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COMPOSITIONS AND METHODS FOR THE TREATMENT OF DISORDERS
RELATED TO FRATAXIN DEFICIENCY

RELATED APPLICATIONS
61} This application claims the benefit of and prionty to US Provisional Application Serial No.

63/519.952, filed August 16, 2023.

SEQUENCE LISTING
62} The present application is being filed along with a Sequence Listing in electronic format. The
Sequence Listing file, entitled 14640 0092-00304 SL.xml, was created on June 21, 2024, and is
1,753,602 bytes 1n size. The information in electronic format of the Sequence Listing is incorporated

herein by reference in its entirety.

FIELD
{637 Described herein are compositions and methods relating o adeno-associated virus (AAV)
viral particles for the delivery of polynucicotides, ¢.g., polynucicotides encoding a frataxin (FXN) protein
for use n the treatment of Friedreich’s Ataxia (FA). In some embodiments, compositions descubed
herein may be used to treat a subject in need thereof, such as a buman subject diagnosed with FA, oras a

research tool in the study of diseases or conditions in cells or antmal models of FA.

BACKGROUND
{341 Friedreich’s Ataxia (FA) s an autosomal recessive inherited disease that causes progressive
damage to the nervous svstern. Sce Parkinson et al,, Journal of Newrochemistry, 2013, 126 (Suppl. 1),
103-117, the contents of which are herein incorporated by reference in their entirety. FA typically results
from the degeneration of nervous tissue in the spinal cord due to reduced expression of the mitochondrial
protein frataxin (FXN; also known as, e.g., Cva¥, FA, FARR, FRDA, and X23) in sensory neurons that
direct muscle movement of the arms and legs. See Koeppen, Amulf; J Neurol Sci, 2011, April 15;
303(1-2) 1-12. Onset usnally occurs at puberty or by age 25, See Campurzano, et al., Science, 271.5254
{(Mar 8, 1996): 1423, Initial sympioms of FA inclide poor coordination such as gait disturbance, poor
balance, log weakness, decreased walking, impaired coordination, dyvsarthoia, nystagous, impaired
sensation, kyphoscoliosis, and foot deformities. See Parkanson et al., Journal of Newrochemistay, 2013,
126 (Suppl. 1), 103-117. FA is also associated with scoliosis, heart disease, and diabetes. The disease
generally progresses until a wheelchair is required for mobility. Incidence of FA among Cavncasian
populations 1s between about § in 20,000 and about § in 50,000, with a deduced carner frequency of
about 1 in 120 1n European populations. See Nageshwaran and Festenstein, Frontiers in Newrology, Vol
6, Art. 262 (2015); Campuzano, et al., Science, 271.53254 (Mar &, 1996): 1423, the contents of cach of
which are herein incorporated by reference in their entirety. The expansion of an intronic GAA triplet
repeat in the FXN gene is the genetic cause of reduced expression of FXN resulting in FA. See Parkinson
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ot al., Journal of Neurochemistry, 2013, 126 (Suppl. 1), 103-117. Over tiree, the deficiency causes the
aforementioned symptoms, as well as froquent fatigue due to effects on cellular metabolism. Currently,
omaveloxolone (Skvclarys®) is the only FDA approved treatment for FA. Omaveloxolone is a
seraisynthetic olcanane triterpenoid that activates Nrf2, a master transcription factor that regulates genes
with astioxidative, aoti-inflaniowatory, and ritochondrial biocepergetic properties. See Reisman et al.
{2019) Drug Des Devel Ther. 13:1259-1270. While gene therapy constructs for delivering a frataxin
protein have been descrnibed in the arm, there remains a need (o develop improved constructs for better
targeting of the appropnate lissucs in the body.

j65] Adeno-associated viruses (AAVs) have ererged as a widely studied and utilized virat
particles for delivery of therapeutically effective polypeptides to mammakian cells. See, e.g., Tratschin et
al., Mol. Cell Biol, 5(11):3251-3260 (1985) and Gnmm et al., Hum. Gene Ther., 10{15):2445-2450
{1999}, the contenis of each of which are incorporaled herein by reference in their entfirety.

86} There remains a need for effective methods of treatment using AAV capsids that are capable

of delivering FXN fo a target cell or tissue, e.g., a NS cell or tissue.

SUMMARY
{073 The present disclosure addresses these challenges by providing AAV-based compositions,
AAV-based compositions for use in methods for freating Friedreich's Ataxia (FA) i subjects, and
methods for treating FA in sabjects. Disclosed herein are compositions and methods directed to AAV-
based gene delivery of FXN (¢.g., human FXN) to ameliorate loss-of-function and to improve FXN
expression (e.g., in the brain, €.g., in newrons). nsome embodirments, the compositions and rethods can
be used to stow, halt, or reverse symptoms of FA.
{08] In some aspects, the present disclosure provides an AAV particle comprising an AAV capsid
and a nucleotide sequence encoding a FXN protein, also referred to herein as a FXN-encoding sequence
or as a FXN protemn-encoding sequence. In some embodiments, the nucleotide sequence encoding a FXN
protein is comprised in a viral genome. In some embodiments, the FXN protein is a human FXN protein,
In some embodiments, the FXN protein is a wildivpe buman FXN protein. In some embodiments, the
AAV particle compnises a viral genome encoding the FXN protein (e.g., a human FXN protein) and the
AAV capsid is ap AAV capsid vartant. In some embodiments, the viral genome comprises a truncated
chicken B-actin (CBA) promoter operably linked to the FXN-enceding sequence, and the AAV capsid
varianot is an AAVS capsid variant.
89} Insouwe embodinents, the AAV capsid variant (6.2, an AAVS capsid variant) compuses a
peptade that has replaced amino acid position 577 as numbered according to SEQ 1D NGO 135 (in other
words, the peptide has replaced the anino acid conresponding to position 577 of SEQ ID NO: 138). In
some embodiments, the AAV capsid vaniant is an AAVS capsid variant comprising a peptide comprising
the amino acid sequence of VOK 1 foop VIL 1n some embodiments, the AAV capsid variant compriscs

a peptide comprising the amino acid sequence of YPAEVVOK (SEQ 1D NO: 943) inloop VI, ora
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peptide comprising one, two, or threc—Dbut no more than thrce—substitutions relative 1o the amino acid
sequence of YPAEVVQK (SEQ ID NO: 943). In some embodiments, the peptide conprising the anuino
acid sequence of SEQ ID NO: 943 has replaced a threonine at amino acid position 577 as numbered
according to SEQ ID NO: 138 {in other words, the peptide comprising the amino acid sequence
conpusing oo more than theee substitutions relative to SEQ 1D NG: 943 has replaced the amino acid
corresponding to position 377 of SEQ ID NG: 138). In some embodiments, the AAV capsid variaat
comprises a peptide comprising the amino acid sequence of YPAEVVQK (SEQ 1D NO: 943) in loop
Vi In some embodiments, the peptide comprising the amino acid sequence of SEQ 1D NO: 943 has
replaced a threonine at amino actd position 577 as numbered according to SEQ 1D NO: 135 (in ather
words, the peptide comprising the amino acid sequence of SEQ 1D NO: 943 has replaced the amino acid
corresponding to position 577 of SEQ D NO: 138). In some embodiments, the peptide is present in g
VP1 protein, a VP2 protein, and/or a VP3 protein of the AAYV capsid variant. [n some embodiments, the
peptide is present in the VP, VP2, and VP3 proteins of the AAV capsid varant.

{010} In sone aspects, the present disclosure provides an adeno-associated virus (AAV) particie
comprising an AAV capsid variant and a viral genome, wherein the viral genome comprises a frataxin
(FXMNy-encoding sequence and the AAV capsid variant comprises an amino acid sequence having the
fornmia [N2{-{N3], wherein: () [N2] comprises Xi, X, X5, X4, and Xs, wherein X is Y, N, 0vr ; Xp 15 P,
ETorQ X AmP, XuE S, or Ajand X5 8V, L, or E; and (i) [N3] comprises the amino acid
sequence VQK, EQK, VKK, VHK, VQQ, or LK and wherein the AAV capsid variant comprises the
amino acid sequence of SEQ 1D NO: 739, or an amigo acid sequence at least 95% identical thereto.
{811} In some embodiments, [N2{-[N3] is present in loop VHE wherein loop VI is present at
amino acids comprising those corresponding to positions 571-399 of the amino acid sequence of SEQ 1D
NO: 982, In some embodiments, {N2}-{N3] is present immediately subsequent to an anuno acid
corresponding to position 376 of the amine acid sequence of SEQ D NO: 982,

{612} In some embodiments, the AAV capsid variant is an AAVS capsid variant comprising {N2}-
N3] in place of an amino acid corresponding to T377 of the amino acid sequence of SEQ 1D NG: 138,
{613} In some embodiments, [N2] comprises the anino acid sequence YP, YPA, YPAE (REQ ID
NG: 21), or YPAEV (SEQ ID NO: 1). In some cmbodiments, [N3] comprises the amino acid sequence
VOK. In some embodiments, [N2]-IN3] comprises the amioe acid sequence AEVVOK (SEQ D NG 36)
or PAEVVQK {(SEQ ID NG: 20). In some embodiments, [N2}-{N3} coraprises the amino acid sequence
YPAEVVOK (SEQ ID NO: 943),

j614] In some embodiments, the AAY capsid vanant further coraprises [N1} comprising Xp, Xg,
and X, wheretrne Xp of [N} s Q, T, S, A L L, or H; X of [N111s S, G, A, or R and Xeof N1} is S, K,
L, R, A or T; wherein [N11 immediately precedes INZ[-IN3Y. I some embodirnents, N1 comprises the
antino acid sequence OS, SS, or QSS. In some embodiments, [N1]-{N2} comprises the amino acid
sequence QSSYPARY (SEQ 1D NO: 96). In some embodiments, [NT{-{N21-{N3] compriscs the amino
acid sequence SSYPAEVVQ (SEQ 1D NO: 121) or QSSYPAEVVOK (SEQ ID NO: 150
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{015} In some cmbodiments, the AAV capsid vanant further comprises [NO| comprsing Xa, Xs,
and Xo, wherein: X, of [NO]is T, L, or N; Xg of {NOTis N; and Xo of [NOTis N, T, 8, or K; wherein [NO]
inmediately precedes [N1]. In some embodiments, NG} comprises the amino acid sequence TN, NN, or
TNN. In sone embodiments, [NOJ-{N1] compuses the amino acid sequence TNNQSS (SEQ D NO:
183). In some embodinents, {NOJ-INH-INZ{-IN3] compases the amine acid sequance
TNNQSSYPAEVVOK (SEQ ID NO: 500).

jeis6} In some erabodiments, the AAYV capsid vanant further comprises [N4} compusing X and
Xu, wheretn: X of N4} is T, P, or N and (b} Xy of N4} is A; wherein [N41{ 1s present tmmediately
sabsequent to N3], In some embodiments, [N4] comprises the amino acid sequence TA. In some
embodiments, [NOJ-NT{-N21-{N3]-|MN4]| comprises the amino acid sequence TNNQSSYPAEVVQKTA
(SEQ D NO: 1533}

{0174 In some enibodiments, [NOJMNT-IN2I-{N3 N4 is present in loop VIH, wherein loop VIH
is present at amino acids comprising those corresponding to positions 571-599 of the anino acid
sequence of SEQ I NO: 982, In some embodiments, [NO] is present at amino acids corresponding to
positions 571-373 of the amino acid sequence of SEQ D NO: 982; {N1}] is present at amino acids
corresponding to positions 374-376 of the amino acid sequence of SEQ 1D NO: 982; IN2] is prosent at
amino acids corresponding to positions 577-581 of the amine acid sequence of SEQ ID NO: 982; (N3] is
present at amino acids corresponding to positions 382-384 of the amino acid sequence of SEQ ID NOG»
982; and [N4] is present at amino acids corresponding 1o positions 583-586 of the amino acid sequence
of SEQ I NO: 982.

{018} In some aspects, the present disclosure provides an adeno-associated vinus (AAV) particke
comprising: (i) a viral genome corprising a frataxin (FXN)-encoding sequence; and (31) an AAV capsid
variant comprising an amino acid sequence at least 95% identical fo the amino acid sequence of SEQ ID
NO: 739, wherein the AAV capsid variant comprises at feast 4, at least 3, at lcast 6, at least 7, or all 8
consecutive amino acids from the amino acid sequence YPAEVVQK (SEQ 1D NO: 943). Insome
embodiments, (1) the at least 4 consecutive amino acids corprise the anuno acid sequence YPAE (SEQ
1D NG: 21), optionally present at amino acids corresponding to positions 377-380 of the amino acid
sequence of SEQ D NO: 982; (i1) the at least 5 consecutive anino acids comprise the amine acid
sequence YPAEV (SEQ 1D NG 1), optionally present at amdno acids corresponding 1o positions 577-581
of the amino acid sequence of SEQ D NO: 982; {6i1) the at teast 6 consecutive amino acids comprise the
arino acid sequence YPAEVY (SEQ ID NO: 725), optionally present at araigo acids corresponding to
positions 377-582 of the amino acid sequence of SEQ I3 NO: 982; or (iv) the at least 7 consecutive
amigo acids corprise the amino acid sequence YPAEVVQ (SEQ 1D NQO: 7263, optionally present at
amino acids corresponding to positions 577-583 of the amino acid seguence of SEQ I NO: 982 1n some
cmbodiments, the AAV capsid variant comprises the amino acid sequence YPAEVVOK (SEQ ID NO:
943) present at amino acids corresponding to positions 577-584 of the amino acid sequence of SEQ D
NG 982,
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{819} In some aspects, the present disclosure provides an adeno-associated virus {(AAV) particle
comprising: (i) a viral genome comprising a frataxin (FXN)-encoding sequence; and (i1) an AAV capsid
variant cComprising an amino acid sequence at least 95% identical to the amino acid sequence of SEQ ID
NQO: 739, wherein the AAV capsid variant comprises the amino acid sequence YPAEVVOK (SEQ ID
NG: 943) at amine acids corresponding to positions 577-584 of the amino acid sequence of SEQ ID NO:
982, Insome embodiments, the AAV capsid variaot fuher comprises (i) an amino acid sequence having
at least 95% identity to the amino acid sequence of SEQ 1D NO: 738, wherein the AAV capsid variant
comprises the aming acid sequence YPARVVQK (SEQ 1D NO: 943); and/or (it) an amino acid sequence
baving at least 93% identity to the amino actd sequence of SEQ D NO: 982, wherein the AAV capsid
variant comprises the amino acid sequence YPABVVOK (SEQ 1D NO: 943).

{6264 In some aspects, the present disclosure provides an adeno-associated virus {AAV) particie
comprising an AAY capsid variant and a viral genome, wherein the viral genome comprises a frataxin
(FXMNy-encoding sequence and the AAV capsid variant comprises (i) an amino acid sequence having at
least 99% identity to the amino acid sequence of SEQ 1D NO: 982, wherein the AAV capsid variant
comprises the amino acid sequence YPAEVVQK (SEQ ID NO: 943); (11) an amino acid sequence having
at Jeast 99% identity to the amino acid sequence of SEQ ID NO: 738, wherein the AAV capsid variant
coraprises the amino acid sequence YPAEVVQK (SEQ ID NO: 943); and/or (1it) an amino acid segusnce
having at least 99% identity to the amino acid sequence of SEQ 1D NG: 739, wherein the AAV capsid
variant comprises the anino acid sequence YPAEVVQK (SEQ 1D NO: 9433,

{821} In some embodiments, the AAV capsid variant conprises (1) the amino acid sequence of SEQ
1D NO: 982; (1) the amino acid sequence of SEQ I3 NOG: 738 and/or (i11) the araino acid sequence of
SEQ ID NO: 739,

{822} In some embodiments, the FXN-encoding sequence encodes a FXN protein that is not a
cynomolgus monkey FXN protein. In some embodiments, the FXMN-encoding sequence encodes a human
FXN protein. In some embodiments, the human FXN protein comprises the amino acid sequence of SEQ
1D NO: 1825, or an amino acid sequence that is at least 90% identical {c.g., at least 90%, at least 91%, at
Ieast 92%, at least 93%, at least 94%, at least 9594, at least 96%, at least 97%, at feast 98%, or at least
99% identical) thereto, optionally wherein the human FXN protein is a wildtype human FXN protein. In
some embodiments, the FXN-encoding sequence comprises a nuclectide sequence encoding the aming
acid sequence of SEQ D NG 1825, In some embaodiments, the FXN-encoding sequence comprises the
nucleotide sequence of SEQ 1D NO: 1824 or a sucleotide sequence that is at least 80% identical {e.g., at
least 80%, at least 85%. at least 90%6, at least 91%, at least 92%, at least 93%, at least 94%. at least 95%,
at least 96%, at least 979, at least 98%, or at least 99% identical) thereto.

623} In some erbodiments, the vial genome further comprises a promoter operably linked to the
FXN-encoding sequence. In some embodiments, the promoter comprises a human elongation factor 1o~
subunit (EF1o) promoter, a cytomegalovirus (CMV) immediate-carly enhancer and/or promoter, a

chicken B-actin (CBA) promoter, a CAG promoter, a P glucuronidase (GUSB) promoter, a ubiquitin C
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(UBC) promoter, a neuron-specific enclase (NSE) promoter, a platelet-derived growth factor (PDGF)
pronwoter, a platelet-derived growth factor B-chain (PDGF-B) promoter, a intercefhular adhesion molecule
2 (ICAM-2) promoter, a synapsin (Syn) promoter, a methvl-CpG binding protein 2 (MeCP2) promoter, a
Caz+/calmodulin-dependent protein kinase I (CaMKIl) promoter, a metabotropic glutamate receptor 2

{mGloR?2) proowter, a newrofilament Light chain (NFL) promoter, a neurcfilament heavy chain (NFH)

promoter, a f-globin minigene nf2 promoter, a preprocnkephalin (PPE) promoter, a enkephalin (Enk)
and excitatory ammno acid transporter 2 (EAAT2) promwter, a ghial fibnllary acidic protein (GFAP)
promoter, a myekin basic protein (MBP) promoter, a cardiovascular promoter (e.g., oMHC. ¢TaT. and
CMV-MLCZk), a hver promoter (2.8, BAAT, TBG), a skeletal muscle promoter (¢.g., desmin, MCK,
C512), or a functional fragment or truncation of any of the foregoing. In some embodiments, the
promoter is a CMV promoter or CBA promoter, or 4 functional fragment or truncation of a CMV
promoter or CBA promoter.

{824} In some cobodiments, the promoter is a trncated CBA promoter. In some embodiments, the
truncated CBA promoter is 30-400 nucleotides in length, ¢.g., 100-332 nucleotides in length. In some
cmbodiments, the promoter comprises the nucleotide sequence of any one of SEQ 1D NOs: 1738, 1740,
and 1742 or a nucleotide sequence that is at least 90% identical (¢.g., at least 90%, at least 91%, at least
2%, at least 93%, at least 94%, at lcast 95%, at least 96%, at least 97%, at least 98%, or at least 99%
wdentical) thereto.

{825} In some enbodiments, the promoter is a trupcated CMV promoter. In some embodiments, the
truncated CMV promaier is 30-300 nuclcotides in length. In some embodiments, the promoter comprises
the nucleotide sequence of SEQ ID NO: 1730 or a nucleotide sequence that is at least 90% identical {e.g.,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% identical) thereto.

{026} In some embodiments, the viral genome further comprises 4 microRNA (mil} binding stte
that modulates expression of the encoded FXN protein in a cell or tissue of the liver. In some
cmbodiments, the viral genome comprises 3 copies of the muR binding site. In some embodiments, the 3
copies of the miR binding site are identical. In some embodiments, the 3 copies of the miR binding site
are COmINuouS.

027} In some erabodiments, the miR binding site is a miR 122 binding site. In some embodiments,
the miR 122 binding sitc comprises the nucleotide sequence of SEQ 1D NO: 1827 or a sequence having
one, two, three, or at most four substitutions relative to the nucleotide sequence of SEQ ID NO: 1827, In
some embodiments, the viral genome comprises 3 copies of a miR 122 binding site comprising the
nucleotide sequence of SEQ ID NOG: 1826 or a sequence having one, two, three, four, five, six. seven,
cight, nine, o7 at roost ten substitutions relative to the nucleotide sequence of SEQ 1D NG: 1826.

628} In some embodiments, the viral genome further compriscs at least one inverted terminal
repeat (TR} region. In some embodiments, the at least one ITR region comprises an AAV2 ITR. In some

cmbodiments, the viral genome comprises a 5” I'TR region and a 3 ITR region. In some embodiments,
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the 57 ITR region and 3 ITR region are cach an AAVZ ITR. In some cmbodiments, the 5' [TR region
comprises the muclectide sequence of SEQ ID NO: 1811 or a sequence that is at least 90% identical (e.g.,
at least 90%, at least 91%, at least 92%, at least 93Y%, at least 94%, at least 95%, at least 96%, at least
7%, at least 98%, or at least 99% identical) thereto; and/or the 3" ITR region compuses the nucleotide
sequence of SEQ 1D NO: 1812 or a sequence that is at least 90% identical {e.g.. at Jeast 90%, at least
91%, at lcast 92%, at least 93%, at lcast 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical) thereto.

{629} In some embodiments, the viral genome further comprises an infron/exon region comprising
an intron region and/or an exon region. 1o some embodiments, the intron/exon region compnses: an
immediate~carly 1 (ie1) intron region and/or 4 human beta-globin (hBglobin) intron 2 region; and/or an
iel exon region and/or an hBglobin exon region.

{6436 In some enibodiments, the intron region compnses: the nucleotide sequence of SEQ 1D NO:
1819 or a sequence that is at Ieast 90% iwdentical {¢.g., at least 90%, at ieast 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at feast 97%, at least 98%,, or at least 999 identical)
thereto; and/or the nucleotide sequence of SEQ 1D NO: 1829 or a sequence that is at least 90% identical
(c.g., at feast 90%, at least 919, at least 92%, at least 93%, at least 94%, at least 959, at least 96%, at
least 97%, at least 98%, or at least 99% ideuntical) thereto. In some embodirnents, the exon region
coraprises: the nucleotide sequence of SEQ ID NO: 1817 or a sequence that is at least 90% idesntical
{e.g.. at lcast 90%, at least 919, al least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical) thereto; and/or the nacleotide sequence of SEQ D NO:
1821 or a sequence that is at least 90% identical (¢.g., at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at feast 95%, at least 96%%, at least 97%, at least 98%, or at least 99% identical)
thereto.

{0631} In some embodiments, the viral genome further comprises a polyvadenylation {poly A) region.
In some embodiments, the poly A region comprises a haman growth hormone (hGH) polvA region. In
some embodiments, the poly A region comprises the nucleotide sequence of SEQ ID NO: 1828 ora
sequence that is at least 90% identical {e.g.. at least 90%,, at least 91%, at least 92%, at least 93%, at least
4%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto.

0632} Tn some embodinents, the viral genome coraprises the nucleotide sequence of SEQ 1D NG:
1797 or a nucleotide sequence that is at least 0% identical (e.g., at least 90%, at least 91%, at least 929%,
at least 93%, at lcast 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical)
thereto. In some embodiments, the viral genome comprises the sucleotide sequence of SEQ ID NG 1801
or a nucleotide sequence that is at least 90% tdentical {¢.g., at least 30%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical)
thereto.

{6334 In some cmbodiments, the viral genome comprises the nucleotide sequence of SEQ 1D NO:
1308 or a nucleotide sequence that is at least 90% identical (e.g., al least 90%, at least 91%, at least 92%,

~
~ 7~



WO 2025/038800 PCT/US2024/042405

at least 93%, at least 94%, at least 3%, at least 96Y%, at least 97%, at least 98%, or at least 99% identical}
thercto. In some embodiments, the viral genone comprises the nucleotide sequence of SEQ ID NO: 1809
or a rucleotide sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at least 92%, at
least 93%, at lcast 94%, at least 93%, at least 96%, at least 97%, at least 98%. or at least 99% identical)
thereto.

834} Ta some erabodinents, the viral genome coraprises: (i) a 57 inverted terminal repeat (ITR)
region; (i1} a promoter; (1) the FXN-encoding sequence, wherein the FXN-encoding sequence comprises
the nucleotide sequence of SEQ ID NO: 1824 or a nuclectide sequence that is at least 80% identical (e.g.,
at least 80%, at least 8594, at least 90%, at feast 91%, at least 92%, at least 939, at least 94%, at least
5%, at least 96%, at Ieast 97%, at least 98%, or at least 99% identical) to SEQ 1D NO: 1824; and (iv) a
3" {TR region.

{635] In some enibodiments, the viral genome comprises: (i) a 3 inverted terminal repeat (ITR)
region; (i1) a promoter; (1i1) the FXN-cncoding scquence, wherein the FXN-encoding sequence comprises
the nucleotide sequence of SEQ ID NO: 1824 or a nucleotide sequence that is at least 809 identical (e.g.,
at least 80%, at least 83%, at least 90%, at least 91%, at least 2%, at least 9394, at least 94%, at least
5%, at least 96%, at least 97%, at least 98%, or at least 99% identical) to SEQ ID NO: 1824; (iv) at lcast
one miR 122 binding site; and (v} a 3" [TR region.

836} In sonx enbodiments, the viral genome comprises: (1) a § inverted terminal repeat (ITR)
region; (i) a promoter; (1) an intron/exon wgiow; {iv) the FXN-encoding sequence, wherein the FXN-
encoding sequence comprises the nucleotide sequence of SEQ 1D NG: 1824 or a mucleotide sequence that
18 at feast 80% identical {e.g.. at least 80%, at least 83%, at least 90%, at least 91%. at least 92%, at least
93%, at least 94%, at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) to
SEQ D NO: 1824 (v) at least one nuR 122 binding site; and (vi)a 37 I'TR region.

{637} In some embodiments, the viral genome comprises: (i) a 57 mverted terminal repeat (ITR)
encoding sequence comprises the nucleotide sequence of SEQ 1D NO: 1824 or a nucleotide sequence that
is at least 80% identical {e.g., at least 80%, at least 85%, at least 90%, at least 91%, at lcast 92%, at least
93%, at lcast 94%, at least 95%, at least 9694, at least 97%, at least 98%, or at Jeast 99% identical) to
SEQID NG: 18241 (v} at least one ;iR 122 binding site; (vi) a polvadenylation (poly A} region; and (vii)
a 3" ITR region.

{638} T some erabodinents, wherein the vital genone comprises: (i) a 5™ inverted terminal repeat
{(fTR) region; (i1} a promoier; (1) an intron and/or exon region; (iv) the FXN-encoding sequence,
wherein the FXN-encoding sequence comprises the nucleotide sequence of SEQ ID NO: 1824 ora
pucleotide sequence that is at least 50% 1dentical (e.g., al least 80%, at least 85%, at keast 90%, at least
1%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at Ieast 97%, at least 98%, or at
least 99% identical) to SEQ ID NO: 1824; {(v) at least one miR 122 binding site; (vi) a polyadenylation

{poly A) region; (vit) a filler sequence; and (viiiy a 37 ITR region.
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{839} In some embodiments, (1) the 5' TR region comprises the nucleotide sequence of SEQ 1D
NO: 1811 or a nucleotide sequence that is at least 90% identical {e.g., at least 90%, at least 91%, at least
92%, at lcast 93%, at least 94%, at least 9594, at least 96%, at least 97%. at least 98%, or at least 99%
identical} thereto; (i1} the promoter comprises the nucieotide sequence of SEQ ID NG 1742 ora
aucleotide sequence that is at least 90% identical (¢.g., at least 90%, at least 91%, at least 92%, at least
93%, at Icast 94%, at least 95%, at lcast 96%, at least 97%, at cast 98%. or at least 99% ideniical)
thereto, (i) the intron/exon region corprises the nucleotide sequence of SEQ 1D NG: 1816 ora
nucleotide sequence that is at least 90% 1dentical (e.g., al least 90%, at least 91%, at least 92%, at least
03%, at least 9496, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical)
thereto; (ivy the FXN-encoding sequence comprises the nucleotide sequence of SEQ ID NO: 1824 or a
nucleotide sequence that is at least 90% wdentical {e.g., at least 90%, at least 91%,, at least 92%, at least
3%, at least 949, at least 95%, at least 96%, at feast 97%, at least 98%, or at least 99% identical)
thereto; {v) the at least one nuR 122 binding site comprises the nucleotide sequence of SEQ ID NO: 1826
or a mucleotide sequence that is at least 90% identical (¢.g., at least 90%, at least 91%, at least 92%, at
least 93%, at least 9494, at least 95%, at least 96%, at least 97%, at least 98%. or at least 99% identical)
thereto; (vi) the poly A region comprises the nucleotide sequence of SEQ 1D NO: 1828 or a nucleotide
sequence that is af least 90% identical {e.g., at Jeast 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at Ieast 97%, at least 98%, or at feast 99% identical) thercto; and/or (vii)
the 3' TTR region comprises the nucleotide sequence of SEQ I} NO: 1812 or a nucleotide sequence that
18 at Jeast 90% identical (e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
3%, at least 96%, at least 97%, at least 98%. or at least 99% identical) thereto. In some embodiments,
the viral genome further comprises 4 filler sequence comprising the nucleotide sequence of SEQ D NO:
1841 or a nucleotide sequence that is at least 90% identical (e.g., at Ieast 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at Ieast 97%, at least 98%, or at least 99% identical)
thereto, optionally wherein the filler sequence is positioned 37 to the polvA region and 57 to the 37 I'TR
region.

{646} In some embodiments, (1) the 5' ITR region comprises the nucleotide sequence of SEQ 1D
NO: 1811 or a mucleotide sequence that is at least 90% identical {¢.g., at least 90%, at least 9194, at least
92%, at lcast 93%, at least 94%, at least 95%, at least 96%, at Icast 97%, at least 98%, or at least 99%
identical} thereto, (i1) the promoter comprises the nuclectide sequence of SEQ ID NG: 1750 ora
nucleotide sequence that s at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least
93%. at least 9494, at least 95%, at least 96%, at least 97%. at lcast 98%. or at least 99% idenuical)
thereto; (i) the intron/exon region comprises the nucleotide sequence of SEQ 1D NQO: {816 0ra
pucleotide sequence that is at least 90% 1dentical (e.g., al least 90%, at least 91%, at keast 9296, at least
93%, at least 94%, at Ieast 93%, at least 96%, at feast 97%, at least 98%, or at least 99% identical)
thereto; (ivy the FXN-encoding sequence comprises the nucleotide sequence of SEQ D NO: 1824 or a

‘

nucleotide sequence that is at least 90% 1dentical (e.g., at least 90%, at least 91%, at least 92%, at least

S



WO 2025/038800 PCT/US2024/042405

93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% wdentical)
thercto; (v) the at Jeast one miR 122 binding site comprises the nucleotide sequence of SEQ ID NO: 1826
or a rucleotide sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at least 92%, at
least 93%, at lcast 94%, at least 93%, at least 96%, at least 97%, at least 98%. or at least 99% identical)
thereto; (v1) the poly A region comprises the nucleotide sequence of SEGQ ID NO: 1828 or a nucleotide
sequence that is at least 90% identical {e.g., at least 90%, at least 1%, at least 92%, at icast 93%, at least
4%, at least 95%, at least 96%, at least 97%, at least 98%. or al least 99% identical) thereto; and/or (vil)
the 3' ITR region comprises the nocleotide sequence of SEQ ID NO: 1812 or a nucleotide sequence that
is at least 90% identical (e.g., at least 90%, at least 9196, at keast 92%, at least 93%, at least 94%. at least
5%, at least 96%6, at least 97%, at least 98%, or at least 99% 1dentical) thereto. In some embodiments,
the viral genome further compnises a filler sequence comprising the nucleotide sequence of SEQ ID NO:
1840 or a nucleotide sequence that is at least 90% identical (¢.g., at least 90%, at least 91956, at least 92%,
at feast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 999 identical)
thereto, optionally wherein the filler scquence is positioned 37 to the poly A region and 57 to the 37 TR
region,

{041} In some eobodiments, (1) the 5" ITR region comprises the muicleotide sequence of SEQ ID
NO: 1811 or a sucleotide scquence that s at least 90% identical {e.g., at least 90%, at least 21%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
wdentical) thereto; (31) the promoter comprises the nucleotide sequence of SEQ B NO: 1738 ora
nacleotide sequence that is at least 90% identical (e.g.. at Ieast 90%, at least $1%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%. at keast 97%, at least 98%, or at least 99% dentical)
thereto; (if1) the infror/exon region comprises the nucleotide sequence of SEQ B NO: 1816 ora
nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at feast 92%, at least
93%, at least 94%, at least 95%, at least 20%, at keast 97%, at least 98%, or at least 99% identical)
thereto; (iv) the FXN-encoding sequence comprises the mucleotide sequence of SEQ D NO: 1824 or a
nucieotide sequence that is at least 90% identical (e.g., at least 90%, at lcast 91%, at feast 92%, at least
93%, at lcast 94%, at feast 5%, at least 96%, at least 97%, at least 98%, or at Jeast 99% identical)
thereto; (v) the at least one iR 122 binding site comprises the nucleotide sequence of SEQ ID NO: 1826
or a rucleatide sequence that is at least 90% identical (e.g., at least 90%, at feast 91%, at least 92%, at
least 93%, at least 94%, at least 93%, at least 96%%, at least 97%, at least 98%. or at least 99% identical)
thereto, {vi) the poly A region comprises the nucleotide sequence of SEQ 1D NO: 1828 or a nucleotide
sequence that is at least 90% identical {e.g., at least 90%, at least 1%, at least 92%, at least 93%, at least
04%, at least 959, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto; and/or (vil)
the 3' ITR region comprises the nuclentide sequence of SEQ D NO: 1512 or a nucleonde sequence that
is at least 90% identical (¢.g., at least 90%, at least 91%, at Ieast 92%, at least 93%, at least 94%, at least
05%, at least 96%6, at least 97%, at least 98%, or at least 99% 1dentical) thereto. In some embodiments,

the viral genome further compnses a filler sequence comprising the nucleotide sequence of SEQ 1D NO:
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1838 or a nucleotide sequence that is at least 90% identical {e.g., at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 5%, at least 96%, at least 97%, at least 98%, or at least 99% identical)
thereto, optionally wherein the filler sequence is positioned 37 o the polvA region and 37 to the 37 ITR
region.

[642] Ta somme erobodiments, (1) the §' ITR region comprises the nuclectide sequence of SEQ 1D
NG 1811 ora nuclectide sequence that is at least 90% identical {¢.g., at least 90%, at least 91%, at least
92%. at least 93%6, at least 94%, at least 95%, at least 96%, at lcast 97%. at lcast 98%, or at least 99%
identical} thereto; (i) the promoter comprises the nucleotide sequence of SEQ 1D NO: 1740 ora
pucleotide sequence that is at least 90% 1dentical (¢ 2., al least 90%, at least 91%, at keast 9296, at least
93%, at least 94%, at least 93%, at least 96%, at feast 97%, at least 98%, or at least 99% identical)
thereto; (i) the intron/exon region comprises the nucleotide sequence of SEQ 1D NO: 18i6ora
nucleotide sequence that is at least 90% 1dentical (e.g., at least 90%, at least 91%, at least 92%, at least
3%, at least 94%, at least 95%, at least 96%, at feast 97%, at least 98%, or at least 9996 identical)
thereto; (iv) the FXN-encoding sequence comprises the nucleotide sequence of SEQ ID NO: 1824 ora
nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least 919, at least 92%, at least
3%, at least 94%, at least 95%, at least 96%, at feast 7%, at least 98%, or at least 99% identical)
thereto; (v} the at least one ouiR122 binding site comprises the nucleotide sequence of SEQ 1D NO: 1826
or a nucleotide sequence that is at feast 90% identical (2.g., at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 8%, or at least 99% identical)
thereto; (vi) the poly A region comprises the nucleotide sequence of SEQ 1D NO: 1828 or a nucleotide
sequence that is at least 90% identical {c.g.. at least 90%,. at least 91%, at least 92%, at least 93%, at least
94%, at least 5%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto; and/or (vil)
the 3' ITR region comprises the nucleotide sequence of SEQ 1D NO: 1812 or a nucleotide sequence that
1s at least 90% identical (e.g.. at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
93%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto. In some embodiments,
the viral genome further comprises a filler sequence comprising the nucleotide sequence of SEQ D NO:
1839 or a nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 93%, at least 96%%, at least 97%. at least 989, or at least 99% identical)
thereto, optionally wherein the filler sequence is positioned 37 o the poly A regionand 57 to the 37 TR
tegion.

643} In some erabodiments, the virl genome comprises (a) the oucleotide sequence of SEQ D
NG 1797 or a nucleotide sequence that is at least 90% identical (¢.g., at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at feast 96%, at least 97%. at least 98%. or at Ieast 99%
identical) thereto; (b) the nucleotide sequence of SEQ 1D NG: 1801 or a nuclectide sequence that is at
least 90% identical (e.g., at least 90%,, at least 91%, at least 92%, at least 93%, at least 94%, at least 93%,
at least 96%, at least 97%, at lcast 98%, or at least 99% identical) thereto; {¢) the nucleotide sequence of

z

SEQ D NO: 1808 or a nucleotide sequence that is at least 90% identical {c.g., at least 90%, at least 91%,
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at least 92%, at least 93%, at Jeast 4%, at least 93%, at least 96%, at least 97%, at least 98%, or at least
99% identical) thereto; or {d) the nucieotide sequence of SEQ 1D NG: 1809 or a nucleotide sequence that
is at least 90% identical (e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at lcast 96%, at Ieast 97%, at lcast 98%, or at least 99% identical) thereto.

644} Ta somme erobodiments, (1) the §' ITR region comprises the nuclectide sequence of SEQ 1D
NQO: E811; () the promoter comprises the nucleotide sequence of SEQ 1D NO: 1742, (11) the intron/exon
region comprises the nmucleotide sequence of SEQ ID NG: 1816; (iv) the FXN-encoding sequence
comprises the nucleotide sequence of SEQ D NO: 1824;(v) the at least one miRR122 binding site
comprises the nuclectide sequence of SEQ D NO: 1826; (vi) the poly A region comprises the nucleotide
sequence of SEQ 1D NO: 1828; and (vii) the 3' ITR region comprises the nucleotide sequence of SEQ ID
NQO: 1812, In some embodiments, the viral genome further comprises a filler sequence comprising the
nucleotide sequence of SEQ ID NO: 1841, wherein the filler sequence is positioned 37 to the poly A
region and 5’ to the 3° ITR region. In some embodiments, the viral genome comprises the nucleotide
sequence of SEQ ID NO: 1797, In some embodiments, the viral genonme consists of the nucleotide
sequence of SEQ 1D NO: 1797,

{845} In some aspects, the present disclosure provides an adenc-associated vitus (AAV) particle
coraprising an AAV capsid vatiant and a viral genome comprising a frataxin (FXN}-encoding sequence,
wherein the AAV capsid variant comprises: (i) the amdno acid sequence of SEQ I NO: 982 or an amine

‘
(5‘0, or

acid sequence baving at least 95% 1destity (e.g., at least 95%, at least 96%, at least 97%, at least Y8
at Ieast 99% identity) thereto, wherein the AAV capsid vanant comprises the amino acid sequence
YPAEVVOE (SEQ ID NO: 943); (i) the amino acid sequence of SEQ ID NO: 738 or an amine acid
sequence having at least 93% identity {e.g., at least 93%, at least 96%, at least 97%, at least 98%, or at
least 9995 identity) thereto, wherein the AAV capsid vanant comprises the amino acid sequence
YPAEVVQE (SEQ ID NO: 943); or (311) the amino acid sequence of SEQ ID NO: 739 or an amino acid
sequence having at least 93% identity {e.g., at least 93%, at least 96%, at least 97%, at least 98%, or at
least 99% identity) thereto, wherein the AAV capsid variant comprises the amino acid sequence
YPAEVVQK (SEQ ID NO: 943); and wherein the viral genome comprises: {a) the nucleotide sequence
of SEQ D NO: 1797 or a nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least
91%, at lcast 92%, at least 93%6, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical) thereto; (b) the nuclectide sequence of SEQ ID NO: 1361 or a nucleoiide sequence
that is at least 90% tdentical (¢.g., at least %0%, at Jeast 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto; {©) the nucleotide
sequence of SEQ D NO: 1808 or a nucleotide sequence that is at least 90% identical (e.g.. at least 90%,
at least 91%, at least 9296, at least 93%, at feast 94%, at least 95%, at least 969, at least 97%, at least
8%, or at least 99% identical) thercto; or {d) the nucleotide sequence of SEQ ID NG: 180% ora

’

nucleotide sequence that is at least 90% dentical {e.g., at least 90%, at least 91%,, at least 92%, at least
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93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% wdentical)
thereto.

646} In some aspects, the present disclosure provides an adeno-associated virus (AAV) particle
comprising a viral genome comprising the aucleotide sequence of SEQ ID NO: 1824 and an AAV capsid
variant comprising the amine acid sequence of SEQ 1D NG 982, the amino acid sequence of SEQ D
NG 738, and/or the amine acid sequence of SEQ 1D NG: 739, Insome embodiments, the viral genome
comprises the nucleotide sequence of SEQ D NO: 1797,

{447} In some embodiments, the viral genome 15 single-stranded.

€48} In some aspects, the present disclosure provides a cell comprising an AAV particle disclosed
herein. In some embodiments, the cell is a mammalian cell (e.g., an HEK293 cell), an insect cell (¢.g., an
S£9 celly, or a bacterial cell.

49§ In some aspects, the present disclosure provides a method of making and AAV particle
disclosed herein, wherein the method comprises: (1) providing a cell comprising the viral genome
coraprising a F¥(N-encoding sequence and a mucleic acid encoding an AAV capsid variant; and (i)
incubating the cell under conditions suitable 1o encapsulate the viral genome in the AAV capsid variant;
thercby making the AAV particle. In some embodiments, the viral genome comprises (a) the nucleotide
sequence of SEQ [D NO: 1797 or a nucleotide sequence at least 90%; identical {e.z., at least 90%;, at least
1%, at least 92%, at least 93%, at least 94%, at least 95%6, at least 96%, at least 97%, at least 98%. orat
least 99% ideutical) therato; (b) the nucleotide sequence of SEQ D NO: 1801 or a nucleotide sequence at
least 90% ideuntical (e.g., at least 90%, at least 91%, at least 929%, at least 93%, at least 94%, at least 95%,
at Ieast 96%, at least 97%, at least 958%, or at least 99% identical) thereto: (¢) the nucleotide sequence of
SEQ D NO: 1808 or a nucleotide sequence at least 90% identical {(e.g., at least 90%, at least 91%, at
least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical) thereto; or (&) the nucleotide sequence of SEQ 1D NG 1809 or a nucleotide sequence at
least 90% identical {(e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto; and wherein the AAV capsid
variant comprises (1) the amino acid sequence of SEQ ID NO: 982 or an amino acid sequence having at
least 90% identity (e.g., at least 90%, at least 91%, atleast 92%, at least 93%, at lcast 94%, at least 95%,
at least 96%, at least 97%, at least 98%, or at keast 99% identity) thereto, wherein the AAV capsid vagant
comprises the aming acid sequence YPAEVVOK (SEQ 1D NG 943); (1) the amine acid sequence of
SEGQ 1D NG: 738 or an anidno acid sequence having at least 90% identity (e.g., at least 90%, at feast 9%,
at least 92%, at least 9394, at least 94%, at least 95%, at least 96%, at least 97%, at Ieast 98%6, or at keast
99% tdentity ) thereto, wherein the AAV capsid variant comprises the amino acid sequence YPAEVVQE
{(SEQ D NO: 943); or (1) the amino acid sequence of SEQ D NO: 739 or an aming acid sequence
having at least 90% identity {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at Ieast 97%, at least 98%, or at least 99% identity) thereto, wherein the AAV

capsid variant comprises the amino acid sequence YPFAEVVQK (SEQ D NO: 943). In some
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embodiments, the viral genome comprises (a} the nucleotide sequence of SEQ ID NGO 1797 or a
nucleotide sequence at least 90% identical {¢.g., at least 90%, at least 91%, at least 92%, at feast 93%, at
Ieast 94%, at least 95%, at Jeast 96%, at least 97%, at least 98%, or at least 99% identical) thereto; (b) the
nucieotide sequence of SEQ 1D NO: 1801 or a nuclectide sequence at least 90% identical (e.g.. at least
9%, at lcast 91%, at least 92%, at least 93%, at least 94%, at least 95%, at Jeast 96%, at least 97%, at
least 98%, ot at least 99% identical) thereto; (¢) the pucleotide sequence of SEQ ID NO: 180% ora
pucleotide sequence at least 96% dentical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%. at least 97%, at least 98%, or at least 99% identical) thereto; or {d)
the mucleotide sequence of SEQ 1D NO: 1809 or a nucleotide sequence at least 90% identical (e.g.. at
least 90%, at least 9194, at least 9296, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%,
at feast 98%, or at least 99% identical) thereto; and wherein the AAV capsid variant conprises the amino
acid sequence of SEQ 1D NG: 982, the amino acid sequence of SEQ D NO: 738, and/or the amine acid
scquence of SEQ 1D NO: 739,

{086} In somie cobodiments of the method of making an AAV particle, the viral genome comprises
the nucleotide sequence of SEQ ID NG: 1797 and the AAV capsid variant cornprises the amino acid
scquence of SEQ 1D NO: 982, the amine acid sequence of SEQ 1D NO: 738, and/or the amino acid
sequence of SEQ D NO: 739,

051} In sonxe enbodiments of the method of making an AAV particle, the method forther
corapises, prior to step (1), 1ntredocing a nuckeic acid molecule comprising the vival gencre into the cell
In some embodiments, the method further comprises, prior to step (i), introducing the nuckeic acid
encoding the AAYV capsid variand into the cell. In some cmbodiments, the cell comprises a marmalian
cell (e.g., an HEK 293 celly, an insect cell (e.g., an S99 cell), or a bacterial cell.

{852} In some aspects, the present disclosure provides a pharmaceutical composition comprising an
AAYV particle disclosed herein and a pharmaceutically acceptable excipient.

{653} In some aspects, the present disclosure provides a method of delivering an AAV particle
encoding a frataxin (FXN) protein to a cell, comprising administering an effective amount of a
pharmaceutical composition or AAV paricle described herein. In some embodiments, the cellisina
subject. In some embodiments, the subject has, has been diagnosed with having, or is at risk of having a
disorder associated with FXN deficiency. Tn some embodiments, the disorder is Friedreich’s Ataxia (FA).
[654] Ta some aspects, the present disclosure provides a method of delivering an AAV paxticie
ercoding a frataxia (FXN} protein to a subject, comprising administering to the subject an effective
amouont of a pharmaceutical composition or AAV particle described herein. In some embodiments, the
sabject has, has been diagnosed with having, or is at risk of haviag a disorder associated with FXN
deficiency. In some embodimenis, the disorder 1s Friedreich’s Ataxia (FA).

{635} In some aspects, the present disclosure provides a method of treating a subject having or
disgnosed with having a disorder associated with frataxin (FXN) deficiency, comprising admimsternng to

the subject an effective amount of a pharmaceutical composition or AAV particle described herein. In
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some embodiments, the subject has, has been diagnosed with having, or is at risk of having Friedreich’s
Ataxia (FA).

636} In some aspects, the present disclosure provides a method of {reating a subject having or
diagnosed with having a disorder, wherein the disorder is Friedreich’s Ataxia (FA), compusing
adounistering to the subject an effective amount of a pharmaceutical composition or AAYV particle
described hereia.

687} In some embodiments of a method of treating, the treating results in provention of progression
of the disorder in the subject. In some embodunenis, the reating results in amelioration of at least one
symptom of the disorder. 1n some crabodiments, the at least one symptom comprises irapaired sensory
functions, impaired motor function {e.g., ataxia and/or involuntary movements), fatigue, chronic pain,
seizares, impaired speech, sleep disturbances, metabolic disorders {e.g., diabetes), and/or increased
spasticity. In some embodiments, the treating stabilizes, slows the progression of, or improves the
subject’s disorder as determined by the modified Friedreich Ataxia Rating Scale (mFARS), the Scale for
the Assessment and Rating of Ataxia (SARA), and/or the International Cooperative Ataxia Rating Scale
(ICARS). In some embodiments, the treatment slows the subject’s progression of the disorder as
measured by mFARS, SARA, and/or ICARS relative o an individual with the disorder who has not been
administered the pharmaceutical conposition or the AAV particle,

UREY In sone enbodiments of a raethod of delivering or treating, the subject s a humasn. In some
ambodiments, the AAV particle or the phagnaceutical composiiion is delivered (¢ a cell or tissue of the
central pervous systern (CNS) in the sabject. In sonk embodimentds, the cell or tissue of the CNS 1s a cell
or tisspe of the spinal cord, teraporal cortex, perirhinal cortex. globus pallidus, putamen, caudate,
thalamus, hippocampus, gerdculate nucleus, Purkinge cell fayer, deep cerebellar nucles, dentate micleus,
brainsiem, cerchelum, or a combination thereof.

{859} In some embodiments of a method of delivering or treating, the AAV particle or the
pharmaceutical composition is delivered to the subject via intravenous administration.

{666} In some embodiments of a method of delivering or treating, the method further comprises
evaluating, ¢.g., measuring, the level of FXN expression, ¢.g., FXN gene expression, FXN mRNA
expression, and/or FXN protein expression, in the subject, ¢.g., in a cell, tissue, or fluid of the subject. In
some embodiments, the level of FXN protein expression is measured by an enzyme-linked
gumuncsorbent assay (ELISA), a Western blot, an immunohistochemistry assay, or a frataxio biofluid
assay. In some ernbodiments, evaluating the subject’s Ievel of FXN expression is perforoed before
and/or after administration of the pharmaceutical composition or AAV particle. In some embodiments,
the subject’s level of FXN expression before admindstration is compared 1o the subject’s level of FXN
expression after administxation,

{661} In some embodiments, the method of delivering or treating further comprises evaluating the
fevel of FXN expression in a cell or tissue of the UNS. In some embodiments, the cell or tissue of the
NS 1s a cell or tissue of the spinal cord, temporal cortex, perirhingl cortex, globus pallidus, putamen,
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caudate, thalamus, hippocanmpus, geniculate nuclens, Purkinje cell laver, deep cerebeliar nuclei, dentate
nucleus, brainstem, and/or cerchellum.

662} In some embodiments, the method of delivering or treating further comprises evaluating the
level of FXN expression in a peripheral cell or tissue. In some embodiments, the peripheral celf or tissue
is a cell ot tissue of the heart and/or muscle.

(063} T sore erabodinents, the subject’s level of FXN protein expression after admiuistration is
increased relative to the sobject’s level of FXN protein expression before administration,

{464} In some embodiments, the method of delivering or tieating further comaprises evaluating, e.g.,
measuring, the level of FXN protein activity in the subject.

{0665 In some embodiments of a method of delivering or treating, administering the pharmaceutical
composition or AAV particle to the subject results in an increase in: () the level of FXN protein or FXN
gene expression in a cell, tssue, {e.g., a cell or tissue of the CNS, e.g.. spinal cord, temporal cortex,
perirhinal cortex, globus pallidus, putamen, caudate, thalamus, hippocampus, geniculate miciens,
Purldgge cell layer, deep cercbellar muclei, dentate mucleus, brainstem, and/or cercbelium), and/or fluid
(e.g., CSF and/or serum), of the subject relative 1o baseline; (1) the number and/or level of viral genomes
(V) per cell inma ONS tissue (¢.g., spinal cord, temporal cortex, porirhinal cortex, globus pallidus,
putarsen, caudate, thalaows, hippocaonpus, geviculate suclens, Putkinje cell layer, deep cerebellar nucled,
dentate nucleus, brainstem, and/or cercbellom) of the subject relative 1o the number and/or fevel of VG
per cell in a peripheral tissue of the subject; and/or (1) the level of FXN activity tna cell, tissue, (e.g. a
cell or tissue of the ONS, e.g., spinal cord, teraporal cortex, perirhinal cortex, globus patlidus, putamen,
capdate, thalamus, hippocampus, genicudate nuclews, Purkinje cell layer, deep cerebellar muclei, dentate
nucleus, brainstern, and/or cerebellumy) of the subject relative to baseline and/or relative to FXN activity
i a cell, tissue, or fluid of an individual with a disorder associated with FXN deficiency who has not
been administered the pharmaceutical composition or AAV particle.

{866} In some embodiments of a method of delivering or treating, the method further comprises
adnunistering to the subject at least one additional therapeutic agent and/or therapy. In some
embodiments, the at least one additional therapeutic agent and/or therapy comprises an agent and/or
therapy suitable for treating a disorder associated with FXN deficiency (e.g., Fredreich’s Awmxia). In
some embodiments, the at least one additional therapeutic agent and/or therapy compuises
omavetoxolone or idebenone.

[067} T sormae erabodinents of a method of delivering ot treating, the method further comprises
administering an immunosuppressant o the subject. In some embodiments, the immunosuppressant
comprises a corticosteroid {¢.g., preduisone, prednisolone, methylpredrisolone, and/or dexaraethasone),
rapamycin, mycophenolate mofetil, tacrolimas, rituximab, and/or eculizumab hydroxychloroguine.

{068} In some aspects, the present disclosure provides a pharmaceutical composition or AAV

particle disclosed herein for use in a method of freating a disorder disclosed herein.

- 16~



WO 2025/038800 PCT/US2024/042405

{869} In some aspects, the present disclosure provides a pharmaceutical composition or AAV
particle disclosed herein for use in the treatment of a disorder associatod with FXN deficiency ina
subject. In some cobodiments, the disorder is Friedreich's Ataxia (FA). In some embodiments, the
subject has, has been diagnosed with having, or is at tisk of having FA.

[676] Ta some aspects, the present disclosure provides a use ¢f a pharmaceuiical composition or
AAY particle disclosed herein i the manufacture of a medicament for the treatment of a disorder
associated with FXN deficiency 1n a subject. In some crabodiments, the disorder is Fricdreich’s Ataxia

{FA). In some embodirents, the subject has, has been diagnosed with having, or is at risk of having FA.

Enumerated Embodimenis

1. An adeno-associated virgs {AAV) particle comprising 4 viral genome comprising a frataxin (FXN)-
encoding sequence {¢.g., encoding a hvman FXN protein) and an AAV capsid vanant (e.g., an AAVS
capsid variant), wherein the AAV capsid vanant comprises an amino sequence comprising the following
formula
IN2}-IN3}, wherein:
(1) [N2} comprises X1, X2, X3, Xa, and X, wherein:
@Xi1sY N, CorT,
by XeisPE K, T, or @,
() Xzis AorP;
(D XeisE, 5, D or A and
() Xsis V, L, or E; and
(i) N3] comprises the amino acid sequence of VOK, VON, EQK, VKK, VHE, VOQ, or LOK.

2. An adeno-associated virus (AAV) particle comprising a viral genome conmprising a frataxin (FXN)-
encoding sequence {e.8., encoding a human FXN protein) and an AAY capsid variant (¢.g., an AAVS
capsid variant), wherein the AAV capsid variant comprises an amino sequence comprising the following
formuda:
INZ]-{N3}, wherein:
(1) [N21 comprises X1, Xo, X3, X4, and Xs, wherein:
@ XiisY, N, or C;
byXoisP K, T,0rQ;
) XzisAorP;
(I XaisE, S, or A; and
(e} Xs5is V., L, or E; and
{11y [N3] comprises the amine acid sequence of VOK, EQK, VKK, VHK, VQ(, or LOQK.

H

Py
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3. An adenc-associated viras {AAV) particle comprising a viral genome comprising a frataxin (FXN)-
encoding sequence {¢.g., encoding a human FXN protein) and an AAV capsid vanant (e.g., an AAVS
capsid variant), wherein the AAV capsid variant comprises ong, two, three, four, or all of!

{1) an {NO] comprising TNN, TNT, INN, TNS, NNN, or TNK;

{i1) an {N1] compnsing QSS, QSK, TSL, 888, QSR, AGA, IGS, QAS, ASS, LGS, Q8T, HSS,
LSS, or QRS;

(iii) an N2} comprising YPAEV (SEQ ID NG: 1), YPPSL (SEQ ID NO: 2), NEAEV (SEQ ID
NQO: 3), YTAEV (SEQ ID NG: 4y, YPAEE (SEQ ID NO: §), YOQAEV (SEQ ID NG: 6. YTPSL (SEGQ ID
NG 7y, YPAAY (SEQ ID NG: 8), NPAEV (SEQ ID NG: 9), CPAEV (SEQ 1D NG 10), or YQAEE
(SEQ D NO: 11);

{iv) an [ N3] comprising VOK, EQK, VEK, VHK, VQQ, or LOK; and

(v} an {N4] comprising TA, PA, or NA.

4. The AAV paticle of embodiment 1 or 2, wherein
{a) Xais Y or N;
by Xzis P, Tor(Q,
{0y X3is A,
(dy Xais E or 8; and/or

{ey XsisVork.

5. The AAV particle of any one of embodiments 1, 2, and 4, wherein {N2{ comprises YP, NK, YT, Y@,
NP, CP, TH, AE, PS, AA, AS, PA PP, KA, TA QA, TP, HA EV, SL, EE, AV, or SH.

6. The AAV particle any one of embodiments 1, 2, 4, and 5, wherein [N2] comprises YPA, YFF, NKA,
YTA, YQA, YTP, NPA, CPA, THA, PAE, PPS, KAE, TAE, QAE, TPS, PAA, HAS, AEV, PSL, AEE,
or AAV.

7. The AAV particle of any one of embodimenis 1, 2, 4, and 6, wherein [N2] comprises YPAER (SEQ ID
NO: 21), YPPS (SEQ 1D NO: 223, NKAE (SEQ 1D NO: 23), YTAE (SEQ 1D NO: 24), YOAE (SEQ ID
NG 2%), YTPS (SEQ ID NO: 26), YPAA (SEQ 1D NO: 27), NPAE (SEQ ID NO: 28), CPAE (SEQ ID

NO: 29), THAS (SEQ ID NO: 30), PAEV (SEQ ID NO: 173, PPSL (SEQ ID NO: 311, KAEV (SEQ ID

NO: 32), TAEV (SEQ ID NO: 16), PAFE (SEQ 1D NG 18), QAFV (SEQ ID NO: 15). TPSL (SEG ID

NO: 33), PAAV (SEQ ID NO: 34), or QAEE (SEQ 1D NO: 35).

8. The AAYV particle of any one of embodiments 1-7, wherein {N2] is or comprises YPAEY (SEQ D
WNO: 1), YPPSL (SEQ ID NO: 2), NKAEV (SEQ ID NO: 3), YTAEV (SEQ 1D NO: 4), YPAEE (SEQ ID
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NO: 53, YQAEVY (SEQ ID NO: 6), YTPSL (SEQ ID NO: 7). YPAAV (SEQ ID NO: 8), NPAEV (SEQ
1D NO: 93, CPAEV (SEQ ID NO: 10), or YOAEE (SEQ 1D NO: 11).

9. The AAV particle of any one of embodiments 1, 2, 4, and 8, wherein [N3] comprises the amino acid

sequence of VOQK, EQK, or VKK,

10. The AAV particle of embodiment 1 or 2 or any one of embodiments 4-9, wherein [N3} comprises
VQEL

11. The AAV particle of embodiment 1 or 2 or any one of embodiments 4-9, wherein [N3] comprises
EQK.

12. The AAV particle of embodiment 1 or 2 or any one of embodiments 4-9, wherein [N3] comprises
VEE.

13. The AAV particle of any one of enodiments 1-12, wherein N2} is or comprises the amino acid

sequence of YPAEV (SEQ ID NG 1) and {N3] is or comprises the amioe acid sequence of VOK.

i4. The AAV particle of any one of eotbodiments 1-12, wherein:

(1) [N2] is or comprises the amino acid sequence of YTPSL (SEQ ID NO: 7) and N3] s or
coraprises the aminoe acid sequence of VOK:

ity [ N2 1s or comprises the amino acid sequence of YPPSL (SEQ D NO: 2Y and {N3} is or
comprises the amino acid sequence of VK

{(iil) {N2] is or comprises the amino acid sequence of YPPSL (SEQ ID NO: 2) and {N3}is or
conprises the amino acid sequence of EQK; or

{iv) [N2] is or comprises the amino acid sequence of YPPSL (SEQ 1D NO: 2) and [N3{isor

comprises the amine acid sequence of VKK

15. The AAV particle of embodieent 1 o1 2 or any one of embodients 4-14, wherein {N2]-[N3}
comprises:

() AEVVQK (REQ ID NO: 36), PSLVOK (SEQ TD NG: 37), AEVEQK (SECQ ID NO: 3%),
ABEEVQK (SEQ 1D NO: 39). PSLEQK (SEQ ID NO: 403, PSLVKK (SEQ ID NG: 41), AEVVKK (SEQ
ID NG 42), AEVVHK (SEG 1D NG: 43), AAVVOK (SEQ D NO: 44), AEVVQQ (SEQ ID NG: 45), or
ABVLOK (SEQ ID NO: 46);

(i) an aming acid sequence comprising any portion of an amino acid sequence in (), e.g., any 2,

3, 4, or 3 anuno acids, ¢.g., consecutive aming acids, thereof)
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{1i1) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the anxno acid sequences in (i), or
{iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (1),

16. The AAV paticle of embodiment 1 01 2 or any one of embodipents 4-13, wherein {N2]-[N3j
COmPrises:

() PAEVVQK (SEQ ID NO: 20), PESLVOK (SEQ ID NO: 47), KAEVVOK (SEQ [D NO: 48),
TAEVVQOE (SEQ ID NO: 49), PAEVEQK (SEQ ID NG: 50}, PAEEVOE (SEQ ID NG: 51,
QABVVOK (SEQ ID NG: 52), TPSLVQE (SEQ 1D NO: 533, PPSLEQK (SEQ ID NO: 54), PPSLVKK
(SEQ D NO: 55), PAEVVKK (SEQ ID NO: 36), PAEVVHK (SEQ ID NQO: 57), PAAVVQEK (SEQ ID
NO: 58), PAEVVOQ (SEQ ID NO: 59), TAEVVEK (SEQ ID NO: 60). PAEVLOK (SEQ 1D NO: 61),
or QAEEVQK (SEQ ID NO: 62)

(i) an amino acid sequence comprising any portion of an amino acid sequence in (), e.g., anv 2,
3.4, 5, or & amino acids, ¢.g., consecutive amino acids, thereof]

(iiiy an amino acid sequence comprising one, fwo, o7 three but no more than four modifications
relative 1o any one of the ameine acid sequences in (i); ot

(iv) an amino acid sequence comprising one, two, or three but vo more thas four different aming

acids relative to any one of the amino acid sequences in (3).

17. The AAV partick of any one of embodirments 1-16, wherein {IN2]-{N31 is or comprises:

(1) YPAEVVOK (SEQ ID NQO: 943), YPPSLVQK (SEQ D NO: 946), NKAEVVOK (SEQ ID
NO: 947), YTAEVVQEK (SEQ ID NO: 948), YPAEVEQK (SEQ 1D NO: 949), YPAEEVQK (SEQ ID
NG: 950y, YQAEVVOK (SEQ ID NO: 951), YTPSLVOK (SEQ ID NO: 952), YPPSLEQK (SEQ 1D
NG: 9533, YPPSLVEK (SEQ ID NO: 934), YPAEVVKEK (SEQ D NO: 955), YPAEVVHK (SEQ 1D
NO: 956), YPAAVVQK (SEQ TD NQO: 0537, NPAEVVQK (SEQ 1D NO: 958), YPAEVVQQ (SEQ ID
NO: 959, CPAEVVQK (SEQ ID NO: 960), YTAEVVEKR (SEQ 1D NG: 961), YPAEVLOK (SEQ ID
NG: 962), or YQAEEVQK (SEQ 1D NO: 963);

(i) an aminoe acid sequence comprising any portion of an amine acid sequence in (i), ¢.g., any 2,

™
s

. 5,6, or 7 amino acids, ¢.8., consecutive anino acids, thereof,

{1i1) an amino acid sequence comprising one, two, or three but no more than four madifications
relative to any one of the amine acid sequences in (1) or
{iv) an arnine acid sequence compnsing one, two, or three but no more than four different amino

acids relative to any one of the amino acid seqaences 1o (1),

18. The AAV particle of any one of embodiments 1-17, which further comprises one, two, three or all of
an amino acid other than Q at position 574 {e.g.. T, S, A, L L, or H}. an amino acid other than S at
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position 575 (e.g., G, A, or R), and/or an amino acid other than S at position 376 (e.g, K, LL R, A, or'T),

nunbered according o the amine acid sequence of SEQ 1D NO: 138 or 982,

19. The AAV particle of any one of crabodiments 1-17, which further comprises:

{t) a (3 at position 574, an S at position 575, and/or an S at postiton 576, munbered according o
the amino acid sequence of SEQ 1D NO: 138 or 982;

(i) a T at position 374, an S at positton 375, and/or a L at position 376, numbered according to
the amino acid sequence of SEQ ID NG: 138 or 982;

(i) an S at position 374, an S at position 575, and/or an 8§ al position 376, numbered according
to the amino acid sequence of SEQ D NO: 138 or 982;

{iv) a Q at position 374, an § at position 375, and/or an R at position 576, numbered according to
the amino acid sequence of SEQ 1D NO: 138 or 982,

(v} a Q at position 574, an S at position 575, and/or a K at position 576, nuinbered according to
the amino acid sequence of SEQ ID NO: 138 or 982;

{vi) an A at position 574, a G at position 575, and/or an A at position 576, numbered according o
the amine acid sequence of SEQ 1D NO: 138 or 982;

(vii) an I at position 574, a G at position 573, asd/or an S at position 376, numbered according to
the amine acid sequence of SEQ D NO: 138 or 982;

(viit) a {3 at posttion 574, an A at postion 575, and/or an S at position 576, munbered accornding
to the amino acid sequence of SEQ D NO: 138 or 982;

(ix) an A at position 374, an S at posttion 5373, and/or an S at posttion 576, numbered according
to the amino acid sequence of SEQ ID NO: 138 or 982;

{x) an L at position 374, a (G at position 573, and/or an S at positon 576, numbered according (o
the amino acid sequence of SEQ 1D NO: 138 or 982;

{xi} a Q at position 574, an S at position 573, and/or a T at position 576, numbered according to
the amino acid sequence of SEQ ID NO: 138 or 982;

{xii) an H at position 574, an S at position 375, and/or an S at position 376, numbered according
to the amino acid sequence of SEQ ID NO: 138 or 982;

{xitiy an L at position 574, an S at position 375, and/or an S at position 576, sumbered according
to the amno acid sequence of SEQ ID NO: 138 or 982, oy

{xiv} a Q at position 574, an R at position 575, and/or an S at position 576, purabered according

to the armino acid sequence of SEQ [D NO: 138 or 982,

20, The AAV particle of any one of erabodiments 1-19, which further comprises N1}, wherein [N1]
comprises Xp, Xg, and Xr, wherein:

() XpisQ, 1,8, A LL orH;

by Xgis 8, G, A, or K; and
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) Xpis §, K. L R, A, or T; and
optionally wherein the AAV capsid variant comprises an amino acid modification, ¢.g., a conservative

substitution, of any of the aforesaid amdino acids in (a)-(c).

21. The AAV particle of embodinent 20, wheeein {N1] coraprises SK, 5L, 8§, S8R, GA, GS, AS, 8T, RS,
S, T8, AG, IG, QA LG, HS, LS, ot QR

22. The AAV particle of any one of erabodiments 3, 20, and 21, wherein N1} s or comprises QS5,
QSK, TSL, SS8, QSR, AGA, IGS, QAS, ASS, LGS, ST, HSS, LSS, or QRS.

23. The AAVY particle of any onc of erbodiments 20-22, wherein {N1]-[N2{ comprises:

(i) SSYPA (SEQ ID NO: 63), SKYPA (SEQ I NO: 64), SLYPA (SEQ ID NO: 65), SRYPA
(SEQ D NO: 663, SSYPP (SEQ ID NO: 67), GAYPA (SEQ TD NO: 68), GSYPA (SEQ 1D NG: 69),
ASYPA (SEQ D NO: 70), STNKA (SEQ ID NO: 71, S5YTA (SEQ ID NO: 72), SSYQA (SEQ D NO:
733, SSYTP (SEQ 1D NO: 74), SSNPA (SEQ D NO: 75), SLCPA (SEQ ID NO: 76), RSYTA (SEQ D
NO: 77, or SSTHA (SEQ ID NO: 78);

(i) an amino acid sequence corprising agy portion of an amino acid sequence in (1), ¢.g., any 2,
3, or 4 aming acids, ¢.g., consecutive amino acids, thereof]

(i) an amino acid sequence compusing one, two, o1 three but no more than four modifications
relative to any one of the aming acid sequences in (i); or

{iv) an amine acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amine acid sequences in (3).

24 The AAV particle of anv one of embodiments 20-23, wherein {N1}{~[N2] comprises:

(1) SSYPAE (SEQ ID NO: 793, SKYPAE (SEQ ID NO: 80), SLYPAE (SEQ D NO: 81),
SRYPAE (SEQ ID NO: 823, SSYPPS (SEQ 1D NO: 83), GAYPAE (SEQ ID NO: 84). GSYPAE (SEQ
1D NO: 835), ASYPAE (SEQ ID NO: 86), STNKAE (SEQ 1D NO: 87), SSYTAE (SEQ ID NO: 88),
SSYQAE (SEQ ID NO: 89), SSYTPS (SEQ ID NO: 90), SSYPAA (SEQ ID NO: 91), SSNPAE (SEQ ID
NQG: 92), SLCPAE (SEQ ID NO: 93), RSYTAE (SEQ 1D NO: 94), SSTHAS (SEQ I3 NO: 95)

{1} an amine acid sequence compyising any portion of an amine acid sequence in (3), ¢.g., any 2,
3, 4, or 5 araino acids, e.g., consecutive amino acids, thereof)

(iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the amino acid sequences 1n (1) or

{iv) an amine acid sequence compnsing one, two, or three but no more than fowr differcnt amino

acids relative to any one of the amino acid sequences in (i),
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25. The AAV particle of embodiment 3 or anv one of embodiments 20-24, wherein {N1}-[N2] is or
comprises:

(1) OSSYPAEV (SEQ 1D NO: 96), QSKYPAEV (SEQ 1D NO: 97), TSLYPAEV (SEQ ID NO:
98), SSSYPAEV (SEQ ID NO: 99), QSRYPAEV (SEQ 1D NO: 1003, QSSYPPSL (SEQ ID NO: 101),
AGAYPAEV (SEQ ID NO: 102). IGSYPAEV (SEQ ID NO: 103), QASYPAEV (SEQ ID NO: 104),
ASSYPAEV (SEQ I NO: 105), LGSYPAEV (SEQ 1D NO» 106), QSTNKAEV (SEQ ID NG 107),
HSSYPAEV (SEQ ID NG: 108), SSSYTAEV (SEQ I NG: 109), TSLYPAFE (SEG ID NG: 110),
ASSYQAEV (SEQ 1D NO: 111), OSSYTPSL (SEQ I3 NG: 112), QSRYPAEE (SEQ 1D NO: 113),
LSSYQAEV (SEQ ID NG: 114), HSSYPAAV (SEQ ID NO: 113), QSSNPAEV (SEQ ID NO: 116},
QSSYTAEV (SEQ ID NO: 117), TSLCPAEV (SEQ D NO: 118), QRSYTAEV (SEQ ID NUO: 119), o1
OSSYQAEE (SEQ ID NG: 120

{11} an aming acid sequence comprising any portion of an amino acid sequence in (i), e.g., any 2,
3.4, 5,6, or 7 amino acids, e.g., consecutive aminge acids, thereof,

(i) an amino acid scquence comprising one, two, or three but noe more than four modifications
refative to any one of the amino acid sequences in (i); or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative 10 any one of the aratoo acid sequences in ().

26. The AAV particke of any one of embodiments 20-25, wherein [N1i-[N2]-IN3] comprises:

(1) SSYPAEVVQ (SEQ ID NG: 121). SKYPAEVVQ (SEQ ID NG: 122), SLYPAEVVQ (SEQ
ID NG: 123), SRYPAEVVQ (SEQ IB NO: 124), SSYPPSLVQ (SEQ ID NGO 128), GAYPAEVVQ
(SEQ ID NG: 126), GSYPAEVVQ (SEQ D NO: 127), ASYPAEVVQ (SEQ 1D NG: 128),
STNKAEVVQ (SEQ ID NO: 129), SSYTAEVVQ (SEQ ID NO: 130}, SKYPAEVED (SEQ ID NO:
131), SLYPAEEVQ (SEQ ID NO: 132), SSYQAEVVQ (SEQ ID NO: 133), SSYTPSLVQ (SEQ ID NO:
134y, SRYPAEBEVQ (SEQ ID NQO: 135), SSYPPSLEQ (SEQ 1D NO: 136), SSYPPSLVK (SEQ ID NO:
140y, SSYPAEVVIC (SEQ ID NO: 141), SKYPAEVVH (SEQ ID NG: 142), SSYPAAVVQ (SEQ ID
NO: 143), SSNPAEVVQ (SEQ 1D NO: 144), SECPAEVVQ (SEQ TD NO: 145), RSYTAEVV(Q (SEQ
1D NO: 146), SSYTAEVVK (REQ ID NO: 1473, SSYPAEVLQ (SEQ ID NO: 148), or SSYQAEEVQ
(SEQ D NO: 149y,

{1} an amine acid sequence compyising any portion of an amine acid sequence in (3), ¢.g., any 2,
3,4, 5,6, 7, or 8§ amino acids, ¢.g., cousccutive amino acids, thereof]

(iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative (o any one of the amino acid sequences 1n (1) or

{iv) an aming acid sequence compnsing one, two, or three but no more than fowr differcnt amino

acids relative to any one of the amino acid sequences in (i),

ool
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27. The AAV particle of embodiment 3 or anvy one of embodiments 20-26, wherein {N11-[N2]-[N3}isor
comprises:

(1) OSSYPAEVVOK (SEQ ID NO: 150}, OSKYPAEVVQK (SEQ ID NO: 151),
TSLYPAEVVOK (SEQ IDNG: 152), SSSYPAEVVQK (SEQ ID NG 153), QSRYPAEVVQK (SEQ 1D
NO: 154), QSSYPPSLVGK (SEQ ID NO: 153), AGAYPAEVVOK (SEQ IR NO: 156),
IGSYPAEVVQK (SEQ ID NG: 1537), QASYPAEVVOK (SEQ ID NG: 138), ASSYPAEVVQOK (SEQ
1D NO: 1593, LGSYPAEVVOK (SEQ 1D NO: 160), OSTNKAEVVOK (SEQ ID NO: 161),
HSSYPAEVVQK (SEQ IB NO: 162), SSSYTAEVVOK (SEQ ID NQO: 163). QSKYPAEVEQK (SEQ
1D NG 164), TSLYPAEEVQK (SEQ 1D NG 165), ASSYQAEVVQK (SEQ ID NG: 166).
USSYTPSLVOK (SEQ ID NO: 167), QSRYPAEEVQK (SEQ ID NO: 168), QSSYPPSLEQK (SEQ ID
NQO: 169), QSSYPPSLVEEK (SEQ ID NO: 170), LSSYQAEVVQK (SEQ D NO: 171),
SSSYPAEVVKK (SEQ ID NO: 172), QSKYPAEVVHE (SEQ ID NO: 173). HSSYPAAVVQK (SEQ
ID NO: 174), QSSNPAEVVOK (SEQ ID NO: 175), SSSYPAEVVQQ (REQ ID NO: 176),
QS8SYTAEVVQK (SEQ ID NO: 177), TSLCPAEVVOK (SEQ ID MNO: 178), QRSYTAEVVOK (SEQ
1D NO:179), QSSYTAEVVRK (SEQ ID NO: 180), HSSYPAEVLOK (SEQ ID NO: 181), or
QSSYQAEEVQK (SEQ ID NO: 182);

(i) an amino acid sequence corprising agy portion of an amino acid sequence in (1), ¢.g., any 2,
3,4,5 6,7 8,9, or 10 anino acids, ¢.g.. consecutive amino acids, thereof,

(i) an amino acid sequence compusing one, two, o1 three but no more than four modifications
relative to any one of the aming acid sequences in (i); or

{iv) an amine acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amine acid sequences in (3).

28. The AAV particle of anv one of embodiments 1-27, which further comprises {NO|, wherein [NO]
comprises X, Xp, and X¢, wherein;

{(ay Xais T, LorN;

by X is N

() Xeis N, T, S, orK; and

optionally, wherein the AAV capsid variant comprises an amino acid modification, ¢.g., a

consetvative subsiituiion, of any of the aforesatd amine acids in{a)-(c).

29. The AAV particle of embodimaent 28, wherein {NOY comprises TN, IN, NN, NT, NS, or NK.

30, The AAV particle of embodiraent 3, 28, or 29, wheretn {NO] is or comprises TNN, TNT, INN, TNS,
NNN, or TNE.
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31. The AAV particle of embodiment 3 or anv one of embodiments 28-30, wherein {NGI-[N1]is or
comprises:

(1) TNNQSS (SEQ 1D NO: 183), TNNQSK (SEQ ID NO: 184), TNNTSL (SEQ ID NO: 185),
TNNSSS (SEG ID NO: 186), TNNQSR (SEQ IR NQ: 187), TNNAGA (SEQ ID NG 18%), TNNIGS
(SEQ D NO: 189). TNNQAS (SEQ ID NO: 1903, TNTASS (SEQ ID NO: 191), TNNLGS (SEQ 1D NO:
1923, TNNQST (SEQ TD NO: 193), TNNHSS (SEQ TD NO: 194), TNNQSK (SEQ ID NG 184y,
TNNLSS (SEQ ID NG: 195), INNGSS (SEC ID NO: 196), TNSQSES (SEQ ID NO: 197), NNNQOSR
(SEQ D NO: 198), TNSTSL (SEQ ID NO: 199), TNNQRS (SEQ D NO: 200), or TNEQAS (SEQ ID
NG 201y

(i) an aming acid sequence comprising any portion of an amino acid sequence in (), e.g., any 2,
3, 4, or 3 anuino acids, ¢.g., consecutive aming acids, thereof)

(i) an amino acid sequence comprising one, two, or three but no more than four modifications
relative fo any one of the amino acid sequences in (3); or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),

32 The AAV particle of crobodiment 3 or any one of embodirments 28-31, wherein [NOJ-[N1}-{N2}-[N3]
IS Ot conmprises:

(i) TNNQSSYPAEVVOK (SEQ ID NO: 500), TNNQSKYPAEVVQK (SEQ 1D NO: 503},
TNNTSLYPAEVVQEK (SEQ B NO: 506), TNNSSSYPAEVVQE (SEQ 1D NO: 5083,
TNNQSRYPAEVVOE (SEQ ID NO: 510), TNNQSSYPPSLVQK (SEQ ID NO: §12),
TNNAGAYPAEVVQE (SEQ ID NO: 513), TNNIGSYPAEVVQK. (SEQ ID NU: 514),
TNNQASYPAEVVQK (SEQ ID NO: 517), TNTASSYPARVVOK (SEQ ID NO: 5203,
TNNLGSYPAEVVQK (SEQ ID NO: 523), TNNOSTNKAEVVOK (SEQ 1D NO: 524),
TNNHSSYFAEVVOK (SEQ ID NO: 525), TNNSSSYTAEVVOK (SEQ ID NO: 526),
TNNOSKYPAEVEQK (SEQ 1D NO: 529), TNNTSLYPAEEVQK (SEQ 1D NG: 530),
TNTASSYQAEVVOK (SEQ ID NO: 531), TNNQSSYTPSLVOK (SEQ 1D NO: 533),
TNNOSRYPAEEVOK (SEQ ID NO: 534), TNNOQSSYPPSLEQK (SEQ ID NO: 535),
TNNQSSYPPSLVKK (SEQ ID NO: 536), TNNLSSYQAEVVQK (SEQ ID NO: 539),
TNNSSSYPAEVVKE (SEQ ID NO: 540), TNNQSKYPAEVVHK (SEQ TD NO: 542),
NNQSSYPAEVVOK (SEQ TD NO: 543), TNNHSSYPAAVVOK (SEQ IR NO: 545),
TNSQSSNPAEVVQE (SEQ ID NO: 548), TNNSSSYPAEVVQQ (SEQ ID NO: §51),
NNNQSRYPAEVVQE (SEQ ID NO: 552), INNGSSYTAEVVOK (SEQ ID NO: §53),
TNNTSLCPAEVVEK (SEQ ID NO: 554, TNSTSLYPAEVVQE (SEQ ID NO: 556),
TNNQRSYTAEVVQK (SEQ ID NO: 557), TNNQSSYTAEVVEK (SEQ ID NO: 538),
TNNHSSYPAEVLQK (SEQ ID NO: 560), TNNOSSYQAEEVOK (SEQ ID NO: 562). of
TNKQASYPAEVVOK (SEQ 1D NO: 563);
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{11y an aming acid sequence comprising any portion of an amino acid sequence in (i), e.g., any 2,

3,4,5,6,7,8,9,10, 11, 12, or 13 amino acids, ¢.g., consecuiive amingo acids, thereof)
{iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the amino acid sequences in (1), or
{tv} an amine acid sequence compusing one, two, or three but no more than four different anxino

acids relative to any one of the amino acid scquences in (1),

33. The AAV particle of embodiraent 3 or 32, wherein {NOJ-{N1{-[N2]-IN3] is or comprises
TNNQSSYPAEVVOK (SEQ H) NG: 500).

34. The AAV particle of embodiment 3 or 32, wherein {NOJ-{N1{~[N2}-{N3} is or comprises
TNNAGAYPAEVVOK (SEQ ID NO: 513), TNNTSLYPAEVVOK (SEQ ID NO: 506),
THNQSKYPAEVVOQK (SEQ ID NO: 503), TNNQSSYTPSLVOK (SEQ ID NQ: 533),
THNNQSSYPPSLVQK (SEQ ID NO: 512), TNNQSRYPAEVVQOK (SEQ ID NO: 5103,
TNNQSSYPPSLEQGK (SEQ 1D NO: 535), TNNQSSYPPSLVKK (SEQ 1D NO: 536), or
INNQSSYPAEVVOK (SEQ ID NO: 543).

35 The AAV particle of any one of embodimuents 1-34, which further compuses N4}, wherein [N4]
comprises Xg and Xy, wherein

{a) Xgis T, P, or N; and

by Xuis A; and

optionally wherein the AAV capsid variant comprises an amino acid modification, e.g., a

conservanve substitution, of any of the aforesaid amine acids in (8) or (b).

36. The AAV particle of embodiment 35, wherein [N4] is or comprises TA, PA, or NA.

37. The AAV particle of any one of embodinents 3, 35, and 36, wherein [N3}-[N4] is or comprises:

(1) VOKTA (SEQ 1D NO: 564), EQKTA (SEQ ID NO: 565), VKKTA (SEQ ID NO: 566),
VOEPA (SEQ TD NG 367), VHKTA (SEQ TR NGO 568), VOQTA (SEQ TR NO: 569), VOKNA (SEQ
0 NG: 570y, or LOKTA (SEQ ID NO: 571y

{1y an amine acid sequence comprising any portion of an aminoe acid sequence in (i), ¢.g., any 2,
3, or 4 amine acids, ¢.g., consecutive amine acids, thercof!

{11} an amino acid sequence comprising one, two, or three but no more than four modifications
relative to agy ope of the amino acid sequences 1n (1)) or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),
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38. The AAV particle of embodiment 3 or anvy one of embodiments 35-37, wherein {NO-{N1]-N2]-
[N3]-{N4] is or comprises:

(1) TNNQSSYPAEVVOQKTA (SEQ ID NO: 1533), TNNQSKYPAEVVQKTA (SEQ 1D NO:
1538), TNNTSLYPAEVVQKTA (SEQ ID NO: 1232), TNNSSSYPAEVVQKTA (SEQ ID NO: 1539),
TNNQSRYPAEVVQKTA (SEQ 1D NO: 1327), TNNQSSYPPSLVQOKTA (SEQ ID NO: 1300),
TNNAGAYPAEVVOKTA (SEQ 1D NO: 1021, TNNIGSYPAEVVOKTA (SEQ ID NO: 1112),
TNNQASYPAEVVOKTA (SEGQ ID NO: 1194), TNTASSYPAEVVOKTA (SEQ [D NO: 1375),
TNNLGSYPAEVVQRTA (SEQ ID NO: 1027), TNNQSTNKAEVVOKTA (SEQ ID NG: 1578),
TNNHSSYPAEVVOKTA (SEQ ID NG 1310, TNNQSKYPAEVVQKTA (SEC ID NO: 1538),
TNNSSSYTAEVVOKTA (SEQ ID NO: 1214), TNNQSKYPAEVEQKTA (SEQ ID NO: 12543,
TNNTSLYPABEVORTA (SEQ ID NO: 1583, TNTASSYQARVVOKTA (SEQ 1D NO: 1584),
TNNGQSSYTPSLVOKTA (SEQ ID NO: 1585), TNNQSRYFAEEVQKTA (SEQ 1D NO: 1342),
THNQSSYPPSLEQKTA (SEQ ID NO: 1590), TNNQSSYPPSLVKKTA (SEQ I NO: 1591),
THNLSSYQAEVVOKTA (SEQ ID NO: 1592), TNNQSSYPPSLVOQKPA (SEQ ID NO: 1593),
THNNSSSYPAEVVIKKTA (SEQ ID NO: 1331, TNNOQSKYPAEVVHETA (SEQ ID NO: 1453),
THNSSSYPAEVVQOKPA (SEQ ID NO: 1142), INNQSSYPAEVVOKTA (SEQ 1D NO: 1024),
TNNHSSYPAAVVOKTA (SEQ ID NG 1598), TNSQSSNPAEVVQKTA (SEQ 1D NO: 1599),
TRNSSSYPAEVVOOQTA (SEQ ID NO: 1419), NNNQSRYPAEVVOKTA (SEQ ID NOG: 1601),
THNNQSSYTAEVVQKNA (SEQ ID NO: 1602), TNNTSLCPAEVVQKTA (SEG ID NO: 1603),
TNSTSLYPAEVVOKTA (SEC ID NO: 16035), TNNORSYTAEVVOKTA (SEQ ID NQO: 1604),
TNNQSSYTAEVVEKTA (SEQ ID NO: 1606), TNNHSSYPAEVLOKTA (SEQ ID NQO: 1607),
TNNOSSYQAEEVOKTA (SEQ 1D NO: 1608), , TNEQASYPAEVVOKTA (SEQ ID NO: 1587);

(i1 an amino acid sequence comprising any portion of an amino acid sequence In (1), e.g., any 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 15 amino acids, e.g., consecutive amino acids, thereof,

{iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the anxino acid sequences in (), or

{iv) an amine acid sequence comprising one, fwo, or three but no more than four different amino

acids relative to any one of the amino acid scquences in (i),

39, The AAV particle of embodimant 3 orany one of erobodiments 35-38, wherein [NO-IN1-N2]-

[N3}-{N4] is or comaprises TNNQOSSYPAEVVOKTA (SEQ 1D NO: 1533)

40. The AAV particle of embodiment 3 or any one of embodiments 35-38, wherein {NGJ-IN1]{-{N2}-
[N31-IN4] is or comprises TNNAGAYPAEVVOKTA (SEQ ID NQC: 1021, TNNTSLYPAEVVQKTA
(SEQ ID NO: 1232), TNNQSKYPABEVVOKTA (SEQ 1D NO: 1538), TNNQSSYTPSLVOKTA (SEQ
ID NQO: 1583), TNNOSSYPPSLVOETA (SEQ 1D NO: 1300), TNNQSRYPAEVVQETA (SEQ B NG:

v
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1327), TNNQOSSYPPSLEQKTA (SEQ 1D NO: 1590), TNNOSSYPPSLVKKTA (SEQ 1D NO: 1591), or
INNQSSYPAEVVOQKTA (SEQ 1D NO: 1024

41. An adeno-associated vitus (AAV) particle comprising a viral genome conprising a frataxin (FXN)-
encoding sequence {¢.g., encoding a burman FXN protein) and an AAV capsid vanant (e.g., an AAVS
capsid vadant), wherein the AAV capsid vagant comprises an anino sequence corprising the following
formula: [B]-[CE (SEQ ID NO: 2113}, wherein
(i) [B] comprises X3, Xz, and X3, wherein:
@ X1i5Q. 1,8 A LL orH;
By X2is 8, G, or A and
)y Xsis 8, K L, R or A and
(1) [} comprises the amino actd sequence of YPAEVVQK (SEQ 1D NG: 943),

42, An adeno-associated virus {AAV) particle compnising a viral genome comprising a frataxin FXN)-
enceding sequence (e.g.. enceding a human FXN protein) and an AAV capsid variant (e.g., an AAVS
capsid variant), wherein the AAV capsid variant comprises ong, fwo, three, four, or all of:

(1) an [A}], wherein {A] comprises the amino acid sequence of TNN, TNT, INN, NNN, TNS, or

(ii) a [ B}, wherein {B] comprises the amino acid sequence of 988, TSL, 888, QSR, QSK, AGA,
IGS, QAS, ASS, LGS, or HSS;

{111 a [C}, wherein {C] comprises the amino acid sequence of YPAEVVQK (SEQ ID NO: 943);
and

{tv} a {D], wherein {3} comprises the amino acid sequence of TA or PA; and

optionally wherein [C] replaces position 577 relative to a reference sequence numbered

according to the amino acid sequence of SEQ ID NO: 138,

43. The AAV particle of embodiment 41, wherein:
@X:eQ T, S A orH;
() X2isSor G and
(¢} X3is S, K, L, or R,

44. The AAV particle of embodiment 41 or 43, wherein [B] comprises @S, TS, 88, AG, IG, QA, AS,
LG, HS, SK, 81, SR, GA, or GS.

45. The AAV particle of any one of cmobodiments 41-44, wherein {B] is or comprises (SS, TSL, SS8§,
QSR, QSE, AGA, IGS, QAS, ASS, LGS, or HSS.
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46. The AAV particle of embodiment 41 or any one of embodiments 43-45, wherein [B]-[{C] comprises:

(1) SSYPAEVVQIK (SEQ 1D NO: 572), SKYPAEVVOK (SEQ D NO: 573), SLYPAEVVQK
(SEQ D NO: 574), SRYPAEVVQK (SEQ ID NO: §73), GAYPAEVVQK (SEQ 1D NO: 576),
GSYPAEVVOK (SEQ ID NO: 580), or ASYPAEVVOK (SEQ ID NO: 582),;

{1y an amine acid sequence comprising any portion of an aminoe acid sequence in (i), ¢.g., any 2,
3,4.5,6,7, 8, or 9 amno acids, ¢.g., consecutive aming acids, thercof,

{ii1) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to agy ope of the amino acid sequences 1n (1)) or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),

47. The AAV particle of any one of embodiments 41-46, wherein [B}-{C] is or comprises:

(1) QSSYPAEVVQK (SEQ ID NO: 130), QSKYPAEVVOK (SEQ ID NO: 151,
TSLYPAEVVQK (SEQ ID NO: 152), SSSYPAEVVQK (SEQ 1D NO: 183), QSRYPAEVVOK (SEQ 1D
NO: 154), AGAYPAEVVOK (SEQ ID NO: 136), IGRSYPAEVVOK (SEQ 1D NO: 157),
QASYPAEVVQK (SEQ ID NO: 158), ASSYPAEVVQK (SEQ 1D NG: 159), LGSYPAEVVQK (SEQ
ID NG 160), or HSSYPAEVVOK (SEQ 1D NO: 162);

(1) an amino acid sequence comprising agy portion of an amino acid sequence in (i), e.g., any 2,
3,4,5.6, 7,8, 9, or 10 amino acids, e.g., conseculive anino acids, thereof;

(il an amino acid sequence comprising one, two, or three but ne more than four modifications
relative to any one of the amino acid sequences in (3); or

{(iv) an amino acid sequence comprising one, two, or three but no more than four different amine

acids relative to any one of the amine acid sequences in (3).

48. The AAV particle of any one of embodiments 41-47, wherein {B}-{C}] is or comprises

QSSYPAEVVOK (SEG ID NO: 1503

49, The AAV particle of any one of crobodiments embodiment 41-47, wherein [B]-{C] is or comprises
AGAYPAEVVQK (SEQ I NGO 156), TSLYPAEVVQK (SEQ D NO: 152), QSKYPAEVVQK (SEQ
O NGO 151, or QSRYPAEVVOK (SEQ T NG 154),

50, The AAV particle of any one of embodiments 1-49, which further comprises one or both of an amino
acid other than T at position 571 (e.g.. T or N}, and/or an amine acid other than N at position 573 (e.g.. T,
S, or K, relative 1o a reference sequence numbered according to the amino acid sequence of SEQ 1D NO:

138 or 982,
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51. The AAV particle of any one of cimbodiments 1-49, which further comprises:

{i)a T at posttion 371, an N at position 572, and/or an N at position 5373, numbered according to
the amino acid sequence of SEQ D NO: 138 or 982;

{iiya T at position 371, an N at position 572, and/or a T at position 573, nombered according to
the amino acid sequence of SEQ ID NO: 138 or 982;

{i1) an { at position 571, an N at position 572, and/or an N at position 573, nombered according
to the araino acid sequence of SEQ [D NO: 138 or 982;

(tvya T at positiont 571, an N at position 572, and/or an S at position 573, nunbered according o
the amino acid sequence of SEQ ID NG: 138 or 982;

(v} an N at position 371, an N at position 5372, and/or an N at position 373, according to the
amino acid sequence of SEQ D NO: 138 or 982; or

(viya T at position 571, an N at position 572, and/or a K at position 573, numbered according (o

the amine acid sequence of SEQ 1D NO: 138 or 982,

52. The AAV particle of any onc of embodiments 41-51, which further comprises [Al, whercin [A]
comprises Xa, Xp, and X, wherein:

(ay Xais T, L ot N;

(b) Xy is N, and

() XeisN, T, S, or K; and

aptionally wherein the AAY capsid variant comprises an armno acid modification, ¢.g., a

conservative substitution, of any of the aforesaid amino acids in (Q)-(C).

53. The AAV particle of embodiment 52, wherein [A] comprises TN, IN, NN, NT, NS, or NK.

54. The AAV particle of any one of embodiments 42, 52, and 53, wherein {A] is or comprises TNN,
TNT, INN, NN, TNS, or TNK.

55. The AAV particle of embodiment 42 o1 any one of embodiments 52-34, wherein [A}-[B] s or
comprises:

() TNNQSS (SEQ 1D NO: 183), TNNQSK (SEQ ID NO: 184). TNNTSL (SEQ ID NO: 185),
TNNSSS (SEQ ID NO: 186), TNNQSR (SEQ 1D NO: 187), TNNAGA (SEQ 1D NG {88), TNNIGS
(SEQ D NO: 189), TNNGAS (SEQ ID NO: 190), TNTASS (SEQ D NG: 191), TNNLGS (SEQ ID NG:
192), TNNHSS (SEG [D NO: 194), INNQSS (SEQ ID NO: 196), NNNQSR (SEQ 1D NO: 1983,
TNSTSL (SEQ ID NO: 199), or TNEQAS (SEQ ID NG: 201y

(i) an aming acid sequence comprising any portion of an amino acid sequence in (), e.g., any 2,

3, 4, or 3 anuno acids, ¢.g., consecutive aming acids, thereof)
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{1i1) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the anxno acid sequences in (i), or
{iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid scquences in (i),

56. The AAV particle of embodiment 42 or any one of embodiments 52-35, wherein [AJ-[B]-{Clisor
COmPrises:

(1) TNNQSSYPAEVVQK (SEQ ID NO: 500), TNNQSKYPAEVVQE (SEQ ID NO: 503),
TNNTSLYPAEVVQK (SEQ ID NG: 306), TNNSSSYPAEVVOK (SEQ 1D NO: 508),
TNNQSRYPAEVVOK (SEQ ID NQO: 5103, TNNAGAYPAEVVQE (SEQ 1D NO: 513),
TNNIGSYPAEVVQK (SEQ ID NG: 514), TNNQASYPAEVVQK (SEQ ID NO: 517),
TNTASSYPAEVVQK (SEQ ID NO: 520), TNNLGSYPARVVOK (SEQ ID NO: 523).
THNHSSYPAEVVOK (SEQ ID NO: 525), INNOQSSYPAEVVQK (SEQ ID NQ: 543),
WNNNQSRYPAEVVOK (SEQ 1D NO: 352), TNSTSLYPAEVVQK (SEQ ID NO: 556), or
THNKQASYPAEVVQK (SEQ ID NG: 563),

(i1) an amino acid sequence comprising any portion of an amino acid sequence in (i), ¢.g., any 2,
3,4,56,7.8,9, 10, 11, 12, or 13 amigo acids, ¢.g., consecutive aming acids, thereof,

{iti) an amino acid sequence comprising one, two, or three but no mere than four modifications
relative to any one of the amine acid sequences in (i); or

(1v} an amino acid sequence comprising one, two, or theee but go more than four different amino

acids relative to any one of the amine acid sequences in (3).

57 The AAV particle of embodiment 42 or any one of embodiments 52-34, wherein [A}-[B}-{Clis or

comprises TNNQSSYPAEVVQK (SEQ 1D NO: 500).

58. The AAV particle of embodiment 42 or any one of embodiments 52-34, wherein [A]-[B]-{Clisor
conprises TNNAGAYPAEVVOK (SEQ ID NO: 5133, TNNTSLYPAEVVQK (SEQ ID NO: 506),
TNNQSKYPAEVVQK (SEQ D NO: 503), TNNQSRYPAEVVOK (SEQ ID NO: 510), or
INNQSSYPAEVVOK (SEG ID NO: 543).

59. The AAV paricle of any one of erabodiments 1-58, which further comprises:

(1) an amino acid other than T at position 378 (e.g.. P or N). nombered according to the amino
acid sequence of SEQ D NG: 138; or

(it) an amiog acid other than T at position 385 {¢.g., P or N}, numbered according to the amine

acid sequence of SEQ ID NO: 982,

60. The AAV particle of any one of embodiments 1-58, which further comprises:
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(1) a T at position 578 and/or an A at position 579, numbered according to the amino acid
sequence of SEQ 1D NO: 138; ora T at position 5385 and/or an A at position 586 relative to a reference
sequence numbered according to SEQ D NO: 982;

{i1) a P at position 5378 and/or an A at postion 579, numbered according o the amine acid
sequence of SEQ I NO: 138, ora P at position 585 and/or an A at postiton 586 numbered according to
SEQ D NG 982; or

(ii1) an N at position 378 and/or an A at posttion 579, sumbered according to the amino acid
sequence of SEQ 1D NG 138; oran N at posiion 585 and/or an A at position 536 nunbered accordiog (o
SEQ ID NG: 982.

61. The AAV particle of any onc of erabodiments 41-60, which further comprises {D}, whercin {D}]
comprises X4 and Xs, wherein:

(3) Xais Tor N and

by Xsis A,

62. The AAV particle of embodiment 42 or 61, wherein [} is or comprises TA or PA.

63, The AAV particle of any one of crobodioents 42, 61, and 62, wherein {C]-{D] 1s or compuses:

{0) YPAEVVOKTA (SEQ ID NO: 584) or YPAEVVQOKPA (SEQ 1D NO: 586},

(1) an amine acid sequence compyising any portion of an amine acid sequence in (1), ¢.g., any 2,
3.4.5,6,7, 8 or % amino acids, ¢.g., consecutive amino acids, thercof

(iii) an amino acid sequence comprising one, two, or three but no more than four modifications
refative to any one of the amino acid sequences in (1)) or

{iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),

64. The AAV particle of embodiment 42 or any one of embodiments 61-63, wherein [A]-[B}-{C]-{D] is
OF COmprises:

() TNNOSSYPAEVVORTA (SEQ ID NO: 1533), TNNQSK YPAEVVOKTA (SEQ ID NO:
1538), TNNTSLYPAEVVOEKTA (SEQ ID NG 1232), TNNSSSYPAEVVOKTA (SEQ 1D NO: 1339,
THNNQSRYPAEVVOKTA (SEQ D NG 1327), TNNAGAYPAEVVQRTA (REQ D NG: 1021).
TNNIGSYPAEVVOKTA (SEQ ID NO: 1112), TNNQASYPAEVVOKTA (SEQ ID NG: 1194),
TNTASSYPAEVVOKTA (SEQ 1D NO: 1575), TNNLGSYPAEVVQKTA (SEQ ID NO: 1627),
TNNHSSYPAEVVQKTA (SEQ D NO: 15310), TNNSSSYPAEVVOKPA (SEQ D NG: 1142y,
INNGSSYPAEVVCKTA (SEQ I NO: 1024), NNNQSRYPARVVOKTA (SEQ ID NC: 1601),
TNSTSLYPAEVVQKTA (SEQ ID NO: 1605), or TNKQASYPAEVVQKTA (SEQ D NO: 1587);
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{11y an aming acid sequence comprising any portion of an amino acid sequence in (i), e.g., any 2,
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acids, e.g., consecntive amino acids, thereof]

{iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the amino acid sequences in (1), or

{tv} an amine acid sequence compusing one, two, or three but no more than four different anxino

acids relative to any one of the amino acid scquences in (1),

65. The AAV particle of embodiment 42 or any one of embodiments 61-64, wherein [A]-{B]-{CI-{D11s
or comprises TNNQSSYPAEVVQKTA (SEQ D NO: 1533).

66. The AAV particle of embodiment 42 or any one of embodiments 61-64, wherein [A}-[B{-{C]-{D] is
or comprises TNNAGAYPAEVVOKTA (SEQ ID NG: 1021), TNNTSLYPAEVVOKTA (SEQ ID NO:
1232), TNNQSKYPAEVVQKTA (SEQ ID NO: 1538), TNNQSRYPAEVVOKTA (SEQ ID NO: 1327),
or INNQSSYPAEVVQOKTA (SEQ 1D NO: 1024,

67. An AAV particle comprising a viral genome comprising a frataxin (FXN)-encoding sequence {e.g.,
enceding a human FXN protetn) and an AAV capsid variant (e.g., an AAVS capsid variant), wherein the
AAV capsid vagant comprises an aming sequence corprising the formula [N2J-IN3], whereing
(D) [N2] comprises X1, X2, Xs, X, and X5, wherein:

@ X1isYorT,

) XoisQ, T, P or E;

() Xzis A;

{d) X4is E or D; and

(e} Xs5is VorE; and

{(i1) N3] comprises the amino acid sequence of VQK or VON.

08. An AAV particle comprising a viral genome encoding a frataxin (FXNj-encoding sequence {(e.g.,
encoding a human FXN protein) and an AAV capsid varant (¢.g., an AAVS capsid variant), wherein the
AAV capsid variant comprises one, two, threg, four, or all of:

{1) an {NO] comprising TNN, TNS, TNT, or TNK;

{11y an {N1} comprising QSS, SL3, SLY, SAT, ot QTS;

{ii1) an N2} comprising YPAEV (SEQ ID NO: 1), YOAEV (SEQ IDNG: 6). YTAEV (SEQ ID
NO: 4y, YPAEE (SEQ ID NO: 5), TEAEV (SEQ 1D NO: 12}, or YPADV (SEQ ID NO: 13);

{iv}) an [N3] corprising VOK or VON; and

(v} an {N4] comprising TA, PA, TD NA or PA,
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9. The AAV particle of embodiment 1 or 67, wherein {N2] conmprises YP, YQ, YT, TE, QA, TA, PA,
EA EV,EE, DV, AE, or AD.

70. The AAV particle of any one of embodiments 1, 67, and 69, wherein {N2] comprises YPA, YA,
YTA. TEA, QAE, TAE. PAE, EAE, PAD, AEV, AEE, or ADV.

71. The AAV particle of any one of embodiments 1, 67, 69, and 70, wherein [N2] comprises YPAE
(SEQ D NO: 21), YOAE (SEQ ID NG: 233, YTAE (SEQ ID NG: 243, TEAE (SEQ 1D NG: 587), YPAD
(SEQ ID NO: 388y, QAEV (SEQ ID NG 135), TAEV (SEQ ID NG: 16}, PAEV (SEQ ID NO: 17), FPAEE
(SEQ ID NO: 18), EARV (SEQ ID NO: 390), or PADY (SEQ 1D NO: 19).

72. The AAV particle of embodiment 1 or any one of embodiments 67-71, wherein [N2] is or comprises
YPAEV (SEQID NO: 1), YQAEV (SEQ ID NO: 6), YTAEV (SEQ 1D NG: 43, YPAEE (SEQ ID NO:
5% TEAEV (SEQ ID NO: 12), or YPADV (REQ 1D NG: 13).

73. The AAV particle of embodiment 1 or any one of embodiments 67-72, wherein {N3] comprises the

amino acid sequence of VOK.

74 The AAV particle of crobodiment 1 o1 67 or any one of embodiments 69-73, wherein [NZ]-{N3}
COTRpHises:

(1) AEVVOK (SEQ 1D NG: 36), AEEVQK (SEQ ID NO: 39), AEVVON (SEQ ID NO: 3913, or
ADVVOK (SEQ ID NO: 593);

(i1 an amino acid sequence comprising any portion of an amino acid sequence In (1), e.g., any 2,
3, 4, or § amino acids, e.g., consecutive amino acids, thereof,

{iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the anxino acid sequences in (), or

{iv) an amine acid sequence comprising one, fwo, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),

75. The AAV particle of embodimnent 1 or 67 or any one of embodiments 69-74, wherein [N2}-[{N3}
comprises:

() PAEVVON (SEQ ID NO: 594), QAEVVQK (SEG 1D NO: 32y, TAEVVQK (SEQ ID NG
49y, PAEVVQK (SEQ ID NO: 20y, PAEEVQK (SEQ 1D NG: 51), EAEVVQK (SEQ ID NO: 395), or
PADVVQK (SEQ ID NO: 596),

(i) an aming acid sequence comprising any portion of an amino acid sequence in (), e.g., any 2,

3,4, 5, or 6 amino acids, ¢.g., consecutive aming acids, thereof]
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{1i1) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the anxno acid sequences in (i), or
{iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid scquences in (i),

76. The AAV particle of embeodimuent 1 orany one of embodiments 57-75, wherein [N2]-[N3}is or
COmPrises:

(i) YPAEVVQK (SEQ ID NO: 943), YOAEVVQK (SEQ ID NO: 9510, YTAEVVQE (SEQ ID
NQO: 948y, YPAEEVOK (SEQ ID NQO: 950y, YPAEVVON (SEQ ID NG: 964), TEAEVVQK (SEC ID
NQO: 9653, or YPADVVQK (SEQ D NO: 966),

{11 an aming acid sequence comprising any portion of an aming acid sequence in (), e.g., any 2,
3,4, 5,6, or 7 amino acids, e.g., conseculive amino acids, thereof,

(iiiy an amino acid sequence comprising one, fwo, o7 three but no more than four modifications
relative to any one of the amino acid sequences in (3); or

{iv} an amino acid sequence comprising one, two, or three but no more than four diffcrent amino

acids relative to any one of the amino acid sequences in (i),

77. The AAV particle of crobodiment 1 or any oue of embodiments 67-76, wherein [N2§-[N3} isor
coraprises YPAEVVOK (SEQ 1D NG: 943),

78. The AAV particke of any one of embodiments 1-77, wherein [N2]-[N3] replaces the amino acid

corresponding to position 377, of the aming acid sequence of SEQ 1D NO: 138,

79. The AAV particle of embodiment 1 or any one of embodiments 67-78, which further comprises one,
two, three or alf of an amino acid other than Q at position 574 {c.g., S). an amino acid other than S at

-~

position 375 (e.g., L, A, or T), and/or an amino acid other than S at position 576 (e.g., Y or T), numbered

fe

according to the amino acid sequence of SEQ 1D NO: 138 or 982.

80. The AAV particle of embodiment 1 or any one of erobodiments 67-78, which further comprises:

{t} a (3 at position 574, an S at position 575, and/or an S at postiton 576, munbered according o
the amino acid sequence of SEQ 1D NO: 138 or 982;

{(i1) an S at position 574, an L at position 373, and/or an S at position 376, nembered according to
the amino acid sequence of SEQ ID NG: 138 or 982;

(i) an S al position 374, an L at position §73, and/ora Y at position 576, nambered according to
the amino acid sequence of SEQ 1D NO: 138 or 982;

(iv) an S at position 574, an A at position 373, and/or a T at position 576, numbered according to

the amino acid sequence of SEQ ID NO: 138 or 982; or
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(v} a Q at position 574, a T at position 575, and/or an S at position 576, numbered according {o

the amino acid sequence of SEQ ID NO: 138 or Y82,

81. The AAV patticle of enbodiment 1 or any one of embodiments 67-80, which further comprises [N,
wherein {N1] comprises Xp, Xg, and Xy, wherein

{a)y XpisQuors;

(by Xe1s 5, L, A, or'T; and

(CyXpis S, Y, or T: and

optionally wherein the AAV capsid variant comprises an amino acid modification, e.g., a

conservative substitution, of any of the aforesaid amino acids in (aj~{c).

82. The AAV particle of embodiment 81, wherein {N1} comprises 8, SL, SA, QT, LS, LY, AT, TS, or

33. The AAV particle of any onc of embodiments 68, 81, and 82, wherein [N1] is or comprises QSS,
SLS, SLY, SAT, or QTS.

%4 The AAV particle of any one of embodiments 81-83, wherein [N1]-{N2} comprises:

(i) SSYPA (SEQ ID NO: 633, LEYQA (SEQ ID NO: 597). LSYTA (SEQ ID NO: 598), LYYPA
(SEQ I3 NG: 600}, ATYPA (SEQ ID NG: 601), LSYPA (SEQ ID NO: 603), or TSTEA (SEQ 1D NG:
603y,

(i1} an amino acid sequence comprising any portion of an amino acid sequence in (i), e.g., any 2,
3, or 4 amino acids, ¢.g., conseculive amino acids, thereof)

{iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the amino acid sequences in (i); or

{iv} an amino acid sequence compusing one, two, or three but no more than four different anino

acids relative to any one of the anmino acid sequences in (1),

85. The AAV paricle of any ore of crobodiments 81-84, wherein {N1]-[N2] comprises;

(i) SSYPAE (SEQ ID NO: 79), LSYQAE (SEQ ID NO: 607), LSYTAE (SEQ ID NO: 610),
LYYPAE (SEQ ID NO: 61 1), ATYPAE (SEQ 1D NO: 613), LSYPAE (S3EQ I NG: 6163, TSTEAE
(SEQ ID NO: 619), or LSYPAD (SEQ D NG: 621);

{11} an amoo acid sequence comprising any portion of an amine acid sequence in (i), ¢.g., any 2,
3.4, or 5 armoo acids, .., consecutive amnne acids, thereof)

(iii) an amino acid sequence comprising one, two, or three but no more than four modifications

relative to any of the amino acid sequences in (i); or
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{iv} an amino acid sequence compusing one, two, or three but no more than four different anino

acids relative to any one of the amino acid sequences in (1),

86. The AAV paricle of embodiment 68 or any one of embodiments 81-85, wherein [N1]-[N2} is ot
comprises:

() QSSYPAEV (SEQ ID NO: 96), SLSYQAEV (SEQ 1D NO: 622), SLSYTAEV (SEQ ID NO:
623), SLYYPAEV (SEQ ID NO: 624), SATYPAEV (SEQ ID NO: 625), SLSYPAEV (SEQ ID NG
6293, SLSYPAFEE (SEQ 1D NG: 632), QTSTEAEV (SEQ 1D NQO: 633), or SLSYPADYV (SEQ ID NOG:
634y,

(i) an aming acid sequence comprising any portion of an amino acid sequence in (), e.g., any 2,
3,4, 5,6, or 7 amino acids, e.g., consecutive amino acids, thereof,

(i) an amino acid sequence comprising one, two, or three but no more than four modifications
refative to any of the amine acid sequences in (i), or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),

27 The AAV particle of crobodiment 68 ot any one of embodiments 81-86, wherein [NH-IN2}-[N3} is
OF COMPTISes:

(i) QSSYPAEVVQK (SEQ ID NO: 150), SLSYQAEVVOK (SEQ ID NO: 6353,
SLSYTAEVVQK (SEQ ID NO: 637), SLYYPAEVVOK (SEQ 1D NO: 639), SATYPAEVVQOE (SEQ
ID NO: o41), SLSYPAEVVOK (SEQ D NO: 6423, SLSYPAEEVQK {(SEQ ID NO: 643),
SLSYPAEVVON (SEQ 1D NO: 644), QTSTEAEVVQE (SEQ 1D NO: 6433, or SLSYPADVVOK (SEQ
1D NO: 646),;

{11y an amino acid sequence comprising any portion of an amino acid sequence in (i), e.g., any 2,
3,4,5,6,7,8,9,10, 11, or 12 amino acids, ¢.g., consecutive aming acids, thereof)

{111} an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any of the amino acid sequences in (1), or

{iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid scquences in (i),

88. The AAV paricle of embodimnent 68 or any one of embodiments 81-87, wherein [INT]-[N2}-[N3} is
or comprises QSSYPAEVVQK (SEQ ID NO: 150).

89. The AAV particle of embodiment | or any one of embodiments 67-88, which further comprises {NO],
wherein [NO} comprises Xa, Xg, and Xc, wherein:

{ay Xais T;

{b) Xz is N; and
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() Xois N, T, 8, or K and
optionally wherein the AAV capsid conmprises an amino acid modification, ¢.g., a conservative

substitution, of any of the aforesaid amdino acids in (a)-(c).

90. The AAV particle of embodimant 89, wherein {NO}:
() coraprises TN, NS, NT, NN, or NK; and/or
(i1} is or comprises TNS, TNT, TNN, or TNK.

1. The AAV particle of any one of erpbodiments 68, 89, and 90, wherein [NO}-[N1] is or comprises:

(1) TNNQSS (SEQ D NO: 183}, TNSSLS (SEQ 1D NO: 647), TNSSLY (SEQ ID NO: 648,
TNTSAT (SEQ 1D NO: 649), TNNQTS (SEQ 1D NO: 050), or TNKSAT (SEQ D NO: 651);

{11} an aming acid sequence comprising any portion of an amino acid sequence in (i), e.g., any 2,
3. 4, or 5 anuno acids, ¢.g., consecutive amino acids, thereof]

(i) an amino acid scquence comprising one, two, or three but noe more than four modifications
refative to any one of the amino acid sequences in (i); or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative 10 any one of the aratoo acid sequences in ().

92. The AAV particle of embodiment 68 or any one of embodiments 89-91, wherein [NOINT-{N2i-
IN3 1s or comprises:

(1) TNNOSSYPAEVVOK (SEQ ID NG: 500), TNSSLSYQAEVVOE (SEQ ID NO: 632),
TNSSLSYTAEVVOE (SEQ D NO: 654), TNSSLYYPAEVVQK (SEQ ID NO: 655),
TNTSATYPAEVVOE (SEQ ID NO: 656), TNSSLSYPAEVVQK (SEQ ID NO: 6575,
TNSSLSYPAEEVQK (SEQ ID NO: 658), TNSSLSYPARVVON (SEQ 1D NO: 660),
TNNQTSTEAEVVQK (SEQ ID NO: 662), TNKSATYPARVVOK (SEQ ID NO: 663), or
TNSSLSYPADVVQOK (SEQ ID NO: 665);

{11y an amine acid sequence comprising any portion of an amine acid sequence in (i), e.g., any 2,
3,4,5,6,7,8,9,10, 11, 12, or 13 amino acids, ¢.g., consecutive amino acids, thereof]

{ii1) an amino acid sequence comprising one, two, ot three but no more than four modifications
relative to any one of the amino acid sequences 1n (1) or

{iv} an amine acid sequence compusing one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),

3. The AAV particle of embodiment 68 or any one of embodiments 89-92, wherein [INO-[N1}-{N2}-
N3} is or comprises TNNQSSYPAEVVQE (SEQ ID NO: 500).
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94. The AAV particle of embodiment 1 or anvy one of embodiments 67-93, which further comprises [N4],
whergin {N4| comprises ¥g and X, wherein:

{a) Xa 18 T, P, or N; and

(o) Xy is AorD; and

optionally wherein the AAV capsid variant comprises an amino acid modification, 2.2, a

counservative substitution, of any of the aforesaid amino acids in (a) or (b).

95. The AAV pasticle of embodirent 94, wherein [N41 is or comprises TA, TD, PA, or NA.

96. The AAV particle of embodiment 68, 94, or 95, whercin [N3|-{N4] is or comprises:

(i) VOKTA (SEQ ID NO: 564), EQKTA (SEQ ID NO: 565), VEKTA (SEQ 1D NO: 566},
VOEPA (SEQ 1D NO: 567), VHKTA (SEQ 1D NG: 568), VOOTA (SEQ I NO: 569), VOKNA (SEQ
1D NO:570), or LOKTA (SEQ ID NO: 571

(i) an amino acid sequence comprising any portion of an amino acid sequence in (), e.g., anv 2,
3, or 4 amine acids, ¢.g., consecutive annno acids, thereof]

(iiiy an amino acid sequence comprising one, fwo, o7 three but no more than four modifications
relative 1o any one of the ameine acid sequences in (i); ot

(iv) an amino acid sequence comprising one, two, or three but vo more thas four different aming

acids relative to any one of the amine acid sequences in (i),

97. The AAV particke of erobodiment 68 or any one of embodiments 94-96, wherein [NOJIN1]-[N2}-
IN3{-{N4} is or comprises:

(1) TNNQSSYPAEVVOKTA (SEQ ID NO: 1533), TNSSLSYQARVVOKTA (SEQ 1D NO:
2064), TNSSLSYTAEVVOKTA (SEQ ID NO: 2065), TNSSLYYPAEVVQKTA (SEQ ID NUO: 2006},
TNTSATYPAEVVQOETA (SEQ ID NO: 2067), TNSSLSYPAEVVQETA (SEQ 1D NO: 2068),
TNSSLSYPAEEVQKTA (SEQ ID NQ: 2069), TNSSLSYPAEVVQKTD (SEQ ID NO: 2070),
TNSSLSYPAEVVONTA (SEQ ID NO: 2071), TNSSLSYPAEVVQKNA (SEQ ID NO: 2072),
TNSSLSYPAEVVQKPA (SEQ ID NO: 2073), TNNOTSTEAEVVOKTA (SEQ 1D NO: 2074),
TNKSATYPAEVVQKTA (SEQ ID NO: 2075), or TNSSLESYPADVVOQKTA (SEQ 1D NO: 2076),

{1} an amine acid sequence compyising any portion of an amine acid sequence in (3), ¢.g., any 2,
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 amino acids, ¢.z., consecutive amine acids, thereof,

(iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative (o any one of the amino acid sequences 1n (1) or

{iv) an aming acid sequence compnsing one, two, or three but no more than fowr differcnt amino

acids relative to any one of the amino acid sequences in (i),
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98. The AAV particle of embodiment 68 or any one of embodiments 94-97, wherein [NOJ-[NT]-{N2]~

[N3]-{N4] is or comprises TNNOQSSYPAEVVOKTA (SEQ ID NO: 1533).

99. An AAV particle comprising a viral genonwe comprising a frataxin (FXN)-encoding sequence (8.8,
encoding a human FXN protein) and an AAV capsid vanant (e.g.. an AAVS capsid vanant), wherein the
AAV capsid variagt compuases the formoula [K1§{-{K2}, wherein:
(1) [K1] comprises LSY or LYY and
{11y [K27 comprises X1, X2, X, and X4, wherein:
(ayX:1isQ, T, ot P,
(b)Y Xz is A
() XsisEorD; and
(d) Xsis VorE.

106. An adeno-associated virus (AAV) particle comprising a viral gencrne comprising a frataxin (FXN)-
gncoding sequence (€.8., enceding a huoan FXN protein) and an AAVY capsid variast {¢.2., an AAVS
capsid variant), wherein the AAV capsid variant comprises one, two, three, four, or all of:

(1) an KO}, which comprises TNNS (SEQ 1D NO: 14);

(i) an {K 1}, which comprises LSY or LYY,

(i) an {K2}, which comprises QAEV (SEQ ID NO: 15), TAEV (S8EQ 1D NO: 16}, PAEV (3EQ
1D NG: 17), PAEE (SEQ 1D NG: 18), or PADV (SEQ ID NO: 19);

(iv} an {K3], which comprise VOK or VON; and

{v) an {K4], which comprises TA, TD, NA, or PA.

101, The AAV particle of embodiment 99 or 100, wherein {K1} comprises LSY.

102, The AAYV particke of cmbodiment 99 or 101, wherein [K2} comprises QA, TA, PA EV, EE, DV,
AE, or ADY

103, The AAYV particke of any ote of embodirents 99, 101, and 102, wherein {K2} comprises QAE,
TAE, PAE, PAD, AEV, AEE, or ADV.

104, The AAYV particke of any ote of embodiraents 99-103, wherein [K2] is or comprises QAEV (SEQ

1D NO: 15), TAEV (SEQ ID NO: 16), PAEV (SEQ [D NO: 17), PAEE (S8EQ [D NO: 18), or PADV
(SEQ ID NO: 19).
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1035, The AAV particle of embodiment 99 or any one of embodiments 101-104, wherein [K1}-{K2]
conprises LSYQA (SEQ ID NO: 597), LSYTA (SEQ ID NO: 598y, LYYPA (SEQ ID NO: 600}, or
LSYPA (SEQ 1D NO: 603).

106, The AAYV particke of embodiment 99 or any one of embodimends 101-105, wherein [KI1 K2}
Comprises:

(1) LSYQAE (SEQ 1D NG: 607), LSYTAER (SEQ ID NO: 610), LYYPAE (SEQ ID NG: 611),
LSYPAE (SEQ ID NO: 616), or LSYPAD (SEQ D NO: 621}

{i1) an amiog acid sequence comprising any porticn of an amine acid sequence in (i), e.g.. any 2,
3, 4, or 3 anuno acids, ¢.g., consecutive aming acids, thereof)

(iii) an amino acid sequence comprising one, two, or three but no more than four moditications
refative to any one of the amino acid sequences in (i} or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative 1o any one of the amino acid sequences in (i),

107. The AAV particle of any one of embodiments 99-106, wherein [K1]-[K2] is or comprises:

() LSYQAEV (SEQ ID NO: 667y, LSYTAEV (SEQ 1D NO: 668), LYYPAEV (SEQ IR NO:
669), LSYPAEV (SEQ ID NG: 671), LSYPAEE (SEQ 1D NGO: 673), or LRYPADV (SEQ ID NO: 674,

(1) an amino acid sequence comprising agy portion of an amino acid sequence in (i), e.g., any 2,
3,4, 5, or 6 amino acids, e.g., consecutive amino acids, thereof]

(il an amino acid sequence comprising one, two, or three but ne more than four modifications
relative to any one of the amino acid sequences in (3); or

{(iv) an amino acid sequence comprising one, two, or three but no more than four different amine

acids relative to any one of the amine acid sequences in (3).

108. The AAV particle of anv one of embodimenis 99-107, which further comprises an amino acid other

than ( at position 574 {¢.g., S), numbered according to the amino acid sequence of SEQ D NO: 138

109 The AAV particle of any one of embodiments 99-108, which further comprises S at position 574,

numbered according to the amino acid sequence of SEQ 1D NO: 1338,

110. The AAYV particke of any one of embodiments 99-109, which further comprises [KO], wherein [KO]
is or conprises TNNS (SEQ ID NG 14); an armino acid sequernce compnising any portion of an aming
acid sequence, ¢.g., any 2 or 3 amino acids, e.g.. consecutive amino acids, thereof, an amine acid
sequence comprising one, two, or three but no more than four modifications relative to the amino acid
sequence of TNNS (SEQ 1D NO: 14); or an amino acid sequence comprising one, two, of three but no

more than four different aminoe acids relative (o the amino acid sequence of TNNS (SEQ ID NO: 14).
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111, The AAV particle of embodiment 110, wherein [KO0]-[K 1] comprises:

(1) TNSSLS (SEQ ID NO: 647) or TNSSLY (SEQ 1D NO: 648);

(i) an aminoe acid sequence comprising any portion of an amine acid sequence in (i), ¢.g., any 2,
3,4, or 5 amine acids, e.z., consecutive amine acids, thereof)

{ii1) an amino acid sequence comprising one, two, ot three but no more than four madifications
relative to any one of the amino acid sequences 1n (1)) or

{iv) an armine acid sequence compnsing one, two, or three but no more than four different amino

acids relative to any one of the amino acid seqaences 1 (1),

112, The AAV particle of any one of embodiments 100, 110, and 111, wherein [KG]-[K1]is or
Comprises:

(i) TNSSLSY (SEQ ID NO: 676 or TNSSLYY (SEQ ID NO: 678);

(i) an amino acid sequence comprising any portion of an amino acid sequence in (), e.g., anv 2,
3.4, 5, or & amino acids, ¢.g., consecutive amino acids, thereof]

(iiiy an amino acid sequence comprising one, fwo, o7 three but no more than four modifications
relative 1o any one of the ameine acid sequences in (i); ot

(iv) an amino acid sequence comprising one, two, or three but vo more thas four different aming

acids relative to any one of the amine acid sequences in (i),

1153, The AAV particle of any onc of erbodiments 110-112, wherein [KO}-{K 1}-{K21 comprises:

(1) TNSSLSYQA (SEQ 1D NO: 679), TNSSLSYTA (SEQ ID NO: 681), TNSSLYYPA (SEQ ID
NO: 682), or TNSSLSYPA (SEQ ID NO: 683);

{11y an amino acid sequence comprising any portion of an amino acid sequence in (i), e.g., any 2,
3,4,5,6,7, or 8 amino acids, ¢.g., consecutive aming acids, thereof,

{111} an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the anxno acid sequences in (i), or

{iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid scquences in (i),

114, The AAV particle of anv oge of embodiments 110-113, wherein [KO]-{K1}-{K2} comprises:

(1) TNSSLSYQAFE (SEQ ID NG: 684), TNSSLSYTAE (SEQ ID NO: 683), INSSLYYPAE
(SEQ D NO: 686), TNSSLSYPAE (SEQ 1D NO: 6873, or TNSSLSYPAD (SEQ 1D NO: 689);

{i1) an amiog acid sequence comprising any portion of an amine acid sequence in (i), e.g.. any 2,
3,4.5,6,7, 8, or 9 amino acids, ¢.g., consecutive amino acids, thercof]

(iii) an amino acid sequence comprising one, two, or three but no more than four moditications

refative to any one of the amino acid sequences in (i} or
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{iv} an amino acid sequence compusing one, two, or three but no more than four different anino

acids relative to any one of the amino acid sequences in (1),

113, The AAV particle of cbodiment 100 or any one of crabodiments 116-114, wherein [KO}-{K1}-
K2} is or comprises:

() TNSSLSYQAEV (SEQ ID NO: 692}, TNSSLSYTAEV (SEQ 1D NG: 693),
TNSSLYYPAEV (SEQ ID NG: 696), TNSSLSYPAEV (SEQ ID NG: 697}, TNSSLSYPAEE (SEQ 1D
NO: 698), or TNSSLSYPADY (SEQ ID NG: 699);

{i1) an amiog acid sequence comprising any porticn of an amine acid sequence in (i), e.g.. any 2,
3,4.5,6,7, 8.9, or 10 amino acids, ¢.g., consecutive amino acids, thereof]

(iii) an amino acid sequence comprising one, two, or three but no more than four moditications
refative to any one of the amino acid sequences in (i} or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative 1o any one of the amino acid sequences in (i),

116. The AAV particle of any one of embodiments 99-115, which further comprises [K3], wherein [K3]
coraprises Xa, Xp, and Xo, wheretne

@) XaisV;

(b} Xpis Q) and

{c) Xeis KorN; and

optionally wherein the AAV capsid comprises an amino acid modification, ¢.g., a conservative

substitution, of any of the aforesaid amino acids in (a)-(¢).

117. The AAV particle of embodiment 116, wherein [K3}:
(1) comprises V), QK, or QN;
(i) is or comaprises VOK or VN,

118. The AAV particle of embodiment 100, 116, or 117, wherein {K2}-{K3} is o1 comprises:

{0) CAEVVOK (SEQ ID NO: 52), TAEVVQOK (SEQ ID NO: 49), PAEVVQK (SEQ ID NG: 20),
PAEEVOK (SEQ ID NO: §1), PAEVVQN (SEQ ID NO: 594), or PADVVQK (SEQ D NO: 596),

{1y an amine acid sequence comprising any portion of an aminoe acid sequence in (i), ¢.g., any 2,
3,4, 5, or 6 aming acids, ¢.g., conseoutive amine acids, thereof]

{11} an amino acid sequence comprising one, two, or three but no more than four modifications
relative to agy ope of the amino acid sequences 1n (1)) or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),
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119, The AAV particle of embodiment 100 or any one of embodiments 116-118, wherein [K1]-[K2}-
[K3] is or comprises:

(1) LSYQAEVVQK (SEQ D NO: 760), LSYTAEVVOK (SEQ ID NO: 701), LYYPAEVVQK
(SEQ ID NO: 702), LSYPAEVVQOK (SEQ ID NO: 703), LSYPAEEVQK (SEQ ID NG: 704),

{1y an amine acid sequence comprising any portion of an aminoe acid sequence in (i), ¢.g., any 2,
3,4.5,6,7, 8, or 9 amno acids, ¢.g., consecutive aming acids, thercof,

{ii1) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to agy ope of the amino acid sequences 1n (1)) or

(iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),

120. The AAV particle of embodiment 100 or any one of enibodimenis 116-119, wherein [KOJ-K1}-
[K21-[K3] is or comprises:

(1) TNSSLSYQAEVVQK (SEQ ID NO: 652, TNSSLSYTAEVVOE (SEQ ID NO: 654),
TNSSLYYPAEVVQK (SEQ ID NO: 635), TNSSLSYPAEVVQOK (SEQ ID NG: 6573,
TNSSLSYPAEEVOK (SEQ ID NO: 658), TNSSLISYPAEVVON (SEQ 1D NO: 660), or
THNSSLIYPADVVOK (SEQ ID NO: 665);

(1) an amino acid sequence comprising agy portion of an amino acid sequence in (i), e.g., any 2,
3,4,5,6,7, 8,9, 10, 11, 12, or 13 amivo acids, ¢.g., consecutive amino acids, thereof,

(il an amino acid sequence comprising one, two, or three but ne more than four modifications
relative to any one of the amino acid sequences in (3); or

{(iv) an amino acid sequence comprising one, two, or three but no more than four different amine

acids relative to any one of the amine acid sequences in (3).

121. The AAV particle of any one of embodiments 99-120, which further comprises [K4|, wherein {K4}
comprises Xp and Xg, wherein:

{a) Xpis T, P, or N; and

(b) X is AorD; and

optionally wherein the AAV capsid vaniant comprise an anino acid modification, ¢.g., a

counservative substitution, of any of the aforesaid amino acids in (a) or (b).

122, The AAV particle of cxnbodiment 100 or 121, wherein {K4] 1s or comprises TA, TD, PA, or NA.

123. The AAV particle of embodiment 100, 121, or 122, wherwein {K3}-{K 4] is or comprises:
(1) VOKTA (SEQ 1D NO: 364), VOKTD (SEQ 1D NOG: 714), VONTA (SEQ 1D NO: 715),
VOENA (SEQ ID NO: 570), or VOKPA (SEQ ID NO: 567);
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{11y an aming acid sequence comprising any portion of an amino acid sequence in (i), e.g., any 2,
3, or 4 amino acids, ¢.g., consecutive amino acids, thereof,

{iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the amino acid sequences in (1), or

{tv} an amine acid sequence compusing one, two, or three but no more than four different anxino

acids relative to any one of the amino acid scquences in (1),

124 The AAYV particle of any one of embodiments 100 or any one of embodiments 121-123, wherein
[ROP-K-{K21-{K3]-[K 4] is or comprises:

(i) TNSSLSYQABVVOKTA (SEQ ID NO: 2004), TNSSLSYTAEVVQETA (SEQ ID NG:
2065y, TNSSLYYPAEVVORTA (SEQ 1B NO: 2060), TNSSLIYPAEVVQETA (SEQ 1D NO: 2068),
TNSSLSYPAEEVOKTA (SEQ ID NG: 2069), TNSSLSYPAEVVOKTD (SEQ 1D NG: 2070).
THSSLEYPAEVVONTA (SEQ ID NO: 2071, TNSSLSYPAEVVQKNA (SEQ 1D NO: 20723,
THNSSLSYPAEVVOKPA (SEQ 1D NO: 20733, or TNSSLSYPADVVOKTA (SEQ D NO: 20676);

(i) an amino acid sequence comprising any poriion of an amino acid sequence in (i), ¢.g., any 2,
3.4,5,6,7,8,9,10, 11, 12, 13, 14, or 15 anuno acids, ¢.g., consecutive amino acids, thereof]

(iti) an aming acid sequence comprising one, two, or three but ne more than four modifications
relative 1o any one of the araine acid sequences in (i); or

(iv) an amino acid sequence comprising oneg, two, or theee but go more than four different amino

acids relative to any one of the amuoo acid sequences in (3).

125. An adeno-associated virus (AAV) particle comprising a viral genome comprising a frataxin (FXN)-
encoding sequence (e.g., encoding a human FXN protein) and an AAV capsid vaniant (e.g., an AAVS
capsid variant), wherein the AAV capsid variant compnses {B]-[C] (SEQ D NO: 2114), wherein:
(1) [B] comprises Xy, X2, and X3, wherein:
(@ X3 s QorS;
by X2is S, L, or A; and
) X388, Y, orT; and
(11} {C} comprises the amino acid sequence of YPAEVVQK (SEQ ID NO: 9433,

126. An adeno-associated virus (AAV) particle comprising a viral genome comprising a frataxin (FXN)-
encoding sequence (¢.g., cucoding a human FXN protein) and an AAV capsid variant (e.g., an AAVS
capsid variant), wherein the AAV capsid variant comprises one, two, three, four, or all of

(1) an {A} comprising TNN, TNS, TNT, or TNK;

(it) a [B} comprising QSS, SLY, SAT, or SLS;

(i) a [C} comprising YPAEVVQK (SEQ 1D NO: 943); and

(iv) a {&f comprising TA, TD, NA, or PA; and
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optionally wherein [C] replaces position 577 numbered according fo the amine acid sequence of
SEQ ID NO: 138

127, The AAV particie of cbodiment 125, comprising wherein [B] comprises QS, 8L, SA, LY, AT, LS,
or S8,

128. The AAV particke of any oue of embodiments 125-127, conprising wherein [B] is or comprises

85, SLY, SAT, or SLS.

129. The AAV particle of any one of embodiments 125, 127, and 128, wherein {B]-{C] comprises:

(i) SSYPAEVVQK (SEG ID NG: 572), LYYPAEVVQE (SEQ 1D NO: 702), ATYPAEVVQK
(SEQ ID NO: 718), or LSYPAEVVOK (SEQ ID NO: 703);

(1) an amino acid sequence comprising any portion of au amino acid sequence in (1), e.g., any 2,
3,4,5,6,7, 8, or Y anino acids, ¢.g., consecutive anino acids, thereof]

(i) an amino acid scquence comprising one, two, or three bui no more than four modifications
refative to any one of the amine acid sequences in (i); or

{(iv) an amino acid sequence comprising one, two, or three but vo more thaa four different aming

acids relative 1o any one of the amaino acid sequences in (i),

136, The AAV particle of any ore of embodiments 125-129, wherein [B}-{C] is or cormprises;

(1) QSSYPAEVVQE (SEQ ID NO: 150), SLYYPAEVVOK (SEG ID NO: 639),
SATYPAEVVQK (SEQ ID NO: 641), or SLSYPAEVVQEK (SEQ ID NO: 642);

(i1 an amino acid sequence comprising any portion of an amino acid sequence In (1), e.g., any 2,
3,4,5,6,7, 8,9, 0r 10 amino acids, e.g., consecutive amino acids, thereof,

{iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the anxino acid sequences in (), or

{iv) an amine acid sequence comprising one, fwo, or three but no more than four different amino

acids relative to any one of the amino acid scquences in (i),

131, The AAYV particke of embodiment 126 or 130, whersin {B]-[C] is or comprises QSSYPAEVV(K
{(SEQ ID NO: 130).

132, The AAV particle of any one of embodiments 67-98 or any one of embodiments 125-131, which

further corpprises an aminge acid other than N at posttion 573 {e.g., T, 5, or K}, sumbered according to

the amino acid sequence of SEQ ID NO: 138.
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133. The AAV particle of anv one of embodimenis 67-98 or any one of embodiments 125-131, which
further comprises:

57
i

(i) a T at position 371, an N at position 5372, and/or an N at position 573, numbered according to
the amine acid sequence of SEQ 1D NO: 138

{1y a T at position 371, an N at position 572, and/or a T at position 373, nuombered according to
the amino acid sequence of SEQ ID NO: 138;

(ii) a T at position 371, an N at position $72, and/or a S at position 373, numbered according to
the amino acid sequence of SEQ ID NG: 138; or

(tvya T at position 371, an N at posittion 572, and/or a K at position 573, nurnbered according to

the amino acid sequence of SEQ ID NO: 138.

134, The AAY particle of any one of embodiments 125-133, which further compnses {A}, wherein {A]
comprises Xa, Xp, and X, wherein:

(ay Xais T,

(b} Xpis N; and

(cy XcisN, T, 8, or K; and

aptionally wherein the AAV capsid variant comprises an aming acid modification, e.g

o

a

conservative substitution, of any of the aforesaid amino acids in ()~(C).

135, The AAV particle of embodiment 126 or 134, wherein {A}:
(1) comprises TN, NS, NT, NK, or NN;
(i1} is or comprises TNN, TNS, TNT, or TNK.

136. The AAV particle of any one of embodiments 126, 134, and 135, wherein [A}-{B] is or comprises:
(1) TNNQSS (SEQ D NO: 183), TNSSLY (SEQ 1D NG: 648y, TNTSAT (SEQ D NO:

649y, TNSSLS (SEQ 1D NO: 647), or TNKSAT (SEQ ID NO: 651);

{11y an amine acid sequence comprising any portion of an amine acid sequence in (i), e.g., any 2,
3, 4, or § amnino acids, e.g., consecutive amino acids, thereof)

{ii1) an amino acid sequence comprising one, two, ot three but no more than four modifications
relative to any one of the amino acid sequences 1n (1) or

{iv} an amine acid sequence compusing one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (i),

137. The AAV particle of exmbodiment 126 or any one of embodiments 134-136, wherein [A}-[B}-[{Cl is

OF COMpPTISes:
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() TNNQSSYPAEVVOK (SEQ ID NO: 500), TNSSLYYPAEVVQK (SEQ 1D NO: 655),
TNTSATYPAEVVOK (SEQ TD NO: 656), TNSSLSYPAEVVQK (SEQ ID NO: 657), or
TNKSATYPAEVVQK (SEQ ID NO: 663y,

(i) an aminoe acid sequence comprising any portion of an amine acid sequence in (i), ¢.g., any 2,
3,4,5,6,7,8,9. 10, 11, 12, or 13 aminoc acids, ¢.g., consccuiive amino acids, thewof;

{ii1) an amino acid sequence comprising one, two, ot three but no more than four madifications
relative to any one of the amino acid seguences 1n (1)) o1

{iv) an armine acid sequence compnsing one, two, or three but no more than four different amino

acids relative to any one of the amino acid seqaences 1 (1),

138. The AAV particle of embodiment 126 or any one of embodiments 134-137, wherein [A-[B}-[Cl is
or comprises TNNQSSYPAEVVQE (SEQ D NO: 500).

139, The AAV particle of any one of embodiments 67-98 or any one of embodiments 125-138, which
further comprises one or both of an amino acid other than T at position 5378 (e.g.. P or N} and/or an amino
acid other than A af position 579 (e.g., D), relative to a reference sequence nurebered according to the

amino acid sequence of SEQ T NO: 138,

140. The AAV patticle of any one of embodinents 67-98 or any one of embodiments 125-138, which
further comprises:

(1ya T at posttion 378 and/or an A at position $79, numbered according to the amino acid
sequence of SEQ D NO: 138;

(ity a T at position 378 and/or a D at position 579, munbered according o the amino acid
sequence of SEQ ID NO: 138;

{(iil) a ¥ at position 578 and/or an A at position 579, numbered according to the amino acid
sequence of SEQ ID NO: 138; or

{iv) an N at position 578 and/or an A at position 579, numbered according to the amino acid

sequence of SEQ D NO: 138,

141, The AAYV particke of any one of enbodinents 125-140, which further conpases [D}, wherein {3}
coraprises Xa and Xs, wherein:

(ay Xais T, N, or P; and

by Xsis Aor Dy and

optionally wherein the AAY capsid variant comprises an aming acid modification, ¢.g., a

conservative substitution, of any of the aforesaid amino acids ia (@) or (b).

142. The AAV particle of embodiment 141, wherein [D1 1s or comprises TA, TD, NA, or PA
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143, The AAV particle of embodiment 120, 141, or 142, wherein [C}-{D] is or comprises:

(1) YPAEVVOKTA (SEQ ID NO: 584), YPAERVVQKTD (SEQ 1D NO: 719), YPAEVVOKNA
(SEQ ID NO: 724), or YPAEVVOQKPA (SEQ ID NO: §86);

{1y an amnine acid sequence compyising any portion of an amine acid sequence in (3), €.g., any 2,

3,4, 5,67, 8, or 9 araino acids, e.g., consecutive amino acids, thercof,
(iii) an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the amino acid sequences 1n (1) or
{iv) an aming acid sequence compnsing one, two, or three but no more than fowr differcnt amino

acids relative to any one of the amino acid scquences in (i),

144, The AAY particle of embodiment 126 or any one of embodiments 141-143, wherein [A}-[B}-{C}-
D] is or comprises:

(i) TNNQOSSYPAEVVOKTA (SEQ ID NO: 1533), TNSSLYYPAEVVQKTA (SEQ 1D NO:
2066y, TNTSATYPAEVVOKTA (SEQ ID NO: 2067), TNSSLSYPAEVVOKTA (SEQ 1D NO: 2068),
THSSLEYPAEVVOKTD (SEQ ID NO: 2070), TNSSLSYPAEVVOKNA (SEQ 1D NO: 20723,
THNSSLSYPAEVVQOEPA (SEGQ TD NG 2073), or TNKSATYPAEVVQOKTA (SEQ ID NG: 2075);

(it} (i) an amine acid sequence comprising any portion of an asxino acid sequence in (i), €.8., any
2,3,4,5,6,7,8 9 10, 11, 12, 13, 14, or {5 amino acids, ¢.g., consecutive amino acids, thereof]

(1tl) an aripo acid sequence compusing one, two, o1 three but noe more than four modifications
relative to any one of the araino acid sequences in (3); or

{iv) an amino acid sequence comprising one, two, or three but no more than four different amino

acids relative to any one of the amino acid sequences in (3).

145. The AAV particle of embodiment 126 or any one of embodiments 141-144, wherein [A - B-{C]-
D] is or comprises TNNQSSYPAEVVQKTA (SEQ 1D NO: 1533).

146. The AAV particle of any one of the embodiments 1-40, 39, 60, 67-98, 139, and 140, wherein [N2}~
[N3] is present in loop VI, optionally wherein loop VI is present at amino acids cowresponding to
positions 5371-592 {¢.z., amino ackds TNNQSSTTAPATGTYNLOEIVP (SEQ 1D NO: 736)) numnbered
according to the amine acid sequence of SEQ 1D NO: 138, or positions 571-399 (e.g., aming acids

TNNQSSYPAEVVOKTAPATCGTYNLOEIVP (SEQ 1D NG: 736)) numbered according to the amino
acid sequence of SEQ 1D NG: 982,

147. The AAV particle of any one of embodiments 2, 13-40, 39, 60, 68, 79-98, 139, 137, and 146
wherein NGO}, {N1}, and/or [N4] is present in loop VI optionally wherein loop VIH is present at amino
acids corresponding posittions 571-392 (¢.g., amino acids TNNQSSTTAPATGTYNLQEIVE (SEQ D

- 49 -



WO 2025/038800 PCT/US2024/042405

NO: 736)) nunbered according {o the amino acid sequence of SEQ 1D NQO: 138, or positions 571-599
{e.z., amino acids TNNQSSYPAEVVOQKTAPATGTYNLQEIVP (SEQ 1D NO: 756)) numbered

according to the amino acid sequence of SEQ ID NO: 982,

148. The AAYV particle of any one of enbodimpents 2, 15-40, 39, 60, 68, 79-9%, 139, 140, 146, and 147,
wherein {NOJ-{NE-IN2J-IN3]-{N4] is present in loop VIH, optionally wherein loap VILI comprises
positions 371892 {¢.g., the positions of amino acids TNNOSSTTAPATGTYNLOQEIVE (SEQ [D NO:
7363} numbered according to the amino acid sequence of SEQ ID NO: 138, or posttions 571-599 (e g,
the positions of amino acids TNNQSSYPAEVVOETAPATGTYNLQEIVE (SEQ D NO: 756))

numbered according to the amino acid sequence of SEQ 1D NO: 982.

149, The AAY particle of any one of embodiments 1-40, 59, 60, 67-98, 139, 140, and 146-148, wherein
N2} is present umediately subsequent to position 576, numbered according to the amino acid sequence
of SEQ D NO: 138 or 982,

150. The AAV particle of any one of embodiments 1-40, 59, 60, 67-98, 139, 140, and 146-149, wherein
INZ] replaces position 577 (e.g.. TS77), sumbered according to the amine acid sequence of SEQ 1D NG
138,

131, The AAV particle of any one of embodiments 1-40, 59, 60, 67-98, 139, 140, and 146-150, whercin
INZY s present irmmediately subsequent to position 576, and wherein N2} replaces position 577 (¢.g.,

T577), numbered according to the amino acid sequence of SEQ 1D NO: 138,

152, The AAV particle of any onc of 1-40, 59, 60, 67-98, 139, 140, and 146-151, wherein [N2]
corresponds to positions $77-581 {e.g., Y577, PS78, AS79, E580, V581) of the amino acid sequence of
SEQ ID NO: 982,

153. The AAV particle of any one of embodiments 1-152, wherein the AAV capsid variant comprises an
araing acid other than T at posttion 577, numbered according to the amino acid sequence of SEQ 1D NG:
138.

154, The AAV particke of any one of enbodiments 1-133, wherein the AAV capsid variant comprises a

Y at position 577, sumbered according o the amino acid sequence of SEQ ID NQO: 138 or 982,

155. The AAV particle of any one of embodiments 1-40, 59, 60, 67-98, 139, 140, and 146-134, wherein
X1 of [N2] is present at position 577 (e.g.. T577), and positions X2-Xs of {N2} are present immediately
sabisequent to position 377, nombered according to the amino acid sequence of SEQ D NO: 138 or 982,
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156, The AAV particle of any one of embodiments 1-40, 539, 60, 67-98, 139, 140, and 146~155, wherein
X1 of [N2] corresponds fo position 577 {e.g., Y577), Xz of [N2] corresponds o position 578 (e.g., P588),
(3 of [N2] corresponds to posttion 579 (e.g.. A5793, X+ of [N2] corresponds to position 580 (e.g., E580),

and Xs of [N2] corresponds to position 381 (e.g.. V381) of the amino acid sequence of SEQ ID NO: 982,

137. The AAV particle of any one of embodiments 1-40, 39, 60, 67-98, 139, 140, and 146-156, wherein
INZ]-ING] is present inmediately sobsequent 1o position 376, numbered according to the amino acid

sequence of SEQ [D NO: 138 or 982,

1538. The AAV particle of any onc of embodiments 1-40, 539, 60, 67-98, 139, 140, and 146-157, whercin

INZI-IN3} replaces position 577 mumbered according to the amino acid sequence of SEQ D NO: 138,

159, The AAV particle of any one of emboduments 1-40, 539, 60, 67-98, 139, 140, and 146~158, wherein
[N2J-{IN3] is present immediately subsequent o position 576, and wherein {N2]-{N3] replaces position

377 {e.g., T377), numbered according to the amino acid sequence of SEQ 1D NO: 138,

160. The AAV particle of anv oge of embodiments 1-40, 59, 60, 67-98, 139, 140, and 146-159, wherein
[N21-IN3] comresponds to positions 577-584 {¢.g.. Y5377, P378, A379, ES80, V581, V582, (3583, K584)
of the amino acid sequence of SEQ 1D NQG: 982.

161 The AAYV particke of any one of embodimments 1-40, 59, 60, 67-98, 139, 140, and 146-160, wherein
[N2}-IN3}-{N41 13 present immediately subsequent to position 376, mumbered according to the aming

acid sequence of SEQ 1D NO: 138 or 982.

162. The AAV particle of any one of embodiments 1-40, 59, 60, 67-98, 139, 140, and 146-161, wherein
IN2}-N3]-{N4] replaces positions 577-379 (e.g., T577, TA78, and A579), mumbered according to the

amino acid sequence of SEQ ID NO: 138

163. The AAV particle of any one of crobodiments 1-40, 39, 60, 67-98, 139, 140, and 146-162, wherein
INZI-{N3}-{N4] is present immediately subsequent {o position 376, and wherein [N2}-{N3}-{N4] replaces

positions $77-379 (e.g., TS77, T378, and A579), numbered according to the amino acid sequence of SEQ

D NG: 138

164, The AAV particle of any one of embodiments 1-40, 39, 60, 67-98, 139, 140, and 146-163, wherein
INZJ-IN3}-{N4] corresponds to positions 577-386 (e.g., Y577, P5378, A579, E580, V381, V582, (3583,
K584, TS585, A586) of SEQ ID NO: 982,
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165, The AAV particle of any one of embodiments 3, 18-40, 39, 60, 68, 79-98, 139, 140, and 146-164,
wherein N1} is present immediately subseqguent to position 373, sumbered according to the amino acid

sequence of SEQ ID NG 138 or 982.

166, The AAV particle of any oue of embodiments 3, 18-40, 39, 60, 68, 79-9%, 139, 140, and 146-165,
wherein N1} replaces positions 374-376 (2.g., Q374, S375, and $376), numbered according to the amino
acid sequence of SEQ H NG: 138,

167. The AAV particle of any one of embodiments 3, 18-40, 39, 60, 68, 79-98, 139, 140, and 146-166,
wherein N1} is present immediately subsequent o position 373, and wherein [N1] replaces positions
574-5376 {e.g., Q574, 8575, and S576), relative {o a reference sequence numbered according to the amino

acid sequence of SEQ ID NG 138,

168, The AAV particle of any one of embodiments 3, 18-40, 39, 60. 68, 79-98, 139, 140, and 146-167,

wherein {N1} replaces positions 574-576 {e.g., 3574, 8575, and $576), mumbered according to the aming

acid sequence of SEQ ID NG: 982,

169, The AAV patticle of any one of embodiments 3, 18-40, 39, 66, 68, 79-98, 139, 140, and 146-168,
wherein {N1] is present immediately subsequent to position $73, and wherein [N1] replaces positions
574-576 (c.g., 9574, 5575, and 3576}, numbered according o the amino acid sequence of SEQ ID NO:
982.

170. The AAV particle of any onc of embodiments 3, 18-40, 59, 60, 68, 79-98, 139, 140, and 146-169,
wherein {N1§ corresponds to positions 374-376 {e.g., 9574, §575, and 8576) of SEQ 1D NO: 982.

171. The AAV particle of any one of embodiments 3, 18-40, 39, 60, 68, 79-98, 139, 140, and 146-170,
wherein [N1-{N2]-[N3]-[N4] is present immediately subsequent to position 573, numbered according to

the amino acid sequence of SEQ ID NO: 138 or 982
172, The AAV particle of any oge of embodiments 3, 18-40, 39, 60, 68, 79-9%, 139, 140, and 146-171,
wherein [NT{N2]-IN3{-[N4} replaces positions 574-879 {e.g., Q574, S573, 5576, T577, 1578, and

AS79), numbered according o the amino acid sequence of SEQ 1D NO: 133,

73. The AAYV particle of any one of embodiments 3, 18-40, 59, 60, 638, 79-98, 139, 140, and 146-171,
wherein {N1}-{N2]~[N3{-{N4] is present immediately subsequent to position 573, and wherein {N1}-
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[NZ2J-IN3I-IN4] replaces positions 574-579 (e.g., Q574, 8575, 8576, T577, T578, and A579), numbered
according to the amino acid sequence of SEQ 1D NO: 138,

174, The AAV particle of anv oue of embodiments 3, 18-40, 39, 60, 68, 79-9%, 139, 140, and 146-173,
wherein {N1}-[N2i-IN3{-{N4| corresponds to postitons 574-386 (e.g., 3574, 8575, §576, Y577, P578,
AS79, B580, V581, V382, 0583, K584, T5835, A586) of SEQ 1D NO» 982.

175, The AAV particke of any one of embodireents 3. 18-40, 39, 60, 63, 79-98, 139, 140, and 146-174
wherain {NOJ is present inunediately sobsequent to position 5370, sumbered according o the anuno acid

sequence of SEQ D NO: 138,

176. The AAY particle of any one of embodiments 3, 18-40, 39, 60, 68, 79-98, 139, 140, and 146-175,
wherein {INO} replaces positions 571573 (e.g., T571, N572, and N573}, nurabered according to the

amino acid sequence of SEQ ID NO: 138,

177. The AAV particle of any one of embodiments 3, 18-40, 59, 60, 68, 79-98, 139, 140, and 146-170,
whereia [NO] is present immediately subsequent to position 570, and wherein [NO] replaces positions
571-573 (e.g., T71, N572, and NS73), numbered according (o the aming acid sequence of SEQ 1D NG:
i38.

178. The AAV particle of any orc of erobodiments 3, 18-40, 59, 60, 68, 79-98, 139, 140, and 146-177
wherein NG} is present immediately subscquent to position 570, nurabered according to the amino acid

sequence of SEQ D NO: 982,

179. The AAV particle of any onc of embodiments 3, 18-40, 39, 60, 68, 79-98, 139, 140, and 146-178,

wherein {NUJ replaces positions 571-373 {e.g., T571, N572, and N573), numbered according to the

amino acid sequence of SEQ 1D NO: 982,

180, The AAV particle of anv oue of embodiments 3, 18-40, 39, 60, 68, 79-9%, 139, 140, and 146-179,
wherein {NC] is present immediately subsequent to position 370, and wherein [NO] replaces positions
571-573 {e.g., TS71, N572, and N373), mumbered according to the amino acid sequence of SEQ 1D NO:

982,

181, The AAV partick of any one of embodireents 3. 18-40, 39, 60, 638, 79-98, 139, 140, and 146-181,
wherein {NO} corresponds to positions 571-373 {e.g., T571, NS72, and N573) of the amino acid sequence
of SEQ ID NQ: 982,
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182, The AAV particle of any one of embodiments 3, 18-40, 39, 60, 68, 79-98, 139, 140, and 146-181,
wherein {NOJ-NT-IN2]-N3|-{N4] is present immediately subsequent 1o position 570, numbered

according to the amino acid sequence of SEQ ID NO: 138 or 982.

183, The AAYV particke of any one of enbodiments 3, 18-40, 39, 60, 68, 79-9%, 139, 140, and 146-182,
wherein [NOJ-[WNI-[NZ]-{N3}-{N4] replaces positicns 571-5379 (e.g.. T571, N§72, N573, 0574, S575,

S876, T577, 374, and A379), numbered according to the amino acid sequence of SEQ ID NO: 138,

184, The AAV partick of any one of eimbodireents 3. 18-40, 39, 60, 638, 79-9%, 139, 140, and 146-183,
wherein [NOF~[NT]-INZ{-[N3}-{N4] is present immediately subscquent to position 570, and wherein
[NO]-NTRN2I-N3]-[N4] replaces positions 371-379 (e.g., T571, N572, N§73, (3574, 5575, 8576,

T377, TS78, and AS79), numbered according to the amino acid sequence of SEQ 1D NO: 138,

185. The AAV particle of any one of embodiments 3, 18-40, 539, 60, 68, 79-98, 139, 140, and 146-184,
wherein [NOJ-NT]-[N2]-IN3]-[N4} corresponds to positions 571-386 (¢.g., T571, N572, N573, Q574,
8575, 8576, Y577, P578, A579, ES80, V381, V382, 0383, K584, T385, AS86), of the amino acid
sequence of SEQ [D NO: 982,

i86. The AAV patticle of any one of emobodioends 3, 31-40, 68, 94-98, 139, 140, and 146-185, wherein
IN41 1s present imnediately subsequent to posilion 584, mursbered according (o the amino acid sequence

of SEQ 1D NO: 982,

187. The AAV particie of any onc of embodiments 3, 31-40, 68, 94-98, 139, 140, and 146-186, wherein
IN4| replaces position 578 and 579, mumbered according to SEQ D NO: 138; or positions 585 and 586

nombered according to the amino acid sequence of SEQ [D NO: 982,

188, The AAV particle of any one of embodiments 3, 31-40, 68, 94-98, 139, 140, and 146~187, wherein
[Mi4] is present inmnediately subsequent to position 584 and replaces positions 385 and 586 numbered

according to the amino acid sequence of SEQ ID NO: 982,

189, The AAV particle of anv oue of exbodinenis 3, 31-40, 68, 94-98, 139, 140, and 146-188, whewin:
(1) X4 of [NO} is present at position 371, Xp of {NO] is present at position 572, and Xe of [NO] is
present at postiion 73, murabered according 1o the amino acid sequence of SEQ ID NO: 982;
(i) Xp of [N1] is present at position 574, Xg of {N1] is present at position 373, and Xy of [N} is

present at position 576, mumbered according to the amino acid sequence of SEQ ID NO: 982;
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(iti) X1 of [IN2] is present at position 577, Xz of {N2} is present at position 578, Xz of [N2] is
present at position 579, X4 of {N21 is present at position 580, and Xs of [N21{ is present at position 381,
npmbered according to the amino actd sequence of SEQ D NO: 982;

(1v} IN3] is present at positions 582-584, nambered according to the amino acid sequence of SEQ
ID NG: 982; and/or

{v} X of [N4] is present at position 585 and Xy of {N4] is present at position 386, numbered

according o the amino acid sequence of SEQ 1D NG: 982,

190. The AAV particle of any onc of embodiments 3, 31-40, 68, 94-98, 139, 146, and 146-189, whewin:

(1) [NO] is present at positions 571-573, numbered according 1o the amino acid sequence of SEQ
1D NG: 982

{11y [N} is present at positions 574-376, gumbered according to the ariog acid sequence of SEGQ
1D NO: 982;

{ti) {N2] 1s present at positions 577-581, nurnbered according o the amino acid sequence of
SEQ I NG: 982,

(iv} [IN3] is present at positions S82-384, numbered according to the amino acid sequence of SEQ
1D NG: 982,

(v} N4} s present al positions 385-586, nurmbered according to the amine acid sequence of SEQ
1D NO: 982

{vi) [IN2]-{N3} is present at positions 377-584, numbered according to the amino acid sequence
of SEQ D NO: 982; and/or

(vii) [NOJ-INTJ-INZ]-[N3]-{N4] is present at positions 571-586, numbered according to the
amino acid sequence of SEQ ID NO: 982,

191, The AAV particle of any one of embodinents 1-40, 59, 60, 67-98, 139, 140, and 146-190, wherein

N3] is present tramediately subsequent to [NZ1.

192, The AAV particle of any onc of erabodiments 3, 31-40, 68, 94-98. 139, 140, and 146-191, wherein

IN41 1s present imnediately subsequent to [N3]

193, The AAV particle of any onc of erabodiments 1-40, 39, 60, 67-98. 139, 140, and 146-192, wherein

the AAV capsid variant comprises, from N-lerminus to C-terminus, [NZ[-{N3}

194, The AAV particle of any onc of embodiments 1-40, 59, 60, 67-98, 139, 140, and 146-193, whercin

the AAV capsid variant coniprises, from N-terinus to C-terminus, [N1]-{N2}~{N3].
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195, The AAV particle of any one of emboduments 3, 18, 19, 28-40, 59, 60, 68, 80-98, 139, 140, and

146-194, wherein the capsid varant comprises, from N-termanus to C-termainus, [NOJ-{N1-IN2-IN3L

196, The AAV particle of anv oue of embodiments 3, 18-40, 39, 60, 68, 79-9%, 139, 140, and 146-195,

wherein the capsid variant coraprises, from N-terminuos to C-terminus, [INT]{N2I-N3]-IN4L

197. The AAV particke of any oue of embodiments 3. 18, 19, 28-40, 39, 60, 68, 89-98, 139, 140, and
146-196, wherein the capsid vaniant coraprises, from N-termings to C-terminus, [NOj-[N1{-[N2}-[N3}-
(N4

198. The AAV particle of any one of embodiments 41-66 or any one of embodiments 125-145, wherein

{B}-[C] is present in loop V1L optionally wherein loop VI comprises positions 571-592 (e.g., the

the amino acid sequence of SEQ ID NO: 138, or positions 571-399 {(¢.g., the positions of amino acids
THNNQSSYPAEVVOQKTAPATGTYNLOEIVP (SEQ ID NO: 756)), numbered according 1o the amino
acid sequence of SEQ 1D NG: 982,

199, The AAV particle of any one of crobodiments 42, 52-66, 126, 134-145, and 198, wherein {A] and/ot
D] is present in loop VIH, optionally wherein loop VIH comprises positions 571-592 (c.g., the positions
of artng acids TNNQSSTTAPATGTYNLQEIVP (SEQ 1D NO: 736)) nambered according to the amino
acid sequence of SEQ ID NG: 138, or positions 571-399 {e.g., the positions of amino acids
TNNOSSYPAEVVOKTAPATGTYNLOEIVE (SEQ ID NO: 756)), mumbered according to the amino
acid sequence of SEQ ID NO: 982,

200. The AAV particle of any one of cmbodiments 42, 52-66, 126, 134-145, 198, and 199, wherein [Af~
[BI-{CI~-[D 15 present in ioop VI, optionally wherein loop VIH comprises positions 571-392 (e.g., the
positions of amino acids TNNQSSTTAPATGTYNLQEIVP (SEQ ID NO: 736)) numbered according fo
the amino acid sequence of SEQ 1D NO: 138, or positions 571-599 {¢.g., the positions of amino acids
TNNQSSYPAEVVOKTAPATCTYNLQEIVP (SEQ [ NO: 756)), numbered according to the amino
acid sequence of SEQ 1D NG: 982,

201, The AAV particle of any one of embodiments 41-66, any one of embodiments 125-143, or any one

of embodiments 198-200, wherein [B] s presend tmnediaiely subsequent to posilion 573, murabered

according to the amino acid sequence of SEQ D NG: 138,
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202. The AAV particle of any one of embodiments 41-66, 125-145, and 198-201, wherein [B] replaces
positions 574-576 (e.g., Q574, 8575, and 8576), numbered according to the amino acid sequence of SEQ

1D NO: 138

203, The AAV particle of any one of embodiments 41-66, any one of embodiments 125-145, orany one
of embodiments 198-202, wherein [B] is present mmediately subsequent to position 573, and wherein
[B} replaces positions 574-576 {e.g., (4574, S573, and $376), numbered according to the amino acid
sequence of SEQ I NO: 138,

204, The AAV particle of any one of embodiments 41-66, any one of embodiments 125-145, or any one
of embodiments 198-203, wherein |BY is present immediately subsequent to position 573, mumbered

according to the amino acid sequence of SEQ D KO: 982,

205, The AAV particle of any one of embodiments 41-66, any one of erebodiments 125-145, or any one
of embodiments 198-204, wherein [B] replaces positions 574-576 (¢.g., Q574, S575, and 5576),

numbered according to the amino acid sequence of SEQ 1D NG: 982,

206. The AAV particle of any one of embodiments 41-66, any one of erabodiments 125-145, or any one
of erobodiments 198-205, wherein [B] is present iownediately subseqguent t0 position 573, and wherein
{B] replaces positions 574-376 (e.g.. 3574, 53575, and 8576}, numbered according to the arming acid

sequence of SEQ [D NO: 952,

207. The AAV particle of any one of embodiments 41-66, any one of embodiments 125-145, or any one
of embodiments 198-206, wherein [B] corresponds to posttions §74-5376 {c.g., Q574, 8575, and 8576) of
the amino acid sequence of SEQ 1D NQO: 982.

208. The AAV particle of any one of embodiments 41-66, any one of embodiments 125-143, or any one
of embodiments 198-207, wherein [B]-{C] is present immediately subsequent to position 373, sumbered

according to the amino acid sequence of SEQ [D NO: 138 or 982,

209, The AAV particle of any one of embodiments 41-66, any one of embodiments 125-145, orany one
of embodiments 198-208, whercin [B-[C] replaces positions 374-877 (¢.g., Q574, S573. 5576, and

g

377y, numbered according to the amino acid sequence of SEQ B NG: 138,

2106. The AAV particle of any one of embodiments 41-66, any one of embodiments 125-145 or any one

of embodiments 198-209, wherein |B{-{C] s present immediately subsequent to position 573, and

H
i
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whercin {B]-|C] replaces positions 574-577 {c.g., Q574, S575, 8576, and T577), numbered according o

the amino acid sequence of SEQ D NO: 138,

211 The AAV particle of any one of embodiments 41-66, any one of enbodiments 125-145, orany one
of enbodiments 198-2 10, wherein [B-{C] corresponds to positions 574-584 (e.g., Q374, 8575, 8376,
Y377, P78, AS79, E580, V381, V582, (3583, K584} of the amino acid sequence of SEQ 1D NO: 982.

212, The AAYV particle of any one of embodiments 41-66, any one of embodiments 125-145, orany one
of enmbodiments 198-211, wherein [Bi-[CI-[D] 1s present immediately subsequent to position 573,

numbered according to the amino acid sequence of SEQ 1D NO: 138 or 982,

213. The AAV particle of any one of embodiments 41-66, any one of embodiments 125-1435, or any one
of embodiments 198-212, wherein [BJ-{C}-{D] replaces positions 574-579 (e.g., U574, 8375, 8576,

T577, T578, and AS579), sumbered according o the amino acid sequence of SEQ 1D NO: 138,

214. The AAV particle of any one of embodiments 41-66, any one of erabodiments 123-145, or any one
of erobodiments 198-213, wherein [B}-{C]-[D}] is present immediately subsequent {o position 573, and
wherein {Bi-{C]-{[}] replaces positions 574-579 (e.g., 3574, 5575, 8576, T377, T578, and A579},

numberad according to the amino acid sequence of SEQ 1D NG: 138,

218, The AAV particle of any one of embodiments 41-66, any one of embodiments 125-145, or any one
of embodiments 198-214, wherein [B-{C]-{D] corresponds to positions 574-586 {¢.g., 3574, §5375,
8576, Y577, PS78, A579, ES80, V581, V582, (3583, K584, TS85, A586) of the amino acid sequence of
SEQ D NO: 982

216. The AAV particle of any one of embodimenis 41-66, any one of enbodiments 125-145, orany one
of embodiments 198-215, wherein [C] is present iramediately subsequent to position 576, numbered

according to the amino acid sequence of SEQ ID NO: 138,

217. The AAV particlke of any one of embodiments 41-66, any one of embodiments 125-145, orany one
of embodiments 198-216, wherein [C] replaces position 577 (e.g.. TS77), oumbered according to the

amino acid sequence of SEQ ID NO: 138,

218, The AAY particle of any one of embodiments 41-66, any one of embodimenis 125-145, or any one
of embodiments 198-217, wherein [C] is present immediately subsequent to position 576, and wherein

{C} replaces 577 {e.g., T577), numbered according to the amino acid sequence of SEQ 1D NO: 138,



WO 2025/038800 PCT/US2024/042405

219. The AAV particle of any one of embodimenis 41-66, any one of enbodiments 125-145, orany one
of embodiments 198-218, wherein [C] corresponds fo positions 5377-584 (c.g., Y377, P578, A579, E580,

V581, V582, (U383, K584) of the amino acid sequence of SEQ D NO: 982,

220. The AAY particie of any oue of embodiments 42, 52-66, 126, 134-145, and 198-219, wherein {A} is
present invnediately subscquent to position 570, numbered according to the araino acid sequence of SEQ

ID NO: 1538

221 The AAVY particle of any one of embodiments 42, 52-66, 126, 134-145, and 195-220, wherein {A]
replaces positions 571-373 (e.g., TS71, N572, and N573), numbered according to the amino acid
sequence of SEQ D NO: 138,

222. The AAV particle of any one of embodiments 42, 532-66, 126, 134-145, and 198-221, whercin {A] is
present tmmediately subsequent to position 570, and wherein {A] replaces positions 571-573 (e.g., T571,

NB872, and N573), numbered according to the amino acid sequence of SEQ 1D NOG: 138.

223. The AAV particle of any one of cobodiments 42, 52-66, 126, 134-145, and 198-222, wherein [A] is
present rarpediately subsequent to position 570, nurnbered according to the amino acid sequence of SEQ

1D NO: 982,

224, The AAV particle of any once of erobodiments 42, 52-66, 126, 154-145, and 198-223, wherein [A]
replaces positions 371-5373 {e.g., T371, N572, and N573), numbered according to the amino acid

sequence of SEQ D NO: 982,

225, The AAV particle of any one of embodiments 42, 52-66, 126, 134-145, and 198-224, wherein JAf is
present immediately subsequent to position 570, and wherein {A] replaces positions 371-573 {e.g., T571,

N572, and N373), numbered according {o the amino acid sequence of SEQ 1D NO: 982,

226, The AAV particle of any one of embodiments 42, 52-66, 126, 134-143, and 198-223, whercin [A]
corresponds to pasitions 371-573 (e.g., T57F N572, and N573) of the amino acid sequence of SEG ID
NG: 982,

227. The AAV particle of any one of embodiments 42, 3266, 126, 134-145, and 195-226, wherein {D}] is

present immediately sabsequent to position 584, numbered according to the amino acid sequence of SEQ

1D NQO: 982,
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228. The AAV particle of any one of embodiments 42, 52-06, 126, 134-145, and 198-227, wherein |D]
replaces positions 578 and 579 numbered according to the amine acid sequence of SEQ 1D NO: 138; or

positions 385 and 586, mumbered according to the amino acid sequence of SEQ ID NO: 982,

229, The AAYV particle of any oue of embodiments 42, 52-66, 126, 134-145, and 198-228, wherein {3} is
present invnediately subsequent to position 584 and replaces positions 585 and 586, nombered according

to the araine acid sequence of SEQ ID NO: 982,

230, The AAY particle of any one of embodiments 42, 32-66, 126, 134-145, and 198-229, wherein {A}-
{BI-{Ci-[D] is present immediately subsequent to position 570, numbered according to the amino acid
sequence of SEQ D NO: 138 or 982,

231, The AAV particle of any one of embodiments 42, 532-66, 126, 134-145, and 198-230, whercin [A}-
[B}-[CI-[D] replaces positions 571-579 {e.g., TS71, N572, N573, Q374, 8575, §576, 1577, T578, and

AST9), numbered according to the amino acid sequence of SEQ 1D NO: 138,

232. The AAV particle of any one of cobodiments 42, 52-66, 126, 134-145, and 198-231, wherein [A]-
IBIHCI-[D 1s present tramediately subsequent to position 370, and wherein [A]-[B]-{C]-{1}] replaces
positions §71-579 (e.g.. T571, NS72, N573, 574, S§75, 8576, TS77. T578, and A579), sumbered

according to the amino acid sequence of SEQ 1D NG: 138,

233, The AAV particle of any one of embodiments 42, 52-66, 126, 134-145, and 198-232, wherein Af-
[BJ-{CI-D] corresponds to positions 571-586 (e.g.. T571, N572, N573, 0574, §575, 8576, Y577, P578,
ASB79, E380, V381, V582, (0583, K584, T585, A586) of the amino acid sequence of SEQ 1D NO: 982.

234, The AAYV particle of any oune of embodiments 42, 52-06, 126, 134-143, and 198-233, wherein:

{1) Xa of |A] is present at position 571, Xpof [A] is present at position 572, and Xe of {A] is
present at position 573, numbered according o the amino acid sequence of SEQ ID NO: 982;

(i) X1 of [B] is present at position 574, X of [B] is present at position 573, and Xz of [B] is
present at position 576, numbered according to the amino acid sequence of SEQ 1D NO: 982;

{ii1) {C} is present at positions 577-584, numbered according 1o the amino acid sequence of SEQ
1D NO: 982; and/or

(iv) X4 of [D1] is present at position 583 and position Xs of [D] is present at position 586,

numbered according to the amino acid sequence of SEQ D NO: 982.
235. The AAV particle of any one of embodiments 42, 52-66, 126, 134-145, and 198-234, wherein:
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(1) A} is present at positions 571-573, numibered according to the amino acid sequence of SEQ
1D NO: 982;

(i) |B] is present at positions 574~-576, sumbered according to the amino acid sequence of SEQ
1D NO: 982

{ti) ] 1s present at positions 577-384, numbered according to the amino acid sequoence of SEQ
1D NG: 982,

{ivy [D] 15 present at positions 383-586, nurabered according to the amino acid sequence of SEQ
1D NG: 982; and/or

(v} [AHBI-CI-D] 1s present at positions 5371-586, nurabered according to the amino acid

sequence of SEQ D NO: 982,

236. The AAV particle of any one of embodiments 41-66, any one of embodiments 125-145, or any one

of erabodinments 198-235, wherein [C] is present immediately subsequent to [B].

237. The AAV particle of any one of embodiments 42, 61-66, 126, 141-145, and 198-236 wherein [D] is

present tmediately subsequent to [CL

238. The AAV particle of any one of emabodiments 41-66, any one of erabodiments 125-145, or any one

of erabodiments 198-237, wherein the capsid variast compuses, from N-terminus to C-ernunos, [BHCLL

239. The AAV particle of any one of erobodiments 42, 52-66, 126, 134-145, and 198-238, wherein the

AAV capsid variant comprises, from N-terminus {o C-terminus, {A}{BIHCL

240. The AAV particle of any one of embodiments 42, 61-66, 126, 141-145, and 198-239, wherein the

AAV capsid vaniant comprises, from N-terminus (o C-terminus, {B]-{Cl-{DL

241. The AAV particle of any one of embodiments 42, 61-06, 126, 141-145, and 198-240, wherein the

AAV capsid variant comprises, from N-terminus to C-erminus, {A}-[B-[Cl-{D]

242, The AAYV particie of any ove of the embodimends 99-124, wherein KK 2] 1s present in foop

VHL

243, The AAV particle of any one of embodiments 92-124 or emsbodiment 242, wherein KO, {E3],
and/or [K4] is present in loop VI, optionally wherein loop VI coraprises positions 571-592 {(e.g., the
positions of amine acids TNNQSSTTAPATGTYNLOQEIVP (SEQ 1D NO: 736)) numbered according to

the amino acid sequence of SEQ 1D NO: 138, or positions 571-599 {¢.g., the positions of amino acids
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TNNQOSSYPAEVVOKTAPATGTYNLQEIVE (SEQ ID NO: 756)), nuntbered according to the amino
acid sequence of SEQ 1D NO: 982,

244, The AAV particle of any one of embodiments 92-124 embodiment 242, or erabodiment 243,
wherain {KOJ-{K H-[K2]-K3]-{K4] is present in loop Vill, optionally wherein loop VIH comprises
pasitions 5371-392 {e.g., the positions of amino acids TNNQSSTTAPATGTYNLQEIVP (SEQ ID NO:
736)) numbered according to the amine acid sequence of SEQ [D NO: 138, or positions 571-599 (¢.z.,
the positions of amino acids TNNQSSYPAEVVORTAPATGTYNLQEIVE (SEQ ID NO: 756))

mubered according {0 the amino acid sequence of SEQ 1D NG: 982.

245. The AAV particle of any one of embodiments 99-124 or any one of embodiments 242-244, wherein
{K1} is present inmediately subsequent to position 374, numbered according to the amino acid sequence

of SEQ D NO: 138,

246. The AAV particle of any one of embodiments 99-124 or any one of crmbodiments 242-2435, wherein
K1} replaces positions 375-577 {e.g., 8575, 8576, and T577), mumbered according to the amino acid

sequence of SEQ ID NO: 138,

247. The AAYV particle of any one of embodiments 99-124 or any one of ermbodiments 242-246, wherein
[K 1} 1s present immnediately subsequent to position 574, and wherein [K1} replaces positions 575-577

{e.g.. S575, 8576, and T377). numbered according to the amine acid sequence of SEQ D NO: 138,

248, The AAV particle of any onc of embodiments 100, 116-124, and 242-247, wherein [K1}{-]K2}-{K3]
is present immediately subsequent to position 5374, mumbered according to the amino acid sequence of
SEQ ID NO: 138

249, The AAV particle of any one of embodiments 100, 116~124, and 242-248, wherein [K1]-{K2}-{K3]
replaces positions 575-377 {¢.g., 5575, 8576, and T377), mumbered according to the amino acid sequence
of SEQ ID NO: 138,

256, The AAV particke of any one of ewbodiments 100, 116-124, and 242-249, wherein [KI}HK2}-{K3]
is present immediately subsegquent o position $74, and wherein [K1{-{K2}-{E3] replaces positions 575-

577 (e.g., S573, 8576, and T577), nurnbered according to the amino acid sequence of SEQ 1D NO: 138,

251. The AAV particle of any one of embodiments 100, 121-124, and 242-250, wherein [K1}-[K2[-{K31-
[K4} is present immediately subsequent to position 374, numbered according to the amino acid sequence
of SEQ D NQO: 138,
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252. The AAV particle of any one of embodiments 100, 121-124, and 242-251, wherein [K1}-{K2}-[K3]}-
[K4] replaces positions 375-379 (e.g., 8573, 8576, T577, T578, and AS79), nunibered according to the

araino acid sequence of SEQ ID NO: 138,

253, The AAV particke of any one of ewbodiments 100, 121-124, and 242-252, wherein [KIHK2}-K3])-
[K4} is present immediately subsequent to position 574, and wherein {K1}-[K21-[K3}-[K4] replaces
positions 375-579 {¢.g., S573, 8576, T577, T578, and AS579), numbered according to the aming acid

sequence of SEQ 1D NG 138,

254. The AAV particle of any one of embodiments 100, 110-124, and 242-253, wherein [ K0} is present
immediately subsequent to position 570, numbered according to the amino acid sequence of SEQ 1D NO:

138,

255, The AAV particle of any one of embodiments 100, 110-124, and 242-254, wherein [K0] replaces
positions 571 to 374 (e.g., T571, N572, N573, and 574}, numbered according to the amino acid

sequence of SEQ ID NO: 138,

256. The AAV particle of any one of embodiments 100, 110-124, and 242-255, wherein [KO0] is present
inmediately sabsequent to position 370, and whercin {KO0] replaces positions 571 to 374 (e.g.. T571,

N372, N373, and 3574), sumbered according to the amino acid sequence of SEQ ID NQO: 138,

257. The AAV particle of any onc of embodiments 100, 121-124, and 242-256, wherein [KOJ-[K1}-{K2]-
IK31~{K4} is present immediately subsequent 1o position 570, numbered according to the amino acid
sequence of SEQ D NO: 138,

258. The AAV particle of any one of embodiments 100, 121-124, and 242-257, wherein [KOH{K1}-[K2]-
[K3}-{K4] replaces positions 571-579 {e.g., T571, N572, N373, 93574, §575, 8576, T577, T578, and

AS79), numbered according o the amino acid sequence of SEQ 1D NO: 138,

259, The AAV particke of any one of ewbodipents 100, 121-124, and 242-258, wherein [KOJHK }-{K2}-
[K3}1-{K4] is present irnmediately subscquent o position 570, and wherein [KOJ-[K1]-[K2}-]K51-{K4]
replaces positions 571-379 {e.g., TS71, NS72, N373, Q574, §§75, §576, 1577, T578, and AS79),

mubered according o the amino acid sequence of SEQ 1D NG: {35,

260. The AAV particle of any one of embodiments 100, 116-124, and 242-2359, wherein [K3} is present

immediately subsequent [K21}.
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261. The AAV particle of any one of embodiments 100, 121-124, and 242-260, wherein [K4] is present

imnmediately subsequent [K31

262, The AAV particle of any one of embodiments 100, 121-124, and 242-261, wherein the AAV capsid

vatiant comprises, from N-ferminus to C-tegminus, [KIHK2]L

263. The AAV particle of any one of embodiments 100, 116-124, and 242-262, wherein the AAV capsid

vanant comprises, from N-terminus to Cotermnus, [K1-JK2}-K3].

264. The AAV particle of any one of embodiments 100, 116-124, and 242-263, wherein the AAYV capsid

variant comprises, from N-terminus o Coerminus, [KOMK-K21-{F3]

265. The AAV particle of any one of embodiments 100, 121-124, and 242-264, wherein the AAV capsid

variant comprises, from N-terminus to C-erpunus, (K1 K2 HK3]-{K4].

266. The AAV particle of any one of embodiments 100, 121-124, and 242-265, wherein the AAV capsid

variant comprises, from N-terminus to C-erminus, [KOJ-[KI1}-{K21-K31-[K4].

267. An adenp-associated vinus (AAV) particle comprising a viral gencriue compnsing a frataxin (FXN)-
encoding sequence (e.g., enceding a human FXN protein) and an AAV capsid variant (e.g., an AAVS
capsid variant) comprising;

{a) any onec of the amino actd sequences provided in Table 1, 24, 2B, 14, or 23-28;

{b) an amino acid sequence conmprising at least 3, at least 4, at least S, at least 6, at least 7, at least
8, at feast 9, at least 10, at least 11, at least 12, at least 13, at least 14, or at least 15 consecutive aming
acids from any one of the amino acid sequences provided in Tables 1, 24, 2B, 14, or 23-28§;

{c) an anxino acid sequence comprising one, two, of three but no more than four different amino
acids relative to any one of the amino acid sequences provided in Table 1, 24, 2B, 14, or 23-28; or

{d) an amino scquence comprising ore, two, or three but 1o more than four modifications relative

to any one of the amino acid sequences provided 1o Table 1, 24, 28, 14, or 23-28.

268. An adeno-associated viras (AAV) particle compnising a viral genome comprising a frataxin FXN)-
encoding sequence {¢.g., encoding a human FXN protein) and an AAV capsid vanant (e.g., an AAVS
capsid variant) comprising:

{a} the amine acid sequence of any one of SEQ 1D NGs: 943, 1021, 1024, 1027, 1112, 1142,
1214, 1232, 1254, 1300, 1310, 1327, 1331, 1342, 1419, 1433, 1533, 1538, 1539, 1573, 1578, 1583-1587,
1590, 1591-1593, 1598-1608, and 1610-1624;
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{b) an amino acid sequence comprising at least 3, at least 4, at least 3, at least 6, at least 7, at least

8, at least 9, at feast 10, at least 11, at least 12, at least 13, at least 14, or at least 15 consecutive aming

acids from any one of SEQ ID NOs: 943, 1021, 1024, 1027, 1112, 1142, 1214, 1232, 1254, 1300, 1310,
1327, 1331, 1342, 1419, 1453, 1533, 1538, 1339, 1575, 1578, 1583-1587, 1590, 15391-1393, 15958-1608,
and 1610-1624;

{c} an amxino acid scquence coraprising one, two, of three but no more than four different amigo
acids relative to the amino acid sequence of any one of SEQ ID NOs: 943, 1021, 1024, 1027, 1112, 1142,
1214, 1232 1254 1300, 1310, 1327, 1331, 1342, 1419, 1453, 1533, 1538, 1539, 1575, 1578, 1553-1387,
1590, 1591-1593, 1598-1604, and 1610-1624; or

{c} an amine sequence comprising one, two, or three but no more than four modifications relative
to the amxing acid sequence of any one of SEQ ID NQs: 943, 1021, 1024, 1027, 1112, 1142, 1214, 1232,
1254, 1300, 1310, 1327, 1331, 1342, 1419, 1453, 1533, 1538, 1539, 1575, 1578, 1583-1587, 1590, 1591~
1593, 1598-1608, and 1610-1624.

269. An adeno-associated virus (AAV) particie comprising a viral genome comprising a frataxin (FXN)-
cncoding sequonce (2.8, encoding a human FXN protein) and an AAV capsid vanant {e.g., an AAVS
capsid variant) comprising!

{a) the amino acid sequence of SEQ I NGs: 943 or any one of SEQ 1D NOs: 2664-2080;

(b} an amine acid sequence comprising at least 3, at least 4, ai least §, at least 6, at least 7, at least
#, at least 9, al least 10, at least 11, at least 12, at {east 13, at least 14, or at least 15 consecutive amine
acids from SEQ 1D NOs: 943 or any one of SEQ [D NQOs: 2064-2050;

{c) an amino acid sequence comprising one, two, of three bt no more than four different amino
acids relative to the amino acid sequence of SEQ 1D NOs: 943 or any one of SEQ 1D NOs: 2064-2080; or

{d) an amino sequenice comprising one, two, or three but no more than four medifications relative

to the amino acid sequence of SEQ I3 NOs: 943 or any one of SEGQ 1D NQOs: 2064-2080.

270. An adeno-associated virus (AAV) particle comprising a viral genome comprising a frataxin (FXN)-
ercoding sequence (2.2, encoding a hurnan FXN protein) and an AAV capsid variant (c.g., an AAVS
capsid variant) coraprising;

{a) the amino acid sequence of any ong of SEQ TD NGs: 1021, 1024, 1232, 1300, 1327, 1533,
1538, 1585, 1590, and 1591;

(b} an amine acid sequence comprising at least 3, at least 4, at least 3, at least 6, at least 7, at least
8. at least 9. at least 10, at least 11, at least 12, at least 13, at least 14, or af feast 13 consecufive aming
acids from any ope of SEQ 1D NGs: 1021, 1024, 1232, 1300, 1327, 1533, 1538, 1585, 1590, and 1591,

{cy an amino acid scquence comprising one, two, or three but no more than four different amine
acids relative to the amino acid sequence of any one of SEQ 1D NOs: 1621, 1024, 1232, 1300, 1327,

1533, 1538, 1585, 1590, and 1591; oy
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{d) an amino sequenCce comprising one, two, or three but no more than four modifications relative
to the amino acid sequence of any one of SEQ ID NQOs: 1021, 10624, 1232, 1300, 1327, 1533, 1538, 1585,
1590, and 1591.

27t The AAV particle of any one of embodiments 267-270, wherein the AAV capsid variant comprises
at least 3, at least 4, at least 5, at least 6, or at least 7 consecutive amino acids from SEQ ID NGO 943 or
of any one of SEG 1D NOs: 946-966,

272. The AAY particle of embodiment 271, wherein the at least 3 consecutive amine acids comprise
YPA.
273. The AAV particle of embodiment 271, wherein the at least 4 consecutive amino acids comprise

YPAE (SEQ ID NO: 21,

274. The AAV particle of embodiment 271, wherein the at least 5 consecutive amino acids comprise
YPAEV (SEQID NOG: 1)

275. The AAV particle of embodiment 271, wherein the at least 6 consecutive amino acids compuse

YPAEVV {SEQ ID NO: 725).

276. The AAV particle of embodiment 271, wherein the at least 7 consecutive amino acids comprise

YPAEVVQ (SEQ ID NO: 726).

277. The AAV particle of embodiment 271, wherein the amino acid sequence comprises YPAEVVQK
(SEQ ID NO: 943).

278. The AAV particle of any one of embodiments 267, 268, and 270, wherein the AAV capsid variant
conprises:

() YTP,

(i) YTPS (SEQ ID NO: 26);

(G0 YTPSL (SEQ I NO: 7);

(iv) YTPSLV (SEQ ID NO: 727);

(v} YTPSLVQ (SEQ ID NG: 728); and/or

(vi} YTPSLVQE (SEQ ID NO: 952).
279. The AAV capsid variant of any one of embodiments 267, 268, and 270, wherein:

(1) the at least 3 consecutive anuno acids comprise YPP;
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{it) the at least 4 consecutive anxino acids comprse YPPS (SEQ ID NO: 22);

{iil) the at least 5 consecutive amino acids comprise YPPSL (SEQ 1D NO: 2);

{iv}) the at least 6 consecutive amino acids comprse YPPSLV (SEQ 1D NO: 729);

{v) the at least 7 consecntive aming acids comprise YPPSLV(Q (SEQ ID NO: 732); and/or
{v1} the amino acid sequence comprises YPPSLVOK (SEQ 1D NO: 946},

280, The AAV capsid variant of any one of embodiments 267, 268, and 270, wherein:
{1} the at least 3 consecutive amino acids comprise YPP;
(it) the at least 4 consecutive amino acids comprise YPPS (SEQ 1D NO: 22);
(ii1) the at least 5 consecutive amino acids comprise YPPSL (SEQ ID NO: 2);
{iv) the at least 6 consecutive amine acids comprise YPPSLE (SEQ D NO: 733);
(v} the at least 7 consecutive amino acids comprise YPPSLEQ (SEQ 1D NO: 734); and/or
(vi) the amino acid sequence comprises YPPRLEQK (SEQ 1D NO: 9533,

281. The AAV capsid varant of any one of embodiments 267, 268, and 270, wherein:
(1) the at least 3 consecutive anuno acids compuse YPP;
(it} the at least 4 copsecutive arino acids comprise YPPS (SEQ ID NO: 22);
(iii) the at least 5 consecutive anino acids comprise YPPSL (SEQ ID NO: 2);
(iv) the at least 6 consecutive aming acids comprise YPPSLY (SEQ 1D NOG: 729);
(v} the at least 7 consecutive amino acids comprise YPPSLVK (SEQ 1D NO: 738); and/or

{vi} the armine acid sequence comprses YPPSLVKK (SEQ ID NO: 954,

282. The AAV particle of any onc of embodiments 267-277, wherein the AAV capsid variant comprises
an amine acid sequence comprising one, two, or three but no more than four different amino acids

relative to the amino acid sequence of YPAEVVQK (SEQ 1D NO: 943).

283. The AAV particle of any one of embodiments 267, 268, 270, and 278-281, wherein the AAV capsid
variant Comprises an amino acid sequence comprising one, two, ot three but no more than four different
amigo acids relative to the amino acid sequence of any one of SEQ ID NQOs: 1021, 1024, 1232, 1300,

1327, 1533, 1538, 1585, 1596, and 1591
284, The AAV particle of any one of embodiments 267, 268, 270, and 278-281, wherein the AAV capsid

variant comprises an amino acid sequence comprising one, two, or three but no more than foar different

amino acids relative to the amino acid sequence of any one of SEQ 1D NQOs: 946, 932, 953, and 934,

-67 -



WO 2025/038800 PCT/US2024/042405

285. The AAV particle of any one of embodiments 267-277 or embodiment 282, wherein the AAV
capsid variant comprises an amine acid sequence comprising one, fwo, or three but no more than four
modifications relative to the amino acid sequence of YPAEVVOK (SEQ ID NO: 943).

286, The AAV particle of any one of embodiments 267, 268, 270, 278-281, and 283, wherein the AAV

s
capsid variant comprises an amine acid sequence comprising one, two, or three but no more than four
modifications relative to the amine acid sequence of any one of SEQ 1D NOs: 1021, 1024, 1232, 1300,

1327, 1533, 1538, 1585, 1590, and 1591,

287. The AAYV particle of any one of embodiments 267, 268, 270, 278-281, and 284, wherein the AAV
capsid variant comprises an amino acid sequence conprising one, two, or three but no more than four

modifications relative to the amino acid sequence of any onc of SEQ 1D NOs: 946, 952, 953, and 954,

288. The AAV particle of any prior embodimernt, e.g., anv one of embodiments 267-277, 282, and 285,
wherein the AAV capsid variant comprises an amine acid sequence encoded by

(1) a nucleotide sequence comprising SEQ 1D NO: 944 or a nucleotide sequence that comprises at
least one, at least two, at least theee, at least four, at least five, at least six, at least seven, at least cight, at
least nine, or ten mwodifications, but no more thao ten modificatioss, | relative to the mucleotide sequence
of SEQ I NQG: 944; or

(1t) a mucleotide sequence comprising at least one, at least two, at least three, at Ieast four, at least
five, at least six, at least seven, at least eight, at least nige, or ten different nucleotides, but no more than

ten different nucleotides, relative to the nucleotide sequence of SEQ D NO: 944,

289. The AAV particle of any one of embodiments 267-277, 282, 285, and 289, wherein the AAV capsid
variant is encoded by:

(1) a nucleotide sequence comprising at least one, at least two, at least three, at feast four, at least
five, at least six, or at least seven modifications, but no more than ten modifications, relative to the
nucleotide sequence of SEQ 1D NO: 944; or

{11y a nuclectide sequence compusing at least cue, at least two, at least three, at least four, at least
five, at least six, or at least seven, but no more than ten different sucleotides relative to the nucleotide

sequence of SEQ ID NO: 944,

296, The AAVY particle of embodiment 267, wherein the AAV capsid variant comprises:

{a) the amino acid sequence of any one of SEQ 1D NOs: 2024-2063;

(b} an amine acid sequence comprising at least 3, at least 4, at least 3, at least 6, at least 7, at least
8. at least 9, at least 10, at least 11, atleast 12, at least 13, at least 14, or at least 15 consecutive aming

acids from any one of SEQ 1D NUOs: 2024-2063;
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{c) an amino acid sequence comprising one, fwo, or three but no more than four different amino
acids relative to the amino acid sequence of any one of SEQ 1D NOs: 2024-20063; or
{d) an amino sequence comprising one, two, or three but no more than four modifications relative

to the arsino acid sequence of any one of SEQ 1D NOs: 2024-2063.

291, The AAV particle of cmbodiment 267 or 290, wherein the differcot amine acids, of the amino acid
sequence comprising one, two, or three bt no more than four different amino acids relative (o the aming
acid sequence of any one of SEQ D NOs: 2024-2063, are present at one or more of the following
positions:

(1) position 1, wherein the different amino acid is Tor L;

{(11) position 2, wherein the different amino acidis N, LK, A, T, or P;

(i1} position 3, wherein the different amino acidis N, K L A Y, o1 8

(iv) position 4, wherein the different amino acid s Q. L, T8, FL Y, K, ot A;

(v} position 5, wherein the different amino acid is S, H, A, M, Q, T, V, or F}

{vi) position 6, wherein the different amino acidis S, P, V. A, QL. T, N, or M;

(vii) position 7, wherein the differemt aouno acidis Y, H, S, VLA L or T,

{viit) position 8, wherein the different armno acidis B, P, A, O, F. L, 5, H, or M,

{(ix) position 9, wherein the different amino acid s F, AL, DL or Q;

(x} position {0, wherein the dffercntaminc acid s T E, L or §;

{xi) position 11, wherein the different amino acid is V. A, N, or §;

{xi1) position 12, wherein the different amino acid is V, L, or P;

{xiit} position 13, wherein the different amino acid s Q. E, or P;

{xiv} position 14, wherein the different aminc acid is K, N, S, or L;

{xv) position 15, wherein the different amino acid i1s T, V, M, or L; and/or

{xvi} position 16, wherein the different amino acid is A, G, or R,

292, The AAV particle of embodiment 267, wherein the AAY capsid variant comprises:

{a) the amino acid sequence of any one of SEQ D NOs: 1632-1733, 1735-1737, 1739, 1741,
17441749, 1751-1796, 179%-1%00, 1802-1807, 1810, I813-1815, 1818, 1822, 1823, 1829-1837, 1842-
2023, and 2087-2112;

(b} an amino acid sequence comprising at least 3, at least 4, at least 35, at least 6, at least 7, at least
8. at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, or at Ieast 15 consecutive aming
acids from any one of SEQ 1D NQGs: 1632-1733, 1735-1737, 1739, 1741, 1744-1749, 1751-1796, 1798~
1800, 1802-1807, 1810, 1813-1815, 1814, 1822, 1423, 1829-1837, 1842-2023, and 2087-2112;

{cy an amino acid scquence comprising one, two, or three but no more than four different amine

acids relative to the amino acid sequence of any one of SEQ 1D NOs: 1632-1733, 17351737, 1739,
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1741, 1744-1749, 1751-1796, 1798-1800, 1802-1807, 1810, 1813-1815, 1818, 1822, 1823, 1829-1837,
1842-2023, and 2087-2112; or

{d) an amino sequence comprising one, two, or three but no more than four modifications relative
to the amino acid sequence of any one of SEQ 1D NOs: 1632-1733, 1733-1737, 1739, 1741, 17441749,
1751-1796, 1798-1800, 1802-1807, 1816, 18131815, 818, 1822, 1823, 1829-1837, 1842-2023, and

2087-2112.

293. The AAYV particle of embodiment 268 or 292, wherein the different amino acids of the arnino acid
sequence corpprising one, two, or three bot no more than four different amino acids relative to the amino
acid sequence of any one of SEQ 1D NQOs: 1632-1733, 1733-1737, 1739, 1741, 1744-1749, 1751-1796,
1798-1800, 1802-1807, 1810, 1813-1815, 1818, 1822, 1823, 1829-1837, 1842-2023, and 2087-2112, arc
present at one or more of the following positions:

(1) position 1, wherein the differentamino acid is T, G, N, S, E LY, Vo or f;

(i1) position 2, wherein the different amino acid s DN, K E VG R L H FE P, T A S L or

(i) position 3, wherein the differemt amino acid s Y, NV K, T W, Q0 M, V, C AL F, H, G R
S, 0r P
(iv) position 4, wherein the different amino acid S HL QP E R KA S V. L. T. DL L G M or

N;
(v} position 3, wherein the different amino acild B R, S K, N H G W A P V. Q. Y, L or F;
{vi} position 6, wherein the different amno acid S G, S, F, R W H L C M A Y. K N, Q, ¥,
PE D T orl;
{vi1) position 7, wherein the different amino acid s D, Y, S, L H, F. P KR G L, Q, A M, T N,
V., W.C orE;
{viit} position 8, wherein the different amino acid s P, L Q. T, W, V., G K LY. N H R DS,
M, A F, orE;
{ix) position 9, wherein the different amuno acid is A, R, T, Q, S, ML E K, V, G, DN, H,F, P,
or I
{x)} position 10, wherein the different amino acid B K. EEQ H V.G R S PLN M A L. D or

{x1) position 11, wherein the differcnt amino acid BV, A EN R UM T O, S K, C, G DY,
P HF ork

{x1t) position 12, wherein the different amino actd s V. P, L S, TN A G K R EH E O, or
M,

{xii) position 13, wherein the different amino acid is Q, KN, A H R T,V E L P, G, S, or L

{xiv} position 14, wherein the different amino acid s K E LY, Q R, G D L N, or §;

{xv} posttion 15, wherein the different amino acid is S, T, N, Q, L P, E, G, K. M, or H; and/or
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{xvi) position 16, wherein the different amino acidis A, D, L, Y, Q, or T.

294, The AAV particle of any one of embodiments 267-293, wherein the amine acid sequence is present

in foop VI of the AAV capsid variant.

295, The AAV particle of any one of embodiments 267-294, wherein the amine acid sequence is present
immediately subsequent to position 570, 5371, 572, 373, 574, 573, or 376, numbered according to the

amino acid sequence of SEQ 1D NO: 138 or 982,

296. The AAV particle of any one of embodiments 267-293, wherein the amino acid sequence replaces
omne, two, three, four, five or all of positions 371, 372, 573, 374, 575, and/or §76 {c.g., positions T371,
MNSTZ, N373,Q574, 8575, §576, TS77, T378, and/or A579), numbered according fo the amino actd
scquence of SEQ 1D NO: 138,

297. The AAV particle of any one of embodiments 267-296, wherein the amino acid sequence is present
immediately subsequent to position 576, numbered according to the amino acid sequence of SEQ ID NOG:

138 or 982.

298, The AAV particle of any one of embodiments 267-297, wherein the AAV capsid variant comprises
an amino actd residue other than T at position 377, numbered according to the amino acid sequence of

SEQ 1D NO: 138

299, The AAV particle of any onc of embodiments 267-298, wherein the AAV capsid variant comprises
the amino acid Y at position 577, numbered according to the amino acid sequence of SEQ ID NO: 138 or
982.

300. The AAV particle of any one of embodiments 267-299, wherein the AAV capsid variant comprises

the substitution T577Y, numbered according to the amino acid sequence of SEQ 1D NO: 138,

301, The AAYV particke of embodinent 298 or 299, wherein the amino acid sequence is or comprises
YPAEVVOK (SEQ 1D NO: 943), and starts at position 577, numbered according to the amino acid
sequence of SEQ I3 NG: 138 or 982.

302, The AAV particke of any one of embodiments 267-277, 282, 285, 281, 289, and 294-301, wherein
the AAV capsid variant comprises an amino acid other than T at position 577, and further comprises the
amino acid sequence of PAEVVQK (SEQ D NO: 20), which is present immediately subsequent to

position 377, numbered according to the amino acid sequence of SEQ D NO: 138,
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303. The AAV particle of any one of embodiments 267-277, 282, 285, 288, 289, and 294-302, wherein

>

s~y

the AAV capsid variant comprises the amino acid Y at position 377, and further conprises the amino
acid sequence of PAEVVQK (SEQ ID NO: 20}, which is present inmunediately subsequent to position

377, numberad according to the amino acid sequence of SEQ 1D NO: 138

304, The AAY particle of any one of embodiments 267-277, 282, 283, 285, 289, and 294-303, wherein
the AAV capsid variant comprises the armino acid Y at position 577, and further comprises the armino
acid sequence of PAEVVOK (SEQ D NG: 20), which 1s present immediately subsequent to position 577

{c.g., at positions 378-384), mumbered according o the amino acid scquence of SEQ 1D NO: 982,

305, The AAV particke of any one of embodiments 267-277, 282, 285, 288, 289, and 294-304, wherein
the AAV capsid variant coraprises the amino acid sequence of YPAEVVQOK (SEQ ID NO: 943), wherein

the amino acid sequence replaces position 377 (e.g., T377), numbered according to the amino acid

sequence of SEQ 1D NO: 138,

306. The AAV particle of any one of crbodiments 267-277, 282, 285, 288, 289, and 294-305, wherein
the AAV capsid variant coraprises the amino acid sequence of YPAEVVOK (SEQ [ NG 943), wherein
the arine acid sequence:

(1) is present immediately subsequent o position $76; and

(1) replaces position 5377 (e.g., T377),

wherein in (1) and (i) are numbered according to the amino acid sequence of SEQ D NO: 138,

307. The AAV particle of any one of embodiments 267-277, 282, 285, 288, 289, and 294-306, wherein
the AAV capsid variant further comprises an amino acid other than T at position 571 {e.g., I), numbered

according to the amino acid sequence of SEQ 1D NO: 138 or SEQ 1D NO: 982,

308, The AAV particle of any one of embodiments 267-277, 272, 275, 278, 289, and 294-307, wherein
the AAV capsid variant further comprises 1 at position 571, sumbered according to the amine acid

sequence of SEQ I NO: 138 or SEQ 1D NO: 982

309, The AAY particle of any one of embodiments 267-277, 282, 283, 285, 289, and 294-308, wherein
the AAV capsid variart further comprises oxe, two, or all of an amino acid other than QO at position 374
{e.g., AorT) S atposition $75{e.g., G), and/or S (2.2, A, L, K, or R} at position 576, nombered

according to the amino acid sequence of SEQ ID NO: 138 or SEQ 1D NO: 982,
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310, The AAV particle of any one of embodiments 267-277, 282, 285, 288, 289, and 294-309, wherein
the AAV capsid variant further comprises:

{1) A at position 574, G at position 575, and A at position 576, numbered according to the amino
acid sequence of SEQ ID NG 138 or 982; or

{i1) T at position 574 and L at posttion 576, munbered according o the amine acid sequence of

SEQ TD NO: 138 or 982.

31t The AAV particle of any one of embodiments 267-277, 282, 283, 288, 289, and 294-309, wherein
the AAV capsid variant further coraprises:

(1) K at position 376, nurbered according to the amino acid sequence of SEQ ID NO: 138 or
982; or

(i1} R at position 576, numbered according to the amino acid sequence of SEQ 1D NO: 138 or

982,

312. The AAV particle of anv one of embodiments 267-277, 282, 285, 288, 289, and 294-310, wherein
the capsid vanant comprises:

(i) A at position 574, G at position 375, A at position 576, and Y at position 577, numbered
according to the anxino acid sequence of SEQ I NO: 138 or 982; and

(1t) the araion acid sequence of PAEVVQK {(SEQ 1D NG: 20), which is present immediately

subsequent o position 577, nurabered according (o the amino acid sequence of SEQ 1D NGO: 133 or 982,

313, The AAV particle of any onc of embodiments 267-277, 282, 285, 288, 289, and 294-310, wherein
the AAY capsid variant comprises:

(1) T at position 574, L at position 576, and Y at position 577, numbered according to the amino
acid sequence of SEQ D NO: 138 or 982; and

{1y the amino acid sequence of PAEVVQK (SEQ 1D NO: 20), which is present immediately

subseqguent to position 377, numbered according to the amino acid sequence of SEQ ID NO: 138 or 982,

314, The AAV particle of any one of embodiments 267-277, 282, 285, 28%, 289, 294-309, and 311,
wherein the AAV capsid variant comprises:

{{) K at position 576 and Y at position 377, numbered according to the arnino acid sequence of
SEG ID NO: 135 or 982; and

(i1) the amino acid sequence of PAEVVOK (SEQ D3 NO: 20), which is present inunediately

sabisequent to position 377, nombered according to the amino acid sequence of SEQ [D NO: 138 or 982,

315. The AAV particle of any one of embodiments 267-277, 282, 283, 288, 289, 295-309, and 311,

wherein the AAV capsid variant comprises:
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{1) R at position 576 and Y at position 577, numbered according to the amino acid sequence of
SEQ TD NOG: 138 or 982; and
(i1} the amino acid sequence of PAEVVQOK (SEQ 1D NO: 203, which is present immediately

subscquent to position 377, numbered according to the amino acid sequence of SEQ ID NO: 138 or 982,

316, The AAV particle of any oue of embodiments 267-277, 282, 285, 288, 289, and 294-308, wherein
the AAV capsid variant comprises:

(i)} I at position S71 and Y al position 377, numbered according to the amino acid sequence of
SEQ 1D NO: 138 or 982; and

(i1} the amino acid sequence of PAEVVQE (SEQ ID NO: 20), which is present immediately

subsequent to position 377, numbered according to the amino acid sequence of SEQ D NO: 138 or 982,

317. The AAYV particle of anv one of embodiments 267, 268, 270, 278, 283, 284, 286, and 287, wherein
the AAV capsid variant coraprises Y at position 377 and the amino acid sequence TPSLVQK (SEQ ID

NO: 53}, which is present tramcediately subsequent to position 57
acid sequence of SEQ ID NO: 138 or 982.

, all numbered according to the amino

318, The AAV particle of any one of crubodimends 267, 268, 270, 279, 283, 284, 286, and 287, wherein
the AAV capsid variant coraprises Y at position 377 and the aming acid sequence PPSLVQK (SEQ ID
NO: 47y, which 1s present tramediately subsequent to position 577, all numbered according to the amino
acid sequence of SEQ D NO: 138 or 982,

319, The AAV particle of any one of embodiments 267, 268, 270, 280, 283, 284, 2806, and 287, whercin
the AAV capsid variant conprises Y at position 577 and the amino acid sequence PPSLEGK (SEQ ID
NO: 543, which is present tmmediately subsequent to position 577, all numbered according to the amine

acid sequence of SEQ D NO: 138 or 982,

320. The AAV particle of any one of embodiments 267, 268, 270, 281, 283, 284, 286, and 287, wherein
the AAV capsid varlant comprises Y at position 577 and the amine acid scquence PPSLVKK (SEQ 1D
NG: 55), which is present iounediately subsequent to position 577, all nwbered according {o the aming

acid sequence of SEQ 1D NG 138 o1 982.

321 The AAV particle of any one of the embodimends provided berein, wherein the AAV capsid vanant

further corpprises a medification in loop L 11 IV, and/or VL

322. The AAV particle of any one of the embodiments provided herein, wherein the AAV capsid variant

comprises an amino acid sequence comprising at least one, at feast two, or at feast three modifications,
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but not more than 30, not more than 20, or not more than 10 modifications, relative to the amino acid

sequence of SEQ [D NO: 138,

323, The AAV particle of any one of the embodiments provided berein, wherein the AAV capsid vaant
comprises an amino acitd sequence comprising at least one, at least two, or at least theee, bt ne moere than
30, oo maore thao 20, or no more than 10 differcnt arine acids, relative to the amino acid sequence of

SEQ I NO: 138

324. The AAV particke of any one of the embodimentds provided berein, wherein the AAV capsid vaniant
comprises an amino acid sequence with at kcast 80% (e.g., at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99%;) sequence identity to SEQ D NO:

138,

{Embodinents 325-327 arc intentionally absent. ]

328 The AAV particle of anv one of the embodiments provided herein, wherein the AAV capsid variant

coraprises a VP I protein, a VP2 protein, a VP3 proteis, or a corabination thereof.

329. The AAV particle of any one of erbodimends 1-98, 125-242, 267-277, 282, 285, 288, 289, 294-306,
and 321-328, wherein the AAY capsid variant comprises the amino acid sequence corresponding to
positions 137-731, e.g., a VP2, of SEQ I3 NG: 982, or a sequence with at feast 80% (¢.g., at keast 80%,

at least 83%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%)

sequence identity thereto.

330, The AAV particle of any onc of crabodiments 1-98, 125-242, 267-277, 282, 285, 248, 289, 294-300,
and 321-329, wherein the AAV capsid variant comprises the amine acid sequence corresponding to
positions 193-731, c.g., a VP3, of SEQ ID NO: 982, or a sequence with af Ieast 80% (¢.z., at least 80%,

at least 85%, at Jeast 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%)

sequence identity thereto.

331 The AAV particle of any one of embodiments 1-321, wherein the AAV capsid variant compuses a
sequence with at least 80% (¢.g., at least 80%, at least 83%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99%) sequence identily to the amino acid sequence corresponding to

positions 137-724, e g, a VP2, of SEQ ID NO: 138,

332. The AAV particle of any one of embodiments 1-321, wherein the AAV capsid variant comprises a

sequence with at least 80% (c.g., at Jeast 80%, at least 859, at least 90%, at least 95%, at least 96%, at
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least 97%, at least 98%, or at least 99%) sequence identity to the amino acid sequence corresponding to

positions 193-724, c.g., a VP3, of SEQ ID NO: 138,

333, The AAV particle of any one of ewmbodimuents 267-277, 282, 285, 288, 289, 294-306, and 321-328,
wherain the AAV capsid variant compuases an araino acitd sequence comprising at least 3, al least 4, at
least 5, or at least ¢ consecutive amino acids frorn the amino acid sequence of YPAEVVQK (SEQ ID
NO: 943), wherein:

{1} the at least 3 consecutive amino acids corprise YPA!

{it) the at least 4 consecutive amino acids comprise YPAE (SEQ ID NG: 21y,

(ii1) the at least 5 consecutive amino acids comprise YPAEV (SEQ D NO: 1);

{iv) the at least 6 consecutive amino acids comprise YFAEVY (SEQ 1D NG: 725); or

(v} the at least 7 consecutive amino acids comprise YPAEVVQ (SEQ ID NO: 726);

wherein the AAV capsid variant comprises the amino acid sequence of SEQ ID NO: 739, oran
amiino acid sequence at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%

identical to SEQ [D NO: 739,

334, The AAV particle of any ore of crbodiments 267-277, 282, 285, 288, 289, 294-306, 321-328, and
333, whersin the AAV capsid variant comprises an amino acid sequence conprising at least 3, at least 4,
at least 3, or at least 6 consecutive amine acids from the amine acid sequence of YPAEVVOK (SEQ ID
NG: 943), wherein:

(1) the at least 3 consecutive amino acids compuse YPA;

(it} the at least 4 consecutive aming acids comprise YPAE (SEQ 1D NO: 21);

(i1} the at least 5 consecutive amino acids comprise YPAEV (SEQ 1D NO: 1)y

{(iv) the at least 6 consecutive amino acids comprise YPAEVYV (SEQ D NO: 723); or

{v} the at least 7 consecutive amino acids comprise YFAEVVQ (SEQ 1D NO: 726}

wherein the AAY capsid variant comprises: (a) a VP1 protein coniprising the amino acid
sequence of SEQ 1D NO: 982, (b) a VP2 protein compusing the amino acid sequence of positions 137-
731 of SEQ 1D NG: 982; (c) a VP3 protein comprising the amino acid sequence of positions 193-731 of
SEQ 1D NO: 982; or (d) an amino acid sequence with at least 90% (¢.g., at least 90%, at least 95%, at
least 96%, at least 97%, at Jeast 98%, o1 at Jeast 99%:;) scquence 1dentity to any one of the amino acid

sequences 10 {a-(c).

333, The AAV particle of any one of embodiments 267-277, 282, 283, 285, 289, 294-306, 321-328, and
334, wherein the AAY capsid variant corprises one, two, or three but no more than fowr different amino
acids, relative to the amino acid sequence of YPARVVQK (SEQ 1D NO: 943), wherein the AAV capsid
variant comprises:

{a) a VP1 protein comprising the amino acid sequence of SEQ 1D NG 982;
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{b) a VP2 protein comprising the amine acid sequence of positions 137-731 of SEQ 1D NG: 982,

{c) a VP3 protein comprising the amino acid sequence of positions 193-731 of SEQ 1D NO: 982;
or

{d) an amino acid sequence with at feast 90% (¢.g.. at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99%) sequence identity to any one of the amino acid sequences i {a)-

{c}.

336. The AAV particle of any one of embodiments 267-277, 282, 285, 285, 289, 294-306, 321-328. and
333-335,

acid sequence of YPARVVQK (SEQ ID NO: 943), wherein the AAV capsid vanant comprises the amino

>

.

comprising one, two, or three bl no more than four different amino acids, relative (o the amine

acid sequence of SEQ ID NG: 739; or an aming acid sequence at least 90%, at least 95%, at least 96%, at
least 97%. at least 98%, or at least 99%; sequence identity to the amine acid sequence of SEQ (D NO:
739,

337. The AAV particle of anv one of embodiments 267-277, 282, 285, 288, 289, 204-306, 321-328, and
33-336, comprising one of two, but no more than three substitutions relative to the aminoe acid sequence
of YPAEVVOK (SEGQ 1D NO: 943), wherein the AAV capsid vanant comprises an amino acid scquence
at feast 90% (c.g.. at least 95%, at least 96%, at least 97%, at icast 98%, or at least 99%;) identical to the

amino acid sequence of SEQ 1D NO: 982,

338, The AAV particle of any onc of crobodiments 1-98, 123-241, 267-277, 282, 288, 288, 289, 294-30¢,
321-328, and 333-337, wherein the AAV capsid vanant comprises the amine acid sequence of SEQ (D
NO: 982, or an amino acid sequence with at feast 80% (e.g., at least 80%, at least 85%, at least 90%, at

least 95%, at least 96%, at feast 97%, at least 98%, or at least 99%) sequence identity thereto.

339 The AAV particle of anv one of embodiments 1-98, 125-241, 267-277, 282, 285, 288, 289, 294-300,
321-328, and 333-338, wherein the AAV capsid variant comprses the amino acid sequence of SEQ ID

NO: 982 or an amino acid sequence with at least 95% identity thereto.

340. The AAYV particke of anv oue of enbodimsents 1-98, 125-241, 267-277, 282, 285, 288, 289, 294-306,
321-328, and 333-339, wherein the AAV capsid variant comprises the amine acid sequence of SEQ IR

MNQO: 982 or an amino acid sequence with at least 98% identity thereto.

341 The AAV partick of any one of embodiments {-98, 125-241, 267-277, 282, 285, 288, 289, 294.-3006,
321-328, or 333-340, wherein the AAV capsid variant comprises an amino acid sequence comprising at
least one, at least two, or at least three modifications, but not more than 30, not more than 20, or not more
than 10 modifications, relative (o the amino acid sequence of SEQ 1D NO: 982.

g
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342, The AAV particle of any one of embodiments 1-98, 125-241, 267-277, 282, 285, 288, 289, 294-300,
321-328, and 333-341, wherein the AAV capsid variant comprises an amino acid sequence comprising at
least one, at least two, or at least three, but not more than 30, not meore than 20, or not more than 10

different amino acids, relative to the amine acid sequence of SEQ 1D NO: 982,

343, The AAV particke of any one of embodiments 1-98, 125-241, 267277, 282, 285, 288, 259, 294-306,
321-328, and 333-342, wherein the nucleotide sequence encoding the AAV capsid variant compnses the
pucleotide sequence of SEQ ID NG: 984, or a nucleotide sequence with at least 80% {e.g., at least 80%,
4t feast 85%, at least 90%, at keast 95%, at least 96%, at least 97%, at least 98%, or at least 99%)

sequence identity thereto.

344, The AAYV particle of any one of the embodiments provided herein, wherein the nucleotide sequence

encoding the AAV capsid variant is codon-optimized.

[Emabodinends 345-349 are intentionally absent. |

350, The AAV particle of any one of crobodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294~
344, which has an increased tropism for a CNS cell or tissue, €.2., a brain cell, braio tissue, spinal cord
cell, or spinal cord tissue, relative to the tropism of an AAV particle conprising an AAV capsid

coraprising the armnoe acid sequence of SEQ [D NO: 138,

351. The AAV particle of any onc of embodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294-
344, which has an increased tropism for a ONS cell or tissue, ¢.g., a brain cell, brain fissue, spinal cord
cell, or spinal cord tissue, relative to the tropism of an AAV particle comprising an AAV capsid

conprising the anuno acid sequence of SEQ ID NO: 982,

352, The AAV particle of any one of embodiments 1-66, 139, 140, 146-241, 267, 268, 2706-289, and 294-
344, which has an increased tropism for a ONS cell or tissue, ¢.g.. a brain cell, brain tissue, spinal cord
cell, or spinal cord tissue, relative to the tropism of an AAV particle comprising an AAY capsid

conprising the amino acid sequence of SEQ ID NO: 139,

353, The AAY particle of any one of embodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294~
344, which transduces a brain region, €.2., a teraporal cortex, perirhinal cortex, globas pallidus, putamen,
caudate, thalamus, hippocampus, geniculate nucleus, Purkinge cell layer, deep cercbellar nucled, dentate

nucleus, brainstem, and/or cercbellum, optionally wherein the level of transduction is at least 1.5, at least

7

2.2 atleast 2.4, at least 2.5, at least 2.6, at least 2.7, at least 3.0, at least 3.2, at least 3.5, at least 3.7, at

>
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least 4.0, at least 4.2, at least 4.3, at least 4.7, at least 4.9, at least 5, at least 10, at least 15, at least 20, at
Ieast 25, at least 30, or at least 35-fold greater as compared to an AAY particle comprising an AAYV
capsid comprising the amino acid sequence of SEQ ID NO: 139, e.g., when measured by an assay, ¢.g.,

an immunchistochemistry assay or a gPCR assay, ¢.g., as descubed in Example 2.

354, The AAV particle of any one of embodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294-
353, which 1s enriched at least 2, at least 3, at least 4. at least 5, at least 6, at feast 7. at least 8, at feast 9,
at least 10, at least 12, at least 15, at least 17, at least 20, at keast 25, at least 30, at least 35, at least 40, at
least 45, at least SO, at least 553, at least 60, or at least 65-fold in the brain compared to an AAY particle
comprising an AAY capsid comprising the amino acid sequence of SEQ ID NO: 138, e g, when

measured by an assay as described in Example 1

355, The AAV particle of any one of embodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294~
334, which is enriched at least 10, at least 12, at least 15, at least 17, at least 20, at least 25, at least 30, at
least 35, at least 40, at least 45, at least 50, af least 53, at least 60, at least 61, at least 62, at feast 63, at
least 64, or at least 65-fold in the brain compared to an AAV particle compusing an AAV capsid
coraprising the amioo acid sequence of SEQ ID NO: 138, ¢ g, when measured by an assay as described

in Example 1.

336. The AAV particle of any one of erbodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294-
3358, which is ennched in the brain of at least two to at least three species, ¢.g.. a non-homan primate and
rodent {¢.g., rat and/or mouse), ¢.g., as compared 10 an AAV particle comprising an AAV capsid

coniprising the anino acid sequence of SEQ ID NQO: 138,

357. The AAV particle of any onc of crabodiments 1-66, 139, 140, 146-241, 267, 268, 276-289, and 294~
356, which is enniched at least 2, at Ieast 3, at least 4, at Jeast 5, at least 6, at least 7, at least 8, at least 9,
at least 10, at least 12, at least 15, at least 17, at least 20, at least 25, at least 30, at least 35, atf least 40, or
at lcast 45-fold in the brain of at least two to at least three species, €.g., a non-human primate and rodent
{e.g., tat and/or mouse), cormpared 10 an AAV particle comprising an AAV capsid comaprising the amino

acid sequence of SEQ D NG 138, e.g., when oeasured by an assay as descabed in Examples 1, 2, 4

and §.

>

358. The AAV particle of exbodiment 356 or 357, wherein the at least two o at least three species aie
~ 11

Macaca fuscicularis, Chiorocebus sabaens, Callithrix jocchus, rval, and/or mouse (e.g., BALB/C mice).

359, The AAV particle of any one of embodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294~

358, which is enriched at least 3, at least 10, at feast 15, at least 20, at least 25, at least 30, at least 35, at
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least 40, at least 45, at least 530, at least 55, at least 60, at least 63, at least 70, at least 75, at least 80, at
Ieast 85, at least 90, at least 100, at feast 123, at least 150, at Jeast 173, at least 200, or at least 225-fold, in
the brain compared to an AAV particle comprising an AAV capsid comprising the amino acid sequence

of SEQ ID NO: 982, ¢.g.. when measurad by an assay as described in Exanple 4.

366, The AAV particke of any one of embodimuents 1-66, 139, 140, 146-241, 267, 268, 276-289, and 294-
359, which delivers an increased level of a pavload to a brain region, optionally whercin the level of the
payload is increased by at least 20, at Jeast 25, at least 30, or at least 35-fold, as compared {6 anp AAY
patticle comprising an AAV capsid corprisiog the aruoe acid sequence of SEQ ID NO: 139, g, when

measured by an assay, ¢.g., a gRT-PCR or a gPCR assay (e.g., as described in Exarple 2).

361, The AAV particle of any one of embodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294~
360, which delivers an increased number and/or level of viral genomes o a brain region, optionally
wherein the mumber and/or level of viral genomes is increased by at least 1.5, at least 2.2, at least 2.4, at
least 2.5, at least 2.6, at least 2.7, at least 3.0, at least 3.2, at least 3.5, at least 3.7, at least 4.0, at least 4.2,
at Jeast 4.5, at least 4.7, at least 4.9, or at least 5-fold as compared fo an AAV partticle comprising an
AAV capsid comprising the amine acid sequence of SEQ 1D NG 139, ¢ 2., when measured by an assay,

e.g.agRT-PCR or a gPCR assay {e.g., as described in Example 2).

362. The AAV particle of any one of embodiments 350-361, wherein the brain region s a temporal
cortex, perirhinal cortex, globus pallidus, putamen, candate, thalamus, lippocarnpes, geniculale nocleus,

Purkinge cell layer, deep cerebellar nuclei, cerebellum, or a combination thercof.

363. The AAV particle of any one of crabodiments 1-66, 139, 140, 146-241, 267, 268, 2706-289, and 294~
362, which is enriched at least 3, at least 3.5, at least 4, at least 4.5, at least 5, at least 5.5, at least 6, or at
least 6.5-fold in a spinal cord region compared to an AAV particle comprising an AAV capsid
comprising the amino acid sequence of SEQ ID NO: 139, e.g., when measured by an assay as descobed

in Example 2.

364, The AAV particle of any one of embodiments 363, wherein the spinal coxd region is a cervical

region, a lumbar region, a thoracic region, or a combination thereof.

365, The AAV particle of any one of the embodimerds provided berein, which shows preferentiat

transduction in a brain region relative o transduction 1o the domsal oot ganglia (BRG).

366. The AAV particle of any one of embodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294~

365, which is capable of transducing neuronal cells.
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367. The AAV particle of any one of embodiments 1-66, 139, 140, 146-241, 267, 268, 270-289, and 294-

366, which is capable of transducing non-ncuronal cells, ¢.g., glial cells (e.g., oligodendrocyies).

368. The AAYV particke of any oue of enbodimments [-66, 139, 140, 146-241, 267, 268, 270-289, and 294~

367, which shows preferential transduction in a brain region relative to transduction in the liver,

369. The AAV particle of any one of embodinents 67-267, 269, 271-277, 282, 285, 288, 289, 294-306,
and 321-349, which has an increased tropism for a heart cell or heart tissue, €.2., a heart ventricle or heart
atrium, relative to the tropism of an AAV particle comprising an AAV capsid comprising the amino acid
sequence of SEQ D NO: 138,

370. The AAV particle of anv one of embodiments 67-267, 269, 271-277, 282, 285, 288, 289, 294-3006,
321-349, and 369, which has an increased tropism for a heart cell or tissue, e.g., a heart ventricle or heart
atrinn, relative to the tropism of an AAV particle comprising an AAV capsid comprising the amino acid

scquence of SEQ 1D NO: 139,

371, The AAV particle of any one of crobodimends 67-267, 269, 271-277, 282, 285, 288, 289, 294-306,
321-349, 369, and 370, which delivers agn increased level of a payload o a heatt region, optionally
wherein the level of the pavioad is increased by at least 1.5, at feast 2, or at least 2.5-fold, as compared to
an AAV particle comprising an AAV capsid comprising the amino acid sequence of SEQ I NG: 139,
2.g., when measured by an assay, ¢.g., an IHC assay or a RT-ddPCR assay {e.g.. as described in Example

23,

372. The AAV particle of any one of embodiments 67-267, 269, 271-277, 282, 285, 288, 289, 294-306,
321-349, and 369-371, which has an increased tropism for a heart cell or tissue, ¢.g., a heart ventncle or
heart atrium, relative to the tropism of a an AAV particle comprising an AAV capsid comprising the

amino acid sequence of SEQ 1B NO: 982,

373. The AAYV particke of any oue of enbodimsents 67-267, 269, 271-277, 282, 285, 288, 289, 294-30¢,
321-349, and 369-372, which is enviched at least 4, at feast 5, ai least 10, at least 13, at least 20, at least
25, at least 30, at least 33, at least 40, at least 45, or al least 50-fold in the heart compared to an AAY
particle comprising an AAV capsid comprising the amino acid sequence of SEQ ID NO: 982 e g, when

measured by an assay as described in Exaraple 4.
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374, The AAV particle of anv one of embodiments 267, 290, 291, 321-328, 331, 332, and 344, which has
an increased tropism for a muscle cell or tissue, relative to the tropism of an AAV particle comprising an

AAV capsid comprising the amino acid sequence of SEQ 1D NO: 982.

373, The AAYV particke of any oue of enbodimpents 267, 290, 291, 321-32%, 331, 332, 344, and 374,
which is enriched at least 2, at least 3, at least 4, at Ieast 5, at least 10, at least 15, at least 20, at least 25,
at least 30, or at least 35-fold in the muscle compared to an AAV particle comprising an AAV capsid
comprising the amino acid sequence of SEQ H) NG: 982, ¢.g., when measured by an assay as descnbed

in Example 4.

376. The AAV particle of embodiment 374 or 375, wherein the muscle cell or tissue is a heart muscle

{e.g., a heart ventricle or a heart atrium, or both), a quadriceps muscle, or both,

377. The AAV particle of any one of crabodiments 267, 292, 293, 321-328, 331, 332, and 344, which has
an increased tropism for a liver cell or tissue, relative 1o the ropism of an AAV particle comprising an

AAYV capsid comprising the amino acid sequence of SEQ 1D NO: 982,

378, The AAV particle of any one of crbodiments 267, 292, 293, 321-328, 331, 332, 344, and 377,

which is enriched ai least 10, at least 13, at least 20, at least 235, at least 30, at least 35, at least 40, at least

45 at least 50, at least 35, at least 60, at least 65, at least 70, at least 75, at least 80, at least 85, at keast 90,
at least 93, at least 100, at least 110, at least 115, at feast 120, at keast 130, at least 140, at least 150, at
least 160, at feast 170, at least 180, at least 183, or at least 190-fold in the Hver compared (o an AAV
particle comprising an AAV capsid comprising the amino acid sequence of SEQ 1D NO: 982, ¢ g, when

measured by an assay as described in Examplc 4.

379. The AAV particle of any one of embodiments 1-378, wherein the AAV particie comprises a viral
genome comprising a nucleotide sequence encoding a Rep protein, ¢.g., a non-structural protein, wherein
the Rep protein comprises a Rep78 protein, a Repo8 protein, Rep32 protein, and/or a Repd0 protein{e.g.,

a Rep738 protein and a Rep32 protein),

380, The AAV particle of any one of the embodiments provided berein, wherein the AAV particle
comprises a mucleotide sequence encoding a Rep protein, ¢.g.. a pone-structural protein, wherein the Rep
protein comprises a Rep78 prolein, a Repot protein, Rep52 protein, and/or a RepdQ protein (8.8, a

Rep78 protein and a Rep32 protein).

381. The AAV particle of embodiment 379 or 380, wherein the Rep78 protein, the Repo8 protein, the

Rep52 protein, and/or the Repd0 protein are encoded by at least one Rep gene.
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[Embodiments 382-4435 are intentionally absent. |

446, A cell, e.g., a host cell, comprising the AAV particle of any one of embodiments 1-381.

447, The cell of enbodiment 446, wherein the cell is a mammalian cell or an insect cell.

448. The cell of embodiment 446 or 447, wherein the cell is a cell of the UNS and/or the spinal cord.

449, The cell of any one of cmbodiments 440-448, wherein the cell is a cell of the spinal cord, temporal
cortex, perirhinal cortex, globus pallidus, putamen, caudate, thalamus, hippocampus, gemculate nucleus,

Purlinje cell layer, deep cerebellar nucle, dentate nucleuns, brainstem, cerebellum.

456. A method of making an AAV particle of embodiment 381, comprising

(1) providing a cell comprising a viral genome comprising a frataxin (FXN}-encoding sequence
and a nucleic acid encoding an AAV capsid variant; and

(it} incubating the cell under conditions suitable t¢ encapsuolate the viral gencrue inthe AAYV
capsid variant;

thereby making the AAV patticle.

431, The method of crobodiment 430, further comprising, prior (o step (), introducing a nucleic acid

comprising the viral genome into the host cell.

4352, The method of embodiment 430 or 451, further comprising, prior to step (1), introducing the mucleic

acid encoding the AAV capsid variant into the cell.

453, The method of embodiment 452, wherein the second mucleic acid nwolecule is introduced into the

host cell prior to, concurrently with, or after the first nucleic acid molecule.

454, A pharoraceutical composition compusing the AAV particle of any one of embodimenis 1-381, and

a pharmaceutically acceptable excipient.

453. A method of delivering a frataxin protein {o a subject. comprising admimstering an effective amount
of the pharmaceutical composition of embodiment 454 or the AAYV particle of any one of embodiments

1-381.

5

o0

23
7



WO 2025/038800 PCT/US2024/042405

456, The method of embodiment 455, wherein the frataxin protein is delivered to a cell or tissue of the

CNS {e.g., a cell or tissue of a brain or spinal cord region).

457, The method of embodiment 456, wherein the cell or tissue of the ONS is a cell or tissue of the spinal
cord, temporal cortex, perithinal cortex, globus pallidos, putaren, caudate, thalamus, hippocanpus,

geniculate nucleus, Purkinje cell laver, deep cerebellar nuclel, dentate nucieus, brainstem, or cerebellum.

[Embodiment 458 is indentionally absent. |

459. The method of embodiment 455 or 456, wherein the cell or fissue of the CNS comprises a ncuron, a

SETISOTY Deuron, a motor neuron, an astrocyte, a ghial cell, or an oligodendrocyte.

4606. The method of any one of embodiments 455-459, wherein the subject is a human.

461, The method of embodiment 460, whercin the subject has, has been diagnosed with having, oris at

risk of having a genetic disorder.

462. The method of crbodiment 460 or 461, wherein the subject bas, has been diagnosed with having, or
1s at risk of having a neurclogical {¢.g., a ncurcdegenerative disorder) or a neuronwscular disorder.
463, The method of crbodiment 460 or 461, wherein the subject has, has been dlagnosed with having, or

1s at risk of having a disorder associated with FXN deficiency.

464. The method of embodiment 460 or 461, wherein the subject has, has been diagnosed with having, or

is at risk of having Fricdreich's Ataxia.

465, A method of {reating a disorder associated with FXN deficiency in a subject, comprising
adounisiering to the subject an effective amount of the pharmaceutical composition of cmabodiment 454
or the AAV particle of any one of erabodiments 1-381, optionally wherein the subject has, has been

diagnosed with having, or is at nisk of having the disorder asseciated with FXN deficiency.

466, A method of treating a neorological disorder. e.2., a nenrodegencrative disorder, in a subject,
comprising administering to the subject an effective armount of the pharmaceatical composition of
crabodiment 454 or the AAV particle of any one of embodiments 1-381, optionally wherein the subject

has, has been diagnosed with having, or is at risk of having the newrological disorder.

-84 -



WO 2025/038800 PCT/US2024/042405

467, A method of {reating a muscular diserder or a newromuscenlar disorder in a subject, conmprising
adounistering to the subject an effective amount of the pharmaceutical composition of crabodiment 454
or the AAV particle of any one of embodiments 1-381, optionally wherein the subject has, has been

diagnosed with having, or is at risk of having the muscular disorder or the nevromuscular disorder.

468, The method of any one of erabodiments 465-467, wherein the genetic disowder, neurological
disorder, neurodegenerative disorder, muscular disorder, or neurormuscular disorder is Friedreich's Ataxia

(FA).

469. The method of any one of embodiments 463-468, wherein the treatment comprises prevention of

progression of the disease or disorder in the subject.

476. The method of any one of embodiments 460-469, wherein the subject is a human.

471. The method of any one of cmbodiments 463-470, wherein the AAV particle is administered to the
subject intravencusly, via intra-cisterna magna tnjection (JCM), intracercbrally, intrathecally,

1ntracerehroventticulady, via tntraparenchymal adoinistration, or intrammscolarly.

472. The method of anv one of embodiments 463-471, wherein the AAV particle is administered to the
subject via focused altrasound (FUS), e.g.. conpled with the intravenons admimstration of microbubbles

(FUS-MB), or MR I-guided FUS coupled with intravenons administration.

473, The method of any one of embodiments 405-471, wherein the AAV particle is admunisiered to the

subject intravenously.

[Embodiments 474-475 are intentionally absent. |

476, The method of any one of embodiments 463-474, wherein administration of the AAV particle
resulis in an increased presence, level, and/or activity of a frataxin gene, mRNA, protein, or a

contbination thereof.

477. The pharmacentical composition of embodiment 434 or the AAV particle of any one of

cnbodiments 1-381, for use in a method of delivering a payload to a cell or tissue.

478. The pharmaceutical composition of embodiment 454 or the AAV particle of any one of
cmibodiments 1-381, foruse in a method of treating a genetic disorder, a newrological disorder, a

neurodegenerative disorder, a muscular disorder, or a neuromuscular disorder.
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479, The pharmaceutical composition of embodiment 434 or the AAV particle of any one of

cmbodiments 1-381, for use in the manufacture of a medicament.

480. Use of the pharmaceutical composition of embodiment 454 or the AAV particle of any one of

cmbodiments 1-3%1 in the manufacture of 3 medicament.

481, Use of the pharmaceutical composition of embodiment 454 or the AAV particle of any one of
crabodiments 1-381 in the manufactire of a medicament for treating a genetic disorder, a nearological

disorder, a nenrodegencrative disorder, a muscular disorder, or a newromuscular disorder.

482. The AAV particle, pharmaceutical composition, cell, method, or use of any one of the embodiments
provided herein, wherein the encoded frataxin (FXN) protein comprises an anino acid sequence of SEQ
1D NO: 1825, or an amino acid sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at
lfeast 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical) to the amino acid sequence of SEQ 1D NO: 1825, wherein, optionally, the encoded FXN

protein is a human FXN protein.

483. The AAV particle, pharmaceutical composition, cell, method, or use of any one of the eombodiments
provided herein, wherein the FXN-encoding sequence comprises a nucleotide sequence that is at least
50% 1dentical (e.g., at least 50%, at least 85%, at least 90%, at keast 91%, at least 92%, at least 93%, at
least 949, at least 95%, at feast 96%, at least 97%, at least 98%, at least 99%, or 100%; identical) to the
nucleotide sequence of SEQ 1D NO: 1824,

484. The AAV particle, pharmacentical composition, cell, method, or use of any one of the embodiments
provided herein, wherein the frataxin-cncoding sequence comprises a nucleotide sequence that is at least
9% {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at lcast 97%, at least 98%, at least 99%, or 100% identical) to the mucleotide sequence of SEQ ID NO:

1824

483, The AAYV partick of cmbodiment 433 or cobodiment 484, wherein the frataxin-encoding sequence

comprises a nucleotide sequence at least 95% identical to the nucleotide sequence of SEQ 1D NG: 1824,

456, The AAY particle of any one of embodiments 483-483 wherein the frataxin-encoding sequence

comprises the nucleotide sequence of SEQ D NO: 1824,
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487. The AAYV particie of any one of embodiments 483-486, wherein the frataxin-cncoding sequence

consists of the nucleotide sequence of SEQ 1D NO: 1824,

488, The AAV particie of any ote of embodimnents 482-487, wherein the AAV capsid variant comprises
at least 4, at least 5, at least 6, at least 7, ox 8 consecutive amino acids from the amine acid sequence of
YPAEVVOK (SEQ ID NO: 943), and wherein the AAV capsid variant coraprises an amine acid

sequence that is at least 95% identical to the amine acid sequence of SEQ D NO: 739,

459, The AAY particle of embodiment 488, wherein:

(1) the at least 4 consecutive amino acids comprise YPAE (SEQ 1D NO: 21), optionally whercin
YPAE (SEQ D NO: 21) is present at positions 377-580 numbered according to the amino acid sequence
of SRQ ID NO: 982;

(11) the at least 5 consccutive amino acids comprise YPAEV (SEQ 1D NO: 1), optionally wherein
YPAEV (SEQ ID NO: 1) is prosent at positions 577-581 numbered according to the amino acid sequence
of SEQ 1D N 982;

(i) the at least 6 consecutive amino acids comprise YPAEVVY (SEQ 1D NO: 725), optionally
wherein YPAEVV (SEQ 1D NO: 725) is present at positions 577-582 nuoibered according to the amino
acid sequence of SEQ ID NO: 982; or

(iv) the at least 7 consecutive aming acids comprise YPAEVVQ (SEQ ID NO: 726), optionally
wherein YPAEVVQ (SEQ ID NO: 726) is present at posttions 577-583 numbered according to the amino
acid sequence of SEQ ID NO: 982,

496, The AAV particle of embodiment 488 or 489, wherein the AAV capsid vanant comprises the amino
acid sequence of YPAEVVQK (SEQ D NO: 943) present at positions 577-384 numbered according to
SEQ ID NO: 982

491, The AAV particle of any one of embodiments 488-490, wherein the AAV capsid variant comprises:
{i) a VP1 protein comprising an amino acid sequence having at least 95% identity to the amino
acid sequence of SEQ ID NGO 982; or
{11y a VP2 protein comprising an amino acid sequence having at least 95% identity to the amine

acid sequence of SEQ I3 NG 738,

492, The AAV particle of any one of embodiments 488-491, wherein the AAY capsid variant comprises:
(i} a VP1 protein comprising an amioo acid sequence having at keast 99% identity to the amino
acid sequence of SEQ ID NG: 982,
{11} a VP2 protein coniprising an amino acid scguence having at least 99% identity to the amino

acid sequence of SEQ 1D NO: 738, or
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{(iil) a VP3 profein comprising an amino acid sequence having at feast 99% identity to the amino

acid sequence of SEQ ID NO: 739,

493, The AAV particie of any ote of embodimnents 488-492, wherein the AAV capsid variant comprises
(1) a VP proicin comprising or consisting of the amine acid sequence of SEQ 1D NO: 982;
{iiy a VP2 protein comprising ot consisting of the amino acid sequence of SEQ 1D NO: 738; or
(iii) 3 VI3 protein comprising or consisting of the amino acid sequence of SEQ ID NGt 739; or
wherein the AAY capsid variant is encoded by the nucleotide sequence of SEQ ID NO: S84 ora

sequence at least 90% wdentical thereto.

494. The AAV particle of any one of the embodiments provided herein, wherein the viral genome further

comprises a promoter operably linked to the FXN-encoding sequence.

495, The AAV particle of embodiment 494, wherein the promoter comprises a hnman clongation factor
To-subunit (EF1a) promoter, a cytomegalovins (CMV) immediate-carly enhancer and/or promoter, a
chicken f~actin (CBA) promoter, a CAG promoter, a § glucuronidase (GUSB) promoter, a ubiquitin C
(UBC) promoter, a neuron-specific egolase (NSE) promoter, a platelet-denved growth factor (PDGF)
promoter, a platelet-derived growth factor B-chain (PDGF-B) promoter, a intercellular adhesion molecule
2 (JCAM-2) promeoter, a synapsin (Syn) promoter, a methy-CpG binding protein 2 (MeCP2) promoier, a
Ca2-+/calmodulin-dependent protein kinase 1 (CaMKID promoter, a metabotropic glotamate receptor 2
(mGhiR2) promoter, a neurcfilament tight chain (NFL) or newrofilament heavy chain (NFH) promoter, a
B~globin minigene nB2 promoter, a preproenkephalin (PPE) promoter, a enkephalin (Enk) and excitatory
amino acid fransporier 2 (EAAT2) promoter, a ghial fibritlary acidic protein (GFAP) promoter, a myehin
basic protein (MBP) promoter, a cardiovascular promoter (e.g., oMHC, ¢ToT, and CMV-MLC2K), a
Hver promoter {e.g., hRAAT, TRG), a skeletal muscle promoter (¢.g., desmin, MCK, €3512), ora

functional fragment or truncation of any of the foregoing,.

496. The AAV particle of embodiment 495, wherein the promoter comprises a CMV promoter.

497 The AAV particle of embodiment 4935, wherein the promoter comprises a CBA promoter.

498. The AAV particle of embodiment 497, wherein the promoter is or comprnises a truncated CBA

promoter.

499. The AAV particle of embodiment 498, wherein the truncated CBA promoter is 50-400 nucleotides

in length (e.g., 100-332 nocleotides in length).
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500. The AAV particle of embodiment 499, wherein the tnincated CBA promoter compriscs or consists
of the nuclectide sequence of any one of SEQ ID NQOs: 1738, 1740, or 1742 or a nucicotide sequence that

is at least 93% identical to any one of SEQ 1D NOs: 1738, 1740, or 1742,

501, The AAV particle of ewbodinent 496, wherein the promoter comprises a truncated CMV proowoier.

502. The AAV particle of embodiment 501, wherein the truncated CMV promoter is 109 nucleotides in

length.

503. The AAV particle of embodiment 502, wherein the truncated CMV promoter comprises or Consisis
of the nucleotide sequence of SEQ ID NO: 1750 or a nucleotide sequence that is at least 90% identical
{e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 959%, at least 96%, at

least 97%, at least 98Y%%, or at least 99% identical) to SEQ 1D NO: 1750,

504, The AAV particle of anv one of embodiments 494-393, wherein the viral genonme further comprises
a micteRNA (miR) binding site, e.g., 2 miR binding site that modulates, e.g., reduces, expression of the
FXN protein encoded by the viral genome in a cell or tissue where the cotresponding miRNA is

expressed.

508. The AAV particle of embodiment 504, wherein the miR binding site is fully or partially

coraplementary to a maRNA expressed 1n a celf or tissue of the Hver.

506. The AAV particle of embodiment 504 or embodiment 5035, wherein the viral genome comprises at

least 1, 2, 3, 4, or 5 copics of the miR binding site.

507. The AAV particle of embodiment 506, wherein the viral genome conprises at least 3 copies of the

miR binding site, optionally wherein the viral genome has 3 copies of the miR binding site.

508. The AAV particle of cmbodiment 507, wherein the 3 copies of the miR binding site are identical,

opticnally wherein the 3 copies of the miR binding site are continuous.

509. The AAV particle of any one of embodiments 304-308, wherein the miR binding site is or

comprises a miR 122 binding site.

510. The AAY particle of any one of embodiments 504-509, wherein the viral genome encodes at least 1-

5 copies, e.g., 3 copics, of the miR122 binding site.
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511 The AAV particle of embodiment 510, wherein the viral genome encodes 3 copies of the miR122
binding site, optionatly wherein the 3 copics of the miR 122 binding site are identical, further optionally

wherein the 3 copies of the nuiR 122 binding site are continuous.

512 The AAV particle of embodiment 510 or embodiment 511, wherein cach copy of the miR 122

binding site comprises or consists of the nuclectide sequence of SEQ 1D NO: 1827,

513. The AAV particle of any one of embodiments 504-512, wherein the viral genome comprises a
miR 122 binding site series coraprising the micleotide sequence of SEQ 1D NO: 1826 or a sequence
having one, two, three, four, five, six, seven, eight, nine, or at most ten substitutions relative (o the

nucleotide sequence of SEQ ID NO: 1826.

514. The AAYV particle of any one of embodiments 494-513, wherein the viral genome further comprises
at least one inverted terminal repeat (JTR) region, optionally wherein the at least one ITR region is an

AAVZITR.

515. The AAYV particle of embodimesnt 514, wherein the viral genome coraprises a 5” ITR regiopand a 3”

ITR region, optionally wherein the 5° I'TR region and the 37 ITR region is eachan AAVZ ITR.

516. The AAV particle of embediment 515, wherein:

the 5° ITR region comprises the nucleotide sequence of SEQ D NO: 1811 or a sequence that is
at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 999 idenucal} thereto; and/or

the 3° ITR region comprises the nucleotide sequence of SEQ 1D NO: 1812 or a sequence that is
at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least ¥7%, at least 98%, or at least Y99 identical) thereto.

517. The AAV particle of any onc of embodiments 494-517, wherein the viral genome further comprises

an inteon region.

518. The AAV particle of embodiment 517, wherein the intron region comprises an immediate-early 1

{iel} intron region and/or a hemoglobin-beta (HB) intron region.

519. The AAV particle of any one of emboediments 494-518, wherein the viral gencrue further comprises

4n exon region.

520. The AAV particle of embodiment 519, wherein

- 90 -



WO 2025/038800 PCT/US2024/042405

{a} the exon region comprises an icl exon region and/or an HB exon region, and/or

{b) the intron region comprises:

aniel imtron 1 comprising or consisting of the nucleotide sequence of SEQ ID NG: 1819 ora
sequence that is at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%. at least
94%, at lcast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto: and/or

a kBglobin intron 2 comprising the nucleotide sequence of SEQ ID NO: 1820 or a sequence that
is at least 90% identical (¢.g., at least 90%. at least 91%, at east 92%, at least 93%, at least 94%, at least

05%. at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto.

521. The AAV particle of any one of embodiments 494-510, wherein the viral genome further comprises

4 polyvadenylation (polvA) region.

522. The AAV particle of embodiment 321, wherein the poly A region comprises a human growth
hommone (hGH) poly A region, optionally wherein the polv A region comprises the nucleotide sequence of
SEQ 1D NO: 1828 or a sequence that is at Jeast 90% identical (e.g., at least 90%, at least 91%, at least
2%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%

identical) thereto.

523. The AAV particle of any one of emmbodiments 494-522, wherein the encoded FXN profeinis a
wildtype frataxin protein, optionally wherein the encoded FXN protein is not a cynomolgus monkey

FXN protein, firther optionally wherein the encoded FXN protein 18 a human frataxin protein.

524. The AAV particle of embodiment 523, wherein the viral genome comprises the nucleotide sequence
of SEQ D3 NO: 1797 or a nucleotide sequence that 1s at least 90% identical {e.g.. at least 90%, at least
91%, at least 92%, at feast 93%, at least 949, at least 95%, at least 96%, at least 97%, at least 98%, or at

least 99% identical) to the nucleotide sequence of SEQ 1D NO: 1797,

525, The AAV particle of embodiment 523, wherein the viral genome conprises the nucleotide sequence
of SEQ D NO: 1801 or a nucleotide sequence that is at least 90% identical {(¢.g., at least 90%, at least
91%, at lcast 92%, at least Y3%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at

least 99% identical) to the sucleotide sequence of SEQ ID NOG: 1801

526. The AAV particle of embodiment 523, wherein the viral genome comprises the nucleotide sequence
of SEQ D NO: 1808 or a nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least
1%, at least 92%, at least 93%, at least 94%, at least 95%, at least 6%, at least 97%, at least 98%, or at

least 99% identical) to the nucleotide sequence of SEQ ID NO: 1808,
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527. The AAV particle of any one of embodiment 323, wherein the viral genone comprises the
nucleotide sequence of SEQ 1D NO: 1809 or a nucleotide sequonce that is at Jeast 90% identical (c.g., at
least 90%, at least 91%, at least 92%, at lcast 93Y%, at least 94%, at lcast 95%, at least 96%, at least 97%,

at least 98%, or at least 99% identical) to the nucleotide seqquence of SEQ 1D NO: 1809,

528. The AAV particle of any oue of embodiments 494-327, wherein the viral gencrue is single-stranded.

529, The AAV particle of any one of embodiments 494-527, wherein the viral genome is self-

complementary.

530. The AAV particle of any one of the embodiments provided herein, wherein the viral genome
Comprises:

(1) a promoter, and

(ity a FXN-encoding sequence comprising the nucleotide sequence of SEQ D NO: 1824 ora
nucleotide sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least 90%, at least
1%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at

least 99% ideuntical) to SEQ ID NGO 1824,

531. The AAV particle of embodiment 530, wheretn the viral genome further comprises a 57 inverted

terminal repeat (TR} region and/or a 37 ITR region.

532, The AAV particle of embodiment 530 or embodiment 531, wherein the viral genome comprises,
e.g.,in 3 03 order:

(1) a 5 TR region;

(it} a promoter;

{11} a FXN-cncoding sequence comprising the nucleotide sequence of SEQ I NO: 1824 0ra
nucleotide sequence that is at least 80% identical (¢.g., at least 80%, at lcast 85%, at least 90%, at least
91%, at lcast 92%, at least 93%, at least 9494, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical) to SEQ ID NO: 1824,

{tv} at least one ;iR 122 binding site; and

{v}a3 IR region.

533. The AAV partick of embodiment 532, wherein the viral genome comprises, €.z, i 57 (0 37 order:
() a 5" [TR region;
(i) a promoter;

{111} an intron and/or eXon region,

-87 .



WO 2025/038800 PCT/US2024/042405

{iv} a FXN-encoding sequence conprising the nucleotide sequence of SEQ ID NG: 1824 ora
nucleotide sequence that is at least 80% identical (¢.g., at least 80%, at lcast 85%, at least 90%, at least
91%, at lcast 92%, at least 93%, at least 9494, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical) to SEQ ID NO: 1824,

{v} at least one iR 122 binding site; and

{viya 3" I'TR region.

534, The AAV particke of embodiment 533, wherein the viral genome comprises, €.z, it 57 (0 37 order:

() a 5" [TR region;

(i1} a promoter;

{111} an intron and/or eXon region,

{iv) a FXN-encoding sequence comprising the nucleotide sequence of SEQ 1D NO: 1824 ora
nucleotide sequence that is at least 80% identical {e.g., at least 80%, at least 85%%, at least 90%, at least
1%, at least 92%, at lcast 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical) 1o SEQ ID NO: 1824,

(v} at lcast one iR 122 binding site;

(vi) a polyadenylation (polv A) region; and

(viya 3" ITR region,

optionally wherein the viral genome further cormprises a filler sequence.

535, The AAV particle of embodiment 334, wherein:

(1) the 5 I'TR region comprises the muckeotide sequence of SEQ ID NO: 1811 or a sequence that
1s at least 90% identical (e.g., at least 90%, at least 91%, at least 92%, at least 939, at least 94%, at least
93%, at least 96%, at feast 97%, at least 98%, or at least 99%4 identical) thereto;

(it} the promoter comprises or consists of the mucleotide sequence of SEQ IDNG: 1742 0ra
sequence that is at least 90% identical {e.g., at least 90%,, at least 91%, at least 92%, at least 93%, at least
94%, at lcast 95%, at feast 96%. at least 97%, at least 98%, ot ai least 99% identical) thereto;

{ii1) the intron/exon region comprises the nucleotide sequence of SEQ 1D NOG: 1816 ora
sequence that s at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at lcast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) therelo;

{iv} the FXN-encoding region comprises the nuclectide sequence of SEQ 1D NG: 1824 ora
sequence that is at least 90% wlentical {e.g., at least 90%, at least 1%, at least 92%, at Ieast 93%, at least
04%, at least 959, at least 96%, at least 97%, at least 98%. or at least 99% identical) thereto;

(v} the at least one miR 122 binding site comprises a muR 122 binding site serics comprising the
nucleotide sequence of SEQ ID NO: 1826 or a sequence that is at least 90% identical (e.g., at least 90%,
at feast 91%, at least 9294, at least 93%, at feast 94%, at least 95%, at least 969, at least 97%, at least

8%, or at least 99% identical) thereto,
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{vi} the poly A region comprises the nucieotide sequence of SEQ 1D NO: 1828 or a sequence that
is at least 90% identical (e.g., at lcast 90%, at least 91%, at least 92%, at least 93%, at lcast 94%, at least
95%, at least 96%, at least 97%, at least 98Y%, or at least 99% identical) thereto; and/or

{vii) the 37 I'TR region coraprises the nucleotide sequence of SEQ 1D NO: 1812 or a sequence
that is at least 90% tdentical (e.g., at least 90%, at least 91%, at least Y2%, at least 93%, at least 94%, at
least 95%, at least 96%, at Jeast 97%, at least 98%%, or at least 99% ideutical) thereto;

optionally wherein the viral genome further comprises a filler sequence comprising the
pucleotide sequence of SEQ ID NG: 1841 or a sequence that 1s at least 90% ideniical (e.g.. at least 90%,
at least 91%, at least 9296, at least 93%, at feast 94%, at least 95%, at least 969, at least 97%, at least
98%, or at least 99% identical) thereto,

further optionally wherein the filler region is positioned 3” to the polvA region and 3° to the 37

ITR region.

536. The AAV particle of embodiment 535, wherein the promoter consists of the nucleotide sequence of
SEQ 1D NO: 1742 or a sequence that is at Jeast 90% identical (e.g., at least 90%, at least 91%, at least
2%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%

wdentical) thereto.

537. The AAV particle of embodiment 334, wherein:

(1) the 5 1TR region comprises the nucleotide sequence of SEQ ID NG: 1811 or a sequence that
18 at feast 90% identical (e.g.. at least 90%, at least 91%, at least 92%, at keast 93%, at least 94%, at least
93%, at least 96%, at least 97%, at least 98%, or at least 99% identicaly thereto;

{(it) the promoier comprises or consists of the mucleotide sequence of SEQ ID NO: 1750 ora
sequence that is at least 90% identical {e.g., at least 90%, at lcast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto;

{11} the intron/cxon region comprises te nucleotide sequence of SEQ ID NO: 181601 a
sequence that is at least 909 identical {e.g.. at least 90%,, at Ieast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto;

{iv} the FXN-encoding region comprises the nuclectide sequence of SEQ 1D NG: 1824 ora
sequence that is at least 90% 1destical (.2, at least 90%, at least 91%, at least 92%, at Jeast Y39s, at least
94%, at Icast 95%, at least 96%, at least 97%, at least 98%;, or af least 99% identical) thereto;

(v} the at least one miR122 binding site comprises a miR 122 binding site senies comprising the
pucleotide sequence of SEQ ID NG: 1826 or a sequence that 1s at least 90% ideniical (e.g.. at least 90%,
at least 91%, at least 9296, at least 93%, at feast 94%, at least 95%, at least 969, at least 97%, at least

98%, or at least 99% identical) thereto,
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{vi} the poly A region comprises the nucieotide sequence of SEQ 1D NO: 1828 or a sequence that
is at least 90% identical (e.g., at lcast 90%, at least 91%, at least 92%, at least 93%, at lcast 94%, at least
95%, at least 96%, at least 97%, at least 98Y%, or at least 99% identical) thereto; and/or

{vii) the 37 I'TR region coraprises the nucleotide sequence of SEQ 1D NO: 1812 or a sequence
that is at least 90% tdentical (e.g., at least 90%, at least 91%, at least Y2%, at least 93%, at least 94%, at
least 95%, at least 96%, at Jeast 97%, at least 98%%, or at least 99% ideutical) thereto;

optionally wherein the viral genome further comprises a filler sequence comprising the
nucleotide sequence of SEQ ID NG 1840 or a sequence that 1s at least 90% ideniical (e.g.. at least 90%,
at least 91%, at least 9296, at least 93%, at feast 94%, at least 95%, at least 969, at least 97%, at least
98%, or at least 99% identical) thereto,

further optionally wherein the filler region is positioned 3” to the polvA region and 3° to the 37

ITR region.

538, The AAV particle of embodiment 5337, wherein the promoter consists of the nucleotide sequence of
SEQ 1D NO: 17506 or a sequence that is at Jeast 90% identical (e.g., at least 90%, at least 91%, at least
2%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%

wdentical) thereto.

539. The AAV particle of embodiment 334, wherein:

(1) the 5 1TR region comprises the nucleotide sequence of SEQ ID NG: 1811 or a sequence that
18 at feast 90% identical (e.g.. at least 90%, at least 91%, at least 92%, at keast 93%, at least 94%, at least
93%, at least 96%, at least 97%, at least 98%, or at least 99% identicaly thereto;

{(it) the promoier comprises or consists of the mucleotide sequence of SEQ ID NO: 1738 ora
sequence that is at least 90% identical {e.g., at least 90%, at lcast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto;

{11} the intron/cxon region comprises te nucleotide sequence of SEQ ID NO: 181601 a
sequence that is at least 909 identical {e.g.. at least 90%,, at Ieast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto;

{iv} the FXN-encoding region comprises the nuclectide sequence of SEQ 1D NG: 1824 ora
sequence that is at least 90% 1destical (.2, at least 90%, at least 91%, at least 92%, at Jeast Y39s, at least
94%, at Icast 95%, at least 96%, at least 97%, at least 98%;, or af least 99% identical) thereto;

(v} the at least one miR122 binding site comprises a miR 122 binding site senies comprising the
pucleotide sequence of SEQ ID NG: 1826 or a sequence that 1s at least 90% ideniical (e.g.. at least 90%,
at least 91%, at least 9296, at least 93%, at feast 94%, at least 95%, at least 969, at least 97%, at least

98%, or at least 99% identical) thereto,
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{vi} the poly A region comprises the nucieotide sequence of SEQ 1D NO: 1828 or a sequence that
is at least 90% identical (e.g., at lcast 90%, at least 91%, at least 92%, at least 93%, at lcast 94%, at least
95%, at least 96%, at least 97%, at least 98Y%, or at least 99% identical) thereto; and/or

{vii) the 37 I'TR region coraprises the nucleotide sequence of SEQ 1D NO: 1812 or a sequence
that is at least 90% tdentical (e.g., at least 90%, at least 91%, at least Y2%, at least 93%, at least 94%, at
least 95%, at least 96%, at Jeast 97%, at least 98%%, or at least 99% ideutical) thereto;

optionally wherein the viral genome further comprises a filler sequence comprising the
nucleotide sequence of SEQ ID NG 1835 or a sequence that 1s at least 90% ideniical (e.g.. at least 90%,
at least 91%, at least 9296, at least 93%, at feast 94%, at least 95%, at least 969, at least 97%, at least
98%, or at least 99% identical) thereto,

further optionally wherein the filler region is positioned 3” to the polvA region and 3° to the 37

ITR region.

540, The AAV particle of embodiment 539, wherein the promoter consists of the nucleotide sequence of
SEQ 1D NO: 1738 or a sequence that is at Jeast 90% identical (e.g., at least 90%, at least 91%, at least
2%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%

wdentical) thereto.

541. The AAV particle of embodiment 334, wherein:

(1) the 5 1TR region comprises the nucleotide sequence of SEQ ID NG: 1811 or a sequence that
18 at feast 90% identical (e.g.. at least 90%, at least 91%, at least 92%, at keast 93%, at least 94%, at least
93%, at least 96%, at least 97%, at least 98%, or at least 99% identicaly thereto;

{(it) the promoier comprises or consists of the micleotide sequence of SEQ ID NO: 1740 ora
sequence that is at least 90% identical {e.g., at least 90%, at lcast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto;

{11} the intron/cxon region comprises te nucleotide sequence of SEQ ID NO: 181601 a
sequence that is at least 909 identical {e.g.. at least 90%,, at Ieast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto;

{iv} the FXN-encoding region comprises the nuclectide sequence of SEQ 1D NG: 1824 ora
sequence that is at least 90% 1destical (.2, at least 90%, at least 91%, at least 92%, at Jeast Y39s, at least
94%, at Icast 95%, at least 96%, at least 97%, at least 98%;, or af least 99% identical) thereto;

(v} the at least one miR122 binding site comprises a miR 122 binding site senies comprising the
pucleotide sequence of SEQ ID NG: 1826 or a sequence that 1s at least 90% ideniical (e.g.. at least 90%,
at least 91%, at least 9296, at least 93%, at feast 94%, at least 95%, at least 969, at least 97%, at least

98%, or at least 99% identical) thereto,
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{vi} the poly A region comprises the nucieotide sequence of SEQ 1D NO: 1828 or a sequence that
is at least 90% identical (e.g at least 90%, at least 91%, at least 92%, at least 93%, at feast 94%, at least
95%, at least 96%, at least 97%, at least 98Y%, or at least 99% identical) thereto; and/or

{vii) the 37 I'TR region coraprises the nucleotide sequence of SEQ 1D NO: 1812 or a sequence
that is at least 90% tdentical (e.g., at least 90%, at least 91%, at least Y2%, at least 93%, at least 94%, at
least 95%, at least 96%, at Jeast 97%, at least 98%%, or at least 99% ideutical) thereto;

optionally wherein the viral genome further comprises a filler sequence comprising the
nucleotide sequence of SEQ ID NG 1839 or a sequence that 1s at least 90% ideniical (e.g.. at least 90%,
at least 91%, at least 9296, at least 93%, at feast 94%, at least 95%, at least 969, at least 97%, at least
98%, or at least 99% identical) thereto,

further optionally wherein the filler region is positioned 3” to the polvA region and 3° to the 37

ITR region.

542, The AAV particle of embodiment 541, wherein the promoter consists of the nucleotide sequence of
SEQ 1D NO: 1740 or a sequence that is at Jeast 90% identical (e.g., at least 90%, at least 91%, at least
2%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%

wdentical) thereto.
[Embodinents 543-696 are intentionally absent |

697, An adeno-associated virus (AAV) particle comprising an AAY capsid variant and a viral genome,
wherein the AAV capsid variant comprises:

{a) a VP1 protein comprising the amino acid sequence of SEQ ID NO: 982 or an amino acid
sequence that is at least 90% identical {e.g., at least 90%, at lcast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto, whercin the
VP1 protein comprises the amino acid sequence YPAEVVOK (SEQ 1D NO: 943},

{b) a VP2 protein comprising the anuno acid sequence of SEQ 1D NO: 738 or an amino acid
sequence that is at least 90% identical {e.g., at least 90%, at lcast 91%, at least 92%, at least 93%, at least
94%, at lcast 95%, at least 96%, at lcast 97%, at least 98%, or at least 99% identical) therelo, wherin the
VP2 protein comprises the amino acid sequence YPAEVVOK (SEQ ID NG: 943); and/or

{c}y a VP3 protein comprising the amine acid sequence of SEQ 1D NG: 739 or an amine acid
sequence that is at least 90% wlentical {e.g., at least 90%, at least 1%, at least 92%, at Ieast 93%, at least
04%. at least 95%. at least 96%, at least 97%, at least 98%, or at least 99% identical) therelo, wherein the
V3 protein comprises the amino acid sequence YPAEVVOK (SEQ 1D NG: 943); and

wherein the viral genome comprises:

{a) the nucleotide sequence of SEQ ID NG: 1797 or a mucleotide sequence that is at least 90%

identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least

-
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96%, at least 7%, at least Y8%, or at feast 99% identical) to the nucleotide sequence of SEQ 1D NO:
1797,

{b) the nucleotide sequence of SEQ 1D NO: 1801 or a nucleotide sequence that is at least 90%
identical {c.g., at least 90%, at least 9196, at least 92%, at least 93%, at lcast 94%, at feast 95%, at least
96%, at least 97%, at least Y8%, or at Jeast 99% identical) o the nucleotide sequence of SEQ 1D NG:
1801,

{¢) the mucleotide sequence of SEQ 1D NG: 1805 or a nucleotide sequence that 1s at Ieast 90%
identical {e.g., at least 90%. at least 91%, at least 92%, al least 93%, at least 94%, at least 95%, at least
96%, at least 975, at least 98%, or at keast 99% identical) to the nocleotide sequence of SEQ 1D NG
1808, or

{cy the nucleotide sequence of SEQ D NO: 1809 or a nucleotide sequence that is at least 96%
identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
6%, at least 97%, at least 98%, or at least 99% identical) to the nucleotide sequence of SEQ 1D NO:

1809,

698, The AAV particle of embediment 697, wherein:

{a) the VP1 protein comprises an arnigo acid sequence that is at least 95% identical to SEQ 1D
NO: 982;

(b} a VP2 profein comprises an amine acid sequence that is at least 95% identical to SEQ 1D NG
738; and/or

{c} a VP3 protein comprises an amine acid sequence that is at least 95% identical (o SEQ D NO:
739.

099. The AAV particle of embodiment 698, wherein:

{a) the VP1 protein comprises an annino acid sequence that is at least 99% identical to SEQ 1D
NQO: 982

{b) a VP2 protein comprises an amino acid sequence that is at least 99% identical to SEQ 1D NO:
738; and/or

{c) a VP3 protein comprises an andino acid sequence that is at feast 99% identical to SEQ I NG,
739,

700. The AAV particle of any one of embodiments 697-699, wherein:
{a) the VP protein comprises the amino acid sequence of SEQ D NO: 942
(b} the VP2 protein comprses the amine acid sequence of SEQ 1D NO: 738, and/or

{cy the VP3 protein comprises the amino acid sequence of SEQ ID NO: 739,
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701, The AAV particle of embodiment 701, wherein the AAV capsid variant is encoded by the
nucleotide sequence of SEQ ID NO: 984 or a nucleotide sequence that is af least 90% identical {e.g., at
least 90%, at least 91%, at least 92%, at least 93Y%, at least 94%, at least 95%, at feast 96%, at least 97%,

at least 98%, or at least 99% identical) thercto.

702, The AAV partick of cmbodiment 701, wherein the AAV capsid vaxiant is encoded by the

nucleotide sequence of SEQ ID NO: 984.

703, The AAY particle of any one of embodiments 482-702, forther comprising a nucleic acid encoding a
Rep protein, wherein the Rep protein comprises a Rep78 protein, a Repo8 protein, a Rep32 protein,

and/or a Rep40 protein.

704. A vector encoding the AAV particle of any one of cmbodiments 660-703.

705, A cell comprising the AAV particle of any one of embodiments 666-703 or the vecior of

cmbodiment 704,

706. The cell of embodiment 705, which is a manumnalian cell (e.g.. an HEK293 cell), an insect cell (e.z.,

an S9 cell), or a bactenal cell,

707. A method of maldng an AAV particle of any one of emboediments 482-706. wherein the method
comprises:

(1) providing a cell comprising a viral genome comprising a frataxin (FXN)-encoding sequence
and a nucleic acid encoding an AAV capsid varant; and

(it} incubating the cell under conditions suitable to encapsulate the viral genome in the AAV
capsid variant;

thereby making the AAV particle.

708, The method of embodiment 707, wherein:

the vital genome comprises a pucleotide sequence of any one of SEQ ID NOs: 1797, 1801, 1808,
and 1209, or a nucleotide sequence at least 90% identical (e.g., at least 90%, at least 91%., at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%. or al least 99% identical)
to any one of SEQ ID NOs: 1797, 1801, 1808, and 1809; and

wherein the AAY capsid variant comprises the amino acid sequence of SEQ 1D NG: 982,

709, The method of embodiment 708, further comprising, prior fo step (1), introducing a nucleic acid

comprising the viral genome into the cell.
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716. The method of embodiment 708 or embodiment 709, further comprising, prior {o step (i),

introducing the nucleic acid encoding the AAV capsid variant into the cell,

711, The method of any one of erubodiments 707-710, wherein the cell comprises a manunalian cell, an

insect ceil, or a bacterial cell

712. The method of embodiment 711, wherein the cell is an HEK 293 cell or an S9 cell.

713. A pharmaceutical composition comprising the AAV particle of any one of embodiments 483-703

and a pharmaceutically acceptable excipient.

714. A method of delivering a FXN protein to a subject, comprising administering 1o the subject an
cffective amount of the pharmaceutical composition of embodiment 713 or the AAV particle of any one

of crabodinents 482-704, thereby delivering the FXN protein.

715. The method of embodiment 714, wherein the subject has, has been diagnosed with having, or is at
risk of having a disorder associated with FXN deficiency. optionally wherein the disorder is Friedreich's

Ataxia (FA).

716. A method of treating a disorder associated with frataxin (FXN) deficiency in a subject, compusing
adnunistering an effective amount of the pharmaccutical composition of embodiment 713 or the AAY
particle of any one of embodiments 485-703, thereby treating the disorder, optionally wherein the subject
has, has been diagnosed with having, or is at risk of having a disorder associated with FXN deficiency,

further optionally wherein the disorder is FA.

717, The method of any one of embodiments 714-716, wherein the subject has a reduced level of FXN

protein or gene expression as compared {0 a healthy individual.

718, The method of enbodiment 716 or embodiment 717, wherein the treatment resulis ina 0.5-3x

ncrease 10 the subject’s FXN protein Jevel as compared to baseline.

719. The method of any one of crabodiments 716-718, wherein the treatment results 1n amelioration of at

least one syraptom of FA.

720. The method of embodiment 719, wherein the at least one symptom of FA includes impaired sensory

functions, impaired motor funcion, e.g., ataxia and/or mvoluntary movements, fatigue, chronic pain,
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seizures, impaired speech, sleep disturbances, metabolic disorders, e.g., diabetes, and increased

spasticity.

721, The method of any onc of crubodiments 716-718, wherein the treatment stabilizes, slows the
progression of, or improves the sebject’s FA as determined by the medified Foedreich Ataxia Rating
Scale (;eF ARS), the Scale for the Assessment and Rating of Ataxia (SARA), and/or the Toternational

Cooperative Ataxia Rating Scale (ICARS).

722. The method of any one of embodiments 716-718, wherein the treatment slows the subject’s
progression of FA as measured by mFARS, SARA, or ICARS relative to an individual with the disorder
associated with FXN deficiency {e.g., FA) who has not been administered the pharmaceutical

composition or the AAV particie.

723. The method of any one of embodiments 714-722, wherein the subject is a human.

724. The method of any one of cobodimnents 714-723, wherein the AAV particle is administered to the
subject intravenously, intracerebrally (3C), via intrathalamic (ITH) administration, intramuscularty,
intrathecally, intracerebroventricularly, via intraparenchymal adorindstration. via focused ultrascund
(FUS), e.g., coupled with the intravencus administration of microbubbles (FUS-MB), or MRI-guided

FUS coupled with intravenous administration, or via intra-cisterna magoa injection {({CM}).

725. The method of any one of embodiments 714-724, wherein the AAV particle is delivered o a cell,
tissue, or region of the ON§S, e.g., spinal cord, temporal cortex, perirhinal cortex, globus pallidus,
putaren, caudate, thalamus, hippocampus, geniculate nucleuns, Purkinge cell layer, deep cercbellar nucled,

dentate nucleus, brainstem, cerebellum, or a combination thereof.

726. The method of any one of embodiments 714-725, further comprising evaluating {¢.g., measuring the
level of FXN gene, FXN mRNA, and/or FXN protein expression) in the subject {¢.g., in a cell, tissue, or
fluid of the subject), optionally wherein the level of FXN protein is measured by an assay described

herein.

727. The method of embodiment 726, wherein the kevel of FXN protein expression is measured by an
cnzyme-hoked immunosorbent assay (ELISA), a Western blot, an immuoobisiochemisity assay, or a
frataxin biofhuid assay .

728. The method of embodiment 726 or embodiment 727, wherein the celf or tissue is a cell or tissue of

the central nervous system {e.g., spinal cord, ternporal cortex, perirhinal cortex, globus pallidus, putamen,
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caudate, thalamus, hippocanmpus, geniculate nuclens, Purkinje cell laver, deep cerebeliar nuclei, dentate

nucleus, brainstem, and/or cercbelium) or a peripheral cell or tissue (¢.g., the liver, heart, and/or muscle).

729, The method of any one of erwbodiments 716-728, wherein the treatment results in an increase v

(1) the level of FXN protein or FXN gene expression in a cell, tissue, (e.g., a cell or tissue of the
NS, e.z., spinal cord, temporal cortes, perirhinal coriex, globus pallidus, putamen, candate, thalamus,
hippocampus. geniculate nocleus, Purkinge cell layer, deep cerebellar nuclel. dentate nucleus, bratnstem,
and/or cercbellumy, and/or floid (¢.g., CSF and/or serumy) of the subject, optionally wherein the level of
FXN protetn or gene expression 1s wncreased by 0.5-3x as corapared to baseline; and/or

(i1 the number and/or level of viral genomes (VG) per cell in a OUNS tissue {e.g., spinal cord,
temporal cortex, perirhinal cortex, globus pallidus, putamen, caudate, thalamus, hippocampus, gemiculate
nucleus, Purkinge cell layer, deep cerebellar nuclei, dentate nuclens, brainstem, and/or cerebellum) of the

subject relative to the number and/or level of VG per cell in a peripheral tissue of the subject.

730, The method of any one of cobodiments 714-729, further comprising administering to the subject at

least one additional therapeutic agent and/or therapy.

731. The method of emabodiment 730, wherein the at least one additional therapeutic agent and/or therapy
coraprises an agent and/or therapy for treating the disorder associated with FXN deficiency {e.z.,
Friedreich’s ataxia}, optionally wherein the at least one additional therapeutic agent and/or therapy

comprises omaveloxolone or idebenone.

732. The method of embodiment 730, wherein the at least one additional therapeutic agent and/or therapy
comprises 4n immunosuppressant, optionally wherein the immunosuppressant is a corticosteroid (e.g.,
preduisone, prednisoione, methylprednisolone, and/or dexamethasone), rapamycin, mycophenolate

mofetil, tacrolimus, rittixinab, and/or eculizumab hydroxychloroquine.

733. The pharmaceutical composition of embodinent 713 or the AAV particle of any one of
cmbodiments 485-703 for use in the treatruent of a diserder associated with FXN deficiency in a subject,

opticnally wherein the disorder is Friedreich’s Ataxia (FA)

734, Use of an effective amount of the pharmaceutical composition of embodiment 713 orthe AAV
particle of any one of embodiments 483-703 1n the manufacture of a medicarnent for the treatment of a
disorder associated with FXN deficiency in a subject, optionally wherein the disorder Friedreich’s Ataxia

(FA).
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733, The pharmaceutical composition or use of embodiment 733 or embodiment 734, wherein the subject

has, has been diagnosed with having, or is at dsk of having FA.

671} The details of various aspects ot erabodiments of the present disclosure are set forth below.
Other features, objects, and advantages of the disclosure will be apparent from the description and the
claims. In the description, the singular forms also include the plural unless the countext clearly dictates
otherwise. Unless defined otherwise. all technical and scientific terms used herein have the same
meaning as comnonly understood by one of ordinary skill in the art in the field of this disclosure. In the

case of conflict, the present description will control

BRIEF DESCRIPTION OF THE DRAWINGS
{672} FiGs, 1A-1D show immunohistochemistry images from varicus UNS and peripheral tissues
isolated from NHPs (cynomolgus macaques) at 28 days post infravenous administration of AAV particles
conprising the TIN-002 capsid variant (top pancls) or AAVY control capsid (bottom panels) and a seif-
complementary genome encoding a cynomolgus monkey frataxin protein fused to an HA tag driven by a
chicken beta actin (CBA) heterologous promoter. FIG. 1A shows, from left to right, the cerebellum
{Purkinje ccll fayer). spinal cord {cervical), cortex (temporal), and the brainstem. FIG. 1B shows, from
left to right, the globus pallidus, the bippocampus, the thalamus, the putamen, and the destate. FIG, 1€
shows, from left to right, the whole brain (fevel H), the whole brain (evel K, and the cercbeliom. FIG,
18 shows, from left to right, the spinal cord (thoracic). the DRG (thoracic), the biver, and the heart.
{6734 FiGs. 2A-2D depict fataxin expression and the oumber of viral genomes per cell 1n the heart
{(FEG, 2A): cerebellum (FIG. 28, harobar and DRG (FIG, 20, and Hver (FIG. 2B).
{074} FIG. 3 shows an exemplary ITR-to~ITR construct encoding FXN.
{6754 FIG. 4A shows biodistribution of AAV particles in the cercbelium of wildtype ("WT )y or
frataxin-deficient ("FXN-deficient™) mice. The AAV particles comprise a TTN-002 capsid encapsulating
a viral genome comprising SEQ 1D NO: 1797 (“T'TN-002 _FXN™).
{076} FIG. 48 shows expression of human frataxin ("hFXN™) in the cerebelium of wildtype
"WT} or frataxin-deficient ("FXN-deficient™) mice after adoxnistration of AAV particies comprising a

TTN-002 capsid encapsulating a viral geoome conprising SEQ 1D NG: 1797 ("TTN-002_FXN7).

DETAILED BESCRIPTION
Overview
{677} Drescribed herewn, infer afia, are compasitions comprising an AAV capsid variant comprising
a sequence encoding a FXN protein, ©.g., a humas FXN proteis. 1o some embodiments, the present
disclosure provides a method for delivenng the AAV capsid variant comprising the sequence eocoding
the FXN protein to a cell or tissue 10 a subject. n some cmbodiments, the present disclosure provides a

method for delivering the AAV capsid variant, thereby providing a FXN prodein, e.g., a4 human FXN
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protein, 1o a celf or tissue in a subject. The AAVY capsid variants described berein have enhanced ONS
tropist compared o other cells or tissnes in the body. e.g., Hiver and/or the DRG.

{678} AAYV have proven to be useful as a biological tool due to their relatively simple structure,
their ability to infect a wide range of cells (including quiescent and dividing cells) without integration
o the hest gencme and without rephicating, and their relatively benign tmrmuncgenic profie,
Engiocered AAV capsids with improved brain tropism represent an attractive sajution to the imitations
of ONS dehvery. AAV-derived vectors are promising tools for chimcal gene transfer because of their
non-pathogenic nature. their low tmmunogemc profile; low rate of integration nto the host genome, and
long-tenn transgene expression in nou-dividing cells. However, the transduction efficiency of naturally
occurring AAVs in certain organs is too low for chinical applications, and capsid neutralization by pre-
existing neutralizing antibodies may prevent treatment of a large proportion of patients. For these
reasons, considerable efforts have been devoted {o obtaining capsid variants with enhanced propertics. Of
many approaches fested so far, significant advances have resulted from directed evolution of AAV
capsids using invitro or in vivo selection of capsid variants created by capsid sequence randomization
using either emor-prone PCR, shuffling of various parent serotypes, or insertion of fully randomized short
peptides at defined positions.

9793 The genome of the virus may be modified to contain a mindmun: of components for the
assembly of a functional recombinant vitus, or viral particle, which is loaded with or enginecred 1o target
a particolar tissue and express or deliver FXN. The genone of the virus may encode a FXN protein, and
the viral particle compnsing said genome may be delivered to a target cell. tissue, or orgamsim. fn some
embodiments, the genome encodes a human FXN protein, e.g., a wildtype human FXN protein. In some
embodiments, the target cefl is a CNS cell. In some embodiments, the target tissae is a UNS tissue. The
target CNS tissue may be brain tissue.

{086} Without being bound by theory, it is believed, in some embodiments, that expression vectors,
¢.g., an adeno-associated viral vector (AAVs) or AAV particle, ¢.g., an AAV particle described herein,
can be used to administer and/or deliver a gene encoding FXN (e.g., uman FXN) preferentially {o the
CNS {e.g., the brain or the spinal cord).

681} Provided herein are compositions and mecthods which may provide for improved features
conpared to prior AAV-mediated enzyre replacement approaches, including (i) increased
brodistribution of the AAV particke throughout the CNS (2.2, the cortex, stdabum, thalamus, cerebellom,
brainstern, and/or spinal cord) of the subject, (Ui} elevated FXN exprassion, ¢.g., FXN mRNA or protein
expression, in multiple brain regions {e.g., cortex, thalamus, and brain stem} of the subject; and (ii3)
reduced biodistribution of the AAV particle in the Hver and/or DRG of the subject.

{682} Also provided berein are AAV capsid variants (e.g., AAVS capsid variants) with improved
properties compared o wildtype AAVS and/or wildtype AAVY, such as (1) increased penetrance through
the blood brain barner following intravenous administration, (it) wider distribution throughout the

multiple brain regions, ¢.g., temporal cortex, perirhinal cortex, globus pallidus, putamen, caudate,
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thalamus, hippocampus, gemculate nucleus, Purlanje cell fayer, deep cerebellar muclel, dentate mucleus,
brainstem, cerebellum, (i11) clevated FXN expression in multiple brain regions, (iv) wider distdbution in
one or more peripheral tissues, e.g., the heart and/or muscle, and/or (v) elevated FXN expression inong
or more peripheral tissues. In some embodiments, the AAV capsids described herein enhance the
delivery of FXN to multiple regions of the brain inclodiog, for examaple, the temporal cortex, perrhinat
cotiex, globus pallidus, putamen, candate, thalamus, bippocampus, geniculate rucleus, Purkinje cell
layer, deep cercbellar nucler, dentate nucleus, brainster, and/or cercbellom, In some embodiments, the
AAV capsids described herein enhance the delivery of FXN o the forebrain. In some embodiments, the
AAY capsids described herein enbance the delivery of FXN to the frontal corlex. In some embodiments,
the AAV capsids described herein enhance the delivery of FXIN to the spinal cord. In some embodiments,
the AAV capsids described herein enhance the defivery of FXN to the cerebellum. In some embodiments,
the AAV capsids described herein enhiance the delivery of FXN to the dentate nucleus.
{983} As demonstrated in the Examples, the AAV capsid variants with enhanced brain tropism
described herein are capable of significantly increasing FXN mRNA expression in the brain.
{084} Thus, the compositions and methods descrbed herein can be used in the treatment of
Friedreich’s Ataxia (FA). Tn some embodiments, the disclosure provides an AAV particle comprising one
of the AAV capsid variants disclosed berein and an AAV viral genore comprising a nucleotide sequence
coraprising a troncated promoter region and a sequence encoding a FXN protein {e.g., comprising the
nuciectide sequence of any one of SEQ 1D NOs: 1797, 1801, 1808, 1809) for use in treating FA.
I. Compositions
Adeng-associated viral (AAV) particles
{085} AAVs have a genome of about 5,000 nucleotides in length and contain two open reading
frames encoding the proteins responsible for replication (Rep) and the structural protein of the capsid
(Cap). The open reading frames are flanked by two Tnverted Terminal Repeat (ITR) sequences, which
serve as the origin of replication of the viral genome. The wild-type AAV viral genome comprises
nuclectide sequences for two open reading frames, one for the four non-structural Rep proteios (Rep78,
Repod, Rep32, Repdl. encoded by Rep genes) and one for the three capsid, or structural, proteins (VPI,
/P2, VP3, encoded by capsid genes or Cap genesy. The Rep proteins are important for replication and
packaging, while the capsid proteins are assembled (o create the protein shell of the AAV, or AAY
capsid. Alternative sphcing and alternate intiation codons and promoters result in the generation of four
different Rep proteins from a single open reading frame and the generation of three capsid proteins from
a single open reading frame. Though it varies by AAV serotype, as a non-limiting example, for AAVS
(SEQ ID NO: 138) VP1 refers to amino acids 1-724, VP2 refers to amino acids 137-724, and V3 refers
to amine acids 193-724. In some embodiments, e.g., for the amine acid sequence of SEQ 1D NG: 982,
VP1 comprises amine acids 1-731, VP2 comprises amino acids 137-731, and VP3 compriscs amino acids
193-731. In other words, VP is the full-length capsid protein sequence, while VP2 and VP3 are shorter
comporernts of the whole. As a result, changes in the sequence in the VP3 region, are also changes o
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VP1 and VP2, however, the percent difference as compared to the parent sequence will be greatest for
VP3 since it is the shoriest sequonce of the three. Though described here in relation to the aminoe acid
sequence, the nucleic acid sequence encoding these proteins can be similarly described. Together, the
three capsid proteins asserable (o create the AAV capsid. Without being bound by theary, the AAV
capsid tvpically comprises a molar ratio of 1:1:10 of VPLVP2:VP3.

086} The AAV vector typically reguires a co-helper {e.g., adenovirus) to undergo productive
infection in cells. In the absence of such helper functions, the AAY virions essentially enter host cells but
do not integrate into the cells” genome.

{487} AAY vectors have been 1avestigated for delivery of gene therapeutics because of several
urique features. Non-limiting examples of the features inciude (i) the ability to infect both dividing and
not been associated with any disease and has not been shown to replicate ininfected cells; (iv) the lack of
cell-mediated immune response against the vector, and (v) the non-integrative nature in a host
chromosome thereby reducing potential for long-term genetic alterations. Morcover, infoction with AAV
vectors has minimal influence on changing the pattomn of celiular gene expression (Stifwell and Samulski
ef ol Biotechniques, 2003, 34, 148, the contents of which are herein incorporated by reference in their
cutirety).

{088} Typically, AAV vectors for FXN protein delivery may be recombinant viral vectors which are
replication defective as they lack sequences encoding funciional Rep and Cap proteins within the viral
genome, Insome cases, the defective AAY vectors may lack most or all coding sequences and essentially
only contain one or two AAV I'TR sequences and a sequence encoding a FXN protein

{089} In some embodiments, the AAVY particles of the present disclosure may be introduced nto
mammalian cells.

{8946} AAV vectors may be modified to enhance the eficiency of delivery. Such modified AAV
vectors of the present disclosure can be packaged efficiently and can be used to successfully infect the
target cells at high frequency and with minimal foxicity.

{691} In other embodiments, AAY particies of the present disclosure may be used to deliver FXN
protein to the central nervous system (sec, e.g., U.S. Pat. No. 6,180,613; the contents of which are herein
incorporated by reference in their entivety) or to specific tissues of the CNS.

{392} 1t 1s understceod that the compositions described herein may have additional conservative or
non-essential amino acid substitotions, which do not have a substantial effect on their forctions.

693 In some cmbodiments, AAY capsid variants disclosed berein comprise one or reore
modifications (¢.g., one or more nsertions and/or substitutions) 1n the loop ViH regionof AAV3. In
some embodiments, the AAVS lpop VIH region comprises amino acid positions 571-579, e.g.. position
577, numbered according to SEQ ID NO: 135, In some embodiments, the AAVS loop VIH region is
present (is focated) at amino acids comresponding (o positions 571-579 of the aminoe acid sequence of

SEQ D NO: 138, In some embodiments, the AAVS loop VHI region (e.g., positions 571-379, e.g.,
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position 577) protrudes above the 3-fold axis of symmetry, e.g., is a surface-exposed location in the
AAVS capsid, ¢.g., as described in Govindasamy ot al. “Structural Tnsights into Adeno-Associated Vims
Serotype 8, Jowrnal of Virelogy, 2013, 87(20):11187-11199 {the contents of which are hercby
incorporated by reference in their entirety). In some embodiments, the tero "loop” (e.£., as used in loop
V) is used inderchangeably herein with the term "variable region” {e.g., variable region Vi), or "VR"
{e.g., VR-VIHI}. In some embodiments, loop VHI (e.g., VR-VIH) comprises positions 571-59% {e.g.,
amigo acids TNNQSSYPAEVVQKTAPATGTYNLOQEIVP (SEQ ID NO: 756)), numbered according (o
SEQ 1D NO: 982, In some embodiments, the AAVS loop VI is present {is located) at amino acids
corresponding (o positions $71-5399 (e.g.. amino acids TNNQSSYPAEVVOKTAPATGTYNLQEIVE
(SEQ ID NO: 756)) of the amino acid sequence of SEQ ID NO: 982, In some embodiments, loop VIH or
varigble region VIH (VR-VD) is as descnbed in Govindasamy et al. (supra) (the contents of which arce
hereby incorporated by reference in their entirety ).

{894} The AAV particies and payloads of the disclosure may be delivered to one or more target
cells, tissucs, organs, or organisms. In some embodiments, the AAV particles of the disclosure
demonstrate enhanced tropisia for a target cell type, tissue, or organ. As a non-limiting example, the
AAYV particle may have enhanced tropism for cells and tissues of the central or peripheral nervous
systems (CNS and PNS, respectively}). In some embodiments, an AAV particle of the disclosure may, in
addition, or alternatively, have decreased tropisot for a cell-tvpe, tissue or organ.

(895} Insome endbodiments, AAV are used as a biclogical tool due 10 a relatively simple strocture,
their ability to 1nfect a wide range of cells (including qumescent and dividing cells) without integration
1to the host genome and without replicating, and their relatively benmign immuonogemc profile. The
genome of the virus may be manipulated to contain a minimum of components for the assembly of a
fanctional recombinant virus, or viral particle, which 1s loaded with or enginecred to target a particular
tissue and express or deliver a desired payload.

696} In some embodiments, the AAY is a recombinant AAV. n some embodiments, the wild-type
AAV viral genone is a linear, single-stranded DNA (ssDNA) molecule approximately 5,000 nucleotides
(nty in length. In some embodiments, ITRs cap the viral genome at both the 57 and the 37 end, providing
origins of replication for the viral genome. In some embodiments, an AAV viral genome comprises two
ITR sequences, In some embodiments, the FTRs bave a characteristic T-shaped hairpin structure defined
by a self-complementary region (1450t in wild-type AAV) at the 57 and 37 ends of the ssDINA which
form an encrgetically stable double stranded region. In some embodiments, the double stranded hairpin
stroctures comprise multiple functions inchuding, but not limited to, acting as an onigin for DNA
replication by functioning as prumers for the endogenous DNA polvmerase complex of the host viral
replication cell.

{6974 AAV particles described herein may be produced recombinantly and may be based on AAV
reference sequences. In addition to single stranded AAV viral genomes (e.g., s5AAVS), the present

disclosure also provides for self-complementary AAV (scAAV) viral genomes. scAAY viral genomes
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contain DNA strands which anneal together to form double stranded BNA. By skipping second strand
synthesis, scAAVs allow for rapid expression in the transduced cell. In some embodiments, the AAYV
particle is an scAAV. In some embodiments, the AAV particle is an ssAAV.

698} Methods for producing and/or modifying AAV particles are disclosed in the art such as
pseudotyped AAV vectors {(PCT Patent Publication Nos, WOZ00028004; WOZ00123001;
WO2004112727, WO20030056 10, and W32005072364, the content of each of which is incorporated
herein by reference in its entirety).

{499} As described herein, the AAV particles of the disclosure comprising an AAV capsid vartani,
and a viral genome, have enhanced tropism for a cell-type or a tissue, .., a ONS cell-type, region, or
tissue.

Capsid Peptides

6186} Prsclosed herein are AAY particles comprising an AAV capsid variant compnsing a peptide
{e.g., inserted into a wildtype AAV capsid and/or 1o substitution of an amine acid or peptide n a
wildtype AAV capsid) for enhanced or improved transduction of a target tissue {(e.g., cells of the CNS or
PNS). In some embodiments, the nucleic acid encoding the peptide is an isolated nucleic acid. In some
embodiments, the nucleic acid encoding the peptide is a recombinant mucleic acid.

{6161} In some cmbodiments, the peptide may increase distnbution of an AAV particle to a cell,
region, or tissue of the CNS. The cell of the CNS nway be, but is not imited to, newrons {e.g., excitatory,
inhibitory, motor, sensory, autonomic, sympathetic, parasympathetic, Purkinje, Betz, etc.), ghial celis
(c.g., maicroglia, astrocytes, oligodendrocytes) and/or supporting cells of the brain such as immune cells
(c.g.. T cells). The tissue of the UNS may be. but is not lmiied 1o, the cortey (¢.g., frontal, paretal,
occipiial, temporal), thalarous, hy pothalarous, striatusy, putamen, casdaie nuckeus, hippocampus,
entorhinal cortex, basal gangha, or deep cerebellar nuclei. In some embodiments, the tissue of the CNS s
a temporal cortex, penirhinal cortex, globus pallidus, putamen, caudate, thalamus, hippocampus,
geniculate nucleus, Purkinje cell laver, deep cerebellar nucler, cercbellom, cervical spinal cord, thoracic
spinal cord, or lumbar spinal cord.

G192} In some embodiments, the peptide may modulate distribution of an AAV particle to a cell,
region, or tissue of the ONS. In some embodiments, the peptide may decrease disiribution of an AAV
particle to the DRG.

{6163} In some embodiments, the peptide may increase distribution of an AAV particle to the CNS
(e.g., the cortex) after intravenous administration. In some embodiments, the peptide may increase
distribution of an AAV particle to the CNS (c.g., the cortex) following focused ulirasound (FUS), e.g.,
coupled with the intravenous adnunistration of microbubbles (FUS-MB), or MRI-guided FUS coupled
with ntravenous administration.

[6164] In some erabodiments, the peptide may medulate distribution of an A AV particle to the PNS
{¢.z., DRG) after intravenous administration. In sone enbodiments, the peptide may igcrease
distribution of an AAYV particle o noa-DRG cells of the NS following focused altrasound FUS), e.g.,
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coupled with the intmavenous adnunistration of microbubbles (FUS-MB), or MRI-guided FUS coupled
with intravenons adiinistration. In some embodiments, the poptide may decrease distribution of an AAV
particle to the DRG following focusced ultrasound (FUS), e.g., coupled with the intravenous
adounisiration of microbubbles (FUS-MRB), or MRI-guided FUS coupled with intravenous
adovindstraion.

G165} In some erabodiments, the peptide may increase distribution of an AAV particle o a cell,
region, or tissue of a heant, e.g.. a heart atrivm or a heart ventricle. In some embodiments, the peptide
may ncrease distribution of an AAV particle to a heart cell, region, or tissue after intravenous
administration.

{6106} In some embodiments, the peptide may increase distnbution of an AAV particie to a cell,
region, or Hssue of a muscle. In some embodiments, the muscle is a heart rauscle {e.g., a heart atrium or a
heart ventricle) or a guadriceps. In some embodiments, the peptide may increase distribution of an AAY
particle to a muscie cell, region, or tissue after intravenous administration.

{8167} In sonie cobodiments a peptide may comprise a sequence as set forth in Table ¥ ez,
comprising the amino acid sequence of any one of SEQ ID NOs: 1021, 1024, 1027, 1112, 1142, 1214,
1232, 1254, 1300, 1310, 1327, 1331, 1342, 1419, 1453, 1533, 1538, 1539, 1575, 1578, 1583-1587, 1590~
1593, 153981624, or 2064-2079). In some embediments a peptide may comprise a sequence as set forth
in Table 2A o1 2B. o some crbodiments, the peptide may conmprise a sequence set forth in Tables 14 or
23-28.

Table 1. Exemplary Peptide Sequences

SEQ SE{} SEQ
Peptide Sequence H Peptide Sequence H L Peptide Sequence j)]
NG NO NG
TNNQSSYPAEVVUKTA 533 | TNNQSSYPESLEQKTA 1590 | TNNQSSYPAEVVOKNA 1619
TNNAGAYPAEVVQOKTA 021 | TRNQSSYPRPSLVEKTA 1507 | TNNQREYPAEVVOKTA | 1620

B3NS

INNQSSYPAEVVQKTA 024 | TNNLSSYQAEVV() 1592 | TNNQSSNPAEEVQKTA | 1621
TNNLGSYPAEVVOKTA (27 | TNNQS: 5] A 1393 | NNNQSSYPAEVVOKTA 1622
TNNIGSYPAEVVOKTA 112 { TNNESSYPAAVVQKTA 1598 | TNNQSYYPAEEVOKTA | 1623
TNNSSSYPAEVVQKPA 142 | TNSQSSNPAEVVQE 1509 | TKNHSSYPAEVVOKTA | 1624
TNNSSSYTAREVVOKTA 214 { NNNQSRYPAEVVQ 1601 | TNSSLSYQAEVVOKTA | 2064

TNNTSI
TNNQSKYPAEVEQKTA

YPARVVOKTA TNNQSSYTAEVVQOKNA

PARVVQKT? 1603

1602 | TNSSLEYTAEVVOKRTA | 2065
LYYPABEVVQRTA | 2066

S PUPS PUIPS NS VRS PURVY URPY (NP (RIUS U SNEDS (U PO P
) =
b2

TNNQSSYPPSLVOKTA | 1300 1604 {PAEVVOKTA | 2067
TNNHSS YPAEVVGKTA | 1310 1605 | TNSSLSYPAEVVOKTA | 2068
TNNQSRYPAEVVOKTA | 1327 1606 | TNSSLSYPAEEVOKTA | 2069
TNNSSSYPAEVVEKTA | 1331 1607 | TNSSLSYRAEVVOKTD | 2070
TNNQSRYPAREVQOKTA | 1342 1608 | TNSSLSYPAEVVONTA | 2071
TNNSSSYPAEVVOQTA | 1419 1610 | TNSSLSYEAEVVQKNA | 2072
TNNQSKY PAEVVHKTA | 1433 : 1611 | TNSSLSYPARVVOKEA | 2073
TRNQSKYPAEVVQKTA | 1538 | TNSTSEYPAEVVQK 1612 | TNNQTSTEREVVQKTA | 2074
TNNSSSYPARVVGKTA | 1539 | TNNQSSYPAWLI QKT 1613 | TNKSATYPAEVVOKTA | 2075
TNTASE Y PARVVOKTA | 1575 | TNNGSS 1614 | TNSSLSYEADVVQKTA | 2076
TNNQSTNKAEVVOKTA | 1 TNKQSSY 1615 | TNNQSSYPARVVOKTA | 2077
TNNTSLYPAREVOKTA | | FNKIGSY] 1616 | TNNQ3SYPAEVVOKNA | 2078
TNTASS YQREVVOKTA | | TUNKSRYPAEVVOKTA | 1617 | TNNOQSSYPSTDVOKTA | 2079
TNNQSS YTPSLVOKTA TNNQSSYPARVVQKTD | 618 | TNNKGLYPAEVVOKTA | 2080
TNNQAS YPAEVVQKTA TNKQAS YPAEVVQ) 1587 | TNSTHSYPAEVVOKTA | 751
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Table ZA. Exemplary Peptide Sequences

Peptide | SEQID Amine Acid SEGID Nucleotide Sequence
NO: Sequence NG
2 943 YPAEVYQK 944 TATCCGHCGGAGGTGGTGCAGAAG

Table 2B. Exemplary Peptide Sequences

Ao Acid SEQID | Amino Acid SEQID Amine Acid SEQ I} NG:
Sequence NO: Sequence NG: Sequence

YPAEVVQK 943 YPPSLEQK 953 CPAEVVOK 960
YPPSLVOK 546 YPPSLVEK 854 YTAEVVEER 961
NKAEVVOK 947 YPAEVVEEK 055 YPAEVLOK 962
YTAEVVOK 948 YPAEVVHK 956 YQAEEVQOER 963
YPAEVEQK 949 YPAARVVQK 957 YPAEVVQON 964
YPAEEVOK 950 NPAEVVQK 958 TEAEVVQOK 965
YQAEVVOK 951 YPAEVVQQ 959 YPADVVQOK 966
YTPSLVOK 952

{4108] In some enibodiments, a peptide comprises an aniino acid sequence having the formula [N2§~
[N3], wherein N2} comprises X, Xo, X3, Xy, and X5 and { N3] conprises the amino acid sequence of
VOR, VON, EQK, VKK, VHK, V3G, or LOK. In some embodiments, X5 of [N2Jis Y, N, C.orT. In
some embodiments, X, of (N2} is P, E, K, T, or Q. In some embodiments, X5 of [N2} is A or P. Insome
cmbodiments, Xs of [N211s E, 8, D, or A, In sonie embodiments, Xs of [N2]is V, L, or E. Insome
cmbodiments, X of {N2}is Y. In some embodinments, X of N2} is P. In some cmbodiments, Xz of [N2}
is A, Insome embodiments, Xy of [N2] is E. In some embodiments, Xs of [N2]is V. Insonw
cmbodiments, the amino acid sequence of [N3] conprises VK. In some embodiments, the amino acid
sequence of (N3] consists of VOK. In some emboduments, {N2{-[N3] replaces an amivo acid
corresponding to T577 of the amino acid sequence of SEQ D NO: 138,

{3199} In some embodiments, 3 peptide comprises an amino acid sequence having the formula [N2]-
IN3], wherein [N2} corprises X, Xo, X3, X4, and Xs and {N3] comprises the amino acid sequence of
VK, EQK, VEK, VHE, VOO, or LOK. In some crbodiments, {N3} comprises the arnine acid
sequence of VOK, BEQE, or VEK. In some embodiments, [N3| comprises the amino acid sequence VOE.
In some embodiments, [N3] consists of the amino acid sequence VOK. fn some embodiments, X; of {N2}
1s Y, N, or C. In some embodiments, X; of {N2]is Y or N. In some embodiments, 2 of (N2jis B, K, T,
or Q. In some embodiments, X: of [N2]1s P, T, or Q. In some embodiments, 2 of [N2]is AorP. In
some embodiments, Xz of N2} is A, In some crabodimends, X4 of [N2]isE, 8, or A. In some
crabodiments, Xs of (N211s V, L, or E. Ta some crobodiments, Xs of [N2{is Vor L. In some
embodiments, X; of N2} is Y. Ta somue erabodiments, Xz of N2} 1s P. In some embodiments, Xz of {N2]
is A. To some embodimentds, X4 of [N2] is E. In some embodimenis, Xs of [N2] s V. Tn some
cmbodiments, [N2] comprises YPA, YPP, NKA, YTA, YOQA, YTP, NPA, CPA, THA, PAE, PPS, KAE,
TAE, QAE, TPS, PAA, HAS, AEV, PSL, AEE, or AAV. In some embodiments, IN2{ comprises YPAE

(SEQ ID NO: 21), YPPS (SEQ ID NO: 22). NKAF (SEQ ID NO: 23), YTAT (SEQ ID NO: 24), YOAE
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(SEQ ID NO: 25), YTPS (SEQ ID NO: 26), YPAA (SEQ 1D NO: 27), NPAE (SEQ ID NO: 28), (PAE
(SEQ ID NO: 29), THAS (SEQ ID NO: 30), PAEV {(SEQ ID NO: 17), PPSL (SEQ ID NO: 31y, KAEV
(SEQ ID NO: 32), TAEV (SEQ ID NO: 16), PAEE (SEQ 1D NO: 18), QAEV (SEQ 1D NO: 15), TPSL
(SEQ ID NO: 33), PAAV (SEQ 1D NO: 34), or QAEE (SEQ D NO: 35). In some embodimaents, [N2] is
or comprises YPAEV (SEQ ID NO: 1), YPPSL (SEQ 1D NO: 2), NKAEV (SEQ ID NO: 3), YTAEY
(SEQ ID NO: 4), YPAEE (SEQ TD NG 53, YQAEV (SEQ D NO: 6), YTPSL (SEQ I NG 7), YPAAVY
(SEQ D NO: 8), NPAEV (SEQ ID NO: 9), CPAEV (SEQ D NG 10), or YOCAEE (SEQID NO: 11). In
some embodiments, {N2] comprises the amino actd sequence of YPAEV (SEQ 1D NG: D). In some
crabodiments, the amino acid sequence of N2} consists of YPAEY (SEQ [D NO: 1}, In some
embodiments, {N2]-{N3] comprises the amine acid sequence of AEVVOK (SEQ ID NO: 36), PSLVQK
(SEQ D NO: 37), AEVEQK (SEQ 1D NG: 38), AEEVQK (SEQ 1D NO: 39), PSLEQK (SEQ 1D NO:
40, PSLVKK (SEQ 1D NO: 41), AEVVEK (SEQ ID NO: 42), AEVVHE (SEQ ID NO: 43), AAVVOK
(SEQ D NO: 44y, AEVVQQ (SEQ ID NO: 45), or AEVLQK (SEQ ID NO: 46). In some embodiments,
IN2]-[N3] comprises the amino acid sequence PAEVVOQK (SEQ ID NO: 20), PPSLVOK (SEQ 1D NO:
47, KAEVVQK (SEQ ID NO: 48), TAEVVQK (SEQ 1D NO: 49), PAEVEQK (SEQ 1D NO: 50),
PAEEVOK (SEQ 1D NO: 51), QAEVVQK (SEQ 1D NO: 52), TPSLVQK (SEQ ID NO: 33), PPSLEQK
(SEQ 2 NGO 543, PPSLVKK (SEQ ID NO: 55), PAEVVKXK (SEQ ID NO: 56), PAEVVHK (SEQ ID
NO: 573 PAAVVQK (SEQ ID NO: 38), PAEVVOQ (SEQ T NO: 59), TAEVVKEK (SEQ ID NO: 60),
PAEVLQK (SEQ 1D NG: 61), or QAEEVOK (SEQ 1D NG: 62). 1o some erabodiments, [N21-[N3] is or
comprises YPAEVVQK (SEQ ID NQO: 943), YPPSLVQK (SEQ ID NO: 946), NKAEVVQK (SEGQ ID
NO: 947y, YTAEVVOK (SEQ 1D NO: 948), YPAEVEQK (SEQ 1D NG: 949), YPAEEVQK (SEQ 1Dy
NG: 930y, YOQAEVVOK (SEQ ID NO: 951), YTPSLVOK (SEQ ID NO: 952), YPPSLEQK (SEQ 1D
NO: 953), YPPSLVEK (SEQ ID NO: 954), YPARVVKK (SEQ ID NO: 953), YPAEVVHK (SEQ 1D
NO: 956y, YPAAVVJE (SEQ 1D NG: 957), NPAEVVOQK (SEQ ID NG: 958), YPAEVV(QQ (SEQ ID
NO: 959, CPAEVVQK (SEQ 1D NO: 960), YTAEVVKE (SEQ ID NG: 961), YPARVLOK (SEQ D
NG: 8623, or YQAEEVOK (SEQ 1D NO: 963); an amino acid sequence comprising any portion of any
one of the aforesaid amino acid sequences (e.g.. any 2, 3, 4, 5, 6, or 7 amine acids, ¢.g., consecutive
amaino acids) thereof: an amino acid sequence comprising one, two, or three but no more than four
modifications relative to any one of the aforesaid arnoe acid sequences: or an aninge acid sequence
comprising one, two, or three bui ne more than four different amino acids relative to any one of the
aforesaid amino acid sequences. In some embodiments, {N2j-[N3] is YPAEVVOK (SEQ I NO: 943).
In some embodiments, [N2]-IN3] comprises the amino acid sequence YPAEVVOK (SEQ ID NO: 943),
In somue embodiments, [N2]-IN3] (e.g.. comprising the amine acid sequence of SEGQ 1D NO: 943)
replaces an amino acid corresponding to 1577 of the amino acid sequence of SEQ 1D NO: 138

{0118} In some embodiments, the peptide comprising the amino acid sequence comprising the
formmia of IN2{-{N3} further comprises [N1{, which comprises Xp, X5, and Xr. 1n some embodiments,

Xpof IN1}is Q. T. 8, A L L. or H. In some embodiments, Xz of [N1]1s S, G, A, or R. In some
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embodiments, Xpof [N1Jis 5, K, L, B, A, or T. In some embodiments, [N1] comprises SK, 8L, S§, SR,
GA, GS, AS, ST, RS, Q8, TS, AG. IG, QA, LG, HS, LS, or QR. In some embodiments, [N1jis or
conprises OQ85, Q8K TSL, SS8, QSR, AGA, IGS, QAS, ASS, LGS, QST, HSS, LSS, or QRS. In some
crabodiments, the amino acid sequence of [N1] is 9SS, In some embodiments, [N1]-{N2] comprises
SSYPA (SEQ ID NO: 633, SKYPA (SEQ ID NO: 64), SLYPA (SEQ ID NO: 65), SRYPA (SEQ ID NO:
66}, SSYPP (SEQ T NO: 673, GAYPA (SEQ TR NO: 68), GSYPA (SEQ ID NO: 69, ASYPA (SEQ D
NG: 70y, STNKA (SEQ ID NO: 71y, SSYTA (SEQ IDNG: 72), SSYCA (SEQ ID NG: 73), SSYTP
{(SEQ ID NO: 74), SSNPA (SEQ ID NQ: 75), SLCPA (SEQ ID NO: 76), REYTA (SEQ D NG: 77), or
SSTHA (SEQ [D NO: 78). In some embodiments, IN1|-{N2] comprises SSYPAE (SEQ D NG: 79),
SKYPAE (SEQ ID NO: 80), SLYPAE (SEQ ID NO: 81), SRYPAE (SEQ ID NO: 82), SSYPPS (SEQ ID
NO: 83}, GAYPAE (SEQ ID NO: 84), GSYPAE (SEQ 1D NO: 85), ASYPAE (SEQ 1D NO: 86),
STNKAE (SEQ ID NO: 87), SSYTAE (SEQ ID NO: 88), SSYQAE (SEQ 1D N(: 89), SSYTPS (SEQ
ID NO:90), SSYPAA (SEQ ID NO: 91), SSNPAE (SEQ 1D NO: 923, SLCPAE (SEQ ID NO: 93),
RSYTAE (SEQ ID NO: 94), SSTHAS (SEQ 1D NO: 95). In some embodiments, [N1]-[N2]is or
comprises QSSYPAEV (SEQ ID NO: 96), QSKYPAEV (SEQ ID NO: 97), TSLYPAEV (SEQ 1D NO:
98y, SSSYPAEV (SEQ ID NO: 99), QSRYPAEV (SEQ ID NO: 100), QSSYFPPSL (SEQ 1D NO: 101),
AGAYPAEV (SEQ ID NO: 102), IGSYPAEV (SEQ ID NG 103), GASYPAEV (SEQ ID NO: 104),
ASSYPAEV (SEQ 1D NO: 105), LGSYPAEV (SEQ ID NO: 106), QSTNKAEV (SEQ IDB NO: 107),
HSSYPAEV (SEQ ID NG: 1083, SSSYTAEV (SEQ ID NO: 109, TSLYPAEE (SEQ ID NO: 116,
ASSYQAEV (SEQ ID NO: 111y, QSSYTPSL (SEQ ID NO: 112), QSRYPAEE (SEQ 1D NO: 113),
LSSYQAEV (SEQ ID NG: 114), HSSYPAAV (SEQ I NG: 1185), QSSNPAEV (SEQ 1D NO: 116),
QSSYTAEV (SEQ ID NO: 117y, TSLCPAEV (SEQ ID NO: 118), QRSYTAEV (SEQ ID NO: 119), or
QSSYQAEE (SEQ ID NO: 120); an amino acid sequence comprising any portion of any one of the
aforesard amino acid sequences (e.g., any 2, 3.4, 5, 6, or 7 amino acids, e.g., consecutive amino acids)
thereof; an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the aforesaid amino acid sequences; or an aniino acid sequence comprising one,
two, or three but no more than four different amine acids relative to any one of the aforesaid amino acid
sequences. In sorae erabodiments, the amino acid sequence of N1 N2 is QSSYPAEV (SEQ 1D NO:
96). In some embodiments, INT]-{N2I-[IN3] comprises SSYPAEVVQ (SEQ 1D NG: 121), SKYPAEVV(Q
{(SEQ ID NO: 122), SLYPAEVVQ (SEQ ID NO: 123), SRYPAEVVQ (SEQ 1D NO: 124), SSYPPSLVQ
(SEQ ID NO: 1253, GAYPAEVVQ (SEQ TD NG 126), GSYPAEVVQ (SEQ ID NO: 127),
ASYPAEVV(Q (SEG ID NO: 128), STNKAEVVQ (SEC ID NG: 129), SSYTAEVVQ (SEQ I NO:
130), SKYPARVEQ (SEQ D NG: 131), SLYPAEEVQ (SEQ ID NO: 132), SSYQAEVV(Q (SEQ 1D
NQO: £33), SSYTPSLVQ (SEQ ID NO: 134), SRYPAEEVQ (SEQ ID NO: 135), SSYPPSLEQ (SEQ D
NQO: 1363, SSYPPSLVK (SEQ ID NQO: 140}, SSYPAEVVK (SEQ ID NO: 141), SKYPAEVVH (SEQ D
NO: 1423, SSYPAAVVQ (SEQ ID NO: 143), SSNPAEVVQ (SEQ 1D NO: 144), SLCPARVV(Q (SEGQ
ID NO: 145), RSYTAEVVO (SEQ I NO: 146), SSYTAEVVK (SEQ 1D NO: 147), SSYPAEVLY
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(SEQ ID NO: 148), or SSYQAEEVQ (SEQ D NO: 149). In some embodiments, {N1I-[N2{-[N3}is or
comprises QSSYPAEVVQK (SEQ D NO: 150), QSKYPAEVVQK (SEQ 1D NO: 151),
TSLYPAEVVQOK (SEQ ID NO: 152), SSSYPAEVVOK (SEQ ID NO: 153), QSRYPAEVVQK (SEQ 1D
NO: 154), OSSYPPSLVOE (SEQ ID NO: 155), AGAYPAEVVOK (SEQ T NO: 156),
IGSYPAEVVQK (SEQ ID NO: 157), QASYPAEVVOK (SEQ ID NO: 158), ASSYPAEVVQK (SEQ
D NG 159), LGSYPAEVVOK (SEQ I NO» 160), QSTNKAEVVQOK (SEQ ID NO: 161},
HSSYPAEVVQK (SEQ ID NO: 162), SSSYTAEVVOK (SEQ ID NO: 163). QSKYPAEVEQK (SEQ
ID NG 164), TSLYPAEEVQK (SEQ 1D NG: 165), ASSYQAEVVQK (SEQ ID NG: 166).
QSSYTPSLVOQK (SEQ ID NG: 167), QSRYPAEEVQK (SEQ 1D NO: 168), QSSYPPSLEQK (SEQ ID
NQO: 169), QSSYPPSLVER (SEQ ID NO: 170), LSSYQAERVVQK (SEQ ID NO: 171),
SSSYPAEVVKE (SEQ D NO: 172), QSKYPAEVVHE (SEQ D NO: 173), HSSYPAAVVQK (SEQ
ID NO: 174), QSSNPAEVVOK (SEQ ID NO: 1753, SSSYPAEVVOQ (SEQ I NG 176),
QS8SYTAEVVQK (SEQ ID NO: 177), TSLCPAEVVOK (SEQ ID NO: 178), QRSYTAEVVOK (SEQ
1D NO:179), QSSYTAEVVRK (SEQ ID NO: 180), HSSYPAEVLOK (SEQ ID NQO: 181), or
QSSYQAEEVOK (SEQ ID NO: 182); an amino acid sequence comprising any portion of any one of the
aforesaid amino acid sequences (e.g., any 2,3, 4,5, 6,7, 8, 9, or 10 amino acids, e.g., consecutive amino
acids) thereof; an amino acid sequence compuising one, two, or three but no wore than four moedifications
relative o any one of the aforesaid amine acid sequences; oy an arino acid sequence comprising one,
twi, or three but no more than four different anyino acids relative to any one of the aforesatd amine acid
sequences. In some embodiments, the amino acid sequence of IN1]-IN21-[N3] is QSSYPAEVVQE (SEQ
1D NG: 130}, In some cmbodiments, [N2]-IN3} is present immediately subsequent to [N1] and replaces
{8111} In some embodiments, the peptide comprising the amino acid sequence conprising the
formmuda [N2]-{N3] further comprises {NO{, wherein [NO comprises X, Xp, and Xc. In some
embodiments, X of {NOis T, |, or N. In some embodiments, Xg of {NO} is N, In some embodiments, Xc
of (INOJis N, T, §, or K. In some enbodiments, [NO] comprises TN, IN, NN, NT, NS, or NK. In some
embodiments, [NO] is or comprises TNN, TNT, INN, TNS, NNN, or TNK. In some embodiments, the
armaino acid sequence of {NOJ is TNN. In some erabodiments, [NO]-IN1] is or comprises TNNQSS (SEQ
D NO: 183), TNNQSK (SEQ ID NO: 184), TNNTSL (SEQ ID NO: 185), TNNSSS (SEQ ID NO: 186),
TNNGSR (SEQ ID NOG: 187), TNNAGA (SEQ 1D NO: 188), TWNNIGS (SEQ ID NO: 1893, TNNQAS
(SEQ ID NO: 190), TNTASS (SEQ ID NO: 191), TNNLGS (SEQ 1D NG: 1923, TNNQST (SEQ 1D NG:
193), TNNHSS (SEQ ID NO: 194), TNNGQSK (SEQ 1D NO: 184), TNNLSS (SEG ID NO: 195),
INNQSS (SEQ 1D NG 196), TNSQSS (SEG 1H NG: 197), NNNQSR (SEQ 1D NG: 198), TNSTSL
{(SEQ D NO: 199), TNNQRS (SEQ ID NO: 200), or TNKQAS (SEQ 1D NG: 201); an amino acid
sequence comprising any portion of any one of the aforesaid amino acid sequences {¢.g., any 2, 3, 4, 013
aniine acids, ¢.g., consecative amine acids) thereof, an amino acid sequence comprising one, two, or

three but no more than four modifications relative to any one of the aforesaid amine acid sequences; or
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an aming acid sequence comprising one, two, or three but no more than four different amino acids
relative to any one of the aforesaid amino acid scquences. In some embodiments, {NO]-[N1] is TNNQSS
(SEQ ID NO: 183). In some embodiments, [NO]-[NT]-N2}-{N3] is or comprises TNNQSSYPAEVVQK
(SEQ ID NO: 500), TNNQSKYPAEVVQK (SEQ ID NO: 503), TNNTSLYPAEVVQK (SEQ 1D NO:
506), TNNSSSYPAEVVOK (SEQ ID NO: 508), TNNGQSRYPAEVVOK (SEQ ID NO: 510).
TNNQSSYPPSLVQOK (SEQ ID NO: 512), TNNAGAYPAEVVOK (SEQ TD NG: 513),
TNNIGSYPAEVVQK (SEQ ID NO: 514), TNNQASYPAEVVOK (SEQ ID NG: 517,
TNTASSYPAEVVQK (SEQ 1D NO: 520). TNNLGSYPAEVVOK (SEQ 1D NG: 523),
TNNOSTNKAEVVQE (SEQ ID NO: 524), TNNHSSYPAEVVQK (SEQ 1D NO: 525),
TNNSSSYTAEVVQK (SEQ 1D NO: 526), TNNQSKYPAEVEQK (SEQ ID NO: 529),
TNNTSLYPAREVOR (SEQ ID NO: 530), TNTASSYQAEVVOE (SEQ D NO: 531),
TNNGQSSYTPSLVOK (SEQ ID NO: 5333, TNNOSRYPAEEVOK (SEQ ID NO: 534),
THNQSSYPPSLEQK (SEQ ID NG: 5335), TNNQSSYPPSLVKK (SEQ ID NO: 536),
THNNLSSYQAEVVOK (SEQ 1D NO: 539), TNNSSSYPAEVVKK (SEQ ID NO: 540),
TNNQSKYPAEVVHK (SEQ ID NO: 342), INNQSSYPAEVVQK (SEQ 1D NO: 343),
THNHSSYPAAVVQOK (SEQ ID NO: 545), TNSQSSNPAEVVQK (SEQ ID NO: 548),
TNNSSSYPAEVVOQ (SEQ ID NO: 351), NNNQSRYPAEVVQK (SEQ 1D NO: 552),
TNNQSSYTAEVVOK (SEQ ID NO: 333), TNNTSLCPAEVVOK (SEQ ID NG: 554),
TNSTSLYPAEVVQK (SEQ ID NO: 5536), TNNQRSYTAEVVQK (SEQ ID NO: 557),
TNNQSSYTAEVVEX (SEQ ID NO: 538), TNNHSSYPAEVLCOK (SEG I NG: 560),
TNNQSSYQAEEVQK (SEGQ ID NG: 562) or TNKQASYPAEVVOK (SEQ 1D NO: 563); an amino acid
sequence comprising any portion of any one of the atoresaid amino acid sequences (€.g., any 2, 3,4, 5, 6,
7,8,9, 10, 11, 12, or 13 amino acids, ¢.g., consecutive amino acids) thereof; an aming acid sequence
conprising one, two, or three but no more than four modifications relative to any one of the aforesaid
amino acid sequences; or an amino acid sequence comprising one, two, or three but no more than four
different amino acids relative to any one of the aforesaid amino acid sequernces. In some embodiments,
[NOJ-INTI-IN2]-[N3T is TNNQSSYPAEVVOK (SEQ ID NO: 500). In some embediments, [N2}-[N3}is
present immediately subsequent to [NOJ~N1] and replaces an amino acid corresponding to T577 of the
araino acid sequence of SEQ ID NO: 138,

{6112} Ta some ermobodiments, the peptide comprising the amino acid sequence comprising the
formula [N2}-IN31 further comprises N4}, which comprises X and X In some embodiments, X of
[N4}is T, P. or N. In some embodiments, Xo of [IN4]is T, In some embodiments, Xy of [N4{1s A In
some embodiments, {N4] is or comprises TA, PA, or NA. 1o some embodiments, {N4} is TA. [n some
crabodiments, [N3]-IN4] is or comprises VOKTA (SEQ 1D NG: 564), EQKTA (SEQ (D NO: 563),
VEKTA (SEQ ID NG: 566), VOKPA (SEQ ID NG: 567), VHKTA (SEQ ID NO: 568), VOQTA (SEQ
1D NO: 369), VOKNA (SEQ ID NO: 570), or LOETA (SEQ ID NOG: §71); an amino acid sequence

comprising any portion of any one of the aforesaid amino acid sequences (e.g., any 2, 3, or 4 amino
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acids, €.g., consecutive anuino acids) thereof) an amino acid sequence comprising one, two, or three but
no more than four modifications relative to any one of the aforesaid amine acid sequences; or an andno
acid sequence comprising one, two, or three but no more than four different amino acids relative fo any
one of the aforesaid amino acid sequences. In some embodiments, [N3}-{N4} is VOKTA (SEQ 1D NOG:
564). 1o some embodiments, [NO-{N1-INZ-[N3}-[N4] is or comprises TNNOSSYPAEVVOKTA (SEQ
1D NG 1533), TNNGQSKYPAEVVQOKTA (SEQ TD NO: 1538), TNNTSLYPAEVVOKTA (SEQ I NG
1232), TNNSSSYPAEVVOKTA (SEQ I NG: 1539), TNNOQSRYPAEVVOKTA (SEQ ID NG: 1327),
TNNCQSSYPPSLVOETA (SECQ ID NO: 1300), TNNAGAYPAEVVQKTA (SEQ 1D NO: 1021),
TNNIGSYPAEVVOKTA (SEQ 1D NO: 1112), TNNQASYPAEVVQRTA (SEQ ID NO: 11943,
TNTASSYPAEVVQKTA (SEQ D NO: 1575), TNNLGSYPAEVVQKRTA (SEQ ID NO: 1027),
TNNOSTNKAEVVORTA (SEQ D NO: 1578), TNNHSSYPAEVVOKTA (SEQ ID NO: 1310,
TNNQSKYPAEVVOKTA (SEQ ID NO: 1538), TNNSSSYTAEVVOKTA (SEQ 1D NC: 1214),
THNQSKYPAEVEQKTA (SEQ ID NO: 1254), TNNTSLYPAEEVQKTA (SEQ 1D NO: 1583),

THNQSSYPPSLVERKTA (SEQ D NO: 1591), TNNLSSYQAEVVOKTA (SEQ ID NO: 1592),
THRNQSSYPPSLVQKPA (SEQ ID NO: 1593), TNNSSSYPAEVVEKTA (SEQ ID NO: 13314,
THNNQSKYPAEVVHKTA (SEQ ID NO: 1453), TNNSSSYPAEVVOKPA (SEQ ID NO: 1142),
INNQSSYPAEVVOKTA (SEQ ID NO: 1024), TNNHSSYPAAVVOKTA (SEQ I NG 1398),
TNSQSSNPAEVVOKTA (SEQ ID NQC: 1599, TNNSSSYPAEVVQQOTA (SEQ D NO: 1419),
NNNQGSRYPAEVVOKTA (SEQ ID NO: 1601), TNNQSSYTAEVVOENA (SEQ ID NG: 1602),
TNNTSLCPAEVVQKTA (SEQ ID NO: 1603), TNSTSLYPAEVVOKRTA (SEQ ID NO: 1608),
TNNORSYTAEVVUKTA (SEQ [D NO: 1604), TNNQSSYTAEVVEKTA (SEQ ID NO: 1606),
TNNHSSYPAEVLOKTA (SEGQ ID NO: 1607), TNNQSSYQAEEVOKTA (SEQ ID NO: 1608), or
TNKQASYPAEVVOETA (SEQ D NO: 1587); an amino acid sequence comprising any portion of any
one of the aforesaid amino acid sequences {e.g., anv 2,3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, or 15 amino
acids, ¢.g., consecuiive amino acids) thereof, an amino acid sequence comprising one, two, or three but
no more than four modifications relative to any onc of the aforesaid amino acid sequences; o1 an aming
acid sequence comprising one, two, ot three but no more than four different amino acids relative 1o any
one of the aforesaid anino acid sequences. 1o sere ermabodiments, [NOJ-{IN{-{N2{-[N3}-[N4] s
TNNQSSYPAEVVOKTA (SEQ ID NG 1533). In sone embodiments, [N2]-[N3] is present inmnediately
sabsequent to [NOJ-IN1], inmediately precedes [N41, and replaces an amino acid corresponding to TS77
of the aming acid sequence of SEQ 1D NO: 134,

6113} In some embodiments, a peptide described heretn comprises the fonmuda [N21-{N3], whercin
N2} comprises X, Xo, X3, X4, and Xs and [N3| comprises the amino acid sequence of VOK or VON. In
some ernbodiments, N3} comprises the amino acid sequence VOK. In some embodiments, X, of [N2} is

Y oor T. In some embodiments, Xp of [N2]is Q. T, P, or E. In some embodiments, 2G of [N2]is Al In
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some embodiments, X4 of [N2] is E or B, In some cmbodiments, X4 of N2} is E or D. Tn some
embodiments, Xs of (N2} is V or E. In some emsbodiments, 2 of (N2} is Y. In some embodiments, X, of
(N2} is P. in some embodiments, X; of [N2]1s A. In some embodiments, X of {N2}is E. In some
crabodiments, X of N2} 18 V. In some embodiments, {N2] comprises YP, YO, YT, TE, QA, TA, PA,
EA EV, EE, DV, AE, or AD. In some embodiments, {N21 comprises YPA, YOA, YTA, TEA, QAE,
TAE, PAE, EAE, PAD, AEV, AEE. or ADV. I some emabodiments, {N2] comprises YPAE (SEQ ID
NG 21), YOAE (SEQ D NO: 253, YTAE (SEQ ID NO: 24), TEAE (SEQ 1D NG: 387), YPAD (SEQ 1D
NQO: 588y, QAEV (SEQ D NG: 15), TAEV (SEQ ID NG: i6), PAEV (SEQ 1D NG: {7), PAEE (SEQ 1D
NG 18), EAEV (SEQ 1D NG: 590), or PADV (SEQ D NO: 19). In some embodiments, IN2{is or
comprises YPAEV (SEQ 1D NO: 1), YQAEV (SEQ ID NO: 6), YTAEV (SEQ 1D NO: 4), YPAEE (S8EQ
IDNQ: 3), TEAEY (SEQ ID NG: 12), or YPADV (SEQ ID NO: 13). In some embodiments, [N2} is
YPAEV (SEQ ID NO: 1), In some embodiments, {N2]-{N3] comprises AEVVQK (SEQ ID NO: 36),
AEEVQK (SEQ 1D NO: 39), AEVVQON (SEQ ID NO: 591), or ARDVVOK (SEQ ID NO: 593). In some
cmbodiments, {N2]-[N3] comprises PAEVVON (SEQ ID NO: 594), QAEVVOK (SEQ 1D NO: 52),
TAEVVQK (SEQ ID NO: 49), PAEVVQK (SEQ 1D NO: 20), PAEEVQK (SEQ ID NG: 51),
EAEVVQK (SEQ 1D NO: 595), or PADVVQK (SEQ ID NO: 596). In some embodiments, [N2]-[N3] is
or comprses YPAEVVOK (SEQ ID NO: 943), YQAEVVQK (SEQ ID NG: 951y, YTAEVV(QK (SEQ
1D NO: 948), YPAEEVOK (SEQ D NQ: 950), YPAEVVQN (SEQ ID NO: 964), TEAEVVK (SEQ
1D NGO 965), or YPADVVQK (SEQ 1D NG: 966); an amino acid sequence comprising any portion of
any one of the aforesaid armnoe acid sequences (e.g., any 2, 3. 4, 5, 6, or 7 amino acids, .., consecutive
amingo acids) thereofl an amino acid sequence comprising one, two, or three but no more than four
modifications relative to any one of the aforesaid amino acid sequences; or an aming acid sequence
comprising one, two, or three but no more than four different amino acids relative to any one of the
aforesard amino acid sequences. In some embodiments, {N2{~{N3] is YPAEVVOK (SEQ D NO: 943).
In some embodiments, [N2{-N3] {c.g., comprising the amino acid sequence of SEQ D NO: 943)
replaces an amine acid corresponding t0 T577 of the anuno acid sequence of SEQ ID NO: 138

{6114} In some embodiments, the peptide comprising the amino acid sequence conprising the
formula of N2]-{N3} further comprises [N1], which comprises Xp, X, and Xp. In some embodinents,
Xpof N1} is Q or S. Insome embodiments, Xz of (N1} is S, L. A, or T. In some embodiments, Xy of
(Ni}is S, Y, or T. In some embodiments, N1} comprises QS, 8L, SA, QT LS, LY, AT, TS, er 85 . In
some embodiments, {N17] is or comprises O8S, SLS, SLY, SAT, or QTS. In some embodiments, {N1] is
(S5, In some cmbodiments, [N1}-{N2] comprises SSYPA (SEQ ID NO: 63}, LSYQA (SEQ D NO:
5973, LSYTA (SEQ 1D NO: 598), LYYPA (SEQ ID NO: 600}, ATYPA (SEQ ID NO: 601), LSYPA
{(SEQ D NO: 603), or TSTEA (SEQ D NO: 605). In some erabodiments, [N1]-IN2{ comprises SSYPAE
(SEQ ID NO: 79), LSYQAE (SEQ 1D NO: 607y, LSYTAE (SEQ 1D NO: 610), LYYPAE (SEQ D NO:
611, ATYPAE (SEQ 1D NO: 6133, LSYPAE (SEQ ID NO: o16), TSTEAE (SEQ D NO: 619), or
LSYPAD (SEQ 1D NO: 621). In some embodiments, [N1]-IN2| is or comprises QSSYPAEV (SEQ 1D
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NQO: 96), SLSYQAEV (SEQ ID NO: 622), SLSYTAEV (SEQ ID NO: 623), SLYYPAEV (SEQ ID NO:
624y, SATYPAEV (SEQ ID NO: 625), SLRYPAEV (SEQ 1D NO: 629), SLSYPAEE (SEQ ID NO: 632),
QTSTEAEV (SEQ ID NO: 633), or SLSYPADV (SEQ 1D NO: 634); an amino acid sequence
conprising any portion of any one of the aforesaid anino acid sequences (e.g. any 2,3, 4, 5.6, 017
amino acids, e.g., consecutive amino acids) thereof, an amno acid sequence compusing one, two, or
three but go more than four modifications relative to any oue of the aforesaid amino acid sequences; or
an aming acid sequence comprising one, two, or three but no more than four different amino acids
relative to any one of the aforesaid amino acid sequences. In some embodimernts, (N1 -{N2] is
QSSYPAEV (SEG 1D NO: 96). In some erabodiments, [N1]-INZ]-IN3] is or comprises
USSYPAEVVQE (SEQ ID NO: 150), SLSYQAEVVEK (SEQ ID NO: 635), SLSYTAEVVQE (SEQ
ID NG 637), SLYYPAEVVOK (SEQ ID NO: 639), SATYPAEVVQE (SEQ 1B NG: 641),
SLSYPARVVOK (SEQ ID NQ: 642), SLSYPAEEVQK (SECQ ID NO: 643), SLSYPAEVVON (SEQ ID
NO: 644), QTSTEAEVVQK (SEQ ID NO: 645), or SLSYPADVVQK (SEQ ID NO: 646); an amino
acid scquence comprising any portion of any one of the aforesaid andnoe acid sequences (e.g., any 2, 3, 4,
5,6,7,8, 9, or 10 amino acids, e.g., consccutive amino acids) thereof, an amino acid sequence
comprising one, two, or three but no more than four modifications relative to any one of the aforesaid
amino acid sequences; of an amino acid sequence comprising one, two, or three but vo more thas four
different amino acids relative to any one of the aforesaid amine acid sequences. In some embodiments,
INTI-{N2J-{N3] s QSSYPAEVVOK (SEQ I NO: 150). In some embodiments, IN21-IN3] is present
inmediately sabsequent to N1} and replaces an amino acid corresponding to T377 of the amino acid
sequence of SEQ D NO: 138,

{115} In some embodiments, the peptide comprising the amino acid sequence comprising the
formuda [N2{-[N3] further comprises {NO], wherein [NO] comprises X, Xe, and Xc. In some
cmbodiments, Xa of N0} is T. In some embodiments, Xz of {NOY 15 N, In some embodiments, Xc of
INOLis N, T, 8, or K. In some embodiments, {NOY comprises TN, NS, NT, NN, or NK. In some
embodiments, [NO] is or comprises TNS, TNT, TNN, or TNK. In some ersbodiments, {NOis TNN. In
some embodiments, {NG]-[N1] is or comprises TNNQSS (SEQ ID NO: 183), TNSSLS (SEQ 1D NO:
647, TNSSLY (SEQ ID NQ: 648), TNTSAT (SEQ 1D NO: 649), TNNQTS (SEQ 1D NO: 650), or
TNKSAT (SEQ ID NO: 651} an amino acid sequence comprising any portion of any one of the
aforesaid amino acid sequences (e.g., any 2, 3, 4, or § amino acids, £.g.. consecutive anino acids)
thereof, an amino acid sequence comprising one, two, or three but no more than foue modifications
relative to any one of the aforesaid amino acid sequences; or an amino ackd sequence coraprising one,
two, or three but no more than four different amine acids relative to any one of the aforesaid amino actd
sequences. bn some embodiments, {NGI-INT is TNNQSS (SEQ 1D NCG: 183} In some embodiments,
[NO]-{NT]-{N21-[N3] is or comprises TNNQSSYPAEVVQE (SEQ ID NO: 500), TNSSLSYQAEVV(K
(SEQ D NO: 652), TNSSLSYTAEVVOE (SEQ 1B NG: 654), TNSSLYYPAEVVQK (SEQ D NO:
655), INTSATYPAEYVQK (SEQ I NO: 656), TNSSLSYPAEVVQK (SEQ ID NO: 657),

117 -



WO 2025/038800 PCT/US2024/042405

TNSSLSYPAEEVQK (SEQ ID NO: 658), TNSSLSYPAEVVON (SEQ 1D NO: 660),
TNNQTSTEAEVVOK (SEQ ID NO: 662), TNKSATYPAEVVQK (SEQ ID NO: 663), or
TNSSLSYPADVVQOK (SEQ ID NO: 665); an amine acid sequence comprising any portion of any one of
the aforesaid aminoe acid sequences (e.g., any 2, 3.4, 5,6, 7. %, 9, 10, 11, 12, or 13 amino acids, ¢.g..
consecutive arino acids) thereof) an amino acid sequence comprising one, two, or three but no more thap
four modifications relative 1o any one of the aforesaid amine acid sequences; o1 an aningo acid sequence
comprising one, two, or three but no rore than four different amino acids relative to any one of the
aforesaid amino acid sequences. [n some embodiments, [NOF-INT{-[N2}-IN3} is TNNQSSYPAEVVOK
{(SEQ D NO: 500). In some embodiments, {N21-{N3] is present immediately subsequent to [NO]-IN1}
and replaces an amino acid corresponding to T377 of the amino acid sequence of SEQ ID NO: 138
6116} In some embodiments, the peptide comprising the amino acid sequence comprising the
formula [N2]-IN3] further comprises N4}, which conprises Xg and Xgu. In some embodiments, Xg of
iN4lis T, P, or N. In some embodiments, Xg of [N4] is A or D. Tn some embodinents, [N4] is or
coraprises TA, TD, PA, or NA. In some embodiments, [N4] is TA. In some embodiments, [N3]-[N4]} is
or comprises VOKTA (SEQ ID NO: 364), EQKTA (SEQ ID NO: 565), VKKTA (SEQ ID NO: 566),
VOKPA (SEQ ID NO: 567, VHKTA (REQ ID NO: 568), VQQTA (SEQ ID NO: 369), VOKNA (SEQ
D NG 570), or LOKTA (SEC ID NO: 571); an amine acid sequence comprising any portion of any one
of the aforesaid aming acid sequences (¢.g.. any 2. 3, or 4 amino acids, ¢.g.. consecutive amino acids)
thereof, an amino acid sequence comprising one, two, or three but no more than four modifications
relative {0 any one of the aforesaid amino acid sequences; or an amino acid sequUEnce Comprising one,
two, or three but no more than four different amino acids relative to any one of the aforesaid amino acid
sequences. In some erbodiments, {N3{-{N4] is VOKTA (SEQ D NO: 5364). in some cmbodiments,
NOJ-{NTI-{N2]-{N3]-{N4] is or comprises TNNOSSYPAEVVGETA (SEQ 1D NO: 1533),
TNSSLSYQAEVVOKTA (SEGQ 1D NO: 2064), TNSSLSYTAEVVQKTA (SEQ ID NO: 2068),
TNSSLYYPAEVVOKTA (SEQ ID NO: 2066), TNTSATYPAEVVOKTA (SEQ ID NU: 20673,
TNSSLSYPAEVVQKTA (SEQ ID NO: 2068), TNSSLSYPAEEVOKTA (SEQ ID NO: 2069),
TNSSLSYPAEVVOQKTD (SEQ ID NO: 2070), TNSSLSYPAEVVOQNTA (SEQ ID NO: 2071),
TNSSLSYPAEVVOKNA (SEQ ID NO: 2072), TNSSLSYPAEVVOKPA (SEQ 1D NO: 2073),
TNNQTSTEAEVVOKTA (SEQ I NO: 2074), TNKSATYPAEVVQKTA (SEQ TD NO: 2075), or
TNSSLSYPADVVOKTA (SEQ ID NO: 2076): an amino acid sequence comprising any pottion of any
oue of the aforesaid amino acid sequences (e.g., any 2, 3, 4,5, 6,7, 8, 9, 10, {1, 12, 13, 14, or 15 amino
acids, e.g.. conscoutive amino acids) thereof, an amine acid sequence comprising one, two, or three but
o more than four modifications relative o any one of the aforesaid amioo acid sequences; or an amino
acid sequence corpprising one, two, or three but no more than four different amino acids relative to any
one of the aforesaid amino acid sequences. 1n some embodiments, [NOJSNTJ-{N2]-[N3]-{N4} is
TNNQSSYPAEVVOKTA (SEQ ID NO: 15333). In some embodiments, [N2{~[IN3} is present immediately
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subsequent to [NOJ-{N1], immediately precedes [N4|, and replaces an amine acid conresponding to TS77
of the amine acid sequence of SEQ D NO: 138,

{6117} In some erabodiments, [N1] is present immediately subsequent to [NO]. In some
crabodiments, [N2] is present immediately subsequent to {N1]. In some embodiments, {N3] is present
sumadiately subsequent to [NZ]. 1o some erabodiments, [N4] is present imnediately subsequent to N3]
T sormae erobodinents, the peptide comprises, fror N-ternnus to C-erminus, [N2]-[N3}. Insonwe
cribodiments, the peptide comprises, from N-termings to C-termings, [N1{-N2I-N3L 1o some
enabodiments, the peptide comprises, from N-terminus to C-terminus, INT-N2]-IN3|-N4]. Insome
crabodiments, the peptide comprises, from N-tenmines to C-terminas, INOINIINZE-NGY Insome
cmbodiments, the peptide comprises, from N-terminus to C-terminus, [NOMNTMNZ|-N3]-[N4].

{6118} In some cmbodiments, a peptide described herein comprises an amino acid sequence having
the formula [B]-{C], wherein [B comprises Xy, Xo, and X5, and {C} comprises the amino acid sequence
YPAEVVQOK (SEQ ID NO: 943). In some embodiments, %G of (Bl s Q. T, 5, AL L L, or H. Insome
cmbodiments, X of [B]is Q, T, 8, A, or H. In some embodiments, Xo of {B]is S, G, or A. In some
cmbodiments, X, of [B]1s S or G, In some embodiments, Xz of [Blis S, K, L, R, or A, Insome
cmbodiments, X3 of [B]1s §, K. L, or B. In some embodimenis, [B] comprises Q at X;. In some
cmbodiments, [B] comprises S at Xo. In sone enbodiments, [B] comprises S at Xs. Insome
cmbodiments, {B] comprises QS, TS, 85, AG, IG, QA, AS, LG, HS, 5K, SL, SR, GA, or GS. Insome
ambodiments, [B] 1s or compuses GR5, TSL, 885, QSR, QSK, AGA, IGR, 3AS, ASS, LGS, or HSS. In
some embodiments, the amino acid sequence of [B] s QSS. In some embodiments, {B]-[C] comprises
SSYPAEVVQK (SEQ I NO: 572), SKYPAEVVOE. (SEQ ID NO: 573), SLYPAEVVQK (SEQ IDy
NO: 574y, SRYPAEVVOK (SEQ ID NO: 575), GAYPAEVVOR (SEQ ID NO: 576), GSYPAEVVQK
(SEQ D NO: 580), or ASYPAEVVOK (SEQ 1D NO: 582). In some embodiments, [Bj-{Cliisor
conprises QSSYPAEVVQE (SEQ D NO: 150), QSKYPAEVVQOK (SEQ ID NO: 151),
TSLYPAEVVQK (SEQ D NO: 152), SSSYPAEVVOK (SEQ 1D NO: 153, QSRYPAEVVQE (SEQ 1B
NO: 154), AGAYPAEVVQK (SEQ ID NO: 156), IGSYPAEVVQK (SEQ ID NO: 157),
QASYPAEVVQOK (SEQ ID NO: 1358), ASSYPAEVVOK (SEQ ID NO: 1539), LGSYPAEVVQK (SEQ
1D NO: 160), or HSSYPAEVVQK (SEQ 1D NO: 162); an anuino acid sequence comprising any portion
of any one of the aforesaid aming acid sequences (e.g.. any 2, 3,4, 5, 6.7, 8, 9, or 10 amine acids, ¢.g..
consecutive arino acids) thereof) an amino acid sequence comprising one, two, or three but no more thap
four modifications relative to any one of the aforesaid amine acid sequences; o1 an aning acid sequence
comprising one, two, or three but no rmore than four different amino acids relative to any one of the
aforesaid amino acid sequences. [n some crubodiments, {B]-{C] s OSSYPAEVVQK (SEQ 1D NG: 150).
6119} In some erbodiments, a peptide comprising the formala {B]-[C] further comprises [A], which
comprises Xa, Xp, and Xc. In some embodiments, X, of {A]is T, L, or N. In some embodiments, Xz of
[Alis N. In some embodiments, Xc of [A}is N, T, §, or K. In some embodiments, {A] comprises TN, IN,
NN, NT, NS, or NK. In some cmbodiments, [A] is or comprises TNN, TNT, INN, NNN, TNS, or TNK.
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In some embodiments, [A] s TNN. In some embodiments, [AJ-[B] is or comprises TNNQSS (SEQ D
NO: 183), TNNQSK (SEQ 1D NG: 184), TNNTSL (SEQ ID NO: 185), TNNSSS (SEQ ID NO: 186),
TNNQSR (SEQ 1D NO: 187), TNNAGA (SEQ ID NO: 188), TNNIGS (SEQ ID NO: 189), THNNQAS
(SEQ ID NO: 190), TNTASS (SEQ ID NO: 191), TNNLGS (SEQ ID NO: 192), TNNHSS (SEQ 1D NO:
194, TNNQSS (SEQ ID NO: 196), NNNQSR (SEQ ID NO: 198), TNSTSL (SEQ ID NO: 199), or
TNKQAS (SEQ ID NO: 201); an amine acid sequence comprising any portion of any one of the
aforesaid amino acid sequences (e.g., any 2, 3, 4, or § amino acids, ¢.g.. consecutive amino acids)
thereof: an amino actd sequence comprising oxe, two, of three bt no more than four modifications
relative to any one of the aforesaid amino acid sequences; of an amine acid sequatce comprising one,
two, or three but no more than four different amino acids, relative to any one of the aforesaid anuno acid
sequences. In some cmbodiments, the amino acid sequence of A}-{B1is TNNQSS (SEQ D NO: 183). In
some embodiments, |Aj-{BI-{C] is or comprises TNNQSSYPAEVVQIE (SEQ D NO: 500),
THNQSKYPAEVVOQK (SEQ ID NO: 503), TNNTSLYPAEVVQK (SEQ ID NO: 506),
THNSSSYPAEVVOK (SEQ ID NO: 508), TNNQSRYPAEVVQK (SEQ ID NO: 510),
TNNAGAYPAEVVQK (SEQ ID NO: 513), TNNIGSYPAEVVQK (SEQ ID NO: 514),
THNQASYPAEVVQK (SEQ ID NO: 317), TNTASSYPAEVVQK (SEQ 1D NO: 520),
THNLGSYPAEVVQK (SEQ TD NO: 523), TNNHSSYPAEVVOK (SEQ 1D NG: 525,
INNQSSYPAEVVOK (SEQ ID NO: 543), NNNQSRYPAEVVQK (SEQ 1D NO: 552),
TNSTSLYPAEVVQK (SEQ ID NO: 5563, or TNKQASYPAEVVOK (SEQ TD NO: 563); an amino acid
sequence comprising any portion of any one of the aforesaid amino acid sequences {e.g.. any 2, 3,4, 5, 6,
7,8, 9. 10, 11, 12, or 13 amino acids, ¢.g., consecntive amine acids) thereof; an amino acid sequence
conprising one, two, or three but no more than four modifications relative to any one of the aforesaid
amino acid sequences; or an amino acitd sequence comprising one, two, or thiee but no more than four
different amino acids, relative to any one of the aforesaid amino acid sequences. In some embodiments,
FA]-[B] is TNNQSS (SEG ID NO: 183). In some embodiments, [A]-BI-{C] 1s TNNOQSSYPAEVV(K
(SEQ ID NO: 5300).

{6126} In some embodiments, a peptide comprising the fornwla {B]-[C] further comprises [D].
wherein {D] comprises X4 and X5, In some embodiments, ¥4 of [D]1s T or N. In some embodiments, Xs
of [} is A, In sone embodiments [D] 1s or compuses TA or PA. In some erabodiments, the amino acid
sequence of {D} is TA. 1o some embodiments, {C]-{D1 is or comprises YPAEVVQOKTA (SEQ I NO»
584) or YPAEVVQKPA (SEQ ID NO: 586); an aming acid sequence compusing any portion of any one
of the aforesaxd amino acid sequences (2.2, any 2, 3,4, 3, 6,7, 8, or 9 amino acids, ¢.g., consecutive
amigo acids) thereof, an amine acid sequence comprising one, two, or three bt no more than four
modifications relative to agy one of the aforesaid aming acid sequences; or an amino acid seguence
comprising one, two, or three but no more than four different amino acids, relative to any one of the
aforesaid amino acid sequences. fn some embodiments, the amino acid sequence of {C]-{D] is
YPAEVVOKTA (SEQ ID NO: 584). In some embodiments, [AJ-{BI-[C]-{D] is or comprises
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TNNQSSYPAEVVOKTA (SEQ ID N 1533), TNNQSKYPAEVVQKTA (SEQ ID NO: 1538),
TNNTSLYPAEVVQKTA (SEQ D NO: 1232), TNNSSSYPAEVVOKTA (SEQ 1D NO: 1539),
TNNQSRYPAEVVOKTA (SEQ ID NO: 1327), TNNAGAYPAEVVOKTA (SEQTD NO: 1021),
TNNMIGSYPAEVVQKTA (SEQ TDNQG: 1112), TNNQASYPAEVVQRTA (SEQ ID NO: 1194),
TNTASSYPAEVVOKTA (SEQ ID NO: 1575), TNNLGSYPAEVVOKTA (SEQ ID NO: 1927),
TNNHSSYPAEVVOKTA (SEQ ID NG 1310), TNNSSSYPAEVVQKPA (SEQ ID NO: 1142),
INNQSSYPAEVVOKTA (SEQ ID NO: 1024), NNNQSRYPAEVVOKTA (SEQ ID NG: 1601).
TNSTSLYPAEVYQKTA (SEG 1D NG: 1603), or TNKQASYPAEVYQKTA (SEGQ 1D NG: 1587y an
amingo acid sequence comprising any portion of any one of the aforesaid amino acid sequences (e.g., any
2,3.4,5,6,7,8,9,11, 12, 13, 14, or 15 amino acids, e.g., consecutive amino acids) thereof, an amino
acid sequence comprising one, two, or three but no more than four modifications relative to any one of
the aforesaid amno acid sequences; or an amino acid sequence comprising one, two, or three but no
more than four different amine acids, relative to any one of the aforesaid aminoe acid sequences. In some
cmbodiments, [C]-{D] is YPAEVVOKTA (SEQ 1D NO: 584). Tn some embodiments, [A]-[B-{Cl-{D] is
THNNQSSYPAEVVQKTA (SEQ ID NO: 1533).

{8121} In some eobodimnents, a peptide described herein comprises an amino acid sequence having
the formula [B}-[C], wherein [B} comprises X1, Xo. aod X5, aod [C] comprises the amioo acid sequence
YPAEVVOK (SEQ ID NO: 943). In somac embodinents, %G of [B] is Q or S, In some embodiments, Xs
of {Blis S, L. or A, Iusome emboediments, X3 of (B} 15 S, Y, ot T. In sone enbodiments, [B] comprises
Q at X, Insome embediments, [B] comprises S at Xo. In some crbodiments, {B] compnses S at Xs. In
some embodiments, {B] comprises OS, SL, SA, LY, AT, LS, or 55. In some cmbodiments, {B} is or
comprises 88, SLY, SAT, or SLS. In some embodiments, {B] is OSS. In some embodiments, {B}-{C]
comprises SSYPARVVOK (SEQ ID NO: 572), LYYPAEVVQK (SEQ ID NO: 702), ATYPAEVVQK
(SEQ ID NO: 718), or LSYPAEVVQE (SEQ D NO: 703). In some embodiments, [B-{C]is or
conprises QSSYPAEVVQE (SEQ 1D NO: 150), SLYYPAEVVOK (SEQ ID NO: 639),
SATYPAEVVQK (SEQ ID NO: 641), or SLSYPAEVVQK (SEQ 1D NO: 642); an amino acid sequence
comprising any portion of any one of the aforesaid amino acid sequences (e.g.,any 2,3, 4, 5,6, 7.8, 9, or
10 amino acids, ¢.g.. consecutive amino acids) thereof, an amino acid sequence comprising one, ftwo, o1
three but go more thae four modifications relative to any ove of the aforesaid amino acid sequences; or
an aming acid sequence comprising one, two, or three but no more than four different amino acids,
relative to any one of the aforesaid amioe acid sequences. In some embodiments, [BI-{C] is
QSSYPAEVVQOR (SEQ D NO: 150},

{6122} In some embodiments, a peptide comprising the formala {B]-[C] further comprises [A], which
comprises X, Xp, and Xc. In sone embodiments, Xa of [A] is T, In some embodiments, Xs of [A} s N
In some embodiments, X of [AJis N, T, 5, or K. In some embodiments, [A] corprises TN, NS, NT,
NK, or NN. In some cmbodiments, [A] 15 or comprises TNN, TNS, TNT, or TNK. In some

embodiments, the amino acid sequence of A} is TNN. In some embodiments, [A-[B] is or comprises
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TNNQSS (SEQ ID NO: 183), TNSSLY (SEQ ID NO: 648), TNTSAT (SEQ ID NO: 649), TNSSLS
(SEQ ID NO: 647), or TNKSAT (SEQ ID NO: 651); an amino acid sequence comprising any portion of
any one of the aforesaid amino acid sequences (e.g., any 2, 3, 4, or 5 amino acids, ¢.g., consecutive
araino acids) thereof, an amino acid sequence comprising one, two, or three bt no more than four
modifications relative to any one of the aforesaid amine acid sequences; or an anxino acid sequence
comprising onge, two, or three but no mare than four different amine acids relative to any oune of the
aforesaid amino acid sequences. In some embodiments, {A}-{B] is TNNQSS (SEQ ID NO: 183). In some
cnabodiments, [AJ-{BI-C] s or comprises TNNQSSYPAEVVOK (SEQ 1D NO: 500),
TNSSLYYPAEVVQK (SEQ ID NO: 655), TNTSATYPAEVVCQK (SEQ 1D NG: 656},
TNSSLSYPAEVVOK (SEQ ID NO: 657), or TNKSATYPAEVVQK (SEQ ID NO: 663); an amino acid
sequence comprising any portion of any one of the aforcsaid amino acid sequences {¢.g., any 2, 3,4, 5, 6,
7,8,9, 10, 11, 12, or 13 amino acids, e.g., consecutive amino acids) thereof) an amino acid sequence
comprising one, two, or three but no more than four modifications relative to any one of the aforesaid
aniine acid sequences; or an amino acid sequence comprising one, two, ot three but no more than four
different amino acids relative 1o any one of the aforesaid amine acid sequences. In some embodiments,
[AL-[B] 18 TNNQSS (SEQ 1D NO: 183). In some embodiments, [A]-[BI-C]is TNNQSSYPAEVVOK
(SEQ I} NGO 500).

8123} In sonwe enbodiments, a peptide comprising the formula [B-{C] further comprises [D.
wherein {3} comprises X, and Xs. In sooe embodiments, Xy of {D1is T, N, or P, Inn some embodiments,
XKsof [D1s A or I3, In some embodiments, {1} is or comprises TA, TD, NA, or PA In some
embodiments, the amine acid sequence of [P} is TA, In son embodiments, {C]-{D s or comprises
YPAEVVQOKTA (SEQ ID NO: 584), YPARVVOKTD (SEQ ID NO: 719), YPAEVVOKNA (SEQ ID
NO: 7243, or YPAEVVQEFPA (SEQ D NO: 586); an amino acid sequence comprising any portion of
any one of the aforesaid amino acid sequences (e.g., any 2, 3, 4, 5,6, 7, §, or 9 amino acids, ¢.g.,
consecutive aming acids) thereof) an amino acid scquence comprising one, two, or three but no more than
four modifications relative to any one of the aforesaid amino acid sequences; or an anuno acid sequence
comprising one, two, or three but no more than four different amino acids relative to any one of the
aforesaid amino acid sequences. In some embodiments, {C]-[D]is YPAEVVQKTA (SEQ ID NO: 584).
Tn some embodinents, [A-[BIHCI-D] is or coraprises TNNQSSYPAEVVOKTA (SEQ ID NG 1333),
TNSSLYYPAEVVQKTA (SEQ ID NO: 2066), TNTSATYPAEVVQKTA (SEQ ID NO: 2657),
TNSSLSYPAEVVOKTA (SEQ ID NO: 2068), TNSSLSYPAEVVQKTD (SEQ ID NO: 20703,
TNSSLSYPAEVVOKNA (SEQ ID NO: 2672, TNSSLSYPAEVVQEPA (SEQ 1D NG: 2073). or
TNKSATYPAEVVOKTA (SEQ D NO: 2075); an amino acid sequence comprising any portion of any
oxie of the aforesaid amino actd sequences (e.g., any 2,3, 4,5, 6,7, 8,9, 11, 12, {3, 14, or 15 amuno
acids, e.g., consecutive amino acids) thercof, an amino acid sequence comprising one, two, or three but
no more than four modifications relative 0 any one of the aforesaid amino acid sequences; o1 an amino

acid sequence comprising one, two, or three but no more than four different amino acids relative to any
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one of the aforesaid amino acid sequences. In some embodiments, [AMB-CI-[D] s
TNNQSSYPAEVVOKTA (SEQ ID NO: 1533).
{6124} In some embodiments, [B] is present immediately subsequent to [A] In some embodiments,
[C] is present inunediatelv subsequent to [B]. In some embodiments, {D] is present imunediately
subsequent to {C]. In some embodiments, the peptide comprises, from N-terminus to C-erminus, [B]-
[C]. In some eotbodiments, the peptide conprises, from N-tepminus 1o C-terminus, [B]-{C]. In some
crabodiments, the peptide comprises, from N-termings to Cterminas, [A]-BI-{C]. In some
cnabodiments, the peptide comprises, from Neterminus to C-terminas, [Bi-{CI-[D]. Insome
crabodiments, the peptide comprises, from N-tenmines to C-terminas, [AB-C1-{D].

{6128} In some embodiments, a peptide described herein comprises the formulda [K1§-[K2], wherein
[K1} comprises LSY or LYY, and [K2] comprises X, Xo, X3, and Xu. In some embodiments, {K1]
comprises LSY. In some embodiments, X of K21 15 Q, Tor P. In some embodiments, Xz of [K2]1s A,
in some embodiments, Xz of [K2] is E or D. In some embodiments, Xa of [K2]is V or E. In some
cbodiments, [K2] comprises QA, TA, PA, EV, EE, DV, AE, or AD. In some cmbodiments, [K2]
comprises QAE, TAE, PAE, PAD, AEV, AEE, or ADV. In some embediments, [K2] is or comprises
QAEV {(SEQ ID NO: 15), TAEV (SEQ ID NO: 16), PAEV (SEQ D NO: 17), PAEE (SEQ 1D NG: 18),
or PADV (SEQ ID NO: 19}, In some embodimeunts, [K1{-{K2] compuases LSYQA (SEQ ID NO: 597),
LSYTA (SEQ ID NO: 598), LYYPA (SEQ ID NO: 600), or LSYPA (SEQ ID NO: 603). Tn some
ambodiments, [K1{-{K2} comprises LSYQAE (SEQ 1D NG: 607), LSYTAE (SEQ ID NO: 610),
LYYPAE (SEQ ID NG: 611), LSYPAE (SEQ ID NO: 616}, or LSYPAD (SEQ ID NO: 621). In scme
embodiments, [K1{-[K2] is or comprises LSYQAERY (SEQ ID NO: 6673, LSYTAEVY (SEQ ID NO: 668),
LYYPAEV (SEQ 1D NO: 6693, LSYPAEVY (SEQ 1D NO: 671), LSYPAEE (SEQ ID NO: 673}, or
LEYPADY (SEQ ID NO: 674); an amino acid sequence comprising any portion of any one of the
aforesard amino acid sequences (e.g., any 2, 3, 4, 5, or 6 amino acids, ¢.g., consccutive amino acids)
thereof; an amino acid sequence comprising one, two, or three but no more than four modifications
relative to any one of the aforesaid amino acid sequences; or an aniino acid sequence cormprising one,
two, or three but no more than four different amine acids relative to any one of the aforesaid amino acid
SeGUENCes.

[0126] T some embodinments, the peptide comprising the amino acid sequence comprising the
formula of [K 1K 2] fudber comprises fK 0}, which comprises TNNS (SEQ 1D NO: 14}, In some
crabodiments, {KO]-{K 1] comprises TNSSLS (SEQ I NO: 647) or TNSSLY (SEQ 1D NG 648). In
some embodiments, [KOJ-[K 1] is or comprises TNSSLSY (SEQ ID NQO: 6763 or TNSSLYY (SEQ D
NO: 678):; an amino acid sequence comprising any portion of any one of the aforesaid amino acid
sequences {€.8.. any 2, 3, 4, 3, or 6 amieo acids, ¢.g., consecutive amino acids) thereof, an annoo acid
sequence comprising one, two, or three but no more than four modifications relative to any one of the
aforesaid amino acid sequences; or an amine acid sequence comprising one, two, or three but no more

than four different amino acids relative to any one of the aforesaid amino acid sequences. In some
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crabodiments, [KO]-{K1]-{K2} comprises TNSSLSYQA (SEQ ID NO: 679), TNSSLSYTA (SEQ ID NO:
081}, TNSSLYYPA (SEQ ID NG: 682), or TNSSLSYPA (SEQ 1D NO: 683). In some cinbodiments,
IKOJ-{K 1K 2] comaprises TNSSLSYQAE (SEQ ID NO: 684), TNSSLSYTAE (SEQ ID NO: 683),
TNSSLYYPAE (SEQ ID NO: 686), TNSSLSYPAL (SEQ ID NG: 687}, or TNSSLSYPAD (SEQ D
NG: 689), In sonw embodiments, [KO-{K1}-{K21 is or comprises TNSSLSYQAEV (S8EQ ID NG: 692),
TNSSLSYTAEV (SEQ ID NO: 693), TNSSLYYPAEVY (SEQ ID NO: 696), TNSSLSYPAEV (SEQ ID
NG 697), TNSSLSYPAEE (SEQ B NO: 698), or TNSSLSYPADV (SEQ ID NO: 699); an amino acid
sequence corppiising agy portion of any one of the aforesaid amino acid sequences {e.g., any 2, 3,4, 5, 6,
7. 8.9, or 10 amino acids, ¢.2., consecutive amino acids) thereof, an aruioo acid sequence compnsing
one, two, or three but no more than four modifications relative to any one of the aforesaid amino acid
seguences; or an aniing acid sequence comprising one, two, or three but no more than four different
antino acids relative to any one of the atoresaid amino acid sequences.

{08127} Insome cobodiments, peptide comprsing the amino acid seguence comprising the formnla
of [K1J-{K21 further comprises {K3}, wherein {K31] comprises Xa, Xp, and ¥o. In some embodiments, Xa
of (K3} is V. In sonwe embodiments, Xx of [K3]1s Q. In some embodiments, Xc of (K31 isK or N. In
some embodiments, {K3] comprises VQ, QK. or ON. In some embodiments, {K3}] is or comprises VOK
or VN, To some cmebodiments, K2]-{K3] is or comprises QAEVVOK (SEQ I NG 523, TAEVV(QK
(SEQ I NO: 493, PAEVVOEK (SEQ ID NG 20y, PAEEVOK (SEQ 1D NO: 51) PAEVVON (SEQ 1D
NO: 594), or PADVVQK (SEQ 1D NO: 596);

, an agkne acid sequence comprising any portion of any one
of the aforesaid amine acid sequences (¢.g.. any 2, 3, 4, $, or 6 amino acids, e.g., consecative amino
acids) thereof; an amine acid sequence compnsing one, two, or three but no wore than four modifications
relative to any onc of the aforesaid amino acid scquences; or an amine acid sequence comprising one,
two, or three but no more than four different amino acids relative to any one of the aforesaid amino acid
sequences. In some embodiments, [K11-{K2]-[K3] is or comprises LSYQAEVVQK (SEQ D NO: 700),
LSYTAERVVOK (SEQ ID NO: 701, LYYPAEVVQK (SEQ ID NO: 702), LSYPAEVVOK (SEQ ID
NQO: 703y, LSYPAEEVQK (SEQ 1D NO: 704), LSYPAEVVQN (SEQ 1D NO: 706), or LSYPADVV(QK
(SEQ 1D NO: 708); an amino acid sequence comprising any portion of any one of the aforesaid amino
acid sequences (€.g., any 2, 3,4, 5,6, 7, 8, or 9 amino acids, ¢.g., consecutive amino acids) thereof, an
amigo acid sequence coniprising one, two, or three but 8o mwore thas four modifications relative to any
one of the aforesaid andno acid sequences; ot an armbe acid sequence compusing one, two, or three but
oo more than four different amine acids relative to any one of the aforesaid amino acid sequences. In
some embodiments, [KO-[K1]-{K2]-{K5} is or comprises TNSSLSYQAEVVOQK (SEG 1D NG: 652),
TNSSLSYTAEVVQK (SEQ 1D NO: 654), TNSSLYYPAEVVQE (SEQ 1D NO: 6535),
TNSSLSYPAEVVOK (SEQ ID NO: 657), TNSSLSYPAEEVQK (SEQ ID NO: 658),
TNSSLSYPAEVVON (SEQ ID NO: 660), or TNSSLSYPADVVOE (SEQ ID NO: 6635); an amino acid
sequence comprising any portion of any one of the aforcsaid amino acid sequences {¢.g., any 2, 3,4, 5, 6,

~

7,8,9, 10, 11, 12, or 13 amino acids, e.g., consecutive amino acids) thereof, an amino acid sequence
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comprising one, two, or three but no more than four modifications relative to any one of the aforesaid
amino acid sequences; or an amine acid sequence comprising one, two, or three but no more than four
different amino acids relative to any one of the aforesaid amino acid sequences.

[6128] T somae embodinments, the peptide comprising the amino acid sequence comprising the
formula of [K1]-K2] fudber comprises fK4], wherein {K4] comprises Xp and Xz, In some embodiments,
Xp of [K4}1s T, P, or N. Insome embadiments, Xy of [K4] s A or I In sone embodiments, [K4] is or
comprises TA, TD, PA, or NA. In some embodiments, {K.3]-[K4] 1s or compuses VOKTA (SEQ 1D NG:
564), VOKTD (SEQ 1D NO: 714), VONTA (SECQ [D NO: 715), VOQKNA (SEQ 1D NG: 570), or
VOEPA (SEQ ID NO: 567); an amino acid sequence comprising any portion of any one of the aforesaid
antino acid sequences {e.g., any 2, 3, or 4 amino acids, e.g., consecutive amine acids) thereof; an amino
acid sequence comprising one, two, or three but no more than four modifications relative 1o any one of
the aforesaid amno acid sequences; or an amino acid sequence comprising one, two, or three but no
more than four different amine acids relative to any one of the aforesaid amino acid sequences. In some
cmbodiments, [NO]-NTJ-{N2J-[N3]-[N4] is or comprises TNSSLSYQAEVVQKTA (SEQ 1D NO:
2064}, TNSSLSYTAEVVOKTA (SEQ ID NO: 2065), TNSSLYYPAEVVQKTA (SEQ D NO: 2066),
THSSLSYPAEVVOKTA (SEQ ID NO: 2068), TNSSLSYPAEEVOQKTA (SEQ ID NO: 2069),
THSSLSYPAEVVOKTD (SEQ I NG 2070), TNSSLSYPAEVVONTA (SEQ ID NO: 2075,
TWSSLEYPAEVVOENA (SEQ ID NO: 2072, TNSSLESYPAEVVQKPA (SEQ 1D NO: 2073), or
THNSSLISYPADVVQKTA (SEQ 1D NO: 2076); an amino acid sequence comprising any portion of any
one of the aforesaid amine acid sequences {e.g.. any 2. 3,4, 5,6, 7,8, 9,10, 11, 12, 13, 14, or 15 amino
acids, ¢.g., consecutive aming acids) thereof; an aming acid sequence comprising one, two, or three but
1o more than four modifications relative to any one of the aforesaid amino acid sequences; or an aming
acid sequence comprising one, two, or three but no more than four different amingo acids refative to any
one of the aforesaid amino acid sequences.

[9128] In some embodiments, [K2§ is present immediately subsequent to [K1{. In some
embodiments, [K1] is present immediately subsequent 1o {KO]. In some embodiments, [K3] is present
immediately subsequent to [K 2], In some embodiments, [K4] is present immediately subsequent to [K31.
In sorac embodiments, the peptide comprises, from N-terminus to C-erminus, [K1]-[K2]. In sone
crabodiments, the peptide comprises, from N-terminus to C-terouinus, [KO-KI-{K2] To some
crbodiments, the peptide comprises, from N-termings to C-erouinus, [KI1HK2}-EK3] 1o some
crabodiments, the peptide comprises, from N-terminus to C-terpinus, [KOHKIFHK2]-K3] Insome
crbodiments, the peptide comprises, from N-termings to Coterminas, [KI1-[K2}-K3]-{K4]. nsome
cnbodiments, the peptide comprises, from Neterminus to C-terminos, (KO KK 2-K3-{K4}.

6136} In some erbodiments, a peptide described herein comprises an amino acid sequence
comprising at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at Ieast 11,
at least 12, at least 13, at least 14, or at least 13 consecutive amino acids frora any one of the sequences

provided in Table 1, 24, 2B, 14, or 23-28. In some embodiments, the peptide comprises an amino acid
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sequence comprising at feast 3, at least 4, at least 5, at least 6, at Jeast 7, at least 8, at least 9, at least 10, at
Ieast 11, at least 12, at least 13, at least 14, or at least 15 consecutive anino acids from any one of SEQ
1D NOs: 943, 1021, 1024, 1027, 1112, 1142, 1214, 1232, 1254, 1300, 1310, 1327, 1331, 1342, 1419,

3, 1538, 1539, 1575, 1578, 1583- 1587, 1590, 1591-1593, 1598-1608, and 1610-1624. Tn some
embodiments, the peptide comprises an amine acid sequence compuasing at least 3, at least 4, at least 5, at
least 6, at Icast 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, or at ieast
15 consecutive amino acids from any one of SEQ TD NOs: 943 or 2064-2080. In some embodiments, the
peptide comprises at least 3. at least 4, at least §, at least 6, or at least 7 consecutive amino acids from
SEQ 1D NOs: 943 or any one of SEQ D NOs: 946-966.

{0131} In some embodiments, the at least 3 consecutive amingo acids comprise YPA. In some
cnibodiments, the af least 4 consecutive amino acids comprise YPAE (SEQ ID NG: 21). In some
embodiments, the at least 5 consecutive amino acids comprise YPAEV (SEQ 1D NO: 1). In some
cmbodiments, the af least 6 consecutive amino acids comprise YPAEVV (S8EQ 1D NO: 725). In some
cmbodiments, the af least 7 consecutive araino acids comprise YPAEVVQ (SEQ D NO: 726). In some
cmbodiments, the amino acid scquence comprises YPAEVVOK (SEQ 1D NO: 943). In some
cmbodiments, the amine acid scquence consists of YPAEVVQK (SEQ 1D NO: 943).

8132} In sonwe enbaodiments, a peptide described hercin comprises an aming acid sequence
comprising oneg, two, or three but no more than four modifications relative 1o the amino acid sequence of
any one of the sequences provided in Table 1, 24, 2B, 14, or 23-28. Ia some crobodiments, the pepiide
commprises an amine acid sequence comprising one, two, or three but no more than four different amino
acids relative to the amino acid sequence of any one of the sequences provided in Table 1, 24, 2B, 14, or
23-28. In some embodiments, the peptide comprises an amino acid sequence comprising one, two, or
three but no more than four modifications relative to the amino acid sequence of any one of SEQ D
NOs: 943, 1021, 1024, 1027, 1112, 1142, 1214, 1232, 1254, 1300, 1310, 1327, 1331, 1342, 1419, 1453,
1533, 1338, 1539, 1575, 1578, 1583~ 1587, 1590, 1591-1593, 1598-1608, and 1610-1624. In some
embodiments, the peptide comprises an amino acid sequence comprsing one, two, or three but no more
than four different amino acids relative to the amine acid sequence of any one of SEQ 1D NOs: 943,
1021, 1024, 1027, 1112, 1142, 1214, 1232, 1254, 1300, 1310, 1327, 1331, 1342, 1419, 1453, 1533, 1538,
1539, 1575, 1578, 1583~ 1587, 1590, 1591-1593, 1598-1608, and 1610-1624, In some embodiments, the
peptide comprises an amine acid sequence coraprising one, twao, or theee but no more than four
modifications relative to the aminoe acid sequence of any one of SEQ ID NOs: 943 and 20664-2080. 1o
some embodiments, the peptide comprises an amino acid scquence coraprising one. two, or three but no
more than four different amino acids relative {0 the amine acid sequence of SEQ 1D NOs: 943 or any one
of SEQ ID NOs: 2064-2050.

{0133} In some embodiments, the peptide comprises an anino acid sequence comprising one, two, o1
three but no more than four modifications relative o the amino acid sequence of YPAEVVQE (SEQ D

NO: 943). In some embodiments, the peptide comprises an amine acid sequence comprising one, two, or
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three but no more than four different amino acids relative to the amino acid sequence of YPAEVVQK
(SEQ ID NO: 943).

{6134} In some embodiments, the peptide comprises an arino sequence comprsing one, two, o7
three but go more thae four modifications relative to the amino acid sequence of any one of SEQ I
NGs: 2024-2063. Insome embediments, the peptide comptises an amino acid sequence comprising one,
two, or three but 0o more thao four differsnt amine acids relative to the amino acid sequence of any one
of SEQ [D NQOs: 2024-2063. In some embodiments, the different amino acids of the amino acid sequence
comprising ore, two, or three but no more than four different amine acids refative to the amino acid
sequence of any one of SEQ [D NOs: 2024-2063 arc present at one or more of the following positions: (3)
position 1, wherein the different amino acid is T or L; (ii) position 2, wherein the different amino acid is
N, L, K, A, T, or P; (i) position 3, wherein the different amino acidis N, K, L, A Y, or 8; (iv) position
4, wherein the different amino acid is Q, L, T, 8, F, Y, K, or A; (v) position 5, wherein the different
amino acid is §, H, A, M, Q. T, V, or F; (vi) position 6, wherein the different amino acid is S, P, V, A, (,
L, T, N, or M; (vii) position 7, wherein the different amino acid is Y, H, §, V, A, L, or T (viii) position
3, wherein the different amino acid s D, P, A, Q, F, L, §, H, or M; (ix) position 9, wherein the different
amino acid is F, A, L, D, or Q; (x) position 10, wherein the different amino acid is T, E, [, or 8; (xi)
position 11, wherein the different amino acid is V, A, N, or §; (xi1) position 12, wherein the different
amino acid is V, L, or P; (xiit) position 13, whercin the different amino acid is Q, E, or P, (xiv) position
i4, wherein the different amino acid is K, N, 5, or L] {xv} position 15, wherein the different amine acid s
T, V, M, or L; and/or (xvi) position 16, wherein the different amine acid is A, G, or R

{8135} In sone embodiments, the peptide comprises an amins sequence comprising one, two, or
three but no more than four modifications relative to the amino acid sequence of any one of SEQ D
NOs: 16321733, 1735-1737, 1739, 1741, 1744-1749, 1751-1796, 1798-1800, 18021807, 1810, 1813~
1815, 1818, 1822, 1823, 1829-1837, 1842-2023, and 2087-2112. In some embodiments, the peptide
coniprises an amine acid sequence comprising one, two, or three but no more than four ditferent amine
acids relative to the amino acid sequence of any one of SEQ ID NOs: 1632-1733, 1735-1737, 1739,
1741, 1744-1749, 1751-1796, 1798-1800, 1802-1807, 1810, 1813-1815, 1818, 1822, 1823, 1829-1837,
1842-2023, and 2087-2112. In some embodiments, the different amino acids of the amino acid sequence
conprising one, two, or three bt no more than four different amine acids relative to the amino acid
sequence of any one of SEQ ID NOs: 1632-1733, 1735-1737, 1739, 1741, 1744-1749, 1751-1796, 1798-
1800, 1802-1807, 1810, 1813-1815, 1818, 1822, 1823, 1829-1837, 1842-2023, and 2087-2112, are
present at one or more of the following posttions: (1) posttion |, wherein the different amino acid is T, G,
N, S E LY, V, or L (3t) posttion 2, wherein the differeni armoo acidis B, N, KCE V. G R L H F P,
T, A, S, L or Y, (1) posilion 3, wherein the different aripo acid is Y, N K, T W, Q. M, V. C, A L F,
H, G, R, §, or P; {iv) position 4, wherein the different aminc acid is H Q. P, E R KA S, V. LT, D, L
G, M, or N; {v) position 5, wherein the different amino acidis R, S, KON H G W A P, V. Q, Y, L, or
F; (vi) position 6, wherein the different amino acid s G, S, F, R W H L O M A Y K N Q, V. P E,
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D, T, or L; (vii) position 7, wherein the different amino acidis DY, S LH F PR K R G L QA MT,
N, V. W, C, or B; (viii) position 8, wherein the different amino acid is P, L, Q, T. W, V, G. K, I, Y, N, H,
R, D8 M, A F, or E; (ix) position 9, wherein the different amino acid is A, R, T, Q8 M, L E K, V,
G. DN HLF, P, or L (x) posttion 10, wherein the differemt anino acid s KCE, QG H, V.G R, S.P. LN,
M, A, L, B, or T, (xi) position 11, wherein the ddferent amino acid is V, A E N R LM, T, Q. 5, K, C,
G. B, Y, P, H F, or [ (xit) position 12, wherein the different asdno acid s V, P, LS, T, N A G KL R §
H, E, Q, or M; {xiii) position 13, wherein the different amigo actd s QKL N A H R T V.E LB G, 5,
or L; (xiv} position {4, wherein the different amino acid s £, E, LY, Q, R, G D, L, N, or §; (xv)
position 15, wherein the different aminge acid is 5, T, N, Q, L P, E. G, K, M, or H; and/or (xvi) position
16, wherein the different apno acid is A, DL Y. Q, or T

[#136} In some cmbodiments, the peptide comprises the amingo acid sequence of anv one of the
sequences provided in Table 1, 24, 2B, 14, or 23-28. In some embodiments, the peptide comprises the
amino acid sequence of any one of SEQ 1D NOs: 943, 1021, 1024, 1627, 1112, 1142, 1214, 1232, 1254,
1300, 1310, 1327, 1331, 1342, 1419, 1453, 1333, 1538, 1539, 1575, 1578, 1583- 1587, 1590, 1591-1593,
1598-1608, and 1610-1624. In some embodiments, the peptide comprises the andno acid sequence of
SEQ ID NOs: 943 or amy one of SEQ D NOs: 2064-2080. In some erabodiments, the peptide comprises
the amine acid sequence of any one of SEQ D NOs: 2024-2063. Tn some crabodiments, the peptide
coraprises the amino acid sequence of any one of SEQ ID NOs: 16321733, 1735-1737, 1739, 1741,
1744-1749, 1751-1796, 1798-1800, 1802-1807, 1810, 1813-1815, 1818, 1822, 1823, 1829-1837, 1842~
2023, and 2087-2112. In some embodiments, the peptide compnises the amino acid sequence of SEQ ID
NO: 943,

{9137} In some embodiments, the peptide comprises an amino acid sequence encoded by a
nucleotide sequence described herein, e.g.. a nucleonde sequence of Table 2A. In some embodiments,
the peptide comprises an amino acid sequence encoded by a nucleotide sequence comprising at least one,
at least two, at feast three, at least four, at least five, at least six, or at least seven modifications, but no
more than fen modifications, relative to the nucleotide sequence of SEQ ID NO: 944, In some
embodiments, the peptide comprises an amino acid sequence encoded by a nucleotide sequence
conprising at least one, af least two, at least three, at least four, at least five, at least six, or at least seven,
but 8o more than ten different oucleotides relative to the nucleotide sequence of SEQ ID NO: 944, In
sowme embodiments, the peptide comprises an aming acid sequence encoded by the nuclectide sequence
of SEQ D NO: 944, or a nucleotide sequence substantially identical {e.g., having at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 92%. at least 95%. at least 97%, at least 98%, or at
least 99% sequence identity) thereto.

6138} In some embodiments, the nucleotide sequence encoding a peptide described herein
comprises a mucleotide sequence described herein, ¢.g., as described in Table 2A. In some embodiments,

the nucleotide sequence encoding a peptide described herein is codon optimized. In some embodiments,
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the mucleotide sequence encoding a peptide described herein is isolated. In some embodiments, the
nucleotide sequence encoding a peptide described herein is recombinant.

{6138} In some embodiments, the nucleotide sequence encoding a peptide described herein
conprises the nucleotide sequence of SEQ ID NO: 944, or a nucleotide sequence comprising at least one,
at least two, at least three, at least four, at least five, at least six, or at least seven modifications, but go
more than ten modifications, relative 1o the nucleotide sequence of SEQ 1D NG: 944, Insome
crbodiments, the nucleotide sequence encoding a peptide described herein comprises a nucleotide
sequence corpprisiog at least one, at least two, at least thiee, at least four, at least five, at least six, or at
least seven, but no more than ten different nucleotides relative to the mucleotide sequence of SEGQ D NO:
944, In some embodiments, the nucleic acid encoding a peptide desenibed herein comprises a nucleotide
sequence comprising the nucleotide sequence of SEQ 1B NO: 944, or 4 nucleotide sequence substantially
identical (¢.g., having at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 929%, at
feast 95%, at least 97%, at least 98%, or at least 99% sequence identity) thereto.

[0146] The present disclosure also provides a nucleic acid or polynucieotide encoding any of the
peptides described herein and AAV capsid variants, AAV particles, vectors, and cells comprising the
same.

AAV Capsid Variants

{0141} In some enbodimnents, an AAV capsid variant described herein (2.8, an AAVS capsid
variant) comprises an amino acid other than T corresponding to position 377 {e.g., Y, N, or () of the
amino acid sequence of SEQ ID NO: 138, In some emebodiments, the AAV capsid variant comprises Y
corresponding to position 377 of the amino acid sequence of SEQ ID NO: 138. In sone embodiments,
the AAVY capsid variant coraprises N cortespondiog to position 577 of the amino acid sequence of SEQ
1D NO: 138 1o some embodiments, the AAV capsid variant comprises C corresponding to position 377
of the amino acid sequence of SEQ B NO: 138.

{8142} In some embodiments, the AAV capsid variant (¢.g., an AAVS capsid variant} comprises
o than one amino acid that replaces the threonine (1) at position $77, numbered according to SEQ ID
NO: 138 {¢.g., that replaces a T corresponding to T577 of the amino acid sequence of SEQ 1D NO: 138).
In some embodiments, an insert of two, three, four, five, six, seven, eight, nine, or fen amino acids

il

replaces the T at position 577, numbered according to SEQ [D NO: 138, In some embodiments, an insert
of eight amino acids replaces the T at position 5377, numbered according to SEQ D NO: 138,

{6143} In some embodiments, an AAV particle described herein comprises an AAV capsid variant
conprising a peptide or an amino acid sequence described herein. In some embodiments, the AAY
capsid variant comprises a peptide disclosed herein. Tn some embodiments, the peptide is present in VP,
VP2, and/or VP3 proteins of the AAV capsid variant. In some embodiments, the peptide is present in
VPRI, VP2, and VP3 proteins of the AAV capsid variant.

{6144} Ia somme erobodiments, the AAV capsid vanant comprises a peptide comprising the aming

acid sequence of any one of SEQ D NOs: 943, 1021, 1024, 1027, 1112, 1142, 1214, 1232, 1254, {300,

- 129 -



WO 2025/038800 PCT/US2024/042405

13160, 1327, 1331, 1342, 1419, 14533, 1533, 15338, 1539, 1575, 1578, 1583~ 1587, 1590, 1591-1593, 15908
1608, and 1610-1624. In some embodiments, the AAV capsid variant comprses a peptide comprising the
amino acid sequence of SEQ 1D NOs: 943 or any one of SEQ 1D NOs: 2064-2080. Tn some
crabodiments, the AAV capsid vanant comprises a peptide comprising the amine ackd sequence of any
one of SEQ ID NOs: 2024-2063. In some embodiments, the AAV capsid variant compnses a peptide
comprising the amino acid sequence of any oue of SEQ ID NOs: 1632-1733, 1735-1737, 1739, 1741,
1744-1749_ 1751-1796, 1798-1800, 1802-1807_ 1810, 18131815, 1815, 1822, 18253, 1829-1837, 1842-
2023, and 2087-2112. In some embodiments, the AAY capsid variant compnses a peptide compnsing the
amine acid sequence of SEQ D NO: 943, In some embodimends, the peptide s present inloop VI In
some embodiments, the peptide is present immediately subsequent to an amino acid corresponding to
position 370 of the amino acid sequence of SEQ 1D NG: 138. In some cmbodiments, the peptide replaces
amino acids corresponding o positions 571-379 (e.g., T571, N572, NS73, 574, 8575, 8576, 1577,
T578, and T379) of the anano acid sequence of SEQ D NO 138, In some embodients, the peptide is
present iramediately subsequent to an amino acid corresponding 1o position 570, and the peptide replaces
amino acids corresponding to positions 371-579 (e.g., T571, N572, N573, (3574, 8575, 8576, T577
T578, and T579), of the amino acid sequence of SEQ 1D NO 138. In some embodiments, the peptide is
present trmmediately subsequent to an amino acid correspondiog to position 571 of the anvino acid
sequence of SEQ ID NO: 138, In some embodirnents, the peptide replaces amino acids corresponding to

positions $72-379 (e.g., N5T72, WN573, (3574, 8575, 8576, T577, TS78, and T579) of the amino acid

sequence of SEQ D NO 138, Ian some emabodiments, the peptide 1s present immediately subsequent to an
amino acid corresponding to position 371, and the peptide replaces amino acids corresponding to
positions 572379 (e.g., N372, N573, (3574, §373, 8576, T577, 1578, and T579), of the amino acid
sequence of SEQ ID NO 138, In some embodiments, the peptide is present immediately subsequent to an
amino acid corresponding to position 572 of the amino acid sequence of SEQ 1D NO: 138, Insome
embodiments, the peptide replaces amino acids corresponding to positions 573-379 (e.g.. N5373, Q574,
8575, 8576, T577, T578, and T579) of the andno acid sequence of SEQ ID NO 138, Insome
embodiments, the peptide is present inunediately subscquent to an amine acid corresponding to position
572, and the peptide replaces amino acids corresponding to positions 573-379 (e.g., N373, Q574, 8575,
S876, T577, T37%, and T379), of the aming acid sequence of SEQ 1D NGO 138, In sone embodiments, the
peptide is present sumediately subsequent 0 an amino acid corresponding to position 373 of the amino
acid sequence of SEQ ID NG: 138. Tn some embodiments, the peptide replaces amino acids
corresponding (o positions $74-379 (e.g.. ©574, §575, 8576, TS77, T578, and T579) of the amino acid
sequence of SEQ D NG 138, In some embodiments, the peptide is present immediately subseguent (o an
amine acid corresponding to position 573, and the peptide replaces amino acids corresponding {0
positions 574-579 {e.g., 9574, 85375, 85706, T377, 7578, and T579), of the amino acid sequence of SEQ
1D NO 138, In some embodiments, the peptide 1s present immediately subsequent to an amino acid

corresponding to position 574 of the amino acid sequence of SEQ 1D NO: 138, In some embodiments,
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the peptide replaces amino acids corresponding to positions 575-579 {e.g., 8573, 85376, T577, TS78, and
T379) of the amino acid sequence of SEQ ID NO 138, Insome coibodiments, the peptide is present
irnmediately subsequent to ao amino acid corresponding to position 574, and the peptide replaces amino
acids corresponding to positions 573-579 {e.g., 8575, 8376, T577, T5378, and T579), of the anino acid
sequence of SEQ ID NO 138, In some embodiments, the peptide is present immediately subsequent {o an
amino acid corresponding to position 575 of the amino actd sequence of SEQ ID NO: 138. In some
crbodiments, the peptide replaces amine acids correspording to positions 5376-579 (e.g., 8576, T577,
T3578, and TS79) of the amino acid sequence of SEQ D NO 138, In some emnbodiments, the peplide 1s
present iminediately subsequent to an armine acid corresponding to position 575, and the peptide replaces
amino acids corresponding to positions 576-579 (e.g., S573, 8576, 577, TS78, and T379), of the amino
acid sequence of SEQ ID NG 138, In some embodiments, the peptide is present immediately subsequent
to an amino acid corresponding to position 576 of the amino acid sequence of SEQ 1D NO: 138, In some
cmbodiments, the peptide replaces an amino acid cormesponding {0 position 577 (e.g., T577) of the amino
acid sequence of SEQ 1D NO: 138, In some embodiments, the peptide replaces amine acids
corresponding to positions 377-579 {e.g., T377, T578, and TS79) of the amino acid sequence of SEQ 1D
WO 138, In some embodiments, the peptide is present immediately subseguent to an amino acid
corresponding to position 376, and the peptide replaces amino acids corresponding to position 377 (e.g.,
T577), of the amino acid sequence of SEQ 1D NO 138, In some cmbodiments, the peptide 1s present
nmediately sobsequent to an amine acid correspoading to position 576, and the peptide replaces amino
acids corresponding to positions 577-579 (e.g., T577, T578. and T579)}, of the amuno acid sequence of
SEQ I3 NG 1358,

{145} In some embodiments, the AAV capsid variant coniprises a peptide comprising the amino
acid sequence of SEQ 1D KNOs: 943 or any one of SEQ 1D NOs: 946-966, wherein the peptide replaces an
amino acid corresponding to position 577 {e.g., T377) of the amino acid sequence of SEQ 1D NO: 138, In
some embodiments, the AAV capsid vanant comprises a peptide comprising the amine acid sequence of
SEQ 1D NOs: 943 or any one of SEQ ID NOs: 946-966, wherein the peptide is present immediately
subseqguent to an amine acid corresponding to position 576 of the amino acid sequence of SEQ 1D NO:
138. In sonie coibodiments, the AAV capsid variant comprises a peptide comprising the amino acid
sequence of SEQ I NOs: 943 or any one of SEQ 1D NOs: 946-966, wherein the peptide is present
sumadiately subsequent to an andno acid corresponding 1o position 576, and wherein the peptide
replaces an amino acid correspondiog to position 377 (e.z., T377), of the aminc acid sequence of SEQ
D NO: 138,

{146} In some embodiments, the AAV capsid vanant (2.2, an AAY capsid variant described
berein), comprises an amine acid sequence encoded by the nucleotide sequence of SEQ ID NO: 944 ora
nucleotide sequence having at least 70%, at kcast 75%, at least 80%, at feast 85%, at least 90%, at least
2%, at least 93%, at least 97%, at least 98%, or at least 99% sequence identity thereto. In some

cmbodiments, the AAV capsid variant described hercin comprises an amino acid sequence encoded by
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the mucleotide sequence of SEQ D NO: 944 or a nucleotide sequence comprising at least one, at least
two, at least three, at least four, at least five, at least six, or af least seven modifications, but no more than
ten modifications, relative to the nucleotide sequence of SEQ ID NO: 944, In some enbodiments, the
AAY capsid variagt comprises an amino acid sequence encoded by a nucleotide sequence comprising at
least one, at least two, at least three, at least four, at least five, at least six, or at least seven, but oo more
than ten, different nucleotides relative to the pucleotide sequence of SEQ 1D NO: 944,

{6147} In some embodiments, the nucleotide sequence encoding the AAV capsid vanant comprises
the nucleotide sequence of SEQ ID NO: 944, or a nucleotide sequence substantially 1dentical (e.g.,
baving at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 92%, at least 95%, at
least 97%, at least 98%, or at least 99% scquence wdentity) thereto. In some embodiments, the nucleic
acid sequence encoding the AAV capsid variand comprisces a nucleotide sequence comprising at least one,
at feast two, at least three, at least four, at feast five, at least six, or at least seven modifications, but no
more than ten modifications, relative to the nucleotide sequence of SEQ ID NO: 944, Insome
cmbodiments, the nucleotide sequence encoding an AAV capsid varant described herein comprises a
nucleotide sequence compusing af least one, at least two, at least three, at least four, at least five, at least
six, or at least seven, but no more than ten, different nucleotides relative to the nucleotide sequence of
SEQ D NO: 944,

[8148] In sone enbodiments, ag AAV capsid variant described herein comprises a peptide
coraprising the amino acid sequence of YPAEVVQK (SEQ 1D NO: 943, wherein the peptide is prosent
10 loop VI o some embodiments, the peptide 1s present in a VP protein, a VP2 protein, and/ora VI3
protein of the AAV capsid variant. In some embodiments, the peptide is present in the VP, VP2, and
VP3 proteins of the AAV capsid variant.

{8148 In some embodiments, an AAV capsid variant described hercin comprises the amino acid
sequence of YPAEVVQE (SEQ [D NO: 943), wherein the anuino acid sequence is present immediately
subsequent o an amino acid corresponding 1o position 376 of the amino acid sequence of SEQ 1D NUO:
138, In sone embodiments, an AAV capsid varant described herein comprises the amino acid sequence
of YPAEVVQK (SEQ ID NO: 943), wherein the amino acid sequence of YPAEVVOQK (SEQ 1D NO:
943) replaces an amino acid corresponding 1o position 377 (e.g., T377) of the amino acid sequence of
SEGQ 1D NO: 138, Tn some crabodiments, an AAY capsid variant described herein compuses the amino
acid sequence of YPAEVVQK (SEQ 1D NO: 943), wherein the anino acid sequence of YPAEVVQK
(SEQ ID NO: 243} 15 present immediately subscquent 10 an araino acid corresponding to posttion 576 of
the amino acid sequence of SEQ 1D NG; 138, and wherein the amino acid sequence of YPAEVVQK
{(SEQ D NO: 943) replaces an amino acid corresponding to position 577 (e.g., T577) of the amino acid
sequence of SEQ 1D NG 138,

{0156} In some embodiments, an AAV capsid variant descnibed herein comprises the amino acid Y at
4 position comresponding to amino acid 577 of the amino acid sequence of SEQ 1D NO: 138, and further

comprises the amino acid sequence of PAEVVQK (SEQ 1D NO: 20), which is present immediately
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subsequent {0 a position corresponding to amino acid 577 of the amino acid sequence of SEQ D NO:
138.

{6131} In some embodiments, an AAY capsid variant described herein comprises the amino acid Y at
a position conesponding o amino acid 377 of the anino acid sequence of SEQ I NG 982, and the
amino acid sequence of PAEVVOQK (SEQ 1D NO: 20) at positions conresponding to amino acids 578-
584, of the amino acid sequence of SEQ D NO: 9382,

[6152} In some crmbodiments, an AAV capsid variant descrbed herein comprises the amino acid
sequence of TNNQSSYPAEVVORTA (SEQ D NO: 1533), which is present in loop VIH. Insome
crabodiments, the AAV capsid variant comprises TNNQSSYPAEVVQKTA (SEC D NO: 1533), which
is present immediately subsequent to an amine acid corresponding o position 570 of the amino acid
sequence of SEQ 1D NO: 138, wherein YPAEVVOQK (SEQ 1D NG: 943) replaces an aming acid
corresponding (o position 377 {e.g., replaces T577) of the amine acid sequence of SEQ D NO: 138,
{8153} In sone enbodiments, the AAV capsid variant comprises: (a) a VP1 protein comprising an
aniino acid sequence that is at Jeast 95% identical, ¢.g., at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical, to the amino acid sequence of SEQ 1D NG: 982; (b) a VP2 profein
comprising an anino acid sequence that is at least 93% identical, e.g., at least 95%, at least 96%, at least
7%, at least 98%, at least 99%, or 100% ideutical, to the aming acid sequence of SEG ID NG 738;
and/or (¢) a VP3 protein comprising an amino acid sequence that is at least 95% identical, e.g., at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 1H00% identical, 1o the amino acid soquence
of SEQ 1D NG: 739, wherein the AAV capsid variant compnses a peptide compnising the amino acid
sequence of YPAEVVQK (SEQ D NO: 943) or a peptide comprising one, two, or three—but 00 more
substitutions relative to the amino acid sequence of YPAEVVQK (SEQ 1D NO: 943).

than three
[0154] In some embodiments, the AAV capsid variant comprises: (a) a VP1 protein comprising an
amino acid sequence that is at least 95% identical, ¢.g., at least 95%, at least 96%, at least 97%, at least
98%, at least 99%, or 100% identical, to SEQ ID NO: 982; (b) a VP2 protein comprising an aming acid
sequence that is at least 959 identical, ¢.g., at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, or 100% identical, to the amine acid sequence of SEQ 1D NO: 738, and/or (¢) a VP3 protein
conprising an amino acid sequence that is at least 95% identical, ¢.g., at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% identical, to the amine acid sequence of SEQ ID NG: 739,
wherein the AAV capsid variant comprises a peptide comprising the anino acid sequence of
YPAEVVOK (SEQ ID NO: 943),

6155} In some embodiments, the AAV capsid vanant comprises: (a) a VP protein cormprising an
amino acid sequence that is at least 98% identical, e.g., at least 98%, at least 99%, or 100% identical, to
SEQ 1D NO: 982; {b) a VP2 protein comprising an anino acid sequence that is at least 98% identical,
¢.g., at least 98%, at least 99%, or 100% identical, to SEQ 1D NO: 738; and/or (¢) a VP3 protein
comprising an aming acid sequence that is at least 98% identical, ¢.g., at feast 98%, at least 999%, or

100% dentical, to SEQ D NO: 739, wherein the AAV capsid varnant comprises a peptide comprising the
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amino acid sequence of YPAEVVOK (SEQ 1D NG: 943) or a peptide comprising one, two, or three—but
no more than three—substitutions refative o the anno acid sequence of YPAEVVQK (SEQ ID NO:
943).

{0156} Tn some embodinents, the AAV capsid vanant comprises: {a) a VP1 protein corprising the
amino acid sequence of SEQ ID NO: 982; (by a VP2 protein comprising the amino acid sequence of SEQ
1D NG: 738; and/or (¢} a VP3 protein comprising the amino acid sequence of SEQ 1D NO: 739. 1o some
crabodiments, the AAY capsid vanant is encoded by the nucleotide sequence of SEQ 1D NGO 984 ora
sequence that 1s at least 90% wdentical {e.g., at feast 90%, al least 1%, at least 92%, at least 93%, at least
4%, at least 955, at Ieast 96%, at least 97%, at least 98%, or at least 99% identical) to SEQ 1D NO: 984,
{61587} In some embodiments, the present disclosure provides an AAV particle comprising an AAV
capsid variant and a viral genome, wherein the viral genome comprises a frataxin (FXMN)-encoding
sequence and the AAY capsid variant comprises an amino acid sequence having the formmla {N2]-{N3},
wherein: (1) [N2] comprises X, Xz, X3, X4, and X5, wherein: (3 Xy s Y, N, or G, (by X2 1s P K, T, 01 ()
() XzisAor P (d) X418 E, 8, or A; and (&) Xsis V, L, or E; and (i1) {N3] comprises the amino acid
sequence VOK, EQK, VKK, VHK, VQQ, or LQK; and wherein the AAV capsid variant comprises the
amino acid sequence of SEQ ID NO: 739, or an amino acid sequence at least 95% identical (e.g., at lcast
935%, at least 96%, at least 97%, at least 98%, or at lcast 99% identical) thereto. In some embodiments,
the amine acid sequence [N2]-[N3] is present in a VP protein, a VP2 protein, and/or a VP3 protein of
the AAV capsid variant. In some embediments, the amine acid sequence [N2]-[N3] is present 1o the VPL,
VP2, and VP3 proteins of the AAV capsid vanant.

{8158} In song embodiments, [N2{-[N3} is present 1 loop VHI of the AAV capsid variant, wherein
loop VHI comprises positions 571-399 numbered according to the amino acid sequence of SEG 1D NO:
982. in sone embodiments, {N2]-IN3] is present in loop VI of the AAV capsid variant, wherein loop
VHI is present at amino acids comprising those corresponding to positions 571-599 of the amino acid
sequence of SEQ D NO: 982, In some embodiments, [N2{-[N3} is present immediately subsequent to an
amino acid corresponding to position 576 of the amino acid sequence of SEQ 1D NO: 982, In some
embodiments, the capsid variant is an AAVS variant comprising [N2J-{N31 in place of an amino acid
corresponding 1o T577 of the amine acid sequence of SEQ D NO: 138, 1o some erabodiments, [N2]
conprises the aminoe acid sequence YP, YPA, YPAE (SEQID NG 21 or YPAEV (REQ ID NG 1. In
sowme embodiments, the amino acid sequence ts VOK. I some emboediments, IN2]-IN3] comprises the
araino acid sequence AEVVQK (SEQ 1D NGO 36 or PAEVVQK (SEQ ID NO: 20), Insone
crabodiments, [N2]-IN3] comprises the amino acid sequence YPAEVVOK (SEQ 1D NO: 943). In some
the AAV capsid variard. In sore embodiments, {N2}-{N3] is present in loop VI of the VP, VP2, and
VI3 proteins of the AAY capsid variant.

{0155} In some embodiments, the AAVY capsid variant further comprises [N1] comprising Xop, X,
and Xp, wherein () Xpis Q. TS, A L L orH; (b)) Xeis S, G A orRiand (0 Xeis S, K LR A or T
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and wherein [N1] immediately precedes [N2]-[N3]. In sonwe embodiments, {N1} comprises the amino
acid sequence 8, SS, or QSS. In some embodiments, [N1]-{N2] comprises the amine acid sequence
QSSYPAEV (SEQ ID NO: 96). 1o sorae crabodimernts, [N1]-{N2}~-{N3] comprises the amino acid
sequence SSYPAEVVQ (SEQ ID NG 121) or QSSYPAEVVOK (SEQ 1D NG: 150), In some
crbodiments, [NH-IN2]-N3] is present in a VP profein, a VP2 protein, agd/or a VP3 protein of the
AAV capsid variagt, In some embodimenis, [N1]-[N2}-{N3} is preseunt in the VP1, VP2, and VP3
proteins of the AAV capsid vanant.

168} In some embodiments, the AAV capsid vanant further comprises [NO} comprsing Xa, Xs,
and Xo, wherein: (a) Xa s T L or Np (bB) Xp s N; and {(¢) Xcis N, T, 8, or K, and whesein {NG|
immediately precedes [N1}. In some embodiments, [NOJ comprises the amino acid sequence TN, NN, or
TNN. In some embodiments, {NCO]-[N1} compriscs the amino acid sequence TNNQSS (SEQ D NO:
183). In some embodiments, [NOJ-INTI-IN2{-IN3} comprises the amino acid sequernce
THRNQSSYPAEVVOK (SEQ ID NO: 500). In some embodiments, {NO]-{NT]-[N2]-N3} is present in a
VP1 protein, a VP2 protein, and/or a VP3 profein of the AAV capsid variant. In some embodiments,
INO-INT}-{N2}~IN3] is present inthe VP, VP2, and VP3 proteins of the AAV capsid variant.

{08161} Insome cobodimments, the AAV capsid variant further conprises [N4] comprising X and
Ky, whereine {a) Xo 18 T, P, or N; and {(b) Xis is A; and wherein [N4] is present imunediately subsequent
1o [N3]. In some cmbodiments, {N4] comprises the amino acid sequence TA. In some embodiments, {N4}
1s present in a VP protein, a VP2 protein, and/or a VP3 protein of the AAV capsid variant. In some
embodiments, [N4] 1s presend in the VP, VP2, and VI3 proteins of the AAV capsid variant. In some
embodiments, the AAY capsid variant comprises {N2]-IN3]-[N41, wherein cach of N2}, [N3] and [N4}
are as described hercin. In some embodiments, the AAV capsid variant comprises [N1{~[N2]-[N3}-{N4j,
wherein each of {N1], N2, {N3] and N4 are as described herein In some embodiments, the AAY
capsid variant comprises NOj-{INT]-[N2]-IN3-[N4}, wherein cach of [NOJ, [N1], N2}, [N3} and [N4}
are as described herein.

6162} In some embodiments, [NOJ-INT]HN2|-[N31-[N4} comprises TNNQSSYPAEVVQKTA
(SEQ 1D NO: 1533). In some emabodiments, the AAVY capsid variant is an AAVS capsid vanant that
conprises SEQ 1D NO: 1533, 1o sorse crabodiments, [NOJ-N1}-{N2i-[N3]-[N4] is present in loop VI,
wherein loop VI compuises positions $71-5399 sumbered according to the amin acid sequence of SEQ
10 NO: 982, Insonwe enbodiments, INO]-NT]-N2]-IN3]-iN4] is present 1o toop VHE wherein loop VI
is present at aming acids comprising those cortesponding t¢ positions 571-599 of the amino acid
sequence of SEQ I NG: 982.

{¢163} In some embodiments, [NO] is present at amino acids corresponding o positions $71-573 of
the amino acid sequence of SEQ ID NG: 982; [N1] is present at amino acids corresponding to positions
574-576 of the amino acid sequence of SEQ ID NO: 982; {N2] is present at amino acids corresponding to
positions 377~ 381 of the amino acid sequence of SEQ ID NG: 982; [N3] is present at amino acids

corresponding (o positions S82-584 of the amine acid sequence of SEQ D KO 982; and [N4} is present
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at amino acids corresponding to positions 585-586 of the amino acid sequence of SEQ 1D NO: 982 of
SEQ ID NO: 982,

{0164} In somae ermbodiments, the present disclosure provides an AAV particle comprising: (i) a viral
genome conprising a frataxin (FXN)-encoding sequence; and (i) an AAV capsid variant comprising an
amigo acid sequence at least 95% identical to SEQ ID NO: 739, wherein the AAV capsid vanant
conprises at least 4, at least S, at least 6, at least 7, or all 8 consecutive amino acids frora the amino acid
sequence of YPAEVVOK (SEG I NO: 943). In some embodiments, the at least 4 consecutive aming
acids comprise YPAE (SEQ ID NG: 21). In some embodiments, YPAE (SEGQ 1D NO: 21} 15 present at
amino acids corresponding to positions 577-580 of the amino acid seguence of SEQ I NO: 982, 1o some
cmbodiments, the at least 5 consecutive amino acids comprise YPAEV (SEQ 1D NO: 1). In some
cnibodiments, YPAEY (SEQ ID NO: 1) is present at amino acids corresponding to positions 5377-581 of
the amino acid sequence of SEQ ID NO: 982, In some embodiments, the at feast 6 consecutive aping
acids comprise YPAEVY (SEQ 1D NO: 725). In some erabodiments, YPAEVV (SEQ ID NO: 725) is
present at amino acids corresponding to positions 577-582 of the amino acid sequence of SEQ ID NO:
982, 1n some emabodiments, the at least 7 consecutive amino acids comprise YPAEVVQ (SEQ 1D NO:
726). In some embodiments, YPAEVV(Q (SEQ 1D NO: 726) is present at amine acids cormresponding to
positicns $77-383 of the amino acid sequence of SEQ ID NO: 982,

{0165} In some enbodiments, the AAV capsid variant comprises the aminoe acid sequence of
YPAEVVQEK (SEQ I3 NO: 943) present at amine acids corresponding to positions 577-5384 of the amine
acid sequence of SEQ ID NG: 982,

{8166} In some embodiments, the present disclosore provides an AAV particle comprising: () a viral
genome comprising a frataxin (FXN)-encoding sequence; and (i) an AAV capsid vanant comprising an
amino acid sequence at least 959 identical (e.g., at least 95%, at least 96%, at least 97%, at least 98%, at
least 99%, or 100% identical) to the amino acid sequence of SEQ ID NO: 982, wherein the AAV capsid
variant comprises the amino acid sequence YPAEVVQE (SEQ D NO: 943) at amino acids
corresponding to positions 577-384 of the amino acid sequence of SEQ D NO; 982,

{6167} In some ermbodiments, the AAV capsid varant comprises (i) a VP protein comprising an
armaino acid sequence having at least 95% identity (¢.g., at least 95%, at least 96%, at least 97%, at least
98%, at least 99%. or 100% identity) to SEQ ID NG 982, wherein the VP1 protein comprises the amigo
acid sequence of YPAEVVOK (SEQ 1D NO: 943); (i) a VP2 protein comprsing an ammino acid sequence
having at least 95% identity {e.g., at least 95%, at least 90%, at least 97%, at least 98%%, at least 99%, or
100% 1dentity ) to SEQ 1D NO: 733, wherein the VP2 protein comprises the amine acid sequence of
YPABVVOK (SEQ ID NO: 943); and/or (1) a VP3 protein comprising an amino acid sequence having
al least 95% identity {c.g.. at least 95%, at keast 96%, at least 97%, at least 958%, at least 99%. or 100%
identity) to SEQ 1D NO: 739, wherein the VP3 protein comprises the amino acid sequence of
YPABRVVOK (SEQ ID NO: 9433,

- 136 -



WO 2025/038800 PCT/US2024/042405

[8168] In some embodiments, the AAV capsid variant comprises (i) a VPI protein comprising an
amino acid sequence having at least 99% identity to SEQ ID NO: 982, wherein the VP protein
conprises the amino acid sequence of YPAEVVQK (SEQ ID NG: 943, (il) a VP2 protein comprising an
amino acid sequence baving at least 99% identity to SEQ I NO: 738, wherein the VP2 protein
comprises the amine acid sequence of YPAEVVOK (SEQ ID NG: 943); and/or () a VP3 protein
comprising an amino acid sequence having at least 99% dentity to SEQ ID NO: 739, wherein the VP3
protein comprises the amino acid sequence of YPAEVVOK (SEG ID NO: 943},

#6169} In some embodiments, the AAV capsid vaniant comprises (i} a VP1 protein compnsing or
consisting of the amino acid sequence of SEQ D NG: 982; (31) a VP2 protein comprising or consisting of
antino acid sequence of SEQ D NO: 739,

{6176) In some enibodiments, the AAV capsid varant further conmprises one, two, three, or all of ()
an amino acid other than Q present at a position corresponding to amino acid 374 of the amino acid
sequence of SEQ ID NO: 138 (e.g., T, S, A, I, L, or H at a position corresponding o amino acid 574 of
the amino acid sequence of SEQ 1D NO: 138), (i) an amino acid other than S present at a position
corresponding to aminoe acid 575 of the amino acid sequence of SEQ IDNO: 138 (eg.. G, A, L, T, orR
at a position corresponding to arnino acid 575 of the armine acid sequence of SEQ ID NO: 138), and/or
(iii) an amino acid other than S present at a posttion corresponding to amino acid 576 of the amine acid
sequence of SEQ 1D NO: 138 {e.g., K, L, R, A, Y, or T at a posttion corresponding to aming acid 576 of
the amnne acid sequence of SEQ ID NQO: 138). In some embodiments, the AAV capsid variant further
coraprises a Q present at a position corresponding to amino acid 374 of the amino acid sequence of SEQ
1D NO: 138, an S present at a position corresponding to amino acid 375 of the amino acid sequence of
SEQ ID NO: 138, and/or an S present at a position corresponding (o amino acid 376 of the amino acid
sequence of SEQ ID NO: 138, In some embodiments, the AAV capsid variant farther comprisesa T
present at a position corresponding to amino acid 574 of the amino acid sequence of SEQ 1D NO: 138, an
S prosent at a position corresponding to amino acid 575 of the amine acid sequence of SEQ 1D NO: 138,
and/or an L present at a position corresponding to amino acid 576 of the anuno acid sequence of SEQ ID
NG: 138, In some embodiments, the AAV capsid vadant further comprises an S present at a position
corresponding to amino acid 574 of the amino acid scquence of SEQ 1D NO: 138, an S present at a
position corresponding to amino acid 375 of the amino acid sequence of SEQ I3 NO: 138, and/oran S
present at a position cortesponding to amino acid 576 of the amioo acid sequence of SEQ ID NO: 138 In
some embodiments, the AAY capsid variant further comprises a ( present at a position corresponding o
amino acid 374 of the amino acid sequence of SEQ [D NO: 138, an S present at a posttion corresponding
to amine acid 5735 of the aming acid sequence of SEQ 1D NO: 133, and/or an R present at a position
corresponding to amino acid 376 of the amino acid sequence of SEQ ID NO: 138. In some embodiments,
the AAV capsid variant further comprises ( present at a position corresponding to amino acid 574 ofthe

anting acid sequence of SEQ D NO: 138, an 8 present at a position corresponding to anuno acid 375 of
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the amine acid sequence of SEQ 1D NO: 138, and/or a K present at a position corresponding {0 amino
acid 576 of the anuno acid sequence of SEQ 1D NO: 138, In some embodiments, the AAV capsid variant
further comprises an A present at a position corresponding to amino acid 574 of the amino acid sequence
of SEQ ID NO: 138, a G present at a position comrespounding to amine acid 575 of the amine acid
sequence of SEQ I NO: 138, and/or an A present at a position corresponding to amino acid 576 of the
amineo acid sequence of SEQ D NO: 138, In some embodiments, the AAV capsid variaot fodher
comprises an | present at a position corresponding to arino acid 374 of the amino acid sequence of SEQ
1D NQO: 138, a G present at a position comresponding to amino acid 575 of the amino acid sequence of
SEQ 1D NO: 135, and/or an S present at a position corresponding to ammne acid 576 of the armine acid
sequence of SEQ ID NO: 138, In some embodiments, the AAV capsid variant further comprises a Q
present at a position corresponding to amino acid 574 of the amino acid sequence of SEQ ID NO: 138, an
A present at a position corresponding to amino acid 575 of the amino acid sequence of SEQ 1D NQO: 138,
and/or an S present af a position corresponding o amino acid 376 of the amino acid sequence of SEQ ID
WNO: 138, In some embodiments, the AAV capsid variant further comprises an A present at a position
corresponding to amino acid 574 of the amino acid sequence of SEQ 1D NO; 138, an S present at a
position corresponding to amine acid 575 of amino acid sequence of SEQ ID NO: 138, and/oran S
present at a position conesponding to amino acid 576 of the amino acid sequence of SEQ T NG 138, In
some embodiments, the AAV capsid vagant further comprises an L present at a position corresponding to
amino acid 574 of the anvino acid sequence of SEQ 1D NO: 138, a G present at a position corresponding
to amino actd 375 of the amino acid sequence of SEQ D NO: 138, and/or an S present at a position
corresponding to amino acid 576 of the amino acid sequence of SEQ ID NO: 1538, In some embodiments,
the AAV capsid variant further comprises a (3 present at a position corresponding to amino acid 574 of
the amino acid sequence of SEQ 1D NO: 138, an S present at a position corresponding to amino acid 575
of the amino acid sequence of SEQ D NO: 138, and/or a T present at a position corresponding to amino
acid 576 of the amino acid sequence of SEQ ID NO: 138, In some embodiments, the AAV capsid variant
further comprises an H present at a position conesponding to anmino acid 574 of the amino acid sequence
of SEQ D NO: 138, an S present at a position corresponding to amino acid 575 of the amino acid
sequence of SEQ D NO: 138, and/or an S present at a position conresponding to amino acid 576 of the
amigo acid sequence of SEQ ID NO: 138, In some embodiments, the AAV capsid variant fodher
conpuises an L present at a position corresponding to amino acid 574 of the amine acid sequence of SEQ
1D NG: 138, an S present at a position corresponding to aming acid 575 of the amine acid sequence of
SEG ID NO: 135, and/or an S present at a position corresponding to aming acid 576 of to the amino acid
seguence of SEQ D NG: 138, In some embodiments, the AAV capsid variand further comprises 2 Q
present at a position corresponding to arno acid 574 of the amioo acid sequence of SEQ D NO: 138, an
R present at a position corresponding (o amino acid 575 of the amine acid sequence of SEQ ID NG: 138,
and/or an S present af a position corresponding to amino acid 576 of the amino acid sequence of SEQ ID

NO: 138, In some embodiments, the AAV capsid vanant further comprises an S present at a position
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corresponding to amino acid 574 of the amino acid sequence of SEQ ID NO: 138, an L present at a
position corresponding to amino acid 375 of the amino acid sequence of SEQ 1D NO: 138, and/oran 8
present at a position corresponding 1o amino acid 576 of the amino acid sequence of SEQ ID NO: 138, In
some embodiments, the AAY capsid variant further comprises an S present at a position corresponding to
amioo acid 574 of the amino acid sequence of SEQ 1D NO: 138, an L present at a position corresponding
to amine acid 375 of the amine acid sequence of SEQ 1D NO: 138, and/or a Y present at a position
corresponding o amino acid 376 of the amino acid sequence of SEQ ID NG: 138. In some cwbodiments,
the AAV capsid variand further corprises an S presend at a position corresponding to amino acid 574 of
the amino acid sequence of SEQ D NO: 138, an A present at a position corresponding o amino acid 375
of the amino acid sequence of SEQ ID NO: 138, and/or a T present at a position corresponding o amino
acid 376 of the amino acid sequence of SEQ 1D NO: 138, In some embodiments, the AAV capsid variant
further comprises a Q present at a position corresponding to amino acid 574 of the amino acid sequence
of SEQ IDNQ: 138, a T present at a position corresponding to amine acid 575 of the amino acid
sequence of SEQ 1D NO: 138, and/or an S present at a position corresponding 10 amino acid 376 of the
aniino acid sequence of SEQ 1D NO: 138,

{08171} Insome cobodiments, the AAV capsid variant comprises an amine acid other than Q prosent
at a position corresponding to amino acid 574 of the amino acid sequence of SEQ ID NO: 138, Insone
embodiments, the AAV capsid variaot comprises S present at a position corresponding to amine acid 574
of the amino actd sequence of SEQ D NO: 138,

{8172} In some embodiments, the AAV capsid variant further comprises an amino acid other than T
present at a position corresponding to anino acid 571 of the amino acid sequence of SEQ 1D NG: 138
and/or an amino acid other than N present at 4 position comresponding to amino acid 573 of the amino
acid sequence of SEQ ID NO: 138, In some embodiments, the AAYV capsid variant further comprises { or
N present at a position corresponding to amino acid 371 of the amino acid sequence of SEQ 1D NO: 138
and/or T, §, or K present at a position corresponding to amino acid 573 of the amino acid sequence of
SEQ 1D NO: 138, In some embodiments, the AAV capsid variant further comprises an R present ata
position corresponding to amino acid 456 of the amino acid sequence of SEQ ID NO: 138, Insome
cmbodiments, the AAV capsid variant further comprises a T present at a position corresponding o amine
acid 571 of the anxino acid sequence of SEQ 1D NO: 138, an N present at a position corresponding to
amine acid 572 of the amioo acid sequence of SEQ ID NO: 138, and/or an N present at a position
corresponding to amino acid 573 of the amino acid sequence of SEQ ID NO: 138. In some embodiments,
the AAV capsid variant further comprises a T present at a position corresponding to amino acid 71 of
the amino acid sequence of SEQ B NO: 138, an N present at a position corresponding {o amino acid 372
of the amine acid sequence of SEGQ 1D NO: 133, and/or a T present at a position corresponding (o amino
acid 373 of the amino acid sequence of SEQ ID NO: 138. In some embodiments, the AAV capsid variant
further comprises an I present at a position corresponding to amino acid 571 of the amino acid sequence

of SEQ D NO: 138, an N present at a posttion corresponding to amino acid 572 of the amine acid
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sequence of SEQ ID NO: 138, and/or an N present at a position corresponding to amino acid 573 of the
amino acid sequence of SEQ ID NO: 138, Insome embodiments, the AAV capsid variant fudher
conprises a T present af a position corresponding 1o amino acid 571 of the amino acid sequence of SEQ
1D NG: 138, an N present at a position corresponding to amino acid 572 of the amino acid sequence of
SEQ 1D NO: 138, and/or an S present at a position corresponding to aming acid 573 of the amno acid
sequence of SEQ D NGO 138, Tn sorme embodiments, the AAV capsid varant further corprises an N
present at a position corresponding to amine acid 571 of the amino acid sequence of SEQ D NO: 138, an
M present at a position corresponding to aming acid 572 of the amino acid sequence of SEQ 1D NQO: 138,
and/or ap N present at a posttion corresponding to aring acid 573 of the armno acid sequence of SEQ 1D
NO: 138, In some embodiments, the AAV capsid variant further comprises a T present at a position
corresponding to amino acid 371 of the amino acid sequence of SEQ ID NO: 138, an N present at a
position corresponding to amino acid 572 of the amino acid sequence of SEQ B NO: 138, and/ora K
present at a position corresponding to anuno acid 573 of the amino acid sequence of SEQ D NO: 138,
16173} In some enbodiments, the AAV capsid variant further comprises an amino acid other than T
present at a position corresponding (o anuno acid 578 of the anuno acid sequence of SEQ ID NO: 138, In
some embodiments, the AAV capsid vadant further comprises a P or N present at a position
corresponding to aming acid 578 of the amino acid sequence of SEQ 1D NO: 138, In some embodiments,
the AAV capsid variant further comprises an amino acid other than T present at a position corresponding
to amino actd 578 of the amino acid sequence of SEQ ID NO: 138 and/or an amioo acid other than A
present at a position comesponding to amino acid 589 of the amino acid sequence of SEQ 1D NO: 138, In
some embodiments, the AAV capsid vanant further comprises a P or N present at a position
corresponding to amino acid 578 of the amino acid sequence of SEQ ID NO: 138 and/or a D present at a
position corresponding to amino acid 589 of the amino acid sequence of SEQ 1D NO: 138, Insome
embodiments, the AAVY capsid variant further comprises a T present at a position corresponding o amino
acid 578 of the amino acid sequence of SEQ ID NO: 138 and/or an A present at a position corresponding
to amine acid 579 of the amino acid sequence of SEQ ID NO: 138, In some embodiments, the AAV
capsid variant further comprises a P present at a position corresponding to amino acid 378 of the andno
acid sequence of SEQ 1D NO: 138 and/or an A present at a position corresponding 10 amino acid 579 of
the amine acid sequence of SEQ 1D NO: 138, In some cmbodiments, the AAV capsid variant further
comprises an N present at a position corresponding 1o amino acid 578 of the amino acid sequence of SEQ
1D NG: 138 and/or an A present at a position corresponding o amino acid 579 of the amino acid
sequence of SEQ 1D NG 138, In some embodiments, the AAV capsid variant further comprises a T
present at a position corresponding to amino acid 578 of the amino acid sequence of SEQ ID NO: 138
and/or a D present at a position conresponding to amino acid 579 of the amine acid sequence of SEGQ 1D
NGO 138,

{6174} In some cmbodiments, the AAV capsid vanant further comprises an aming acid other than T

present at a position corresponding to amino acid 577 of the amino acid sequence of SEQ [D NO: 138, In
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some embodiments, the AAY capsid variant comprises a Y present at a position corresponding o anuno
acid 577 of the anino acid sequence of SEQ D NO: 138,

{6175} In somae embodiments, the AAV capsid varant further comprises a modification in loop 1 11,
IV, and/or VL To some emabodiments, loop L, IL, TV, VI, and VIL can be identified as descabed in
Govindasamy et al. Structurally Mapping the Diverse Phenotype of Adeno-Associated Vieus Sewotype 4.
Jowrnal of Virology. 2006 Diec. 80(23):11556-11370; and Govindasamy et al. Stractural Insights into
Adeno-Associated Viras Serotype S. Journal of Virology, 2013 Oct. 87(20): 11187-11199; the contents of
which are each hereby incorporated by reference in their entirety.

j#176} In some erbodiments, additional modifications can be introduced into an AAV capsid vanant
described herein at positions determined using a structural map of wild-type AAVS, e.g., a structural map
described and gencrated by Govindasamy et al. et al. Structural Insights into Adeno-Associated Virns
Serotype 5. Journal of Virology, 2013 Oct. 87(20):11187-11199 (the contents of which are hereby
incorporated hevein by reference in their entirety) or Walters ¢t al. “Structure of Adeno-Associated Virus
Serotype 3,7 Journal of Virology, 2004, 78(7):3361-3371 (the contents of which are hereby incorporated
by reference in their entirety).

{98177} In some eobodiments, an AAV capsid variant described herein compriscs a modification as
descabed in Jose ¢t al. “High-Resolution Structural Characterization of a New Adeunoassociated Virus
Serotype 5 Antibody Epitope toward Engincering Antibody-Resistant Recombinant Gene Delivery
Vectors,” Journal of Virology, 2020, 93(1): ¢01394-18; Qian et al. “Directed Evolution of AAV Serotype

2

5 for Increased Hepatooyie Transdaction and Retained Low Humoral Seroreactivity,” Molecular

Therapy: Methods and Clinical Development, 2021, 20:122-132; Afione et al. “Identification and
Mutagenesis of the Adeno-Associated Vims 5 Sialic Acid Binding Region,” Jouwrnal of Virology, 2015,
89(33:1660-1672; and/or Wang et al. “Directed evolution of adeno-associated viras 3 capsid enables
specific iver tropism,” Mol Ther Nucleic Acids, 2022, 28:293-306; the contents of each of which are
hereby incorporated by reference in their entirety.

{6178} In some embodiments, the AAV capsid varant, further compriscs an amino acid sequence
comprising at least three modifications, but not more than 30, not more than 20, or not more than 10
modifications, of the amino acid sequence of SEQ 1D NG: 138, In some embodiments, the AAV capsid
variant further coraprises an amine acid sequence comprising at least three, but not more than 30, not
more than 20, or st more than 0 different amine acids welative to the amino acid sequence of SEQ ID
NG 138, In some emnbodiments, the AAV capsid vagant is a varlant of SEQ D NO: 138, wherein the
AAY capsid variant comprises an amino acid sequence having at least 70% (¢.g., at keast 80%, at least
85%, at least 90%, at least 93%, at feast 96%, at least 97%, at least 98%, or at least 99%;) sequence
identity o SEQ [D NO: 138,

{6179} In some embodiments, an AAV capsid variant of the present disclosure comprises the amino

acid sequence of TTN-002, TTN-003, TTN-004, TTN-003, or TTN-006, ¢.g., as described in Table 3 or
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4A. o some erabodiments, an AAY capsid variant of the present disclosure comprises the amino acid
sequence of TTN-002, ¢.g.. as described in Table 3ordA.

6186} In some embodiments, the AAV capsid variant comprises a VP, VP2, and/or VP3 protein
conprising an amine acid sequence of TIN-002, TTN-003, TTN-004, TTN-003, or TTN-006, .., as
described in Table 3 or 44 In sonw eombodimenis, the AAV capsid variaot comprises a VP, VP2,
and/or VP3 protein coraprising an amino acid sequence of TTN-00Z, ¢.g., as descrbed in Tabie 3 or 4A.
[¢181} In some crmbodiments, the AAV capsid vanant comprises an amine acid sequence encoded by
the nucleotide sequence of TTN-002. e g, as described in Table 3 0148,

4182} In some erbodiments, a polymucieotide or nucleic acid encoding an AAV capsid variantof
the present disclosure comprises the nucleotide sequence of TIN-002, e.g., as deseribed in Table 3 or
4B

Table 3. Exemplary full-length capsid sequences

Name | VPLDNA SEQ D | VP1 Amine Acid | Peptide SEQ 1D ;;?ﬁdinggg“fn
Nk SEQ ID NO: NO: NG:
TIN-002 084 982 943 944
Table 4A, Exemplary fulli-length capsid amino acid sequences
Name and SEQ Araias Acid Sequence
Anaotation i
NG:

TTN-082 982 MSFVDHPPDWLEEVGEGLREFLGLEAGP PKPKPNQOHQDRARGLVLEGYNY
8mer peptide GLDRGEPVNRADEVAREHDIS fI\EQLEA(JD*\]E“_L LKYNHADAEFQEK LHDD"‘c
underlined, ) LI DDHFPKREKAF
starts at ) DNNQGATC
position 577 MGDRVVTKSTRTWVLES YNNHQ YREIKSGSVDGSNANAYFGY F
(immediately HWSPROWQPLINNYWGFRPRSLRVKIFNIQVKEVTVODSTTTIAL NNLTSTV QVFTD
subsequent o DDYQLPYVVGNGTEGCLEAFPPQVFTLPQYGYATLNRDNTENPTERS SFFCLEYFP
posi PYNFEEVPFHSSE EVSTNNTGGV)

KNWFPGPMGRTQ TNRMELE
PPUPNGMTNNLOGSNTYALENTMITN SQP}\\.E.\]E‘U.L TATYLEGTJM_I TSESETQPVNR
VAT TQ‘@TI\ Nf‘r 3 SYPAEVVOKTA?AT T ‘.{NL Q: I'\fP SVWMERDVYLOGPIWA
E h FSDVEVISFITQYSTG
YRTTRPIG

PL
TTN-B62 VP2 | 738 LAPT’ I\R FL HF "E\RKKA\’”‘F
{posttions £37-
731 of SEQID
NO: 982, Bmer

SKPSTSSDAEAGPSGSQOLOIPAQRASSLGADT
STWMGDRVVTKSTRTWYLPSYNNHOYR
ISHWS PRI \TQRA_IN'\IY WGFRPRSLRV
‘V’WVVTD’”I‘-VQT Y ’GJG g FPAFPRPOV

peptide TATILNRDNT EFTYNFERVPFHSS
underhned) KNWFPGPMGRT
M N"ﬂ;QGSl\uY}u ENTMT

MATNNQSSYPAEVVQK
&N* EIVEGSVI AVIE'?D'\FYL GRT WA- IPETGAHFHPSPAMGGEGL
PVMMLIKNTRV P SNLTSESDVPYVSSFITQYSTGOVIVEMEWELKKENSKRWNRPEIC
’FN“JYMAPQP N O “‘Z—\J’-‘U'ST( "-VR TTR TT{VT TREL

TIN-QO2 VB3 | 739
{positions 193-
731 0f SEQID
NG 982; 8mer FILPQYGYATLNRDNTERN

hip Kb\. SVDG SNZAN L\\ FGYST PWGYF'J N
KIF NTVE TTIANNLTSTVQVE ‘1 ") QLP\ VVGNGT fi Z"'\
CRSSFPPCLEYFEPSKMLRTGNNFEFTYNFEEVEFHS

peptide FAPSONLFKLANPLVDOYLYRFVS TNNTGGVQFNKNLAG ?YAZ\__KI\TTITFP’"PM\-RT
undestined) QGWNLGSGVNRASVSAFATTNRMELEGAS YV P POPNGMTNN LGS NT YALENTMI
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FNSQPANPGTTATYLEGNY
TAPATGTYNLQEIVEGSVW

JITSESETQPVNRVAYNVGGOMATNNQS SYPARVVQR
ERDVYLQGPIWAKIPETGAHFHPSPAMGGEGLE

PmM] K\(""PVP NI T%F‘ VPV S QYSTGOVITVEMEWELKKENSKRWNE
TNNYNDPOEFVDFA STRYLTRPL

TTN-03 746 MSEVDHPP

Modifications GLDRGE

HFPKRKKARTEEDSKESTSSDA

R

at posttions LGKAVFQA

§74-577, and 7- EAGPSGS LQ PAQPASSLGAD TMSAGGEGELGD! \1\ DGVGNASGDWHCDSTW
m GYFDENRFHS

insert MGDRVVTKS T'R"‘WVLD S fI\.N'-IQ ‘_L REIKSGS \73\’: S
present HWS P‘QP"\/QR IN h
iremediately DLYQLP

NLESTVOVETD

-'QP"‘FD“‘“I ] TR

I ‘\.}\P

subsequent to SKMLRTGNNFEFTYNFEEVEFHSSFAR SONLEFKLANPLVDGYLYREVS TNNTGEVO
position 577 FNKNLAGRYANT YINWF FGPMERTOGWNLGS GVNRASVSAFATTNRMELEGAS YOV
underlined TYALENTMI FNSQPANPGTTAT YLEGNML I TSESETQPVNR

TAPATGETY IVPGSVIWMERDVYLQGPR I
KHPPPMMLIKNTPVRPGNITSFSDVPVSSEFITQYSTG
EIQYTNNYNDPQFVDFAPDSTGEYRTTRPIGTRYLT

TIN-G34 741 MS VDHEFPDWLEEVGEGLREFLGLEAGPFKPKPNQOHODOARGLVLPGYNY L

LGEGN
Modifications GLDRGEPVNRADEVAREHDI SYNEQLEAGDNEYLKYNHADARFLEKLADDTS FGGN

FGLVEEG AYTAJ:TGYPI I‘*IE‘DI/}\U a‘?TEu

at p()sitjor’: LGKAVEQAKKRVLEE
573-575, 577,
and 7~mcz

insert present

DSKESTSSD:

x =g jepu) -
HWSPROWORLINNYWGFRPRSLRVKI FNIQVKVVTVQDSTTT IANNLTSTVQOVETD

immediately DDYQLPYVVGNGTEGCLPAFPPOVEFTLPQYGYATLNRDNTENPTERSSFFLLEYFP
subsequent to DKWLL\TCLNLFTU FEEV?FBSbFAE‘ ONLPKLANPLVDOYLYRFVITN NTG(:VF‘;
position 577 Y VKI SVNRASVESAFATTNRMET
underlined NNLQG “x.LE-' LEFNSOPANPGTTATYLEGNMLITSES
NVGGOMATNS THSY PARVVOKTAPATGTYNLOEIVPEEVWMERDVYLOGPIWA
KIPETGAHFHPSPAMGGFGLKHPPEPMMLIKNTPVPGNITSFSDVEVSSFITQYST
OQVITVEMEWELKKENSKRWNEPEIQYTNNYNDPQEVDFAPDSTGEYRTTRPIGTRY L
TTN-085 742 MS FVDHPPDWL?EVGEGLREFLCL:ATPEKPK“NOQHQDGARG*.'\IL“f*vv\rvT G-“ T
Modifications DRGEPVNRADEVAREHDISYNEQLEAGDNPY LK YNHADAEFQ
atpe Gsiions L "QAKKD\, ERPEFGLT AKTAPTGKRIDDHEPKR D
574,575,577, BEAGPSGEQQ GADTMSAGGGGPLGDNNQGADGVENASGDWHCDSTW
and 7-mer Mr.:D;(*\/“\fTKC’TA By L?S YNNHQ fRu‘KSGC’VJ S\JANAYTG‘-’:TP\‘,«T"‘-'FDFI\LU HS
nsert 7:,]‘(—35;(—;3]1; HWSPROWQRLINNY TSTVQVETD
immediate{y B POVE Q% A VR 33 J;( S YEP
subseguent to ’ '\”Y‘\J YR NNTGC J‘Q
p./,s;tjo'n 377 FNF‘GL"GD ANTYKN SGVNRASVSAFATTNRMELEGAS YN

QEl\GT\’I’"N'\ILQGS?\TTXALE‘J”‘IV’IFI\;SQPAA]E‘u- T2 VL"’"\TM_ITSES:TQE\/NP
INVGGOMATNNIGSY PARVVOKTAPATGT YNLOEIVPESVWME R’“ YLOGPIWA

[FHPSPAM TEKNTPVPGNITS
TNSKR ‘JJ‘ )

naderhned

YTNN

GLEAGPPKPKPNQOHOQDQARGLVLPGYN
I\EOLE GD‘\T PYL I\YN HAZI AETQE KLnI‘W

TEIN-366 743 MSFVDHPPDWLEEVGEGLREE
Modification at GLDRGEFVN RAL ‘\,APE I
position 577 LGKAVE

and 7~mer
insert present

D(;«S NAN AY "GY\""‘ P D '“’\T"<"‘H 3

PRDWORLINN

immediately 2 V¢ TTIAN 1‘5’1" D
subsequent to YOLPYVVGNGTEGCLPAFFPOVFTLPQYGYATLNRDNTENFTERS SFFCLEYFE
position 577 SKMLRTGNNFEFTYNFEEVPF HSEFADDQI\LE‘KL}\“_?L DQYLVRFVST?\TNT +GVQ
underlined FNENLAGRYANT YRKNWFPGPMGRT QGWNLGSGVNRASY, TNRMELEGAS YOV

PROPNGMINNLOGSNTYALENTMI FNSQPA
VAYNVGGOMATNNGSSYPAERSHRKTAPATGT
KIPETGAHFHPSPAMGGEFGLKHPPPMMLIKNTEPVEGNITS
QV 'T‘\’"‘"VEWE'_E\KE\I\KRWMPEI',’}VTI\NYZTPQP\/’DFAPJSI
RPL

’[’”F 3 E‘“QP /NP,

NPGT
<

el

D\fPVSC‘I'I;Q).’bTG
SYRTTRPIGTRYLT
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Table 4B, Exemplary full length capsid nuclele acid sequences

Name and SEQ NT Sequence
Anuaotation i
NO:
TIN-662 984 ATCACCCTCCAGS
Nucleotide TTGAAGCGGG
sequence AAGATCAAGCCCGIGGTCTTGIG
encoding dmer
pepiide
underiined

CCGAGTTTC CCGACGACACATCCT
ADAGGCAGTCTTTCAGGCCAAGAAAAGGGTTCTCGAACCT

AAAGAAAGAAGGCCOGGACCGAAGAGGATTCCAAGT
CAGCGGATCCCAGCAGCTGCAAATCCCAGCCCAACCAGCCTCAAG
TACAATGTCT CGGC

TACAGCA

GAGTACTT
TGAGGAGGT
"CAACCCGC
AACACTGGCGGAGTCCAG
CCGEE
ATGGGECCGAACCCAGGGCT GGARACC T GGG SGGGTCARCCGCGLCAGTG
TCAGCGLOTTCGCCACGACCAATAGGATGGAGCTCGAGGECGLGAGTTACCAGGET S
AACGGCATGACCAACAACT AGGGTAGCAACACCTATGCCCT
GARCCCGGGCACCACCECCACGE!
CEGAGACGCAGCCGGETGARCCGL
GTACAACGTC \GAGCTCTTATCCGGEC
GAGCTGETGCAGAAGactgececcygcgaceyggcalGTACAACCTCCAGEAARTCG
ARGGACTE

AEE

CCCACCGCCCATGATGCTCATCAAGAACACGCC
CETGCCCGTCAGCAGCTTCATCACCCA
GGAGTGGGAGCTCAAGALGGAARR
CAAACARCTACAACGACCCCCAGTTIGTGGACTTTEICC
( CCACCAGACCTATCGGAACCCGATACCTTACC

{6183} In some erabodinents, an AAY capsid variant descabed herein comprises the amine acid
sequence of SEQ I NO: 982, oran amino acid sequence with at least 70% (e.g., at least 70%, at least
75%, at lcast 80%, at least 85%, at least 90%, at least 95%, at least 96%, at Jeast 97%, at least 98%, or at
least 99%) sequence identity thereto. In some embodiments, an AAYV capsid variant described herein
comprises the aminge acid sequence of SEQ 1D NQO: 982 or an amino acid sequence with at least 90%
sequence wdentity thereto. In some embodiments, an AAY capsid variant descnbed herein comprises the
amino acid sequence of SEQ D NO: 982 or an amino acid sequence with at least 95% sequence identity
thereto. 1n some embodiments, an AAY capsid variant described herein comprises the amino acid

sequence of SEQ ID NO: 982 or an amino acid sequence with at least 96% sequence identity thereto. In
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some embodiments, an AAV capsid vanant described herein comprises the amino acid sequence of SEQ
1D NO: 982 or an amine acid sequence with at least 97% sequence identity thereto. In some
cmbodiments, an AAV capsid variant described herein comprises the amino acid sequence of SEQ ID
NG 982 or an amine acid sequence with at least 98% sequence dentity thereto. In some erabodiments,
an AAV capsid variant descabed berein comprises the amino acid sequence of SEQ I NO: 982 or ag
amingo acid sequence with at least 99% sequence identity thereto. In some embodunents, an AAV capsid
vanant described herein comprises an amino acid sequence coraprising at least one, at feast two, or at
least three modifications, but not more than 30, not more than 20, or not more than 10 modifications,
relative to the anunoo acid sequence of SEQ ID NG: 982, Insome embodiments, the AAY capsid variant
comprises an amino acid sequence comprising at least ong, at feast two, or at feast three modifications,
bt not more than 30, not more than 20, or not more than 10 different amino acids, relative (o the aming
acid sequence of SEQ 1D NG: 982,

{0184} In sonie eobodiments, an AAV capsid variant described herein comprises the amino acid
sequence of any one of SEQ ID NOs: 740-743, or an amino acid sequence with at least 70% (e.g., at least
0%, at least 75%, at least 80%, at least 85%, at least 90%, at least 93%, at lcast 96%, at least 97%. at
feast 98%, or at least 99%) sequence identity thereto. In some erabodiments, an AAV capsid vaniant
descabed berein comprises an arine acid sequence compusing at least one, at least two, or at least three
modifications, but oot more than 30, not more than 20, or not more than 16 modifications, relative 1o the
amino acid sequence of any one of SEQ ID NOs: 740-743. 1o some crebodiments, the AAV capsid
variant comprises an armno acid sequence compnsing at least one, at least two, or at Ieast three
modifications, but oot more than 30, not more than 20, or not more than 10 different amino acids, relative
to the amino acid sequence of any one of SEQ (D NOs: 740-743.

{8185} In some embodiments, an AAV capsid variant described herein comprises an amino acid
sequence encoded by the mucleotide sequence of SEQ ID NO: 984, or a nucleotide sequence with at least
70% {e.g.. at least T0%, at least 73%, at least 80%, at least 85%, at least 90%, at least 93%, at least 96%,
at least 97%, at least 98%, or at least 99%;) sequence identity thereto. In some embodiments, an AAY
capsid variant descobed herein comprises an aming acid sequence encoded by a nucleotide sequence
conprising at least one, af least two, or at least three modifications, but not more than 30, not more than
20, or not more thae 10 different puclectides, relative 1o the amino acid sequence of SEQ 1D NG: 984, In
some embodiments, an AAV capsid vanant described berein comprises an amine acid sequence encoded
by a mucleotide sequence comprising at least one, at least two, or at least three modifications, but not
more than 30, not more thaa 26, or not more than 10 modifications, relative 1o the nocleotide sequence of
SEQ 1D NG: 984,

#1186} In some erbodiments, the nucleotide sequence encoding an AAY capsid variant, descabed
herein comprises the nucleotide sequence of SEQ 1D NO: 984, or a nucleotide sequence with at least
70% {e.g., at least T0%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,

at feast 97%, at least 98%, or at least 999%) sequence identity thereto. In some embodiments, the
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nucleotide sequence encoding an AAV capsid vanant described herein comprises the nucleotide
sequence of SEQ ID NO: 984, or a nucleotide sequence with at least 709% (e.g., at Jeast 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98Y%, or at
least 99%) sequence identity thereto, In some embodiments, the nucleotide sequence encoding an AAV
capsid variant described berein, comprises a nucleotide sequence corprising at least one, at least twg, or
at teast three modifications, but not more than 30, not more than 20, or not mwore than 10 modifications,
relative to the nucleotide sequence of SEQ I3 NO: 984, In some embodiments, the mucleotide sequence
encoding an AAYV capsid variani described herein, comprises a nucleotide sequence compuising al feast
oxe, at Jeast two, or at least three modifications, but not more than 30, not more than 20, or got more than
10 different nucleotides, relative to the amino acid sequence of SEQ 1D NO: 984, In some embodiments,
the nucleic acid sequence encoding an AAV capsid vanant described herein is codon optimized.

{4187} In some enibodiments, an AAV capsid variant described herein compnses a VP1, VP2, VP3
profein, or a combination thereof. In some embodiments, an AAV capsid variant compriscs the amino
acid sequence corresponding to positions 137-731, e.g., a VP2, of the amino acid sequence of SEQ ID
NO: 982, or a sequence with at least 70% {e.g., at least 70%,, at least 75%, at least 80%, at Jeast 85%, at
feast 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at feast 99%) sequence identity
thereto. In some enbodiments, the AAY capsid protein comprises the amino acid sequence
corresponding to positions 193-731, e.g.. a VP3, of the amino acid sequence of SEQ 1D NO: 982, ora
sequence with at least 70% (e.g., at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99%:) sequence identity thereto. Insome
embodiments, the AAY capsid variant comprises the amino acid sequence corresponding to positions 1~
731, e.g., a VP, of the aming acid sequence of SEQ 1D NO: 982, or an amino acid scquence with at least
T0% (e.g.. at least T0%, at least 75%, at least 80%, at Jeast 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99%) sequence identity thereto.

{188} In some embodiments, an AAV capsid variant described herein comprises the amino acid
sequence of SEQ ID NO: 739, or an amino acid scquence at least 95% (e.g., at least 95%, at least 96%, at
Ieast 97%, at least 98%, or at least 99%:) identical thereto. In some embodiments, the AAY capsid variant
conprises the amino acid sequence of SEQ 1D NO: 738, or an amino acid sequence at least 9539 (e.g., at
least 95%, at lcast 96%, at least 97%. at least 98%, or at least 99%6) identical thereto. In some
crbodiments, the AAV capsid vanant comprises the amion acid sequence of SEQ ID NO: 982, oran
araino acid sequence at least 95% {¢.g., at least 95%, at least 96%, at least 97%, at least 98%, or at least
39%: 1dentical thereto.

{4189} In some embodiments, an AAV capsid variant descnbed berein comprises the amino acid
sequence of SEQ 1D NG: 739 (e.g., VP3). In some emboduments. the AAY capsid variant comprises the
antino acid sequence of SEQ D NO: 738 (c.g., VP2). In some embodiments, the AAV capsid variant
comprises the aming acid sequence of SEQ ID NO: 982 (e.g., VP1). In some embodiments, the AAV

capsid variant has an increased tropism for a CNS cell or tissue, e.g., a brain cell, brain tissue, spinal cord
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cell, or spinal cord tissue, relative to the tropism of an AAV capsid that does not comprise the amino acid
sequence of YPAEVVQK (SEQ ID NO: 943) present at positions corresponding 1o amino acids 577-584
of the amino acid sequence of SEQ 1D NO: 982,

(0196} Tn some embodinents, an AAY capsid variant, described berein has an increased tropism for
a UNS cell or tissue, e.g., a braincell, brain tissue, spinal cord cell, or spinal cord tissue, relative o the
tropiso of an AAV capsid comprising the amino acid sequence of SEQ 1D NO: 138,

[6191} In some cmbodiments, an AAV capsid variant descabed herein has an increased tropism for a
NS cell or tissue, e.g., a brain cell, braia tissue, spinal cord cell, or spinal cord tissae, relative to the
tropism of an AAV capsid corprisiog the amnne acid sequence of SEQ ID NG: 982,

{6192} In some embodiments, an AAV capsid variant descnibed herein has an increased tropism for a
NS cell or tissue, e.g., a brain cell, brain dssue, spinal cord cell, or spinal cord tissue, relative to the
ropism of an AAV capsid comprising the amino acid sequence of SEQ ID NO: 139

{08193} Insome eobodiments, an AAV capsid variant described herein transduces a brain region,
¢.g., a temporal cortex, perirhinal cortex, globus pallidus, putamen, candate, thalamus, hippocarapus,
geniculate nucleus, Purkinge cell layer, deep cercbellar nucles, and/or cercbellum. In some embodiments,
the level of transduction is at least 0.5, at least 2.2, at least 2.4, at least 2.5, at lcast 2.6, at least 2.7, at
least 3.0, at least 3.2, at least 3.5, at least 3.7, at least 4.0, at least 4.2, at least 4.5, at least 4.7, at Ieast 4.9,
at least 3, at least 10, at least 13, at least 20, at least 25, at least 30, or at least 35-fold greater as compared
to the level of transduction of an AAYV capsid comprising the amino acid sequence of SEQ I3 NO: 139,
{8194} In some embodiments, an AAV capsid variant described herein is enriched at teast 2, at least
3, at least 4, at least 5. at least 6, at least 7, at least 8, at least 9, at least 10, at least 12, at least 15, at least
17, at least 20, at least 25, at least 30, at feast 35, at least 40, at least 45, at least 50, at least 55, at least 60,
or at least 65-fold in the brain compared to enrichment in the brain of an AAV capsid comprising the
amino acid sequence of SEQ 1D NO: 133, In some cmbodiments, an AAY capsid variant described
herein is enriched at least 10, at least 12, at feast 15, at least 17, at least 20, at least 25, at least 30, at least
35, at least 40, at least 43, at least 50, at feast 53, at feast 60, at least 61, at least 62, at Ilcast 63, at least 64,
or at least 63-fold in the brain compared to enrichment in the brain of an AAV capsid comprising the
amino acid sequence of SEQ 1D NO: 138,

{6195} Tn some ermabodinents, an AAY capsid variant described herein is enriched in the brain of at
least two to at least three species, €.z, a non-homan primaie and rodent {e.2., mouse and/or xat) species,
compared to enrichinent in the brain of those species of an AAV capsid compusing the amino acid
sequence of SEQ ID NG 138, In some embodiments, an AAYV capsid variant descnbed herein is
enriched at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 12, at least 15, at feast 17, at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at
least 50, at least 55, at least 60, at least 70, at least 80, at least 90, or at least 100-foid in the brain of at
least two to at least three specics, ¢.g., a non-human primate and rodent {¢.g., mouse and/or rat) specics,

compared to enrichment in the brain of those species of an AAV capsid comprising the amino acid
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sequence of SEQ ID NO: 138, In some embodiments, the at least two to at least three species are Macaca
Jascicularis, Chiovecebus sabaeus, Callithrix jacchus, rat and/or mouse (¢.g., BALB/c mice).

{6196} In some embodiments, an AAV capsid variant described herein is enriched about 5, at least
10, at least 15, at least 20, at least 23, at least 30, at least 35, at least 40, at least 45, at least 50, at least 85,
at least 60, at least 70, at least 80, at least 90, or at least 100, at least 125, at least 150, at feast 175, at least
200, or at Jeast 225-f0ld 1o the brain compared to eruichment in the brain of an AAV capsid comprising
the amino acid sequence of SEQ 1D NO: 982,

{4197} In some embodiments, an AAV capsid variant described herein delivers an increased number
and/or level of viral genomes to a bratn region. [n some ernbodiments, the nomber and/or Ievel of viral
genomes is increased by atleast 1.5, at least 2.2, at least 2.4, at feast 2.5, at least 2.6, at least 2.7, at least
3.0, at least 3.2, at least 3.5, at least 3.7, at least 4.0, atleast 4.2, at least 4.3, at least 4.7, at least 4.9, orat
feast 5-fold, as compared to the number and/or level of viral genomes delivered by an AAV capsid
coraprising the amino acid sequence of SEQ 1D NO: 139, In some embodiments, the brain region
coraprises a midbrain region (c.g., the hippocanpus or thalamus) and/or the brainstem.

{0198} In some cododiments, an AAV capsid variant described herein delivers an increased level of
frataxin to a brain region. In some embodiments, the frataxin level is increased by at feast 20, at least 25,
at least 30, or at least 35-fold, as compared to the frataxin level delivered by an AAV capsid comprising
the amine acid sequence of SEQ ID NO: 139. In some enbodiments, the brain region comptises a
teraporal cortex, perirbinal cortex, globus pallidus, puiamen, caudate, thalamus, bippocarapus, geniculate
nacleus, Purkinge cell layer, deep cercbellar nucley, cerebellum, or a combination thereof.

{8199} In sone embodiments an AAV capsid variant described berein is enriched at feast 3, at least
3.5, atleast 4, at least 4.5, at least 5, at least 5.5, at least 6, or at least 6.5-fold, in a spinal cond region
conipared to enrichment in a spinal cord region of an AAV capsid comprising the amino acid sequence of
SEQ D NO: 139, In some embodiments, the spinal cord region compnses a cervical spinal cord region, a
humbar spinal cord region, a thoracic spinal cord region, or a combination thereof.

{8206 In some embodiments, an AAV capsid variant described herein shows preferential
transduction in a brain region relative to the ransduction in the dorsal root ganglia (DRG). In some
cmbodiments an AAV capsid variant described herein shows preferential transduction in a brain region
relative to the transduction in the liver.

{6201} Ta somme erobodiments, an AAV capsid variant described herein is capable of transducing
neuronat cells.

6282} In some embodiments, an AAV capsid variant described herein is capable of transducing non-
peuronal cells, e.g., glial cells (e.g., obigodendrocytes or astrocytes). In some embodiments, the AAV
capsid variant is capable of transducing neuronal cells and nos-nearonal cells, e.g., glial cells e g,
oligodendrocytes or astrocytes). In some embodiments, the non-neuronal cells are glial cells (e.g.,

oligodendrocytes or astrocyles).
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{6203} In some embodiments, an AAV capsid variant descnbed herein has an increased tropism fora
heart cell or heart tissue, ¢.g., a heart cell or a heart tissue of a heart atrinre or a heart ventricle, relative to
the tropism of an AAV capsid comprising the amino acid sequence of SEQ ID NO: 138, In some
crabodiments, an AAV capsid variant described herein has an increased tropism for a heart cell or heatt
tissue, .8, a heart cell or a heaxt tissue of a heart atriun or a heart vendricle, relative to the tiopism of an
AAY capsid comprising the amito acid sequence of SEQ 1D NO: 139,

{0204} In some cmbodiments, an AAV capsid variant described herein debivers an increased level of
frataxin to a heart region. In sonme embodiments, the frataxin level is increased by at least 1.5, at feast 2,
or at least 2.5-fuld, as compared to the frataxin level delivered by an AAV capsid comprising the amino
acid sequence of SEQ ID NG: 139,

{6208} In some cmbodiments, an AAV capsid variant described herein has decreased tropism for the
Bver. In some embodiments, an AAV capsid vaniant comprises a modification that resulls in reduced
fropism {e.g., de-targeting) and/or activity in the liver. In some crubodiments, the redneed tropism in the
liver is compared to an otherwise similar capsid that does not comprise the modification, ¢.g., a wild-iype
capsid polvpeptide. In sone embodiments, an AAV capsid variant described comprises a modification
that results in one or more of the following properties: (1) reduced tropism in the liver, (2) de-targeted
expression in the lver; (3) reduced activity inthe liver; and/or (4) reduced binding to galaciose. I some
embodiments, the reduction in any one. o7 all, of properties (1)-(3) is compared to an otherwise similar
AAV capsid vagant that docs got comprise the nmodification. In some embodiments, the AAV capsid
variant, ¢.2., the AAV capsid vanant havigg reduced {ropisin in the liver, comprises one or more of an
amino acid other than A, G, K. M, N, Q. R, 5, and/or T present at a position corresponding o anino acid
581 of the aming acid sequence of SEQ D NO: 138; an amino acid other than A, C, H, L K, 8, T, and/or
V present at a position corresponding (o amino acid 582 of the amino acid sequence of SEQ 1D NO: 138;
an amino acid other than A, G, H, K, ML N, 0, R, 8, T, and/or V present at a position corresponding (o
amino acid 383 of the amino acid sequence of SEQ D NO: 138; an amino acid other than L, M, P, Q. R,
T and/or W present at a position corresponding 1o amino acid 584 of the anuno acid sequence of SEQ ID
NO: 138; an amine acid other than F, H, 1L K, M, T and/or Y present at a position comresponding to aning
acid 583 of the anuno acid sequence of SEQ D NO: 138; an amino acid other than E, G, H, L, MU N, Q,
T, and/or W present at a position corresponding to amino acid 386 of the amino acid sequence of SEQ ID
NG 138; an amine acid other than A, €, G, H, L. M, R, and/or S present at a position corresponding to
araino acid 387 of the amino acid sequence of SEQ [D NO: 138; an amivo acid otherthan A, C, D, F, G,
HOM, G, 8, V, W, andfor Y present at a position corresponding to amino acid 388 of the amino acid
sequence of SEQ D NGO 138; and/or an amino acid otherthan A, C. B, G H, MU N, P. Q, S, V, and/or W
present at a position corresponding to arno acid 589 of the amino acid sequence of SEQ ID NO: 138,
{06206} In some embodiments, an AAV capsid variant of the present disclosure is isolated. In some

cnibodiments, an AAY capsid variant of the present disclosure is recombinant. In some embodiments, a
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polyiucleotide encoding an AAV capsid polypeptide, e.g., an AAV capsid variant, of the present
disclosure is isclated. In some embodiments, the polynucieotide is recombinant.

{6267} Also provided herein are polynucicotide sequences encoding any of the AAV capsid variants
described above and AAY particies, veciors, and cells comprising the same,

Exemplary Properties of AAV Capsids

[6208] In some ermbodiments, an AAY particle may comprise a capsid protein or vadant of any
natural or recombinant AAV serotype. AAV serotypes may differ in characteristics such as, but not
linuted to, packaging, tropism, transduction, and immunogenic profiles. Without being bound by theory,
it is believed in some embodiments that the AAV capsidd proteis, ¢.g., an AAV capsid vadiant, cag
modulate AAV particle tropism in a particular tissue.

{6269} In some embodiments, an AAV capsid variant described herein allows for blood brain barmer
penetration following intravenons administration. In sorme embodiments, the AAV capsid variant allows
for blood brain barrier penetration following intravencus administration, focused ultrasound (FUS), e g.,
coupled with the intravenous administration of microbubbles (FUS-MB), or MRI-guided FUS coupled
with intravenous admimstration. In some embodiments, the AAV capsid variant allows for increased
distribution to a brain region. In some embodiments, the brain region comprises a temporal corfex,
perirhinal cortex, globus pallidus, putamen, caudate, thalamus, hippocampus, geniculate miclens,
Purkinje cell layer, deep cerebellar nuclei, cerebellum, frontal cortex, sensory cortex, motor coriex,
dentate nucleus, cerebellar cortex, cercbral cortex, brain stem, or a combination thercof. In some
cmbodiments, the AAV capsid variant allows for preferential transduction in a brain region relative to the
transduction n the dorsal root ganglia (DRG). In some embediments, the AAV capsid variant allows for
preferential transduction in a bratn region relative to the transduction in the liver. In sonwe enbodiments,
the AAY capsid variant allows for transduction in neuronal cells. In some embodiments, the AAVY capsid
variant allows for ransduction in a porencuronal cell, e.g., a ghial cell {e.g., an astrocyte, an
obgodendrocyte, or a combination thereof). In some embodiments, the AAV capsid vartant allows for
transduction in both neuronal cells and nor-neuronal cell, e.g., a ghal cell {e.g., an astrocyie, an
oligodendrocyte, or a combination thereof).

{6218} In some embodiments, an AAV capsid variant allows for increased distribution to a spinal
cord region. In some embodiments, the spinal region comprises a cervical spinal cord region, thoracic
spinal cord region, and/or lumbar spinal cord region.

0211} In sorac ermbodiments, the AAV capsid variant allows for increased distribution to a heart
region.

{6212 In some embodiments, the AAV capsid variant is suitable for intramuscular adoinistration
and/or transduction of muscie fibers. o some cwbodiments, the AAV capsid variant, allows for increased
distribution to a muscie region. Insome embodiments, the muscle region compuses a heart muscle,

quadriceps nwscle, a diaphragm muscle region, or a combination thereof
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{8213} In some embodiments, an AAV capsid descrbed herein comprises a modification as
described in Jose ef al. High-Resolution Struchual Characterization of a New Adencassociated Virus
Serotype § Antibody Epitope toward Engincering Antibody-Resistant Recombinant Gene Delivery
Vectors. Journal of Virciogy. 2019 Jan. 93(1):e01394-18; Qian et al. Directed Evolution of AAV
Serotype § for Increased Hepatocyte Transduction and Retained Low Humoral Sewreactivity, Mofecular
Therapy: Methods & Clinicol Development, 2020 Oct. 20:122-132; Afione et al. Identification and
Mutagenesis of the Adeno-Associated Vires 3 Sialic Binding Region. Jowrnal of Virology. 2015 Feb.
89(3):1660-1672; the contents of which are cach bereby incorporated by reference in their entirety.
{6214} In some embodiments, the initiation codon for transtation of the AAV VP1 capsid protein,
¢.g., 4 capsid variant, described herein may be CTG, TTG, or GTG as deseribed in US Patent No.
US8163543, the confents of which are herein incorporated by reference in its entirety.

{6215} The present disclosure refers to structural capsid proteins (inchiding VP, VP2 and VP3)
which are encoded by capsid (Cap) genes. These capsid proteins form an outer protein structural shell
(c.g. capsid) of a viral vector such as AAV. VP capsid proteins synthesized from Cap polynucleotides
generally incinde a methionine as the first amino acid in the peptide sequence (Metl), which is associated
with the start codon (AUG or ATG) in the corresponding Cap nucleotide sequence. However, it is
corarmon for a first-methionine (Metl) residue or generally any first amino acid (AAL) to be cleaved off
after or during polvpeptide svathesis by protein processing enzymes such as Met-aminopeptidases. This
“Met/AA-clipping” process often correlates with a corresponding acetylation of the second amino acid in
the polypeptide sequence (e.g., alanine, valine, serine, thiconine, etc.). Met-clipping commonly occurs
with VP and VP3 capsid proteins but can also ocour with VP2 capsid proteins.

{0216} Where the Met/AA-~clipping is incomplete, a mixtore of one or more {one, two or three) VP
capsid proteins comprising the viral capsid may be produced, some of which may inchude a Metl/AAL
amino acid (Met+/AA+) and some of which may lack a Met1/AAT amino acid as a result of Met/AA-~
clipping (Met~/AA-). For further discussion regarding Met/ AA-clipping in capsid proteins, sce Jin, et al.
Direct Liguid Chromatography/Mass Spectrometry Analysis for Complete Characterization of
Recombinant Adeno-Associated Virus Capsid Proteins. fum Gene Ther Methods. 2017 Oct. 28(5).255-
267; Hwang, et al. N-Terminal Acetviation of Cellular Proteins Creates Specific Degradation Signals.
Science, 2030 February 19, 327(5968): 973-977; the conterds of which are cach incorporated hereinby
reference in its entivety.

6217} According to the present disclosure, references to capsid proteins, ¢.g., AAV capsid vanants,
is not limited to either clipped (Met-/AA-) or unclippad (Met+/AA-+) and may, in context, refer to
independent capsid proteins, viral capsids comprised of a mixture of capsid proteins, and/or
polynuclectide sequences {or fragments thereof} which encode, describe, produce or resalt in capsid
proteins of the present disclosure. A direct reference to a capsid protein or capsid polypeptide (such as

VP1, VP2 or VP2) may also comprise VP capsid proteins which include a Metl/AA1 amino acid
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{Met+/AA+) as well as corresponding VP capsid proteins which lack the Metl/AAT amino acid as a
result of Met/AA-clipping (Met-/AA-).

[0218] Further according to the present disclosure, a reference 1o a specific SEQ ID NO: (whether a
protein or auckeic acid) which comprises or encodes, respectively, one or more capsid proteins which
include a Metl/AAL amino acid (Met+/AA+) should be understood o teach the VP capsid proteins
which lack the Metl/AA] amino acid as upon eview of the sequence, i is readily apparent any sequence
which merely lacks the first listed amino acid (whether or not Metl/AATY

{6219} As a non-limiting exaraple, reference {o a VP1 polypeptide sequence which is 736 amino
acids in length and which includes a “Metl” amine acid (Met+) encoded by the AUG/ATG start codon
may also be understood to teach a VP1 polypeptide sequence which is 735 amino acids in length and
which does not include the “Metl” amino acid (Met~) of the 736 amino acid Met+ sequence. As a second
non-limiting example, reference to a VP1 polypeptide sequence which is 736 amino acids in length and
which inchades an “AA1” amino acid (AA1+) encoded by any NNN initiator codon may also be
understood to teach a VP1 polypeptide sequence which is 735 amino acids in length and which does not
include the “AA1” amino acid (AA1L-) of the 736 amino acid AAL+ sequence.

{0226} References to viral capsids formed from VP capsid proteins (such as reference to specific
AAYV capsid serotypes), can incorporate VP capsid proteins which inchude a Metl/AAT amino acid
(Met+/AAL+), corresponding VP capsid proteins which lack the Metl/AA] amino acid as a resuit of
Met/AAT-clipping (Met-/AA1-), and combinations thereof (Met+/AA 1+ and Met-/AAL~).

{8221} As a non-limiting example, an AAY capsid serotype can inclade VP (Met+/AAL+), VPRI
Met/AAL-), or a combination of VP (Met+/AATL+) and VP Met/AAT-). An AAV capsid serotype
can also inchide VP3 (Met+/AAL+), VP3 (Met~/AAl-), or a combination of VP3 (Met+/AAT+) and VP3
Met-/AATL-Y; and can also include similar optional combinations of VP2 (Met+/AAL) and VP2 (Met-
JAAT-).

Additional AAVY Capsid Sequences

{8222} In some embodiments, the AAV capsid variant coraprises, immediately subsegaent (o
position 570, 571, 572, 573, 574, 573, or 376, numbered according to SEQ ID NO: 138 (in other words,
immediately subsequent to an amine acid corresponding to position 570, 371, 572, 573, 574, 573, 570, or
577 of the amino acid sequence of SEQ 1D KO: 138), at least 3, at least 4, at least S, at east 6, at least 7,
at least §, at Jeast 9, at least 10, at least 11, at least 12, at lcast 13, at least 14, at least 13, or at least 16
consccutive amino acids of any one of the amino acid sequences provided in Table 1, 24, 28, 14, or 23~
28.

{6223} In some embodiments, the AAV capsid variant comprises, immediately subsequent to
position 570, 571, 572, 573, 574, 575, 576, or 577, numbered according to SEQ I NO» 138 or
corresponding o equivalent positions in any other AAV serotype (2.8, AAVE AAVZ, AAV3, AAV3b,
AAVA, AAVE, AAVT, AAVS, AAVY, AAVIHE, AAVIHIO, AAVH32.33. AAVIR74, SEQ ID NO: 139,
PHP N, PHP B, or an AAV serotype as provided in Table 6 of WO 20217230987 (the contents of which
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are hereby incorporated by refercnce in their entirety)), at least 3, at least 4, at Jeast 5, at least 6, at least 7,

at least §, at Jeast 9, at least 10, at least 11, at least 12, at lcast 13, at least 14, at least 13, or at least 16

consccutive amino acids of any one of the amine acid sequence provided in Table 1, 24, 28, 14, or 23-
28, In some embodiments, the at least 3, at least 4, at least 3, at least 6, at least 7, at least 8, at least 9, at
least 10, at least 11, at least 12, at least 13, at Jeast 14, at least 15, orat least 16 consecutive amino acids
of any one of the amino acid sequences provided in Table 1, 24, 2B, 14, or 23-28 replaces at least one, at
least two, at keast three, at Ieast four, at least five, at least six, at least seven, at least eight, or all of
positions T571, N5§72, N§73, Q374, 3575, §576. T577, T578, and/or A579, numbered according to SEQ
1D NO: 138 or corresponding {6 equivalend positions in any other AAV serotype (e.z., AAVE AAVZ,
AAV3, AAV3b, AAVE, AAVS, AAVT, AAVE, AAVY, AAVIEE, AAVTHIO, AAVIh32.33, AAVHT4,
SEQ ID NO: 139, PHPN, PHP B, or an AAV serotype as provided in Table 6 of WO 2021/230987). In
some embodiments, the at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least
10, at Jeast 11, at least 12, at least 13, at least 14, at least 15, or at Jeast 16 consecutive amino acids of any
one of the amino acid sequences provided in Table 1, 24, 2B, 14, or 23-28 replaces position T577,
nunibered according to SEQ 1D NO: 138 or corresponding 10 equivalent positions in any other AAV
serotype (6.8, AAVE, AAV2, AAV3, AAV3b, AAV4E, AAVG, AAVT, AAVE, AAVY, AAVhS,
AAVHRI0, AAVIR32.33, AAVIRTS, SEQ ID NO: 139, PHP.N, PHP.B, or an AAV serotype as provided
i Table 6 of WO 2021/230987). In some embodiments, the AAV capsid variant corprises an amino
acid other than the wild-tvpe. €.g., native, amino acid, at one, two, three, four, five, six, seven, cight, or
all of positions T371, N572, N573, 3874, 8575, 8576, T577, 1578, and/or AS79. numbered according to
SEQ 1D NO: 138 or corresponding to equivalent positions in any other AAV serotype (e.g., AAVL,
AAV2, AAV3, AAV3b, AAVE AAVE, AAVT, AAVS, AAVY, AAVTRS, AAVIRIO, AAVIh32.33,
AAVIHTA, SEQ 1D NO: 139, PHP.N, PHP B, oran AAV scrotype as provided in Table 6 of WO
2021/230987). In some embodiments, the AAV capsid variant comprises an amino acid other than the
wild-type, ¢.g., native, amino acid, at position 1577, nmumbered according to SEQ ID NU: 138 or
corresponding to equivalent positions in any other AAV serotype (e.g., AAVE, AAVZ, AAV3, AAV3b,
AAVE AAVE, AAVT, AAVS, AAVY, AAVTHS, AAVTHhIO, AAVh32.33, AAVIhT4, SEQ D NO: 139,
PHP.N, PHP B, oran AAV serotype as provided in Table 6 of WO 2021/230987). In some embodiments,
the AAV capsid varlant comprises a modification, ¢.g., substituiion, at one, two, three, four, five, six,
seven, cight, or all of positions T871, N5372, N573, 374, 8573, 8576, T377, 1578, and/or AST9,
mubered according to SEQ ID NO: 138 or cotresponding to equivalent positions inany other AAV
serotype {e.2., AAVE AAVZ, AAV3, AAV3b, AAVE, AAVE, AAVT, AAVS, AAVY, AAVThE,
AAVThIO, AAVR32.33, AAVeh74, SEQ ID NO: 139, PHP N, PHP B, or an AAV serotype as provided
in Table 6 of WO 202172309873 In some embodiments, the AAV capsid variand comprises a
modification, e.g., substitution, at position T377, numbered according to SEQ ID NO: 138 or

corresponding to equivalent positions in any other AAVY serotype (e.g., AAVE, AAVZ, AAV3 AAV3b,
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AAVA AAVE, AAVT, AAVE, AAVY, AAVTHhS, AAVThIO, AAVTh32.33, AAVrR74, SEQ ID NO: 139,
PHP.N, PHP B, or an AAV serotype as provided in Table 6 of WO 2021/230987).
{6224} In somae erabodiments, the AAV capsid varant described herein comprises a modification,

Q359D), 350 (e.g., E3500), 533 (e.g

</ [=1

substitution, at position 569 (e.g.. M369V), 632 (e.g.. D632A), 362 (e.g., T362M), 359 (e.g..
P5338), 385 (c.g.. Y385V), 387 (e.g., L3STT), 581 (e.g., ASB1T),
582 (e.z., T582A), 384 (c.g.. T584A), or a combination thereof, all numberad according to SEQ 1D NG:
138,

{6225} In some embodiments, an AAV capsid variant described herein comprises an amino acid from
a wild-type AAV3S sequence, e.g., the amino acid sequence of SEQ [D NO: 138, at one or more of
positions 381 to 589, numbered according to SEQ 1D NO: 138. In some embodiments, the AAV capsid
variant comprises 1, 2, 3, 4, 5, 6,7, 8, or all of: the amino acid from a wild-type AAVS sequernce {c.g.,
SEQ Y NO: 138) at position 581 {e.g., comprises the amine acid A at position 581); the amino acid from
a wild-type AAVS sequence {e.g., SEQ ID NO: 138) at position 582 {¢.g., comprises the amino acid T at
position 582); the amino acid from a wild~type AAVS sequence (¢.g., SEQ ID NO: 138) at position 583
(e.g., coraprises the anxno acid G af position 583); the amino acid from a wild-type AAVS sequence
{e.g., SEQ ID NO: 138) at position 584 {e.g., comprises the amine acid T at position 584); the amino acid
from a wild-type AAVS sequence {e.g.. SEQ ID NO: 138) at position 385 (e.g., comprises the amino acid
Y at position 583); the amino acid from a wild-type AAVS sequence (e.g.. SEQ ID NO: 138} at position
586 (e.g.. comprises the amino acid N at position 586); the amino acid from a wild-type AAVS sequence
{e.g.. SEQ 1D NO: 138) at position 587 (¢.z., comprises the amino acid L at position 587); the amino acid
from a wild-type AAV3 sequence (e.g., SEQ [D NO: 138) at position 588 (¢.g., comprises the amino acid
Q at position 388); and/or the amino acid from a wild-type AAVS sequence {¢.g., SEQ ID NO: 138) at
position 589 (e.g., comprises the aming acid E at position 589).

6226} In certain embodiments, an AAV capsid described herein does not comprise a T at position
581, an A at position 582, an A at position 584, a V at position 385, a T at position 5853, a V at position
569, an A at position 652, an M at position 362, a Q at position 359, a Q at position 350, an S af position
533, or a combination thereof, all numbered according to SEQ 1D NO: 138,

6227} In some embodiments, an AAV capsid described herein does not comprise a modification,
¢.g., substitution, at posttions 581-389 (nmurabered according to SEQ D NO: 138), wherein the
modification bas the amino acid sequence of any of the sequences provided 1o Tables 2, 7, 8, 10, 12, 14,
71-86 of WO 20217242909,

{6228} Inany of the embodiments descnbed herein, a position nombered according to SEQ 1D NO:
138 {in other words, a position 1o a peptide or AAY capsid variant corresponding to a position of SEQ D
NO: 138) can be identified by providing an alignment of a reference sequence and a query sequernce,
wherein the reference sequence is SEQ 1D NG 138, and identifyving the residues corresponding to the

positions in the query sequence that correspond fo positions in the reference sequence.
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Table 5. AAV Sequences

Serotype | SEQ | Sequenee
i
NG:
AAVS 138 MSFVLHPPDWLEEVCECLREFLGLEAGE PRPEPRQQHODOARGILVLEPGINILEGPENGLDR
wWT GEPVNRADEVAREHDISYNEQLEAGDNPYLEKYNHADARFQEKLADDT SEGGNLGKAVEQA
KERVLEPFGLVERGRETAPTGKRIDDHEFPEREKARTEED SRPSTISDARAGR SE3QQLQT
FAQPASSLGADTMSAGRGGPLGDNNQEADGVENASGDWHCD STIMEDRVVTRSTRTWVLY
SINNEQYREIRSGOVDGSNANAYFGYSTPWGYFDENREE S HWS PROWQRLINN I WGERPR
SLRVEIFRIQVRKREVIVODS TIT I ANNLISTVOVETRRRYQLEYVVENGTEGCLPAFFRQV
FrLPOYGY AT LRRONTENPTERS SEFCLEYFPEKMLRTGHNEFEFT INFEEVPFHSSFAPRS
QNLFRLANPLVDOYLYRFVETRRFGEVOFNKNLAGRYANT YKNWF PG PMGRIQEWNLGSG
VNRASVSAFATTRRMELEGAS IOVP POPNEMINNLOGSNT YALENTMI FN SQFANEGTTA
TILEGRMLITSESETQPVNRVAINVGEMATINQS STTAPATGTINLOEIVPE S VHMERD
VYILQGPIWAKI PETCGAHFHPS PAMGGFGLKR PEPEMMLIKNTPVPSNETSFSDVEVSSFIT
QISTEOVIVEMEWELEKEN SKRWNFEIQYTHNINDPOFVRFRAFDSTGEYRTIRPIGTRYL
TRPL
AAVS 744 TAPTGKRIDDHEFPRREKARTEED SKPSTSSDARAGRSGSOQIQIPAQPAS SLEADTMSAS
WT VP2 CGEPLEDNNQGADGVGHA S CDWECD STHMGDRVVIRS TRTWVLES INNEQYREIKSGSVD
GENANAYFCYSTPRWGYFDENREH SHHWSPRIWGRLINN YWGFRPRELRVRIFNIQVEEVTV
QDSTTTIANNLT STVQVFTDDD IQLPYVVGHGTEGCLPAFRPOVETLEQYGYATLNRDNT
.. ENPIERSSFFCLEYFPSRMIRTONNFEFTINFEREVEFES SFAPSONLFRLANPLVDQILY
positions REVSTNNTEEYOFNENLAGRYANTY KNIIE PG EMORTGEWNLESGVINRASVS APATENRME
137-724 LEGAS YQVP PO PNGMENNLOGS KT ALENTMIFNSQPANPCTTAT Y LEGNMLITSRSRTQ
of SEQ D PUNRVATNVGEOMATHNGS STIA PATGTYNLORIVEGSVHMERDV TLOGRIWAK I RETGE
NO:138) HEHPS PAMEGRGLKHE PR BMMLIKNT PVRGN I TS FSDVRAVESFITOY STEQVIVEMERE LK
RENSKRWNPEIQYTNNYND POFVDEAPDETEEYRTTRPFIGTRYLTRPL
AAVS T50 MSAGGEEPLGDNNQGADGVENASGDWHCD S TWMEDRVVT RS TRTWYLP SYRNHGYRETRS
WT VP3 GAVROSHANAY FEISTPHG Y FRFNRFHSHWS PROVQRLINNYWGFRPRALRVEIFRIQVK
(amino BVPVQD ST T L ANRL Y STV QVETDDD Y QL PY VVENGTEGCLPAFPPQVETLRQYGYAT LY
éc@‘ ADNTENPTERS SPRCLEYFPERMIRTGNNRFEFT INERRVPFHS SRARP SONLERLANRPLVD
. CYLYRFVSTHNTGEVOFNKNLAGRY ANTYKNWF PERMGRTQGWN LGS GVNRASVSAFATT
positions NRMELEGAS TOVEE PHOHMINNLOG NPy ALENTMIFNS CPANEGTTAT Y LECNMLITSE
193-724 SETQPVNRYATNVEGOMATNNGS STTAPATSTYNLOE IVPGSVIMERDVY LOGP IWAKIP
of SEQ 1D ETCAHFHPS PAMGGFGLYH PPPMML I KNT PVRPCHNITS FADVPVSSFITQY STEQVTVEME
NG: 138) WELEKENSKRRWNPEIQY TNNYND PQFVDFAPD ATGREYRTTRPIGTRYLTREL
AAVS 137 atgtetttigttgatcacootocagatiggtiggaagaagtitggtgaaggtattogegag
WT tttttgggecttgaagegggeccacagaaaccaaaacccaateageageateaagateaa
(DNA) gecogtggtetigtgetgectggttataactatetoggacceeggaaacggtetegataega
) ’ sgagagectgbesscagygeagasgagytoyegegagageacgacatotegtacaacgay
cagettgaggegggagacaacacctaceteaagtacaaccacgoggacgecgagbtteay
gagaagetegeegacgacacatect tegggggaaaceteggasaggcagtetttoaggee
asagaasagygttotegaacettttggectggttgaagagggtgetaagacggecectace
gyasagegaatagacgaceactttecanaaagaragaaggebaggrccgaagaggactea
aagacttocacetogteagacgoogaage tggacacagoeggataecageagetgoaaats
coagoeeaaceagoecteaagtttgggagetgatacaatgtetgegggaggtggeggeacca
ttgggcegacaataaccaaggtgecgatggagtgggcaatgoectagggagattggeatiga
gattocacgtggatgggggacagagtegtcaccaagtocaccegaacotgggtgotgaee
agotacaacaaccaceagtacegagagatoaarageggetecgtogacggaagoaasges
aacgoctactttggatacageaccecctgggggtact ttgactttaacegeticcacage
cactggagecececgagactggoaaagacteateaacaactactggggettcagacecegy
tecctoagagtoaaaatobboaacattosagtcasagaggteacggtgcaggactocace
accaccategecaacaaccteacctecacogtecaagtgtitacggacgacgactaceay
ctgocctacsgtegteggeaascgggacegagggatgeetyocgges tteccteogeaggte
tttacgetgecgeagtacggttacgegacgetigascegegacaacacagaaaatoccace
gqagaggageagettettotgectagagtactitoccageaagatgetgagaacgggcaas
aactttgagtitacctacaactitgaggaggtgonattecactecagottegatoccagt
cagaacctgttcaagetggocaaceegotggtggaceagtacttgtacegettegigage
acaaataacactggeggagtocagtteaacaagaace tggeogggagatacgocaacace
tacaaaaactggttoceggggeccatgggocgaacceagggaetggaacetgggetoecgyyg
gteaaccegogecagtgteagegect tegocacgaccaataggatggagetegagggegey
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agttaccaggtgeooeegeagocgaacggoatgaccaacaacetocagggeageaacase
tatgocetggagaacactatgatettocaacagocagooggogaacecgggoanoacagad
acgtacctegagggeracatgetcatcacecagegagagegagacgeageeggtgracoge
grtggegtacaacgtoggegggeagatggocaceaacaaccagage teTACTACTECCCLC
CCEACCEECACOTACAACCTUCAGCARATCCTCCCCHEUAGLETCTCCATCEAGCAGGEAL
GTGTACCTCCAAGGACCCATOTCHECCARGATCCOAGAGACEGEEELECACTTTCACCLC
TCTCCGECCATRGECGEATTOGGACTCRRACACCCACCGUCCATGATGCTCATCRARGRALC
ACGCCTETEGCCOGCARATATCACCAGCTTCTCOGRCHTGLCCETCAGCAGCITCARCACC
CAGTACAGCACCHERCAGETCACCOTCRRAGATCGRAGTGGEAGCTCAAGARGEARALLTCC
BAGAGGTEGAACCCAGAGAYCCAGTACACARACARCTACARACGACCCCOCRGTTIGTGEAL
TTTCCCCCOCRCABLACCEEECAATACREAACCACCAGACCTAY UGHARCCCGATACCTTY
BCCCBRUCCCTTTAR

AAVY/hy, | 139 MBARGYLEOWLEDNLABGIRENWALKPGA PO PRANQQHQUNARGLVLPGY K Y LGPGNGLD
14 WT RERFVNAADARALERDRATDOOLRAGDNE Y LR YNHADAR FQERLERDT SFGENLEGRAVEQ
ARKRLLEPLGLVEREABKTAPCRERPVRGS POEPDSSAGT GRSCAG PARRRLNFGQIGDTER
SVPDPQPIGCEPPAAPSGVGSLIMASCECAPVADNNEGADGVES SSGNWHCD SQWLGDRVI
TTSTRTHALPT IMNHLYRQISNSTIGESSNDNAYFCY STPHGIFDFRRFHCHE S PROWOR
LINNNWGER PRRLNFRLFN IOVREVTI DR GVRT LANNLT STVQVETD S DYQLPYVLGSAR
EGCLPPEFRADVIMIBQECELILNDGIQAVEGRESFICLEIFPIQMLRTGINEQF S IRFENY
FFRSSYRHSQSLDRIMNPLIDQYILY YLSKTINGSGQNQQTLERF SVAGPSNMAVQGRINYIP
GRS IRGORVATIVIQNNNS EFAWPGAS SHALNGRNS LMY PGPAMA SHKEGEDRFEPLAGS
LIFGRQETERDNVIADRVMITRERRIKTINPVATESYGQVATNHEG SAQAQAQTOWVONGE
TLPEMVAQDRDVYLQGPIWAKIPHTDGNFHP SPIMEERGMREPPPQILIKNT PVPADNPPT
AR RN S PG s TGOV VE I RS LR BN S KRN PRI QY TSNY YR NNVEFAVRTRGY
YSEFPRPIGTRYLYRRL

{amino
acid)

AAY Viral Genome

0229 Insome embodiments, the AAV parucle of the present disclosure serves as an expression
vector comprising a viral genome that encodes a FXN protein (e.g.. a human FXN protein, e.g., a
wildtype hwman FXN protein).

[0230]  In some embodiments, an AAV particle, e.g., an AAV particle for the vectorized delivery of a
F¥N protein described herein, comprises a viral genome, ¢.g., an AAY viral genome, also referred to as
an AAV genome, a vector genome, or an AAY vector genome. In some embodimends, the viral genome,
¢.g., the AAY viral genorae, further comprises an inverted terminal repeat (JTR) region, an enhancer, a
promoter, an infron region, an exon region, a nucleic acid encoding a transgene encoding a FXN protein
sequcnce, ¢.¢., any one of the sequences in Table 12 or a sequence that is at least 90% identical to any
one of the sequences provided in Table 12), a nucleotide sequence sncoding at loast one miR binding site
{¢.g.. at least one miR122 binding site), a poly A region, or a combination thercof.

Viral Genome Component; Toverted Terminal Repeats (ITRs)

{0231} In some embodiments, the viral genome may comprise at least one inverted terminal repeat
(ITR} region. The AAV particles of the present disclosure comprise a viral genome with at least one [TR
region and a FX N-encoding sequence. In some embodiments, the viral genome has two ITRs. These two
[TRs flank the FXN-¢ncoding sequence at the 37 and 37 ends. In some embodimeants, the ITR functions as
ar origio of replication comprising a recogrition site for replication. In some ewbodinents, the FTR
CONIPrises a sequence region which can be complementary and symmetrically arranged. In some
embodiments, the ITR incorporated into a viral genome described heretn may be comprised of a naturally
occurnng polynecleotide sequence or a recombinantly derived polynucleotide sequence.
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{0232]  Insome embodiments, the AAV viral genome may comprise at least one inverted terminal
repeat (ITR) region having a length of 36-230 nuclectides. In some embodments. the AAVY viral genome
comprises & 37 TR region that 15 50-250 nucleotides in length and a 37 [TR region that is 50-230
nucleotides in length. In some embodiments, the 37 ITR region and the 3" I'TR region may compnse the
same length and/or the same sequence. In some embodiments, the 37 ITR region and the 37 ITR region
are different in length and/or in sequence.

{0233} Non-Hmiting examples of ITR sequernce regions are described in Table 6. In some
embodiments, the viral genome comprises an 1TR comprising the nucleotide sequence of SEQ 1D NO:
1811 or a sequence that is at least 80% wdentical (e.g., at least 80%, at least 85%, at least 90%, at least
91%, at least 927, at least 93%, at least 94%, at least 95%, at least 9676, at least 97%, at least 98%, or at
least 99% identical) thereto. In some embodiments, the viral genome comprises an TR compnising the
aucleotide sequence of SEQ 1D NO: 1812 or a sequence that s at Jeast 80% identical (e.g., at least 0%,
at feast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at keast
6%, at least 97%, at least 98%, or at least 99% wdentical) thereto. In some embodiments, the viral
goname compriscs a 5 ITR region comprising the nucicotide sequence of SEQ IDNO: 181t ora
scquence that 15 at fcast 80% identical {c.g., at least B0%, at least 85%, af least 90%, at lcast 91%, at least
92%%, at least 939, at least 94%, at least 953%, at least 96%, at least 97%, at least 98%, or at Jeast 99%
identical) thereto; and/or the viral genome comprises a 3' TTR region comprising the nucleotide sequence
of SEQ I NG: 1812 or a sequence that is at least 0% identical (e.g., at least §0%, at least 85%, at least
%%, at least 91%, at least 929%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, or at least 99% dentical) thereto.

Table 6. Exemplary Inverted Terminal Repeat TR} Sequence Regions

Sequence Sequence | SEQ ID NO Sequence

Hegion Length
Namg
ITR1 141 1811 COTECARBCAGCTGUGEEETCRCTCRCPCALTRAGED

CECCOEEECABAGCCCERRCETCEEECEROCTTIGET
CECCCEEECTCAGTERGCOAGCHAGCECECAGAGAGE
GAGTEECCAACTCCATCAC TABGEETTCCT

ITR? 141 {812 ACCRRCCOCTACTGATOGAGT TEECCACTCCCTCTCT
BOECGCTOE0TCECTCACT GARGCCEEECEACTARAG
BTCGCCCRECECCCRGECT TTECCCEGECGECETCRG
TEAGCGRAGCHAGCECECAGCTRCCTECAGG

Viral Genome Componeni: Promoters and Enhancers

{0234]  Insome cmbodiments, the viral genome comprises at least one clement to enhance the
{ransgene {arget specificity and expression. See, e.g., Powell of o/ Viral Expression Cassetic Elements to
Enhance Transgene Target Specificity and Expression in Gene Therapy, 2015; the contents of which are
herem mcorporated by reference in their entirety. Non-hmiting examples of elements to enhance the

transgene target specificity and expression include promoters, endogenous miRNAs, post-transcriptional
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regulatory elements (PREs), polvadenylation (PolyA) region, upstream enhancers (USEs), CMV
enbancers, and introns.

[6235] In some ermbodiments, expression of the polypeptides in a target cell may be driven by a
specific promoter, including but not lireited to, a promoter that is species specific, inducible, tissue-
specific, or cell cycle-specific (Pawr ¢f af., Nat. Med 3:1145-9 (1997); the contenis of which are herein
incorporated by reference in their entirety).

{6236} In some erobodiments, the viral genowme corprises a prowmoter that is safficient for
expression, €.g., it a target cell, of a FXN protein, e.g., 8 hurman FXN profein, encoded by a transgene. In
some embodiments, the promoter is deernad to be efficient when it dnves expression of the FXN encoded
in the viral genome of the AAV particle.

{6237} In some cmbodiments, the promoter is deemed o be efficient when 1t drives expression in the
cell or tissue being fargetled.

{08238} Promoters may be naturally occurring or non-naturally occurring. Non-linuting examples of
promoters include viral promoters, plant promoters, and mammalian promoters. In some embodiments,
the promoter may be a buman promoter. [n sone enmbodiments, the promoter may be truncated.

{0239} Promoters that promote expression in most tissues include, but are not Hodted to, human
elopgation factor 1g-subunit (EF la) promoters, inunediate-carly cytomegalovirus (CMV) promoters,
chicken B-actin (CBA) promoters, CAG promoters, CAG dertvative promoters, B glacuronidase {GUSB)
promoters, ubiquitin C (UBC) promoters, or a fragment of any one of the aforenentioned. A CAG
promoter typically comprises: (O) the cytomegaloviras carly enhancer element; (A) the promoier, the
first exon, and the first intron of the chicken beta-actin gene, and (G} the splice acceptor of the rabbit
beta~globin gene. 1n some embodiments, a derivative of a CAG promoter may comprise (1) a CMVie
enhancer and a beta-actin promoter or (1) a beta-actin promoter and an intron sequence.

[8248] Tissuc-specific expression elements can be used to restrict expression to certain celf types
such as, but not Hmited to, nervous systerm promoters which can be used to restrict expression {0 neurons,
astrocytes, or oligodendrocyies. NMon-limiting exampies of tissue-specific expression clements for
neurons include neuron-specific onolase (NSE), platelet-derived growth factor (PDGF), platelet-derived
growth factor B-chain (PDGF-f), synapsin (Syn), methyi-Cp( binding protein 2 (MeCP2), CaMKI,
mGluR2, NFL, NFH, nfi2, PPE. Enk. and EAAT2 promoters. Non-limiting examples of tissue-specific
expression elements for astrocyies include the glial fibrillary acidic protein (GFAP) and EAAT2
promoters. A pon-limiting example of a tissue-specific expression element for oligodendrocytes include
the myelin basic protein {MBP) promoter.

{6241} In some embodiments, the viral genome comprises a ubiguitous promoter. Non-limiting
examples of ubiguitous promoters include Hi, U6, CMV, CBA (including derivatives CAG, CBb, efc.),
EF-lg, PGE, UBC, GUSE (hGEp), and UCOE (promoter of HNRPA2BI-UBXa3).

{6242} In some cmbodiments, the viral genome comprises a CBA promoter. In some embodiments,

the viral genome comprises a truncated CBA promoter, e.g., a CBA promoter that is 50-400 nucleotides
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i length, e.g.. 100-332 nucleotides 1 length. In some embodiments, the viral genome comprises a CMV
promoter. In some embodiments. the viral genome comprises a truncated CMV promoter, 2., a CMV
promoter that is 50-390 nucleotides in length, ¢.g.. 2 CMV promoter that is 109 nucleotides i length.
{0243}  Insome embodiments, the AAV vector comprises an enhancer element, a promoter, and/or 2
S UTR intron. The enhancer may be, but is not Himited to, a CMV enhancer; the promoter may be, but is
not himited to, a CMY, CBA, FXN, UBC, GUSB, NSE, Synapsin, MeCP2, or GFAP promoter; and the
STUTR/intren may be, but is not limited to. SV40, and CBA-MVM. In some embodimecnts, the enhancer,
promoter, and/or intron used in combination may be: (1) CMY ephancer, CMV promoter, SV40 3"UTR
ntron; (23 CMV enhancer, CBA promoter, SV40 S"UTR intron;, (3) CMV enbancer, CBA promoter,
CBA-MVM 5"UTR intron;, (4) UBC promoter; (5) GUSB promoter; {6) NSE pramotes, (7) Synapsin
promoter; (8) MeCP2 promoter; (9) GFAP promoter; (10) Hi promoter; and/or (11} U6 promoter,

[0244]  Insome cmbodiments, the viral genome comprises an engineered promoter,

10245]  1n some embodiments, the viral gonome comprises an enhancer. In some smbodiments, an
enhancer may be a separate component of the viral genome than the promoter. In some embodiments, an
enhancer may be 5 to a promoter sequence in a viral gonome. [n some embodiments, an enhancer may
be 37 to a promoter sequence m a viral genome.

{02461  Tn some embodiments, the viral genome comprises an enhancer, for example an immediate-
carly “ie” enhancer or a CMV/globin enhancer. In some embodiments, the enhancer comprises icl exon
1 and el miron 1 or & fragment thereof. In some embodiments, the enhancer comprises an il exon 1, an
iel intron 1 or fragment thereof, a human beta-globin intron 2, and a human beta-globin exon 3.

{0247} In some embodiments, an enhancer may comprise at least one mtron sequence. [n some
embodioends, an enbancer may coraprise at least one exon sequence. In some erabodiments, an enhancer
comprises one infron sequence and one exon sequence. In some embodiments, an enhancer sequence
comprises two intron sequences. I some embodiments, an enhancer sequence comprises two exon
sequences. In some embodinments, an cnhancer SCQUEnce COMPrises fwo intron sequences and two exon
sequences.

{6248]  Excraplary promoters are provided i Table 7. In some embodiments, the promoter comprises
or consists of any ong of the nucleotide sequences provided in Table 7, or a muclestide sequence at least
% (e.g., atheast S0%, at least 91%, at least 92%, at least 93%. at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99%;) identical thereto. In some embodiments, the promoter
comprises or consists of the nucleotide sequence of SEQ [D NG: 1738, In some embodiments, the
promoter comprises or consists of the nucleotide sequence of SEQ ID NO: 1740, In some embodiments,
the promoter comprises or consists of the nucleotide sequence of SEQ ID NO: 1742, In some
cembodiments, the promoter compeises or consists of the nucleotide sequence of SEQ 1D NO: 17435,

Table 7. Exemplary Promoters

Promoter SEQ B NG: Sequence
CBA-D4 1738 TACATGACCTTATGGCACTTTCCTACTEGGCAGTACATCIACGTATIAGTC
ATCECTATTACCATGTCGAGECCACGYTCYGCTTCACTCICCCCATCTICCT
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CCCCCTCCOCACCCCCARTTTI TG TATT FATTTATTITT TTRAATTATTITGTG
CAGUGATGEGECCEEEEEHGGEGECCECECECIAGREUGREGCEEEELEEEE
CEAGCEECEEERCAREECEACOTEEAGSAGETECEECECCRBUCARTCAGAG
CEGCGCECTCCEARAGTTICCTTTTATGECCERGEUGECRGCEEGCEGLEEIT
CTATRRABAGCUEARGCECGCOCUEES

CBA-DS 1740 CCACETTICTECETCACTCICCCCARCTCCCCCCCCTCCCCACCCCCRATTT
TETATTTATTTATTTITTAATTATTITCTCCRAGLHEATGECGECEEEEEEEE
GEEECECBUBITAGGCAGECCHBEEIGHEEECHEAGHGHCEEEECBEEECEAG
SUGERGAGEGTGCOCCEEBCAGCCAATCAGRAGCEELECECTCCGARARGITTIC
TITTATCCUBAGGCRECEECEECEEUGECCCTATARMRACUBARAGCGCECE
GOEGEGE

CRBA-D% 747 GETECEGCECGCACCCARTIAGAGCGECOCECTUCGARAGTTTCCTTTITATS
GCGAGGLBEIGRCGECEGECEGECCCCTATARAARGCGAAGLEUECEELGGEE
CMV-D7 1750 TTTTGGCACCARARTCARCGGGACTTTCCARRATETCGTRACAACTCOGEC
COATTEACGCABATGEECAGTAGCCETGTACGETGGEAGGTCTATATARGD
AGRGCTC

Viral Genome Component: Iontrens and Exon Sequences

{02494 In some embodiments, the AAY viral genome comprises at least one intron and/or exon
$RQUENCE TegIon.

{0250 in some eraeodiments, the AAY vieal genome reay comprise at Jeast ene introu sequence
region. The intron sequence region(s) may be 10-1200 nucleotides in length. As a non-limiting example,
the viral genome comprises an intron seguence region that 18 about 32 nucleotides in length. Asa non-
limiting example, the viral genome comprises an intron sequence region that is about 53 nucleotides in
length. As a non-Bimiting example, the viral genome comprises an intron sequence region that is about
134 nucleotides in length. As a non-limiting example, the vital geoome comprises an indron sequence
region that i about 347 nucleotides in length. As a non-limiting example, the viral genome compriges an
infron sequence region that is about 379 nuclectides in length. As 2 non-limiting example, the viral
genome Comprises an intron sequence region that is about 366 nucleotides in length. As a nov-limiting
example, the viral genome comprises an iniron sequence region that is about 1016 nucleotides in length.
As anon-limiting example, the vival genome comprises an intron sequence region that is more than 1016
mucleotides in length.

{02531 In some embodiments, the AAV viral genome comprises two infron seguence regioss. In
some embodiments, the AAV viral genome comprises three intron sequence regions. In some
embodimenis, the AAV viral genome comprises more than three ntron sequence reglons

{0284 in some embodiments, the AAY viral genome may comprise at least one Xon sCquence
region. In some embodiments, the exon seguence may be 16-1200 nucleotides in fength. As a nop-
hmiting example, the viral genome comprises an exon region that is about 32 nucleoiides 1o length. As a
non-limiting example, the viral genome comprises an exon sequence region that is about 33 muckeotides
1 length. As a non-himiting example, the viral genome comprises an exon sequence region that is about
134 nucleotides i length. As a non-limiting example, the viral genome comprises an exon sequence
region that 1s about 347 nucleotides in kength, As a non-limiting example, the viral genome compriscs an

exon sequence region that is abont 379 nucleotides in leagth. As a non-limiting example, the viral
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£ENOME COMPIISESs an exon sequence region that is about 366 nucleotides in length. As a non-lumiting
example, the viral genome comprises an exon sequence region that is about 1016 nucleotides in length
As a non-limiting example, the viral genome comprises an exon sequence region that is more than 1616
nucieotides in fength.

{6253} Ta some erobodiments, the AAV particle viral gencrge comprises two eXon sequence Lgions.
Ta somme embodiments, the AAV particle viral genorae comprises three exon sequence regions, Insone
crabodiments, the AAV particle viral genome comprises more than three ¢xon sequence egions.

{6254} In some embodiments, the AAV particle viral genome compnses a hybrid intron/exon
sequence region comprising at least one intron and at least one exon. In some embodiments, the hybnd
intron/exon sequence region comprises one intron and one exon. In some embodiments, the hybrid
intron/exon sequence region comprises two introns and two exons. In some embodiments, an intron or
exon sequence may comprise a full-length intron or exon. In some embodiments, an intron or exon
sequence may comprise a fragment or variant of an intron or exon sequence.

{6255} The hybrid intron/eson sequence region(s) may, independently,

limited 1o, 15-100, 100-200, 200-300, 300-400, 400-500, 500-660, 660-700, 700-800, 800-900, 900-

have a length such as, but not

1000, 1000-1100, 1100-1200, and more than 1200 nmucleotides. As a non-limiting example, the viral
Zenome coraprises a hybrid intron/exon scquence region that is about 379 nucleotides in length. Asa
noa-hmniting example, the viral genome comprises a hybrid intron/cxon sequence region that is about 566
nuclectides in length. As a noe-hmiting example, the viral genore comprises a hybrid intron/exon region
that 1s about 379 nacleotides in length

{8236} In sonk embodiments, the intron/exon sequence region is an enhancer sequence. n some
embodiments, the intron/exon sequence region is not an enhancer sequence.

{82587} In some embodiments, the intron/exon sequence region is a compornent of a promoter

sequence. In some embodiments, the intron/exon sequence region is not a component of a promoter

{6258} In some embodiments, the AAV particle viral genome comprises at least one intron and/or
exon scquence region. Non-limiting examples of intron and exon sequence regions are described in
Table 8. In some embodiments, the exon sequence region comprises the nucleotide sequence of SEQ ID
NG 1816, or a nucleotide sequence with at least 70%, at least 75%. at least 80%, at least 85%, at least
%, at least 95%, or at least 99% sequence dentity thereto. 1o some emmbodiments, the exon sequence
region comprises the auckeotide sequence of SEQ ID NO: 1817, or a nucleotide sequence with at least
70%, at least 75%. at Ieast 80%, at least 85%, al least 90%, at least 95%, or at least 99% sequence
identity thereto. In some embodiments, the exon sequence region comprises the nucleotide sequence of
SEQ 1D NO: 1819, or a nucleotide sequence with at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, or at least 99% sequence identity thereto. In some embodiments, the exon
sequence region comprises the mucleotide sequence of SEQ 1D NO: 1820, or a nucleotide sequence with

at feast 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at least 99% sequence
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wdentity thereto. In some embodiments, the exon sequence region comprises the nuclectide sequence of
SEGID NO: 1821, or a nucleotide sequence with at least 70%, at least 75%, at least 80%, at least 83%, at
least 90%, at least 93%, or at least 99% sequence identity thereio.

Table 8. Exemplary Intron and Exon Sequence Regions

Sequence Sequence SEQ ID Sequence
Region Name | Length NG

TCAGATCEGCCTCOASACSCCATCCACGCTETTTTGACCTCCATAS
AXGACACCEGEACCEATCCAGCLCTCCRCEEATTCEAATCCUGECT
GGERAACGETCGCATTGEAACGCGEATTCCCCEGTEUCARGRAQRGACE
TAAGTACCECCTATAGAGTCTATAGGCCCACARRAARTGCTTITCT
TCTTYTAATATACTTITTTGT TTATCTTATTTCTRATACTYICCC
TAAPCTCTTTCTITCAGGGCAATALTGRATACRATGYATCATGCCTY
1816 CTITECACCATTCTAAAGAATAACAGTIGATAATITCISE ST TAAG
GUAATAGCAATATTTCTGCATATARATATTTCTGCATATABATTS
TARCTCATHTARGAGGTTTCRTATTGUTAATAGCRAGCTACRRTCC
AGCTACCATTCTECTTTTATTTTATGGTTCEEATAAGRCTGGATT
ATTCTCAGTCCAAGCTAGCCCCETTTGCTAATCATCTTCATACCT
CETARCTTCCYCCCACAGCTCOTGEECAACETECTGETCTENGTG
CTGGCCCATCACTTTGGCAARGAATT

TCAGATCECCTGEAGACGCCATCCACGCTETTTIGACCTCCATAG

hBglobin
intronfexon

[
Pox)
[y

iel exon 1 134 IRIE7 ARGACACCGGGACCGRATCCAGCCTCCOCGEATTCGRARATCCCGGCC
GECRRCEETECATTCCAACCCEEATTCCCCETECCARACASTEAC

Rlinmﬂnl 39 1219 GITRRGTACCGCCTATAGRGTCTATAGRCCCAC

{partial) o

ARRARATGCTTITCTICT TR AATATACTTTT T TR T TATCTTATT
TCIARTACTITCCCTAATCTICTTITCETTCAGGEUAATAATEHATAC
AATGTATCATGCCICTTTGCACCATTCTARAGAATAACAGTGATA
hBglobin . ATTTCTGEETTAAGGCAATACCAATATTTICTGCATATAARTATTT

intron 2 i 1820 CTGCATATAMATTGTAACTGATGTARGAGETTTCATATTGCTAATY
AGCAGCTACAATCCAGCTACCATTCTGCTTTTATT P TATGETTEG
GATAAGGCTGEATTATTCTGRGTCCRAGCTAGECCCTTITIGCTAR
TCATGTTCATACCTCITATCTTCCTCCCACAG

hBglobin exon 5 1821 CTCCTERECAACGTGCTGGTCTETETACTGECCCATCACTTITGRC

3 o o ARRGARTT

Vival Genome Componeni: miR Binding Site

{0239 Tissue~ or cell-specific expression of the AAY viral particles of the disclosure can be
enhanced by introducing tissue- or cell-spectfic regulatory sequences, e.g., promoters, eshancers,
microRNA binding sites, e.g., a detargeting site. Without being bound by theory, it is believed that an
encoded miR binding site can modulate, e.g., prevent, suppress, or otherwise inhibit, the expression of a
gene of interest on the viral genome of the invention, based on the expression of the corrcsponding
endogenous microRNA (miRNA} or a corresponding controlled exogenous miRNA in a tissue or cell,
¢.g., anon-targeting cell or tissue. In soree embodinents, a miR binding site modulates, e.g., reduces,
expression of the FXN-encoding region m a viral genome of an AAV particle described herein in a cell
or tissue where the comesponding mRNA is expressed. In sorae embodinents, the miR binding site
modulates, e.g., reduces, expression of the encoded FXN protein n a cell or tissue of the DRG or liver.
{0268]  In some embodiments, the viral genome of an AAV particle described herein comprises a
auclentide sequence encoding a microRNA binding site, e.g., a detargeting site. In sorae embodiments,

the viral genome of an AAV particle described herein comprises a nucleotide sequence encodimg a miR
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binding site, a nricroRNA binding site scres (miR BSs), or a reverse complement thereof. In some
embodiments, the 3' UTR of the viral genome mayv be engineered to include at feast one miRNA binding
§HR.

[6261] In some erabodiments, the encoded iR binding site series comprise at feast -5 copies, e.g.,
at least 1-3, 2-4, 3-5, or at feast 1, at least 2, at least 3, at least 4, at least 5 or mo copies of a miR
bindiag sitc (miR BS). In some embodiments, the cncoded miR binding siie senes comprises 3 copies of
a muR binding site. In some embodiments, all copies are identical, e.g., comprise the same miR binding
site. In some embodiments, the miR binding sites within the encoded miR binding site series are
continaous and not separated by a spacer. In some embodients, the miR binding sites within an encoded
miR binding site series are separated by a spacer, e.g., a non~coding sequence.

{6262} In some embodiments, the viral genome comprises at least one sequence encoding a miRNA
binding site to reduce the expression of the transgene in a specific tissue. In some embodiments, the viral
genome may comprise a niR122 binding site (miR 122BS) or tandem copies of the miR 122BS {o reduce
the expression of the viral genorae in the liver. In some embodiments, the viral gonome may comprise a
miR-183 miRNA binding site (muR-183B5) or tandem copies of the miR-183BS to reduce expression of
the viral genome in the DRG.

8263} In some embodiments, the nuR binding site may be 20-73 nuclectides in length. Insome
embodiments, the miR binding sife is 23 nucleotides in length. In some embodiments, the miR binding
site is 71 noclectides in length

{8264} Non-Himiting exaraples of miR-binding site sequence regions are show in Table 8.

{8265} In some embodiments, the encoded miR binding site is fully complementary to an miR. In
some cmbodiments, the encoded miR binding site is partially complementary to an miR. In some
embodiments, the miR is expressed in the liver or in hepatocytes. In some embodiments, the miR is
miR122. In some cmbodiments, the encoded miR binding site or encoded miR binding site senes
comprises 4 miR122 binding site scquence. In some embodiments, the encoded miR122 binding site
comprises the mucleotide sequence of SEQ 1D NO: 1827, or a nucleotide sequence having at least 70%, at
Ieast 75%, at least 80%, at Jeast 85%, at least 90Y%, at least 95%, or at least 99%sequence identity, or
conprising at least one, af least two, at least three, at least fouy, at least five, or siv modifications, but no
more than six modifications, relative to the nucleotide sequence of SEQ D NO: 1827, wherein the
modification can result 1n a wismatch between the encoded miR binding site and the corresponding
miRNA. o some embodinents, the viral genome comprises at least 2, at least 3, at least 4, or at feast 5
copies of the encoded miR122 binding site, e.g., an encoded miR 122 binding site serics, optionally
wherein the encoded miR 122 binding site serics comprises the nucleotide sequence of SEQ D KO: 1526,
or a nucleotide sequence baving at feast 50%, at least $5%, at least 60%, at least 65%, at Ieast 70%, at
least 75%, at least 80%, at lcast 85%, at least 90%, at least 95%, or at least 99% sequence identity, or
comprising at least one, at least two, at least three, at least four, at least five, at least six, or at least seven

modifications, but no more than ten modifications, relative to the nucleotide sequence of SEQ 1D NO:
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1826, wherein the modification can result m a mismatch between the encoded miR binding site and the
corresponding miRNA.

Table 5. Exempiary miR Binding Site Sequenee Regions

Sequence Region Sequence | SEQ B RO Seguence
Name Length

miR122 binding site

ACBRARCACCATTGICACACTCCACACARACACC

) 71 1826 ATTETCACACTCCACACRAACACCATTGTCACA
series p—
Jinele miR 122
Single miR122 23 1827 ACARACACCATTGTCACACTCCA

binding site

Viral Genome Component: Polyvadenyiation Region

[8266]  In some embodiments, the viral genome of the AAV particles of the present disclosure
comprises at least one polyadenylation (poly A} region. In some erabodiments, the poly A region is
posttioned 3° relative to the nucleic acid encoding a FXN protetn desenbed heretn.

[6267]  In some embodiments, the pelyA region comprises 2 length of about 106 to about 500
nucieotides, ¢.g., about 477 nucleotides. In some embodiments, the poly A region comprises a length of
477 nacleotides.

10268] A non-limiting example of a poly A region is described in Table 18, In some ewmboediroents,
the polv A region comprises the nucleotide sequence of SEQ D NG: 1828, or a nucleotide sequence at
least 80% (c.g., at loast 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, or at least 99%) identical thereto.

Table 10. Exemplary PolyA Region

Sequence | Sequence | SEQID Seguence
Region Length RO
Name

BEOTGECAT IO T eACCCCT CCCCAGTECCTCTCCTEECCTTEE
ABRGTIGCCACTCCAGTGCCCACCARCCTTGTCCTARTARAATTARG
PEGCATCATPITGTCESACTAGGTCTCCTPCTATAATATTATGGGE
TGOAGOEEEETOETATGOACCAABEEECARGTTCGCARGACAACCT
GTAGGGCCTGCOOGETCTATTCGGARACCAAGC TGEAGTECAGTEEC
h{3HpA 477 1828 ACARTCTTEECTOACTACARTC IO LSCCTOCTOCOTTCAAGC GATT
SO TECC PO ACC O PO S GAGT P TTCGCATICCAGGOATECATEA
CCAGGUTCAGCTAATTTTTETITPT TTTEETAGAGRACGEBETTTCRAC
CATATTIGGOCAGEC TEETCTCCARCTCO TARNTCTCAGGTGATCTAC
SR T EGCCTCCCARA T TGO PEEGAT TACAGECHTEARCCACTS
CTCCCTTOOOTEPOCTT

Viral Genome Component: Filler (Stutfer) Sequence

{0269  As used herein, the terms “stuffer sequence” and “filler sequence” are used interchangeably .
In some embodiments, the AAV particle viral genome comprises at least one filler sequence. In some
embodiments, the AAV particle viral genome comprises a filler seguence comprising a human albumin
sequence. In some embodiments, the AAV patticle viral genome comprises the filler sequence of
Alb2034. In some embodiments, the AAV particle viral genome comprises the filler sequence of
Adb2106. In some embodiments, the AAV particle viral genome comprises the filler sequence of
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Alb2264. In some embodiments, the AAV particle viral genome comprises the filler sequence of
Alb2266

{6270}  Non-limiting examples of filler sequences are described in Table 11, In some embodiments,
the filler sequence comprises the nucleotide sequence of SEQ ID NO: 1838, or a nucleotide sequence at
least 80% (e.g., at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
9%, or at least 99%) identical thereto. In some cmbodiments, the filler sequence comprises the
mucieotide sequence of SEQ 1D NO: 1839, or a nucleotide sequence at Jeast 80% (¢.g., at least 80%, at
least 83%, at least 90%, at least 93%, at least 96%, at least 97%, at least 98%, or at least 99%) identical
thereto. In some embodiments, the filler sequence comprises the nucleotide sequence of SEQ 1D NO:
1840, or a nucleotide sequence at least 80% (e.z., at Ieast 80%, at feast 85%, at least 90%, at least 95%. at
feast 96%, at least 97%, at least 98%, or at least 99%) 1dentical thereto. In some embodiments, the filler
sequence comprises the nucleotide sequence of SEQ D NO: 1841, or a nucleotide sequence at least 80%
{c.g., at least 80%, at least 85%, at keast 90%, at least 95%, at least 96%, at least 7%, at least 98%, or at
least 99%) identical thereto.

Table 11, Exemplary Filler Sequences

Sequence | Sequence | SEQ Sequence
Region Length IDNG
Name

TCTCCTCRARCARCTAGTTARRCTTGHRCTTTGAGTTCCACCTETACCACTT
SCATAATCTTGCORRRBT GRGTTGCCTARTTCAGTGACATTARTAARTTET
ATTAADTTCTECTTTCAATARAACCTGGAGAGAGCTTCATATGTATCAGC
ATATGCTAAACTTICARAGATACRAGT AGALAATGGARGGRAATATATCYS
ACTCARTAGCGATAGTTCRAGGEGTTAAATTAAARGTAGTARAGTATTATA
ATTAATCTGACATCETACCTAATATATARTAATCATCTATTAAGAATECC
AGTCACCATTARAAGTICAATGTATGACTTTAATCRACTCCAGGABAGRAR
CTARGTCTTIGTTCACTGTTATTATCPCYARAATCCATRAAT CAGAAGAGCA
CCATGTGTATGACCCACACAATAAATATCTIACTETATAATATGTICTCTIC
TIGTTTTTAACCTTCATAGRTARGACTCTATTGRAATTGEEACATTAGTCC
AGCAAGCCATTCTCTCTCTGTCTCTTCTATCHAGGGAAAGCTTTAACCAT
CARACACTAGGTGCATCTCCCARACAACCTCGART TTAATATICARATATC
FATCTARRTTCRAYTTPETTACATTTITGYGY PLUAGECTTACATATTACTTET
TCARAGCEACATCTATTCARGCCCTACTACTIGCTGCTCTACARAATATTGCC
CATGCTCTATTIGCCCATTRACTATTTCTTARCCTTCARGGGACATGCTC
AGTPCRGATATACCAAGATTTGETATTIACCCRCCCAGCCTACATACTTC
CRAATCTTARGAGRACAATITITAGACTACATTCAAATATAGACCTOTICCA
COCCATCARACTATTYTAT CRCTCCTCTCCTATCTTRCTTGACABRRGRGTG
ATTAGRAATATGCAATCTATTTTCATTCTTARBRAGTICTATGCTAGETGS
CICATATATTARSTCITARATAATTACARATTCATARAAARAAATCAGTCA
ATAARRATTACTTACGCATTCTGEAATTIGTACTCTCCAAGLPGLTCARR
AAGCTCACAATTITGETTGATTAAAT TCTEABGCTCTTCCACARGAGETT
TARATTCATCEAACTGARRCATAARAGAATTGTGTTAATAGTATTATGCC
FCRAGGATCACATOCAGSTTTTTTTCACCCCTCTGGTCAGAARATCATATIC
TIRCPPCTPCOTACTCAARGCCACATGAATAGAT GAATATCAATGOCGECY
CUSTCACRATACATTICCAACTATTIATTIRGETCAGCTTGCATCATGTAAG
TEETTAAGAATATTCAGECPCTGEAGTTCAATGACCAGTATITGRGCCAA
GTCATGTARACTCATTCTTCAGTTGTGCARTTTTACTTACCATCTCCACAT
TTCAGRATCCTTATCCCTAARATAGECGCARAGATERCACTCATCTCATA
GAGCTCCTCTGTAAACCAGCTARGCTAATGAAATTARACAGTIGCCTTIGCA
TATAATARALGTTTAATAAATGATGEGCTATGATTIGTACATATTATTATTA
TIAGPTCACCTTTCCAGT TAGATTCOAGGCTCTCCARAAT GAGAGATTTT
ACETTROTCATTOTTTCT GCATGCTGCCTEHUATACAGTAGCTTICTTGAA
AGCACCARAAATGAGTITTITCTICTEATTICTCAATAGTTCACSAARCCATTAC
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ATATGCTAGTGECRACCCTARAAATCCTICCASAACAGATTITCCTICTCCTA
ACTTARTTTICTTETARAACTATTCCTARACATCCTCARAAAGATTTGARR
ATATTCTAARGOCATAGSTTCTATAATITGCCATAAGATACTARTTCIAS
TACTTGATTAATCCTGGARTCAGETTARCTCACTITACATCTARGTTAAS
FATCTTCTAATTARCATT TARATTTAAT TT PP TTTRGTTCTCACCATTET
GRAABAGAGARAARAAGATCAARATTITTTAGAGRATTGCTCTATTCAGAT
CETETPCTATTCTAACTAGTCTRART TP PGTCCTASG
GATGTTGCTATGITCCATICATCATATTRATICTCCATCTGCAGAGTACTES
GITACTCEAGCGETRAGAAARCATTCTUCTGAACARCTAGTTARACTTGGCT
TTEAGTICCACCTETACCACTTIGCATAATCITERGAAAGT CAGTTCCCUTA
ATTCAGTGACATTARTARRTYTATTAATTICTRCTTTCARTARRACCTGG
AGAGAGCTTCATATGTATCAGCATATGCTAAACTTGARAGATRCARGTAG
ABRBATGCAAGGARATATATCTGACTCARTAGGCATAGTTCAAGGRTTAAR
TIAABAGCTAGTAAAGTATTATART TARTCTGACATGGTACCTAATATATS
ATAATCATGTATTARGAATEGCCAGTCACCATTARAAGTCAATGTATGACT
TIAATCIACTUGAGCGAARGRAACTATGTCTTGTTCACTESTTATTATCTCT
RARARTCCATAARTCRGRAGAGCACCATGICTATCAGCCACACAATARATAT
CTACTCTATAATATGICTCTICTTGY TTTTAACCTTCATAGATAAGACTC
TATTGAATTGCCACAT TAGTCCAGCAAGCCATICTIGTCTCTGTCTCTIICT
ATGCAGEGAAAGETITAACCATCARAGRACTAGETGCADPCTCCCARRCAAC
CTGARTTTAATATTCAAATATGTATCTARATTCATTTGTTACATTTITET
GITCAGBCTTACATATTACTITITCGAGSCGACATCTATTCARGGCCTACTAC
TTGCTECTCTACARRATATTGCCATGCTCTATTTGCCCATIAACTATTIC
TTAACCTTCARGHGACATGUTCAGTICTGATATACCAAGATITGETATYY
ACCCTCCCAGCCTACATACTTCCARATCYTAAGAGARCAAT TR TTAGACTS
CATTCAARTATAGACCTCTCCACCCCATCARCTATTTTATCTCTCCTCTS
CIATCITTCTTGACAAAGACTOAT TAGAAATATGCAATSTATETTCATTIC
TTAARAGTTICTATCCTIAGHTGGCTCATATATTAAGTCTTAARTARTTACA
Alb2106 2106 1839 | AATTGATAAAARAARTCAGTCAATARARATTACTTACGCATICTGGRATT
TETACTCTCCARGCTECTCARARAGCTCRACAATTITGTTTCGATTARRTIC
TGAGCUICTTCCACRAAGAGETTTARATTCATCGARACTGARACATRARAGR
ATTCTOTTAATAGTATTATGCCTCAGGATCAGATGCAGRTTIGTTTTTICAC
CCCTCTEETCAGARATGAT ATCCTTICTTCITCCTACTCARRGUCACATGA
ATAGATGRAATATCAATCCCECTCTETCACAATACATTCGRAACTATTTATT
TGEETEAGCTTGCATCATETAAGTGGTTARGRATATICAGGCTICTGERAGTT
CRATGRACCRGTATTTCGAGCCRAGCTCATGTAACTCATTCTITCRBTTGTIGCA
ATTTTACTTACCATCICCACATTTCAGRATCCTTATCCCTARAATACEER
CAARGATGECACTCATCTCATAGAGCTIGCTICTOTIARACCAGHTAAGCTAR
FGRAARTTAAACAGCTGUCTTGCATATARTRARACTTITAATAARTGATCECT
ATGATTCTACATATTATTIATTATTAGTTCACCTITTICCAGTTAGATTCCAG
GCTCTCCARAAATGAGAGATTITTACGT TGETCATTGTTITGTGCATGETECC
TGGCATACAGTAGCTTICT TGAAAGCAGGAARARTGAGTTTPCTCTEATYIC
TEARTAGTTCACGAAACCATTACATATGCTAGTGEGAACCCIAAAAATCCT
CCAGRACAGATTTCOTNCTCCTAACTTAATITCTTGTAARACTATTCCTAR
ACATCCTCAARRAGATTTGARRATAT TCTARAGECATAGEITCTATRARATT
TECCATARGATACTARTY CPAGTACTTCRATTARTCCTGCAATCAGETTAA
CICACTITACATCTAAGT TARATATCTICTAATTARCATT TAAATTTIAAT
TETPTTITETTCTCAGGATTGTGARRARGAGCARAAAAAGATCARRATTET
TIAGAGATTECTCTATTCACGATCTETCTATTCTARCTASTCTARATITIC
FOCTRE

CTAGGTITCTTCACACCTCTACAAGAGT TOCAGTTGACACTIGGGETALT
TECTTCETGTAACCAACTAATAGCCT GARRAARRGARGTCATEIGTTITIC
AGCAAGGCAACGRAACTCTCTARCATACTACATARAACAGAGRACALCTIGS
CCGERATCAACTARGATGTIGCTATSTTCCATTCATCATATTATCTCCAT
CTECRAGAGTAGTCCOITRAGTGRAGGGTACGRRRACATTCTCCTGARCRACT
AGTTARACTTGRCTYTGAGTTCCACCTGTACCACTTIGCATARATCTTGGGA
EACTGAGTTGCCTARTTCAGTOACAT TAATAAATITATTRAATTICTICTT
TCAATAARACCTREAGAGAGCTTCATATGTATCAGCATATGCTARACTYG
ABBGATACAAGTAGAALATGGAAGGAAATATATCTIGACTCAATAGGGATA
GTTCRAAGGETTARARTTARARGTAGTAAAGTAT TATAATTRATCTGACATG
GIACCTRATATATAATARTCATGCTATTAAGAATGCCAGTCACCATTAAAR
SICARATGTATGRACTTIAATCTIACTCGAGCARAGAAACTATGICITESTITCA
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CIETTATTATCTCTARRATCCATAATCAGARGAGCACCATGIGTIATGAGT
CACACRATAAATATCTACTGTATAATATGTCTCTICTTST T TTARCCTT
CATAGATAACGACTCTATTGRATTGGGACRITRAETCCAGCARGCCATICTS
TCTCTETCTCTTCTATGORCEGAAAGGTTTAACCATCARAGRCUTAGGTGC
ATCTCOCRARCRRACCTGAATTTAATATTCARATATGTATCTARARTTCATT
TETTRCATTTTITGT G TCAGCTTACATATIACTTITITGAGCGACATCTATY
FCAAGRCCTACTACTTGCTECTCTACAARATATTGCCATGCTCTATTTES
CCATTAACTATTTCTYTAACCTTCAAGCGACATGUTCAGTTCTIGATATACC
AAGATLIGETATTTACCCTCCCAGCOTACATACTICCAATCRTAAGAGAS
CRATPTTTAGACTACATTCAAATATAGACCTCTCCACCCCATCARCTATTY
TIATCTCTCCTCTCCTATCITTCTTGACAAAGAGTGATTAGRAATATGCA
AREGTRTTTTICATTCTTARARRGTTCTATGCTAGEEGGCTCATATATTARGT
CITARATAATTACAAATTGATARAARAAATCAGTCAATARAAATTACTTA
CECATTCTGCARTTTETACTCTCCARGCTECTCAARAAGCTCACAATTTIT
GTTTGATTAAATTCTGAGGCTCTTCCACARGAGGTTTARATECATCEAAC
TGARRCATAAAAGAATTGTGTTAATAGTATTATGCCTCAGGATCAGATGT
AGGTTETTTTTCACCCCTCTGGTCAGARTGATATCCTTTCTICTTCCTAC
PCARBGCCACATRAATAGATGART AT CAATGCCGCTCTGTCACAATACAT
PCGARCTATTTATTIYGGY GAGCTTGCATCATETAAGTGETTAAGRATAYY
CAGGCTCTGGAGTTCAATGRCCAGTATTTGAGCCARGTCATGTAACTCAT
TCTTCAGTTGTCCAATTT TACTTACCATCICCACATTITCAGRATCCTITAT
CCCTRBARATAGGECGCAARGRTOCCACTCATCTCATAGASCTGCTCTETAS
ACCAGRTAAGCTARATCARATTAAACARGTGCCTIGCATATAATARAACTTT
AATABRATGATGGCTATGATTCTACATATTATTATTATTAGTECACCTITC
CAGTTAGATTCCACGLTCTCCARAATGACAGATTITACGTIGGTICATTET
TTGTGCATEETECCTGOCATACASTAGCTICTTGAAAGCAGGARRARATGA
GTTTTCRCTGATTCTGAATRGTTCAGAARCCATTACATATGCTAGTGEGA
ACCCTAAARATCCTCCAGRACAGATTTCCICTCOTAACTTAATITCITEY
AAZBRACTATTCCTAARCATCCTCAAARAGATTTGAARATAT TCTAAAGGGS
TAGGTTCTATARTTTGCCATARAGATACTRATTICTAGTACTTGATTARTCC
TGGARTCAGHETTARCTCACTTTIACATCTAAGTTAARTATCTICTARTTAS
CATTTAARATTTRATTITT TP ITGTTCTCACCATTGTGAARDRAGAGARAAA
AACGATCAARATTTITTACACATTECTCTATTCAGATCTITICTATTCTAAC
FAGTCTARATTTTIC

GTTPCTIGAGACCTCTACAAGAGTTOGRAGTTHACACTTEGEGTACTITCY
TGGTGIRACGERRCTARTAGCCTGARARARAGAAGTCATEGTGEETTCAGCA
AGGCARGAAACTSTCTAACATAGTAGATARRACAGAGAACACTTGECCEE
AATCARCTAAGATGTTIGCTATGITCCATTCATCATATTATCICCATCTGC
AGAGTAGTGGCTTACTCECAGEETAGRARRCATICICCTGAACAACTAGTT
ABBRCTPCECTTTGAGTTCCACCTOTACCACTTGCATAATCTTIGGEGARAGT
GAGTTOCCTAATTCAGTSACATTAATARARTTTATTAATTITCTICTTICAA
TRAARCCTEEAGAGAGCT TCATATGTATCAGCATATGUTARALTTGRAAAG
ATACARGTAGARAATGCGARGGRARAATATATCTGACTCARTAGGGATAGTTC
ARGGETTARAT TARAAGT AGTARAGTAT TATARTTAATCTGRCATGGTAC
CTAATATATAATAATCATGTATTARGAATGCCAGTCACCATTAARAAGTCA
APFPATCGACTTTARTCTACTCGAGCGAARCARACTATGTCTTCTTCACTET
TATTATCICTARAATCCATRAATCAGARGAGCACCATGTSTATGAGCCACE
CAATARATATCTACTGTATAATATGICTCITCTTGRTTTTARCCTTCATA
GATARGACTCTATTGRAAT TCCOCACATTAGTCCAGCAABCCATECTRTCTIC
FETCTCTTCTATCCASEBEARAGGTTTAACCATCARAGACTAGGTGCATCT
CCCARACARACCTGRAT T AATATTCAAATATOTATCTAAATECATETEYY
ACATTERITGTCYTCAGCTTIACATATTACTITITGAGCGACATCTIATICAA
GGCCTACTACTTGCTGCTCTACAARATATIGCCATGCTCTATTTGCCCAT
TAACTATTTCTTAACCTTCARGGGACATGCTCAGTTCTGATATACCAAGS
TITGEETATTTACCCTYCCCAGCCTACATACTITCCARTCTTAAGAGRACRAT
TITTAGRCTACATTCAARTRTRAGACCTCTCCACCCCATCARCTATTTITAT
CICPCCTCTCCTATCITTCTIGACARAGRCTHATTAGAAATATGCARTET
ATTTTCATTCTTAARAGT TCTATECTAGGTGGCTCATATATTAAGTCTTA
AATAATTACAARRTTGCATAARARRAATCRCGTCAATARARATTACTTACGCA
TICTCEAATTTGTACTCTCCARGCTECTCARAARRGCTCACAATTTITETIT
GATTRARTTCTGAGGUTCTTCCACAAGAGETTTARATTCATCGAACTGAR
ACATARAAGAATTOTCTTRATAGTATTATOCCRCAGGATCAGATECRGETY

AIb2266 2266 1841
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TEITTTTICACCCCICTGETCAGAATGATATICLTTTCTTCTTCCTIACTCAA
AGCCACATGAATAGATGARTATCAATGCCEGCTCTGTCACARATACATTICGA
ARCTATTTATTTOOTCAGCTTGCATCATCTARSISETIAACGARTATTCAGS
CTCTCEASTTCAATGACCACTATTTEAGCCAAGTCATGTAACTCATTCIT
CAGTTETGCAATTTTACT TACCATCTCCRCATTTCAGAATCCTTATCOLT
ABRBATAGGECCARAGATGGCACTCATCTCATAGRGCTGCTCTGTARACCA
GETARGCTAATGAARTTRAARCAGTGCCTTEGCATATAATARAAGT TTAATA
AATGATGGCTATGRYTGTACATATTATTATTATTAGTTCACCTITCCAGTY
TACGATTCCAGGCTCTCCABRATGAGRGATTITTACGTTGERCAYTGTTITETY
GCATGETGCCTEECATACAGTAGCTICTTGARAAGCAGGARARATGAGTYTY
TCTCTCATTCTGAATAGT TCAGRAACCATTACATATGCTAGTBGEAACCT
TRRARATCCTCCRAGARCAGRTTTCCTCTCCTARCTTRAATTTCTTGTARAR
CIATTCCTARACATCOCTCARRAAGATTTGAAAATATTCTAAAGGGATAGS
TTCTATAATTTCCCATAAGATACTAATTICTACSTACTTGATTIAATCCIGEA
ATCAGETTAACTCACTTTACATCTAAGTTARATATCTTCTAATTAACATT
TARATTTAATTT YT TITTGTTCTCAGCGATTGTCARARBAGARAGAAADANAGE
TCAARATTTTTTAGAGAT TGCTCTATTCRAGATCTI TTCTAT PTCTARACTAGY
CEARBATTTTGTCCTAL

Viral Genome Component: FXN-Encoding Scquences

{83271} Ia some embodiments, the disclosure provides an AAV particle comprising a viral genome
encoding a FXN protein, e.g., a human fratavin profein, wherein the viral genome comprises the
polynuclectide sequence of any one of SEQ ID NGs: 1797, 1801, 1808, or 1809, In some embodiments,
the viral genome comprises the polynucleotide sequence of SEQ ID NG 1797, In some embodiments,
the viral genome comprises a promoter operably linked to a polynucleotide sequence encoding a FXN
protein. In some embodiments, the viral genome comprises components as arranged in FIG. 3.

{0272 in some embodiments, the disclosure heretn provides constructs that allow for improved
expression of FXN protein (e.g., a human frataxin protein) delivered by gene therapy vectors,

{0273]  In some embodiments, the discloswre provides constructs that allow for improved

biodistribution of FXN protein (e g, a human frataxin protein) delivered by penc therapy vectors.

[0274]  In some embodiments, the present disclosure refates to a composition containing or
comprising a nucleic acid scquence cucoding a FXN protein (e.12., a buroan frataxin protein) or a
functional fragment or variant thereof and methods of administering the composition i vifro or in vive in
a subject, ¢.g., 2 human subject and/or an awimal moded of discase. ¢.g., Friedreich's Alaxia,

[0275]  In some embodiments, the disclosure provides a nucleotide sequence encoding 2 FXN protein
{v.g., a human frataxin protoin) for usc in an AAV viral gesome, wherein the nucleotide sequence
comprises any one of the sequences provided in Table 12, or a sequence that is at least 90% identical to
any one of the sequences provided in Table 12, In some embodiments, the AAV viral genome further
comprises one of more, ¢.£., all of, a 37 ITR sequence, a promofer, an intron sequence, a polvA sequence,
at least one muR 122 binding site, and a 37 ITR region. In some embodiments, the FXN protein encoded
by the viral genome is a human FXN proteia.

Table 12, Exemplary Frataxin Sequences

Type Species Bescription

PRT Homo sapiens NP_0001352

FRT Homo sapiens NP_8§52090.1
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PRT Hemo sapiens NP_001155178.1

DA Homo sapiens NM_000144 4 encodes NP_(000135.2
DINA Homao sapiens NM 1814252 encodes NP_852000.1
DNA Homio sapiens i "] 161706.1 encodes

{8276} In sone embodiments, the FXN protein is encoded by the nucleotide sequence of SEQ ID
NO: 1824, or a nucleotide sequence at feast 80% (e.g., at least 80%, al least 85%, at least 90%, at least
91%, at least 92%, at least 93%. at least 9454, at Ieast 95%, at least 96%, al least 97%. at least 98%. or at
least 99%} identical thereto.

{6277 SEQ 1B NG: 1824:

o
[

tegggcgecy

[UIEUe}

GO W
-4 a
3

Q o

K

G Qg
[ I
Q Q0
o

oaradguaaa

ggddcctatg
agtggaccta aaaaactggg
tccoccoctaocaty jctc actaaagcect

tcttocttgy tga

{6278} In some embodiments, the encoded FXN protein comprises the amino acid sequence of SEQ
1D NO: 1825, or an amino acid sequence at least 90% (e.g., at least 90%, at least 91%, at least 92%, at
Ieast 93%, at least 94%, at least 95%, at least 6%, at least 97%, at least 98%, or at least 99%;) identical
thereto.

[6279] SEQTID NO: 1825:
MWTLGREAVAGLLASPSPAQAQTLTRVERPAELAPLCCGRRGLRTDIDATCTPRRASSNQRGLNQTWNVEE

QSVYLMNLRRKSGTLGHRPGSLDETTYERLAEETLDSLAERFFEDLADKPY TFEDYDVSFGSGVLTVRKLGGDL

SSPSSGPRRYDWTGRNWVY SHDGVSLEELLAARLTRALKTRLDLSSLAYSGKDA

GTYVINKQTPNKQI
{8288} In some embodiments, the AAV viral genome comprises a combination of coding and non-
coding nuckeic acid sequences.

{9281} In some embodiments, the FXN-encoding sequence encodes a gene therapy product
inclnding, but not limited to, a polypeptide, protein, RNA molecule, or other gene product that, when
expressed in a target coll, provides a desired therapeutic effect. In some embodiments, a gene therapy
product may provide a substitute for a non-functional gene or a gene that is absernt, expressed in
insufficicnt amounts, or mutated. In some embodiments, a gene therapy product tay comprse a
substitie for a non-functional protein or polypeptide or a protein or polypeptide that is absent, expressed
in insufficient amounts, tusfolded, degraded too rapidly, or mutated. For example, a gene therapy
product may be encoded by a polynuclentide encoding a FXN protein to treat FA. In some embodiments,
the gene therapy product is enceded by a polvnuclestide sequence inan AAV genome, wherein the AAVY
genome comprises the nucleotide sequence of SECQ D NOG: 1797, In some erabodiments, the gene
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therapy product is encoded by a pelvnucleotide sequence in an AAV genome, wherein the AAV genome
conprises the nucleotide sequence of SEQ 1D NO: 1801, Tn some embodiments, the gene therapy
product is encoded by a polyrucleotide scquence in an AAV genome, wherein the AAV genome
conprises the nucleotide sequence of SEQ ID NO: 1808, 1o some crbodiments, the gene therapy
product is encoded by a polynoclectide sequence inan AAV genome, wherein the AAV genome
conprises the nucleotide sequence of SEQ ID NO: 1809,

{6282} In some embodiments, the pavicad encodes a messenger RNA (mRNA}. As used herern, the
term “messenger RNA” (mRNA) refers to any polvnucieotide that encodes a polypeptide of interest and
that is capable of being translated to produce the encoded poly peptide of interest in vifroe, in vivo, in situ,
or ex vive. Certain embodiments provide the mRNA as encoding FXN {e.g., human FXN) or a variant
thereof.

{0283} In some embodiments, a viral genome may comprise or encode a selectable marker. In some
cmbodiments, a selectable marker may coraprise a gene sequence oF a protein of polypeptide encoded by
a gene sequence expressed in a host cell that allows for the identification, selection, and/or purification of
the host cell from a population of cells that may or may not express the selectable marker. In some
cmbodiments, the selectable marker provides resistance to survive a selection process that would
otherwise kill the host cell, such as treatruent with an antibiotic. In some enbodiments, an antibiotic

selectable marker may comprise one or more antibiotic resistance factors, including but not Hmited to

neonwyCin resistance {e.g., neo), It

TOIRYCID resistance, kanamycin resistance, and/or puromycin
resistance. In some embodiments, a viral gencre may comprise a selectable marker including, but not
lirarted to, B-lactamase, huciferase, f-galactosidase, or any other reporter gene as that term 18 understood
in the art.

{82841 In some embodinments, a viral genome may encode a selectable marker compnsing a
fluorescent protein. A fluorescent protein as herein desenibed may comprise any fhiorescent marker
including but not limited to green, vellow, and/or red fluorescent protein (GFP, YFP, and/or RFP). In
some embodiments, a viral genome may encode a selectable marker conprising a human influenza
hemagglutinin (HA) tag.

[0285] In certain embodiments, a nucleic acid for expression of a FXN protein in a target cell will be
incorporated indo the viral genome and located between two I'TR sequences.

Exemplary FXN AAV Viral Genome Sequence Regions and ITR-to-ITR Sequences

6286} In somae embodiments, a viral genome described herein comprises a promoter operably linked
to a transgene encoding a FXN protein (¢.g., a human FXN protein). In some embodiments, the viral
genome further comprises an inverted terminal repeat (ITR) region, a promoter, an infron/exon region, a
miR binding site region, a poly A region, or a combination thereof (e.g., all of these elements).

6287} Exemplary sequence regions within ITR-to-ITR sequences for viral genomes according to the
description are provided in Tables 134 and 13B and disclosures below. An exemplary arrangement of an
ITR-t0-1TR sequenice is also depicted in FIG. 3.
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Table 13A, Exemplary Sequence Regions within ITR-t6-ITR Sequences

ITRA-ITR (B 16 37) Exemplary Component(s)
5 ITR AAVZ ITR
truncated CBA promoter or
trancated CMVY promoter
icl exon 1, iel inéron 1 partial,
Exon and Intron Region | human beta globin indron 2, and
human beta globin intron 3
wildtype frataxin,
codon-optimized frataxin

Promuaoter

FXN-cncoding sequence

miR binding site(s) miR122 (3 copies)
Polyv(A) hGH Poly(A)
Staffer albumin staffer
PITR AAVZITR

Table 138, Exemplary ITR-to-ITR Sequences

Seguence

e ms . A .
(SEQ ID NG Bescription (3 te 37} Length

STITR (SEQ ID NO: 1811);

Promoter (SEQ D NO: 1742);

Intron/Exon (SEQ ID NO: 1816}
FXN-encoding sequence (SEQ 1D NO: 1824);
miR 122 binding site series (SEQ 1D NO: 1826);
Poly A region (SEQ 1D NO: 1828);

Stuffer sequence (SEQ ID NO: 1841);

3TTTR (REQ D NO: 1812

57 TR (SEQ D NO: 1811

Promoter (SEQ 1D NG: 1756);

Infron/Exon (SEQ ID NO: 1816):
FXMN-encoding sequence (SEQ 1D NO: 18243,
miR 122 binding site serics (SEQ 1D NO: 1820);
Poly A region (SEQ 1D NO: 1828);

Stuffer sequence (SEQ 1D NO: 18413

37 ITR (SEQ ID NO: 1812)

$7ITR (SEG 1D NG: 181

Promoter (SEQ D NO: 1738);

Intron/Exon (SEQ ID NO: 1816);
FXN-encoding sequence (SEQ 1D NO: 1824);
miR122 binding site series (SEQ 1D NO: 1826);
Poly A region (SEQ 1D NO: 1828);

Stuffer sequence (SEQ 1D NO: 1841);

3 TTR (SEQ ID NO: 1812)

57 ITR (SEQ D NO: 1811);

Promoter (SEGQ D NO: 1740);

Introw/Exon (SEQ ID NO: 1816);
FXN-encoding sequence (SEQ 1D NG: 1824);
R 122 binding site series (SEQ B NO: 1826);
Poly A region (SEQ D NO: 1828);

Stutfer sequence (SEQ D NO: 1841);

37 ITR (SEQ D NO: 1813

4600

1801 4600

1808 4600

1809 4600
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,Lguaqaot1
ggctttgagt
tgacattaat
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ggttaateat
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geggootcay

[0296]

SEQ ID

tct
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tttotttg
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aactcctaat ctcaggtgat
tgaaccactyg /
gagttgacac
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0251} SEQ D NG: 1809:
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tgagcgagey a tgco

{08292} In some endodiments, the AAV viral genonwe comprises a FXN-encoding sequence
comprising the nucieotide sequence of SEQ 1D NO: 1824 or a nucleotide sequence that is at least 80%
identical (c.g., at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at Ieast 97%, at feast 98%, or at feast 99% identical) to the nucieotide
sequence of SEQ 1D NO: 1824 In some embodiments, the AAV viral genome comprises a 57 TR region
coraprising the mucleotide sequence of SEQ I3 NO: 1811 or a nucleotide sequence that is at least 90%
dentical to the nuckeotide sequence of SEQ ID NO: 1811 and/ora 37 I'TR region comprising the
noclectide sequence of SEQ 1D NG: 1812 or a nucleotide sequence that is at least 90% tdentical {o SEQ
D NG: 1812.

{6293} In some embodiments, the AAV viral genome further comprises or consists of a trumcated
promoter region of 100-332 nucleotides in length and comprises any one of SEQ 1D NOs: 1738, 1740,
1742, or 1750, or a nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at
least 92%, at least 93%, at feast 94%, at least 95%%, at least 96%, af least 97%, at least 98%, or at least

99% identical)} to any one of SEQ 1D NOs: 1738, 1740, 1742, or 1750

e
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{8294 In some embodiments, the AAV viral genome further comprises an intron/exon region
comprising SEQ 1D NO: 1816 or a nucleotide scquence that is at least 90% identical {e.g., at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%;, at least 96%, at least 97%, at least
98%, or at least 99% identical) to SEQ I NG; 1816, In some embodiments, the AAV viral genome
conpuises a miR122 binding stte compasing SEQ ID NO: 1827 or a nucleotide sequence that 1s at least
90% tdentical (e.g., at least 90%, at Jeast 91%%, at least 92%, at least 93%,, at least 94%, at least 953%, at
least 96%, at least 97%, at keast 98%. or at least 99% identical) to SEQ D NO: 1827,

{6295} In some embodiments, the AAV viral genome further comprises a mik122 binding site series
comprising SEQ 1D NO: 1826 or a nuclectide sequence that is at least 90% identical {e.g., at least 90%6,
at feast 91%, at least 9294, at least 93%, at feast 94%, at least 95%, at least 969, at Ieast 97%, at least
8%, or at least 99% identical) fo SEQ ID NO: 1826.

{0296} In some embodiments, the AAV viral genome further comprises a poly A region comprising
SEG 1D NO: 1828 o7 a nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least 91%,
at feast 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%%, at least 98%, or at least
999 identical) to SEQ 1D NO: 1828,

{0297} Insome cobodiments, the AAV viral genonme huther compuses a filler sequence comprising
any one of SEQ 1D NGOs: 1838, 1839, 18490, or 1841, or a nucleotide sequence that 1s at least 90%
wdentical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical) to any one of SEQ ID NOs: 1838, 1839, 1848,
or 1841,

{8298} In some embodiments, the AAV vital genome does not corprise a filler sequence.

[6294§ In some embodiments, the AAV particle comprises, from 5'to 3', a 3' I'TR comprising the
nucleotide sequence of SEQ ID NO: 1811 or a sequence that is at feast 90% identical thereto; a promoter
consisting of the nucleotide sequence of SEQ ID NQO: 1742 or a sequence that is at least 90% identical
thereto; an intron/exon region comprising the nucleotide sequence of SEQ 1D NO: 1816 or 4 sequence
that is at least 90% wdentical thereto; a FXN-cncoding sequence comprising SEQ 1D NG: 1824; a miR122
binding site serics compusing the nucleotide sequence of SEQ 1D NO: 1826 or a sequence that is at lcast
90% identical thereto; a poly A region comprising the nucleotide sequence of SEQ ID NO: 1828 ora
sequence that {s at least 90% identical thereto; and/or a 3' ITR compdsing the nucleotide sequence of
SEQ 1D NO: 1812 or a sequence that is at least 90% identical thereto. In some cmbodiments, the AAV
patticle compuising the FXN-encoding sequence of SEQ ID NO: 1824 further comprises a filler sequence
comprising the nucleotide sequence of SEQ 1D NO: 1841 or a sequence that is at least 90% identical
thereto, wherein the filler sequence is positioned 37 to the polvA region and 37 to the 3° ITR region.
{4306} In some erbodiments, the viral genome comprises the nucleotide sequence of SEG 1D NO:

Q7

1809 or a nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at least 92%,

4t feast 93%, at least 9496, at least 953%, at least 96%, at least 97%, at least 98%, or at least 99% identical)

to the nucleotide sequence of SEQ 1D NO: 1809,
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{8301} In some embodiments, the viral genome is single-stranded.

{6362 In some embodiments, the viral genome is capable of forming double-stranded DNA. In some
crabodiments, the viral genome is sclf~complomentary.

{6363} Tn some embodinents, the viral genome coraprises: (i) a 37 inverted terminal repeat (ITR)
regiog; (i} a promoter; (1) a FXN-encoding sequence comprising the nucleotide sequence of SEQ ID
NG 1824 or a nuclectide sequence that is at least 80% identical {¢.g., at least 80%, at least 85%, at least
90%. at least 9156, at least 92%, at least 93%, at least 94%, at least 925%, at least 96%, at least 97%, at
least 98%, or at least 99% dentical) to SEQ D NG: 1824, and (3v) 2 37 I'TR region. Insome
crabodiments, features (1), (1), and/or (1v) may be as described herein.

{6304} In some embodiments, the viral genome comprises: () a 3 inverted terminal repeat (ITR)
region; (11) a promoter; (1) a FXN-encoding scquence comprising the nucleotide sequence of SEQ D
NO: 1824 or a nucleotide sequence that is at least 80% identical (e.g., at least 80%, at least 85%, at least
90%, at least 91%, at least 92%, at least 93%, at feast 94%, at least 95%,, at least 96%, at least 97%, at
Ieast 98%, or at least 99% identical) to SEQ ID NO: 1824; (iv) at least one miR122 binding site; and (v) a
37 TR region. In some emnbodiments, features (3}, (i1}, (iv), and/or (v) may be as described stated
clsewhere herein

(8305} In some enbadiments, the viral genome comprises: (1) a § inverted torminal repeat (ITR)
region, (if) a promoter; (i1} an intron and/ot exon region; (iv) a FXN-encoding sequence comprising the
nuciectide sequence of SEQ 1D NG: 1824 or a nucleotide sequence that is at least 80% identical (e.gz., at
least 80%, at least 85%, at least 90%, at least 1%, at least 92%, at least 93%, at least 94%, at least 95%,
at Ieast 96%, at least 97%, at least 98%. or at least 99% identical) to SEQ ID NO: 1824, (v) at least one
miR122 binding site; and (vi) a 3° TR region. [n some embodiments, features (1), (i), (iif), (v). and/or
(vi) may be as described herein.

[6306] In some embodiments, the viral genome comprises: (i) a 57 imverted terminal repeat (ITR)
nucieotide sequence of SEQ ID NO: 1824 or a nucleotide sequence that is at Jeast 80% identical (e.g., at
Ieast 80%, at least 85%, at least 90%, at least 919, at least 92%, at least 93%, at feast 94%, at least 95%,
at least 96%, at least 97%, at least 98%, or at least 99% identical) to SEQ 1D NO: 1824; (v) at least one
miR 122 binding site; (vi) a polyadenylation (polvA) region; and (vil) a 37 ITR region. In some
cmbodiments, features (1), (1), (1), (v), (vi), and/or (v} may be as described herein,

{6387} Ta some erabodinents, the viral genome coraprises: (i) a 5’ inverted terminal repeat (ITR)
region; (i1) a promoter, (iti} an intron and/or exon region; (iv) a FXN-¢ncoding sequence comprising the
pucleotide sequence of SEQ ID NG: 1824 or a nucleotide sequence that 1s at least 80% identical (e.g., at
least 80%, at lcast 85%, at least 90%6, at least 91%, at least 92%, at least 93%, at keast 94%, at least 93%,
4t feast 96%, at least 979, at least 98%, or at least 99% identical) to SEQ 1D NO: 1824; (v) at least one

mil 122 binding site; (vi) a polvadenylation (poly A) region; (vii) a filler sequence; and (viify a 3" [TR
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region. In some embodiments, features (1), (i), (i11), {v), (vi), {vii}, and/or (viii) may be as described
heremn.

[6308] In some embodiments, the AAV viral genome comprises the mucleotide sequence of SEQ 1D
NG 1797 or a sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%%, at least 97%, at least 98%. or at least 99% identical)
to SEQ I NO: 1797, In some emmbodiments, the AAV viral genome comprises a truncated promoter
comprising or consisting of the nuclectide sequence of SEQ ID NQO: 1742, or a sequence that is at least
95% tdentical to SEQ D NO: 1742,

{4369} In some embodiments, the AAV particle comprises, from $'to 3, one or more of, ¢.g., allof. a
5'ITR comprising the nucleotide sequence of SEQ D NO: 1811 or a sequence that is at least 90%
identical thereto; a promoter counsisting of the nucleotide sequence of SEQ 1D NO: 1750 or a sequence
that is at feast 90% identical thereto; an introw/exon rogion comprising the nucleotide sequence of SEQ
1D NO: 1816 or a sequence that is at least 90% identical thereto; a FXN-encoding sequence comprising
SEQ 1B NO: 1824; a iR 122 binding site series comprising the nucleotide sequence of SEQ ID NO:
1826 or a sequence that is at least 90% identical thercto; a polyv A region comprising the nucleotide
sequence of SEQ ID NO: 1828 or a sequence that is at least 90% identical thereto; and/ora 3' TR
coraprising the mucicotide sequence of SEQ 1D NG: 1812 or a sequence that s at least 90% ideuntical
thereto. In some enbodiments, the AAV patticle comprising the FXN-encoding sequence of SEQ ID
NO: 1824 further comprises a filler sequence comprisiag the nucleotide sequence of SEQ ID NO: 1840
oF a sequence that 1s at least 90% identical thereto, wherein the filler sequence is positionad 37 1o the
poly A region and 5° to the 37 I'TR region.

{6316} In some embodiments, the AAY viral genome comprises the nucleotide sequence of SEQ 1D
NO: 1801 or a sequence that is at least 90% identical {e.g., at least 90%, at least 1%, at least 929, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical)
to SEQ 1D NO: 1801, In some embodiments, the AAV viral genome comprises a nucleotide sequence
that is at least 90% identical {e.g., at least 90%, at least 91%, at least 2%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least Y8%, or at least 99%) identical to SEQ 1D NO: 1801, In
some embodiments, the AAY viral genome coraprises a truncated promoter comprising or consisting of
the nucleotide sequence of SEQ ID NG: 1750, or a sequence that is at least 95% idewntical 1o SEQ 1D NG:
1730,

[6311] T sormae erobodinents, the AAV particle comprises, from 5't0 3', a 5 ITR comprising the
pucleotide sequence of SEQ ID NO: 1811 or a sequence that 1 at feast 90% identical thereto; a promoter
consisting of the nucleotide sequence of SEQ 1D NG: 1734 or a sequence that 1s at least 909 ideniical
thereto; an intron/exon region comprising the nucleotlide sequence of SEQ ID NG: 1816 or a sequence
that is at least 90% identical thereto; a FXN-encoding sequence comprising SEQ 1D NO: 1824; a miR122
binding site scries comprising the nucleotide sequence of SEQ 1D NO: 1826 or a sequence that is at least

90% identical thereto; a poly A region comprising the nucleotide sequence of SEQ 1D NO: 1828 ora
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sequence that is at least 90% identical thereto; and/or a 3' I'TR comprising the nucleotide sequence of
SEQ 1D NO: 1812 or a sequence that is at least 90% identical thereto. In some embodiments, the AAYV
particle comprising the FXN-encoding sequence of SEQ 1D NO: 1824 further comprises a filler sequence
conprising the nucleotide sequence of SEQ 1D NO: 1838 or a sequence that is at least 90% identical
thereto, wherein the filler sequence is positioned 3 to the polvA region and 7 to the 37 I'TR region.
{6312} In some erabodiments, the AAV viral genome comprises the nucleotide sequence of SEQ ID
NO: 1808 or a sequence that is at least 90% identical (¢.g., at least 90%, at keast 91%, at least 92%, at
least 93%, at least 94%;, at least 95%. at least 96%, at least 97%, at least 98%, or at least 99% identical}
to SEQ D NG: 1804, In some embodiments, the AAV viral genome comprises a pucleoide sequence
that is at feast 90% identical (¢.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at Ieast 97%, at least 98%, or at least 99%;) identical to SEQ 1D NO: 1808, In
some embodiments, the AAV viral genome comprises a tnincated pronoter comprising or consisting of

the nucleotide sequence of SEQ ID NO: 1738, or a sequence that is at least 95% identical to SEQ 1D NG:

{08313} in some cobodiments, the AAV particle comprises, from 5 to 3, a 5" TR comprising the
nucleotide sequence of SEQ 1D NO: 1811 or a sequence that is at least 90%, identical thereto a promoter
consisting of the nucleotide sequence of SEQ 1D NO: 1740 or a sequence that is at least 90% identical
thereto; an intron/exon region comprising the nucleotide sequence of SEQ I} NO: 1816 or a sequence
that 1s at feast 90% identical thereto; a FXN-encoding sequence comprising SEQ ID NG: 1824000, a
miR 122 binding site serics comprising the noclectide sequence of SEQ 1D NO: 1826 or a sequence that
18 at feast 90% identical thereto; a poly A region comprising the nucleotide sequence of SEQ ID NO:
1828 or 4 sequence that is at least 90% identical thereto; and/or a 3' ITR comprising the nucleotide
sequence of SEQ ID NO: 1812 or a sequence that is at least 90% identical thercto. In some embodiments,
the AAV particle comprising the FXMN-encoding sequence of SEQ 1D NO: 1824 further comprniscs a filler
sequence comprising the nucleotide sequence of SEQ 1D NO: 1839 or a sequence that is at least 90%
identical thereto, wherein the filler sequence is positioned 37 to the poly A regionand 5" to the 37 ITR
region.

[6314] In some embodiments, the AAV viral genome conprises the mucleotide sequence of SEQ 1D
NO: 1809 or a sequence that is at least 90% identical (e.g., at least 90%. at Jeast 91%, at least 92%, at
least 93%, at least 94%, at Jeast 93%, at least 96%%, at least 97%, at least 98%, or at least 99% identical)
to SEQ D NO: 1809. In some emmbodiments, the AAV viral genome comprises a nucleotide sequence
that is at least 90% tdentical (¢.g., at least 90%, at Ieast 91%, at least 92%, al least 93%, at least 94%, at
least 95%, at least 96%, at Ieast 97%. at least 98%, or at keast 99%;) identical to SEQ 1D NG 1809, In
some embodiments, the AAV viral genome coraprises a tiuncated promoter comprising or consisting of
the nucleotide sequence of SEQ 1D NO: 1740, or a sequence that is at least 95% identical to SEQ 1D NO:
1740,
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[6315] In some embodiments, the present disclosure provides an AAV particle comprising a viral
genome comprising the nucleotide sequence of SEQ TD NO: 1824 and an AAV capsid variant
conprising the anuno acid sequence of SEQ 1D NO: 982, Tn some embodiments, the viral genome
conprises the nucleotide sequence of SEQ ID NO: 1797,

{6316} Ta scime erabodiments, the present disclosure provides an AAV patticle comprising a viral
genome comprising the nuclectide sequence of SEQ 1D NO: 1824 and an AAV capsid variaot
comprising the amino acid sequence of SEQ 1D NG: 739, In some cmbodiments, the viral genome
comprises the nucleotide sequence of SEQ D NO: 1797,

{6317} In some erbodiments, the present disclosure provides an AAV particle comprising a viral
genome comprising the nucleotide sequence of SEQ ID NO: 1824 and an AAV capsid variant
comprising the amino acid sequence of SEQ 1D NO: 738, In some embodiments, the viral genome
comprises the nucleotide sequence of SEQ [D NO: 1797,

{8318} Without being bound by theory, the FXN-encoding sequences described herein may provide a
desirable level of frataxin expression in disease-relevant cells or tissues. For example, in sone
cmbodiments, the FXN-encoding sequences described herein facilifate an intermediaie fevel of
cxpression {e.g., 0.5x-3x relative o baseline) such that the resulting expression alleviates one or more
symptons of FXN deficiency or FA while mintmizing or aveidiog toxicity. In some embodiments, this
result is facilitated at least by a truncated promaoicr as described herein. In some erabodiments, the FXN-
sucoding sequences descrbed berein minimdze or avoid overexpression of frataxin in the liver. Insome
embodinents, (his result is facilitated at least by a R binding site or sencs as descnbed herein. In some
embodiments, desirable expression levels or distribution of frataxin are further facilitated by the AAV
capsid variants described herein. For example, without being bound by theory, the AAV capsid variants
described herein mayv enhance debivery to the cerebellum. Further, without being bound by theory, the
AAV capsid vanants described herein may enhance delivery to the dentate nucleus.
Self-Complementary and Single Stranded Vectors

{8319} In some embodiments, the AAV viral genome used in the present disclosure is single-
stranded.

{6328} In some embodiments, the AAV viral genome 1s capable of forming double-stranded DNA. In
some embodiments, the AAV viral genome is self~complementary. See, e.g., US Patent No. 7,465 583.
scA AV vectors contain both DNA strands that anneal togother to form doubie stranded DNA. By
skipping second strand synthesis, scAAVs allow for rapid expression in the cell.

{0321} Methods for producing and/or modifving AAV viral genome and particles are disclosed in the
art such as psendotvped AAV vectors (Interpational Patent Publication Nos. WO200028004;
WO2OG123001; WO2004 112727, WO 2005005610 and WO 2005072364, the content of cach of which

are incorporated herein by reference in their entirety).
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H. AAY Production

{8322} Viral production disclosed herein describes processes and methods for producing AAY
particles (with enhanced, improved and/or increased tropism for a target tissue), e.g., an AAV particle
comprising an AAV capsid vanant that may be used to contact a target cell to deliver FXN.

{6323} In some embodiments, disclosed herein is a method of making an AAV particle of the present
disclosure, e.g., an AAV particle comprising an AAV capsid variant disclosed herein, wherein the
method comprises: (1) providing a cell comprising a viral genome described herein {e.g., a viral genome
comprising a FXN-encoding sequence and a nucleic acid encoding an AAVY capsid variant disclosed
hereing and () tncubating the cell under conditions suitable 1o encapsulate the viral genome o an AAYV
capsid varant described berein (¢.g.. an AAV capsid vanant listed in Table 3, 44, 01 4B), thewehy
making the AAV particle. In some embodiments, the viral genome comprises a nucleotide sequence of
any one of SEQ I3 NOs: 1797, 1801, 1808, and 1809, or a nuclectide sequence at least 90% {¢.g., at feast
90%. at least 91%6, at least 92%, at least 93%, at least 94%, at least 925%. at Ieast 96%, at least 97%, at
least 98%, or at least 99%) wdentical to any one of the nucleotide sequences of SEQ D NQOs: 1797, 1801,
1808, and 1809, In some embodiments, the AAV capsid variant comprises an amino acid sequence of
SEQ 1D NO: 982, In some embodiments, the viral genome comprises the nucleotide sequence of any one
of SEQ D NQOs: 1797, 1801, 1808, and 1809, or a nucleotide sequence at least 90% (c.g., at least 909, at
lfeast 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97Y%, at least 98%,
or at least 99%) identical to any one of the nucleotide sequences of SEQ 1D NQOs: 1797, 1801, 1808, and
1809; and the AAV capsid variant comprises the amino acid sequence of SEQ ID NO: 982, In some
embodiments, the method compuises, prior 1o step (1), introducing a nucleic acid comprising the viral
zenome 10to the cell. In some embediments, the method comprises, prior to step (1), intreducing the
nucleic acid encoding the AAY capsid variant 1010 the cell. In some embodiments, the AAV particle
described herein is an isolated AAV particle. In some embodiments, the AAV particle described herein is
a recombinant AAV particle.

{8324} In some embodiments, the present disclosare provides a method of making an AAY particle
that comprises a viral genome comprising the nucleotide sequence of SEQ ID NO: 1824 and an AAV
capsid variant comprising the amino acid sequence of SEQ 1D NG: 982, In some embodiments, the iral
genome comprises the nucleotide sequence of SEQ 1D NG 1797,

{6325} In some embodiments, the present disclosure provides a method of making an AAV particle
that comprises a viral genorae comprising the nucleotide sequence of SEQ ID NO: 1824 and an AAV
capsid variant comprising the amino acid sequence of SEQ ID NO: 739, In some embodiments, the viral
genome comprises the nucleotide sequence of SEQ 1D NG: 1797,

6326} Ta some erabodinents, the present disclosure provides a method of making an AAV particle
that comprises a viral genome compusing the sucleotide sequence of SEQ ID NO: 1824 and an AAV
capsid variant comprisiog the amine acid sequence of SEQ 1D NG: 738, In some embediments, the viral

genome comprises the nucleotide sequence of SEQ D NG: 1797,
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{8327} Any meethoed known in the art nay be used for the preparation of AAV particles. fn some
embodiments, AAV particles are produced in mammalian cells (e.g., HEK293 celis). In another
crabodiment, AAV particles are produced in inscct cells {e.g., S0 cells).

{0328} Methods of making AAV particles are well known in the art and ave described ine.g., 1.8,
Patent Nos, US6204039, USST56283, URO2S583953, USG261551, US62709%96, USS281010, US6365394,
86475769, US6482634, US6485966, UTS6943019, US6953690, UST022519, UST238526, UST291498
and US7491508, US3004764, US6194191, US63661 18, US8137948; or International Pablication Nos.
WO1996039530, WO 1998010088, W(1999014354, WO 1999015685, W31999047691,
WO2000055342, WO20000753353 and WO2001023597, Methods 1n Molecalar Biology, ed. Richard,
Humana Press, NJ {1995); O'Reilly et al,, Baculovirus Expression Vectors, A Laboratory Manual,
Uxtord Univ, Press (1994); Samulski et al., J. Fi7.63:3822-8 (1989); Kajigaya ct al., Proc. Nad'l. Acad.
Sei. USA 88: 4646-50 (1991, Ruffing et al,, J. Vir. 66:0922-30 (1992); Kimbauer et al., i, 219:37-44
(1996, Zhao et al., Vir.272:382-93 (2000); the contents of cach of which are herein incorporated by
reference in their eotirety. In some embodiments, the AAV particles are made using the methods
described in International Patent Publication W(Q2015191508, the contents of which are herein
incorporated by reference in their entiroty.

H1. Pharmaceutical Compositions

{06329} In some endodiments, the present disclosure provides pharmaccutical compositions of an
adeno-associated vims (AAV) particke comprising a viral genome comprising the nucleotide sequence of
SEQ 1B NO: 1824 and an AAV capsid variant comprising the amino acid sequence of SEQ ID NO: 982,
In some enbodiments, the viral genome comprises the nuclentide sequence of SEQ D NO: 1797,

8338} In sonwk embodiments, the present disclosure provides pharmaceutical compositions of an
adeno-associated vimus (AA V) partick comprising a viral genome comprising the nuclectide sequence of
SEQ I3 NO: 1824 and an AAV capsid variant comprising the amino acid sequence of SEQ 1D NG: 738,
In some embodiments, the viral genome comprises the nucleotide sequence of SEQ D NO: 1797,

{8331} In some embodinents, the present disclosare provides pharmaceutical compositions of an
adeno-associated virus (AA V) particle comprising a viral genome comprising the nucleotide sequence of
SEQ ID NO: 1824 and an AAV capsid variant comprising the amino acid sequence of SEQ 1D NOG: 739,
In some embodiments, the viral genome comprises the nucleotide sequence of SEQ ID NO: 1797,

{6332} In some embodiments, a composition described herein compriscs an AAV polvicleotide or
AAY genome or AAV particle and at least one excipient.

{6333} Although pharmaceutical corapositions provided herein, e.g., comprising AAV particles
comprising a FXN-encoding sequence, are principally directed to pharmaceutical compositions which are
suttable for administration to humans, # will be understood by the skilled artisan that such compositions
are generally suitable for administration to any other animal, e.g.. to non-human animals, e.g., non-
buman manunals, Modification of pharmaceutical compositions suitable for adminisiration (o humans in
orxder {6 render the compositions suitable for adruimstration to various animals 1s well understood, and
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the ordinarily skilled veterinary pharmacologist can design and/or perform such modification with merely
ordinary, if any, experimentation. Subjects to which administration of the phammaceutical compositions is
conteraplated inchude, but are not limited to, hurans and/or other primates; reammals, including
conurercially relevant maomals such as cattle, pigs, borses, sheep, cats, dogs, mice, and/or rais; and/or
bieds, including comumercially relevant birds such as poulixry, chickens, ducks, zeese, and/or turkeys.
[6334] T some erabodinents, compositions are adounistered to hunans, ¢ g, human patients o
buraan subjects.

{4335} In some embodiments, the AAV particle formudations descnbed berein may cordain a mucleic
acid encoding at least one payload. In sook embodimeents, the formulations maay contain a pucleic acid
encoding 1, 2, 3, 4, or 5 payloads. In some embodiments, the formulation may contain FXN-encoding
sequence, encoding a FXN protein selected from categories such as, but not himited to, human proteins,
veterinary proteins, bacterial proteins, biological proteins, antibodics, immunogenic proteins, therapeutic
peptides and proteins, secreied proteins, plasma membrane proteins, cytoplasmic proteins, cytoskeletal
proteins, intracellular membrane bound proteins, nuclear proteins, profeins associated with human
discase, and/or profeins associated with non-human discases. In sonwe embodiments, the AAV genome
comprises at least one sequence encoding human FXN. In some embodiments, the AAV genome
coraprises at least one sequence encading wildiype human FXN.

{8336} A pharoaceutical composition in accordance with the present disclosure may be prepared,
packaged, and/or sold in bulk, as a single nait dose, and/or as a plurality of single unit doses. As used
herein, a “umt dose” refers o a discrete amount of the phanmaceutical conposition comprising a
predetermined amounnt of the active tngredient. The amount of the active ingredient is gercrally cqual to
the dosage of the active ingredient which would be administered to a subject and/or a convenient fraction
of such a dosage such as, for example, one-half or one-third of such a dosage.

V. Formulations

{8337} Formulations of the AAY pharmaceutical compositions described herein may be prepared by
any raethod known or hereafter developed in the art of pharmacology. In general, such preparatory
methods mclude the step of bringing the active ingredient into association with an excipient and/or one or
more other accessory ingredients, and then, if necessary and/or desirable, dividing, shaping and/or
packaging the product into a desired single- or multi-dose unit.

{6338} Relative amounts of the active ingredient, the pharmaceutically acceptable excipiont, and/or
any additional ingredients in a pharmaceutical composition in accordance with the disclosure will vary,
depending upon the identity, size, and/or condition of the subject treated and further depending upon the
route by which the composition is to be administered.

6339} For example, the composition may compuse between 8. 1% and 99% (w/w) of the active
ingredient. By way of examyple, the composition reay comprise between 0.1% and 100%, ¢.g., between

5% and 50%, between 1-30%, between 5-80%, or at least 80% (w/w) active ingredicnt.
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{8348} The AAV particles of the disclosure can be formulated using one or more excipients to: (1)
increase stability; (2) increase cell transfection or transduction; (3) permit the sustained or delaved
relcase; (4) alter the biodistribution {e.g., target the viral particle to specific tissues or cell types); (5)
increase the translation of encoded protein in vive; (6) alier the release profile of encoded protein in vive
and/or (7) allow for regulatable expression of the FXN.

[6341} Formulations of the preseat disclosure can include, without lirnitation, salioe, lipidoids,
fiposomes, lipid nanoparticles, polymers, Hpoplexes, core-shell nanoparticies, peptides, proteins, cells
transfected with AAV particles (e.g.. for transplantation into a subject), nanoparticle mirmcs and
combinations thereof. Further, the AAV particles of the present disclosure may be formndated using self-
assembled mucleic acid nanoparticles.

{6342} In some cmbodiments, the present disclosure provides formulations of an adeno-associated
virs (AAV) particle comprising a viral genome comprising the nucleotide sequence of SEQ 1D NG:
1824 and an AAV capsid variant comprising the amino acid sequence of SEQ 1D NO: 982, the amine
acid sequence of SEQ ID NO: 738, and/or the amino acid sequence of SEQ ID NO: 739, Insome
cmbodiments, the viral genome conmprises the nucleotide sequence of SEQ 1D NO: 1797,

{08343} In some cobodimnents, the AAV paricles encoding FXN may be fornwlated to optimize
baricity and/or osmolality. In some embodiments, the bancity and/or osmalality of the formulation may
be optimized to ensure optimal drog distribution in the central servous sysiem 01 a 1CgION OF CHMPONCHE
of the cenival nervous system.

Exciptenis

8344} The formulations of the disclosure can inchide one or nwore excipients, each in an amount that
together increases the stabiity of the AAV particle, increases cell transfection or transduction by the
AAV particle, 1ncreases the expression of frataxin protein, and/or alters the release profile of frataxin
proteins. Ta some crabodiments, a pharmaceuntically acceptable excipient may be at least 93%, at least
96%, at least 97%, al least 98%, at least 99%. or 100% pure. In some embodiments. an excipient is
approeved for use for hamans and for velerinary use. In some embodiments, an excipient may be approved
by Umnited States Food and Drug Administration. In some embodiments, an excipient may be of
pharmaceutical grade. In some embodiments, an excipient may meet the standards of the United States
Pharmacopoeia (USF), the European Pharmacopoeia (EF), the British Pharmacopoeis, and/or the
Infernational Pharmacopoeia.

{6345} Excipients, which, as used herein, inchude, but are not Himited fo, any and all solvents,
dispersion nedia, diluents, or other liguid vehicles, dispersion or suspension aids, surface active agents,
isotonic agents, thickening or eranlsifving agents, preservatives, and the like, as snited to the particular
dosage form desired. Vartous excipients for formulating pharmaceutical compositions and technigues for
prepariag the composition are known in the art (see Remington: The Science and Practice of Pharmacy,
21st Edition, A, R. Geanaro, Lippincoit, Williams & Wilkins, Baltimore, MI}, 2006, the contents of

which are herein incorporated by reference 1n their entirety ). The use of a conventional excipient medium
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may be contemplated within the scope of the present disclosure, except insofar as any conventional
excipient medium may be incompatible with a substance or tis derivatives, such as by producing any
undesirable biological effect or otherwise interacting in a deleterions manner with any other
conporeni(s) of the pharmaceutical composition,

Inactive Ingredients

{6346} In some embodiments, AAV formulations may conprise at least one excipicnt which is an
inactive ingredient. As used hercin, the term “inactive ingredient” refers to one or more agenis that do not
contribute to the activity of the pharmacentical composition included in formulations. In some
cmbodiments, all, cone, or some of the tnactive ingredients which may be used in the formulations of the
present disclosure may be approved by the US Food and Drog Administration (FDA).

{4347} Formulations of AAV particles disclosed herein may include cations or antons. In one
embodiment, the fornndations inchude metal cations such as, but not Hited to, Zr', Ca™!, Cu®" Mg, or
combinations thereof. In some crabodiments, formolations may inclade polyreers or polyaucieotides
complexed with a metal cation {See, e.g., U.S. Pat. Nos. 6,265,389 and 6,555,525, the contents of each of
which are herein incorporated by reference in their entirety).

VY. Uses and Applications

{0348} The compositions of the disclosure may be adiministered to a subject, e.g., to deliver a FXN
protein, e.8.. to a subject who has, has been diagnosed with having, or is at risk of having a disorder
associated with FXN deficiency (e.g.. Friedreich’s Ataxia (FA)). The compositions may similarly be used
in the manufacture of a medicament for administration 1o a subject having a FXN protein deficiency,
such as FA.

{08349} In some eobodiments, the disclosure provides a method of delivering a FXN protein to a
subject comprising administering to the subject an effective amount of a phanmaceutical composition or
AAYV particle disclosed herein that comprises a viral genonie encoding a FXN protein. In some
cmbodiments, the subject has, has been diagnosed with having, or is at risk of having a disorder
assoctated with FXN deficiency (e.g., FA).

{0358} In sonw enbodiments, the disclosure provides a method for treating a disowder associated
with FXN deficiency, such as FA. In some embodiments, the disclosure provides an AAY particle or
pharmaceutical composition according to any one of the embodiments disclosed herein for treating a
disorder associated with FXN deficiency, such as FA. In some embodiments, the present disclosare
provides the pharmaceutical composition or the AAV particle of any one the embodiments disclosed
herein for use in 4 method of treating a disorder as disclosed herein, such as FA.

{0351} In certain embodiments, a pharmaceutical composition or AAV particle disclosed herein that
comprises 4 viral genome encoding FXN may be administered to a subject to treat a disorder associated
with FXN deficiency such as FA. In some cmbodiments, the subject has, has been diagnosed with
having, or is at risk of having a disorder associated with FXN deficiency such as FA. In some
crabodiments, the treatment results in a 0.5-3x increase in the subject’s FXN protein level as compared to
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baseline. In some embodiments, the treatment may halt or slow progression of FA. I certain
embodiments, the treatment improves at least one symptont of FA, ¢.g., impaired sensory functions,
irapaired motor function (¢.g., ataxia and/or involuntary movements), fatigue, chronic pain, seizores,
irapaited speech, sleep disturbances, metabolic disorders (e.z., diabetes), and/or increased spasticity. In
some embodiments, the treatment stabilizes, slows the progression of, or improves the subject’s FA as
determined by the modified Friedreich Ataxia Rating Scale (mFARS), the Scale for the Assessment and
Rating of Ataxia (SARA), and/or the International Cooperative Ataxia Rating Scale (ICARS). In some
enbodiments, the treatment slows the subject’s progiession of FA as measured by mFARS, SARA,
and/or ICARS relative to an individual with the disorder associated with FXN deficiency who has not
been administered the pharmaceuntical composition or the AAV particle. In some embodiments, the
treatment results in an increase i (1) the level of FXN protein or FXN gene expression in a cell, tissue,
{e.g., a cell or tissue of the CNS, e.g., spinal cord, tenporal cortex, perirhinal cortex, globus pallidus,
putamen, caudate, thalanws, hippocanpus, geniculate oucleus, Purkinje cell layer, deep cerebellar nucled,
dentate nucleus, brainstem, and/or cerebellum), and/or fluid (e.g., CSF and/or serum), of the subject,
optionally wherein the level of FXN protein or gene expression is increased by (.5-3x as compared o
bascling; and/or (i) the number and/or level of viral genomes (VG) por cell ina CNS tissue (¢.g., spinal
cord, temporal cortex, perirhinal cortex, globus pallidus, putamen, caudate, thalaraus, hippocarpus,
zeniculate nucleus, Purkinge cell layer, deep cercbellar nucler, dentate nucleus, bratustem, and/or
cerebellom) of the subject relative to the number and/or level of VG per cell in a peripheral tissoe of the
subject.

{8352} Without being bound by theory, AAV particles comprising AAV capsid vanants described
herein {e.g., AAVS variants comprising a peptide comprising the amino acid sequence of SEQ 1D NO:
943 or SEQ ID NO: 1533, e.g., in loop VI may be desirable for the alleviation or treatment of frataxin
deficiency or Friedreich’s Ataxia at least due to their tropism of the dentate nucleus.

{6353} In some embodiments, the present disclosare provides delivery of an adeno-associated virus
{(AAV) particle to a subject for treating a disorder associated with FXN deficiency such as FA, wherein
the AAV particle comprises a viral genome comprising the nucleotide sequence of SEQ 1D NO: 1824
and an AAV capsid variant comprising the amino acid sequence of SEQ 1D NO: 982, Insome
cmbodiments, the viral zenome comprises the nucieotide sequence of SEQ ID NG: 1797,

{6354} Ta somme erabodiments, the present disclosure provides delivery of an adeno-associated virns
{AAV} particle to a subject for treating a disorder assaciated with FXN deficiency such as FA, whercin
the AAV particle comprises a viral genome comprising the nucleotide sequence of SEQ 1D NO: 1824
and an AAY capsid variant comprising the amino acid sequence of SEQ D NO: 739, In some
crabodiments, the viral genome comprises the nucleotide sequence of SEQ 1D NO: 1797,

{6355} In some embodiments, the present disclosure provides delivery of an adeno-associated virus
{AAV) particle to a subject for freating a disorder associated with FXN deficiency such as FA, whercin

the AAV particle comprises 4 viral genome comprising the nucleotide sequence of SEQ D NO: 1824
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and an AAV capsid variant comprising the amino acid sequence of SEQ 1D NO: 738, Insonme
embodiments, the viral genome comprises the nucieotide sequence of SEQ 1D NO: 1797,

{6336} In some embodiments, the present disclosure encompasses the delivery of pharmaceutical,
prophylactic, diagoostic, or imaging compasitions in combination with agents that may iaprove their
broavailability, reduce and/or medify thetr metabolism, and/or modify thetr distabution within the body.
[6357] T sore erabodinents, the present disclosure encompasses the delivery of phanmacentical,
prophylactic, diagnostic, or imaging compositions in combination with agents that may improve their
broavatlability, reduce and/or modify thetr metabolism, and/or modify thefr distnibution within the body.
{4358} In certain embodiments, the pharmaceutical compositions descnibed herein are used as
research tools, particularly in iz vitro investigations using human cell lines such as HEK293T and in vivo
testing in nonhaman primates which will occur prior to human clirdcal trials,

{64359} The present disclosure provides a method for treating a discase, disorder and/or condition in a
manmalian subject, inchuding a human subject, comprising administering to the subject any of the viral
particles e.g., AAV, AAV particle, or AAV genome that produces FXN protein described hewein (e.g,
viral genomes or V(3) or administering 1o the subject a particle comprising said AAV particie or AAV
genome, or adininistering to the subject any of the described compositions, including phanmaceutical
corapositions.

{3368} In sone enbodiments, the present disclosure provides a method of treating a disorder
associtated with FXN deficiency such as FA coraprising administering an effective amount of an adeno-
associated viras {AAV) particle comprising a viral genome comprising the nucleotide sequence of SEQ
ID NG: 1824 and an AAV capsid variant comprising the amino acid sequence of SEQ ID NG: 982, In
some embodiments, the viral genome comprises the nocleotide sequernce of SEQ ID NO: 1797,

{8361} In some embodiments, the present disclosure provides a method of {reating a disorder
associated with FXN deficiency such as FA comprising administering an effective amount of an adeno-
associated virus (AAV) parficle comprising a viral genome comprising the pucleotide sequence of SEQ
1D NO: 1824 and an AAVY capsid variant comprising the amino acid sequence of SEQ 1D NO: 738. In
some embodiments, the viral genome comprises the nucleotide sequence of SEQ 1D NO: 1797,

{6362} In some embodiments, the present disclosure provides a method of treating a disorder
associated with FXN deficicncy such as FA comprising admindstering an effective amount of an adenc-
associated virus (AAV) particle comprising a viral genome compusing the sucleotide sequence of SEQ
1D NG: 1824 and an AAYV capsid variant comprising the amino acid sequence of SEQ 1D NO: 739, In
some embodiments, the viral genome comprises the nucleotide sequence of SEQ ID NG: 1797,

{4363} In some embodiments, AAV parilickes of the present disclosure, through delivery of a
functional FXN that 1s a therapeutic prodoct comprising a FXN protein or vanant thereof, can modulate

the level or function of FXN in the ONS.
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{6364} A functional FXN may alieviate or reduce syraptoms that result from abnormal level and/or
function of the FXN gone product (e.g., an absence or defect in a FXN protein) in a subject in need
thereof or that otherwise confers a benefit to a CNS disorder in a subject in need thereof,

[0365] As non-limiting examples, companion or cornbination therapeutic products delivered by AAV
patticles of the present disclesure may inchude, but are not limnted to, growth and trophic factors,
cytokines, hormones, peurotransmitters, cnzymes, anti-apoptotic factors, asgiogenic factors, FXN
polvpeptides, and any protein known to be mutated in pathological disorders such as FA (¢.g., brain
specific Mir-128a, See Adlakha and Saini, Molecular cancer, 2014, 13.33, incorporated herein by
reference in its entirety ).

{8366} In some embodiments, the neurodegencrative disorder is Fredreich’s Ataxia, e.g., resulting
from expansion of an fmtronic GAA triplet repeat in the FXN gene, which reduces expression of the
mitochondrial protein frataxin causing progressive damage to the nervous systeni

{8367} In some embodiments, the AAV particies of the present disclosure may be used to amcliorate
at Jeast one symptom of FA, including, but not limited to, impaired sensorv functions, impaired motor
function, ¢.g., ataxia and/or involuntary moverents, fatigue, chronic pain, seizures, unpaired spoech,
sieep disturbances, metabolic disorders, ¢.g., diabetes, and increased spasticity.

{8368} In sonwe enbodiments, the delivery of the AAV particles may halt or slow the disease
progression of Fraedreich’s Ataxia by 10%, 20%, 30%, 40%, 30%, 60%, 70%, 80%, 90%, 93%, or more
than 95% using a known analysis method and comparator group for Faedreich’s Adaxia. As a non-
lmting example, the delivery of the AAV particles may halt or slow progression of Foedreich’s Ataxia
as measured by mFARS/SARA by 50% relative to a comparator group.

{3369 In some embodiments, the AAV particle encoding FXN may increase the amount of FXN ina
tissue by 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%. 9%, 10%, 11%. 12%, 13%, 14%, 15%. 16%. 17%, 18%,
19%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 35%, 60%, 65%, 70%, 75%, 80%, 83%, 90%, 95%, 97%,
99%, or more than 100%. In some embodiments, the AAV particle encoding FXN may increase the
amount of FXN in a tissue to be comparable to (¢.g., approximately the same as) the amount of FXN in
the corresponding tissue of a healthy subject. In some embodiments, the AAV particle encoding FXN
may increase the amount of FXN in a tissue effective to reduce one or more symptoms of a discase
associated with decreased FXN expression ot a deficiency in the guantity and/or function of FXN, ¢ g.,
FA.

Vi, Delivery of AAV Particles

Belivery to Cells

{0376} In some aspects, the present disclosure provides a method of delivering to a cell or tissue any
of the above-described AAV particles, comprising contacting the cell or tissue with said AAV particle or
contacting the cell or tissue with a formulation comprising said AAV particle, or contacting the cell or
tissue with any of the described compositions, including pharmaceutical compositions. The method of
delivering the AAYV particle to a cell or tissue can be accomplished in vitro, ex vivo, or in vivo.
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{8371} In some embodiments, the AAV particles are delivered to a cell, tissue, or region of the CNS.
In some embodiments, the AAV particles are delivered to a cell or tissue of the spinal cord, temporad
coriex, perirhinal cortex, globus pallidus, putamen, caudate, thalamus, hippocampus, geniculate nucleus,
Purkinge cell laver, deep cercbellar nucles, dentate nucleus, bratustem, cerebellum, or a combination
thereof.

Belivery to Subjects

{6372} In some aspects, the present disclosure additionally provides a method of delivering to a
subject, including a mammalian subject, any of the above-described AAV particles comprising
adeninistering to the subject said AAV particle, or administering to the subject a formulation comprising
said AAV particle, or adreinistering to the subject any of the described compositions, including
pharmaceutical compositions.

{6373} In some embodiments, the AAV particles may be deliverad to bypass anatomical blockages
{¢.g., the blood brain barrier).

{6374} In some cmbodiments, the AAV particles may be formulated and delivered fo a subject by a
route which increases the speed of drug effect as compared to oral delivery.

{6375} In some embodiments, the AAV particles may be delivered using intrathecal infusion.
{6376} In some cmbodiments, a subject may be administered the AAY particles described herein
using a bohis infusion.

{8377} Insome eobodiments, the AAV particles encoding FXN may be delivered in a confinuous
and/or bolus infusion. A different dosing regimen may be used for different sites of delivery or the same
dosing regiowen may be used for each site of delivery. As a pon-limiting example, the sites of delivery
may be in the cervical and the lnombar region. As anotber non-limiting example, the sites of delivery may
be in the cervical region. As another non-lhmiting example, the sites of delivery may be in the lumbar
region.

{8378} In some embodiments, the AAV particles may be delivered to a subject via a single roate of
adrunistration.

{6374} In some embodiments, the AAV particles may be delivered to a subject via a multi-site roule
of administration. For example, a subject may be administered the AAV particles at 2, 3, 4, 3, or more
than 3 sites.

{6386} In some embodiments, a subject may be administered the AAV particles described herein
using sustained delivery over a period of minutes, hours or days. The infusion rate may be changed
depending on the subject, distribution, formulation or another delivery parameter known to those in the
art.

[6381] T some erabodinents, f contionous delivery (coutinuous infusion) of the AAV particles is
used, the continuous infusion may be for 1 hour, 2, hours, 3 howrs, 4 hours, S hours, 6 hours, 7 hours, 8
bours, 9 hours, FO hours, 11 hours, 12 hours, 13 hours, 14 hours, 15 bours, 16 bours, 17 hours, 138 hours,

~

19 hours, 20 hours, 21 hours, 22 houars, 23 houars, 24 hours, or more than 24 hours.
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{8382} In some embodiments, the intracranial pressure may be evaluated prior to administration. The
route, volume, AAV particle concentration, infusion duration and/or vector titer may be optimized based
omn the intracranial pressure of a subject.

[6383] T sorae ermbodinments, the AAV particles may be deliverad by systemic delivery. Insome
cmbodiments, the systenic delivery may be by intravascular adiinistration.

[6384] T sormae erobodinents, the AAV particles may be delivered by injection into the CSF
pathway. Non-limiting examples of delivery to the CSF pathway inclade intrathecal and
intracercbroventricular adminisiration.

{4385} In some embodiments, the AAV particles may be delivered by direct (1ntraparenchymal)
injection into the substance of an organ, e.g., one or more regions of the brain.

{6386} In some cmbodiments, the AAV particles may be delivered by subpial injection inio the
spinal cord. For example, subjects may be placed into a spinal immobilization apparatus. A dorsal
laminectomy may be pedormed to exposc the spinal cord. Guiding tubes and XYZ manipulators may be
used fo assist catheter placersent. Subpial catheters may be placed into the subpial space by advancing
the catheter from the guiding tube and AAV particles may be injected throngh the catheter (Mivanohara
et al., Mol Ther Methods Clin Dev. 2016; 3: 16046). In some cases, the AAV particles mav be injocted
1ato the cervical subpial space. In some cases, the AAV particles may be injected into the thoracic
subpial space.

(8387} Insome endbodiments, the present disclosure provides delivery by intravenous injection of an
adeno-associated vinus (AAV) partick to a subject for treating a disorder associated with FXN deficiency
such as FA, wherein the AAV particle comprises a viral genome comprising the nuclectide sequence of
SEQ ID NO: 1824 and an AAV capsid variant comprising the amino acid sequence of SEQ 1D NO: 982,
In some embodiments, the viral genome comprises the nucleotide sequence of SEQ D NO: 1797,

{6388 In some embodiments, the present disclosure provides delivery by intravenous injection of an
adeno-~associated virus (AAV) particle to a subject for treating a disorder associated with FXN deficiency
such as FA, wherein the AAV particle coraprises a viral genome comprising the nucleotide sequence of
SEQ 1D NO: 1824 and an AAV capsid variant comprising the amino acid sequence of SEQ 1D NO: 739,
In some embodiments, the viral genome coraprises the nacleotide sequence of SEQ ID NO: 1797,

[6389] T somae ermbodinments, the present disclosure provides delivery by intravenous injection of an
adenc-associaied viras {AAV) particle to a subject for treating a discrder associated with FXN deficiency
such as FA, wherein the AAV particle comprises a vital genome corprising the sucleotide sequence of
SEQ ID NO: 1824 and an AAV capsid variant comprising the amino acid sequence of SEQ ID NQO: 738,
In some embodiments, the viral genome comprises the nucleotide sequence of SEQ 1D NO: 1797,

#6396} In some erbodiments, the AAV particles may be delivered by direct injection to the CNS of a
subject. In some embodiments, direct injection is intracerebral injection, intraparenchymal injection,
intrathecal injection, intra-cisterna magna injection, or any combination thereof. In some embodiments,

direct injection to the CNS of a subject comprises convection enhanced delivery (CED). In some

-192 -



WO 2025/038800 PCT/US2024/042405

cmbodiments, adoinisiration comprises peripheral injection. in sone embodiments, peripheral injection
is intravenous injection.

{6391} In some embodiments, the AAV particles may be delivered 1o a subject in order t0 increase a
FX protesn level 1o the ONS {c.g., the spinal cord, teraporal cortex, perirhinal coriex, globus pallidus,
prtamen, caudate, thalarnus, hippocampus, geniculate nucleus, Purkinge cell layer, deep cercbellar puclel,
dentaie nucleus, brainstem, and/or cercbelluum) as compared to 3 baseline level inthe subject. The
increase may be §.1xto 5x, 0.5x t0 5x, 1x 0 53, 2x 10 3%, 3x 10 3%, 4xto Sx, G.ixto 4x, 0.5z t0 4%, Ix 1o
4x, 2xtodx, Sx o dx, O.Ixto 3x, 05«10 3x, Ixto 3x, 2x to 3x. O.ixto 2x, 0.3x 10 2x, 0.1x {0 Ix, 0.5x o
Ix, O.1xto 0.5x, Ix o 2x 0.1x, 0.2x 03x, 0.4dx, 8.5x, 0.6x, 0.7x, 0.8x, 0.9x, 1.0, 1 1x, 1.2x, 1.3x, 1.4x,
I5x, 1ox, 1.7x 1.8x, 1.9x, 2.0x, 2.0x, 2.2x, 2.3x, 2.4x, 2.5x, 2.6x, 2.7, 2.8x, 2.9x, 3.0x, 3.1x, 3.2x,
33x, 3.4x, 3.5x 3.6x, 3.7x, 3.8%, 3.9x, 4.0x, 4. 1x.4.2x, 4.3x, 4.4x 4.5x, 4.6x, 4.7x, 4.8x, 4.9x or more
than 5x as compared to a baseline level. In some embodiments, the increase may be 0.5x-3x as compared
to a baseline level

{6392} In sone coibodiments, the AAV particles may be delivered to a subject in order to increase a
FXN protein level inthe CNS (e.g., the spinal cord, tenporal cortex, perithinal cortex, globus pallidus,
putamen, caudate, thalanws, hippocanpus, geniculate nucleus, Purkinje cell layer, deep cerebellar nuclet,
dentate nucleus, brainstem, and/or cercbellnm) by transducing cells in these ONS regions. Transduction
may alsa be referred to as the number of cells that are positive for FXN protein. The transduction may be
zreater thag or equal to 1%, greater than ot equal to 5%, greater than oy equal to 10%. greater than or
equal to 15%, greater than or equal to 20%, greater than or equal to 25%, greater than or equal to 30%,
greater than or equal to 35%, greater than or equal o 40%, greater than or equal to 43%, greater than or
equal to 50%, greater than or equal {o 55%, greater than or equal to 60%, greater than or equal to 65%,
greater than or equal to 70%, greater than or equal to 75%, greater than or equal o 80%, greater than or
equal to 83%, greater than or equal to 90%, greater than or equal to 95%, or greater than or equal o 99%
of cells in these CNS regions.

{6393} In some cmbodiments, delivery of AAV particies comprising a viral genome encoding FXN
as described herein fo neurons it the brain (e.g., ncurons in the temporal cortex, perirhinal cortex, globus
pallidus, putamen, candate, thalamus, hippocampus, geniculate rucleus, Purkinje cell laver, deep
cerebellar ouclei. dentate nuclens, brainstem, and/or cerebelium) may lead to an increased expression of
FXN protein in one or more of thase peurons. In some embodiments, the increased FXN protein
cxpression may lead to improved survival and/or function of various cell types in these ONS regions
and/or improvement of at least one symptom of Friedreich’s Ataxia.

{4394} In particudar erabodiments, the AAV particles may be delivered to a subject in order to
cstablish widespread distribution of the FXN throughout the CNS by admimstenng the AAV particles to

the thalamus of the subject.
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{8395} In some embodiments, the increased expression of FXN protein may lead to tmaproved gait,
improved ataxia-associated heart conditions, decreased feeling of exhaustion, improved sympioms
relating to metabolic disorders such as diabetes, and/or improved quality of life.

Administration

{6396} In some embodiments, the present disclosure provides methods comprsing administering
AAV particles in accordance with the disclosure to a subject in need thereof. AAV particie
pharmaceutical, diagnostic, or prophylactic conmpositions thereof, may be administered to a subject using
any amount and anv route of administration effective for treating, or diagnosing a disease, disorder,
and/or condition associated with decreased FXN expression or FXN deficiency. In some embodiments,
the discase. disorder, and/or condition is FA.

{4397} Compositions i accordance with the disclosure may be forrmulated 1n unit dosage form for
case of administration and untformity of dosage. It will be vaderstood, however, that the total daily vsage
of the compositions of the present disclosare may be decided by the attending physician within the scope
of sound medical judgment. The specific therapeutically effective, prophyviactically effective, or
appropriate imaging dose level for any particular patient will depend upon a vanety of factors including
the disorder being treated and the severity of the disorder; the activity of the specific compound
employed; the specific composition emploved; the age, body weight, general health, sex, and diet of the
paticnt; the time of administration, route of administration, and rate of excretion of the specific FXN
cmploved, the duration of the treatment; drugs used in combination or coincidental with the specific
cormapound employed; and like factors well known in the medical arts.

B398} In certain embodiments, the desived dosage may be delivered using multiple administrations
{e.g.. two, theee, four, five, six, seven, eight, nine, ten, cleven, twelve, thireen, fourteen, or more
adrmnistrations). When maltiple administrations are eraployed, spht dosing regiimens such as those
descnbed herein may be used. As used bherein, a “split dose” 18 the division of single unit dose or total
daily dose into two or maore dosces, e.g., two or more administrations of the single unit dose. Asused
herein, a “single unit dose” is a dose of any therapeutic composition adruimstered in one dose/at one
time/single route/single point of contact, i.e., single administration event. In some embodiments, a single
unit dose is provided as a discrete dosage form {e.g., a tablet, capsule, patch, loaded syringe, vial, efc.).
As used herein, a “total daily dose” is an amount given or prescribed in 24-hour period. It may be
adnunistered as a single unit dose. The AAV particles mav be formulated in bufferonly orina
formulation described herein.

{6399 In some embodiments, a pharmaceutical conmposition described herein can be formulated into
a topical, infranasal, pulimonaty, intratracheal, or injectable dosage fornu In some embodiments, a
pharmacentical composttion descabed berein can be formulated in a dosage fomm suitable for
intravenous, intraccular, intravitreal, intramuscular, intracardiac, intraperitoncal, and/or subcutaneous

adounistration.

-194 -



WO 2025/038800 PCT/US2024/042405

{8406} In some embodiments, delivery of the AAV particles descabed herein resulis in miniimal
serious adverse cvents (SAEs) as a result of the delivery of the AAV particles.

Combinations

{8401} The AAV particles may be used in combination with one or more other therapeutic,
prophylactic, diagnostic, or imaging agents. The phrase “in combination with,” is not intended to require
that the agents must be administered at the same time and/or formulated for delivery together, although
these methods of delivery are within the scope of the present disclosure. Compositions canbe
adnunistered concurrently with, prior to, or subsequent to, one or more other desired therapeutics or
medical procedures. In general, each agent will be administered at a dose and/or on a tiree schedule
determained for that agent. In some embodiments, the present disclosure encompasses the delivery of
pharmacentical, prophvlactic, diagnostic, or imaging compositions in combination with agents that may
iraprove their bicavailabibity, reduce and/or modify their metabolism, and/or medify their distabution
within the body.

{6402} The therapeutic agents may be approved by the US Food and Drug Administration or may be
in clincal trial or at the preclinical research stage. The therapeutic agents may utilize any therapeutic
modality known in the art, with non-limiting examples including gene silencing or interference (i.e.,
miRNA, siBNA, RNAi, shRNA), gene editing (e.g., TALEN, CRISPR/Cas9 systems, zinc finger
nucleases), and gene, profein, o enzyme replacement.

{8403} In some enbodiments, an AAV particle described herein, or a pharmaceutical composition
coraprising the AAV paricle, may be administered in combination with at least one additional
therapeutic agent and/or therapy. In some embodiments, the at least one additional therapeutic agent
and/or therapy compuses an agent and/or therapy for treating the disorder asscciated with FXN
deficiency (e.g.. Friedreich’s Ataxia). In some embodiments, the at least one additional therapeutic agent
and/or therapy comprises omaveloxolone or idebenone. 1n some embodiments, the at least one additional
therapeutic agent and/or therapy comprises CoQ10, IFN gamna. or a drug to treat comorbiditics
wcluding diabetes, heart disease, pain.

[6404] In some embodiments, the at least one additional therapeutic agent and/or therapy comprises
an immunosuppressant. In some embodiments, the immunosuppressant may be administered to the
subject prior to administration of an AAV particle or pharaceutical composition described herein. in
some embodiments, the trnmuncsuppressant may be administered to the subject sinwltanconsly with
adounisiration of an AAV particle or pharmaceutical composition described herein. In some
cmbodiments, the immunosuppressant may be administered to the subject after adouinistration of an AAV
particle or pharmaceutical composition described herein. In some embodiments, the AAV pardicle or
pharmaceuntical composition is administered to a subject who is recetving or has received an
irarounosuppressant, In sonw sobodiments, the immunosuppressant comprises a corticosteraid (for
example, and without lmitation, preduisone, preduisolone, methylpredaiscione, and/or dexamethasone),
rapamycin, mycophenolate mofetil, tacrolimus, rituximab, and/or eculizumab hydroxychloroguing.
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Measurement of Expression
[6405] Expression of FXN from viral genomes may be determined using various methods known in
the art such as, but not lmited to immunochenistry {e.g., IHO), enzvme-linked immunosorbernt assay
(ELISA), affimty ELISA, BELISPOT, flow cytometry, immunocyiology, surface plasmon resonance
analysis, kinetic exclusion assay, liquid chromatography-mass spectronetry (LUMS), high-performance
liquid chromatography (HPLO), BCA assay, immunoclecirophoresis, Western blot, SDS-PAGE, protein
immuneprecipitation, PCR, and/or in situ hvbridization (ISH). In some erbodiments, transgenes
encoding FXN delivered in different AAV capsids may have different expression levels in dorsal root
ganglion (DRG).
{8406} T certain crobodinents, the FXN protein is detectable by an enzyme-linked imuomnosorbent
assay (ELISA).
{4487} In certain ernbodiments, the FXN protein is detectable by an traraunchistochemistry assay.
{6408} In certain erbodiments, the FXN protein is detectable by Westem blot
{6409} In certain embodiments, the FXN protein is detectable by a frataxin biofhmd assay, such as the
assay described in PCT/AUS2020/045687, the contents of which are hereby incorporated in their entirety.
{6418} In certain embodiments, a FXN gene, mRNA, and/or protein expression is measured in a cell
or tissue of a subject who 1S receiving or has received an AAV particie described herein. In certain
cmbodiments, the FXN gene, mRNA, and/or protein expression is measured in a cell or tissue of the
NS, such as the spinal cord, temporal cortex, perivhinal cortex, globus pallidus, putamen, caudate,
thalamus, hippocampus, geniculate nuclous, Purkinge cell laver, deep cercbellar mucled, dentate nucleus,
brainstem, and/or cerebeifum. In certain embodirnents, the FXN gene, mRNA, and/or protein expression
1s measured in a peripheral cell or tissue, such as the liver, beart, and/or muscle.
Vil Kits and Devices
Kits
{64113} In some aspects, the present disclosure provides a variety of kits for convemently and/or
effectively carrying out methods of the present disclosure. Typically, kits will comprise sufficient
amounis and/or numbers of components to allow a user to perform multiple treatments of a subjoct(s)
and/or to perform multiple experiments.
{08412} Any of the vectors, constructs, or FXN of the present disclosure may be comprised in a kit In
some embodiments, kits may further include reagents and/or instructions for creating and/or synthesizing
compounds and/or compositions of the present disclosure. In some embodiments, kits may also 1oclude
one or more buffers, In some embodiments, kits of the disclosure may include components for making
protein or nucleic acid arrays or libraries and thus, may inchude, for exaraple, solid supports.
{3413} In some embodiments, kit components may be packaged either in agueous media or in
Iyoplilized forn. The container means of the kits will generally inchude at least one vial, test tube, flask,
bottle, syrnge or other container means, into which a component may be placed, and suitably aliquoted.
Where there is more than one kit component, (labeling reagent and label may be packaged together), kits
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may alse generally contain second, third or other additional containers into which additional componenis
may be separately placed. In some embodiments, kits may also comprise second container means for
containing sterile, pharmaceutically acceptable bufiers and/or other difuents. In some embodiments,
various combinations of components may be compused in one or more vial. Kits of the present
disclosure may also typically include means for containing compounds and/or compositions of the
present disclosure, ¢.g., proteins, pucleic acids, and any other reagent containers in close confinermnent for
conurercial sale. Such containers raay include injection or blow-molded plastic containers into which
desired vials are retained.

6414} In some erbodiments, kit components are provided in one and/or more lquid sohutions. 1o
some embodiments, liquid solutions are aqueous solations, with sterile agueous solutions being
particularly used. In some embodiments, kit components may be provided as dried powder(s). When
reagents and/or components are provided as dry powders, such powders may be reconstituted by the
addition of suitable volumes of solvent. In some embodiments, it is envisioned that solvents may also be
provided in another container means. In some embodiments, labeling dyes arc provided as dried powders.
in some entbodiments, it is contemplated that 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 120, 130, 140,
150, 160, 170, 180, 190, 200, 300, 400, 500, 600, 700, 800, 900, 1000 micrograms or at least or at most
those amouns of dried dye are provided in kits of the disclesure. In such embodiments, dye may then be
resuspended in any sutiable solvent, such as DMSG,

{8415} In sonoe enbodiments, Kits meay inchide iostractions for emploving kit compenents as well the
use of any other reagent not included 1o the kit. Instructions may inclade vanations that may be
implemented.

Bevices

{8416} In some embodinents, corapounds and/or corapositions of the present disclosure may be
corbined with, coated onto or embedded in a device. Devices may inclode, but are not lunited to, dental
nplants, stents, bone replacements, artificial joints, valves, pacemakers and/or other implantable
therapeutic device.

{8417} The present disclosure provides for devices which may incorporate viral vectors that encode
one or more FXN molecules. These devices contain in a stable formulation the viral vectors which may
be immediately delivered to a subject in need thercof, such as a human patient.

{6418} Devices for administration may be emploved to deliver the viral vectors encoding FXN of the
present disclosure according to single, mulii~ or split-dosing regiracns tanght herein.

{6419} Method and devices known in the art for mnlti-administration to cells, organs and tissues are
conteraplated for use in conjunction with the methods and compositions disclosed herein as embodinents
of the present disclosure.

V. Definitions

{6426} At various places in the present specification, substituents of compounds of the present
disclosure are disclosed in groups or in mnges. It is specifically intended that the present disclosure
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include each and every individual sub-combination of the nmembers of such groups and ranges. The
following is a non-limiting list of term definitions.

{6421} Unless defined otherwise, all technical and scientific terms used herein have the sarme
meaning as commonly understoad by one of ordinary skill in the art to which the tnvention pertains.
{6422} The articles “a,” “an,” and “the” may mean one or mose than one unless indicated to the
contrary or otherwise evident from the context. Claims or descriptions that include “or” between one or
more members of a group are considered satistied if one. more than one, or all of the group members are
present in, employed in, or otherwise relevant (o a given product or process unless indicated {o the
contrary or otherwise evident from the context. The disclosure includes crabodiments 1o which exactly
one member of the group is present in, employed in, or otherwise relevant to a given product or process.
The disclosure includes embodiments in which more than one, or the entire group members are present
in, employved in, or otherwise relevant to a given product or process.

{08423} The term “compusing” is intended to be open and perraits but does not require the inclusion
of additional clements or steps.

{0424} Where ranges are given, endpoints are included. Furthermore, it is o be understood that
unless otherwise indicated or otherwise evident from the context and understanding of one of ordinary
skill in the art, values that are expressed as ranges can assune any specific value or subrange within the
stated ranges in different embodirents of the disclosure, 1o the tenth of the unit of the lower ot of the
range, unless the context clearly dictates otherwise.

{8425} Adeno-agssociated virus: As used herein, the term “adeno-associated virus” or “AAV” refers
to members of the dependovirus genus or a functional variant thereof. Unless stated otherwise, “TAAV”
may refer to wildtype (i.e., naturally occurring) AAV or recombinant AAV.

{8426} A4V Particle: As used herein, an “AAVY particle” refers to a particle comprising an AAV
capsid, e.g., an AAVY capsid variant (such as a parent capsid sequence with at least one peptide insert
and/or with at least one substitution), and a polynucleotide, ¢.g., a viral genome or a vector genome. The
AAV particle may be capable of delivering a FXN polynucieotide to cells. The cells may be mammalian
cells, ¢.g., human cells. In some embodinients, an AAV particle of the present disclosure may be
produced recombinantly. In some embodiments, an AAV particle may be derived from any serotype,
described herein or known inthe art, including combinations of serotypes {¢.g.. “psendotyped” AAV) or
from varicus gencraes (€., single stranded or seli-complementary). In some embodiments, the AAV
patticle may be replication defective and/or targeted. Tn some ermbodiments, the AAV particle may
comprise a peptide present in, €.g., inserted into and/or replacing a wildtype amino acid of, the capsid o
enhance tropism for a desired target tissue. 1t 1s (o be vnderstood that reference to the AAV particle of the
disclosure also includes pharmacentical compositions thereof, even if not explicitly recited.

{6427} Administering: As used herein, the term “administering” refers to providing a pharmaceutical

4gent 07 COMPOsition (o a subject.
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[6428] Amelicration: As used herein, the tenm “amclioration” or “ameliorating” refers €0 a Iessening
of severity of at least one indicator of a condition or discase. For example, in the context of a
neurodegenerative disorder, amelioration inchides the reduction or stabilization of neuron loss.

{0428}  dpproximately: Asused berein, the teroy “approximately” or “about,” as applied to one or
more vahues of interest, refers to a value that is sindlar to, t.e., within 10% of, a stated reference value.
[6430] Baseline: The term “baseline,” when used to describe a measurcraent in a subject receiving or
abowt to receive a treatment, refers to a measurernent made before starting the treatment.

{6431} Capsid. As used herein, the term “capsid” refers to the exterior, e.g., a protein shell, of a virus
patticle, e.g.. an AAV particke, that is substantially (e.g.. >50%, >60%, >70%, >80%, >90%, >95%,
>99%, or 100%) protein. In some embodiments, the capsid is an AAV capsid comprising an AAV capsid
protein described herein, e.g., a VP, VP2, and/or VI3 polypeptide. The AAV capsid protein can be a
wild~type AAV capsid profein or a variant, e.g., a structural and/or functional variant from a wild-type or
a reference capsid protein, referred to hercin as an “AAY capsid variant.” For example, and without
limitation, an AAV capsid variant may refer to at least a VP1 protein, a VP2 protein, or a VP3 protein
(e.g., all of the VP1, VP2, and VP3 proteins forming the AAV capsid) as will be clear from context. In
some embodiments, the AAV capsid vanant described herein may comprise a peptide insertion and/or
substitution (.., replacement). In some erabodiments, the AAV capsid vadant described herein has the
ability (o encapsulate a viral genome and/or is capable of entry into a cell, ¢.g., a manwmahan cell. In
some embodiments, the AAV capsid vanant described berein may have modified tropism compared to
that of a wild-type AAV capsid, ¢.g., the corresponding wild-type capsid.

[0432]  Cis-

menss: As used herein, cis-elements or the synonymous tevm “cis-regulatory elements”
refer to regions of non-coding DNA which regulate the transeription of nearby genes. The Latin prefix
“cis” {ranslates o “on this side.” Cis-elements are found in the vicimty of the gene, or genes, they
regulate. Examples of cis-elements include a Kozak sequence, SV40 introns, or a portion of the
backbone.

{8433} NS structures: As used herein, “CNS structures” refers to structures of the central nervous
system and sub-structures thereof. Non-limiting exanples of structures in the spinal cord may include
ventral born, dorsal horn, white matter, and nervous system pathways or nuclei within, Non-limiting
exaraples of structures in the brain inchade, forebrain, midbrain, hindbrain, diencephalon, telencephalon,
myelencephalon, metencephalon, mesencephalon, prosencephalon, thombencephalon, cortices, frontal
lobe, parictal lobe, temporal lobe, occipital lobe, cerebrum, thalarus, hypothalarous, tectum, togmeniirg,
cerebellum, pons, medulla, amygdala, bippocarapus, basal ganglia, corpus callosom, pitaitary gland,
priamen, striatuom, ventricles and sab-straciures thereofl

{4434} CNS Cells: Asused berein, "ONS cells” refers to cells of the central pervoas syster and sub-
structires thereof. Non-limiting examples of CNS cells include neurons and sub-types thereof, gha,
microghia, oligodendrocvies, ependymal cells and astrocytes. Non-limiting examples of neurons include

SENSOTY NEVIons, Motor neurons, interneurons, vmpolar cells, bipolar cells, multipolar cells,
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pseudounipolar cells, pyramidal cells, basket cells, stellate cells, Purkinje cells, Betz cells, amacrine cells,
granule ceil, ovoid cell, medinm aspiny neurons, large aspiny neurons, GABAcrgic neurons, and/or
glutamatergic neurons.

[6435] Codon optimization: As used herein, the term “codon optimization” refers to a process of
changing codons of a given geos in such a manner that the polypeptide sequence encoded by the gene
remains the same.

(6436} Complementary and substantiafly complementary: As used herein, the term “complementary”
refers to the ability of polynucieotides {0 form base pairs with one another. Perfect complementarity or
100% complementanty refers to the situation in which each nocleotide unit of one polynucicotide stxand
can form 4 hydrogen bond with a mucleotide unit of a second polymucieotide strand. Less than perfect
complementarity refers to the situation in which some, but not all, nucleotide units of two strands can
form hydrogen bond with cach other. For example, for two 20-mers, if only two base pairs on each strand
can form a hydrogen bond with each other, the polynucleotide strands exhibit 10% complementarity. In
the same example, if 18 basc pairs on each strand can form hydrogen bonds with cach other, the
polynucleotide strands exhibit 90% conplementarity. The term “complementary™ as used herein can
cncompass fully complementary or partially {¢.g., substantially) complementary. “Fully complementary”,
“pedect complementanity”, or “100% complementarity” refers to the sitvation in which each sucleotide
unit of one polynucieotide or oligonucleatide strand can base-pair with a sucleotide vait of a second
polyaucleotide or oligonuclectide strand. As used berein, the term “substantially complementary”™ means
that >50% of the nucleotide vuits of a first polymucleotide strand can base pair with nocleotide units ona
second polynucleotide strand. When ased in the context of RNA silencing, “substantially
complementary” refers to an siRNA that has a sequence (¢.g., in the antisense strand) that is sufficient to
bind the desired target mRNA and to trigger the RNA silencing of the target mRNA.

{6437} Conservative substitution: As used herein, a conservative substitution, as applied to an amino
acid sequence, also referred to as a “conservative amino acid substitution,” is one in which the amino
acid residue is replaced with an amine acid residue having similar biochemical propertics. When used in
reference to a mucleic acid sequence, the tenm “conservative substitution” refers to a nucleotide
replacement that results in an amino acid residue having similar biochemical propertics compared 1o a
reference sequence. Families of amino acid residues having similar biochemical properties have been
defined in the art. These families include amino acids with basic side chaius {e.g., lysine, argioine,
bistidine}, acidic side chaius {(e.g., aspartic acid, glutamic acid), nocharged polar side chains {e.g.,
glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains {e.g., alanine,
valine, lencine, isolencine, proline. phenyvialanine, methionine, tryptophan), beta-branched side chains
{e.g., threonine, valing, isoleucine) and arowmatic side chaios (e g, tyrosine, phenvialamae, tryptophan,
histidine).

6438} Corresponding to: Asused herein, the phrase “corresponding to” in the context of an amino

acid sequence refers to the location of an amino acid in a reference sequence or the equivalent position in
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a modified sequence when aligned. For example, an amino acid conresponding to position 577 of SEQ 1D
NO: 138 refers to the amino acid at the 577th position from the N-erminus in SEQ 1D NO: 138 or the
cquivalent position in an aligoed sequence. As used herein, an amino acid at a position corresponding to
that in a designated sequence may also be referred to as an amino acid at a particular position, numbered
according or numbered relative to the designated sequence. For instance, an amino acid comresponding to
pasition 377 of SEQ 1D NO: 138 may also be referred to as an aming acid at position 577, numbered
aceording to SEQ 1D NG: 138 or as nurnbered according 10 a sequence corresponding (o SEQ [D NO:
138 (i.e., relative to a reference sequence of SEQ 1D NQO: 135). For further example, in some
crabodiments, a peptide (¢.g., the peptide INZ]-IN31) replaces an amino acid at a position corresponding
to position 577 of SEQ 1D NO: 138, i.e., said peptide {e.g., the peptide [N2}-{N3]) replaces position 577
mumbered according to SEQ 1D NO: 138,

{8439} Derivative: As used herein, the term “derivative” refers fo a composition {e.g., sequence,
compound, formulation, erc.} that is derived from, or finds its basis in, a parent composition. Non-
liraiting examples of a parcnt composition include a wild-type or original amino acid or nucleic acid
sequence, or an undifuted formulation. In some embodiments, a derivative is a variant of a parent
composition. A derivative may differ from the parcnt composition by loss than about 1%, less than abowt
5%, less than about 10%, less than about 15%, less than about 20%, less than about 25%, less than about
30%. less than about 35%, less than about 40%, less than about 45%, or less than about 50%. In certain
embodiments, a derivative may differ from a parent composition by more than about 50%. In certain
embodiments, a denivative may differ from a parent composition by more than abowt 75%. In some
embodiments, a dertvative may be a fragment or truncation of a parent aming acid or muclkeotide
sequence. As a non-limiting example, a derivative may be a sequence with a nucleotide, amino acid, or
peptide substitution and/or insertion as compared {0 a parent nucleic acid or amino acid sequence {e.g., as
compared o AAVS or AAVY),

{8448} Iffective amount: As used herein, the term “effective amount” or “therapeutically effective
amount” of an agent s that amount sufficient to cffect beneficial or desired results. An effective amount
is provided in a single dose or multiple doses to treat, improve svmiptoms of, delay progression of
symptoms, diagnose, prevent, and/or delay the onset of the infection, disease, disorder, and/or condition.
6441} Excipient. As used herein, the term “excipient” refers to an inactive substance that serves as
the vehicle or medium for an active pharmaceuntical agent or other active substance.

[6442] Formulation: As used herein, a “formulation” includes at least one active ingredicnt (¢.g., an
AAYV particie) and at least one inactive ingredient {e.g.. a phamaceutically acceptable excipient),

{4443} Fragmeni: A “fragment,” as used herein, refers to a contiguous portion of a reference
sequence. A fragrent may comprise a functonal fragment that retains at least one activity of the
reference sequence. For example, fragments of proteins may comprise polypeptides obtained by digesting
full-length protein isolated from cultured cells. A fragment may also refer 1o a truncation {e.g., an N-

ternunal and/or C-terminal truncation) of a protein or a truncation (e.g., at the 3" and/or 3" end) of a
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nucleic acid. A protein fragment may be obtained by expression of a truncated nucleic acid, such that the
nucleic acid encodes a portion of the full-length protein.

6444} Healthy individual: As used herein, the term “healthy individual” refers to an individual who
dacs not have a disease or disorder assoeciated with FXN protein deficiency, ¢.g.. an ndividual who does
not bave Friedreich's Ataxia.

[0445] Identity: As used herein, the term “identity” refers to the overall relatedness between
polverc molecules, e.g., between oligonucieotide molecules {e.g., DNA muolecoles and/or RNA
molecules) and/or between polypeptide molecudes. Calculation of the percent identity of two
polynuclectide sequences. for example, may be performed by aligning the two sequences for optimal
comparison purposcs (e.g., gaps can be introduced in one or both of a first and a second nucleic acid
sequences for optimal alignment and non-identical sequences can be disregarded for comparison
purposes). The nucleotides at corresponding mucleotide positions are then compared. When a posttion in
the first sequence is occupied by the same nucleotide as the corresponding position in the second
sequence, then the molecules are identical at that position. The percent identity between the two
sequences is a function of the number of identical positions shared by the sequences, taking Uito account
the number of gaps, and the kength of cach gap, which needs to be introduced for optimal alignment of
the two sequences. The companson of sequences and determination of percent identily between two
sequences caa be accomplished using a meathematical algonithin. For exanple, the percent identity
between two noclectide sequences can be determined using methods such as those descobed in
Computational Molecular Biology, Lesk, A. M., ed., Oxford University Press, New York, 1988
Biocomputing: Informatics and Genome Projects, Smith, D. W, ed., Academic Press, New York, 1993,
Sequence Analysis in Molecular Biology, von Heimge, G., Academic Press, 1987, Computer Analysis of
Sequence Data, Part 1, Griffin, A. M., and Griffin, H. G, eds., Humana Press, New Jersey, 1994; and
Sequence Analysis Primer, Gribskov, M. and Deverenx, J., eds., M Stockion Press, New York, 1991;
cach of which is incorporated herein by reference in its entirety. For exarple, the percent identity
between two nucleotide sequences can be determined using the algonithm of Myers and Miller (CARIOS,
1989, 4:11-17), which has been incorporated into the ALIGN program (version 2.0) using a PAMI120
weight residue table, a gap length penalty of 12 and a gap penalty of 4. The percent identity between two
mucleotide sequences can, alteroatively, be determined using the GAP program in the GCG software
package using an NWSgapdna CMP matox. Methods commoniy employed to determine percent identity
between sequences include, but are not Hmdted to those disclosed in Cartllo, H., and Lipman, D, SIAM J
Apphied Math., 48:1073 (1948); incorporated herein by reference in its entirety. Techniques for
determuning dentity are codified in publicly available computer programs. Computer software (o
detenmine horology between two sequences inclode, bat are not hmited (o, GCG program package,
Pevereux, 1., ef al., Nucleic Acids Research, 12(1), 387 (1984)), the Basic Local Alignment Search Tool
(BLAST, which inchudes, ¢.g., BLASTP for protein sequences and BLASTN for nucleic acid sequences),
and FASTA Alschud, S, F. et al., J Molecular Bioi | 215, 403 (1990)), EMBOSS Needle, Chustal

<202 -



WO 2025/038800 PCT/US2024/042405

{Omega. Benchiing, and Genetous. In preferred embodiments, sequence identity may be determined using
BELAST, Clustal Omega, or EMBOSS Needic.

{6446} Inverted ferminal yepear: As used herein, the term “inverted terminal repeat” or “ITR” refers
to a cis-regulatory element for the packaging of polynucleotide sequences into viral capsids.

{6447} Isolated. As used herein, the toom “isclated” refers 1o a substance or entity that is altered or
removed from the natural state, ¢.z., altered or remeoved from at least some of componsat with which i is
associated in the natural state. For example, a nucleic acid or a peptide naturally present in a living
aniraal 1s not “1solated.” but the same nucleic acid or peptide partially or completely separated from the
coexisting materials of ifs natural state is “isolated.” An isolated nucleic acid or protein can exist in
substantially purified form, or can exist in a non-native environment such as, for example, a host cell.
Such polvnucieotides could be part of a vector and/or such polynucleotides or polypeptides could be part
of a composition, and still be isolated in that such vector or composition is not part of the enviromment in
which it is found in nature. In some embodiments, an isolated nucleic acid is recombinant, ¢.g.,
incorporated into a vector.

{0448} miRNA binding sife. As used herein, a “miRNA binding site” or "miR binding site” refers
cither to a DNA sequence corresponding 1o an RNA sequence that is bound by a microRNA, ot to the
RNA sequence that is bound by the microRNA. The miR binding site is capable of binding, or binds, in
whole or ig part to a mictoRNA (uiRNA, miR) theough complete or partial hybridization. A ouR binding
site may be encoded ot transcribed in series, also referred (¢ as a "R binding sile senes” or “miR BSy”,
which inchides two or more iR binding sifes having the same or a different nocleic acid sequence.
{0448} Modification. As used herein, the term “modification” or “medified” refers {0 any substance,
conmpound, or molecule that has been changed in any way. For example, a modification in an amino acid
sequence may comprise a substitution {€.g., a conservative substitution), an insertion, and/or a deletion of
one or more anine acids in the sequence.

{64567 Neurological disease: As used herein, a “neurological disease” is any disease associated with
the central or peripheral nervous system and components thereof {e.g., neurons).

{64581} Operablv linked: As used herein, the phrase “operably linked” refers o a functional
connection between two or more molecules, constructs, transeripts, entities, moicties or the like.

P

6452} Payioad: As used herein, “payload.” “payload scquence,” or “pavioad region” refers o one or
more polyviuclectides or polynucleotide regions encoded by or within a viral genonie or an expression
product of such polynucleotide or polynuclentide region, e.g., a transgene, a polypucleotide encoding a
polvpeptide.

{4453} Payload construct. As used berein, “payload construct” is one or more polynucieotide regions
encoding or comprising a pavicad that is flanked on one or both sides by an inverted terminal repeat
(ITR) sequence. The payload constract is a template that is replicated in 4 viral production cell to produce

4 viral genome.
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{6454} Payload constyuci vector: As used herein, “payload construct vector” is a vector encoding or
comprising a payload construct, and regulatory regions for replication and expression in bacterial cells.
The payload construct vector may also comprise a component for viral expression in a viral replication
cell.

[6455] Pharmaceutically acceptable: The phrase “pharmacentically acceptable” is employed herein
to refer to those compounds, materials, compositions, and/or dosage forms which are suitable for use in
contact with the tissues of human beings and animals.

#4586} Pharmaceutically acceplable excipients: As used herein, the term “phanmaceutically
acceptable excipient,” as ased berein, refers to any ingredient other than active agents {e.g., as described
hereiny present in pharmaceutical compositions that can function as vehicles for suspending and/or
dissolving active agents.

{8457} Pharmaceutically acceptabie salts: Pharmaceutically acceptable salts of the compounds
described herein are forms of the disclosed compounds wherein the acid or base moiety is in its salt form
(e.g., as generated by reacting a free base group with a suitable organic acid). Examples of
pharmaceutically acceptable salts include, but are not limited to, mineral or organic acid salis of basic
residucs such as anunes; alkali or organic salts of acidic residues such as carboxylic acids; and the like.
[0458] Pharmaceutical Composition: As used herein, the term “pharmaceutical composition” or
pharmaceutically acceptable composition” comprises AAV polynuclectides, AAV genones, or AAV
particle and one or more pharmaceutically accepiable excipients, solvents, adjuvants, and/or the like.
{8459} Position: The term “position,” as used herein in the context of an arine acid sequence, refers
to the location of a particular amino acid or set of amino acids relative to a larger sequence. A position or
positions of amino acids may interchangeably be referred to by an amine acid number or numbers of a
reference sequence. For example, and unless otherwise specified, “positions 1-731, as numbered
according to SEQ 1D NO: 9827 is interchangeable with “amino acids 1-731, as mumbered according to
SEQ ID NO: 9827 Within a sequence, an amino acid position is counted from the N-terminus.

{6466} Preveniing: As used herein, the ferm “preventing” refers to partially or completely delaying
onset of an infection, discase, disorder and/or condition; partially or completely delaving onset of one or
more symptoms, features, or clinical manifestations of a particular infection, disease, disorder, and/or
condition; partially or completely delaying onset of one or more symptoms, features, or manifestations of
a particular infection, disease, disorder, and/or condition; partially or completely delaying progression
from an infection, a particular discase, disorder and/or condition; and/or decreasing the risk of developing
pathology associated with the infection, the disease, disorder, and/or condition. The term “prevention” or
“preventing” of an infection, disease, disorder and/or condition may be considered a subset within the
meaning with the term “treatment” or “lreating” of the 1ofection, disease, disorder and/or condition.
{0461} Region: As used herein, the term “region” refers fo a zone or general area. In some
embodiments, when referring to a protein or protein module, a region may comprise a linear sequence of

anino acids along the protein or protein module or may comprise a three-dimensional area. [n some
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cmbodiments, regions comprise terminal regions. As used herein, the ferm “terminal region” refers o
regions located at the ends or termini of a given agent. When referring to proteins, terminal regions may
comprise N- and/or C~ermini. N-termini refer to the end of a protein comprising an amino acid with a
free amino group. C-tevmini refer 1o the end of a protein comprising an amino acid with a free catboxyl
group. N- and/or C-terminal regions may cormprise the N- and/or C-termind as well as surrcunding amine
acids. When referring to a polymucleotide, a region may coraprise a lnear sequence of oucleic acids
along the polynucieotide or may compnse a three-dimensional area, sccondary structure, or tertiary
structure. In some embodiments, regions corprise terminal regions. As used berein, the {erm “terminal
region” refers (o regions located at the ends or lermind of a given agent. Whean refeming (o
polynucleotides, terminal regions may comprise 3° and/or 3° termini.

{6462} Sampie: As used herein, the term “sample” or “biological sampie™ refers to a subsct of
tissues, cells, nucleic acids, or a component or part of the body (e.g., a body {lnid, including but not
limited to blood, mucus, lymphatic finid, synovial fluid, cercbrospinal fluid, saliva, ammiotic fluid,
amniotic cord blood, urine, vaginal fluid, and semen).

{06463} Self-complementary A4V, As used herein, the term “self~complementary AAV refers {o an
AAV compusing af least a protein capsid and a self-complementary viral genome.

(0464} Serotype: As used berein, the term “serotype” refers to distinet variations in a capsid of an
AAYV based on surface antigens which allow epidemiologic classifications of the AAVs at the sub-
species tevel

{8465} Sifent Mutation: As used berein, a “silent mutation” or “silent substitation” refers to a
noclectide replacement that results in the same amino acid residue as a reference sequence.

[B466§ Signal Sequence: As used herein, the phrase “signal sequence” refers to a sequence which can
direct the transport or localization.

{8467} Similaritv: As used herein, the term “similarity” refers to the overall relatedness between
polymeric molecules, .g., between polynucleotide molecules {e.g., DNA molecules and/or RNA
molecules) and/or between polypeptide molecules. Calculation of percent similarity of polymeric
molecules to one another can be performed in the same manner as a calculation of percent identity,
except that caleniation of percent similarity takes into account conservative substitutions as is understood
in the art.

[6468] Spacer: As used herein, a “spacer” is generally any selected nucleic acid sequence of, ez, §,
2,3,4,5,6,7, 8,9, or 10 nucleotides in fength, which is located between two oy more consecutive miR
binding site sequences. In some embodiments, spacers may also be more than 10 nucleotides in length,
¢.8., 20, 30, 40, or 50 or more than 50 nucieotides.

#4691 Subject: As used herein, the tenm “subject” or “patient” refers to any organism to which a
composition in accordance with the disclosure may be admirngstered, e.g., for experimental, diagnostic,
prophylactic, and/or therapeutic purposes. Similarly, “subject” or “patient” refers to an organism who

may seek, who may require, who is receiving, or who will receive treatment or who is under care by a
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trained professional for a particular disease or condition. Typical subjects include animals (e.g.,
mammals such as mice, rats, rabbits, non-human primates, and humans). As used herein, a subject or
patient may be susceptible to, suspected of having, or have a deficiency in frataxin protein, e.g., may be
susceptible to, suspected of having, or have Friedreich’s Ataxia (FA).

{6476} Substantially. As used herein, the term “substantially” refers to the gualitative condition of
cxhibiting total or near-total extent or degree of a characteristic or property of interest. One of oxdinary
skill 1n the biological arts will understand that biological and chemical phenomena rarely, if ever, go o
completion and/or proceed to completeness or achieve or avoid an absolute resull. The term
“substantially” 1s therefore used herein to capture the potential lack of completencss inherent in many
bioclogical and chemical phenomena.

{6471} Suffering from: An individual who is “suffering from” a disease, disorder, and/or condition
has been diagnosed with or displays one or more symptoms of a disease, disorder, and/or condition.
{08472} Susceptible to. Anindividual who is “susceptible to” a disease, disorder, and/or condition has
not been diagnosed with and/or may not exhibit syraptoms of the disease, disorder, and/or condition but
harbors a propensity 1o develop a disease or its svmpiomms. In some embodiments, an individual who is
susceptible to a disease, disorder, and/or condition may be characterized by one or more of the following:
(1) a genctic mutation associated with development of the discase, disorder, and/or condition; (2) a
genetic polymorphism associated with developoent of the discase, disorder, and/or condition; (3)
wcreased and/or decreased expression and/or activity of a protein and/or nuckeic acid asscciated with the
disease, disorder, and/or condition; {4) habits and/or lifestyles associated with development of the
disease, disorder, and/or condition; (5) a farmly history of the discase, disorder. and/or condition; and (6)
exposure 1o and/or infection with a microbe associated with development of the disease, disorder, and/or
condition. In some embodiments, an individual who is susceptible {o a disease, disorder, and/or condition
will develop the disease, disorder, and/or condition. In some embodiments, an individual who is
susceptible to a disease, disorder, and/or condition will not develop the disease, disorder, and/or
condition

{6473} Target Cells: Asused herein, “target cells” refers to any one or more cells of interest. The
cells may be found in vitro, in vivo, in situ or in the tissue or organ of an organism. The organism may be
an animal, preferably a maounal, more preferably a miman and most preferably a huoan patient.

{6474} Target Tissue: As used herein, “target tssue” refers to a tissue of interest that may be found
in vitro, in situ, or as patt of an animal, preferably a manumal, more preferably a human and most
preferably a huoman patient.

{6475} Therapeutic Agent: The term “therapeutic agent” refers to any agent that, when admimistered
to a sabject, elicits a desired binlogical and/or pharmacological effect.

{6476} Therapeutically Effective Qurcome: As used herein, the term “therapeutically effective

outcome” means an outcome that is sufficient in a subject suffenng from or susceptible to an infection,
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disease, disorder, and/or condition, to treat, improve symptoms of, defay progression of symptoms,
diagnose, prevent, and/or delay the onset of the infection, disease, disorder, and/or condition.

{6477} Treating: As used herein, the term “treating” refers to partially or completely alleviating,
ameliorating, improving, relieving, delaying onset of. inhibiting progression of, reducing severity of,
reducing incidence of, and/or preventing one or more symptorns or features of a patticular infection,
discase, disorder, and/or condition. Treatment may be administered 10 a subject who does not exhibit
signs of a disease, disorder, and/or condition and/or 10 a subject who exhibits ondy early signs of a
discase, disorder, and/or condition for the purpose of decreasing the risk of developing pathology
associated with the disease, disorder, and/or condition.

{6478} Truncated CBA promoter: As used herein, a "truncated CBA promoter” refers to a CBA

promoter that is shorter in length than the nucleotide sequence of SEQ D NO: 1734, provided below.
SEQ D NO: 1734

Tt tte
gt gac
ta caa
c cag

-~
T O

tatgggactt

o Jygccacgtte f e} ‘ 2 ste
coeor acceoccaa atttattttt ta ta L gtgcagogat
gagsccy gaggocyg cgcgocaggc gygdcgeggce dgggcgaggs geaagecgyyg
gcgaggco gtgecgge ggecagocaat cagagcggcegyg cgctcoccgaaa gtttcctttt
atggegac gecggoyg geggeactat aassagogas gogogcggcy Jgg
{8479} Truncated CMV promoter: As used herein, a “truncated CMV promoter” refers to a CMV

promoter that is shorter in length than the nucleotide sequence of SEQ 1D NO: 1743, as provided below.

SEQ I NO: 1743

glttags attattgact

goocatatat qqadt cege
aacgacacc att

ctttﬂca ttgacgtcaa

> agtaatcaat taoqu,;+c
ttacggtaaa '

caactoeeges
cagagcte

gactttccaa
cggtagggaygy

aaatca
taggcegtg

{0486} Unmadified: As used herein, “vamodified” refers to any substance. compound or molecule
prior to being changed int any way. Uninodified may, but does not always, refer (o the wild-type or native
form of a biomolecude or entity. Molecuoles or entities may uondergo a series of modifications whereby
each modified product may serve as the “unmodified” starting molecule or entity for a subsequent
modificanon.

{8481} Variant: The term “variant” refers to a polypeptide or polynucleotide that has an amino acid
or a nucleotide sequence that has at feast 90% (e.g., at least 90%, at least 91%, at least 92%, at least 93%
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at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%6) sequence identity 1o a
reference sequence. The variant may be a functional variant. As used herein, the ternt “functional
variant” refers o a polypeptide variant or a polymucleotide variant that has at least one activity of the
reference sequence.

{6482 Vector: As used herein, a “vector” is any molecule or moiety which fransports, {ransduces, or
otherwise acts as a carger of a heterologous molecule. Vectors of the present disclosure may be produced
recombinantly and may be based on and/or may comprise adenoc-associated virus (AAV) parent or
reference sequence(s).

{4483} Viral genome: As used herein, a “viral genome,” “vector genome.” or “VG  isa
polynucleotide comprising at least one inverted terminal repeat (ITR) and at least one nucleic acid
sequence encoding 4 pavicad. A viral genome encodes at least one copy of the pavicad.

EXAMPLES

{6484} The present disclosure 15 further Hustrated by the following non-limiting examples.

Example 1. High-throughput screen of TRACER AAV library in NHP and Rats

{0488 A TRACER based method as described in WO 2020/072083, WO 2021/202651, and WO
2021/230987, the contents of which are herein incorporated by reference in their entirety, was used to
generate the AAV capsid variants described herein. An orthogonal evolution approach was combined
with high throughput screening by NGS. Brefly, the library of AAV capsid variants was generated using
a mutagenesis approach, where sequences of 7 to 8 amino acids in length were inserted into different
positions across loop VII of AAVS, including between residues 570-584, relative to a reference
sequence mmbered according to SEQ I NO: 138, The initial Hbrary was passed three times through
non-human primates {(NHP), specifically cynomolgos nwacaques {(Macaca Jascicularis), tats, or human
brain microvascalar endothelial cells (hBBMVECs). Following the third passage in each system, 572
variants from the NHPs, 80 variants from the rats, and 99 variants from the hRBMVECs were pooled into
a passage 3 synthetic Bibrary of 747 total vanants. This lbrary was then passaged in NHPs and rats. After
this passage {e.g., one-month post injection to two NHPs and the rats), RNA was exiracted from three
brain regions. Following RNA recovery and RT-PCR amplification, a systematic NGS enrichment
analysis was performed to calculate fold enrvichment relative to an AAVS wild-type control in NHPs
(Tahie 14, left columny and rais (Table 14, nght column) and the peptides compnised within the variants
were identified in both animals. Fold endchment values above 1 indicate an increase in expression
relative to AAVS, Al Hibraries of AAVS variants generated and passaged in the different hosts were
under the control of the synapsin promoter.

{0486} As shown in Table 14, approximately 288 variants were identified with an average fold
change greater than wild-type AAVS in the brain of NHPs. Of the 288 NHP variants, 27 demoustrated a
fold-change of greater than 5 compared to wild-type, with 1 vadant demonstrating a fold change of
greater than 60. For instance, the variant conprising YPAEVVOK (SEQ ID NO: 943} demonstrated a
64.9-fold envichment 1n the brain of NHPs.
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{3487} As shown in Table 14, approximately 98 variants were identified with an average fold change
greater than wild~type AAVS inthe brain of rats. Of the 98 variants, 33 demonstrated a fold-change of
greater than 2 compared to wild-type, with one varant demonstrating a fold change of greater than 40,
For instance, the variant comprising YPAEVVQK (SEQ 1D NO: 943) demonstrated a 41.1-fold
enrichment in the brain of rats.

6488} The variaot comprising YPAEVVQK (SEQ 1D NG: 943) which dernonstrated a high fold
cnrichment in the brains of NHPs relative to wild-type AAVS (64 .9-fold enrichunent), also demonstrated
4 high fold-change 1 the brains of rats (41.1-fold ennchment). This indicates that this AAY capsid
vanant comprising SEQ ID NG: 943 is able to cross species, as evidenced by increased expression and

tropismn in both the NHP and rat brain.

Table 14. NGS fold-enrichment of AAV capsid variants in NHPs and rafs

R SE Fold enrichment over ; . SE . X
gertde | ' AaSimacamar | fle | ' || Fdeidmen o
NG: NHPs NG:
YPAEVVCK 943 54 910 YPAEVVQOK 943 41054
RNQKV\”'GG 202 23.240 NEVVVISG 432 25930
PDNRVEPRPV 203 17843 TYARDTSM 639 16,868
ARVEVSAG 204 12.970 TP 547 7.098
MLERVITI 208 10.323 233 6,518
EST 206 10.126 638 5.209
GRVH i 207 96352 666 4.636
TSQSSTKS 208 9586 223 4.558
ARQVVKPP 209 8.506 1 779 3,430
STMDVNER 210 %284 TPEATNHK | 271 3471
KEKEQVANA 211 8.264 TTLSAKDR | 383 3.334
TNAVETRO 312 8071 CSPNVTRN 293 3,283
\TM 213 7.093 ; 850 3.255
KVEAG 214 6.637 TANSVESQ 31% 3.003
TRQEVFEAS 215 6.467 SDNLVEHD 664 2973
GRSEVLKG 216 $.139 LRGOVKSN 248 2.932
PIKTAVR 217 6.088 TLKHESDLS | 264 2.904
CELQVDCO 218 5.842 EVKMVSNV 380 2.787
TRLKPAGP 249 5.830 ’“‘J’ VGG 202 2769
NTMHVELR 220 5.721 LVTVKSP | 332 2.690
TKTKLSSP 271 5 686 TIAEVGKY | 528 2.519
DNMEVLGG 2272 5.585 TKQOMSDH! 336 2.455
RLAKVTQP 223 5.454 TIGEC 3 390 2.433
GSNMVASK 224 5.328 SHSDVSVR 776 2.383
TMAPTENP | 235 5241 QTSP | 631 2.364
TAQHTTLS 326 5 049 VMSNVTQR | 483 2,216
TQPEGKTQ 227 5.024 WTK 7558 2.213
MNSKVSSVY 3% £.985 TLASHENT 326 2.19%
TEATVESN 229 £.971 TKLEKPAGE | 219 2.161
' 330 4 969 TTAKPTVE | 316 2.133
231 4953 TSEPPSTE | 930 2.078
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TPLCGMAL 232 4 830 ALNSVRRE 781 2.053
N‘\TT“"SNB 233 4,789 LENKVN 680 2.014
NEN! 234 4.770 LSSNVTRA | 231 £.953
TFQTANE 235 4.669 TOSNAVROOQ 765 1.948
TTEQPKAL 236 4.662 QGANVVED 320 1.901
GSARVRMK 257 4650 REKPTVATI 300 1.892
238 4513 E 615 1.872

239 4 431 661 1.857

240 4425 821 1.812

GSKTVPAK 241 4.181 RPQRVSSA 386 1741
TGRKEDESY 242 4.163 NLNIVRAP 869 1.728
TKIPSTIR 243 4 055 E ] 854 1.726
TPAATNPR 244 4.036 1596 §.622
TITKPPAP 245 4.007 303 1.576
IVTDG 246 4,003 389 1.563
STSV 247 3.994 872 1.562

248 3.979 TTSSVARS %91 £.561

249 3.920 TRIFSTER 243 1.533

J 250 3.892 TKVSGTPD 267 1.516
TRNGOPVN 251 3847 ALDAVIENK 283 1514
TRASLSTK 252 3.807 SRENVSRQ 478 1.464
SESEVENM 25% 3748 EAMMVDREK 608 1.401
TOSRSGGP 254 3.6606 784 1.397
TSTPAVSQ 285 3.650 721 £.396
TASVPATS 256 3626 268 1.387
] 257 3600 ATPSOSK 335 1.373

258 3.590 ROKSVNEM 327 §.367

259 3.590 RYMTVKTQ | 2083 1.363

260 3.381 TIMSATEP 324 1.354

201 3.542 TSTPAVSD 238 1.348

TLDS < 262 3516 KNVEPPRG 577 1.329
TNQEVTGS 263 3.511 TPIKTAVE 217 1.318
TLEKHSD] 264 3463 TNANQVTR 691 1.206
TTSTVESE 265 3431 TSSSPENP 354 §.280
! 266 3.359 ( 705 1.261
TRVSGTPD 267 3.330 316 1.249
TSSITPNE 268 3328 469 §.222
ARAETVER 269 3.279 232 £.213
27 3271 477 1.207

271 3.229 448 1.195

272 3227 IKSGVQOK 348 §.193

TGGRVQGE 273 3.224 TTDLTTVE 431 1.173
KMSGVVGK 27 3.194 KPSKVEGY 423 1170
KGGVVKTV 275 3,190 IKPPVPKA 883 i.i61
TNGASSKI 27 3.143 k AWVLG 604 160
SSGDVKLW 277 3.108 254 1.135
TSGTPNNE 278 3.012 439 1.130
RRTTVISE 279 3.010 RKKSQVA 211 i.116
TLASNENM 280 2.997 KEESVDTS 886 1.110
TKQKDLPR 281 2,987 TPVSVNTH 967 1.098
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ATNVVESK 282 2.984 TRETPSTE 507 1.095
ALDAVSNE 283 2971 LGSNVSAR | 414 1.093
SSPNVSRN 284 2938 RKAVSVDTS 579 {.08%
THAASKKS | 285 2.933 TPMSTSDL | 688 1.069
TSSETKST 286 2.925 PVNVVRAS 797 §.059
RGRLVGTQ 287 2.92%3 VOGNVIRS R77 §.047
PNKLVGSV 28% 2.903 ATEERVSVN 498 1.046
THASLERP 289 2.868 TLGHSARD 31t 1.046
TPGNSARS | 290 2.856 QQDEVPGD | 515 1.033
TAPKVGNM 291 2846 DNMEVLGG 222 {.030
TRALVEPP 292 2.846 R, 290 1.030
203 2.823 THAVITERD 406 §.030
294 24812 NCTVVQCR 326 1.024

295 2.783 TSNRTTLQ 561 1.013

296 2,736 TITKPPAP 243 1.010

297 2.722 TPTPEPSAQ 436 §.007

! 29% 2.720 TLRINESY 301 £.000

T\JQI" PTle 299 2.665 TTAFATGT 419 1.000
KKPTVATT 300 2.661 TTRAQTTK 838 0,991
TATVOENE 301 2.6352 KSRSVEGVY 7296 977
YOSDVENR | 302 3.646 TAGTTVTP | 463 0.976
NETVVKSP 303 2.624 WSNSVSTR 546 {.961
TVGEESRP 304 2.595 TGEKLP3SGO 391 0.960
TSKSAAVK 305 2.591 NSNRVGGN 313 $.957
1 306 2.382 TVSSP3GG 709 0.955

307 2.582 DVASVESK | 602 0,955

RKPSVQTV 308 2.574 TQPSGRTQ 227 0.944
TGRDVEKL 309 2.507 IRQEVEAS 215 0.939
SQSSVKTPR 310 2.492 DANSVEVY 522 0,938
ATSVVEQ 311 2477 CAHRVPVE | 2082 0.932
TGTRKVESY 312 2474 RRTTVESE 279 0,922
NSNRVGGN 313 2470 559 0.921
TMTRVGDG 314 2.455 537 0.920
NNGNVSAK 315 2.413 209 0.919
KLLEVGSS 316 2.402 442 0.912
SQPRVSTA 317 2402 893 0912
MNDKVLTN 318 2.395 863 0.897
TANSVRSQ 319 2.373 204 0.894
QGANVVED 320 2.367 283 {.8488
321 2.363 274 0873

322 2.334 ISHMVRSS #48 0.872

323 2.324 TTSTVSSE 265 0.863

A > 324 2321 TAVESOME 339 0.844
TETATSNE 325 2315 MNSKVESV | 228 0.841
NCTVVQCR 326 2.289 TSSSTRST 286 0.840
P 327 2.267 TAKILSTE | 2084 0.836

e 2266 TDORNTPRL | 351 0.834

329 2.266 MVNVVHQS 313 0.829

330 2.233 TEATVESN 229 0.825

331 2231 TSOSSTRS 208 0.822
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0.443

1.067

SVLAVNKS

0.442

1.046

BT O
ARMTVQRV

0.440

1.043

TSNSVRLG

0.440

KLROVNA]

1.039

TVSSSEGT

0.434
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NASMVANK 482 1.038 ANTNVTRP 847 0.428
VMSNVTQOR 483 1.026 TPEPPTTA 929 0.426
GSGSVESKA 484 1.0258 LSNNVRIK 424 0.426
TAVEV] 485 1.025 TTAMHTVE 713 0.424
TSET 486 1.015 /VSDR 585 0.423
487 1.009 NKVPLN 92% 0.422

488 1.005 PEVSTA 317 0.419

489 1.000 RKQAVIVA 887 0.419

490 0.993 TVSDESMS 379 0.415

491 0.982 SGLNVITR 798 0415

492 0.978 TGSSPTG 464 0.409

F 493 0978 TR wxl’l'b'] 250 0.408

=GRT P(:"j 494 0.971 MPNTVRAL ] #32 0.408
TDKQASGN 495 (.969 SSGDVKLIW 277 0.406
TSPLANKS | 496 4.963 VNNRVHOS | 381 0.404
EGLKVLVG 497 0.949 774 0.403
ATERVSVN 49% 0.943 TSPNRVSY 2864 0.401
YVSNVAKA 499 0.942 LGNRVSST 807 $.399

0483} Taken together, these results demonstrate that after 3 rounds of screening of this AAVS
variant brary with loop VIl modifications in NHP and rats, many AAV capsid variants outperformed
the wild-type AAVS, for example, in penetration of the blood brain barrier (BBB) and expression in the
brain. Also, capsid variants were tdentified that coudd 1nfect both rats and NHPs, indicating cross-species
tropism and compatibility.

Example 2. Individual capsid characterization in NHPs, rats, and mice

{6490} This Example describes the transduction level, tropism, ability 1o cross the blood brain
barrier, and overall spatial distribution in the central nervous systern (CNS) of an AAY capsid variant
sclected from the study described in Example 1, relative to wild-type AAVS, following intravenous
injection in cynomolgns macacques (Macaca fascicularis), Norway rats, and BALB/c mice. The capsid
variant was TTN-0O2 (SEQ D NO: 982 {amino acid) and 984 (DNA), comprising SEQ 1D NG: 943
{encoded by SEQ ID NO: 944)), as outlined in Table 3 above. The amino acid and DNA sequence of
TTN-002 is provided. ¢.g., in Tables 44 and 48 respectively.

[B491] AAYV particles were generated with this capsid variant encapsulating a luciferase-EGFP
transgene or a cynaruolzus monkey frataxin payiocad fused to a hemagghutinin (HA) tag doven by a
chicken beta actin (CBA) heterologous promoier. Each capsid vaniant and control AAVS and/or AAVS
capsids were tested by intravenously administering the AAV particle formulation at 5¢13 VG/kg to NHPs
(=2}, 1213 VG per rat {u=3; 3213 VG/kg), and/or Seil VG per mouse (=3, 2¢13 VG/kg). The in-hic
period was 28 days for NHPs and mice, and 25 days for rats. Various ONS and peripheral tissues were
then collected for measurning transgene mRNA, fransgene protein, and/or viral DNA (biodistribution).
The AAV particles administered to the NHPs and rats comprised self-complementary viral genomes and

the AAV particles administered to mice comprised a single-stranded viral genone.
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A, Individual capsid characterization in NHPs

{6492} The brains, spinal coxd, and peripheral tissues including the heart, liver, and quadriceps, wore
isolated from NHPs (cynomolgus macaques (Macaca fascicularisyy at 28 days post infravenous
adexinistration of the AAV particies comprising the TTN-002 capsid variant and were assayed by gPCR
for the presence of transgene RNA as a measure of transgene expression and conpared to the AAVY
coutrol. Data were provided as average raRNA fold change for the transgene relative 1o a housckeeping
gene as well as the fold change relative to the AAVS control (Table 15}, As shown o Table 15, o RNA
ransgene expression from the TTN-002 capsid variant, which is an AAVS capsid variant. was
significantly higher in the brain of NHPs relative to the wild-type AAVY control. More specifically,
mRNA expression was approximately 20-25-fold higher from the TTN-002 capsid variant compared 1o
wild-tvpe AAVY in the brain of NHPs. Additionally, mBNA expression was approximately 4-3-foid
higher from the TTN-002 capsid variants compared to wild-type AAVY in the spinal cord of the NHPs.
TTN-002 also demonstrated lower mRNA expression in the fiver and DRG relative the AAVY conirol
(Table 18).

{8493} The brains, spinal cord, and peripheral tissucs isolated from the NHPs were also assayed for
the presence of viral DNA as a measure of viral genone levels. Data are provided in Table 16 as average
DNA (viral genome {VG)) copies per diploid genone as well as fold change relative to the AAVS
control. As shown in Table 16, biodistibution of the AAVS capsid vanant, TTN-002, was significantly
higher in the NHP brain relative o the wild-type AAVY control. Biodisirbution of TTN-002 was lower
10 the NHP lver relative o the wild-type AAVS control.

{8494} The brain tssues and spinal cords of the NHPs were also subjected to immunobistochemstry
staining 1o evaluate overall CNS ropisme and biodistribution in various regions (FIGs. 1A-1D).
Immunohistochemical staimng correlated with the gPCR analysis, as TTN-002 showed significantly
stronger staining and payload expression in the brain (e.g.. across the entire cerebrum and cerebelium,
FiGs, 1A-1C) and spinal cord (FIGs. 1A and 1), as compared to the AAVY control. More specifically,
TTN-002 demonstrated iocalization, strong payvload expression, and transduction in both neurons and
ghial cells 1n the teraporal cortex, perirhinal cortex, globus pallidus, putamen, candate, thalamus,
hippocampus, geniculate mucleus, Purkinje cell layer, deep cercbellar nucled, dentate nuclens, brainster,
and cerchellum (FiGs. 1A-10). Payload expression was also observed in astrocytes in the dentate
mucleus. Additionally, quantification of co-expression of the pavicad and the pan-neurcnal marker SMi-
311 showed payload expression in approximately 73.4% of the large neurons in the dentate nucleus of
the deep cerebral nucleus in the cercbellum at 28-days post intravenous administration the AAV particles
comprising the TTN-002 capsid variant. In the spinal cord, TTN-002 demonstrated locabization, strong
payload expression, and transduction in the cervical region {e.g., €2), thoracic region {¢.g., T10), and
fumbar region {e.g., L2} (FIGs, 14 and 1), Additionally, TTN-002 showed less staining in the DRG
refative to the wild-type AAVY control (approximately 2-fold less) (FIG. 1B). Both TTN-002 and AAV9
appeared to transduce the liver and heart with siniilarly ligh efficiency, by IHC analysis (FIG. 1B).
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Additionally, the histopathology of these saraples isolated fron the NHPs showed no signs of toxicity in
the NHPs, following intravenons administration of AAV particles comprising the TIN-G02 capsid
variant at a dose of 3el13 VG/kg with a self-complementary viral genone.

Table 15, Transgene mBRNA expression with the TTN-002 capeid variant in WHPy

. AVG transgene mRNA fold change relative to Fold change
Cags;d Tissue housekeeping gene relative o
Variant ~ :

NHPY NHPZ Average AAYS
Cortex 0.219 00138 0. 118 10
Thalamus 0.141 0.090 0.116 10
Cerebellum 0.677 0.098 0.388 1.0
SC Cervical 0.610 2.040 £.325 1.6
SC Thoracic 0.796 1.238 1017 1.0

, SC Lumbar 4.950 0.890 2.920 10

AAVY S T - =
DRG Cervical 32413 63.331 47.872 1.0
DRG Thoeracic 27.509 57.666 42.588 1.6
DRG Lumbar 115.851 69.920 92 885 1.0
Liver 21591 9.198 15394 10
Heart 231.804 20.067 125936 1.0
{yuadriceps 37.732 3.686 20.709 1.0
Corlex 1.277 4632 2.954 24932
Thalamus 3.618 1.194 2.406 20.818
Cerebelhum 3.839 14,762 9.301 23.998
SC Cervical 3.683 9.095 6.389 4822
SC Thoracic 5759 56.639 6.199 6.096
TTN-GO2 SC Lumbar 7.544 16,550 12.04~'7 4.126
PRG Cervical 31.162 22.002 26,582 0.555
DRG Thoracic 25228 14.915 20.071 0,471
DRG Lumbar 39.386 16611 27 998 (.301
Liver 13.599 16,140 14.869 0.966
Heart 380.487 143.202 261.844 2.679
Onadriceps 45659 4207 24,933 1.204
Table 16. Viral DNA biodistribution with the TTN-002 capsid variant in NHPy
Capsid ) .. AVG DNA copies per diploid genome Fold siiazmiige
Variant Tissue NHPM NEHP2 Average n'eiéetwte to
AAYY
Cortex 0.213 0.074 0.1435 1.0
Thalamus 3.225 0.107 $.166 1.0
Cerebellum 0,199 0.079 0.139 1.0
SC Cervical 0.688 §.103 0.396 1.0
SC Thoracic 0.385 0.192 (.288 1.0
AAVY SC Lumbar 0.214 0.21 0212 10
T DRG Cervical 0.32 (.32 (.320 i0
DRG Thoracic 0.303 §.733 0518 1.0
DRG Lumbar 0.240 0.246 .243 1.0
Liver 274,545 268.553 271.549 1.0
Heart 2.367 2.833 2.600 1.0
Ouadriceps 1.380 §.768 1.074 1.0
. Coriex 0.600 0.031 0.3155 2.203734
TTN-002 Thalamms 0.3%8 0.417 0.402 2.42507%

[
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Cerebellum 0492 §.886 0.689 4.95212
SC Cervical 0.008 0,298 $.153 (.386545
SC Thoracic 0.679 0.481 0.550 2.010803
SC Lumbar 0.801 6.194 0.497 2.347401
DRG Cervical 0711 0.636 0.674 2.106828
DRG Thoeracic 0.000 $.305 $.153 (.294746
DRG Lumbar 0.356 0.517 0.437 1795147
Liver 20877 156,337 88.757 0.3268353
Heart 2.07 2.380 2.229 0.857412
Cuadriceps 0.641 0.486 $.564 (.524939

B. Individual capsid characterization in rats

{08495} The brains and spinal cords were isolated from rats at 25 days post intravenous adiministration
of AAV particles comprising the TIN-002 capsid vartant (AAVS variant) and assayed for the presence
of transgene RNA as a measure of transgene exprossion, relative to a wild-type AAVS control capsid ora
wild-type AAVS control capsid (Table 17). Data wete provided as average mRNA fold change for the
transgene relative to a housekeeping gene as well as the fold change relative 1o the AAVS and AAVS
controls (Table 17). As shown in Table 17, mRNA transgene expression from the TTN-002 capsid
variant was higher 1o both the brains and spinal cords relative to the AAVS and AAVY controls. More
specifically, transgene mBRNA expression was approxirately 40- (o 67-fold higher from the TTN-002
variant in the rat brain and spinal cord regions (cervical, thoracic, and lombar) compared to wild-type
AAVS and transgene mRNA expression was approximately 3-7-fold higher in the rat brain and spinal
cord regions {cervical, thomcic and lumbar) compared to wild-tvpe AAVY,

{0496} The brain and spinal cord tissues, as well as the heart peripheral tissue were subject to
immunchistochenistty staining to evaluate overall fropism and biodistribution. Immunohistochemical
staining correlaed with the gPCR analvsis, as TTN-002 showed increased staining relative to both
AAVY and AAVS in the cortex, hippocanipus, cercbellum, and spinal cord of the rat. TTN-002 showed
increased staining in the heart of the rat relative to AAVS but decreased staining relative to AAVY,

Table 17. Transgene mRNA expression with TIN-002 capsid variant in rats

AVEG (1=3 rats) {ransgene Fold change in mRNA Fold change in aRNA
Pissue mRNA fold chai_}ge relative o expression i‘ielative o expression relative to
housckeeping gene AAVS AAVS

AAYS 1 AAVY | TTN-B02 AAVY TN AAVS TEN-802
Brain 0.051 0.381 2.051 7.533 40.310 0.133 3378
Spinalcord C1 | 0,121 1.045 8.209 8.629 67.796 0.116 7.856
Spinal cord L1 (.118 1.647 4.901 13.947 41.499 0.072 2.975
Spinal cord Tl §.133 1.066 6.952 8.013 52.291 G.125 6.524

C. Individual capsid characterization in mice

{8497} The brains and livers were isolated from BALB/c mice 28 days post intravenous injection of

following intravenous administration of AAY particles comprising the TTN-002 capsid variant and were
assaved by gPCR for the presence of transgene RNA as a measure of transgene expression and conpared

to an AAVY and AAVS control. Data were provided as average aRNA fold change for the transgene
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relative to a housekeeping gene (Table 18) and as fold change in {ransgene mRINA expression relative
AAVY and AAVS controls (Table 19). As shown in Table 18 and Table 19, the AAVS capsid vadant
TTN-002 demonstrated similar levels of transgene expression relative to AAVY in the brain and higher
cxpression than wild-type AAVS. Transgene mRNA expression in the mouse brain was 265 .9-fold higher
with the TTN-002 capsid variant as compared to wild-type AAVS (Table 19). Additionally, wild-type
AAVS and the AAVS capsid vagant, TTN-002, both resolied in lower transgene expression in the liver,
as compared to wild-type AAVSY.

{64958} The brains and livers isolated from the mice were also assaved for the presence of viral DNA
as a measare of viral genome levels. Data are provided in Table 18 as average DNA {(viral genome (VG))
copies per diploid genome and in Table 19 as fold change in DNA copies per diploid genome relative
AAVY and AAVS controls. The AAVS capsid variant TTN-002 demonstrated comparable biodistribution
refative to AAVY 1 the mouse brain and imncreased biodistribution and viral genome levels than wild-type
AAVS. More specifically, in the brain, the TTN-002 capsid variant led to 9-fold higher DNA (viral
genome (V3)) copics per diploid genome relative 1o the AAVS conirol (Table 19). Furthermore, wild-
type AAVS and the AAVS capsid varang, TTN-002, resulied in decreased biodistribution and DNA
(viral genome (V@) copies per diploid genome in the Hver relative to AAVY (Tahbie 19).

Table 18. Transgene mRNA expression with the TIN-802 capsid variant in mice

Tissue Capsid Mouse AVG transgene mRNA fold change | AVG Transgene DNA per
Variant relative to housekeeping gene diploid genome
Mouse | 0.002 3.0152
i Mouse 2 0.004 3.0000
ARV ™ Viouse 3 0.004 00114
Average 8,043 8.0089
Mouse | 0.553 3.2000
. ; Mouse 2 0.235 0.1027
Brain | AAVY ™ Viouse 3 0,544 01213
Average 0,544 8.3414
Mouse | 0.179 0.1334
o Mouse 2 0.462 0.0555
N-002 - -
TINA02 ™ fouse 3 {828 0.0608
Average 0.823 $.0832
Mousg | (.395 0.9669
iz Mouse 2 0.566 1.4158
ARV Viouse 3 0.882 14627
Average 0.614 1.2818
Mouse 1 9.164 34.1673
. Mouse 2 12.460 38.4415
ey A 7
Liver | AAVS e 3 5,100 21,0644
Average 8.938 32.2244
Mouse 1 1.106 1.8292
- Mouse 2 £.305 16726
TIN-0O2
FIN-00 Mouse 3 2.292 2.8985
Average 1.568 21334
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Table 19, Fold-change in transgene mRNA expression and DNA copies per diploid genome relative
to AAVY and AAVS in the brain and liver of mice

Fold chaage in mRNA expression Fold change in mRNA expression

Tissue relative to AAVS rejative o AAVS

AAVY TTN-602 AAVS TTN-892
Brain 175.796 265874 0.006 1.512
Liver 14.549 2352 0.069 0173

Fold change in DNA copies per diploid Fold change in DNA copies per diploid

Tissue genome relative to AAVS genome relative to AAVS

AAVY TIN-652 AAVS TTR-802
Brain 15.910 9.367 0.063 0.589
Liver 25.140 1.664 0.040 0.066

D. Individual capsid characterization in Marmosets (Callithrix jacchus)

{64991 AAV particles were generated with the TTN-002 capsid variant, the AAVS capsid control, or
the AAVY capsid control which comprised a seff-complementary viral genome encoding a histone HZb
protein with an HPC4 tag (TTN-002 capsid varant), T7 tag (AAVS capsid control), or HA tag (AAVY
control capsid) daven by a sbiguitous CAG promoter. The AAYV particles comprising the TTN-GG2
capsid variant, the AAVS capsid control, or the AAV? capsid contro] were administered to the
marmosets (Callithrix jacchusy (=3} intravenously in a single sclution, at the doses indicated in Table
26. The in-life period was 28 days and then vanous CNS and penpheral tissues were collected for
measuring transgene mRNA {expression) by RT-qPCR, protein expression by IHC, and viral DNA
{(biodistribution} by ddPCR. Data were then normalized to the dose of each viral vector in the dosing
solution.

Table 28, Titer of the AAV particles comprising the various capsids in solution dosed in marmosets

Capsid Variant Actual Titer Dosed Ratio of Capsid Variant to AAV?
AAVS 2.88 < 16" vg/ml, 0,72
AAVS 4.00 x 10" vg/mL, 1.8
TEN-002 2.05 x 10t ve/ml 0.51

[8506] Table 21 shows the guantification of viral genome copies per diploid genome
(biodistribution} by ddPCR following intravenous administation of AAV particles comprising a2 TTN-
802 capsid, which is normalized to the actual {iler of the viral vector in the dosing solution (vg/dg = viral
genome copies/ diploid genome). Table 22 shows the quantification of transgene mRNA by RT-gPCR
following intravenous administration of AAV particles comprising a TTN-002 capsid, nommalized to the
actual titer of the viral vector in the dosing solution (nRNA = fransgene mRNA fold over housckeeping
gene: rel. to AAVY= transgene mRNA fold over housckeeping gene relative to AAVY; rel. fo AAVS
transgene mRNA fold over housekeeping gene relative to AAVS).

{6561} As shown in Table 21, the TTN-002 capsid variant, an AAVS capsid variant, demonstrated
increased biodistribution in the candate and motor cortex in the brain of the marmosets relative o the

AAVS capsid control, as well as the AAVY contral. The TTN-002 capsid varant also demonstrated
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increased transgene expression relative o AAVS inthe caudaie and motor coriex, increased transgenc
expression relative to AAVY in the candate, and comparable transgene expression relative to AAVY in
the motor cortex (Tables 21 and 22). Similar expression and distribution was observed by
immunchistochenustty. More specifically. staining for TIN-002 was detected in the caudate, putamen,
thalamus, and cercbellurm, and this statning was increased relative to AAVS, Staining for TIN-002 was
also observed in the molecular and graoule layer of the cercbelium.

{6562} Biodistribution and transgene expression were also measured in the perpheral tissucs of the
Biver, heart, and quadriceps. as shown in Table 21 and Table 22, respectively. In the liver, the TTN-002
capsid variant exhibited lower bindistabution {Table 21) and transgene expression {Table 22} relative o
AAVS and AAVY, indicating that the TTN-002 capsid variant was detargeted in the liver relative to
AAVS and AAVY in marmosets. TTN-002 led to increased biodistribution (Table 21) in the heart
refative to AAVS and AAVY, increased (ransgene expression in the heart relative to AAVS, and
decreased transgene expression in the heart relative to AAVS (Table 22). Inthe muscle, the TTN-002
capsid variant exhibited higher biodistribution (Table 21) and transgene expression {Table 22) relative to
AAVY, The TTN~002 capsid variant also demonstrated decreased biodistribution (Table 21) but
increased transgene expression (Table 22) in the nwiscle relative to AAVS,

Table 21, Quantification of viral genome copies per diploid genome (biedistribution) by ddPCR
following mtravenous administvation of AAV particles comprising a TTN-D62 capsid normabized to
the actual tier of the viral vector in the dosing solution {(vg/dg = viral genome copies/ diploid
Zenome)

Tissue
Caudate Motor Cortex
Capsid vgidg veldg vgidg vg/dg
vgldg relative to relative to vgidg relative to refative to
AAYY AAVS AAYS AAVS
AAVY 0.01 1.00 - 0.02 1.00 -
AAVS (.03 3.12 1.60 0.05 2.10 (.0
TTIN-002 5.16 8.56 3.59 0.11 4.89 2.83
Heart Muscle
Capsid vg/dg vg/dg vgldg vgidg
ve/ldg relative to refative o ve/dg relative to refative to
AAVSY AAYS AAVSY AAYS
AAVY 0.48 .00 - 623 .00 -
AAVS 3,40 0.80 1.60 {18 6.08 1.60
TTN-002 1.18 2.88 3.70 8.77 3.69 6.65
Liver
N vg/dg veldg
Capsid vgidg n'eiati;ive 0 rcla%ivs 5}
AAVE AAVS
AAVYG 13.79 1.06 -
AAYS 18.28 141 1.00
TTN-002 1.92 0.14 0.11

-22% -



WO 2025/038800

Table 22, Quantification of transgene mRNA by RT-gPCR following intravensus administration of
AAY particles comprising a TIN-002 capsid normalized to the actual titer of the viral vector in the
dosing solution (mRNA = transgene mEBNA fold over housekeeping gene; rel. to AAV9=transgene
mRNA foid over houschkeeping gene relative to AAVY; rel. to AAVS transgene mRNA fold ever
housekeeping gene relative 6 AAVS)

PCT/US2024/042405

Tissae
Capsid Caudate Motor Cortex
mRNA rel. AAVS rel. AAYS mRNA rel. AAVS el AAVYS
AAVS (.03 1.00 - 0.05 1.00 -
AAVS (.02 0.6} 1.00 0.01 0.31 1.00
TTN-002 G.10 3.38 5.60 0.06 1.32 4.84
Capsid Heart 7 Muscle
mRNA rel. AAVY rel. AAVS mRNA rel. AAVS rel AAVS
AANVG 12.67 1.00 - G.13 1.00 -
AAYS 36 0.30 10 0.11 0.48 1.60
TTIN-002 612 0.58 2.15 1.3% 8.39 22.84
Capsid Liver -
mRMNA rel, AAYS rel. AAVS
AAVS 1.85 i.00 -
AANS 6.89 335 1.0
TTN-002 0.16 0.08 0.03
Conclusions
(8503} Taken together, these data demonsirate that TIN-002, which is an AAVS capsid variant, is an

enhanced CNS tropic capsid, in both NHPs and rodewts {¢.2., rats and mice), and was able to successfilly
peneteate the blood brain baraer. More specifically, TTN-002 demounstrated the ability to cross species,
demonstrating improved CNS tropism and biodistribution in both NHPs and rats relative to AAVS in
mice.

Example 3. Mataration of the TTN-802 capsid in mice

{0504} This Example describes maturation of the TTN-002 (SEQ 1D NO: 982 (amino acid) and 984
(DNA), comprising SEQ ID NO: 943) capsid vanant in mice to further enhance its transduction and
biodistribution in the central nervous system, evolve the AAV capsid vanant further, and to provide
cross-species compatibility. Two approaches were used to mature the TTN-002 capsid scquence in order
to randomize and mutate within and around the peptide insert compused within loop VII of the capsid
variant. In the first maturation approach, mutagenic primers were used to introduce point muiations at a
low frequency, scattered across the mutagenesis region in the TIN-002 sequence ranging from
approximately position 571 to position 586, nwabered according to SEQ 1D NO: 982, Inthe second
maturation approach, sets of these contignous amino acids were randomized across the mwtagenesis
region in the TTN-002 sequence, which spanned from approximately position 571 to position 586,
pubered according to SEQ D NO: 932, AAV capsid vanants arising from each maturation approach
for TTN-002 were pooled together, for subsequent {esting and characierization in mice.

06505} The library of pooled matured AAV capsid vanants generated from TTN-00Z using the first
matiration approach and the hibrary of pooled matured AAY capsid variants generated from TTN-002
using the second maturation approach were each injected into three CD-1 Outbred mice. After a period in
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life, the brains of the mice were isolated and RNA was extracted. Following RNA recovery and RT-PCR
amplification, a systematic NGS enrichment analysis was pedormed to calculate the fold ennchment
ratio relative to the TTN-002 control, and the peptides conprised within the matured variants were
identificd. The data from the first maturation approach are provided in Table 23 and the data from the
second maturation approach is provided in Table 24,

{6506} Following the RNA recovery and NGS analysis from the first maturation approach, the
matured capsid variants were filtered based on their coefficient of variance (CV), which was calculated
for each peptide across six brain samples laken (two per mouse). Those that bad a CV value <1 were
identified, as these were the peplides that were reliably detected in 5/6 or 6/6 brain samples 1solated from
the three mice. Table 23 provides the peptide sequences of these matured capsid variants and the foid
cnrichmert of the matared capsid variant relative to the non~matured TTN-002 control. As shown in
Table 23, approximately 28 TTN-002 matured capsid variants demonstrated an increase in expression
relative o the non-matured TTN-002 control, with approximately 16 variants demonstrating at least a 2-
fold increase in expression. Several variants demonsirated at least an 8-fold to 15-fold increase in
gxpression relative o the nop-matured TTN-002 control.

Table 23. NGS fold-enrichment of TTN-002 matured AAY capsid variants in the brain of outhred
mice following first smutagenesis approach

Sequence SEQ 1B NG: Foldl enrichment over TTN-62

TNSVISYPAEVVORTA 1537 15.404
DSKYPAEVVQKTA }538 10.261
TNNSSSYPAEVVQKTA 1539 3.539
TRNNQSSYPATVVQETA 1540 4.641
NSGSYPAEVVQOKTA 1541 4553
SKYFPAEVVQKTA 1542 4.329
JQOSSYPASVVQOKTA 1543 3.849
MSRYPAEVVQOKTA 1544 3.586
INLSRYP? 1545 3.580
TNNQSSYPPSIVQOKTA 1346 3.529
TNNASKYPAEVVQOKTA 1547 3.008
TNNQSSYPPSVVQOKTA 1548 2.927
NNLSSYPAEVVQKTA 1549 2912
TNNQSSYPATLVOKTA 1556 2.688
LSSYPAEVVOKRTA 1551 2.243
EVVOQKTA 1552 2.157
WSLYPAEVVQKTA 1553 2.075
NOSSYPVTVVQOKTA 1554 1.857
[STYPAEVVQOKTA 1558 1.753

1556 1.612

1232 1.484

1558 1478

1559 1.365

{560 1.263

LA 1561 1.261
THNNQISYPAPLVOKTA 1562 1.149
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TNNQBSYPPILVOKTA

1141

1.106

TNNPSRYPAEVVQKTA
TNNQSSYPAEVVQKTA 3 1.000

0.980

[0507]

Followiag the RNA recovery and NGS analysis from the second maturation approach, the

matured capsid variants were filtered for those that were detectable 1n all samples from all wice injected

with the matured capsid vanants. Table 24 provides the peptide sequences of these matured capsid

variants, the fold envichment of the matured capsid variant relative to the non-matared TTN-002 control,

as well as the predicted capsid of ongin from which the variant was matured. As shown i Table 24,

approximately 326 TTN-002 matured capsid variants demonstrated an increase in expression relative to

the non~matured TTN-002 control, with approximately 358 variants demounstrated at least a 2-fold

increase in expression. Several variants demonstrated a 20-711-fold or greater increase in expression

relative to the non-matured TTN-002 control.

Table 24, NGS fold-enrichment of TTN-802 matared AAV capsid variants in the brain of outhred

mice following second mutagenesis approach

Sequence

SEG
0
NG

Fold
enrichment
over TTN-

$82

Sequence

Fold enrichment
over TTN-G82

TNNFEMYPAEVVOKTA | 1000 711.864 TNNQSSYPAELVOKTA 1269 3,158
TNNQSSYPAEALLKTA | 1001 107 670 TNSLWSYPAEVVQKTA 1270 3.150
TNNQGTYPAEVVOKTA | 1002 87226 TNNQSSYPAETVSKTA 1271 3,149
TISASSYPAEVVQOKTA 1003 79.340 TNNLTSLYPAEVVORTA 272 3114
TNGVHSYPAEVVQOKTA | 1004 371 TNNQSSYPAEVVQKST 1273 3.103
TNNHSAYPAEVVORTA | 1003 3542 TNNQSSYPAELVIKTA 1274 30
TNNMAPYPAEVVOKTA | 1006 34.417 TNNTGRYPAEVVORTA 1275 3
TNNIATYPAEVVOKTA 32786 TYS SYPAEVVQKTA i276 3.061
TNQISSYPAEVVOKTA | 1} 30,799 TNTLSSYTAEVVQOKTA 1277 3.4
TNNQ YPAEVVQOKLS 1009 30,530 TNSTSSYPAEVVOKTA 1278 3.0
TNNLGQYPAEVVQOKTA | 1010 28, TNAVESYPAEVVORTA 1279 31025
TNNPGAYPAEVVOKTA | iG] 27. TNSTYSYPAEVVQKTA 1280 3.025
TNNQSSYPAEVVORLK | 1012 27 TRNNLSMYPAEVVOKTA 1281 2.997
TNNQSSYPAATIQKTA | 1013 24, TNNQSSY KPA 128 2973
TNNQSSYNTRVVOKTA | 1014 22.549 TUNNLSVYPAEVVQORTA i 2.969
TNKITSYPAEVVOKTA | 1013 22308 TNNQSSYPARPVVQOKTA 1 337
TNNITGRYPAEVVOKTA | 1016 22159 TNTQOSSYPAEVVOKTA 1 9
TNLIASYPAEVVQKTA | 1017 224650 TNNQSSYPQSVVQKTA i 2y
TNNTAGYPAEVVOKTA | 1018 ? 4 TNNSSVYPAEVVQOKPA i 2.920
TNNMARKYPAEVVORTA | 1019 21 TNNQSSYPANQSQOKTA 2.889
TNNMAQYPAEVVOKTA | 1020 20. TNNLAVYEPAEVVORTA 2 8&8
TRNNAGAYPAEVNVQKTA 021 {9, TNNPSRYPAEVVORTA 2877
TMSASSYPAEVVOKTA | 1022 19 TNTTSSYPAEVVQOKPA 2.873
TNNAAVYPAEVVORTA | 1023 12. TNNQSSYPTNTVOKTA 2.866
INNQSSYPAEVVQKTA | 1024 8. TNNTGLYFPAEVVQRTA 2.862
TNNNSKYPARVVOKTA | 1025 I8¢ TLINSSYPARVVQKTA 2.847
TNNTSHYPAEVVORTA | 1026 17.57 TNNSALYPAEVVQKTA 2.797
TNNLGSYPAEVVQKTA | 1027 17.430 TNNLSLYPAEVVQKTA 2777
TNNQSSYPAEVISKTA 1028 {7472 TNNQSSYPAEVKSRTA 2760
TNLIDSYPAEVVOKTA | 1029 16804 TNNQSTATAEVVQOKTA 2.745
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TNNTSGYPAEVVOKTA | 1030 16.556 TNNOSSYPRDLVOKTA 2.726
TRNQSSYPANDTGKTA | 103] £5.769 TNNQSSYPPSLVQKTA 2719
TNNTAGYFAEVVOKTA | 1032 15607 TNSVSSYPAEVVONTA 2703
TNLVSSYPARVVOKTA | 1033 15329 TNNTAMYPAEVVGKTA 2700
TNNVSQYPAEVVOKTA | 1034 15.269 TNNQGAYFAEVVOKTA 2678
TNNMEMYPAEVVGKTA | 1635 15241 TNNQSSYPBPTVVQKTA 2665
TNSVSSYPAEVVOKTA | 1036 14.066 TNNSAKYPAEVVOKTA 2.645
TNSIGSYPAEVVQKTA | 1037 13.549 TNNQSLYFAEVVOKTA 2.630
TRNVSYYPARVVOKTA | 103% £3.350 TNNVSSYPARVVQRPA 2622
TNNAASYFAEVVOKTA | 1039 13.290 TNNLAPYPAEVVQKTA i3 2619
TNNMSIYPAEVVOKTA | 1040 13.095 TNSPSSYPAEVVOKTA i3 2.608
TRNVSGYPAEVVOKTA | 1041 12.734 TNNHS SYPAEVVQKTA 1310 2600
TNNMASYPAEVVOKTA | 1042 TNNQSSYPAPVIQKTA 1311 2.599
TNNQSSYFAQIVOKTA | 1043 TNNLSLYPAEVVQKPA 1312 2.598
TNKISSYPAEVVOKTA | 1044 TNNVSKYPAEVVOKTA 1313 2.593
TNRVSSYPAEVVOKTA | 1045 TNNQS YNPAEVVQKTA 1314 2582
TNNVGYYFAEVVOKTA | 1046 TNNESVYPAEVVQKTA 1315 2.559
TNNLGAYPAEVVQRKTA | 1047 12.44" TNNTAPYPAEVVOKTA 1316 2,552
TNNTSQYPAEVVOKTA | 1048 12264 TNNQLTTEAEVVOKTA 1317 2486
TNNQESSYPPEVVOKTA | 1049 12245 TNNLGEYPAEVVOKTA 1318 7 484
TNNVIMYFPAEVVOKTA | 1050 12226 TNNQSSYPAHLIQKTA 1319 2.480
TNNQSSNPTEVVOKTA | 1051 12.190 TNNMSTYPAEVVOKTA 1320 2.40
TNNTAWYPAEVVOKTA | 1032 (2.018 TNNQSSYPASYVTQKTA 1321 2
TNNAAAYPAEVVOKTA | 1033 11.885 TNNQSSYPAEVESKLA 1322 2.
TNNTASYPARVVORTA | 1054 11.862 TNSVSSYPARVVKKTA 1323 2.
TNKVASYPAEVVOKTA | 1055 11.641 TNNVSPYFAEVVOKTA 1324 2.
TNNIGTYPAEVVOKTA | 1036 TNNQSSYPBPNMVQKTA 1325 7.
TNNLSKYFAEVVOKTA | 1057 TNNQSSYPANQTQOKTA 1326 2.
TN AEVVOKTA | 1058 TNNQSRYPAEVVOKTA 1327 2.
TRNNQARYPAEVVQOKTA | 1059 TNTQASYPAEVVQAKTA 1328 2.
TNNQSSYFATIIOKTA | 1060 TNNQSSYPMELVQKTA 1320 7.
TNNTSHYPAEVVORTA | 1061 TNNOSSYPREVVOKTA 1330 2
TKITSSYPAEVVQOKTA | 1062 11.194 TNNSSSYPAEVVKKTA 1331 2.
TNNQSSYPAEVVSKLA | 1063 11.081 TNNQSSYPAPLQOKTA 1332 2.
TNFVASYEAEVVOKTA | 1064 11061 TNLEGSYPAEVVQKTA 1333 2.
TNNTSDYPARVVOKTA | 1063 11043 TNNKSMYPARVVOKTA 1334 2.
TNNQESSYPPELVQKTA | 1066 11.619 1335 2.
TNNMSLYPAEVVOKTA | 1067 10.282 TNKQSSYPASVVOKTA 1336 2.
TNNQERYPAEVVQRKTA | 1068 10.869 TNNLSYYPAEVVOKTA 1337 2.
TNNQSSYPADIVOKTA | 1069 10.822 TNNSSLYFAEVVOKTA 1338 2.
TNNMAMYPAEVVOKTA | 1670 10207 TNNQSSYPENTVQKTA 133¢ 2.
TNNQSSYFAELIEKTA | 1071 10.660 TNNQSSYPALVIQKTA 1340 2.2
TNNQSSYPPLVVQKTA | 1072 10.538 TNNQGVYFPARVVOKTA 1341 2
TRNLSAYPARVVOKTA | 1073 10.500 TNNQSRYPAREVOKTA 1342 2233
TNNIAHYFAEVVOKTA | 1074 10.408 TNNQS SYPPHVVQKTA 134 2231
TNNHAKYPAEVVOKTA | 1075 103 TNVVSSYPAEVVOKTA 2225
TNNMSRYPAEVVQKTA | 1076 TNNQGTIFAEVVOKTA 2218
TRNTSSYPARVVGKTA | 1077 g TNNQSSYPATLVQKTA 2 200
TNNPAAYEAEVVOKTA | 1078 9.842 TNNLSSYPAEVVQKTA 2.190
TNSTFSYPARVVOKTA | 1079 9.812 TTLTSSYPARVVGKTA 2.129
TNNQSSYPAEVVQKTS | 1080 ; TNLGGSYPAEVVOKTA 2.125
TNNQSSYPAEVVOKSS | 108 TNNQSSYPAEVVNELA 2.107
TNNTSIYPAEVVQKTA | 1082 738 TNNVGLYPAEVVOKTA 2106
TNNLAYYPAEVVQKTA | 1083 9.674 TNNQSTEFAEVVOKTA 2.094
TRNMGYYPARVVCOKTA | 1085 0 584 TNNSTIYPAEVVQKTA 2 089
TNLVSSYFAEVVOKEA | 1086 4577 TNNSAMYPAEVVQKTA 4 2.073
TNNQAI YPARVVOKTA | 1087 9556 TNTTSSYPARVVOKTA 55 2069
TNNPNSYPAEVVQKTA | 1088 0484 TNNQSSYPAALIOKTA 56 2.069
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TKTISSYPAEVVQKTA | 1089 9.438 TNLGSSYPAEVVQKTA 2.061
TNNTASYPAEVVOKTA | 1090 9.423 TNKMSSYPAEVVQKTA 2.056
TNMIASYPAEVVORTA | 109 0410 TNNQSSYPAEEVQKLK 2.032
TNNMGAYPAEVVQKTA | 1092 9.403 NNNQSSYPASVVQOKTA 2.032
TNAVHSYPAEVVOKTA | 1093 9.332 TNNISPYFPAEVVQRTA 2.008
TNNISNYPAEVVOKTA | 1094 9,304 TNNQSSYRPRPPVVQKTA 2.000
TKSASSYPARVVORKTA | 1095 9.240 TNSVASYPAEVVQKTA
TNNVGRYPAEVVQKTA | 1096 9.183 TNNQSSYPAEVIRKTA
TNNMSVYPARVVQKTA | 1097 9.158 TNNSSKYPAEVVQKTA
TNNVSTYPAEVVOKTA 098 9126 TNNMALYPAEVVQKTA
TNNTSAYPAEVVOKTA (99 9.074 TNELSSYPAEVVOKTA

TNNQESYPAEVVNEKTA | 1100 2.893 TNNQSSYPAPVVOQKEA
TNNQAMYPAEVVOKTA | 1101 8.788 TNNQSSSVAEVVQKTA
TNNQSSYFPAEVIQKTA | 1102 8.727 TNSIWSYPAEVVOKTA
TNNASAYPAEVVQKTA | 1103 8.711 TNNQRSYPATLVOKTA
TNNLAAYPAEVVQOKTA | 1104 8.670 TNNQSSRDAEVVQKTA
TNEVSSYPAEVVOKTA 105 8.280 TNRKVTSYPAEVVQKTA
TNNQSSYRPANLIQKTA 1G6 TNNQAYYPAEVVOKTA

TNNQSSYPSDIVQKTA

TNNQSSYPATVVQRTA

TNNQSSRESEVVOKTA

[ [V JUI

TNNQSGISAEVVOKTA

TNNISRYFPAEVVOKTA

TNNLALYPAEVVQKTA

TNNTARYPAEVVOKTA

TNNQAVYPAEVVOKTA

TNNQSQYPAEVVQOKTA

TNNQSSNQAEVVQKTA

TNNIGSYPAEVVOKTA

7.845

TNNMSPYPAEVEQKTA

TNNTGVYRPAEVVORKTA

7.821

THTLSSYPAEVVOKTA

Y JUSTY PUUDY [N [UNPS JUITS NS SN JUNRS PRI U [Ty Ui S

TNNTNSYPAEVVOKTA | 1114 7794 TNNAWS YEAEVVOKTA 38
TNNTARYPAEVVGKTA | 1115 7.751 TNNQSSYPASMSQKTA 1324

TNNLSRYE 1116 TNLTESYPAEVVOKTA 1383

TNNQSS FUQRTA | 1117 TNLTSSYPARVVGKTA 1386
TNENASYPAEVVOKTA | 1118 TNNLSSYPAEVEQKTA 1387 1.
TNNTSTYFAEVVOKTA | 1119 TNNQSNVTAEVVQKTA 1388
TNNSSIYPAEVVOKTA | 1120 TNNQSSYPPOVVOKTA 1389
TNNQSSYPAEVVQKTT | 1121 TNNQS SVSAEVVOKTA 1350
TNSGWSYPARVVOKTA | 1122 TNNQSSYPRPNTVOKPA 1391 1.
TNFIASYPAEVVOKTA | 1123 TNLESSYPAEVVQKTA 1392 1.
TNSTWSYPAEVVOKTA | 1124 TNMVASYPARVVOKTA 1394
TNNLGNYPAEVVOKTA | 1125 585 TNNQSSTPSEVVQRTA 1395 1
TNNQSSYFPSIVOKTA | 1126 7.576 TNNLSSYPAEVVQKPA 1396
TVASSSYPAEVVQRTA | 1127 7.500 TNNQSPPRAEVVOKTA 1397
TNNQSSYPAELIAKTA | 1128 7.498 TNSLGSYFAEVVOKTA 1399 i
TNNLARYPAEVVOKTA | 1129 7.477 TNSTWSYPAEVVQKPA 1399 i.
TNNQSSYFAEVVOKLN | 1130 7.430 TNNQSSYPASVVOKPA 1400
TNNLSQYPAEVVOKTA | 1131 7420 TNNQSSYPAEVASKTA 1401 i
TNNISYYPAEVVOKTA | 1132 7337 TNNQSSYPARVLHEKTA 1402
TNNSSVYFAEVVOKTA | 1133 7278 YPASVVQKTA 1403
TNNQISYPARTVAKTA | 3134 7.273 YPPSVEQKTA 1404
TNNLSVYPAEVVOKTA | 1135 7251 1405
TNITGSYPAEVVOKTA | 1136 7246 1407
TNNMSKYFAEVVOKTA | 1137 7.233 1408
TNNCGSYPARVVOKTA | 1138 143

TNNVESYPAEVVQOKTA

TNNIALYPAEVVOKTA

~3|~ifa
]
=

TNNQLSIPAEVVQKTA

-

TNNTSHYPAEEVOKTA

TNNSSSYPAEVVQKPA

oY Pl o I
NP~

TNNPSIYEAEVVQKTA

[y
vloeioo i

TNNQSSYPAAVIQKTA | 1143 6.870 TNTMSSYPAEVVQKTA 414
TNNQSSYFPAEIISKTA | 1144 6.669 TNNQSHNPAEVVQOKTA 1415
TNCVISYPAEVVORTA | 1145 6.662 TNNQSSYPARLIHKTA 1416

TNNTARYPAEVVQKTA

o
=N
i
&

TNNQSSYPPSVVQKTA
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TNNQSSYPAEVINKTA 6.627 TNNQSFYPAEVVQKTA
TNSITASYPAEVVQKTA 6.607 TNNSSSYRPAEVVQQTA
TNNQSSREAEVVOKTA 6.499 YPAEVVOKTA
TNNITRYPAEVVOKTA 6.373 SAEVVOKTA

TNNTSVYPAEVVQKTA

6372

TNNQSTAFAEVVQKTA

TNNTGSYPAEVVOKTA

6.357

TNNQSSYPAEVVHKTA

TNNMSQYPAEVVQOKTA

6.346

TNNQSSYPAMVVQKTA

TNNISSYPAEVVQKTA

65.335

TNNQATNPAEVVOKTA

TNNSASYPAEVVQOKTA

TNNVSSYQAEVVQKTA

TNSISSYPAEVVOKTA

TNHVSSYPAEVVOKTA

TNNTSMYPAEVVORKTA

TNNVSWYPAEVVOKTA

TNNTATYPAEVVQKTA

TNSLSSYPAEVVQKTA
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TNTPASYPAEVVOKTA | 1168 5.992
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Th ABVVORKTA | 1175 TN SYPAEVVOKTA 1.444
TNNTSKYPAEVVOKTA | 1176 TNLISSYPAEVVORTA 1.427
TNNTTVYPAEVVOKTA | 1177 TNNSAVYPAEVVQKTA &
TNNQS CEVVORTA | 1178 TLSASSYPAEVVOKTA 7
TNNQSSYPAEVMSRTA | 1179 TNAVSSYPAEVVOKTA 1417
TNNASCYPAEVVOKTA | 1180 TNNQSSTLIEVVOKTA 1411
TNNTSYYPAEVVOKTA | 1181 TNNQSAYPAEVVQOKTA 1.404
TNNVSMYPAEVVOKTA | 1182 TNNQSKYPAEVVHKTA 1.402
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TNNTSFYPAEVVQKTA
TNNLANYPAEVVQKTA
TNNTSRYFAEVVQKTA
TNNQSSYPASVVEKTA
TLOQSSYPAEVVQKTA
TNNQSSYPAGVIQKTA
TNNQSSYPAETMSKTA
TYTLSSYPAEVVQKTA
TNNSSSYTAEVVQKTA
TNNTALYPAEVVOKTA
TNNLTYYPAEVVOKTA
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TNNVTRYPAEVVOKTA
TNNMSAYPAEVVOKTA
TNNQSSYPAEVIAKTA
TNNLAQYPAEVVOKTA
TNNTGGYPAEVVOKTA

TNSPESYPAEVVQKTA 1476
TNNQSSYPAELLSKTA 477
TNNQSSTREEVVQKTA
47 TNMVSSYPAEVVOKTA
4,309 TNNQLPIFAEVVQKTA
4.272 TNNTSMYPAEVVQKTA
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4.256 TNNQSSYPATVVKKTA
TNNQSSLTAEVVQKTA
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[UNY U P

<D

..h..‘.....,...
N
>
ESFNEN IS

[SSRENERE

NI

B LG 02 P D IND

U U JUITY U
3%

SR ESRS

N

SN

[T

3
b
e
o
2

oo

U e ) vy g pc ) ) P
3
<
=

N
tug
b
i
ox
2N

P QUG JUUDY PUUT JUIDS NP JUS T

TNNQSSYPAETVOKTA 4.093 TNNQSSVTLEVVOKTA 493
TNNISAYPAEVVQKTA 4.078 TNNVSVYPAEVVQRKTA 494
TNNQSMYPARVVOKTA 4.058 TNNQSSYPOQELVOKTA 495
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TNNTSSYPAEVVQOKPA | 1267 3173 TNNQLTSPAEVVQKTA 1534 0.993
TNNQSSYPAEVVOKTP | 1268 3.165 TNNLSHYPAEVVQKTA 1535 (.991

(08508} These data dereonstrate that following two matotion approaches, matured TTN-002 capsid
variants with foop VHI modifications were generated with significantty enhanced CNS tropism in mice
corapared to the corresponding non-matured capsid variants, which already exhibited a significant fold
anrichment over AAVS and/or AAVY in the brain of mice, rats, and/or NHPs.

Exampie 4. Maturation of the TTN-002 capsid in NHPs

LRI This Example describes maturation of TTN-002 (SEQ 1D NO: 982 (amino acid) and 984
(DNA), comprising SEQ ID NO: 943 (encoded by SEQ ID NO: 944)) capsid variant in NHPs,
specifically cynomolgns macaques (Macaca fascicularis), to further enhance its transduction and
biodistribution in the contral nervous system and peripheral tissues and {0 evolve the AAV capsid variant
further. Two approaches were used to mature the TTN-002 capsid sequences in order to randomize and
mutate within and around the peptide insert comprised within loop VHI of the capsid variant. In the first
maturation approach, mutagenic primers were used to infroduce point mutations at a low frequency,
scattered across the mutagenesis region inthe TTN-002 sequence ranging from approximately position
571 to position 586, murabered according to SEQ ID NG 982, Inthe second maturation approach, sets of
three contiguons aruino acids were randomdized across the mutagenesis region in the TTN-002 sequence,
which spanned from approximately position 571 to position 586, numbered according to SEQ [D NO:
982, AAV capsid vanants arising from cach maturation approach for TTN-002 were pooled together, for
subsequent testing and characterization in NHPs.

{0516 The lbrary of pooled matured AAV capsid vanants generated from TTN-002 using the first
maturation approach and the hibrary of pooled matured AAY capsid variants generated from TTN-002
using the second maturation approach were cach injected into two NHPs. After a period in life, the
brains, heart, Hver, muscle, and DRG of the NHPs were isolated and RNA was extracted. Following
RNA recovery and RT-PCR amplification, a systematic NGS enrichment analysis was performed to
calculate the fold ennichment tatio relative to the TIN-0O2 control, and the peptides comprised within the
variaots were identified.

{8311} Following the RNA recovery and NGS analysis fron the second maturation approach, the
matured capsid vanants were filtered based on their coefficient of variance (CV), which was calcalated
for each peptide across the brain, heart, liver, muscle and DRG samples taken from the two NHPs. Those
that had a CV valoe <2 were identificd. as these were the peptides that were reliably detected in the
majority of samples isolated from the brains of the two NHFs.

{8512} Table 25 provides the peptide sequences of these matared capsid variants and the fold
enrichment of the matured capsid variant relative to the non-matured TTN-002 control that demonstrated
the greatest fold-change in expression relative to the non-matured TTN-002 capsid variant in the brain of
NHPs, following the first maturation approach and the second maturation approach. As shown in Table

28, following the first maturation approach, approximately 5 TTN-002 matured capsid variants
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demonstrated an increase in expression relative 1o the non-matured TTN-002 control, which
demonstrated at least a S~fold to 53-fold increase in expression in the NHP brain relative to the non-
nmatured TTN-002 control. Foliowing the second maturation approach, approximately 38 TTN-002
matured capsid vartants demounstrated an increase in expression in the NHP brain relative to the nog-
matured TTN-002 condrol, with at least 27 demousstrating at least a 2-fold increase in expression {Table
2%8). Several variants dernonstrated at least a 12-fold to 222-fold increase 1o expression in the NHP braia
relative to the norematured TTN-002 control (Table 23).

{6513} Fold-change in expression for the TIN-002 mabured variants in Table 25 were also calculated
for the DRG, muscle, Hver (RNA and DNA), and heart of the NHPs following each mataration approach.
Several variants that led to increased expression relative to the non-matured TTN-002 variant in the brain
of the NHP also led to increased expression in other tissucs. For instance, the matured TTN-002 capsid
variant comprising the amino acid sequence TNNQSSYTPSLVQKTA (SEQ ID NO: 1585) demounstrated
increased expression in the brain, heart, and liver relative to the non~-matured TTN-002 control. Similarly,
the matured TTN-002 capsid variants comprising the amino acid sequence TNNQSSYPPSLVKKTA
(SEQ D NO: 1591) and TNNQSSYPPSLVQKPA (SEQ D NO: 15393), demonstrated increased
cxpression in the brain and heart relative to the non-matured TTN-002 control. Additionally, the matured
TTN-002 capsid variant compusing the amino acid sequence INNQSSYPAEVVOKTA (SEQ ID NO:
1024} demonstrated 1ncreased expression in the brain and the muscle relative (o the non-matured TTN-
002 control. Also, as shown i Table 25, many of the TTN-002 capsid vanants that bad increased
expression in the brain, were de-targeted in the DRG. Thesefore, several matored vanants demonstrated
ncreased tropisim in more than one tissue type in the NHPs, with many showing reduced expression in
the DRG.

Table 25. NGS fold-enrichment of the TTN-092 matured AAY capsid variants in the brain of
NHPs following first and sceond mutagenesis approaches as compared to other NHF and mouse
tissues

Fold Enrichment relative to TTN-862

Sequence %Q Brain DRG Liver Liver Heart | Muscle | Brain
4 NO: {(NHP) {NHP) RNA DBNA {NHE) | (NHP) | (Mouse)

(NEPy | (NHP)
First Maturation Approach
IOSKYPAEVVOKTA | 1538 | 33.751 0.000 2270 0.518 0.000 | 0.000 13.261

1232 1 22.903 0.000 2.824 0.000 0.000 0.000

SSY A 1530 1 19.002 0.000 1.240 3.060 0.000 0.000
QSRYPAEVVQOKTA {1327 | 8449 0.00( 0.840 0.516 0.000 0.000
TNNQSSYPRPSLVQ 1300 { 5458 3.000 5.960 3000 5.100 0.000

SSYPAEVVORTA 11533 §{ 1.000 1.060 1.000 1.060 1.000 1.006
Second Maturation Approach
1021 {222,785 0.000 3,000 3,000 (3.000 | 0.000 19342

Q

- 1i12 | 93386 | 0000 0600 | 0.142 1 0,000 | 0.000 | 7.845
NPAEVVORTA | 1575 | 46343 1 0.000 0019 | 2353 1 0234 | 0000 | Do
EVVQKIA | 1232 | 45861 | 0.000 5118 | 0432 | 0059 | 6.087 | 3428

TNNLGS Y PAEVVOKTA | 1027 | 44.023 1060 0600 1 0.056 1 0000 | 0006 | 1747
1578 | 42.633 | 0.000 0268 | 4032 1 0000 | 0.000 | 0.000

1310 | 38384 1 0.000 0275 | 0430 1 0076 | 0.000 1 2.600
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1538 | 20.857 §.000 2.180 1.568 0.001 0.000 5.468

i214 { 19.623 0.000 0.000 2152 0.000 0.006 4.204

1254 15.501 0.000 3.630 0.000 0.000 0.000 3434

1583 | 14.603 0.000 1276 3000 0.000 0.000 1.249

158 13186 3.000 0.000 G.00 0.000 0.006 0.000

1585 1 12552 0.600 5.700 2.591 24396 | 0.000 1.831

1306 9123 0.000 2178 1. 20.059 | 8.052 2719

1327 8.50 0.000 1.887 1.1 0.002 0.000 2.409

1539 8.092 0.267 0.854 3.904 0.003 0.000 5.903

1342 7.267 0.500 0.879 0.7 0.000 0.000 2.233

1596 6.924 0.000 Lelo 6. 8.962 5.000 1.550

1591 6.525 3.000 0.800 3 10.953 | 0.000 1.783

1592 5.913 276.643 0.000 G 0.000 0.00C 1.280

SYPPESLVQKE 1593 5.789 0.000 2.9577 i 25392 | 8.080 3.704
SYPAEVVKKTA {1331 4.191 0.000 0.766 0. 0.000 0.000 2.340
KYPAEVVHKTA {1433 3.201 §.000 0.766 8. 0.000 0.000 1.402
SYPAEVVQKEA |1142 2.748 0.000 0.794 G 0.000 0.000 6.589
SYPARVVOKT 1024 2472 0.000 05.992 ¢ 0275 1 75.541 { 18426
SYPARVVQ 1508 2.507 3.000 0.000 3 0.000 0.006 0.587
SNPARVVOKTA {1589 1.829 0.600 0.000 G.00 0.000 0.000 0.116
TNNSSSYPAEVVQQTA {1419 1.645 0.000 5510 0.000 0.0600 5.000 1.571
(PAEVVOKTA | 1601 1.513 0.000 8.565 6.060 0.000 0.000 0.480
EVVORKNA 11602 1.350 0.000 3.891 0.000 0.000 0.159

1603 1.307 0.500 0.000 0.000 0.000 0.122

164 1.186 0.000 2.348 0.000 5.000 0.407

0.000 | 0.000 0.196

<
[
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[

,.d
@
&

LA
—
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T imals
&
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o
&

=

1606 1.143 0.000 2.325 0.000 0.00C 0.697
1607 1.136 0.000 0.000 0.0600 0.000 0.163
1668 1.113 0.000 G.000 0.000 0.000 0.501
1533 1.500 1.000 1060 1.000 1.000 1.000
1616 0.980 0.000 2.953 0.000 0.000 0.600
1631 §.967 0.000 0t 6.000 0.600 0.000 0.083
1612 (.880 §.000 0.000 0.000 0.000 0.000 0.211
iol3 G713 (.000 5.060 G.000 0.000 0.000 0.001
1614 (.693 0.000 5.408 6.529 0.000 0.000 0.006
1615 $.678 0.000 (.000 1,154 0.000 0.000
iolo 3,660 0.000 0.000 G.812 0.000 0.006
1617 1 0.648 0.000 5.889 2.080 3.490 0.000
1618 5.646 0.000 0.7306 1.247 .94 3.270
1615 0.540 4.200 3.327 3.647 0.622 3.655
KYPARVVOKTA {1620 0.629 0.000 6.158 2.709 0.000 0.000
PABEVQKTA {1621 G 00 5,00 ¢ 0.0600 3.060

<
<
D
o0
g

=
=
-1
ot fo
) R

[
I
[ I
s
[

SYPREVVQOKT 1622 $.546 0.000 1197 1.528 1.025
: 1623 0.537 4.000 0.000 G.00 0.000 0.006
1624 0.522 §.000 0.000 0.845 0.000 0.000
1586 | 88.65]
1587 1.100

8514} Furthermore, several of the TEIN-002 pwatured capsid variants demonstrating an increase in
expression relative o the non-matured TTN-002 control following the first and second maturation
approaches in the brain of NHPs as showan in Table 25, also demonstrated an increase in expression in
the brain of mice following the first and second maturation approach in mice. For instance, the matured
TTN-002 capsid variant compusing the amino acid sequence TNNQSKYPAEVVOKTA (SEQ 1D NQO:
1538} demonstrated a 33.7-fold increase in expression relative o the non-matured TTN-002 following
the first maturation approach in brain of NHPs, demonstrated a 20.86-fold increase in expression relative
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to the non-matured TTN-002 following the second maturation approach in brain of NHPs, a 10.26-fold
increase in expression relative to the non~matred TTN-002 following the first maturation approach in
brain of mice, and a 5.47-fold increase in increase in expression relative 1o the non-matured TIN-002
following the second maturation approach inbrain of nvice. Stmdlarly, the matured TTN-002 capsid
variand comprising the amino acid sequence TNNSSSYPAEVVQKTA (SEQ ID NO: 1539)
demonstrated an 18.997-fold increase in expression relative to the non-matured TIN-002 following the
first maturation approach in brain of NHPs, an 8.093-fold increase in expression relative to the non-
matared TTN-002 following the second maturalion approach in brain of NHPs, an 8.539-fold increase in
expression relative to the non-matured TTN-002 following the first mataration approach in brain of mice,
and a 5.903-fold increase in increase in expression relative to the non-matured TTN-002 following the
second maturation approach in brain of mice. Matured TTN-002 capsid variants comprising the amino
acid sequences of SEQ 1D NOs: 1021, 1024, 1027, 1112, 1142, 1214, 1232, 1254, 1300, 1310, 1327,
1331, 1342, and 1593 also demounstrated an increase in expression in the brain of both NHPs and mice,
relative to the non~matured TTN-002 control. Therefore, several matured variants demonstrated
increased expression relative 1o the non-matured controls in at least two different species, indicating
Cross-species tropism.

LRERY Table 26 provides the peptide sequences of these matvred capsid variaots, and the fold
carichment of the matured capsid variant elative to the non-atured TTN-G02 control that deraonstrated
1pcreased expression in the heart of NHPs following the second maturation approach. As shown in Table
26, approximately 17 TTN-002 matured capsid vanants demonstrated an increase in expression in the
heart relative to the non-matured TTN-002 control, with at least 13 demounstrating at least a 2-fold
ncrease in expression. Several variants demonstrated at feast a 10-fold to 47-fold increase in expression
in the heart relative to the non-matured TTN-002 control. Fold-change in expression for the TTN-002
matured variants in Table 26 were also calculated for the brain, DRG, muscle. and liver (RNA and
DNA), of the NHPs and in the brains of mice.

Table 26, NGS fold-enrichment of the TTN-382 matured AAY capsid variants in the beart of NHPg
following the sccond mutagenesis approach as compared to other NHP and mouse tissues

SEQ Fold Enrichment relative to TTN-082
Sequence D IA{eart‘ Brain | BRG Liver Liver Muscle | Brain »
NO {(NHP) | (NHP) | (NHP) RMNA DNA {NHEP) {Mouse)y

{NHP) {NHEPY

TNSSLSYQAEVVOKTA | 2064 | 47.380 1 0.000 0.000 0.000 0.000 0.000 0.000
TNSSLSYTAEVVOKTA | 2065 | 45827 1 0.066 (.000 4.885 8.710 0.000 0.000
5 2066 | 41710 1 0.000 0.000 0.000 0.000 0.000 0.000
) 2067 | 35136 1 0.000 0.000 (.000 0.756 0.000 0476
SLSY 2068 | 32.805 | 0.0i5 0.000 0.744 2.122 0.000 0.002
TNSSLSYPAREVOKTA | 2069 | 23337 1 0.000 0.000 0.000 0,000 0.000 0.000
TNSSLSYPAEVVQ 207G 1 18293 | 0.000 0.000 0.000 0.000 0.000 0.000
TNSSLSYPARVVONTA | 2071 | 17.080 | 0.000 0.000 0,000 0.000 0.000 0.000
TNSSLSYPAEVVQOKNA | 2072 | 13129 & 0.000 (.000 0.000 0.000 0.000 0.000
TNSSTLSYP? 2073 | 13115 1 0.000 0.000 0.000 0.521 0.000 0.000
TNNQ" ABVVORTA § 2074 | 10056 | 0.000 0.000 (.000 0.000 0.008 0.000
TNKSATYPAEVVQKTA | 2075 5050 0.000 0.000 0.000 0.000 0.000 0.000
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TNSSLSYPALVVOKTA 0.000 0.000 0.000 0.384 0.000 0.000
TNNQSSYPAEVVQKTA 1.000 1.000 1.000 1.000 1.000 1.000
TNNCSSYFAEVVOKNA 0.640 4.200 3327 3.647 3.655 0.505

TNNQSSYPSTDVOKTA

0.020

0.000

0.000

o

0.000

0.000

TNNKGLYPAEVVQKTA

0.000

0.000

0.000

Al
o

&l

0.000

0.602

{0516} Table 27 provides the peptide sequences of these matared capsid variants, and the fold

enrichment of the matured capsid variant relative to the non-matured TTN-002 control that demonstrated

increased expression in the muscle of NHPs following the second maturation approach. As shownin

Table 27, approximately 33 TTN-002 matored capsid variants dernonstrated an increase in expression in
the muscle relative to the non-matured TTN-002 control, with at least 19 demonstrating at least a 2-fold

increase in expression. Several variants demonstrated at keast a 7-fold to 38-fold increase in expression in

the muscle relative to the non-matured TTN-002 control, Fold-change in expression for the TTN-002

matured variaots io Table 27 were alsc calcolated for the brain, DRG, heart, and Hver (RNA and DNA),

of the NHPs and in the brains of mice.

Table 27, NGS fold-enrichment of the TIN-G82 matured AAV capsid variants in the muscle of
MHPs following the second mutagenesis approach

Sequence

Fold Enrichment relative to TIN-(02

Muscle
{NHP)

Braia
{NHP)

BRG

(NHP)

Liver
RNA
{NHP)

Liver
DBNA

(NHP)

Heart

(NHP)

Brain
{(Mouse}

o
=N

TLKTSSYPAEVVOKTA

0.000

o
[N
D
[

NN

0.032

<

TNNQSSYDFTVVOKTA | 2 38428 1 0.000 | 267911 (3.000 4209 0.032 3.000

TNNQSSYPARVVQNVEG | 24 20373 0.000 | 82501.777 7.770 0.000 0.015 (.000

TNNQSPHAAEVVCOKTA | 2 9.977 0.000 | 85036.503 | 2478 (.841 3 009 (.003

TNNLHVYPAEVVOKTA 260 0.000 | 59488293 | 0.000 0.934 0.0 (.000
69652245

—

Siteiba|init

r2 i b o ibs

i 55
TNNQAAS PAEVVQKTA 0.000 1476305 0.000 1.848 (.023 0.600
NILSMSYPARVVEKTA 960 0.000 | 67462229 1 0.220 1.697 0014 (.005
TKAFSSYPARVVOKTA 743 0.000 | 42730.728 | 0.000 0.919 0.600 3.000
TAYQOSSYPAEVVOKTA | 2 4.703 0.000 | 617799 0.022 1.908 0.000 3.000
TNNQSCHQAEVVQKTA | 2 4,510 i27.1 107992, 3.1%6 4.569 0.015 0.600
TNNQSSVQLEVVOKTA | 2 3.846 0.000 | 542500 7.862 4.173 0.013 (.000
TNNQSSAFAEVVOKTA | 2 3.503 32731 | 67253425 3.207 5.348 0.004 3.000
TNNQOSAVLAEVVQKTA | 20 3.351 0.000 | 28296.228 2.060 3,784 0.007 (.600
LNAQSSYPRAEVVQKTA | 20 3311 0.000 | 76314.79 0.000 0.476 0.000 0.000
TNNQSQSSAEVVOKTA 3.310 0.000 3729 2.579 .766 0.007 3.003
TNNQSSLHAEVVOKTA 2.685 0.013 4,165 4.578 0.005 0.001
2.460 0.000 0.000 0.053 .000 (.600
2.099 0.000 0.000 0.000 0.000 0.000
T A 2.044 0.000 0.000 2.362 0.006 3.000
TNNQSSTLDEVVCKTA 1.947 0.000 0.000 0.043 3972 0.001
TNNQUITPARVVOKTA 1.839 0.000 : 1.658 2.863 0.003 0.004
TNNQSSYFPAEVVELLA 1.800 0.000 | 12934481 0.000 0.173 0.004 (.000
TNNQVNY PAEVVOKTA 1.694 0.000 0.000 12.363 2.400 (.000 0.000
TTSTSSYPAEVVQKTA 1.576 0.002 | 42212609 | B8.264 2.618 (.000 (.003
TNNQSSYPQIAVOKTA 1.506 0.000 0.000 28933 3.364 0.000 0.000
TNNQSSYPAENLEPKTA 1.327 0.000 | 56068.064 | 0.000 0 0.000 3.00%
TNNQSSYPASSEQKTA | 2 1.304 0.000 0.000 1.637 i. 466.4 0.000
TNNQFMVPAEVVCOKTA | 20 1151 0.000 | 63928318 | 0.000 2.4 0.000 0.000
TNNTTTYPAEVVOKTA | 20 1.121 0.073 | 12941.562 0.719 0. 0.065 (.008
TPSKSSYPARVVQKTA | 2¢ 1.083 0.000 1.366 7.344 0.000 (3.000
TNYLMSYPAEVVQKTA | 20 1.078 0.000 | 24113689 | 0.000 i. (.382 (.600

[o]

33-
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TNLAMSYPAEVVQOKTA | 2055 1.074 0.000 | 77469008 {000 (.006
TNNQSSLMQEVVOKTA | 2056 1057 0.000 0.000 0.000 0.000
TNNQSSYPNAIVOKTA | 2057 | 0.960 0.000 0.000 0.019 (.000
TNNQSSYPAER \TA | 2058 | 0.915 0.000 0.000 0.000 3.000
TNNQSSSMTEVVQKTA | 2059 { (.78% 66451 | 33379460 3.93 3,000 (.600
VVGKTA | 2060 | 0.778 0.008 | 11925.049 1.300 0.000 $.000

il YPAESSRKTA | 2061 0.657 0.000 0.000 3.289 3773 3.000
TNNPLTYPAEVVQKTA | 2062 0.641 0.000 | 18890.829 1.066 §.000 0.000
TRNLSTYPAEVVQKTA | 2063 | 0.595 0.029 | 32495 446 1113 0.065 0.013

{8517} Table 28 provides the peptide sequences of these matured capsid variants, and the fold

enrichrnent of the matured capsid variant relative to the non-matured TIN-002 control that dermonstrated
mcreased expression in the liver of NHPs following the first and second maturation approach. As shown
i Table 28, following the first maturation approach, approximately 7 TTN-002 matored capsid vanants

demonstrated an 11-fold to 189-fold increase in expression in the liver relative to the non-matured TTN-

002 control. Following the second maturation approach, approximately 3935 TTN-002 matared capsid

variants demonstrated an increase in expression in the liver of at least 9-fold relative to the non-matured

TTN-002 control (Table 28). Several variants demonstrated at least a 50-fold to 114-fold increase in

expression in the liver relative to the non-rmatured TTN-002 control (Table 28). Fold-change in

expression for the TIN-0G02 matured variants in Table 28 were also calculated for the brain, DRG, heart,

and nwscle of the NHPs and in the brains of mice.

Table 28, NGS feld-envichment of the TTIN-002 matured AAV capsid variants in the Hver of NHPs
following both mutagenesis approaches

Fold Enrichment relative to TTN-302

Sequence Z}; Q Lisier Liver Brain DRiJ ; Heart | Muscle Brain
NO RNA DNA {NHP) (NHP; | (NHP) | (KHP) {Mouse}
{NHP} {(NHP)
First Maturation Appreach
TDYHRGDPAKVVQKSA | 1625 | 189.324 & 0.000 0.000 0.000 0.000 0.000 0.000
ORKFSLTEELG 1626 1 101263 1 5.032 0.000 0.000 0.000 0.000 0.000
HFTQQVVE 1627 1 84.647 1.661 0.000 Y] (.000 0.000 (3.000
DUSVVVAQITL | 1628 | 56.334 0.000 0.000 0.000 0.000 3.000
TNNQESSIRLEVVOKTA | 1629 | 13.829 2.357 0.000 0.000 €.000 0.000 (.000
TNNQSSSLAEVVOKTA | 1630 | 11.832 | 4.625 29.220 0.000 0.000 0.600 0.000
SGPTAEVVOKTA | 1631 i1.391 0.000 0.000 0.000 .00 0.600 1678
Second Maturation Approach
TNNQSSYPAEAPKKTA | 1632 | 114.219 1 5207 | 419144 0.000 0.000 0.000 6.000
TNNQSSYPREVVOKTA | 1633 | 104201 1 0.000 0.000 0.000 G000 0.000 (.045
TNNQSRIQAEVVORTA | 1634 | 94.646 4.673 0.000 0.000 0.000 0.182 3.001
HOAEVVQOKTA | 1635 | 00,698 8.068 0.000 5.000 0.000 0.000 0.000
PTAEVVOKTA | 1631 | 78597 3.825 0.000 0.000 (.003 0.000 5.645
WQSSYPAEVVOKTA | 1636 | 73.960 0.000 0.000 0.000 3.000 0.000 (3.000
TNNC WAEVVOKTA | 1637 | 73487 1.668 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAEVVNIQA | 1638 | 71285 0.000 0.000 0.000 0,000 0.000
TNNQSSYFPAH {TA | 1639 1 71133 1.854 0.000 §.000 0.000 (.000
TNNQSSYPARVVQYQD | 1640 | 67.017 0.000 0.000 0.000 0.000 3.000
1641 3.063 7.092 0.002 0.000 0.660 (.000
642 1 59544 0.951 0.000 (.000 0.000 0.000
( 1643 | 53.889 4,190 0.000 .000 0.000 (3.004
TVNRS VVQKTA | 1644 | 53711 6,381 0.000 0.000 0.000 0.000 0.000
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TNNQHGGPAEVVQKTA | 1645 | 33380 | 0.563 0.000 0,000 0.000 0.000 (.000
TNNQSMIWAEVVOKTA | | 52.362 i.443 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAEASRKTA | i} 49543 3.268 0.000 0.000 §.040 0.600 (.000
TNNQSSYPAHLTOKTA |} 45237 | 4.942 0.000 0.000 3.000 0.000 3.000
TNNRRGYPAEVVQKTA | i 48153 0.000 0.000 0.000 0.000 .000 (.600
TNNKRIYPAERVVEKTA | i 483033 0.000 0.000 0.000 0.000 0.000 0.000
TNNQGALPAEVVOKTA 47.761 1.178 0.000 0.000 3.000 0.000 3.036
TNNQSSYPAEASKKTA 44984 | 6.761 0.010 5.000 0.600 0.000 0.000
TGOHSSYPARVVOKTA 43610 1 2355 0.000 0.000 0.000 0.000 35110
TNNQSSIVQEVVOKTA 43.603 5.228 0.000 0.000 (.000 0.000 (.000
TNNQSSYPAERNTKTA 43470 5.264 0.000 0.000 3.007 0.0500 3.000
TNNQSSYPAQALOKTA 43207 1 2.932 0.000 0,000 0.500 0.000 0.000
TNNQSRRGAEVVOKTA 42384 | 2205 0.000 0.000 0.000 0.000 0.000
TNNQSSYPOVMVOKTA 42160 1 0.019 0.000 0.000 3.000 0.600 3.000
TNNQSSQOKREVVOKTA 42 063 5253 0.000 0.000 0.000 0.000 3.000
TNNQSSYPAENARKTA 42025 1 4.024 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAGTGOKTA 41.566 3.734 0.000 0.000 §.000 0.000 (.000
TRMPSSYPAEVVOKTA 40.545 2.585 0.000 0.000 3.000 0.000 3.002
TNNQSSPISEVVQKTA 39647 1.460 0.000 0,000 0.000 0.000 (.600
TNNQSSYGAVVVEKTA 39.126 1.251 0.000 0.000 0.000 0,385 (.000
TNNQSSYFPAEQPVKTA 38.694 1.536 0.000 0.000 3.000 0.000 3.000
TNNQSSGYREVVOKTA 37.888 3.088 0.000 0.000 $.003 0.600 3.000
TRNOSGAQARVVQKTA | 1667 { 37624 5.498 0.000 0.000 0.000 0.000 0.000
TNNQSSKGREVVOKTA | 1668 | 37.172 2.348 0.000 0.000 (.000 0.000 (.000
TNNQSSYPARSKHRTA | 1669 | 36.198 1.594 0.000 0.000 3.000 0.000 3.000
TNNQSSYNMRVVOKTA | 1670 { 35.863 0.000 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAEKNTKTA | 1671 | 34039 2.322 0.000 0.000 0.000 0.000 0.083
TNNQSSYFAERREKTA | 1672 | 33.598 12.673 0.000 (0.00G {3 000 0.G00 {3.000
TNNQWWMPAEVVOKTA | 1673 | 33472 0.000 0.000 0.000 0.000 0.000 0.000
TNNQSYTHAEVVOKTA | 1674 | 33128 | 4433 0.000 0.000 0.000 0.000 (.004
TNNAAKYPAEVVOKTA | 1675 | 32.786 3.029 0.009 0.000 $.000 0.330 G.007
TNNQSSYPLVCVOKTA | 1676 1 32.659 1 0.000 0.000 0.000 .000 0.000 (3.000
TNNQSNAYAEVVOKTA | 1 32.331 0.978 0.000 5.000 0.600 0.000 0.600
TGYKSSYPARVVOKTA | i 32,102 0.884 0.000 0.000 0.000 0.000 (.000
TNNQSSKKTEVVQKTA |} 31.801 § 10223 0.000 0.000 G5.012 0.000 3.000
TNNCSSYPAEMANKTA | 1680 | 31613 3.467 0.000 0.000 0.000 0.000 $.000
TNNQSSYPASMGOKTA | 168] | 30875 3.131 0.002 0.000 0.000 0.000 0.000
TNNQSSYPAPGICKTA | 1682 | 30.648 1.520 0.000 0.000 $.000 0.600 3.015
TNNQSSYPAQDKQKTA | 1683 | 91 0.444 0.000 0.000 3.000 0.000 3.000
TNNQSSYPERCVOKTA | 1684 | 30436 6.881 0.000 0.000 0.000 0.000 (.000
TNNQSSYPASQSQKPA | 1685 { 30.284 | 0.8i0 0.000 0.000 (.000 0.000 0.000
TNNQSQGTAEVVOKTA | 1686 | 30.072 1 2.154 0.002 0.000 3.000 0.000 3.014
TNNQPRLPAEVVOKTA | 1 25628 2.410 0.000 0.000 0.014 0.000 3.003
TNNQSSYPARLGKKTA | i 29441 5.308 0.000 0.000 0.000 0.000 (.609
TNNQSSLTHKEVVOKTA 20297 | 2313 0.000 0.000 0.000 0.000 0.001
BLCQSSYPARVVOKTA 25.051 0.000 0.000 0.000 3.000 0.500 3.000
TNNQSSYPVSRVOKTA 28.960 1.001 0.000 0.000 0.600 0.000 0.600
TNNQSSHHQEVVOKTA 28.825 3.732 0.000 0.000 0.000 0.000 0.000
TNNQWC S PAEVVOKTA 28.73% 1 0.3%4 0.000 0.000 (.000 0.600 3.000
TNNQSSYPABVVQREY 28.321 0.000 0.000 0.000 3.000 0.000 0.000
THKSSSYPAEVVQKTA 28280 1.162 0.000 0,000 0.600 0.000 (.010

GNVSSYFARVVGKTA 28.028 0.000 0.000 0.000 0.000 0.000 0.000
TNNQSSYPTSDVOKTA 27.923 3.549 0.000 0.000 $.130 0.479 3.009
TNNQSSYPAINTCKTA 27.590 5.013 0.000 0.000 0.000 0.000 0.600
TNAPRSYPAEVVOKTA 27525 1 2323 0.000 0.000 0.000 0.000 0.002
TNNQAHNFAEVVOKTA 27. 2.355 0.000 0.000 §.000 0.000 (.000
TNNQSARTAEVVOKTA 27. 5.056 0.000 0.000 §.000 0.600 0.000
TNNQSSTHQEVVQKTA 27 3.709 0.000 0.000 0.000 0.000 0.013
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TNNQSSYPEPKVQKTA | 1 26890 | 4998 0.000 0,000 0.000 0.000 12.243
TNNQSSYPASQSQKTA | 1704 { 26085 3.225 0.000 0.000 0.001 0.000 0.000
TNNQSVAKAEVVOKTA | 1705 | 25379 | 2436 0.004 0.000 $.000 0.600 (.000
TGLLSSYPAEVVOKTA | 1706 | 25.248 1.073 0.000 17.422 | 6.000 0.000 }.866
TNNQSSYPAEMNKKTA | 1707 | 25179 | 11.154 0.000 0.000 0.000 .000 (.600
TNNQSSYPAEVVIRGA | 1708 | 24825 0.454 0.000 0.000 0.000 0.000 0.000
TNNQSSYVLEVVORKTA | 1709 { 24760 3,119 0.000 0.000 3.000 0.000 3.000
TNNQSSYPAERSAKTA | 1710 | 24694 | 4.869 0.001 5.000 0.600 0.000 0.600
TRNOSSYRTNVVQKTA | 1711 { 24.382 0.619 0.000 0.000 0.000 0.000 (.000
TNETPSYPAEVVOKTA | 1712 | 24209 | 0.528 0.000 1.558 3.000 0.000 (.005
TNNQSSTTTEVVQOKTA | 1713 | 24072 + 0.872 0.005 0.000 3.058 0.0500 (.001
TNNQSFLDAEVVQKTA | 1714 | 240534 | 0.883 0.008 0,000 0.500 0.000 (.006
TNNQSSYPTSNVOKTA | 1715 | 23.530 3.586 0.000 0.000 (.000 0.622 0.000
TNNQSSRHDEVVOKTA | 1716 | 23.512 1204 0.000 0.000 G.000 0.600 3.000
TNNQSSYPOKSVQKTA | 1717 | 23414 2.23¢ 0.000 0.000 0.000 0.000 3.000
TNNQSSYPARRHPKTA | 1718 | 23276 4.332 0.000 0.000 0.000 0.000 0.000
TNNQSSKVQEVVOKTA | 1719 1 23231 2.813 0.000 0.000 §.000 0.000 (.000
LGVQSSYPARVVORTA | 1720 1 23.175 2.6053 0.000 0.000 3.000 0.000 3.000
TNNQSSYPAEARQKTA | 1721 | 22889 | 4006 0.000 0.000 0.000 0.000 (.600
TNNQSSYPDSRVQKTA | 1722 { 224614 | 4.720 0.000 0.000 0.000 0.000 (.000
TNNQSSYPQMDVOKTA | 1723 | 22445 2.469 0.000 0.000 3.000 0.000 3.000
TNNQSVQGAEVVOKTA | 1724 | 22409 1 0.161 0.000 0.000 $.000 0.600 3.000
TNNQSSYSEAVVOKTA | 1725 1 22334 | 0913 0.000 0.000 0.000 1.593 0.000
TNNQSSYTALVSCKTA | 1726 | 22.345 8.610 0.000 0.000 (.000 0.000 (.000
TNNQSSYPARVEARTA | 1727 | 22.283 5.660 0.013 0.000 3.000 0.000 3.002
TNNQSSPGTEVVQKTA | 1728 { 22240 5.707 0.000 0.000 0.000 0.000 0.000
TNNQSMMKAEVVOKTA | 1729 {1 22043 | 2.468 0.000 0.000 0.000 0.000 0.000
TNNQSSYPADNNQKTA | 1730 | 21899 | (.2354 0.000 0.000 3.000 0.600 (3.074
TNNQSSONLEVVOKTA | 1731 | 21.884 4.064 0.000 0.000 0.000 0.000 0.000
TNNKPPYPARVVOKTA | 1732 | 21774 1.324 0.000 0.000 0.000 0.000 (.002
TNNQSNTYAEVVOKTA | 173 21.680 | 4281 0.000 0.000 $.000 0.000 (.000
TNNQSSYPAERPGKTA | 2087 | 21.642 | 43857 0.000 0.000 3.015 0.000 0.002
TNNQSSYPAESVRETA | 1735 | 21641 5.644 0.000 5.000 0.600 0.784 0.002
TNNQSSYSVGVVOKTA | 1736 { 21.595 2.004 0.000 0.000 0.000 0.000 (.000
TNNQSSYPLDRVOKTA | 1737 | 21.582 | 4149 0.000 0.000 (.005 0.000 3.000
TNNQSQIKAEVVOKTA | 2088 { 21.353 5.308 0.000 0.000 0.000 0.000 $.000
TNNQSSNMVEVVQKTA | 1739 1 21435 | 2.898 0.000 0.000 0.000 0.000 0.000
TNNQSSYSSHVVOKTA | 2089 | 21.301 2342 0.000 0.000 $.000 0.600 (.000
TNNQGSSPARVVQRTA | 1741 | 21.255 2.814 0.000 0.000 3.000 0.000 3.006
TNNQOSSKYSEVVQKTA | 2050 { 21233 717 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAERARAKTA | 2091 | 210284 3,135 0.000 0.000 0.000 0.000 0.000
TNNQSSYTASLTOKTA | 1744 | 21.040 | 14386 0.000 0.000 3.000 0.000 3.000
TNNQSSYPABGPQKTA | 1745 | 21.024 1.251 0.000 0.000 0.000 0.000 (3.000
CPKARVVOKTA | 1746 | 20892 1.972 0.000 1.841 0.000 0.000 (.600
SOVIAEVVORTA | 1747 | 203,571 0.344 0.000 0.000 0.000 0.000 0.007
TNNQSSYPAERPNKTA | 1748 { 20.524 5.020 0.000 0.000 3.000 0.500 3.000
TNNQSWTVAEVVQKTA | 1749 { 20.134 3.768 0.000 5,000 0.600 0.000 0.000
TNNQSEVIAEVVOKTA | 2002 | 20328 | 2.855 0.000 0.000 0.000 0.506 0.000
TNNQSSYPAEYERKTA | 1751 | 19.648 1.217 0.000 0.000 (.000 0.600 3.000
TFHKSSYPAEVVOKTA | 1752 | 19.633 8.119 0.000 0.000 0.000 0.000 0.000
TNNQRERPAEVVQKTA | 1753 | 19.581 2.717 (.00 0,000 0.600 (.000 (.022
TNNQSSYFAERQGKTA | 1734 | 19516 | 6.304 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAEMTKKTA | 1755 {1 19434 2.047 0.000 0.000 3.000 0.000 3.016
TNNG MAEVVOKTA | 1756 | 19403 5.718 0.000 0.000 0.000 0.000 0.600
TNNQESLEDEVVOKTA | | 19.297 1.734 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAGPSQKTA | i 18.941 3.244 0.000 0.000 §.000 0.000 (.000
TNNQSSKVNEVVORTA 18.822 1.309 0.000 0.000 §.000 0.600 3.000
TNNQSSYPMROVQKTA 18.821 3.804 0.000 0.000 0.000 0.000 0.600
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TNNQOSSYPALTNQKTA | 1761 { 18740 { 2.259 0.000 0,000 0.000 0.000 0.001
TNNQSSNALEVVOKTA | 1762 | 18623 3.784 0.000 0.000 0.000 0.000 0.000
TNNQSSYFPRAEVVOKSQ | 1763 | 18240 | 2245 0.000 0.000 $.000 0.600 (.000
TPYKSSYPAEVVQKTA | 1764 | 18238 | 0.798 0.000 0.000 3.000 0.000 3.000
TTTESSYPAEVVQKTA | 1765 | 18.1% | 2.669 0.007 1302 0.000 .000 3.732
TNNQSSYKDAVVGKTA | 1766 | 18.131 6.014 0.000 0.000 (.000 0.000 $.000
TNNQSSYPAEDTRKTA | 1767 { 17.933 3.009 0.000 0.000 3.000 0.000 3.000
TNNQSSYPAERTQKTA | 1768 | 17912 | 4907 0.000 5.000 0.003 0.000 0.000
TNNQSSYPARHAQKTA | 174 17.800 1 0.929 0.000 0.000 0.000 0.000 0.011
TNNQSSYPAASPOKTA | 1770 | 17.783 | 2261 0.000 0.000 (.083 0.000 (.000
TNNQSSKNREVVOKTA | 1771 { 17.772 1 7.501 0.000 0.000 3.000 0.0500 3.000
TNNQSSYPAEVTTKTA | 1772 | 17474 | 2.148 0.000 0,000 0.500 0.000 (.004
TNNQSSYPAEVVSKQA | 1773 | 17439 | 2.945 0.000 0.000 (.000 0.000 0.041
TNNQRNQPAEVVOKTA | 1774 { 17.352 5416 0.000 0.000 3.000 0.600 3.005
TNNQSSYPAERVSKTIA | 1775 { 17.300 3161 0.000 0.000 0.000 0.000 3.008
TNNQSSYPARFTKKTA | 1776 | 17287 | 4.123 0.000 0.000 0.000 0.000 0.000
TAMDSSYFAEVVOKTA | 1777 | 17278 | 6714 0.000 0.000 §.000 0.000 (.000
YLKQSSYPARVVORTA | 1778 | 17.185 2.032 0.000 0.000 3.000 0.000 3.000
TNNQISYPAEK 1779 1 17174 | 4714 0.005 5.527 0.000 0.000 (.600
TNNOSSYPARVVNGKA | 1780 | 17.143 1.029 0.000 0.000 0.000 0.000 (.000
TNNQSSYPAEKGSKTA | 1781 | 17.038 5.983 0.000 0.000 3.000 0.000 3.000
TNNQSSYPAHINQKTA | 1782 | 16.9461 7.399 0.000 0.000 $.000 0.600 3.000
TNNQSSYPVONVOKTA | 1783 | 16911 3.355 0.000 0.000 0.000 0.000 0.000
TNNQSSYPKDTVOKTA | 1784 | 16.890 1.297 0.000 0.000 (.000 0.000 (.000
TNNQVIWPARVVORTA | 1783 1 16816 | 2553 0.000 0.000 3.000 0.000 3.000
TNNQSWVAAEVVOKTA | 1786 { 16.775 0.627 0.000 0.000 0.000 0.000 0.000
TDGISSYPAEVVQOKTA | 1787 | 16708 | 0,130 0.000 0.000 $.000 0.000 0.000
TNNQSSRNGEVVOKTA | 1788 | 16.667 | 0.367 0.000 0.000 3.000 0.600 (3.000
TNNQSSHPAEVVOKTA | 1789 | 16.653 3.700 6.125 0.000 0.006 0.000 (.897
TNNQSSMOMEVVOKTA | 1790 15616 6.837 {.000 0,000 (.000 (.000 0.000
TNNQ IEVVGKTA | 179 16.522 4.597 0.000 0.000 $.000 12.027 (.004
TNNQSSTFTEVVOKTA | 1792 1 16482 1 2661 0.000 0.000 3.000 0.000 (3.000
TNNQSSYTATASQKTA | 1793 | 16475 5.560 0.000 5.000 0.000 0.000 0.000
TNNQSSYPARSPKKTA | 1794 | 16426 3.157 0.023 0.000 (.000 0.000 (.000
TNNQSSYPAEPRGKTA | 1795 | 16.24% | 6345 0.000 0.000 (.000 0.000 3.000
TNNQSSIRLEVVQKTA | 1796 | 16.197 § 3.887 0.000 0.000 0.000 0.000 $.000
TNNQSSYPAKDLOKTA | 2093 | 16197 | (.255 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAEHVSKTA | 1798 | 16.196 5228 0.000 0.000 $.000 0.600 (.032
TNNQSSYPARGKAKRTA | 1799 | 16075 3.013 0.000 0.000 3.000 0.000 3.026
TNNQSPMKAEVVOKTA | 1830 { 15.014 1.084 0.000 0.000 1.060 0.000 0.000
TNNQSWLQAEVVQKTA | 2094 | 15911 3287 0.000 0.000 0.009 0.000 0.000
TNNQSHDRAEVVOKTA | 1802 | 15847 | 3669 0.000 0.000 3.000 0.000 3.000
TNNQSSGSTEVVQKTA | 1803 { 15778 3237 0.000 0.000 0.000 0.000 0.000
TNNQSSYPARPAKKTA | 18034 | 15763 3448 0.000 0.000 0.000 0.000 0.003
TNNQSSYPAERSNKTA | 1835 { 15.735 3.60% 0.000 0.000 0.000 0.000 $.000
TENKSSYPARVVORKTA | 1806 | 15700 | 0476 0.000 0.000 3.000 0.500 3.000
TNNQSCLYAEVVQKTA | 1837 | 15679 | 2.156 0.000 5,000 0.600 0.000 0.000
TNNQSSYPARRVLKTA | 2005 | 15674 3.436 0.000 0.000 0.000 0.000 0.000
TFRRSSYPAEVVQOKTA | 2096 | 15621 | 16989 0.000 0.000 (.000 0.600 3.000
TNNRENYPAEVVOKTA | 1810 | 15620 1.758 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAETEGKTA | 2097 | 15607 1.076 0.000 0,000 0.600 0.000 (.600
TNHPSSYPAEVVOKTA | 2098 | 15.593 1.681 0.000 0.000 $.000 0.000 0.002
TEGLSSYPARVVORTA | 1813 | 15532 1.301 0.000 0.000 3.000 0.000 3.000
TNAAQSYPAEVVQKTA | 1814 | 15.331 1.512 0.000 0.000 0.000 0.000 0.600
TNNQESGSMEVVOKTA { 115 15459 5.283 0.000 0.000 0.000 0.000 0.000
TNNARGYPAEVVOKTA | 2099 | 15450 | 4233 0.000 0.000 §.000 0.000 (.000
TNNQSSYPFRIVOKTA | 2160 { 15429 | 0.000 0.000 0.000 §.000 0.600 3.000
TNLTGSYPAEVVQKTA | 1818 15427 1.420 0.00G 0.000 0.600 (.000 0.001
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TNNOSSTYLEVVQKTA | 2161 { 15377 § 2.983 0.004 0,000 0.000 0.000 (.000
TNNQSSYPPAQVOKTA | 2102 | 15332 3.214 0.000 0.000 0.0038 0.000 0.000
THYGSSYPAEVVOKTA | 2103 | 1529 0.251 0.000 0.000 $.000 0.600 (.000
TNNQSREGAEVVQKTA | 1822 | 15279 1 2.49) 0.000 0.000 3.000 0.000 .00

TNNVKHYPAEVVOKTA | 1823 | 15239 | 0.20% 0.000 0.000 0.000 .000 (.0

TNNQSSYPTKSVOKTA | 2104 | 15221 3.402 0.010 0.000 0.000 0.000 .0

TNNQSSYSQHVVQKTA | 2112 | 15207 | 2302 0.000 0.000 3.000 0.000 {3.00:
TNNQSSGHTEVVQKTA | 2105 | 15202 7.933 0.000 5.000 0.600 0.000 0.0

TNNQSSYPAQTVOKTA | 21¢ 15,1359 3.586 0.000 0.000 0.077 0.000 (.0

TNNQSSYPAHFPOKTA | 21 15.145 1.610 0.000 0.000 (.000 0.000 (.0(

TNNQOSSYPLAKVOKTA | 18 15,138 3.300 0.000 0.000 3.000 0.0500 3.0

TRNQSSYTALTVOKTA | 1§: 15057 1 10012 0.000 0,000 0.500 0.000 0.0

TNQRSSYPAEVVOKTA | iR 13.029 3.694 0.000 0.000 0.000 0.000 1.49

TNNQSSYPAEVVSKKA 14.986 1.378 0.000 0.000 3.000 0.600 (3.0

TNNQSSYPASRSQKTA 14.966 1.741 0.000 0.000 4.000 0.000 0.0

TNNQSDTRAEVVOKTA 14.861 9.18¢6 0.000 0.000 0.000 0.000 0.0

TNNQYSRPAEVVOKTA 14818 | 6222 0.000 0.000 §.000 0.000 (.67

TNNQSGLNAEVVOKTA i4.713 1 4.785 0.005 0.000 3.000 0.000 .00

TNNQIPMMAEVVCKTA 14700 | 4.917 0.000 0,000 113.3 ).387 0.600
TSAKSSYPAEVVEKTA 14.673 1418 0.000 0.000 0.000 0.000 (.009
TNNQSSYPANGPOKTA i4.64% | 2.642 0.000 0.000 3.000 0.000 3.000
VEYQSSYPARVVOKTA 14578 1 0.183 0.000 0.000 $.000 0.600 3.000
TNNQSSYPARRTSKTA 14.574 3.973 0.000 0.000 0.002 0.000 0.000
TNSTPSYPAEVVOKTA 14527 + 2179 0.072 0.000 (.000 0.000 1229
TNNQSSYPAEHAVKTA 14486 | 2272 0.000 0.000 3.000 0.000 3.000
TNNQSRGHAEVVQOKTA 14451 3.993 0.000 0.000 0.000 0.185 0.000
TNNRAGYPARVVEKTA 14.424 4.286 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAEQRLKTA 14420 1 6.535 0.000 0.000 3.002 0.600 (3.000
TNNQSRIMAEVVOKTA 14.362 : 0.000 0.000 0.086 0.000 0.000
TNNQSTTLARVVOKTA 14.334 0.000 0.000 0.004 0.109 (.004
TNNCSSYPAEVANKTA | 1849 | 14.333 0.000 0.000 $.000 0.000 (.004
TNNQSSSVKEVVOKTA | 1850 | 14.316 0.019 0.000 3.000 0.000 (3.000
TNNQSSYTTSLVQKTA 14263 0.000 5.000 0.000 (.000 0.053
TNNOSSYPAHNMGKTA 14.168 0.000 0.000 0.000 0.000 (.000
TNNQSSYPAQTTOKTA i4.112 . 0.000 0.000 (.000 0.000 3.003
TNNQSSYPFNIVOKTA 14027 1.747 0.001 0.000 0.000 0.000 $.002
TNNQSTTRARVVOKTA 13.962 3.872 0.000 0.000 0.000 0.000 0.000
TNNQSLRIAEVVOKTA 13938 | 2105 0.001 0.000 $.000 0.600 (.000
TNNQSCCLAEVVOKTA 13.938 3.967 0.000 0.000 3.000 1.090 3.000
TNNQSSALLEVVQKTA 13.926 | 4.607 0.017 0.000 0.000 0.000 0.001
TNNQOSSYPARVVERNT 13.901 0.859 0.000 0.000 0.000 0.000 0.000
TNNQLNLEFAEVVOKTA 13.88% 1.557 0.000 0.000 3.000 0.000 3.003
TNNQSRMYAEVVORKTA 13.372 4.626 0.000 0.000 0.000 0.000 (3.000
TNNQSSYPARVVLDMA 13.847 § 0.023 0.000 0.000 0.000 0.000 (.600
TNNQSKVMAEVVOKTA 13.836 | 4270 0.000 0.000 0.006 0.000 $.000
TNNQSSVROEVVORKTA 13,782 5311 0.032 0.000 0.005 | 2241307 (.001
TNNQSSYVSKVVQKTA 13.778 5.007 0.000 5,000 0.600 1.04 0.000
TNNQSSYPAETHVKTA 13730 1 4.737 0.000 0.000 0.000 0.000 0.000
TNNQSSHGIEVVOKTA i3.712 1 4717 0.000 0.000 3.000 0.600 3.000
THSQSSYPABVVQOKTA 13.670 1.734 0.001 0.000 $.000 0.000 2.202
TNNQSSYPENAVOKTA 13.658 3.408 0.000 0,000 0.600 (.000 (.003
TNNQSSMNLEVVOKTA 13627 | 3.094 0.000 0.000 $.000 0.000 0.001
TNNQSSYTARVVOKTA 13.624 1.41 0.039 0.000 3.000 0.000 3.000
TNNQSQGAAEVVCKTA 13582 | 4.669 0.000 0.000 0.000 0.000 0.000
TNNQSSYPARRGAKTA 13.571] 1712 0.000 0.000 0.000 0.000 0.000
TNNQSSPILEVVOKTA 13.557 1 6.002 0.000 0.000 §.000 0.000 (.005
TNNQSSYPARTHSKTA 13330 | 6.586 0.000 0.000 0.000 0.000 0.000
TAFRSSYPAEVVQKTA 13.525 | 2.361 0.000 0.000 0.000 0.000 0.600
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TNNVRSYPAEVVOKTA 13465 3 0.000 0,000 0.003 0.000 0.010
TNNQSATPAEVVOKTA 13413 1 2 0.000 0.270 0.000 0.000 0.003
TNNQSLTYAEVVOKTA 13.296 1 0.000 0.000 $.000 0.600 (.0600
TNNQKRGPAEVVQOKTA i3.274 5 0.000 0.000 3.000 0.000 3.000
TNNQSSYPMPAVQKTA 13.125 3 0.000 0.000 0.000 .000 (.003
TNNQSRNPARVVEKTA 13.084 2 0.019 0.000 (.000 0,222 0.004
TNNQSNVRAEVVORKTA 3033 | 4 0.000 0.000 3.000 0.000 3.005
TNNQSKLLAEVVQKTA 3.004 3. 0.000 5.000 0.600 0.000 0.000
TNNQSYMIARVVOKTA 2960 1 2. 0.000 0.000 0.000 0.000 (.000
TNNQSSYPEPKVOKTA 2.959 3. 0.000 0.000 (.000 0.646 (.000
TNNQSSYPAESMEKTA 2928 1 2 0.000 0.000 3.002 0.144 (.001
TRNQSSYPAEILRKTA 2.921 5. 0.000 0,000 0.000 0.000 0.003
TNNQSFMVAEVVOKTA 921 1.7 0.000 0.000 0.000 0.000 0.000
TNNQSSYPAEKLVKTA 4, 0.005 0.000 3.000 0.168 3.004

TNNQSSYPAHSGOKTA 0.000 G.000 0.600
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TNNQSSYPAENRGKTA | | 12790 1 4 0.000 0.000 0.023 0.600 0.003
TNNQSHLFAEVVOKTA | 1 12.741 2. 0.000 0.000 0.000 0.000 0.000
TNNOQSMTYABEVVORTA | 1894 | 12738 | O 0.00¢ 0.000 §.000 0.600 3.600
TNNQSGRQAEVVQKTA | 1895 { 12.598 2. 0.000 5.000 0.000 0.600 2.796
TAPQSSYPARVVOKTA | 1896 { 12.595 0. 0.000 0.006 6.000 0.600 6.000
TNNQSSYPAEKTGKTA | 1897 12,539 4. 0.0060 0.000 (.000 0.000 (3.000
TNNQSWALAEVVOKTA | 1898 | 12.329 i. 0.000 0.00G §.000 0.600 0.000
TNNQSSAPLEVVOKTA | 1899 | 12517 | 3. 0.000 5.000 0.000 0.600 0.000
TNNQSFVKAEVVOKTA | 1900 { 12.515 3.0 0.078 0.000 G.005 0.600 0.000
TNNQSSYPAEVGRKTA 14 12494 2.9 0.000 0.000 5.000 0.600 3.000
TRNQSSYPAEVRKLTA 12486 3.9 0.000 0.000 6.000 0.600 G.000
TNNQYUSPAEVVOKTA 12288 1 2.1 0.00C 0.000 0.000 0.600 6.000
TNNQSSYPAERQNKTA i2.283 7. 0.008 0.000 3.000 0.000 3.000
TNNQSSYTAESMLKTA 12250 1 0.8 0.000 0.00C G.000 0.600 3.000
TNLTSSYPAEVVQKTA 12.093 3.0 0.000 §.000 €.000 0.600 1.818
TNNQ AEVVOKTA 12.085 3. 0.009 0.000 8.000 0.000 0.000
TNNQSS VVORTA i1.974 i 0.000 0.000 $.000 0.600 3.000
TNNQSSYPAVVMOKTA 11.964 i. 0.000 0.000 0.000 0.000 0.000
TNNQSSPGREVVOKTA 11.961 i 0.060 0.000 G.000 0.000 6.000
TIQTSSYPAEVVOKTA 11.943 0.055 0.000 3.033 0.600 3.000
TNNQSSYPSHDVOKTA 11,932+ 2. 0.060 0.00G $.000 0.600 (.000
TRNQSSTIFEVVOKTA 11924 + 0277 0.006 5.000 0.000 0.600 0.000
TNNQSGKRAEVVOKTA 11.864 1710 0.000 0.000 0.000 0.000 3.000
TNNQSSYPAEVSAKTA i1.755 2.942 3.684 0.006 3.000 0.600 3.549
TNNQSTAPAEVVQKTA 11.701 2.848 0.020 0.000 0.000 0.000 1.552
TNNQSVRNAE 11.700 5.205 0.004 0.000 6.000 0.600 0.000
TNNQSSYPAVNVOKTA 11.683 2.855 0.000 0.006 $.003 0.624 3.000
TNNQSVERAEVVQOKTA 11.636 3.423 0.000 0.000 6.010 0.600 3.000
TNNQSSYPARDLOKTA 11635 1 2.649 0.000 5.000 €.000 0.600 0.600
TNNRVITYPAEVVOKTA 11.604 4.162 0.000 0.000 6.000 0.600 6.000
TNNQSSYPAGASQKTA 11.587 | 2692 0.000 0.000 $.000 0.600 3.001
TNNQRLTPAEVVOKTA 11.563 0.939 0.000 0.000 0.000 0.600 0.600
TNNQSKMEAEVVQKTA 11.548 5.878 0.004 5.000 6.000 0.600 0.000
TNNQSSY FVOKTA 11.545 2.022 0.000 0.000 G.000 0.600 3.001
TNNQHSPRPAEVVOKTA 11.524 1.602 0.000 0.000 0.000 0.600 G.001
TRNQSSYPADHOOKTA 11518 1 2,922 0.000 0.080 6.000 0.600 0.500
TNNQSSYPAEVVKNHEA 11518 1 2302 0.00G 0.000 0.000 0.600 6.000
TNNQSKGIAEVVOKTA i1.494 2.897 0.00¢ 0.000 §.000 0.600 3.600
TNNEFVYPAEVVQKTA 11477 1 0.766 0.000 0.000 (.000 0.000 0.000
TNNQSSYPAEVNGRTA 11467 5.42} 0.000 0.000 ¢.000 0.600 ¢.017
TNNQSRARAEVVOKTA 114062 3.052 0.000 1.765 0.000 0.000 0.000
TNAMRSYPAEVVOKTA 11435 0.717 0.297 0.00G §.000 0.600 (.008
TNNQSSYPAEMRTKTA 11414 § 6.798 0.000 5.000 0.000 0.600 0.600
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TNNQSSYPMGTVOKTA 385 1.645 0.000 0.000 0.000 0.600 G.000
TRNQSKLLAEVVOKPA 342 1+ 2915 0.006 0.000 6.000 0.600 0.000
TNNGHSYPAEVVOKTA 323 1.066 0.000 0.000 0.123 0.000 3.006
TNNQSSYPAEKASKTA 283 3.164 0.000 0.000 §.005 0.600 3.600
TNNQSYLPAEVVOKTA 28] 3.598 0.000 §.000 0.000 0.600 (.600
TRNQSSYPATASCGKTA 239 ¢+ 4205 0.006 0.000 6.000 0.104 0.000
TNNQSSYPARVGKSTA 236 5.856 0.000 0.006 G.000 0.600 3.000
TNNQSSFNVEVVQKTA 231 1.252 0.000 0.000 0.000 0.000 0.008
TNNQSSRYQEVVOKTA 191 2.650 0.000 5.000 0.000 0.0600 (.000
TNNQODLEPAEVVOKTA 184 ¢+ 0.000 0.000 0.000 G.000 0.600 0.000
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TNNQISYPASSVKKTA 1121 2.694 0.000 0.000 0.000 ¢
SRSQSSYPAEVVOKTA 116 3.092 0.000 0.000 0.000 0.000 (.000
TNNQSSYF? KTA 11160 1.662 0.006 0.000 3.000 0.000 3.00%
TNNQRVS PARVVOKTA 07 1 2.954 0.000 0.451 $.000 0.600 0.0006
TNNQSWITLARVVOKTA 074 5.721 0.000 0.000 0.000 0.000 0.000
TNNQSSTSQEVVIKTA 070 5.925 0.000 0.000 (.000 0.000 (.004
TNNQSSTWSEVVOKTA 024 4,711 0.104 0.000 3.000 0.000 1778
TNNQSFRLAEVVOKTA 023 3.075 0.000 0.000 0.000 0.000 0.000
TNNQSSYQREVVGKTA 009 1,955 0.000 0.000 0.000 0.000 0.006
TNNQSSYFAEMTRKTA 004 2.855 0.000 0.000 3.000 0.600 (3.000
TNNQSSYPVHNVOKTA 087 | 2473 0.000 0.000 0.000 0.000 0.000
TNNQSSLHREVVOKTA | | 97 2.605 0.000 0.000 0.000 0.000 (.000
TNNCSSFTREVVEKTA | 1 938 | 2.447 0.000 0.000 $.000 0.000 (.000
TNNQSSRVNEVVORTA |} 934 2.861 0.000 0.000 3.000 0.000 (3.000
TNNQSSYPRGTVQKTA | § 009 1 2.381 0.000 5.000 0.490 1.353 0.021
TPRPSSYPAEVVOKTA | 1 S07 L 2.676 0.000 14.902 | 6.000 0.000 0.011
TNNQSRTYAEVVQKTA | i 896 3.055 0.000 0.000 3.000 0.000 3.000
TNNQSSYTALVTOKTA | 1 889 | 7450 0.000 0.000 0.000 0.000 $.000
FNLAEVVOKTA | 863 5.748 0.036 0.000 0.000 0.000 0.002
TNWOSSYPAEVVOKTA | 1 3 804 3.863 0.000 0.000 $.000 0.600 (.000
TLOTSSYPARVVOKTA | 1} 10.800 3.298 0.012 77694 | 374.6 0.000 3.000
TNNQSSYPAERLOKTA | 1 0.798 1 4.850 0.000 0.000 0.000 0.000 0.000
TNNQSSMLPEVVQKTA | 1975 § 10,792 3,735 0.001 0.000 0.000 0.000 0.001
TNNQSSYFPESGVOKTA | 1976 | 10,772 1 2.301 0.000 0.000 3.000 0.000 3.000
TNNQSSYPSTNVORTA | 1977 | 10.723 3.581 0.000 0.000 $.000 0.000 3.0035
TRNOSSYPFSOVOKTA | 1978 1 10.655 { 0.000 0.000 0.000 0.000 (.600
TNNQSGQLAEVVOKTA | 1979 { 10.620 0.000 0.000 0.000 0.000 0.003
TNNQSSRWOEVVOKTA | 1980 { 10619 0.000 0.000 3.000 0.500 3.000
TNNQSSSPAEVVQKPA | 1981 | 14.609 0.000 0.000 0.600 0.000 0.299
TNNQSSTALEVVOKTA | 1982 | 104601 0.000 0.000 0.000 0.000 0.000
TNNQSSARSEVVOKTA | 1983 | 10.385 0.009 0.000 (.000 0.600 3003
TNNQSSSVREVVOKTA | 1084 | 10.363 0.000 0.000 3.000 0.000 0.000
TNNQSMSHAEVVQKTA | 1985 | 10.559 (.00 0,000 0.600 (.000 0.000
TNNQSSKTQEVVOKTA | i 10.539 0.000 1.914 0.000 0.000 0.002
TNNQSSIGTEVVOKTA 10.505 0.000 0.000 3.000 0.000 (.009
TNNQSSYPASAMCKTA 10.505 0.001 0.000 0.000 0.000 0.000
TNNQSSYPAQHTQKTA 10.502 3 0.000 0.000 0.000 0.000 (.000
TNNQSSYFPKQVOKTA 10.501 0.000 0.000 §.000 0.000 (.006
TNSKNSYPAEVVORTA 10499 1 2. 0.033 0.000 §.000 0.600 3.000
TNNQRSMPAEVVQKTA 10485 3. 0.050 0.000 0.000 0.000 0.600
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TNNQSSSNLEVVQKTA | 1993 | 10475 3.043 0.000 0,000 0.000 0.000 (.000
TNNQVLYPAEVVOKTA | {5¢ 10467 1 2334 0.003 0.000 0.016 0.000 0.001
TNNQSIHPAEVVOKTA | 1995 | 10463 | 2.236 0.000 0.000 $.000 ().248 (3.003
TNNQSYNMAEVVQKTA | 1996 | 10429 5.146 0.000 0.000 3.000 0.000 3.000
TNNQISYTASSAQKTA | 1997 | 10427 | 3.158 0.000 0.000 0.000 .000 (.600
TNNQSSNGY QKTA | 1998 | 10. 2.651 0.000 0.000 0.000 0.000 0.000
TNNQSSYPDRLVOKTA | 1999 | 104 2.906 0.001 0.000 3.000 0.000 3.000
TNNQSSLLAEVVQKTA | 2000 | 10, 3.838 0.000 23928 | 0011 2.016 0.090
TNNQSPTAAEVVQKTA | 2001 | 10 1.949 0.000 0.000 0.000 0.000 (.001
TNNQSSQLAEVVOKTA | 2002 | 102 3,792 0.008 0.000 (.005 0.000 (.000
TNNQSSYPTTEVQOKTA | 2003 | 10277 { 5539 0.000 0.000 3.000 0.0500 3.004
TNNQSSYPAEASQKTA | 2004 | 10233 3.979 0.007 0,000 0.500 0.000 (.600
TNNQSWVLAEVVQKTA | 2005 { 10223 | 2.827 0.000 0.000 (.000 0.000 0.000
TNNQSSIVREVVOKTA | 2006 | 10214 | 4402 0.000 0.000 3.000 0.178 (3.002
TNNQWIRPAEVVQKTA | 2007 | 10,195 1.633 0.000 0.000 0.000 0.000 3.000
TNNQSSYERVVVOKTA | 2008 | 10.189 | 0.652 0.000 0.000 0.000 0.000 0.000
TNNQSSVRSEVVOKTA | 2009 | 10,180 3.489 0.001 0.000 §.000 0.000 (.000
TNNQSSELREVVORTA | 2010 | 10.174 2.995 0.000 0.000 0.013 0.000 3.000
TRNNQSSYVKSVVQKTA | 2011 | 16171 2.873 0.000 0,000 0.000 0.000 (.600
TNNQSSYPKLOVOKTA | 2012 | 10.161] 3.023 0.000 0.000 0.000 0.000 (.000
TNNQSSYDVMVVOKTA | 2013 | 10132 | 6.923 0.000 0.000 3.000 0.000 3.000
TNSNVSYPARVVOKTA | 2014 { 10.114 2.151 0.000 0.000 0.008 0.600 3.000
TNNQWSMPAEVVOKTA | 2015 | 10109 | 2452 0.026 0.000 0.000 0.000 0.000
TNNQSSSQLEVVOKTA | 2016 | 10.102 3.205 0.000 0.000 (.000 0.309 1367
TNNQSTANARVVQRTA | 2017 | 10.084 5.631 0.000 0.000 3.000 0.000 3.000
TNNQSSYPATGSQKTA | 2018 { 10.069 5.184 0.000 0.000 0.000 0.000 0.001
TNNQSSPSLEVVOKTA | 2019 | 10046 | 7.144 0.000 0.000 0.000 0.000 0.002
TNNAYTYPAEVVORTA | 2020 10.027 (0.424 0.000 (0.00G {3 000 0.G00 {3.000
TNNQSSYPASVVERTA | 2021 10.026 0.746 7.839 0.000 0.000 0.000 4.347
TYAKSSYPARVVQKTA | 2022 { 10.01] 1.568 0.000 0.000 0.000 0.000 (.000
TNNQSSYPAVGGOKTA | 2023 9.968 2.809 0.000 0.000 $.000 0.000 (.000

{0818} These data dersonstrate that following two matumation approaches, matured TTN-002 capsid
variants {AAVS capsid variants) with loop VI modifications were generated with significantly
enhanced CNS, heart, muscle, and liver tropism in NHPs compared to the corresponding non-matured
capsid variants, which already exhibited a significant fold envichment over AAVS and/or AAV inthe
brain of mice, rats, and/or NHPs. Also, several of the resuliing matured variants demounstrated cross-
species CNS tropism in both NHPs and mice.
Exampie 3. Evaluation of TTN-002 AAV capsid variant in diverse primate species
{8519} This Example evaluates the tropisi and cross-specics compatibility of the TTN-002 (SEQ ID
NO: 982 {amino acid) and 984 (DNA), comprising SEQ 1D NO: 943) capsid variant in two diverse
primate species, marmosets (Callithrix jocchusy and African green monkeys (Chiorocebus sabaeus), as
compared to their tropism in cynomolgus macaques (Macaca fascicularis) provided in Example 1 and 2.
The amino acid and DNA sequences of the TIN-002 capsid varniant are provided, e.g., in Tables 4 and 3,
respectively.
[6526] To investigate tropism in African green mounkeys, AAV particles comprising the TTN-002
capsid variant or an AAVS control under the control of a synapsin promoter, were intravenously injected
into the African green monkeys (n=2, 3-12 vears of age) at a dose of 2E13 vg/kg, After 14-days in life,
the braios and tissues (liver, DRG, quadriceps, and beart) of the NHPs were collected and RNA was

- 241 -



WO 2025/038800 PCT/US2024/042405

extracted. Following RNA recovery and RT-PCR amplification, a systematic NGS enrichment analysis
was performed to calonlate the fold enrichment ratio relative to the AAVS wild-type control.

{0521} To investigate tropism in marmoset monkeys, AAV particles comprising the TTN-002 capsid
vatiant, ot an AAVS control, were intravenously injected into marmosets (=2, >10 months of age) ata
dose of 2E13 v/kg. After 28-days in Iife, the brains and tissues (iver guadrceps, and heatt) of the NHPs
were collected and RNA was extracied. Following RNA recovery and RT-PCR amplification, a
systernatic NGS enrichient analysis was performed to calowdate the fold envichment ratio relative to the
AAVS wild-type control.

6522} As provided in Table 29 (African green monkeys) and Table 3¢ (mannosets), the TTN-002
capsid variant demonstrated increased CNS tropism in diverse primate species. The TTN-002 capsid
variant demonstrated a 64.9-fold increase in expression relative o AAVS in the brain of cynomolgus
macagues (Table 14, Example 1), a 7.5-fold increase in expression refative to AAVS in the brain of
African green monkeys, and a 40.4-fold increase in expression relative to AAVS inthe brain of
marmosets. Furthermore, TTN-002 also resulted in increased expression in the brain of rats (Table 14,

Example 1}, demonstrating an average fold change in expression refative 10 AAVI of 41.1.

Table 29, NGS-Fold Enrichment of TTN-082 in African green monkeys

Sequence SEQID Fold Enrichraent relative to AAVY
k NO: Brain DRG Heart Liver DNA Liver RNA Muscle
YPARVVOK 43 7.462 3.9674 0.3592 0.0543 0.0227 (.6982

Table 36, NGS-Fold Enrichment of TTN-602 is Marmosets

Seauenie SEQID Fold Enrichment relative to AAYY
2y NO: Brain Heart Liver BNA Liver RNA Muscle
YPAEVV(K 943 40.381 3.1981 0.0321 0.0328 2.0631

{8523} Taken together, these data demonstrate that the AAVS capsid variant TTN-002 demonstrated
mecreased CNS wropism relative (o the AAVS control in the UNS across three diverse primate species and

rats, providing evidence of strong cross-species capacity.

Example 6. In vive Promoter Selection Studies

{6524 ITR-0-1TR sequences comprising promoters were packaged inio AAVG capsids and
delivered by intrastriatal injection to Sprague Dawley rats at a dose of 1x10"° VG, Tissue saraples were
collected at 3 weeks or 10 weeks and frataxin protein levels quantified. Frataxin constructs comprising
truncated CBA and CMV promoters were packed into an AAVY varitant capsid (VOY201) and
administered by intravenous delivery to Sprague Dawley rats at a dose of either 6.3x107 or 25107
VGrkg. After 28 or 90 days, tissuc samplcs were collected and processed for quantification of frataxin
expression (ng/mg). The sequence for the VOY201 capsid is disclosed in, e.g., PCT/US2019/053681, the

contents of which are incorporated herein in their entirety.
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6525} Promoters CMV-D7 (SEQ ID NO: 1750) and CBA-DE (SEQ 1D NO: 1742) demonstrated
the target moderate frataxin expression as compared to the other constructs and were therefore selected
for further study.

6526} To test the durability and persistence of frataxin expression driven by the CMV-D7 (SEQ ID
NG: 17503 and CBA-DS (SEQ 1D NO: 1742) promoiers, a e cowrse study was conducted. Viral
genomes compyising a CMVY-D¥7 (SEQ ID NO: 1730) or a CBA-D8 (SEQ 1D NG: 1742 promoter witha
frataxin payvioad sequence were packaged into another AAVO-vanant (VOY101) capsid to generate AAV
particles. These AAV particles were administered by intravenous delivery via the tatl vein to male
Sprague Dawley rats at one of two doses (6.3x10'% or2x10'%). At 28, 90, or 180 days after administration,
tissue samples were collected (heart, biver, cerebellum, thoracic and lumbar DRG) and processed for
quantification of viral genome per diploid cell and frataxin expression levels based on an Anti-Fragaxin

SimpleStep ELISA. Data are shown below in Tables 31 and 32, FIGs. 2A, 2B, 2C and 2D,

Table 31. Frataxin expression (ng/mg)

Tissue CMV-17 CBA-DS
6.3¢012 2.3e13 $.3e12 2.3e13
284 | S04 | 1864 | 284 | 98d | 1804 | 28d | 98d | 188d | 28d S¢d | 180d
Heart 149 1 1687 1 985 | 374 1254912347 1 204 1112111640 775 {7138 13048
Cerebellum Lo 1.9 4.3 5.8 1361 236 1 09 | 22 3.1 6.9 11.5 {214
Lumbar DRG | 752 | 1447 | 647 1 249.0 | 250 | 152.1 1 45.0 | 983 | 532 | 1213 { 212.8 | 95.9

Table 32, Viral genome/diploid cell (VG/do)

Tissue CMY-D7 {UBA-DS8
6.3ei2 2.3¢13 6.3e12 2.3el3
284 | 904 | 1864 | 284 | %04 | 1884 | 284 | S04 | i80d | 284 | 964 | i8%d
Heart i8 2 18 33 g.11 72 il 22 1.8 3.6 9.6 6.1
Liver 0.7 0.6 0.6 4.2 2.4 2.9 0.7 0.5 0.5 32 i4 0.9
Cerebellom 0.0 0.4 0.00 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Thoracic 0.1 G.1 G.1 0.5 0.4 0.1 0.1 0.1 0.1 0.5 0.4 0.3
DRG
CBA (no miR122) CMV
6.3¢12 2.3e13 6.3¢12 2.3e13
284 | o0d | 188d | 284 | 904 | 18G4 1 284 | 96d | 1804 | 284 | 98d | 1804
b 43 748 7.8 - - - - - - 48 - -
Liver 0.8 0.4 0.6 - - - - - - 3.7 - -
Cerebelhum 0.1 3.0 .0 - - - - - - 0.1 - -
Thoracic 0.5 04 0.1 - - - - - - 22 - -
DRG

{06527} Intissue collected from the heart ventricle, driving frataxin expression using the CMV-D7
(SEQ ID NO: 1750) promoter enhanced frataxin expression 0.2-2 5x, while driving frataxin expression

using the CBA-DS (SEQ 1D NO: 1742) prometer enhanced frataxin expression ¢.3-7 8x (FIG. 2A).
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[6528] In tissue collected from the cercbellum, dnving frataxin expression using the CMV-D7 (SEQ
1D NG: 1750) promoter enhanced frataxin expression 0.01-0.3 1x, while driving fmtaxin expression using
the CBA-DS (SEQ ID NO: 1742) promoter enhanced frataxin expression 0.01-0.28x (FiG. 2B).

{6529} In tissue collected from the hunbar DRG, daving frataxin expression using the CMV-D7
{(SEQ ID NO: 1750) promoter enhanced frataxin expression 1.6-6.2x, while driving frataxin expression
using the CBA-DS (SEQ 1D NO: 1742) promoter enhanced frataxin expression 11-5.2x (FIG, 200,
{6536} lurvanchistochemical analysis was performed on 30um tissue samples collected 28 days
after AAV particle admimistration. An anti-hFXN antibody (1/50.000) was used. Frataxin expression
driven by the CMV-D7 (SEQ 1D NG: 1750) and CBA-D8 (SEQ 1D NO: 1742) promoters was detected in
the dentate nucleuns of treated rats.

6531} Each of CMV-D7 (SEQ ID NO: 1750), CBA-D8 (SEQ [D NO: 1742) and CBA (SEQ ID NO:
1734} promoters showed similar distribution and expression patterns in the DRG and brain. in the heart,
CMV-D7 and CBA-DS promoters generated FXN expression approximately 50-260-fold lower than
CBA-driven frataxin expression.

6532} The CMV-D7 (SEQ ID NO: 1750) and CBA-DS8 (SEQ 1D NO: 1742) promoters both drove
frataxin expression in the cerebellum, heart and DRG at 180 days after adounistration of the AAY
particles. At this time point, expression in the cerebelium was approximately 3-fold greater than that
achieved using a refercnce CBA promoter, jndicating that the CMV-D7 and CBA-D8 promoters ate
active in target cells of the cercbellum,

Fxample 7. Evalaation of TTN-002 for delivering frataxin in mice

{8533} The goal of these experiments was (o determine the ability of the capsid variant TTN-002
(SEQ ID NO: 982 (amino acid) and 984 (DNA), comprising SEQ 1D NO: 943) with a frataxin-cncoding
transgene to increase the expression of frataxin in mice, and particularly in mouse cerebellum. The amine
acid and DNA sequences of TTN-G02 are provided, e.g., in Tables 4 and 3, respectively.

{0534} AAV particles were generated with TTN-002 encapsulating a viral genome comprising SEQ
1D NG 1797 (FTTN-002_FXN™),

{6535} The AAV particles or vehicle control (uodified PBS) were administered intravenously to
wildtype or frataxin-deficient mice (B6.Cg-Pralp Cradrtr fiypemdlutzy prgertiluyf (fackson Laboratory
Stock#029721)), TTN-002 FXN was administered at 1el4 or 2¢13 vg/kg,

{6536} At 16~weeks post-admimstration, the mice were enthanized and biodistribution (vg/ide) and
frataxin expression (ng/mg) were evaluated from the cerebelinm vsing ddPCR and ELISA, respectively,
Results are shown in FIG. 44 and FIG. 4B.

Eqguivalents and Scope
{8537} Those skilled in the ant will recognize, or be able (o ascertain using no more than routing

experimentation, many equivalents to the specific embodiments in accordance with the Detatled
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Description provided herein. The scope of the present disclosure is not iniended to be lumited o the
above Detailed Description, but rather is as set forth in the appended claims.

[6538] Where ranges are given, endpoints are inchided. Furthermore, it is to be understood that
unless otherwise indicated or otherwise evident from the context and understanding of ove of crdinary
skill in the ad, valoes that are expressed as ranges can asswne any specific value or subrange withio the
stated ranges 1o different cmbodiments of the disclosure, to the tenth of the nost of the lower Himit of the
range, nnless the context clearly dictates otherwise.

{4539} In addition. 1t 1s t0 be vadersiood that any pardicular erobodiment of the present disclosure
that {alls within the prior art may be explicitly excluded from any one or more of the claims. Since such
embodiments are deemed to be known to one of ordinary skill in the art, they may be excluded evenif
the exclusion is not set forth explicitly herein. Any particular embodiment of the compositions of the
disclosure {e.g., any, composition, therapeutic or active ingredient; any method of production; any
method of use; efe.) can be excluded from any one or more claims, for any reason, whether or not related
to the existence of prior art.

{05407 it 1s to be understood that the words which have been used are words of description rather
than Hmitation, and that changes may be made within the purview of the appended claims without
departing from the true scope and spirit of the disclosure in its broader aspects.

0541} While the present disclosure has been described at sonwe length and with some padicularity
with respect o the several descobed embodiments, ¢ is not idtended that it should be lindted o any such
particulars or embodiments or any particular erabodiment, but i is to be construed with references to the
appended claims 80 as to provide the broadest possible interpretation of such claims 1 view of the prior
art and, therefore, to effectively encompass the inlended scope of the disclosure.

{8542 In addition, section headings, the materials, methods, and examples are illustrative only and

not intended to be Hmting.



WO 2025/038800 PCT/US2024/042405

CLAIMS
What is claimed is:

i. An adeno-associated virus (AAV) particle comprising ag AAV capsid variant and a viral genome,
wherein the viral genome comprises a frataxin (FXN)-encoding sequence and the AAV capsid variant
coraprises an aminge acid sequence having the formula N2 {-[N3}, wherein:
(1) [N2] comprises Xy, X, Xz, Xa, and Xs, wherein:
@y XY, N, or
My X P K T or (3
Y XsisAor P
{(dy X418 E, 8, or A; and
(Y Xsis V, L, or E; and
(i1} [N3] comprises the amino acid sequence VQK, EQK, VKK, VHK, VOQ, or LOK; and
wherein the AAV capsid variant comprises the amino acid sequence of SEQ ID NO: 739, oran

amigo acid sequence at least 95% identical thereto.

2. The AAV particle of claim 1, wherein [N2}-[N3] is present in loop VIIE, wherein loop VIH is present
al araing acids cornprising those conresponding (o positions $71-599 of {he amino acid sequence of SEQ

1D NO: 982,

3. The AAYV particle of claima 1 or claim 2, wherein [N2}-[N3] is present irnmediately subsequent (o an

amino acid corresponding to position 576 of the amino acid sequence of SEQ D NO: 982,
4. The AAV particle of any one of claims 1-3, wherein the AAV capsid variant is an AAVS capsid
variant comprising [N2{-[N31 in place of an amino acid corresponding to T577 of the amino acid

sequence of SEQ D NO: 138,

5. The AAV pacticle of any one of claimns 1-4, wherein {N2] conprises the amino acid sequence YP,

YPA, YPAE (SEQ IDNO: 21, ot YPAEV (SEQ ID NO: 1),

6. The AAVY particle of any one of claims 1-3, wherein [N3] comprises the aminoe acid sequence VOK.

7. The AAV particle of any one of claims 1-6, wherein {N2]-[N3] comprises the amino acid sequence

ABEVVOK (SEQ ID NO: 36) or PAEVVQK (SEQ ID NO: 20).

8. The AAV particle of any one of claims 1-7, wherein {N2]-[ N3] comprises the amino acid sequence

YPAEVVQK (SEQ ID NO: 943).
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9. The AAV particle of any one of claims 1-8, wherein the AAV capsid variant further comprises [N1]
conprising ¥p, Xg, and Xy, wherein:

(@ Xpof INTJisQ, T.5, AL L, arH;

by Xz of [IN1{1s 5, G, AL or R, and

)y Xrof [NHisS KL LR A orT;

wherein [N1] imunediately precedes [N2]-{N3].

10, The AAV particle of claim 9, wherein [N1} comprises the amino acid sequence QS, S8, or (385,

11. The AAV particle of claim 9 or claim 10, wherein [N1}-{N2] comprises the amino acid sequence
QSSYPAEV (SEQ 1D NO: 96).

12. The AAV particle of any one of claims 9-11, wherein [N1]-{N2}-{N3} comprises the amino acid
sequence SSYPAEVVQ (SEQID NO: 121) or QSSYPAEVVOK (SEQ 1D NOG: 1303,

13 The AAV particle of any one of claims 9-12, wherein the AAV capsid variant further conprises [NOJ
comprising Xa, Xp, and X¢, wherein:

{ay Xpof [NO]is T, [, ot N

(b Xp of [NO} is N; and

) Xeof (NOJisN, T, S, or K

wherein {NO} immediately precedes N1}

14. The AAV particle of claim 13, wherein {NOJ comprises the amino acid sequence TN, NN, or TNN.

15. The AAV particle of claim 13 or claim 14, wherein [NO]-[N1] comprises the amino acid sequence
TNNQSS (SEQ ID NO: 183).

16. The AAV paricle of any one of claims 13-135, wherein [NOJ-{N1}-N2]-[N3} comprises the anino
acid sequence THNNQSSYPAEVVK (SEQ ID NG: 500).

17. The AAV particle of any one of claims 13-16, wherein the AAV capsid variant further comprises
(N4} comprising X and Xy, wherein:

{a) Xo of N4 is T. P, or N; and

(b} Xg of N4} is A;

wherein {N4] is present immediately subsequent to [N31.
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18. The AAV particle of claim 17, wherein {N4] comprises the amino acid sequence TA.

19. The AAV particle of claim 17 or clairs 18, wherein [NOJ-N1]-IN2]-{N3}-[N4] comprises the amino
acid sequence TNNQSSYPAEVVOKTA (SEQ ID NO: 1533).

20. The AAV particle of any one of claims 16-18, wherein [NOJ-{N1]-{N2]-[N3]-{N4} is present in loop
VI, wherein loop VHI is present at amino acids comprising those cormresponding to positions 571-599 of

the amino acid sequence of SEQ ID NO: 982,

21. The AAV particle of claim 20, wherein:

(1) |NOY is present at aniino acids corresponding o positions 571-373 of the amino acid sequence
of SRQ ID NO: 982;

(11) [N1] is present at amino acids corresponding to positions 374-5376 of the amino acid sequence
of SEQ ID N 982;

(itiy N2} is present at amine acids conesponding to positions 577-581 of the amino acid
scquence of SEQ 1D NO: 982;

(iv) N3} is present at aretno acids corresponding to positions 582-584 of the amino acid
sequence of SEQ [D NO: 982 and

(v} [N4] is present at anuino acids corresponding {6 positions 383-586 of the arming acid sequence

of SEQ 1D NO: 982.

22. An adeno-associated viras (AAV) particle comprnising:

{1} a viral genome comprising a frataxin (FXN)-encoding sequence; and

{(iiy an AAV capsid vanant comprising an amino acid sequence at least 95% identical to the
amino acid sequence of SEGQ 1D NO: 739, wherein the AAV capsid variant compriscs at least 4, at least
5, at least 6, at least 7, or all § consccutive amino acids from the aniino acid sequence YPAEVV(QK

(SEQ ID NO: 943).

23. The AAV particle of clatm 22, wherein:

{t) the at least 4 copsecutive armino acids comprise the amino actd sequence YPAE (SEQ ID NG
21}, opticnally present at amino acids correspanding 1o positions 577-580 of the aming acid sequence of
SEQ 1D NG: 982,

(i1} the at least 5 consecutive amino acids comprise the amine acid sequence YPAEV (SEQ [D
NG 1), optionally present at amino acids corresponding (o positions $77-581 of the amino acid sequence

of SEQ D NO: 982;
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(iil) the at least © consecutive amino ackds comprise the amino acid sequence YPAEVVY (SEQ 1D
NO: 725), optionally present at amino acids corresponding to positions 577-582 of the aminoe acid
sequence of SEQ D NO: 982; or

{iv) the at least 7 consecutive amine acids compuse the amino acid sequence YPAEVVQ (SEQ
1D NQO: 726}, optionally present at amino acids corresponding o positions §77-383 of the amino acid
sequence of SEQ 1D NO: 982,

24. The AAV particle of claim 22 or claim 23, wherein the AAV capsid vanant comprises the amino acid
sequence YPAEVVQK (SEQ D NO: 943) present at amino acids conesponding to positions 577-584 of

the amino acid sequence of SEQ ID NO: 982.

25. An adeno-associated vims (AAV) particle comprising:

(1) a viral genome comprising a frataxin (FXN}-encoding sequence; and

(ity an AAV capsid variant conprising an amino acid sequence at least 93% identical 1o the
amino acid sequence of SEQ 1D NO: 739, wherein the AAV capsid variant comprises the amino acid
sequence YPAEVVOIK (SEQ 1D NO: 943) at amino acids conesponding to positions 577-584 of the
amino acid sequence of SEQ T NO: 982,

26. The AAV particke of claim 23, wherein the AAV capsid vartant further comprises

(1) an amiog acid sequence having at least 95% identity to the amno acid sequence of SEQ [D
NO: 738, wherein the AAV capsid variant comprises the amine acid sequence YPAEVVQE (SEQ ID
NO: 943); and/or

{i1) an amino acid sequence having at least 95% idenity to the amino acid sequence of SEQ 1D
NO: 982, wherein the AAV capsid variant comprises the amino acid seguence YPAEVVQE (SEQ ID
NO: 9433,

27. An adeno-associated vimus (AAV) particle comprising an AAV capsid variani and a viral genome,
wherein the viral genome comprises a frataxin (FXN)-encoding sequence and the AAV capsid vartant
comprises

{1) an amino acid sequence having at least 99% identity to the anuino acid sequence of SEQ 1D
NQO: 982, wherein the AAV capsid vadiant comprises the amino acid sequence YPAEVVOK (SEGQ 1D
NC: 943);

{11} an amog acid sequence having at least 99% wdentity to the amino acid sequence of SEQ [D
NO: 738, wherein the AAY capsid vanant comprises the armnoe acid sequence YPAEVVQK (SEQ ID
NO: 943); and/or
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{iil) an amino acid sequence having at least 99% identity 1o the amino acid sequence of SEQ [D
NO: 739, wherein the AAV capsid variant comprises the aminoe acid sequence YPAEVVQK (SEQ 1D
NO: 943).

28. The AAV paicle of any one of claims 1-27, wherein the AAVY capsid variant comprises
{1) the araino acid sequence of SEQ 1D NG: 982;
(ii) the amino acid sequence of SEQ ID NG: 738; and/or

(ii1) the araino acid sequence of SEQ [D NO: 739,

29. The AAV particle of any one of claims 1-28, wherein the FXN-encoding sequence encodes a FXN

protein that is not a cynomolgus monkey FXN protein.

30. The AAV particle of any one of claims 1-29, wherein the FXN-encoding sequence encodes a human

FXN protein.

31. The AAV particle of claim 30, wherein the human FXN protein comprises the amino acid sequence
of SEQ I NO: 1825, or an amivo acid sequence that is at least 90% identical (e.g., at least 90%, at least
1%, at least 92%, at least 93%, at least 94%, at least 95%6, at least 96%, at least 97%, at least 98%. orat
least 99% identical thereto, optionally whercin the homan FXN protein is a wildtype buman FXN

protein.

32. The AAV particle of any one of claims 1-31, wherein the FXN-encoding sequence comprises a

nucleotide sequence encoding the amino acid sequence of SEQ 1D NO: 1825,

33. The AAV particle of any one of claims 1-32, wherein the FXN-encoding sequence comprises the
nucieotide sequence of SEQ 1D NO: 1824 or a nucleotide sequence that is at Jeast 80% identical (e g., at
Ieast 80%, at least 85%, at least 90%, at least 919, at least 92%, at least 93%, at feast 94%, at least 95%,

at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto.

34. The AAV paicle of any one of claims 1-33, wherein the viral genore further comprises a promoter

operably linked to the FXN-encoding sequence.

35. The AAV particle of claim 34, wherein the promoter comprises 8 human elongation factor lo-subanit
{(EF 1o promoter, a cytomegaloviras (CMV) imumediate-early enhancer and/or promoter, a chicken B-
actin (CBA) promoter, a CAG promoter, a P glucuronidase (GUSB) promoter, a ubiquitin C (UBC)
promoter, a neuron-specific enolase (NSE) promoter, a platelet-denived growth factor (PDGE) promoter,

4 platelet-denived growth factor B-chain (PDGF-}) promoter, a intercellular adhesion molecule 2 (CAM-
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2} promoter, a synapsin (Syn) promoter, & methyl-Cpls binding protein 2 (MeCP2) promoter, a
CaZ+/calmodulin-dependent protein kinase I (CaMKI) promoter, a metabotropic glutamate receptor 2
(mGluR2) promoter, a neurofilament light chain (NFL) promoter, a ncurofilament heavy chain (NFH)
promoter, a f-globin minigene nf2 promotier, a preprocnkephalin (PPE) promoter, a enkephalin (Enk)
and excitatory amino acid transporter 2 (EAATZ) proowter, a ghial fibollary acidic protein (GFAP)
promoter, a muyclin basic protein (MBP) promoter, a cardiovascular promoter (¢.g., oMHC, ¢ToT, and
CMV-MLC2k), a hver promoter (.8, BAAT, TBG), a skeletal ravscle promoter (¢.g., desmin, MCK,

512}, or a functional fragment or truncation of any of the foregoing,

36. The AAV particle of claim 32 or claim 33, wherein the promoter is a CMV promoter or CBA

promoter, or a functional fragment or truncation of a CMV promoter or CBA promoter.

37. The AAV particle of claim 36, wherein the prometer is a truncated CBA pronioter.

38. The AAV particle of claim 37, wherein the truncated CBA promoter is 50-400 nucleotides in lengthy,

¢.g., 100-332 nucleotides in length.

39. The AAV particle of any one of claims 36-38, wherein the promoter comprises the nucleotide
sequence of any one of SEQ I NOx: 1738, 1740, and 1742 or a mucleotide sequence that is at Jeast 90%
wdentical (2.2, at least 90%, at least 91%, at least 9256, at least 93%, at least 94%, at least 95%. at least

96%, at least 97%, at least 98%. or at least 99% identical) thercto.

40. The AAV particle of claim 36, wherein the promoter is a truncated CMV promoter.

41. The AAV particle of claim 40, wherein the truncated CMV promoter is 30-300 nucleotides in length.
42. The AAV particle of claim 40 or claim 41, wherein the promoier comprises the mucleotide scquence
of SEQ D NO: 1730 or a nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least
91%, at lcast 92%, at least 93%6, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at
least 99% identical) thereto.

43. The AAV partticle of any one of claims 1-42, wherein the viral genome further comprises a
mictoRNA (iR} binding site that modulates expression of the encoded FXN protein in a cell or tissue of

the liver.

44. The AAV particle of claim 43, wherein the viral genome comprises 3 copies of the miR binding site.
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45. The AAV particle of claim 44, wherein the 3 copies of the miR binding site are identical.

46. The AAV particle of claim 44 or clairn 45, wherein the 3 copics of the miR binding site are

continuous.

47. The AAV particle of any one of claims 43-46, wherein the iR binding site is 2 miR 122 binding site,
optionally wherein:

the milR122 binding site comprises the nucleotide sequence of SEQ ID NO: 1827 or a sequence
baving one, two, three, or at most four substitutions relalive to the nucleotide sequence of SEQ 1D NO:
1827, or

the viral genome comprises 3 copies of 2 miR122 binding site comprising the nucleotide
sequence of SEQ 1D NO: 1826 or a sequence having ong, two, three, four, five, six, seven, cight, mne, or

at most ten substitutions wlative to the nucleotide sequence of SEQ 1D NO: 1826,

48. The AAV particle of anv one of claims 1-47, wherein the viral genonte further comprises at loast one

inverted teominal repeat (ITR) region.

49 The AAV particle of claim 48, wherein the at least one TR region comprises an AAV2 TTR.

50. The AAV particle of claim 438 or claim 49, wherein the viral gesome comprises a 57 TR region and a

37 ITR region.

51. The AAV particle of claim 50, wherein the 5” ITR region and 37 ITR region are cach an AAV2 TR,

52. The AAV particle of claim 31, wherein the 3' ITR region comprises the nucleotide sequence of SEQ
1D NO: 1811 or a sequence that is at least 90% identical {e.g., at least 90%, at least 91%, at Jeast 92%, at
Ieast 93%, at least 94%, at least 95%, at least 96Y%%, at least 97%, at lcast 98%, or at least 99% identical)
thereto; and/or the 3' ITR region comprises the nucleotide sequence of SEQ 1D NO: 1812 or a sequence
that is at least 90% identical (¢.g., at least 90%, at Jeast 91%. at least 92%, at least 93%, at least 94%, at

least 95%, at least 96%, at Jeast 97%, at least 98%, or at least 99% identical) thereto.

53. The AAV particle of any one of claims 1-52, wherein the viral genome firther comprises an

intron/exon region comprising an intron region and/or an exon region.

54. The AAVY particle of claim 53, wherein the intron/exon region comprises:
an immediate-carly 1 (iel) intron region and/or a human beta-globin (hBglobin) intron 2 region;

and/or
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aniel exon region and/or an kBglobin exon region.

55. The AAV particle of claim 53 or claim 54, wherein the intron region comprise

the nucleotide sequence of SEQ I3 NG 1819 or a sequence that is at least 90% identical (c.g.. at
least 90%, at least 91%, at Jeast 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 979%,
at least 98%, or at Ieast 99% identical) thercto; and/or

the mucleotide sequence of SEQ I3 NG: 1820 or a sequence that is at least 90% identical (e.g., at
least 90%, at least 91%, at Ieast 92%, at least 93%, at least 94%, at least 95%, at least 96%. at least 97%,

al least 98%, or at least 99% identical) thereto.

56. The AAV particle of claim 53, wherein the exon region comprises:

the nucleotide sequence of SEQ ID NO: 1817 or a sequence that is at least 90% idenuical (e.g., at
least 90%, at least 9195, at least 92%, at least 93%, at least 94%, at least Y3%, at least 96%, at least 97%,
at least 98%, or at least 99% identical) thereto; and/or

the nucleotide sequence of SEQ 1D NO: 1821 or a sequence that is at least 90% identical {e.g., at
least 90%, at least 9195, at least 92%, at least 93%, at least 94%, at least Y3%, at least 96%, at least 97%,

at Jeast 98%, or at Jeast 99% identical) thercto.

57. The AAV particle of any one of ¢laims 1-56, wherein the viral genome further compuses a

polyadenylation (poly A) region.

58. The AAV particle of claim 57, wherein the polvA region comprises the nucleotide sequence of SEQ
1D NO: 1828 or a sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at feast 92%, at
least 93%, at least 94%, at feast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical)

thereto.

59, The AAV particle of any one of claims 1-30, wherein the viral genome comprises the mucleoiide
sequence of SEQ ID NO: 1797 or a nucleotide sequence that is at least 90% identical (¢.g., at least 90%,
at least 91%, at least 929, at keast 93%. at least 94%, at least 95%, at least 96%, at least 97%, at least

98%, ot al least 99% identical) thereto.

60. The AAV partticle of any one of claims 1-30, wherein the viral genome comprises the nucleotide
sequence of SEQ D NO: 1801 or a nucleotide sequence that is at least 90% identical {e.g.. at keast 90%.
at least 91%, at least 9296, at least 93%. at least 94%, at least 95%, at least 96%, at least 9756, at least

8%, or at least 99% identical) thereto.
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61. The AAV particle of any one of claims 1-30, wherein the viral genome comprises the mucleotide
sequence of SEQ ID NO: 1808 or a nucleotide sequence that is at least 90% identical (¢.g., at least 90%,
at least 91%, at least 929, at keast 93%, at least 94Y%, at least 95%;, at least 96%, at least 97%, at loast

98%, or al least 99% identical) thereto.

62. The AAV particle of any one of claims 1-30, wherein the viral genome comprises the nucleotide
sequence of SEQ I3 NG: 1809 or a nucleotide sequence that 1s at keast 90% identical (e.g.. at least 90%,
at least 91%, at least 9294, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least

0%%, or al least 99% identical) thereto.

63. The AAV particle of any one of claims 1-30, wherein the viral genome comprises:

(i) a 5" inverted terminal repeat (ITR) region;

(it) a pronwter;

(iii) the FXN-encoding sequence, wherein the FXN-encoding sequence comprises the nucleotide
sequence of SEQ 1D NO: 1824 or a nucleotide sequernce that is at least 30Y% identical {e.g., at least 80%,
at feast 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 949, at least 95%, at least
6%, at least 97%, at least 98%, or at least 99% identical) to SEQ 1D NO: 1824; and

(ivya 3 ITR region.

4. The AAV partick of any one of claims 1-30, wherein the viral genome coraprises:

(1) a 5" inverted terminal repeat (ITR) region

(i} a promoter;

(it1) the FXN-encoding sequence, wherein the FXN-encoding sequence comprises the nucleotide
sequence of SEQ D NO: 1824 or a nucleotide sequence that is at least 80% identical (¢.g., at least 80%,
at least 83%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 8%, or at feast 99% identical) to SEQ 1D NO: 1824;

{iv) at least one nuR 122 binding site; and

{v)a3 ITR region

65. The AAV particle of any one of claims 1-30, wherein the vival genorae conprises:

{{) a 5 nverted terminal repeat (ITR) region;

{i1) a promoter,

{iil) an nrow/exon Kgion;

{iv) the FXN-encoding sequence. wherein the FXN-encoding sequence corprises the nucleotide
sequence of SEQ 1D NO: 1824 or a nucleotide sequence that 1s at least 80% identical {e.g.. at least 80%,
at feast 85%, at least 90%, at least 91%, at feast 92%, at least 93%, at least 9496, at least 95%, at least
06%, at least 97%, at least 98%, or at least Y9% identical) to SEQ 1D NO: 1824;
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(v} at least one miR 122 binding site; and

{viya 3 ITR region.

66. The AAV particle of any one of claims 1-30, wherein the viral genome comprises:

{£) a 5 tnverted terminal repeat (ITR) region;

{11} a promoter;

(111 an infro/exon region;

{iv) the FXN-encoding sequence, wherein the FXN-encoding sequence coraprises the nucleotide
sequence of SEQ 1D NG 1824 or a nucleotide sequence that is at least 80% identical (e.g., at least 80%,
at feast 85%, at least 90%, at least 91%, at feast 92%, at least 93%, at least 9494, at Ieast 95%, at least
96%, at least 97%, at Icast 98%, or at least 99% identical} to SEQ 1D NO: 1824,

(v} at least one muR 122 binding site;

(vi) a pelyadenylation {poly A) region; and

(viiya 3" ITR region.

67. The AAV particle of any one of clatms 1-30, wherein the viral genome comprises:

(i) a 5 inverted terminal repeat (ITR) region;

(i1} a promoter;

(1t1) an intron and/or exon region;

(iv) the FXN-encoding sequence, wherein the FXN-encoding sequence comprises the nucleotide
sequence of SEQ [D NO: 1824 or a nucleotide sequence that is at least 80% identical (e.g., at least 80%,
at least 83%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%. or at least 99% identical) to SEQ 1D NG: 1824;

{v} at least one miR122 binding site;

{vi) a polyadenylation {(polvA) region;

(vii) a filler sequence; and

{viii)a 3" I'TR region.

68. The AAV particle of claim 66 or clatie 67, wherein:

(1) the 5' I'TR region corprises the nucleotide sequence of SEQ 1D NG: 1811 or a nucleotide
sequence that is at least 90% wdentical {e.g., at least 90%, at least 1%, at least 92%, at least 93%, at least
4%, at least 95%, at Ieast 96%, at least 97%, at least 98%, or at least 99% identical) thereto;

(i1} the promoter comprises the nucleotide sequence of SEQ [D NO: 1742 or a nucleotide
sequence that is at least 90% wdeantical {e.g., at feast 90%, al least 1%, at least 92%, at least 93%, at least
4%, at least 95%, at Ieast 96%, at least 97%, at feast 98%, or at least 99% identical) thercto;

{111} the intron/exon region comprises the nucleotide sequence of SEQ ID NQO: 1816 ora

nucleotide sequence that is at least 90% 1dentical (e.g., at least 90%, at least 91%, at least 92%, at least
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93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% wdentical)
thereto;

{iv}) the FXN-encoding sequence conprises the nucleotide sequence of SEQ ID NO: 1824 ora
nucieotide sequence that is at least 90% identical {¢.g., at least 90%, at least 91%, at least 92%, at least
93%, at lcast 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical)
thereto;

(v} the at least one miR122 binding site comprises the nocleotide sequence of SEQ 1D NO: 1826
or a nucleotide sequence that is at least 90% tdentical {¢.g., at least 30%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%. or al least 99% identical)
thereto;

(v1) the poly A region comprises the nucleotide sequence of SEQ 1D NO: 1828 or a nucleotide
sequence that is at least 90% wdentical {e.g., at feast 90%, at least 91%, at least 92%, at least 93%, at least
4%, at least 95%, at least 96%, at least 97%, at feast 98%, or at feast 99% identical) thereto; and/or

(vii) the 3' ITR region conprises the nucleotide sequence of SEQ ID NO: 1812 or a nucleotide
sequence that is at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least

4%, at least 95%, at least 96%, at least 97%, at feast 98%, or at feast 99% identical) thercto.

69. The AAV particle of claim 68, wherein the viral genome further comprises a filler sequence
coraprising the micleotide sequence of SEQ D NG: 1841 or a nucleotide sequence that is at least 90%
wdentical (2.2, at least 90%, at least 91%, at least 9256, at least 93%, at least 94%, at least 95%. at least
96%. at least 97%, at least 95%, or at least 99% identical) thereto, optionally wherein the filler sequence

1s posttionied 37 o the poly A region and 37 to the 37 {TR region.

70. The AAV particle of claim 66 or claim 67, wherein:

(1) the 5' ITR region comprises the nucleotide sequence of SEQ [D NO: 1811 or a nucleotide
sequence that is at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least Y3%, at least
94%, at lcast 95%, at feast 96%. at least 97%, at least 98%, ot ai least 99% identical) thereto;

(i1} the promoter comprises the nucleotide sequence of SEQ 1D NO: 1730 or a nucleotide
sequence that s at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at lcast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) therelo;

{ii1) the intron/exon region comprises the nuclectide sequence of SEQ 1D NOG: {816 ora
pucleotide sequence that is at least 90% wentical {e.g., at least 90%, at least 91%, at keast 92%, at least
93%, at least 9454, at least 95%, at least 96%, at keast 97%, at least 98%, or at least 99% identical)
thereto,

(iv) the FXN-encoding sequence comprises the nucleotide sequence of SEQ ID NO: 1824 ora

’

nucleotide sequence that is at least 90% dentical (e.g., at least 90%, at least 91%,, at least 92%, at least
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93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% wdentical)
thereto;

(v} the at least onc miR122 binding site comprises the nucleotide scquence of SEQ ID NO; 1826
or a rucleatide sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at Jeast 95%, at least 96%%, at least 97%, at least 98%, or at teast 99% identical)
thereto;

¢{v1) the poly A region comprises the nucleotde sequence of SEQ 1D NO: 1828 or a nucleotide
sequence that 1s at least 90% wdentical {e.g., at feast 90%, al least 1%, at least 92%, at least 93%, at least
04% at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereio; and/or

(vii) the 3' ITR region comprises the nucleotide sequence of SEQ 1D NO: 1812 or a nucleotide
sequence that is at least 90% wdentical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least

049%, at least 95%, at least 96%, at least 97%, at feast 98%, or at least 99% identical) thercto.

71. The AAV particle of claim 70, wherein the viral genome further comprises a filler sequence
comprising the micieotide sequence of SEQ 1D NG: 1840 or a nucleotide sequence that is at least 90%
identical (e.g., at least 90%, at lcast 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
6%, at least 97%, at least 98%, or at least 99% identical} thereto, optionally wherein the filler scquence

is positioned 37 to the poly A regionand 57 to the 37 TR region.

72. The AAV particle of claim 66 or claim 67, wherein:

(1) the 5' ITR region comprises the nucleotide sequence of SEQ 1B NG: 1811 or a nucleotide
sequence that is at least 90% identical {c.g., at least 90%, at lcast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto,

(i1} the promoter comprises the nucleotide sequence of SEQ ID NO: 1738 or a nucleotide
sequence that is at least 90% identical {c.g., at least 20%, at lcast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 6%, at least 97%, at least 98%, or at least 99% identical) thereto;

{i11) the intron/exon region comprises the nucleotide sequence of SEQ ID NO: 1816 ora
nucleotide sequence that is at least 90% identical (c.g., at least 90%, at least 91%, at least 92%, at least
93%, at lcast 949, at least 95%, at least 96%, at least 97%, at lcast 98%, or at least 99% identical)
thereto;

{iv) the FXN-encoding sequence comprises the mucleotide secuence of SEQ ID NO: 1824 ora
pucleotide sequence that is at least 90% wentical {e.g., at least 90%, at least 91%, at keast 92%, at least
93%, at least 9454, at least 95%, at least 96%, at keast 97%, at least 98%, or at least 99% identical)
thereto;

(v} the at least one miR122 binding site comprises the nucleotide sequence of SEQ 1D NO: 1826

or a nucleotide sequence that is at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at
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least 93%, at least 94%, at Jeast 953%, at least 96%%, at least 97%, at lcast 98%, or at least 99% identical}
thereto;

{vi} the poly A region comprises the nucleotide sequence of SEQ 1D NO: 1828 or a nucleotide
sequence that is at least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at lcast 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto; and/or

{vit) the 3' ITR region comprises the aucleotide sequence of SEQ 1D NO: 1812 or a nucleotide
sequence that is at least 90% wdentical {e.g., at least 90%, at least 1%, at least 92%. at Ieast 93%, at least

04%, at least 959, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto.

73. The AAV particle of claim 72, wherein the viral genome further comprises a filler sequence
comprising the nucieotide sequence of SEQ 1D NO: 1838 or a nucleotide sequence that is at least 90%
identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 949, at least 95%, at least
6%, at least 97%, at least 98%, or af least 99% identical) thereto, optionally wherein the filler sequence

is positioned 37 to the poly A regionand 57 to the 37 ITR region.

74. The AAV particle of claim 66 oy claim 67, wherein:

(i) the 5' ITR region comprises the nucleotide sequence of SEQ ID NO: 1811 or a nucleotide
sequence that is af least 90% identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least
4%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto,

(it) the promoter comprises the nucleotide sequence of SEQ 1D NO: 1749 or a nucleotide
sequence that is at least 90% identical {e.g.. at least 909, at Ieast 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto;

{(i11) the intron/exon region comprises the nucleotide sequence of SEQ ID NO: 1816 ora
nucleotide sequence that is at least 90% identical (e.g., at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at feast 95%, at least 296%%, at least 97%, at least 98%, or at least 99% identical)
thereto;

{iv) the FXN-encoding sequence comprises the nucleotide sequence of SEQ ID NO: 1824 ora
nucleotide sequence that is at least 90% identical (c.g., at least 90%, at least 91%, at least 92%, at least
93%, at lcast 949, at least 95%, at least 96%, at least 97%, at lcast 98%, or at least 99% identical)
thereto;

{v) the at least one miR122 binding stte comprises the nuclectide sequence of SEQ 1D NG 1826
or a nucleotide sequence that is at least 90% identical (¢.g., at least 90%, at keast 91%, at least 92%, at
least 93%, at least 94%;, at least 95%. at least 96%, at least 97%, at least 98%, or at least 99% identical)
thereto,

(vi) the poly A region comprises the nucleotide sequence of SEQ 1D NO: 1828 or a nucleotide
sequence that is at least 90% wdentical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least

04%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto: and/or
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{vit) the 3' I'TR rcgion comprises the nucleotide sequence of SEQ ID NOQ: 1812 or a nucleotide
sequence that is at least 909 identical {e.g.. at least 90%,, at Ieast 91%, at least 92%, at least 93%, at least

94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical) thereto.

75. The AAV particle of claum 74, wherein the viral genome further comprises a filler sequence
comprising the mucleotide sequence of SEQ 1D NG: 1839 or a nuclectide sequence that is at least 90%
identical (e.g.. at least 90%. at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at Ieast 99% identical) thereto, opticnally wherein the filler sequence
is positioned 3’ to the poly A region and 57 o the 3° ITR region.

76. The AAV particle of claim 66 or claim 67, wherein the viral genome comprises

{a) the nucleotide sequence of SEQ ID NG: 1797 or a mucleotide sequence that is at least 90%
identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 949, at least 95%, at least
6%, at least 97%, at least 98%, or at least 99% identical) thereto;

(b} the mucleotide sequence of SEQ D NO: 1801 or a nucleotide sequence that is at least 90%
identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
6%, at least 97%, at least 98%, or at least 99% identical) thereto;

{c) the nuclectide sequence of SEQ 1D NG: 1808 or a nucleotide sexpuence that is at least 90%
wdentical {¢.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
6%, at least 7%, at least 98%, or at least 99% idendical) thereto; or

{d) the nucleotide sequence of SEQ 1D NO: 1809 or a nucleotide sequence that is at Jeast 90%
wdentical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least

96%, at least $7%, at feast 98%, or at feast 99% identical) thercto.

77. The AAV particle of any one of claims 66-08, wherein:
(1) the 5' ITR region comprises the nucleotide sequence of SEQ D NO: 1811;
{1y the promoier comprises the mucleotide sequence of SEQ 1D NO: 1742;
{i11) the intron/exon region comprises the nucleotide sequence of SEQ 1D NO: 1816;
{iv) the FXN-encoding scguence conprises the nucleotide sequence of SEQ 1D NO: 1824,
{v) the at least one miR122 binding site comprises the nuclectide sequence of SEQ 1D NO: 1826;
{vi} the poly A region comprises the nucleotide sequence of SEQ I3 NO: 1828; ard
{vii) the 3' I'TR region corprises the nucleotide sequence of SEQ 1D NG 1812,
74. The AAV particle of claim 77, wherein the viral genome further comprises a filler sequence
comprising the nucleotide sequence of SEQ 1D NO: 1841, wherein the filler sequence is positioned 37 to

the poly A region and 5° to the 3° ITR region.
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79. The AAV particle of any one of claims 66-68 oy any one of claims 76-78, wherein the viral genome

comprises the nucleotide sequence of SEQ 1D NO: 1797,

80. The AAV paricle of any ore of claims 66-68 or any one of claims 76-79, wherein the viral genome

consists of the nucleotide sequence of SEQ ID NO: 1797,

81. An adenp-associated virus (AAV) particke coraprising an AAV capsid variant and a viral genome
comprising a fralaxin (FXN)-encoding sequence,

wherein the AAY capsid variant comprises:

(i) the amino acid sequence of SEQ ID NO: 982 or an amino acid sequence having at least 95%
identity {c.g., at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identity) theroto,
wherein the AAV capsid variant compnses the amine acid sequence YPAEVVOK (SEQ ID NG: 943);

(it) the amino acid sequence of SEQ ID NO: 738 or anaminoe acid sequence having at least 953%,
identity {c.g., at least 953%, at least 96%, at least 97%, at least 98%, or at least 99% identity) thercto,
wherein the AAV capsid varant comprises the amino acid sequence YPAEVVOK (SEQ ID NO: 943); or

(ii1) the anino acid sequence of SEQ ID NO: 739 or an amino acid sequence having at least 95%
wdentity {e.g., at least 953%, at least 96%, at least 97%, at least 98%, or at least 99% ideuntity) thereto,
wherein the AAV capsid variant comprises the amino acid sequence YPAEVVOK (SEQ 1D NO: 943
and

wherein the viral genome comprises:

{a) the nucleotide sequence of SEQ ID NO: 1797 or a nucleotide sequence that is at least 90%
wdentical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%. or at least 99% identical thereto;

{b) the nucleotide sequence of SEQ 1D NO: 1801 or a nuclectide sequence that is at least 90%
wdentical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%. or at least 99% identical) thercto:

{c) the mucleotide sequence of SEQ 1D NO: 1808 or a nucleotide sequence that is at least 0%
identical {e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at lcast 97%, at least 98%, or at least 99% ideuntical) thereto; or

{d) the nuclectide sequence of SEQ ID NO: 1809 or a nucleotide sequence that is at least 90%
identical {c.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least

96%, at least 97%, at Icast 98%, or at keast 99% identical) thereto.

82. An adenp-associated vimus (AAV) partick comprising a viral genome comprising the nucleotide
sequence of SEQ 1D NO: 1824 and an AAV capsid vanant comprising the amino acid sequence of SEQ
1D NO: 982, the amino acid sequence of SEQ ID NO: 738, and/or the amino acid sequence of SEQ 1D
NG 739,
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83. The AAV particle of claim 82, wherein the viral genome comprises the nucleotide sequence of SEQ

1D NO: 1797,

84. The AAV particle of any one of claims 1-83, wherein the viral genore is single-siranded.

85. A cell comprising the AAV particle of any one of claims 1-84, optionally wherein the cell is

a manunalians cell (e.g.. an HEK293 cell), an insect cell (e.g., an 59 cell), or a bacterial cell.

86. A method of making the AAV particle of any one of claims 1-84, wherein the method comprises:
(1) providing a ccl comprising the viral genome comprising a FXN-encoding sequence and a
nucleic acid encoding an AAV capsid variant; and
(it) incubating the cell under conditions suitable to encapsulate the viral genome in the AAV
capsid variant;

thereby making the AAV particle.

%7. The method of claim 86, wherein the viral genome comprises

{a) the nuclectide sequence of SEQ 1D NG 1797 or a nucleotide sexpuence at least 90% identical
{e.g.. at lcast 90%, at least 919, al least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical} thercto;

{b) the mucleotide sequence of SEQ 1D NO: 1801 or a nuclectide sequence at least 90% identical
{e.g.. at keast 90%, at least 91%, at least 92%, at least 939, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical} thereto;

{c) the nucleotide sequence of SEQ ID NO: 1808 or a nucleotide sequence at least 90% identical
{e.g.. at keast 90%, at least 91%, at least 92%, at least 939, at least 94%6, at least 95%, at least 96%, at
Ieast 97%, at least 98%, or at least 99% identical) thereto; or

{d) the nuclectide sequence of SEQ 1D NO: 1809 or a nucleotide sequence at least 90%, identical
(e.g., at lcast 90%, at lcast 91%, at least 92%, at least 93%, at least 94%;, at Icast 95%, at least 96%, at
least 97%, at lcast 98%, or at least 99% identical) thereto: and

wherein the AAV capsid variant comprises

{1) the araioo acid sequence of SEQ 1D NG: 982 or an aming acid sequence having at least 90%
identity {¢.g.. at Ieast 90%, at keast 91%, at least 92%, at least 93%, at least 949, at least 93%, at least
96%, at least 97%. at Ieast 98%, or at keast 99% identity) thereto. wherein the AAV capsid vanant
comprises the aminge acid sequence YPAEVVOK (SEQ 1D NO: 943);

(i1} the amino acid scquence of SEQ ID NO: 738 or an amino acid sequence having at least 90%

identity {c.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
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96%, at least 97%, at least 8%, or at Jeast 99% identity) thereto, wherein the AAV capsid varant
comprises the aminoe acid sequence YPAEVVQEK (SEQ ID NO: 943); or

{(ii1) the amsino acid sequence of SEQ ID NO; 739 or an amino acid scquence having at least 90%
identity e.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at Jeast Y8%, or at Jeast 99% identity) thereto, wherein the AAV capsid vanant

comprises the aminoe acid sequence YPAEVVQK (SEQ I NO: 943).

8%, The method of clairn 86, wherein the viral genome corprises

{a) the mucleotide sequence of SEQ 1D NO: 1797 or a nucleotide sequence at keast 90%6 identical
{c.g., at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical) thereto;

{b) the nucleotide sequence of SEQ D NO: 1801 or a mucleotide sequence at least 90% identical
{c.g., at feast 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 959, at least 96%,
least 97%, at least 98%6, or at least 99% identical) thereto;

{c) the nucleotide sequence of SEQ 1D NO: 1808 or a nuclestide sequence at least 90% identical
(c.g., at feast 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 959, at least 96%,
least 97%, at least 98%, or at least Y9%6 identical) thereto; or

{dy the nucleotide sequence of SEQ D NG: 1809 or a nucleotide sequence at least 90% identical
{e.g.. at lcast 90%, at least 919, al least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% identical) thereto; and

wherein the AAV capsid vanant comprises the amino acid sequence of SEQ ID NO: 942, the
amino acid sequence of SEQ 1D NO: 738, and/or the amino acid sequence of SEGQ 1D NO: 739.

89. The method of claim 86, wherein the viral genome comprises the nucleotide sequence of SEQ ID
NO: 1797 and the AAV capsid variant comprises the amino acid sequence of SEQ 1D NO: 982, the

amino acid sequence of SEQ ID NO: 738, and/or the amino acid sequence of SEQ 1D NG: 739.

90. The racthod of any one of claims 86-89, further comprising, prior 1o step (1), infroducing a rucleic

acid molecule comprising the viral genome tito the cell

91. The method of any one of claios 86-90, further comprising, prior to step (1), introducing the nucleic

acid encoding the AAY capsid variant into the cell.

92, The method of any one of claims 86-91, wherein the cell comprises a mammahan cell (e.g., an

HEK?293 cell), an insect cell (e.g.. an 59 cell), or a bacterial cell.
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93. A pharmaceutical composition comprising the AAV particie of any one of claims -84 and a

pharmaceutically accepiable excipient.

94. A method of delivering an AAV particle encoding a frataxin (FXN) protein {0 a cell, comprising
adounistering an effective amount of the pharmaceutical composition of clatie 93 or the AAV particle of

any one of claims -84,

95. The method of clairn 94, wherein the cell i1s 1 a subject.

96. The method of claim 95, wherein the subject has, has been diagnosed with having, or is at risk of
having a disorder associated with FXN deficiency, optionally wherein the disorder is Friedreich’s Ataxia
(FA).

97. A method of treating a subject having or diagnosed with having a disorder associated with frataxin
(FXN) deficiency, comprising administcring o the subject an effective amount of the pharmaceutical

composition of clain: 93 or the AAV particle of any one of claims 1-84.

98. The method of ¢laim 97, wherein the subject has, has been diagnosed with haviag, or is at risk of

having Friedreich’s Ataxia (FA).

99. A method of treating a subject having or diagnosed with having a disorder, wherein the disorder is
Friedreich’s Ataxia (FA), compnising admirnistering to the subject an effective amount of the

pharmaceutical composition of claim 93 or the AAV particle of any one of claims [-84.

100. The method of any one of claims 97-99, wherein the treating results in prevention of progression of

the disorder in the subject.

101, The method of any one of claims 97-100, wherein the freating results in amelioration of at least one

sympiora of the disorder.
102, The nethod of claim 161, wherein the at least one syroptom comprises impatred sensory functions,
impatred motor function (e.g.. ataxia and/or involuntary movements), fatigue, chronic pain, scizores,

impaired specch, sleep disturbances, metabolic disorders (¢.g., diabetes), and/or increased spasticity.

103, The method of any one of claims 97-102, whercin the treating stabilizes, slows the progression of,

or improves the subject’s disorder as determined by the modified Friedreich Ataxia Rating Scale

- 263 -



WO 2025/038800 PCT/US2024/042405

(mFARS), the Scale for the Assessment and Rating of Ataxia (SARA), and/or the International

Cooperative Ataxia Rating Scale (ICARS).

104, The method of claim 103, wherein the treatment slows the subject’s progressicn of the disorder as
measured by ;mFARS, SARA, and/or ICARS relative to an todividual with the disorder who has not been

adexinistered the pharmaceutical composition or the AAV particle.

105, The method of any one of claims 95-104, wherein the subject is a human.

106. The method of any one of claims 95-105, whercin the AAV particle or the pharmaceutical

composition is delivered to a cell or tissuc of the central nervous system {CNS) in the subject.

107. The mcthod of claim 106, wherein the celf or tissue of the ONS is a cell or tissue of the spinal cord,
temporal cortex, perirhinal cortex, globus pallidus, putamen, caudate, thalamnus, hippocarpus, geniculate
nucleus, Purkinje cell laver, deep cercbellar nuclei, dentate mucleus, brainstiem, corebellum, ora

combination thereof.

108. The method of any one of claims 93-107, wherein the AAV particle or the pharmaceutical

coraposition is delivered ic the subject via intravenous adoudnistration.

109. The method of any one of claims 93-108, further comprising evalnating, ¢.g., measuring, the level of
FXN expression, e.g.. FXN gene expression, FXN mRNA expression, and/or FXN protein expression, in

the subject, e.g., ina cel, tissue, or fhuid of the subject.

110. The method of claim 109, wherein the level of FXN protein expression is measured by an engyme-
linked immumnosorbent assay (ELISA}, a Western blot, an immunoldstochemistry assay, or a frataxin

biofluid assay.

111, The method of claim 109 or claim 110, wherein evaluating the subject’s level of FXIN expression is
performed before and/or aficr adranistration of the pharmaceutical composition or AAV particle,
opticnally wherein the subject’s level of FXN expression before admindstration is compared to the

sabject’s level of FXN cxpression after administration,

112, The method of any one of claims 109-111, compnsing evaluating the level of FXN expression in a

celf or tissue of the ONS.
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113, The method of claim 112, wherein the cell or tissue of the UNS is a cell or tissue of the spinal cord,
temporal coriex, perithinal cortex, globus pallidus, putamen, caudate, thalanws, hippocampus, geniculate

nuclens, Purkinje cell layer, deep cerebellar nuclei, dentate nucleuns, brainstem, and/or cerebelium.

114. The method of any one of claims 109-111, compusing evaluating the level of FXN expression in a

peripheral cell or tissoe.

115. The method of claim 114, wherein the peripheral cell or tissue is a cell or tissue of the heart and/or

muscle.

116. The method of any one of claims 109-115, wherein the subject’s level of FXN protein expression
after administration is increased relative o the subject’s level of FXN protein expression before

administration.

117. The mathod of anv one of claims 95-116, further comprising cvaluating, e.g., measuring, the level of

FXN protein activity in the subject.

118. The method of any one of claims 93-117, wherein administering the pharmaceutical corposition or
AAV particle to the subject results in an increase in:

(1) the level of FXN protein or FXN gene expression in a cell, tissue, (e.g., a cell or tissue of the
CNS, e.g.. spinal cord, temporal cortex, penrhinal cortex, globus pallidus, putamen, candate, thalamus,
hippocampus, geniculate mucleuns, Parkinje cell layer, deep cerebellar nuclei, dentate nucleus, brainstern,
and/or cerebelluny), and/or fluid (e.g., CSF and/or seram), of the subject relative to baseling;

(i) the number and/or level of viral genomes (VG) per cell ina CNS tissue (¢.g., spinal cord,
temporal cortex, perirhinal cortex, globus pallidus, putamen, candate, thalarus, hippocampus, geniculate
nucieus, Purkinje cell layer, deep cerebellar nuclet, dentate pucleus, brainstem, and/or cerebelium) of the
subject relative to the number and/or level of VG per cell in a peripheral tissue of the subject; and/or

{(ii1) the level of FXN activity in a cell, tissue, {¢.g., a cell or tissuc of the UNS, ¢.g., spinal cord,
temporal coriex, perithinal cortex, globus pallidus, putamen, caudate, thalamus, hippocanipus, geniculate
nucleus, Purkinje cell layer, deep cerebellar nuclel, demtate nucleuns, brainsient, and/or cerebelium) of the
subject relative 10 baseline and/or relative to FXIN activity in a cell, tissue, or fiuid of an individual with a
disorder associated with FXN deficiency who has not been administered the pharmacentical composition

or AAV particle.

119. The method of any one of claims 95-116, further comprising administering to the subject at least

one additional therapeutic agent and/or therapy.
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120, The method of claim 119, wherein the at least one additional therapeutic agent and/or therapy
comprises an agent and/or therapy sutiable for treating a disorder associated with FXN deficiency (e.g.,

Friedreich’s Ataxia).

121, The method of clatm 119 or clain 120, wherein the at least one additional therapeutic agent and/or

therapy comprises omaveloxolong or idebenone.

122, The method of any one of claims 95-121, further comprising administering an immanosappressant

to the subject.

123, The method of claim 122, wherein the immunosuppressant comprises a corticosteroid (e.g..
prednisone, predmsolone, methylprednisolone, and/or dexamethasone), rapamycin, mycophenolate

mofetil, tacrolimus, rituximab, and/or eculiznmab hvdroxychioroquine.

124, The pharmaccutical composition of claim 93 or the AAV particle of any one of claims 1-84 foruse

in a method of treating a disorder according to any one of claims 97-123.

125, The pbarmaceutical composition of clatm 93 or the AAV particle of any one of claims -84 foruse
10 the treatment of a disorder asseciated with FXN deficiency in a subject, optionally wherein the

disorder is Friedreich’s Ataxia (FA).

126. The pharmaceutical composition or the AAY particle of claim 125, wherein the subject has, has

been diagnosed with having, or is at risk of having FA.
127. Use of the pharmaceutical composition of claim 93 or the AAV particle of any one of claims 1-84 in
the nanufacture of a medicament for the reatnent of a disoxder associated with FXN deficiency ina

subject, optionally wherein the disorder is Friedreich’s Ataxia (FA).

128. The use of claim 127, wherein the subject has, has been diagnosed with haviag, or is at risk of

baving FA.
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