wo 2017/077451 A1 [N A 0000 OO OO 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

11 May 2017 (11.05.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/077451 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
A61K 48/00 (2006.01)

International Application Number:
PCT/IB2016/056572

International Filing Date:
1 November 2016 (01.11.2016)

English
English

Filing Language:
Publication Language:

Priority Data:
62/251,288
62/411,980

5 November 2015 (05.11.2015)
24 October 2016 (24.10.2016) US

Applicant: BAMBOO THERAPEUTICS, INC.
[US/US]; 870 Martin Luther King Jr. Blvd., Chapel Hill,
North Carolina 27514 (US).

Inventor: SAMULSKI, Richard J.; 102 Darlin Circle,
Chapel Hill, North Carolina 27514 (US).

Agent: WALDRON, Roy F.; Pfizer INC., 235 East 42nd
Street, MS 235/9/520, New York, New York 10017 (US).

Us

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

(84)

KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(1))

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))
with sequence listing part of description (Rule 5.2(a))

(54) Title:

MODIFIED FRIEDREICH ATAXIA GENES AND VECTORS FOR GENE THERAPY

- Control [M+F)
“# Treated Mutants {M+F)

L3

LV (g}

4
50 Time (weeks)

Tie fwesks)

456 " Untreated Mutants {M+F)

*

&
g
M
g
8
1
@

0 \\i

a4
z 2

4 5
T Wk

(57) Abstract: The present invention relates to a modified FXN gene providing for increased expression of the encoded protein
frataxin that can be used for treatment of Friedreich ataxia.
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MODIFIED FRIEDREICH ATAXIA GENES AND VECTORS FOR GENE THERAPY

FIELD OF THE INVENTION
[11 The invention relates to modified frataxin (FXN) genes, vectors comprising the modified
FXN genes, methods of using the modified FXN genes, and vectors containing them in the
treatment of Friedreich ataxia, including cardiomyopathy and/or neurodegenerative disease
associated therewith, by providing increased expression levels of non-mutated (wild type)

mitochondrial protein frataxin.

BACKGROUND OF THE INVENTION
Friedreich ataxia (FRDA) is associated with reduction of expression of and/or mutation in the
FXN gene that encodes for the mitochondria protein frataxin. FRDA is an autosomal recessive
disease, meaning individuals only develop this disease if they inherit a defective gene from both
parents. FRDA is caused by mutations in the FXN gene that results in reduction of mRNA and
protein levels of frataxin. Defective frataxin expression causes critical metabolic changes,
including redox imbalance and ATP deficiency.
[2] FRDA is a neurodegenerative disease that affects children and young adults and leads to
progressive disability and premature death. Neurological signs are associated with
degeneration of sensory neurons and the flow of sensory information through the peripheral
nerves and the spinal cord is severely affected. There is also some impairment of muscle-
controlling signals from the cerebellum and spinal cord. These problems lead to the
progressive loss of balance, coordination and muscle strength that characterize FRDA. Further,
patients often develop a hypertrophic cardiomyopathy that is likely the cause of premature
death. Enlargement of the heart, irregular heartbeat and other symptoms of heart trouble are
evident.
[3] Itis believed that the frataxin protein regulates the levels of iron inside the mitochondria
which is necessary for using oxygen to produce energy. Frataxin appears to act as a storage
depot for iron, releasing it only when it's needed for synthesis of enzymes in the mitochondrial.
Therefore, a deficiency of frataxin results in a deficiency of these enzymes and further reduces
mitochondrial function which likely explains why Friedreich ataxia affects cells of the nervous
system and heart.
[4] To date, no treatment exists for stopping or slowing down the negative effects of FRDA.
Current therapeutic approaches in clinical use or under evaluation are directed at alleviating
symptoms and maximizing quality of life. Physical therapy and speech therapy have been used
to improve movement. Further, some medications have been used to treat heart disease.
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Thus, there is an important need for a novel therapeutic approach to treat the symptoms
associated with FRDA.

SUMMARY OF THE INVENTION
[5] Disclosed and exemplified herein are modified nucleic acids encoding frataxin (FXN) and
vectors comprising the modified nucleic acid and methods of treating a disease mediated by
decreased level of FXN by administering the modified nucleic acid or the vector comprising the
nucleic acid to a patient in need thereof.
[6] Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described
herein. Such equivalents are intended to be encompassed by the following embodiments (E).
E1. A modified FXN gene for treating FRDA in a human subject wherein the modified FXN
gene has been modified to alter the content of GC nucleotides and/or to have a reduced
number of CpG dinucleotides.
E2. The modified FXN gene of embodiment 1 wherein the reduced number of CpG
dinucleotides is in an amount sufficient to suppress the silencing of gene expression due to the
methylation of CpG motifs.
E3. The modified FXN gene of embodiment 1 wherein the content of GC nucleotides is
greater than 10%, 20%, 30%, 40%, 50%, 60% or 70% relative to the wild-type gene.
E4. The modified FXN gene of embodiment 3, having a codon adaptation index that is
>0.75, >0.80, >0.85, >0.90, or >0.95.
E5. The modified FXN gene of embodiment 3, comprising a sequence selected from any
one of SEQ ID NOs: 3 t0 9.
E6. The modified FXN gene of embodiment 1 wherein the content of GC nucleotides is less
than 10%, 20%, 30%, 40%, 50%, 60% or 70% relative to the wild-type gene.
E7. The modified FXN gene of embodiment 1 included in a viral vector or plasmid.
ES. The modified FXN gene of embodiment 7, wherein the viral vector is a self-
complementary AAV sequence.
E9. The modified FXN gene of embodiment 8, wherein the viral vector is selected from the
group consisting of AAV1, AAV2, AAV3, AAV4, AAV5, AAV6E, AAVT7 AAVS, AAV9, AAV10,
AAV11, AAV12, AAV1.1, AAV2.5, AAVE.1, AAV6.3.1, AAV9.45, AAV Hu.26, AAV2i8, AAV2G9,
rhAAV10, rhAAV74, RHM4-1, RHM15-1, RHM15-2, RHM15-3/RHM15-5, RHM15-4, RHM15-6,
AAV2-TT, AAV2-TT-S312N, AAV3B-S312N, AAV-LK03, and combinations and variants thereof.
E10. The modified FXN gene of embodiment 8, wherein the viral vector is an ancestral AAV

vector.
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E11. The modified FXN gene of embodiment 8, wherein the viral vector is a chimeric AAV
including a combination of AAV backbones from AAV2, AAV3B, AAV6 or AAV8 and further
comprising a galactose (Gal) binding footprint from AAV9.

E12. The modified FXN gene of embodiment 1, wherein frataxin protein has an amino acid
sequence of SEQ ID NO. 1 or a functional fragment thereof.

E13. A method for treating a disease associated with frataxin deficiency in a subject in need
thereof, comprising administering to said subject a therapeutically effective amount of a
modified FXN gene wherein the modified FXN gene has been modified to increase or decrease
content of GC nucleotides and/or to reduce the number of CpG dinucleotides.

E14. The method of embodiment 13, wherein the modified FXN gene encodes the frataxin
protein having the amino acid sequence of SEQ ID NO. 1.

E15. The method of embodiment 13, wherein the modified FXN gene is expressed in target
cells, wherein the target cells are cardiac or neuron cells

E16. The method of embodiment 13, wherein the modified FXN gene is delivered in a viral or
non-viral vector to the target cells.

E17. The method of embodiment 16, wherein the vector is delivered by systemic injection or
by direct cardiac or intracranial injection.

E18. A method of treating Friedreich ataxia (FRDA) in a subject in need thereof, the method
comprising: providing at least one recombinant virus vector comprising a modified FXN gene,
wherein the modified FXN gene has been modified to increase or decrease the content of GC
nucleotides and/or to reduce the amount of CpG dinucleotides; and

administering the recombinant virus vector to the subject under conditions such that the
modified FXN gene is expressed at a level which produces a therapeutically effective amount of
frataxin in cardiac and/or neuron tissue of the subject.

E19. The method of embodiment 18, wherein the recombinant virus vector is administered to
neurons or heart muscles cells of the subject.

E20. A host cell transfected with a modified FXN gene that encodes a frataxin peptide or a
functional fragment thereof wherein the modified FXN gene has been modified to increase or
decrease content of GC nucleotides and/or to reduce number of CpG dinucleotides.

E21. A process of preparing a frataxin peptide or fragment thereof comprising:

transfecting a host cell with a modified FXN gene that encodes the frataxin peptide or functional
fragment thereof; and maintaining the host cell under biological conditions sufficient for
expression of the frataxin peptide.

E22. The process of embodiment 21, wherein the modified FXN gene has increased levels of
GC nucleotides and/or reduced levels of CpG dinucleotides compared with the nucleic acid

sequence of wild type frataxin as set forth in SEQ ID NO:2.
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E23. A pharmaceutical composition comprising a modified FXN gene, wherein the modified
FXN gene has an increased or decreased content of GC nucleotides and/or a reduced number
of CpG dinucleotides, and a pharmaceutically acceptable carrier.

E24. A method for treating FRDA comprising delivering to a subject in need of treatment, a
vector comprising a modified polynucleotide sequence encoding a FXN gene, wherein the FXN
gene is expressed in the target cells, thereby treating FRDA in the subject. The target cells are
preferably cardiac or neuron cells and the vector is preferably delivered to the target cells via
direct cardiac or intracranial injection.

E25. The modified nucleic acid of embodiment 1, wherein the modified nucleic acid has a
reduced GC content, relative to the wild type gene, that being 20%, 30%, 40%, 50%, or 60%
less than the wild type gene while still having the same expression level as the wild type. Silent
mutations can be introduced into the coding sequence in order to reduce the GC content of the
gene.

E26. A modified nucleic acid encoding FXN with a reduced level of CpG dinucleotides.

E27. A modified nucleic acid encoding FXN (also referred to as a “modified FXN gene”) for
treating FRDA in a human subject in need thereof, wherein the modified FXN gene had been
modified to increase GC content and reduce certain cis motifs relative to the wild type nucleic
acid sequence encoding FXN set forth as SEQ ID NO:2.

E28. A modified FXN gene having a reduced number of CpG dinucleotides in an amount to
suppress the silencing of gene expression due to the methylation of CpG motifs compared with
the number of CpG dinucleotides present in the wild type nucleic acid sequence encoding FXN
set forth as SEQ ID NO:2.

E29. A method of treating FRDA in a subject, the method comprising:

providing at least one recombinant virus vector comprising a modified FXN gene of any one of
embodiments 1-12, 23, and 25-28, and administering the recombinant virus vector to the
subject under conditions such that the modified FXN gene is expressed at a level which
produces a therapeutically effective amount of frataxin in cardiac and or neuron tissue of the
subject.

E30. A method for reducing the effects of or treating Friedreich ataxia in neurons and heart
muscles cells of a subject in need thereof, comprising administering to said subject a
therapeutically effective amount of a recombinant virus vector which comprises a modified FXN
nucleic acid encoding the protein frataxin.

E31. A method for treating Friedreich ataxia in a subject in need thereof, including gene
therapy based on administration of a nucleic acid comprising a nucleotide sequence selected
from the group consisting of a sequence of SEQ ID NOs:3-9.
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E32. A composition comprising an adeno-associated virus (AAV) vector comprising a
modified FXN gene, or functional fragment thereof, wherein the AAV vector comprises a single
stranded AAV vector genome, a double-stranded AAV vector genome or a self-complementary
(sc) AAV vector genome.

E33. An expression vector comprising a polynucleotide that includes a modified FXN gene or
fragment thereof.

E34. The vector of embodiment 33, wherein the AAV comprises a capsid of a serotype
selected from the group consisting of AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAVT, AAVS,
AAV9, AAV10, AAV11, AAV12, rhAAV10, rhAAV74, RHM4-1, RHM15-1, RHM15-2, RHM15-
3/RHM15-5, RHM15-4, RHM15-6, AAV Hu.26, AAV1.1 (SEQ ID NO:15), AAV2.5 (SEQ ID NO.
13), AAV6.1 (SEQ ID NO:17), AAV6.3.1 (SEQ ID NO:18), AAV9.45, AAV2i8 (SEQ ID NO:29),
AAV2G9, AAV2-TT (SEQ ID NO:31), AAV2-TT-S312N (SEQ ID NO:33), AAV3B-S312N, and
AAV-LKO3.

E35. The vector of embodiment 34, further comprising a AAV1.1 capsid wherein amino acid
residue 265 is deleted (SEQ ID NO: 15), an AAV 6.1 capsid wherein amino acid residue 265 is
deleted (SEQ ID NO: 17), an AAV 6.3.1 capsid wherein amino acid residue 265 is deleted and
amino acid residue 531 is changed from a Lys to a Glu (SEQ ID NO: 18). The nucleotide
sequence of wildtype AAV 1 capsid is shown in (SEQ ID NO: 14) and the nucleotide sequence
of wildtype AAV 6 capsid is set forth in (SEQ ID NO: 16).

E36. A chimeric AAV virus vector comprising the modified FXN gene of any one of
embodiments 1-12, 23, and 25-28, further comprising a capsid that includes the combination of
AAYV backbones from AAV2, AAV3, AAV6, AAVS, with a galactose (Gal) binding footprint from
AAV9. Specifically, the galactose (Gal) binding footprint from AAV9 is grafted onto the heparin
sulfate-binding AAV serotype 2 to improve transduction efficiency.

E37. A chimeric AAV virus vector comprising the modified FXN gene of any one of
embodiments 1-12, 23, and 25-28, further comprising wherein the vector capsid includes
tyrosine mutants in combination with 265 deletion mutations of AAV1 and or AAV6 as well as
addition of a galactose binding footprint to the capsid protein.

E38. A chimeric AAV virus vector comprising the modified FXN gene of any one of
embodiments 1-12, 23, and 25-28, further comprising a targeting peptides inserted in the Hl
structure loop of AAV or in position of 585 aa in AAV 2 backbone. Additionally, ancestral AAV
vectors may be used for therapeutic in vivo gene therapy. Notably, the use of the virus particles
assembled from ancestral viral sequences exhibit reduced susceptibility to pre-existing
immunity in current day human population than do contemporary viruses or portions thereof.
E39. A host cell comprising the modified FXN gene of any one of embodiments 1-12, 23, and
25-28.
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E40. A process of preparing a frataxin peptide or fragment thereof comprising: transfecting a
host cell with the modified FXN gene of any one of embodiments 1-12, 23, and 25-28, and
maintaining the host cell under biological conditions sufficient for expression of the frataxin
peptide.

E41. Use of a modified FXN gene of any one of embodiments 1-12, 23, and 25-28, in the
treatment of Friedreich ataxia.

E42. A pharmaceutical composition comprising a modified FXN gene for treating Friedreich
ataxia that causes degeneration of neurons and cells in the cardiac tissues of a human subject
wherein the modified FXN gene has an increased amount of GC nucleotides, decreased
amount of GC nucleotides and/or has a reduced number of CpG dinucleotides; and a
pharmaceutically acceptable carrier.

E43. An expression optimized nucleic acid encoding frataxin comprising a nucleic acid
sequence selected from any one of SEQ ID NOs:3-9.

E44. A modified nucleic acid encoding frataxin comprising the amino acid set forth in SEQ ID
NO:1, wherein the nucleic acid has a GC content of at least 55%,a decreased number of CpG
dinucleotides compared with the nucleic acid sequence of SEQ ID NO:2, a codon adaptation
index (CAIl) of at least 0.8, and wherein it is expressed at a greater level compared with the
level of expression of wild type frataxin comprising the nucleic acid sequence of SEQ ID NO:2.
E45. The modified nucleic acid of embodiment 44, wherein the CAl is at least 0.86.

E46. The modified nucleic acid of embodiment 44, wherein the CAl is at least 0.95.

E47. The modified nucleic acid of embodiment 44, wherein the CAl is at least 0.98.

E48. The modified nucleic acid of any one of embodiments 44-47, wherein the GC content is
at least 61%.

E49. The modified nucleic acid of any one of embodiments 44-47, wherein the GC content is
at least 69%.

E50. The modified nucleic acid of any one of embodiments 44-49, wherein the number of
CpG dinucleotides is from about 114 to 124.

E51. A modified nucleic acid encoding frataxin (FXN) comprising the amino acid sequence
set forth in SEQ ID NO:1, wherein said nucleic acid is expressed at a greater level compared
with the expression level of the wild type FXN nucleic acid sequence of SEQ ID NO:2, and
wherein said modified nucleic acid comprises at least one characteristic selected from the group
consisting of: a GC content of at least 55%, a number of CpG dinucleotides not greater than
124, and a codon adaptation index (CAl) of at least 0.76.

E52. The modified nucleic acid of embodiment 51, said nucleic acid comprising at least one
characteristic selected from the group consisting of: a CAl of at least 0.86, at least 0.95, or at
least 0.98; a GC content is at least 57%, at least 61%, or at least 69%; a number of CpG
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dinucleotides is less than 124; and a nucleic acid sequence selected from the group consisting
of a sequence as set forth in SEQ ID NOs:3-9.

E53. A modified nucleic acid encoding FXN, wherein said nucleic acid is expressed at a
greater level compared with the level of expression of the wild type FXN nucleic acid sequence
of SEQ ID NO:2, and wherein the nucleic acid comprises at least one of: a nucleic acid
sequence selected from the group consisting of SEQ ID NOs:3-9; a GC content of at least 55%;
a number of CpG dinucleotides not greater than 117; and a CAl of at least 0.86.

E54. The modified nucleic acid of embodiment 53, wherein the nucleic acid sequence is
selected from the group consisting of SEQ ID NO:5 and SEQ ID NO:7.

E55. The modified nucleic acid of claim any one of embodiments 43-54, comprising the
nucleic acid sequence of SEQ ID NO:7.

E56. The modified nucleic acid of any one of embodiments 1-12, 23, 25-28 and 43-55, further
comprising a nucleic acid sequence encoding at least one AAV terminal repeat (TR).

E57. The modified nucleic acid of embodiment 55 wherein the nucleic acid single stranded,
double stranded, and/or self complementary.

E58. The modified nucleic acid of embodiment 57, wherein the nucleic acid is self
complementary.

E59. The modified nucleic acid of any one of embodiments 1-12, 23, 25-28, and 43-58,
further comprising an enhancer.

E60. The modified nucleic acid of embodiment 59, wherein the enhancer is a cytomegalovirus
(CMV) immediate-early enhancer.

E61. The modified nucleic acid of any one of embodiments 1-12, 23, 25-28, and 43-60,
further comprising a promoter.

E62. The modified nucleic acid of any one of embodiments 1-12, 23, 25-28, and 43-61,
wherein the promoter is constitutive or regulated.

E63. The modified nucleic acid of embodiment 62, wherein the promoter is regulated.

E64. The modified nucleic acid of embodiment 63, wherein the promoter inducible or
repressible.

E65. The modified nucleic acid of any one of embodiments 1-12, 23, 25-28, and 43-64,
further comprising a nucleic acid sequence encoding a collagen stabilization sequence (CSS).
E66. The modified nucleic acid of any one of embodiments 1-12, 23, 25-28, and 43-65,
further comprising a stop codon.

E67. The modified nucleic acid of any one of embodiments 1-12, 23, 25-28, and 43-66,

further comprising a poly-adenylation (polyA) signal sequence.
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E68. The modified nucleic acid of embodiment 67, wherein the promoter is selected from the
group consisting of a chicken beta-actin (CBA) promoter, a cytomegalovirus (CMV) promoter, a
CMYV enhancer/CBA promoter (CBh), and a synthetic CAG promoter.
E69. The modified nucleic acid of embodiment 68, wherein the promoter is a CBh promoter.
E70. The modified nucleic acid of any one of embodiments 1-6, 12, 25-28, and 44-69, further
comprising a nucleic acid sequence encoding a collagen stabilization sequence (CSS).
E71. A recombinant AAV vector (rAAV) comprising the modified nucleic acid encoding FXN of
any one of embodiments 1-12, 23, 25-28, and 43-70.
E72. The rAAV of embodiment 71, wherein the rAAV comprises a capsid selected from the
group consisting of a capsid from AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, AAVS,
AAV9, AAV10, AAV11, AAV12, AAVrh10, AAVrh74, AAV2.5 (SEQ ID NO. 13), AAV hu.26,
AAV1.1, AAV2.5, AAVB.1, AAVB.3.1, AAV2i8, AAV2G9, AAV9 .45, AAV2i8G9, RHM4-1,
RHM15-1, RHM15-2, RHM15-3/RHM15-5, RHM15-4, RHM15-6, AAV2-TT, AAV2-TT-S312N,
AAV3B-S312N, and AAV-LK03.
E73. The rAAV of embodiment 72, wherein the capsid is selected from the group consisting of
AAV2-TT, AAV2-TT-S312N, and AAV2i8 capsid.
E74. The rAAV of embodiment 73, wherein the modified nucleic acid comprises the sequence
of SEQ ID NO:7 and wherein the capsid is selected from an AAV2i8 capsid and an AAV2-TT-
S312N capsid.
E75. The rAAV of embodiment 74, wherein the nucleic acid further comprises two AAV
terminal repeat sequences flanking the sequence encoding FXN, and further comprises a CBh
promoter upstream of the sequence encoding FXN.
E76. The rAAV of embodiment 75, said nucleic acid further comprising a collagen stabilization
sequence (CSS; SEQ ID NO:25) 3’ from the sequence encoding FXN.
E77. The rAAV of any one of embodiments 71-76, wherein the nucleic acid comprises a
bovine growth hormone polyA (bGHpolyA) signal sequence.
E78. A rAAV vector comprising an AAV2i8 capsid wherein VP1 comprises the amino acid of
SEQ ID NO:29, and further comprising a nucleic acid comprising, from 5’ to 3’:

(a) an AAV2 terminal repeat (TR);

(b) a CBh promoter comprising the nucleic acid sequence of SEQ ID NO:26;

(c) a modified nucleic acid encoding FXN comprising a nucleic acid sequence selected
from the group consisting of SEQ ID NOs:3-9;

(d) a CSS having the sequence of SEQ ID NO:25;

(e) a bGHpolyA signal sequence having the sequence of SEQ ID NO:27; and

(f) an AAV2 TR.
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E79. A rAAV vector comprising an AAV2-TT capsid wherein VP1 comprises the amino acid of
SEQ ID NO:31, and further comprising a nucleic acid comprising, from 5’ to 3’:

(a) an AAV2 TR;

(b) a CBh promoter comprising the nucleic acid sequence of SEQ ID NO:26;

(c) a modified nucleic acid encoding FXN comprising a nucleic acid sequence selected
from the group consisting of SEQ ID NOs:3-9;

(d) a CSS having the sequence of SEQ ID NO:25;

(e) a bGHpolyA signal sequence having the sequence of SEQ ID NO:27; and

(f) an AAV2 TR.
E80. A rAAV vector comprising an AAV2-TT-S312N capsid wherein VP1 comprises the
amino acid of SEQ ID NO:33, and further comprising a nucleic acid comprising, from 5’ to 3"

(a) an AAV2 TR;

(b) a CBh promoter comprising the nucleic acid sequence of SEQ ID NO:26;

(c) a modified nucleic acid encoding FXN comprising a nucleic acid sequence selected
from the group consisting of SEQ ID NOs:3-9;

(d) a CSS having the sequence of SEQ ID NO:25;

(e) a bGHpolyA signal sequence having the sequence of SEQ ID NO:27; and

(f) an AAV2 TR.
E81. The rAAV vector of any one of embodiments 71-80, wherein the modified nucleic acid
encoding FXN comprises the nucleic acid sequence of SEQ ID NO:7.
E82. A rAAV vector for treating Friedreich ataxia in a subject in need thereof, wherein said
vector comprises the modified nucleic acid encoding frataxin of any one of embodiments 1-6,
12, 25-28 and 71-81.
E83. A pharmaceutical composition comprising the rAAV vector of any one of embodiments
7-11, 33-39, and 71-82, and a pharmaceutically acceptable carrier.
E84. A method of treating FRDA in a subject, the method comprising administering at least
one of: a modified nucleic acid encoding frataxin of any one of embodiments 1-12, 23, 25-28
and 43-70; a rAAV vector of any one of embodiments 7-11, 33-39 and 71-82; and the
pharmaceutical composition of embodiment 83.
E85. The method of embodiment 84, wherein the rAAV vector of any one of embodiments 7-
11, 33-39, and 71-82, is administered systemically, or by direct cardiac or intracranial
administration.
E86. The method of embodiment 85, wherein the rAAV vector of any one of embodiments 71-
82 is administered intracranially.
E87. The method of embodiment 85, wherein the rAAV vector of any one of embodiments 71-

82 is directly administered into the heart.
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E88. The method of embodiment 84, wherein the modified nucleic acid encoding FXN
comprises the nucleic acid sequence of SEQ ID NO:6.

E89. The method of embodiment 84, wherein the modified nucleic acid encoding FXN
comprises the nucleic acid sequence of SEQ ID NO:7.

E90. A method of treating a disease, disorder or condition mediated by a decreased level of
FTX, the method comprising administering at least one of: the modified nucleic acid encoding
frataxin of any one of embodiments 1-6, 12, 25-28 and 43-70; the rAAV vector of any one of
embodiments 7-11, 33-39 and 71-82; and the pharmaceutical composition of embodiment 83.
E91. A host cell comprising a modified nucleic acid encoding FXN of any one of embodiments
1-6, 12, 25-28 and 43-70.

E92. The host cell of embodiment 91, wherein the cell is selected from the group consisting of
VERO, WI38, MRC5, A549, HEK293 cells, B-50 or any other HelLa cells, HepG2, Saos-2,
HuH7, and HT1080.

E93. The host cell of embodiment 92, wherein the host cell is a HEK293 adapted to growth in
suspension culture.

E94. The host cell of any one of embodiments 91-93, wherein the cell is a HEK293 cell
having ATCC No. PTA 13274.

E95. A packaging cell comprising a rAAV vector of any one of embodiments 7-11, 33-39, and
70-82, wherein said cell further comprises at least one nucleic acid encoding an AAV Rep
protein, at least one nucleic acid encoding an AAV Cap protein, and at least one nucleic acid
encoding a helper function.

E96. A method for producing a rAAV vector, the method comprising culturing the cell of any
one of embodiments 91-95 under conditions where rAAV is produced.

E97. The method of embodiment 96, further comprising isolating the rAAV produced.

E98. Use of at least one of: the modified nucleic acid encoding frataxin of any one of
embodiments 1-6, 12, 25-28 and 43-70; the rAAV vector of any one of embodiments 7-11, 33-
39 and 71-82; and the pharmaceutical composition of embodiment 83 to increase the level of
frataxin in a cell.

E99. The modified nucleic acid encoding frataxin of any one of embodiments 1-6, 12, 25-28
and 43-70; the rAAV vector of any one of embodiments 7-11, 33-39 and 71-82; and the
pharmaceutical composition of embodiment 83 for use in increasing the level of frataxin in a
subject.

E100. The modified nucleic acid encoding frataxin of any one of embodiments 1-6, 12, 25-28
and 43-70; the rAAV vector of any one of embodiments 7-11, 33-39 and 71-82; and the
pharmaceutical composition of embodiment 83 for use in treating Friedreich ataxia in a subject.
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[7] Other features and advantages of the invention will be apparent from the following

detailed description, drawings, exemplary embodiments and claims

BRIEF DESCRIPTION OF THE DRAWINGS
[8] Figures 1A and 1B. Figures 1A and 1B both show the results of expression in HeLa cells
of frataxin from selected modified nucleic acids encoding FXN compared to a wild type nucleic
acid (lane 1). Extracts from HeLa cells comprising the following modified nucleic acids were
examined to detect FXN produced in the cells. Frataxin was detected by Western blotting using
an anti-frataxin antibody detected using a secondary antibody conjugated with HRP (horse
radish peroxidase) for chemiluminescence detection by exposure of the Western blot to light
sensitive film. The lanes were loaded with extracts from HeLa cells transfected with the
following modified nucleic acids encoding frataxin: lane 1: wild type control nucleic acid; lane 2:
IDT2; lane 3: IDT5; lane 4. JCAT,; lane 5: GeneArt; lane 6: Genscript (control); and lane 7:
Genscript (low CpG).
[9] Figures 2A-2F show the sequence of various modified FXN gene constructs for cloning
into the self-complementary rAAV vector pTRs-KS-CBh-EGFP-bGHpolyA — where the EGFP
marker gene was replaced with either wild type FXN gene (SEQ ID NO:2) or a modified version
thereof (e.g., SEQ ID NOs:3-9). Each figure shows WT FXN (Fig. 2A) or a modified FXN gene
(Figs. 2B-2F). Each construct comprises (from 5’ to 3°) an Agel cut site, the FXN/modified FXN
gene, Avrll cut site, a collagen stability sequence (CSS), a Spel cut site, a bGHpolyA signal
sequence, and a Mlul cut site. Figure 2A shows the pTRs-KS-CBh-WT FXN-bGHpolyA
construct (SEQ ID NO:19); Figure 2B shows the Integrated DNA Technologies IDT 1 (IDT1)
modified FXN gene construct pTRs-KS-CBh-IDT1 FXN-bGHpolyA (SEQ ID NO:20); Figure 2C
shows IDT3 modified FXN gene construct pTRs-KS-CBh-IDT3 FXN-bGHpolyA (SEQ ID
NO:21); Figure 2D shows the IDT4 modified FXN gene construct pTRs-KS-CBh-IDT4 FXN-
bGHpolyA (SEQ ID NO:22); Figure 2E shows the GenScript modified FXN gene construct
pTRs-KS-CBh-GenScript FXN-bGHpolyA (SEQ ID NO:23); and Figure 2F shows the GenScript
(low CpG) modified FXN gene construct pTRs-KS-CBh-Genscript (low CpG) FXN-bGHpolyA
(SEQ ID NO:24), each sequence includes the elements (e.g., Agel, Avrll, CSS, Spel,
bGHpolyA, and Mlul) which are indicated as follows, from 5’ to 3’, in Figs. 2A-2F: an Agel cut
site (ACCGGT) indicated in bold; the FXN gene in lower case letters, an Avrll cut site
(CCTAGQG) indicated by underlining; a sequence encoding a collagen stabilization sequence
(CSS) indicated by double underlining; an Spel cut site (ACTAGT) indicated in bold
underlined; a bovine growth hormone poly-adenylation signal sequence (bGHpolyA) indicated
in italics; and a Mlul cut site (ACGCGT) indicated in bold italics. The FXN gene in the

construct is under the control of the CBh promoter upstream from the Agel cut site. The
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sequence of the CBh promoter is not shown in Figures 2A-2F, but is set forth in SEQ ID NO:25.
[10] Figure 3 shows a vector (plasmid) map for the pTRs-KS-CBh-eGFP cloning construct
depicting the various restriction (cut) sites and elements of the vector including the CBh
promoter upstream from the Agel cut site.

[11] Figures 4A and 4B show graphs illustrating the baseline cardiac phenotype in control,
treated mutant and untreated mutant male (Fig. 4A) and female (Fig. 4B) mice. Figure 4A
shows the cardiac phenotype for, from left to right within each grouping: control males, treated
mutants and untreated mutants, where the groupings are: EF (ejection fraction), FS (fractional
shortening); LV Vol_d (left ventricle volume diastolic); and LV Vol_s (left ventricle volume
systolic). Figure 4B shows the baseline cardiac phenotype for female mice groups: control
(circles); treated mutants (squares); and untreated mutants (triangles).

[12] Figures 5A and 5B show graphs illustrating the reversal of FRDA cardiac phenotype in
treated Mck mutant mice compared with the cardiac phenotype in untreated Mck mutant mice at
5 weeks of age (and 14 days post-treatment in treated mutants). Figure 5A shows the cardiac
phenotype of control (circles), treated mutant (squares) and untreated mutant (triangles) male
mice 14 days after rAAV-FXN injection. The abbreviations are as follows: AoV SV (aortic valve
stroke volume); AoV CO (aortic valve cardiac output); FS (fractional shortening); and LV Mass
AW (left ventricle mass anterior wall). Figure 5B shows the cardiac phenotype of control
(circles), treated mutant (squares) and untreated mutant (triangles) female mice 14 days after
rAAV-FXN injection. The abbreviations are as follows: ES (ejection fraction): FS (fractional
shortening); AoV SV (aortic valve stroke volume); AoV CO (aortic valve cardiac output).

[13] Figures 6A-6C show graphs illustrating cardiac function in male and female control mice
(circles), treated mutants male and female mice (squares), and untreated mutant male and
female mice (triangles) twenty-eight (28) days post-rAAV-FXN treatment in the treated Mck
mutant group. Figure 6A shows the left ventricle mass (LVM) echocardiography assessment for
all three mouse groups over successive weeks, i.e., at 3 weeks of age (time of rAAV
administration), 5 weeks of age (14 days post-rAAV administration) and 7 weeks of age (28
days post-rAAV administration) where treatment was administered at the age of 5 weeks.
Figure 6B shows the shortening factor (SF) echocardiography assessment for all three mouse
groups over successive weeks. Figure 6C shows the cardiac output echocardiography
assessment for all three mouse groups over successive weeks. The data are mean = S.E.M of
8 mice per group. The data of Mck mutant mice were compared to the Mck positive control

group using multiple t-tests comparisons (Sidak-Bonferroni method). * p<0.05.
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DETAILED DESCRIPTION OF THE INVENTION
Definitions
[14] Unless otherwise defined, all technical and scientific terms used herein have the meaning
commonly understood by one of ordinary skill in the art to which this invention belongs. The
terminology used herein is for the purpose of describing particular embodiments only and is not
intended to be limiting of the invention. As used in the description of the invention and the
appended claims, the singular forms “a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. The following terms have the meanings
given:
[15] The term “about,” as used herein, when referring to a measurable value such as an
amount of the biological activity, length of a polynucleotide or polypeptide sequence, content of
G and C nucleotides, codon adaptation index, number of CpG dinucleotides, dose, time,
temperature, and the like, is meant to encompass variations of 20%, 10%, 5%, 1%, 0.5% or
even 0.1% of the specified amount.
[16] As used herein, the term “and/or” refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well as the lack of combinations
when interpreted in the alternative (“or”).
[17] AAV "rep" and "cap" genes refer to polynucleotide sequences encoding replication and
encapsidation proteins of adeno-associated virus. AAV rep and cap are referred to herein as
AAYV "packaging genes."
[18] The present disclosure provides a recombinant adeno-associated virus (rAAV) vector.
"AAV" is an abbreviation for adeno-associated virus, and may be used to refer to the virus itself
or derivatives thereof. The term covers all subtypes and both naturally occurring and
recombinant forms, except where required otherwise. The abbreviation "rAAV" refers to
recombinant adeno-associated virus, also referred to as a recombinant AAV vector (or "rAAV
vector") or simply, an “AAV vector.” The term "AAV" includes, for example, AAVs of various
serotypes, e.g., AAV type 1 (AAV-1), AAV type 2 (AAV-2), AAV type 3 (AAV-3), AAV type 4
(AAV-4), AAV type 5 (AAV-5), AAV type 6 (AAV-8), AAV type 7 (AAV-7), AAV type 8 (AAV-8),
AAV type 9 (AAV-9), AAV type 10 (AAV-10, including AAVrh10), AAVrh74, AAV type 12 (AAV-
12), avian AAV, bovine AAV, canine AAV, equine AAV, primate AAV, non-primate AAV, and
ovine AAV. "Primate AAV" refers to AAV that infect primates, "non-primate AAV" refers to AAV
that infect non- primate mammals, "bovine AAV" refers to AAV that infect bovine mammals, and
SO on.
[19] The various serotypes of AAV are attractive for several reasons, most prominently that
AAYV is believed to be non-pathogenic and that the wildtype virus can integrate its genome site-
specifically into human chromosome 19 (Linden et al., 1996, Proc Natl Acad Sci USA 93:11288-
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11294). The insertion site of AAV into the human genome is called AAVS1. Site-specific
integration, as opposed to random integration, is believed to likely result in a predictable long-
term expression profile.

[20] The genomic sequences of various serotypes of AAV, as well as the sequences of the
native terminal repeats (TRs), Rep proteins, and capsid subunits are known in the art. Such
sequences may be found in the literature or in public databases such as GenBank. See, e.g.,
GenBank Accession Numbers NC-002077 (AAV-1), AF063497 (AAV-1), NC-001401 (AAV-2),
AF043303 (AAV-2), NC-001729 (AAV-3), NC-001829 (AAV- 4), U89790 (AAV-4), NC-006152
(AAV-5), AF513851 (AAV-7), AF513852 (AAV-8), and NC-006261 (AAV-8); the disclosures of
which are incorporated by reference herein. See also, e.g., Srivistava et al., 1983, J. Virology
45:555; Chiorini et al., 1998, J. Virology 71:6823; Chiorini et al., 1999, J. Virology 73: 1309;
Bantel-Schaal et al., 1999, J. Virology 73:939; Xiao et al., 1999, J. Virology 73:3994;
Muramatsu et al., 1996, Virology 221:208; Shade et al., 1986, J. Virol. 58:921; Gao et al., 2002,
Proc. Nat. Acad. Sci. USA 99: 11854; Moris et al., 2004, Virology 33:375-383; international
patent publications WO 00/28061, WO 99/61601, WO 98/11244; WO 2013/063379; WO
2014/194132; WO 2015/121501, and U. S. Pat. Nos. 6,156,303 and 7,906,111.

[21] An "rAAV vector" as used herein refers to an AAV vector comprising a polynucleotide
sequence not of AAV origin (i.e., a polynucleotide heterologous to AAV), typically a sequence of
interest for the genetic transformation of a cell. In some embodiments, the heterologous
polynucleotide may be flanked by at least one, and sometimes by two, AAV inverted terminal
repeat sequences (ITRs). The term rAAV vector encompasses both rAAV vector particles and
rAAV vector plasmids. A rAAV vector may either be single-stranded (ssAAV) or self-
complementary (scAAV). An "AAV virus" or "AAYV viral particle" or "rAAV vector particle" refers
to a viral particle composed of at least one AAV capsid protein (typically by all of the capsid
proteins of a wild-type AAV) and an encapsidated polynucleotide rAAV vector. If the particle
comprises a heterologous polynucleotide (i.e., a polynucleotide other than a wild-type AAV
genome such as a transgene to be delivered to a mammalian cell), it is typically referred to as a
"rAAV vector particle” or simply an "rAAV vector". Thus, production of rAAV particle necessarily
includes production of rAAV vector, as such a vector is contained within an rAAV particle.

[22] "Recombinant," as used herein means that the vector, polynucleotide, polypeptide or cell
is the product of various combinations of cloning, restriction or ligation steps (e.g. relating to a
polynucleotide or polypeptide comprised therein), and/or other procedures that result in a
construct that is distinct from a product found in nature. A recombinant virus or vector is a viral
particle comprising a recombinant polynucleotide. The terms respectively include replicates of
the original polynucleotide construct and progeny of the original virus construct.

[23] “AAV Rep” means AAV replication proteins and analogs thereof.
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[24] “AAV Cap” means AAV capsid proteins, VP1, VP2 and VP3 and analogs thereof. In wild
type AAV virus, three capsid genes vp1, vp2 and vp3 overlap each other. See, Grieger and
Samulski, 2005, J. Virol. 79(15):9933-9944. A single P40 promoter allows all three capsid
proteins to be expressed at a ratio of about 1:1:10, vp1, vp2, vp3, respectively, which
complement with rAAV production. For the production of recombinant AAV vectors, desired
ratio of VP1:VP2:VP3 is in the range of about 1:1:1 to about 1:1:100, preferably in the range of
about 1:1:2 to about 1:1:50, more preferably in the range of about 1:1:5 to about 1:1:20.
Although the desired ratio of VP1:VP2 is 1:1, the ratio range of VP1:VP2 could vary from 1:50 to
50:1.

[25] A comprehensive list and alignment of amino acid sequences of capsids of known AAV
serotypes is provided by Marsic et al., 2014, Molecular Therapy 22(11):1900-1909, especially at
supplementary Figure 1.

[26] For illustrative purposes only, wild type AAV2 comprises a small (20-25 nm) icosahedral
virus capsid of AAV composed of three proteins (VP1, VP2, and VP3; a total of 60 capsid
proteins compose the AAV capsid) with overlapping sequences. The proteins VP1 (735 aa;
Genbank Accession No. AAC03780), VP2 (598 aa; Genbank Accession No. AAC03778) and
VP3 (533 aa; Genbank Accession No. AAC03779) exist in a 1:1:10 ratio in the capsid. That is,
for AAVs, VP1 is the full length protein and VP2 and VP3 are progressively shorter versions of
VP1, with increasing truncation of the N-terminus relative to VP1.

[27] “AAV TR” means a palindromic terminal repeat sequence at or near the ends of the AAV
genome, comprising mostly complementary, symmetrically arranged sequences, and includes
analogs of native AAV TRs and analogs thereof.

[28] “Cis-motifs” includes conserved sequences such as found at or close to the termini of the
genomic sequence and recognized for initiation of replication; cryptic promoters or sequences
at internal positions likely used for transcription initiation, splicing or termination.

[29] "Treating" or "treatment" means reversing, alleviating, or inhibiting the progress of the
disorder or condition to which such term applies, or one or more symptoms of such disorder or
condition.

[30] "Therapeutically effective amount" means a minimal amount of active agent which is
necessary to impart therapeutic benefit to a subject. For example, a "therapeutically effective
amount" to a patient is such an amount which induces, ameliorates, stabilizes, slows down the
progression or otherwise causes an improvement in the pathological symptoms, disease
progression or physiological conditions associated with or resistance to succumbing to a
disorder.

[31] "Gene" means a polynucleotide containing at least one open reading frame that is

capable of encoding a particular polypeptide or protein after being transcribed and translated.
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[32] "Coding sequence" means a sequence which encodes a particular protein" or "encoding
nucleic acid", denotes a nucleic acid sequence which is transcribed (in the case of DNA) and
translated (in the case of MRNA) into a polypeptide in vitro or in vivo when placed under the
control of (operably linked to) appropriate regulatory sequences. The boundaries of the coding
sequence are determined by a start codon at the 5' (amino) terminus and a translation stop
codon at the 3' (carboxy) terminus. A coding sequence can include, but is not limited to, cDNA
from prokaryotic or eukaryotic mMRNA, genomic DNA sequences from prokaryotic or eukaryotic
DNA, and even synthetic DNA sequences.

[33] “Chimeric” means, with respect to a viral capsid or particle, that the capsid or particle
includes sequences from different parvoviruses, preferably different AAV serotypes, as
described in Rabinowitz et al., U.S. Patent 6,491,907, the disclosure of which is incorporated in
its entirety herein by reference. See also Rabinowitz et al., 2004, J. Virol. 78(9):4421-4432. A
particularly preferred chimeric viral capsid is the AAV2.5 capsid, which has the sequence of the
AAV2 capsid with the following mutations: 263 Q to A; 265 insertion T; 705 Nto A; 708 V to A;
and 716 T to N. wherein the nucleotide sequence encoding such capsid is defined as SEQ ID
NO: 15 as described in WO 2006/066066. Other preferred chimeric AAVs include, but are not
limited to, AAV2i8 described in WO 2010/093784, AAV2G9 and AAV8GY described in WO
2014/144229, and AAV9.45 (Pulicherla et al., 2011, Molecular Therapy 19(6):1070-1078).

[34] “Flanked,” with respect to a sequence that is flanked by other elements, indicates the
presence of one or more the flanking elements upstream and/or downstream, i.e., 5' and/or 3',
relative to the sequence. The term “flanked” is not intended to indicate that the sequences are
necessarily contiguous. For example, there may be intervening sequences between the nucleic
acid encoding the transgene and a flanking element. A sequence (e.g., a transgene) that is
“flanked” by two other elements (e.g., TRs), indicates that one element is located 5' to the
sequence and the other is located 3' to the sequence; however, there may be intervening
sequences there between.

[35] “Polynucleotide” means a sequence of nucleotides connected by phosphodiester
linkages. Polynucleotides are presented herein in the direction from the 5’ to the 3’ direction. A
polynucleotide of the present invention can be a deoxyribonucleic acid (DNA) molecule or
ribonucleic acid (RNA) molecule. Where a polynucleotide is a DNA molecule, that molecule can
be a gene or a cDNA molecule. Nucleotide bases are indicated herein by a single letter code:
adenine (A), guanine (G), thymine (T), cytosine (C), inosine (l) and uracil (U). A polynucleotide
of the present invention can be prepared using standard techniques well known to one of skill in
the art.

[36] “Transduction” of a cell by a virus means that there is transfer of a nucleic acid from the

virus particle to the cell.
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[37] “Modified FXN gene” means a modified nucleic acid encoding FXN (e.g., the amino acid
sequence of SEQ ID NO:1) with at least one modification compared with a wild type nucleic
acid encoding FXN (e.g., SEQ ID NO:2), wherein the modification includes, but is not limited to,
increased GC content, decreased GC content or a FXN gene with a reduced CpG content.
Preferably, the modified FXN gene exhibits improved protein expression, e.g., the protein
encoded thereby is expressed at a detectably greater level in a cell compared with the level of
expression of the protein provided by the wild type gene in an otherwise identical cell.

[38] “Transfection” of a cell means that genetic material is introduced into a cell for the
purpose of genetically modifying the cell. Transfection can be accomplished by a variety of
means known in the art, such as calcium phosphate, polyethyleneimine, electroporation, and
the like.

[39] “Polypeptide” encompasses both peptides and proteins, unless indicated otherwise.

[40] "Gene transfer" or "gene delivery" refers to methods or systems for reliably inserting
foreign DNA into host cells. Such methods can result in transient expression of non-integrated
transferred DNA, extrachromosomal replication and expression of transferred replicons (e.g.
episomes), or integration of transferred genetic material into the genomic DNA of host cells.
[41] The terms "host cell," "host cell line," and "host cell culture" are used interchangeably and
refer to cells into which exogenous nucleic acid has been introduced, including the progeny of
such cells. Host cells include "transformants, "transformed cells," and “transduced cells,” which
include the primary transformed cell and progeny derived therefrom without regard to the
number of passages.

[42] “Transgene” is used to mean any heterologous nucleotide sequence incorporated in a
vector, including a viral vector, for delivery to and including expression in a target cell (also
referred to herein as a “host cell”), and associated expression control sequences, such as
promoters. It is appreciated by those of skill in the art that expression control sequences will be
selected based on ability to promote expression of the transgene in the target cell. An example
of a transgene is a nucleic acid encoding a therapeutic polypeptide.

[43] “Vector," means a recombinant plasmid or virus that comprises a polynucleotide to be
delivered into a host cell, either in vitro or in vivo.

[44] "Substantial homology" or "substantial similarity," means, when referring to a nucleic acid
or fragment thereof, indicates that, when optimally aligned with appropriate nucleotide insertions
or deletions with another nucleic acid (or its complementary strand), there is nucleotide
sequence identity in at least about 95 to 99% of the sequence.

[45] "Recombinant viral vector" means a recombinant polynucleotide vector comprising one or
more heterologous sequences (i.e., polynucleotide sequence not of viral origin). In the case of
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recombinant parvovirus vectors, the recombinant polynucleotide is flanked by at least one,
preferably two, inverted terminal repeat sequences (ITRs).

[46] “Homologous” used in reference to peptides, refers to amino acid sequence similarity
between two peptides. When an amino acid position in both of the peptides is occupied by
identical amino acids, they are homologous at that position. Thus by “substantially
homologous” means an amino acid sequence that is largely, but not entirely, homologous, and
which retains most or all of the activity as the sequence to which it is homologous. As used
herein, “substantially homologous” as used herein means that a sequence is at least 50%
identical, and preferably at least 75% and more preferably 95% homology to the reference
peptide. Additional peptide sequence modification are included, such as minor variations,
deletions, substitutions or derivatizations of the amino acid sequence of the sequences
disclosed herein, so long as the peptide has substantially the same activity or function as the
unmodified peptides. Derivatives of an amino acid may include but not limited to
trifluoroleucine, hexafluoroleucine, 5,5,5-trifluoroisoleucine, 4,4,4-trifluorovaline, p-
fluorophenylaline, o-fluorotyrosine, m-fluorotyrosine, 2,3-difluorotyrosine, 4-fluorohistidine, 2-
fluorohistidine, 2,4-difluorohistidine, fluoroproline, difluoroproline, 4-hydroxyproline,
selenomethionine, telluromethionine, selenocysteine, selenatryptophans, 4-aminotryptophan, 5-
aminotryptophan, 5-hydroxytryptophan, 7-azatryptophan, 4-fluorotryptophan, 5-
fluorotryptophan, 6-fluorotryptophan, homoallylglycine, homopropargylglycine, 2-butynylglycine,
cis-crotylglycine, allylglycine, dehydroleucine, dehydroproline, 2-amino-3-methyl-4-pentenoic
acid, azidohomoalanine, asidoalanine, azidonorleucine, p-ethynylphenylalanine, p-
azidophenylalanine, p-bromophenylalanine, p-acetylphenylalanine and benzofuranylalanine.
Notably, a modified peptide will retain activity or function associated with the unmodified
peptide, the modified peptide will generally have an amino acid sequence “substantially
homologous” with the amino acid sequence of the unmodified sequence.

[0042] A polynucleotide or polypeptide has a certain percent "sequence identity" to another
polynucleotide or polypeptide, meaning that, when aligned, that percentage of bases or amino
acids are the same when comparing the two sequences. Sequence similarity can be
determined in a number of different manners. To determine sequence identity, sequences can
be aligned using the methods and computer programs, including BLAST, available over the
world wide web at ncbi.nlm.nih.gov/BLAST/. Another alignment algorithm is FASTA, available in
the Genetics Computing Group (GCG) package, from Madison, Wis., USA. Other techniques for
alignment are described in Methods in Enzymology, vol. 266: Computer Methods for
Macromolecular Sequence Analysis (1996), ed. Doolittle, Academic Press, Inc. Of particular
interest are alignment programs that permit gaps in the sequence. The Smith-Waterman is one

type of algorithm that permits gaps in sequence alignments. See Meth. Mol. Biol. 70: 173-187
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(1997). Also, the GAP program using the Needleman and Wunsch alignment method can be
utilized to align sequences. See J. Mol. Biol. 48: 443-453 (1970).

[0043] Of interest is the BestFit program using the local homology algorithm of Smith and
Waterman (1981, Advances in Applied Mathematics 2: 482-489) to determine sequence
identity. The gap generation penalty will generally range from 1 to 5, usually 2 to 4 and in many
embodiments will be 3. The gap extension penalty will generally range from about 0.01 to 0.20
and in many instances will be 0.10. The program has default parameters determined by the
sequences inputted to be compared. Preferably, the sequence identity is determined using the
default parameters determined by the program. This program is available also from Genetics
Computing Group (GCG) package, from Madison, WI, USA.

[0044] Another program of interest is the FastDB algorithm. FastDB is described in Current
Methods in Sequence Comparison and Analysis, Macromolecule Sequencing and Synthesis,
Selected Methods and Applications, pp. 127-149, 1988, Alan R. Liss, Inc.

[0045] Percent sequence identity is calculated by FastDB based upon the following
parameters: Mismatch Penalty: 1.00; Gap Penalty: 1.00; Gap Size Penalty: 0.33; and Joining
Penalty: 30.0.

[47] The present invention provides for modified FXN genes. The invention also provides
nucleic acid constructs, such as vectors, which include as part of their sequence a modified
FXN gene, e.g., GC content optimized FXN gene sequence comprising a greater or lesser
amount of GC nucleotides compared with the wild type FXN gene sequence and/or a FXN gene
sequence having reduced levels of CpG dinucleotides compared with the level of CpG
dinucleotides present in the wild type FXN gene. For example, the invention includes plasmids
and/or other vectors that include the modified FXN sequence along with other elements, such
as regulatory elements. Further, the invention provides packaged gene delivery vehicle, such
as a viral capsid, including the modified FXN sequence. The invention also includes methods of
delivery and, preferably, expressing the modified FXN gene by delivering the modified
sequence into a cell along with elements required to promote expression in the cell. The
invention also provides gene therapy methods in which the modified FXN gene sequence is
administered to a subject, e.g., as a component of a vector and/or packaged as a component of
a viral gene delivery vehicle. Treatment may, for example, be effected to increase levels of
frataxin in a subject and treat a frataxin deficiency in the subject. Each of these aspects of the

invention is discussed further in the ensuing sections.

Modified Nucleic Acid for Expression of Frataxin



WO 2017/077451 PCT/IB2016/056572

.20 -

[48] The invention provides a modified nucleotide sequence encoding frataxin. The modified
nucleotide sequence includes the wild type or native FXN gene sequence including one or more
modifications.

[49] In one aspect, the modified nucleic acid sequence provides a detectably greater level of
expression of frataxin in a cell compared with the expression of frataxin from the wild type
nucleic acid sequence of SEQ ID NO:2 in an otherwise identical cell. This can be referred to as
an “expression optimized” or “enhanced expression” nucleic acid, or simply, as a “modified
nucleic acid.”

[50] “Optimized” or “codon-optimized” as referred to interchangeably herein, refers to a coding
sequence that has been optimized relative to a wild type coding sequence (e.g., a coding
sequence for frataxin) to increase expression of the coding sequence, e.g., by minimizing usage
of rare codons, decreasing the number of CpG dinucleotides, removing cryptic splice donor or
acceptor sites, removing Kozak sequences, removing ribosomal entry sites, and the like.

[51] Examples of modifications include elimination of one or more cis-acting motifs and
introduction of one or more Kozak sequences. In one embodiment, one or more cis-acting
motifs are eliminated and one or more Kozak sequences are introduced.

[52] Examples of cis acting motifs that may be eliminated include internal TATA-boxes; chi-
sites; ribosomal entry sites; ARE, INS, and/or CRS sequence elements; repeat sequences
and/or RNA secondary structures; (cryptic) splice donor and/or acceptor sites, branch points;
and Sall.

[53] In one embodiment, the GC content (e.g., the number of G and C nucleotides present in a
nucleic acid sequence) is enhanced relative to wild-type FXN gene sequence of SEQ ID NO:2.
The GC content is preferably at least 5%, more preferably, at least 6%, yet more preferably, at
least 7%, even more preferably, at least 8%, more preferably, at least 9%, even more
preferably, at least 10%, yet more preferably, at least 12%, even more preferably, at least 14%,
yet more preferably, at least 15%, more preferably, at least 17%, even more preferably, at least
20%, even further preferably, at least 30%, yet more preferably, at least 40%, more preferably,
at least 50%, even more preferably, at least 60%, and most preferably, at least 70% greater
than the wild type gene (SEQ ID NO:2).

[54] In another embodiment, the GC content is expressed as a percentage of G (guanine) and
C (cytosine) nucleotides in the sequence. That is, the GC content of the wild type nucleic acid
encoding frataxin (SEQ ID NO:1) is about 55% whereas the GC content of representative
modified FXN genes of the invention ranges from about 57% for IDT-3 (SEQ ID NO:8), 57% for
Genescript (SEQ ID NO:6); 61% for GeneArt (SEQ ID NO:5), and 69% for JCAT (SEQ ID
NO:4). Thus, the modified nucleic acid of the invention comprises a of at least 57%, more

preferably, a GC content of at least 61%, even more preferably, a GC content of least 69%,
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compared with the GC content of about 55% of the wild type nucleic acid sequence encoding
frataxin as set forth in SEQ ID NO:2.

[55] In one embodiment, the GC content of a modified nucleic acid of the invention is greater
than the GC content of the wild type nucleic acid encoding frataxin comprising the nucleic acid
sequence of SEQ ID NO:2. One skilled in the art would appreciate, knowing the degeneracy of
the nucleic acid code, that irrespective of the sequence of the nucleic acid encoding the protein,
the amino acid sequence of frataxin expressed therefrom is, preferably, the amino acid
sequence of SEQ ID NO:1.

[56] In one embodiment, the GC content of a modified nucleic acid encoding FXN of the
invention is about the same, i.e., 55%, as the GC content of wild type FNX gene (SEQ ID
NO:2).

[57] Additionally, the codon adaptation index of the modified nucleic acid encoding frataxin
(i.e., the modified FXN gene) is preferably at least 0.74, preferably, at least 0.76, even more
preferably, at least 0.77, yet more preferably, at least 0.80, preferably, at least0.85, more
preferably, at least 0.86, yet more preferably, at least 0.87, even more preferably, at least 0.90,
yet more preferably, at least 0.95, and most preferably, at least 0.98.

[58] In another embodiment the modified FXN sequence has a reduced level of CpG
dinucleotides that being a reduction of about 10%, 20%, 30%, 50% or more, compared with the
wild type nucleic acid sequence encoding FXN (e.g., SEQ ID NO:2).

[59] Itis known that methylation of CpG dinucleotides plays an important role in the regulation
of gene expression in eukaryotes. Specifically, methylation of CpG dinucleotides in eukaryotes
essentially serves to silence gene expression through interfering with the transcriptional
machinery. As such, because of the gene silencing evoked by methylation of CpG motifs, the
nucleic acids and vectors of the invention having a reduced number of CpG dinucleotides will
provide for high and long lasting transgene expression level.

[60] In one embodiment, the modified FXN gene comprises fewer potential CpG island regions
than wild type FXN gene, i.e., 128. Preferably, the modified FXN gene comprises about 124
potential CpG island regions, more preferably, about 123, even more preferably, about 117, and
more preferably, about 114 potential CpG island regions.

[61] The modified FXN gene sequence may also include flanking restriction sites to facilitate
subcloning into expression vector. Many such restriction sites are well known in the art, and
include, but are not limited to, those shown in Figures 2A-2F, and Figure 3 (plasmid map of
SCAAYV plasmid vector pTRs-KS-CBh-EGFP-BGH) and Table 8 (SEQ ID NOs:19-23), such as,
Agel, Avrll, Spel and Mlul.

[62] The invention also includes fragments of any one of sequences SEQ ID NOs:3 through 9

which encode a functionally active fragment frataxin. “Functionally active” or “functional frataxin”
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indicates that the fragment provides the same or similar biological activity as a full-length
frataxin. That is, the fragment provides the same activity including, but not limited to, correcting
primary Fe-S cluster deficit, decreasing mitochondrial iron accumulation (Puccio et al., 2001,
Nature Genetics 27:181-186; Seznec et al., 2004, Human Mol. Genet. 13:1017-1024) and other
deficiencies as discussed in Perdomini et al., 2014, Nature Med. 20(5):542-547. The biological
activity of FXN, or a functional fragment thereof, also encompasses reversing or preventing the
cardiac phenotype associated with FRDA as demonstrated elsewhere herein in Mck mice.

[63] The invention includes a nucleic acid vector including the modified FXN gene sequence
and various regulatory or control elements. The precise nature of regulatory elements useful for
gene expression will vary from organism to organism and from cell type to cell type. In general,
they include a promoter which directs the initiation of RNA transcription in the cell of interest.
The promoter may be constitutive or regulated. Constitutive promoters are those which cause
an operably linked gene to be expressed essentially at all times. Regulated promoters are
those which can be activated or deactivated. Regulated promoters include inducible promoters,
which are usually “off” but which may be induced to turn “on,” and “repressible” promoters,
which are usually “on” but may be turned “off.” Many different regulators are known, including
temperature, hormones, cytokines, heavy metals and regulatory proteins. The distinctions are
not absolute; a constitutive promoter may often be regulated to some degree. In some cases
an endogenous pathway may be utilized to provide regulation of the transgene expression, e.g.,
using a promoter that is naturally downregulated when the pathological condition improves.

[64] Examples of suitable promoters include adenoviral promoters, such as the adenoviral
major late promoter; heterologous promoters, such as the cytomegalovirus (CMV) promoter; the
respiratory syncytial virus promoter; the Rous Sarcoma Virus (RSV) promoter; the albumin
promoter; inducible promoters, such as the Mouse Mammary Tumor Virus (MMTV) promoter;
the metallothionein promoter; heat shock promoters; the a-1-antitrypsin promoter; the hepatitis
B surface antigen promoter; the transferrin promoter; the apolipoprotein A-1 promoter; chicken
beta-actin CBA) promoter, the CBh promoter (SEQ ID NO:25), and the CAG promoter
(cytomegalovirus early enhancer element and the promoter, the first exon, and the first intron of
chicken beta-actin gene and the splice acceptor of the rabbit beta-globin gene) (Alexopoulou et
al., 2008, BioMed. Central Cell Biol. 9:2), and human FXN promoters. The promoter may be a
tissue-specific promoter, such as the mouse albumin promoter, which is active in liver cells as
well as the transthyretin promoter (TTR).

[65] In another aspect, the modified nucleic acid encoding FXN further comprises an enhancer
to increase expression of the FXN protein. Many enhancers are known in the art, including, but
not limited to, the cytomegalovirus major immediate-early enhancer. More specifically, the CMV

MIE promoter comprises three regions: the modulator, the unique region and the enhancer



WO 2017/077451 PCT/IB2016/056572

.23 -

(Isomura and Stinski, 2003, J. Virol. 77(6):3602-3614). The CMV enhancer region can be
combined with other promoters, or a portion thereof, to form hybrid promoters to further
increase expression of a nucleic acid operably linked thereto. For example, a chicken beta-
actin (CBA) promoter, or a portion thereof, can be combined with the CMV promoter/enhancer,
or a portion thereof, to make a version of CBA termed the “CBh” promoter, which stands for
chicken beta-actin hybrid promoter, as described in Gray et al. (2011, Human Gene Therapy
22:1143-1153).

[66] Further, the control elements can include a collagen stabilization sequence (CSS), a stop
codon, a termination sequence, and a poly-adenylation signal sequence, such as, but not
limited to a bovine growth hormone poly A signal sequence (bGHpolyA), to drive efficient
addition of a poly-adenosine “tail” at the 3’ end of a eukaryotic mRNA (see, e.g., Goodwin and
Rottman, 1992, J. Biol. Chem. 267(23):16330-16334).

Non-Viral Vectors
[67] In a particular embodiment, the vector used according to the invention is a non-viral
vector. Typically, the non-viral vector may be a plasmid which includes nucleic acid sequences

reciting the modified FXN gene, or variants thereof.

Packaged Modified FXN Sequence

[68] The modified FXN gene sequence may also be provided as a component of a packaged
viral vector. In general, packaged viral vectors include a viral vector packaged in a capsid.
Viral vectors and viral capsids are discussed in the ensuing sections. The nucleic acid
packaged in the rAAV vector can be single-stranded (ss), self-complementary (sc), or double-
stranded (ds).

Viral Vector

[69] Typically, viral vectors carrying transgenes are assembled from polynucleotides encoding
the transgene, suitable regulatory elements and elements necessary for production of viral
proteins which mediate cell transduction. Examples of a viral vector include but are not limited
to adenoviral, retroviral, lentiviral, herpesvirus and adeno-associated virus (AAV) vectors.

[70] The viral vector component of the packaged viral vectors produced according to the
methods of the invention includes at least one transgene, e.g., a modified FXN gene sequence
and associated expression control sequences for controlling expression of the modified FXN
gene sequence.

[71] In a preferred embodiment, the viral vector includes a portion of a parvovirus genome,

such as an AAV genome with rep and cap deleted and/or replaced by the modified FXN gene
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sequence and its associated expression control sequences. The modified FXN gene sequence
is typically inserted adjacent to one or two (i.e., is flanked by) AAV TRs or TR elements
adequate for viral replication (Xiao et al., 1997, J. Virol. 71(2): 941-948), in place of the nucleic
acid encoding viral rep and cap proteins. Other regulatory sequences suitable for use in
facilitating tissue-specific expression of the modified FXN gene sequence in the target cell may
also be included.

[72] One skilled in the art would appreciate that an AAV vector comprising a transgene and
lacking virus proteins needed for viral replication (e.g., cap and rep), cannot replicate since such
proteins are necessary for virus replication and packaging. Further, AAV is a Dependovirus in
that it cannot replicate in a cell without co-infection of the cell by a helper virus. Helper viruses
include, typically, adenovirus or herpes simplex virus. Alternatively, as discussed below, the
helper functions (E1a, E1b, E2a, E4, and VA RNA) can be provided to a packaging cell
including by transfecting the cell with one or more nucleic acids encoding the various helper
elements and/or the cell can comprise the nucleic acid encoding the helper protein. For
instance, HEK 293 were generated by transforming human cells with adenovirus 5 DNA and
now express a number of adenoviral genes, including, but not limited to E1 and E3 (see, e.g.,
Graham et al., 1977, J. Gen. Virol. 36:59-72). Thus, those helper functions can be provided by
the HEK 293 packaging cell without the need of supplying them to the cell by, e.g., a plasmid
encoding them.

[73] The viral vector may be any suitable nucleic acid construct, such as a DNA or RNA
construct and may be single stranded, double stranded, or duplexed (i.e., self complementary
as described in WO 2001/92551).

[74] One skilled in the art would appreciate that a rAAV vector can further include a “stuffer” or
“filler” sequence (filler/stuffer) where the nucleic acid comprising the transgene is less than the
approximately 4.1 to 4.9 kb size for optimal packaging of the nucleic acid into the AAV capsid.
See, Grieger and Samulski, 2005, J. Virol. 79(15):9933-9944. That is, AAV vectors typically
accept inserts of DNA having a defined size range which is generally about 4 kb to about 5.2
kb, or slightly more. Thus, for shorter sequences, inclusion of a filler/stuffer in the insert
fragment in order to adjust the length to near or at the normal size of the virus genomic
sequence acceptable for AAV vector packaging into virus particle. In various embodiments, a
filler/stuffer nucleic acid sequence is an untranslated (non-protein encoding) segment of nucleic
acid. In particular embodiments of a rAAV vector, a heterologous polynucleotide sequence has
a length less than 4.7 Kb and the filler/stuffer polynucleotide sequence has a length that when
combined (e.g., inserted into a vector) with the heterologous polynucleotide sequence has a
total length between about 3.0-5.5Kb, or between about 4.0-5.0Kb, or between about 4.3-

4 8Kb.
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[75] An intron can also function as a filler/stuffer polynucleotide sequence in order to achieve a
length for AAV vector packaging into a virus particle. Introns and intron fragments that function
as a filler/stuffer polynucleotide sequence also can enhance expression. For example, inclusion
of an intron element may enhance expression compared with expression in the absence of the
intron element (Kurachi et al., 1995, J. Biol. Chem. 270(10):5276-5281). Furthermore,
filler/stuffer polynucleotide sequences are well known in the art and include, but are not limited
to, those described in WO 2014/144486.

Viral Capsid

[76] The viral capsid component of the packaged viral vectors may be a parvovirus capsid.
AAV Cap and chimeric capsids are preferred. Examples of suitable parvovirus viral capsid
components are capsid components from the family Parvoviridae, such as an autonomous
parvovirus or a Dependovirus. For example, the viral capsid may be an AAV capsid (e.g.,
AAV1, AAV2, AAV3, AAV4, AAV5, AAVB, AAV7 AAVSE, AAV9, AAV10, AAV11, AAV12, AAV11,
AAV2.5, AAV6.1, AAVB.3.1, AAV9 .45, AAVrh10, AAVrh74, RHM4-1 (SEQ ID NO:5 of WO
2015/013313), AAV2-TT, AAV2-TT-S312N, AAV3B-S312N, AAV-LKO03, snake AAV, avian AAV,
bovine AAV, canine AAV, equine AAV, ovine AAV, goat AAV, shrimp AAV, and any other AAV
now known or later discovered. see, e.g., Fields et al., VIROLOGY, volume 2, chapter 69 (4th
ed., Lippincott-Raven Publishers). Capsids may be derived from a number of AAV serotypes
disclosed in U.S. Patent No. 7,906,111; Gao et al., 2004, J. Virol. 78:6381; Moris et al., 2004,
Virol. 33:375; WO 2013/063379; WO 2014/194132; and include true type AAV (AAV-TT)
variants disclosed in WO 2015/121501, and RHM4-1, RHM15-1 through RHM15-6, and variants
thereof, disclosed in WO 2015/013313, and one skilled in the art would know there are likely
other variants not yet identified that perform the same or similar function, or may include
components from two or more AAV capsids. A full complement of AAV Cap proteins includes
VP1, VP2, and VP3. The ORF comprising nucleotide sequences encoding AAV VP capsid
proteins may comprise less than a full complement AAV Cap proteins or the full complement of
AAV Cap proteins may be provided.

[77] One or more of the AAV Cap proteins may be a chimeric protein, including amino acid
sequences of AAV Caps from two or more viruses, preferably two or more AAVSs, as described
in Rabinowitz et al., U.S. Patent 6,491,907, the entire disclosure of which is incorporated herein
by reference. For example, the chimeric virus capsid can include an AAV1 Cap protein or
subunit and at least one AAV2 Cap or subunit. The chimeric capsid can, for example, include
an AAV capsid with one or more B19 Cap subunits, e.g., an AAV Cap protein or subunit can be
replaced by a B19 Cap protein or subunit. For example, in a preferred embodiment, the Vp3

subunit of the AAV capsid can be replaced by the Vp2 subunit of B19.
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[78] Another embodiment includes chimeric viral strains synthesized include the combination
of AAV backbones from AAV2, AAV3, AAV6, AAVS, etc., with a galactose (Gal) binding
footprint from AAV9. Adeno-associated viruses (AAVS) are helper-dependent parvoviruses that
exploit heparan sulfate (HS), galactose (Gal), or sialic acids (Sia) as primary receptors for cell
surface binding. For instance, AAV serotypes 2 and 3b utilize HS. AAV1, 4, and 5 bind Sia with
different linkage specificities, AAV serotype 6, which recognizes both Sia and HS, whereas
AAV9 exploits Gal for host cell attachment. Specifically, the galactose (Gal) binding footprint
from AAV9 was grafted onto the heparin sulfate-binding AAV serotype 2 and just grafting of
orthogonal glycan binding footprints improves transduction efficiency. A new dual glycan-
binding strain (AAV2G9) and a chimeric, muscle-tropic strain (AAV2i8G9) were generated by
incorporating the Gal binding footprint from AAV9 into the AAV2 VP3 backbone or the chimeric
AAV2i8 capsid template using structural alignment and site-directed mutagenesis. In vitro
binding and transduction assays confirmed the exploitation of both HS and Gal receptors by
AAV2G9 for cell entry. Subsequent in vivo characterization of the Kinetics of transgene
expression and vector genome biodistribution profiles indicate fast, sustained, and enhanced
transgene expression by this rationally engineered chimeric AAV strain. A similar, improved
transduction profile was observed with the liver-detargeted, muscle-specific AAV2i8G9 chimera
(Shen, et al., 2013, J. Biol. Chem. 288(4):28814-28823). Such new grafting combination is fully
described in WO2014/144229 the contents of which are incorporated by reference herein.
Additional liver de-targeted AAVs, such as AAV9.45, are described in Pulicherla et al., 2011,
Molecular Therapy 19(6):1070-1078, the contents of which are incorporated by reference as if
set forth in their entirety herein.

[79] In yet another embodiment the present invention provides for the use of ancestral AAV
vectors for use in therapeutic in vivo gene therapy. Specifically, in silico-derived sequences
were synthesized de novo and characterized for biological activities. This effort led to the
generation of nine functional putative ancestral AAVs and the identification of Anc80, the
predicted ancestor of AAV serotypes 1, 2, 8 and 9 (Zinn et al., 2015, Cell Reports 12:1056-
1068). Predicting and synthesis of such ancestral sequences in addition to assembling into a
virus particle may be accomplished by using the methods described in WO 2015/054653, the
contents of which are incorporated by reference herein. Notably, the use of the virus particles
assembled from ancestral viral sequences exhibit reduced susceptibility to pre-existing

immunity in current day human population than do contemporary viruses or portions thereof.

Production of Packaged Viral Vector
[80] The invention includes packaging cells, which are encompassed by “host cells,” which

may be cultured to produce packaged viral vectors of the invention. The packaging cells of the
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invention generally include cells with heterologous (1) viral vector function(s), (2) packaging
function(s), and (3) helper function(s). Each of these component functions is discussed in the
ensuing sections.

[81] Initially, the vectors can be made by several methods known to skilled artisans (see, e.g.,
WO 2013/063379). A preferred method is described in Grieger, et al. 2015, Molecular Therapy
24(2):287-297, the contents of which are incorporated by reference herein for all purposes.
Briefly, efficient transfection of HEK293 cells is used as a starting point, wherein an adherent
HEK293 cell line from a qualified clinical master cell bank is used to grow in animal component-
free suspension conditions in shaker flasks and WAVE bioreactors that allow for rapid and
scalable rAAV production. Using the triple transfection method (e.g., WO 96/40240), the
suspension HEK293 cell line generates greater than 1x10° vector genome containing particles
(vg)/cell or greater than 1x10" vg/L of cell culture when harvested 48 hours post-transfection.
More specifically, triple transfection refers to the fact that the packaging cell is transfected with
three plasmids: one plasmid encodes the AAV rep and cap genes, another plasmid encodes
various helper functions (e.g., adenovirus or HSV proteins such as E1a, E1b, E2a, E4, and VA
RNA, and another plasmid encodes the transgene and its various control elements (e.g.,
modified FXN gene and CBh promoter).

[82] To achieve the desired yields, a number of variables are optimized such as selection of a
compatible serum-free suspension media that supports both growth and transfection, selection
of a transfection reagent, transfection conditions and cell density. A universal purification
strategy, based on ion exchange chromatography methods, was also developed that resulted in
high purity vector preps of AAV serotypes 1-6, 8, 9 and various chimeric capsids. This user-
friendly process can be completed within one week, results in high full to empty particle ratios
(>90% full particles), provides post-purification yields (>1x10'* vg/L) and purity suitable for
clinical applications and is universal with respect to all serotypes and chimeric particles. This
scalable manufacturing technology has been utilized to manufacture GMP Phase | clinical AAV
vectors for retinal neovascularization (AAV2), Hemophilia B (scAAVS), Giant Axonal
Neuropathy (scAAV9) and Retinitis Pigmentosa (AAV2), which have been administered into
patients. In addition, a minimum of a 5-fold increase in overall vector production by
implementing a perfusion method that entails harvesting rAAV from the culture media at

numerous time-points post-transfection.

Viral Vector Functions
[83] The packaging cells of the invention include viral vector functions, along with packaging
and vector functions. The viral vector functions typically include a portion of a parvovirus

genome, such as an AAV genome, with rep and cap deleted and replaced by the modified FXN
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sequence and its associated expression control sequences. The viral vector functions include
sufficient expression control sequences to result in replication of the viral vector for packaging.
Typically, the viral vector includes a portion of a parvovirus genome, such as an AAV genome
with rep and cap deleted and replaced by the transgene and its associated expression control
sequences. The transgene is typically flanked by two AAV TRs, in place of the deleted viral rep
and cap ORFs. Appropriate expression control sequences are included, such as a tissue-
specific promoter and other regulatory sequences suitable for use in facilitating tissue-specific
expression of the transgene in the target cell. The transgene is typically a nucleic acid
sequence that can be expressed to produce a therapeutic polypeptide or a marker polypeptide.
[84] “Duplexed vectors” may interchangeably be referred to herein as “dimeric” or “self-
complementary” vectors. The duplexed parvovirus particles may, for example, comprise a
parvovirus capsid containing a virion DNA (vVDNA). The vDNA is self-complementary so that it
may form a hairpin structure upon release from the viral capsid. The duplexed vDNA appears
to provide to the host cell a double-stranded DNA that may be expressed (i.e., transcribed and,
optionally, translated) by the host cell without the need for second-strand synthesis, as required
with conventional parvovirus vectors. Duplexed/self-complementary rAAV vectors are well-
known in the art and described, e.g., in WO 2001/92551, WO 2015/006743, and many others.
[85] The viral vector functions may suitably be provided as duplexed vector templates, as
described in U.S. Patent No. 7,465,583 to Samulski et al. (the entire disclosure of which is
incorporated herein by reference for its teaching regarding duplexed vectors). Duplexed
vectors are dimeric self-complementary (sc) polynucleotides (typically, DNA). The duplexed
vector genome preferably contains sufficient packaging sequences for encapsidation within the
selected parvovirus capsid (e.g., AAV capsid). Those skilled in the art will appreciate that the
duplexed vDNA may not exist in a double-stranded form under all conditions, but has the ability
to do so under conditions that favor annealing of complementary nucleotide bases. “Duplexed
parvovirus particle” encompasses hybrid, chimeric and targeted virus particles. Preferably, the
duplexed parvovirus particle has an AAV capsid, which may further be a chimeric or targeted
capsid, as described above.

[86] The viral vector functions may suitably be provided as duplexed vector templates, as
described in U.S. Patent No. 7,465,583 to Samulski et al. (the entire disclosure of which is
incorporated herein by reference for its teaching regarding duplexed vectors). Duplexed
vectors are dimeric self-complementary (sc) polynucleotides (typically, DNA). For example, the
DNA of the duplexed vectors can be selected so as to form a double-stranded hairpin structure
due to intrastrand base pairing. Both strands of the duplexed DNA vectors may be packaged
within a viral capsid. The duplexed vector provides a function comparable to double-stranded
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DNA virus vectors and can alleviate the need of the target cell to synthesize complementary
DNA to the single-stranded genome normally encapsulated by the virus.

[87] The TR(s) (resolvable and non-resolvable) selected for use in the viral vectors are
preferably AAV sequences, with serotypes 1, 2, 3, 4, 5 and 6 being preferred. Resolvable AAV
TRs need not have a wild-type TR sequence (e.g., a wild-type sequence may be altered by
insertion, deletion, truncation or missense mutations), as long as the TR mediates the desired
functions, e.g., virus packaging, integration, and/or provirus rescue, and the like. The TRs may
be synthetic sequences that function as AAV inverted terminal repeats, such as the “double-D
sequence” as described in U.S. Pat. No. 5,478,745 to Samulski et al., the entire disclosure of
which is incorporated in its entirety herein by reference. Typically, but not necessarily, the TRs
are from the same parvovirus, e.g., both TR sequences are from AAV2

[88] The packaging functions include capsid components. The capsid components are
preferably from a parvoviral capsid, such as an AAV capsid or a chimeric AAV capsid function.
Examples of suitable parvovirus viral capsid components are capsid components from the
family Parvoviridae, such as an autonomous parvovirus or a Dependovirus. For example, the
capsid components may be selected from AAV capsids, e.g., AAV1, AAV2, AAV3, AAV4,
AAV5, AAVE, AAV7, AAVS, AAV9, AAV10, AAV11, AAV12, AAVrh10, AAVrh74, RHM4-1,
RHM15-1, RHM15-2, RHM15-3/RHM15-5, RHM15-4, RHM15-6, AAV Hu.26, AAV1.1 (SEQ ID
NO:15), AAV2.5 (SEQ ID NO. 13), AAV6.1 (SEQ ID NO:17), AAV6.3.1 (SEQ ID NO:18),
AAV9.45, AAV2i8 (SEQ ID NO:29), AAV2GY, AAV2i8G9, AAV2-TT (SEQ ID NO:31), AAV2-TT-
S312N (SEQ ID NO:33), AAV3B-S312N, and AAV-LKO03, and other novel capsids as yet
unidentified or from non-human primate sources. Capsid components may include components
from two or more AAV capsids.

[89] In a more preferred embodiment, one or more of the VP capsid proteins is a chimeric
protein, comprising amino acid sequences from two or more viruses, preferably two or more
AAVs, as described in Rabinowitz et al., U.S. Patent 6,491,907. A chimeric capsid is described
herein as having at least one amino acid residue from one serotype combined with another
serotype that is sufficient to modify a) viral yield, b) immune response, c) targeting, d) de-
targeting, etc.

[90] Further chimeric proteins can be made by instruction set forth in Li, et al., 2008, Mol.
Ther. 16(7):1252-1260, the contents of which are incorporated by reference herein.
Specifically, a DNA shuffling-based approach was used for developing cell type-specific vectors
through directed evolution. Capsid genomes of adeno-associated virus (AAV) serotypes 1-9
were randomly fragmented and reassembled using PCR to generate a chimeric capsid library.
A single infectious clone (chimeric-1829) containing genome fragments from AAV1, 2, 8, and 9

was isolated from an integrin minus hamster melanoma cell line previously shown to have low
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permissiveness to AAV. Molecular modeling studies suggest that AAV2 contributes to surface
loops at the icosahedral threefold axis of symmetry, while AAV1 and 9 contribute to two- and
five-fold symmetry interactions, respectively. The C-terminal domain (AAV9) was identified as a
critical structural determinant of melanoma tropism through rational mutagenesis. Chimeric-
1829 utilizes heparan sulfate as a primary receptor and transduces melanoma cells more
efficiently than all serotypes. Application of this technology to alternative celltissue types using
AAYV or other viral capsid sequences is likely to yield a new class of biological nanoparticles as
vectors for human gene transfer.

[91] The packaged viral vector generally includes the modified FXN gene sequence and
expression control sequences flanked by TR elements, referred to herein as the “transgene” or
“transgene expression cassette,” sufficient to result in packaging of the vector DNA and
subsequent expression of the modified FXN gene sequence in the transduced cell. The viral
vector functions may, for example, be supplied to the cell as a component of a plasmid or an
amplicon. The viral vector functions may exist extrachromosomally within the cell line and/or
may be integrated into the cell's chromosomal DNA.

[92] Any method of introducing the nucleotide sequence carrying the viral vector functions into
a cellular host for replication and packaging may be employed, including but not limited to,
electroporation, calcium phosphate precipitation, microinjection, cationic or anionic liposomes,
and liposomes in combination with a nuclear localization signal. In embodiments wherein the
viral vector functions are provided by transfection using a virus vector; standard methods for

producing viral infection may be used.

Packaging Functions
[93] The packaging functions include genes for viral vector replication and packaging. Thus,

for example, the packaging functions may include, as needed, functions necessary for viral
gene expression, viral vector replication, rescue of the viral vector from the integrated state,
viral gene expression, and packaging of the viral vector into a viral particle. The packaging
functions may be supplied together or separately to the packaging cell using a genetic construct
such as a plasmid or an amplicon, a Baculovirus, or HSV helper construct. The packaging
functions may exist extrachromosomally within the packaging cell, but are preferably integrated
into the cell’s chromosomal DNA. Examples include genes encoding AAV Rep and Cap

proteins.

Helper Functions
[94] The helper functions include helper virus elements needed for establishing active infection

of the packaging cell, which is required to initiate packaging of the viral vector. Examples
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include functions derived from adenovirus, baculovirus and/or herpes virus sufficient to result in
packaging of the viral vector. For example, adenovirus helper functions will typically include
adenovirus components E1a, E1b, E2a, E4, and VA RNA. The packaging functions may be
supplied by infection of the packaging cell with the required virus. The packaging functions may
be supplied together or separately to the packaging cell using a genetic construct such as a
plasmid or an amplicon. See, e.g., pXR helper plasmids as described in Rabinowitz et al., 2002,
J. Virol. 76:791, and pDG plasmids described in Grimm et al., 1998, Human Gene Therapy
9:2745-2760. The packaging functions may exist extrachromosomally within the packaging cell,
but are preferably integrated into the cell's chromosomal DNA (e.g., E1 or E3 in HEK 293 cells).
[95] Any suitable helper virus functions may be employed. For example, where the packaging
cells are insect cells, baculovirus may serve as a helper virus. Herpes virus may also be used
as a helper virus in AAV packaging methods. Hybrid herpes viruses encoding the AAV Rep
protein(s) may advantageously facilitate for more scalable AAV vector production schemes.

[96] Any method of introducing the nucleotide sequence carrying the helper functions into a
cellular host for replication and packaging may be employed, including but not limited to,
electroporation, calcium phosphate precipitation, microinjection, cationic or anionic liposomes,
and liposomes in combination with a nuclear localization signal. In embodiments wherein the
helper functions are provided by transfection using a virus vector or infection using a helper

virus; standard methods for producing viral infection may be used.

Packaging Cell
[97] Any suitable permissive or packaging cell known in the art may be employed in the

production of the packaged viral vector. Mammalian cells or insect cells are preferred.
Examples of cells useful for the production of packaging cells in the practice of the invention
include, for example, human cell lines, such as VERO, WI38, MRC5, A549, HEK 293 cells
(which express functional adenoviral E1 under the control of a constitutive promoter), B-50 or
any other HelLa cells, HepG2, Saos-2, HuH7, and HT1080 cell lines. In one aspect, the
packaging cell is capable of growing in suspension culture, more preferably, the cell is capable
of growing in serum-free culture. In one embodiment, the packaging cell is a HEK293 that
grows in suspension in serum free medium. In another embodiment, the packaging cell is the
HEK293 cell described in US Patent No. 9,441,206 and deposited as ATCC No. PTA 13274.
Numerous rAAV packaging cell lines are known in the art, including, but not limited to, those
disclosed in WO 2002/46359.

[98] Celllines for use as packaging cells include insect cell lines. Any insect cell which allows
for replication of AAV and which can be maintained in culture can be used in accordance with

the present invention. Examples include Spodoptera frugiperda, such as the Sf9 or Sf21 cell
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lines, Drosophila spp. cell lines, or mosquito cell lines, e.g., Aedes albopictus derived cell lines.
A preferred cell line is the Spodoptera frugiperda Sf9 cell line. The following references are
incorporated herein for their teachings concerning use of insect cells for expression of
heterologous polypeptides, methods of introducing nucleic acids into such cells, and methods of
maintaining such cells in culture: Methods in Molecular Biology, ed. Richard, Humana Press, NJ
(1995); O'Reilly et al., Baculovirus Expression Vectors: A Laboratory Manual, Oxford Univ.
Press (1994); Samulski et al., 1989, J. Virol. 63:3822-3828; Kajigaya et al., 1991, Proc. Nat'l.
Acad. Sci. USA 88: 4646-4650; Ruffing et al., 1992, J. Virol. 66:6922-6930; Kimbauer et al.,
1996, Virol. 219:37-44; Zhao et al., 2000, Virol. 272:382-393; and Samulski et al., U.S. Pat. No.
6,204,059.

[99] Virus capsids according to the invention can be produced using any method known in the
art, e.g., by expression from a baculovirus (Brown et al., (1994) Virology 198:477-488). As a
further alternative, the virus vectors of the invention can be produced in insect cells using
baculovirus vectors to deliver the rep/cap genes and rAAV template as described, for example,
by Urabe et al., 2002, Human Gene Therapy 13:1935-1943.

[100] In another aspect, the present invention provide for a method of rAAV production in insect
cells wherein a baculovirus packaging system or vectors may be constructed to carry the AAV
Rep and Cap coding region by engineering these genes into the polyhedrin coding region of a
baculovirus vector and producing viral recombinants by transfection into a host cell. Notably
when using Baculavirus production for AAV, preferably the AAV DNA vector product is a self-
complementary AAV like molecule without using mutation to the AAV ITR. This appears to be a
by-product of inefficient AAV rep nicking in insect cells which results in a self-complementary
DNA molecule by virtue of lack of functional Rep enzyme activity. The host cell is a
baculovirus-infected cell or has introduced therein additional nucleic acid encoding baculovirus
helper functions or includes these baculovirus helper functions therein. These baculovirus
viruses can express the AAV components and subsequently facilitate the production of the
capsids.

[101] During production, the packaging cells generally include one or more viral vector functions
along with helper functions and packaging functions sufficient to result in replication and
packaging of the viral vector. These various functions may be supplied together or separately
to the packaging cell using a genetic construct such as a plasmid or an amplicon, and they may
exist extrachromosomally within the cell line or integrated into the cell’s chromosomes.

[102] The cells may be supplied with any one or more of the stated functions already
incorporated, e.g., a cell line with one or more vector functions incorporated
extrachromosomally or integrated into the cell’s chromosomal DNA, a cell line with one or more

packaging functions incorporated extrachromosomally or integrated into the cell’s chromosomal
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DNA, or a cell line with helper functions incorporated extrachromosomally or integrated into the

cell’'s chromosomal DNA

rAAV Purification
[103] The rAAV vector may be purified by methods standard in the art such as by column

chromatography or cesium chloride gradients. Methods for purifying rAAV vectors are known in
the art and include methods described in Clark et al., 1999, Human Gene Therapy 10(6):1031-
1039; Schenpp and Clark, 2002, Methods Mol. Med. 69:427-443; U.S. Patent No. 6,566,118
and WO 98/09657.

Treatment Methods

[104] The modified FXN gene may be used for gene therapy of Friedreich ataxia associated
disorders, such as, degenerative neuro-muscular disorders and/or cardiomyopathy associated
with Friedreich ataxia. An individual may be in need of gene therapy because, as a result of
one or more mutations in the coding sequence of the FXN gene, FXN is expressed
inappropriately, e.g., has an incorrect amino acid sequence, or is expressed in the wrong
tissues or at the wrong times or is underexpressed. The modified FXN gene of the present
invention may be used as gene therapy to enhance production of the protein frataxin and
thereby increasing energy production in the mitochondria. See., e.g., U.S. Patent No.
9,066,966.

[105] The target cells of the vectors of the instant invention are cells capable of expressing
frataxin, such as those of the cardiac system of a mammal, neuron cells, muscle cells, and
other cells with the proper cellular machinery to process the precursor to yield protein with

frataxin activity.

Pharmaceutical Composition
[108] In particular embodiments, the present invention provides a pharmaceutical composition

for preventing or treating a disease or condition mediated by or associated with decreased
expression of frataxin, e.g., Friedreich ataxia. The composition comprises a therapeutically
effective amount of a vector which comprises a modified FXN gene which can increase the level
of expression of FXN in a call. The composition comprises the vector comprising the modified,
e.g., optimized, nucleic acid encoding FXN wherein the composition further comprises a
pharmaceutically-acceptable carrier and/or other medicinal agents, pharmaceutical agents,
carriers, adjuvants, diluents, etc. For injection, the carrier will typically be a liquid. As an
injection medium, it is preferred to use water that contains the additives usual for injection

solutions, such as stabilizing agents, salts or saline, and/or buffers.
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[107] Exemplary pharmaceutically acceptable carriers include sterile, pyrogen-free water and
sterile, pyrogen-free, phosphate buffered saline. Physiologically-acceptable carriers include
pharmaceutically-acceptable carriers. Pharmaceutically acceptable carriers are those which
are that is not biologically or otherwise undesirable, i.e., the material may be administered to a
subject without causing undesirable biological effects which outweigh the advantageous
biological effects of the material.

[108] A pharmaceutical composition may be used, for example, in transfection of a cell ex vivo
or in administering a viral vector or cell directly to a subject.

[109] Recombinant virus vectors comprising the modified FXN gene are preferably
administered to the cell in a biologically-effective amount. If the virus vector is administered to a
cell in vivo (e.g., the virus is administered to a subject as described below), a biologically-
effective amount of the virus vector is an amount that is sufficient to result in transduction and
expression of the transgene in a target cell.

[110] In one embodiment, the invention includes a method of increasing the level of frataxin in a
cell by administering to the cell a nucleic acid, either alone or in a vector (including a plasmid, a
virus, a nanoparticle, a liposome, or any known method for providing a nucleic acid to a cell)
comprising a modified nucleic acid encoding frataxin. The method comprises a method wherein
the level of MRNA encoding frataxin and/or the level of frataxin protein expressed is detectably
greater than the level of frataxin (MRNA and/or protein) in an otherwise identical cell that is not
administered the nucleic acid. The skilled artisan would understand that the cell can be
cultured or grown in vitro or can be present in an organism (i.e., in vivo). Further, the cell may
express endogenous frataxin such that the level of frataxin in the cell can be increased, and/or
the cell can express an endogenous frataxin that is a mutant or variant of wild type frataxin,
e.g., frataxin having the sequence of SEQ ID NO:2, especially as there may be more than one
wild type alleles for human frataxin. Thus, the level of frataxin is increased compared with the
level of frataxin compared with the level of frataxin expressed in an otherwise identical but
untreated cell.

[111] A further aspect of the invention is a method of treating subjects in vivo with the vector
containing modified genes. Administration of the vector to a human subject or an animal in
need thereof can be by any means known in the art for administering virus vectors.

[112] The vector can be administered in addition, and as an adjunct to, the standard of care.
That is, the vector can be co-administered with another therapeutic agent or compound, either
simultaneously, contemporaneously, or at a determined dosing interval as would be determined
by one skilled in the art using routine methods.

[113] In one aspect, the rAAV of the invention can be co-administered with empty capsids (i.e.,

a virus capsid that does not contain a nucleic acid molecule) comprising the same, or a
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different, capsid protein as the rAAV-FXN vector. This is because one sKkilled in the art would
understand that co-administration of empty capsids may decrease an immune response, e.g., a
neutralizing response, the rAAV of the invention. That is, the empty capsid may serve as a
decoy allowing the rAAV-FXN vector to avoid a neutralizing antibody (Nab) immune response
as discussed in, e.g., WO 2015/013313.

[114] Exemplary modes of administration systemic administration, including, but not limited to,
intravenous, subcutaneous, intradermal, intramuscular, and intraarticular administration, and
the like, as well as direct tissue or organ injection.

[115] In one embodiment, the vector is administered systemically. One skilled in the art would
appreciate that systemic administration can deliver the therapeutic gene encoding FXN to all
tissues, including all muscles, affected by the reduced level of FXN therein.

[116] Nonetheless, the skilled artisan would appreciate that the vector can be delivered directly
to areas affected by the FXN deficiency, i.e., the brain and the heart.

[117] Accordingly, in other preferred embodiments, the inventive vector comprising the modified
FXN gene is administered by direct injection into cardiac or central nervous system (CNS)
tissue.

[118] In one embodiment, modified nucleic acid encoding FNX, the vector, or composition
comprising the vector, is delivered intracranially including, intrathecal, intraneural, intra-cerebral,
intra-ventricular administration.

[119] In one embodiment, modified nucleic acid encoding FNX, the vector, or composition
comprising the vector, is delivered to the heart by direct administration into the myocardium by
epicardiac injection followed by minithoracotomy, by intracoronary injection, by endomyocardic
injection or by another type of injection useful in the heart.

[120] Additional routes of administration may also comprise local application of the vector under
direct visualization, e.g., superficial cortical application, or other nonstereotactic application. The
vector may also be delivered, for example, intrathecally, into the ventricles or by intravenous
injection.

[121] The target cells of the vectors of the present invention are cells of the myocardium of a
subject afflicted with a cardiomyopathy associated with Friedreich ataxia. Preferably the subject
is @ human being, adult or child. However, veterinary applications are also contemplated.

[122] The target cells of the vectors of the present invention also include cells of the CNS,
preferably neurons. Delivery to the brain to treat neurodegenerative aspects of Friedreich
ataxia may be by intrathecal administration.

[123] In one aspect, modified nucleic acid encoding FNX, the vector, or composition comprising
the vector, is delivery systemically, e.g., intravenously, to treat the FA associated

cardiomyopathy and/or the neurodegenerative aspect of the disease.
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[124] In another embodiment, the vector is administered by at least two routes. That is, the
vector can be administered systemically and also directly into the brain and/or heart, or any
combination thereof.

[125] If performed via at least two routes, the administration of the vector can be, but need not
be, simultaneous or contemporaneous. Instead, the administrations via different routes can be
performed separately with an interval of time between each administration. Appropriate dosing
regimens are routinely determined by those skilled in the art to achieve maximum therapeutic
benefit for each individual patient.

[126] In one aspect, the invention includes at least one modified nucleic acid encoding frataxin
of the invention, including, but not limited to, the nucleic acid in a vector or a pharmaceutical
composition, for use in increasing the level of frataxin in a subject.

[127] In one aspect, the invention includes at least one modified nucleic acid, rAAV vector
comprising the nucleic acid, and a pharmaceutical composition comprising either the nucleic
acid or the vector, for use in treating Friedreich ataxia in a subject.

[128] The use encompasses administering the modified nucleic acid, or vector comprising the
same, in addition to and/or concurrent with, the standard of care for FRDA as known in the art.
[129] Injectables can be prepared in conventional forms, either as liquid solutions or
suspensions, solid forms suitable for solution or suspension in liquid prior to injection, or as
emulsions.

[130] Dosages of the virus vector with the modified FXN gene will depend upon the mode of
administration, the disease or condition to be treated, the individual subject's condition, the
particular viral vector, and the gene to be delivered, and can be determined in a routine
manner. Exemplary doses for achieving therapeutic effects are virus titers of at least about 10°,
106, 107, 10%, 10° 10", 10", 10'?, 10"®, 10", 10" transducing units or more, preferably about
10%-1013 transducing units, yet more preferably 10'? transducing units/kg body weight.

[131] The modified FXN gene may be administered as components of a DNA molecule having
regulatory elements appropriate for expression in the target cells. The modified FXN gene may
be administered as components of viral plasmids, such as rAAV vectors. Viral particles may be
administered as viral particles alone, whether as an in vivo direct delivery to the portal
vasculature or as an ex vivo treatment comprising administering the vector viral particles in vitro
to cells from the animal receiving treatment followed by introduction of the transduced cells

back into the donor.

Equivalents
[132] The foregoing written specification is considered to be sufficient to enable one skilled in

the art to practice the disclosure. The foregoing description and Examples detail certain
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exemplary embodiments of the disclosure. It will be appreciated, however, that no matter how
detailed the foregoing may appear in text, the disclosure may be practiced in many ways and
the disclosure should be construed in accordance with the appended claims and any
equivalents thereof.

[133] All references cited herein, including patents, patent applications, papers, text books, and
the like, and the references cited therein, to the extent that they are not already, are hereby

incorporated herein by reference in their entirety.

Exemplary Embodiments
[134] The invention is further described in detail by reference to the following experimental

examples. These examples are provided for purposes of illustration only, and are not intended
to be limiting unless otherwise specified. Thus, the invention should in no way be construed as
being limited to the following examples, but rather, should be construed to encompass any and

all variations which become evident as a result of the teaching provided herein.

EXAMPLES

Example 1: Generation of a self-complimentary rAAV-FXN construct

Materials and Methods
[135] Vector construction
[136] The pTRs-KS-CBh-EGFP-bGHpolyA construct (shown diagrammatically in Figure 3)

encoding a self-complementary AAV genome was used as the backbone of the transgene

expression construct (Gray et al., 2011, Human Gene Therapy 22:1143-1153). Two codon
optimized FXN gene inserts were ordered from GenScript in pUC57, i.e., Genscript and
Genscript (low CpG), and used to replace the EGFP in the backbone vector. The Genscript
(SEQ ID NO:6) and Genscript (low CpG) (SEQ ID NO:7) modified FXN genes were each
operably linked to the CBh promoter as illustrated in Figures 3. The GenScript FXN (SEQ ID
NO: 6 and 7) constructs included an N-terminal Agel site, a collagen stability sequence (CSS)
(5’-CCCAGCCCACTTTTCCCCAA-3’) downstream of the FXN stop codon, a bovine growth
hormone (BGH) polyA sequence downstream of the CSS, and a Mlul site downstream of the
BGH polyA all as shown in Figures 2E (Genscript) and 2F (Genscript (low CpG)). Exemplary
inserts for insertion into the pTRs-KS-CBh-FXN-bGHpolyA constructs are shown in Figures 2A-
2F and are set forth in Table 8. More specifically, wild type frataxin gene (WT FXN; SEQ ID
NO:2) was cloned into pTRs-KS-CBh-WT FXN-bGHpolyA (Fig. 2A); an IDT1 modified FXN
gene (SEQ ID NO:11) was cloned into pTRs-KS-CBh-IDT1-bGHpolyA (Fig. 2B); a nucleic acid
encoding IDT3 low expresser modified FXN gene (SEQ ID NO:8) was cloned into pTRs-KS-
CBh-IDT3-bGHpolyA (Fig. 2C); an IDT4 modified FXN gene (SEQ ID NO:12) was cloned into
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pTRs-KS-CBh-IDT4-bGHpolyA (Fig. 2D); a Genscript (control) modified FXN gene (SEQ ID
NO:6) was cloned into pTRs-KS-CBh-Genescript-bGHpolyA (Fig. 2E); and a Genscript (low
CpG) modified FXN gene (SEQ ID NO:7) was cloned into pTRs-KS-CBh-Genescript (low
CpG)-bGHpolyA (Fig. 2F). Each insert encoding a FXN gene was cloned into the vector and
the gene was flanked by an Agel site on the 5’ side and by an Avrll cut site on the 3’ side,
followed by a CSS sequence after the Avrll site, a Spel cut site after the CSS, a bGHpolyA
signal sequence after the Spel cut site, and a Mlul cut site after the polyA signal sequence.
[137] The backbone pTRs-KS-CBh-EGFP-bGHpolyA and the FXN gene constructs were
digested with Agel and Mlul (New England Biolabs, R0552S and R0198S, respectively), gel
extracted, and ligated using ExTaq polymerase (Clontech, RR001A). The ligation reaction was
transformed into SURE cells (Agilent, 200227), placed in SOC recovery media (Cat. No. 15544-
034, Invitrogen) for one hour at 37°C, then plated on LB plates with ampicillin (10 mg/ml).
Colonies were sequenced and chosen for amplification for virus production. Recombinant AAV
(rAAV) vectors with the AAV serotype 2 capsid were produced the UNC Vector Core by a triple-
transfection method in human embryonic kidney 293 (HEK293) cells as described (Grieger et
al., 2006, Nature Protocols 1:1412-1428). Alternatively, rAAV vector with the serotype 2i8
capsid (amino acid sequence of SEQ ID NO:28) was similarly produced. Highly pure
recombinant virus containing self-complementary genomes was recovered by passage through
a non-ionic iodixanol gradient followed by ion exchange chromatography. Peak fractions were
determined by qPCR then dialyzed in phosphate-buffered saline (PBS) containing 5% d-
sorbitol. Viral titers were determined by qPCR (Gray et al., 2010, J. Amer. Soc. Gene Therapy
18:570-578). Following preliminary testing in vitro (below), GenScript (low CpG) was used to
generate a construct with an HA tag TACCCATACGATGTTCCAGATTACGCT inserted prior to
the FXN stop codon in pTRs-KS-CBh-Genescript (low CpG)-bGHpolyA.

[138] The University of North Carolina (UNC) Vector Core generated viruses with the FXN-HA
construct with rAAV TK serotypes.

[139] In vitro testing of sc rAAV-FXN.

[140] HEK293 (ATCC: CRL-1573) and HeLa (ATCC: CCL-2) cells were maintained in

Dulbecco’s modified Eagle’s medium (DMEM, Gibco). Cell growth media was supplemented

with 9% fetal bovine serum (FBS, Gibco), 3.4 mM I-glutamine, 100 U/ml penicillin and 100 pg/mi
streptomycin (Gibco). Cells were kept in a 5% CO2 atmosphere at 37 °C. Dipstick assay: Cells
were seeded in 24-well plates so that they reached approximately 60% confluence at 24 hours
(h), then mock treated or infected in triplicate with sSCAAV-FXN (interchangeably referred to
herein as “rAAV-FXN” or “rAAV-FXN-HA™ at MOI 10,000 (VG/cell). At 60 h post transduction (h
p.t.) cells were according to the manufacturer protocol for the Frataxin Protein Quantity Dipstick

Assay (Abcam, ab109881). Data was processed using ImagedJ.
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[141] Western blotting:
[142] Cells were seeded in 6-well plates so that they reached approximately 60% confluence at

24 h, then mock treated or infected with scAAV-FXN at MOI 10,000 (VG/cell). At 60 h post
transduction cells were lysed with cellular lysis buffer (0.0625 M Tris-HCI pH 6.8, 10% glycerol,
2% SDS, 5% 2-mercaptoethanol, 0.02% (w/v) Bromophenol blue). Fifteen (15) pl of HelLa
protein lysate was separated by gel electrophoresis on a 15-4% TGX gel and the proteins were
electroblotted to a nitrocellulose membrane (NCM). NCMs were blocked using 5% non-fat
powdered milk in PBS-T. The anti-frataxin antibody (Abcam, 18A5DB1) was used in PBS-T with
5% milk. A horseradish peroxidase (HRP)-conjugated secondary antibody in PBS-T with 5%
milk antibodies was used to detect the presence of anti-frataxin. The WesternBright ECL
Western Blotting Detection kit (Advansta, K-12045-D50) was used for detection per
manufacturer’s instructions.

[143] FIG. 1A-1B shows the results for expression of various optimized sequences compared
with expression of the unoptimized, i.e., wild type, sequence encoding FXN (SEQ ID NO:1) in
HeLa cells. More specifically, both Figure 1A and 1B show a photograph of a Western blot
showing expression of frataxin (FXN) in HeLa cells transfected with an expression vector
comprising an insert encoding frataxin . Figure 1A shows expression of FXN in HeLa cells in a
photograph of a WesternBright blot film exposed for 1 second. Figure 1B shows a repeat of the
experiment shown in Fig. 1A demonstrating expression of FXN in HeLa cells as shown in a
photograph of a WesternBright blot film exposed for 1 second. Each gel lane in Figs. 1A and
1B shows the expression of FXN from a modified FXN gene of the invention compared with
expression from a wild type nucleic acid sequence encoding FXN. That is, lane 1 shows
expression driven by wild type non-modified nucleic acid encoding FXN (SEQ ID NO:2); lane 2
shows expression driven by IDT2 modified FXN gene (SEQ ID NO:3); lane 3 shows expression
driven by IDT5 modified FXN gene (SEQ ID NO:9); lane 4 shows expression driven by JCAT
modified FXN gene (SEQ ID NO:4); lane 5 shows expression driven by GeneArt modified FXN
gene (SEQ ID NO:5); lane 6 shows expression driven by GenScript (control) modified FXN
gene (SEQ ID NO:6); lane 7 shows expression driven by Genscript (low CpG) modified FXN
gene (SEQ ID NO:7); and lane GFP shows expression transgene encoding green fluorescent
protein, a detectable marker, which is encoded by the insert instead of a nucleic acid encoding
FXN.

[144] The data shown demonstrate that several modified FXN nucleic acid sequences —
especially lanes 4 (JCAT), 5 (GeneArt), 6 (Genscript) and 7 (Genscript low CpG) - provided
greater expression of frataxin in HeLa cells relative to the wild type nucleic acid sequence (lane
1). An actin loading control in each lane is as a protein loading control.
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[145] The GC nucleotide content in a nucleic acid sequence, typically expressed as a
percentage of the total number of nucleotides in the sequence, can have multiple influences,
including, but not limited to, the stability of the mRNA is increased, and the secondary structure
and transgenes which are typically negatively impacted by increased GC content. Thus, the
skilled artisan would appreciate that the GC content of a modified nucleic acid reflects a
balance between increased stability of the nucleic acid, and mRNA transcribed therefrom,
against the negative effect, e.g., on secondary structure mediated by increased GC content.
[146] The CAIl (codon adaptation index) is a measure of synonymous codon usage bias. The
index uses a reference set of highly expressed genes from a species to assess the relative
values of each codon, and a score for a gene is calculated from the frequency of use of all
codons in that gene. The index assesses the extent to which selection has been effective in
selecting the pattern of codon usage. It can be utilized for predicting the level of expression of a
gene and for making comparisons of codon usage in different organisms/species. Human
codon optimization was carried out on the frataxin gene to achieve a balance of the below
factors:

[147] Transctiption Efficiency — GC content, CpG dinucleotides content, Cryptic splicing sites,
etc.;

[148] Translation Efficiency — Codon usage bias, GC content, mRNA secondary structure,
premature polyA sites, RNA instability motifs, internal ribosomal binding sites; and

[149] Protein refolding — codon usage bias, interaction of codon and anti-codon, RNA
secondary structures.

[150] Basically, codon optimization balances these variables to, preferably, achieve a higher
expressing frataxin gene sequence, increase stability of the message (GC content, secondary
structure in both DNA and RNA), and the like, as well-known in the art.

[151] CpG islands can be recognized by Tol-like receptor nine (TLR9) in a transduced cell and
can elicit an immune response to the foreign (exogenous) DNA. Accordingly, in one
embodiment, the invention encompasses a modified nucleic acid encoding frataxin wherein the
number of CpG islands has been reduced compared with the number of CpG island motifs in a
wild type nucleic acid sequence (e.g., SEQ ID NO:2) encoding frataxin.

[152] The CAl, percent GC content, and number of potential CpG island regions for each

modified FXN gene exemplified herein is shown in Table 1 below.



WO 2017/077451 PCT/IB2016/056572

_41 -
TABLE 1

Figure 1A |FXN gene name Codon 6GC Number of SEQ ID

and 1B gel adaptation [content potential CpG  |NO:

lane number| index (CAl) island regions

1 WT-FXN 0.71 55 128 D
Nucleotide sequence 22 10.71 55 -~ 10
IDT-1 0.73 52 114 11

2 IDT-2 0.76 56 124 3
IDT-3 0.80 57 123 8
IDT-4 0.74 54 123 12

3 IDT-5 0.77 55 124 9

4 UCAT 0.98 69 144 4

5 GeneART 0.95 51 117 5

§] Genescript (Control) 0.87 57 257 5

7 Genescript (low CpG) 0.86 55 117 7

[153] That is, for wild type nucleic acid encoding FXN (WT-FXN; SEQ ID NO:2), the nucleic
acid sequence demonstrates a CAl of 0.71 and a % GC content of 55%. In contrast, the JCAT
modified FXN gene demonstrates a CAl of 0.98 and a GC content of 69%, both of which are
substantially higher than the values for WT-FXN.

[154] Potential CpG Islands were identified using publicly available software found at
http://www .bioinformatics.org/sms2/cpg_islands.html. The CpG Islands software reported
potential CpG island regions using the method described by Gardiner-Garden and Frommer,
1987, J. Mol. Biol. 196(2):261-282. The calculation was performed using a 200 basepair (bp)
window moving across the sequence at 1 bp intervals. CpG islands are defined as sequence
ranges where the Obs/Exp value is greater than 0.6 and the GC content is greater than 50%.
The expected number of CpG dimers in a window was calculated as the number of 'C's in the
window multiplied by the number of 'G's in the window, divided by the window length. Thus, the
potential CpG islands present in a nucleic acid sequence can be readily determined by inputting
the sequence at issue into the window provided by software (indicated by the instructions to
“Paste the raw sequence or one or more FASTA sequences into the text area below. Input limit
is 100000 characters.”). CpG islands are often found in the 5' regions of vertebrate genes,

therefore this program can be used to highlight potential genes in genomic sequences.
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[155] Because of the high level of expression and the high GC content (55%), high CAIl (0.86)
and low number of CpG dinucleotides (117), the Genscript (low CpG) modified FXN gene was

selected for production of a sSCAAV-2i8 vector used in the animal experiments set forth below.

Example 2: In vivo treatment in a mouse model of Friedreich ataxia
[156] An art-recognized mouse model of FRDA (Perdomini et al., 2014, Nature Med. 20(5):542)

was used to assess the potential efficacy of rAAV mediated FXN gene therapy. That is, three

groups of mice were examined: untreated Mck positive control mice (Mck-Cre x FXN L3ANT),
untreated Mck mutant mice (Mck-Cre x FXN L3/L-), and treated Mck mutant mice that received
a dose of rAAV comprising a FXN gene wherein the modified FXN gene comprised the nucleic
acid sequence of SEQ ID NO:7 (GenScript (low CpG)) and the FXN gene was cloned into the
pTRs-KS-CBh-EGFP-BGH construct as described above to provide pTRs-KS-CBh-Genscript
(low CpG)-bGHpolyA.

[157] The rAAV-FXN vector used in the mouse studies further comprised a AAV2i8 capsid.
Moreover, the pTRs-KS-CBh-Genscript (low CpG)-bGHpolyA construct further comprised a
nucleic acid sequence encoding a detectable hemagglutinin tag (rAAV-FXN-HA) wherein the
sequence encoding the HA tag was located 3’ of the modified FXN gene such that expression
of frataxin could be readily detected and localized by detecting the presence of HA, e.g., using
an anti-HA antibody such as anti-HA mouse mAb (HA.11 clone 16B12, Covance Research
Products, Inc., Princeton, NJ). The vector was designated rAAV-FXN-HA.

[158] The three animal groups of the study are listed and described in Table 2.

TABLE 2
Groups label Group No. Dose Level No. of Termination
va/kg Animals Weeks of
Mixed age
gender
Mck positive Mck-Cre x FXN
control L3/WT 0 Week 8
Untreated
Untreated Mck | Mck-Cre x FXN
mutant mice L3/L- 0 Week 8
rAAV-FXN-HA
treated
Treated Mok 1 prck-cre x FXN 1x10'2 Week 8
mutant mice L3/l
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A. Biomarker study
Methods

Measurement of Galectin-3 and H-FABP _in plasma

[159] Blood was collected by retro orbital puncture after isoflurane anaesthesia at the age of 5
weeks (2 weeks after treatment) and 8 weeks (5 weeks after treatment).

[160] Galectin-3 was measured in plasma using the Mouse Galectin-3 Elisa Kit from
RayBiotech according to manufacturer’s instructions.

[161] H-FABP was measured in plasma using the Mouse H-FABP Elisa Kit from HycultBiotech

according to manufacturer’s instructions.

Measurement of succinate dehydrogenase activity in heart homogenate
[162] Upon sacrifice, the heart was collected and half of the heart of 4 mice of each group was

snap frozen for the measurement of SDH activity.
[163] SDH activity measurement in heart homogenate was performed following the instruction
of the Succinate Dehydrogenase Activity Colorimetric Assay Kit (Catalog # K660-100) from

Biovision.

Measurement of human frataxin in tissues

[164] Upon sacrifice, heart (half), skeletal muscle (gastrocnemius) and liver tissues were
collected and snap frozen for the measurement of frataxin.

[165] The measurement in tissue homogenates was performed following the instructions of the
Human Frataxin Elisa Kit (Abcam; ab176112).

Histology
[166] Cerebellum (including dentate nucleus), gonads, heart, kidney, liver, lung, pancreas,

skeletal muscle (gastrocnemius and soleus), spleen and cervical, thoracic and lumbar vertebras
were formol-fixed. Vertebras were then decalcified using EDTA solution. All organs were
paraffin embedded to obtain 5 pm-thick sections; transversal sections for vertebras (including
both spinal cord and dorsal root ganglia) and heart. All organs were hematoxylin and eosin

stained; cardiac fibrosis was evaluated using Masson’s trichrome staining.

Echocardiography:
[167] Transthoracic Echocardiographic images were captured by the mean of a 30 MHz linear

probe (MS 400) on a Vevo-2100 Visual Sonics echograph in anesthetized mice (Isoflurane 1-
2%).
[168] The following parameters are measured to assess:



WO 2017/077451 PCT/IB2016/056572

_44 -

a) The cardiac morphology and ventricular systolic function (Short axis, SAX): left
ventricular end-diastolic (LVEDD) and end systolic diameters (LVESD), septal (SW) and
posterior wall thicknesses (PW), left ventricular mass (LVM= 1.055x [(EDD+SW+PW) 3-
EDD3))), Ejection and shortening Fraction and cardiac output;
b) Hemodynamic profiles: pulmonary and aortic artery velocity and pressures to detect
intra-cardiac pressures changes (AoV and RV function).
Mice
[169] Mice were maintained in a temperature- and humidity-controlled animal facility, with a 12-
h light-dark cycle and free access to water and a standard rodent chow (D03, SAFE,
Villemoisson-sur-Orge, France). All animal procedures and experiments were approved by the
local ethical committee (Comité d'Ethique en Expérimentation Animale IGBMC-ICS) for Animal
Care and Use (Com'Eth 2011-007).
[170] Bi-daily clinical observation of mice was performed, body weight was recorded weekly
and food intake every 2 days until the end of the protocol.
[171] For bio-distribution and gene therapy studies, 3-weeks-old mice were anesthetized with
isoflurane (1-2%) and injected intravenously into the retro-orbital vein with a rAAV-FXN-HA
vector at a dose of 1x10"®vg/kg for the treated group and with an equivalent volume of saline
water for Untreated MCK Mutant mice and Control.
[172] Mouse cardiac function was evaluated under isoflurane anesthesia (1-2%) by
echocardiography 2 days before starting the treatment (baseline phenotype), at 5 weeks of age
(14 days after treatment) and 7 weeks of age (28 days after treatment). At 5 and 8 weeks of
age, blood collection was performed to measure the concentration of the heart type fatty acid
binding protein (H-FABP), galectin-3 and Succinate dehydrogenase (SDH) as detailed
elsewhere herein.
[173] Upon sacrifice, body weight, body length, heart, spleen, kidney, adrenals, and liver
weights were recorded from all animals. Adrenals, cerebellum, cervical, thoracic and lumbar
vertebras, gonads (testes and ovaries), heart, kidney, liver, lungs, pancreas, prostate in males,
skeletal muscle (gastrocnemius and soleus), spleen and thymus were collected from 4 animals
per group for pathological evaluation and ELISA assays.
[174] Cerebellum (including dentate nucleus), cervical, thoracic and lumbar dorsal root ganglia,
heart, kidneys, liver, lungs, gonads, pancreas, skeletal muscle (gastrocnemius and soleus), and
spleen of 4 other animals per group were collected and immediately snap frozen for molecular
biology.

Results

Identification of potential biomarkers
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[175] The levels of various biomarkers were determined in three groups of mice: untreated Mck
positive control, untreated Mck mutant mice and treated Mck mutant mice that received a dose
of rAAV2i8 comprising a FXN gene and further comprising a nucleic acid encoding an HA tag
peptide (AAV-FXN-HA).

Measurement of Galectin-3 and H-FABP in plasma

[176] Blood was collected by retro orbital puncture after isoflurane anaesthesia at the age of 5
weeks (2 weeks of AAV treatment for the treated Mck mutant mice) and 8 weeks (5 weeks of
rAAV treatment for the treated Mck mutant mice group) and the levels of galectin-3 and H-FABP
were measured using standard methods.

Galectin-3:

[177] At the age of 5 weeks, galectin-3 levels were comparable between the 3 groups, even if
galectin-3 levels tended to be higher in the untreated Mck positive control group and in the
treated Mck mutant mice group compared to the untreated Mck mutant mice group.

[178] As show in Table 3, at the age of 8 weeks, galectin-3 levels were significantly lower in the
untreated Mck mutant group than in the negative control group. Galectin-3 levels tended to be
lower in the experimental group than in the negative control group, while Galectin-3 levels were

comparable between the experimental group and the positive control group.

TABLE 3
Plasma Galectin-3 level (ng/ml)
week 5 week 8
mean +/- sem mean +/- sem
Untreated Mck positive control mice (n=8) 412 +/-3.5 68 +/- 7.8
Untreated Mck mutant mice (n=8) 497 +/- 3.6 42 +/- 2.1
Treated Mck mutant mice (n=8) 49.7 +/- 4.4 48.9 +/- 4.5

[179] Surprisingly, mice of the untreated Mck positive control group displayed higher levels of
Galectin-3 at the age of 8 weeks than at the age of 5 weeks, while the levels of Galectin-3 at
the age of 8 weeks were comparable to the levels at the age of 5 weeks for the untreated Mck
mutant mice group and for the treated Mck mutant mice group.

[180] In conclusion, it appears that Galectin-3 is not an appropriate heart biomarker for this
study on Mck mice. The mice of the untreated Mck mutant mice group did not show an

expected, if galectin-3 was an appropriate biomarker, increase in this parameter.

H-FABP:
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[181] Great variability was observed in H-FABP levels between mice within the same sample
group using standard methods of detection.
[182] As shown in Table 4, H-FABP blood levels were comparable between the 3 groups of
mice both at the age of 5 weeks and 8 weeks.

TABLE 4

Plasma H-FABP (ng/ml)

week 5 week 8
mean +/- sem [mean +/- sem
Untreated Mck positive control (n=8) 177.8 +/-33.9 |98.8 +/-25.0
Untreated Mck mutant mice (n=8) 187.1 +/-38.8 [139.8 +/-41.5
Treated Mck mutant mice (n=8) 232.2 4/-53.3 129.6 +/- 25.8

[183] No significant change was observed in H-FABP levels between the age of 5 and 8 weeks
in each group.

[184] In conclusion, it seems that H-FABP is not the appropriate heart biomarker for this study
on Mck mice; the expected increase in this parameter was not observed in the untreated Mck

mutant group and an important variability was observed between mice in a same group.

SDH activity in heart homogenates

[185] SDH activity was measured in heart homogenate from heart collected at the end of the
study (8 weeks of age, 5 weeks of AAV treatment in the treated mutant mice group) using
standard methods. Each group was comprised of four (4) mice.

[186] The results shown in Table 5 show that SDH activity was comparable between the 3
groups of mice. No decrease was observed in SDH activity in the untreated Mck positive control

group compared to the untreated Mck mutant group.

TABLE 5

SDH activity in heart homogenate
(U/g proteins)

Untreated Mck positive control (n=4) 414 +/- 0.52
Untreated Mck mutant mice (n=4) 3.64 +/-0.77
Treated Mck mutant mice (n=4) 4.24 +/- 0.62

[187] An important variability in SDH activity was observed between mice in a same group.
Further, the expected decrease in SDH activity in the untreated Mck positive control group was

not observed.

Frataxin levels in heart, skeletal muscle and liver homogenates
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[188] The level human frataxin protein was measured from heart, skeletal muscle and liver
collected at sacrifice using standard methods as shown in Table 6.

[189] Human frataxin was not detectable in any of the tissues examined (heart, skeletal muscle
and liver) of the untreated Mck positive control and the untreated Mck mutant groups (i.e., the
level was below the lowest limit of detection [LLD] of the assay).

[190] In treated Mck mutant mice receiving rAAV-FXN, human frataxin protein was detected in
heart homogenate at the level of 38.35 +/- 1.99 ng/mg, and in skeletal muscle at a lower
concentration: 4.57 +/- 0.39 ng/mg. Furthermore, traces of human frataxin were detected in the

liver (0.07 +/- 0.01 ng/mg of proteins).

TABLE 6
Frataxin in tissue (ng/mg proteins)
heart skeletal muscle liver
mean +/- sem mean +/- sem mean +/- sem
Negative control (n=4) <LLD <LLD <LLD
Positive control (n=4) <LLD <LLD <LLD
(Enx:z:;”me"ta' group 38.35 +/- 1.99 4.57 +/- 0.39 0.07 +/- 0.01

[191] These data demonstrate that treatment with rAAV vector comprising a FXN gene can
increase frataxin levels in a mouse model of Friedreich ataxia (FRDA) Additionally, these data
show that FXN levels can be increased in vivo by rAAV-FXN systemic administration such that
FXN levels are increased in heart and, to a lesser extent, skeletal muscle, with much lower level
in the liver. Thus, these data demonstrate that in vivo FXN levels can be selectively increased
in affected tissues, e.g., heart and skeletal muscle, while minimizing delivery of FXN where it is

not needed and/or desired —i.e., to the liver.

Gross pathology

[192] Untreated Mck positive Control male mice were significantly longer compared to untreated
and AAV-treated Mck mutant animals (9.39 cm vs 8.89 cm [+5.62%]. P = 0.011 [t-test]). No
other significant macroscopic lesion was observed, especially no macroscopic lesion or

significant change was observed in heart weight in both males and females.

Histology
Heart

[193] Minimal interstitial fibrosis was observed in one untreated Mck positive Control animal

(#58). All other 3 untreated Mck positive Control group hearts were normal.
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[194] However, minimal (mouse #38) and moderate (mice #41, #49, and 81) interstitial fibrosis
was observed in all 4 untreated Mck mutant animals analyzed. This lesion was associated to
endocardiac focus of cardiomyocytes swelling in mice #38 (minimal) and #81 (slight). Fibrosis
was associated to moderate macrophagic inflammation, minimal disseminated swelling and
slight vacuolization of cardiomyocyte, in mice #41 and #49. Anitschkow (Howl eye-shaped)
nuclei were observed in mice #41 and #81.

[195] In stark contrast to the untreated Mck mutant cohort, on overall assessment, hearts of
rAAV-FXN-treated Mck mutant mice appeared normal except that few Anitschkow nuclei were
observed in mice #47 and #13.

Kidneys

[196] In all groups, significant mineralization was frequently observed in lumen of multiple
medullar tubules. Frequency was 4/4 for untreated Mck positive control animals (although they
express the Cre transgene), 3/4 for untreated Mck mutant animals and 2/4 for treated Mck
mutant animals receiving a dose of rAAV-FXN. Severity of the mineralization appeared
decreased in the rAAV-treated Mck Mutant group compared to untreated Mck positive Control
and untreated Mck mutant groups. Tubular basophilia (regeneration) was observed in 2/4
animals in the untreated Mck positive control group, in 3/4 animals in the untreated Mck mutant
group and in 1 animal in the AAV-treated Mck mutant group.

Liver: minimal periportal inflammation was observed in one untreated Mck positive control
animal (#38).

Lung: slight peribronchial inflammation was observed in one untreated Mck mutant animal
#41).

[197] No other significant microscopic lesion was observed. Especially, spinal cord, dorsal root

ganglia, and cerebellum were all normal.

Echocardiography

Basal phenotype before treatment
[198] Echocardiography measurements showed a reduced left-ventricular function in untreated

Mck Mutant males mice compared to untreated Mck positive Control. This cardiac insufficiency
is characterized by a decrease of the left ventricular (LV) contractility (shortening fraction and
ejection fraction) and an increase of the LV volume, both systolic and diastolic. At that stage, no
cardiac phenotype was observed in untreated Mck Mutant female mice.

[199] Figure 4A shows graphs evaluation of the systolic function and LV volumes by
echocardiography at 3 weeks of age (A) males and (B) females. Data are mean + S.E.M of 8

mice per groups. The data of Mck Mutant (both treated and untreated) mice were compared to
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the untreated Mck positive Control group using multiple t-tests comparisons (Sidak-Bonferroni
method). * p<0.05

Results 14 days after rAAV treatment (5 weeks of age):
[200] To investigate the potential of a gene therapy approach for the treatment of the FRDA

cardiomyopathy, a single intravenous injection of AAV.FXN-HA at a dose of 1x10"® vg/kg was
administered to 3-weeks-old Mutant mice (treated Mck mutant group). 14 days after injection (5
weeks of age), echocardiography measurements showed an improvement of the cardiac
hemodynamics (cardiac output) and a near normal morphological development in Treated Mck
Mutant males (contractility, LV mass). In contrast, cardiac insufficiency was still observed in
untreated Mck Mutant mice. Surprisingly, in females, the cardiac contractility defect was
observed in all Mck Mutant mice whether treated or untreated.

[201] Figures 5A-5B show the evaluation of the systolic function and LV volumes by
echocardiography at 5 weeks of age in males (Fig. 5A) and females (Fig. 5B). Data are mean £
S.E.M of 8 mice per groups. The data of Mutant mice were compared to the Control groups

using multiple t-tests comparisons (Sidak-Bonferroni method). * p<0.05.

Results 28 days after rAAV treatment (7 weeks of age):
[202] Twenty-eight (28) days rAAV treatment (7 weeks of age), treated Mck mutant males and

females were fully normalized and became indistinguishable between them and from untreated
Mck positive control mice. This, a complete correction (males) and prevention (females) of the
cardiac disease was demonstrated in treated Mck mutant mice. In contrast, untreated Mck
Mutant mice developed a rapidly progressing cardiac insufficiency, with a marked decrease in
left ventricle shortening fraction and cardiac output, as well as left ventricle hypertrophy.

[203] Figures 6A-6C show graphs depicting data obtained using echocardiography assessment
of the left ventricle mass (LVm), shortening fraction (SF) and cardiac output for untreated Mck
positive control, and Treated and Untreated Mck mutant mice over successive weeks. Data are
mean = S.E.M of 8 mice per groups. The data of Mck Mutant mice were compared to the
untreated Mck positive control group using multiple t-tests comparisons (Sidak-Bonferroni
method). * p<0.05.

Conclusions

Results of Echocardiography

[204] In this study, the efficacy of an rAAV-FXN optionally further comprising a detectable
hemagglutinin tag (HA) vector (referred to herein as rAAV-FXN-HA) at a dose of 1x10" vg/kg

was assessed. This dose was approximately 5-fold less than the dose previously described in
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the same Mck mouse cardiac-specific Friedreich ataxia mouse model using an rTthAAV10 vector
encoding wild type FXN (Perdomini et al., 2014, Nature Medicine 20(5):542).

[205] As shown in Figure 5A, at 3 weeks of age, the untreated Mck Mutant male mice started to
develop a left ventricular (LV) dysfunction, not observed in females of the same group at the
same age (Figure 5B). Fourteen (14) days after the AAV.FXN-HA injection (at 5 weeks of age),
a progressive correction of the cardiac phenotype was observed in Mck mutant males, but it
was less in Mck mutant females. Without wishing to be bound by any particular theory, this
difference may be due to a later start of the cardiac phenotype in females compared to males or
to the reduced number of mice used so far in this protocol.

[2086] These results suggest that systemic administration of rAAV-modified FXN reverses the
cardiac disease phenotype in Mck mutant mouse model of FRDA. These results further
suggest that rAAV-modified FXN administration can prevent and/or reverse FRDA in a subject
in need thereof.

[207] Twenty-eight (28) days post-rAAV-FXN injection, a complete recovery of the cardiac
function was observed in treated Mck mutant males and females, suggesting a robust
correction of the pathology by the injected FXN transgene. That is, the data shown in Figures
6A-6C demonstrate the correction in the FRDA cardiac phenotype by twenty-eight (28) days
after rAAV-FXN administration. More specifically, Figure 6A shows the left ventricle mass
(LVm) of both treated Mck mutant mice and control (WT wild type Mck-Cre mice) is
indistinguishable while the untreated (triangles) Mck mutant mice exhibit significantly greater
LVm (*p<0.05). Figure 6B shows data demonstrating that by 28 days after rAAV-FXN treatment,
both positive control (WT L3 Mck-Cre mice; circles) and treated Mck mutant (L-) mice (squares)
demonstrated substantially identical shortening fraction (SF) measurements. In contrast, Figure
6B demonstrates that untreated Mck mutant mice (triangles) demonstrated greatly decreased
SF (*p<0.05). In addition, Figure 6C shows data demonstrating that by 28 days following
treatment with rAAV, treated Mck mutant mice (squares) exhibited cardiac output that was
indistinguishable from control mice (circles) compared with untreated Mck mutant mice
(triangles) which showed markedly decreased cardiac output (triangles; *p<0.05). All (treated
and untreated) Mck mutant mice were compared with the control untreated mice using multiple
t-test comparisons (Sidak-Bonferroni method). For each graph shown in Figures 6A-6C, *<0.05
is indicated.

[208] These data amply demonstrate that administration of rAAV comprising modified nucleic
acid encoding frataxin can reverse, and/or prevent, the Mck phenotype in an art-recognized
mouse model of FRDA. Thus, these data support that rAAV-modified FXN mediated treatment
may be a potential useful therapeutic to treat, or prevent, FRDA, or a disease, disorder or

condition mediated by decreased level of wild type (e.g., functional) frataxin, in a subject in
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need thereof. Although these data demonstrate that rAAV-modified-FXN administered
systemically can treat or prevent FRDA, these results further support that therapy also includes
other, e.g., more direct, routes of rAAV-FXN administration, such as, but not limited to,
intracranial or direct cardiac administration. That is, because systemic administration was
demonstrated to be therapeutic, one skilled in the art would understand based upon the
disclosure provided herein that more direct administration routes can also provide a therapeutic
benefit.

[209] These results strongly support that gene therapy using rAAV vector delivery of a modified
FXN gene is a potential therapeutic approach for patients with FRDA and to treat or prevent

kidney stones in a subject demonstrating a decreased level of wild type/functional frataxin.

Example 3: Histology Study of in vivo administration of rAAV-FXN in a mouse model of
Friedreich ataxia

Study design

[210] Twenty four (24) 8-weeks old C57BL6/N male and female mice were assessed for
histopathological analyses.

[211] Eight (8) mice harbored a Mck-Cre transgene (MCK: Muscular Creatine Kinase)
associated to a functional engineered human Frataxin allele (Mck-Cre x FXN L3/WT; hereinafter
referred as “Mck positive control mice”). Sixteen (16) mice harbored the same transgene now
associated to an inactive engineered frataxin allele (Mck-Cre x FXN L3/L-; hereinafter referred
to as “Mck mutant mice”). Among the Mck mutant mice, eight (8) were injected with a frataxin-
encoding rAAV2i8 (rAAV-FXN: 10"*vg/kg) (hereinafter “treated Mck mutant mice”). The
remaining eight (8) Mck mutant mice received an equivalent volume of saline water (hereinafter
“‘untreated Mck mutant mice”). The positive control mice group (Mck-Cre x FXN L3/WT) were

administered saline water. See Table 7 below.

TABLE 7
Groups label Group No. Dose Level | No. of Termination
va/kg Animals Weeks of age
(Mixed
gender)
Mck positive Mck-Cre x FXN 0 8 Week 8
control mice L3/WT
Untreated Mck Untreated 0 8 Week 8
mutant mice Mck-Cre x FXN
L3/L-
Treated Mck rAAV-FXN-HA 1x10"° 8 Week 8
mutant mice treated
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L3/L-

Mck-Cre x FXN ‘ ‘ ‘ ‘

Methods
[212] Upon sacrifice, body weight, body length and heart, spleen, kidney, adrenals, and liver
weight weights were recorded from all animals. Adrenals, cerebellum, cervical, thoracic and
lumbar vertebras, Gonads (testes and ovaries), heart, kidney, liver, lungs, pancreas, prostate in
males, skeletal muscle (gastrocnemius and soleus), spleen, and thymus, were collected from
four (4) animals per group for pathological evaluation and ELISA assays.
[213] Cerebellum (including dentate nucleus), cervical, thoracic and lumbar dorsal root ganglia,
heart, kidneys, liver, lungs, gonads, pancreas, skeletal muscle (gastrocnemius and soleus), and
spleen of 4 other animals per group were collected and immediately snap frozen for molecular
biology.

Histology
[214] Cerebellum (including dentate nucleus), gonads, heart, kidney, liver, lung, pancreas,
skeletal muscle (gastrocnemius and soleus), spleen and cervical, thoracic and lumbar vertebras
were formol-fixed. Vertebras were then decalcified, using EDTA solution. All organs were
paraffin embedded to obtain 5 pm-thick sections, transversal sections for vertebras (including
both spinal cord and dorsal root ganglia) and heart. All organs were hematoxylin and eosin
stained. Cardiac fibrosis was evaluated using Masson’s trichrome staining.

ELISA assays
[215] Half of the heart, right lobe of the liver, and soleus and gastrocnemius muscles were snap
frozen immediately after collection.
Results
[216] Gross pathology
[217] Mck positive control male mice were significantly longer compared to untreated Mck
mutant mice and treated Mck mutant mice (9.39 cm vs 8.89 cm [+5.62%]. P = 0.011 [t-test]). No
other significant macroscopic lesion was observed, especially no macroscopic lesion or
significant change was observed in heart weight in both males and females.

Histology

Heart
[218] Mck-Cre x FXN L3/WT: Minimal interstitial fibrosis was observed in one Mck positive
control animal (#58). All other 3 positive control mouse hearts were normal.
[219] Untreated Mck-Cre x FXN L3/L-: In contrast, minimal (mouse #38) and moderate (mice
#41, #49, and 81) interstitial fibrosis was observed in all 4 untreated Mck mutant mice analyzed.

This lesion was associated to endocardiac focus of cardiomyocytes swelling in mice #38
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(minimal) and #81 (slight). Fibrosis was associated to moderate macrophagic inflammation,
minimal disseminated swelling and slight vacuolization of cardiomyocyte, in mice #41 and #49.
Anitschkow (owl eye-shaped) nuclei were observed in mouse #41 and #81.
[220] Treated Mck-Cre x FXN L3/L-: In contrast to untreated Mck mutant mice, hearts of rAAV-
FXN treated Mck mutant mice appeared normal except that a few Anitschkow nuclei were
observed in mice #47 and #13.

Kidneys
[221] In all three groups, significant mineralization was frequently observed in the lumen of
multiple medullar tubules. Frequency of mineralization was 4/4 for Mck positive control animals,
3/4 for untreated Mck mutant animals and 2/4 for rAAV-FXN treated Mck mutant animals. The
severity of mineralization appeared decreased in rAAV-FXN treated Mck mutant group
compared to Mck positive control and untreated Mck mutant groups. Tubular basophilia
(regeneration) was observed in 2/4 animals in Mck positive control mice, in 3/4 animals in the
untreated Mck mutant group and in 1 animal in the rAAV-FXN treated Mck mutant group.

Liver: minimal periportal inflammation was observed in one Mck positive control animal

(#38).
Lung: slight peribronchial inflammation was observed in one untreated Mck mutant
animal (#41).

[222] No other significant microscopic lesion was observed. Especially, spinal cord, dorsal root

ganglia, and cerebellum were all normal for all groups.

Results of Histology

[223] With respect to histology, owl eye-nuclei, swelling and vacuolization observed in
cardiomyocytes of untreated Mck mutant mice are all landmarks for cardiac degeneration.
Interstitial fibrosis associated to macrophage inflammation may correspond to cardiomyocyte
cell death. Thus, cardiomyocytes of untreated Mck mutant mice degenerate, meaning cells
undergo decreased function and pathology evolve to cell death and subsequent heart failure.
[224] Strikingly, rAAV-FXN systemic delivery reverses this phenotype and rAAV-treated Mck
mutant mice (both males and females) appeared normal and showed no significant sign of
cardiomyocytes degeneration. These data demonstrate that the rAAV-huFXN transduction is
sufficiently efficient to reverse the endogenous mouse Fxn gene inactivation effects. Thus,
these data further support that rAAV-modified FXN mediated systemic administration can
reverse and/or prevent a disease, disorder or condition mediated by a decreased level of wild
type (functional) frataxin, such as, but not limited to, Friedreich ataxia, in a subject in need
thereof. As noted previously, the skilled artisan, armed with the teachings of the instant

disclosure, would appreciate that other routes of administration, e.g., more direct routes
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including intracranial and into the heart, could be used to provide a therapeutic benefit to the
subject in need thereof.

[225] Analysis of the kidneys identified the presence of kidney stones in medulla of both
untreated Mck positive control and untreated Mck mutant animals which is an uncommon
lesion. Since no specific diet was proposed to these animals and considering their age, the
frequency and the severity of the lesions strongly suggest that this is not an incidental lesion,
but a lesion related to genotype. Interestingly, this lesion severity is partially reduced by rAAV-
FXN treatment, suggesting that the kidney stones development is related to an alteration in the
Fxn function and or in the level of the protein. Hence, the so-called L3 allele, in which the
mouse frataxin gene is flanked by loxP sequences (although in the intronic regions), could be a
hypomorph allele. This would be consistent with the critical role of mitochondria in these cells to
maintain trans-epithelial electrolyte active transports. To the best of applicants’ knowledge and
belief, these lesions have not been reported in Friedreich ataxia clinical observations, orin
FRDA mouse models, to date.

[226] Therefore, the invention encompasses a method of treating or preventing kidney disease,
disorder or condition, including, but not limited to, development or growth of kidney stones, in a
subject in need thereof, wherein the kidney disease, disorder or condition is mediated by a
decreased level of frataxin (e.g., functional and/or wild type frataxin) in the subject.

[227] In one embodiment, the invention includes assessing the level of frataxin in a subject,
comparing the level of frataxin in the subject with the level of frataxin in a subject known not to
be afflicted with kidney stones and/or comparing the level of frataxin with a “standard level of
frataxin” determined for otherwise healthy individuals or known in the art, and administering a
rAAV-modified frataxin to the subject if the level of frataxin in the subject is less than the level of
frataxin in an otherwise healthy individual and/or below the standard level of frataxin, thereby
treating and/or preventing a kidney stone in the subject.

[228] Finally, HA staining can be used to detect rAAV-FXN-HA within cells. First, this would be
important to quantitate how many cells should express FXN to restore or maintain the cardiac
function. Second, the Mck gene (and thus the Cre recombinase driven by the Mck promoter) is
not expected to be expressed in kidney. Detecting, or not, rAAV-FXN-HA in kidney may help to
elucidate whether the kidney stone formation is an unexpected direct effect of HA-FXN on

medulla homeostasis, or not.

Conclusion
[229] In sum, the data presented herein demonstrate that administration, even systemically, of
rAAV encoding a modified FXN gene can treat (prevent and/or reverse) the effects associated

with a decrease or absence of frataxin. Thus, the data support that rAAV mediated expression
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of frataxin in cells and subjects in need thereof can be a useful therapeutic to treat a disease or
disorder associated with or mediated by a lack or deficit of frataxin such as, but not limited to,
Friedreich ataxia.

[230] Although the disclosed teachings have been described with reference to various
applications, methods, kits, and compositions, it will be appreciated that various changes and
modifications can be made without departing from the teachings herein and the claimed
invention below. The foregoing examples are provided to better illustrate the disclosed
teachings and are not intended to limit the scope of the teachings presented herein. While the
present teachings have been described in terms of these exemplary embodiments, the skilled
artisan will readily understand that numerous variations and modifications of these exemplary
embodiments are possible without undue experimentation. All such variations and modifications
are within the scope of the current teachings.

[231] All references cited herein, including patents, patent applications, papers, text books, and
the like, and the references cited therein, to the extent that they are not already, are hereby
incorporated by reference in their entirety. In the event that one or more of the incorporated
literature and similar materials differs from or contradicts this application, including but not
limited to defined terms, term usage, described techniques, or the like, this application controls.
[232] The foregoing description and Examples detail certain specific embodiments of the
invention and describes the best mode contemplated by the inventors. It will be appreciated,
however, that no matter how detailed the foregoing may appear in text, the invention may be
practiced in many ways and the invention should be construed in accordance with the

appended claims and any equivalents thereof.

TABLE 8
SEQUENCES

SEQID | Amino acid sequence | MWTLGRRAVA TGLLASPSPA QAQTLTRVPR

NO:1 of human wild type PAELAPLCGR RGLRTDIDAT CPRRASSNQR

frataxin GLNQIWNVKK QSVYLMNLRK SGTLGHPGSL

DETTYERLAE ETLDSLAEFF EDLADKPYTF

EDYDVSFGSG VLTVKLGGDL GTYVINKQTP

NKQIWLSSPS SGPKRYDWTG KNWVYSHDGV

SLHELLAAEL TKALKTKLDL SSLAYSGKDA
SEQ ID | Nucleotide sequence | ATGTGGACTCTCGGGCGCCGCGCAGTAGCCGGCCTCCTGGC
NO:2 encoding wild type GTCACCCAGCCCAGCCCAGGCCCAGACCCTCACCCGGGTCC

CGCGGCCGGCAGAGTTGGCCCCACTCTGCGGCCGCCGTGGL
CTGCGCACCGACATCGATGCGACCTGCACGCCCCGCLCGLGL
AAGTTCGAACCAACGTGGCCTCAACCAGATTTGGAATGTCA
AAAAGCAGAGTGTCTATTTGATGAATTT GAGGAAATCTGGA
ACTTTGGGCCACCCAGGCTCTCTAGATGAGACCACCTATGA
AAGACTAGCAGAGGAAACGCTGGACTCTTTAGCAGAGTTTT
TTGAAGACCTTGCAGACAAGCCATACACGTTTGAGGACTAT

frataxin
(Figs. 1A-1B; lane 1)
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GATGTCTCCTTTGGGAGTGGTGTCTTAACTGTCAAACTGGG
TGGAGATCTAGGAACCTATGTGATCAACAAGCAGACGCCAA
ACAAGCAAATCTGGCTATCTTCTCCATCCAGTGGACCTAAG
CGTTATGACTGGACTGGGAAAAACTGGGTGTACTCCCACGA
CGGCGTGTCCCTCCATGAGCTGCTGGCCGCAGAGCTCACTA
AAGCCTTAAAAACCAAACTGGACTTGTCTTCCTTGGCCTAT
TCCGGAAAAGATGCT

ATGTGGACACTGGGCAGAAGGGCGGTGGCCGGACTGTTGGC
GAGTCCCAGTCCCGCGCAGGCGCAGACCCTTACTAGGGTGC
CGCGGCCCGCGGAGCTGGCGCCACTCTGCGGETCGCCGCGGT
CTGAGAACGGACATTGATGCCACTTGTACACCTCGGAGG
GCCAGCTCCAACCAAAGGGGCCTTAATCAAATTTGGAACG
TGAAGAAGCAGTCCGTCTACCTGATGAACCTTCGGAAGTCA
GGGACCCTGGGCCACCCGGGAAGCTTGGATGAAACAACTT
ACGAAAGGTTGGCGGAGGAGACCTTGGATTCTCTTGCAGA
GTTCTTCGAAGACCTGGCTGATAAGCCTTACACCTTTGAGG
ACTACGATGTGTCTTTTGGATCTGGAGT GCTGACCGTTAAA
CTGGGCGGGGATCTGGGCACCTACGTGATTAACAAGCAAAC
TCCAAACAAGCAGATCTGGCTTTCAAGCCCCAGTAGCGG
GCCAAAACGCTACGATTGGACCGGAAAGAATTGGGTTTACA
GCCACGATGGCGTTTCACTGCACGAGCTTCTGGCAGCAGAA
CTGACAAAAGCACTCAAGACGAAGCTCGACTTGTCATCCTT
GGCATACTCCGGAAAGGATGCC

ATGTGGACCCTGGGCCGCCGCGCCGETGGCCGGCCTGCTGGC
CAGCCCCAGCCCCGCCCAGGCCCAGACCCTGACCCGCGTGC
CCCGCCCCGCCGAGCTGGCCCCCCTGTGCGGCCGECCGECGEGCC
TGCGCACCGACATCGACGCCACCTGCACCCCCCGCCGCGLC
AGCAGCAACCAGCGCGGCCTGAACCAGATCTGGAACGTGA
AGAAGCAGAGCGTGTACCTGATGAACCTGCGCAAGAGCGG
CACCCTGGGCCACCCCGGCAGCCTGGACGAGACCACCTAC
GAGCGCCTGGCCGAGGAGACCCTGGACAGCCTGGCCGAGTT
CTTCGAGGACCTGGCCGACAAGCCCTACACCTTCGAGGACT
ACGACGTGAGCTTCGGCAGCGGCGTGCTGACCGTGAAGCTG
GGCGGCGACCTGGGCACCTACGTGATCAACAAGCAGACCCC
CAACAAGCAGATCTGGCTATCTAGCCCCAGCAGCGGCCCC
AAGCGCTACGACTGGACCGGCAAGAACTGGGTGTACAGCCA
CGACGGCGTGAGCCTGCACGAGCTGCTGGCCGCCGAGCTG
ACCAAGGCCCTGAAGACCAAGCTGGACCTGAGCAGCCTG
GCCTACAGCGGCAAGGACGCC

WO 2017/077451

SEQID | IDT2 optimized

NO:3 nucleotide sequence
encoding frataxin
(Figs. 1A-1B; lane 2)

SEQID | JCAT Optimized

NO: 4 Nucleotide sequence
encoding frataxin
(Figs. 1A-1B; Lane 4)

SEQID | GeneArt optimized

NO: 5 nucleotide sequence
encoding frataxin
(Figs. 1A-1B; Lane 5)

ATGTGGACACTGGGGAGAAGGGCTGTGGCCGGACTGCTGGC
TTCTCCATCTCCAGCCCAGGCCCAGACCCTGACCAGAGTGC
CTAGACCTGCCGAACTGGCCCCTCTGTGTGGCAGAAGAGGC
CTGAGAACCGACATCGACGCCACCTGTACCCCCAGAAGGGC
CAGCAGCAATCAGCGGGGCCTGAATCAGATCTGGAACGTGA
AGAAACAGAGCGTGTACCTGATGAACCT GAGAAAGAGCGGC
ACCCTGGGCCACCCTGGAAGCCTGGATGAGACAACCTACGA
GCGGCTGGCCGAGGAAACCCTGGATTCCCTGGCCGAGTTCT
TCGAGGACCTGGCCGACAAGCCCTACACCTTCGAGGATTAC
GACGTGTCCTTCGGCAGCGGCGTGCTGACAGTGAAGCTGGG
CGGAGATCTGGGCACCTACGTGATCAACAAGCAGACCCCCA
ACAAACAGATCTGGCTATCTAGCCCCAGCAGCGGCCCCAAG
AGATACGATTGGACCGGCAAGAACTGGGTGTACAGCCACGA
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CGGCGTGTCCCTGCATGAGCTGCTGGCTGCCGAGCTGACCA
AGGCCCTGAAAACAAAGCTGGACCTGTCCAGCCTGGCCTAC
AGCGGCAAGGATGCC

SEQ ID
NO:6

Genscript (control)
optimized Nucleotide
sequence encoding
frataxin

Figs. 1A-1B; lane 6)

ATGTGGACACTGGGCCGGAGAGCCGTCGCTGGGCTGCTGGC
ATCACCATCCCCCGCACAGGCACAGACCCTGACAAGAGTCC
CTCGGCCAGCAGAGCTGGCCCCACTGTGCGGGCGGAGAGGA
CTGCGAACCGACATCGATGCTACTTGTACCCCAAGGCGAG
CAAGCTCCAACCAGCGAGGGCTGAACCAGATTTGGAATGTG
AAGAAACAGTCTGTCTACCTGATGAATCTGAGAAAGAGCGG
CACTCTGGGACACCCTGGCAGCCTGGACGAGACCACCTAC
GAGCGGCTGGCCGAGGAAACCCTGGATTCCCTGGCCGAGTT
CTTTGAAGACCTGGCTGATAAGCCATACACCTTCGAAGACTA
TGACGTGAGCTTCGGCAGCGGCGTGCTGACAGTCAAACT
GGGCGGGGACCTGGGAACATACGTGATCAACAAGCAGACT
CCTAACAAGCAGATTTGGCTGTCTAGTCCCTCAAGCGGCCC
TAAGAGGTACGACTGGACAGGGAAAAACTGGGTGTATAGT
CACGATGGCGTCTCACTGCATGAGCTGCTGGCCGCTGAACT
GACTAAAGCCCTGAAAACTAAACTGGACCTGTCTTCCCTG
GCATACTCTGGCAAGGACGCC

SEQ ID
NO:7

Genscript (low CpG)
nucleotide sequence
encoding frataxin
(Figs. 1A-1B; Lane 7)

ATGTGGACTCTGGGCCGGAGAGCAGTGGCAGGACTGCTGGC
AAGTCCATCACCTGCTCAGGCACAGACTCTGACAAGAGTCC
CAAGACCTGCAGAGCTGGCTCCACTGTGCGGGAGGCGCGGA
CTGAGAACAGACATCGATGCTACATGTACTCCTCGACGGGC
AAGCTCCAACCAGCGAGGGCTGAACCAGATTTGGAATGTG
AAGAAACAGTCCGTCTACCTGATGAATCTGAGGAAGTCA
GGCACCCTGGGGCACCCAGGAAGTCTGGACGAGACCACAT
ATGAACGGCTGGCTGAGGAAACACTGGATTCTCTGGCCGAG
TTCTTTGAAGACCTGGCTGATAAGCCCTACACATTCGAAGAC
TATGATGTGAGCTTTGGATCCGGCGTGCTGACTGTCAAACTG
GGCGGGGACCTGGGCACTTACGTGATCAACAAGCAGACCCC
TAACAAGCAGATTTGGCTGTCTAGTCCTTCAAGCGGACCAA
AGCGGTACGACTGGACCGGCAAAAACTGGGTGTATTCTC
ACGATGGGGTCAGTCTGCATGAGCTGCTGGCCGCTGAACT
GACCAAGGCCCTGAAGACAAAACTGGACCTGTCCTCTCTG
GCATATAGCGGAAAAGATGCC

SEQ ID
NO:8

IDT3 optimized
Nucleotide sequence
encoding frataxin

ATGTGGACACTGGGAAGGCGCGCCGTGGCCGGTCTGTTGGC
ATCACCATCCCCAGCCCAGGCTCAGACACTCACCCGAGTC
CCAAGACCCGCAGAGCTGGCCCCTCTGTGCGGGCGCCGA
GGCCTTCGCACCGATATCGATGCTACATGCACGCCACGCAG
AGCTAGCTCAAATCAGAGGGGACTCAACCAGATATGGAATG
TCAAGAAGCAAAGCGTGTATCTCATGAACCTCCGGAAAAGC
GGCACCCTGGGACATCCCGGGTCTCTCGACGAGACCACT
TATGAAAGACTGGCAGAGGAGACTCTTGACAGTCTGGCGG
AGTTCTTCGAAGACCTCGCTGACAAGCCATATACCTTCGAAG
ATTACGACGTCTCCTTCGGCTCTGGGGTGCTGACTGTCAA
GCTTGGCGGCGACCTGGGGACCTACGTGATCAACAAGCAG
ACTCCAAACAAGCAAATCTGGCTATCTAGTCCAAGCTCCGG
ACCCAAGAGATACGATTGGACAGGCAAGAATTGGGTTTACT
CCCACGACGGGGTGTCCCTCCATGAGCTGCTGGCCGCAGAG
CTGACGAAGGCCCTGAAGACCAAGCTGGATCTCTCCTCCCT
GGCATACAGTGGTAAGGACGCT

SEQ ID
NO:9

IDT5 optimized
Nucleotide sequence
encoding frataxin

ATGTGGACACTGGGCCGGCGCGCCGTCGCTGGGCTGCTCGC
AAGCCCCAGCCCAGCCCAAGCGCAGACTCTGACTAGGGTGC
CGCGGCCTGCCGAGTTGGCCCCCCTGTGCGGTAGGAGAGGC
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(Figs. 1A-1B; Lane 3)

CTGCGCACAGACATCGATGCCACTTGCACACCCCGGCGGGL
CAGCTCTAACCAAAGGGGCCTGAATCAAATTTGGAACGTCA
AAAAACAGTCTGTATATCTGATGAATCT CCGGAAATCTGGA
ACGCTCGGGCATCCCGGATCTCTTGACGAGACCACCTACGA
GCGACTGGCCGAGGAAACCCTTGACAGCCTGGCAGAATTCT
TTGAGGATCTGGCTGATAAACCCTATACCTTTGAAGATTAC
GATGTGAGTTTTGGTAGCGGAGTACTGACTGTTAAGCTGGG
CGGTGATCTCGGTACGTATGTTATCAATAAACAAACCCCCA
ATAAACAGATTTGGCTCTCCTCCCCATCCTCTGGGCCTAAG
CGCTATGACTGGACAGGAAAGAATTGGGTCTATTCACACGA
CGGAGTCAGTTTGCACGAGCTCCTCGCCGGCAGAGTTACCA
AGGCCCTTAAGACTAAGCTCGACCTGTCAAGCCTCGCTTAC
TCTGGTAAGGACGCT

SEQ ID
NO:10

Nucleotide sequence
encoding frataxin
(nucleic acid 22)

ATGTGGACTCTCGGGCGCCGCGCAGTAGCCGGCCTCCTGGC
GTCACCCAGCCCGGCCCAGGCCCAGACCCTCACCCGGGTCC
CGCGGCCGGCAGAGTTGGCCCCACTCTGCGGCCGCCGTGGC
CTGCGCACCGACATCGATGCGACCTGCACGCCCCGCCGLCGC
AAGTTCGAACCAACGTGGCCTCAACCAGATTTGGAATGTCA
AARAAGCAGAGTGTCTATTTGATGAATTTGAGGAAATCTGGAA
CTTTGGGCCACCCAGGCTCTCTAGATGAGACCACCTATGAA
AGACTAGCAGAGGAAACGCTGGACTCTTTAGCAGAGTTTT
TTGAAGACCTTGCAGACAAGCCATACACGTTTGAGGACTA
TGATGTCTCCTTTGGGAGTGGTGTCTTAACTGTCAAACTG
GGTGGAGATCTAGGAACCTATGTGATCAACAAGCAGACGC
CAAACAAGCAAATCTGGCTATCTTCTCCATCCAGTGGACCT
AAGCGTTATGACTGGACTGGGAAAAACTGGGTGTACTCCC
ACGACGGCGTGTCCCTCCATGAGCTGCTGGCCGCAGAGCT
CACTAAAGCCTTAAAAACCAAACTGGACTTGTCTTCCTTGGC
CTATTCCGGAAAAGATGCT

SEQ ID
NO:11

IDT-1 optimized
Nucleotide sequence
encoding frataxin
(nucleic acid 23)

ATGTGGACTCTGGGTAGGCGAGCGGTGGCCGGCCTGTTGGC
ATCTCCTAGTCCTGCACAAGCTCAAACGCTGACTAGAGTCC
CTCGGCCAGCAGAACTGGCGCCACTTTGCGGCCGGCGCGGET
CTTCGCACTGATATTGATGCCACTTGCACACCCCGGCGCGC
CTCCAGTAATCAGCGGGGACTTAATCAAATTTGGAATGTG
AAGAAGCAGTCTGTGTATCTTATGAATCTGCGGAAGAGC
GGGACCCTGGGCCACCCTGGTAGCCTTGATGAAACCACCTA
TGAGCGCCTGGCCGAAGAGACACTGGACAGTCTTGCCGAGT
TTTTTGAGGATCTGGCCGACAAACCTTATACTTTTGAGGA
CTATGACGTGTCCTTTGGATCTGGTGTATTGACCGTAAAA
CTCGGGGGAGACCTTGGGACGTATGTAATAAATAAGCAGA
CCCCAAACAAGCAGATCTGGCTATCTTCTCCAAGTAGTGGT
CCTAAGAGATATGATTGGACGGGCAAGAACTGGGTCTATTCC
CATGATGGCGTCTCTTTGCATGAACTCCTTGCAGCAGAGCT
GACCAAGGCCTTGAAGACCAAATTGGATCTCAGCAGCCT
CGCCTATAGTGGCAAAGATGCA

SEQ ID
NO:12

IDT-4 optimized
Nucleotide sequence
encoding frataxin
(nucleic acid 26)

ATGTGGACTCTGGGCCGGCGGGCCGTAGCTGGCTTGCTGGC
TAGCCCAAGTCCCGCCCAGGCTCAGACTCTCACCAGGGTAC
CCAGGCCCGCAGAGCTTGCTCCACTCTGCGGACGCAGGGGT
CTGCGAACCGATATCGACGCAACTTGCACGCCGCGGAGGGC
CTCTTCAAACCAGAGAGGACTCAATCAAATTTGGAATGTAA
AGAAACAGAGCGTGTATCTCATGAACCTCCGAAAGAGTGGG
ACTCTTGGGCACCCCGGCTCCCTGGACGAGACTACTTACGAG
CGCCTGGCCGAAGAAACCTTGGATTCCCTGGCGGAGTTTTT
TGAAGACTTGGCAGACAAGCCTTATACCTTCGAGGATTAC
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GACGTGAGTTTTGGCTCTGGTGTTCTTACAGTCAAGCTCGGT
GGCGACCTTGGCACTTATGTAATTAACAAGCAGACACCTAAC
AAGCAGATCTGGCTTTCTAGTCCGTCTTCCGGTCCCAAAAG
GTACGATTGGACTGGAAAGAACTGGGTCTACAGTCACGACG
GTGTCTCCCTGCACGAATTGCTTGCGGCAGAGCTGACTAAG
GCGCTCAAAACAAAACTGGATCTGTCCAGCCTTGCCTATAG
CGGGAAGGACGCA

SEQ ID
NO:13

Nucleotide sequence
encoding chimeric
AAV2.5 Vector
Capsid VP1

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAC
TCTCTCTGAAGGAATAAGACAGTGGTGGAAGCTCAAACCTG
GCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGACGAC
AGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACC
CTTCAACGGACTCGACAAGGGAGAGCCGGTCAACGAGGCAG
ACGCCGCGGCCCTCGAGCACGACAAAGCCTACGACCGGCAG
CTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGC
CGACGCGGAGTTTCAGGAGCGCCTTAAAGAAGATACGTCTT
TTGGGGGCAACCTCGGACGAGCAGTCTTCCAGGCGAAAAAG
AGGGTTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAA
GACGGCTCCGGGAAAAAAGAGGCCGGTAGAGCACTCTCCTG
TGGAGCCAGACTCCTCCTCGGGAACCGGAAAGGCGGGCCAG
CAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGA
CGCAGACTCAGTACCTGACCCCCAGCCTCTCGGACAGCCAC
CAGCAGCCCCCTCTGGTCTGGGAACTAATACGATGGCTACA
GGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGA
CGGAGTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCA
CATGGATGGGCGACAGAGTCATCACCACCAGCACCCGAACC
TGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAAT
TTCCAGCGCTTCAACGGGAGCCTCGAACGACAATCACTACT
TTGGCTACAGCACCCCTTGGGGGTATTTTGACTTCAACAGA
TTCCACTGCCACTTTTCACCACGTGACTGGCAAAGACTCAT
CAACAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCA
AGCTCTTTAACATTCAAGTCAAAGAGGTCACGCAGAATGAC
GGTACGACGACGATTGCCAATAACCTTACCAGCACGGTTCA
GGTGTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCG
GCTCGGCGCATCAAGGATGCCTCCCGCCGTTCCCAGCAGAL
GTCTTCATGGTGCCACAGTATGGATACCTCACCCTGAACAA
CGGGAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGG
AGTACTTTCCTTCTCAGATGCTGCGTACCGGAAACAACTTT
ACCTTCAGCTACACTTTTGAGGACGTTCCTTTCCACAGCAG
CTACGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTC
TCATCGACCAGTACCTGTATTACTTGAGCAGAACAAACACT
CCAAGTGGAACCACCACGCAGTCAAGGCTTCAGTTTTCTCA
GGCCGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGC
TTCCTGGACCCTGTTACCGCCAGCAGCGAGTATCAAAGACA
TCTGCGGATAACAACAACAGTGAATACT CGTGGACTGGAGC
TACCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATC
CGGGCCCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAG
TTTTTTCCTCAGAGCGGGGTTCTCATCTTTGGGAAGCAAGG
CTCAGAGAAAACAAATGTGGACATTGAAAAGGTCATGATTA
CAGACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACG
GAGCAGTATGGTTCTGTATCTACCAACCTCCAGAGAGGCAA
CAGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTTC
TTCCAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAG
GGGCCCATCTGGGCAAAGATT CCACACACGGACGGACATTT
TCACCCCTCTCCCCTCATGGGTGGATTCGGACTTAAACACC
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CTCCTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCG
AATCCTTCGACCACCTTCAGTGCGGCAAAGTTTGCTTCCTT
CATCACACAGTACTCCACGGGACAGGTCAGCGTGGAGATCG
AGTGGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCC
GAAATTCAGTACACTTCCAACTACGCCAAGTCTGTCAATGT
GGACTTTACTGTGGACAATAATGGCGTGTATTCAGAGCCTC
GCCCCATTGGCACCAGATACCTGACTCGTAATCTGTAA

SEQ ID
NO:14

Nucleotide sequence
encoding wild type
AAV1 capsid (VP1)

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAA
CCTCTCTGAGGGCATTCGCGAGTGGTGGGACTTGAAACCTG
GAGCCCCGAAGCCCAAAGCCAACCAGCAAAAGCAGGACGAC
GGCCGGGGTCTGGTGCTTCCTGGCTACAAGTACCTCGGACC
CTTCAACGGACTCGACAAGGGGGAGCCCGTCAACGCGGCGG
ACGCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCAG
CTCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGC
CGACGCCGAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTT
TTGGGGGCAACCTCGGGCGAGCAGTCTTCCAGGCCAAGAAG
CGGGTTCTCGAACCTCTCGGTCTGGTTGAGGAAGGCGCTAA
GACGGCTCCTGGAAAGAAACGTCCGGTAGAGCAGTCGCCAC
AAGAGCCAGACTCCTCCTCGGGCATCGGCAAGACAGGCCAG
CAGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGA
CTCAGAGTCAGTCCCCGATCCACAACCTCTCGGAGAACCTC
CAGCAACCCCCGCTGCTGTGGGACCTACTACAATGGCTTCA
GGCGGTGGCGCACCAATGGCAGACAATAACGAAGGCGCCGA
CGGAGTGGGTAATGCCTCAGGAAATTGGCATTGCGATTCCA
CATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGCACC
TGGGCCTTGCCCACCTACAATAACCACCTCTACAAGCAAAT
CTCCAGTGCTTCAACGGGGGCCAGCAACGACAACCACTACT
TCGGCTACAGCACCCCCTGGGGGTATTTTGATTTCAACAGA
TTCCACTGCCACTTTTCACCACGTGACTGGCAGCGACTCAT
CAACAACAATTGGGGATTCCGGCCCAAGAGACTCAACTTCA
AACTCTTCAACATCCAAGTCAAGGAGGTCACGACGAATGAT
GGCGTCACAACCATCGCTAATAACCTTACCAGCACGGTTCA
AGTCTTCTCGGACTCGGAGTACCAGCTTCCGTACGTCCTCG
GCTCTGCGCACCAGGGCTGCCTCCCTCCGTTCCCGGCGGAL
GTGTTCATGATTCCGCAATACGGCTACCTGACGCTCAACAA
TGGCAGCCAAGCCGTGGGACGTTCATCCTTTTACTGCCTGG
AATATTTCCCTTCTCAGATGCTGAGAACGGGCAACAACTTT
ACCTTCAGCTACACCTTTGAGGAAGTGCCTTTCCACAGCAG
CTACGCGCACAGCCAGAGCCTGGACCGGCTGATGAATCCTC
TCATCGACCAATACCTGTATTACCTGAACAGAACTCAAAAT
CAGTCCGGAAGTGCCCAAAACAAGGACTTGCTGTTTAGCCG
TGGGTCTCCAGCTGGCATGTCTGTTCAGCCCAAAAACTGGC
TACCTGGACCCTGTTATCGGCAGCAGCGCGTTTCTAAAACA
AAAACAGACAACAACAACAGCAATTTTACCTGGACTGGTGC
TTCAAAATATAACCTCAATGGGCGTGAATCCATCATCAACC
CTGGCACTGCTATGGCCTCACACAAAGACGACGAAGACAAG
TTCTTTCCCATGAGCGGTGTCATGATTTTTGGAAAAGAGAG
CGCCGGAGCTTCAAACACTGCATTGGACAATGTCATGATTA
CAGACGAAGAGGAAATTAAAGCCACTAACCCTGTGGCCACC
GAAAGATTTGGGACCGTGGCAGTCAATTTCCAGAGCAGCAG
CACAGACCCTGCGACCGGAGATGTGCATGCTATGGGAGCAT
TACCTGGCATGGTGTGGCAAGATAGAGACGTGTACCTGCAG
GGTCCCATTTGGGCCAAAATTCCTCACACAGATGGACACTT
TCACCCGTCTCCTCTTATGGGCGGCTTTGGACTCAAGAACC
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CGCCTCCTCAGATCCTCATCAAAAACACGCCTGTTCCTGCG
AATCCTCCGGCGGAGTTTTCAGCTACAAAGTTTGCTTCATT
CATCACCCAATACTCCACAGGACAAGTGAGTGTGGAAATTG
AATGGGAGCTGCAGAAAGAAAACAGCAAGCGCTGGAATCCC
GAAGTGCAGTACACATCCAATTATGCAAAATCTGCCAACGT
TGATTTTACTGTGGACAACAATGGACTTTATACTGAGCCTC
GCCCCATTGGCACCCGTTACCTTACCCGTCCCCTGTAA

SEQ ID
NO:15

Nucleotide sequence
encoding modified
AAV1.1 capsid VP1
(amino acid residue
number 265 is
deleted)

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAA
CCTCTCTGAGGGCATTCGCGAGTGGTGGGACTTGAAACCTG
GAGCCCCGAAGCCCAAAGCCAACCAGCAAAAGCAGGACGAC
GGCCGGGGTCTGGTGCTTCCTGGCTACAAGTACCTCGGACC
CTTCAACGGACTCGACAAGGGGGAGCCCGTCAACGCGGCGG
ACGCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCAG
CTCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGC
CGACGCCGAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTT
TTGGGGGCAACCTCGGGCGAGCAGTCTTCCAGGCCAAGAAG
CGGGTTCTCGAACCTCTCGGTCTGGTTGAGGAAGGCGCTAA
GACGGCTCCTGGAAAGAAACGTCCGGTAGAGCAGTCGCCAC
AAGAGCCAGACTCCTCCTCGGGCAT CGGCAAGACAGGCCAG
CAGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGA
CTCAGAGTCAGTCCCCGATCCACAACCTCTCGGAGAACCTC
CAGCAACCCCCGCTGCTGTGGGACCTACTACAATGGCTTCA
GGCGGTGGCGCACCAATGGCAGACAATAACGAAGGCGCCGA
CGGAGTGGGTAATGCCTCAGGAAATTGGCATTGCGATTCCA
CATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGCACC
TGGGCCTTGCCCACCTACAATAACCACCTCTACAAGCAAAT
CTCCAGTGCTTCAGGGGCCAGCAACGACAACCACTACTTCG
GCTACAGCACCCCCTGGGGGTATTTTGATTTCAACAGATTC
CACTGCCACTTTTCACCACGTGACTGGCAGCGACTCATCAA
CAACAATTGGGGATTCCGGCCCAAGAGACTCAACTTCAAAC
TCTTCAACATCCAAGTCAAGGAGGTCACGACGAATGATGGC
GTCACAACCATCGCTAATAACCTTACCAGCACGGTTCAAGT
CTTCTCGGACTCGGAGTACCAGCTTCCGTACGTCCTCGGCT
CTGCGCACCAGGGCTGCCTCCCTCCGTTCCCGGCGGACGTG
TTCATGATTCCGCAATACGGCTACCTGACGCTCAACAATGG
CAGCCAAGCCGTGGGACGTTCATCCTTTTACTGCCTGGAAT
ATTTCCCTTCTCAGATGCTGAGAACGGGCAACAACTTTACC
TTCAGCTACACCTTTGAGGAAGTGCCTTTCCACAGCAGCTA
CGCGCACAGCCAGAGCCTGGACCGGCTGATGAATCCTCTCA
TCGACCAATACCTGTATTACCTGAACAGAACTCAAAATCAG
TCCGGAAGTGCCCAAAACAAGGACTTGCTGTTTAGCCGTGG
GTCTCCAGCTGGCATGTCTGTTCAGCCCAAAAACTGGCTAC
CTGGACCCTGTTATCGGCAGCAGCGCGTTTCTAAAACAAAA
ACAGACAACAACAACAGCAATTTTACCTGGACTGGTGCTTC
AAAATATAACCTCAATGGGCGTGAATCCATCATCAACCCTG
GCACTGCTATGGCCTCACACAAAGACGACGAAGACAAGTTC
TTTCCCATGAGCGGTGTCATGATTTTTGGAAAAGAGAGCGC
CGGAGCTTCAAACACTGCATTGGACAATGTCATGATTACAG
ACGAAGAGGAAATTAAAGCCACTAACCCTGTGGCCACCGAA
AGATTTGGGACCGTGGCAGTCAATTTCCAGAGCAGCAGCAC
AGACCCTGCGACCGGAGATGTGCATGCTATGGGAGCATTAC
CTGGCATGGTGTGGCAAGATAGAGACGTGTACCTGCAGGGT
CCCATTTGGGCCAAAATTCCTCACACAGATGGACACTTTCA
CCCGTCTCCTCTTATGGGCGGCTTTGGACTCAAGAACCCGC
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CTCCTCAGATCCTCATCAAAAACACGCCTGTTCCTGCGAAT
CCTCCGGCGGAGTTTTCAGCTACAAAGTTTGCTTCATTCAT
CACCCAATACTCCACAGGACAAGTGAGTGTGGAAATTGAAT
GGGAGCTGCAGAAAGAAAACAGCAAGCGCTGGAATCCCGAA
GTGCAGTACACATCCAATTATGCAAAATCTGCCAACGTTGA
TTTTACTGTGGACAACAATGGACTTTATACTGAGCCTCGCC
CCATTGGCACCCGTTACCTTACCCGTCCCCTGTAA

SEQ ID
NO:16

Nucleotide sequence
encoding wildtype
AAVS6 capsid (VP1)

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAA
CCTCTCTGAGGGCATTCGCGAGTGGTGGGACTTGAAACCTG
GAGCCCCGAAACCCAAAGCCAACCAGCAAAAGCAGGACGAC
GGCCGGGGTCTGGTGCTTCCTGGCTACAAGTACCTCGGACC
CTTCAACGGACTCGACAAGGGGGAGCCCGTCAACGCGGCGG
ATGCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCAG
CTCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGC
CGACGCCGAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTT
TTGGGGGCAACCTCGGGCGAGCAGTCTTCCAGGCCAAGAAG
AGGGTTCTCGAACCTTTTGGTCTGGTTGAGGAAGGTGCTAA
GACGGCTCCTGGAAAGAAACGTCCGGTAGAGCAGTCGCCAC
AAGAGCCAGACTCCTCCTCGGGCATTGGCAAGACAGGCCAG
CAGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGA
CTCAGAGTCAGTCCCCGACCCACAACCTCTCGGAGAACCTC
CAGCAACCCCCGCTGCTGTGGGACCTACTACAATGGCTTCA
GGCGGTGGCGCACCAATGGCAGACAATAACGAAGGCGCCGA
CGGAGTGGGTAATGCCTCAGGAAATTGGCATTGCGATTCCA
CATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGAACA
TGGGCCTTGCCCACCTATAACAACCACCTCTACAAGCAAAT
CTCCAGTGCTTCAACGGGGGCCAGCAACGACAACCACTACT
TCGGCTACAGCACCCCCTGGGGGTATTTTGATTTCAACAGA
TTCCACTGCCATTTCTCACCACGTGACTGGCAGCGACTCAT
CAACAACAATTGGGGATTCCGGCCCAAGAGACTCAACTTCA
AGCTCTTCAACATCCAAGTCAAGGAGGTCACGACGAATGAT
GGCGTCACGACCATCGCTAATAACCTTACCAGCACGGTTCA
AGTCTTCTCGGACTCGGAGTACCAGTTGCCGTACGTCCTCG
GCTCTGCGCACCAGGGCTGCCTCCCTCCGTTCCCGGCGGAL
GTGTTCATGATTCCGCAGTACGGCTACCTAACGCTCAACAA
TGGCAGCCAGGCAGTGGGACGGTCATCCTTTTACTGCCTGG
AATATTTCCCATCGCAGATGCTGAGAACGGGCAATAACTTT
ACCTTCAGCTACACCTTCGAGGACGTGCCTTTCCACAGCAG
CTACGCGCACAGCCAGAGCCTGGACCGGCTGATGAATCCTC
TCATCGACCAGTACCTGTATTACCTGAACAGAACT CAGAAT
CAGTCCGGAAGTGCCCAAAACAAGGACTTGCTGTTTAGCCG
GGGGTCTCCAGCTGGCATGTCTGTTCAGCCCAAAAACTGGC
TACCTGGACCCTGTTACCGGCAGCAGCGCGTTTCTAAAACA
AAAACAGACAACAACAACAGCAACTTTACCTGGACTGGTGC
TTCAAAATATAACCTTAATGGGCGTGAATCTATAATCAACC
CTGGCACTGCTATGGCCTCACACAAAGACGACAAAGACAAG
TTCTTTCCCATGAGCGGTGTCATGATTTTTGGAAAGGAGAG
CGCCGGAGCTTCAAACACTGCATTGGACAATGTCATGATCA
CAGACGAAGAGGAAATCAAAGCCACTAACCCCGTGGCCACC
GAAAGATTTGGGACTGTGGCAGTCAATCTCCAGAGCAGCAG
CACAGACCCTGCGACCGGAGATGTGCATGTTATGGGAGCCT
TACCTGGAATGGTGTGGCAAGACAGAGACGTATACCTGCAG
GGTCCTATTTGGGCCAAAATTCCTCACACGGATGGACACTT
TCACCCGTCTCCTCTCATGGGCGGCTTTGGACTTAAGCACC
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CGCCTCCTCAGATCCTCATCAAAAACACGCCTGTTCCTGCG
AATCCTCCGGCAGAGTTTTCGGCTACAAAGTTTGCTTCATT
CATCACCCAGTATTCCACAGGACAAGTGAGCGTGGAGATTG
AATGGGAGCTGCAGAAAGAAAACAGCAAACGCTGGAATCCC
GAAGTGCAGTATACATCTAACTATGCAAAATCTGCCAACGT
TGATTTCACTGTGGACAACAATGGACTTTATACTGAGCCTC
GCCCCATTGGCACCCGTTACCTCACCCGTCCCCTGTAA

SEQ ID
NO:17

Nucleotide sequence
encoding modified
AAV6.1 capsid VP1
(aa residue number
265 is deleted)

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAA
CCTCTDGAGGGCATTCGCGAGTGGTGGGACTTGAAACCTGG
AGCCCCGAAACCCAAAGCCAACCAGCAAAAGCAGGACGACG
GCCGGGGTDGGTGCTTCCTGGCTACAAGTACCTCGGACCCT
TCAACGGACTCGACAAGGGGGAGCCCGTCAACGCGGCGGAT
GCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCAGCT
CAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGCCG
ACGCCGAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTTTT
GGGGGCAACCTCGGGCGAGCAGTCTTCCAGGCCAAGAAGAG
GGTTCTCGAACCTTTTGGTDGGTTGAGGAAGGTGCTAAGAC
GGCTCCTGGAAAGAAACGTCCGGTAGAGCAGTCGCCACAAG
AGCCAGACTCCTCCTCGGGCATTGGCAAGACAGGCCAGCAG
CCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGACTC
AGAGTCAGTCCCCGACCCACAACCTCTCGGAGAACCTCCAG
CAACCCCCGCTGCTGTGGGACCTACTACAATGGCTTCAGGC
GGTGGCGCACCAATGGCAGACAATAACGAAGGCGCCGACGG
AGTGGGTAATGCCTCAGGAAATTGGCATTGCGATTCCACAT
GGCTGGGCGACAGAGTCATCACCACCAGCACCCGAACATGG
GCCTTGCCCACCTATAACAACCACCTCTACAAGCAAATCTC
CAGTGCTTCAGGGGCCAGCAACGACAACCACTACTTCGGCT
ACAGCACCCCCTGGGGGTATTTTGATTT CAACAGATTCCAC
TGCCATTTCTCACCACGTGACTGGCAGCGACTCATCAACAA
CAATTGGGGATTCCGGCCCAAGAGACTCAACTTCAAGCTCT
TCAACATCCAAGTCAAGGAGGTCACGACGAATGATGGCGTC
ACGACCATCGCTAATAACCTTACCAGCACGGTTCAAGTCTT
CTCGGACTCGGAGTACCAGTTGCCGTACGTCCTCGGCTCTG
CGCACCAGGGCTGCCTCCCTCCGTTCCCGGCGGACGTGTTC
ATGATTCCGCAGTACGGCTACCTAACGCTCAACAATGGCAG
CCAGGCAGTGGGACGGTCATCCTTTTACTGCCTGGAATATT
TCCCATCGCAGATGCTGAGAACGGGCAATAACTTTACCTTC
AGCTACACCTTCGAGGACGTGCCTTTCCACAGCAGCTACGC
GCACAGCCAGAGCCTGGACCGGCTGATGAATCCTCTCATCG
ACCAGTACCTGTATTACCTGAACAGAACTCAGAATCAGTCC
GGAAGTGCCCAAAACAAGGACTTGCTGTTTAGCCGGGGGTC
TCCAGCTGGCATGTCTGTTCAGCCCAAAAACTGGCTACCTG
GACCCTGTTACCGGCAGCAGCGCGTTTCTAAAACAAAAACA
GACAACAACAACAGCAACTTTACCTGGACTGGTGCTTCAAA
ATATAACCTTAATGGGCGTGAATCTATAATCAACCCTGGCA
CTGCTATGGCCTCACACAAAGACGACAAAGACAAGTTCTTT
CCCATGAGCGGTGTCATGATTTTTGGAAAGGAGAGCGCCGG
AGCTTCAAACACTGCATTGGACAATGTCATGATCACAGACG
AAGAGGAAATCAAAGCCACTAACCCCGTGGCCACCGAAAGA
TTTGGGACTGTGGCAGTCAATCTCCAGAGCAGCAGCACAGA
CCCTGCGACCGGAGATGTGCATGTTATGGGAGCCTTACCTG
GAATGGTGTGGCAAGACAGAGACGTATACCTGCAGGGTCCT
ATTTGGGCCAAAATTCCTCACACGGATGGACACTTTCACCC
GTCTCCTCTCATGGGCGGCTTTGGACTTAAGCACCCGCCTC
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CTCAGATCCTCATCAAAAACACGCCTGTTCCTGCGAATCCT
CCGGCAGAGTTTTCGGCTACAAAGTTTGCTTCATTCATCAC
CCAGTATTCCACAGGACAAGTGAGCGTGGAGATTGAATGGG
AGCTGCAGAAAGAAAACAGCAAACGCTGGAATCCCGAAGTG
CAGTATACATCTAACTATGCAAAATCTGCCAACGTTGATTT
CACTGTGGACAACAATGGACTTTATACTGAGCCTCGCCCCA
TTGGCACCCGTTACCTCACCCGTCCCCTGTAA

SEQ ID
NO:18

Nucleotide sequence
encoding modified
AAV6.3.1 capsid VP1
(aaresidue 265
deleted, Lys 531
changed to Glu)

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAA
CCTCTCTGAGGGCATTCGCGAGTGGTGGGACTTGAAACCTG
GAGCCCCGAAACCCAAAGCCAACCAGCAAAAGCAGGACGAC
GGCCGGGGTCTGGTGCTTCCTGGCTACAAGTACCTCGGACC
CTTCAACGGACTCGACAAGGGGGAGCCCGTCAACGCGGCGG
ATGCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCAG
CTCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGC
CGACGCCGAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTT
TTGGGGGCAACCTCGGGCGAGCAGTCTTCCAGGCCAAGAAG
AGGGTTCTCGAACCTTTTGGTCTGGTTGAGGAAGGTGCTAA
GACGGCTCCTGGAAAGAAACGTCCGGTAGAGCAGTCGCCAC
AAGAGCCAGACTCCTCCTCGGGCATTGGCAAGACAGGCCAG
CAGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGA
CTCAGAGTCAGTCCCCGACCCACAACCTCTCGGAGAACCTC
CAGCAACCCCCGCTGCTGTGGGACCTACTACAATGGCTTCA
GGCGGTGGCGCACCAATGGCAGACAATAACGAAGGCGCCGA
CGGAGTGGGTAATGCCTCAGGAAATTGGCATTGCGATTCCA
CATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGAACA
TGGGCCTTGCCCACCTATAACAACCACCTCTACAAGCAAAT
CTCCAGTGCTTCAGGGGCCAGCAACGACAACCACTACTTCG
GCTACAGCACCCCCTGGGGGTATTTTGATTTCAACAGATTC
CACTGCCATTTCTCACCACGTGACTGGCAGCGACTCATCAA
CAACAATTGGGGATTCCGGCCCAAGAGACTCAACTTCAAGC
TCTTCAACATCCAAGTCAAGGAGGTCACGACGAATGATGGC
GTCACGACCATCGCTAATAACCTTACCAGCACGGTTCAAGT
CTTCTCGGACTCGGAGTACCAGTTGCCGTACGTCCTCGGCT
CTGCGCACCAGGGCTGCCTCCCTCCGTTCCCGGCGGACGTG
TTCATGATTCCGCAGTACGGCTACCTAACGCTCAACAATGG
CAGCCAGGCAGTGGGACGGTCATCCTTTTACTGCCTGGAAT
ATTTCCCATCGCAGATGCTGAGAACGGGCAATAACTTTACC
TTCAGCTACACCTTCGAGGACGTGCCTTTCCACAGCAGCTA
CGCGCACAGCCAGAGCCTGGACCGGCTGATGAATCCTCTCA
TCGACCAGTACCTGTATTACCTGAACAGAACTCAGAATCAG
TCCGGAAGTGCCCAAAACAAGGACTTGCTGTTTAGCCGGGG
GTCTCCAGCTGGCATGTCTGTTCAGCCCAAAAACTGGCTAC
CTGGACCCTGTTACCGGCAGCAGCGCGTTTCTAAAACAAAA
ACAGACAACAACAACAGCAACTTTACCTGGACTGGTGCTTC
AAAATATAACCTTAATGGGCGTGAATCTATAATCAACCCTG
GCACTGCTATGGCCTCACACAAAGACGACGAAGACAAGTTC
TTTCCCATGAGCGGTGTCATGATTTTTGGAAAGGAGAGCGC
CGGAGCTTCAAACACTGCATTGGACAATGTCATGATCACAG
ACGAAGAGGAAATCAAAGCCACTAACCCCGTGGCCACCGAA
AGATTTGGGACTGTGGCAGT CAATCTCCAGAGCAGCAGCAC
AGACCCTGCGACCGGAGATGTGCATGTTATGGGAGCCTTAC
CTGGAATGGTGTGGCAAGACAGAGACGTATACCTGCAGGGT
CCTATTTGGGCCAAAATTCCTCACACGGATGGACACTTTCA
CCCGTCTCCTCTCATGGGCGGCTTTGGACTTAAGCACCCGC
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CTCCTCAGATCCTCATCAAAAACACGCCTGTTCCTGCGAAT
CCTCCGGCAGAGTTTTCGGCTACAAAGTTTGCTTCATTCAT
CACCCAGTATTCCACAGGACAAGTGAGCGTGGAGATTGAAT
GGGAGCTGCAGAAAGAAAACAGCAAACGCTGGAATCCCGAA
GTGCAGTATACATCTAACTATGCAAAATCTGCCAACGTTGA
TTTCACTGTGGACAACAATGGACTTTATACTGAGCCTCGCC
CCATTGGCACCCGTTACCTCACCCGTCCCCTGTAA

SEQ ID
NO:19

Nucleotide sequence
encoding human wild
type frataxin (WT
FXN) for cloning into
pTRs-KS-CBh-
EGFP-BGH scAAV
vector

Agel site in bold;
Avrll underlined;
CSS double
underlined;

Spel in bold
underlined;
bGHpolyA in jtalics;
Mlul site in bold
italics

(See figure 2A)

TAGAAGACCGGTCGCCACCatgtggactctcgggcgeccgeyg
cagtagccggectcectggegtcacccageccageccaggcee
cagaccctcaccecgggtcecgeggecggcagagttggeece
actctgcggcegecgtggectgegecaccgacatcgatgega
cctgcacgecceccgcegegcaagttcecgaaccaacgtggecte
aaccagatttggaatgtcaaaaagcagagtgtctatttgat
gaatttgaggaaatctggaactttgggccacccaggctcte
tagatgagaccacctatgaaagactagcagaggaaacgctyg
gactctttagcagagttttttgaagaccttgcagacaagcce
atacacgtttgaggactatgatgtctcectttgggagtggtg
tcttaactgtcaaactgggtggagatctaggaacctatgtyg
atcaacaagcagacgccaaacaagcaaatctggctatctte
tccatccagtggacctaagecgttatgactggactgggaaaa
actgggtgtactcccacgacggcecgtgtcectccatgagetyg
ctggccgcagagctcactaaageccttaaaaaccaaactgga
cttgtcttecttggectatteccggaaaagatgettgaCGAG
CGGCCGCTCCTAGGAGCAGTATCGATCCCAGCCCACTTTTC
CCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAG
CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCT
GGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGG
AAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTG
GGGGGTGGGETGGGGCAGGACAGCAAGGGGGAGGATTGGGA
AGACAACAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGG
CTTCTGAGGCGGAAAGAACCAGCTITTGGACGCGTCTTAAG

SEQ ID
NO:20

IDT1 Codon
optimized nucleotide
sequence encoding
FXN for cloning into
pTRs-KS-CBh-
EGFP-BGH scAAV
vector

Agel site in bold;
Avrll underlined;
CSS double
underlined;

Spel in bold
underlined:
bGHpolyA in jtalics;
Mlul site in bold
italics

(See Figure 2B)

TAGAAGACCGGTCGCCACCatgtggactctgggtaggcgag
cggtggccggectgttggecatctectagtectgecacaaget
caaacgctgactagagtccecctcecggceccagcagaactggegece
actttgcggcecggecgeggtcecttegecactgatattgatgecea
cttgcacaccccggegegectceccagtaatcageggggactt
aatcaaatttggaatgtgaagaagcagtctgtgtatcttat
gaatctgcggaagagcgggaccctgggccaccctggtagece
ttgatgaaaccacctatgagcgcecctggcecgaagagacactyg
gacagtcttgccgagttttttgaggatctggcecgacaaacce
ttatacttttgaggactatgacgtgtcctttggatctggtyg
tattgaccgtaaaactcgggggagaccttgggacgtatgta
ataaataagcagaccccaaacaagcagatctggctcagetce
tccaagtagtggtcctaagagatatgattggacgggcaaga
actgggtctattcccatgatggcecgtctcectttgecatgaacte
cttgcagcagagctgaccaaggccttgaagaccaaattgga
tctcagcagcctegectatagtggcaaagatgcatagCGAG
CGGCCGCTCCTAGGAGCAGTATCGATCCCAGCCCACTTTTC
CCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAG
CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCT
GGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGG
AAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTG
GGGGGTGGGETGGGGCAGGACAGCAAGGGGGAGGATTGGGA
AGACAACAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGG
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CTTCTGAGGCGGAAAGAACCAGCTITTGGACGCGTCTTAAG

SEQ ID
NO:21

Codon optimized
nucleotide sequence
encoding FXN IDT3
(low expresser) for
cloning into pTRs-
KS-CBh-EGFP-BGH
SCAAV vector

Agel site in bold;
Avrll underlined;
CSS double
underlined;

Spel in bold
underlined;
bGHpolyA in jtalics;
Mlul site in bold
italics

(See figure 2C)

TAGAAGACCGGTCGCCACCatgtggacactgggaaggcgcyg
ccgtggeccggtctgttggecatcaccatccccageccagget
cagacactcacccgagtcccaagacccgcagagetggecce
tctgtgegggegecgaggecttegecaccgatatcgatgceta
catgcacgccacgcagagctagctcaaatcagaggggacte
aaccagatatggaatgtcaagaagcaaagcgtgtatctcat
gaacctccggaaaagcggcaccctgggacatcecgggtete
tcgacgagaccacttatgaaagactggcagaggagactctt
gacagtctggcggagttcttcgaagacctcecgectgacaagece
atataccttcgaagattacgacgtctcecctteggetcectgggg
tgctgactgtcaagcttggecggecgacctggggacctacgtyg
atcaacaagcagactccaaacaagcaaatctggctcagecag
tccaagcteccggacccaagagatacgattggacaggcaaga
attgggtttactcccacgacggggtgtccecctccatgagetyg
ctggccgctgagctgacgaaggccctgaagaccaagctgga
tctetectececectggecatacagtggtaaggacgettgaCGAG
CGGCCGCTCCTAGGAGCAGTATCGATCCCAGCCCACTTTTC
CCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAG

CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCT
GGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGG
AAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTG
GGGGGETGGGGETGGGGCAGGACAGCAAGGGGGAGGATTGGGA
AGACAACAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGG
CTTCTGAGGCGGAAAGAACCAGCTITTGGACGCGTCTTAAG

SEQ ID
NO:22

Codon-optimized
nucleotide sequence
encoding FXN IDT4
for cloning into pTRs-
KS-CBh-EGFP-BGH
SCAAV vector

Agel site in bold;
Avrll underlined;
CSS double
underlined;

Spel in bold
underlined;
bGHpolyA in jtalics;
Mlul site in bold
italics

(See Figure 2D)

TAGAAGACCGGTCGCCACCatgtggactctgggccggeggyg
ccgtagectggettgetggetageccaagteccecgeccagget
cagactctcaccagggtacccaggcccgcagagcttgetee
actctgcggacgcaggggtctgcgaaccgatatcgacgcaa
cttgcacgccgcggagggectcecttcaaaccagagaggacte
aatcaaatttggaatgtaaagaaacagagcgtgtatctcat
gaacctccgaaagagtgggactcttgggcaccececggetece
tggacgagactacttacgagcgcecctggcecgaagaaaccttyg
gattccctggeggagttttttgaagacttggcagacaagece
ttataccttcgaggattacgacgtgagttttggctctggtyg
ttcttacagtcaagctcecggtggecgaccttggcacttatgta
attaacaagcagacacctaacaagcagatctggctttctag
tcecgtcttecggtecccaaaaggtacgattggactggaaaga
actgggtctacagtcacgacggtgtctcecctgecacgaattyg
cttgcggctgagctgactaaggcgctcaaaacaaaactgga
tctgtccageccttgectatagegggaaggacgcatgaCGAG
CGGCCGCTCCTAGGAGCAGTATCGATCCCAGCCCACTTTTC
CCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAG

CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCT
GGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGG
AAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTG
GGGGGETGGGGETGGGGCAGGACAGCAAGGGGGAGGATTGGGA
AGACAACAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGG
CTTCTGAGGCGGAAAGAACCAGCTITTGGACGCGTCTTAAG

SEQ ID
NO:23

Codon-optimized
nucleotide sequence
encoding FXN
GenScript for cloning
into pTRs-KS-CBh-

TAGAAGACCGGTCGCCACCatgtggacactgggccggagayg
ccgtecgetgggctgetggecatcaccatcccececgecacaggea
cagaccctgacaagagtccecctcecggeccagcagagctggeece
actgtgcgggcggagaggactgcgaaccgacatcgatgcta
cttgtaccccaaggcgagcaagctccaaccagecgagggcetyg
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EGFP-BGH scAAV
vector

Agel site in bold;
Avrll underlined;
CSS double
underlined;

Spel in bold
underlined;
bGHpolyA in jtalics;
Milul site in bold
italics

(See Figure 2E)

aaccagatttggaatgtgaagaaacagtctgtctacctgat
gaatctgagaaagagcggcactctgggacaccctggcagcece
tggacgagaccacctacgagcggctggcecgaggaaaccctyg
gattccctggeccgagttcectttgaagacctggectgataagece
atacaccttcgaagactatgacgtgagcttcecggcageggeg
tgctgacagtcaaactgggcggggacctgggaacatacgtyg
atcaacaagcagactcctaacaagcagatttggctgtctag
tcecctcaagecggecctaagaggtacgactggacagggaaaa
actgggtgtatagtcacgatggcgtctcactgcatgagectyg
ctggccgctgaactgactaaagccctgaaaactaaactgga
cctgtcecttecectggecatactectggcaaggacgectgaCGAG
CGGCCGCTCCTAGGAGCAGTATCGATCCCAGCCCACTTTTC
CCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAG
CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCT
GGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGG
AAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTG
GGGGGETGGGEETGGGGCAGGACAGCAAGGGGGAGGATTGGGA
AGACAACAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGG
CTTCTGAGGCGGAAAGAACCAGCTITTGGACGCGTCTTAAG

SEQ ID
NO:24

Codon-optimized
nucleotide sequence
encoding FXN
GenScript (low CpG)
for cloning into pTRs-
KS-CBh-EGFP-BGH
SCAAV vector

Agel site in bold,;
Avrll underlined;
CSS double
underlined;

Spel in bold
underlined;
bGHpolyA in jtalics;
Mlul site in bold
italics

(See Figure 2F)

TAGAAGACCGGTCGCCACCatgtggactctgggccggagayg
cagtggcaggactgctggcaagtccatcacctgctcaggcea
cagactctgacaagagtcccaagacctgcagagctggetce
actgtgcgggaggcgcggactgagaacagacatcgatgcta
catgtactcctcgacgggcaagctccaaccagecgagggcetyg
aaccagatttggaatgtgaagaaacagtccgtctacctgat
gaatctgaggaagtcaggcaccctggggcacccaggaagte
tggacgagaccacatatgaacggctggctgaggaaacactyg
gattctctggeccgagttcectttgaagacctggectgataagece
ctacacattcgaagactatgatgtgagctttggatccggeg
tgctgactgtcaaactgggcggggacctgggcacttacgtyg
atcaacaagcagacccctaacaagcagatttggectgtctag
tcecttcaagcggaccaaagecggtacgactggaccggcaaaa
actgggtgtattctcacgatggggtcagtctgcatgagectyg
ctggccgctgaactgaccaaggceccctgaagacaaaactgga
cctgtcecctetetggecatatageggaaaagatgectgaCGAG
CGGCCGCTCCTAGGAGCAGTATCGATCCCAGCCCACTTTTC
CCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAG
CCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCT
GGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGG
AAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTG
GGGGGTGGGETGGGGCAGGACAGCAAGGGGGAGGATTGGGA
AGACAACAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGG
CTTCTGAGGCGGAAAGAACCAGCTITTGGACGCGTCTTAAG

SEQ ID
NO:25

Nucleic acid
sequence encoding
collagen stabilizing
sequence (CSS)

CCCAGCCCACTTTTCCCCAA

SEQ ID
NO:26

Nucleic acid
sequence of CBh
promoter

tacataacttacggtaaatggcccgecctggectgaccgecea
acgacccccecgceccattgacgtcaatagtaacgceccaataggg
actttccattgacgtcaatgggtggagtatttacggtaaac
tgcccacttggcagtacatcaagtgtatcatatgccaagta
cgcccectattgacgtcaatgacggtaaatggceccegectgg
cattgtgcccagtacatgaccttatgggactttcctacttyg
gcagtacatctacgtattagtcatcgctattaccatggtcg
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aggtgagccccacgttctgcecttcactctececcateteeccee
ccctceccecccacceccceccaattttgtatttatttattttttaatt

attttgtgcagecgatgggggcgggggggagggggaggcgcyg
cgccaggeggggeggggcggggcgaggggceggggceggggcyg
aggcggagaggtgcggcggcagccaatcagagecggegeget
ccgaaagtttecttttatggcgaggcggeggeggeggeggce
cctataaaaagcgaagcgcgceggcgggcecgggagtegetgeg
acgctgccttegeccegtgeccegetecgeegecgectege
gccgeccecgeccecggcectetgactgaccgegttacteccacag
gtgagcgggcgggacggcccttetectecegggetgtaatta
gctgagcaagaggtaagggtttaagggatggttggttggtyg
gggtattaatgtttaattacctggagcacctgecctgaaatce
actttttttcaggttgga

WO 2017/077451
SEQID | Nucleic acid
NO:27 sequence of bGHpoly

A signal sequence

CTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCC
CCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCC
ACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTG
TCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGL
AGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCAT
GCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAG
AACCAGCT

SEQ ID
NO:28

Nucleotide sequence
encoding AAV2i8
capsid (VP1)

atggctgccgatggttatcttccagattggetegaggacac
tctctctgaaggaataagacagtggtggaagctcaaacctyg
gcccaccaccaccaaagcccgcagagcggcataaggacgac
agcaggggtcttgtgcttecctgggtacaagtacctcggacce
cttcaacggactcgacaagggagagccggtcaacgaggcag
acgccgcggecctcecgagcacgacaaagectacgacecggeag
ctcgacagcggagacaacccgtacctcaagtacaaccacge
cgacgcggagtttcaggagcgceccttaaagaagatacgtcett
ttgggggcaacctcggacgagcagtcttceccaggcgaaaaag
agggttcttgaacctctgggecctggttgaggaacctgttaa
gacggctccgggaaaaaagaggccggtagagcactctectyg
tggagccagactcecctecctecgggaaccggaaaggcgggecag
cagcctgcaagaaaaagattgaattttggtcagactggaga
cgcagactcagtacctgacccecccagecctcecteggacagecac
cagcagccceccctetggtectgggaactaatacgatggetaca
ggcagtggcgcaccaatggcagacaataacgagggcgccga
cggagtgggtaattcctcgggaaattggcattgecgattcca
catggatgggcgacagagtcatcaccaccagcacccgaace
tgggccctgcccacctacaacaaccacctctacaaacaaat
ttccagccaatcaggagcctcgaacgacaatcactactttyg
gctacagcaccccttgggggtattttgacttcaacagatte
cactgccacttttcaccacgtgactggcaaagactcatcaa
caacaactggggattccgacccaagagactcaacttcaage
tctttaacattcaagtcaaagaggtcacgcagaatgacggt
acgacgacgattgccaataaccttaccagcacggttcaggt
gtttactgactcggagtaccagctccecgtacgtcecctegget
cggcgcatcaaggatgcectceccgecgtteccagcagacgte
ttcatggtgccacagtatggatacctcaccctgaacaacgg
gagtcaggcagtaggacgctcttcattttactgecctggagt
actttccttctcagatgctgecgtaccggaaacaactttacce
ttcagctacacttttgaggacgttcctttccacagcagcta
cgctcacagccagagtctggaccgtctcatgaatcecctetcea
tcgaccagtacctgtattacttgagcagaacaaacactcca
agtggaaccaccacgcagtcaaggcttcagttttetgtgge
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cggacccagtaacatggctgtccagggaaggaactggette
ctggaccctgttaccgeccagcagecgagtatcaaagacatcet
gcggataacaacaacagtgaatttgcttggactggagctac
caagtaccacctcaatggcagagactctctggtgaatccgg
gcccggceccatggcaagceccacaaggacgatgaagaaaagttt
tttcectecagagecggggttectcatctttgggaagcaaggete
agagaaaacaaatgtggacattgaaaaggtcatgattacag
acgaagaggaaatcaggacaaccaatccecgtggctacggag
cagtatggttctgtatctaccaacctccagcaacagaacac
agcaccagctaccgcagatgtcaacacacaaggcgttectte
caggcatggtctggcaggacagagatgtgtaccttcagggyg
cccatctgggcaaagattccacacacggacggacattttca
cccctetececctecatgggtggatteggacttaaacacccte
ctccacagattctcatcaagaacaccccggtacctgcecgaat
ccttcgaccaccttcagtgecggcaaagtttgettecttceat
cacacagtactccacgggacaggtcagcgtggagatcgagt
gggagctgcagaaggaaaacagcaaacgctggaatcccgaa
attcagtacacttccaactacaacaagtctgttaatgtgga
ctttactgtggacactaatggcgtgtattcagagcctcgece
ccattggcaccagatacctgactcgtaatctgtaa

SEQ ID
NO:29

Amino acid sequence
of AAV2i8 capsid
(VP1)

MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDD
SRGLVLPGYKYLGPENGLDKGEPVNEADAAATLEHDKAYDRO
LDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEFQAKK
RVLEPLGLVEEPVKTAPGKKRPVEHSPVEPDSSSGTGKAGQ
QPARKRLNFGOTGDADSVPDPOPLGQPPAAPSGLGTNTMAT
GSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVITTSTRT
WALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDENRE
HCHEFSPRDWOQRLINNNWGEFRPKRLNEFKLENIQVKEVTONDG
TTTIANNLTSTVQVFTDSEYQLPYVLGSAHQGCLPPFPADV
FMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSOMLRTGNNET
FSYTFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTNTP
SGTTTOSRLOFSVAGPSNMAVQGRNWLPGPCYRQQRVSKTS
ADNNNSEFAWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFE
FPOSGVLIFGKQOGSEKTNVDIEKVMITDEEEIRTTNPVATE
QYGSVSTNLOOONTAPATADVNTQGVLPGMVWODRDVYLQG
PIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPAN
PSTTFSAAKFASFITQYSTGQVSVEIEWELOQKENSKRWNPE
IQYTSNYNKSVNVDEFTVDTNGVYSEPRPIGTRYLTRNL

SEQ ID
NO:30

Nucleic acid
encoding AAV2-TT
capsid (VP1)
(nucleotides that
differ from WT AAV2

are underlined)

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAC
TCTCTCTGAAGGAATAAGACAGTGGTGGAAGCTCAAACCTG
GCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGACGAC
AGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACC
CTTCAACGGACTCGACAAGGGAGAGCCGGTCAACGAGGCAG
ACGCCGCGGCCCTCGAGCACGACAAAGCCTACGACCGGCAG
CTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGC
CGACGCGGAGTTTCAGGAGCGCCTTAAAGAAGATACGTCTT
TTGGGGGCAACCTCGGACGAGCAGTCTTCCAGGCGAAAAAG
AGGATTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAA
GACGGCTCCGGGAAAAAAGAGGCCGGTAGAGCACTCTCCTG
CGGAGCCAGACTCCTCCTCGGGAACCGGAAAGTCGGGCCAG
CAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGA
CGCAGACTCAGTACCTGACCCCCAGCCTCTCGGACAGCCAC
CAGCAGCCCCCTCTGGTCTGGGAACTAATACGATGGCTTCA
GGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGA
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CGGAGTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCA
CATGGATGGGCGACAGAGTCATCACCACCAGCACCCGAACC
TGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAAT
TTCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTG
GCTACAGCACCCCTTGGGGGTATTTTGACTTCAACAGATTC
CACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATCAA
CAACAACTGGGGATTCCGACCCAAGAGACTCAGCTTCAAGC
TCTTTAACATTCAAGTCAAAGAGGTCACGCAGAATGACGGT
ACGACGACGATTGCCAATAACCTTACCAGCACGGTTCAGGT
GTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCT
CGGCGCATCAAGGATGCCTCCCGCCGTTCCCAGCAGACGTC
TTCATGGTGCCACAGTATGGATACCTCACCCTGAACAACGG
GAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGT
ACTTTCCTTCTCAGATGCTGCGTACCGGAAACAACTTTACC
TTCAGCTACACTTTTGAGGACGTTCCTTTCCACAGCAGCTA
CGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCA
TCGACCAGTACCTGTATTACTTGAGCAGAACAAACACTCCA
AGTGGAACCACCACGATGTCAAGGCTTCAGTTTTCTCAGGC
CGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTC
CTGGACCCTGTTACCGCCAGCAGCGAGTATCAAAGACAGCT
GCGGATAACAACAACAGTGATTACTCGTGGACTGGAGCTAC
CAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGG
GCCCGGCCATGGCAAGCCACAAGGACGATGAAGAARAAGTAT
TTTCCTCAGAGCGGGGTTCTCATCTTTGGGAAGCAAGALCTC
AGGAAAAACAAATGTGGACATTGAAAAGGTCATGATTACAG
ACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAG
CAGTATGGTTCTGTATCTACCAACCTCCAGAGCGGCAACALC
ACAAGCAGCTACCTCAGATGTCAACACACAAGGCGTTCTTC
CAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGG
CCCATCTGGGCAAAGATTCCACACACGGACGGACATTTTCA
CCCCTCTCCCCTCATGGGTGGATTCGGACTTAAACACCCTC
CTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAAT
CCTTCGACCACCTTCAGTGCGGCAAAGTTTGCTTCCTTCAT
CACACAGTACTCCACGGGACAGGTCAGCGTGGAGATCGAGT
GGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAA
ATTCAGTACACTTCCAACTACAACAAGTCTGTTAATGTGGA
CTTTACTGTGGACACTAATGGCGTGTATTCAGAGCCTCGCC
CCATTGGCACCAGATACCTGACTCGTAATCTGTAA

SEQ ID
NO:31

Amino acid sequence
of AAV2-TT capsid
(VP1)

MAADGYLPDWLEDTLSEGIROWWKLKPGPPPPKPAERHKDD
SRGLVLPGYKYLGPENGLDKGEPVNEADAAATLEHDKAYDRO
LDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEFQAKK
RILEPLGLVEEPVKTAPGKKRPVEHSPAEPDSSSGTGKSGQ
QPARKRLNFGOTGDADSVPDPOPLGQPPAAPSGLGTNTMAS
GSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVITTSTRT
WALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYEFDENRE
HCHFSPRDWOQRLINNNWGEFRPKRLSEFKLENIQVKEVTONDG
TTTIANNLTSTVQVFTDSEYQLPYVLGSAHQGCLPPFPADV
FMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSOMLRTGNNET
FSYTFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTNTP
SGTTTMSRLOFSQAGASDIRDOSRNWLPGPCYRQORVSKTA
ADNNNSDYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKY
FPOSGVLIFGKODSGKTNVDIEKVMITDEEEIRTTNPVATE
QYGSVSTNLOSGNTQAATSDVNTQGVLPGMVWODRDVYLQG
PIWAKTIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPAN
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PSTTFSAAKFASFITQYSTGQVSVEIEWELOQKENSKRWNPE
IQYTSNYNKSVNVDEFTVDTNGVYSEPRPIGTRYLTRNL

SEQ ID
NO:32

Nucleic acid
encoding AAV2-TT-
S312N capsid (VP1)
(nucleotides that
differ from WT AAV2

are underlined)

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAC
TCTCTCTGAAGGAATAAGACAGTGGTGGAAGCTCAAACCTG
GCCCACCACCACCAAAGCCCGCAGAGCGGCATAAGGACGAC
AGCAGGGGTCTTGTGCTTCCTGGGTACAAGTACCTCGGACC
CTTCAACGGACTCGACAAGGGAGAGCCGGTCAACGAGGCAG
ACGCCGCGGCCCTCGAGCACGACAAAGCCTACGACCGGCAG
CTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGC
CGACGCGGAGTTTCAGGAGCGCCTTAAAGAAGATACGTCTT
TTGGGGGCAACCTCGGACGAGCAGTCTTCCAGGCGAAAAAG
AGGATTCTTGAACCTCTGGGCCTGGTTGAGGAACCTGTTAA
GACGGCTCCGGGAAAAAAGAGGCCGGTAGAGCACTCTCCTG
CGGAGCCAGACTCCTCCTCGGGAACCGGAAAGTCGGGCCAG
CAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGA
CGCAGACTCAGTACCTGACCCCCAGCCTCTCGGACAGCCAC
CAGCAGCCCCCTCTGGTCTGGGAACTAATACGATGGCTTCA
GGCAGTGGCGCACCAATGGCAGACAATAACGAGGGCGCCGA
CGGAGTGGGTAATTCCTCGGGAAATTGGCATTGCGATTCCA
CATGGATGGGCGACAGAGTCATCACCACCAGCACCCGAACC
TGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAAT
TTCCAGCCAATCAGGAGCCTCGAACGACAATCACTACTTTG
GCTACAGCACCCCTTGGGGGTATTTTGACTTCAACAGATTC
CACTGCCACTTTTCACCACGTGACTGGCAAAGACTCATCAA
CAACAACTGGGGATTCCGACCCAAGAGACTCAACTTCAAGC
TCTTTAACATTCAAGTCAAAGAGGTCACGCAGAATGACGGT
ACGACGACGATTGCCAATAACCTTACCAGCACGGTTCAGGT
GTTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCT
CGGCGCATCAAGGATGCCTCCCGCCGTTCCCAGCAGACGTC
TTCATGGTGCCACAGTATGGATACCTCACCCTGAACAACGG
GAGTCAGGCAGTAGGACGCTCTTCATTTTACTGCCTGGAGT
ACTTTCCTTCTCAGATGCTGCGTACCGGAAACAACTTTACC
TTCAGCTACACTTTTGAGGACGTTCCTTTCCACAGCAGCTA
CGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCA
TCGACCAGTACCTGTATTACTTGAGCAGAACAAACACTCCA
AGTGGAACCACCACGATGTCAAGGCTTCAGTTTTCTCAGGC
CGGAGCGAGTGACATTCGGGACCAGTCTAGGAACTGGCTTC
CTGGACCCTGTTACCGCCAGCAGCGAGTATCAAAGACAGCT
GCGGATAACAACAACAGTGATTACTCGTGGACTGGAGCTAC
CAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGG
GCCCGGCCATGGCAAGCCACAAGGACGATGAAGAAAAGTAT
TTTCCTCAGAGCGGGGTTCTCATCTTTGGGAAGCAAGALCTC
AGGAAAAACAAATGTGGACATTGAAAAGGTCATGATTACAG
ACGAAGAGGAAATCAGGACAACCAATCCCGTGGCTACGGAG
CAGTATGGTTCTGTATCTACCAACCTCCAGAGCGGCAACAL
ACAAGCAGCTACCTCAGATGTCAACACACAAGGCGTTCTTC
CAGGCATGGTCTGGCAGGACAGAGATGTGTACCTTCAGGGG
CCCATCTGGGCAAAGATTCCACACACGGACGGACATTTTCA
CCCCTCTCCCCTCATGGGTGGATTCGGACTTAAACACCCTC
CTCCACAGATTCTCATCAAGAACACCCCGGTACCTGCGAAT
CCTTCGACCACCTTCAGTGCGGCAAAGTTTGCTTCCTTCAT
CACACAGTACTCCACGGGACAGGTCAGCGTGGAGATCGAGT
GGGAGCTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAA
ATTCAGTACACTTCCAACTACAACAAGTCTGTTAATGTGGA
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CTTTACTGTGGACACTAATGGCGTGTATTCAGAGCCTCGCC
CCATTGGCACCAGATACCTGACTCGTAATCTGTAA

SEQ ID
NO:33

Amino acid sequence
of AAV2-TT-S312N
capsid (VP1)

MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDD
SRGLVLPGYKYLGPENGLDKGEPVNEADAAATLEHDKAYDRO
LDSGDNPYLKYNHADAEFQERLKEDTSFGGNLGRAVEFQAKK
RILEPLGLVEEPVKTAPGKKRPVEHSPAEPDSSSGTGKSGQ
QPARKRLNFGOTGDADSVPDPOPLGQPPAAPSGLGTNTMAS
GSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVITTSTRT
WALPTYNNHLYKQI SSQSGASNDNHYFGYSTPWGYFDENRE
HCHEFSPRDWOQRLINNNWGEFRPKRLNEFKLENIQVKEVTONDG
TTTIANNLTSTVQVFTDSEYQLPYVLGSAHQGCLPPFPADV
FMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSOMLRTGNNET
FSYTFEDVPFHSSYAHSQSLDRLMNPLIDQYLYYLSRTNTP
SGTTTMSRLOFSQAGASDIRDOSRNWLPGPCYRQORVSKTA
ADNNNSDYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKY
FPOSGVLIFGKODSGKTNVDIEKVMITDEEEIRTTNPVATE
QYGSVSTNLOSGNTQAATSDVNTQGVLPGMVWODRDVYLQG
PIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVPAN
PSTTFSAAKFASFITQYSTGQVSVEIEWELOQKENSKRWNPE
IQYTSNYNKSVNVDETVDTNGVYSEPRPIGTRYLTRNL
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What is claimed is:

1. A modified nucleic acid encoding frataxin (FXN) comprising the amino acid sequence set

forth in SEQ ID NO:1, wherein said nucleic acid is expressed at a greater level compared with
the expression level of the wild type FXN nucleic acid sequence of SEQ ID NO:2, and wherein
said modified nucleic acid comprises at least one characteristic selected from the group
consisting of: a GC content of at least 55%, a number of CpG dinucleotides not greater than
124, and a codon adaptation index (CAl) of at least 0.76.
2. The modified nucleic acid of claim 1, said nucleic acid comprising at least one
characteristic selected from the group consisting of:

(a) a CAl of at least 0.86, at least 0.95, or at least 0.98;

(b) a GC content is at least 57%, at least 61%, or at least 69%;

(c) a number of CpG dinucleotides is less than 124;

(d) a nucleic acid sequence selected from the group consisting of a sequence as set
forth in SEQ ID NOs:3-9.
3. A modified nucleic acid encoding FXN, wherein said nucleic acid is expressed at a
greater level compared with the level of expression of the wild type FXN nucleic acid sequence
of SEQ ID NO:2, and wherein the nucleic acid comprises at least one of:

(a) a nucleic acid sequence selected from the group consisting of SEQ ID NOs:3-9;

(b) a GC content of at least 55%;

(c) a number of CpG dinucleotides not greater than 117; and

(d) a CAl of at least 0.86.

4, The modified nucleic acid of claim 3, wherein the nucleic acid sequence is selected from
the group consisting of SEQ ID NO:5 and SEQ ID NO:7.

5. The modified nucleic acid of claim 1 comprising the nucleic acid sequence of SEQ ID
NO:7.

6. A vector comprising the modified nucleic acid of claim 1.

7. A vector comprising the modified nucleic acid of claim 3.

8. The vector of claim 7, wherein said vector is a recombinant adeno-associated virus

vector (rAAV) and the nucleic acid is self-complementary.

9. The rAAV of claim 8, wherein said rAAV comprises a capsid selected from the group
consisting of a capsid of AAV1, AAV2, AAV3, AAV4, AAV5, AAVE, AAV7, AAVS, AAVI, AAV10,
AAV11, AAV12, AAVrh10, AAVrh74, RHM4-1, RHM15-1, RHM15-2, RHM15-3/RHM15-5,
RHM15-4, RHM15-6, AAV Hu.26, AAV1.1, AAV2.5, AAV6.1, AAV6.3.1, AAV9.45, AAV2i8,
AAV2G9, AAV2i8G9, AAV2-TT, AAV2-TT-S312N, AAV3B-S312N, and AAV-LKO03.
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10. The rAAV of claim 9, wherein the modified nucleic acid comprises the sequence of SEQ
ID NO:7 and wherein capsid is selected from a capsid of AAV2i8 and a capsid of AAV2-TT-
S312N.
11. The rAAV of claim 10, wherein said nucleic acid further comprises at least one element
selected from the group consisting of: at least one AAV terminal repeat sequence, an enhancer,
a promoter, a stop codon, and a poly-adenylation (polyA) signal sequence.
12. The rAAV of claim 11, said rAAV comprising two AAV terminal repeat sequences, a CBh
promoter, a sequence encoding a collagen stabilization sequence (CSS), and a bovine growth
hormone poly-adenylation signal sequence (bGHpolyA).
13. A rAAV vector comprising a nucleic acid comprising, from 5’ to 3"

(a) an AAV2 terminal repeat,

(b) a CBh promoter comprising the nucleic acid sequence of SEQ ID NO:25;

(c) the modified nucleic acid encoding FXN of claim 3;

(d) a CSS having the sequence of SEQ ID NO:24;

(e) a bGHpolyA signal sequence having the sequence of SEQ ID NO:26; and

(f an AAV2 terminal repeat.
14. The rAAV vector of claim 13, further comprising an AAV2i8 capsid wherein the VP1
comprises the amino acid sequence of SEQ ID NO:29, said vector further comprising a self-
complementary nucleic acid comprising, from 5’ to 3’;

(a) an AAV2 terminal repeat,

(b) a CBh promoter comprising the nucleic acid sequence of SEQ ID NO:25;

(c) a modified nucleic acid encoding FXN comprising the sequence of SEQ ID NO:7;

(d) a CSS having the sequence of SEQ ID NO:24;

(e) a bGHpolyA signal sequence having by the sequence of SEQ ID NO:26; and

(f an AAV2 terminal repeat.
15. The rAAV vector of claim 13, further comprising an AAV2-TT-S312N capsid wherein the
VVP1 comprises the amino acid sequence of SEQ ID NO:31, said vector further comprising a
self-complementary nucleic acid comprising, from 5’ to 3’

(a) an AAV2 terminal repeat,

(b) a CBh promoter comprising the nucleic acid sequence of SEQ ID NO:25;

(c) a modified nucleic acid encoding FXN comprising the sequence of SEQ ID NO:7;

(d) a CSS having the sequence of SEQ ID NO:24;

(e) a bGHpolyA signal sequence having the sequence of SEQ ID NO:26; and

(f an AAV2 terminal repeat.
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16. A rAAV vector for treating Friedreich ataxia (FRDA) in a patient in need thereof, wherein
said rAAV comprises a modified nucleic acid encoding FXN selected from the group consisting
of:

(a) a modified nucleic acid comprising the amino acid sequence set forth in SEQ ID
NO:1, wherein said nucleic acid is expressed at a greater level compared with the expression
level of the wild type FXN nucleic acid sequence of SEQ ID NO:2, and further comprises a GC
content of at least 55%, a number of CpG dinucleotides not greater than 124, and a codon
adaptation index (CAl) of at least 0.76;

(b) a modified nucleic comprising a CAl of at least 0.86, a GC content is at least 55%,
and a number of CpG dinucleotides not greater than 117;

(c) a modified nucleic comprising the nucleic acid sequence of SEQ ID NO:5; and

(d) a modified nucleic comprising the nucleic acid sequence of SEQ ID NO:7.
17. The modified nucleic acid of claim 16, comprising the nucleic acid sequence of SEQ ID
NO:7.
18. A rAAV vector for treating Friedreich ataxia in a patient in need thereof, wherein said
vector comprises the modified nucleic acid encoding frataxin of claim 3.
19. A pharmaceutical composition comprising the rAAV vector of claim 18.
20. A method of treating FRDA in a subject, said method comprising administering the rAAV
vector of claim 18.
21. The method of 20, wherein said rAAV vector is administered systemically, by direct
cardiac administration or by intracranial administration.
22. The method claim 21, wherein the rAAV vector is administered intracranially.
23. The method of claim 21, wherein the rAAV vector is directly administered into the heart.
24, The method of claim 21, wherein said modified nucleic acid encoding FXN comprises the
nucleic acid sequence of SEQ ID NO:7.
25. A method of treating a disease, disorder or condition mediated by a decreased level of
FXN in a subject, the method comprising administering the rAAV vector claim 18.
26. A host cell comprising the modified nucleic acid encoding FXN of claim 3.
27. The host cell of claim 26, wherein the cell is selected from the group consisting of VERO,
WI38, MRC5, A549, HEK293 cells, B-50 or any other HelLa cells, HepG2, Saos-2, HuH7, and
HT1080.
28. The host cell of claim 27, wherein the host cell is a HEK293 adapted to growth in
suspension culture.
29. The host cell of claim 27, wherein the cell is a HEK293 cell having ATCC No. PTA
13274.
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30. The host cell of claim 26, said cell comprising at least one nucleic acid encoding at least
one protein selected from the group consisting of a Rep protein, a Cap protein, a E1a protein, a
E1b protein, an E2a protein, an E4 protein and a VA RNA.

31. The modified nucleic acid encoding frataxin of claim 1 for use in increasing the level of
frataxin in a cell.

32. The modified nucleic acid encoding frataxin of claim 3 for use in increasing the level of
frataxin in a cell.

33. The rAAV vector of claim 18 for use in treating Friedreich ataxia in a subject.
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FIGURE 2A

WT FXN (SEQ ID NO:19)
TAGAAGACCGGTCGCCACCatgtggactctcecgggecgceccgecgcagtagecggectectggegt
cacccagcccagcccaggeccagaccctcaccecgggtecececgeggecggcagagttggeccecea
ctctgcggccecgeccgtggectgegecaccgacatecgatgecgacctgcacgeccecgecgegecaag
ttcgaaccaacgtggcctcaaccagatttggaatgtcaaaaagcagagtgtctatttgatga
atttgaggaaatctggaactttgggccacccaggctctctagatgagaccacctatgaaaga
ctagcagaggaaacgctggactctttagcagagttttttgaagaccttgcagacaageccata
cacgtttgaggactatgatgtctcctttgggagtggtgtcttaactgtcaaactgggtggag
atctaggaacctatgtgatcaacaagcagacgccaaacaagcaaatctggctatcttcteca
tccagtggacctaagcgttatgactggactgggaaaaactgggtgtactcccacgacggegt
gtccctceccatgagcectgectggeccgcagagectcactaaagecttaaaaaccaaactggacttgt
cttccttggectattcececggaaaagatgecttgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG

FIGURE 2B

IDT1 codon optimized FXN (SEQ ID NO:20)
TAGAAGACCGGTCGCCACCatgtggactctgggtaggcgagcggtggcecggectgttggeat
ctcctagtcecctgcacaagctcaaacgctgactagagtcececteggecagcagaactggegeca
ctttgcggccggecgeggtettegecactgatattgatgeccacttgcacaccececggegegecte
cagtaatcagcggggacttaatcaaatttggaatgtgaagaagcagtctgtgtatcttatga
atctgcggaagagcgggaccctgggceccaccectggtagecttgatgaaaccacctatgagege
ctggccgaagagacactggacagtcttgeccgagttttttgaggatctggeccgacaaacctta
tacttttgaggactatgacgtgtcctttggatctggtgtattgaccgtaaaactecgggggag
accttgggacgtatgtaataaataagcagaccccaaacaagcagatctggctcagetctcecea
agtagtggtcctaagagatatgattggacgggcaagaactgggtctattcccatgatggegt
ctctttgcatgaactccttgcagcagagctgaccaaggecttgaagaccaaattggatctea
gcagcctcecgectatagtggcaaagatgecatagCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG




WO 2017/077451 PCT/IB2016/056572

3/8

FIGURE 2C

IDT3 - low expresser (SEQ ID NO:21)
TAGAAGACCGGTCGCCACCatgtggacactgggaaggcgcgccgtggcecggtetgttggeat
caccatccccagcecccaggctcagacactcaccecgagtececcaagacccgcagagetggecect
ctgtgcgggcgccgaggcecttegecaccgatatecgatgectacatgcacgecacgcagagcetag
ctcaaatcagaggggactcaaccagatatggaatgtcaagaagcaaagcgtgtatctcatga
acctccggaaaagcggcaccctgggacatcecccgggtetectegacgagaccacttatgaaaga
ctggcagaggagactcttgacagtctggcggagttcttecgaagacctecgetgacaagecata
taccttcgaagattacgacgtctecctteggetectggggtgectgactgtcaagettggeggeg
acctggggacctacgtgatcaacaagcagactccaaacaagcaaatctggctcagecagtccea
agctccggacccaagagatacgattggacaggcaagaattgggtttactcecccacgacggggt
gtccctceccatgagcectgectggeccgectgagectgacgaaggecctgaagaccaagctggatetet
cctccectggecatacagtggtaaggacgecttgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG

FIGURE 2D

IDT4 (SEQ ID NO:22)
TAGAAGACCGGTCGCCACCatgtggactctgggccggecgggecgtagetggettgetggeta
gcccaagtcccgecceccaggctcagactcectcaccagggtacccaggeccgecagagettgeteca
ctctgcggacgcaggggtctgcgaaccgatatcgacgcaacttgcacgecgeggagggectce
ttcaaaccagagaggactcaatcaaatttggaatgtaaagaaacagagcgtgtatctcatga
acctccgaaagagtgggactcttgggcacccececggcectecctggacgagactacttacgagege
ctggccgaagaaaccttggattceccecctggeggagttttttgaagacttggcagacaagectta
taccttcgaggattacgacgtgagttttggectcectggtgttecttacagtcaagecteggtggeg
accttggcacttatgtaattaacaagcagacacctaacaagcagatctggctttctagtecg
tctteceggteccaaaaggtacgattggactggaaagaactgggtctacagtcacgacggtgt
ctccctgcacgaattgettgeggectgagectgactaaggecgctcaaaacaaaactggatetgt
ccagccttgectatagecgggaaggacgcatgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG
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FIGURE 2E

GenScript (SEQ ID NO:23)
TAGAAGACCGGTCGCCACCatgtggacactgggccggagagccgtegetgggetgetggeat
caccatcccceccgecacaggcacagaccctgacaagagtececteggecagcagagetggeccca
ctgtgcgggcggagaggactgcgaaccgacatcgatgctacttgtaccccaaggcgagcaag
ctccaaccagcgagggctgaaccagatttggaatgtgaagaaacagtctgtctacctgatga
atctgagaaagagcggcactctgggacaccctggcagectggacgagaccacctacgagegg
ctggccgaggaaaccctggattcecctggecgagttetttgaagacctggectgataagecata
caccttcgaagactatgacgtgagcttcggcageggegtgetgacagtcaaactgggegggg
acctgggaacatacgtgatcaacaagcagactcctaacaagcagatttggectgtcectagtece
tcaagcggccecctaagaggtacgactggacagggaaaaactgggtgtatagtcacgatggegt
ctcactgcatgagctgctggceccgectgaactgactaaagecctgaaaactaaactggacctgt
cttccectggecatactctggcaaggacgectgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG

FIGURE 2F

GenScript (low CpG) (SEQ ID NO:24)
TAGAAGACCGGTCGCCACCatgtggactctgggccggagagcagtggcaggactgectggecaa
gtccatcacctgctcaggcacagactctgacaagagtcccaagacctgcagagectggetecca
ctgtgcgggaggcgcggactgagaacagacatcgatgctacatgtactcectecgacgggcaag
ctccaaccagcgagggctgaaccagatttggaatgtgaagaaacagtccgtctacctgatga
atctgaggaagtcaggcaccctggggcacccaggaagtectggacgagaccacatatgaacgg
ctggctgaggaaacactggattctctggeccgagttectttgaagacctggectgataageccta
cacattcgaagactatgatgtgagctttggatccggegtgectgactgtcaaactgggegggg
acctgggcacttacgtgatcaacaagcagacccctaacaagcagatttggetgtectagtect
tcaagcggaccaaagcggtacgactggaccggcaaaaactgggtgtattcectcacgatggggt
cagtctgcatgagctgctggeccgectgaactgaccaaggcecctgaagacaaaactggacctgt
cctctectggcatatagecggaaaagatgectgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG
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FIGURE 3
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L. —Fhmf & ESEQ 1D NO: 1H Bl i & 1 7 A1 B HL % 2R il ER B (FXN) &2 1
(RIRE IR , b BT IR B R 1) 6 4 7K P75 T-SEQ 1D NO: 21 B 4= BUEXNL I /7 91 (K R ik 7K F, B
H iR 221 P Z IR0 5 1% 3 BB &8 A i 22— AR GOKF A 2 /b
55% CpG _AZHIREH AL 124, e 305 F& M A £ (CAT) % /0.76,

2. BRI SR 1 BAE AL , T A% TR B 3% I lH DL S8 H R A 1 2 /b — AN

(a) CAT N ZE/0.86. % /00.958% £ /1>0.98;

(b) GC/K T N ZEAD5T% D61 % B E 69 % ;

(c) CpG AL H R AL H /N T-124;

(d) & H HUISEQ ID NO:3Z2 94 flr 7w B 5 F1 4H e 2 I AZ IR 7 91

3. — MR fLEXNI) LA AZ IR , Forh BTk i BR 1) 3Rk 7K P75 T-SEQ 1D NO: 21 By A= &Y
FXNIZ IR 7 9 B s K -1, HH A ik g e & DL & & i 20 —%

(a) e EH HISEQ ID NO:3ZE9ZH B I R 7 51 +

(b) GCIKF- 9 2 /055%

(¢) CoC - HIREL H AN 1175 &

(d) CAT A Z/0.86,

4 MR ER 3 RABRI LR , Horb ik A% IR ¥ #1136 H FHSEQ 1D NO:5/2SEQ ID NO:7
R

5. W AFIZR IS BRI ZIR , FA A SEQ 1D NO: THIAXIR 741 .

6. — P A, HAL SRR ZR 1 2SR AL IR -

7. — P, HAL SRR ZR 3P AT AL IR -

8 . AUFI SR T 1) A, o BT i 3 4 8 25 2H AR AH 26 99 B 3k A (rAAY) HLBTIRAZ IR N H 3.
H AN

9. AR ELR 8 rAAV , Forh BT i r AAVAEL 3% B B DL 2538 10 A< 52 2H A 1 40 1 A< 5%
AAV1 . AAV2 AAV3 . AAV4 AAV5 AAV6  AAVT JAAVS  AAVO AAVI0 . AAVI1 AAV12 . AAVTh10.
AAVrh74 .RHM4-1.RHM15-1 .RHM15-2 .RHM15-3/RHM15-5 .RHM15-4 \RHM15-6 . AAV Hu.26.
AAVL.1.AAV2.5.AAV6.1.AAV6.3.1.AAV9 .45 ,AAV2i8 . AAV2G9 AAV218G9 . AAV2-TT AAV2-TT-
S312N.AAV3B-S312N 2 AAV-LKO3,

10 BRI ZE R I T AAV, o iR 22 1 ) R FR 5 SEQ 1D NO: 7T 41, HH Hp AR Fe ik
HAAV2i 8 AR 72 JZ AAV2-TT-S3 12N R 7% o

11 AR EE R TOB v AAV, Horp Frif R 3 — P A0 & 3k DL & F s 4 i &2 b —
A Te : B —AAAVK S BEE FH] 8T R T &I LR IRIFRR (polyA) 15
CLZE

12 BRI EE SR T rAAV, BT IR r AAVADL & AN AAV K St B8 5 7 %1 . CBh JE 3 1 2 5 i JR 2
H &€ 741 (CSS) P A1 Je A=A KR R I E A AE 5 751 (bGHpolyA) .

13. —FhrAAVEER, HE 5 A 23 WE LTI

(a) AAV2 K Ui B 52 7 971 5

(b) CBhJF 8T, FALESEQ 1D NO: 254 R 7 41 5

(c) AL SR 3 S S FXNI) S B R R R «

2
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(d) CSS, FEASEQ 1D NO: 24K ¥ 51 5

(f) AAV2 K it 5 P51

14 BRI B SR 13 rAAVER A4, Fo it — B A 8 AAV21 84K 5%, FLFPVP1TALESEQ 1D NO: 2911
AT, frid 8kt — b a & HS 23 A5 LN ERELAMEIR

(a) AAV2 K Ui B 5 7 971 5

(b) CBhJE BT, FL AL SEQ 1D NO: 25/ A% IR T 41 5

() It FXNI) 2B LR , AL 5 SEQ 1D NO: THI 751 5

(d) €SS, H EASEQ ID NO: 24/ FE 41 s

(f) AAV2 K it B P51

15 AR R 13 rAAVER A%, oot — 405 AAV2-TT-S3 12N 7% , Horh Bk VP 144,47 SEQ
ID NO: 312 B 7, rid#fadt— P a5 A 23 fWE T HKREAMARE

(a) AAV2 K Ui B 5 7 471 5

(b) CBhEZNT-, HAL A SEQ ID NO: 25\ %R FF 51 ;

() gmAEFXNEI LB AL IR , AL SEQ ID NO: THI 7415

(d) CSS, HHASEQ ID NO: 2411 JF41 s

(f) AAV2 K it B P51

16. —FhH 16976 7% Z0) BE 1 36 B84 (Fr iedreich) 3E5F2K 1 (FRDA) [fIrAAV
R, HoA FTIRrAAVEL 3%k H DA T &35 4 R 2H 1) S AP XN 2 AE IR AL IR «

(a) ZAEMRII IR , HA S FESEQ 1D NO: LHF BRI R LR 7 41 , Horb FTid IR 1 R A
KFFSEQ 1D NO: 2019 B A RUFXNIL R 77 51 (1) Rk /K7, Bt — A& 2 /D55 % [GCK
AN 124/ CoG AZ IR H S 2 /00 611 F 05 1-3&E M Fa £ (CAT) 5

(b) ZAE MR ER , F A& 2 /00 . 86K CAT & 55 % IGC/K - S ARKERLE 117H1CpG 4%
HIREH

(c) ZABMAHIAZ IR , HoAL& SEQ 1D NO:SHIER A1 s

(d) 24 MR ER , H 5 SEQ 1D NO: THIZ IR 41

17 AR ZR 16 A2 R , HoBL 5 SEQ ID NO: THIAZIR 741 o

18. —Fh V697 A 7 210 2835 1 96 FL A A L 0% 2R I r AAVERAA , Frh ik #0446,
BRI ZE SR 3 4t FL 5 R T B A I 2B IR AX IR -

19. —Fh 25 G4 , oA S BUR B SR 18I r AAVER A4

20. — Pl YT 3250 BIFRDAR J7¥2: , BT i 77 v B0 4 it BRI 22 3R 1811 r AAVEL A4

21 BRI EE SR 200 77 9% , v B 4200 I Jiti FH 55038 0 it PN it FH Ok 4 B e it FH P ik
rAAVER K o

22 BURE R 218 77325 , For FIridk rAAVER AR 22 Pt oA Tt FH o

23 BUREE R 21 1) 77925 , Ho v B 42 v O IR e FH BT i r AAVER A4

24 BURNEER 2110 75 1 , Fo b Ym i FXN BT I8 S AR 1R 1 A% BR €177 SEQ 1D NO: T4 R /7
1P
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25— MG YT 32 3R R BRAR KT IR F XN S 1R 5 975 90 R 00 IR 140 1 5 46, i i 7 vk
45 it BRI ZE SR 18 rAAVER A4

26. —FhfE = A0A , FoAL S AR B R 31 4u i F XN ZAB R I AZ IR -

27 BRI ELR 2611 15 E AL, Hrp FriR 40 Ak 5 B DL R % 3% 41 i 41 : VERO . WI 38,
MRC5.A549 HEK293 411 i) . B-50 AT 7] HAhHe a4l ffd \HepG2 « Saos—2 HuH7 A& HT1080.

28  BUFEE SR 27/ 15 A, b Bl g A oS T 76 BiF 8 7E W A K I HEK 293 .

29 BURIZEER 278 1 A, Horh Frik 20 i 9 BAAATCC NO.PTA13274fHEK293 4 fifd .

30 BUREE SR 2611 i 2 4 M, P 38 24 M 6, 5 ok 11 pl DL 2% 38 4 R I 2L 1 2 /D — Fob
R 2> — A% R : ReptE 1 \CapfE [ \Elafk (1 \E1b&E [ \E2a 5 (1 \E4K 1 VA RNA.

31 BRI ELSR 1 1wt H 5 2R R 2 1 I SAB R AR , 6 T 386 hn 3 5 2k 1 25 1 7R 40 e
K

32 BRI EL SR 31wt H 5 R R £ 1 I SAB MR AR , 6 T 386 hn 35 2k T 2 1 AR 4 e
K

33 BUFIEL R 18K rAAVER A4 , T F 9697 520 3 1) 3 B A 25 L 5 2R 0
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RATER BT Ina 5 R EHE TR BEERE L EHF

% BB 4T

[0001] AR B R AABMRII L5 R AR (frataxin) (FXN) JE K] L5 ZAB M XN K]
(R AR AT FH 2SR ) XN [R] A 75 A 12 5 ik DR ) 8 A o i B R SR 1 3 g A E 5 A8 (BB
A ) ARk R B R R TR Rk VA YT 9B BB Ay (Friedreich) JRBF R MM 75, %96 B
TG A L O R B FE O LR AN/ 85 AR SRR 1) 28 1R AR 1 0

[0002] K HA 7S5

[0003]  #fs HEL {38 A5 355 2 I (FRDA) 5 gmfith 28 7 44 2 19 31355 2 1 8 1 A PXINGES [R] 1) Ik 1)
Boe ARG AN/ BRCZ F XN AT 1) 9 A% AH DGk - FRDA A 5 G € ARk [ 1 e 0 , =48 A AE 3 B XGR I3
5 2 IR s i B8 M 92975 - FRDA FH 32 EUmRNA K¢ 5% 2 1 85 11 1 B 11 7K P B IR B F XIS [X] 1)
AR 5| D o B 1 L5 R A 1 3R S AR AR b, AR AL I8 T AR I ATPERZ

[0004]  FRDAJNEZMN L2 J 75 /D4 H S 8T M hR % St B0 T B M4 1B A i - 42
PRAIE 5 J8HE A 28 T 1) IR A A DRI, HL 28 3k A 1 b 28 T B B8 11 IR0 5 5. 1 31 52 31 ™ E 5
i) o IR AFAE R B /N S BB 2 5SS 10— e 415 X L8 n) -5 B R AL FRDARY ~1- 65 P
WA B VLAY 5 B PR B T 2 2K o e A, BB 3 A A e RE AR AT B i A0 T ) BB JE A o L o o0
SR AN 8k A O JIE 0 ) AR IR S BH 2 1Y

[0005] A5, Lk O YA AR 1 U 5T 2Rk A P 45 T AL DL P AR e s B R BBk & L SRR R R
T AP 78 M Bk H A7 o A AE 75 B A BN 1) Il R B0k o BRI I, R R R R
[ = T HOX LB G = gk — D PR R T RE , X AR P RE MRS 1 9t HL A Ay T T O
S AN 2R G0 Ko JIE ) 4 PR P JER R

[0006]  FI| H fi M1k, ANAFAE H T-45 11 B8 22 FRDA R A7 THI 52 10 P ¥2% o i PR A FH 0 sl 4k T
AR B 24 BT VAT 7 VR A 22 ARk Ha KA an s IR T RS IERITE T MR 8
3o oAk, — L Z5W) 2 H TR T O - IR L, JE 9 7 2 — R T 6 97 S FRDAAE SR IR IR
()T BB IT 7%

[0007]  REAMEAR

[0008]  ARSCAFF KPR T gt ILse i E B (FXN) BB MR A S i B M
PR 1) AR Sl It 1) A 75 21 A 3 it FH A0 1) A% TR B A i AR R I 4 AR ¥ T El PR AR OK
SPIEXNA IR I 775

[0009]  ACBHHAE AN D34S FAS R 3 o 0 S 36 110 38 440 BV R R 01 B R 8 7 o AR ST i ik
R A 2 W B R 52 S e SR AR R 22 5350 o LSS S5 U 7 A DA R Szt € () 955 o

[0010]  E1.—FhFHT¥6797 AN 2K32 8 BIFRDAR) 245 1 O EXNE & , Ho i &5 1 i) FXIN S [A]
CL B A DA R GOAZ HF R 1 & & A/ B LA Dk /D B H 1 CpG R

[0011]  E2. Nk /5 R 1A A FXNIE (K], b B F-CpGIa 7 1 H 384k, CpG A% HF IR 1
PR E H 22 LA R R IA P UTER B =

[0012]  E3. Wnskife /5 R 1HI AR FXNIE &, 3o A A6 T B A R R, GO IR I & &
T10%.20% .30% .40% 50 % 60% 5,70 % .

[0013]  E4. 405 5 Z 30 ZAB M FXNEL [, H HA>0.75.>0.80.>0.85.>0.908>0.95
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(1) 250 138 N R 2R

[0014]  E5. ansijifi /7 S 3 EASHIIFXNIE A, A i HSEQ 1D NO:3ZSEQ 1D NO: 9+
A& T 5.

[0015]  E6. Wnsjifi 5 R 10 AR FXNIE A, 2o A A0 HF A R R, GO IR 1 & 2 /1
F10%.20% .30% +40% .50% 60 % 5L70% .

[0016]  E7.Unszjifi /7 & L AR FXNIE R, HAL S A0 B R Bl i fA

[0017]  ES. Unsijifi /7 RTHILASIHAIPXNIE K, Hdb i 553804 3 B AN AAVF 51

[0018]  E9. ansififi /7 811 LB M I FXNIRE ], Hrp 22 B A0k H DA 25 5 A R 4
AAV1.AAV2 . AAV3.AAV4 AAV5 AAV6 . AAVT .AAVS . AAV9 AAV10.AAVI1 . AAVI2 . AAVL.1.AAV2.5,
AAV6.1.AAV6.3.1.AAV9.45 . AAV Hu.26.AAV2i8.AAV2G9.rhAAV10.rhAAV74 RHM4—1 RHM15-
1 RHM15-2 RHM15-3/RHM15-5 .RHM15-4 \RHM15-6 . AAV2—-TT . AAV2-TT-S312N, AAV3B-S312N.
AAV-LKO3, ¢ HAH A AR ik

[0019]  E10. 40 5 S8 ZAS M FXNIE (A , 3o A ps 55 30 AR W AHAAVER 445

[0020]  E11.H4nsEjiti J7 E8HI LB I FXNIE K] , b5 75 874 N AL H6 ok E AAV2  AAV3B.
AAVEERAAVSITAAV - HE 1) 2H & Hoitk— 00 5ok EH AAVIR - 2LBE (Gal) 456 IR I R & AAV.
[0021]  E12. 405Ljifi /7 RSB MERIFXNIE R, Forp JL5F R B 3 A SEQ 1D NO. 1HIE
B8 7 A B ThRe v B

[0022]  E13.—FH TIRITA 77 2005238 1 S5 350 R TR B B = A OGRS 1) 792
HAFEZ2 A E i IR TT B RSB IFXNEE R , HAZ 2 R FXNZE K] 4 &1
DL 38 0 el /D GOAZ R 1 2 2 A1/ Bk /b CpG — IR A H

[0023]  E14.Wnskitifs 13/ 773, Horh &M FXNE: K 4w i B SEQ 1D NO. 1) &R
JEAI LS R IR EE

[0024]  E15. Wisijiti /7 131 77 ¥ , Fodr AS A I FXNZE D] 75 $E 20 g Hp 208 , A ik i 44
b A0 U A4 0 B A28 TG 0

[0025]  E16. 4nsijii Fy 58 131 5 i , o AR G A (1) XN (K] 7 908 25 B AR i B Rk s ik &2
HEH D .

[0026]  E17. Wisijiti /7 2161 77325, Ho v S pAad iok 4 By v 5 B0i b B 4200 U B30 P0 Ay 93 S5 3
[0027]  E18.—FiGIT B 7 B0 2 H 1 95 BLAR A 2L 07 2R 0 (FRDA) 1775, % 7V
1 JR LS LB PXNIE K ) 22 /0 — N B 2L B 3 A, P iZ A8 AR O PXNIE ] 2 4 15
B DA 48 0 sl 0 2 GO FE R 1T & B A/ Bl R 2 CpG A% AP BRI B 5 M AE A B 1 A FXNJE K] A
TE 2R IO R AN/ B 2 TR 2R P2 AR V0 9T A R I IR0 R R B K RIE I 26 R
[7) 57 4% 3 it FH EE 4L B A

[0028]  E19. Wisiji /7 S 1811 7k, Horp 1) 240 3 1 40 2 o6 800 LM A it FH 22 2 0 75 3%
(NS

[0029]  E20.—Fh H4mhidh 3t o A 88 1 KB Dy Be v B 2848 0 ) P XIS DR 7 % 1) 1 32 48
Jf, e rp B PR FXINSEE [R] 8 98 81 DA 358 o sk ek /D GO A% R 11 2 2 R/ 8k 2> CpG — A% IR
% .

[0030]  E21.—Fhill & L% 2 U a0 IR I B B 5 v, FLALHE - FH 4mig 3L 50 R R 8 1 K
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B INRE A B S AS A B FXNZE (R 3 e 1 - 4B s SR 1 6 40 B OR 35 7E 2 DA R SE 57 2R I
EERAED RS T .

[0031]  E22. sk /7 221/ 7712 , Horp S AE M F FXNE: K AR T~ WISEQ 1D NO: 2+ Firzs i)
B A= RYSL TSR R R A R R 17 91 LA S8 KPR GOA% R A1/ B AR K A I CoG A% R
[0032]  E23.—Fifu & KA FXNEL R I & 245 % Enl sz s R A &, Hp &
1B B F XN (R B A 498 0 sl 6 A1 2 B AR GO A% 7 IR A/ Bl /D 5 H Y CpG — A% 7

[0033]  E24.—FhF TR JTFRDAR J7 %, HAUTE ) 75 V69T I 2 il 1 18 126 A0 5 Y A F XN
IR () ZAB A 1) 22 4% 7 1R 7 20 1) 3804, b FXIN RS [T 78 S0 40 i vh 8k, HE VA 97 32 i & 1
FRDA . #E 40 B A de Ay O E B AP 22 Ju 4B i, B34 1 28 B 432 0o I 0 ) 32 53 s 3% % L 4
iio

[0034]  E25.Unskjiti /7 S 1 I AAB M AL , Ferb AT 37 A2 B L DR, AR N A IR B A B
TRIIGCE & , ZPRARIIGC S B Lh B A= B[R] 7120 %6 < 30 % 40 % 50 % 5160 % , [H] i {15 B L5
A= BRI () K 7K o AP PTER AR 5] N 2 afid )7 51, DUAE IR FE R GC & &

[0035]  E26.—Fh B A BFK/K T HICpG A% H R I S RSP XN LB AR

[0036]  E27.—FhH TI097 A 75 209 N K520 HIFRDA) Jm i FXNIT) LA ) A% R (14
FRAE “GABMRRIFXNIE ) , Hed A8 O FXNIE R E 8 1 LAAE X T 41SEQ 1D NO: 257~ K
I fDEXNI) B AR B IR 7 21 38 INGCE & H /b H e =05 7 .

[0037]  E28. —FhZRABMHRIFXNE A, H 5 AE/E T WISEQ 1D NO: 257 7~ 1) gm b F XNy By A 7Y
IR T HH B CpG A% R I Ak H AHEL 8, A B T CoG AR 7 1 HH 244 177 52 410 o i PR e e 1)
DUERI 2198 D5 H BICpC R H IR -

[0038]  E29. G yT 32 HIFRDAN J73% , %7 V2004 - SR AL AL & 9t 5 R 1412.23 %
25 2 28 [P AL —F B LA FXNEE R 22 /b — AN AL B 3044, HAE AT LB 10 I FXNIE (K]
DAAESZ 3 IO IE AT/ B A 22 TG 2H 2R b 77 AR Y697 A R I S50 2R TR AR 1 R 7K1 3Rk 1) 26 A4
1) 52 A e P B A R A

[0039]  E30.—FhH T FARA 77 ZE 0 326l 1 AP 22 7T AU L4 BRI B HEL A6 7 L 0% 2k
[y 20 BYTE T 1% 90 F A SR R A R 7 v, AR M) 2 52 i it R VR 9T A AR EE A R
B ZHEA W ERADE S wiS T B LT R W E B 2B FXNZIZ .

[0040]  E31.—MpFHTV0IT A 77 ZE M 52108 (1) o BB A7 IL 5 2R I 7 v, A FE 5L T
R BERVE T 2R L% 18 H HH T ZISEQ 1D NO: 3-941 s 4H A% HF R 7 %71

[0041]  E32. — P & IR AH S B (AAV) AR B Thae i Be 4640, 12 IR AH o< i B 34k
0B S AB MBI FXNIE DR, A iZ AAVEAR L & S REAAVE A L DR 20  DUREAAV A4 L DR 2H 5l H
TR HE AN (sc) AAVE AL 4 .

[0042]  E33. —FhaRikH A, A S B ISR EXNGE K 5 BUW 2 1R -

[0043]  E34. 4nsiifi /7 R33HIEAAR , Ho A AAVAL S %8 [ HH AR 2438 4 A i 4L 14 1 v Y ) A
72 : AAV1 JAAV2 \AAV3 AAV4 . AAV5 AAV6 . AAVT JAAVS . AAVY . AAV10.AAV11 AAV12.rhAAV1O,
rhAAV74 .RHM4-1.RHM15-1 .RHM15-2 .RHM15-3/RHM15-5 .RHM15-4 \RHM15-6 . AAV Hu.26.
AAV1.1(SEQ ID NO:15) \AAV2.5(SEQ ID NO.13) .AAV6.1(SEQ ID NO:17) \AAV6.3.1 (SEQ
ID NO:18) \AAV9.45.AAV2i8 (SEQ ID NO:29) \AAV2G9.AAV2-TT (SEQ ID NO:31) \AAV2-TT-
S312N (SEQ ID NO:33) AAV3B-S312N JZAAV-LKO3.
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[0044]  E35. 4nsijli /5 & 3400 8, Hadk— 0 A5 AAVL . LR 52, Ho A B SRR ik 2L 2656 2K
(SEQ ID NO:15) ;AAV 6. 14755, Horp S 3L hk RE265%k 2% (SEQ ID NO:17) ;AAV 6.3.14K5%,
Horb G R iR L 26505 2k B A FE R TR FE531 A LysA8 NG1u (SEQ ID NO:18) o B A RIAAVIAR 5%
PR E R T 5%/~ T (SEQ 1D NO:14) b, HBFAETIAAVE AR 5 A R 7 417~ T (SEQ 1D
NO:16) /1,

[0045]  E36.—FhA & sLiifi 7 121223 K25 285 FAT — 3 HI L AB M 1 FXNFE K /) %
EAAVIR AL, Hot— A 535k AAV2 L AAV3 L AAV6  AAVSTRT AAV 3= 45 (1) 2H & I AKX 75 DA
JoK HAAVORT - FLBE (Gal) 44 7 o RE I, Kok H AAVIR - 7L (Gal) 456 R I E R 2
TR T 2R 45 A AAV LG B2 DA e R 3% S 300%

[0046]  E37.— i, & 90t /7 22158 12.23 )2 25 %8 281 ({4 — 2 [ S AB A IR FXN RS ER] (1) 8% &
AAVIRFEER IR , Fo it — DB 46 L R B AR e B0 & S5 AAVLRT/ BLAAVE 1 2655k 2% 58 48 2H £ 1) I
RAIRFARLL SR L ARES & RN IMBEAR T E A .

[0047]  E38.— i, &St /7 22158 12,23 )2 25 %8 281 ({4 — (R S AB A IR FXNRE ER] (1) 8% &
AAVIRFEER AR , Fo it — DB Btk AAAVIHI S5 MR EAAY 2 85 H (1) 585aalsr B IF L[] Ik . 5
A, FHAAVEAAR ] FH V697 M Ad N B2 RVE YT A A5 v E s, 5 R AR B s B o AHEE . B
LI 23 7 1) 2 255 (1% 25 SO (4] 48 FHLE 224 i N P 52 SO 0) 047 7 93 R ARG 1Y) 52 Sk o

[0048]  E39.— i E 4R, HAL &Sty £ 1212.23 K252 28 [AE— & B & AZ 1 i
FXNZE AL

[0049]  E40. —Fhill & L5 0 A & A IR v By 7 v, B4 - St R1 212,23 K&
252 281 (R4 — 2 () L AB i B FXN RS DR 5% G qi 32 4B B, Aok A 32 20 B DR R AE 2 DL R TR 3L 5%
RIFE AR EDEFLET

[0050]  E41.—Mpsiji /7 21 4812.23 }2 252 28+ [T — 3 I S AB MR FXNIE K 7R ¥R )7 96 B
FH S A R O R R I A

[0051]  E42. —FhEL& H TI6 77 51 N RS2 3038 10 O I 4H 23 H (1) 4 48 0 B 4 e ) B 4 1)
o HL B A L5 R R I ZAS IR FXNEE (R 2 R 22 bl 822 8 2 &4, Kb &
BT FXNES (K B B4 0 GO TR « ek /D = ¥ GOA% T B A1/ B0 B A 98/ 2 H 11 CpG — 4%
HIREH .

[0052]  E43.—Fhgmbd 35 2k & A I R AL R , AL & 1E H SEQ 1D NO:3-9+ 4T
—H IR T

[0053]  E44.—Miégmhda &7 T-SEQ ID NO: 1 v (1) S BEBR 1) L5 25 1 & 1 I A8 M 1 A%
W%, Horb B B 2 /055 % 1IGCE &L 5SEQ 1D NO: 29 K% 2 5 21 FH L ek 2> % B I CpG — #%
TR &0 81 H D T RIFE S (CAD , HH A H LI 5 A SEQ 1D NO: 2/ %R 7 41 (1) B A&
T SL 5O I B 1 I 2RA 7K AR B B8 i KPR IA

[0054]  E45. Wnsitjifi /7 RA4RI ZABRIRLIR , o CAT 2 /00 86

[0055]  E46. Wnsijifi 7 RA4RI ZAB I RLIR , o CAT 2 /0095

[0056]  EA7. N5 /7 S440 EABMRIIA%ER , FHCAT N & /0. 98,

[0057]  E48.4nsLji /7 442 ATHFUE—H A B, HHCCH = ANED61%.
[0058]  E49.nsLji /7 442 ATHFUE—H M A BRI, HHCCH = NZED69% .
[0059]  E50. 4nsijiti /7 2244 249 FME—F KA B LR, b CpC i HIRIEH N
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721145124,

[0060]  E51.—FhgmtS AL 7ESEQ 1D NO: 1R Fros (2 2R BE 17 41 1) L%k W B 1 (FXN) (1)
ZABMIRIALIR , HerP iZ A% IR A 215K T8 T-SEQ 1D NO: 2/ B A4 BIFXNKZ R 7 41) i) 22 15 7K
S, HHAZA BRI IR0 & ik B i DU & 35 4RO 410 22 20— AN 22055 % 16
TR NE12409Cp6 AT IREH , L Z /0. 761 %05 T-1E N FEEL (CAD) .

[0061]  E52. UnsLjiti 7 R5 LI LABMIZIR , 2R B &3k B i DL R & & 4R 4 & 20
—/MREPE: 200,868 /00,955 F /00, 98HICAT s GCH B ANE57%  F /61 % , 5 Z /b
69% ; CpG 2 HIRIIHH /NT124 5 2 ik H HHAISEQ 1D NO=3-9 By 7= 1 7 51 2H B 1) 2 /) %
[

[0062]  E53.—FhZmAdFXNII LML IR , HH iz AZ IR LA 5SEQ 1D NO: 21 B A4E BYFXN#Z
B 7 A ks KPR R m KPR L, P ERRB U N SEH I E Db —F 3k H il
SEQ ID NO:3-94 i LI %R FE 41 s 27055 % IIGCE & A 11 7HICpG —H B H
JE /0. 86FCAT .

[0063]  E54. WSt /7 53 A B AL IR , H A %% /7 511 5 tHSEQ 1D NO:5 % SEQ
ID NO: T4 B2 o

[0064]  E55. 4nsiziti /7 2843 254 AL —F LB R , AL SEQ 1D NO: THIAX IR
1.

[0065]  E56. ansLjifi /7 18 12.23.25 %28 432 55FF AT —H A B MIAZ IR , Hdt—
AL E i 2 /D — N AAV R B B P 41 (TR) AR 7411

[0066]  E57. Unsijii /7 ZE55 0 EABMRIIAL IR , FL A IR S BB L XURE A1/ 55 H F- EL AT -
[0067]  EB8. WnsLjii f S57 I EAEMRIIAL IR , I iR iz R v H 3R M -

[0068]  E59. ansLjifi /7 18 12.23.25 %28 43 2 58 AT —H LB MiIAZ IR , Hdt—
AL IR T

[0069]  E60. 4n s it /5 R 59HI ZAS AL IR » Fo v 35 T 4l B B 00 88 (CMV) 7 B L 1
T

[0070]  E61.4nsLjifi /7 1 £12.23.25%28 432 60 L —H LB ML , Hdt—
A BT

[0071]  E62. Qs /7 21 £12.23.25 %28 43261 T —FH LB IZIR , 2 5
BT R R B T

[0072]  E63. Wnsijifi /7 K62 LSRR , b Ja3 8l 7 & AT

[0073]  E64.UnsLji /7 630 EABMRMIAL IR , Fo b J3 3l 7 95 SR BT #H1

[0074]  E65. QnsLjii /7 1 812.23.25 %28 432 64 T —H LB ML , Hdt—
AL E g R IR B E F2 € 781 (collagen stabilization sequence;CSS) FIAXIR T4
[0075]  E66. ansLifi /7 18 12.23.25 %28 432 65 T —H M EMBMIAZIR , Hdt—
WAL E LT

[0076]  E67.4nsLiifi /7 1 812.23.25%28 435 66 /T —H M EMBMIAZIR , Hdt—
B E R EFRIL (polyA) 155 751,

[0077]  E68. WISt /5 267 SEABM LR , FHorh JR 3011 H H DUR &2 2 A 40 - XS BATL
FEEE (CBA) JB 3+ E 40w eE (CMV) Ja 3l FCMVIE 5% 7~ /CBAJS 317 (CBh) » X & ACAG A
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¥

[0078]  E69. 4nsLjiti 77 Z68M MBI IR , b R 3+ NCBh B 3l 1.

[0079]  E70.WSEiti 7 2146.12.25% 28 244 69 [{I4E — F [ LB A% IR , Hodk— 4
0 Y i iR B 1 A2 0E 7 1) (CSS) IAZTIR T 51

[0080]  E71.—PpEZHAAVEA (PAAV) , HAL & ST S61 812,23 25 828 X 43R 709 (4 E:
—H M GmiSFXNT ZAE R AL IR -

[0081]  E72.WSEiiti /7 227 LI rAAV, HorhiZr AAVAL 2idk 1 ISR E BA R &8 AR T2 2 AR 28
R A 5% : AAV1 JAAV2 (AAV3 VAAV4 . AAV5 \AAV6E L AAVT7 JAAVS L AAVO . AAVIO.AAVIT AAVI2,
AAVrh10.AAVrh74.AAV2.5 (SEQ ID NO.13) \AAV hu.26.AAV1.1.AAV2.5.AAV6.1.AAV6.3. 1,
AAV2i8 . AAV2G9.AAV9. 45 ,AAV218G9 . RHM4-1.RHM15-1 .RHM15-2 . RHM15-3/RHM15-5 .RHM15-
4 .RHM15-6AAV2-TT.AAV2-TT-S312N.AAV3B-S312N & AAV-LKO3

[0082]  E73.UnsLifi iy R72MrAAV, HoriZ ¢ 55 6 1 FHAAV2-TTAAV2-TT-S312N X AAV2i 8
K FEH A2

[0083]  E74.0NSEfti J7 73 rAAV, Frh A A% R B, & SEQ 1D NO: 7Y 741, HILdh R
T ik H AAV2184¢5E S AAV2-TT-S312NAC 5T o

[0084]  E75. NSkt /7 Z2 T4 rAAV, Hor A% IR 3E — A0 3 M 2w b F XN 15 F1 7T 9 S AAV R
i B E P, Hit— 5 A& fE 9w ASFXNY 41 _L i CBh A 21 1

[0085]  E76.4nsiii /7 =750 rAAV , iZ L IR 1 — B0 & AE i ASFXNI FE 21 3 1 I R B
Fa5E £ 1) (CSS;SEQ ID NO:25) .

[0086]  E77.4nSLii /7 ZT1RT6H P —F I rAAV, HP R A S 4 A KB EpolyA
(bGHpolyA) 155 741,

[0087]  E78.—FhrAAVEE, HoAL & AAV21 84K 7%, Hodh VP11 SEQ ID NO: 29[3’]%&@&%,&
H—BEEAY 23 WEU NI : () AAV2RIGEE 741 (TR) 5 (b) CBhEs) ¥, HA
SEQ ID NO: 26X & /7515 () ZmdFXNI £AB IR IR , Ho A 7k H HHSEQ 1D NO:3- 9%&552
IR R 41 s (d) CSS, HEASEQ ID NO:25(1 %41 (e) bGHpolyAfS 5 FE 41, H B4 SEQ
ID NO:27f) 541 ; Je (£) AAV2TR.

[0088]  E79. —Fi L& AAV2-TTA I rAAVE A, HorfVPLAL &' SEQ 1D NO: 315 H:, H.
#2225 HE5 £ AELL TR (a) AAV2TR; (b) CBhJE 3T, HAL 5 SEQ ID NO:26[)
R IF 1 5 (o) g FXNI S BRI A% R , FoB) & 3% H HHSEQ 1D NO: 3-94H Rl (1) 4 HI % R 7
H; (d) CSS, H HASEQ ID NO: 25/ 741 ; (e) bGHpolyAME 5 41, H A SEQ 1D NO: 27/ %
G5 J (£) AAV2TR,

[0089]  E80.— iy £ AAV2-TT-S312NAK 72 (I rAAVE A&, Hih VP149 47 SEQ 1D NO: 332 it
g, Hit— a5 A 23 WAL FHZIR: (@) AAV2TR; (b) CBhJA 8+, HALESEQ 1D NO:
26MIKEER E 55 () RlilPXNI ZAS MRS , 20680 4k BHSEQ 1D NO: 3-94H il [ 41 (1) 1%
315 (d) €SS, HEASEQ ID NO: 25/ 751 ; (e) bGHpolyAE 5 741, H EASEQ 1D NO: 27
5515 K (£) AAV2TR.

[0090]  E81.4nsiiti 7y 2271 280 (RIAE—# B rAAVE A& , Forh G RS FXNI) ZA2 11 1 A% 1R A
4 SEQ ID NO: THIRZER FE 51

[0091]  E82.— M TR y7T A 7 Z M 52 1 1) 9 B A A JL 50 R TR r AAVER A, Hod 12,

10
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AL SEE T R1A86.12.25528 K71 H81H WAL — & W gm i I 5% R i B A I & A8 i #%

iz o

[0092]  E83.— MM &M, oA & Sty BT 11.33239 X 71 B 82 I F— 5 (K] rAAV
Bk R 255 T sz G

[0093]  E84.—FhAJ7 52 IR & MIFRDAR) J7¥2: , iZ i i B UL R & & i =0 — & 5
W7 % 1%812.23.25 228 K43 =70 AF— 3 B dm b5 3L 5 2Kk 8 B B A8 1 B AL IR 5 ST
HRTE11.33 839 M 71 E82H AT —F I rAAVERAR ; I St 7 =83 255 .

[0094]  E85. sk jif Jy ZE 841 7 v , Ho A Ax B Vi th e FH B0 I8 e 7 49 0 U B0 P Jit FH K Tt
ST RTE11.33F 39 M 71 E82F AT —F B rAAVER A .

[0095]  E86. Wit /7 S 850 J5 v , Horb il oy it FH S it 77 2271 2827 AT — F B rAAVE
(U

[0096]  E87. W1k J5 22851 5 v, o B 42 1) O A it FH S i 77 R 71 & 827 AT — & 1)
rAAVERAR

[0097]  E88. Wnsijiti /5 ZE84 1) i, Hrp RIDEXNI S M IR EL 5 SEQ 1D NO: 6/ #% R
¥ 1.

[0098]  E89. skt /5 ZE84 1) J i, Hrp RIDEXNI LA M IR B4 SEQ 1D NO: TR IR
¥ 1.

[0099]  E90.—FiG 7 H FEAR AT IR TX A T (0 o i BB IR 1 77 7%, 12 07 AL 3 it
LR &Z i E D —F ST £1586.12.25 % 28 43 F 709 [RAF — 3 1 g bid 35 2k P 25
H LB AZ IR s S RTE 1133839 K71 827 AT — & HITAAVER AR ; J S 7y &
83 ZH A -

[0100]  E91.—Mpfg F40ME, KA &Ly R156.12.25 828 K432 704 T —H I ZwiY
FXNI A AL R -

[0101]  E92. 4nsijiti 77 291 1) 1 A AE , b Ak 5 B DL &5 41 e 41 : VERO . WI 38,
MRC5.A549 HEK293 411 g . B-50 AT 7] HAhHe a4l ffd \HepG2 . Saos—2 HuH7 A& HT1080.

[0102]  E93. 4nsijiti /7 R 920 1 L4, Ho A 15 MM & TE BT B R AEKTN
HEK293.

[0103]  E94. tnsjiti /7 2291 93 HAE — # 115 I 40, Horh 40 il y /G ATCC NO.PTA
13274 JHEK293 41 i

[0104]  E95. —Fh & Szifi /7 RTE 11,3358 39 L 70 821 [RIAT — 3 I r AAVER 1 1t £, 255 41
M, FoA i Z 41— 20 AL SR ADAAV Repi H 1 & /D —FIIX IR  Jn i AAV Captl I 2 /b —
FIIZIR » S il Bh D Re i 22 /b — Pz -

[0105]  E96.—Fh T 7= AL r AAVEAR IR 7325 , %5 i AL AE P A2 r AAV IR 25 At TR 5 92 92 it 7
RO EISH T —H 4.

[0106]  E97. Wnsijifa /7 29611 77 v2: , Heidk— 2B A H5 4 B B = A= I rAAV o

[0107]  E98.LLF % b 2 /b — 35 52 s g i vh i L 55 25 A 2 A KT BTG - St &R 1
$£6.12.25%28 43R TOH AR —F W gm b IL % R I E B LB IR ; SLiti 7 RTH8
1133539 M 71 82 (AT — & I rAAVERAA ; M St )7 283K 25 454

[0108]  E99. fnsjifi 5 R 1%6.12.25 828 K43 B 70 FE—F M Mmig L ir R ifE A4

11
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BIRRIAZ IR ; 2l /7 RTE 11,338 39 ) 71 =82 (AT —F HITAAVER 14 ; K 2 it 7 283124
WA EY, AT RN R E 3L R RE A& .

[0109]  E100. {nsLjiti /7 $146.12.25 %28 43R 70 AL — & M il L5 R AR A A
BIRRIAL IR s S92l 77 RTE 11,338 39 ) T1 =82 (AT —F HITAAVER 14 ; K 2 it 7 283124
WA, FTIRIT 52303 1 o B iy 2L 0 I

[0110] A< B (1) FL A AR AIE B A0 BRI T T 049 VF 4 0 B P A1) P ST it 7 8 B AU 22
KA R

[0111] [ faiik

[0112] 1A KB 1B, B 1A K B 1B s 55 B A2 R R FR AH EE R H 2w A3 FXNIT) BT ik & 241 1)
IR A L5 R R A fEHeLadll g Fh R IR 45 R GIE D - R B 65 UL R 2B I AZ R 1)
HeLaZffl o (1) £ B 0 28 K6 A DARS: 076 240 i 7= A2 R FXIN G 5 2R 8 2 1 a3 A FH e 3 57 2R 1
B A PRI B EN RS I, PR fE B S HRP (AR 1 SE AL ) 254 UL Tl R G R
EI RN ' TG B 0 £ 232 R SR U — oA SR M o Dk T 25 40 5k B F dmig 2L 5% 2% 1
B EBICL N BRI A% BR T G He La il Mo (1) 2 HXA) < PKIE 1 < 7 A= R REAZ IR 5 Yk 2: TDT2;
VKIE3: IDTH; ¥ikiE4 : JCAT; YK 5 : GeneArt ; ¥k 6 :Genscr ipt (5 HR) ; L ¥kiE7 :Genscript
(fi&CpG) »

[0113]  E2AZ K 2F 278 T 5 2 3 IR B AN rAAVE A pTRs—KS—-CBh—-EGFP—-bGHpo 1 y A/
PP AR (P FXN I PR A4 S8 A4 1 7 41, G A i FH BT AR RUFXNZE ] (SEQ 1D NO - 2) BRI & &1
[P0 (14, SEQ 1D NO:3-9) K& HEGFPHRICIHE K « BEANEI T /RWT FXN (] 24) BRAAEM T
FXNFE A (B 2BZEI2F) A — AR E S (5 £3) Age I UIEINL & JFXN/ S AB MR FXNIE A |
Avr TTYIEIAL f IR A2 0E 7 1) (CSS) ~Spe I VI EIAL £ bGHpo 1 yA(E 5 7 51, KM1ul )|
BT B o B 2A 55 7R pTRs—KS—CBh-WTFXN-bGHpo 1y AR # 44 (SEQ ID NO:19) ; & 2B 57~ #&4 I DNA
FARIDT 1 (IDT1) &4 A FXNIE B K 84K pTRs—KS—-CBh-IDT IFXN-bGHpolyA (SEQ ID NO:20) ;
] 2C S 7R IDT 3 & 1 i FXNJE [R #4 i 4 p TR s —KS—CBh—IDT3FXN-bGHpolyA (SEQ ID NO:21) ; &
2D {5 7 IDTAME A R FXNJL R #4) 224K pTRs—KS—CBh-1DT4 FXN-bGHpolyA (SEQ ID NO:22) ; E2E
i 7RGenSerip t B I FXNIE K #) 22 4& pTRs—KS-CBh—GenScript FXN-bGHpolyA (SEQ ID NO:
23) ; HE2F B RGenScript ({KCpG) &1 F XN K] #) @ A& pTRs—KS-CBh-Genscript (fCpG)
FXN-bGHpolyA (SEQ ID NO:24) , & — ¢4 B FEAER AR K 2FH A5 &3 10 Ffaniooft
(11, AgeI \AvrI1.CSS.Spel bGHpolyAKMlul) : LIKHAATE /¥ Age TV AT £ (ACCGGT) ; &
INE RPN R, @RI FE R mIAveT TYIEIAT A (CCTAGG) ;3 3 XU T RIIZk 387 11 2
B i Ji 2 1 R e 7 41 (CSS) 17 41 s LLRLAR A T RIIZR 8 7R Spe T U107 s (ACTAGT) 5 LL#RHA
TR A KM R B IRILE S 4 (bGHpolyA) 3 M LU RHMA TR /R FIMLuT ) BI47 A
(ACGCGT) o A4 B A F F FXNSEE K] 7E Age TV BN 55 LI (1 CBh i Bl T F 42 il R - CBh JE 2 T ¢
Y3 AR R T E2AF B 2P, {H s T-SEQ ID NO:25H,

[0114] K 3EI R AhAge TVIEINL s b1 CBh S Bl 1 Z A 25 PR il (D)) 47 85
ST A pTRs-KS-CBh—eGFP b i #4) s A4 (1) Ak (i fs) B

[0115]  PE4A K 4B 7R Ut B XS BRAH 9697 1) S AR S AR VA TT I SRR R e (BT 4A) B
PE (E14B) /N IR 2R D ER L B I ANE R — 70 N B 2 24 BoRou] IREEVE L &35 97 =
AR /INER S ATE ST RAZ/INBR B I R A, e ik 73 4404 < EF G IfL 23 250 WFS (%550 250 5LV
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Vol d (e EAEREFTK) s KLV Vol s (Jo O ZARFULAR) - B ABE 7~ M /)N BRUBF2H 1 JR 28 0
MR 6 HEAH (BJE) s 29697 A8 /NR O TE) s RARIGIT R /IR (ZAATE) o

[0116]  WEI5A K EISBI. 7x 1hi BHFES S (B X 48097 A /NR VR IT JE 14R) I 5 R & 3097
Mck 225 /)N B H B O JIE 26 BY A EL 55 B 2 V89 7 Mek 2838 /DN B A AU FRDACa JIRE 38 70 1) S 6 1) 11 . &
SARRFErAAV-FXNYESS 14 R 2 JG X R4 (RE) V&169T KA U7 T8) MR IGIT RAE (=44
FE) B /N SR O I R T 45 SR R : AoV SV (=Bl &) AoV CO (FEBh kil
H ) FS (FEE K0 s LV Mass AW (200 %8 5 & i AE) o 5B /R AErAAV-FXNYE B 14K
ZJEx B (RJE) 2197 RAR OF ) KARIGIT A (= M) RENE /N B O IER AL
%5547 30N :ES GRHfL73 %0 < FS (e 2050 AoV SV (EFNkIR -0 &) AoV CO (BN kIl
O E) .

[0117]  EI6AZE6CIE 7~ Ui B FE 22 ¥ T Mck RAZ A [ r AAV-FXNYE I T S5 ) =1 )\ (28) K[y Ak
P S EPE T IR /INER ([BITE) W96 T SRABHEYE S MEE /N OT T8) SRV TT R AR e S /N
(= AT B0 REThEE A B o B 6 A 7 X6t D 3 225508 (B, 3 FE s (rAAVIit FH A [8]) 5 F %
(rAAViE G 14R) J 7 JiE% (eAAVIE FH 5 28°K) ) BT E = AN/INRBFAL R 22 0 = i & (LVM) &
PO BN PEAY , oA 725 R it T VA ST 77 o 11 6B S 7 7 I S S8R B B = AN/ BR R AL i
FEIR 2 (SF) #7503 B VPAL « B 6C 27 D i 7 S50 A 1R BT A — A/ BB AL ) oCo i HH 2588 75
OB B VEAL Bt N BR8N NP IE £ S E M AE A 2 H - M E L (Sidak-
Bonferroni method) ¥MckZ&A% /N iR 1148 S Mk BH AR B ZH AR L $5 . %p<0. 05,

[0118]  KHEHVER

[0119] wEX

[0120]  BRAEFIA05E S, 5 WA H B I I HoR SRR TR 35 B 5 A4 K B it J& 40
Sgrb — FRBOR 38 38 BRAR ) S o AR ST R A R R TE AN T A R e St 7 S H I HL
FEA B ARPR AR B o an A B B I8 K B B BUREE SRk 5 b Bie s R, B AE B R SCh Rl
BREIER, BUBEIE A M%)/ TR EEREREEROE A UL I ARIE RS
CEERIE

(01211 gpASCH B A, SRR AT M S GE W AETE R 2 22 IR KT AR &K
FE G M CHEE R & B 500 I8 N AR5 CpG A% F I O B H 77 L BT 1] iR 2 B H 2l
) I, RIE “4)” BB TE € R 20% .10% 5% 1% .0.5% B 20. 1% 11381k

[0122]  GnuASCAT FH, ARIE “Fi/ B0 A2 38 A0 55 45 5C BT 210 1 H A 1 — AN 8% 2 AN AT AT A B
B REA A, DL UL BN (“B) R AR A4S .

[0123]  AAV“rep” J& “cap” F: K F8ARSm 5 MR AH SC i B B i1l S K Se b iR B I 2% 5 1R 7
H.AAV rep M capfEARSCHHEFRVEAAV “Bf 2 5L A7

[0124] A% B $RAL 8 40 BRAH SR B8 (rAAV) ZAK . “AAV7 N RR AR SIR B 45 S , Hn] T 48
Wi e A S B HATAEY FRAE A 2K, 5 WZRTEE 5 P A WA R R SR A7 AE R B KT
2o 4 5 1] “CAAV” FRARE AR AH G 55 , LA AR AR AE F A AAVE AR (81 “rAAVERAAR”) B RTFR A
“DAVELAR” o ARTE “AAV” AL FE 451 2 25 o 1L 375 28 (R AAV, 451l G, AAV 128 (AAV-1) JAAV 27 (AAV-
2) JAAV 374 (AAV-3) JAAV 47 (AAV-4) (AAV 574 (AAV-5) JAAV 67 (AAV-6) (AAV 7HY (AAV-
7) JAAV 87 (AAV-8) JAAV 97 (AAV-9) JAAV 107 (AAV-10, . 45AAVrh10) (AAVrh74 . .AAV 12
R (AAV-12) LB RAAV . AEAAV R ZBAAV . T RAAV R K RAAV JE R K RAAV, 47 3F28AAV.
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“RAEFKAAV” FRARUE G R KRB ALY, “HE R FRAAV” Fa AU G 9k R K IR0 7L 3h 9 1)
AAV, “HEAAV” FRAUR G A1 FLEN P AAVEE S5

[0125] W4T SR AL, & i i BY (R AAV A W 51 J10) 5 da il 38l , AAVAROA A 2 s S
(1) ELET AR R 2 ] A SR DRI AR A7 s, R S MR 5 32 N 2R 195 etk (Linden®E N, 1996
4,Proc Natl Acad Sci USA 93:11288-11294) . A 3L PRI ZH v (K AAV [ 4 N ASE 1549k PR AR
AAVST . 5BEHLEE G A SR 58 2B B O AR AT RE ™ A2 AT S A K Rk 1

[0126] & Fiifil i B4 T AAV I ZE R 4H 7 51 DL Je 98 R i 2 7 41 (TR) 7 1) \Rep £ 1 J5it %
A FE NV HL 0 ARSI H RN o 28 P 81 AT BT SRk HH B WiGenBank ¥ 2 £ 4k
Z W, B0, GenBank & 3% 5NC-002077 (AAV-1) JAF063497 (AAV-1) \NC-001401 (AAV-2) .
AF043303 (AAV-2) \NC-001729 (AAV-3) \NC-001829 (AAV-4) .U89790 (AAV-4) NC-006152
(AAV-5) \AF513851 (AAV-7) \AF513852 (AAV-8) JZNC-006261 (AAV-8) ; FTiAGenBank & 3% 5 1]
ANFFHNECL I P RFIEAAR S B S W, Hilin, Srivistava®sE N ,1983,] . Virology 45:
555;ChioriniZ¥ N ,1998,J.Virology 71:6823;ChioriniZ N ,1999,].Virology 73:
1309;Bantel-SchaalZ® N\ ,1999,].Virology 73:939;Xiao% N ,1999,].Virology 73:
3994 ;MuramatsuZs N\ ,1996,Virology 221:208;ShadeZ$ N\ ,1986,].Virol.58:921;Gao%s
N,2002,Proc.Nat.Acad.Sci.USA 99:11854;MorisZE A\ ,2004,Virology 33:375-383;[H
b & FAJTFSW0 00/28061.W0 99/61601.WO 98/11244:W0 2013/063379:W0 2014/
194132;W0 2015/121501 ; J2 SE[E L H| 56 ,156,3035 257,906, 1115,

[0127] WA SRS FH IR “rAAVER” ZFa 05 A8 T AAVRIE I 2 H IR 751 (R, 5AAV
IR Z A% HIR) IAAVER , 385 8 40 ) 18 A% 3% AL BT B R ) 7 2 o A — He S 7 R
IR Z TR E S 20—, HA K@ B ASAAV R & ) B 751 (ITRs) M4 . R1E
rAAVE AR 75 r AAVE AR FIURL S r AAVERAA JFORE PR 5 o rAAVERAAR RT 8 5 (ssAAY) B H 3 B A
[ (scAAV) o “AAVIR 75 B “AAVIR 2 5500 B “r AAVER AR R 2 48 L & /D — ANV 2B
G 5 J8 ok B AR BYAAVIR BT G AR 52t ) JAK e 2 A% B IR r AAVE AR A 18 1) 5 5 0RE o 5 0
P A IR 2 AR (B, B4 T 25 RS AAVIE DR 4, 1 G045 3 325 2 0 L sh 40 400 e F) 2 i IR DA Ak
() 2 A% HBR) - W8 AR “r AAVEAARTURL” BRI AR “rAAVERAAR” o Rk , rAAV IR ) 7
Az B B FE T AAVEARI 72 A2, DR AR B T r AAVETRL 2 N

[0128] WAL Ad IR “HLAH” B AR 84k . 2 % H IR 22 IR B4R iy v B PR il P el e 2
B (Fn 5 2 R RS T A 1 2 I 59) A/ BT S0 AR R T8 B SR AR R I
PR AR 7 1 25 AP A (1) 7 ) o B 2 S B A D A EE A 2 A IR 1Y) 0 B ORI
FIT IR AR T & A T 0 93 B AL AR 1) AR B 06 22 1% TR A A A () 55 o

[0129]  “AAV Rep” EFEAAVE HilEE E KA.

[0130]  “AAV Cap” B IBAAVAK R [ VP1. VP2 K VP3 R Ry . 7 B AR BUAAVIR B rp , =
FhAC S HE K vpl svp2 S vp3 kb B . 5 WL, Grieger Mz Samulski, 2005, J.Virol.79 (15) :
9933-9944 . FLANPA0 J3 B T AU VF T A = FiAR 7 R H vplwvp2.vp3 73 AL £ : 1: 10/ L F R
15, H 5 rAAVA = B AN 0T B AAVE AR B 72 A4, VP VP2: VP3[BT R L R AE 291 : 1: 1 2R 2
1:1: 100FVERI N, RIEELI:1: 28 491 : 1: 50BN, ERIEAELI:1:58451:1:20/178
BRI o R VPL: VP2 B Rt . 1 : 1, {HVP L : VP2 b RS Bl m E 1 : 502 50« 1 V8 [l 9 A8
b

14
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[0131] & ANAAVIfL I AL B 4K 72 1Y & L IR 17 1 (1) 4= 1 91 36 Je L X iMarsic % A, 2014,
Molecular Therapy 22 (11) :1900-1909424t, JtHAE*M 78 & 11 .

[0132] AW H T UL BRI H B, B A BAAV2 AL & 18 B S P 91 = FhEE B (VP1.VP2 KL VP3; it
FLO0N A e B A AAVACSE) ZH BRI AAVIFT B /) (20nm & 25nm) — - THIAR IR #E 4K 52 - 2R VP
(735aa;Genbank & 3 5 AAC03780) VP2 (598aa; Genbank & 3% 5 AAC03778) M VP3 (533aa;
Genbank & 3 5 AAC03779) ZEARFEH AL 1: 10A) EL RAEAE L BI, X T-AAV, VP N 2K EH , H
VP2 S VP3AVPLH AT M SR 20, A T-VPLEAG 1 R I N A

[0133]  “AAV TR” =48 7EAAVEE PR ZH 1) oK By B3 AR i i 30 %) [ SC R g 355 7 1), A0 5038 L
AR AT BT, BAAFERIRAAV TR LA I AU .

[0134] Wit =X 38 72 0455 v 78 6 DRV 2 7 1) ) R o Ak B 42 3 R b e I L& # R T2
HIRIEEAG I DR 55 7 51 5 A B A7 B AR B 2 J3 30+ 50U AR AT e FH T syl aa ik BT e el ¢
1k

[0135] Y97 e S I I B P 1 ISR AR BT I FH I 93 i B0 bR B bk 8 0 R B9 HR 114
— a2 PEREAR () 2R o

[0136]  “YBITH M E" AR 75 7 321 PR AR T 2 AL B & PE I 5 /N & 2801 5 4
BEBVRITENE” NG ER VFRE g R B DA HA 7 2 5] R R | 5 E A
R ) 5 i3 FE B AR B 4% 1) 240 R B8R I T e I T 1 =

[0137]  “RLA” BMAB S A AL S (E LI S LR 2 Ja Hidds € 2 Ik & A i 2 D — N
Bel SEAEZL I 2 A% AT IR -

[0138]  “Zwtd/3 %" S e “Uuldfr e B E” B Gt % I 107 41, R M B Tl S 1 R
FE AR T (T 45 4 b 34 2 0 24 1 R 59 72 31)) I, 4k o0 Bl A 2 5 (FEDNAR 5 L )
Fe B3 (FEmRNAR TSI ) N2 AR IAZ R 7 51 - i e A ) A Sl it 5 (G 3E) i db i AR 4 2
M7 3 (GRED) tmAb i fH B2 1L B8RS 0 5E o g 7 21 T A4 ((EASPR ) SR B A% B
mRNAFKTcDNA- 3K [ Ji7 1% 55 A% DNA ) 222 5 ZH DNA T 471 FEE 35 4 BRDNA T 571

[0139]  SCTIMEEA T BURURL , “Hk &7 Bz AR ST BUBUR BLHE K B AN [H] 417N 8 (Pit A
[FAAVITLTE &Y 1751, tRabinowi tz 558 N E LH]6,491, 907+ Frithid , & LRI AN E
PLASC 5 I T RIFAN T A .18 % WRabinowitz28 A ,2004,].Virol.78(9) : 4421~
4432  JEHARIE ) R G R EEAR 5C NAAV2 . 54858, LB & LU R RAEHIAAV2 R 721 7 31 : 263Q
FA; 2658 AT T05NZEA; T08VEA; K T16TZEN, H w0 2006/066066 1 T fii ik 1 2w fid b 2
KAWL HEHIRT 5 E X ASEQ ID NO: 15, HARPLIE R k& AAVELFE ((HANBR 1) « Fiid T-Wo
2010/093784F1 fRJAAV2i8 . Hiiik TWO 2014/144229% (JAAV2GI JZAAVSGI, JZAAVI .45
(PulicherlaZ® A\ ,2011,Molecular Therapy 19 (6) :1070-1078)

[0140]  SG 3@ oAt oA M P 3], “MU42” i A T P Z10AE b3l A/ s8R e (B, 57 A/
B3 ) fEAE A AR T RIE “MEE" HE A R BEE R 7 P10 75 S 281 5
Y i % L DR () A R 55 42 T A 2 8] T A7 AE 3 NP 81 o 3l 3 P A At e £ (i 4n, TR) “fl 27
(5 (i, B 2L R) FeR — AN oL TR 505 B — o T3 503 s S8, il A7 7E
TEHZ A 3R

[0141]  “ZEEHR S0 B R SN TR T o AR CHEES B3 70
(75 1) b I AL TR « A8 2 BH 1) 22 A% P R T R B SE A% B A% R (DNA) 73 F B BRI (RNA)
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59 Foh Z LR DNASY T 144 T ATy DR B CDNASY T 26 SC oI 26 5 B
PEEFRRTAE | IS (1) | 0% (6) 9 (150 V850 (1) Wi (C) WL (D) RIRMENE (U) .
T2 FHAS SB0480I

[0142] SR P 5 AL A 17 AE AR 1 5 REIORL T

(0143 “Zo Al FXNIEER" 35 95 15 G FXNI BF A TRC B (9401, SEQ 1D N0+ 2) AR H e A
11— B HO FTSTXNG 22 A 1 AR (141, SEQ_ 1D NO: 1 IERR 7 51) , b %4
LI (EL IR T) NI GC & 8 R A o5 s ELAT WD CoG A PRI £ 3 , £
e AT XN 022 5 B 0028 20 22 05 o T 1 PR DR AR 40 2 4 € 40 oy 2
KRR , 22 505 2 € S AR 40 M B T M i Ak P2k

[0144] L) “F Yo REHE th TR DR R ML D 400 31 N TS e 3
s A e e 2 BT S IR 5 2 2 T AL R

(0145 [RalE 55N , 500 “ 22 K ¥ o 1

(0146 “SE[RI% RS B “HE [ 383%™ 44 FH T T 45 M4 S RDNASE A 75 = B 0 7745 o 2%
45 o B K VR 5 0 B A 3 R DNAR 5 27 2035 o 5 S (0, 0 B A DR 1) 3
ey 9 ) T SR R A 2 T AR JE DR LDNA Ty B 2

(0147 A i FAIM T AN R & “F QBT 7 I 4 PR ELR 4T 34
LRI JE., 63T M S A 0 T4 5 B O B A L “Zo L T “Z S
o™, B O ™ R M T e S ™ 0 T 20 AL J 1 BT 0 AR
EOEAT Y INCE SR

[0148)  “ LD FHL R AR B 36 B MR AR 7F A SR IRRR Dy T - ) L J 7
R 0 B 10045 N R B o 0 L 7 S0 0 R 91 B AT T 1
G, V30T o A TSR A A ISR 45 4 T2 s R A L0 o 22 1 i 1 4
S A1 P A 0 S T 1 2 A B

[0149]  “HRpA” TiAE B0 A 5 e Skl 5 1 0 e 1 5 M PR ) L2 s .
[0150] 446 FRMA R EL F BN, “S¢ R ML B8 BOARHUL S RAE 7% 24 LG 4 1y %
PRI A SRR 55 55— B (SRR S HEH RPN , 261 FF ) %4 £095 % %599 %
AR R 51— B0

(01611 “HE ALK BHMA” BHRE & — oL A ST B (B, A8 T BRI 2 1
P B B TR 25 R 2 T L0 R AR A T, TELALME 2 R B /b —
A AR/ AU R 11 T 31 (LTR) .

[0162] el 5" 4 T W PRS2 S5 0 2. 1 0 B B RO . 4 R i ooy 3
i 1 I S o T, B 2 0 960 RO % RO R AR KRR (R 5%
A G R SERRFF 1 , FL 2% P90 I SLAR R K304 SR A 71 . A S o 68
ST PG “S2 LR RAE 5 2% K 509 AHIR, FLRIEPE ot 25 075 % L
595 96 . 24 i LT 5 26 0 S R AR 4 o 0 e OB 5, 622 K P BB 1
FEAE I, VA SO/ T 0 31 R R OV A Bk B AR T2 4 . R IR
AFAE AT 0 (IR T) « SRR N RATEIR 5,5, 5- SR AR 4,4, 4- =
R D A PR o~ AU R RS R 2, 3~ U R A A R 2 AL S
2,4 SRR IR . J0 I 2R AR T S T BRI T B
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RN R IR 4-F RO ER S- AR OER S EER - R AR AR E R 57
O 6RO SR AE T E R R E T =R 2- T R E R  n (- S A
AR VRN ETEAR A AR SR 2- 2 -3 -4 AR SR E R
iR B RIENAIR (as idoalanine) \EEIE LA p- IR N AR . p- B EIHEA N A
PR p— IR R JE TN 2R ~ p— G TR 2R DA 20 R S 2R T IR R 2 A 20 PR o (LA v b, 8 2 ) K
PR 5 AR EAEN I AR CBEIIE MEERThBE , BRI IOKE KAk B BB S5RGBT 7511
FIEIR T A L BRIV 2 IR T -

[0153] ZHHRHMZKE n— 2% EFREEIKES —E Aot Fr—8E", 548, 4
LTS, 78 LU 2 AN 7 Z1 ) AH [R] ) s B 2 R R 1) 11 43 B o ] LA 22 MAS [R] 07 KB 5E 17 51 4
UM o 9 A€ P o — B0k, ml A A 5 v i ENLRR P (B S BLAST, fE & 3K 15 B
ncbi.nlm.nih.gov/BLAST/ E0] FH) LT FF 1o o5 — EU X SR NFASTA,, HoAE AL 20t A4
(Genetics Computing Group;GCG) & CEHWis. ,Madison,3&HE) tha] H . Tkt HAih
F AR A FMethods in Enzymologys£266% : Computer Methods for Macromolecular
Sequence Analysis (1996) ,Doolittle%,Academic Press/AalH . L HE S RIFEH 2 NG T
H e ) 2 R B X FE TP o Smi th—-Waterman iy — Ff 2 ¥F /5 #1 Bk R (19 22 BRI 57 - & 1
Meth.Mol.Biol.70:173-187 (1997) . {# FilNeed1eman [z Wunschbt % 592 (I GAPFE 5 AT i -tk
XFFEF. 2 UL Mol .Biol . 48:443-453 (1970) .

[0154] P oRyEM) /&BestFit#E )y, HAd FHSmith and Watermanf) Jaj 5 [A) 5 &9k (1981,
Advances in Applied Mathematics 2:482-489) DA 3| 5%E & 51— . 28 M 7= A= 10 20 B K4
TEL 5 GEF 2R ARV E N, BAEVE 2 SE0ti 7 S8 3. BBy R 1170 4 RAREZ10.01 2
0. 20095 N, HAEVF 21500 580, 1072 5 B & 5 N LURHEE 82089 7 51 4058 1 Tl ik
ZH AR, AR HE B BN S ECR FE 7 91— B 38 AT AL 22 B2 (GCG)
11, Gk EMadison,WI, 2 H) AR

[0155]  FoRyEH) 55— FE 7 AFastDBH v . FastDBHEiA T-Current Methods in Sequence
Comparison and Analysis,Macromolecule Sequencing and Synthesis,Selected
Methods and Applications, 51271 £ 14971,1988,Alan R.Liss&]H.

[0156]  J:T- DL N2 HUE IS Fas tDBIF 5 H 43 b 7 41— B0ME « ANUEEC 11 792 1..00 5 25 B 111 43
1.00; ZEBRA/INT 320,335 FoEHE 143 :30.0,

[0157] A% PR3 AL EAS AT EXNIL K o 48 B IR SR AEAZ R AA A4S, 1 i, B FE A A
HIFH B 53, LAZH R FXNEE R (5140, GC 7 B AR AL I FXNIR: (R 7 271) 5 8 A R FXNZE ] 5 971
FHEC AL 75 B KB /N2 GCARZ T IR , A/ B A5 B A2 U FXNI: (Rl o A7 AR ) CpG A% R 1) 25
w2 AP B, FXNZE K] 81 B A B AR /K CpG A% R - 250 T 5 5 A &k B A 4 ik AN/ Bl
A4, HALFE LB 1 I FXNFF 21 UL R HoAh oA G anifl =5 o) s, Ak it dh &
AR FXN T Z1 ) A0 25 1 JE A2 2 TR, i Wi B AR 7 « A R B G 18 7732, Btk , 1@
g Ay 51356 16 2 20 M DL R A a3 240 i v (%) 2k i 75 1R T A SR 2R I8 A 1 I FXIN 2
o AR IR SR AL L PRIYE 9T 7 v, Horb 1m) 32038 e FH A A I FXNER (R 3 91 43 A Dl 344
(1120 73 A1/ 8R4 B 38 R BE ik IRI2 20 L B I 4 29 o Y8 7 Al 91 A e i 52 R 3 1 SR 5 O R
TAMEE BRI ZEN L R IAE A Z e 550 it — DS A R B R X ey
[ 5
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[0158]  FHT-3L¥r R M A I RIE I LB M AZ IR

[0159] Ak PSRk gm g IL it 2k A B I LB % H IR 751 « SAB M A% B R 7 51 A4
EA N AME I B AR T BCR SRR XNZE K] 7 41

[0160]  7E—ANJ5HH A, 5RESEQ ID NO: 2% B A R RZ R 7 41 ) L% 2 1 2 4 76 41 g
(12 I8 FHEL B, BRI AL R 177 H B AR 3L 5% 2% 1 i 1 70 Ath A 1) &40 g 7w G 0 g B s 3%
IETKF o BRI R RRAE “RISA” 5L “HG5R TR LR , BN FR A “G AL IR -

[0161]  WNFEA SR A B b Fe A, “Oifb” 8k “G B0 AL & S g tis 7 51 2 ARG T 37 4=
T G 3 51 (5 an, a5 2R B A 1 gt 7 51)) Ak LS g it 3 S R 1A , i an , i i B
AN L RS A B ARCpG ZAZ BRI B R FRBa & B 42 (AR B2 AR A7 2 B2 B
Kozak J5 51| \FE BRAZ bR ENAL B, R o

[0162] A4 ) S ) B 5 VB — AN Bl 22 A B 2R 7 I I N — A2 NKozak 751« £
— AT = R — AN AR AP B 5l N — A ELZ M Kozak [P A

[0163]  w] ol ¥ s A U2 A FH 328 2 ) S (9 A 56 = N BB TATA S 5 chi 7 1 5 A% W A4 33 N A7 1515
AREINS. #1/8CRS 5> %) Ju 14 ; T5 & 7 HI A1/ BRNA 2 25440 5 (B ) BY B2 AR AN/ Bl 52 AR Ar
RN SCRL KSall.

[0164]  fE—ANSZiti 7 22, AEAFT-SEQ ID NO: 200 B A4 RIFXNKL R F 71, GC 2 & (il i A% 1%
JF IR AFAERIG R CAZ EF IR I3 H ) ¥4 0. GO & bb B A BU L] (SEQ 1D NO:2) Ak 2 /b
5% HALIE R D6% ML DT% ERFHRIE R D8% ML R D% HEFH LR
D10% ERIEED12% HEFMEED14% ERIEED15% ERIERED17% HEH
ik 2 /020% E B HEARE R 30% FEREZ 40% ERE R /050% H B ARk D>
60% Hm ik /170% .

[0165]  7F 55— SKhiti /7 2+, GCH ELAG (LIRS [ C (Umsng) A% B R 77 FH 1 B 4 b 3R
7o B, gmis 3L 5 2 R 2R A R BF AE AU R (SEQ 1D NO: 1) FIGCE &N 2155 % , i A & B HIAR
TN BRI FXNEE R RGO B JE FE N IDT-3 (SEQ ID NO:8) £)57% JGenescript (SEQ ID
NO:6) 57% ;GeneArt (SEQ ID NO:5)61% A JCAT (SEQ ID NO:4)69% . [A ., 5u1SEQ ID NO:
2 BT 7R I G S L 5 % R A ) B AR AL TR T A1 2055 %6 I GO B AH L 3L, A% BA ) 24 A
PIAZ IR B & 2 /057 % AR 2 /061 % IGCH &, H R BERIE SR /D69 % MGCEH =

[0166]  fE—ANSLH T R, AR HMEBIHZRGCE & K T8 % SEQ ID NO: 21 #%
iR 7 51 ) 2 B 35357 R 1 2 A 0 B AR R A R ) G5 i o AR AT R AR N 03 S R R, 7E FIIEAZ TR
ARSI I FE RS DL T, S 9S8 B AR T A1 J0 ok , | H R A LT 2 A 3 1 2 B R
FHI % ASEQ ID NO: 11 &L 541

[0167]  #E—ANSZiti T 7, A 5 B (1) S i P XN R ZAS i A R TR 1R GC 25 B 5 9 A U ENX L [
(SEQ ID NO:2) FIGCH &= AHIE (BRI, N£155%) -

[0168] 74k, gt Lt ok i a B B MR IR (B, A2 1R FXNEEER) 1 205118 B 45
oML R D074 ik 200, 76 R FHEAIE 2 D0, 77 FEHLE 2 /00,80 ik 2 20. 85,
FALiE 200,86 BALL 2= /D0. 87 L R FE ALk 4 /00. 90 FEAR Ik 2 /00.95, Hig ik 2 /b
0.98.

[0169]  7F 53— Skt /7 2 , S 9mBrXNi B 4 A% IR 7 41 (5140, SEQ 1D NO:2) AL #, &
EAHIIPXNF 51 B A PR AR KA CpG A% H R » & & B0 £910% .20% . 30% .50 % B £ .
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[0170] %0, CpG A% H R I HF 3 Ak 7 30 A% 400 it %) 32 K] 3 0k 1 A1 7% o b 2 B4 A L 45 A
H, FAZ AN ) CpG A% IR 1 FH B AL A b T4 B T S LRI SR TR 2L R 3R A . [
I, BT 3d I CpG & 7 1 FR 2840 15 A (M B R UK, B D 20 H R CpG A% IR 1 A K BH I
LR T K B A vy HLAC ) A B PR 3R /K

[0171]  FE—ANSEiti 7 R, S AB T XN (KA 2 Lh B A R PXNIE [R] /D (1) 7 7E CpG iy [X 45,
B, 128/ A3k , BB A FXNTE R A0 5 29124 M LECDG B [X 38, Stk 2491234, = TH AL
AT, HEARIE L1 14N ELECPG ) X 35k

[0172]  ZAEAMRIFXNZES A7 271 34 vl G0 455 1 E 30 o P 28 30 2 A v 1 (42 PR ko o VP 22
G2 PR A A AR A 2 R BB S ((EABR ) BI2AZ ] 2F . K 3 (scAAV FURL 2 1
pTRs—KS—-CBh-EGFP-BGH B ki &) % 8 (SEQ ID NO:19-23) H fr i 1 AR 4o 25, 3% 4,
AgeI AvrII.Spel KMlul,

[0173] Ak BRI 045 g A Dh R v P v BOL 3R R S B A P A1ISEQ 1D NO: 39 [ 4£—
B “DhReiEYE” B ThRe ME LT R R A7 fa o i BrdR it 5 A K L AR Y AR A R B
FALIT A= i 1 o R, B BB A AH RS PR AL ((EANBR ) « 2 0E E EiFe-SEERERL = ; PR R4
FIAREF 2 (Puccio® A ,2001,Nature Genetics 27:181-186;Seznec® A ,2004 ,Human
Mol.Genet.13:1017-1024) ; }¢ tnPerdominiZ% A\ ,2014,Nature Med.20 (5) :542-547F firis
A At B = FXNERG I D8 Fr B AR 7 1 34 I8k 15 3 5 BB 1 Mek /N R P -5 AR Se o oA
Ab 2R BH IR FRDAFH S Bk 1) Do I R 2

[0174] AUk B ALHE & S AB MR B F XN B 7 51 B 25 il =19 50 BE G A4 I A% B ek Ak 1
T DR RAK ) IR O AR R B TR AR B AR 2R AR R T 1 AT B 2 R A A SR T
W AR o RARTT 5, HALHE 51 5 B OV I 40 M R I RNARS S WAL B JE 3 1. J3 8l 1 7]
ZH R B A AT o 2RV JE Bl AT P R AR R I SR R B AR R IR SRR ) TR L
2B B E O 20 A B E TR AR RS 2T B 3 T AFE A S B e T, HE R
N R AE R 25 K LA N ST, & T4 R 3+, Foad & o ST H A 3808 “5G 7
W2 AR T NE K, AFEEE R SR B R AETE A XA 450
(s 2R JE 2 Tl AT 2 B AR S IR, YRR AR ATl R R DA BRI
SR TR T T, 45, 56 FHAE s B A5 A o0 R I R AR L R R B 80 1

[0175] &3 () B BN+ 1) SEAGI B0 35 « B 25 JE 301, W A s 25 3 EE 30 B 3 s U B 3
T W WE A0 H 55 (CMV) JE 30 5 PR IRE b A1 99 55 3 2015 55 B R 28 RSVY) Ja 8l 15
HEH BT 5 S G 3T, 1 W/ LR MR 8 MMTV) J53 301 & @i & 1 307
PR BB T a-1-PURE A B B30 BRI R R MPUE Bsh T 188k EB Bah 1 IREA
JCA-1 B8 F ;s BB I CBA) JB3IF,CBhJa s+ (SEQ 1D NO:25) K&CAGHshF (E 4N
BERHSR T oo KRB T B ANE T RSBHLEh B AR R R BB — N AT, R GBI Ek
HE H K BT 52 4K) (AlexopoulouZt A ,2008,BioMed.Central Cell Biol.9:2), XA
FXNJEBIF . B3l ¥ al R R R R A% B30+ @ W/ B & A B30, Hwn A R R R s 3
HH BT (TTR) —FEAE A4 o gt

[0176]  fE 5 —J7 I , Ja RS FXN I 2 A5 10 i A% BR gt — 20 A0 & B INFXNER [ 1 2Rk (1) 3 o
T V2 R T AE AR A O 0, B G ((EANR ) 5 40 s 2 3 2 37 R A 3 0 7~ TR R e
M5 ,CMV MIEJS 888 = AN X 38 : Y15 MURe X 38 S 3 5% - (Tsomura J2Stinski, 2003,
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J.Virol.77 (6) :3602-3614) - CMV3§ 38 ¥ [X 38 AT 5 HoAth 5 2+ s =40 416, TR R &
2B BT DAk — 20 38 b0 vl # R b e L R R 1) 302 . 25911 55, XS B-WL3hER B (CBA) A 3h
F B H A ] 5 COMV JE Bl ¥/ B o - B 7 2 A AT A CBARY T2 RN “CBh” & 2+, H
RRNEBH N E AR E R BB T, WGrayZE A (2011 ,Human Gene Therapy 22:1143-1153)
W TR

(01771 bk, & HootE T B 5 IR R 8 B A2 741 (CSS) V& I & 1L P31, SR IR
FEAAS 5 791, a0 ((EANBR T) 4 K IHER ZEAME 5 741 (bGHpolyA) , T 7E S AZmRNAR 3’
g A IR A R R R AN (W, B, Goodwin &LRottman, 1992,
J.Biol.Chem.267 (23) :16330-16334) .

[0178]  JRJmEEakiE

[0179]  #F—Rp s St 77 S b, AR VA A% R WA F B B Ak AR B ik o o, AR s T
R EFER IR AR XN LA 8l HARAR 1 % BR T 21 1R SR

[0180] 2% AAB IR FXNFF 1

[0181]  ZABAHRIFXNIE K 7 51k rl R 46 N & 3R i B # AR I 4 7 o KR 5 , & B30
BN ALFE 3 T A e P I B AR T B AR SR BE AR SRR IR T RE S5 A R o AL T rAAY
AR B IR P N AEE (ss) ~ H IR B AT (sc) BONEE (ds) o

[0182] JREFHA

[0183] Wy , 4k 4 5 IR (1) 09 75 35044k Hh o R 2 5L R 1) 22 R E IR 0 1R ook B P
I PR TR B B BT AR I AR A2 o s B AR I S ) B R AR AN FR T s B L 100 A
T 1200 BE T i B SR AH SR B (AAV) 44

[0184] AR & A BH I 715 77 AL 1) 8 A0 2B i B B 1) B3 B0 AR 2H 70 0 3 &8 /b — AN R R A
B, ZAZRIFXNIR K 7 51 Je B 1428 il A 00 0 F XN K] 7 271 1) 2 02k 1) AR DG B SRk 458 il I
Fl.

[0185]  FEARIEMISLHE T B, B # AR B G AN/ N 82 2L K 4 (58 Wirep M cap®ft 2 1/ 5
LABMRIIFXNEE ] 7 31) S FAH DGR R A 32 ] 77 91 B AR AAV IR PR 2H) 1) — 893 « ZAB MR FXN
BN 7 7138 RN 2 50 S B S A — AN B0 ANAAY. TRETRIG A AH 2 (B, B 0l 82)
(Xiao%F N ,1997,J.Virol .71 (2) :941-948) , B 4wt i Birep K capts H AL IR . & A] 45
& TRt 2B FXNIE B 21 7 SR 40 A H 1) 2H 20 e 1t 08 1 oAt 1755 7 51

[0186]  ARAMIHEI AR N SN EfF, O F AR BABRGHEE R R WEES (B,
capirep) HFIAAVEAAAGE S Hi], iIX & H T IR E A FUNR R E ) L 2R pr b 22, 164h, AAV
M 5 (Dependovirus) , Ji [FI7E T HANBEAE o I8 i 4l By od 25 (1) 20 e W [l 2k 44 () 15
LIS A 2 M 52 ) A B B 0 LS e B R AR S i B o B AR, A0 R SO IR, T
PRt A0 B A o (K1 4 B T g (ElaE1b.E2a.E4 & VA RNA) G035 i FH 4 i & e B oo 12 1
— B LR YL AR, A1/ B0 A M T AL b B Bl il AR IR - 25 9110 5 L HEK 293
FH MR 99 BEBDNAL A0 N R 4R i =4 , B H A7 RiAVF 2 Ml s 5L 0, 3 (EAR T) EL K
E3 (W, 40, Graham®% N ,1977,J.Gen.Virol.36:59-72) . K1, A L4 By Th g Af fHHEK
29302 A M B AL, T I 75 38 5 451 G 2 s G ) SORE N AR 97 2 2

[0187]  JpR BE A A4 n] 9 ATART G i 1) A% BR A 2 A , 1 WNDNABRNAM A4 , H AT oA B L US|
BB iE (R, 20WO  2001/92551 7 Btk () (5 32 HAMKD) o
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[0188]  ARAWIHFEIAR N S B, rAAVEA T 13— A3 “H 7w 7 B 8CH R 78 (R 78/
WA B , R & 8B AR /N T K214 . 1kbE 4. 9kb K /N, B il A B2 IR HEN
AAVRFEH .S L, Grieger M Samulski, 2005, ].Virol.79 (15) :9933-9944 . B} , AAVES 1A IE
ez B ¥5 58 KNG GEH 294kb 2 295 . 2kb, BUB& £2) (IDNAKI 46 N7 51 o BRIt , 6 T4
A0, THEN T A AL & 78 /48 7 B, DA R R 1 88 28 2l A - 1B DR /N s 7 25
RIZH 7 %71, LALEAAVER AR 252 FH T G 1dE N B MORLH o 76 & Fhaleiti 77 S8, JH 78 /3 78 v Bt
IR T AN % R ) A B RS B i) b B FErAAVEAR I 8 St 77 b, R 2 4%
HRT I EA/NT4. 7KK, HIE R/ H A B E R T 5 H AWK A AR S 7
ZIZHR 7 I A (a0, f6 N\ B B, A 7EZ)3.0kbZ5. 5Kb 2 [H] . B £4 . 0kb %25 . 0Kb
2 [8], 8494 . 3kb &4 . 8Kb [A] ] A K J

[0189] W& Fibv] 78 M7/ 78 i BE 2 AL 7 4, LA 3R A 6256 22 0 F5 JURE R T AAY
BRRI A 78 I /A i B2 TR T A I & T RN & 1 Bt 35 08 - 25441
MaE, SENENE T OB FRREMEEE, QRN & T ool i RiE
(Kurachi%§ A\ ,1995,].Biol.Chem.270 (10) :5276-5281) . M4k, 3 78 /3 76 BX 2L TG T
F g A A 2N HAAL RS ((EABR T WO 2014/1444865 Fr ik iy AR 4L

[0190] JHTFTFATE

[0191] 23 EHARIR B AR LA 7 n R AH/ MR R T2 . AAV Cap I ik & A 78 Mk
(1) o 538 B A0 /N3 5 A ST 40 0 B S D ok B /NI BRI AR S22 20, 18 a0 E R PRI/ N 7
AR AR B - 259 1T 5 0 B AC 7S T N AAVAC FE (f91 4, AAVL VAAV2 \AAV3 AAV4  AAV5 . AAVE .
AAV7 L AAV8 . AAVO AAVIO AAV11.AAVI2.AAVL.1.AAV2.5.AAV6. 1. AAV6.3.1.AAVO. 45,
AAVrh10.AAVrh74 .RHM4-1 (WO 2015/013313fSEQ ID NO:5) \AAV2-TT.AAV2-TT-S312N,
AAV3B-S312N.AAV-LKO3  HPZAAV . B ZEAAV 2 AAV . K SEAAV L Th3EAAV 47 2F-38AAV | LU SEAAV L BF
AAV, F H 1T E ek e 45 K B A AT AT HoAAAV . 22 I, 5l , Fie1dsZ8 A\, VIROLOGY , 552%: , %5
69% (384, Lippincott—Raven Publishers) . 4&5% A 742 H BL T &3 T A FF 1 2 AN AAV
MiER £ EH L FE7,906,1115 ;6ao% A ,2004,].Virol.78:6381;MorisZs A\ ,2004,
Virol.33:375;W0 2013/063379;W0 2014/194132; HALHEWO 2015/121501 7 fiT A FF 348
FAIAAV (AAV-TT) A2 44, S WO 2015/013313H Bt A FF JRHM4-1 \RHM15-1 Z2RHM15-6 , 2 H AR
M, HARSIRE AN 2RI , AR AT BEAELE 1 A PR A PAT FH R B SR AL DD e 1 A A8 1k , B
AR B AN EZ T AN AAVAR SE I ZH 53 o AAV Capil A B R4 EFEVPL VP2 I VP3 A5
BAAV VP S A IR TR T FIORF il AL 5 /N T A2 8EAAV . Capis B A $2HEAAV Capi
Sfikse "

[0192]  AAV Capf EH I —ANERZ AN & ER , HAEFERE WA EEZ TN e (R
AN ELZ T ANAAY) BIAAV CapH 2 IR /7 1), iNRabinowi tz%% A\, SEELF6,491,907
HT IR 2 T R A8 A TN 5 7 AR SO 23010 5, G R EEAK 5T ]
FEAAVI Cap i H B 576 [ 2 /b — N AAV2Cap BTV 5 TG « ik & AKX 52 Al N 4% B — el 2
MB19Cap V5. TTIAAVAC ST , 1 U1, AAV Cap#s [ BV B 76 AT HH B19Cap i [ B B o & 4 . 2%
T 5 5 FEARIE B STt 7 S H , AAVAKSE I V3 IV B 7T ] FH B9 Vp2 W 5. 70 & 4k

[0193] A —3jfi /7 REFE IR A EEE, HA A B HER H AAV2 . AAV3 L AAV6 . AAVSZE [ AAV
FHEMIH G DL TR HAAVIR - FLBE (Gal) 45 & 2 108 IR AH G B8 (AAV) KB R £ Tk I 25
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(HS) F-3LbE (Gal) BUMETR IR (Sia) FIAEZH MR 25 A 1) 32 2252 AR I 4l B MM B 4 /N B3
4501 5 5 AAVILTE 42 J2 3Sb A FHHS . AAV1 (4 K 545 & B AT AN A B e A S PR ) Sia, AAV LY 746
HERSia HSHI# , TIAAVOREGal FH T 15 AL EEL R A He , 5Kk F AAVORT 7L BE (Gal) 454
SRR BRI R 45 S AAVITE B2 |, HAUIE AR SR pE S & R 0 i b o R 7% T 300% .l
b A &5 R EE S B S p i AR K R E AAVOI) Gal 45 & /& 7545 NAAV2VP3 T Bl ik A AAV2i 8
AR SRR SR 77 A T WU R 4 B R TR AR (AAV2G9) A& LA [ M9 EE 0k (AAV218G9) o 1A 41
GhA Je e S @ L T 40 3 N O AAV2G OIS 2 Gal 3244 1 2 (1) 5K F .« B4 3L K 2 1A B)
1R 5 SRR N RFE A S A 35 DR 2H AR ) 2 AT R AT Fa sl I 1 28 6 38 X0 ) R AA VS B
PRIGECIR TR A S 3 1 1) 3 B R 3R o AL e R 1 B AR A1 PR I 2 8 1 UL PR A e
AAV21i8GIHK &AM 2L F] (Shen% A\ ,2013,J.Biol.Chem. 288 (4) : 28814-28823) . IV H 4L
HA e IR TW02014/14422997,W02014/144229( N 22 LA 51 FHI 5 RIEAA T . B
AN BT 25 BB 1] AAV G5 TNAAVO . 45) 538 FPulicherlaZ® A ,2011,Molecular Therapy 19
(6) :1070-1078"1, H N 2 LA A3 5| I 7 A FEA A, DI S5

[0194] 75X —SLjiti 7 &9, AR B3R AL F T 90 7 A4 P9 JE DR V6 97 (R A AAVE AR (1) 45 F -
SHL, THENLAT AR P B 4 E TG R LB X AR WE PEREAT SRAE I TAE 51 RS JLAS D RE PR
SE AL AAVI) 72 A4 M Anc80 (AAVIMLIE A 1.2.8 IR & Tl AH58) IR 5 (ZinnZE A, 2015,
Cell Reports 12:1056-1068) o 1 413% 2 s 5 ki vh 2 b, b ISAH 7 51 5 0 % & B vl
T Ad R TWO0 2015/054653 00 ) 77528, WO 2015/054653 10 N 25 LA 51 FIF 77 RIF
A A FE R, 5 2 A BB SR A AL, B AL BE 5 21 4 25 PR 9 B R P s A R 24
TN S 300 F0UAF G P2 P PR AR I B Ik o

[0195]  Zfu 2% ap A 7= 2k

[0196] AU BH A4 H T 32 40 B 36 o 1Y) E0 5 A B, BT IR B0, 28 441 o v 48 35 77 DA P AR AR e B
(1) 48 /B0 285 95 B3 AR o A R BH I B 2 0 i R AR B B E B SR (D) sk Thag . (2) e2&Th
A J¢ (3) G B ThRE I A X L 2H 43 ThRe () B — & IR IR TRl J5 &5 0 b o

(01971 W], B AR A @ o A AR B AR N G2 F0i 25 T 7 ik #4S (Z 0, #lhn,Wo 2013/
063379) ALK 7 EHIAR T-Grieger® N ,2015,Molecular Therapy 24 (2) :287-297H, H
WA T ATE B LS HE 7 2RI AR L (85 2 B HEK293 41 i 1) 7 R0 4 F AR p
Hor R E Ak I R 2 40 A ZE 16 B4 B HEK 293 41 i FH T 78 fo V0 B il A2 v 1 X r AAV 72 4E [ 4
S WAVE A W) J 87 2 v B TG S 2H O3 i 2 A R AR K AT FH = SRR 4L 079k (9l 4n, WO 96/
40240) , TEFEGL 2 JG 48/ NI USRI , B yFHEK 29340 i 2 7242 K T-1 X 10° 8 Bk (vg) /40 M
(IR R ZH B R T 1 X 10" ve /LK AN M8 75 . SE AR5 1T 5, — EE 35 e i FH = AN Tk i e
A2 M ) S s — N FRL GRS AAV rep M capE R, 55— JFURL 4w AL %5 Fh 4 B T RE (9 4, i
i FEERHSVEE [, % NEla E1b E2aE4 JZVA RNA, H. 55— 5ok 2o i 55 R B HL & Fhdss i ok
(Bl , ZAB A FXNIE K A2 CBh 25 T) o

[0198]  JASEILPR TR =&, A 2 A0 & - 3 W ade 45 S 40 AR K A G I 5 1) e 45 1 I 1LV
VTR IR AL R YR R e A S A 2 B T B AR E AT 5 TR T B A
afi (bR, 3 EAAVIMLIE 1 2268 ) o A0 B 4R AR Tl 2% T2 25 Ptk 6 AKX 55 o A FH 38 A 2 1)
FETTAE— N 52 i, 5 3500 i 0 3 25 25 KL EL 3R (090 % 4 BB kL) , $efit 4tk J5 =& O1 X
10"vg/L) B3 FF IR RS A HL 26 T BT i 7L R fik 2 JURid A 2R o B ml 0= AR R
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O T4 X A0 X 58T 1 A5 A2 B (AAV2) BB IfILAC 3 (scAAVS) B AR A (scAAVI) K L ER
PEALI IR 28 (AAV2) P2 AEGMP TG PRAAVER A , T 1) B8 35 it FH BT IR AAVE A4 o S 4b , AN 24k
7 A H I s S it VR A T V) 5 BN /M T AR A G S 1R K R B[R] A B R RO
rAAV,

[0199]  JEEEAAD)RE

[0200] A B F A 25 4 o B, 455 5 2 4 AR T R DA B 6,206 T LA T e o o B3 3 Rk D g o £
FEA/ R B IE R AL G inrep M capBi 2k Kt 2 A8 R B FXNFE A1) B He AH S B 22 1 4% il FE 51) 55
FRIGAAVIERI ) 13043 - o B AR DO e B35 5 B T a2 Hm S 3R = Hil 72 2 R IA
Pt 751 8 6 T AR A S AN TR LR 4H GE dnrep M capfi 2k K H 5 3 R R L RH O BBk
FiE 167 7B AR AAVIE R 2H) 1) — 50 o 5 L R I8 & B N AAV TR , B ARSI
Birepftcap ORF.I& M2 IA 7 71 (6 anid B T (e 13t i 22 R 70 S 400 Pt w1 28 20 S
RIEMIH LIRS 50 8 BT S S A R =T 7 51) B FEAE N & B L DRE N i & R DL R VR YT
PEZ KBS S 2 IR LR ST 1) -

[0201]  “55 AR 7 A S m] B 4t gl Bk /R 57 B0 BRI BdA 2 AN
FOORL AT 51 G B, 5 A 9 BERURIDNA (vDNA) (1) 4H /N 5 A< 56 - vDNAH H JR B M LAME1S7E H
TR EEA TR R S T T i R e 48 4 o 2 20 v DNABLSF- 4 T i 3k 75 = 2 ik (B, 3 53 oot
15 DLER ) IO OSUEEDNASR AL 22 18 4RI o 75 20 8GR, WA/ VR B A LR E. 5
2/ B IR B AN AAVE AR A A S 2 T B R 1 nwo 2001/92551 W0 2015/006743
Je VT 28 A SCHR A

[0202] g3 &k D e vl & i e o 5B NER AR , tnSamulski Sy AN 36 B LR 57,
465,583 (Bl X FE AR n KT, AT A TN AL, 5] 77 098 ANARSCH) H
A 2 XA N KA RBEAN (sc) ZHFIR GBE ,DNA) o & AR AR K 4 4% v i 41
N EEAC TS (11, AAVAC52) NI A e A ik & 8 2 08 1A 35% 17 1 AR R N K T
fift , B I vDNATE BT 264 T ] B A 2 DL RUEE T2 0 A7 78 , (H 7R AR 3E B AN EF BR B 2 3R K 1
M A BLRE . B SN B ORI 5 TR A 3 R R ) 9 B E R . P , B 204N
Jod BB AT AAVAC 5%, 12450 i idE— D N R G BRI A 5%, a0 B SCRT R IR

[0203]  Jpg 25 & Ak D e vl & 1 e O 52 NER AR, anSamulski Sy AN 36 B LR 57,
465,583 (B X 0 T 5 AR i H 3 T H A A T A LA 51 - 7 SR A AR SCH) A i
B R BN R AR EAMY (so) ZAXEFER CGEH ,DNA) o 286110 5 , BT 55 L L XS
52 A EARPIDNAT] 2 B g LU T B XUE% e I 285 74 o 52 TUDNAZR R 1 7 4% B mI B 2% T B A%
P o 57 U AR (1 5 XUBE DNA Y B 20 7 A 24 1) D B8 B vT 2% fift P40 it B AN DNAA B 22 38 i
Io 5 B ) BB SR DR 2 P T

[0204] 2% ffride H T 0os B 2 AR A TR (RT AT A2 AR R AEATT) A3 WAV 51, b i AY 1. 2.
345 K6 AL AT AEHTAAV TRICTE B B AR B TR 7 1) (4, B A 2 1) ] e e 4 N
R R BT SRR AR) , R TR S R DhRe (914, s 5 002 B8 & A0/ sl S s 25 Rt
Je el Ba] o TRA] 9 78 2 AAV AR i f 1) B8 52 10 & 0T 41 5 18 an Wi Samu 1 ski 46 A1 56 [H &
FIEE5, 478, 7455 R BT R (1) “XUDFFF” 5 1% 3 [ L R 4258 A FF I 25 BA 43 5| I 5 X5
ANARSCH G TE AR AR, TR H AHIF 41/N5 8 , 40, BNTRF F113205K H AAV2.

[0205]  E2% DyRe B HE A FE2H 7 o A FE A A SR B 41/ B AT T WAAVA SR Bk A
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AAVAC S DI RE o B3 1 41 /N B AR 7 2H 43 1R SEAG1 Aok 3 4l /Nl B R AR S22 53 v tn 3 kP
A /)N B B B - 2591 1T 55 5 A5 2H 43 P 3de H AAVAR 72, 4511 4, AAVL VAAV2 \AAV3 AAVA
AAV5  AAV6 . AAVT \AAVS . AAVO . AAV10.AAVI1.AAV12.AAVrh10.AAVrh74 .RHM4-1 .RHM15-1.
RHM15-2.RHM15-3/RHM15-5.RHM15-4 .RHM15-6 . AAV Hu.26.AAV1.1 (SEQ ID NO:15) \AAV2.5
(SEQ ID NO:13) JAAV6.1(SEQ ID NO:17) .AAV6.3.1(SEQ ID NO:18) \AAV9.45.AAV2i8 (SEQ
ID NO:29) \AAV2G9.AAV2i8G9.AAV2-TT (SEQ ID NO:31) \AAV2-TT-S312N (SEQ ID NO:33) .
AAV3B-S312N S AAV-LKO3 , B vy A Rl B ok 3R 28 RAC ISR HARHT UK 52 AR e 4H.
Sy Al ELFE R H AN B T N AAVAR ST I H 57

[0206] fE—ANEEHLIER LT R, VPRFEEATH— M2 N AREGER . B kE
AN B 2 T AR AR AN B2 T S AAVII & L BR 7 5], WRabinowi tz 2% N, £ EH &
F16,491,907H prihiid . ik & R FAEAR L H R AN ERARA 51— MERHAER—MiE
R 2 DB ia) T EE & b) F I RNV o) #EIA)  d) R R SF ) 2/ — NI IR TR A

[0207] Ak & E A AT ENLI%E A ,2008,Mo01. Ther. 16 (7) : 1252-1260H Ff 7 I 48 4t
15, N A LA 5 FR 77 FE AR ST i ol K 255 T DNACCAH 1 77 5 T 48 | 8 m) B
KA AR Rt R IR D B (AAVY) LY Y 1 23 O AR 7 5 DRI 2H {58 FHPCRISE MLt 73 Bt % B
HPL PR A AR T A K EAAVL 2.8 KO JE R 40 A B ) B AN B e v b (kA 1829)
54 Bos BA ZAAVIRE B S ERES R A G R B R0 R 2. B
AT 52 2 BH AAV 242 BRK AR 1K) — - THI A4 = 2 Bl 28 b 1 3R T 2R, 1T AAV L K2 943 IR Al 9 £ K .
FERTRRAH ELAT F o 45 Coiig 25 7438 (AAV) 1551 9 28 398 ) 4 22 BRAFS AR () R B S i ME L o
A - 1829 TR IR L WEAT 2= FIAE EE 2R HEL pr g MyE By o A A i 5 B R AN  fR AT
REAE FHAAV B H A 93 54K 52 17 Z1H b2 AR B FH T8 ARGH i/ A 2SR B DL 7 AR AR 9 N SRR
R I BRI — I A A K TR .

[0208] 28 A e B A KA b AFE B TR TG A4 M 42 1) A2 A B FXNE: R 1) B 3 T 428 i
F 5 FEAR SO R FRAE I FE R B JE R R A &7, H 2 DL S B AR DNAR) 2% J & A5 1 1)
FXNEE R 7 51 72 40 3 S A A 1) J SRR 02 o B3 3R D) e ] 91 i AR A BORL B 38 1 i 41 7
A7 53 A A o 5 B3 4k R DI RE AT GY AR S AT AE T A M 2R P RN/ BRT R 2 4 L ) G 4R DNA
H

[0209] W] R A 45 2500 B AR DI REAZ T IR T 21 51 N 2 4 A 1 32 DA AL 5 ) S A 2 i AT AT
J7 1% AFAEAIR T« B 5 FL B RR FS ULV WA S BH B8 T Bl B B T R A, B S5 A% e
& S HEH G A o 78 Frbom i 45 B B B0 10 5 G2 1 B 80Pk Th RE 1) SE Tt 7 S8, 7T
5 77 A i B A I B 7 1

[0210] @ IEThREE

[0211] QA ThRe f s H TN B 8RS ) S e py L A BRI, 491, A D RE L 75 25 vl 4
5 R ER RN RIA R B BUA ] B B RS RER R B B i B R D SRR SO B AR
PR35 22 9 B URL A BT 75 1) T RE o o] 5 FH U8 G0 SR B AT 3G 1 AR 998 B BUHS VA B ) 2 A4 1)
2[R R 3 A W 6, 2 T 8 S () i o £ 187 22 0 6 A i o 0 25 The v et Ak 1 b A7 TR0 2%
YHAL N L (EAR 1B 35 T 40 B ) G L ARDNA PR SE I 5 SR ASAAV Rep M Capfi A

[0212]  HBhThfE

[0213] %l By Dl e o 4 N7 A0 256 40 M (1) ¥7% B 1k S g P 75 1) e B 23 0, e AR 0 i B 26

24



N 108348621 A W OB P 21/66 T

A /B0, 255 T 5 B2 1 o S B HE AT AR B IR0 25 TR 55 A0/ B2 0 BRI A2 DA 51 S B 34k
(1) EL2E 1K T RE - 25610 &, B 25 4 Bh Dh Rl K B 45 iR 841 /) ElaE1b E2a.E4 JZ VA
RNA . .25 Dy 58 m 38 ik FH BT 75 00 23 86 G A 2 41 B i B2 A3k o w56 FH O dn SOk B 39 7 (1) 2 R 4
FAAOKs L2 T L R ml Rk I N 2 R A . 2 L, B, WRabinowi tz % A, 2002,
J.Virol.76:791 7 FIr iR B pXRE&# Bh kL , S2GrimmZE N ,1998,Human Gene Therapy 9:
2745-2760H BT 18 1 pDG TR o B35 DI 8 T G A Rk AR MU A7 7E T B S A e Y , (HAR I & T
2T B A 4 €6 RDNA (49 41, HEK 29340 it o (I E 1 BRES)

[0214] AR FAATRART &3 ) 4l B B8 D RE - 25901 55, 76 R0 2R 40 B s 4B B AR 175 400 1 L AF
PRI 5 0] 78 2440 BIpT B o TEAAVALZE J7 v ik v W 92 3 75 FHAE 5 Bh i 35 - M3 AAV Rep’i
H IR & 2NIR 29 25 v] A R R F 58 mT A RAAVE AR = 4R T7 %

[0215] W % AR 45 48 B Dh e 0 % EF B 7 &) 5 N 22 40 P g 3 DA HE SR okl B B 28 AT Al
2 AFEHANIR T« B 5 L BERR ES UL UE 2 sl 5T FBH B8 1 BB B - T A, A 5% € A AE
A I NG AR o A8 e A d It A FH s 7 ek Ak 1) B % B A FH 4 B s 7 X U L 4 (ALl B D E 1)
S 7 ZE A, Al Ad T R A e R R AR T T

[0216]  ALIEZH

[0217]  FE20 00, 2 o B3 A4 1) 7 A v ] SR A AR A H 2 0 R AR ART - 3 1) 25V BB ke T o
Wity L Bh A7) 240 P Bl R R 2 R DA DI e 1) o 0 A i BH ) S e Hh 3 P /00 2 0 R ) = A 1 4 g <2
LTG5 4 - 3% IOVEROM A 4H M 2 \WI38.MRC5.A549 HEK 29340 (LA 7EH pii ik R 30 1
(42 ) T ) DhRe PE R EEE L) \B-508 4] HoAthHeLaZfi ffl \HepG2 . Saos—2Hul7 L HT10804H
Ml R AE— DT, B3N MR 8 7 B BE IR R AE K, SEARIE , 40 MY B8 0% 7 TG 1ML 3 15 7
H A K AE AN T S, AR AR R N AEAN B IV ) 1 7 b s i A K HEK 293 o 78 ) —
SZHt T R, AN NUSE FIZE9, 441, 2065 F AT i IR HEK293 41 B, HL& fRiBAATCC
NO.PTA 13274, KErAAVELLE A0 F AR AU O A0, fFE (HABR T WO 2002/46359+ e
NFFRIIRLE,

[0218]  FHEEL2% 40 M 41 B R B 46 R U4l &R o mT AR AR 2 B ASE FH A VAAVI &2 i) B o]
Y Fp R IR AT A B AR MY S5 B« B A R, 1B AN STOES 21 41 Al 51 5 S0 8 40 i 3R 5 B
US04 H R B 40, ISP ISR AR R R o L I AN P FR O B HL B RS TO4I i R o A XS o T
SR 2 BRI ZRIA 1 R A ) B LT AR 5N B L S H R ) v S A RS
FRUL RGBT LR 26 S0 A A SCH :Methods in Molecular Biology,Richard
% ,Humana Press,NJ (1995) ;0 Reilly% A\ ,Baculovirus Expression Vectors:A
Laboratory Manual,Oxford Univ.Press (1994) ;SamulskiZ§ A\ ,1989,].Virol.63:3822—
3828;KajigayaZE N ,1991,Proc.Nat’ 1.Acad.Sci.USA 88:4646-4650;Ruffing®s N\ ,1992,
J.Virol.66:6922-6930;Kimbauer® N ,1996,Virol.219:37-44;Zhao% A\, 2000,
Virol.272:382-393; M SamulskiZg N , 35[H % 556, 204,0595

(02191 A5 FH AR A3 Hh 20 S0 P AT AR 7 v 7 AR MR A0 A & B 1 995 B 4 3, 490 S et R T
RIFAERIE BrownZE N, (1994) Virology 198:477-488) AFE N 7 —EAR, A K BHHI 5
FAR T AT IR0 B 8RR TE B gl i A 7= AR PL i an g Urabe % N, 2002, Human Gene
Therapy 13:1935-1943f A 1%k rep/ cap il S rAAVARAR o

[0220]  7E B —J5 I, AR B HLAE B AN AR 7= AR v AAVIR 5 v, HeP PR B L 2 &R
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G0 B AR R AT 28 ) g DA EE I K O M R PR S0 AR B AR 1 2 Ak B 1 g X S L d
ik 22 A R e G AR O B A AR OR A BUAAY Rep M Cap i [X 35 o 75 41 XTAAVAE FH
Baculavirus/ A4z {253 VE B2 , 01 , AAV DNAZRAR P24 528800 110 1 3 HAMPIAAVTTT
ToT A FHZAAV TTRIFFEAR o PEALLTF S B B4l i e AR RRAAY rep & R 15 A 10 Bl =40 , H#
BT The PERep i 2575 ME R B A0 7= Az B R B AMFIDNAZY T 18 32 41 A B GS A 1R 96 5 1) 40 A
BH A L 5ING b AT DR 005 B 4 B ) B 1) 40 47 A I B Hh A 355 T AR s 75 5l B D g T
FEIR 73 5998 B 1] RIXAAVZH 43 HBE f5 2 BEAR 2 1 =4

[0221] 75/ Az HATE] , B0 25 40 fg KAk BB — B Z AN B B DB DL 2 DL 51 D93 753K
A1) 52 1) S e R A B D e S B T RE o AT A P DR A Ak s 2 JSORE Bl 18 1) R I e AN
7] Dy e L ) sl s ophoth R 87 28 A ke A0, BBk Thie vl Gtk s B A7 AE T4 RN B 5 T
ST ) G A

[0222] ‘][] 41 B pi B ) FH N1 BT R i Th g HR AR AT — AN B2 A, i, B stk o
HNECRE A T 41 B i G2 B ARDNAH (1) — N B2 AN SR DI RE I 4 MY R 5 B e Rk b HbIE N
BCRES T A0 H  G EUARDNAHR (1) — AN B2 B 2R D RE I A1 M 3R s R A G i A I N B
AT 2 P P L 2 ADNA B B h R 0 2 2R

[0223]  rAAVA{L

[0224] v+ AAVHR AR AT I8 i A AT ) b o T v (i a8 o 9 A JE Ak sl A AL i ) 2lidb .
F A r AAVE AR I 7 o A S 2 A A S LT & & R R 7k Clark SN,
1999,Human Gene Therapy 10(6) :1031-1039;Schenpp X Clark,2002,Methods
Mol .Med.69:427-443; 3 [E % F556,566, 1185 K&WO 98/09657.

[0225]  VRYT 1

[0226] A4 FXNIE: BRI AT FH T o LAt A L5 2R R AH S E (i 4, SR AL 12 o 22 JUL A
i AN/ B o B A A R O R AR SC IR (1) 0 JILIRE) B 2R RV T o AR ] e TR B RVR YT L Ik
FH T /E P XN BT ) G ) 7 20 ) — AN e 2 AN AR I 45 R FXNGE AN G R0, il tn, B
AN IEWIE R 7 51, BT A R 2H 2 Hp 7R B R I 8] b R IB BERIA A 2 - AR Ik B I &A1 1)
FXNZE PR o] AR 2 DR 96 77 DASE i B 1 L% 20 T 2 1 1 7= i LS g s e b i R AR
7= I, N, 35 B L REE9, 066,966 % .

[0227] AR B I B0 1) RIS 200 P A R % 08 L 57 2R TR B 1 I AT, 35 el FLh i O ik &R
SR G, Fh 22 T0 2 M L) 248 . B G At 248 P L A e 2 0 SR ATL o) DL &k B 7 S0 A AT 77 A
AIGRMEEEERNES

[0228]  Z5MZHEM

[0229]  FrEsE SEHti T =, AR R34 FH T 1P 567 i 380 R R A b RE N F
B SRR IR A 980D 2R IA A OGRS SRR (f9] 4, 3 B4 A TR % O ) (R 2542
G AR BRI A AR I B 2 B AL AT 3 IIFXNTE 41 A A 0 R IA K P & & 1
FOFXNIE K] o 2H A 0 & 3k, 12 3R A3 S PN A8 4 0 (40, 28 1b) R , HorhiZ
AW — DAL S e 24 % a] HE 2 i AR A/ sl A 24 770 25 25 7 L 3R A R SRR RE I 4
X VE ST, BN 8 5 AR o AF VRS 5T, A FH A6 TR SV VR R L) s o)
(1 an A& e 771« TRk K A/ B v 7)) B AR IE R -

[0230] A7~ I 24 2 b mT 42 52 0 2 ) AL 0 B T8 #A iR IR 7K B TG A TG AR o ol o 1 R 2%
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MER K AEHE A b TS ORI B AR PR 2 2 b T B N o R 24 T B 2 [ R GRR AE
A b B A T T AS 2 AN B R AR RS A, B, AT 1) 82 4 it A BT A 51 I %
YT A R AR F AN IE B AR

[0231] 25 2H &4 vl 490 dn FH T 25 AR 200 B 1 2 G B B 2 v 52 X3 it FH 3 25 AR B 4T
[0232]  flRidk DA A2 b R ) 40 it FH /6 2 048 1 TR FXINEE (R 174) 2 2H 07 3 2 R 5 A
PAY I 40 Tt P B 2 A4 (48104, 40 ST R 3 1) 52 60 35 it FH S B8) , U s sk R ) AR % |
A R R U 5| R SR DR R R AT i v (1) 4 5 SRR I

[0233]  7E—ANSita g ZeHb, A R WA A0 45 b B B 7R 6 B S L O TR R 1 I 248 T
(A% BRI B A (CELHE JFORL I3 25 9K IR L I AR, B0 P 1 A% TR 2 4% 22 &4 1) 4 4 S
T34 TR 40 Bt P AZ R SR 8 i JL U S R AR I TE4IAR R 1 & B v O VR B RE— M T Tk,
FHorb gm i 3L % 2% B B mRNAR 5 & AN /BRI R IA SL 5 O R A 1 I A &l R I Ok T SR
RS E (mRNAFA/BRER 1) 78 H A it A% B 1 Ay AR 70 440 B A 0 5 1 o ARSI B RN R
B , 20 P o] FE AR AN 77 5 AR K Bl AT AEAE T A b (B, R Y) o SR A, 20 A AT R0 P4 Y 14
LT RS A, A5 IR SR VR AR A M R ) T 0, R/ B AR T S0 D B AR R
AR ) S ARRECAS AR PR PE RS R RS A L 0, A SEQ 1D NO: 211 7 B (1) HL5F %
WEE, LY NSRRI E A WAL T — AN AR S0 FL R R, 53R 08 T HoAth
FHIFE AR Z 697 1 4 i o i 5% 25 R 8 B 1 & AR L BE Br R B A i S = 3.
[0234] AR BRI S5 — D7 THIA FH 2 A GAB R 1) 522 R B AR 9 YR T 52 0 () 5 i ml s
A H AT BT i R B AR B AR AR 7 R A R NS S B s it R A
[0235] AT 5 o il FH 2 A4 ELK LA N BRI bR HE R A2 571 o B, 3R T 5 55 — ¥R 97 stk &9
[) 25  [R] By B A AR A3 AN G746 FH 5 R0 7 32 0 7 1A A 5 & 24 ) o it FH o

[0236]  FE—NJr T, AR BH P AAV AT 580 F 5 r AAV-FXNZL A4 AR R A [F] (1 K 52 8 1 1)
T e B, A EE RS TR EEASE) Heiti FH o Ph B T ARSUSE AR N RN EE AR, AT
it FH AT AR ARG A R BH B e AV ) B 028 S IS, 8, A R S o BT, 28 4K 52 A 78 24 S Y rAAV-FXN
SRR IR VE L 4 048] 40W0 2015,/013313F0 BT i i (1) v Al Ads (Nab) B2 2 i

[0237] 4= 5 it A 45 s P e FASE S 36 (IEARNER ) < BBk W2 R VB2 LI S 5
Jiti FH » B AN, DA M B AR sl 28 B A

[0238] 7 —ANSZjiti 7 &, BAR L 4 B M i P o A AT AR N B3 N B AR, 4 B e FH )oK
SRAFXNIRTJA T 1 SR DR 3026 42 52 L vp BRI /K P I P XIS I 1) B A 4.4, 0 356 i LA

[0239]  JRAE i, AR UIRE AN A R HR A , B AR T] B 20 0% 3 A2 FXNGR = 520 i X 45, /Y
K S ol

[0240] [k, 75 HLARAR I 1 St 77 SR v, 8 T 0 S W AL A M B FXINE 8] ) B 1
oA 20 IE B R AR 4 R 40 (CNS) ZHEH

[0241]  FE—/NSEjitiy &9, YR ENX I S AB I A% IR « B BB S i B R I A A P & il Y
I, ELFE N AR I D N B

[0242]  #E—/NSEjitir Z 9, g RS ENX I S AB A% R « B0 BB S R Rk 1 2H A 3 )
FHCo A S B8 S5 /N DT 1 R FH et bR 20 ik P 3 5 R O P o L S5 B8R Rl T 0 R Y
Ty R B 2 O L % O T

[0243]  Rji4hita i 4200 vl AL 72 B8 H W PSRRI JR 8 80, 4, ¢ B 2 87 F il L
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Al 5 Tr) 12 8 FH o B8 AR 340 T 451 a0 B ) e T e e IR R =

[0244] KU BH () A 14 S 400 0 g 4 A 5 o L ARt A S % AR TR AR G BRI O LI 1 32 i 3
(O LA o A3 S B2 R E NS N B L SR T, 3 TR R S

[0245] 7 BH 1) 28 4 140 200 P i AL B ONS (BfE e #1448 ) 1) 4 L« 3 38 28 KM DAY T o B
Fg A L O R 0 A 28 18 A 1 T T R S s P e

[0246]  fE—ANT7H A, 4 Bttt (5] 4n , &5 ik ) 388326 2 A FNX IR 28 A2 1 AR IR % A B A
EAGEAR I AL AW CATE T AR BRI O VLIRS AN/ B2 50 995 1) R 5 3B AL M 7 18T o

[0247]  1E 57— SKhiti /7 2P, 8 2 /D AN AR it T B o BV, W 4 B 1t HL 7R B 2 0 28
it FH 22 K B AR/ B I B HAT AT A A

[0248] &2l /DA B ATAT , WA R it AT DUECE R R P B R N S8bs b, 2l A
[F) 285 425 1 Tt FH R DA A — it P 2 8] (1) B[] 1] By B R AT o T8 ik AR 3l AR N 5451147 1l A 5
T& Y 1) 45 2577 R DA SE A — A ) BB B B oRIR T mi Ak

[0249]  FE—ANJ7 T, AR B A4S F T3 v 32 il 3 1 L5t 2k TR B 1 7K1 1) G B A O B 1)
HPFRIAE AW Z D —ANEBUM LR , B3 (EAR T) SRS G Y IR .
[0250]  #E—ANJ7 T, AR B ELHE F Ti6 97 3260 1 9f AR A L5 R A 20— A&
EARIAZIR BB Z AL R I r AAVERAR L J B B2 IR BOZ BAR I 25 H 54 -

[0251] [ 1 GnAR4ids b O KN FRDAR HE AP AR #E 2 S F1/ 805 % B AR e IR AT , I i o5
it FH ST 1) A% R BB, B S AR R R AZ IR 1 4

[0252]  myR 4550 AT S 2RI T 2, DA AR B v i e 5K, LIS BT 7R3 3 2 A
BB I [ A4 T 20 Bl DL AL 2 4% o

[0253]  E.A &A1 iy FXNZE: (R 1 95 B SR 1 771 B B ok 1 e FRVASE = AR Y 7 1) 92 6 B
RS 52 IR R B R B AR, S RF iRk ) R R, HLmT U477 =00 « TSy T
R R 7R o & /0 #910°.109,107.108,10%.101°. 101,102,101, 10, 1014 4 G B fir
B2 1) B 0 B, PRI L1108 F 104N Ty, AR 10" 24N T BT kg MR

[0254] 2B FXNZE: B AT /8 B A& & T 78 40 A A 2208 19 8 75 Jo /4 I DNAZF -1 28
534 it FH o« AB U I XNSE: (R TR A998 55 TORLIFT 2 70 (V8 G AAVERAA) 28 it FH - 973 55 F00RE AT A
YENIR B R &2 it , TC VR 7R AR ) B B0 006 28 1) o Rk B 8 I 4 B B AR VR T I i B kv
I L TEAR AR 285 A s 73 FIORE it FH 220K B 2327897 B s P A0 AL, B Js 51 Nk [l 22 AR )
S S

[0255]  ZER0W)

[0256]  Fif 3k 5 [HI i BH o4 40 9 A2 LA ASE AR SRTm bz AR N 7 S i AR i B o IR I S S5 1 3k
T AR B AR R P S T 5 AR R T, JE i DA SO B I AR A A ARl R, A
REAATLAVF 22 77 NS, HLAR I B AR 488 I B ASOR 22 5K 45 S HATA7] S5 0 ke

[0257] R SCHH B 5l R A 8822 SR (B4 TR RS 8 S 2R J R ) o3
Hh 5| R 228 SCHRs He v oK 51 AR BET 5 BL 452 5| 7 Rr i 3 A A

[0258] 5|7t St 7 %6

[0259] 235 DI S 14 S it 9] 5K 10— 2D VE AR AR & B - B AR 7 AR e 5 7 U 2 A 1K
SE AN T BB H 19, BAS BRI IR S 1 o D5 b, AR BH S AN N7 AR N BR 1 DA T S
1], T A2 AR e a2 FH T AR ST (it %) 380 1 A2 15 B S8 (R AR AT S A 22 A T 2
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St 5

[0260]  Sjitafsill : H 3 H AN r AAV-FXNF s A4 1 7 A

[0261] 4Rl LT

[0262]  #FRjARKYEE

[0263] ¥ 4wt 5 3% H AN AAVIE K 20 ) pTRs—KS—CBh—EGFP—bGHpo 1 y ARy 44 (7£ & 3 &
fift S ) R G L R R A /) SR ) 88 (Gray%5 A\, 2011 ,Human Gene Therapy 22:1143-
1153) o« A0S 1R ALFXNEE PRl 4 A7 %1 H pUCS 7T H (] GenScriptiT ), B, Genscript &
Genscript ({KCpG) , H.FT & # = 55844 - BIEGFP.Genscript (SEQ ID NO:6) AXGenscript
(fliCpG) (SEQ ID NO:7) ZAZ i f{ FXNIE: (K 4n &l 3 At 6 BH 1 25 B ] $/E HhiE $2 2 CBh 3 31)
F.GenScript FXN(SEQ ID NO:67) AR5 U 2E (Genscript) A& EI2F (Genscript
(fCpG) ) AT B 7N N Age TA7 i JFXNZR 11 S5 0 1 R 3t 1 i JR 2R A A e 41 (CSS) (5
CCCAGCCCACTTTTCCCCAA-3") CSSFIiE R 4+ A Kz (BGH) polyAJF %1 \BGH polyA T i)
MIuTAZ 5o 7 A 2 pTRs—KS—CBh—FXN-bGHpo 1 y AR A i s VAl N 7 21 s T B 2A 2 ]
2FHh HoR T3R8 R E T 5 , B AR B 3L 5 R I ER H 25 (WT FXN;SEQ ID NO:2) &8 v 22
pTRs—KS—CBh-WT FXN-bGHpolyAd (E24) ; IDT1LEHMiRIFXNIER (SEQ ID NO:11) £ FifgE £
pTRs—KS-CBh-IDT1-bGHpolyAd (KI2B) ; 4wt IDT3EF AL AEMEHIFXNSE K (SEQ ID NO:8)
[ 1% R 4 Tl %2 pTRs—KS—CBh—IDT3-bGHpolyAHt (K2C) ; IDT4Z &M (I FXNIL K (SEQ 1D
NO:12) £ 73 % Z pTRs-KS—CBh—1DT4-bGHpolyAH (K]2D) ;Genscript (W) 2 &1 R FXN:
(SEQ ID NO:6) & 7ef% £ pTRs—KS-CBh—Genescript—bGHpolyAH (KI2E) ; HGenscript (fi
CpG) ZAE1HRIFXNEE K] (SEQ ID NO:7) &5 [% £ pTRs~KS—CBh—Genescript (fkCpG) -
bGHpolyAH (EI2F) o g FXNIE R 1) & — 4l N7 S & se b B8R, HAxE K H 5™ ] i
Age AL s Sl 3 Ul B Ave TTY)EIAr s, Bl J5 R Ave TTAL 5 2 JEBICSSFF 31\ CSSZ JE Y
Spe I VBN 55 Spe IV EIN 25 2 JGIbGHpo lyAME 5 7 %], X polyAME 5 741 2 Ja IMLul Y) &
PR

[0264]  FAgel MMIul (New England Biolabs, % FI#iR0552S & R0O198S) YH AL, ik e 2 HU Az
i FHExTaq %€ & (Clontech,RRO01A) %z 32 55 pTRs—KS-CBh-EGFP-bGHpo1yA K FXNZE [K #4)
WA VERE IOV 54K 2 SUREZH Y (Agilent,200227) , 7E37°C FE T-S0CH i 1% 72 3k (H
“515544-034, Invi trogen) H it — /oS, B J5 A (10mg/m1) 378 T LBAR b o &1 X0 s 8 77 4E
(R 540 7 S e FE B v o B AAVIILTE B 24K 52 19 EL ZH AAV (rAAY) B4R an pr iR e ik — s %
ey e NE'B 293 (HEK293) 40 i of 7= A UNCER AR #% 0 (GriegerZE N ,2006,Nature
Protocols 1:1412-1428) . &AL, KLl 7= A H A I E 21845 (SEQ 1D NO: 28 & %
R 7 51)) BT AAVER AR . & A5 R LI AR 358 DR 4 ) v 40 P o 2 o e J et A 8 - Tl s v I A P
P B A JZ T IS WA 20 9 FH g PCRAVRE , B J LA 75 A5 % d— 11 B R 1) B 1R £h 22 i R K
(PBS) ¥ 47 . 95 75 30 & B HH qPCRA)E (GrayZ% N ,2010,J.Amer.Soc.Gene Therapy 18:570-
578) o A& AN 4T MR (R 30) , KGenScript (IRCpG) F T 774 B A # pTRs-KS-CBh-
Genescript (KCpG) ~bGHpolyAH B FXNZ 1k % 1 7 2 A/ ik A I HA b5 25
TACCCATACGATGTTCCAGATTACGCT [y #4244 .

[0265]  db-F 23K (UNC) # AR H% 0 FHrAAV TKIM IS A 7= A B A FXN-HAR) B4R (95 25 .
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[0266]  sc TAAV-FXNFAE AR M

[0267]  HEK293 (ATCC:CRL-1573) HeLa (ATCC:CCL-2) 4l A4+ T-Dulbeccoft] & &M
Fagleli 772 (DMEM, Gibceo) » 40l A2 K1 7 34 2 A9 % B 4F i (FBS,Gibco) 3. 4mM
1-Ek 282 100U/ m1 5 8 2 & 100ug/ml BE 52 3 (Gibeo) « AHMAE3TC T LR -5 % CO255 [#]
o BEAT I E < 40 M 32 Fl T 24 FLAR H LS AR L AE 24/ (h) NI 2 K260 % 14, B f EMOT
10,000 (VG/ 20 M) & HscAAV-FXN (754 3L A] B 5t 45 AR AF “r AAV-FXN” B “rAAV-FXN-HA”
— A E G A AL B B R e AR S 5600 (h p.t.) , 40 RAE4E 4 X Frataxin Protein
Quantity Dipstick Assay i it (Abcam,ab109881) .{# F Image JAb P £ 4 .

[0268]  HH JBiEN .

[0269] i ffu 42 T-6 FLAR DA A5 HLAE24h PN IE 2 K 2160 % V1.4, BE 5 7EMOT 10,000 (VG/
YHHL) T~ F scAAV-FXNAR U Ab R B2 e o 75 4% 5 J560h , FH 200 a5 A 2% v (0. 0625M = -HC1
pH 6.8.10% Hil1.2%SDS.5% 2-%i 3k 2 F .0.02% (w/v) TR 1) IV fif 4 . o 38 3 16 A 15—
4% TCXHE IR B FL VK 4> B 11 (15) ]l HeLa & F1IARRY) , HAR 1 & H i YL 28 i Ah A 4 55
JIEE (NCM) o {5 FHPBS—TH 115 % it Ji5 4752853 L BB NCM . 47 35 2% 18 2% (3 4% (Abcam, 18A5DB1) FH T
HA5% 4 W PBS-TH o 35 H A5 5% FLPTIAR I PBS-T o (1) 4% & AR i S AL B (HRP) — 2R Hifk
TRk WE A FEAE ¥ WesternBright ECLER [ 5 EP 28 44 MR 751 £
(Advansta,K-12045-D50) FH - 4 R — il ik s (0 i B T B AT A I

[0270] E1AZEEIBE R S5YRFEFXN (SEQ 1D NO: 1) [ AAR4k (B, B9 4= 7)) 51 #E HeLa 2l g
1) R AR LE B AN FAR AL 7 A B SRR () 4 S AR e 1 5 - B 1A K B 1B 3 s B 1
BN G A 12 A8 B B JLF R TR A (FXN) 78 A S s L R A E A N iE N P8I 3R
BB Je i HeLa il e 1) R0k - B IATE BR 8% 1 1FD (¥ Wes ternBright EIZE i B 45 Fr 2
JNFXNTEHeLadfi g o i 320 . 1B /R BT LA BT R B R BH W 28 % 1 18P WesternBright
B8 B (1) 48 v i S 7R R FXNE He La 20 i Hh 1) SR AK (1) SRS B I’ 1A SR I 1BAR Y s —
HE VK TE BN 5Kk H BB FXNR) B A2 B R R 7 41 1 3R I8 AR PG AR I oKk B A R B 2451 1
FXNE PRI R FXNI 2632 o B, 38 157 B 2 RO F XN B A= B JE 2 A8 MR A% % (SEQ 1D NO:2) 3K
BRI R IE ; VKB 2 BN IDT2E B M FXNIE K] (SEQ 1D NO:3) BR A1) R 1% ; Pk 8 3 .7~ HH
IDTSZAEMHFIFXNZE K] (SEQ 1D NO:9) IR B 1)K IA ; Uk 8 4 57~ H JCATZAE MR FXNEE [ (SEQ
ID NO:4) BR BN F ik s YK IES E7R H GeneAr t &M I FXNFE A (SEQ 1D NO:5) JX A Fik ;
PKiE6 R HGenScript (6 ) A2 IFXNIEA (SEQ 1D NO:6) BXBhH ik ; JKiE 7 &R i
Genscript (fCpG) LB MRIFXNIE R (SEQ ID NO:7) IR EhK) Fik s HIKIEGFP &7~ gl 4t 4,
PR R B R P R IE S 36 T 51 3 Sm A EXN IR A% B8 G A 1 o] A bR o

[0271] P B R R 2 T 2B M FXNIZ R /7 51— JC 3K iE 4 (JCAT) 5 (GeneArt) <6
(Genscript) &7 (Genscript{CpG) —HXS T A RAZIR ¥ 7)) QK& ) $E4t L5 R R A 1
HeLa 4 ffd HH 11 B8 i R0 G —¥kE R BB B WS B ERE A NS HY).

[0272]  RXIR )7 HIH I GCR% T IR % & GE W 3RIA A7 4 A% T R S 8 H I H 43 t) nT A
BZA R, BHE (EART) :mRNAPI RS PRGN, — 2 45 W) J % HE DR i 5 s2 38 I GC 7 =
BT HEZ I o D] I, AR AU AR N D7 3 A, AEO T A7 TH 52, ZAB A I A% BR 1) GC % 1 S Ik
RZBR B 3G N R e 1 5 B L S O mRNAZ [ (1) P47 , 8140, 76 B 3N GC & = A3 =2
ghk b
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[0273]  CAT (it 738 N AR K0 S [R) SCH A 58 i 17 000 00 A o i R 25008 FH R B i )
B RIBFE P ) S E B DL i — TR T I ARDE, HLAE DR 708 B 2 DR o ) i 2 1
RIS PSR T B o FE RO0P A £ 128 39 S A 1 (50 P P R 2 A 38 L AR RO RE 2 o JEL W] P 1 930
S PR 1 3K KT H T B ASAN R A=/ W0l o B8 0 A6 P o SO 3657 2R R B 1 2 DR AT A
FERS TARALLLSCBL R DR 2R P4 - e R —— GO 2\ CpG I H IR & B W Be 3 B Ar
SR B AR T R ) GC 2 B mRNA 45 44 i Flpo 1y A7 A RNAANFR E JE
P« A BB AR 45 L a5 B AT B A AR A S R U RS T A LA
FI, RNA R 254 o

[0274]  JeIA b, S 1AL T i LA f DL (PLk) sl B8 v R IE 3L 5 2% 1R A 1 2k [T e
FHEINME B (GCE 5 .DNA K RNAPM & 7 i) — 20 45 449) B RS 1 S SR ABh 3, A 4itdsl o 2 %
iDP

[0275]  CpG &y ml th 4 4% 3 A AP FISE To 1 24K L (TLRO) F R HL Al S 8 S B 51 % 2 Ah ok
(&) DNA o P I, 8 — AN St 75 5 7 5 A8 B8R o 20 A 36 57 2% TR AR 1 A 2 A MR ) A% 5 e
CpG & iR % B 5 9 A% 3L 51 5% R 8 1 I B A2 R IR /7 51 (194, SEQ 1D NO = 2) HH I CpG &y 2 7
HIH AL 2D

[0276]  CAT.GCH 73 bt % 5 K A SO Bl 7 1) Bk — L AR M X FXNRE [A] ) 985 42 Cp G & [X 3 H
WoR TR,

[0277] %1

[0278]

B 1A AFXN A B 4 A B AL F 3EPGC 4 [ CpC f K[SEQ D

1B %ok JSANE I 4 R E  NO:

i# Ya 5 (CAD)

1 WT-FXN 0.71 55 128 2
% BT 5 22 0.71 55 — 10
IDT-1 0.73 32 114 11

& IDT-2 0.76 56 124 3
IDT-3 0.80 ¥ 123 8
IDT-4 0.74 54 123 12

3 IDT-5 0.77 33 124 9

4 JCAT 0.98 69 144 4

5 GeneART 0.95 61 117 5

6 Genescript (X&) [0. 87 57 257 6

7 Genescript (J& CpG) |0. 86 55 117 7
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[02791 B, %t 4 A FXNI) B £ RUAZ B2 (WT-FXN; SEQ 1D NO:2) , %R 7 51 £ BICAT ~0. 71
H.% GCH B N55 % o M S, JCATEAS MR I FXNIE K 2 B CAT 0. 98 K GC& B 69 % , H i
S5 b T WT-FXNEH R

[0280] f§i FHH#Ehttp://www.bioinformatics.org/sms2/cpg islands.html &I 2T AT
A R A AECpG S . CpG B B HiGardiner—Garden & Frommer, 1987,
J.Mol.Biol.196 (2) : 261282481 i) J7 V41 75 ¥ #E CpG & X 2k o 75 TN AL XS (bp) I [8] 18] R
A A 5 8 H1 1 2004 bp T H AT THE 4 CpG & i XN #1ITa ], HorbObs /Expfd KT
0.6 HGCEH &R T50% o 40 vH 5 & I (1) CpG 2R AR IR H - & 1 (1) “C” 2k H e LA
T PG IR E B DL DR BRI, A7 AR T8 7 91 R I ECpG iy 1T & T id@ i 4 1)
W T F 5N 28 B AR R O R oR e G R 546 7 518 — AN B 2 NFASTAF F1l AL
I 22 DL S X g i A BR 1125 100000745 148 2 487)  CoG i A1 K I T B HESh 4
FERIS X, PR, e 7 mT TR R R R R R 2 (R T R R A

[0281]  HFHm RIEKT KB RGCE & (55%) JHmCAT (0.86) KEHLEL B ANCpG A%+
fig (117) ,Genscript (KCpG) LB HFXNIE K 48 e 45 F T 7= A2 DL B i 3l 4 s 56 b i A
I scAAV-21 8% /4 .

[0282] St f|2 « o B A Ay L 5t 2R TR /DN BROBE AL (R AR N YR T

[0283] & AAuidak H 2 I\ FJFRDAR /N B A (PerdominiZ¥ N ,2014,Nature Med.20(5) :
542) FT 70 e AAVAY S FXNEE RIVE 7 BT E DR B A 8 =2 /N B R VBT Mk BH 4%
FE/NVER (Mck—Cre x FXN L3/WT) « RZEIHITMck RAZ /N (Mck—Cre x FXN L3/L-) , KW
B FXNIE K] r AAVE — R B 2296 T Mk R AR /NG, , et 2 A2 1 FXNEE Xl 60,5 SEQ 1D NO: 7
IR%IR 7 51 (GenScript (fRCpG) ) HLFXNKEPE 28 5 25 4n b SCAT A ) pTRs—KS-CBh—EGFP—
BGHAA @44 i DA A pTRs—KS—CBh—Genscript ({fCpG) —bGHpolyA.

[02841 /N BRLBIF 4T v A FH A r AAV-F XN AR 3E — 25 61 8 AAV21 84K 5% . It #h , pTRs—KS—CBh-
Genscript (flkCpG) ~bGHpo 1y ARA G A4 1gF — A5 40 25 G i ] o 0 1 B3R Bk £ 2R FR 28 (rAAV-FXN-
HA) PIAZ R 7 %)), o Fh G S HARR 25 1 7 B A T S AS MR EXNIE R 11 37, A 15 L 5 R & E 1
FIA W] Gy T e ik e M HA ) A7 8 10 A W A2 e 467, 1 40, A8 FHBTHABUAR , ¥ W0 HtHA /N B mAD
(HA.115¢f£16B12,Covance Research Products/A@l,Princeton,NJ]) . ik N+5 E I rAAV-
FXN-HA.

[0285] W FCI =B F T Hik T-&2H .

[0286] K2
[0287]
20 AR L0 %5 FERKF | A M A | LB
vg/kg H Y 8 K
kA
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[0288]
Mck-Cre x FXN
Mck Fe %) B, 0 8 8 F
& L3/WT A
RE T
7% J7 69 Mck | Mck-Cre x FXN
iy B 0 8 8 /A
REND K L3/L-
rAAV-FXN-HA 74
276 J7 #9 Mck b "
£ E Mck-Cre x FXN|[1x10 8 8 F
L3/L-

[0289]  A.A=Wbric ¥t 7e

[0290] ik

(02911  Jn b i 2= FLbE S5 2 -3 S H-FABPI I &=

[0292]  7E5JEWE GRIT G2 J8) M8 E (Y IT fa 5 Ja) I 78 7 s Ik BRI < J 38 ik AR HIE = 2 )
SRR

[0293] g Ik 1 AR #IE il ack B 1) 18 B P51 RayBio tech ) /N R 2 AL St A2 R -3E L i sa il il &
PRI H & AU R AR R -3

[0294]  {§i Fi3k FH Hycul tBiotechf]/N H-FABP E11sais 7] AR 4iE i i 1 15 B 5 78 1 2%
I EH-FABP

[0295]  Co Y35 R b 1A B AR 25 S B P 1 0

[0296]  FEALFEZ J5 , O MEZE R HARH AN /N 1O R — 2 B ¥ %R LA AT U 5 SDH
.

[0297] O34 J5R 420 () SDHSE 14 I & 1B A >R F Biovis i on ) 35 F PR 25 SRS P Eb €6 ) i ik
# & (H 3:#K660-100) 1352 HAT .

[0298]  ZHZRrR B NEILTF AR A ER 1 A &

[0299]  FEALIEZ J5, 0o lE (—2F) vEEEL GHER L) S A 2R 28 3Rk B S PR a4 VR LU T3

Froe R A .
[0300]  ZH ZR 5 i i) I il 4G N\ 2RI 2 P 2R Bl saik 71 & (Abcam;ab176112) 154
PAT .

[0301] L%

[0302] /N CEOLHE ARIRAZ) P TR < o B O JFF U 0 U M i - B UL URE R L 22 e B £
JUL) PG % EROAE 69 e A Sy HE T8 S0 ] 5 10 o i J 18 FHED TAYE V08 475 8 4 o T A 88 B 8 iy
A3 DASRAS5um/F 5870 s B AE (ELAEE 58 2 M) 2 Co R AR ) 358 7 o FHIR NG S AP 41 e £
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a2 5 s AR IS Masson) = QL il PPl O I £F 4L

[0303] LB -

[0304] JHjdVevo—2100Visual Sonics[al X - HI30MHz 2R PR E (MS400) 75 28 JFRIEE /N BR
G 1-2 %) i3k 1) & e 7= o B35 A

[0305] DL FZSE & Ll oy At s a) oI AS SO S 4 DhRe (i Flr, SAX) < Ao 00 =5 b 0 &
5K (LVEDD) J% Uity i it 4 B 4% (LVESD) < B (SW) A Jg BEJEE B (PW) 72 0% T i (LVM=1.055 X
[ (EDD+SW+PW) 3-EDD3) 1) 5t S 48 %5 73550 S O % H 5 5 b) I3 Bl 77 22 4RRAE < il % = Bl ik
JEE B A IO A AR ARG T (AoV S RVIIRE) o

[0306] /M

[0307] /N R 45 £ 4% ek B A B2 ) sh ) i it vh 1 s W it B A 12 - I 346, AT LA
H H R K B 3 BUbR tHEm U5 34 &) (D03, SAFE, Villemoisson—sur-Orge, ¥ E) . TG h4)
FE T M S0 BT s e 30 Rl A Hb 7 18 5 2% i 2> (Comité d’Ethique en Expé
rimentation Animale IGBMC-ICS) #%# (Com’Eth 2011-007) .

[0308]  HpRPIRIUAT /DRI IR I EE , B i — IR IR B K2 Rl B &, AR
WAIE,

(03091 XbF-A=Wp oA S IERIVE I 7L , I R ok (1-296) BRI 3 JEIS /N HLAT VR 97 4,
W77 N1 X 10 vg/ kg fIT AAV-FXN-HAZR AR 2 55 bk i 5 S R 5 85 ik, LTS R 21697 MCK
FRAR /NGRS HEAH , IUASE F AR S AR R R K

[0310]  ETFURVRIT < W2 K GREeRAY) LE5 W GRIT G 14K) KTHRE GITJE28K) I,
A OB 7R R BRI (1-2%) ', PR /N O NE DI BE - 725 JEIRS S 8 J e i, SRAR IfiL
T, A HAR AL BT e IR, & O IR BT IR 45 & e ) (H-FABP) \F-FLBH &t = -3 )L 3%
PR 2 S (SDH) HIR i o

[0311]  FEARSEZ Jo5 , ISk T B SRR E K O IEBRIE VEIE VT B R E R 5
RRHA R SRS /NI STHE 00 A A PR R (SR S O 8E) O U B U PR AU 8
JR U A 2 T B R B B UL GRERZ VL A be B g8 UL B A W i, A T S B PP Ak X ELTSA
5E o

[0312]  RAEFGRZH HAm4 R B /NI (ELFE BIRAZ) S00HE L i S s AR 75 L O JUE 5 A i
JE it P S R e B VL (HER UL 2 L B g D) S R, HRGs A, BT A%
[0313] &

[0314]  PEAEAYRic ] 1R

[0315]  7E = ZH/INER A 4008 & M AE AR 1L ) & ' R VR ST Mk BHPE XS FRAH R & 9697
Mck RAZ/INER, , S 52 A0, S FXNZE A B — 200 3 G S HARR S IR I A% BRI r AAV21 8 (AAV-FXN-
HA) B I 2 ¥R Mck RAZ /MR

[0316]  ifil ¢ r {) - FL b ok A 32 —3 S H-FABPH | &

[0317]  TES AR T4 1R 7 Mck 224 /N IFTAAVIA YT B2 ) M8 FwE GF 2R 7 Mck 2848 /N R
FELLI T AAVYETT 5 ) IF 7E S i I SRR I 2 J 368 ik IR E 5 2 ISR L, LS R o4 77 v
2 FUHARESE 2 -3 XH-FABPH & & .

[0318] il phktAE 2 -3:

(03191 7E5JHER I, 3ANHFELH 2 [ 2 ZUBH B A R -3 7K~ AH 24 1, RIS 5 R &6 T Mck R
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A5 /INER R ZH A BE B AR V6 T Mk BH 4 55 1B 20 A2 28 ¥R I Mk 2828 /)N B R 2H HH 1) 24 S bl R 25—
RV = Sl =

[0320]  4NER3 AT RN, ZES RIWR IS , R VR T Mck 2R 20 vh 1) 2 L H B 22 2 -3 /K "I Bt

ARG T BH A X6 B 2 o S0 1A 5 2 PP (1) 2 UM B 5 25 - 37K T LU BH A X6 I 2H B L, T S 6
H 5 BHMEXS R ZH 2 [a) 1 2 AL AR R -3 /K FAH .
[0321] 33
o ¥ F B R E £ -3
(ng/ml)
% 5 R % 8 R
P H A /- H /-
sem sem
[0322] 41.2 +/-
68 +/— 7.8
A6 97 89 Mck Fa L B& s &, (n=8) [3. 5
49. 17 + /-
42 +/- 2.1
K76 97 89 Mck R & s & (n=8) 3.6
49,7 +/-148.9 +/-
275 57 64 Mck & ) & (n=8) 4. 4 4.5
[0323]  H4 AN BRI, R IAIT BIMck PH P X5 BEZH 1) /)N B 7E 8 i i B BY 7 5 R W e i 7 o v 2

FUIEREEE R -37KF T AR ARG IT IIMck R AL /N SR BF A A V67 BIMck R AR /N FFAH. , 7E8 )
WIS B~ LA St B 3R - 37K P 5 765 A WS IS IR K~ AH 2

[0324] G fr), FL SR I o 2 FURE A5 31— 3500 0 T-Mek/N BRI IR ATE 70 1T 35 O R 2 10 I AR
PIFRICY) o« RVETT HIMek RAZ /N BREAL R/ B AE 2P FUBBE AR 3R -3 & M i AE M bmic Pt
TR SR 2 O T S 0

[0325]  H-FABP:

[0326]  {si FHAR #HEAGH MU 7 VR AL [R] — FE AR FF ZH N 1R /0N B2 TRDUL I 1 H-F ABP 7K ~F- (1) A 0K AJ A%
P

[0327]  4nZRA4rp T o , AN AED JA S 1 8 Jel i W 2 I 1) 345 /)N B - 1] (- H-FABP LV 7K ~F- i
ITEL L

[0328] %4
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[0329]

[0330]

[0331]

A2 % H-FABP (ng/ml)

week 5 week 8

mean  +/—|mean +/-

sem sem

177.8 +/-|98.8  +/-
A& 7 &9 Mck Fa M2 B8 (n=8) |33.9 25.0

187.1 +/-|139.8 +/-
A& 77 69 Mck KRR & (n=8) |38.8 41.5

232.2 +/-|129.6 +/-
%36 57 69 Mck R K (0=8) |53.3 25.8

TEARRL P AR 5 RIS R 8 FEI s 2 18]35 A5 MLl 1 H-FABP 7K ~F- F) ¥ 25 028

B2, I F K, H-FABPXY 58 F-Mck /N R U AE 78 1T 35 JF AR 3 24 (O JIEAE 0 A i
Y s ER AR T Mk FRAL L P AR WL 2 e Z 4000 PO S 0, ELAE [R]—FR L o (18 /08 B TR0

[0332]
P B A AR
[0333] oI5 54 ) SDHYE 4

[0334]

i PR AE 7 5 DN Bk B AE BT T 45 A (8 JA k%

Ji) T e SR B O IFE ) 4o JFE 22 5 42 o ) SDH 12

[0335] 50 BT 45 7% M1 425 SR S5 7 T £ 340 /IN B 2 17 L e S 1 o 5 AR 4 ¥ T M k 53 25 4 A
H 452 , 7 A 22 34 7 Mk B 1 ot R ZEL r = 00 30 51 SDHIE 1 B
[0336] 2%5
S EF R A F 6 SDH E M
U/g ZEa k)
[0337] | R 76 7 &9 Mck Fa M} B8 (n=4) |4.14 +/- (.52
k8558 Mck B DR (n=4) |3.64 +/- 0.77
BZ5F 0 Mck & K (n=4) |4.24 +/- 0. 62
[0338] £ i) — FELEL P [ /I L o2 1] 0 0 31 SDHSE 1 1 26 35 i) A5 kL L b, 76 5K 22 VA 7 Mk P
e St B 2L v S R0 1S DS 1 ) T B A1
[03391 0o P B LS AL AU A 1 S5 2 Y 28 1 K OF:
[03401 41356 HH T S 3 A PR v 7 125 1 76 AL BB SR B2 00 40 O -5 B UL 5 P O 00 A 28
B R A KE
[0341] 75 R 2 9a 7 Mk FH ot HAZHL % S0 28 17 M k 98 A8 2L 1) 2o A 2 4L 480 (0o e 55 B UL I
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FFRE) H AT — & S B R R NS5 e R A (BP, AP T I 2 B9 A R BR [LLD]) »
[0342]  FEFESZr AAV-FXNHI 2 ¥G T Mck RAZ /N A, 7E7K 1 438 .35+/-1.99ng /mg 1)L JIE 15
RN K AE4 . 57+/-0.39ng/mg I EARIR L R BB BE LA RS I 2N R 3L 55 R W 8 1 . e,
TE I R 2 N SR SE 3 R R E IR (0.07+/-0.01ng/mgEE H) -

[0343] %6
[0344]
R P egEFRAZE (ng/ng TEK)
N4 BB AL ixd):d
T B AL /- ¥ AR +/- | ¥ 4R +/-
sem sem sem
MR M 2F B8 (n=4) <LLD <LLD <LLD
Fa Pt BE (n=4) <LLD <LLD <LLD
38.35 +/- 0. 07 +/-
. 4.57 +/- 0. 39
= 5648 (n=4) 1.99 0. 01

[0345] X LG ¥E 22 0 A0 S FXNIE R A r AAVER A R AT 1 36 97 0T 389 0 3 L f st 75 3L 2 1
(FRDA) 4 /IN B2 (1) FE 5% 2% TR B 1 7K o S 413X B4 2 7R FXNIK ST ] 3@ 3ot rAAV-FXN 42 B
Jite F A PN 38600, 5 450 I HR XN P 38600, L 7E B B LS8 e /N 2, L vb 78 i P K
K15 2 o PRI, 3 e 030 25 IR A PN FXINZK ST BT 7 52 52 0 2H 23 H g 198 1k b 189 o, 4810 4 500 U 22 i
BEAL, [T PEFXND AR B A1 /BB 75 (40, 56 T FFAR) BO48 1 S/ IMAFXN 335 o

[0346]  RIHRJEES:

[0347]  RZIEITMckBH A BEHEE /MR 5 R EIR T LA AAVIGTT FIMck 2828 2470 AH L PR
BHEK (9.39cm58.89cm[+5.62% ] . P=0.011 [t—Miak]) o A W0 I 2] H Ath 5 2 P IR 7] D0, 453
P 5 JUFCAE R S S 1 19 2 1) o U 2 P A U N 28] PR R o] AL 453 0 B 2 R A

[0348] HZI¥

[0349]  afifE

[0350]  #E—ANRLIBITMckPHPEXT BE S (#58) w L 21 ¢ /)N |) i £F 44k . BT HAf 3 A
ARG T Mk PH T B O IE &1

[0351]  SRIM , ZE L2 40 HT ) BT A AN R4 V697 Mck 2828 sh ) vh LN 21 5 /N (VN BR #38) e i
(/NER#41.8#49 J281) [H) AR 4EAL o e 5 /N SR #38 (B /D) e #81 GRRA0 H i i (1) -0 L4
740 P RS A A S BB o FE /N R A T Se 49, 21 AL 55 0 LT B o FE B W 4B R 2K /N
B Bl K B ORI A R SR BE o £E /N BR B4 1 Rz #8 1 R 8 BB JEé 2K IR, (Ani tschkow) (EHR
TE) ¥

[0352] 5 RZVATTMck AR LI B EE B XS EL , 7EBEANPRA A, BR 7R /DN R #47 Je#t 1 3HR WL 3]
W20 B] J8 B2 K AZ PA A , G r AAV-FXNIEIT (I Mck 2828 /N BR 1) O fIE S B0 1E 5

[0353] A

[0354]  FERTAHELH D, 5 AL 2 AN o /NE 1) B s o0 21 5 2B Ak AR X R 2R
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JrMek BHPEXT R P A4/ 4 ORE HRIECre 5 FE N L X R VR TTMck RSP N3 /4, HA!
X4 — F B rAAV-FXNI &30 ST Mck AR W 2/ 4 . 5 AR GG MckBH X BAH K 4
TBITMck AR ZH AR L 5, L r AAVIRIT PIMck S A 2H A 52 LA A0 5t B 1) PR ARG o B IR g i (R
A2) TE2/ 4 AR Z G T Mk FHAPEXT REZH A (1) sh W AE3 /A R & ¥R T Mk AR 4 H 1) 2h )
JAEZAAVIRTT FIMck RAFH H 1 1A sl A oS 21 o

[0355]  JHRJE : 7E— ARG VE T Mk BH X R4y (#38) H Wl 21 e /)N 1] ik ) %

[0356]  Jiiliflik : 7£— AN REVEITMck RAZ B4 (B4 1) Wl 2323 = T K %

[0357] AU 1) I Ath 558 2 S B s o ARl b, 0 AR YT /N B8 IE

[0358] LB

[0359]  YRIT Z UM SE AR A

[0360] 7.0 s P I B 45 SR B s 5 R 28 VA T Mk BH M 06 FR A AR LE 5 5 AR 42 96897 Mk 5 AR T
PE/NER 2200 . T RE AR o BE O HLRE A 2 I8 A2 00 5 (LV) W40 1 (4 78 43 B8 5 i 2 500 1
I S LVEERR (i S &7 5K 30 I SR AE  FEAR I B S 72 R 2890 97 Mek S AR #E M /) B
U Y

[0361]  PE|4A R 7 il 3 R4 (A) HETE K (B) MiE 12 1 8 A 0 3 & VP At Wi 4 Dy e X LV 2SRRI
Kl o BERL N R 8 /INER BT 2MH = S E Mo A FH Z A4 t— T L 57 (Sidak—-Bonferronii®) #
MckZEAZ (V69T AR EI0IT M) /DR IR 5 R 29697 Mek BH M B ZH 12E 4T LU 48 *p<
0.05

[0362]  rAAVIRIT 2 J5 14K (BJHIY) (M 45

[0363] A AT ¥6 Y7 FRDAC L B B ERIVE I 77 5 B RE , DL SR Jhk A ¥ 53 1m0 3 ] i
AR/ (BRI Mk P AR ) it AR A1 X 10" v /kgFIAAV . FXN-HA . EVEH 2 JE 14K (5
1), A OBl E I B A5 R B R A IR T Mk RRAZHEME B0l ML 30 7% Gl &) XU R &
B IEH A R (B4R LV ) o AR, 575 R 28 TP Mk 2828 /N B, R UL 21 O LRE
ANA N ECRHL, FEBETE F, FERT A Mck R AR /NR CRIRE IR IT BURZIGIT) OB I 2.0 L
AL 4 1 RS

[0364]  EI5AZ RSB il il b A e et (I 5A) Ao fE: (B 5B) [ 75 00 sh I PP U 4 Th e
RLVEFR R RHSA /IR KB £ S . E Mo AS 2 At %% (Sidak-Bonferroni
150 ¥ 928 /N R B B 50t IR ZH 34T B 858 . %p<0.. 05.

[0365]  rAAVIRYT Z fG 28K (7)8i%) 45 3 :

[0366]  TErAAVYARYT 1)\ (28) K (TJHES) » LA 7 Mck AR IEVE I M1 52 45 10— HAR 1S
ANREAENE I 2 18] J2 5 AR 16 T Mk BHAE X BE/INER X 23 2K o X R TR IR I Mk RAZ /N H
O ) 52 AR IE (EYE) S TR (MEME) o AH S, R ZE VR T Mk R /N R HH B2t
COMLREAN 4, PR 200 38 45 5573 20U ot B R R DL R A2 v & K

[0367]  PE|6AZ ] 6C S i 22 A5 FH X i 3% 2400 () AR & 98 T Mek BHVE X IR ZH L e & 3R T
Je AR ZVRTTMk Z8 A5 /NG ) 2 00 22 50 (LVm) 4 354385 (SF) K Cai HH 5 ) A8 75 40 ) PSRy
RAFHI BRI RN BR8N N R ISP I(E =S E M AE H 2 AN - HL 8 (Sidak-
Bonferroniik) #iMckZA5 /N iR B 5 R 48 VA T Mk BH 1 %o I FREAH 79047 EL 55 - #p<0.. 05 .
[0368] 4t

[0369] 5 L3N 4
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[0370]  ZEQLAFFFTH, A3 TR AL X 10 v/ kg I AT R B0 30— 25055 mI 4G WY 1 BR v 4 2 A
2% (HA) FARII rAAV-FXN (7 4% SCH 3 AR VE rAAV-FXN-HA) F157 R4 o LRI LG S JT 7R [R] —Mck /s
B /O JUE A5 S 2 A L8806 A L 5 2R R/ BRBE B8 o B i I %) ) IO 29545 , 12 9 L e A 3
T I /IS BB R FH 2 R BT AR P XN rrhAAV10# 4k (PerdominiZs A ,2014,Nature
Medicine 20 (5) :542) .

[0371]  UnIEISAFR BT B , 7R3 RIRE I, R 16 TP Mk 2 AR e 1 /N B FF 4 BB 22 = (LV) T
REAN 4, TEAHIE] J 8 1R[] — FE 4L ) 1 A UL 31322 7 O SR DI REAS 4 (BE5B) o 7EAAV . FXN-
HAVE S 2 J5 DY (14) K (FE5 RS ) 5 7EMck 2 748 14 UL I 2] 0o B 26 B 1 3B 47 M AR OE , ]
AT VR IELEMek S ARME M A 4502 o FEAN A B SZ AT ) s B SR A 1B L, b 22 57 v H
T 5 1 A L A A o A 2 R O s B e S E T 1 H R A b e P B R A /N R
HH B

[0372] X ubgh R B L r AAVIE I FXNIR) 4% B i B 100 5 FRDAFIMck FEAZ /)N BB HH g0
A 3R B ax sl &8 St — 2D R B 8 r AAVAS AT T FXN e FH ] 01805 A/ B30 0 A 75 B 52 3
fJFRDA »

[0373]  rAAV-FXNVE S 5 1\ (28) K, 7L VA T Mk S AR Ik 14 S e 14 mp U000 2 .00 I T
(1) 56 A, TR BH R FH AT v S P XN 25 R 110 9 A2 P A A I & BT, PR 6 A B R 6CH BT S 7 11
BRI r AAV-FXNtE F 2 f5 — -+ )\ (28) KAIFRDAC I R AL IE . B4 2 5, K6A R R
YREVETT (AT Mck SAR /N R EHLIH 23 = 20 & (LVm) B, 29897 Mck AR /)
B AT HEZH (WTHT 2 BMck—Cre /NS P BILVAAS AT X 43 [ (#p<0. 05) - EI6BE R~ B , 1%
HHE R A TEr AAV-FXNVATT 2 J5 28K, FHPEXS EZH (WT L3Mck—Cre/INR 5 [ ) KA IETTMck 5
A5 (L) /N O ) 1 38 3 BH S ot A 170 46 R 20 25 (SF) Wl 45 31 - AR I 3, EI6BR B R & 7R
JrMck A /NG (Z ATE) Bonil KR A SF (+p<0.05) o FAbh, B6CE R TR 1% 5035 £
TE FrAAVEHAT IR YT 2 Ja 28K, 5 i 7n B 2 ek /b (1) O iy H 7 (AT 5 %p<0. 05) IR &R TT
Mck R/, (Z A1) AHELEL, ZIRTTMck RS /N 5 ) BIA BT 55 /N (BT X 43
O R T (B¥RIT MR VRIT) Mck R /N A 2 At - bL ¢ (Sidak-
Bonferroniiz) 5% AL AT /NR BT 0T El6AZR B 6CH BT o 1 & — K, T
1%<0.05,

[0374] XS4 70 40 b R B AL 2 g b5 L 55 2% 1A 2 1 I A A I AZ R ) r AAVI) Jiti FH AT
BN /BT FRDA R AR 4535k 1 A DA ) /N BRABE RS o Mk 284 o [R] B, 3 S A0 PR B 2 r AAVAE
WREIFXNA T VR I7 0] 8 TR 97 BUIRG A 75 B2 52 303 1 B AR /K S I FRDA K, H 7 A Y
(il , ThEe 1) bt 2k W8 AT 090 o IE BUR IR 8 2 A BT s o )R X e 4 40 25 1A
2 B P 0t FH r AAVEAZ A IR FXN AT VG I BT FRDA , {H X 26 285 Bk — 350k B V6 7 10 B0 45
rAAV-FXNJiti F B At (9, B8 BL45%) 3845, 1 4 ((EANPR ) P py B8 42 0o i it FH o B, ER T
A B it FH 2 B 97325 WA ek AN 53 25 T AR ST HR BT AR A ) A R B N R A, BF L B i
AT AT R AIAR T 2 AL .

[0375]  axubgh B A 77k B {6 FH 28 A0 (1) F XN (K] 6 r AV A 88 326 1) B RLVE 97 o T
FEAE FRDAMY 8835 I FH Y897 B IR S~ B AR Y/ Thige v L% 20 TR 2R A /K Tk 2D 1) 52 13 1
B S A RS T

[0376]  Sizjit i3 « 7 F HL A A L5 R VAT /N BRABE R A R A it FH e AAV-F XN 2 2L F 5
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[0377]1 WA Wit

[0378]  —=+-DY (24) N8 JAWSCHTBLE /NHEM: Fe 14 /INER 2273 B FH T H SV EE 22 0 #r

[0379] )\ (8) AN/ ¢ 5 Thie M 4 i N SR FL0% R T £ 1 554 2 DR A G B [ Mck—Cre
FEFLIR (MCK :Muscular Creatine Kinase) Mck—Cre x FXN L3/WT; N SCH 4 FRAE “Mck BH 14
XTHEZINER”) o175 (16) AN/ R EFA B AT -5 TG 1 20 elod L% 2% i 8 B 5547 22 RUAH SC I ) AH
[F 5 HE R (Mck—Cre x FXN L3/L—; N 3R BFRAE Mk TRAZ/NR”) o FEMck RAZ /IR 2, )\
(8) NS g L% 2 P 8 1 I rAAV21i8 (rAAV-FXN; 103vg/kg) (TF30H K “G G 7 Mck A%
N o TR\ (8) MMk FEAR /N R B2 52 A AR AR 2K CF SCH R “REIRITMck RAZ /I
BU) o BEPE ST /N B BEZH (Mck—Cre x FXN L3/WT) & FHER K . 2 L R 7.

[0380] K7
[0381]
ZAAFIT B %5 FEKF | (BRA K| LLEFAH
vg/kg A ) Zhah
¥F
Mck Fa M 2} | Mck~Cre x FXN|O 8 8 F
B K L3/WT
R & T \RETH 0 8 8 &
Mck = % s | MckCre x FXN
= L3/L-
%2 4 7 #| rAAV-FXN-HA 1x10" 8 8 /A
Mck R E )| %78
=0 Mck—Cre x FXN
L3/L-
[0382] 5k

[0383]  TEALILZ )5, H T A shid SR E 5K SO N IR VT B F R AT
H ARG (4) D BIVIREE LR /NG STUHE i A REEATE | 1 M (S8 AL S B ) GO JUE B 0 JHF
FUE i BRI e T A B B UL OHE R L R B B #aUL) A % 1 Ji A A 0 B VP A %
ELTSAMI5E .

[0384]  Fp4H AN HABSPII) ININ CELHE U5 RAZ)  S0UHE L i A2 JEE5 AR TS SO0 U B S JHEJOEE
iy 1 S TR B B UL GHER L A b B L) A BN 28 R4 HARGE A R A 100 T4
[0385]  ‘HZI%

[0386] /N CELAE UIRAZ) 14 TR (O JUE B U U < il A Je e B B UL CRER L % Lk H
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L) < BRI % SR 6 % FEEAFE A Y I R[] o 1) o i S5 5 FHHED T A VR I 45 5 AT o I 2% B 48 ey
AL LIRS 5umE 5 53, B A (RLHEH Bl S AR A IR ) 3553 « PR ACKS S AL
B 8B o AR R = Yty il O I £ 44

[0387]  ELISAI%E

[0388]  fEREEZ JG 3 RIPUE A R O NER — - IR A S b B LR RER L.

[0389] 454

[0390] AR S EE

[0391]  MckPH X HEHE I /N B, 5 R 20 V8 T Mck 2R A8 /N B M 48 ¥R TT Mk 2825 /)N BRAH Bb 35 i S5
B K (9.39em558.89em[+5.62% 1 . P=0.011 [t—iak]) o A LI 21) o Ath 322 2 PR AR ] DL 4524
AT S S A 199 87 47 o I 2 A WL 28] PR AR T AL 453 7 B Yl 2 AR A

[0392] ZHZx

[0393] LI

[0394]  Mck-Cre x FXN L3/WT:7E—MMckBHM:XT 204 #58) oI 3 & /INa] BT 4E 4L
B A 3™ BH A 5 BB /N SR GCo IR TE 3 1

[0395]  RZ&ZiGITMck—Cre x FXN L3/L-: M HL, TEE AT AT B AN R E BT Mck RAZ /N
B O B B N CNER #38) B (UINER #41 . #49 2 81) 8] T 4E4k . b 35475 5 /D L #38 (I
/IN) Je#81 (B2 1) Hh i 7 o FTL 0 BRI o PR S5 e A DR BB o 72 /N R B4 1 Je 49 , A 446 5 0
JLEH AR P A P [ W 240 B A 98 /N T P i A2 32 A0 A A DR BB o 7E /N R B4 1 R #8 1 H MR
MRy J& F2RT I (EIR ) #

[0396]  Z&¥HyrMck—Cre x FXN L3/L-: 5REIRITTMckTEAS /N AT, BRTE /N #47 Je#13
e R 1)K 2 2 B2 [ A% LA AR, 2 r AAV-FXNYE ST FIMck 538 /N BRI 0o JI 2 30 1E 3 o

(03971 ' lE

[0398]  FEFTA —ZH v, W & 1E 2 AN RE BT/ INE IS Tl b U B 2 A A AR X Mk
FHAEXT RESN N4/ 4, X RGBT Mk RAZ S 3/ 4, BAEEXT 2 r AAV-FXNVEIT B Mck &A%
SN2/ 4. SMck BH X R e R 28 VR 7 Mck R AR A LL 8¢, B r AAV-FXNVAIT IMck 2842 21
B A G R AR o B IR G A (FEZE) 7E.2/ 4R Mk BH P4 5 B8 /N B A 1) sh b 723/ 4/
R VEITMK IS 20 () i % 78 25 r AAV-FXNYVATT FRIMck 225 4H 1 LA Sh b s il 1)
(03991 JHEJE : 7E— MMk BH X HE Sh 4%y (#38) Howd il 21 fe /N T Ik il 2%

[0400]  Jiliflik : 7£— AN RETEITMck RAZ A (B4 1) Wl 2 A2 3 = T K %

(04011 2R Ul 1) L Ath I 385 S0 B4 o R ) 3L, BT 6 B 2HL (0 S T AR AN I 240 TE
i

[0402] HAIZgE R

[0403] S T2HZR %, FERZ VR TT Mk SEAL /)N B PR o AL L o 08 0 281) ) RS A% e Ji: A 3
352 O ISR A I AR &5 o 55 W 20 K 8 AH S Bk 2 T8] Joa 21 4 Ak o] 6k BTy LA RSB T [
I, RETEITMck TR /N 190 LA B AL , B IR AN 52 T B I ThRE i AR = A st &
JE SR O T IR R AL

[0404] 5| \yF H Hi, rAAV-FXN4x B 386 326 100 5 bR A H 28 v AAVIE ST FIMck AR /N B (REME 22
EPE ) SRR H AR BN B3 0O NI BB AL ZE R o X e 3 R B r AAV-huF XN#% 3 &
LIS 8 YR 1 /N BR P xnJi DRUASVE AL 21 o TR I, 3 S8 B0 it — 25 (80 IE BH 28 r AAVAZ AR I FXN A
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) 4 B it FH AT 3 AN/ BT A T ) 52 B BT 1 B AR Y (D Re ) LT Rk A
A FEARIK P B U A T 95908 o3 E BORIR L 3 ((EOANBR ), 3 B Aoy 2L 55 2 1 G
JeHiFT ARt A AR I 2T B AR U AR N 53N B AR, R AR B s A (), R
PR S A0 IR B B R AR) TR A 7 R S e e T mAb

(04051 Xk JIE (1) 23 BT PRl AN & WL A5 () R 2296 T Mk BH A4 56 B 4H J R 28 ¥ S Mk R AR
BN (R BE oL I A (FORANE WA IIAELE - B TR 1) iX 28 Sh W32 UK 2 i & H.
7 S B HAF RS 05 A8 B R S 5 B A ) Hh R B IR AR AR A A 497 , 1T B A PR AR R O B A
7o 5N IVEHD , 45140 558 B2 38 1 v AAV-FXNYR I 5 7 Mo R A% , FR IS 45 0 KR i FxnT)
Be A/ Bl E K B E 38 o [RLE, BB L3S A7 R PR (L /N bR L35 2% 1R B 1 2 DR FH Lox P
I ORELEN & T X)) v RS AL L L S 4E R 2 b Rz i 0 1A% 1)
T S 20 b Hh P 2R AR ) DS BEAE B — B I N IR B ST 5, B H AT Ik, X i AR
i) AR T 9 B A SR A RIS PRI A, B 15 T FRDA/N RS ARY Hh

[0406] Rl , A S BRI 55 76 97 BT ST 1B U 0 e O IR 1) 77 9%, B dE (HANBR ) =
T L 2 R AR AR K A, o B 5 o IE BIORIR FH 52 I R A KT ) 3L 5
SRR (a0, Dhae A/ s AR R IR I E E) N

[0407]  FE— AL 7 B, AR B AFE VF E 52 1 L5 R W B E KPR 2 1 St
BERIAE B K-S O R B 450 1) 235 1 L5 2k 1 8 KT AR B RN/ B0k 2 35 2k
VAR K 551508 A A 5 A ) e 1 BAR AR R ) R B L% 2R R a1 KT AL
B A S W L5 R A R B KPR T o Ath i e AN A0 3L 58 25 18 8 B AP AL/ B T
HE S 2% TR 8 /K] )12 52 3303 it FH 2 r AAVIE A L5 R AR A, #5 I yR I7 A1/ 5L TR
ZARE S A

[0408]  f &, HAGL (] FH T Aar 0020 Af P4 1D r AAV-FXN-HA . B G , 58 5 B RIAFXNUA Pk & 54
FF O I Ty RE T 2 P ) 25 H K = ) LR FEOR TIOHAE B I Hh e akMek BE PR (HLIA i F Mek
JA BT IXENI Cre AN o & SRS AE A i r AAV-FXN-HAR] & BT ) B 5 &5 A TR Rl 2 75
RN 5 P A R FRTHA-FXNES AR T B 452 o

[0409] 45t

[0410] Sz, A 2 EIERIA I (24 S ) it 231 EXNEE K 1 rAAV
ALYEYT (P A/ Blni i) 5 35 2k R a1 ek 2D Bk 2 AH SRR 2 0 o [R] B, B R E B A &
LT R E AR A 7 20 2 B R IE B e AAVR] Dy LDV T 5L Br R R S )
fif /b Bl = AH G IR B HH L% O Y B 1 A B D BlGER = A SRR EORE G W0 (HANBR ) 96
L e A L O TR B TV .

[0411]  RECSHE ARG TEAAN G LSBT AT BN T f#, il {E
AN B AT 3T ST SO R A R B I I O R EAT & A AR AL S AZ B SR A i STt
51 LA B -t 35 B AR BRI 380, BLAS KRR il AR SO b By 2 ILE) BRI o AR O 7R IX 2L
7~ P S T R 7 T IR AR R BT (H ARSI AR N UK 45 2 BEARAE AN i BE SIS 0 R
T A5 7 1 S it 7 S K B AR AL S AB R PT BE B« BT BT 284k S A8 OB FE AR 2 T 1 Y s
Mo

[0412]  ZRSCHR B 5l A 430228 SR (B4 TR TR FE 8 S UR A R ) e Hob
5| I 226 S0k 22 Ho it R 51 IO RE FE , 78 L DL 42 ST 51 I 7 03 A A SO 78 BT 9 N SCHR
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LR ) — A2 A (B (EARR ) 5€ SORTE RIE FIL Frid BoR8%) S5 A
AR B AR R DT BAAS H I SO

[0413] iy ik 41 1t K i it 51 PR A e B ) e ey S St 7 58 » HLARR A BN U ) e £
o ORI R 1R JEI8 LSy R B AR A A Q] PEAE , AR T AVE 22 05 SUSE R, BAS
I B AR 8 BT B B 37 e AN R e AT AT S R i

[0414] K874
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[0415]

SEQ

NO: 1

A K AER L F XA
& 6 6 RARF 5

MWTLGRRAVA

RGLRTDIDAT

SGTLGHPGSL

EDYDVSFGSG

SGPKRYDWTG

TGLLASPSPA
CPRRASSNQR
DETTYERLAE
VLTVKLGGDL

KNWVYSHDGV

QAQTLTRVPR
GLNQIWNVEK
ETLDSLAEFF
GTYVINKQTP

SLHELLAAEL

PAELAPLCGR
QSVYLMNLRK
EDLADKPYTF
NKQIWLSSPS

TKALKTKLDL

SSLAYSGKDA

SEQ ID | &AHFARLFXA
EAQNHBEERA T

(B 1A-1B; ik 1)

ATGTGGACTCTCGGGCGCCGCGCAGTAGCCGGCCTCCTGGCGTCACCCA
NO: 2 GCCCAGCCCAGGCCCAGACCCTCACCCGGGTCCCGCGGCCGGCAGAGTT
GGCCCCACTCTGCGGCCGCCGTGGCCTGCGCACCGACATCGATGCGACC
TGCACGCCCCGCCGCGCAAGTTCGAACCAACGTGGCCTCAACCAGATTT
GGAATGTCAAAAAGCAGAGTGTCTATTTGATGAATTTGAGGAAATCTGG
AACTTTGGGCCACCCAGGCTCTCTAGATGAGACCACCTATGAAAGACTA
GCAGAGGAAACGCTGGACTCTTTAGCAGAGTTTTTTGAAGACCTTGCAG
ACAAGCCATACACGTTTGAGGACTATGATGTCTCCTTTGGGAGTGGTGT
CTTAACTGTCAAACTGGGTGGAGATCTAGGAACCTATGTGATCAACAAG
CAGACGCCAAACAAGCAAATCTGGCTATCTTCTCCATCCAGTGGACCTA
AGCGTTATGACTGGACTGGGAAAAACTGGGTGTACTCCCACGACGGCGT
GTCCCTCCATGAGCTGCTGGCCGCAGAGCTCACTAAAGCCTTAAAAACC

AAACTGGACTTGTCTTCCTTGGCCTATTCCGGAAAAGATGCT

SEQ ID | &AEFARAETEHN
IDT2 kA FH 8 A 5|

(B 1A-1B; ik 2)

ATGTGGACACTGGGCAGAAGGGCGGTGGCCGGACTGTTGGCGAGTCCCA
NO: 3 GTCCCGCGCAGGCGCAGACCCTTACTAGGGTGCCGCGGCCCGCGGAGCT
GGCGCCACTCTGCGGTCGCCGCGGTCTGAGAACGGACATTGATGCCACT
TGTACACCTCGGAGGGCCAGCTCCAACCAAAGGGGCCTTAATCAAATTT
GGAACGTGAAGAAGCAGTCCGTCTACCTGATGAACCTTCGGAAGTCAGG
GACCCTGGGCCACCCGGGAAGCTTGGATGAAACAACTTACGAAAGGTTG
GCGGAGGAGACCTTGGATTCTCTTGCAGAGTTCTTCGAAGACCTGGCTG

ATAAGCCTTACACCTTTGAGGACTACGATGTGTCTTTTGGATCTGGAGT
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[0416]

GCTGACCGTTAAACTGGGCGGGGATCTGGGCACCTACGTGATTAACAAG

CAAACTCCAAACAAGCAGATCTGGCTTTCAAGCCCCAGTAGCGGGCCAA

AACGCTACGATTGGACCGGAAAGAATTGGGTTTACAGCCACGATGGCGT

TTCACTGCACGAGCTTCTGGCAGCAGAACTGACAAAAGCACTCAAGACG

AAGCTCGACTTGTCATCCTTGGCATACTCCGGAAAGGATGCC

SEQ ID | %A EFKXAZEH | ATGTGCACCCTGGGCCCCCGCGCCCTGGCCCGCCTGCTCGCCAGCCCCA
NO: 4 JCAT KALEFHBA 5| | 6CCCCGCCCAGGCCCAGACCCTGACCCGCGTGCCCCGCCCCGCCGAGCT
(B 1A-1B; ik 4) GGCCCCCCTGTGCGGCCGCCGCGGCCTGCGCACCCGACATCGACGCCACC
TGCACCCCCCGCCGCGCCAGCAGCAACCAGCGCGGCCTGAACCAGATCT
GGAACGTGAAGAAGCAGAGCGTGTACCTGATGAACCTGCGCAAGAGCGG
CACCCTGGGCCACCCCGGCAGCCTGGACGAGACCACCTACGAGCGCCTG
GCCGAGGAGACCCTGGACAGCCTGGCCGAGTTCTTCGAGGACCTGGCCG
ACAAGCCCTACACCTTCGAGGACTACGACGTGAGCTTCGGCAGCGGCGT
GCTGACCGTGAAGCTGGGCGGCGACCTGGGCACCTACGTGATCAACAAG
CAGACCCCCAACAAGCAGATCTGGCTATCTAGCCCCAGCAGCGGCCCCA
AGCGCTACGACTGGACCGGCAAGAACTGGGTGTACAGCCACGACGGCGT
GAGCCTGCACGAGCTGCTGGCCGCCGAGCTGACCAAGGCCCTGAAGACC

AAGCTGGACCTGAGCAGCCTGGCCTACAGCGGCAAGGACGCC

SEQ ID|%AkiFkiAEEGE | ATGTGCACACTGGGGAGAAGGGCTCTGGCCCGACTGCTGGCTTCTCCAT
NO: 5 GeneArt 4K {4k 3 8 | CTCCAGCCCAGGCCCAGACCCTGACCAGAGTGCCTAGACCTGCCGAACT
A% (B 1A-1B; %if | GGCCCCTCTGTGTGGCAGAAGAGGCCTGAGAACCGACATCGACGCCACC
5) TGTACCCCCAGAAGGGCCAGCAGCAATCAGCGGGGCCTGAATCAGATCT
GGAACGTGAAGAAACAGAGCGTGTACCTGATGAACCTGAGAAAGAGCGG
CACCCTGGGCCACCCTGGAAGCCTGGATGAGACAACCTACGAGCGGCTG
GCCGAGGAAACCCTGGATTCCCTGGCCGAGTTCTTCGAGGACCTGGCCG
ACAAGCCCTACACCTTCGAGGATTACGACGTGTCCTTCGGCAGCGGCET
GCTGACAGTGAAGCTGGGCGGAGATCTCGGCACCTACGTGATCAACAAG

CAGACCCCCAACAAACAGATCTGGCTATCTAGCCCCAGCAGCGGCCCCA
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[0417]

AGAGATACGATTGGACCGGCAAGAACTGGGTGTACAGCCACGACGGCGT

GTCCCTGCATGAGCTGCTGGCTGCCGAGCTGACCAAGGCCCTGAAAACA

AAGCTGGACCTGTCCAGCCTGGCCTACAGCGGCAAGGATGCC

SEQ ID | %Ak iFkAEZE A | ATGTGGACACTGCGCCGGAGAGCCGTCGCTGGGCTGCTGGCATCACCAT
NO: 6 Genscript (% f8) #4t | CCCCCGCACAGGCACAGACCCTGACAAGAGTCCCTCGGCCAGCAGAGCT
I BRA 7 GGCCCCACTGTGCGGGCGGAGAGGACTGCGAACCGACATCGATGCTACT
B 1A-1B; ik 6) TGTACCCCAAGGCGAGCAAGCTCCAACCAGCGAGGGCTGAACCAGATTT
GGAATGTGAAGAAACAGTCTGTCTACCTGATGAATCTGAGAAAGAGCGG
CACTCTGGGACACCCTGGCAGCCTGGACGAGACCACCTACGAGCGGCTG
GCCGAGGAAACCCTGGATTCCCTGGCCGAGTTCTTTGAAGACCTGGCTG
ATAAGCCATACACCTTCGAAGACTATGACGTGAGCTTCGGCAGCGGCGT
GCTGACAGTCAAACTGGGCGGGGACCTGGGAACATACGTGATCAACAAG
CAGACTCCTAACAAGCAGATTTGGCTGTCTAGTCCCTCAAGCGGCCCTA
AGAGGTACGACTGGACAGGGAAAAACTGGGTGTATAGTCACGATGGCGT
CTCACTGCATGAGCTGCTGGCCGCTGAACTGACTAAAGCCCTGAAAACT

AAACTGGACCTGTCTTCCCTGGCATACTCTGGCAAGGACGCC

SEQ ID | %A iF4.BME AL | ATGTCGACTCTGCGCCCGACAGCAGTGGCAGCACTGCTGCCAAGTCCAT
NO: 7 Genscript (& CpG) 4% | CACCTGCTCAGGCACAGACTCTGACAAGAGTCCCAAGACCTGCAGAGCT
%8 A4 5 (B 1A-1B; | GGCTCCACTGTGCGEGAGGCGCGGACTGAGAACAGACATCGATGCTACA
ik 7) TGTACTCCTCGACGGGCAAGCTCCAACCAGCGAGGGCTGAACCAGATTT
GGAATGTGAAGAAACAGTCCGTCTACCTGATGAATCTGAGGAAGTCAGC
CACCCTGGGGCACCCAGGAAGTCTGGACGAGACCACATATGAACGGCTG
GCTGAGGAAACACTGGATTCTCTGGCCGAGTTCTTTGAAGACCTGGCTG
ATAAGCCCTACACATTCGAAGACTATGATGTGAGCTTTGGATCCCGCGT
GCTGACTGTCAAACTGGGCGGGGACCTGGGCACTTACGTGATCAACAAG
CAGACCCCTAACAAGCAGATTTGGCTGTCTAGTCCTTCAAGCGGACCAA
AGCGGTACGACTGGACCGGCAAAAACTGGGTGTATTCTCACGATGGGGT

CAGTCTGCATGAGCTGCTGGCCGCTGAACTGACCAAGGCCCTGAAGACA

AAACTGGACCTGTCCTCTCTGGCATATAGCGGAAAAGATGCC
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[0418]

SEQ ID | %Ak Kk AEZEEH | ATGCTGGACACTGGGAAGGCGCGCCGTGGCCGGTCTGTTGGCATCACCAT
NO: 8 IDT3 4 4LAZ 8 F 5 | CCCCAGCCCAGGCTCAGACACTCACCCGAGTCCCAAGACCCGCAGAGCT
GGCCCCTCTGTGCGGGCGCCGAGGCCTTCGCACCGATATCGATGCTACA
TGCACGCCACGCAGAGCTAGCTCAAATCAGAGGGGACTCAACCAGATAT
GGAATGTCAAGAAGCAAAGCGTGTATCTCATGAACCTCCGGAAAAGCGG
CACCCTGGGACATCCCGGGTCTCTCGACGAGACCACTTATGAAAGACTG
GCAGAGGAGACTCTTGACAGTCTGGCGGAGTTCTTCGAAGACCTCGCTG
ACAAGCCATATACCTTCGAAGATTACGACGTCTCCTTCGGCTCTGGGGT
GCTGACTGTCAAGCTTGGCGGCGACCTGGGGACCTACGTGATCAACAAG
CAGACTCCAAACAAGCAAATCTGGCTATCTAGTCCAAGCTCCGGACCCA
AGAGATACGATTGGACAGGCAAGAATTGGGTTTACTCCCACGACGGGGT
GTCCCTCCATGAGCTGCTGGCCGCAGAGCTGACGAAGGCCCTGAAGACC

AAGCTGGATCTCTCCTCCCTGGCATACAGTGGTAAGGACGCT

SEQ ID | %A EHFKAEZE 4 | ATCTGGACACTGGGCCGGCGCGCCGTCCCTGGGCTGCTCCCAAGCCCCA
NO: 9 IDTS 4 4b4Z B8 A 5] | GCCCAGCCCAAGCGCAGACTCTGACTAGGGTGCCGCGGCCTGCCGAGTT
(A 1A-1B; #if 3) GGCCCCCCTGTGCGGTAGGAGAGGCCTGCGCACAGACATCGATGCCACT
TGCACACCCCGGCGGGCCAGCTCTAACCAAAGGGGCCTGAATCAAATTT
GGAACGTCAAAAAACAGTCTGTATATCTGATGAATCTCCGGAAATCTGG
AACGCTCGGGCATCCCGGATCTCTTGACGAGACCACCTACGAGCGACTG
GCCGAGGAAACCCTTGACAGCCTGGCAGAATTCTTTGAGGATCTGGCTG
ATAAACCCTATACCTTTGAAGATTACGATGTGAGTTTTGGTAGCGGAGT
ACTGACTGTTAAGCTGGGCGGTGATCTCGGTACGTATGTTATCAATAAA
CAAACCCCCAATAAACAGATTTGGCTCTCCTCCCCATCCTCTGGGCCTA
AGCGCTATGACTGGACAGGAAAGAATTGGGTCTATTCACACGACGGAGT
CAGTTTGCACGAGCTCCTCGCCGGCAGAGTTACCAAGGCCCTTAAGACT

AAGCTCGACCTGTCAAGCCTCGCTTACTCTGGTAAGGACGCT

SEQ ID | %A F%iAZ G4 | ATCTGGACTCTCCGGCGCCCCGCAGTAGCCEGCCTCCTCCCGTCACCCA
NO: 10 BE8EA 5 (BB 22) | GCCCGECCCAGGCCCAGACCCTCACCCEGGTCCCCCECCCCCCAGAGTT

GGCCCCACTCTGCGGCCGCCGTGGCCTGCGCACCGACATCGATGCGACC
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TGCACGCCCCGCCGCGCAAGTTCGAACCAACGTGGCCTCAACCAGATTT

GGAATGTCAAAAAGCAGAGTGTCTATTTGATGAATTTGAGGAAATCTGG

AACTTTGGGCCACCCAGGCTCTCTAGATGAGACCACCTATGAAAGACTA

GCAGAGGAAACGCTGGACTCTTTAGCAGAGTTTTTTGAAGACCTTGCAG

ACAAGCCATACACGTTTGAGGACTATGATGTCTCCTTTGGGAGTGGTGT

CTTAACTGTCAAACTGGGTGGAGATCTAGGAACCTATGTGATCAACAAG

CAGACGCCAAACAAGCAAATCTGGCTATCTTCTCCATCCAGTGGACCTA

AGCGTTATGACTGGACTGGGAAAAACTGGGTGTACTCCCACGACGGCGT

GTCCCTCCATGAGCTGCTGGCCGCAGAGCTCACTAAAGCCTTAAAAACC

AAACTGGACTTGTCTTCCTTGGCCTATTCCGGAAAAGATGCT

SEQ ID | %&AEFABEE K | ATCTGCACTCTGGCTAGCCGAGCGGTCGCCGGCCTGTTCGCATCTCCTA
NO: 11 IDT-1 4R 44 #F 8 A | 6GTCCTGCACAAGCTCAAACGCTGACTAGAGTCCCTCGGCCAGCAGAACT
5] (R 23) GGCGCCACTTTGCGGCCEGCGCCGTCTTCGCACTGATATTGATGCCACT
TGCACACCCCGGCECGCCTCCAGTAATCAGCGGGGACTTAATCAAATTT
GGAATGTGAAGAAGCAGTCTGTGTATCTTATGAATCTGCGGAAGAGCGG
GACCCTGGGCCACCCTGGTAGCCTTGATGAAACCACCTATGAGCGCCTG
GCCGAAGAGACACTGGACAGTCTTGCCGAGTTTTTTGAGGATCTGGCCG
ACAAACCTTATACTTTTGAGGACTATGACGTGTCCTTTGGATCTGGTGT
ATTGACCGTAAAACTCGGGGGAGACCTTGGGACGTATGTAATAAATAAG
CAGACCCCAAACAAGCAGATCTGGCTATCTTCTCCAAGTAGTGGTCCTA
AGAGATATGATTGGACGGGCAAGAACTGGGTCTATTCCCATGATGGCGT
CTCTTTGCATGAACTCCTTGCAGCAGAGCTGACCAAGGCCTTGAAGACC

AAATTGGATCTCAGCAGCCTCGCCTATAGTGGCAAAGATGCA

SEQ ID | %Ak 4 AEZE A | ATGTGGACTCTGGGCCGGCGGGCCGTAGCTGGCTTGCTGGCTAGCCCAA
NO: 12 IDT-4 4k 44 3 88 A | GTCCCGCCCAGGCTCAGACTCTCACCAGGGTACCCAGGCCCGCAGAGCT
5] (8 26) TGCTCCACTCTGCGGACGCAGGGGTCTGCGAACCGATATCGACGCAACT
TGCACGCCGCGGAGGGCCTCTTCAAACCAGAGAGGACTCAATCAAATTT
GGAATGTAAAGAAACAGAGCGTGTATCTCATGAACCTCCGAAAGAGTGG

GACTCTTGGGCACCCCGGCTCCCTGGACGAGACTACTTACGAGCGCCTG
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GCCGAAGAAACCTTGGATTCCCTGGCGGAGTTTTTTGAAGACTTGGCAG

ACAAGCCTTATACCTTCGAGGATTACGACGTGAGTTTTGGCTCTGGTGT

TCTTACAGTCAAGCTCGGTGGCGACCTTGGCACTTATGTAATTAACAAG

CAGACACCTAACAAGCAGATCTGGCTTTCTAGTCCGTCTTCCGGTCCCA

AAAGGTACGATTGGACTGGAAAGAACTGGGTCTACAGTCACGACGGTGT

CTCCCTGCACGAATTGCTTGCGGCAGAGCTGACTAAGGCGCTCAAAACA

AAACTGGATCTGTCCAGCCTTGCCTATAGCGGGAAGGACGCA

SEQ ID | &AL 4 AAV2. 5 #4K | ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTG
NO:13 R VP1 49453884 | AAGGAATAAGACAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAA
2 GCCCGCAGAGCGGCATAAGGACGACAGCAGGGGTCTTGTGCTTCCTGGG
TACAAGTACCTCGGACCCTTCAACGGACTCGACAAGGGAGAGCCGGTCA
ACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGACCGGCA
GCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCG
GAGTTTCAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCG
GACGAGCAGTCTTCCAGGCGAAAAAGAGGGTTCTTGAACCTCTGGGCCT
GGTTGAGGAACCTGTTAAGACGGCTCCGGGAAAAAAGAGGCCGGTAGAG
CACTCTCCTGTGGAGCCAGACTCCTCCTCGGGAACCGGAAAGGCGGGCC
AGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGA
CTCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCT
GGTCTGGGAACTAATACGATGGCTACAGGCAGTGGCGCACCAATGGCAG
ACAATAACGAGGGCGCCGACGGAGTGGGTAATTCCTCGGGAAATTGGCA
TTGCGATTCCACATGGATGGGCGACAGAGTCATCACCACCAGCACCCGA
ACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATTTCCA
GCGCTTCAACGGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCAC
CCCTTGGGGGTATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCA
CGTGACTGGCAAAGACTCATCAACAACAACTGGGGATTCCGACCCAAGA
GACTCAACTTCAAGCTCTTTAACATTCAAGTCAAAGAGGTCACGCAGAA

TGACGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTTCAGGTG

TTTACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATC
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AAGGATGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTA

TGGATACCTCACCCTGAACAACGGGAGTCAGGCAGTAGGACGCTCTTCA

TTTTACTGCCTGGAGTACTTTCCTTCTCAGATGCTGCGTACCGGAAACA

ACTTTACCTTCAGCTACACTTTTGAGGACGTTCCTTTCCACAGCAGCTA

CGCTCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAG

TACCTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGC

AGTCAAGGCTTCAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCA

GTCTAGGAACTGGCTTCCTGGACCCTGTTACCGCCAGCAGCGAGTATCA

AAGACATCTGCGGATAACAACAACAGTGAATACTCGTGGACTGGAGCTA

CCAAGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGCCCGGC

CATGGCAAGCCACAAGGACGATGAAGAAAAGTTTTTTCCTCAGAGCGGG

GTTCTCATCTTTGGGAAGCAAGGCTCAGAGAAAACAAATGTGGACATTG

AAAAGGTCATGATTACAGACGAAGAGGAAATCAGGACAACCAATCCCGT

GGCTACGGAGCAGTATGGTTCTGTATCTACCAACCTCCAGAGAGGCAAC

AGACAAGCAGCTACCGCAGATGTCAACACACAAGGCGTTCTTCCAGGCA

TGCTCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAA

GATTCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGA

TTCGGACTTAAACACCCTCCTCCACAGATTCTCATCAAGAACACCCCGG

TACCTGCGAATCCTTCGACCACCTTCAGTGCGGCAAAGTTTGCTTCCTT

CATCACACAGTACTCCACGGGACAGGTCAGCGTGGAGATCGAGTGGGAG

CTGCAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTACACTT

CCAACTACGCCAAGTCTGTCAATGTGGACTTTACTGTGGACAATAATGG

CGTGTATTCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTCGTAAT

CTGTAA

SEQ ID | %A% A A AAV1 Rz | ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAACCTCTCTG
NO: 14 (VP1) ¢4 B B 7 31 AGGGCATTCGCGAGTGGTGGGACTTGAAACCTGGAGCCCCGAAGCCCAA
AGCCAACCAGCAAAAGCAGGACGACGGCCGGGGTCTGGTGCTTCCTGGC

TACAAGTACCTCGGACCCTTCAACGGACTCGACAAGGGGGAGCCCGTCA

ACGCGGCGGACGCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCA
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GCTCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGCCGACGCC

GAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTTTTGGGGGCAACCTCG

GGCGAGCAGTCTTCCAGGCCAAGAAGCGGGTTCTCGAACCTCTCGGTCT

GGTTGAGGAAGGCGCTAAGACGGCTCCTGGAAAGAAACGTCCGGTAGAG

CAGTCGCCACAAGAGCCAGACTCCTCCTCGGGCATCGGCAAGACAGGCC

AGCAGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGACTCAGA

GTCAGTCCCCGATCCACAACCTCTCGGAGAACCTCCAGCAACCCCCGCT

GCTGTGGGACCTACTACAATGGCTTCAGGCGGTGGCGCACCAATGGCAG

ACAATAACGAAGGCGCCGACGGAGTGGGTAATGCCTCAGGAAATTGGCA

TTGCGATTCCACATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGC

ACCTGGGCCTTGCCCACCTACAATAACCACCTCTACAAGCAAATCTCCA

GTGCTTCAACGGGGGCCAGCAACGACAACCACTACTTCGGCTACAGCAC

CCCCTGGGGGTATTTTGATTTCAACAGATTCCACTGCCACTTTTCACCA

CGTGACTGGCAGCGACTCATCAACAACAATTGGGGATTCCGGCCCAAGA

GACTCAACTTCAAACTCTTCAACATCCAAGTCAAGGAGGTCACGACGAA

TGATGGCGTCACAACCATCGCTAATAACCTTACCAGCACGGTTCAAGTC

TTCTCGGACTCGGAGTACCAGCTTCCGTACGTCCTCGGCTCTGCGCACC

AGGGCTGCCTCCCTCCGTTCCCGGCGGACGTGTTCATGATTCCGCAATA

CGGCTACCTGACGCTCAACAATGGCAGCCAAGCCGTGGGACGTTCATCC

TTTTACTGCCTGGAATATTTCCCTTCTCAGATGCTGAGAACGGGCAACA

ACTTTACCTTCAGCTACACCTTTGAGGAAGTGCCTTTCCACAGCAGCTA

CGCGCACAGCCAGAGCCTGGACCGGCTGATGAATCCTCTCATCGACCAA

TACCTGTATTACCTGAACAGAACTCAAAATCAGTCCGGAAGTGCCCAAA

ACAAGGACTTGCTGTTTAGCCGTGGGTCTCCAGCTGGCATGTCTGTTCA

GCCCAAAAACTGGCTACCTGGACCCTGTTATCGGCAGCAGCGCGTTTCT

AAAACAAAAACAGACAACAACAACAGCAATTTTACCTGGACTGGTGCTT

CAAAATATAACCTCAATGGGCGTGAATCCATCATCAACCCTGGCACTGC

TATGGCCTCACACAAAGACGACGAAGACAAGTTCTTTCCCATGAGCGGT

GTCATGATTTTTGGAAAAGAGAGCGCCGGAGCTTCAAACACTGCATTGG
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[0423]

ACAATGTCATGATTACAGACGAAGAGGAAATTAAAGCCACTAACCCTGT

GGCCACCGAAAGATTTGGGACCGTGGCAGTCAATTTCCAGAGCAGCAGC

ACAGACCCTGCGACCGGAGATGTGCATGCTATGGGAGCATTACCTGGCA

TGCTGTGGCAAGATAGAGACGTGTACCTGCAGGGTCCCATTTGGGCCAA

AATTCCTCACACAGATGGACACTTTCACCCGTCTCCTCTTATGGGCGGC

TTTGGACTCAAGAACCCGCCTCCTCAGATCCTCATCAAAAACACGCCTG

TTCCTGCGAATCCTCCGGCGGAGTTTTCAGCTACAAAGTTTGCTTCATT

CATCACCCAATACTCCACAGGACAAGTGAGTGTGGAAATTGAATGGGAG

CTGCAGAAAGAAAACAGCAAGCGCTGGAATCCCGAAGTGCAGTACACAT

CCAATTATGCAAAATCTGCCAACGTTGATTTTACTGTGGACAACAATGG

ACTTTATACTGAGCCTCGCCCCATTGGCACCCGTTACCTTACCCGTCCC

CTGTAA

SEQ

NO: 15

SR AAVLL L
& VP1 69454 85
5] (RARAEXS T
265 8 %)

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAACCTCTCTG

AGGGCATTCGCGAGTGGTGGGACTTGAAACCTGGAGCCCCGAAGCCCAA

AGCCAACCAGCAAAAGCAGGACGACGGCCGGGGTCTGGTGCTTCCTGGC

TACAAGTACCTCGGACCCTTCAACGGACTCGACAAGGGGGAGCCCGTCA

ACGCGGCGGACGCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCA

GCTCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGCCGACGCC

GAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTTTTGGGGGCAACCTCG

GGCGAGCAGTCTTCCAGGCCAAGAAGCGGGTTCTCGAACCTCTCGGTCT

GGTTGAGGAAGGCGCTAAGACGGCTCCTGGAAAGAAACGTCCGGTAGAG

CAGTCGCCACAAGAGCCAGACTCCTCCTCGGGCATCGGCAAGACAGGCC

AGCAGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGACTCAGA

GTCAGTCCCCGATCCACAACCTCTCGGAGAACCTCCAGCAACCCCCGCT

GCTGTGGGACCTACTACAATGGCTTCAGGCGGTGGCGCACCAATGGCAG

ACAATAACGAAGGCGCCGACGGAGTGGGTAATGCCTCAGGAAATTGGCA

TTGCGATTCCACATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGC

ACCTGGGCCTTGCCCACCTACAATAACCACCTCTACAAGCAAATCTCCA

GTGCTTCAGGGGCCAGCAACGACAACCACTACTTCGGCTACAGCACCCC
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[0424]

CTGGGGGTATTTTGATTTCAACAGATTCCACTGCCACTTTTCACCACGT
GACTGGCAGCGACTCATCAACAACAATTGGGGATTCCGGCCCAAGAGAC
TCAACTTCAAACTCTTCAACATCCAAGTCAAGGAGGTCACGACGAATGA
TGGCGTCACAACCATCGCTAATAACCTTACCAGCACGGTTCAAGTCTTC
TCGGACTCGGAGTACCAGCTTCCGTACGTCCTCGGCTCTGCGCACCAGG
GCTGCCTCCCTCCGTTCCCGGCGGACGTGTTCATGATTCCGCAATACGG
CTACCTGACGCTCAACAATGGCAGCCAAGCCGTGGGACGTTCATCCTTT
TACTGCCTGGAATATTTCCCTTCTCAGATGCTGAGAACGGGCAACAACT
TTACCTTCAGCTACACCTTTGAGGAAGTGCCTTTCCACAGCAGCTACGC
GCACAGCCAGAGCCTGGACCGGCTGATGAATCCTCTCATCGACCAATAC
CTGTATTACCTGAACAGAACTCAAAATCAGTCCGGAAGTGCCCAAAACA
AGGACTTGCTGTTTAGCCGTGGGTCTCCAGCTGGCATGTCTGTTCAGCC
CAAAAACTGGCTACCTGGACCCTGTTATCGGCAGCAGCGCGTTTCTAAA
ACAAAAACAGACAACAACAACAGCAATTTTACCTGGACTGGTGCTTCAA
AATATAACCTCAATGGGCGTGAATCCATCATCAACCCTGGCACTGCTAT
GGCCTCACACAAAGACGACGAAGACAAGTTCTTTCCCATGAGCGGTGTC
ATGATTTTTGGAAAAGAGAGCGCCGGAGCTTCAAACACTGCATTGGACA
ATGTCATGATTACAGACGAAGAGGAAATTAAAGCCACTAACCCTGTGGC
CACCGAAAGATTTGGGACCGTGGCAGTCAATTTCCAGAGCAGCAGCACA
GACCCTGCGACCGGAGATGTGCATGCTATGGGAGCATTACCTGGCATGG
TGTGGCAAGATAGAGACGTGTACCTGCAGGGTCCCATTTGGGCCAAAAT
TCCTCACACAGATGGACACTTTCACCCGTCTCCTCTTATGGGCGGCTTT
GGACTCAAGAACCCGCCTCCTCAGATCCTCATCAAAAACACGCCTGTTC
CTGCGAATCCTCCGGCGGAGTTTTCAGCTACAAAGTTTGCTTCATTCAT
CACCCAATACTCCACAGGACAAGTGAGTGTGGAAATTGAATGGGAGCTG
CAGAAAGAAAACAGCAAGCGCTGGAATCCCGAAGTGCAGTACACATCCA
ATTATGCAAAATCTGCCAACGTTGATTTTACTGTGGACAACAATGGACT
TTATACTGAGCCTCGCCCCATTGGCACCCGTTACCTTACCCGTCCCCTG

TAA
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SEQ ID | %A A A AAV6 Rt | ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAACCTCTCTG
NO: 16 (VP1) 64 45 - 85 71 AGGGCATTCGCGAGTGGTGGGACTTGAAACCTGGAGCCCCGAAACCCAA
AGCCAACCAGCAAAAGCAGGACGACGGCCGGGGTCTGGTGCTTCCTGGC
TACAAGTACCTCGGACCCTTCAACGGACTCGACAAGGGGGAGCCCGTCA
ACGCGGCGGATGCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCA
GCTCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGCCGACGCC
GAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTTTTGGGGGCAACCTCG
GGCGAGCAGTCTTCCAGGCCAAGAAGAGGGTTCTCGAACCTTTTGGTCT
GGTTGAGGAAGGTGCTAAGACGGCTCCTGGAAAGAAACGTCCGGTAGAG
CAGTCGCCACAAGAGCCAGACTCCTCCTCGGGCATTGGCAAGACAGGCC
AGCAGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGACTCAGA
GTCAGTCCCCGACCCACAACCTCTCGGAGAACCTCCAGCAACCCCCGCT
GCTGTGGGACCTACTACAATGGCTTCAGGCGGTGGCGCACCAATGGCAG
ACAATAACGAAGGCGCCGACGGAGTGGGTAATGCCTCAGGAAATTGGCA
TTGCGATTCCACATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGA
ACATGGGCCTTGCCCACCTATAACAACCACCTCTACAAGCAAATCTCCA
GTGCTTCAACGGGGGCCAGCAACGACAACCACTACTTCGGCTACAGCAC
CCCCTGGGGGTATTTTGATTTCAACAGATTCCACTGCCATTTCTCACCA
CGTGACTGGCAGCGACTCATCAACAACAATTGGGGATTCCGGCCCAAGA
GACTCAACTTCAAGCTCTTCAACATCCAAGTCAAGGAGGTCACGACGAA
TGATGGCGTCACGACCATCGCTAATAACCTTACCAGCACGGTTCAAGTC
TTCTCGGACTCGGAGTACCAGTTGCCGTACGTCCTCGGCTCTGCGCACC
AGGGCTGCCTCCCTCCGTTCCCGGCGGACGTGTTCATGATTCCGCAGTA
CGGCTACCTAACGCTCAACAATGGCAGCCAGGCAGTGGGACGGTCATCC
TTTTACTGCCTGGAATATTTCCCATCGCAGATGCTGAGAACGGGCAATA
ACTTTACCTTCAGCTACACCTTCGAGGACGTGCCTTTCCACAGCAGCTA
CGCGCACAGCCAGAGCCTGGACCGGCTGATGAATCCTCTCATCGACCAG
TACCTGTATTACCTGAACAGAACTCAGAATCAGTCCGGAAGTGCCCAAA

ACAAGGACTTGCTGTTTAGCCGGGGGTCTCCAGCTGGCATGTCTGTTCA
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GCCCAAAAACTGGCTACCTGGACCCTGTTACCGGCAGCAGCGCGTTTCT

AAAACAAAAACAGACAACAACAACAGCAACTTTACCTGGACTGGTGCTT

CAAAATATAACCTTAATGGGCGTGAATCTATAATCAACCCTGGCACTGC

TATGGCCTCACACAAAGACGACAAAGACAAGTTCTTTCCCATGAGCGGT

GTCATGATTTTTGGAAAGGAGAGCGCCGGAGCTTCAAACACTGCATTGG

ACAATGTCATGATCACAGACGAAGAGGAAATCAAAGCCACTAACCCCGT

GGCCACCGAAAGATTTGGGACTGTGGCAGTCAATCTCCAGAGCAGCAGC

ACAGACCCTGCGACCGGAGATGTGCATGTTATGGGAGCCTTACCTGGAA

TGGTGTGGCAAGACAGAGACGTATACCTGCAGGGTCCTATTTGGGCCAA

AATTCCTCACACGGATGGACACTTTCACCCGTCTCCTCTCATGGGCGGC

TTTGGACTTAAGCACCCGCCTCCTCAGATCCTCATCAAAAACACGCCTG

TTCCTGCGAATCCTCCGGCAGAGTTTTCGGCTACAAAGTTTGCTTCATT

CATCACCCAGTATTCCACAGGACAAGTGAGCGTGGAGATTGAATGGGAG

CTGCAGAAAGAAAACAGCAAACGCTGGAATCCCGAAGTGCAGTATACAT

CTAACTATGCAAAATCTGCCAACGTTGATTTCACTGTGGACAACAATGG

ACTTTATACTGAGCCTCGCCCCATTGGCACCCGTTACCTCACCCGTCCC

CTGTAA

SEQ

NO: 17

BABZAEME AAVE. 1
R VP1 B HRA
5l (RABRARLASL S
265 $: %)

ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAACCTCTDGA
GGGCATTCGCGAGTGGTGGGACTTGAAACCTGGAGCCCCGAAACCCAAA
GCCAACCAGCAAAAGCAGGACGACGGCCGGGGTDGGTGCTTCCTGGCTA
CAAGTACCTCGGACCCTTCAACGGACTCGACAAGGGGGAGCCCGTCAAC
GCGGCGGATGCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCAGC
TCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGCCGACGCCGA
GTTTCAGGAGCGTCTGCAAGAAGATACGTCTTTTGGGGGCAACCTCGGG
CGAGCAGTCTTCCAGGCCAAGAAGAGGGTTCTCGAACCTTTTGGTDGGT
TGAGGAAGGTGCTAAGACGGCTCCTGGAAAGAAACGTCCGGTAGAGCAG
TCGCCACAAGAGCCAGACTCCTCCTCGGGCATTGGCAAGACAGGCCAGC
AGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGACTCAGAGTC

AGTCCCCGACCCACAACCTCTCGGAGAACCTCCAGCAACCCCCGCTGCT
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GTGGGACCTACTACAATGGCTTCAGGCGGTGGCGCACCAATGGCAGACA

ATAACGAAGGCGCCGACGGAGTGGGTAATGCCTCAGGAAATTGGCATTG

CGATTCCACATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGAACA

TGGGCCTTGCCCACCTATAACAACCACCTCTACAAGCAAATCTCCAGTG

CTTCAGGGGCCAGCAACGACAACCACTACTTCGGCTACAGCACCCCCTG

GGGGTATTTTGATTTCAACAGATTCCACTGCCATTTCTCACCACGTGAC

TGGCAGCGACTCATCAACAACAATTGGGGATTCCGGCCCAAGAGACTCA

ACTTCAAGCTCTTCAACATCCAAGTCAAGGAGGTCACGACGAATGATGG

CGTCACGACCATCGCTAATAACCTTACCAGCACGGTTCAAGTCTTCTCG

GACTCGGAGTACCAGTTGCCGTACGTCCTCGGCTCTGCGCACCAGGGCT

GCCTCCCTCCGTTCCCGGCGGACGTGTTCATGATTCCGCAGTACGGCTA

CCTAACGCTCAACAATGGCAGCCAGGCAGTGGGACGGTCATCCTTTTAC

TGCCTGGAATATTTCCCATCGCAGATGCTGAGAACGGGCAATAACTTTA

CCTTCAGCTACACCTTCGAGGACGTGCCTTTCCACAGCAGCTACGCGCA

CAGCCAGAGCCTGGACCGGCTGATGAATCCTCTCATCGACCAGTACCTG

TATTACCTGAACAGAACTCAGAATCAGTCCGGAAGTGCCCAAAACAAGG

ACTTGCTGTTTAGCCGGGGGTCTCCAGCTGGCATGTCTGTTCAGCCCAA

AAACTGGCTACCTGGACCCTGTTACCGGCAGCAGCGCGTTTCTAAAACA

AAAACAGACAACAACAACAGCAACTTTACCTGGACTGGTGCTTCAAAAT

ATAACCTTAATGGGCGTGAATCTATAATCAACCCTGGCACTGCTATGGC

CTCACACAAAGACGACAAAGACAAGTTCTTTCCCATGAGCGGTGTCATG

ATTTTTGGAAAGGAGAGCGCCGGAGCTTCAAACACTGCATTGGACAATG

TCATGATCACAGACGAAGAGGAAATCAAAGCCACTAACCCCGTGGCCAC

CGAAAGATTTGGGACTGTGGCAGTCAATCTCCAGAGCAGCAGCACAGAC

CCTGCGACCGGAGATGTGCATGTTATGGGAGCCTTACCTGGAATGGTGT

GGCAAGACAGAGACGTATACCTGCAGGGTCCTATTTGGGCCAAAATTCC

TCACACGGATGGACACTTTCACCCGTCTCCTCTCATGGGCGGCTTTGGA

CTTAAGCACCCGCCTCCTCAGATCCTCATCAAAAACACGCCTGTTCCTG

CGAATCCTCCGGCAGAGTTTTCGGCTACAAAGTTTGCTTCATTCATCAC
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CCAGTATTCCACAGGACAAGTGAGCGTGGAGATTGAATGGGAGCTGCAG

AAAGAAAACAGCAAACGCTGGAATCCCGAAGTGCAGTATACATCTAACT

ATGCAAAATCTGCCAACGTTGATTTCACTGTGGACAACAATGGACTTTA

TACTGAGCCTCGCCCCATTGGCACCCGTTACCTCACCCGTCCCCTGTAA

SEQ ID|% # 2 4 4% #9 | ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACAACCTCTCTG
NO: 18 AAV6. 3.1 &% VP1 44 | AGGGCATTCGCGAGTGGTGGGACTTGAAACCTGGAGCCCCGAAACCCAA
HEH8A 5 (BB | AGCCAACCAGCAAAAGCAGGACGACGGCCGGGGTCTGGTGCTTCCTGGC
3 26548:%, Lys 531 | TACAAGTACCTCGGACCCTTCAACGGACTCGACAAGGGGGAGCCCGTCA
BEHA Glu) ACGCGGCGGATGCAGCGGCCCTCGAGCACGACAAGGCCTACGACCAGCA
GCTCAAAGCGGGTGACAATCCGTACCTGCGGTATAACCACGCCGACGCC
GAGTTTCAGGAGCGTCTGCAAGAAGATACGTCTTTTGGGGGCAACCTCG
GGCGAGCAGTCTTCCAGGCCAAGAAGAGGGTTCTCGAACCTTTTGGTCT
GGTTGAGGAAGGTGCTAAGACGGCTCCTGGAAAGAAACGTCCGGTAGAG
CAGTCGCCACAAGAGCCAGACTCCTCCTCGGGCATTGGCAAGACAGGCC
AGCAGCCCGCTAAAAAGAGACTCAATTTTGGTCAGACTGGCGACTCAGA
GTCAGTCCCCGACCCACAACCTCTCGGAGAACCTCCAGCAACCCCCGCT
GCTGTGGGACCTACTACAATGGCTTCAGGCGGTGGCGCACCAATGGCAG
ACAATAACGAAGGCGCCGACGGAGTGGGTAATGCCTCAGGAAATTGGCA
TTGCGATTCCACATGGCTGGGCGACAGAGTCATCACCACCAGCACCCGA
ACATGGGCCTTGCCCACCTATAACAACCACCTCTACAAGCAAATCTCCA
GTGCTTCAGGGGCCAGCAACGACAACCACTACTTCGGCTACAGCACCCC
CTGGGGGTATTTTGATTTCAACAGATTCCACTGCCATTTCTCACCACGT
GACTGGCAGCGACTCATCAACAACAATTGGGGATTCCGGCCCAAGAGAC
TCAACTTCAAGCTCTTCAACATCCAAGTCAAGGAGGTCACGACGAATGA
TGGCGTCACGACCATCGCTAATAACCTTACCAGCACGGTTCAAGTCTTC
TCGGACTCGGAGTACCAGTTGCCGTACGTCCTCGGCTCTGCGCACCAGG
GCTGCCTCCCTCCGTTCCCGGCGGACGTGTTCATGATTCCGCAGTACGG

CTACCTAACGCTCAACAATGGCAGCCAGGCAGTGGGACGGTCATCCTTT

TACTGCCTGGAATATTTCCCATCGCAGATGCTGAGAACGGGCAATAACT
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TTACCTTCAGCTACACCTTCGAGGACGTGCCTTTCCACAGCAGCTACGC

GCACAGCCAGAGCCTGGACCGGCTGATGAATCCTCTCATCGACCAGTAC

CTGTATTACCTGAACAGAACTCAGAATCAGTCCGGAAGTGCCCAAAACA

AGGACTTGCTGTTTAGCCGGGGGTCTCCAGCTGGCATGTCTGTTCAGCC

CAAAAACTGGCTACCTGGACCCTGTTACCGGCAGCAGCGCGTTTCTAAA

ACAAAAACAGACAACAACAACAGCAACTTTACCTGGACTGGTGCTTCAA

AATATAACCTTAATGGGCGTGAATCTATAATCAACCCTGGCACTGCTAT

GGCCTCACACAAAGACGACGAAGACAAGTTCTTTCCCATGAGCGGTGTC

ATGATTTTTGGAAAGGAGAGCGCCGGAGCTTCAAACACTGCATTGGACA

ATGTCATGATCACAGACGAAGAGGAAATCAAAGCCACTAACCCCGTGGC

CACCGAAAGATTTGGGACTGTGGCAGTCAATCTCCAGAGCAGCAGCACA

GACCCTGCGACCGGAGATGTGCATGTTATGGGAGCCTTACCTGGAATGG

TGTGGCAAGACAGAGACGTATACCTGCAGGGTCCTATTTGGGCCAAAAT

TCCTCACACGGATGGACACTTTCACCCGTCTCCTCTCATGGGCGGCTTT

GGACTTAAGCACCCGCCTCCTCAGATCCTCATCAAAAACACGCCTGTTC

CTGCGAATCCTCCGGCAGAGTTTTCGGCTACAAAGTTTGCTTCATTCAT

CACCCAGTATTCCACAGGACAAGTGAGCGTGGAGATTGAATGGGAGCTG

CAGAAAGAAAACAGCAAACGCTGGAATCCCGAAGTGCAGTATACATCTA

ACTATGCAAAATCTGCCAACGTTGATTTCACTGTGGACAACAATGGACT

TTATACTGAGCCTCGCCCCATTGGCACCCGTTACCTCACCCGTCCCCTG

TAA

SBEQ ID| A F % M £ | TAGAAGACCGGTCGCCACCatgtggactctcgggegecgegeagtagee
NO: 19 pTRs—-KS-CBh-EGFP-B | ggcctectggegtcacccageccageccaggeccagaccctcacceggg
GH scAAV #H R+ 9% | tcecgeggecggcagagttggccccactetgeggecgeegtgeoctgeg
AAEFAEREF % | caccgacatcgatgegacctgeacgecccgeecgegcaagttcgaaccaa

A& & (WT PFXN) #94% | cgtggectcaaccagatttggaatgtcaaaaagecagagtgtctatttga

BT tgaatttgaggaaatctggaactttgggecacccaggetctetagatga
Agel fi & 34K, gaccacctatgaaagactagcagaggaaacgetggactctttageagag
Avrll A F XI£; ttttttgaagaccttgecagacaageccatacacgtttgaggactatgatg

58



CN 108348621 A

" BB B

[0430]

CSS AR F X £%;
Spel h#a4k H AT X
#.49; bGHpolyA 44t
#&; Mlul 43,8 ik
B #H4k

(RLA 24

tctecetttgggagtggtgtettaactgtcaaactgggtggagatetage
aacctatgtgatcaacaagcagacgccaaacaagcaaatctggetatct
tctccatccagtggacctaagegttatgactggactgggaaaaactggg
tgtactcccacgacggegtgteectecatgagetgetggecgeagaget
cactaaagccttaaaaaccaaactggacttgtecttececttggectattee

ggaaaagatgcttgaCGAGCGGCCGCTCCTAGGAGCAGTATCGATCCCA

GCCCACTTTTCCCCAATACGACTAGTACTCCACTGTGCCTTCTAGTTGC

CAGCCATCTGCTTGTTTGCCCCCTCCCCCCTCCCTTCCTTGACCCTGGAAG

GCTGCCACTCCCACTGTCCTTTCCTAATAAAATGACGAAATTGCCATCGCA

TTCTCTGAGTAGGCTGCTCATTCTATTCTGCCCCCCTCCGCTCCCCCAGGAC

AGCCAAGCCCCCACCATTCCCAACACAACAGCAGCCCATCCTCCCCATCCGE

TCCCCTCTATGCCTTCTGAGGCCCCAAAGAACCAGCITTGGCACGCGICTT

AAG

SEQ

NO: 20

A F n & £
pTRs—KS-CBh-EGFP-B
GH scAAV #ARF 4%
A5 FXN ¢4 IDT1 % 4% F
A B 5

Agel 4L & A Ak,
AvrlII Ao F X 4;

CSS Au R F X &;

Spel y#a4k H e T X
#.49; bGHpolyA A4t
#&; Mlul 43,8 ik
B #Hk

(R LH 2B)

TAGAAGACCGGTCGCCACCatgtggactectgggtaggegageggtggec
ggcetgttggeatetectagtectgeacaagetcaaacgetgactagag
tccectecggecageagaactggegecactttgeggeecggegeggteticg
cactgatattgatgccacttgcacaccccggegegectccagtaatceag
cggggacttaatcaaatttggaatgtgaagaageagtetgtgtatetta
tgaatctgecggaagagegggaccetgggeccaccetggtagecttgatga
aaccacctatgagcgcctggecgaagagacactggacagtcttgecgag
ttttttgaggatctggcegacaaaccttatacttttgaggactatgacg
tgtccttiggatctggtgtattgaccgtaaaactegggggagacctigeg
gacgtatgtaataaataagcagaccccaaacaagcagatctggetcage
tctccaagtagtggtcctaagagatatgattggacgggcaagaactggg
tctattcccatgatggegtetetttgecatgaactecttgecageagaget

gaccaaggccttgaagaccaaattggatctcagcagectcgectatagt

ggcaaagatgcatagCGAGCGGCCGCTCCTAGGAGCAGTATCGATCCCA

GCCCACTTTTCCCCAATACGACTAGTACTCCACTGTGCCTTCTAGTTGCC

CAGCCCATCTCTTCTTTGCCCCCTCCCCCCTCCCTTCCTTCACCCTGGAAG
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GCTGCCACTCCCACTGCTCCTTTCCTAATAAAATCAGGAAATTGCATCGCA

TTCTCTGAGTAGGCTGCTCATTCTATICTGCCCGCCTCCECTCCCCCAGGAC

AGCCAAGCCCCCACCATTCCCAACACAACAGCAGCCCATCCTCCCCATCCGE

TCCCCTCTATCCCTTCTCAGCCCCCAAAGAACCAGCTTTGGCACCCCICTT

AAG

SEQ

NO: 21

A F n & %
pTRs-KS-CBh-EGFP-B
GH scAAV #/k+ 9%
A FXN IDT3 (f& & &)
W FESTROEFR
F-3

Agel 43 5 44K,
AvrII e F X &;

CSS A TF X 4;

Spel 444k Him T X
#.49; bGHpolyA 44t
A5 Mlul 42.& 44K
H A #AA

(RALHE 20

TAGAAGACCGGTCGCCACCatgtggacactgggaaggecgegeegtggece
ggtctgttggcatcaccatccccageccaggetcagacactcacccgag
tcccaagacccgeagagetggeccetetgtgegggegeegaggeetteg
caccgatatcgatgctacatgcacgeccacgecagagetagetcaaatcag
aggggactcaaccagatatggaatgtcaagaagcaaagegtgtatctca
tgaacctccggaaaageggecaccectgggacatecegggtetetegacga
gaccacttatgaaagactggcagaggagactcttgacagtctggeggag
ttcttcgaagacctcgetgacaagecatataccttcgaagattacgacg
tctcectteggetetggggtgetgactgtcaagettggeggegacetggg
gacctacgtgatcaacaagcagactccaaacaagcaaatctggetcage
agtccaagctccggacccaagagatacgattggacaggcaagaattggg
tttactcccacgacggggtgteccteccatgagetgetggeegetgaget
gacgaaggecctgaagaccaagetggatetetectecctggeatacagt
ggtaaggacgcttgaCGAGCCGCCCCTCCTAGGAGCAGTATCGATCCCA

GCCCACTTTTCCCCAATACGACTAGTACTCCACTGTGCCTICTAGTTGC

CAGCCATCTGTTGTTTGCCCCTCCCCCCTCCCTTCCTTGACCCTGGAAG

GCTGCCCACTCCCACTGTCCTTTCCTAATAAAATCAGGCAAATTGCCATCGCA

TTCTCTGAGTAGGCTGCTCATTCTATTCTGCGCCGCCCTCCCCTCCCCCAGGAC

AGCCAACCCCCACCATTCCCAACACAACAGCAGCCCATCCTCCCCATCCGE

TCCCCTCTATCCCTTCTGCAGCCCCAAAGAACCAGCTTTGGACGCGTCTT

AAG

SEQ

NO: 22

A F 2 #® %
pTRs-KS-CBh—EGFP-B

GH scAAV AT 8%

TAGAAGACCGGTCGCCACCatgtggactctgggeecggegggecgtaget
ggettgetggetageccaagtecegeccaggetcagactetecaccaggg

tacccaggecccgeagagettgetccactectgeggacgeaggggtetgeg
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75 FXN IDT4 & % % F
RACHEL B 5]
Agel 4&,& A H4K;
AvrIl A F X 4&;

CSS Au T X &,

Spel ik H e T X|
#.49; bGHpolyA #4t
A5 Mlul 42.& 44K
H A #H4k

(R LHE 2D)

aaccgatatcgacgcaacttgecacgeegeggagggectcttcaaaccag
agaggactcaatcaaatttggaatgtaaagaaacagagcgtgtatctca
tgaacctccgaaagagtgggactettgggeacceeggeteccectggacga
gactacttacgagecgcctggecgaagaaaccttggattceectggeggag
ttttttgaagacttggecagacaagecttataccttcgaggattacgacg
tgagtttiggetectggtgttcttacagtcaageteggtggegacetigeg
cacttatgtaattaacaagcagacacctaacaagcagatctggetttct
agtccgtcttceggteccaaaaggtacgattggactggaaagaactgeg
tctacagtcacgacggtgtctecctgecacgaattgettgeggetgaget
gactaaggcgctcaaaacaaaactggatctgtccagecttgectatage

gggaaggacgcatgaCGAGCCGCCGCTCCTAGGAGCAGTATCGATCCCA

GCCCACTTTTCCCCAATACGACTAGTACTCCACTGTGCCTTCTAGTTGC

CAGCCCATCTCTTCTTTGCCCCCTCCCCCCTCCCTTCCTTCACCCTGGAAG

CTGCCACTCCCACTGTCCTTITCCTAATAAAATCAGCCAAATTGCCATCGCA

TTCTCTGAGTAGCTGCTCATTCTATTCTGCGCCCCTCCGCCTCCCCCAGGAC

AGCCAAGCCCCCACCATTCCCAACACAACAGCAGCCCATCCTCCCCATCCGE

TCCCCTCTATGCCCTTCTGAGCCCCCAAAGAACCAGCTITTGGCACGCGICTT

AAG

SEQ

NO: 23

A F A #® %
pTRs-KS-CBh-EGFP-B
GH scAAV #/k+ 9%
A4 FXN GenScript #4 %
T RACHE BRI 5
Agel 4 % A 44K

Avrll e F X &;

CSS AT X &;

Spel y#a4k BT X
£.49; bGHpolyA 4t
AR5 Mlul 438 444K

TAGAAGACCGGTCGCCACCatgtggacactgggecggagagecgteget
gggetgetggeatcaccatccceccgeacaggeacagaccctgacaagag
tccecteggecageagagetggeecccactgtgegggeggagaggactgeg
aaccgacatcgatgctacttgtaccccaaggegagecaagetccaaccag
cgagggctgaaccagatttggaatgtgaagaaacagtctgtctacctga
tgaatctgagaaagagcggcactctgggacaccectggeageectggacga
gaccacctacgageggetggecgaggaaaccetggatteecctggecgag
ttctttgaagacctggetgataagecatacaccttcgaagactatgacg
tgagcttcggecageggegtgetgacagtcaaactgggeggggacetggg
aacatacgtgatcaacaagcagactcctaacaagcagatttggetgtcet

agtccctcaageggecctaagaggtacgactggacagggaaaaactggg
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B A #4

(R LB 2B)

tgtatagtcacgatggegtetcactgecatgagetgetggecgetgaact
gactaaagccctgaaaactaaactggacctgtcticcctggeatactcet

ggcaaggacgectgaCGAGCGGCCGCTCCTAGGAGCAGTATCGATCCCA

GCCCACTTTTCCCCAATACGACTAGTACTCCACTGTGCCTICTAGTTGC

CAGCCATCTCTTCTTTGCCCCCTCCCCCCTCCCTTCCTTCACCCTGGAAG

GCTGCCCACTCCCACTGTCCTTTCCTAATAAAATCAGGCAAATTGCATCGCA

TTCTCTGAGTAGGCTGCTCATTCTATTCTGCGCGCCCTCCCCTCCCCCAGGAC

ACCAAGCCGCCCACCATTCGCCAACACAACACCAGGCCATGCTGCCCGATCCGE

TCCCCTCTATCCCTTCTCAGCCCCCAAAGAACCAGCTTTGGACGCGTCTT

AAG

SEQ

NO: 24

A F x & £
pTRs-KS-CBh—-EGFP-B
GH scAAV #HAkF 8%
A4 FXN GenScript #9 %
BT RACH B 5
Agel 4&,& A H4K;
Avrll e F X &;

CSS AR F X 4;
Spel Jy#iik H e F X|
£.69; bCHpolyA 4t
AR5 Mlul 4% & hHE4k
H A #H4k

(HRAE 2F)

TAGAAGACCGGTCGCCACCatgtggactctgggecggagageagtggcea
ggactgectggcaagtccatcacctgetcaggecacagactctgacaagag
tcccaagacctgecagagetggeteccactgtgegggaggegeggactgag
aacagacatcgatgctacatgtactcctcgacgggecaagctccaaccag
cgagggctgaaccagatttggaatgtgaagaaacagtecgtctacctga
tgaatctgaggaagtcaggecaccctggggecacccaggaagtectggacga
gaccacatatgaacggctggectgaggaaacactggattctetggecgag
ttctttgaagacctggetgataagecctacacattcgaagactatgatg
tgagcttiggatcecggegtgetgactgtcaaactgggeggggacetggg
cacttacgtgatcaacaagcagacccctaacaagcagatttggetgtet
agtccttcaagecggaccaaageggtacgactggaccggecaaaaactgeg
tgtattctcacgatggggtcagtctgecatgagetgetggecgetgaact
gaccaaggccctgaagacaaaactggacctgtcctetetggeatatage
ggaaaagatgcctgaCGAGCCGCCGCTCCTAGGAGCAGTATCGATCCCA

GCCCACTTTTCCCCAATACGACTAGTA CTCCACTGTGCCTTCTAGTTGC

CAGCCCATCTGTTCTTTGCCCCCTCCCCCCTCCCTTCCTTCACCCTGGAAG

CTGCCACTCCCACTGTCCTTTCCTAATAAAATCAGCCAAATTGCCATCGCA

TTGCTCTCAGTAGCTGTCATTCTATTCTCCCCCGTCCGCCTCCCCCAGGAC

ACCAAGGGCCGACCATTCCCAACACAACACCAGGCATGCCTCCCCATCCGE
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T6GGCTCTATCCCTTCTCAGCCCCAAAGAACCAGCTTTGGACGCGTCTT

AAG

SEQ ID | %A KR EEGA LA | CCCAGCCCACTTTTCCCCAA
NO: 25 %] (CSS) 69 4% BT 71

SEQ ID|CBh B3 F &4 B F | tacataacttacggtaaatggeccgectggetgaccgeccaacgacecee
NO: 26 7| cgcccattgacgtcaatagtaacgeccaatagggactttccattgacgtce
aatgggtggagtatttacggtaaactgeccacttggecagtacatcaagt
gtatcatatgccaagtacgececccctattgacgtcaatgacggtaaatgg
cccgectggeattgtgeccagtacatgaccttatgggactttectactt
ggcagtacatctacgtattagtcatcgetattaccatggtegaggtgag
ccccacgttetgettcactectecccatcteccceccccteccccaccecca
attttgtatttatttattttttaattattttgtgcagegatgggggess
EEEEEEE e EEEEECECECECCAagECEEEECEEEECEEEECEABEEECE
gggegeggegaggeggagaggtgeggeggeagecaatcagageggegeg
ctccgaaagttteccttttatggegaggeggeggeggeggeggecctata
aaaagcgaagcgcgcgEcgggegggagtegetgegacgetgecttegee
ccgtgececcgetecegecgeecgectegegeecgeeccgecccggetetgact
gaccgegttactcccacaggtgagegggegggacggeccttetectecg
ggctgtaattagetgagecaagaggtaagggtttaagggatggttgegttyg
gtggggtattaatgtttaattacctggageacctgectgaaatcacttt

ttttcaggttgga

SEQ ID | bGHpoly A 455 A% 44 | CTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCC
NO: 27 ARl GTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAAT
AAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCT
GGGGGGTGGCGGCTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAAC
AGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAA

GAACCAGCT

SEQ ID | % A, AAV2i8 AR 4t |atggctgccgatggttatcttccagattggetcgaggacactctetoty

NO: 28 (VP1) &9 4% 85 7)) aaggaataagacagtggtggaagctcaaacctggeccaccaccaccaaa
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gcececgeagageggecataaggacgacageagggptettgtgettectgge
tacaagtacctcggacccttcaacggactcgacaagggagagecggtca
acgaggcagacgccgeggecctegageacgacaaagectacgaccggea
getcgacageggagacaacccgtacctcaagtacaaccacgecgacgeg
gagtttcaggagcgccttaaagaagatacgtecttttgggggcaaccteg
gacgagcagtcttccaggegaaaaagagggttcttgaacctetgggect
ggttgaggaacctgttaagacggeteccgggaaaaaagaggeeggtagag
cactctcctgtggagecagacteectcctegggaaccggaaaggegggce
agcagcctgcaagaaaaagattgaattttggtcagactggagacgecaga
ctcagtacctgacccccagectecticggacagecaccageagecccctcet
ggtctgggaactaatacgatggetacaggeagtggegeaccaatggeag
acaataacgagggegecgacggagtgggtaattectegggaaattggea
ttgcgattccacatggatgggegacagagtcatcaccaccagecacccga
acctgggececctgeccacctacaacaaccacctctacaaacaaattticca
gccaatcaggagectcgaacgacaatcactactttggetacageaccce
ttgggeggtattttgacttcaacagattccactgecacttttcaccacgt
gactggcaaagactcatcaacaacaactggggattccgacccaagagac
tcaacttcaagctctttaacattcaagtcaaagaggtcacgecagaatga
cggtacgacgacgattgeccaataaccttaccagcacggttecaggtgttt
actgactcggagtaccagetcccgtacgtecteggeteggegeatcaag
gatgcctcccgecgttecccageagacgtettcatggtgecacagtatgg
atacctcaccctgaacaacgggagtcaggecagtaggacgetettcattt
tactgecctggagtactttecttectecagatgetgegtaceggaaacaact
ttaccttcagctacacttttgaggacgttcctttccacagecageta

cgctcacageccagagtctggaccgtectcatgaatcctectcategaccag
tacctgtattacttgagcagaacaaacactccaagtggaaccaccacge
agtcaaggcttcagttttetgtggecggacccagtaacatggetgteea
gggaaggaactggecttecctggacecctgttaccgecageagegagtatca

aagacatctgcggataacaacaacagtgaatttgettggactggageta
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ccaagtaccacctcaatggcagagactctctggtgaatcegggeccgge
catggcaagccacaaggacgatgaagaaaagttttttcctcagagegge
gttctcatctttgggaagcaaggctcagagaaaacaaatgtggacattg
aaaaggtcatgattacagacgaagaggaaatcaggacaaccaatccegt
ggctacggagecagtatggttetgtatctaccaacctecagecaacagaac
acagcaccagctaccgcagatgtcaacacacaaggegttcttccaggea
tggtctggeaggacagagatgtgtaccttcaggggeccatetgggecaaa
gattccacacacggacggacattttcacccctcteccectcatgggtgga
ttcggacttaaacaccctcctccacagattctcatcaagaacaccccgg
tacctgcgaatccttcgaccaccticagtgeggecaaagtttgettcett
catcacacagtactccacgggacaggtcagegtggagatcgagtgggag
ctgcagaaggaaaacagcaaacgetggaatcccgaaattcagtacactt
ccaactacaacaagtctgttaatgtggactttactgtggacactaatgg
cgtgtattcagagcctcgecccattggecaccagatacctgactegtaat

ctgtaa

SEQ ID | AAV2i8 A& 4% (VP1) 44 | MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPG
NO: 29 REBA 5] YKYLGPFNGLDKGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADA
EFQERLKEDTSFGGNLGRAVFQAKKRVLEPLGLVEEPVKTAPGKKRPVE
HSPVEPDSSSGTGKAGQQPARKRLNFGQTGDADSVPDPQPLGQPPAAPS
GLGTNTMATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVITTSTR
TWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPR
DWQRLINNNWGFRPKRLNFKLFNIQVEEVTQNDGTTTIANNLTSTVQVF
TDSEYQLPYVLGSAHQGCLPPFPADVEMVPQYGYLTLNNGSQAVGRSSF
YCLEYFPSQMLRTGNNFTFSYTFEDVPFHSSYAHSQSLDRLMNPLIDQY
LYYLSRTNTPSGTTTQSRLQFSVAGPSNMAVQGRNWLPGPCYRQQRVSK
TSADNNNSEFAWTGATKYHLNGRDSLVNPGPAMASHKDDEEKFFPQSGV
LIFGKQGSEKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQQQNT

APATADVNTQGVLPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGF

GLKHPPPQILIKNTPVPANPSTTFSAAKFASFITQYSTGQVSVEIEWEL
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QKENSKRWNPEIQYTSNYNKSVNVDFTVDTNGVYSEPRPIGTRYLTRNL

SEQ ID|% A AAV2-TT &K st | ATGGCTGCCGATGGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTG
NO: 30 (VP1) 64 AR AAGGAATAAGACAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAA
(RE)F WT AAV2 #94% | GCCCGCAGAGCGGCATAAGGACGACAGCAGGGGTCTTGTGCTTCCTGGG
H AT X&) TACAAGTACCTCGGACCCTTCAACGGACTCGACAAGGGAGAGCCGGTCA
ACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGACCGGCA
GCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCG
GAGTTTCAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCG
GACGAGCAGTCTTCCAGGCGAAAAAGAGGATTCTTGAACCTCTGGGCCT
GGTTGAGGAACCTGTTAAGACGGCTCCGGGAAAAAAGAGGCCGGTAGAG
CACTCTCCTGCGGAGCCAGACTCCTCCTCGGGAACCGGAAAGTCGGGCC
AGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGA
CTCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCT
GGTCTGGGAACTAATACGATGGCTTCAGGCAGTGGCGCACCAATGGCAG
ACAATAACGAGGGCGCCGACGGAGTGGGTAATTCCTCGGGAAATTGGCA
TTGCGATTCCACATGGATGGGCGACAGAGTCATCACCACCAGCACCCGA
ACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATTTCCA
GCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCC
TTGGGGGTATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGT
GACTGGCAAAGACTCATCAACAACAACTGGGGATTCCGACCCAAGAGAC
TCAGCTTCAAGCTCTTTAACATTCAAGTCAAAGAGGTCACGCAGAATGA
CGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTTCAGGTGTTT
ACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAG
GATGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGG
ATACCTCACCCTGAACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTT
TACTGCCTGGAGTACTTTCCTTCTCAGATGCTGCGTACCGGAAACAACT
TTACCTTCAGCTACACTTTTGAGGACGTTCCTTTCCACAGCAGCTACGC

TCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAGTAC

CTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGATGT

66
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[0438]

CAAGGCTTCAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTC
TAGGAACTGGCTTCCTGGACCCTGTTACCGCCAGCAGCGAGTATCAAAG
ACAGCTGCGGATAACAACAACAGTGATTACTCGTGGACTGGAGCTACCA
AGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGCCCGGCCAT
GGCAAGCCACAAGGACGATGAAGAAAAGTATTTTCCTCAGAGCGGGGTT
CTCATCTTTGGGAAGCAAGACTCAGGAAAAACAAATGTGGACATTGAAA
AGGTCATGATTACAGACGAAGAGGAAATCAGGACAACCAATCCCGTGGC
TACGGAGCAGTATGGTTCTGTATCTACCAACCTCCAGAGCGGCAACACA
CAAGCAGCTACCTCAGATGTCAACACACAAGGCGTTCTTCCAGGCATGG
TCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAGAT
TCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTC
GGACTTAAACACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTAC
CTGCGAATCCTTCGACCACCTTCAGTGCGGCAAAGTTTGCTTCCTTCAT
CACACAGTACTCCACGGGACAGGTCAGCGTGGAGATCGAGTGGGAGCTG
CAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTACACTTCCA
ACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGT
GTATTCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTCGTAATCTG

TAA

SEQ ID | AAV2-TT A& & (VP1) 49 | MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPG
NO: 31 RABA 7] YKYLGPFNGLDKGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADA
EFQERLKEDTSFGGNLGRAVFQAKKRILEPLGLVEEPVKTAPGKKRPVE
HSPAEPDSSSGTGKSGQQPARKRLNFGQTGDADSVPDPQPLGQPPAAPS
GLGTNTMASGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVITTSTR
TWALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPR
DWQRLINNNWGFRPKRLSFKLFNIQVKEVTQNDGTTTIANNLTSTVQVF
TDSEYQLPYVLGSAHQGCLPPFPADVEMVPQYGYLTLNNGSQAVGRSSF
YCLEYFPSQMLRTGNNFTFSYTFEDVPFHSSYAHSQSLDRLMNPLIDQY

LYYLSRTNTPSGTTTMSRLQFSQAGASDIRDQSRNWLPGPCYRQQRVSK

TAADNNNSDYSWTGATKYHLNGRDSLVNPGPAMASHKDDEEKYFPQSGV
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[0439]

LIFGKQDSGKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQSGNT
QAATSDVNTQGVLPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGF
GLKHPPPQILIKNTPVPANPSTTFSAAKFASFITQYSTGQVSVEIEWEL

QKENSKRWNPEIQYTSNYNKSVNVDFTVDTNGVYSEPRPIGTRYLTRNL

SEQ ID | % A AAV2-TT-S312N | ATGGCTGCCGATCGTTATCTTCCAGATTGGCTCGAGGACACTCTCTCTG
NO: 32 R (VP1) 4% B8R AAGGAATAAGACAGTGGTGGAAGCTCAAACCTGGCCCACCACCACCAAA
(REF WT AAV2 #4% | GCCCCCAGAGCGGCATAAGGACGACAGCAGGGGTCTTGTGCTTCCTGGE
H 8 AT X&) TACAAGTACCTCGGACCCTTCAACGGACTCGACAAGGGAGAGCCGGTCA
ACGAGGCAGACGCCGCGGCCCTCGAGCACGACAAAGCCTACGACCGGCA
GCTCGACAGCGGAGACAACCCGTACCTCAAGTACAACCACGCCGACGCE
GAGTTTCAGGAGCGCCTTAAAGAAGATACGTCTTTTGGGGGCAACCTCG
GACGAGCAGTCTTCCAGGCGAAAAAGAGGATTCTTGAACCTCTGGGCCT
GGTTGAGGAACCTGTTAAGACGGCTCCGGGAAAAAAGAGGCCGGTAGAG
CACTCTCCTGCGGAGCCAGACTCCTCCTCGGGAACCGGAAAGTCGGGCC
AGCAGCCTGCAAGAAAAAGATTGAATTTTGGTCAGACTGGAGACGCAGA
CTCAGTACCTGACCCCCAGCCTCTCGGACAGCCACCAGCAGCCCCCTCT
GGTCTGGGAACTAATACGATGGCTTCAGGCAGTGGCGCACCAATGGCAG
ACAATAACGAGGGCGCCGACCGAGTGGGTAATTCCTCGGGAAATTGGCA
TTGCGATTCCACATGGATGGGCGACAGAGTCATCACCACCAGCACCCGA
ACCTGGGCCCTGCCCACCTACAACAACCACCTCTACAAACAAATTTCCA
GCCAATCAGGAGCCTCGAACGACAATCACTACTTTGGCTACAGCACCCC
TTGGGGGTATTTTGACTTCAACAGATTCCACTGCCACTTTTCACCACGT
GACTGGCAAAGACTCATCAACAACAACTGGGGATTCCGACCCAAGAGAC
TCAACTTCAAGCTCTTTAACATTCAAGTCAAAGAGGTCACGCAGAATGA
CGGTACGACGACGATTGCCAATAACCTTACCAGCACGGTTCAGGTGTTT
ACTGACTCGGAGTACCAGCTCCCGTACGTCCTCGGCTCGGCGCATCAAG
GATGCCTCCCGCCGTTCCCAGCAGACGTCTTCATGGTGCCACAGTATGE

ATACCTCACCCTGAACAACGGGAGTCAGGCAGTAGGACGCTCTTCATTT

TACTGCCTGGAGTACTTTCCTTCTCAGATGCTGCGTACCGGAAACAACT

68
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[0440]

TTACCTTCAGCTACACTTTTGAGGACGTTCCTTTCCACAGCAGCTACGC
TCACAGCCAGAGTCTGGACCGTCTCATGAATCCTCTCATCGACCAGTAC
CTGTATTACTTGAGCAGAACAAACACTCCAAGTGGAACCACCACGATGT
CAAGGCTTCAGTTTTCTCAGGCCGGAGCGAGTGACATTCGGGACCAGTC
TAGGAACTGGCTTCCTGGACCCTGTTACCGCCAGCAGCGAGTATCAAAG
ACAGCTGCGGATAACAACAACAGTGATTACTCGTGGACTGGAGCTACCA
AGTACCACCTCAATGGCAGAGACTCTCTGGTGAATCCGGGCCCGGCCAT
GGCAAGCCACAAGGACGATGAAGAAAAGTATTTTCCTCAGAGCGGGGTT
CTCATCTTTGGGAAGCAAGACTCAGGAAAAACAAATGTGGACATTGAAA
AGGTCATGATTACAGACGAAGAGGAAATCAGGACAACCAATCCCGTGGC
TACGGAGCAGTATGGTTCTGTATCTACCAACCTCCAGAGCGGCAACACA
CAAGCAGCTACCTCAGATGTCAACACACAAGGCGTTCTTCCAGGCATGG
TCTGGCAGGACAGAGATGTGTACCTTCAGGGGCCCATCTGGGCAAAGAT
TCCACACACGGACGGACATTTTCACCCCTCTCCCCTCATGGGTGGATTC
GGACTTAAACACCCTCCTCCACAGATTCTCATCAAGAACACCCCGGTAC
CTGCGAATCCTTCGACCACCTTCAGTGCGGCAAAGTTTGCTTCCTTCAT
CACACAGTACTCCACGGGACAGGTCAGCGTGGAGATCGAGTGGGAGCTG
CAGAAGGAAAACAGCAAACGCTGGAATCCCGAAATTCAGTACACTTCCA
ACTACAACAAGTCTGTTAATGTGGACTTTACTGTGGACACTAATGGCGT
GTATTCAGAGCCTCGCCCCATTGGCACCAGATACCTGACTCGTAATCTG

TAA

SEQ  ID | AAV2-TT-S312N &K sz | MAADGYLPDWLEDTLSEGIRQWWKLKPGPPPPKPAERHKDDSRGLVLPG
NO: 33 (VP1) &9 RA BT 7 YKYLGPENGLDKGEPVNEADAAALEHDKAYDRQLDSGDNPYLKYNHADA
EFQERLKEDTSFGGNLGRAVFQAKKRILEPLGLVEEPVKTAPGKKRPVE
HSPAEPDSSSGTGKSGQQPARKRLNFGQTGDADSVPDPQPLGQPPAAPS
GLGTNTMASGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVITTSTR
TWALPTYNNHLYKQISSQSGASNDNHYRGYSTPWGYFDFNRFHCHESPR

DWQRLINNNWGFRPKRLNFKLENIQVKEVTQNDGTTTIANNLTSTVQVF

TDSEYQLPYVLGSAHQGCLPPFPADVEMVPQYGYLTLNNGSQAVGRSSF

69
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[0441]

YCLEYFPSQMLRTGNNFTFSYTFEDVPFHSSYAHSQSLDRLMNPLIDQY
LYYLSRTNTPSGTTTMSRLQFSQAGASDIRDQSRNWLPGPCYRQQRVSK
TAADNNNSDYSWTGATKYHLNGRDSLYNPGPAMASHKDDEEKYFPQSGV
LIFGKQDSGKTNVDIEKVMITDEEEIRTTNPVATEQYGSVSTNLQSGNT
QAATSDVNTQGVLPGMVWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGF

GLKHPPPQILIKNTPVPANPSTTFSAAKFASFITQYSTGQVSVEIEWEL

QKENSKRWNPEIQYTSNYNKSVNVDFTVDTNGVYSEPRPIGTRYLTRNL

70



CN 108348621 A

FF

.1l

%=

1/29 7

BRIES

<110> Bamboo Therapeutics, Inc.

Samulski, Richard J.
<120> HTFEFIGIT I EAZ IR 35 B A Ay JL ot o R JE IR f 4k

<130> PC45291A

<150> 62/251,288
<151> 2015-11-05
<150> 62/411,980
<151> 2016-10-24
<160> 33

<170> PatentIn version 3.5

<210> 1

211> 210
<212> PRT

213> NLR%)

<220>

<223> NREFARIFLTE R E A I E R R )T 5

<400> 1

Met Trp Thr Leu Gly Arg Arg Ala Val

1

Pro Ser

Glu Leu

Ala Thr
50

Ile Trp

65

Ser Gly

Arg Leu
Leu Ala
Ser Gly

130

Tle Asn
145

Pro
Ala
35

Cys
Asn
Thr
Ala
Asp
115

Val

Lys

Ala
20

Pro

Pro

Val

Leu

Glu

100

Lys

Leu

Gln

5
Gln

Leu

Lys
Gly
85

Glu
Pro

Thr

Thr

Ala

Cys

Arg

Lys

70

His

Thr

Tyr

Val

Pro
150

Gln
Gly
Ala
55

Gln
Pro
Leu
Thr
Lys

135

Asn

Thr
Arg
40

Ser
Ser
Gly
Asp
Phe
120

Leu

Lys

Leu
25

Arg
Ser
Val
Ser
Ser
105
Glu

Gly

Gln

71

Ala Thr
10

Thr Arg
Gly Leu
Asn Gln
Tyr Leu
Leu Asp
90

Leu Ala
Asp Tyr

Gly Asp

Ile Trp

Gly

Val

Arg
60

Met
Glu
Glu
Asp
Leu

140
Leu

Leu
Pro
Thr
45

Gly
Asn
Thr
Phe
Val
125

Gly

Ser

Leu
Arg
30

Asp
Leu
Leu
Thr
Phe
110
Ser

Thr

Ser

Ala
15

Pro
Tle
Asn
Arg
Tyr
95

Glu
Phe

Tyr

Pro

Ser

Ala

Asp

Gln

Lys

80

Glu

Asp

Gly

Val

Ser
160
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Ser Gly Pro Lys Arg Tyr Asp Trp Thr Gly Lys Asn Trp Val Tyr Ser
165 170 175
His Asp Gly Val Ser Leu His Glu Leu Leu Ala Ala Glu Leu Thr Lys
180 185 190
Ala Leu Lys Thr Lys Leu Asp Leu Ser Ser Leu Ala Tyr Ser Gly Lys
195 200 205

Asp Ala

210
210> 2
211> 630
<212> DNA
213> NLF3
220>
223> ZMiHEF AR R E B IR Y5
<400> 2
atgtggactc tcgggegeceg cgecagtagee ggecteetgg cgtcacccag cccageccag 60
gcccagacce tcaccegggt ccecgeggeceg geagagttgg ccccactetg cggecgeegt 120
ggcctgegea ccgacatcga tgegacctge acgecccgece gegecaagtte gaaccaacgt 180
ggcctcaacc agatttggaa tgtcaaaaag cagagtgtct atttgatgaa tttgaggaaa 240
tctggaactt tgggccacce aggectctcta gatgagacca cctatgaaag actagcagag 300
gaaacgctgg actctttage agagtttttt gaagaccttg cagacaagcc atacacgttt 360
gaggactatg atgtctcctt tgggagtggt gtcttaactg tcaaactggg tggagatcta 420
ggaacctatg tgatcaacaa gcagacgcca aacaagcaaa tctggctatc ttctccatce 480
agtggaccta agcgttatga ctggactggg aaaaactggg tgtactccca cgacggegtg 540
tcecetecatg agetgetgge cgecagagetce actaaagect taaaaaccaa actggacttg 600
tctteettgg cctattceccgg aaaagatget 630
<210> 3
211> 630
<212> DNA
213> NLF3
220>
223> #mh%ILEE I 4 B H) IDT2 AR AL R Fr 471
<400> 3
atgtggacac tgggcagaag ggecggtggee ggactgttgg cgagtcccag tcccgegeag 60
gcgcagacce ttactagggt gccgeggecee geggagetgg cgecactetg cggtegeege 120
ggtctgagaa cggacattga tgccacttgt acacctcgga gggcecagete caaccaaagg 180
ggccttaatc aaatttggaa cgtgaagaag cagtccgtct acctgatgaa ccttcggaag 240
tcagggaccc tgggccaccc gggaagcettg gatgaaacaa cttacgaaag gttggeggag 300
gagaccttgg attctcttge agagttcttc gaagacctgg ctgataagec ttacaccttt 360
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gaggactacg
ggcacctacg
agcgggcecaa
tcactgcacg
tcatccttgg
210> 4
211> 630
<212> DNA
213>
220>
223>
<400> 4
atgtggaccc
gceccagacce
ggcctgegea
ggcctgaacc
agcggcacce
gagaccctgg
gaggactacg
ggcacctacg
agcggcececca
agcctgcacg
agcagcctgg
210> 5
211> 630
<212> DNA
213>
220>
223>
<400> 5
atgtggacac
gcecagacce
ggcctgagaa
ggcctgaatce
agcggcacce
gaaaccctgg
gaggattacg
ggcacctacg

agcggececca

atgtgtcttt
tgattaacaa
aacgctacga
agcttctgge

catactccgg

NILF5

tgggeegeeg
tgacccgegt
ccgacatcga
agatctggaa
tgggccacce
acagcctgge
acgtgagctt
tgatcaacaa
agcgctacga
agctgetgge

cctacagcegg

NILF5

tggggagaag
tgaccagagt
ccgacatcga
agatctggaa
tgggccacce
attccctgge
acgtgtcctt
tgatcaacaa

agagatacga

tggatctgga
gcaaactcca
ttggaccgga
agcagaactg

aaaggatgcc

cgeecgtggece
gceecgeccce
cgccacctge
cgtgaagaag
cggcagcecctg
cgagttctte
cggcageggce
gcagacccce
ctggaccggce
cgccgagetg

caaggacgcc

ggctgtggcee
gcctagacct
cgccacctgt
cgtgaagaaa
tggaagcctg
cgagttctte
cggcagceggce
gcagacccce

ttggaccgge

gtgctgaccg
aacaagcaga
aagaattggg
acaaaagcac
630

ZnA LT I IR K JCATOUAL X IR Fr 471

ggcetgetgg
gcecgagetgg
acccccegece
cagagcgtgt
gacgagacca
gaggacctgg
gtgctgaccg
aacaagcaga
aagaactggg
accaaggccce
630

ggactgetgg
gccgaactgg

acccccagaa
cagagcgtgt
gatgagacaa
gaggacctgg
gtgctgacag
aacaaacaga

aagaactggg

73

ttaaactggg
tctggettte
tttacagcca

tcaagacgaa

ccagccccag
cceceectgtg
gcgecageag
acctgatgaa
cctacgagcg
ccgacaagcc
tgaagctggg
tctggctatce
tgtacagcca

tgaagaccaa

Smhn Lt R PR HE A M GeneAr tAL AL AL T IR /751

cttctccate
ccectetgtg
gggccagceag
acctgatgaa
cctacgagcg
ccgacaagcc
tgaagctggg
tctggctatce

tgtacagcca

cggggatctg
aagccccagt

cgatggcgtt
gctcgacttg

cccecgeecag
cggeegecege
caaccagcgc
cctgcgcaag
cctggecgag
ctacaccttc
cggcgacctg
tagccccage
cgacggegtg
gctggacctg

tccagcccag
tggcagaaga
caatcagcgg
cctgagaaag
gctggecgag
ctacaccttc
cggagatctg
tagccccage

cgacggcegtg

420
480
540
600

60

120
180
240
300
360
420
480
540
600

60

120
180
240
300
360
420
480
540
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tccetgeatg agetgetgge tgecgagetg accaaggecce tgaaaacaaa getggacctg 600

tccageetgg cctacagegg caaggatgee 630

<210> 6
211> 630
<212> DNA
213>
220>
223>
<400> 6
atgtggacac
gcacagacce
ggactgcgaa
gggctgaacc
agcggcactc
gaaaccctgg
gaagactatg
ggaacatacg
agcggcccta
tcactgcatg
tcttceetgg
210> 7
211> 630
<212> DNA
213>
220>
223>
<400> 7
atgtggactc
gcacagactc
ggactgagaa
gggctgaacc
tcaggcaccc
gaaacactgg
gaagactatg
ggcacttacg
agcggaccaa
agtctgcatg
tcctetetgg
<210> 8

NILF5

tgggecggag
tgacaagagt
ccgacatcga
agatttggaa
tgggacaccc
attccctgge
acgtgagctt
tgatcaacaa
agaggtacga
agctgectgge
catactctgg

NILF5

tgggecggag
tgacaagagt
cagacatcga
agatttggaa
tggggcaccce
attctctgge
atgtgagctt
tgatcaacaa
agcggtacga
agctgectgge
catatagcgg

agccgteget
cccteggeca
tgctacttgt
tgtgaagaaa
tggcagcctg
cgagttcttt
cggcagceggce
gcagactcct
ctggacaggg
cgctgaactg

caaggacgcc

agcagtggca
cccaagacct
tgctacatgt
tgtgaagaaa
aggaagtctg
cgagttcttt
tggatccgge
gcagacccct
ctggaccggce
cgctgaactg

aaaagatgcc

gggetgetgg
gcagagcetgg
accccaaggce
cagtctgtct
gacgagacca
gaagacctgg
gtgctgacag
aacaagcaga
aaaaactggg

actaaagccc
630

ggactgcetgg
gcagagcetgg
actcctcgac
cagtccgtct
gacgagacca
gaagacctgg
gtgctgactg
aacaagcaga
aaaaactggg

accaaggccce
630

74

S SL R R R AR A Genscript C6f IR) TLALAZ TR 5 51

catcaccatc
ccccactgtg
gagcaagctc
acctgatgaa
cctacgagcg
ctgataagcc
tcaaactggg
tttggetgte
tgtatagtca

tgaaaactaa

It 3L SR A H B Genscript (KCpG) #Z EH L 7))

caagtccatc
ctccactgtg
gggcaagctce
acctgatgaa
catatgaacg
ctgataagcc
tcaaactggg
tttggetgte
tgtattctca

tgaagacaaa

ccccgeacag
cgggcggaga
caaccagcga
tctgagaaag
gctggecgag
atacaccttc
cggggacctg
tagtccctca
cgatggcgtce
actggacctg

acctgctcag
cgggaggegce
caaccagcga
tctgaggaag
gctggetgag
ctacacattc
cggggacctg
tagtccttca

cgatggggtce
actggacctg

60

120
180
240
300
360
420
480
540
600

60

120
180
240
300
360
420
480
540
600
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<211> 630
<212> DNA

213> NLR5

<220>

<223> Ymhg LB g i E H B IDT3MAL L IR - 41

<400> 8
atgtggacac
gctcagacac
ggccttegea
ggactcaacc
agcggcacce
gagactcttg
gaagattacg
gggacctacg
tccggaccca
tccectecatg
tcctecetgg
210> 9
211> 630
<212> DNA
213>
220>
223>
<400> 9
atgtggacac
gcgcagactce
ggcctgegea
ggcctgaatce
tctggaacgc
gaaacccttg
gaagattacg
ggtacgtatg
tctgggcecta
agtttgcacg
tcaagcctcg
<210> 10
211> 630
<212> DNA

tgggaaggcg
tcacccgagt
ccgatatcga
agatatggaa
tgggacatcc
acagtctggce
acgtctecctt
tgatcaacaa
agagatacga
agctgectgge
catacagtgg

NILF5

tgggeeggeg
tgactagggt
cagacatcga
aaatttggaa
tcgggceatcce
acagcctgge
atgtgagttt
ttatcaataa
agcgctatga
agctcctege

cttactctgg

213> NLR5

cgeecgtggece
cccaagacce
tgctacatgce
tgtcaagaag
cgggtctcte
ggagttcttce
cggetetggg
gcagactcca
ttggacaggce
cgcagagctg
taaggacgct

cgeecgteget
gcegeggecet
tgccacttge
cgtcaaaaaa
cggatctctt
agaattcttt
tggtagegga
acaaaccccce
ctggacagga
cggcagagtt
taaggacgct

ggtetgttgg
gcagagcetgg
acgccacgca
caaagcgtgt
gacgagacca
gaagacctcg
gtgctgactg
aacaagcaaa
aagaattggg
acgaaggccce
630

Fmhd AL R PR A M IDTS AL % B IR T 1)

gggetgeteg
gcecgagttgg
acaccccgge
cagtctgtat
gacgagacca
gaggatctgg
gtactgactg
aataaacaga
aagaattggg
accaaggccce
630

75

catcaccatc
cccctetgtg
gagctagctc
atctcatgaa
cttatgaaag
ctgacaagcc
tcaagcttgg
tctggctatce
tttactccca

tgaagaccaa

caagccccag
cceceectgtg
gggccagcectce
atctgatgaa
cctacgagcg
ctgataaacc
ttaagctggg
tttggctete
tctattcaca

ttaagactaa

cccagcccag
cgggegecega
aaatcagagg
cctcecggaaa
actggcagag
atataccttc
cggcgacctg
tagtccaagc
cgacggggtg
gctggatcte

cccagceccaa
cggtaggaga
taaccaaagg
tctccggaaa
actggccgag
ctataccttt
cggtgatctce
ctcececatcece
cgacggagtc
gctcgacctg

60

120
180
240
300
360
420
480
540
600

60

120
180
240
300
360
420
480
540
600
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<220>

<223> ML LB AE AN ZE R

<400> 10
atgtggactc
gcecagacce
ggcctgegea
ggcctcaacc
tctggaactt
gaaacgctgg
gaggactatg
ggaacctatg
agtggaccta
tccectecatg
tctteettgg
210> 11
211> 630
<212> DNA
213>
220>
223>
<400> 11
atgtggactc
gctcaaacgce
ggtcttcgcea
ggacttaatc
agcgggacce
gagacactgg
gaggactatg
gggacgtatg
agtggtccta
tctttgcatg
agcagcctcg
210> 12
211> 630
<212> DNA
213>
220>
223>

<400> 12

tcgggegeceg
tcacccgggt
ccgacatcga
agatttggaa
tgggccaccce
actctttagce
atgtctcctt
tgatcaacaa
agcgttatga
agctgetgge
cctattccegg

NILF5

tgggtaggeg
tgactagagt
ctgatattga
aaatttggaa
tgggccaccce
acagtcttgce
acgtgtcctt
taataaataa
agagatatga
aactccttge

cctatagtgg

NILF5

cgcagtagcce
cccgeggeceg
tgcgacctge
tgtcaaaaag
aggctctcta
agagtttttt
tgggagtggt
gcagacgcca
ctggactggg
cgcagagctc

aaaagatgct

agcggtggece
cccteggeca
tgccacttge
tgtgaagaag
tggtagccectt
cgagtttttt
tggatctggt
gcagacccca
ttggacgggce
agcagagctg

caaagatgca

ggcctecetgg
gcagagttgg
acgccccegece
cagagtgtct
gatgagacca
gaagaccttg
gtcttaactg
aacaagcaaa
aaaaactggg

actaaagcct
630

Smhn Lt R R B A I IDT- VR AZ T R 7 471

ggcctgttgg
gcagaactgg

acaccccgge
cagtctgtgt
gatgaaacca
gaggatctgg
gtattgaccg
aacaagcaga
aagaactggg
accaaggcct
630

Smhg Lt R VR B A 1 IDT- 4R AX T R 7 471

76

cgtcacccag
ccccactcetg
gcgcaagttce
atttgatgaa
cctatgaaag
cagacaagcc
tcaaactggg
tctggctatce
tgtactccca

taaaaaccaa

catctcctag
cgccactttg
gcgectecag
atcttatgaa
cctatgagcg
ccgacaaacc
taaaactcgg
tctggctate
tctattccca

tgaagaccaa

cccggeccag
cggecegeegt
gaaccaacgt
tttgaggaaa
actagcagag
atacacgttt
tggagatcta
ttctecatee
cgacggegtg
actggacttg

tcctgcacaa
cggeeggege
taatcagcgg
tctgcggaag
cctggecgaa
ttatactttt
gggagacctt
ttctccaagt
tgatggcgtce
attggatctc

120
180
240
300
360
420
480
540
600

60

120
180
240
300
360
420
480
540
600
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FF

5l %R

7/29 T

atgtggactc
gctcagactce
ggtctgcgaa
ggactcaatc
agtgggactc
gaaaccttgg
gaggattacg
ggcacttatg
tccggtcceca
tccectgeacg
tccagececttg
<210> 13

211> 2211
<212> DNA
213>
220>
223>
<400> 13

atggctgcecceg
cagtggtgga
gacagcaggg
aagggagagc
cggcagctceg
caggagcgcce
gcgaaaaaga
ggaaaaaaga
aaggcgggce
tcagtacctg
aatacgatgg
gtgggtaatt
accaccagca
tccagcgett
gggtattttg
atcaacaaca
gtcaaagagg
gttcaggtgt
ggatgcctcee
ctgaacaacg

tctcagatgce

tgggeeggeg
tcaccagggt
ccgatatcga
aaatttggaa
ttgggcaccce
attccctgge
acgtgagttt
taattaacaa
aaaggtacga
aattgcttge
cctatagcecgg

NILF5

atggttatct
agctcaaacc
gtcttgtget
cggtcaacga
acagcggaga
ttaaagaaga
gggttcttga
ggceggtaga
agcagcctgce
acccccagcece
ctacaggcag
cctcgggaaa
cccgaacctg
caacgggagc
acttcaacag
actggggatt
tcacgcagaa
ttactgactc
cgeegtteee
ggagtcaggc
tgcgtaccegg

ggccgtaget
acccaggccce
cgcaacttgce
tgtaaagaaa
cggcteectg
ggagtttttt
tggctetggt
gcagacacct
ttggactgga
ggcagagctg
gaaggacgca

tccagattgg
tggcccacca
tcctgggtac
ggcagacgcce
caacccgtac
tacgtctttt
acctctggge
gcactctccet
aagaaaaaga
tctcggacag
tggcgcacca
ttggcattge
ggccetgecece
ctcgaacgac
attccactgc
ccgacccaag
tgacggtacg
ggagtaccag
agcagacgtc
agtaggacgc

aaacaacttt

ggcttgetgg
gcagagcttg
acgccgegga
cagagcgtgt
gacgagacta
gaagacttgg
gttcttacag
aacaagcaga
aagaactggg
actaaggcgc
630

Yl & AAV2 . 5ERAR A ST VP FIAZ IR 7 1)

ctcgaggaca
ccaccaaagc
aagtacctcg
gcggececteg
ctcaagtaca
gggggcaacce
ctggttgagg
gtggagccag
ttgaattttg
ccaccagcag
atggcagaca
gattccacat
acctacaaca
aatcactact
cacttttcac
agactcaact
acgacgattg
ctcccgtacg
ttcatggtgce
tettecatttt

accttcagct

7

ctagcccaag
ctccactctg
gggcctette
atctcatgaa
cttacgagcg
cagacaagcc
tcaagctcgg
tctggettte
tctacagtca

tcaaaacaaa

ctctctectga
ccgcagagceg
gacccttcaa
agcacgacaa
accacgccga
tcggacgagce
aacctgttaa
actcctcecte
gtcagactgg
cceeectetgg
ataacgaggg
ggatgggcga
accacctcta
ttggctacag
cacgtgactg
tcaagctctt
ccaataacct
tccteggete
cacagtatgg
actgcctgga
acacttttga

tccegeccag
cggacgcagg
aaaccagaga
cctccgaaag
cctggecgaa
ttatacctte
tggcgacctt
tagtccgtcet
cgacggtgtce
actggatctg

aggaataaga
gcataaggac
cggactcgac
agcctacgac
cgecggagttt
agtcttccag
gacggctcceg
gggaaccgga
agacgcagac
tctgggaact
cgccgacgga
cagagtcatc
caaacaaatt
caccccttgg
gcaaagactc
taacattcaa
taccagcacg
ggcgcatcaa
atacctcacc
gtactttcct
ggacgttccet

60

120
180
240
300
360
420
480
540
600

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
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ttccacagca
cagtacctgt
cttcagtttt
ggaccctgtt
tactcgtgga
ggcececggeea
ctcatctttg
acagacgaag
tctaccaacc
gttcttccag
aagattccac
aaacaccctc
accttcagtg
gtggagatcg
tacacttcca
tattcagagc
210> 14

211> 2211
<212> DNA
213>
220>
223>
<400> 14

atggctgcecceg
gagtggtggg
gacggceeggs

aagggggage
cagcagctca

caggagcgtce
gccaagaagce
ggaaagaaac
aagacaggcc
tcagtccceceg
actacaatgg
gtgggtaatg
accaccagca
tccagtgett
gggtattttg

atcaacaaca

gctacgctca
attacttgag
ctcaggccegg
accgccagcea
ctggagctac
tggcaagcca
ggaagcaagg
aggaaatcag
tccagagagg
gcatggtctg
acacggacgg
ctccacagat
cggcaaagtt
agtgggagcet
actacgccaa

ctcgcceccat

NILF5

atggttatct
acttgaaacc
gtctggtget
ccgtcaacgce
aagcgggtga
tgcaagaaga
gggttctcga
gtccggtaga
agcagcccege
atccacaacc
cttcaggcegg
cctcaggaaa
cccgecacctg
caacggggsc
atttcaacag

attggggatt

cagccagagt
cagaacaaac
agcgagtgac
gcgagtatca
caagtaccac
caaggacgat
ctcagagaaa
gacaaccaat
caacagacaa
gcaggacaga
acattttcac
tctcatcaag
tgettectte
gcagaaggaa
gtctgtcaat

tggcaccaga

tccagattgg
tggagccceceg
tcetggetac
ggcggacgcea
caatccgtac
tacgtctttt
acctctcggt
gcagtcgcca
taaaaagaga
tctcggagaa
tggcgcacca
ttggcattge
ggccttgecee
cagcaacgac
attccactgc

ccggececaag

ctggaccgtce
actccaagtg
attcgggacc
aagacatctg
ctcaatggca
gaagaaaagt
acaaatgtgg
ccecgtggeta
gcagctaccg
gatgtgtacc
cceteteccee
aacaccccgg
atcacacagt
aacagcaaac
gtggacttta

tacctgactc

YmhD EY A= RAAVIAFE (VPL) AR 741

ctcgaggaca
aagcccaaag
aagtacctcg
gcggececteg
ctgcggtata
gggggcaacce
ctggttgagg
caagagccag
ctcaattttg
cctccagcaa
atggcagaca
gattccacat
acctacaata
aaccactact
cacttttcac

agactcaact

78

tcatgaatcc
gaaccaccac
agtctaggaa
cggataacaa
gagactctct
tttttectea
acattgaaaa
cggagcagta
cagatgtcaa
ttcaggggcce
tcatgggtgg
tacctgcgaa
actccacggg
gctggaatcce
ctgtggacaa
gtaatctgta

acctctctga
ccaaccagca
gacccttcaa
agcacgacaa
accacgccga
tcgggegage
aaggcgctaa
actcctcecte
gtcagactgg
cceceegetge
ataacgaagg
ggctgggega
accacctcta
tcggctacag
cacgtgactg

tcaaactctt

tctcatcgac
gcagtcaagg
ctggctteet
caacagtgaa
ggtgaatccg
gageggggtt
ggtcatgatt
tggttctgta
cacacaaggc
catctgggca
attcggactt
tccttecgacce
acaggtcagc
cgaaattcag
taatggcgtg
a 2211

gggcattcge
aaagcaggac
cggactcgac
ggcctacgac
cgccgagttt
agtcttccag
gacggctccet
gggcatcgge
cgactcagag
tgtgggacct
cgccgacgga
cagagtcatc
caagcaaatc
cacccecetgg
gcagcgactce

caacatccaa

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
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5l %R
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gtcaaggagg
gttcaagtct

ggctgectee
ctcaacaatg
tctcagatgce
ttccacagca
caatacctgt
ttgetgttta
ggaccctgtt
tttacctgga
ggcactgcta
atgatttttg
acagacgaag
gcagtcaatt
gcattacctg
aaaattcctc
aagaacccgce
gagttttcag
gtggaaattg
tacacatcca
tatactgagc
<210> 15

211> 2208
<212> DNA
213>
220>
223>
<400> 15

atggctgcecceg
gagtggtggg
gacggceeggs

aagggggage
cagcagctca

caggagcgtce
gccaagaagce
ggaaagaaac
aagacaggcc
tcagtccceceg

actacaatgg

tcacgacgaa
tctcggactce
ctcecgttecee
gcagccaagce
tgagaacggg
gctacgegcea
attacctgaa
gcegtgggte
atcggcagca
ctggtgctte
tggcctcaca
gaaaagagag
aggaaattaa
tccagagcag
gcatggtgtg
acacagatgg
ctcctcagat
ctacaaagtt
aatgggagct
attatgcaaa

ctcgcceccat

NILF5

atggttatct
acttgaaacc
gtctggtget
ccgtcaacgce
aagcgggtga
tgcaagaaga
gggttctcga
gtccggtaga
agcagcccege
atccacaacc

cttcaggcegg

tgatggcgtce
ggagtaccag
ggcggacgtg
cgtgggacgt
caacaacttt
cagccagagc
cagaactcaa
tccagectgge
gcgegtttet
aaaatataac
caaagacgac
cgccggaget
agccactaac
cagcacagac
gcaagataga
acactttcac
cctcatcaaa
tgcttcatte
gcagaaagaa
atctgccaac

tggcaccegt

tccagattgg
tggagccceceg
tcctggetac
ggcggacgcea
caatccgtac
tacgtctttt
acctctcggt
gcagtcgcca
taaaaagaga
tctcggagaa

tggcgcacca

acaaccatcg
cttccgtacg
ttcatgattc
tcatcctttt
accttcagct
ctggaccggce
aatcagtccg
atgtctgtte
aaaacaaaaa
ctcaatgggc
gaagacaagt
tcaaacactg
cctgtggceca
cctgecgaccg
gacgtgtacc
ccgtectecte
aacacgcctg
atcacccaat
aacagcaagc
gttgatttta

taccttaccce

YRR ZAB ALV L . IR SEVPL IR TR 7 41

ctcgaggaca
aagcccaaag
aagtacctcg
gcggececteg
ctgcggtata
gggggcaacc
ctggttgagg
caagagccag
ctcaattttg
cctccagcaa

atggcagaca

79

ctaataacct
tccteggete
cgcaatacgg
actgcctgga
acacctttga
tgatgaatcc
gaagtgccca
agcccaaaaa
cagacaacaa
gtgaatccat
tcttteccat
cattggacaa
ccgaaagatt
gagatgtgca
tgcagggtcce
ttatgggcgg
ttcctgegaa
actccacagg
gctggaatcce
ctgtggacaa
gtccectgta

acctctctga
ccaaccagca
gacccttcaa
agcacgacaa
accacgccga
tcgggcegage
aaggcgctaa
actcctecte
gtcagactgg
ccececegetge

ataacgaagg

taccagcacg
tgcgcaccag
ctacctgacg
atatttccct
ggaagtgcct
tctcatcgac
aaacaaggac
ctggctacct
caacagcaat
catcaaccct
gageggtgte
tgtcatgatt
tgggaccgtyg
tgctatggga
catttgggcece
ctttggactc
tcctecggeg
acaagtgagt
cgaagtgcag
caatggactt
a 2211

gggcattcge
aaagcaggac
cggactcgac
ggcctacgac
cgccgagttt
agtcttccag
gacggctccet
gggcatcggce
cgactcagag
tgtgggacct

cgececgacgga

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

60

120
180
240
300
360
420
480
540
600
660
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gtgggtaatg
accaccagca

tccagtgett
tattttgatt
aacaacaatt
aaggaggtca
caagtcttct
tgcectececete
aacaatggca
cagatgctga
cacagcagct
tacctgtatt
ctgtttagcce
ccctgttate
acctggactg
actgctatgg
atttttggaa
gacgaagagg
gtcaatttcce
ttacctggca
attcctcaca
aacccgcecte
ttttcagcta
gaaattgaat
acatccaatt
actgagcctce
<210> 16

211> 2211
<212> DNA
213>
220>
223>
<400> 16

atggctgcecceg
gagtggtggg
gacggceeggs

aagggggage
cagcagctca

caggagcgtce

cctcaggaaa
cccgeacctg
caggggccag
tcaacagatt
ggggattccg
cgacgaatga
cggactcgga
cgttceecgge
gccaagecegt
gaacgggcaa
acgcgcacag
acctgaacag
gtgggtctcee
ggcagcagceg
gtgcttcaaa
cctcacacaa
aagagagcgc
aaattaaagc
agagcagcag
tggtgtggcea
cagatggaca
ctcagatcct
caaagtttgce
gggagctgcea
atgcaaaatc

gccccattgg

NILF5

atggttatct
acttgaaacc
gtctggtget
ccgtcaacgce
aagcgggtga
tgcaagaaga

ttggcattge
ggccttgecee
caacgacaac
ccactgccac
gcccaagaga
tggcgtcaca
gtaccagctt
ggacgtgttce
gggacgttca
caactttacc
ccagagcctg
aactcaaaat
agctggcatg
cgtttctaaa
atataacctc
agacgacgaa
cggagcttca
cactaaccct
cacagaccct
agatagagac
ctttcacccg
catcaaaaac
ttcattcatce
gaaagaaaac
tgccaacgtt

cacccgttac

tccagattgg
tggagccceceg
tcctggetac
ggcggatgea
caatccgtac
tacgtctttt

gattccacat
acctacaata
cactacttcg
ttttcaccac
ctcaacttca
accatcgcta
ccgtacgtcce
atgattccgce
tecttttact
ttcagctaca
gaccggctga
cagtccggaa
tctgttcage
acaaaaacag
aatgggegtg
gacaagttct
aacactgcat
gtggccaccg
gcgaccggag
gtgtacctgce
tctectetta
acgcctgtte
acccaatact
agcaagcgct
gattttactg

cttacccgte

YmhD EY A= RAAVe A FE (VP1) A TR 741

ctcgaggaca
aaacccaaag
aagtacctcg
gcggececteg
ctgcggtata

gggggcaacc

80

ggctgggega
accacctcta
gctacagcac
gtgactggca
aactcttcaa
ataaccttac
tcggetectge
aatacggcta
gcctggaata
cctttgagga
tgaatcctct
gtgcccaaaa
ccaaaaactg
acaacaacaa
aatccatcat
ttcccatgag
tggacaatgt
aaagatttgg
atgtgcatgc
agggtcccat
tgggeggett
ctgcgaatcce
ccacaggaca
ggaatcccga

tggacaacaa

cagagtcatc
caagcaaatc
cceetgggeg
gcgactcatce
catccaagtc
cagcacggtt
gcaccagggce
cctgacgcecte
ttteeettet
agtgccttte
catcgaccaa
caaggacttg
gctacctgga
cagcaatttt
caaccctggce
cggtgtcatg
catgattaca
gaccgtggca
tatgggagca
ttgggccaaa
tggactcaag
tceggeggag
agtgagtgtg
agtgcagtac
tggactttat

ccctgtaa 2208

acctctctga
ccaaccagca
gacccttcaa
agcacgacaa

accacgccga

tcgggegage

gggcattcge
aaagcaggac
cggactcgac
ggcctacgac
cgccgagttt
agtcttccag

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

60

120
180
240
300
360
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gccaagaaga
ggaaagaaac
aagacaggcc
tcagtccceceg
actacaatgg
gtgggtaatg
accaccagca
tccagtgett
gggtattttg
atcaacaaca
gtcaaggagg
gttcaagtct
ggctgectee
ctcaacaatg
tcgcagatgce
ttccacagca
cagtacctgt
ttgetgttta
ggaccctgtt
tttacctgga
ggcactgcta
atgatttttg
acagacgaag
gcagtcaatc
gccttacctg
aaaattcctc
aagcacccgce
gagttttcgg
gtggagattg
tatacatcta
tatactgagc
210> 17
211> 2205
<212> DNA
213>
220>
223>

<400> 17

gggttctcga
gtccggtaga
agcagcccege
acccacaacc
cttcaggcegg
cctcaggaaa
cccgaacatg
caacgggggce
atttcaacag
attggggatt
tcacgacgaa
tctcggactce
ctcecgtteee
gcagccaggce
tgagaacggg
gctacgegcea
attacctgaa
geecgggggte
accggcagca
ctggtgctte
tggcctcaca
gaaaggagag
aggaaatcaa
tccagagcag
gaatggtgtg
acacggatgg
ctcctcagat
ctacaaagtt
aatgggagct
actatgcaaa

ctcgcceccat

NILF5

accttttggt
gcagtcgcca
taaaaagaga
tctcggagaa
tggcgcacca
ttggcattge
ggccttgecee
cagcaacgac
attccactgc
ccggeccaag
tgatggegte
ggagtaccag
ggcggacgtg
agtgggacgg
caataacttt
cagccagagc
cagaactcag
tccagcectgge
gcgegtttet
aaaatataac
caaagacgac
cgccggaget
agccactaac
cagcacagac
gcaagacaga
acactttcac
cctcatcaaa
tgcttcatte
gcagaaagaa
atctgccaac

tggcaccegt

ctggttgagg
caagagccag
ctcaattttg
cctccagcaa
atggcagaca
gattccacat
acctataaca
aaccactact
catttctcac
agactcaact
acgaccatcg
ttgcegtacg
ttcatgattc
tcatcctttt
accttcagct
ctggaccggce
aatcagtccg
atgtctgtte
aaaacaaaaa
cttaatgggc
aaagacaagt
tcaaacactg
ccecgtggeca
cctgegaccg
gacgtatacc
ccgtectecte
aacacgcctg
atcacccagt
aacagcaaac
gttgatttca

tacctcaccce

IRB 2B AAVE . LR 5EVPL AL T R 7 91

atggctgeecg atggttatct tccagattgg ctcgaggaca

81

aaggtgctaa
actcctecte
gtcagactgg
cceceegetge
ataacgaagg
ggctgggega
accacctcta
tcggctacag
cacgtgactg
tcaagctctt
ctaataacct
tccteggete
cgcagtacgg
actgcctgga
acaccttcga
tgatgaatcc
gaagtgccca
agcccaaaaa
cagacaacaa
gtgaatctat
tcttteccat
cattggacaa
ccgaaagatt
gagatgtgca
tgcagggtcce
tcatgggegg
ttcectgegaa
attccacagg
gctggaatcce
ctgtggacaa
gtccectgta

gacggctccet
gggcattggce
cgactcagag
tgtgggacct
cgccgacgga
cagagtcatc
caagcaaatc
cacccecetgg
gcagcgactce
caacatccaa
taccagcacg
tgcgcaccag
ctacctaacg
atatttccca
ggacgtgcecet
tctcatcgac
aaacaaggac
ctggctacct
caacagcaac
aatcaaccct
gageggtgte
tgtcatgatc
tgggactgtg
tgttatggga
tatttgggcce
ctttggactt
tcctecggea
acaagtgagc
cgaagtgcag
caatggactt
a 2211

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

acctctdgag ggcattcgeg 60
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agtggtggga
acggeeggss
gggggagcecece
gcagctcaaa
ggagcgtetg
caagaagagg
aagaaacgtc
acaggccagce
gtccccegacce
acaatggctt
ggtaatgcct
accagcaccce
agtgcttcag
tttgatttca
aacaattggg
gaggtcacga
gtcttctegg
ctceceteegt
aatggcagcc
atgctgagaa
agcagctacg
ctgtattacc
tttagccggg
tgttaccggce
tggactggtg
gctatggecet
tttggaaagg
gaagaggaaa
aatctccaga
cctggaatgg
cctcacacgg
ccgecetecte
tcggctacaa
attgaatggg
tctaactatg
gagcctcgece
<210> 18

211> 2208
<212> DNA

cttgaaacct
tdggtgette
gtcaacgcgg
gegggtgaca
caagaagata
gttctcgaac
cggtagagca
agcccgctaa
cacaacctct
caggcggtgg
caggaaattg
gaacatgggc
gggccagcaa
acagattcca
gattccggece
cgaatgatgg
actcggagta
tcceggegga
aggcagtggg
cgggcaataa
cgcacagcca
tgaacagaac
ggtctccage
agcagcgcegt
cttcaaaata
cacacaaaga
agagcgeegg
tcaaagccac
gcagcagcac
tgtggcaaga
atggacactt
agatcctcat
agtttgectte
agctgcagaa
caaaatctgc

ccattggcac

ggagccceega
ctggctacaa
cggatgcagc
atccgtacct
cgtettttgg
cttttggtdg
gtcgccacaa
aaagagactc
cggagaacct
cgcaccaatg
gcattgcgat
cttgcccacce
cgacaaccac
ctgccattte
caagagactc
cgtcacgacc
ccagttgccg
cgtgttcatg
acggtcatcc
ctttaccttce
gagcctggac
tcagaatcag
tggcatgtct
ttctaaaaca
taaccttaat
cgacaaagac
agcttcaaac
taaccccgtg
agaccctgeg
cagagacgta
tcacccgtcet
caaaaacacg
attcatcacc
agaaaacagc
caacgttgat

ccgttaccte

aacccaaagc
gtacctcgga
ggccctcecgag
gcggtataac
gggcaacctc
gttgaggaag
gagccagact
aattttggtce
ccagcaaccce
gcagacaata
tccacatggce
tataacaacc
tacttcgget
tcaccacgtg
aacttcaagc
atcgctaata
tacgtcctceg
attccgcagt
ttttactgcce
agctacacct
cggctgatga
tccggaagtg
gttcagccca
aaaacagaca
gggegtgaat
aagttctttce
actgcattgg
gccaccgaaa
accggagatg
tacctgcagg
cctctcatgg
cctgttecetg
cagtattcca
aaacgctgga
ttcactgtgg

acccgtcceccce

82

caaccagcaa
cccttcaacg
cacgacaagg
cacgccgacg
gggcgageag
gtgctaagac
ccteeteggg
agactggcga
ccgetgetgt
acgaaggcgce
tgggcegacag
acctctacaa
acagcaccce
actggcagcg
tcttcaacat
accttaccag
gctctgegea
acggctacct
tggaatattt
tcgaggacgt
atcctctcat
cccaaaacaa
aaaactggct
acaacaacag
ctataatcaa
ccatgagcgg
acaatgtcat
gatttgggac
tgcatgttat
gtcctatttg
geggetttgg
cgaatcctcce
caggacaagt
atcccgaagt
acaacaatgg
tgtaa 2205

aagcaggacg
gactcgacaa
cctacgacca
ccgagtttca
tcttccagge
ggctcectgga
cattggcaag
ctcagagtca
gggacctact
cgacggagtg
agtcatcacc
gcaaatctcce
ctgggggtat
actcatcaac
ccaagtcaag
cacggttcaa
ccagggctge
aacgctcaac
cccatcgcag
gcetttecac
cgaccagtac
ggacttgetg
acctggaccc
caactttacc
ccctggecact
tgtcatgatt
gatcacagac
tgtggcagtc
gggagcctta
ggccaaaatt
acttaagcac
ggcagagttt
gagcgtggag
gcagtataca
actttatact

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
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213> NLRF%)

<220>

223> YRILAABMRIIAAVE. 3. IR FEVPLII A H R 7 4]

<400> 18

atggctgcecceg
gagtggtggg
gacggceeggsg

aagggggage
cagcagctca

caggagcgtce
gccaagaaga
ggaaagaaac
aagacaggcc
tcagtccceceg
actacaatgg
gtgggtaatg
accaccagca
tccagtgett
tattttgatt
aacaacaatt
aaggaggtca
caagtcttct
tgcectececete
aacaatggca
cagatgctga
cacagcagct
tacctgtatt
ctgtttagcce
ccctgttacce
acctggactg
actgctatgg
atttttggaa
gacgaagagg
gtcaatctcce
ttacctggaa
attcctcaca
cacccgcecte
ttttcggeta
gagattgaat

atggttatct
acttgaaacc
gtctggtget
ccgtcaacgce
aagcgggtga
tgcaagaaga
gggttctcga
gtccggtaga
agcagcccge
acccacaacc
cttcaggcegg
cctcaggaaa
cccgaacatg
caggggccag
tcaacagatt
ggggattceg
cgacgaatga
cggactcgga
cgttceecgge
gccaggcagt
gaacgggcaa
acgcgcacag
acctgaacag
gggggtctee
ggcagcageg
gtgcttcaaa
cctcacacaa
aggagagcgce
aaatcaaagc
agagcagcag
tggtgtggca
cggatggaca
ctcagatcct

caaagtttgce
gggagctgca

tccagattgg
tggagccceceg
tcctggetac
ggcggatgea
caatccgtac
tacgtctttt
accttttggt
gcagtcgcca
taaaaagaga
tctcggagaa
tggcgcacca
ttggcattge
ggccttgecece
caacgacaac
ccactgccat
gcccaagaga
tggcgtcacg
gtaccagttg
ggacgtgttce
gggacggtca
taactttacc
ccagagcctg
aactcagaat
agctggcatg
cgtttctaaa
atataacctt
agacgacgaa
cggagcttca
cactaacccc
cacagaccct
agacagagac
ctttcacccg
catcaaaaac
ttcattcatce

gaaagaaaac

ctcgaggaca
aaacccaaag
aagtacctcg
gcggececteg
ctgcggtata
gggggcaacc
ctggttgagg
caagagccag
ctcaattttg
cctccagcaa
atggcagaca
gattccacat
acctataaca
cactacttcg
ttctcaccac
ctcaacttca
accatcgcta
ccgtacgtcce
atgattccge
tecttttact
ttcagctaca
gaccggctga
cagtccggaa
tctgttcage
acaaaaacag
aatgggcegtg
gacaagttct
aacactgcat
gtggccaccg
gcgaccggag
gtatacctgce
tctectetea
acgcctgtte
acccagtatt

agcaaacgct

83

acctctctga
ccaaccagca
gacccttcaa
agcacgacaa
accacgccga
tcgggcgage
aaggtgctaa
actcctcecte
gtcagactgg
cceceegetge
ataacgaagg
ggctgggega
accacctcta
gctacagcac
gtgactggca
agctcttcaa
ataaccttac
tcggetetge
agtacggcta
gcctggaata
ccttcgagga
tgaatcctct
gtgcccaaaa
ccaaaaactg
acaacaacaa
aatctataat
ttcccatgag
tggacaatgt
aaagatttgg
atgtgcatgt
agggtcctat
tgggeggett
ctgcgaatcce
ccacaggaca

ggaatcccga

gggcattcge
aaagcaggac
cggactcgac
ggcctacgac
cgccgagttt
agtcttccag
gacggctccet
gggcattgge
cgactcagag
tgtgggacct
cgccgacgga
cagagtcatc
caagcaaatc
cceetgggsg
gcgactcatce
catccaagtc
cagcacggtt
gcaccagggc
cctaacgctce
tttcccateg
cgtgecettte
catcgaccag
caaggacttg
gctacctgga
cagcaacttt
caaccctggce
cggtgtcatg
catgatcaca
gactgtggca
tatgggagcc
ttgggccaaa
tggacttaag
tccggcagag
agtgagcgtg
agtgcagtat

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
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acatctaact atgcaaaatc tgccaacgtt gatttcactg tggacaacaa tggactttat 2160

actgagcctc gccecccattgg caccecgttac ctcaccegte cecctgtaa 2208

<210> 19
<211> 983
<212> DNA

213> NLR5

<220>

<223> FT 75 & pTRs—KS-CBh—EGFP-BGH scAAVEAH 1) g A\ K8 4
F=HA WT FXN) R 51

<400> 19

tagaagaccg
gtcacccagc
cccactctge
cgcaagttcg
tttgatgaat
ctatgaaaga
agacaagcca
caaactgggt
ctggctatct
gtactcccac
aaaaaccaaa
cgctcctagg
gtgccttecta
gaaggtgcca
agtaggtgtc
gaagacaaca
accagctttg
<210> 20

211> 983

<212> DNA

gtcgccacca
ccagcccagg
ggecegeegtg
aaccaacgtg
ttgaggaaat
ctagcagagg
tacacgtttg
ggagatctag
tctecatceca
gacggegtgt
ctggacttgt
agcagtatcg
gttgccagcece
ctcccactgt
attctattct
gcaggcatgce
gacgcgtctt

213> NLR5

<220>

tgtggactct cgggecgecege
cccagaccct cacccgggtce
gcctgegeac cgacatcgat
gcctcaacca gatttggaat
ctggaacttt gggccaccca
aaacgctgga ctctttagca
aggactatga tgtctccttt
gaacctatgt gatcaacaag
gtggacctaa gcgttatgac
ccctccatga getgetggece
cttccttgge ctattccgga
atcccagccece acttttcecce
atctgttgtt tgcccctecee
cctttcctaa taaaatgagg
gggggetggg gtggggcagg

tggggatgeg gtgggctceta
aag 983

gcagtagcecg
ccgeggeegs
gcgacctgcea
gtcaaaaagc
ggctctctag
gagttttttg
gggagtggtg
cagacgccaa
tggactggga
gcagagctca
aaagatgctt
aatacgacta
ccgtgectte
aaattgcatc
acagcaaggg

tggcttctga

gceteetgge
cagagttggce
cgeceeegeceg
agagtgtcta
atgagaccac
aagaccttgce
tcttaactgt
acaagcaaat
aaaactgggt
ctaaagcctt
gacgagcggce
gtactcgact
cttgaccctg
gcattgtctg
ggaggattgg
ggcggaaaga

RIILTF R M

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

<223> HT 72k % pTRs—KS-CBh—EGFP-BGH scAAVEARH ) 4 A FXNI IDT 1 2565 L4k

ZHEIR Y5

<400> 20

tagaagaccg gtcgccacca tgtggactct gggtaggega geggtggeeg gectgttgge 60

atctcctagt cctgcacaag ctcaaacgcet gactagagtc cctcggecag cagaactgge 120

gccactttge ggececggegeg gtettegeac tgatattgat gecacttgea caccceggeg 180

cgectecagt aatcageggg gacttaatca aatttggaat gtgaagaage agtctgtgta 240

84
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tcttatgaat
ctatgagcgc
cgacaaacct
aaaactcggg
ctggctcage
ctattcccat
gaagaccaaa
cgctcctagg
gtgccttcta
gaaggtgcca
agtaggtgtc
gaagacaaca
accagctttg
210> 21
211> 983
<212> DNA

ctgcggaaga
ctggccgaag
tatacttttg
ggagaccttg
tctccaagta
gatggcegtcet
ttggatctca
agcagtatcg
gttgccagece
ctcccactgt
attctattct
gcaggcatgce
gacgcgtctt

213> NLR%)

<220>

gcgggacccet
agacactgga
aggactatga
ggacgtatgt
gtggtcctaa
ctttgcatga
gcagcctcege
atcccagccce
atctgttgtt
cctttcctaa
gggggetgsg
tggggatgeg
aag 983

gggccacccet
cagtcttgcee
cgtgtecttt
aataaataag
gagatatgat
actccttgca
ctatagtggc
acttttccce
tgcecectecce
taaaatgagg

gtggggcagg
gtgggctcta

ggtagceccttg
gagttttttg
ggatctggtg
cagaccccaa
tggacgggcea
gcagagctga
aaagatgcat
aatacgacta
ccgtgectte
aaattgcatc
acagcaaggg

tggcttctga

atgaaaccac
aggatctggce
tattgaccgt
acaagcagat
agaactgggt
ccaaggcctt
agcgagceggce
gtactcgact
cttgaccctg
gcattgtctg
ggaggattgg
ggcggaaaga

300
360
420
480
540
600
660
720
780
840
900
960

<223> FHT 7% & pTRs—KS—CBh—EGFP-BGH scAAVE A& 1 4migFXN 1DT3 (R3R1X) 1

<400> 21

tagaagaccg
atcaccatcc
ccctetgtge
agctagctca
tctcatgaac
ttatgaaaga
tgacaagcca
caagcttggce
ctggctcage
ttactcccac
gaagaccaag
cgctcctagg
gtgccttcta
gaaggtgcca
agtaggtgtc
gaagacaaca
accagctttg
210> 22

TR Y1

gtcgccacca
ccagcccagg
gggcgeegag
aatcagaggg
ctccggaaaa
ctggcagagg
tataccttcg
ggcgacctgg
agtccaagct
gacggggtgt
ctggatctct
agcagtatcg
gttgccagece
ctcccactgt
attctattct
gcaggcatgce
gacgcgtctt

tgtggacact
ctcagacact
gcettegeac
gactcaacca
gcggcecacccet
agactcttga
aagattacga
ggacctacgt
ccggacccaa
ccctccatga
ccteceetgge
atcccagccce
atctgttgtt
cctttcctaa
gggggetgsg
tggggatgeg
aag 983

gggaaggcege
cacccgagtce
cgatatcgat
gatatggaat
gggacatccce
cagtctggcg
cgtctectte
gatcaacaag
gagatacgat
gctgetggee
atacagtggt
acttttccce
tgceectecce
taaaatgagg

gtggggcagg
gtgggctcta

85

geegtggeeg
ccaagacccg
gctacatgca
gtcaagaagc
gggtcteteg
gagttcttceg
ggctctgggg
cagactccaa
tggacaggca
gctgagcectga
aaggacgctt
aatacgacta
ccgtgectte
aaattgcatc
acagcaaggg

tggcttcectga

gtctgttgge
cagagctggce
cgccacgeag
aaagcgtgta
acgagaccac
aagacctcgce
tgctgactgt
acaagcaaat
agaattgggt
cgaaggccct
gacgagcggce
gtactcgact
cttgaccctg
gcattgtctg
ggaggattgg
ggcggaaaga

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
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<211> 983
<212> DNA

213> NLR5

<220>

<223> HT 75 f% 2 pTRs—KS-CBh-EGFP-BGH scAAVE A [ 4w iBEXN  TDTAMK) 25 5571t

WRZHIR Y5

<400> 22

tagaagaccg
tagcccaagt
tccactctge
ggcctcttceca
tctcatgaac
ttacgagcgc
agacaagcct
caagctcggt
ctggetttet
ctacagtcac
caaaacaaaa
cgctcctagg
gtgccttcta
gaaggtgcca
agtaggtgtc
gaagacaaca
accagctttg
210> 23

211> 983

<212> DNA

gtcgccacca
cccgeecagg
ggacgcaggg
aaccagagag
ctccgaaaga
ctggccgaag
tataccttcg
ggcgaccttg
agtccgtctt
gacggtgtcet
ctggatctgt
agcagtatcg
gttgccagcece
ctcccactgt
attctattct
gcaggcatgce
gacgcgtctt

213> NLR5

<220>

tgtggactct gggeceggegg
ctcagactct caccagggta

gtctgcgaac cgatatcgac
gactcaatca aatttggaat
gtgggactct tgggcacccce
aaaccttgga ttccctggeg
aggattacga cgtgagtttt
gcacttatgt aattaacaag
ccggtcccaa aaggtacgat
ccctgcacga attgecttgeg
ccagccttge ctatagcecggg
atcccagccece acttttecce
atctgttgtt tgcccctecee
cctttcctaa taaaatgagg
gggggetggg gtggggcagg

tggggatgcg gtgggetcta
aag 983

gccgtagetg
cccaggecceg
gcaacttgca
gtaaagaaac
ggctececetgg
gagttttttg
ggctctggtg
cagacaccta
tggactggaa
gctgagctga
aaggacgcat
aatacgacta
ccgtgectte
aaattgcatc
acagcaaggg

tggcttcectga

gcttgetgge
cagagcttgce
cgcecgeggag
agagcgtgta
acgagactac
aagacttggc
ttcttacagt
acaagcagat
agaactgggt
ctaaggcgct
gacgagcggce
gtactcgact
cttgaccctg
gcattgtctg
ggaggattgg
ggcggaaaga

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

<223> HT 72k % pTRs—KS—CBh-EGFP-BGH scAAVEAAH [ 4 FFXN GenScript ) 2544
FIRANZEH R 5

<400> 23

tagaagaccg
atcaccatcc
cccactgtge
agcaagctcc
cctgatgaat
ctacgagcgg

tgataagcca

gtcgccacca
cccgeacagg
gggcggagag
aaccagcgag
ctgagaaaga
ctggccgagg
tacaccttcg

tgtggacact gggccggaga
cacagaccct gacaagagtc
gactgcgaac cgacatcgat
ggctgaacca gatttggaat
gcggecactct gggacacccet
aaaccctgga ttcccectggece

aagactatga cgtgagcttc

86

gcegtegetg
cctcggecag
gctacttgta
gtgaagaaac
ggcagecetgg
gagttctttg

ggcageggcy

ggetgetgge
cagagctggce
ccccaaggeg
agtctgtcta
acgagaccac
aagacctggc

tgctgacagt

60

120
180
240
300
360
420
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caaactgggc
ttggetgtet
gtatagtcac
gaaaactaaa
cgctcctagg
gtgccttcta
gaaggtgcca
agtaggtgtc
gaagacaaca
accagctttg
<210> 24

211> 983

<212> DNA

ggggacctgg
agtccctcaa

gatggcegtcet
ctggacctgt
agcagtatcg
gttgccagece
ctcccactgt
attctattct
gcaggcatgce
gacgcgtctt

213> NLR5

<220>

gaacatacgt gatcaacaag
gcggecctaa gaggtacgac
cactgcatga gctgctggcece
cttccetgge atactcectgge
atcccagecece acttttcecce
atctgttgtt tgcccctecee
cctttcctaa taaaatgagg
gggggetggg gtggggcagg

tggggatgcg gtgggetcta
aag 983

cagactccta
tggacaggga
gctgaactga
aaggacgcct
aatacgacta
ccgtgectte
aaattgcatc
acagcaaggg

tggecttctga

acaagcagat
aaaactgggt
ctaaagccct
gacgagcggce
gtactcgact
cttgaccctg
gcattgtctg
ggaggattgg
ggcggaaaga

480
540
600
660
720
780
840
900
960

<223> HT 72k % pTRs—KS-CBh-EGFP-BGH scAAVEARH [ 4 FFXN GenScript[f) 25 hY

<400> 24

tagaagaccg
aagtccatca
tccactgtge
ggcaagctcce
cctgatgaat
atatgaacgg
tgataagccc
caaactgggc
ttggetgtet
gtattctcac
gaagacaaaa
cgctcctagg
gtgccttcta
gaaggtgcca
agtaggtgtc
gaagacaaca
accagctttg
210> 25

211> 20

<212> DNA

TR 75

gtcgccacca
cctgetcagg
gggaggcgeg
aaccagcgag
ctgaggaagt
ctggctgagg
tacacattcg
ggggacctgg
agtccttcaa
gatggggtca
ctggacctgt
agcagtatcg
gttgccagece
ctcccactgt
attctattct
gcaggcatgce
gacgcgtctt

213> NLR3

tgtggactct gggccggaga
cacagactct gacaagagtc
gactgagaac agacatcgat
ggctgaacca gatttggaat
caggcaccct ggggcaccca
aaacactgga ttctctggcece
aagactatga tgtgagcttt
gcacttacgt gatcaacaag
gcggaccaaa gcggtacgac
gtctgcatga gctgcectggece
cctctectgge atatagcecgga
atcccagccece acttttecce
atctgttgtt tgcccctecee
cctttcctaa taaaatgagg
gggggetggg gtggggcagg

tggggatgcg gtgggetcta
aag 983

87

gcagtggcag
ccaagacctg
gctacatgta
gtgaagaaac
ggaagtctgg
gagttctttg
ggatcecggeg
cagaccccta
tggaccggca
gctgaactga
aaagatgcct
aatacgacta
ccgtgectte
aaattgcatc
acagcaaggg

tggcttctga

gactgctggce
cagagctggce
ctcctcecgacg
agtccgtcta
acgagaccac
aagacctggc
tgctgactgt
acaagcagat
aaaactgggt
ccaaggccct
gacgagcggce
gtactcgact
cttgaccctg
gcattgtctg
ggaggattgg
ggcggaaaga

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960



88

CN 108348621 A F 5 = 18/29 T
220>
223> w5 B B AR E P 81 (CSS) IR 74
<400> 25
cccageccac tttteccccaa 20
<210> 26
211> 797
<212> DNA
213> NI
220>
<223> CBhJEZNT IR T I
<400> 26
tacataactt acggtaaatg gcccgectgg ctgaccgece aacgacccce geccattgac 60
gtcaatagta acgccaatag ggactttcca ttgacgtcaa tgggtggagt atttacggta 120
aactgcccac ttggcagtac atcaagtgta tcatatgcca agtacgccce ctattgacgt 180
caatgacggt aaatggcceg cctggeattg tgeccagtac atgaccttat gggactttee 240
tacttggcag tacatctacg tattagtcat cgctattacc atggtcgagg tgagccccac 300
gttctgette actctcecca tetceccece ctecccacee ccaattttgt atttatttat 360
tttttaatta ttttgtgcag cgatgggggc gggggggege ggggggcgeg cgecaggegg 420
£8CELLLCLL gLCLALELLC LLLLCLLLLC gaggeggaga ggtgeggegy cagecaatca 480
gagcggegeg ctccgaaagt tteccttttat ggegaggegg cggeggegge ggecctataa 540
aaagcgaage gegeggeggg cgggagtege tgegacgetg cettegecee gtgeceeget 600
ccgeegeege ctegegeege cegeeeegge tectgactgac cgegttacte ccacaggtga 660
gcgggeggga cggeccttet cecteeggget gtaattaget gagcaagagg taagggttta 720
agggatggtt ggttggtggg gtattaatgt ttaattacct ggagcacctg cctgaaatca 780
ctttttttca ggttgga 797
210> 27
211> 254
<212> DNA
213> NLFH)
220>
<223> bGHpoly AME5 FHIIIZIRT
<400> 27
ctcgactgtg ccttectagtt gecagecate tgttgtttge ccctecceeg tgecttectt 60
gaccctggaa ggtgccactce ccactgtcet ttcctaataa aatgaggaaa ttgcatcgeca 120
ttgtctgagt aggtgtcatt ctattctggg gggtggggtg gggcaggaca gcaaggggga 180
ggattgggaa gacaacagca ggcatgetgg ggatgeggtg ggetectatgg cttetgagge 240
ggaaagaacc agct 254
<210> 28
211> 2208
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<212> DNA

213> NLRF%)

<220>

<223> YmhBAAV2i84 7 (VP1) IR 74

<400> 28

atggctgcecceg
cagtggtgga
gacagcaggg
aagggagagc
cggcagctceg
caggagcgcce
gcgaaaaaga
ggaaaaaaga
aaggcggscce
tcagtacctg
aatacgatgg
gtgggtaatt
accaccagca
tccagccaat
tattttgact
aacaacaact
aaagaggtca
caggtgttta
tgcecteeege
aacaacggga
cagatgctgce
cacagcagct
tacctgtatt
cagttttctg
ccctgttacce
gcttggactg
ccggecatgg
atctttggga
gacgaagagg
accaacctcc
cttccaggca
attccacaca
caccctecte

ttcagtgcegg

atggttatct
agctcaaacc
gtcttgtget
cggtcaacga
acagcggaga
ttaaagaaga
gggttcttga
ggceggtaga
agcagcctgce
acccccagcece
ctacaggcag
cctcgggaaa
cccgaacctg
caggagcctc
tcaacagatt
ggggattceg
cgcagaatga
ctgactcgga
cgttcccage
gtcaggcagt
gtaccggaaa
acgctcacag
acttgagcag
tggcceggacce
gccagcageg
gagctaccaa
caagccacaa
agcaaggctc
aaatcaggac
agcaacagaa
tggtctggcea
cggacggaca
cacagattct

caaagtttgce

tccagattgg
tggcccacca
tcctgggtac
ggcagacgcce
caacccgtac
tacgtctttt
acctctggge
gcactctccet
aagaaaaaga
tctcggacag
tggcgcacca
ttggcattge
ggcectgecece
gaacgacaat
ccactgccac
acccaagaga
cggtacgacg
gtaccagctc
agacgtcttce
aggacgctct
caactttacc
ccagagtctg
aacaaacact
cagtaacatg
agtatcaaag
gtaccacctc
ggacgatgaa
agagaaaaca
aaccaatccc
cacagcacca
ggacagagat
ttttcaccce
catcaagaac
ttcetteate

ctcgaggaca
ccaccaaagc
aagtacctcg
gcggececteg
ctcaagtaca
gggggcaacc
ctggttgagg
gtggagccag
ttgaattttg
ccaccagcag
atggcagaca
gattccacat
acctacaaca
cactactttg
ttttcaccac
ctcaacttca
acgattgcca
ccgtacgtcce
atggtgccac
tcattttact
ttcagctaca
gaccgtctca
ccaagtggaa
gctgtccagg
acatctgcecgg
aatggcagag
gaaaagtttt
aatgtggaca
gtggctacgg
gctaccgcag
gtgtaccttce
tcteeectea
accccggtac

acacagtact

89

ctctctectga
ccgcagagceg
gacccttcaa
agcacgacaa
accacgccga
tcggacgagc
aacctgttaa
actcctcecte
gtcagactgg
cceeectetgg
ataacgaggg
ggatgggega
accacctcta
gctacagcac
gtgactggca
agctctttaa
ataaccttac
tcggetegge
agtatggata
gcctggagta
cttttgagga
tgaatcctct
ccaccacgca
gaaggaactg
ataacaacaa
actctctggt
ttcctcagag
ttgaaaaggt
agcagtatgg
atgtcaacac
aggggcccat
tgggtggatt
ctgcgaatcc

ccacgggaca

aggaataaga
gcataaggac
cggactcgac
agcctacgac
cgecggagttt
agtcttccag
gacggctcceg
gggaaccgga
agacgcagac
tctgggaact
cgccgacgga
cagagtcatc
caaacaaatt
ccettggegsg
aagactcatc
cattcaagtc
cagcacggtt
gcatcaagga
cctcaccctg
ctttecttet
cgttecettte
catcgaccag
gtcaaggctt
gctteectgga
cagtgaattt
gaatccgggce
cggggttcete
catgattaca
ttctgtatct
acaaggcgtt
ctgggcaaag
cggacttaaa

ttcgaccacc

ggtcagegtg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
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gagatcgagt gggagctgceca gaaggaaaac agcaaacgcet ggaatcccga aattcagtac 2100

acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160

tcagagccte gecccattgg caccagatac ctgactcgta atctgtaa 2208
<210> 29
211> 73
<212> PR

<213>

<220>

223>

<400> 29
Met Ala Ala Asp Gly Tyr Leu Pro Asp

1

5
T

Glu Gly Ile

Lys
Gly
Val
65

Arg
Asp
Asn
Leu
Pro
145
Lys
Gly
Ala

Ala

Ser

Pro
Tyr
50

Asn
Gln
Ala
Leu
Gly
130
Val
Ala
Asp
Ala
Pro

210
Gly

Ala
35

Lys
Glu
Leu
Glu
Gly
115
Leu
Glu
Gly
Ala
Pro
195

Met

Asn

NILF5

Arg
20
Glu

Phe

100

Arg

Val

His

Gln

180

Ser

Ala

5
Gln

Arg

Leu

Asp

Ser

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

Val

Leu

Asn

Cys

Trp
Lys
Pro
55

Ala
Asp
Arg
Phe
Pro
135
Val
Ala
Pro
Gly
Asn

215
Asp

Lys
Asp
40

Phe
Ala
Asn
Leu
Gln
120
Val
Glu
Arg
Asp
Thr
200

Glu

Ser

AAV2i84¢5% (VP1) B & L1 5 %1

Leu
25

Asp
Asn
Leu
Pro
Lys
105
Ala
Lys
Pro
Lys
Pro
185
Asn
Gly

Thr

90

Trp
10

Lys
Ser
Gly
Glu
Tyr
90

Glu
Lys
Thr
Asp
Arg
170
Gln
Thr

Ala

Trp

Leu

Pro

Leu
His
75

Leu
Asp
Lys
Ala
Ser
155
Leu
Pro
Met

Asp

Met

Glu
Gly
Gly
Asp
60

Asp
Lys
Thr
Arg
Pro
140
Ser
Asn
Leu
Ala
Gly

220
Gly

Asp
Pro
Leu
45

Lys
Lys
Tyr
Ser
Val
125
Gly
Ser
Phe
Gly
Thr
205

Val

Asp

Thr
Pro
30

Val
Gly
Ala
Asn
Phe
110
Leu
Lys
Gly
Gly
Gln
190
Gly

Gly

Arg

Leu
15

Pro
Leu
Glu
Tyr
His
95

Gly
Glu
Lys
Thr
Gln
175
Pro
Ser

Asn

Val

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile
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225

Thr Thr Ser

Tyr
Phe
Cys
Gly
305
Lys
Thr
Val
Val
Gln
385
Gln
Asp
Leu
Asn
Ala
465
Pro
Asn

Arg

Asp

Lys
Gly
His
290
Phe
Glu
Ser
Leu
Phe
370
Ala
Met
Val
Met
Thr
450
Gly
Cys
Ser

Asp

Glu
530

Gln
Tyr
275
Phe
Arg
Val
Thr
Gly
355
Met
Val
Leu
Pro
Asn
435
Pro
Pro
Tyr
Glu
Ser

515
Glu

Thr
Tle
260
Ser
Ser
Pro
Thr
Val
340
Ser
Val
Gly
Arg
Phe
420
Pro
Ser
Ser
Arg
Phe
500

Leu

Lys

Arg
245
Ser
Thr
Pro
Lys
Gln
325
Gln
Ala
Pro
Arg
Thr
405
His
Leu
Gly
Asn
Gln
485
Ala

Val

Phe

230
Thr

Ser
Pro
Arg
Arg
310
Asn
Val
His
Gln
Ser
390
Gly
Ser
Tle
Thr
Met
470
Gln
Trp

Asn

Phe

Trp

Gln

Trp

Asp

295
Leu

Phe
Gln
Tyr
375
Ser
Asn
Ser
Asp
Thr

455
Ala

Thr

Pro

Pro
535

Ala
Ser
Gly
280
Trp
Asn
Gly
Thr
Gly
360
Gly
Phe
Asn
Tyr
Gln
440
Thr
Val
Val
Gly
Gly

520
Gln

Leu
Gly
265
Tyr
Gln
Phe
Thr
Asp
345
Cys
Tyr
Tyr
Phe
Ala
425
Tyr
Gln
Gln
Ser
Ala
505

Pro

Ser

91

235
Pro Thr
250
Ala Ser

Phe Asp
Arg Leu
Lys Leu
315
Thr Thr
330
Ser Glu
Leu Pro
Leu Thr
Cys Leu
395
Thr Phe
410
His Ser
Leu Tyr
Ser Arg
Gly Arg
Lys Thr
490
Thr Lys

Ala Met

Gly Val

Tyr
Asn
Phe
Ile
300

Phe

Ile

Pro

Leu

380

Glu

Ser

Gln

Tyr

Leu

460

Asn

Ser

Tyr

Ala

Leu
540

Asn
Asp
Asn
285
Asn
Asn
Ala
Gln
Phe

365

Asn

Tyr
Ser
Leu
445
Gln
Trp
Ala
His
Ser

525
Ile

Asn
Asn
270
Asn
Tle
Asn
Leu
350
Pro
Asn
Phe
Thr
Leu
430
Ser
Phe
Leu
Asp
Leu
510
His

Phe

His
255
His
Phe
Asn
Gln
Asn
335
Pro
Ala
Gly
Pro
Phe
415
Arg
Ser
Pro
Asn
495
Asn

Lys

Gly

240
Leu

Tyr
His
Trp
Val
320
Leu
Tyr
Asp
Ser
Ser
400
Glu
Arg
Thr
Val
Gly
480
Asn
Gly

Asp

Lys
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Gln Gly
545
Asp Glu

Ser

Glu

Gly Ser Val

Ala Val
595
Val

Asp

Asp
610
Gly

Arg
Asp His
625
His

Pro Pro

Pro Ser Thr

Thr
675

Ser

Tyr Ser

Glu Asn
690
Asn Lys Ser
705

Ser Glu Pro

<210> 30
211> 2208
<212> DNA

Glu Lys

Thr

Asn Val

550

Glu Ile
565
Ser Thr
580
Asn Thr

Tyr Leu

Phe His

Arg

Asn

Gln

Gln

Pro

Thr Thr

Leu Gln

Val
600

Pro

Gly

Gly
615

Ser Pro

630

Gln
645
Phe

Pro

Thr
660
Gly Gln

Lys Arg

Val Asn

Ile

Ser

Val

Trp

Val

Leu Ile

Ala Ala

Val
680

Pro

Ser

Asn
695

Asp Phe

710

Pro
725

Arg

213> NLRF%

<220>

Ile

Gly Thr

<223> YRTBAAV2-TTAC S (VP1) % TR

<400> 30

atggctgcecceg
cagtggtgga
gacagcaggg
aagggagagc
cggcagctceg
caggagcgcce
gcgaaaaaga

ggaaaaaaga

atggttatct
agctcaaacc
gtcttgtget
cggtcaacga
acagcggaga
ttaaagaaga

ggattcttga
ggccggtaga

tccagattgg
tggcccacca
tcctgggtac
ggcagacgcce
caacccgtac
tacgtctttt
acctctggge

gcactctccet

ITle Glu
555
Val

Asp

Pro
570
Gln

Asn

Gln
585
Leu

Asn

Pro Gly

Ile Trp Ala

Met Gly
635
Thr

Leu

Asn
650
Phe

Lys

Lys Ala

665

Glu Ile Glu

Glu Ile Gln

Thr Val Asp

715
Tyr Leu

730

Arg

ctcgaggaca
ccaccaaagc
aagtacctcg
gcggececteg
ctcaagtaca
gggggcraace
ctggttgagg
gcggagceceag

92

Lys Val Met

Ala Thr Glu

Thr Ala Pro
590
Val Trp
605

Ile

Met
Lys Pro
620
Gly

Phe Gly

Pro Val Pro

Phe Ile
670

Leu

Ser

Glu
685
Thr

Trp
Tyr Ser
700
Thr

Asn Gly

Thr Arg Asn

ctctctectga
ccgcagagceg
gacccttcaa
agcacgacaa
accacgccga
tcggacgagce
aacctgttaa

actcctecte

Ile Thr
560
Gln Tyr
575
Ala Thr

Gln Asp

His Thr
Lys
640

Asn

Leu

Ala
655
Thr Gln

Gln Lys

Asn Tyr

Val Tyr
720
Leu
735

aggaataaga
gcataaggac
cggactcgac
agcctacgac
cgecggagttt
agtcttccag
gacggctcceg

gggaaccgga

120
180
240
300
360
420
480
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aagtcgggcece
tcagtacctg
aatacgatgg
gtgggtaatt
accaccagca
tccagccaat
tattttgact
aacaacaact
aaagaggtca
caggtgttta
tgcecteeege
aacaacggga
cagatgctgce
cacagcagct
tacctgtatt
cagttttcte
ccctgttacce
tcgtggactg
ccggecatgg
atctttggga
gacgaagagg
accaacctcc
cttccaggca
attccacaca
caccctecte
ttcagtgegg
gagatcgagt
acttccaact
tcagagcctc
<210> 31
211> 735
212> PRT
213>
220>
223>

<400> 31

agcagcctgce
acccccagcece
cttcaggcag
cctcgggaaa
cccgaacctg
caggagcctce
tcaacagatt
ggggattceg
cgcagaatga
ctgactcgga
cgttcccage
gtcaggcagt
gtaccggaaa
acgctcacag
acttgagcag
aggccggage
gccagcageg
gagctaccaa
caagccacaa
agcaagactc
aaatcaggac
agagcggcaa
tggtctggca
cggacggaca
cacagattct
caaagtttgce
gggagctgcea
acaacaagtc

gccccattgg

NILF5

aagaaaaaga
tctcggacag
tggcgcacca
ttggcattge
ggccetgecece
gaacgacaat
ccactgccac
acccaagaga
cggtacgacg
gtaccagctc
agacgtcttce
aggacgctct
caactttacc
ccagagtctg
aacaaacact
gagtgacatt
agtatcaaag
gtaccacctc
ggacgatgaa
aggaaaaaca
aaccaatccc
cacacaagca
ggacagagat
ttttcaccce
catcaagaac
ttcetteate
gaaggaaaac
tgttaatgtg

caccagatac

ttgaattttg
ccaccagcag
atggcagaca
gattccacat
acctacaaca
cactactttg
ttttcaccac
ctcagcttca
acgattgcca
ccgtacgtcce
atggtgccac
tcattttact
ttcagctaca
gaccgtctca
ccaagtggaa
cgggaccagt
acagctgcegg
aatggcagag
gaaaagtatt
aatgtggaca
gtggctacgg
gctacctcag
gtgtaccttc
tcteeectea
accccggtac
acacagtact
agcaaacgct
gactttactg
ctgactcgta

AAV2-TTAS 5 (VP1) M & LR T %)

gtcagactgg
cceeetetgg
ataacgaggg
ggatgggega
accacctcta
gctacagcac
gtgactggca
agctctttaa
ataaccttac
tcggetegge
agtatggata
gcctggagta
cttttgagga
tgaatcctct
ccaccacgat
ctaggaactg
ataacaacaa
actctctggt
ttcctcagag
ttgaaaaggt
agcagtatgg
atgtcaacac
aggggcccat
tgggtggatt
ctgcgaatcce
ccacgggaca
ggaatcccga

tggacactaa

agacgcagac
tctgggaact
cgccgacgga
cagagtcatc
caaacaaatt
cccttgggsg
aagactcatc
cattcaagtc
cagcacggtt
gcatcaagga
cctcaccctg
ctttecttet
cgttcettte
catcgaccag
gtcaaggctt
gctteectgga
cagtgattac
gaatccgggce
cggggttcte
catgattaca
ttctgtatct
acaaggcgtt
ctgggcaaag
cggacttaaa
ttcgaccacc
ggtcagegtg
aattcagtac

tggcgtgtat

atctgtaa 2208

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

1

5

10

15

Glu Gly Ile Arg Gln Trp Trp Lys Leu Lys Pro Gly Pro Pro Pro Pro

93

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160



CN 108348621 A

.1l

24/29 T

Lys
Gly
Val
65

Arg
Asp
Asn
Leu
Pro
145
Lys
Gly
Ala
Ala
Ser
225
Thr
Tyr
Phe
Cys
Gly

305
Lys

Pro
Tyr
50

Asn
Gln
Ala
Leu
Gly
130
Val
Ser
Asp
Ala
Pro
210
Gly
Thr
Lys
Gly
His
290

Phe

Glu

Ala
35

Lys
Glu
Leu
Glu
Gly
115
Leu
Glu
Gly
Ala
Pro
195
Met
Asn
Ser
Gln
Tyr
275
Phe

Arg

Val

20
Glu

Tyr
Ala
Asp
Phe
100
Arg
Val
His
Gln
Asp
180
Ser
Ala
Trp
Thr
Tle
260
Ser
Ser

Pro

Thr

Leu
Asp
Ser
85

Gln
Ala
Glu
Ser
Gln
165
Ser
Gly
Asp
His
Arg
245
Ser
Thr
Pro

Lys

Gln
325

His
Gly
Ala
70

Gly
Glu
Val
Glu
Pro
150
Pro
Val
Leu
Asn
Cys
230
Thr
Ser
Pro
Arg
Arg

310

Asn

Lys
Pro
55

Ala
Asp
Arg
Phe
Pro
135
Ala
Ala
Pro
Gly
Asn
215
Asp
Trp
Gln
Trp
Asp
295

Leu

Asp

Asp
40

Phe
Ala
Asn
Leu
Gln
120
Val
Glu
Arg
Asp
Thr
200
Glu
Ser
Ala
Ser
Gly
280
Trp

Ser

Gly

25
Asp

Asn
Leu
Pro
Lys
105
Ala
Lys
Pro
Lys
Pro
185
Asn
Gly
Thr
Leu
Gly
265
Tyr
Gln

Phe

Thr

94

Ser
Gly
Glu
Tyr
90

Glu
Lys
Thr
Asp
Arg
170
Gln
Thr
Ala
Trp
Pro
250
Ala
Phe
Arg

Lys

Thr
330

Arg
Leu
His
75

Leu
Asp
Lys
Ala
Ser
155
Leu
Pro
Met
Asp
Met
235
Thr
Ser
Asp
Leu
Leu

315
Thr

Gly
Asp
60

Asp
Lys
Thr
Arg
Pro
140
Ser
Asn
Leu
Ala
Gly
220
Gly
Tyr
Asn
Phe
Ile
300

Phe

Ile

Leu
45

Lys
Lys
Tyr
Ser
Ile
125
Gly
Ser
Phe
Gly
Ser
205
Val
Asp
Asn
Asp
Asn
285
Asn

Asn

Ala

30
Val

Gly
Ala
Asn
Phe
110
Leu
Lys
Gly
Gly
Gln
190
Gly
Gly
Arg
Asn
Asn
270
Arg
Asn

Ile

Asn

Leu
Glu
Tyr
His
95

Gly
Glu
Lys
Thr
Gln
175
Pro
Ser
Asn
Val
His
255
His
Phe
Asn

Gln

Asn
335

Pro
Pro
Asp
80

Ala
Gly
Pro
Arg
Gly
160
Thr
Pro
Gly
Ser
Tle
240
Leu
Tyr
His
Trp
Val

320
Leu
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Thr
Val
Val
Gln
385
Gln
Asp
Leu
Asn
Ala
465
Pro
Asn
Arg
Asp
Gln
545
Asp
Gly
Ser
Arg
Asp

625
His

Ser
Leu
Phe
370
Ala
Met
Val
Met
Thr
450
Gly
Cys
Ser
Asp
Glu
530
Asp
Glu
Ser
Asp
Asp
610

Gly

Pro

Thr
Gly
355
Met
Val
Leu
Pro
Asn
435
Pro
Ala
Tyr
Asp
Ser
515
Glu
Ser
Glu
Val
Val
595
Val
His

Pro

Val
340
Ser
Val
Gly
Arg
Phe
420
Pro
Ser
Ser
Arg
Tyr
500
Leu
Lys
Gly
Glu
Ser
580
Asn
Tyr

Phe

Pro

Gln

Ala

Pro

Arg

Thr

405

His

Leu

Gly

Asp

Gln

485

Ser

Val

Tyr

Lys

Ile

565

Thr

Thr

Leu

His

Gln

Val
His
Gln
Ser
390
Gly
Ser
Tle
Thr
Tle
470
Gln
Trp
Asn
Phe
Thr
550
Arg
Asn
Gln
Gln
Pro

630
Ile

Phe
Gln
Tyr
375
Ser
Asn
Ser
Asp
Thr
455
Arg
Arg
Thr
Pro
Pro
535
Asn
Thr
Leu
Gly
Gly
615

Ser

Leu

Thr
Gly
360
Gly
Phe
Asn
Tyr
Gln
440
Thr
Asp
Val
Gly
Gly
520
Gln
Val
Thr
Gln
Val
600
Pro

Pro

Ile

Asp
345
Cys
Tyr
Tyr
Phe
Ala
425
Tyr
Met
Gln
Ser
Ala
505
Pro
Ser
Asp
Asn
Ser
585
Leu
Tle
Leu

Lys

95

Ser

Leu

Leu

Cys

Thr

410

His

Leu

Ser

Ser

Lys

490

Thr

Ala

Gly

Ile

Pro

570

Gly

Pro

Trp

Met

Asn

Glu
Pro
Thr
Leu
395
Phe
Ser
Tyr
Arg
Arg
475
Thr
Lys
Met
Val
Glu
555
Val
Asn
Gly
Ala
Gly

635
Thr

Tyr
Pro
Leu
380
Glu
Ser
Gln
Tyr
Leu
460
Asn
Ala
Tyr
Ala
Leu
540
Lys
Ala
Thr
Met
Lys
620

Gly

Pro

Gln
Phe
365
Asn
Tyr
Tyr
Ser
Leu
445
Gln
Trp
Ala
His
Ser
525
Tle
Val
Thr
Gln
Val
605
Tle

Phe

Val

Leu
350
Pro
Asn
Phe
Thr
Leu
430
Ser
Phe
Leu
Asp
Leu
510
His
Phe
Met
Glu
Ala
590
Trp
Pro

Gly

Pro

Pro

Ala

Gly

Pro

Phe

415

Asp

Arg

Ser

Pro

Asn

495

Asn

Lys

Gly

Ile

Gln

075

Ala

Gln

His

Leu

Ala

Tyr
Asp
Ser
Ser
400
Glu
Arg
Thr
Gln
Gly
480
Asn
Gly
Asp
Lys
Thr
560
Tyr
Thr
Asp
Thr
Lys

640

Asn
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645
Phe

650
Lys Phe Ala
665
Glu Tle Glu

655

Ser Thr Thr Thr
660

Gly

Ser Ala Ala Phe Ile
670
Glu Leu GIn
685

Thr

Pro Ser Gln

Ser Thr
675

Glu Asn Ser

690

Lys Ser

Gln Val Val
680

Pro

Tyr Ser Trp Lys

Glu Ile Gln Tyr Ser Asn Tyr

700
Thr

Arg Trp Asn
695
Asp

Lys

Val Asn Val Val
710

Pro Ile

Phe Thr Val Asp
715

Arg Tyr Leu

Gly Tyr

720

Asn Asn

705

Ser Glu Pro Arg Gly Thr Thr Arg Asn Leu

210>
211>
212>
213>
220>
223>
<400> 32

atggctgcecceg
cagtggtgga
gacagcaggg
aagggagagc
cggcagctceg

32
2208
DNA

caggagcgcc
gcgaaaaaga
ggaaaaaaga
aagtcgggcece
tcagtacctg
aatacgatgg
gtgggtaatt
accaccagca
tccagccaat
tattttgact
aacaacaact
aaagaggtca
caggtgttta
tgcecteeege
aacaacggga

cagatgctgce

725

NILF5

atggttatct
agctcaaacc
gtcttgtget
cggtcaacga
acagcggaga
ttaaagaaga
ggattcttga
ggceggtaga
agcagcctgce
acccccagcece
cttcaggcag
cctcgggaaa
cccgaacctg
caggagcctce
tcaacagatt
ggggattceg
cgcagaatga
ctgactcgga
cgttcccage
gtcaggcagt

gtaccggaaa

tccagattgg
tggcccacca
tcctgggtac
ggcagacgcce
caacccgtac
tacgtctttt
acctctggge
gcactctccet
aagaaaaaga
tctcggacag
tggcgcacca
ttggcattge
ggccetgecece
gaacgacaat
ccactgccac
acccaagaga
cggtacgacg
gtaccagctc
agacgtcttce
aggacgctct

caactttacc

730

SRR AAV2-TT-S312NA 7 (VP1) [ 4% 1%

ctcgaggaca
ccaccaaagc
aagtacctcg
gcggececteg
ctcaagtaca
gggggcaacc
ctggttgagg
gcggagecag
ttgaattttg
ccaccagcag
atggcagaca
gattccacat
acctacaaca
cactactttg
ttttcaccac
ctcaacttca
acgattgcca
ccgtacgtcce
atggtgccac
tcattttact

ttcagctaca

96

ctctctectga
ccgcagagceg
gacccttcaa
agcacgacaa
accacgccga
tcggacgagc
aacctgttaa
actcctecte
gtcagactgg
cceeetetgg
ataacgaggg
ggatgggega
accacctcta
gctacagcac
gtgactggca
agctctttaa
ataaccttac
tcggetegge
agtatggata
gcctggagta
cttttgagga

735

aggaataaga
gcataaggac
cggactcgac
agcctacgac
cgecggagttt
agtcttccag
gacggctecg
gggaaccgga
agacgcagac
tctgggaact
cgccgacgga
cagagtcatc
caaacaaatt
ccettggggg
aagactcatc
cattcaagtc
cagcacggtt
gcatcaagga
cctcaccctg
ctttecttet
cgttcettte

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
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cacagcagct acgctcacag ccagagtctg gaccgtctca tgaatcctet catcgaccag 1320
tacctgtatt acttgagcag aacaaacact ccaagtggaa ccaccacgat gtcaaggett 1380
cagttttctc aggccggage gagtgacatt cgggaccagt ctaggaactg gettcctgga 1440
ccectgttace gecagecageg agtatcaaag acagetgegg ataacaacaa cagtgattac 1500
tcgtggactg gagctaccaa gtaccacctc aatggcagag actctctggt gaatccggge 1560
ccggecatgg caagccacaa ggacgatgaa gaaaagtatt ttcctcagag cggggttete 1620
atctttggga agcaagactc aggaaaaaca aatgtggaca ttgaaaaggt catgattaca 1680
gacgaagagg aaatcaggac aaccaatccc gtggctacgg agcagtatgg ttctgtatcet 1740
accaacctcc agagcggcaa cacacaagca gctacctcag atgtcaacac acaaggegtt 1800
cttccaggea tggtctggea ggacagagat gtgtaccttc aggggeccat ctgggecaaag 1860
attccacaca cggacggaca ttttcacccc tctcccctca tgggtggatt cggacttaaa 1920
caccctecte cacagattct catcaagaac accceggtac ctgegaatce ttegaccace 1980
ttcagtgegg caaagtttge ttccttcatc acacagtact ccacgggaca ggtcagegtg 2040
gagatcgagt gggagctgca gaaggaaaac agcaaacgcet ggaatcccga aattcagtac 2100
acttccaact acaacaagtc tgttaatgtg gactttactg tggacactaa tggcgtgtat 2160
tcagagccte gecccattgg caccagatac ctgactcgta atctgtaa 2208
<210> 33
211> 735
<212> PRT
213> NLFH)
220>
<223> AAV2-TT-S312NAK7% (VP1) B R R 75
<400> 33
Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Thr Leu Ser
1 5 10 15
Glu Gly Ile Arg Gln Trp Trp Lys Leu Lys Pro Gly Pro Pro Pro Pro

20 25 30
Lys Pro Ala Glu Arg His Lys Asp Asp Ser Arg Gly Leu Val Leu Pro
35 40 45
Gly Tyr Lys Tyr Leu Gly Pro Phe Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60
Val Asn Glu Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80
Arg Gln Leu Asp Ser Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95
Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110
Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Ile Leu Glu Pro
115 120 125
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Leu
Pro
145
Lys
Gly
Ala
Ala
Ser
225
Thr
Tyr
Phe
Cys
Gly
305
Lys
Thr
Val
Val
Gln
385
Gln

Asp

Leu

Gly
130
Val
Ser
Asp
Ala
Pro
210
Gly
Thr
Lys
Gly
His
290
Phe
Glu
Ser
Leu
Phe
370
Ala
Met

Val

Met

Leu

Glu

Gly

Ala

Pro

195

Met

Asn

Ser

Gln

Tyr

275

Phe

Arg

Val

Thr

Gly

355

Met

Val

Leu

Pro

Asn

Val
His
Gln
Asp
180
Ser
Ala
Trp
Thr
Tle
260
Ser
Ser
Pro
Thr
Val
340
Ser
Val
Gly
Arg
Phe

420

Pro

Glu
Ser
Gln
165
Ser
Gly
Asp
His
Arg
245
Ser
Thr
Pro
Lys
Gln
325
Gln
Ala
Pro
Arg
Thr
405
His

Leu

Glu
Pro
150
Pro
Val
Leu
Asn
Cys
230
Thr
Ser
Pro
Arg
Arg
310
Asn
Val
His
Gln
Ser
390
Gly

Ser

Ile

Pro
135
Ala
Ala
Pro
Gly
Asn
215
Asp
Trp
Gln
Trp
Asp
295
Leu
Asp
Phe
Gln
Tyr
375
Ser
Asn

Ser

Asp

Val

Glu

Arg

Asp

Thr

200

Glu

Ser

Ala

Ser

Gly

280

Trp

Asn

Gly

Thr

Gly

360

Gly

Phe

Asn

Tyr

Gln

Lys Thr Ala

Pro
Lys
Pro
185
Asn
Gly
Thr
Leu
Gly
265
Tyr
Gln
Phe
Thr
Asp
345
Cys
Tyr
Tyr
Phe
Ala
425

Tyr

98

Asp
Arg
170
Gln
Thr
Ala
Trp
Pro
250
Ala
Phe
Arg
Lys
Thr
330
Ser
Leu
Leu
Cys
Thr
410
His

Leu

Ser
155
Leu
Pro
Met
Asp
Met
235
Thr
Ser
Asp
Leu
Leu
315
Thr
Glu
Pro
Thr
Leu
395
Phe

Ser

Tyr

Pro
140
Ser
Asn
Leu
Ala
Gly
220
Gly
Tyr
Asn
Phe
Tle
300
Phe
Tle
Tyr
Pro
Leu
380
Glu
Ser

Gln

Tyr

Gly

Ser

Phe

Gly

Ser

205

Val

Asp

Asn

Asp

Asn

285

Asn

Asn

Ala

Gln

Phe

365

Asn

Tyr

Tyr

Ser

Leu

Lys
Gly
Gly
Gln
190
Gly
Gly
Arg
Asn
Asn
270
Arg
Asn
Ile
Asn
Leu
350
Pro
Asn
Phe
Thr
Leu

430

Ser

Lys
Thr
Gln
175
Pro
Ser
Asn
Val
His
255
His
Phe
Asn
Gln
Asn
335
Pro
Ala
Gly
Pro
Phe
415

Asp

Arg

Arg
Gly
160
Thr
Pro
Gly
Ser
Tle
240
Leu
Tyr
His
Trp
Val
320
Leu
Tyr
Asp
Ser
Ser
400
Glu

Arg

Thr
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Asn
Ala
465
Pro
Asn
Arg
Asp
Gln
545
Asp
Gly
Ser
Arg
Asp
625
His
Pro
Tyr
Glu
Asn

705

Ser

Thr
450
Gly
Cys
Ser
Asp
Glu
530
Asp
Glu
Ser
Asp
Asp
610
Gly
Pro
Ser
Ser
Asn
690

Lys

Glu

435

Pro
Ala
Tyr
Asp
Ser
515
Glu
Ser
Glu
Val
Val
595
Val
His
Pro
Thr
Thr
675
Ser

Ser

Pro

Ser
Ser
Arg
Tyr
500
Leu
Lys
Gly
Glu
Ser
580
Asn
Tyr
Phe
Pro
Thr
660
Gly
Lys

Val

Arg

Gly
Asp
Gln
485
Ser
Val
Tyr
Lys
Tle
565
Thr
Thr
Leu
His
Gln
645
Phe
Gln
Arg

Asn

Pro
725

Thr
Tle
470
Gln
Trp
Asn
Phe
Thr
550
Arg
Asn
Gln
Gln
Pro
630
Tle
Ser
Val
Trp
Val

710
Ile

Thr
455
Arg

Thr
Pro
Pro
535
Asn
Thr
Leu
Gly
Gly
615
Ser
Leu
Ala
Ser
Asn
695

Asp

Gly

440
Thr

Asp
Val
Gly
Gly
520
Gln
Val
Thr
Gln
Val
600
Pro
Pro
Tle
Ala
Val
680
Pro

Phe

Thr

Met Ser Arg

Gln
Ser
Ala
505
Pro
Ser
Asp
Asn
Ser
585
Leu
Tle
Leu
Lys
Lys
665
Glu
Glu

Thr

Arg

99

Ser
Lys
490
Thr
Ala
Gly
Tle
Pro
570
Gly
Pro
Trp
Met
Asn
650
Phe
Tle
Tle

Val

Tyr
730

Arg
475
Thr
Lys
Met
Val
Glu
555
Val
Asn
Gly
Ala
Gly
635
Thr
Ala
Glu
Gln
Asp

715
Leu

Leu
460
Asn
Ala
Tyr
Ala
Leu
540
Lys
Ala
Thr
Met
Lys
620
Gly
Pro
Ser
Trp
Tyr
700

Thr

Thr

445
Gln

Trp
Ala
His
Ser
525
Tle
Val
Thr
Gln
Val
605
Tle
Phe
Val
Phe
Glu
685
Thr

Asn

Arg

Phe
Leu
Asp
Leu
510
His
Phe
Met
Glu
Ala
590
Trp
Pro
Gly
Pro
Tle
670
Leu
Ser

Gly

Asn

Ser
Pro
Asn
495
Asn
Lys
Gly
Tle
Gln
575
Ala
Gln
His
Leu
Ala
655
Thr
Gln
Asn

Val

Leu
735

Gln
Gly
480
Asn
Gly
Asp
Lys
Thr
560
Tyr
Thr
Asp
Thr
Lys
640
Asn
Gln
Lys

Tyr

Tyr
720
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WT FXN (SEQ ID NO:19)
TAGAAGACCGGTCGCCACCatgtggactctcgggcgececgegecagtagecggectectggegt
cacccagcccagecccaggceccagaccctcaccecgggteececgeggecggecagagttggeecca
ctctgcggececgecgtggectgegcaccgacatcecgatgecgacctgecacgeccecgececgegeaag
ttcgaaccaacgtggcctcaaccagatttggaatgtcaaaaagcagagtgtctatttgatga
atttgaggaaatctggaactttgggccacccaggctctctagatgagaccacctatgaaaga
ctagcagaggaaacgctggactctttagcagagttttttgaagaccttgcagacaagccata
cacgtttgaggactatgatgtctcctttgggagtggtgtcttaactgtcaaactgggtggag
atctaggaacctatgtgatcaacaagcagacgccaaacaagcaaatctggctatcttctceca
tccagtggacctaagcecgttatgactggactgggaaaaactgggtgtactcccacgacggegt
gtcccteccatgagectgectggeccgecagagctcactaaageccttaaaaaccaaactggacttgt
ctteccttggectattececggaaaagatgecttgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG

K24

IDT1 FHATHRALL FXN (SEQ ID NO:20)
TAGAAGACCGGTCGCCACCatgtggactctgggtaggcgagecggtggeccggectgttggeat
ctcctagtcectgcacaagctcaaacgctgactagagtcecctecggeccagecagaactggecgeca
ctttgcggccggcgecggtcttecgecactgatattgatgccacttgcacacceccggegegectce
cagtaatcagcggggacttaatcaaatttggaatgtgaagaagcagtctgtgtatcttatga
atctgcggaagagcgggaccctgggccacccectggtageccecttgatgaaaccacctatgagegce
ctggccgaagagacactggacagtcttgccgagttttttgaggatctggeccgacaaacctta
tacttttgaggactatgacgtgtcctttggatctggtgtattgaccgtaaaactcgggggag
accttgggacgtatgtaataaataagcagaccccaaacaagcagatctggctcagetcteca
agtagtggtcctaagagatatgattggacgggcaagaactgggtctattcccatgatggegt
ctctttgcatgaactccttgcagcagagctgaccaaggecttgaagaccaaattggatctcea
gcagcctcgectatagtggcaaagatgcatagCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG

<28

101
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IDT3 - {&%iA(SEQ ID NO:21)
TAGAAGACCGGTCGCCACCatgtggacactgggaaggcgecgecgtggecggtectgttggecat
caccatccccagceccaggctcagacactcacccgagtcccaagaccecgecagagectggeccect
ctgtgcgggcgccgaggcecttecgecaccgatatcgatgectacatgcacgeccacgcagagctag
ctcaaatcagaggggactcaaccagatatggaatgtcaagaagcaaagcgtgtatctcatga
acctccggaaaagcggcaccctgggacatcccgggtctctecgacgagaccacttatgaaaga
ctggcagaggagactcttgacagtctggecggagttcttcgaagacctcecgectgacaagccata
taccttcgaagattacgacgtctceccttcggectetggggtgectgactgtcaagettggecggeg
acctggggacctacgtgatcaacaagcagactccaaacaagcaaatctggctcagcagtcca
agctccggacccaagagatacgattggacaggcaagaattgggtttactcccacgacggggt
gtcecctccatgagectgectggecgectgagectgacgaaggecctgaagaccaagetggatectet
cctecectggecatacagtggtaaggacgecttgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG

K2C

IDT4 (SEQ ID NO:22)
TAGAAGACCGGTCGCCACCatgtggactctgggccggcgggccgtagetggecttgectggeta
gcccaagtcecccgcccaggctcagactctecaccagggtacccaggeccgcagagettgeteca
ctctgcggacgcaggggtctgcgaaccgatatcgacgcaacttgcacgeccgecggagggectce
ttcaaaccagagaggactcaatcaaatttggaatgtaaagaaacagagcgtgtatctcatga
acctccgaaagagtgggactcttgggcaccceccggcectcececctggacgagactacttacgagege
ctggccgaagaaaccttggattccecctggecggagttttttgaagacttggcagacaagecctta
taccttcgaggattacgacgtgagttttggctctggtgttcttacagtcaagctecggtggeyg
accttggcacttatgtaattaacaagcagacacctaacaagcagatctggctttctagtecg
tcttcecggtcecccaaaaggtacgattggactggaaagaactgggtctacagtcacgacggtgt
ctccctgcacgaattgcttgcggctgagectgactaaggcgctcaaaacaaaactggatcectgt
ccagccttgectatagecgggaaggacgcatgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAARATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG

2D
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GenScript (SEQ ID NO:23)
TAGAAGACCGGTCGCCACCatgtggacactgggccggagageccgtecgectgggetgetggeat

caccatcccceccgcacaggcacagaccctgacaagagtceccecctecggeccagcagagectggececca
ctgtgcgggcggagaggactgcgaaccgacatcgatgctacttgtaccccaaggcgagcaag
ctccaaccagcgagggctgaaccagatttggaatgtgaagaaacagtctgtctacctgatga
atctgagaaagagcggcactctgggacacccectggcagectggacgagaccacctacgagcegg
ctggccgaggaaaccctggattcecctggecgagttetttgaagacctggetgataagecata
caccttcgaagactatgacgtgagcttcggcagcggecgtgetgacagtcaaactgggcgggg
acctgggaacatacgtgatcaacaagcagactcctaacaagcagatttggctgtctagtecce
tcaagcggccctaagaggtacgactggacagggaaaaactgggtgtatagtcacgatggegt
ctcactgcatgagctgctggccgctgaactgactaaageccctgaaaactaaactggacctgt
cttccecctggecatactctggcaaggacgecctgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG

K 2E

GenScript ( {& CpG) (SEQ ID NO:24)
TAGAAGACCGGTCGCCACCatgtggactctgggeccggagagecagtggcaggactgectggcaa
gtccatcacctgctcaggcacagactctgacaagagtcccaagacctgcagagectggeteca
ctgtgcgggaggcgcggactgagaacagacatcgatgctacatgtactcecctecgacgggcaag
ctccaaccagcgagggctgaaccagatttggaatgtgaagaaacagtccgtctacctgatga
atctgaggaagtcaggcaccctggggcacccaggaagtctggacgagaccacatatgaacygg
ctggctgaggaaacactggattctctggccgagttectttgaagacctggectgataagcecta
cacattcgaagactatgatgtgagctttggatccggegtgctgactgtcaaactgggecgggg
acctgggcacttacgtgatcaacaagcagacccctaacaagcagatttggetgtctagtect
tcaagcggaccaaagcggtacgactggaccggcaaaaactgggtgtattctcacgatggggt
cagtctgcatgagctgctggccgctgaactgaccaaggccctgaagacaaaactggacctgt
cctctctggcatatagcggaaaagatgectgaCGAGCGGCCGCTCCTAGGAGCAGTATCGAT
CCCAGCCCACTTTTCCCCAATACGACTAGTACTCGACTGTGCCTTCTAGTTGCCAGCCATCT
GTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTC
CTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTG
GGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAACAGCAGGCATGCTGGGGATGCG
GTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTTTGGACGCGTCTTAAG

< 2F
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