGCC
GATGGTTATCITTCCAGATTGGCTCGAGGACACTCTCTCTGA
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SEQ ID NO: 45

AAV2 Rep proteins coding region with mutated p19 promoter region N (SP1 -50 1)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGECAGCGC
GACTTTCTGACGGAATGGCGCCEGTGTGAGTAAGGCCCCGGAGGCCCTTTITCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGARATC
CATGGTTTTGGGACGTTTCCTGAGT CAGATTCGCGAAARACTCATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAANGACCAGAAATGGECGCCGEAG
GCGEGAACAAGGTGGTGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAAACCCAGCC
TGAGCTCCAATGGGCGTGGACTAATATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGCGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCRAAAAACTTCAGCCAGGTA
CATGGAGCTGGTCGGGETGECTCETGCGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGET
GGGCCAGCAGCCCGETGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAALC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATCGGGCCACGANARAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGETGGGAGCGAGGGGAAGATGACCGCCAAGGTCG
TCGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGETGCGCOTGCGACCAGAARTGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGETCTGGATCATGACTTTGGCGAAGGTCACCAAGCAGGAAGTCAANGA
CTTTTTCCGGETGGGCAAAGGATCACGTGGTTGAGCTGGAGCATGAATTCTACGTCAAAMAG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGETGC
GCCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCARARAACAAATGTTCTCGETCACGTGGEGCATGAATCTGATGCTGTTTCCCTGCAGACAA



10

15

20

25

30

WO 2019/057691 PCT/EP2018/075158

- 62 -
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGARAGACTGTTTAG
AGTGCTTTCCCGTGETCAGAATCTCAACCCGTTTCTGTCGTCARAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 46
AAV2 Rep proteins coding region with mutated p19 promoter region O (SP1 -50 2)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTCGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGCGACGTTTCCTGAGTCAGATTCGCGAARAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGGCCGCCGGAG
GCGGCGAACAAGGTGGTGCATGAGTGCTACATCCCCAATTACTTGCTCCCCAAALCCCAGCC
TGAGCTCCAGTGGGCHTGGACTAATATGGAACAGTATITAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAAACTTCAGCCAGGTA
CATGGAGCTGGTCGGETGGCTCGTGGACAAGGGGATTACCTCGCGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCARATCAAGG
CTGCCTTGGACAATGCGGEGARAGATTATCGAGCCTGACTAARACCGCCCCCGACTACCTGEGT
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATARAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCEGTCTTTCTGGCGATGGGCCACGAARAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGETGTCCGACAAGATGGTGATCTGGETGGGAGCGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGETGCGCGTGCGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTG
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ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGT CAAAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGGTTGAGGTGCGAGCATCGAATTCTACGTCAARARG
GGTGGAGCCAAGAMAMGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGETGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAARACAAATGTTCTCETCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACARA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGARAGACTGTTTAG
AGTGCTTTCCCCTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTC
AATGTGCGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 47
AAV2 Rep proteins coding region with mutated p19 promoter region P (TATA -20 1)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGETGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCEGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAARACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGGECGCCGGAG
GCGGGAACAAGGTGETGCGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAARACCCAGCC
TGAGCTCCAGTGGGCGTGGACVAATATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGETGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGCGTGATCAGATCAARAACTTCAGCCAGGTA
CATGGAGCTGGETCGGGETGGCTCGTGGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGE
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAARATTTTGGAACTAALC



10

15

20

25

30

WO 2019/057691 PCT/EP2018/075158

-84 -
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTCCGTAAACTGCACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTIGGTGCGAGGAGGGGAAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCETCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGCCAAAGGATCACGTGETTGAGGTGGAGCATGAATTCTACGTCAAANAG
GGTGGAGCCAAGAMAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGETGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACARATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGEGGARAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATCGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 48
AAV2 Rep proteins coding region with mutated p19 promoter region Q

(TATA -20 2)

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGCTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TCGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCGTGTGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGCGAAACCACCGGGGTGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAARAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGECGCCGGAG
GCGGGAACAAGGTGETGEGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAARACCCAGCC
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TGAGCTCCAGTGGGCGTGGACTAACATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCARAAACTT CAGCCAGGTA
CATGGAGCTGCTCGGETGGCTCGTGGACAAGGEGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCARACTCGCGGTCCCAAATCALGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAMACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGECTITCCGTCTTTCTGGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGETGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGCETGATCTGGTGGCAGGAGGGGAAGATGACCGCCAAGGETCG
TGEGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCETGATCGTCACCTCCAACACCAACATETGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGCGATCATGACTTTGGGAAGGT CACCAAGCAGGAAGT CAAAGA
CTTTTTCCGGTGGGCARAGGATCACGTGCTTGAGCGTGGAGCATGAATTCTACGTCAAAAAG
GCGTGGAGCCAAGARAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAARACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAARACARATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCAAARAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGTC
AATGTGGATTTGCGATGACTGCATCTTTGAACAATARATCGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA
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SEQ ID NO: 49

AAV2 Rep proteins coding region with mutated p19 promoter region R (SP1 -50 &
TATA -35)

bold: regulatory sites within the p19 promoter

underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGC
GACTTTCTGACGGAATGGCGCCETGETGAGTAAGGCCCCGGAGGCCCTTTTCTTTGTGCAAT
TTCGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGGTGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAMAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGAAATGCGCGCCGGAG
GCGGGAACAAGGTGEGETGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAARCCCAGCC
TGAGCTCCAATGGGCHTGGACVAACATGGAACAGTATTTAAGCGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAAMNCTTCAGCCAGGTA
CATGGAGCTGGTCGGETGECTCETGGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCARCTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCGGGARAGATTATGAGCCTGACTARAACCGCCCCCGACTACCTGGT
GGGCCAGCAGCCCETGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTCGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTGETTTGGGCCTGCAACTACCCGGEAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGEGGTGCGTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCCACAAGATGGTGAT CTGEGTGGGAGCGAGCGGGANGATGACCGCCAAGGTCG
TGGAGTCGGECCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGARAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGCGGCAAAGGATCACGTGGTTGAGGTGCAGCATGAATTCTACGTCARAAAG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGETGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
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GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCCTGTCAGAATCTCAACCCGTTTCTGTCGTCAAAAAGGCGTATCAGARACT
GTGCTACATTCATCATATCATGGGAAAGCGTGCCAGACGCTTGCACTGCCTGCGATCTGGTC
AATGTGGATTTGGATGACTGCATCTTTGAACAATABRATGATTTARATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 50
AAV2 Rep proteins coding region with mutated p19 promoter region S (SP1 -50 &

TATA -20

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

ATGCCGGGETTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTGCCCG
GCATTTCTGACAGCTTTGTGAACTGGGETGGCCGAGAAGGAATGGCGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGLC
GACTTTCTGACGGAATGGCGCCETETGAGTAAGGCCCCGGAGGCCCTTTTCTTTIGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTIGCTCGTGGAAACCACCGGGETGARATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAARAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGETCACAAAGACCAGAAATGECGCCGGAG
GCGEGAACAAGGTGETGGATGAGTGCTACATCCCCAATTACTTGCTCCCCARAACCCAGCC
TGAGCTCCAATGGGCHTGGACTAATATGGAACAGTACCTBTCDGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAAALAACTTCAGCCAGGTA
CATGGAGCTGGTCGGGTGGCTCGTGGACAAGGGGATTACCTCGGAGAAGCAGTGGATCCAG
GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCARATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGET
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAALC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTETTTGGGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCGTAAACTGGACCAATGAGAACTTTCCCTITC
AACGACTGTGTCGACAAGATGGTGATCTGETGEGAGGAGGGGAAGATGACCGCCAAGGTCG
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TGGAGTCGGCCAAAGCCATTCTCCGGAGGAAGCAAGCTGCGCGTGGACCAGAAATGCAAGTC
CTCGGCCCAGATAGACCCGACTCCCGETGATCGETCACCTCCARCACCAACATGTGCGCCGTG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGCAAGGTCACCAAGCAGGAAGT CAAAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGCGTTCGAGGTGGAGCATGAATTCTACGTCAAAAAG
GGTGGAGCCAAGAAAAGACCCGCCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGARAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGTCGTCARAAAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGEGTC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAAT CAGGTATGGCTGECC
GATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTGA

SEQ ID NO: 51
AAV2 Rep proteins coding region with mutated p19 promoter region T (TATA -20 &

TATA -35

bold: regulatory sites within the p19 promoter
underlined: mutations in the p19 promoter region

ATGCCGGGGTTTTACGAGATTGTGATTAAGGTCCCCAGCGACCTTGACGAGCATCTECCCG
GCATTTCTGACAGCTTTGTGAACTGGGTGGCCGAGAAGGAATGGGAGTTGCCGCCAGATTC
TGACATGGATCTGAATCTGATTGAGCAGGCACCCCTGACCGTGGCCGAGAAGCTGCAGCGEL
GACTTTCTCGACGGAATGGCGCCGTGTGAGTAAGGCCCCGCGAGGCCCTTTTCTTTGTGCAAT
TTGAGAAGGGAGAGAGCTACTTCCACATGCACGTGCTCGTGGAAACCACCGGGETGAAATC
CATGGTTTTGGGACGTTTCCTGAGTCAGATTCGCGAAAAACTGATTCAGAGAATTTACCGC
GGGATCGAGCCGACTTTGCCAAACTGGTTCGCGGTCACAAAGACCAGARATGGCGCCGRAG
GCGGGAACAAGGTGGETGGATGAGTGCTACATCCCCAATTACTTGCTCCCCAAADCCCAGLCC
TGAGCTCCAGTGGGCGTGGACVAACATGGAACAGTACCTBTCDGCCTGTTTGAATCTCACG
GAGCGTAAACGGTTGGTGGCGCAGCATCTGACGCACGTGTCGCAGACGCAGGAGCAGAACA
AAGAGAATCAGAATCCCAATTCTGATGCGCCGGTGATCAGATCAADAACTTCAGCCAGGTA
CATGGAGCTGGTCGGGTGGCTCGTGCACAAGGGGATTACCTCGCGAGAAGCAGTGGATCCAG
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GAGGACCAGGCCTCATACATCTCCTTCAATGCGGCCTCCAACTCGCGGTCCCAAATCAAGG
CTGCCTTGGACAATGCGGGAAAGATTATGAGCCTGACTAAAACCGCCCCCGACTACCTGGET
GGGCCAGCAGCCCGTGGAGGACATTTCCAGCAATCGGATTTATAAAATTTTGGAACTAAAC
GGGTACGATCCCCAATATGCGGCTTCCGTCTTTCTGGGATGGGCCACGAAAAAGTTCGGCA
AGAGGAACACCATCTGGCTGTTTGGEGCCTGCAACTACCGGGAAGACCAACATCGCGGAGGC
CATAGCCCACACTGTGCCCTTCTACGGGTGCCTAAACTGGACCAATGAGAACTTTCCCTTC
AACGACTGTGTCGACAAGATGGTGATCTGETGGGAGGAGGGGRAGATGACCGCCAAGGTCG
TGGAGTCGGCCAAAGCCATTCTCGGAGGAAGCAAGGTGCGCGTGGACCAGAAATGCARGTC
CTCGGCCCAGATAGACCCGACTCCCGTGATCGTCACCTCCAACACCAACATGTGCGCCGETG
ATTGACGGGAACTCAACGACCTTCGAACACCAGCAGCCGTTGCAAGACCGGATGTTCAAAT
TTGAACTCACCCGCCGTCTGGATCATGACTTTGGGAAGGTCACCAAGCAGGAAGTCAAAGA
CTTTTTCCGGTGGGCAAAGGATCACGTGGTTGAGGTGGAGCATGAATTCTACGTCAAALAG
GGTGGAGCCAAGARAAAGACCCGECCCCCAGTGACGCAGATATAAGTGAGCCCAAACGGGTGC
GCGAGTCAGTTGCGCAGCCATCGACGTCAGACGCGGAAGCTTCCGATCAACTACGCAGACAG
GTACCAAAACAAATGTTCTCGTCACGTGGGCATGAATCTGATGCTGTTTCCCTGCAGACAA
TGCGAGAGAATGAATCAGAATTCAAATATCTGCTTCACTCACGGACAGAAAGACTGTTTAG
AGTGCTTTCCCGTGTCAGAATCTCAACCCGTTTCTGCTCGTCAAARAGGCGTATCAGAAACT
GTGCTACATTCATCATATCATGGGAAAGGTGCCAGACGCTTGCACTGCCTGCGATCTGGETC
AATGTGGATTTGGATGACTGCATCTTTGAACAATAAATGATTTAAATCAGGTATGGCTGCC
GATGGTTATCTTCCAGATTGGCTCCGAGGACACTCTCTCTGA

SEQ ID NO: 52
SV40 polyA forward primer

AGCAATAGCATCACARATTTCACAA

SEQ ID NO: 53
SV40 polyA reverse primer

CCAGACATGATAAGATACATTGATGAGTT
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SEQ ID NQO: 54
SV40 polyA probe

AGCATTTTTTTCACTGCATICTAGTTGTGGTTTGTC
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Claims

A host cell comprising a nucleic acid encoding Adeno-associated virus (AAV)
Rep proteins Rep78 and Rep68, wherein the internal AAV promoter p19 has
been inactivated by one or more mutations that maintain the functionality of
said Rep78 and Rep68 proteins,
wherein said one or more mutations are within at least one of the p19
promoter SP1 -50 region, TATA -20 region, and TATA -35 region, and wherein
i) at least one mutation is within the p19 promoter SP1-50 region
and/or
ii) at least one mutation each is within both the p19 promoter
SP1-50 region and the TATA -20 region, within both the p19
promoter SP1-50 region and the TATA -35 region, and/or within
both the p19 promoter TATA -20 region and the TATA
-35 region,
wherein said nucleic acid comprises at least one nucleotide sequence,
selected from the group consisting of the nucleotide sequences according to
SEQ ID NOs: 1, 6, 8, 10, 14, 15, 20, 22, 24, 28, 34, 36, 37, 40 to 43, 45, 46,
and 49 to 51.

A host cell comprising a nucleic acid having at least 90% sequence identity
to a nucleic acid as defined in claim 1, provided that the specific mutations
defined in said claim are present and the internal AAV promoter p19 has been
inactivated by one or more of the specific mutations that maintain the

functionality of Rep78 and Rep68 proteins.

The host cell according to any one of claims 1 to 2, wherein said nucleic acid

is stably integrated into the host cell genome or is comprised in a vector.

The host cell according to any one of claims 1 to 3, further comprising a
nucleic acid encoding AAV Rep proteins Rep52 and Rep40 under the control

of an inducible promoter.
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The host cell according to any one of claims 1 to 4, selected from the group
consisting of CAP cells, HEK293 cells, and Per.C6 cells.

A nucleic acid as defined in any one of claims 1 to 2 or a vector as defined in

claim 3.

A method for the production of Adeno-associated virus (AAV), comprising the
step of recombinantly expressing AAV Rep proteins Rep78 and Rep68 in a

host cell according to any one of claims 1 to 5.



