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COMPOSITIONS FOR THE TREATMERNT OF DISEASE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to {JS Provisiona Patent Application No. 62/329,468,
filed on April 29, 2016, entitled Compositions for the Treatment of Disease, and US Provisional
Patent Application No. 62/329,479, filed on April 29, 2016, entitled Compositions for the
Treatment of Disease, the contents of each of which are herein incorporated by reference in their
entireties.

REFERENCE TO THE SEQUENCE LISTING

[0002] The present application isbeing filed along with a Sequence Listing in electronic
format. The Sequence Listing file, entitled 20571302PCTSL .txt, was created on April 25, 2017,
and is 14,209,554 bytesin size. The information in electronic format of the Sequence Listing is
incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

[0003] The invention relates to compositions and methods for vectored antibody delivery
(VAD).

BACKGROUND OF THE INVENTION

[0004] Antibody-based therapies have been developed for awide variety of diseases,
disorders and conditions, including infectious and non-infectious diseases. The U.S. Food and
Drug Administration (FDA) has approved antibodies for treatment of cancers, autoimmune and
immune system disorders, ocular diseases, nervous system diseases, inflammations, and
infections, amongst many others. Naturally, antibodies are components of the adaptive immune
response and they function by recognizing specific foreign antigens and stimulating humoral
immunity responses. As a consequence, antibodies may be applied to the treatment, prevention,
management, diagnosis and research of diseases, disorders and/or conditions.

[0005] Antibodies have relatively short half-lives and this presents an ongoing and long-felt
challenge for antibody -based therapies. In order to achieve a sufficiently high concentration of
an antibody for long lasting therapeutic effects, antibody therapies are traditionally delivered by
repeated administration, e.g. by multiple injections. This dosing regimen results in an
inconsistent level of antibody throughout the treatment period, limited efficiency per
administration, high cost of administration and consumption of the antibody. Hence, there
remains aneed in the art for delivery of antibodies and antibody-based therapeutics through

aternative routes or modalities of administration.
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[0006] One such alternative route of administration is by expression vector (e.g. plasmid or
viral vector), including but not limited to, adeno-associated viral vectors (AAVS). Adeno-
associated viral vectors are widely used in gene therapy approaches due to anumber of
advantageous features. As dependoparvoviruses, AAV are non-replicating in infected cells and
therefore not associated with any known disease. Further, AAVs may beintroduced to awide
variety of host cells, do not integrate into the genome of the host cell, and are capable of
infecting both quiescent and dividing cells. AAVs transduce non-replicating and long-lived cells
in vivo, resulting in long term expression of the protein of interest. Further, AAVs can be
manipulated with cellular and molecular biology techniques to produce non-toxic particles
carrying apayload encoded inthe AAV viral genome that can be delivered to atarget tissue or
set of ceils with limited or no side-effects. Given the foregoing, the use of AAVs for vectored
antibody delivery (VAD) would allow for longer lasting efficacy, fewer dose treatments, and
more consistent levels of the antibody throughout the treatment period.

[0007] In vectored antibody deliver}' (VAD) an AAV isused as the delivery modality for a
nucleic acid sequence encoding the antibody, which results in in vivo expression of the encoded
payload, e.g., functional antibody.

[0008] The mechanism underlying V AD isthought to proceed through the following steps.
First the AAV vector enters the ceil via endocytosis, then escapes from the endosomal
compartment and istransported to the nucleus wherein the viral genome is released and
converted into adouble-stranded episomal molecule of DNA by the host. The transcriptionally
active episome results in the expression of encoded antibodies that may then be secreted from the
cell into the circulation. VAD may therefore enable continuous, sustained and long-term delivery
of antibodies administered by asingle injection of an AAV particle.

[0009] Previous studies of an AAV-mediated antibody technique known as vectored
immunoprophylaxis (VIP) have focused on neutralization of human immunodeficiency virus
(HIV) (see, e.g. Johnson e a, 2009, Nature Med., 15, 901 - 906, Saunders et al., 2015, J. Virol.,
89(16), 8334-8345, Balasz et al., 2012, Nature 481, 81-84, the contents of which are
incorporated herein by reference in their entirety). Balasz et al. reported along-term, even
lifelong, expression of monoclonal antibody at high concentration from asingle intramuscular
administration in mice that resulted in full protection against HIV infection. AAV-mediated VIP
has also been demonstrated against influenza strains (see, e.g. Balasz, et a. Nat. Biotechnaol.,
2013, 31(7):647-52) and Plasmodium Falciparum, a sporozoite causing malaria infection (see,
e.g. Deal at d., 2014, PNAS, 111 (34), 12528-12532), as well as cancer, RSV and drug addiction
(see, e.g. review- by Schnepp and Johnson, Microbiol. Spectrum 2(4), 2014). Though promising,
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these studies emphasize efforts to merely prevent disease. There till remains aneed for
improved methods of prevention, and new antibody-mediated therapies for research, diagnosis,
and treatment of disease.

[00010] The present invention addresses this need by providing novel AAV particles having
viral genomes engineered to encode antibodies and antibody-based compositions and methods of
using these constructs (e.g., VAD) for the treatment, prevention, diagnosis and research of
diseases, disorders and/or conditions. The present invention further embraces optimized AAV
particles for delivery' of nucleic acids (e.g., viral genomes) encoding antibodies and antibody-
based compositions to a subject in need thereof.

SUMMARY OF THE INVENTION

[0010]  Theinvention provides AAV particles comprising a capsid axd aviral genome, said
viral genome comprising at least one inverted terminal repeat (ITR) region and apayload region,
said payload region comprising a regulatory sequence operably linked to at least afirst nucleic
acid segment, sad first nucleic acid segment encoding one or more polypeptides given in Tables
3-42, variants and fragments thereof. The capsid of the AAV particle may be any of the
serotypes described herein and/or described in Table 1.

[0011] In one aspect the first nucleic acid segment may encode one or more polypeptides
such as, but not limited to, an antibody heavy chain, an antibody light chain, alinker, and
combinations thereof. The first nucleic acid segment may encode one or more poly peptides
which ishumanized. Asanon-limiting example, the first nucleic acid segment encodes from 5'
to 3, an antibody heavy chain, alinker, and an antibody light chain. As another non-limiting
example, the first nucleic acid segment encodes from 5° to 3', an antibody light chain, alinker,
and an antibody heavy chain. Asyet another non-limiting example, thefirst nucleic acid segment
encodes one or more antibody heavy chains. Asyet another non-limiting example, the first
nucleic acid segment encodes one or more antibody light chains.

[0012] In one aspect, the first nucleic acid segment encodes an antibody, having at least 95%
identity to any of the sequences of Tables 3-42 (SEQ ID NO: 2948-9220).

[0013] In one aspect, the regulatory sequence may comprise a promoter such as but not
limited to, human elongation factor la-subunit (EFi), cytomegalovirus (CMV) immediate-early
enhancer and/or promoter, chicken B-actin (CBA) and its derivative CAG, B glucuronidase
(GUSB), or ubiquitin C (UBC). Tissue-specific expression elements can be used to restrict
expression to certain cell types such as, but not limited to, muscle specific promoters, B cell
promoters, monocyte promoters, leukocyte promoters, macrophage promoters, pancreatic acinar

cell promoters, endothelial cell promoters, lung tissue promoters, astrocyte promoters, or hervous
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system promoters which can be used to restrict expression to neurons, astrocytes, or
oligodendrocytes.

[0014]  in one aspect, the linker in the viral genome is selected from one or more of the linkers
given in Table 2.

[0015] In one aspect, the AAV particles described herein may comprise avira genome which
is single stranded.

[0016] In one aspect, the AAV particles described herein may comprise aviral genome which
is self-complementary.

[0017] In one aspect, the AAV particles described herein may comprise aviral genome
comprising at least one intron sequence.

[0018] In one aspect, the AAV particles described herein may comprise aviral genome
comprising at least one staffer sequence to adjust the length of the viral genome to increase
efficacy and/or eff ciency.

[0019] In one aspect, the AAV particles described herein may comprise at least one region
which has been codon optimized. As anon-limiting example, the viral genome may be codon
optimized. As another non-limiting example, the first nucleic acid segment is codon-ogtimized.
[0020]  in one aspect, the AAV particles described herein may comprise aviral genome with 2
ITR regions. At least one of the ITR regions may be derived from the same or different parental
serotype of the capsid. As anon-limiting example, at least one ITR region is derived from

AAV 2.

[0021] In one aspect, the AAV' particles comprise aviral genome which comprises a second
nucleic acid segment. The second nucleic acid segment may encode an aptamer, SIRNA, saRNA,
ribozyme, microRNA, raRNA or combination thereof.

[0022]  in one aspect, the AAV particles comprise aviral genome which comprises a second
nucleic acid segment encoding an sSIRNA designed to target the mRNA that encodes the target of
the antibody encoded by the first nucleic acid segment.

[0023] In one aspect, the AAV particles comprise a viral genome which comprises a second
nucleic acid segment encoding amicroRNA, the microRNA is selected to target the mRNA that
encodes the target of the anti body encoded by the first nucleic acid segment.

[0024] In one aspect, the AAV particles comprise a vira genome which comprises a second
nucleic acid segment encoding an mMRNA, the mMRNA encodes one or more peptides inhibitors of
the same target of the antibody encoded by the first nucleic acid segment.

[0025] In one aspect, the AAV panicles comprise a viral genome which comprises athird

nucleic acid segment. The third nucleic acid segment may encode anuclear export signal, a
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poly nucleotide or poly peptide which acts as aregulator of expression of the viral genome in
which it is encoded, apolynucleotide or polypeptide which acts as aregulator of expression of
the payload region of the viral genome in which it is encoded and/or a polynucleotide or
polypeptide which acts as aregulator of expression of the first nucleic acid segment of the

pay load region of the viral genome in which it is encoded.

[0026]  Theinvention provides AAY particles comprising a capsid and aviral genome, said
viral genome comprising at least one inverted terminal repeat ((TR) region and apayload region
comprising aregulatory sequence operabiy linked to at least afirst nucleic ac:d segment, the first
nucleic acid segment encoding a bispecific antibody derived from any of the sequences listed in
fables 3-42 or portions or fragments thereof.

[ee27]  Theinvention provides methods of producing afunctional antibody in asubject in
need thereof, comprising adininistering to a subject the AAV particles described herein. The
level or amount of the functional antibody ix the target ceil or tissue after administration to the
subject may befrom about .001 1:g/mL to 100 mg/mL. The functional antibody may be encoded
by asingle first nucleic acid segment of aviral genome within the AAV particle. The functional
antibody may be encoded by two different viral genomes, the two different vira genomes may
be packaged in separate capsids.

[ee28]  The invention provides apharmaceutical composition comprising an AAV particle
described herein in a pharmaceutically acceptable excipient. Asanon-limiting example, the
pharmaceutically acceptable excipient is saline. Asanon-limiting example, the pharmaceutically
acceptable excipient is 0.001% pliironic in saline.

[0029] Theinvention provides methods of producing afunctional antibody in asubject in
need thereof, comprising adminisiering to a subject the AAV particles described herein by a
delivery route such as, but not limited to, enteral (into the intestine), gastroenteral, epidura (into
the dura mater), oral (by way of the mouth), transdermal, intracerebral (into the cerebrum),
mtracerebroventricular (into the cerebral ventricles), epicutaneous (application onto the skin),
intradermal, (into the skin itself), subcutaneous (under the skin), nasal administration (through
the nose), intravenous (into avein), intravenous bolus, intravenous drip, intra-arterial (into an
artery), intramuscular (into amuscle), intracardiac (into the heart), intraosseous infusion (into the
bone marrow), intrathecal (into the spinal canal), intraparenchymal (into brain tissue),
intraperitoneal, (infusion or injection into the peritoneum), intravesical infusion, intravitreal
(through the eye), intracavemous injection (into apathologic cavity) intracavitary (into the base
of the penis), intravaginal administration, intrauterine, extra-amniotic administrat on,

transdermal (diffusion through the intact skin for systemic distribut on), transmucosal (diffusion
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through a mucous membrane), transvaginal, insufflation (snorting), sublingual, sublabial, enema,
eye drops (onto the conjunctiva), or in ear drops, auricular (in or by way of the ear), buccal
(directed toward the cheek), conjunctival, cutaneous, dental (to atooth or teeth), electro-osmoss,
endoeervicai, endosinusial, endotracheal, extracorporeal, hemodialysis, infiltration, interstitial,
intracabdominal. inira-awniotic, intra-artieular, mtrabiliary, mtrabronchiai, mtrabursai,
intracartiiaginous (within a cartilage). intracaudal (within the cauda equine), intracisternal
(withm the cisterna magna cerebeliomedularis), mtracorneal (within the corned), dental
itttracoronal, intracoronary (within the coronaty atleries), intracorporus caveroosum (within the
dilatable spaces of the corporus cavernosa of the penis), intradiscal (within adisc). intraductal
(within aduct of agland), intraduodena (within the duodenum), intradural (within or beneath
the dura), intraepidernial (to the epidermis), intraesophageal (to the esophagus), intragastric
(within the stomach), intragingival (within the gingivae), intraileal (withm the distal portion of
the small intesting), intralesionai (within or introduced directly to alocalized lesion),
intraluminal (withm alumen of atube), intralyniphatic (withm the lymph), intramedullary
(within the marrow cavity of a bone), mtrameningeai (withm the meninges), intramyocardial
(within the myocardium), intraocular (within the eye), intraovarian (within the ovary),
insrapericardial (within the per cardium). intrapleural (within the pleura), intraprostatic (within
the prostate gland), intrapulmonary (within the lungs or :ts bronchi), mtrasmal (within the nasal
or periorbital sinuses), intraspina (within the vertebral column), intrasynoviai (withm the
synovial cavity of ajoint), intratendincas (within a tendon), intratesticuiar (within the testicle),
intrathecal (within the cerebrospinal fluid a any level of the cerebrospinal axis), intrathoracic
(within the thorax), intratubular (within the tubules of an organ), intratumor (within atumor),
intratympanic (within the aurus media). intravascular (within a vessel or vessels), intraventricular
(within a ventricle), iontophoresis (by means of electric current where ions of soluble salts
migrate into the tissues of the body), irrigation (to bathe or flush open wounds or body cavities),
laryngeal (directly upon the larynx), nasogastric (through the nose and into the stomach),
occlusive dressing technique (topical route administration which isthen covered by adressing
which occludes the area), ophthalmic (to the external eye), oropharyngeal (directly to the mouth
and pharynx), parenteral, percutaneous, periarticular, peridural, perineural, periodontal, rectal,
respiratory (within the respiratory tract by inhaling orally or nasally for local or systemic effect),
retrobulbar (behind the pons or behind the eyeball), soft tissue, subarachnoid, subconjunctival.
submucosal, topical, transplacental (through or across the placenta), transtracheal (through the

wall of the trachea), transtympanic (across or through the tympanic cavity), uretera (to the
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ureter), urethral (to the urethra), vagina caudal block, diagnostic, nerve block, biliary perfusion,
cardiac perfusion, photopheresis and spinal

[0030] Theinvention provides methods of treating and/or preventing a disease or disorder in
a subject comprising administering to the subject an AAV particle described herein. The
administration may be at aprophyiacticaliy effective dose such as, but not limited to, from about
1ug/miL to about 500 ug/mL of expressed polypeptide or {x10e4 to 1x 1 0el6 VG/mL from the
pharmaceutical composition. The pharmaceutical composition may be administered at least once.
The pharmaceutical composition may be administered daily, weekly, monthly or yearly. The
pharmaceutical composition may be co-administered as part of a combination therapy .

[0031]] Theinvention provides methods of producing an antibody in a subject by
administering the AAV particles described herein, where the antibody :snot avirus neutralizing
antibody.

[0032] Theinvention provides methods of producing an antibody in a subject by
administering the AAV particles described herein, where the antibody isnot an HIV or HCV
virus neutralizing antibody .

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]  The foregoing and other objects, features and advantages wiii be apparent from the
following description of particular embodiments of the invention, asillustrated in the
accompanying drawings. The drawings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of various embodiments of the invention.

[0034] FIG. 1:s aschematic of vectored antibody delivery.

[0035] FIG. 2 :s aschematic of aviral genome of the invention.

[0036] FIG. 3isaschematic of payload regions. FIG. 3 discloses SEQ ID NO: 922 .
DETAILED DESCRIPTION OF THE INVENTION

1. COMPOSITIONS OF THE INVENTION

[0037]  According to the present invention, compositions for delivering functional antibodies
and/or antityody -based compositions by adeno-associated viruses (AAVS) are provided. AAV
particles of the invention may be provided via any of several routes of administration, to acell,
tissue, organ, or organism, in vivo, ex Vivo or in vitro.

[0038] Asused herein, an "AAV particle' "is a virus which comprises a viral genome with at
least one payioad region and at least one inverted terminal repeat (TR} region.

[0039] Asused herein, “viral genome'" or "vector genome'” refers to the nucleic ac:d

sequence(s) encapsulated in an AAV particle. Viral genomes comprise at least one payioad



WO 2017/189964 PCT/US2017/030061

region encoding polypeptides of the invention, e.g., antibodies, antibody -based compositions or
fragments thereof.

[0040]  Asused herein, a"payload™ or "payload region” is any nucleic acid molecule which
encodes one or more polypeptides of the invention. At aminimum, apayload region comprises
nucleic acid sequences that encode an antibody, an antibody-based composition, or a fragment
thereof, but may also optionally comprise one or more functional or regulaor} elements to
facilitate transcriptional expression and/or polypeptide translation.

[0041] Thenucleic acid sequences and polypeptides disclosed herein may be engineered to
contain modular elements and/or sequence motifs assembled to enable expression of the
antibodies or antibody-based compositions of the invention. in some embodiments, the nucleic
ac:d sequence comprising the payload region may comprise one or more of a promoter region, an
intron, a Kozak sequence, an enhancer or a poly adenyiation sequence. Payload regions of the
invention typically encode antibodies or antibody based compositions, which may include an
antibody heavy chain domain, an antibody light chain domain, both antibody heavy and light
chain domains, or fragments of the foregoing in combination with each other or in combination
with other polypeptide moieties. In some cases, payload regions may also encode one or more
linkers orjoining regions between antibody heavy and light chain domains or fragments. The
order of expression, structural position, or concatemer count (heavy chain, light chain, or linker)
may be different within or among different payload regions. The identity, position and number of
linkers expressed by payload regions may also vary.

[0042]  The payload regions of the invention may be delivered to one or more target cells,
tissues, organs or organisms within the viral genome of an AAV particle.

Adeno-associated viruses (AAVS) and AAV particles

[0043]  Viruses of the Parvoviridae family are small non-enveloped icosahedral capsid viruses
characterized by asingle stranded DNA genome. Parvoviridae family viruses consist of two
subfamilies; Parvovirinae, which infect vertebrates, and Densovirinae, which infect
invertebrates. Due to its relatively simple structure, easily manipulated using standard molecular
biology techniques, this virus family is useful as a biological tool. The genome of the virus may~
be modified to contain aminimum of components for the assembly of afunctional recombinant
virus, or vira particle which isloaded with or engineered to express or deliver adesired
payload, which may be delivered to atarget cell, tissue, organ, or organism.

[0044]  The parvoviruses aid other members of the Parvoviridae family are generally

described in Kenneth 1. Berns, “Parvoviridae: The Viruses and Their Replication,' " Chapter 69 in
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FIELDS VIROLOGY (3d Ed. 1996), the contents of which are incorporated by reference in their
entirety

[0045] The Parvoviridae family comprises the Dependovirus genus which includes adzno-
associated viruses (AAV) capable of replication in vertebrate hosts including, but not limited to,
human, primate, bovine, canine, equine, and ovine species.

[0046] The AAV vector genome is alinear, single-stranded DNA (ssDNA) molecule
approximately 5,000 nuclectides (nt) in length. The AAV viral genome can comprise a payload
region and at least one inverted terminal repeat (ITR) or ITR region. ITRs traditionaly flank the
coding nucleotide sequences for the non-structural proteins (encoded by Rep genes) and the
structural proteins (encoded by capsid genes or Cap genes). While not wishing to be bound by
theory, an AAV vira genome typicaly comprises two ITR sequences. The AAV vector genome
comprises a characteristic T-shaped hairpin structure defined by the self-complementary terminal
145 nt of the 5' and 3" ends of the sSDNA which form an energetically stable double stranded
region. The double stranded hairpin structures comprise multiple functions including, but not
limited to, acting as an origin for DNA replication by functioning as primers for the endogenous
DNA polymerase complex of the host viral replication cell.

[0047] in addition to the encoded heterologous payload, AAY vectors may comprise the vira
genome, in whole or in part, of any naturaly occurring and/or recombinant AAV serotype
nucleotide sequence or variant. AAV variants may have sequences of significant homology at
the nucleic acid (genome or capsid) and amino acid levels (capsids), to produce constructs which
are generally physical and functional equivalents, replicate by similar mechanisms, and assemble
by similar mechanisms. Chiorini et a., J. Vir. 71: 6823-33(1997); Srivastava et al., 3.

Vir. 45:555-64 (1983), Chionni et ad., J.Vir. 73:1309-1319 (1999): Rutledge €t a, J.

Vir. 72:309-319 (1998); and Wu et a, J. Vir. 74: 8635-47 (2000), the contents of each of which
are incorporated herein by reference in their entirety.

[0048] In one embodiment, AAV particles of the present invention are recombinant AAV
vira vectors which are replication defective, lacking sequences encoding functional Rep and Cap
proteins within their viral genome. These defective AAV vectors may lack most or al parental
coding sequences and essentially’ cany only one or two AAV ITR sequences and the nucleic acid
of interest for delivery to a cell, atissue, an organ or an organism.

[0049] in one embodiment, the viral genome of the AAV particles of the present invention
comprise at least one control element which provides for the replication, transcription and
trandation of acoding sequence encoded therein. Not al of the control elements need always be

present asiong as the coding sequence is capable of being replicated, transcribed and/or
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trandlated in an appropriate host cell. Non-limiting examples of expression control elements
include sequences for transcription initiation and/or terminaicn, promoter and/or enhancer
sequences efficient RNA processing signals such as splicing and polyadenylation signals,
sequences that stabilize cytoplasmic mRNA, sequences that enhance tranglation efficacy (e.g.,
Kozak consensus sequence), sequences that enhance protein stability, and/or sequences that
enhance protein processing and/or secretion,

[0050]  According to the present invention, AAV particles for use in therapeutics and/or
diagnostics comprise avirus that has been distilled or reduced to the minimum components
necessary for transduction of anucleic acid payload or cargo of interest. In this manner. AAV
particles are engineered as vehicles for specific delivers while lacking the deleterious replication
and/or integration features found in wild-type viruses.

[0051]  AAV vectors of the present invention may be produced recombinant! y and may be
based on adeno-associated virus (AAV) parent or reference sequences. Asused herein, a
"vector' “ is any molecule or moiety which transports, transduces or otherwise acts as a carrier of
a heterologous molecule such as the nucleic acids described herein.

[0052] In addition to single stranded A AV viral genomes (e.g.. SSAAVS), the present
invention also provides for self-complementary AAV (scAAVS) viral genomes. scAAV' vector
genomes contain DNA strands which anneal together to form double stranded DNA. By skipping
second strand sy nthesis, scAAV's allow for rapid expression in the cell.

[€053] In one embodiment, the AAV particle of the present invention is an sCcAAV.

[0054] In one embodiment, the AAV particle of the present invention s an ssAAV.

[0055] Methods for producing and/or modifying AAV particles are disclosed in the art such
as pseudotyped AAV vectors (PCX Patent Publication Nos. W0200028004; W 02001 23001,
W0O20041 12727; W O 2005005610 and W O 2005072364, the content of each of which is
incorporated herein by reference in its entirety).

[0056] AAYV particles may be modified to enhance the efficiency of delivery. Such modified
AAYV particles can be packaged efficiently and be used to successfully infect the target cells at
high frequency and with minimal toxicity. In some embodiments, the capsids of the AAV
particles are engineered according to the methods described in US Publication Number US
20130195801, the contents of which are incorporated herein by reference in their entirety.
[0057] In one embodiment, the AAV particles comprising a payload region encoding the
polypeptides of the invention may be introduced into mammalian ceils.

AAV serotypes

~10-
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[0058] AAV particles of the present invention may comprise or be derived from any natural
or recombinant AAV serotype. According to the present invention, the AAV particles may
utilize or be based on a serotype selected from any of the following AAV I, AAV2, AAY2G9,
AAV3, AAV3a AAV3b, AAV3-3, AAV4, AAV4-4, AAV5, AAV 6, AAV6.1, AAV6.2,
AAV6.1.2, AAV7, AAV7.2, AAVB, AAV9, AAVI9.11, AAVI.13, AAV9O.16, AAV9.24,
AAV9.45, AAV9.47, AAVI.61, AAVO.68, AAVO.84, AAVO.9, AAV 10, AAVII, AAV 12,
AAV16.3, AAV24.1, AAV2.7.3,AAV42.12, AAVA2-Ib, AAV42-2, AAV42-3a, AAV42-3b,
AAV42-4, AAV42-5a, AAV42-5b, AAV42-6b, AAV42-8, AAV42-10, AAV4A2-11, AAV42-1~,
AAVA42-13, AAV42-15, AAV42-aa, AAV43-1, AAV4A3-12, AAVA3-20, AAVA3-21, AAVA3-
23, AAV43-25, AAV43-5 AAY44.1, AAVA4.2, AAV 445 AAV223.1, AAV223.2, AAV223.4,
AAV2235, AAV223.6, AAV223.7, AAVI-7Irh.48, AAY i-Sri49, AAV2-15/rh.62, AAV2-
3/rh.61, AAV2-4/rh.50, AAV2-5/r1. 51. AAV3.1/hu.6, AAV3.1/hu.9, AAV3-9/rh.52, AAY 3-
1/rh.53, AAV4-8/rl 1.64, AAV4-9/rh.54, AAV4-19/A.55, AAV5-3/rh.57, AAV5-22/srh.58,
AAV7.3/11U.7, AAV16.8hu.ig:, AAV16.12/hull, AAV29.3/bb.L AAV29.5/bb.2,
AAV106.1/hus.37, AAVI 14.3/hu.40, AAV127.2/hu.41, AAV127.5/hu.42. AAV128.3/hu.44,
AAV130.4/hu.48, AAV145.1/hu.53, AAV145.5/Im.54, AAV145.6/hu.55, AAV161.10/h:.60,
AAVI6lL.6/AmBL  AAV33.12/hul7, AAV33.4/hul 5, AAV33.8/hiil6, AAV52/hu.l9,
AAV52.1/hu.20, AAV58.2/hu.25, AAVA3.3, AAVAS3.4, AAVA3.3, AAVA3. 7, AAVCL,
AAVC2, AAVC5, AAV-DJ, AAV-DJB, AAVF3, AAVF5, AAVH2, AAVrh.72, AAVhu.8,
AAVrh.68, AAVrh.70, AAVpU. AAVpi.3, AAVpi.2, AAVrh.60, AAVrh.44, AAYVTrh&s,
AAVrh.55, AAVrh.47, AAVrh.69, AAVrh.45, AAVrh.59, AAVhu.12, AAVH6, AAVLKOS,
AAVii-i/hy.1, AAVH-5/hu.3, AAVLG-10/rh.40, AAVLG-4/rh.38, AAVLG-9/hu.39,
AAVN721-8/rh.43, AAVCh.5, AAVCh5RI, AAVcy.2. AAVcey.3, AAVcey.4, AAVcey.5.
AAVCy.SRL AAVCy.5R2, AAVCy.5R3, AAVCy.5R4, AAVcy.6, AAVin=i.AAVhu.2
AAVhu.3, AAVhu 4, AAVhuA, AAVhuA, AAVhuA, AAVhu.9, AAVhulO, AAVhull,
AAVhu.13, AAVhu.15 AAVhu.16, AAVhu.l7, AAVhu.18. AAVhu.20,AAVhu.2l,
AAVhu.22, AAVhu.23.2, AAVhu.24, AAVhu.25, AAVhu.27, AAVhu.28, AAVhu.29,
AAVhu.29R, AAVhu.31, AAVhu.32, AAVhu.34, AAVhu.35, AAVhu.37, AAVhu.39,
AAVhu.40,AAVhus.4l, AAVhu.42, AAVhu.43, AAVhu.44, AAVhu44Rl, AAVhu.44R2.
AAVhu.44R3, AAVhu.45, AAVhu.46, AAVhu.47, AAVhu.48, AAVhu48RI, AAVhU.48R2,
AAVhu.48R3, AAVhu.49, AAVhu51, AAVhu52, AAVhu.54, AAVhu.55, AAVhu.56,
AAVhu.57, AAVhu.58, AAVhu.60, AAVhu.61, AAVhu.63, AAVhu.64, AAVhu.66,
AAVhu.67, AAVhu.14/9, AAVhu.t 19, AAVrh.2, AAVrh.2R, AAVrh.8, AAVrh.8R, AAVrh.1{
AAVrh.12, AAVr.13, AAVrh. 13R, AAVrh.14, AAVrh.17, AAVrh.18, AAVrh.i9, A.AVrh.20
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AAVrh.21, AAVrh.22, AAVrh.23, AAVTh.24, AAVTh.25 AAVrh.31, AAVrh.32, AAVrh.33,
AAVrh.34, AAVrh.35 AAVrh.36, AAVrh.37, AAVrh.37R2, AAVrh.38, AAVrh.39, AAVrh.40,
AAVrh.46, AAVrh.48, AAVrh.48.1, AAVrh.48.1.2, AAVrh.48.2, AAVrh.49, AA\"th 5\,
AAVrh.52, AAVrh.53, AAVrh.54, AAVrh.56, AAVrh.57, AAVrh.58, AAVrh.61, AAVrh.64,
AAVrh.64R1, AAVrh.64R2. AAVrh.67, AAVrh.73, AAVrh.74, AAVrhSR, AAVrhSR A586R
mutant AAVrh8R R533A mutant, AAAV, BAAV, caprine AAV, bovine AAV, AAVhEL .|,
AAVhErl.5 AAVhER1.14, AAViiErl.8, AAVhErl.16, AAVhErl.18, AAVhEr!.35,

AAVhErl .7, AAVhErl.36, AAVhEr2.29, AAVhEr2.4, AAVhEr2.16, AAVhEr2.30,
AAVDEr2.31, AAVhEi2.36, AAVhERI.23, AAVhEr3.1, AAV25T | AAV-PAEC, AAV-LKOI,
AAV-LKO02, AAV-{.K03, AAV-LK0O4, AAV-LKO5, AAV-LK06, AAV-LKO7, AAV-LKOS,
AAV-LKQ09, AAV-LK10, AAV-LK11, AAV-LK12, AAV-LK13, AAV-LK14, AAV-LK15,
AAV-LK16, AAV-LK17, AAV-LK18, AAV-{.Ki%, AAV-PAEC2, AAV-PAEC4, AAV-
PAEC6, AAV-PAEC7, AAV-PAECS, AAV-PAEC! i, AAV-PAEC12, AAV-2-pre-miRNA-

101 , AAV-8h, AAV-8b, AAV-h, AAV-b, AAV SM 10-2 , AAV Shuffle 100-1 , AAV Shuffle
100-3, AAV Shuffle 100-7, AAV Shuffle 10-2, AAV Shuffle 10-6, AAV Shuffle 10-8, AAV
Shuffle 100-2, AAV SM 10-1, AAV SM 10-8 , AAV SM 100-3, AAV SM 100-10, BNP61
AAV, BNP62 AAV, BNP63 AAV, AAVrh.50, AAVrh.43, AAVrh.62, AAVrh.48, AAVhu.!9,
AAVhulL AAVhu53, AAV4-8/rh.64, AAVLG-9/1iu.39, AAV54.5/hu.23, AAV54.2/hu.22,
AAV54.7/hu.24, AAV54.1 /4021, AAVS4A.4R/Nu.27, AAV46.2/hu.28, AAV46.6/hu.29,
AAV128.1/hu.43, true type AAV (ttAAV), UPENN AAV 10, Japanese AAV 10 serotypes, AAV
CBr-7.1, AAV CBr-7.10, AAV CBr-7.2, AAV CBr-7.3, AAV CBr-7.4, AAV CBr-7.5, AAV
CBr-7.7, AAV CBr-7.8, AAV CBr-B7.3, AAV CBf-B7.4, AAV CBr-El, AAV CBr-E2, AAV
CBr-E3, AAV CBr-E4, AAV CBr-E5, AAV CBr-e5, AAV CBr-E6, AAV CBr-E7, AAV CBr-
E8, AAV CHt-1, AAV CHt-2, AAV CHt-3, AAV CHt-6.1, AAV CHt-6.10, AAV CHt-6.5,
AAV CHt-6.6, AAV CHt-6.7, AAV CHi-6.8, AAV CHt-PI, AAV CHt-P2, AAV CHt-P5, AAV
CHt-P6, AAV CHt-P8, AAV CHt-P9, AAV Ck.d-1, AAV CKd-10, AAV Ckc!-2. AAV CKd-3,
AAV CKd-4, AAV CKd-6, AAV CKd-7, AAV CKd-8, AAV CKd-Bi, AAV CKd-B2, AAV
CKd-B3, AAV CKd-B4, AAV Ckd-B5, AAV Ckd-B6, AAV CKd-B7, AAV CKd-B8, AAV
CK.d-H1, AAV CKd-H2, AAV CKd-H3. AAV Ckd-ti4, AAV CKd-H5, AAV CKd-H6, AAV
CKd-N3, AAV CKd-N4, AAV CKd-N9, AAV CLg-FI, AAV CLg-F2, AAV CLg-F3, AAV
CLg-F4, AAV CLg-F5, AAV CLg-F6, AAV CLg-F7, AAV CLg-F8, AAV CLv-I, AAV CLvVi-
1, AAV Clvl-10, AAV CLvI-2, AAV CLv-12, AAV CLVI-3, AAV CLv-13, AAV CLvI-4,
AAV Civ1-7, AAV Civl-8, AAV Civ1-9, AAV CLv-2, AAV CLv-3, AAV CLv-4, AAV CLv-6,
AAV CLv-8, AAV CLv-DL AAV CLv-D2, AAV CLv-D3, AAV CLv-D4, AAV CLv~D5, AAV
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CLv-D6, AAV CLV-D7, AAV {Lv-DS. AAV CLv-El, AAV CLv-KI, AAV CLv-K3, AAV
CivKé, AAV CLv-E4, AAV CLv-E5, AAV CLv-L6, AAV CLv-MI, AAV CLv-MI 1, AAV
(ls-k2, AAV CLV-MS, AAV CLv-M6, AAV CEv~M7, AAV CLv-M8, AAV CLv-M9, AAV
CLv-RI, AAV CLv-R2, AAV CLV-R3, AAV CLv-R4, AAV CLv-R5, AAV CLv-R6, AAV
CLv-R7, AAV CLv-R8, AAV CLVv-R9, AAV CSp-1, AAV CSp-10, AAV CSp-11, AAV CSp-2,
AAV CSp-3, AAV CSp-4, AAV CSp-6, AAV CSp-7, AAV CSp-8, AAV CSp-8.10, AAV CSp-
8.2, AAV CSp-8.4, AAV CSp-85, AAV CSp-8.6, AAV CSp-8.7, AAV CSp-8.8, AAV CSp-8.9,
AAV CSp-9, AAV.hu48R3, AAV.VR-355, AAV3B. AAV4, AAV5, AAVFI/HSCI.
AAVF1i/HSCi1, AAVFI2/IHSCI2, AAVF13/HSC13, AAVF14/FISCi4, AAVF15/HSCI5,
AAVFI6/HSCIS, AAVFLT/HSCE?, AAVF2ZHSC2, AAVF3/HSC3, AAVFA/HSCA,
AAVF5/HSC5, AAVF6/HSC6, AAVF7/HSC7, AAVF8/HSC8, AAVF9/HSCY, PHP.B, PHP.A,
G2B-26, G2B-13, TH 1.1-32 and/or TH 1.1-3.5 and vasiants thereof.

[0059] in some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Publication No. US200301 38772, the contents of which are herein incorporated by
reference in their entirety, such as, but not limited to, AAV1 (SEQ ID NO: 6 and 64 of

U S20030138772), AAV2 (SEQ ID NO: 7 and 70 of US20030138772), AAV3 (SEQ ID NO: 8
and 71 ofUS20030138772), AAV4 (SEQ ID NO: 63 of 13S2003(}1 387721 AAV5 (SEQ ID NO:
114 of US20030138772), AAV 6 (SEQ ID NO: 65 of US20030138772), AAV7 (SEQ ID NO: §-
3 of US200301 38772), AAV 8 (SEQ ID NO: 4 and 95 of US200301 38772), AAV9 (SEQ ID NO:
5 and 100 of US20030138772), AAV 10 (SEQ ID NO: 117 of US200301 38772), AAVI 1(SEQ
iD NO: 118 of US20030138772), AAV12 (SEQ ID NO: 119 of US20030138772), AAVrhlO
(amino acids 1to 738 of SEQ ID NO: 81 of US200301 38772), AAV 16.3 (1JS20030138772 SEQ
T NO: 10), AAV29.3/bb. i (US20030138772 SEQ ID NO: 11), AAV29.4 (US20030138772
SEQ iD NO: i2), AAV29.5/bb.2 (1JS200301 38772 SEQ ID NO: 13), AAVI. 3 (US20030138772
SEQ ID NO: i4), AAV13.3 (US20030138772 SEQ ID NO: 15), AAV24.1 (US20030138772
SEQ [ID NO: 16), AAV27.3 (1JS20030138772 SEQ ID NO: 17), AAV7.2 (US200301 38772 SEQ
ID NO: 18), AAV{1 (US20030138772 SEQ ID NO: 19), AAYC3 (US20030138772 SEQ ID
NO: 20), AAVC5 (US200301 38772 SEQ ID NO: 21), AAVFi (US20030138772 SEQ ID NO:
22), AAVF3 (US200301 38772 SEQ ID NO: 23), AAVF5 (1520030138772 SEQ ID NO: 24),
AAVHS (US20030138772 SEQ ID NO: 25), AAVEE2 (US20030138772 SEQ ID NO: 26),
AAV42-8 (US200301 38772 SEQ ID NO: 27), AAV42-15 (US200301 38772 SEQ iD NO: 28),
AAV42-5b (US200301 38772 SEQ ID NO: 29), AAV42-lb (US20030138772 SEQ iD NO: 30),
AAV42-13 (US20030138772 SEQ ID NO: 31), AAV42-3a (US20030138772 SEQ ID NO: 32),
AAV42-4 (1520030138772 SEQ ID NO: 33), AAV42-5a (US20030 138772 SEQ ID NO: 34),
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AAV42-10 (US200301 38772 SEQ ID NO: 35), AAV42-3b (US20030138772 SEQ ID NO: 36),
AAV42-11 (US200301 38772 SEQ ID NO: 37), AAV42-6b (US20030138772 SEQ ID NO: 38),
AAVA43-1 (1) S200301 38772 SEQ ID NO: 39), AAV43-5 (US20030 138772 SEQ ID NO: 40),
AAVA43-12 (US200301 38772 SEQ ID NO: 41), AAV43-20 (US20030138772 SEQ iD NO: 42),
AAV43-21 (US20030138772 SEQ ID NO: 43), AAV43-23 (US200301 38772 SEQ ID NO: 44).
AAV43-25 (US20030138772 SEQ ID NO: 45), AAV44.1 (US20030138772 SEQ ID NO: 46),
AAV445 {11S20030138772 SEQ ID NO: 47), AAV223.1 (US20030138772 SEQ ID NO: 48),
AAV223.2 (US20030138772 SEQ ID NO: 49), AAY223.4 (US20030138772 SEQ ID NO: 50),
AAV223.5 (1JS20030138772 SEQ ID NO: 51), AAV223.6 ¢{11520030138772 SEQ ID NO: 52),
AAV223.7 (US20G30138772 SEQ ID NO: 53), AAV A3.4 (1JS2003G 38772 SEQ ID NO: 54),
AAV A3.5 (US200301 38772 SEQ ID NO: 55), AAV A3.7 (US20030138772 SEQ ID NO: 56),
AAV A3.3 (US200301 38772 SEQ ID NO: 57), AAV 42 17 (US200301 38772 SEQ ID NO: 58),
AAV44.2 (US200301 38772 SEQ ID NO: 59), AAV42-2 (US20030138772 SEQ ID NO: 9). or
variants thereof.

[0060] In some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Publication No. US20150J59t 73, the contents of which are herein incorporated by
reference in their entirety, such as, but not limited to, AA% 2 (SEQ ID NO: 7 and 23 of
US20150159173), rh20 {SEQ ID NO: 1of US20150159173), rh32/33 (SEQ ID NO: 2 of
1JS20150159173), rh39 (SEQ iD NO: 3, 20 and 36 of US201501591 73), rh46 (SEQ ID NO: 4
and 22 of US20150159173), rh73 (SEQ ID NO: 5 of US20150159173), rh74 (SEQ ID NO: 6 of
US20150159173), AAV6.1 (SEQ ID NO: 29 of US20150159173), rh.8 (SEQ ID NO: 41 of
US20150159173), rh.48.1 (SEQ ID NO: 44 of US201501591 73), hu.44 (SEQ ID NO: 45 of

U S20350159173). hi!.29 (SEQ ID NO: 42 of US201 50159173). hi!.48 (SEQ ID NO: 38 of
11S201501 591 73). rh54 (SEQ iD NO: 49 of US20150159173), AAV2 (SEQ ID NO: 7 of
US20150159173), cy.5 (SEQ ID NO: 8 and 24 of 1JS20150159173), rh.lO (SEQ ID NO: 9 a:d
25 of US201501591 733, rh.13 (SEQ ID NO: 10 and 26 of 1JS20150159173), AAV1 (SEQ ID
NO: 11and 27 of US201 50159173). AAV3 (SEQ ID NO: 12 and 28 of 11820150159173),
AAV 6 (SEQ ID NO: 13 and 29 of US20150159173), AAV7 (SEQ ID NO: 14 and 30 of
US20150159173), AAV8 (SEQ ID NO: 15 and 31 of US20150159173), hu.13 (SEQ ID NO: 16
and 32 of 11820150159173), hu.26 (SEQ ID NO: 17 and 33 of US20150i59173), hu.37 (SEQ ID
NO: 18 and 34 of L/S2(;150{59173), hu:.33 (SEQ ID NO: 19 and 35 of US20150159173), rh.43
(SEQ ID NO: 21 and 37 of US20150159173), rh2 (SEQ iD NO: 39 of US20150159173), rh.37
(SEQ ID NO: 40 of US20150159173), rv.94 (SEQ [D NO: 43 of US20150159173), rh.48 (SEQ
iD NO: 44 of 11S2015159] 73), ch.5 (SEQ ID NO 46 of {/S201 5(}59] 73), rh.67 (SEQ iD NO:
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47 of US20150159173), fh.58 (SEQ ID NO: 48 of US20150159173), or variants thereof
including, but not limited to Cy5Ri, Cy5R2, Cy5R3, Cy5R4, . \3E.rh.37R2, rh.2R, rh.8R,
rt.48.1,rh.48.2, rh.48.1.2, hu44R1, hu.44R2, hu.44R3, hu.29R, ch.5RI, rk64R:. rb64R2,
AAV6.2, AAV6.1, AAV6.12, hu.48RI, hu.48R2, and hu.48R3.

[0061] In some embodiments, the AAV seroty pe may be, or have, a sequence as described in
United States Patent No. US 7198951, the contents of which are herein incorporated by reference
in their entirety, such as, but not limited to, AAY ¢ (SEQ ID NO: 1-3 of US 7198951), AAY 2
(SEQ ID NO: 4 of US 7198951 3. AAV1 (SEQ ID NO: 5 of US7198951), AAV3 (SEQ ID NO: 6
of US7198951). and AAV 8 (SEQ ID NO: 7 of US7198951).

[0062] in some embodiments, the AAY serotype may be, or have, amutation in the AAV ¢
sequence as described by N Pulicherla et al. (Molecular Therapy 19(6): 1070-1078 (2011), herein
incorporated by reference in its entirety), such asbut not limited to, AAV9.9, AAVO.1%,
AAV9.13, AAV9.16, AAV9.24, AAV9.45 AAV9.47, AAV9.61, AAV9.68, AAV9.84.

[0063] In some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Patent No. US 6156303, the contents of which are herem incorporated by reference
in their entirety, such as, but not limited to. AAV3B (SEQ ID NO: | and to of US 6156303),
AAV6 (SEQ ID NO: 2,7 and t1 of US6156303), AAV2 (SEQ ID NO: 3 and 8 of US 6156303),
AAV3A (SEQ ID NO: 4 and 9, of US 6156303), or derivatives thereof.

[0064] In some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Publication No. U S20140359799, the contents of which are herein incorporated by-
reference in their entirety, such as, but not limited to, AAY & (SEQ iD NO: 1of
US20140359799), AAVDJ (SEQ ID NO: 2 and 3 of US20140359799), or variants thereof.
[0065] In some embodiments, the serotype may be AAVDJ or a variant thereof, such as
AAVDJS8 (or AAV-DJB), as described by Grimin et ai. (Journal of Virology 82(12): 5887-591
(2008), herein incorporated by reference in its entirety). The amino acid sequence of AAVDJ8
may comprise two or more imitations in order to remove the heparin binding domain (HBD). As
anon-limiting example, the AAV-DJ sequence described as SEQ ID NO: | in US Patent No.
7,588,772, the contents of which are herein incorporated by reference in their entirety, may
comprise two imitations: (1) R587Q where arginine (R; Arg) at amino acid 587 is changed to
glutamine (Q; Gin) and (2) R590T where arginine (R; Arg) a. anmo acid 590 is changed to
threonine (T; Thbr). Asanother non-limiting example, may comprise three mutations: (1) K406R
where lysine (K: Lys) at amino ac:d 406 is changed to arginine (R; Arg), (2) R587Q where
arginine (R, Arg) at amino acid 587 is changed to glutamine (Q; Gin) and (3) R590T where
arginine (R; Arg) a amino acid 590 is changed to threonine (T; Thr).
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[0066] In some embodiments, the AAV serotype miay be, or have a sequence of AAV4 as
described in International Publication No. W0O199801 § 244, the contents of which are herein
incorporated by reference in their entirety, such as, but not limited to AAV4 (SEQ ID NO: 1-20
of WO12980; § 244).

[0067] In some embodiments the AAV seroty pe may be, or have, amutation in the AAV2
sequence to generate AAV2G9 as described in International Publication No. WO20t 4144229
and herein incorporated by reference in its entirety.

[0068] In some embodiments, the AAV serotype may be, or have, a sequence as described in
international Publication No. W0O2005033321, the contents of which are herein incorporated by
reference in their entirety, such as, but not limited to AAV3-3 (SEQ ID NO: 217 of
W02005033321), AAV1 (SEQ ID NO: 219 and 202 of W02005033321), AAV106.1/hu.37
(SEQ ID No: 10 of WO2005033321), AAV114.3/hu.40 (SEQ ID No: 11 of W0O2005033321),
AAY 127.2/tu41(SEQ ID NO:6 and 8 of W0O2005033321), AAV 128.3h. 44 (SEQ ID No: 81
of W02005033321), AAV130.4/hu.48 (SEQ ID NO: 78 of WO2005033321), AAV145.1/hu.53
(SEQ ID No: 176 and 177 of WO2005033321), AAY 145.6/hu.56 (SEQ ID NO: 168 and 192 of
WO2005033321 3, AAVi6.i2/by.11 (SEQ ID NO: 153 and 57 of W0O2005033321),

AAVi6 %h: i0(SEQ ID NO: 156 and 56 of WO2005033321), AAV16I. 10k u.60 (SEQ ID No:
170 of W02005033321), AAVi6: .65:1u.61 (SEQ ID No: 174 of WO2005033321), AAV1-
7/rh.48 (SEQ ID NO: 32 of W02005033321), AAVI-8/rh.49 (SEQ ID NOs: 103 and 25 of
W02005033321), AAV2 (SEQ ID NO: 211 and 221 of W0O2005033321), AAV2-i5/rh.62 (SEQ
ID No: 33 axd 114 of W0O2005033321), AAV2-3/rh.61 (SEQ ID NO: 21 of WO2005033321),
AAV2-4/rh.50 (SEQ ID No: 23 and 108 of W02005033321), AAV2-5/rh.51 (SEQ ID NO: 104
and 22 of WO2005033321), AAV3. 1/hu.6 (SEQ ID NO: 5 and 84 of W02005033321),

AAV3 Thy 9 (SEQ ID NO: 155 and 58 of W02005033321), AAV3-11/rh.53 (SEQ ID NO: 186
and 176 of W0O2005033321), AAV3-3 (SEQ ID NO: 200 of WO2005033321), AAV33.12/hu.l7
(SEQ 1D NO:4 of WO2005033321), AAV33.4/hu.l5 (SEQ ID No: 50 of WO2005033321),
AAV33.8/k:.16 (SEQ ID No: 51 of WO2005033321), AAV3-9/rh.52 (SEQ ID NO: 96 and 18 of
W02005033321), AAV4-19/rh.55 (SEQ ID NO: 117 of WO2005033321), AAV4-4 (SEQ ID
NO: 201 and 218 of WO2005033321), AAV4-9/rh.54 (SEQ ID NO: 116 of W0O2005033321),
AAVS5 (SEQ ID NO: 199 and 216 of WO2005033321), AAV52.1/h.20 (SEQ ID NO: 63 of

W 020050333213, AAV52/1iu.l9 (SEQ ID NO: 33 of W02005033321), AAV5-22/rh.58 (SEQ
ID No: 27 of W0O2005033321), AAV5-3/rh.57 (SEQ ID NO: 105 of WO2005033321), AAV5-
3/rh.57 (SEQ ID No: 26 of W02005033321), AAV58.2/hu.25 (SEQ ID No: 49 of
W02005033321), AA¥Y 6 (SEQ ID NO: 203 and 220 of W02005033321), AAV7 (SEQ ID NO:
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222 and 213 of W02005033321), AAV7.3/hu.7 (SEQ iD No: 55 of WO2005033321), AAV8
(SEQ ID NO: 223 a&:d 214 of W02005033321), AAVH-L/hu.l (SEQ ID No: 46 of
WQ02005033321), AAVH-5/hu.3 (SEQ ID No: 44 of W0O200503332I), AAVhu.1(SEQ ID NO:
144 of W0O2005033321), AAVhu. 10 (SEQ ID NO: 136 of W0200503 3321), AAVhu.11 (SEQ
ID NO: 153 of W0O2005033321), AAVhu. 12 (W0O2005033321 SEQ IDNO: 59), AAVhu. 13
(SEQ ID NO: 129 of WO2005033321), AAVhu.14/AAV9 (SEQ ID NO: 123 and 3 of
WQ02005033321), AAVhu.15 (SEQ iD NO: 147 of WO2005033321), AAVhu.l6 (SEQ iD NO:
148 of W0O2005033321), AAVhu. 17 (SEQ ID NO: 83 of W0O2005033321), AAVhu. 18 (SEQ ID
NO: 149 ofW02005033321), AAVhu.19 (SEQ ID NO: 133 of W0O2005033321), AAVhu.2
(SEQ ID NO: 143 of WO2005033321), AAVhu.20 (SEQ iD NO: 134 of WO2005033321),
AAVhu.21 (SEQ ID NO: 135 of WO2005033321), AAVhu.22 (SEQ ID NO: 138 of
WQ02005033321), AAVhu.23.2 (SEQ ID NO: 137 of W0O200503332t), AAVhu 24 (SEQ ID
NO: 136 of WO2005G33321), AAVhu.25 (SEQ ID NO: 146 of WO20G5033321), AAVhu.27
(SEQ ID NO: 140 of WO2005033321), AAVhu.29 (SEQ ID NO: 132 of W0O2005033321),
AAVhu.3 (SEQ ifx NO: 145 of WO2005033321), AaNhu.3! (SEQ IDNO: 121 of
WQ02005033321), AAVhu 32 (SEQ ID NO: 22 of WO2005033321), AAVhu.34 (SEQ ID NO:
125 of W02005033321), AAVhu.35 (SEQ ID NO: 164 of W0O2005033321), AAVhu.37 (SEQ
ID NO: 88 of WO2005033321), AAVhu.39 (SEQ ID NO: 102 of WO2005033321), AAVhu.4
(SEQ ID NO: 14} of WO2005033321), AAVhu.40 (SEQ ID NO: 87 of W0O2005033321),
AAVhu.4l (SEQ ID NO: 91 of WO2005033321), AAVhu.42 (SEQ ID NO: 85 of
WQ02005033321), AAVhu.43 (SEQ iD NO: 160 of WO2005033321), AAVhu.44 (SEQ ID NO:
144 of WO2005033321), AAVhu.45 (SEQ ID NO: 127 of WO2005033321), AAVhu.46 (SEQ
ID NO: 159 of WO2005033321 ), AAVhu.47(SEQ ID NO: 28 of WO2005033321), AAVhu.48
(SEQ ID NO: 157 of WO2005033321), AAVhu.49 (SEQ iD NO: 189 of WO2005033321),
AAVhu.51 (SEQ ID NO: 190 of WO2005033321), AAVhu.52 (SEQ ID NO: 191 of
WQ02005033321), AAVhu.53 (SEQ ID NO: 186 of WO2005033321), AAVhu.54 (SEQ ID NO:
188 of W0O2005033321), AAVhu.55 (SEQ ID NO: 187 of WO2005033321), AAVhu.56 (SEQ
iD NO: 192 of WO2005033321), AAVhu.57 (SEQ ID NO: 193 of WO2005033321), AAVhu.58
(SEQ ID NO: 194 of WO2005033321), AAVhu.6 (SEQ ID NO: 84 of WO2005033321),
AAVhu.& (SEQ ID NO: 184 of WO2005033321), AAVhu.6i (SEQ ID NO: 185 of
WQ02005033321), AAVhu.63 (SEQ ID NO: 195 of WO2005033321), AAVhu.64 (SEQ ID NO:
196 of W02005033321), AAVhu.66 (SEQ ID NO: 197 of WO2005033321), AAVhu.67 (SEQ
ID NO: 198 of W02005033321), AAVhu.7 (SEQ ID NO: 150 of WO2005033321), AAVhu.8
(W02005033321 SEQ ID NO: 12), AAVhu.9 (SEQ ID NO: 155 of W0O2005033321), A.AVLG-
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10/fh.40 (SEQ 1D No: 14 of WO2005033321), AAVLG-4/rh.38 (SEQ ID NO: 86 of

W 020050333213, AAVE,G-4/rk:.38 (SEQ ID No: 7 of WO2005033321), AAVN721-8/rh.43
(SEQ iD NO: 163 of W02005033321), AAVN724-8/fb.43 (SEQ ID No: 43 of
W02005033321), AAVpi.l (W0O2005033321 SEQ iD NO: 28), AAVpi.2 (WO2005033321
SEQ ID NO: 30). AAV .3 (WO2005033321 SEQ ID NO: 29), AAVrh.38 (SEQ ID NO: 86 of
W02005033321), AAVrh.40 (SEQ ID NO: 92 of WO2005033321), AAVrh.43 (SEQ ID NO:
163 of W02005033321), AAVrh.44 (WO2005033321 SEQ ID NO: 34), AAVrh.45
(WO2005G33321 SEQ ID NO: 41), AAVrh.47 (WO2005033321 SEQ ID NO: 38). AAVrh.48
(SEQ ID NO: 1§5 of WO2005033321), AAVrh.49 (SEQ ID NO: 03 of WO2005033321),
AAVrb.50 (SEQ 113 NO: 108 of WG2005033321), AAVrh.51 (SEQ ID NO: 104 of
W02005033321), AAVrh.52 (SEQ ID NO: 96 of WO2005033321), AAVrh.53 (SEQ ID NO: 97
ofW02005033321), AAVrh.55 (WO2005033321 SEQ ID NO: 37), AAVrh.56 (SEQ ID NO:
152 of WO2005033324), AAVrh.57 (SEQ ID NO: 105 of WO2005033321), AAVrh.58 (SEQ ID
NO: 106 of W02005033321), AAVrh.59 (WO2005033321 SEQ iD NO: 42), AAVrh.60
(W02005033321 SEQ ID NO: 31), AAVrh.61 (SEQ ID NO: 107 of WO2005033321),
AAVTrb.62 (SEQ ID NO: 114 of W(32005033321). AAVrh.64 (SEQ ID NO: 99 of
W02005033321), AAVrh.65 (W0O2005033321 SEQ ID NO: 35), AAVrh.68 (WO2005033321
SEQ ID NO: {6), AAVrh.69 (WO2005033321 SEQ ID NO: 39), AAVrh.70 (WO2005033321
SEQ iDNO: 20). AAVrh.72 (W0O2005033321 SEQ ID NO: 9), or variants thereof including, but
not limited to, AAVcy.2, AAVcy.3, AAVcy.4, AAVcy.5, AAVcy.6, AAVrhJ2, AAVrh.17,
AAVrh.18, AAVrh.19, AAVrh.21, AAVrh.22, AAVrh.23, AAVrh.24, AAVih.25, AAYrh.25/42
15, AAVrh.31, AAVrh.32, AAVrh.33, AAVrh.34, AAVrh.35, AAVrh.36, AAVrh.37,

AAVHIA Non-limiting examples of variants include SEQ ID NO: 13, 15. 17, 19, 24, 36, 40, 45,
47. 48, 51-54, 60-62, 64-77, 79, 80, 82, 89, 90. 93-95, 98, 100, 10}. £09-11 3, 118-120, 24, 126,
131, 139, 142, 151,154, 158, 161, 162, 165-183, 202, 204-212, 215, 219, 224-236, of
W02005033321, the contents of which are herein incorporated by reference in thetr entirety.
[€069] In some embodiments, the AAV serotype may be, or have a sequence as described in
International Publication No. WO20 15 168666, the contents of which are herein incorporated by
reference in their entirety, such as, but not limited to, AAVrhSR (SEQ ID NO: 9 of
W02015168666), AAVrhSR A586R mutant (SEQ ID NO: 10 of WO201 51 68666). AAVrhSR
R533A mutant (SEQ ID NO: 11 of WO201 5168666), or variants thereof.

[0070] In some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Patent No. US9233131, the contents of which are herein incorporated by reference
in their entirety. such as. but not limited to, AAVbEI. | ( SEQ ID NO:44 of US9233131),
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AAVhEr.5 (SEQ ID NO:45 of US9233131). AAYhER1.14 (SEQ ID M{3:46 of US9233131).
AAVhEri .8 (SEQ I3 M{3:47 of US9233131), AAVhErl .16 (SEQ I ™Mi}:48 of US9233131),
AAVhEr.18 (SEQ iD SO:4% of US9233131), AAVhEr.35 (SEQ iD NO;50 of US9233131),
AAVhHEr.7 (SEQ iD NO:5 of US9233131), AAVhErl.36 (SEQ ID NO:52 of TJS9233131),
AAVhEr2.29 (SEQ ID NO:53 of US9233131), AAVhEr2.4 (SEQ iD N¢3:54 of US9233131),
AAVhEr2.i6 (SEQ ID NO:55 of US9233131), AAVhEr2.30 (SEQ ID NO:56 of US9233I131),
AAVhEr2.31 (SEQ ID NO:58 of US9233131), AAVhEr2.36 (SEQ ID NQ:57 of US9233131),
AAVhER1.23 (SEQ ID NO: 53 of 17592331 31), AAVhEr3.1 (SEQ ID NO:59 of 1/S9233i 313,
AAV25T (SEQ iD NO:42 of US9233131), or variants thereof

[0071] in some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Patent Publication No. US20150376607, the contents of which are herein
incorporated by reference in their entirety, such as. but not limited to, AAV-PAEC (SEQ ID
MNO:l of US201503766G7), AAV-LKO1 (SEQ 113 W{:2 of US20150376607), AAV-LK02 (SEQ
ID NO:3 of US20150376607), AAV-LK03 (SEQ ID NO:4 of US20150376607), AAV-LK04
(SEQ ID NO:5 of 1/S20%50376607), AAV-LK.05 (SEQ ID NO:6 of US20150376607), AAV-
LKO06 (SEQ ID NO:7 of US20150376607), AAV-LKO07 (SEQ ID NO:8 of US201 50376607).
AAV-LKO08 (SEQ ID NG:9 of US20t 50376607), AAV-LK09 (SEQ ID NO. i of
US20150376607), AAV-L¥ 10 (SEQ ID NO: 11 of US20150376607), AAV-LK 11 (SEQ ID
NO: 12 of US20150376607). AAV-LK12 (SEQ ID NO: 13 of £iS2(150376607), AAV-LK13
(SEQ 7D NO. i« of US20150376607), AAV-LKI4 (SEQ 12 NO:]s of US20150376607), AAV-
L¥15 (SEQ ID NO:16 of US20150376607), AAV-L¥ 1% (SEQ ID NO: 17 of US20150376607),
AAV-LK17 (SEQ ID NO: 13 of US20150376607), AAV-LK1 3 (SEQ [D NO: 19 of

US201 50376607). AAV-LE 1S (SEQ ID NO: 20 of US20150376607), AAV-PAEC2 (SEQ ID
NO:2i of US201503 76607), AAV-PAEC4 (SEQ ID NO:22 of US20150376607), AAV-PAEC6
(SEQ ID NO:23 of US20150376607), AAV-PAEC 7 (SEQ iD NO:24 of US20150376607),
AAV-PAEC8 (SEQ ID ®O:25 of US20 150376607), AAV-PAEC 11 (SEQ ID NO:26 of
US20150376607), AAV-PAEC 12 (SEQ ID NO:27, of US20150376607), or variants thereof
[0072] In some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Patent No. US?163261, the contents of which are herein incorporated by reference
in their entirety, such as, but not limited to, AAV-2-preemiRNA-I 01 (SEQ ID NO: 1

| S91 63261), or variants thereof.

[0073] In some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Patent Publication No. US201 503 76240, the contents of which are herein
incorporated by reference in their entirety, such as. but not limited to, AAV-8h (SEQ ID NO: 6
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of US201 50376240), AAV-8b (SEQ ID NO: 5 of US201 50376240), AAV-h (SEQ ID NO: 2 of
US201.50376240), AAV-b (SEQ ID NO: 1 of US20150376240), or variants thereof.

[0074] in some embodiments, the AAY serotype may be, or have, a sequence as described in
United States Patent Publication No. US2G1603 17295, the contents of which are herem
incorporated by reference in their entirety, such as, but not limited to, AAV SM 10-2 (SEQ ID
NO: 22 of US20160::17295), AAV Shuffle 100-1 (SEQ iD NO: 23 of US201600% 7295), AAV
Shuffle 100-3 (SEQ ID NO: 24 of US20160017295), AAV Shuffle 100-7 (SEQ ID NO: 25 of
1752016001 7295), AAV Shuffle 10-2 (SEQ ID NO: 34 of US20160017295), AAV Shuffle 10-6
(SEQ ID NO: 35 of US20160017295), AAV Shuffle 10-8 (SEQ ID NO: 36 of US203 6001 7295).
AAV Shuffle 100-2 (SEQ ID NO: 37 of US20160017295), AAV SM 10-1 (SEQ ID NO: 38 of
US20160017295), AAV SM 10-8 (SEQ ID NO: 39 of US20160017295), AAV SM 100-3 (SEQ
ID NO: 40 of US2016001729.5), AAV SM 100-10 (SEQ ID NO: 41 of US201 6001 7295), or
variants thereof.

[0075] in some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Patent Publication No. US20150238550, the contents of which are herein
incorporated by reference in their entirety, such as, but not limited to, BNP61AAV (SEQ ID
NO: 1 of US20150238550), BNP62 AAV (SEQ ID NO: 3 of US20150238550), BNP63 AAV
(SEQ iD NO: 4 of US20150238550), or variants thereof

[0076] In some embodiments, the AAV serotype may be or may have a sequence as described
in United States Patent Publication No. US201 50315612, the contents of which are herein
incorporated by reference in their entirety, such as, but not limited to, AA%Yth.50 (SEQ ID NO:
108 of US20150315612), AAVrh.43 (SEQ ID NO: 163 of US20150315612), AAVrh.62 (SEQ
ID NO: 114 of US20150315612), AAVrh.48 (SEQ ID NO: 1i5 of US20150315612), AAVhu.19
(SEQ ID NO: {33 of US20150315612), AAVhu.tt (SEQ ID NO: 153 of US20150315612),
AAVhu.53 (SEQ ID NO: 186 of US20150315612), AAY 4-8/rh.64 (SEQ ID No: 15 of
US20150315612), AAVLG-9/hu.39 (SEQ ID No: 24 of US20150315612). AAV54.5/hu.23
(SEQ ID No: 60 of 1]5201503:56%2), AAV54.2/rm.22 (SEQ ID No: 67 of US201 50315612),
AAV54.7/hu.24 (SEQ ID No: 66 of US20150315612), AAV54.1/hii.2i (SEQ ID No: 65 of
US201503 15612), AAV54.48/hu.27 (SEQ ID No: 64 of US20150315612), AAV46.21m.28
(SEQ ID No: 68 of US201503:5612), AAV46.6/hu.29 (SEQ ID No: 69 of US20150315612),
AAV 128 1/1-..43 (SEQ ID No: 80 of US20150315612), or variants teeof

[0077] In some embodiments, the AAV serotype may be, or have, a sequence as described in
International Publication No. W02015 121501, the contents of which are herein incorporated by
reference in their entirety, such as, but not limited to, true type AAV (ttAAV) (SEQ ID NO: 2 of
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W02015121501), "UPenn AAV 10" (SEQ ID NO: 8 of W02015121501), "Japanese AAV1IC
(SEQ ID NO: 9 of W02015121501), or variants thereof.

[0078]  According to the present invention, AAV capsid serotype selection or use may be
from avariety of species. in one embodiment, the AAV may be an avian AAV (AAAV). The
AAAV serotype may be. or have, a sequence as described in United States Patent No. US
9238800, the contents of which are herein incorporated by reference in their entirety, such as, but
not limited to, AAAV (SEQ ID NO: 1, 2,4, 6, 8, 10, 12, and 14 of US9,238,800), or variants
thereof.

[0079] In one embodiment, the AAV may be abovine AAV (BAAV). The BAAV serotype
may be, or have, a sequence as described in Un:ited States Patent No. US 9,193,769, the contents
of which are herein incorporated by reference in their entirety, such as, but not limited to, BAAV
(SEQ ID NO: 1and 6 of US9193769), or variants thereof. The BAAV serotype may be or have
a seguence as described in United States Patent No. US7427396, the contents of which are herein
incorporated by reference in their entirety, such as, but not limited to, BAAV (SEQ ID NO: 5
and 6 of US7427396), or variants thereof.

[0080] In one embodiment, the AAV may be a caprine AAV. The caprine AAV serotype may
be, or have. a sequence as described in United States Patent No. US7427396, the contents of
which are herein incorporated by reference in their entirety, such as, but not limited to, caprine
AAV (SEQ ID NO: 3 of US7427396), or variants thereof.

[0081] In other embodiments, the AAV may be engineered as ahybrid AAV from two or
more parental serotypes. In one embodiment, the AAV may be AAV2G9 which comprises
sequences from AAV2 and AAV9. The AAV2G9 AAV serotype may be, or have, a sequence as
described in United States Patent Publication No. US201600% 7005, the contents of which are
herein incorporated by reference in iis entirety.

[0082] In one embodiment, the AAV may be a serotype generated by the AAY S capsid
library: with mutations in ammo acids 390-627 (VFP1 numbering) as described by Pulicheriaet al.
(Molecular Therapy 1%(6):1070-1078 (201 1), the contents of whi¢h are herein incorporated by
reference in their entirety. The serotype and corresponding nucleotide and amino ac:d
substitutions may be, but isnot limited to, AAV9.1 (G1594C; D532H). AAV6.2 (T1418A and
T1436X; V473D and 1479K), AAV9.3 (T1238A; F413Y), AAV9.4 (T1250C and A1617T;
F417S5), AAV9.5 (A1235G, A1314T, A1642G, C1760T; Q412R, T548A, A587%), AAV9.6
(T1231A; F4111), AAVS .2 (G1203A, G1785T; W595C), AAV9.10 (A1500G, T1676C;
M559T), AAV9.11 (A1425T. A1702C, A1769T; T568P, Q590L), AAV9.13 (A1369C. A1720T;
N457H, T574S), AAV9.14 {11 340A, T1362C, T1560C, G1713A; L447H), AAV9.16 (A1775T:
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Q592L), AAV9.24 (T1507C, T1521G; W503R). AAV9.26 (A1337G, A1769C; Y446C, Q590P),
AAV9.33 (A1667C; D556A), AAV9.34 (A1534G, C1794T; N5i2D). AAV9.35 (41289T.
T1450A, C1494T, A1515T, Ci7944, G1816A; Q430L, Y484N, N98K, V6061), AAV9.40
(A1694T, E565V), AAV9.41 (A1348T, T1362C; T450S), AAY9.44 (A1684C, A1701T,
A1737G; N562H, K567N), AAY9.45 (A1492T, C1804T; N498Y, L602F), AAV9.46 (G1441C,
T1525C, T1549G; G481R, W509R, L517V), 9.47 (G1241A, G1353A, A1669G, C1745T,;
414N, G453D, K557E, 15821), AAV9.48 (C1445T, A 17367; P482L, Q579L), AAV9.50
(AI638T, C1683T, T1805A: Q546H, L602H), AAV9.53 (G1301A, A1405C, C1664T, G181 1T,
R 134Q, SA69R, AS55V, G604V), AAV9.54 (C1531A, T1609A; £.51il, L537M), AAV9.55
(T1605A; F535L), AAV9.58 (C1475T, CI579A; T492l, H527N), AAV.39{T1336C; Y446H),
AAY9.61 (A1493T; N498l), AAV9.64 (C1531A, A1617T; L5111), AAV9.65 (C1335T,
TI530C, C1568A; A523D), AAV9.68 (C1510A; P504TS, AAV9.80 (G1441 A,G481R),
AAV9.83 (C1402A, A1500T; P468T, E500D), A A¥$.87 (T1464C, T1468C; S490P), AAV9.90
(A1196T; Y399F), AAV9.91 (T1316G, A1583T, C1782G, T1806C; L439R, K528l), AAV9.93
(A1273G, A1421G, A1638C, C1712T, G1732A, AL1744T, A1832T; 425G, Q474R. Q546H,
P57 1., G578R, T582S, D611%), AAV9.94 (AI675T; M559L) and AAV9.95 (T1605A; F535L).
[0083] in some embodiments, the AAY serotype may be, or have, a sequence as described in
International Publication No. WO20 16049230, the contents of which are herein incorporated by
reference in their entirety, such as, but not limited to AAVFL/HSC1 (SEQ ID NO: 2 and 20 of
WO20 16049230), AAVF2/HSC2 (SEQ ID NO: 3 and 21 of W{320} 6049230), AAVF3/HSC3
(SEQ ID NO: 5 and 22 of WO201 6049230), AAVF4/HSC4 (SEQ iD NO: 6 and 23 of
Wi32016049230;, AAVF5/HSC5 (SEQ ID NO: 11and 25 of WO201 6049230), AAVF6/HSC6
(SEQ ID NO: 7 and 24 of W{32016049230), AAVF7/HSC7 (SEQ ID NO: 8 and 27 of
W02016049230), AAVF8/HS{% (SEQ ID NO: 9 and 28 of WO201 6049230), AAVF9/HSC9
(SEQ iD NO: 10 and 29 of W02016049230), AAVF1 I/JHSCI 1(SEQ ID NO: 4 and 26 of
WO20 16049230), AAVF12/HSC12 (SEQ ID NO: 12 and 30 of ¥{32016049230),

AAV F13/FSC]3 (SEQ ID NO: 14 and 31 of WO20 16049230), AAVF14/HSC14 (SEQ ID NO:
15 and 32 of W¢32016049230), AAYF15/HSCTS (SEQ ID NO: 16 and 33 of WO201 6049230),
AAVF16/HSC16 (SEQ ID NO: 17 and 34 of WO201 6049230). AAVF17/HSC17 (SEQ iD NO:
13 and 35 of W¢320% 6049230), or variants or derivatives thereof

[0084] in some embodiments, the AAV serotype may be, or have, a sequence as described in
United States Patent No. LIS 8734809, the contents of which are herein incorporated by reference
in their entirety, such as, but not limited to, AAV CBs-Ei (SEQ ID NO: 13 and 87 of
LTS8734809), AAV CBr-E2 (SEQ ID NO: 14 and 88 of US8734809), AAV CBr-E3 (SEQ ID
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NO: 15 and 89 of US8734809), AAV CBr-E4 (SEQ ID NO: 6 and 90 of US8734809), AAV
CBr-E5 (SEQ ID NO: 17 and 91 of US8734809), AAV CBs~c5 (SEQ ID NO: 18 and 92 of
US8734809), AAV CBr-E6 (SEQ iD NO; 19 and 93 of US8734809), AAV CBr-E7 (SEQ ID
NO: 20 and 94 of US8734809), AAV CBr-E8 (SEQ ID NO: 21 and 95 of US8734809), AAV
CLv-DI (SEQ ID NO: 22 and 96 of US8734809), AAV CLv-D2 (SEQ ID NO: 23 and 97 of
LTS8734809), AAV CLv-D3 (SEQ ID NO: 24 and 98 of US8734809), AAV CLv-D4 (SEQ iD
NO: 25and 99 of 1JS8734809), AAV CLv-D5 (SEQ ID NO: 26 and 100 of US8734809), AAV
CLv-D6 (SEQ ID NO: 27 and 101 of US8734809), AAV CLv-D7 (SEQ ID NO: 28 and 102 of
US8734809), AAV CLv-D8 (SEQ ID NO: 29 and 103 of US8734809), AAV CLv-El (SEQ ID
NO: 13 and 87 of US8734809), AAV CLV-RI (SEQ ID NO: 30 and 104 of US8734809), AAV
CLV-R2 (SEQ ID NO: 31 and 105 of US8734809), AAV CLv-R3 (SEQ ID NO: 32 and 106 of
US8734809), AAV CLv-R4 (SEQ ID NO: 33 and 107 of US8734809), AAV CLv-R5 (SEQ ID
NO: 34 and 108 of US8734809), AAV CLv-R6 (SEQ iD NO: 35 and 109 of US8734809), AAV
CLVv-R7 (SEQ ID NO: 36 and 110 of US8734809), AAV CLv-R8 (SEQ iD NO: 37 and lllof
US8734809), AAV CLv-R9 (SEQ ID NO: 38 and 112 of US8734809), AAV CLg-FI (SEQ ID
NO: 39 and i3 of US8734809), AAV CLg-F2 (SEQ ID NO: 40 and § {4 of US8734809), AAV
CLg-F3 (SEQ iD NO: 4} and 115 of US8734809), AAV CLg-F4 (SEQ ID NO: 42 and }16 of
US8734809), AAV CLg-F5 (SEQ ID NO: 43 and 117 of US8734809), AAV CLg-F6 (SEQ ID
NO: 43 and 117 of US8734809). AAV CLg-F7 (SEQ ID NO: 44 and 118 of US8734809). AAV
CLg-F8 (SEQ ID NO: 43 and 11.7 of US8734809), AAV CSp-1. (SEQ ID NO: 45 and {19 of
L1S8734809), AAV CSpAO (SEQ iD NO: 46 and 120 of US8734809), AAV CSp-ii (SEQ ID
NO: 47 and 121 of US8734809), AAV CSp-2 (SEQ ID NO: 48 and 122 of US8734809), AAV
CSp-3 (SEQ ID NO: 49 and 123 of US8734809), AAV CSp-4 (SEQ ID NO: 50 and 124 of
US8734809), AAV CSp-6 (SEQ ID NO: 5% and i25 of LTS8734809), AAV CSp-7 (SEQ iD NO:
52 and 126 of US8734809), AAV CSp-8 (SEQ ID NO: 53 and 127 of US8734809), AAV CSp-9
(SEQ ID NO: 54 and 128 of US8734809), AAV CHi-2 (SEQ ID NO: 55 and 129 of
US8734809), AAV CHt-3 (SEQ ID NO: 56 and 130 of US8734809), AAV CKd-f (SEQ ID NO:
57 and 131 of US8734809), AAV CKd-10 (SEQ iD NO: 58 and 132 of US8734809), AAV
Ck.d-2 (SEQ ID NO: 59 and 133 of US8734809), AAV CKd-3 (SEQ ID NO: 60 and 134 of
US8734809), AAV CKd-4 (SEQ ID NO: 61 and 135 of US8734809), AAV Ck.d-6 (SEQ ID
NO: 62 and 136 of US8734809), AAV Ckd-7 (SEQ ID NO: 63 and .137 of US8734809), AAV
CKd-8 (SEQ ID NO: 64 and 138 of US8734809), AAV CLv-1 (SEQ ID NO: 35and 139 of
US8734809), AAV {'Lv-12 (SEQ ID NO: 66 and 140 of US8734809), AAV CLv-13 (SEQ ID
NO: 67 and 141 of US8734809), AAV CLv-2 (SEQ ID NO: 68 and 142 of US8734809), AAV
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CLv-3 (SEQ ID NO: 69 and 143 of US8734809), AAV CLv-4 (SEQ ID NO: 70 and 144 of
US8734809), AAV CLv-6 (SEQ ID NO: 71 and 145 of US8734809), AAV CLv-8 (SEQ ID NO:
72 and 146 of US8734809), AAV CKd-Bl (SEQ ID NO: 73 and 147 of US8734809), AAV
Ck.d-B2 (SEQ ID NO: 74 and 148 of US8734809), AAV CKd-B3 (SEQ ID NO: 75 and 149 of
US8734809), AAV CK.d-B4 (SEQ ID NO: 76 and 150 of US8734809), AAV CKd-B5 (SEQ ID
NO: 77 and 15} of US8734809), AAV CKd-B6 (SEQ ID NO: 78 and 152 of US8734809), AAV
CKd-B7 (SEQ iD NO: 79 and 153 of US8734809), AAV Ck.d-B8 (SEQ ID NO: 80 and 154 of
US8734809), AAV Ckd-H1 (SEQ ID NO: 81 and 155 of 1JS8734809), AAV C¥.d-H2 (SEQ ID
NO: 82 and 156 of US8734809), AAV CKd-H3 (SEQ ID NO: 83 and 157 of US8734809), AAV
CKd-H4 (SEQ ID NO: 84 and 158 of 11S8734809), AAV CKd-H5 (SEQ ID NO: 85 and 139 of
US8734809), AAV Ck.d-H6 (SEQ iD NO: 77 and 151 of US8734809), AAV CHt-1 (SEQ ID
NO: 86 and 160 of US8734809), AAV CLvi-1 (SEQ ID NO: 71 of US8734809), AAV CL¥|-2
(SEQ ID NO: 172 of US8734809), AAV CLvI-3 (SEQ iD NO: 173 of US8734809), AAV
CLvI-4 (SEQ ID NO: 174 of US8734809), AAV Clvi-7 (SEQ ID NO: 175 of US8734809),
AAV Ch'1-8 (SEQ ID NO: 176 of US8734809), AAV Civ1-9 (SEQ ID NO: 177 of
US8734809), AAV Civi-10 (SEQ ID NO: 178 of US8734809), AAV.VR-355 (SEQ ID NO: i81
of US8734809), AAV.hu.48R3 (SEQ ID NO: 183 of US8734809), or variants or derivatives
thereof.

[0085] In some embodiments, the AAV serotype may be, or have a sequence as described in
International Publication No. WO20 16065001, the contents of which are herein incorporated by-
reference in ther entirety, such as, but not limited to AAV CHt-P2 (SEQ iD NO: 1and 51 of
W02016065001), AAV ClI1-P5 (SEQ ID NO: 2 and 52 of % 0201 6065001), AAV CHt-P9
(SEQ ID NO: 3 and 53 of W{320160650013 AAV CBr-7.1 (SEQ ID NO: 4 and 54 of
W02016065001), AAV CBr-7.2 (SEQ ID NO: 5 and 55 of W{320t 60650011 AAV CBr-7.3
(SEQ ID NO: 6 and 56 of W{32016065001), AAV CBr-7.4 (SEQ ID NO: 7 and 57 of
W02016065001), AAV CBr-7.5 (SEQ ID NO: 8 and 58 of W0O2016065001), AAV CBr-7.7
(SEQ ID NO: 9 and 59 of W¢32016065001), AAV CBr-7.8 (SEQ ID NO: 10 and 60 of
W02016065001), AAV CBr-7.10 (SEQ ID NO: 11 and 61 of WO2016065001), AAV CKd-N3
(SEQ ID NO: 12 and 62 of W0O2016065001), AAV CKd-N4 (SEQ ID NO: 13 and 63 of
W02016065001 ), AAV CKd-N9 (SEQ ID NO: 14 and 64 of WO201 6065001), AAV CLv-L4
(SEQ ID NO: {5 and 65 of W02016065001), AAV CLv~L5 (SEQ ID NO: 16 and 66 of
W02016065001), AAV CLv-L6 (SEQ ID NO: 17 and 67 of W0O2016065001), AAV CLv-KI
(SEQ ID NO: 18 and 68 of WO2016065001), AAV CLv-k3 (SEQ ID NO: 19 and 69 of
W02016065001), AAV CLv-K6 (SEQ ID NO: 20 and 70 of W{3201¢06500:). AAV Ci.v-M
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(SEQ ID NO: 21 and 71 of WO20 16065001 3, AAV CLv-¥1il (SEQ ID NO: 22 and 72 of
W02016065001), AAV CLv-M2 (SEQ ID NO: 23 and 73 of W0O2016065001), AAV CLv-M5
(SEQ ID NO: 24 and 74 of W0O2016065001), AAV CLv-M6 (SEQ ID NO: 25 and 75 of
W02016065001), AAV CLv-M7 (SEQ ID NO: 26 and 76 of W0O2016065001), AAV CLv-M8
(SEQ ID NO: 27 and 77 of W0O2016065001), AAV CLv-M9 (SEQ ID NO: 28 and 78 of
WO20 16065001), AAV CHt-PI (SEQ ID NO: 29 and 79 of W{3201 6065001), AAV CHi-F6
(SEQ ID NO: 30 and 80 of WO2016065001), AAV CHt-P8 (SEQ ID NO: 31 and 81 of
WQ02016065001), AAV Ctit-6.7 (SEQ ID NO: 32 and 82 of WO20160650::1), AAV CHt-6.10
(SEQ ID NO: 33 and 83 of W{(32016065001), AAV CHt-6.5 (SEQ ID NO: 34 and 84 of
Wi{32(16065001 3, AAV CHt-6.6 (SEQ ID NO: 35 and 85 of ¥ 020t 6065001). AAV CHt-6.7
(SEQ ID NO: 36 and 86 of W{32016:365¢:1), AAV CHt-6.8 (SEQ ID NO: 37 and 87 of
WO02016065001), AAV CSp-8.10 (SEQ ID NO: 38 and 88 of WO2016065001), AAV CSp-8.2
(SEQ ID NO: 39 and 89 of W0O2016065001), AAV CSp-8.4 (SEQ ID NO: 40 and 90 of
W02016065001), AAV CSp-8.5 (SEQ ID NO: 41 and 91 of WO2016065001), AAV CSp-8.6
(SEQ ID NO: 42 and 92 of W0O2016065001), AAV CSp-8.7 (SEQ ID NO: 43 and 93 of
WQO20 16065001), AAV CSp-8.8 (SEQ ID NO: 44 and 94 of WO20 1606500%), AAV CSp-8.9
(SEQ ID NO: 45 and 95 of W{(32(:1065001), AAV CBr-B7.3 (SEQ ID NO: 46 and 96 of
W02016065001), AAV CBr-B7.4 (SEQ ID NO: 47 and 97 of W02016065001), AAV3B (SEQ
ID NO: 48 and 98 of WO20 16065001), AAV4 (SEQ ID NO: 49 and 99 of W 0201 6065001),
AAVS5 (SEQ ID NO: 50 and {00 of W 02016065001), or variants or derivatives thereof.

[0086] In one embodiment, the AAV may be a serotype selected from any of those found in
Table 1.

[0087] In one embodiment, the AAV may comprise a sequence, fragment or variant thereof,
of the sequences in Table .

[0088] In one embodiment, the AAV may be encoded by a sequence, fragment or variant as
described in Table .

Table 1, AAV Serotypes

Serotype SEQ | Reference Information
iB
NGO
AAV] i US20150156173 SEQ ID NG: 11, US20150315612 SEQ 1D NG: 202
AAV1 2 US20160017295 SEQ 1D NO: 1US20030138772 SEQ ID NO: 64, US20150159173
SEQ D NQ: 27, UR20150315612 SEQ I NG 219, US7198951 SEQ D NG: 5
AAV] 3 US20030138772 SEQ ID NG: &
AAV13 4 US20030138772 SEGQ 1D NO: 14
AAVI0 5 EIS20030138772 SEQ ID NG 117
AAV1D G WO015121501 SEQID NG: 9
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AAV 10 7T WO2015121501 SEQ ID NO: 8

AAV11 8 | US20030138772 SEQID NO: 118

AAV12 9 | US20030138772 SEQID NO: { 19

AAV2 10 | US20150159173 SEQ ID NO; 7, US201503 15612 SEQ ID NO: 2 11

AAVZ 11 US20030138772 "SEQ 1D NO: 70, US20150 159173 SEQ 1D NO: 23, US20 1503 156 12
SEQ ID NO: 221 . US20 160017295 SEQ ID NO: 2, 1 S6156303 SEQ ID NO: 4,
US7198951 SEQ ID NO: 4, WO2015 121501 SEQ ID NO: 1

AAV2 12 | US6156303 SEQID NO: 8

AAV2 13| US20030138772 SEQ ID NO: 7

AAV2 14 | USB156303 SEQ ID NO: 3

AAV25T 15 | US0233 131 SEQ ID NO: 42

AAV223. 10 16| US20030 138772 SEQ ID NO: 75

AAV2232 17 | US20030138772 SEQ ID NO: 49

AAV 2232 18 | US20030138772 SEQ ID NO: 76

AAV223.4 19 | US20030 138772 SEQ ID NO: 50

AAV223.4 20 | US20030138772 SEQ 1D NO: 73

AAV 2235 21 US20030 138772 SEQ ID NO, 51

AAV2235 22 | US20030138772 SEQ 1D NO: 74

AAV223.6 25 | US20030138772 SEQ ID NO: 52

AAV223.6 24 | US20030 138772 SEQ ID NO: 78

AAV223.7 25 | US20030138772 SEQ ID NO: 53

AAV223.7 26 | US20030 138772 SEQ ID NO: 77

AAV29.3 27 1 US20030138772 SEQ ID NO: 82

AAV29.4 28 | US20030138772 SEQ ID NO: 12

AAV29.5 29 | US20030138772 SEQ ID NO: 83

AAV295 30 | US20030138772 SEQ ID NO: i3

(AAVDbb.2)

AAV3 31 | US20150 159173 SEQ ID NO: 12

AAV3 32 | US20030138772 SEQ ID NO: 71, US20150 159173 SEQ ID NO: 28, US20 160017295
SEQ ID NO: 3,US719895 | SEQ ID NO: 6

AAV3 33| US20030 138772 SEQ ID NO: 8

AAV3.3b 34| US20030138772 SEQ ID NO: 72

AAV33 35 | US201503 15612 SEQ ID NO: 200

AAV33 36 | US201503 15612 SEQ ID NO: 217

AAV3a 37 | USA156303 SEQ ID NO: 5

AAV3a 38 | 1355 156303 SEQ ID NO: 9

AAV3b 39 [ US6156303 SEQ 1D NO: 6

AAV3b 40 | US6156303 SEQ ID NO: 10

AAV3b 41 | US6156303 SEQ ID NO: 1

AAVZA 42 | US20 140348794 SEQ ID NO: 17

AAVZ 43 | US20140348794 SEQ ID NO: 5

AAVA 441 US20 140348794 SEQ ID NO: 3

AAVZ 45 [ US20140348794 SEQ ID NO: 14

AAV4 46 | US20 140348794 SEQ ID NO: 15

AAVZA 47 | US20 140348794 SEQ ID NO: 19

AAVZ 48 | US20140348794 SEQ ID NO: 12
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AAVE 49 | UBZ0140348794 SEQ ID NO: 13
AAV4 50 | US20140348794 SEQ ID NO: 7
AAVA 51 | US20140348794 SEQ ID NO: 8
AAVA 52 | US20140348794 SEQ ID NO: 9
AAVA 53| US20140348794 SEQ ID NO: 2
AAVE 54 | US20140348794 SEQ ID NO! 10
AAV4 55 | US20140348794 SEQ ID NO: L1
AAVA 56 | US20140348794 SEQ ID NO: I8
AAVE 57 [ US20030138772 SEQ ID NO: €3, US20160017295 SEQ 1D NO: 4, US20140348794

SEQ ID NG 4
AAVE 58 | US20140348754 SEQ ID NO: [6
AAVA 59 | US20140348794 SEQ ID NG 20
AAV4 60 | US20140348794 SEQ 1D NO: 6
AAVE 61 | US20140348794 SEQ ID NO: 1
AAV422 62 | US20030138772 SEQ ID NO: 9
AAVI22 63 | US20030138772 SEQ ID NO: 102
AAV42.3b 64 | US20030138772 SEQ ID NO: 36
AAV423B 65 | US20030138772 SEQ ID NO: 107
AAVA24 66 | US20030138772 SEQ ID NO: 33
AAVAZA 67 | US20030138772 SEQ 1D NO: 88
AAVA2S 68 | US20030138772 SEQ 1D NO: 27
AAVA2E 69 | US20030138772 SEQ ID NO: 85
AAVA3 Y 70| US20030138772 SEQ 1D NO: 39
AAVET 71| UB20030138772 SEQ 1D NO: 92
AAV4312 72 | US20030138772 SEQ ID NO: 41
EVNZERD) 73 | US20030138772 SEQ ID NO: 93
AAV4320 74| US20030138772 SEQ 1D NO: 42
AAVA3 20 75 | US20030138772 SEQ 1D NO: 99
AAVE32] 76 | UB20030138772 SEQ 1D NO: 43
AAV43 21 77 | US20030138772 SEQ ID NO: 96
AAV43.23 78 | US20030138772 SEQ ID NO: 44
AAV43 23 79| US20030138772 SEQ 1D NO: 98
AAVE3 25 80 | US20030138772 SEQ 1D NO: 45
AAVE32S 81 | US20030138772 SEQ ID NO: 97
AAV43S 82 | US20030138772 SEQ ID NO: 40
AAV43S 83 | US20030138772 SEQ ID NO: 94
AAVAA 81 | US20150315612 SEQ ID NO: 201
AAV4-4 85 | US20150315612 SEQ ID NO: 218
AAVELL 86 | UUS20030138772 SEQ ID NO: 46
AAVALT 87 | US20030138772 SEQ ID NO: 79
AAVHES 88 | US20030138772 SEQ ID NO: 47
AAV4ALS 89 | US20030138772 SEQ ID NO: 80
AAVA07 90 | US20150315612 SEQ 1D NO: 90
AAV3 91 | US7427396 SEQ ID NO: 1
AAVS 92 | US20030138772 SEQ 1D NO: [ 14
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AAYVS 93 | US20160017295 SEQ ID NO- 5, US7427396 SEQ 1D NO- 2, US20150315612 SEQ
D NO: 216

AAVS 94 | US20150315612 SEQ 1D NO: 199

AAVG 95 | US20150159173 SEQ ID NO: 13

AAVG 96 | US20030138772 SEQ ID NO: 65, US20150159173 SEQ ID NO: 29, US20160017295
SEQ ID NG 6, US6156303 SEQ ID NO: 7

AAVG 97 | US6156303 SEQ ID NO- 11

AANVG 98 | 186136303 SEQ ID NO- 2

AAVG 99 | US20150315612 SO 1D NO: 203

AAYVG 100 | US20150315612 SEQ ID NO: 220

AAVE.1 101 | US20150150173

AAVG.12 102 | US20150159173

AAVG 2 103 | US20150159173

AAVT (04 [ US20150155173 SEQ 1D NO: 14

AAVT 105 | US20150315612 SEQ ID NO: 183

AAVT 106 | US20030138772 SEQ ID NO: 2, US20150159173 SEQ ID NO: 30, US20150315612
SEQ ID NO: 181, US20160017295 SEQ ID NO: 7

AAVT 107 | US20030138772 SEQ ID NO- 3

AAVT 108 | US20030138772 SEQ ID NO- L, US20150315612 SEQ ID NO- 180

AAVT 109 | US20150315612 SEQ 1D NO: 213

AANVT 116 | URZ6150315612 SEQ 1D NO: 222

AAVE (11 | US20150159173 SEQ 1D NO: 15

AAVS 112 | US20150376240 SEQ ID NO: 7

AAVE 113 | US20030138772 SEQ ID NO- 4, US20150315612 SEQ ID NO: 182

AAVS [14 | US20030138772 SEQ ID MO 95, U820140359799 SEQ D NO- 1, US20150159173
SEQ 1D NO: 31, USZ0160017295 SEQ D NO: 8, US7198951 SEQ D NO: 7,
US201350315612 SEQ ID NO: 223

AAVE 15 | US20150376240 SEQ 1D NO- 8

AAVS 116 | US20150315612 SEQ ID NO: 214

AAV-8b 117 | US20150376240 SEQ 1D NO- 5

AAV-8b 118 | US20150376240 SEQ ID NO: 3

AAV-Sh 119 | US20150376240 SEQ ID NO- 6

AAV-BH {20 | US20150376240 SEG 1D NO- 4

AAVH 121 | US20030138772 SEQ 1D NO- 5

AAVY 122 | US7198951 SEQ ID NO- 1

AAVY 123 | US20160017295 SEQ ID NO: 9

AAVY 124 | US20030138772 SEQ 1D NO- 100, US7198951 SEQ 1D NO'- 2

AAVY {25 | UST{98931 SEQ (D NO: 3

AAVH 126 | US7906111 SEQ 1D NO- 3, WO2015038938 SEQ 1D NO: 11

(AAVhu.14)

AAVY 127 | UST906111 SEQ D NO- 123, WO2015038958 SEQ ID NG 2

(AAVHu14)

AAVA3 L 128 | US20030138772 SEQ ID NO: 120

AAVA33 120 | US20030138772 SEQ 1D NO- 57

AAVA3 3 130 | US20030138772 SEQ ID NO: 66

AAVA3A 131 | US20030138772 SEQ 1D NO- 54

AAVAZA (32 | US20030138772 SEQ ID NO: 68

AAVA3S 133 | US20030138772 SEQ ID NO- 55
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AAVA3S 134 | US20030138772 SEQ ID NO' 69
AAVA3T 135 | US20030138772 SEQ ID NO: 56
AAVA3T 136 | US20030138772 SEG ID NO: 67
AAV293 137 | US20030138772 SEQ ID NO: 1 1
(AAVDY.1)

AAVC? (38 | US20030138772 SEQ ID NO: 61
AAVChS 139 | US206150159173 SEQ ID NG 46, US20130315612 SEQ 1D NO: 234
AAVCY 2 140 | US20030138772 SEQ ID NO: 15
(AAV13.3)

AAV24 L 141 | US20030138772 SEQ ID NO: 101
AAVCY .3 142 | US20030138772 SEQ ID NO: 16
(AAV24.1)

AAV273 143 | US20030138772 SEQ ID NO: 104
AAVCy 4 144 | US20030138772 SEQ ID NO; 17
(AAV27.3)

AANCY.S 145 | US20150315612 SEG ID NO: 227
AANT D 146 | US20030138772 SEQ ID NO: 103
AAVCY.S 147 | US20030138772 SEQ 1D NO: 18
(AAVT.2)

AAVI63 148 | US20030138772 SEQ ID NC: 105
AAVCY 6 140 | US20030138772 SEQ 1D NO: 10
(AAVIE3)

AAVCY.5 150 | US20150159173 SEQ ID NO: 8
AAVCY 5 151 | US20150159173 SEQ ID NO: 24
AAVCySRI | 152 | US20150159173

AAVCYSRZ | 153 | US20150159173

AAVCySR3 | 154 | US201350159173

AAVCYSRA | 155 | US20150159173

AAVD] 156 | US20140359799 SEQ ID NO: 3, US7588772 SEQ ID NO: 2
AAVD] 157 | US20140359799 SEQ ID NO: 2, US7588772 SEG ID NO: |
AAVDI-8 158 | US7588772; Grimm of al 2008
AAVDI-S [50 | UST388772: Grimum ot al 2008
AAVES 160 | US20030138772 SEQ ID NG 110
AAVH? 161 | US20030138772 SEQ ID NO: 26
AAVHG 162 | US20030138772 SEG ID NO: 25
AAVEEL L 163 | US9233131 SEQ ID NO: 44
AAVHErL 14 | I64 | US9233131 SEQ (D NO: 46
AAVRETL16 | 165 | US0233131 SEQ ID NO»- 48
AAVHETL.18 | 166 | US9233131 SEQ 1D NO: 49
AAVHErl .23 | 167 | US9233131 SEQ ID NO: 53
{(AAVREF.2

9)

AAVHErL35 | 168 | US9233131 SEQ (D NO: 50
AAVHEIL 36 | 169 | US9233131 SEQ ID NO- 52
AAVHBESL 5 | 170 | US9233131 SEQ I NO: 45
AAVRErl7 | 171 | US9233131 SEQ ID NO: 51
AAVHETLS | 172 | US9233131 SEQ ID NO: 47
AAVRERZ 16 | 173 | US9233131 SEQ [ NO: 55

e
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AAVREDZ30 | 174 | US9233131 SEQ ID NO- 56
AAVEER231 | 175 | US9233131 SEQ 1D NO: 58
AAVHEr236 | 176 | US9233131 SEQ ID NO: 57
AAVREDA | 177 | US9233131 SEQ ID NO: 54
AAVHES 1 78 1 US9233131 SEQ D NO: 59
AAVI 1 179 | US20150315612 SEQ ID NG 46
AAVIm 1 180 | US20150315612 SEQ ID NO: 144
AAVERIO ISt | US20150315612 SEG ID NO: 56
(AAV16.8)

AAVIL IO 182 | US20150315612 SEQ ID NO: 156
(AAVIG.B)

AAVhLL 183 | US20150315612 SEG ID NO: 57
(AAV16.1)

AAVIWIL 184 | US20150315612 SEQ ID NO: 153
(AAVI6.12)

AAVILI2 185 | US20150315612 SEG ID NO: 59
AAVI 12 186 | US20150315612 SEQ ID NG 154
AAVHD 13 187 | US20150159173 SEQ 1D NO: 16, US20150313612 SEQ D NO: 71
AAVIW 13 188 | US20150159173 SEQ ID NO: 32, US20150315612 SEQ 1D NO: 129
AAVI 136, | 189 | US20150315612 SEQ ID NO: 165
1

AAVINLI40. | 19¢ | US20150315612 SEQ ID NO: 166
1

AAVIm 140, | 191 | US20150315612 SEQ ID NO: 167
2

AAVIL 145, | 192 | US20150315612 SEQ ID No: 178
6

AAVILES 193 | US20150315612 SEQ ID NO; 147
AAVHR I3 194 | US20150315612 SEG 1D NO: 50
(AAV33.4)

AAVILES6. | 195 | US20150315612 SEQ ID Neo: 179
{

AAVHLI6 196 | US20150315612 SEG 1D NO: 148
AAVEL 16 197 | US206150315612 SEQ ID NO: 51
(AAV33.8)

AAVI 17 (98 | US20150315612 SEQ 1D NO: 83
AAVINET 199 | US20150315612 SEQ ID NO: 4
(AAV33.12)

AAVHD 172, | 200 | US20150315612 SEQ 1D KO: 171
1

AAVIML72. | 201 | US20150315612 SEQ 1D NO: 172
2

AAVII73. | 202 | US20150315612 SEQ ID NO: 173
4

AAVILI73. | 203 | US20150315612 SEQ ID NO: 175
8

AAVIm IR 204 | US20150315612 SEQ ID NO: 52
AAVILIB 205 | US20150315612 SEG ID NO: 149
AAVIL IS 206 | US20150315612 SEQ ID NO: 62
AAVIR 1O 207 | US20150315612 SEQID NO: 133
AAVIN2 208 | US20150315612 SEQ ID NO: 48
AAVHD 2 209 | US20130315612 SEQ 1D NO: 143
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AAVIU20 210 | US20150315612 SEQ ID NG: 63
AAVIu 20 211 | US20150315612 SEQ ID NO: 134
AAVIMZI 212§ US20150315612 SEQ ID NG: 65
AAVIR21 213 | US20150315612 SEQ ID NG 135
AAVHRL22 234 | US201350315612 SEQ 1D NO; 67
AAVIU22 215 1 USZ0150315612 SEQ ID NG: 138
AAVIu 23 216 | US20150315612 SEQ ID NO: 60
AAVIM232 217 ( US20150315612 SEQ ID NOG: 137
AAVIm 24 218 | US20150315612 SEQ ID NG: 66
AAVIn24 230 | US20150315612 SEQ ID NO: 136
AAVIU2S 220 1 USZ0150315612 SEQ ID NG: 49
AAVIm 25 221 | US20150315612 SEQ ID NO: 146
AAVIUZ6 222 | UB20150159173 SEQ ID NO: 17, US20150315612 SEQ ID NOG: 61
AAVIM 26 223 | US20150159173 SEQ ID NG: 33, US20150315612 SEQ ID NO: 139
AAVI27 224 1 US20150315612 SEQ ID NO: 64
AAVIU2T 225 1 USZ0150315612 SEQ ID NG: 140
AAVIR 28 226 | US20150315612 SEQ 1D NO: 68
AAVIUZE 227 | UB20150315612 SEQ ID NO: 130
AAVIN29 228 J820150315612 SEQ ID NG 69
AAVHR29 229 { US20150159173 SEQ I NO: 42, USZ20150315612 SEQ D NG: 132
AAVIU29 230 | US20150315612 SEQ D NG: 225
AAVIRI9R 231 | US20130159173
AAVEu3 232 | UB20150315612 SEQ ID NO: 44
AAVIR3 233 J820150315612 SEQ ID NG: 145
AAVRR30 234 | US20130315612 SEQ 1D NO: 70
AAVER30 235 1 UURZ0150315612 SEQ ID NO: 133
AAVIm 31 236 | US20150315612 SEQ 1D NO: |
AAVHu31 237 | UB20150315612 SEQ ID NO: 121
AAVIm32 238 | US20150315612 SEQID NG: 2
AAVIM32 239 1 US20150315612 SEGQ ID NOG: 122
AAVHR.33 240 1 USZ0150315612 SEQ ID NG 75
AAVIR 33 241 | US20150315612 SEQ 1D NO: 124
AAVIu34 242 | US20150315612 SEQ ID NO: 72
AAVIu34 243 | US20150315612 SEQ ID NO: 125
AAVIR3S 244 { US20150315612 SEQID NG: 73
AAVIM3S 245 1 USZ0150315612 SEQ ID NG: 164
AAVIR 36 246 | US20150315612 SEQ 1D NO: 74
AAVIU36 247 1 USZ0150315612 SEQ ID NG: 126
AAVIu 37 248 | US20150159173 SEQ ID NO: 34, US20150315612 SEQ ID NO: 88
AAVIML37 249 1 US20150315612 SEG 1D NO: 10, US20150159173 SEQ ID NG: 18
{AAVI06. 1)
AAVIu 38 250 | US20150315612 SEQ ID NG: 161
AAVHR39 250 | US20130315612 SEQ ID NO: 102
AAVIU39 252 1 UBZ0150315612 SEQ ID NG: 24
(AAVLG-9)
AAVin 4 253 | US20150315612 SEQ 1D NO: 47
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{AAV145.5)

AAVIA 254 | US20150315612 SEQ ID NO- 141
AAVIR A0 255 | US20150315612 SEQ ID NO: 87
AAVER40 256 | US20150315612 SEQ ID No: i1
(AAV1I4.3)

AAVILAL 257 | US206150315612 SEQ ID NG: 91
AAVHn A1 258 | US20150315612 SEQ ID NO: 6
(AAVI2T.2)

AAVIHAZ 259 | US20150315612 8EQ ID NO: 83
AAVHn 42 260 | US20130315612 SEQ 1D NO: 8
(AAV127.5)
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AAV CBr-ES | 610 | USB734809 SEQ ID NO: 2!
AAV CLv- 611 | US8734809 SEQ 1D NO: 22
Dt
AAV CLv- 612 | USB734809 SEQ ID NO: 23
D2
AAV CLv- 613 | US8734809 SEQ ID NO: 24
D3
AAV CLv- 614 | USB734809 SEQ ID NO: 25
D4
AAV CLv- 615 | US8734809 SEQ ID NO: 26
D5
AAV CLv- 616 | USB734809 SEQ ID NO: 27
D6
AAV CLv- 617 | US8734809 SEQ ID NO: 28
D7
AAV CLv- 618 | USB734809 SEQ ID NO: 29
D8
AAV CLv-El | 619 | USB734809 SEQ ID NO: 13
AAV CLv- 620 | US8734809 SEQ ID NO: 30
R1
AAV CLv- 621 | US8734809 SEQ ID NO: 31
R2
AAV CLv- 622 | US8734809 SEQ ID NO: 32
R3
AAV CLv- 623 | US8734809 SEQ ID NO: 33
R4
AAV CLv- 624 | US8734809 SEQ ID NO: 34
R5
AAV CLv- 625 | US8734809 SEQ ID NO: 35
R6
AAV CLv- 626 | US8734809 SEQ ID NO: 36
R7
AAV CLv- 627 | US8734809 SEQ ID NO: 37
R8
AAV CLv- 628 | US8734809 SEQ ID NO: 38
R9
AAV CLg-F1 | 629 | USB734809 SEQ ID NO: 39
AAV CLg-F2 | 630 | US8734809 SEQ ID NO: 40
AAV CLg-F3 | 631 | US8734809 SEQID NO: 41
AAV CLg-F4 | 632 | US8734809 SEQ ID NO: 42
AAV CLg-F5 | 633 | USB734809 SEQ ID NO: 43
AAV CLg-F6 | 634 | USB734809 SEQ ID NO: 43
AAV CLg-F7 | 635 | US8734809 SEQ ID NO: 44
AAV CLg-F8 | 636 | US8734809 SEQ ID NO: 43
AAV CSp-1 | 637 | US8734809 SEQ ID NO: 45
AAV CSp-10 | 638 | US8734809 SEQ ID NO: 46
AAV CSp-11 | 639 | US8734809 SEQ ID NO: 47
AAV CSp-2 | 640 | US8734809 SEQ ID NO: 48
AAV CSp-3 | 641 | US8734809 SEQ ID NO: 49
AAV CSp-4 | 642 | US8734809 SEQ ID NO: 50
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AAV CSp6 | 643 | US8734809 SEQ ID NO: 51
AAV CSp-7 | 644 | USB734809 SEQ ID NO: 52
AAV CSp8 | 645 | USB734809 SEQ ID NO: 53
AAV CSp-9 | 646 | US8734809 SEQ ID NO: 54
AAV CHt-2 | 647 | USB734809 SEQ D NO: 55
AAV CHt-3 | 648 | US8734809 SEQ ID NO: 56
AAV CKd-1 | 649 | US8734809 SEQID NO: 57
AAV CKd-10 | 650 | USB734809 SEQ ID NO: 58
AAV CKd-2 | 651 | US8734809 SEQ ID NO: 59
AAV CKd-3 | 652 | USB734809 SEQ ID NO: 60
AAV CKd-4 | 653 | US8734809 SEQ D NO: 61
AAV CKd-6 | 654 | US8734809 SEQ ID NO: 62
AAV CKd-7 | 655 | USB734809 SEQ ID NO: 63
AAV CKd-8 | 656 | US8734809 SEQID NO: 64
AAV CLv-i | 657 | US8734809 SEQ D NO: 65
AAV CLv-12 | 658 | US8734809 SEQ ID NO: 66
AAV CLv-13 | 659 | US8734809 SEQ ID NO: 67
AAV CLv-2 | 660 | USB734809 SEQ ID NO: 68
AAV CLv-3 | 661 | US8734809 SEQ ID NO: 69
AAV CLv-4 | 662 | USB734809 SEQ D NO: 70
AAV CLv-6 | 663 | US8734809 SEQID NO: 71
AAV CLv-8 | 664 | USB734809 SEQ ID NO: 72
AAV CKd- | 665 | US3734809 SEQ ID NO: 73
Bi

AAV CKd- | 666 | USB734809 SEQ ID NO: 74
B2

AAV CKd- | 667 | USB734809 SEQ ID NO: 75
B3

AAV CKd- | 668 | USB734809 SEQ ID NO: 76
B4

AAV CKd- | 669 | US8734809 SEQ ID NO: 77
B5

AAV CKd- | 675 | USB734809 SEQ ID NO: 78
B6

AAV CKd- | 671 | USB734809 SEQ ID NO: 79
B7

AAV CKd- | 672 | USB734809 SEQ ID NO: 80
B8

AAV CKd- | 673 | USB734809 SEQ ID NO: 81
Hi

AAV CKd- | 674 | US8734809 SEQ ID NO: 82
H2

AAV CKd- | 675 | US8734809 SEQ ID NO: 83
H3

AAV CKd- | 676 | USB734809 SEQ ID NO: 84
H4

AAV CKd- | 677 | USB734809 SEQ ID NO: 85
H5

AAV CKd- | 678 | US8734809 SEQID NO: 77
H6

AAV CHt-1 | 679 | US8734809 SEQ D NO: 86
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AAV CLvI-1 | 680 | US8734809 SEQ iD NO: 171

AAV CLvl-2 681 | US8734809 SEQ ID NO: 172

AAV CLvI-3 | 682 | US8734809 SEQ ID NO: 173

AAV CLvl-4 | 683 | US8734809 SEQ ID NO: 174

AAV Civi-7 684 | US8734809 SEQ ID NO: i75

AAV Civ1-8 685 | US8734809 SEQ ID NO: 176

AAV Clvl-9 686 | USB8734809 SEQ ID NO: 177

AAV Civi- 687 | US8734809 SEQ ID NO: 178
10

AAV.VR-355 | 688 | US8734809 SEQID NO: 181

AAV 3H 48R | 689 | US8734809 SEQ ID NO: 183
3

AAV CBsE! | 690 | US8734809 SEQ ID NO: 87

AAV CBr-E2 | 69% | US8734809 SEQ ID NO: 88

AAV CBr-E3 | 692 | US8734809 SEQ ID NO: 89

AAV CBr-E4 | 693 | US8734809 SEQ ID NO: 90

AAV CBr-E5 | 694 | US8734809 SEQID NO: 91

AAV CBr-e5 | 695 | US8734809 SEQID NO: 92

AAV CBr-E6 | 696 | US8734809 SEQ ID NO: 93

AAV CBr-E7 | 697 | US8734809 SEQ ID NO: %4

AAV CBr-E8 | 698 | US8734809 SEQ ID NO: 95

AAV CLv- 699 | US8734809 SEQ ID NO: 96
i}AV CLv- 700 | US8734809 SEQ ID NO: 97
iiv CLv- 701 | US8734809 SEQ ID NO: 98
2iv CLv- 702 | US8734809 SEQ ID NO: 99
24Av CLv- 703 | US8734809 SEQ ID NO: 100
iiv CLv- 704 | US8734809 SEQ ID NO: 101
iiv CLv- 705 | US8734809 SEQ ID NO: 102
KZV CLv- 706 | US8734809 SEQ ID NO: 103
giv CLv-El ioi | USB734809 SEQ ID NO: 87
AAV CLv- 708 | US8734809 SEQ ID NO: 104
:EAV CLv- 709 | US8734809 SEQ ID NO: 105
iiv CLv- 710 | US8734809 SEQ ID NO: 106
iiv CLv- 73t | US8734809 SEQ ID NO: 107
ij\v CLv- 712 | US8734809 SEQ ID NO: 108
iiv CLv- 713 | US8734809 SEQ ID NO: 109
iiv CLv- 714 | 'US8734809 SEQ ID NO: 110
R7
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AAV CLv- 715 | 'US8734809 SEQ ID NO: 111
R8

AAV CLv- 716 | US8734809 SEQID NO: 112
R9

AAV CLg-Fl 717 | 'US8734809 SEQ ID NO: 113
AAV CLg-F2 | 718 | USB8734809 SEQ ID NO: 114
AAV CLg-F3 | 719 | USB8734809 SEQ ID NO: 115
AAV CLg-F4 | 720 | USB8734809 SEQ ID NO: 116
AAV CLg-F5 | 721 { US8734809 SEQ ID NO: 117
AAV CLg-F6 | 722 | US8734809 SEQ iD NO: 117
AAV CLg-F7 { 723 | US8734809 SEQ ID NO: 118
AAV CLg-F8 | 724 | USB8734809 SEQ ID NO: 117
AAV CSp-1 725 | US8734809 SEQ ID NO: 1i9
AAV CSp-10 | 726 | US8734809 SEQ ID NO: {20
AAV CSp-11 | 727 | US8734809 SEQ D NO: 121
AAV CSp-2 728 | US8734809 SEQ ID NO: 122
AAV CSp-3 729 | US8734809 SEQ ID NO: 123
AAV CSp-4 730 | US8734809 SEQ ID NO: 124
AAV CSp-6 731 | US8734809 SEQ ID NO: i25
AAV CSp-7 732 | US8734809 SEQ D NO: 126
AAV CSp-8 733 | US8734809 SEQ ID NO: 127
AAV CSp-9 734 | US8734809 SEQ ID NO: 128
AAV CHt-2 735 | US8734809 SEQ ID NO: 129
AAV CHt-3 736 | US8734809 SEQ ID NO: i30
AAV CKd-1 | 737 | US8734809 SEQ D NO: 131
AAV CKcl-10 | 738 | US8734809 SEQ ID NO: 132
AAV CKd-2 739 | US8734809 SEQ ID NO: 133
AAV CKd-3 740 | US8734809 SEQ ID NO: 134
AAV CKd-4 741 | USB734809 SEQ ID NO: i35
AAV CKd-6 742 | US8734809 SEQ D NO: 136
AAV CKd-7 743 | US8734809 SEQ ID NO: 137
AAV CKd-8 744 | US8734809 SEQ ID NO: 138
AAV CLv-1 745 | US8734809 SEQ ID NO: 139
AAV CLv-12 | 746 | US8734809 SEQ ID NO: 140
AAV CLv-13 | 747 | US8734809 SEQID NO: 141
AAV CLv-2 748 | US8734809 SEQ ID NO: 142
AAV CLv-3 749 | US8734809 SEQ ID NO: 143
AAV CLv-4 750 | US8734809 SEQ ID NO: 144
AAV CLv-6 751 | US8734809 SEQ ID NO: 145
AAV CLv-8 752 | US8734809 SEQ ID NO: 146
AAV CKd- 753 | US8734809 SEQ ID NO: 147
B

A;V CKd- 754 | 'US8734809 SEQ ID NO: 148
B2

AAV CKd- 755 | US8734809 SEQ ID NO: 149
B3

AAV CKd- 756 { US8734809 SEQ ID NO: 150
B4
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AAV CKd- 757 | US8734809 SEQ ID NO: 151
iiv CKcl- 758 | USB8734809 SEQ ID NO: 152
iiv CKd- 759 | US8734809 SEQ ID NO: 153
i;V CKd- 760 | US8734809 SEQ ID NO: 154
iiv CKd- 761 | US8734809 SEQ ID NO: 155
;Iui\V CKd- 762 | US8734809 SEQ ID NO: 156
iiv CKd- 763 | US8734809 SEQ ID NO: 157
:2V CKd- 764 | US8734809 SEQ ID NO: 158
;I\iv CKd- 765 | US8734809 SEQ ID NO: 159
;I\iv CKd- 766 | US8734809 SEQID NO: 151
xv CHt-1 767 | US8734809 SEQ ID NO: 160
AAV CHt-P2 | 768 | WOZ20 16065001 SEQ ID NO: 1
AAV CHt-P5 | 769 | WO20 16065001 SEQ ID NO; 2
AAV CHt-P9 | 770 { WO2016065001 SEQ IDNO: 3
AAV CBr- 771 | WO20 16065001 SEQ ID NO: 4
;\.iv CBr- 772 | WO20 16065001 SEQ ID NO: 5
7.2
AAV CBr- 773 | WO20 16065001 SEQ ID NO: 6
Ziv CBr- 774 | WO20 16065001 SEQ ID NO: 7
Ziv CBr- 775 | WO20 16065001 SEQ ID NO: 8
Liv CBr- 776 | WO20 16065001 SEQ ID NO: 9
AAV CBr- 777 | WO20 16065001 SEQ ID NO: 10
Ziv CBr- 778 | WO2016065001 SEQ ID NO: 11
;;\c\)/ CKd- 779 | WO20 16065001 SEQ ID NO: 12
Eiv CKd- 780 | W02016065001 SEQ ID NO: 13
,':iv CKd- 781 | WO20 16065001 SEQ ID NO: 14
Eiv CLv-L4 | 782 | WO2016065001 SEQ ID NO: 15
AAV CLv-LS | 783 | WO2016065001 SEQID NO: 16
AAV CLv-L6 | 784 | WO20 16065001 SEQ ID NO: 17
AAV CLv- 785 { WO2016065001 SEQ ID NO: 18
,I:,IAV CLv- 786 | WO20 16065001 SEQ b NO: 19
iiv CLv- 787 { WO2016065001 SEQ ID NO: 20
,I:,(ZI\V CLv- 788 | WO20 16065001 SEQ Ip NO: 2t
M
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AAV CLv- 789 | W0O2016065001 SEQ ID NO: 22
,I\A/I,i\ll CLv- 790 | WO20 16065001 SEQ ID NO: 23
,I\A/IAZ\V CLv- 791 { WO2016065001 SEQ ID NO: 24
,I\A/IAS\V CLv- 792 | WO20 16065001 SEQ ID NO: 25
,I\A/I:V CLv- 793 | WO2016065001 SEQ ID NO: 26
,I\A/I,ZV CLv- 794 | WO20 16065001 SEQ ID NO: 27
,I\A/I:V CLv- 795 | WO2016065001 SEQ ID NO: 28
,I\A/IE\V CHt-PI 796 | WO20 16065001 SEQ ID NO: 29
AAV CHt-P6 | 797 { WO20 16065001 SEQ ID NO: 30
AAV CH1-P8 | 798 | WO2016065001 SEQ ID NO: 31
AAV CHt- 799 | WO20 16065001 SEQ ID NO: 32
ZA]-V CHt- 800 | W02016065001 SEQ ID NO: 33
Z/i?/ CHt- 80F { WO20 16065001 SEQ ID NO: 34
iiN Chit- 802 | W0O2016065001 SEQ ID NO: .35
iiv CHt- 803 | WO20 16065001 SEQ ID NO: 36
i\.Z\V Chit- 804 | W0O2016065001 SEQ ID NO: .37
iiv CSp- 805 { WO20 16065001 SEQ ID NO: 38
iui?/ CSp- 806 | W02016065001 SEQ ID NO: .39
iiv CSp- 807 { WO20 16065001 SEQ ID NO: 40
iiv CSp- 808 | W0O2016065001 SEQ ID NO: 4%
iiv CSp- 809 | WO20 16065001 SEQ ID NO: 42
iiv CSp- 810 | W02016065001 SEQ ID NO: 43
i;v CSp- 811 | WO20 16065001 SEQ ID NO: 44
iiv CSp- 812 | W020 16065001 SEQ ID NO: 45
iiv CBr- 813 | WO20 16065001 SEQ ID NO: 46
i7A§/ CBr- 814 | W02016065001 SEQ ID NO: 47
,E:;?BB 815 | WO20 16065001 SEQ ID NO: 48
AAV4 816 | WO20 16065001 SEQ ID NO: 49
AAV5 817 | WO20 16065001 SEQ ID NO: 50
AAV CHt-P2 | 818 | WO20 16065001 SEQ ID NO: 51
AAV CHt-P5 | 819 | W02016065001 SEQ ID NO: 52
AAV CHt-P9 | 820 | WO20 16065001 SEQ ID NO: 53
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AAV CBr- 821 | W02016065001 SEQ ID NO: 54
Z/iv CBr- 822 | WO020 16065001 SEQ ID NO: 55
Ziv CBr- 823 | W02016065001 SEQ ID NO: 56
Zi\V CBr- 824 | W02016065001 SEQ ID NO: 57
Ziv CBr- 825 | W02016065001 SEQ ID NO: 58
Z/va CBr- 826 | WO02016065001 SEQ ID NO: 59
X,&V CBr- 827 | W0O2016065001 SEQ ID NO: 60
Ziv CBr- 828 | W02016065001 SEQ ID NO: 61
Z,i?/ CKd- 829 | W02016065001 SEQ ID NO: 62
/Nx/iv CKd- 830 | W02016065001 SEQ ID NO: 63
21V CKd- 831 { WO2016065001 SEQ ID NO: 64
/inv CLv-L4 | 832 | W02016065001 SEQ ID NO: 65
AAV CLv-L5 | 833 | W02016065001 SEQ ID NO: 66
AAV CLV-L6| 834 | WO02016065001 SEQ ID NO: 67
AAV CLv- 835 | WO20 16065001 SEQ ID NO: 68
EZV CLv- 836 | W02016065001 SEQ ID NO: 69
i/’iv CLv- 837 { WO20 16065001 SEQ ID NO: 70
iiv CLv- 838 | W02016065001 SEQ ID NO: 71
'\A/IA|\V CLv- 839 { WO020 16065001 SEQ ID NO: 72
'\A/Iﬁlx\l/ CLv- 840 | W0O2016065001 SEQ ID NO: 73
'\A/IAZ\V CLv- 841 | W02016065001 SEQ ID NO: 74
M5

AAV CLv- 842 | W0O2016065001 SEQ ID NO: 75
'\AA,?\V CLv- 843 | WO02016065001 SEQ ID NO: 76
'\A/IA?\V CLv- 844 | W02016065001 SEQ ID NO: 77
'\AA:V CLv- 845 | W02016065001 SEQ ID NO: 78
'\A/IA?V CHt-PI 846 | W0O2016065001 SEQ ID NO: 79
AAV CH1-P6 | 847 | WO20 16065001 SEQ ID NO: 80
AAV CHt-P8 | 848 | W0O20 16065001 SEQ ID NO: 8t
AAV CHt- 849 | W02016065001 SEQ ID NO: 82
Z.iv CHt- 850 { WO020 16065001 SEQ ID NO: 83
Z;\?/ Cit- 851 { W02016065001 SEQ ID NO: 84
6.5
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AAV Crit- 852 { W02016065001 SEQ ID NO: 85
6.6

AAV CHt- 853 { W02016065001 SEQ m NO: 86
6.7

AAV Crit- 854 { W02016065001 SEQ ID NO: 87
6.8

AAV CSp- 855 | W02016065001 SEQ ID NO: 88
8.10

AAV CSp- 856 { W02016065001 SEQ ID NO: 89
8.2

AAV CSp- 857 | W0O2016065001 SEQ ID NO: 90
8.4

AAV CSp- 858 { W02016065001 SEQ ID NO: 91
85

AAV CSp- 859 | W02016065001 SEQ ID NO: 92
8.6

AAV CSp- 860 { W02016065001 SEQ ID NO: 93
8.7

AAV CSp- 861 | W0O2016065001 SEQ ID NO: 94
8.8

AAV CSp- 862 { W02016065001 SEQ ID NO: 95
8.9

AAV CBr- 863 { WO20 16065001 SEQ ID NO: 96
B7.3

AAV CBr- 864 { W02016065001 SEQ ID NO: 97
B7.4

AAV3B 865 | W020 16065001 SEQ ID NO: 98
AAV4 866 { WO20 16065001 SEQ ID NO: 99
AAV5 867 { W02016065001 SEQ ID NO: 100
AAVPHP.B 868 | W02015038958 SEQ Ip NO: 8and 13; GeiiBaiikALU85156.1
or G2B-26

AAVPHP.B 869 { W02015038958 SEQ ID NO: 9
AAVG2B-13 870 { W02015038958 SEQ ID NO: 12
AAVTHI. |- 871 { W02015038958 SEQ ID NO: 14
32

AAVTHL. 1- 872 { W02015038958 SEQ ID NO: 15
35

{0089}  Each of the patents, applications and/or publications listed in Table 1 ae herein-
incorporated by reference ix their entirely .

[0090]  in one embodiment, the AAV serotype may be, or may have a sequence as described
in International Patent Publication W{3201 5038958, the contents of which are herein
incorporated by reference in their entirety, such as, but not limited to, AAV9 (SEQ ID NO: 2 and
i1 of WO2015038958 or SEQ ID NO: 127 and }26 respectively herein), Pe{P.B (SEQ ID NO: 8
and 9 of W{32015038958, herein SEQ ID NO; 868 and 869), G2B-13 (SEQ ID NO: 12 of
W02015038958, herein SEQ ID NO: 870), G2B-26 (SEQ ID NO: 13 of W02015038958, herem
SEQ ID NO; 868 and 869), Tt 1.1-32 (SEQ ID NO: 14 of W02015038958, herein SEQ ID NO:
871), TH ! 1-33 (SEQ ID NO: 15 of W02015038958, herem SEQ ID NO: 872) or variants
thereof. Further, any of the targeting peptides or amino acid inserts described in

W02015038958, may beinserted into any parent AAV serotype, such as, but not limited to.
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AAV9 (SEQ ID NO: 126 for the DNA sequence and SEQ i NO: 127 for the amino acid
seguence). In one embodiment, the amino acid insert isinserted between amino acids 586-592
of the parent AAV (e.g., A.AV9). In another embodiment, the amino acid insert isinserted
between amino acids 588-589 of the parent AAV sequence. The amino acid insert may be, but is
not limited to, any of the following ammo acid sequences, TLAY PFE. (SEQ ID NO: 1 of
W02015038958; herein SEQ iD NO; 873), KFPY ALT (SEQ ID NO: 3 of W0O2015038958;
herein SEQ ID NO: 874), LAVPFK (SEQ ID NO: 31 of WG2015038958; herein SEQ ID NO:
875), AVPFK (SEQ D NO: 32 of W02015038958; herein SEQ ¢D NO: 876). V PFK. (SEQ IL
NO: 33 of WO2015038958; herein SEQ ID NO: 877), TLAVPF (SEQ ID NO: 34 of
W02015038958; herein SEQ 10 NO: 878), TLAVP (SEQ T0 NO: 35 of W320% 5038958; herein
SEQ ID NO: 879), TLAV (SEQ ID NO: 36 of W0O2015038958; herein SEQ ID NO: 880),
SVSKPFL (SEQ ID NO: 28 of W0O2015038958; herein SEQ ID NO: 88}), FTLTTPK (SEQ ID
NO: 29 of W02015038958; herein SEQ ID NO: 8821 MNATKNV (SEQ ID NO: 30 of
W02015038958; herein SEQ iD NO: 883), QSSQTPR (SEQ ID NO: 54 of WO201 5038958;
herein SEQ 1D NO: 884), ILGTGTS (SEQ 1D NO: 55 of WO2015038958; herein SEQ ID NO:
885), TRTNPEA (SEQ ID NO: 56 of WO2015038958; herein SEQ ID NO: 886), NGGTSSS
(SEQ ID NO: 58 of W¢32015038958; herein SEQ ID NO; 887), or YTLSQGW (SEQ ID NO: 60
of WO2015038958; herein SEQ ID NO: 888). Non-limiting examples of nucleotide sequences
that may encode the amino acid inserts include the following, AAGTTTCX'TGTGGCGTTGACT
(for SEQ ID NO: 3 of W0O2015038958; herein SEQ ID NO: 889),
ACTTTGGCGGTGCCTTTTAAG (SEQ ID NO: 24 and 49 of W¢3201 5038958; herein SEQ ID
NO: 890), AGTGTGAGTAAGCC TTTHTT{: (SEQ ID NO: 25 of W{32015038958, herein SEQ
ID NO: 891), TTTACGTTGACGACGCCTAAG (SEQ ID NO: 26 of W{32015038958; herein
SEQ ID NO: 892), ATGAATGCTACGAAGA ATGTG (SEQ ID NO: 27 of ¥ 02015038958;
herein SEQ ID NO: 893), CAGTC GT{ GCAGACGC{TAGG (SEQ ID NO: 48 of
W02015038958; herein SEQ ID NO: 894), ATTCTGGGGACTGGTACTTCG (SEQ ID NO: 50
and 52 of WO2015038958; herein SEQ ID NO: 895), ACGCGGACTAATCCTGAGGCT (SEQ
ID NO: 51 of W{3201 5038958; herein SEQ ID NO: 896), AATGGGGGGACTAGTAGTTCT
(SEQ ID NO: 53 of W02015038958; herein SEQ ID NO: 897), or
TATACTTTGTCGCAGGGTTGG (SEQ ID NO: 59 of WO2015038958; herein SEQ ID NO:
898).

Viral Genome Component: Inverted Terminal Repeats (ITRs)

[0091] The AAYV particles of the present invention comprise aviral genome with at least one

ITR region and a pay}oad region. in one embodiment, the vira genome has two ITRs. 'These
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two ITRs flank the payload region at the 5" and 3' ends. The ITRsfunction gz origins of
replication comprising recognition sites for replication. ITRs comprise sequence regions which
can be complementary and symmetrically arranged. ITRs incorporated into viral genomes of the
invention may be comprised of naturally occurring polynucleotide sequences or recombinant!}.
derived polynucleotide sequences.

[0092] The FI'Rs may be derived from the same serotype as the capsid, selected from any of
the serotypes listed in Table 1, or a derivative thereof. The ITR may be of a different serotype
than the capsid. In one embodiment, the AAV particle has more than one ITR. In anon-fzmiting
example, the AAV particle bas aviral genome comprising two ITRs. In one embodiment, the
TTRs are of the same serotype as one another. {n another embodiment, the ITRs are of different
serotypes. Non-limiting examples inciude zero, one or both of the ITRs having the same
serotype asthe capsid. In one embodiment both ITRs of the viral genome of the AAV particle
are AAV2 I'fRs.

[0093] Independently, each ITR may be about 100 to about i450 nucleotides in length. An
iTR may be about 1{30-1¢:5 nucleotides in length, 106-110 nucleotides ir: length, 111-115
nucleotides in length, 1f 6-120 nucleotides in length, 121-125 nucleotides in length, 126-130
nucleotides in length, 131-135 nucleotides in length, 136-140 nucleotides in length, 141-145
nucleotides :n length or 146-150 nucleotides in length. In one embodiment, the ITRs are 140-
142 nucleotides in length. Non-limiting examples of ITR length are 102, 140, 141, 142, 145
nucleotides in length, and those having at least 95% identity thereto.

Viral Genome Component: Promoters

[0094] In one embodiment, the payload region of the viral genome comprises at least one
element to enhance the transgene target specificity and expression (See e.g., Powell et al. Vira
Expression Cassette Elements to Enhance Transgene Target Specificity and Expression in Gene
Therapy, 2015; the contents of which are herein incorporated by reference in its entirety). Non-
limiting examples of elements to enhance the transgene target specificity and expression include
promoters, endogenous miRN As, post-transcriptional regulator): elements (PRES),
polyadenylation (PolyA) signal sequences and upstream enhancers (USEs), CMV enhancers and
inirons.

[0095] A person skilled in the art may recognize that expression of the polypeptides of the
invention in atarget cell may require a specific promoter, including but not limited to, a
promoter that is species specific, inducible, tissue-specific, or cell cycle-specific (Parr et al, Nat.
Med. 3:1 145-9 (1997); the contents of which are herein incorporated by reference in their
entirety).
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[0096] In one embodiment, the promoter is deemed to be efficient when it drives expression
of the poly peptide(s) encoded in the payload region of the viral genome of the AAV particle.
[0097]  in one embodiment, the promoter s a promoter deemed to be eff icient when it drives
expression in the ceil being targeted.

[0098] In one embodiment, the promoter drives expression of the polypeptides of the
invention (e.g., afunctional antibody) for aperiod of time in targeted tissues. Expression driven
by apromoter may be for aperiod of | hour, 2, hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours,
8 hours, 9 hours, 10 hours, 11 hours, 12 hours, 13 hours, 14 hours, i3 hours, 16 hours, 17 hours,
18 hours, 9 hours, 20 hours, 21 hours, 22 hours, 23 hours, 1day, 2 days, 3 days, 4 days, 5 days,
6 days, . week, 8 days, 9 days, 1 days, t. days, t2 days, 13 days, 2 weeks, 15 days, i1 days, 17
days, 18 days, 19 days, 20 days, 3weeks, 22 days, 23 days, 24 days, 25 days, 26 days, 27 days,
28 days, 29 days, 30 days, 31 days, 1 month, 2 months, 3 months, 4 months, 5 months, 6 months,
7 months, 8 months, 9 months, 10 months, {1 months, 1year, 13 months, {4 months, 15 months,
16 months, 17 months, {8 months, 19 months, 20 months, 21 months, 22. months, 23 months, 2
years, 3years, 4 years, Syears, 6years, 7years, 8years, 9years, 10 years or more than 10 years.
Expression may befor 1-5 hours, 1-12 hours, 1-2 days, 1-5 days, 1-2 weeks, 1-3 weeks, 1-4
weeks, 1-2 months, 1-4 months, 1-6 months, 2-6 months, 3-6 months, 3-9 months, 4-8 months,
6-12 months, 1-2 years, 1-5 years, 2-5 years, 3-6 years, 3-8 years, 4-8 years or 5-10 years.

[0099] In one embodiment, the promoter drives expression of the polypeptides of the
invention (e.g., afunctional antibody) for at least 1 month, 2 months, 3 months, 4 months, 5
months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 1year, 2 years, 3years
4years, Syears, 6years, 7years 8years, 9years, 10years, 11years 12 years, 13 years, 14
years, 15years, 16 years, 17 years, 18years, 19 years, 20years, 21 years, 22 years, 23 years, 24
years, 25years, 26 years, 27 years, 28years, 29 years. 30years, 31 years, 32years, 33 years, 34
years, 35years, 36 years, 37 years, 38 years, 39years, 40years, 41years, 42 years, 43years, 44
years, 45years, 46 years, 47 years, 48years, 49 years, 50 years, 55 years, 60 years, 65 years, or
more than 65 years.

[00100] Promoters may benaturally occurring or non-naturally occurring. Non-limiting
examples of promoters include viral promoters, plant promoters and mammalian promoters. In
some embodiments, the promoters may be human promoters. In some embodiments, the
promoter may be truncated.

[00101] Promoters which drive or promote expression in most tissues include, but are not
limited to, human elongation factor la-subunit (EFla), cytomegalovirus (CMV) immediate-early

enhancer and/or promoter, chicken p-actin (CBA) and its derivative CAG, {3 glucuronidase
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(GUSB), or uhiquitm C (UBC). Tissue-specific expression elements can be used to restrict
expression to certain cell types such as, but not limited to, muscle specific promoters, B celi
promoters, monocyte promoters, leukocyte promoters, macrophage promoters, pancreatic acinar
cell promoters, endothelial cell promoters, lung tissue promoters, astrocyte promoters, or hervous
system promoters which can be used to restrict expression to neurons, astrocytes, or
oligodendrocytes

[00102] Non-limiting examples of muscle-specific promoters include mammalian muscle
creatine kinase (MCK) promoter, mammalian desmin (DES) promoter, mammalian troponin |
(TNNI2) promoter, and mammalian skeletal alpha-actin (ASKA) promoter (see. e.g. U.S. Patent
Publication US 201 1 022529, the contents of which are herein incorporated by reference in their
entirety)

[00103] Non-limiting examples of tissue-specific expression elements for neurons include
neuron -specific enolase (NSE), platelet-derived growth factor (PDGF), platelet-derived growth
factor B-chain (PDGF-), synapsin (Syn), methyl-CpG binding protein 2. (MeCP2),

€ a Vcamodulin-dependent protein kinase 11 (CaMKII), metabotropic giutamate receptor 2
(mGIuR2), neurofilament light (NFL) or heavy (iFii). B-globin minigene np2, preproenkephalin
(PPE), enkephalin (Enk) and excitatory amino acid transporter 2 (EAAT2) promoters. Non-
limiting examples of tissue-specific expression elements for astrocytes include glial fibrillary
acidic protein (GFAP) and EAAT2 promoters. A non-iimiting example of a tissue-specific
expression element for oligodendrocytes includes the myelin basic protein (MBP) promoter.
[00104] In one embodiment, the promoter may belessthan 1kb. The promoter may have a
length of 200, 210. 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340, 350, 360,
370. 380, 390, 400, 410. 420, 430, 440, 450. 460, 470, 480, 490. 500, 510, 520, 530, 540. 550,
560. 570, 580, 590, 600. 610, 620, 630, 640, 650, 660, 670, 680, 690, 700, 710, 720, 730. 740,
750, 760, 770, 780, 790, 800 or more than 800 nucleotides. The promoter may have alength
between 200-300, 200-400, 200-500, 200-600, 200-700, 200-800, 300-400, 300-500, 300-600,
300-700, 300-800, 400-500, 400-600, 400-700, 400-800. 500-600, .500-700. 500-800, 600-700.
600-800 or 700-800.

[00105] In one embodiment, the promoter may be a combination of two or more components
of the same or different starting or parental promoters such as, but not limited to, CMV and
CBA. Each component may have alength of 200, 210, 220, 230, 240, 250. 260, 270, 280, 290.
300, 310, 320, 330, 340, 350, 360, 370, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390,
400, 410, 420, 430, 440, 450. 460, 470, 480, 490, 500, 510, 520, 530, 540, 550, 560, 570, 580,
590, 600, 610. 620, 630, 640, 650. 660, 670, 680, 690, 700, 710, 720, 730, 740, 750, 760, 770,
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780, 790, 800 or more than 800. Each component may have a length between 200-300, 200-400,
200-500, 200-600, 200-700, 200-800, 300-400, 300-500, 300-600, 300-700, 300-800, 400-500,
400-600, 400-700, 400-800, 500-600, 500-700, 500-800, 600-700, 600-800 or 700-800. ¥n one
embodiment, the promoter isacombination of a 382 nucleotide CM¥ -enhancer sequence and a
260 nucleotide CBA-promoter sequence.

[00106] in one embodiment, the viral genome comprises a ubiquitous promoter. Non-limiting
examples of ubiquitous promoters include CMV, CBA (including derivatives CAG, CBh, etc.),
EF-ia, PGK, 1JBC, GUSB ihGBp), and 1JCOE (promoter of HNRPA2B1-CBX3).

Yu e al. (Molecular Pain 2011 7:63, the contents of which are herein incorporated by reference
in their entirely) evaluated the expression of eGFP under the CAG, EFia, PGK and UBC
promoters in rat DRG cells and primary DRG cells using ientiviral vectors and found that TIBC
showed weaker expression than the other 3 promoters and only 10-12% glial expression was
seen for all promoters. Soderblom et al. (E. Neuro 201 5; the contents of which are herein
incorporated by reference in its entirety) evaluated the expression of eGFP in AAV & with CMV
and {iBC promoters and AAV2 with the CMV promoter after injection in the motor cortex.
Intranasal adswin!strati on of aplasrnid containing a UBC or EFla promoter showed a sustained
airway expression greater than the expression with the CMV promoter (See e.g., Gill et a, Gene
Therapy 2.001, Vol. 8, 1539-1546; the contents of which are herein incorporated by reference in
their entirety). Husain et al. (Gene Therapy 2009; the contents of which are herein incorporated
by reference in its entirety) evaluated an HBH construct with abGIJSB promoter, aHSV-ILAT
promoter and an NSE promoter and found that the H Bt construct showed weaker expression
than NSE in mouse brain. Passini and Wolfe (J. Virol. 2001, 12382-12392, the contents of
which are herein incorporated by reference in its entirety) evaluated the long term effects of the
H BH vector following an intraventricular injection in neonatal mice and found that there was
sustained expression for at least 1year. Low expression in al brain regions was found by Xu et
a. (Gene Therapy 2001, 8, 1323-1332; the contents of which are herein incorporated by
reference in their entirety) when NFL and NFH promoters were used as compared to the CMV-
iacZ, CMV-luc, EF, GFAP, hENK, iiIAChR, PPE, PPE + wpre, NSE (0.3 kb), NSE (1.8 kb) and
NSE (1.8 kb + wpre). Xu et d. found that the promoter activity in descending order was NSE
(1.8 kb), EF, NSE (0.3 kb), GFAP, CMV, hENK, PPE, NFL and NFH. NFL is a 650 nucleotide
promoter and NFH is a 920 nucleotide promoter which are both absent in the liver but NFH is
abundant in the sensory- proprioceptive neurons, brain and spina cord and NFH ispresent in the
heart. Scn8a is a 470 nucleotide promoter which expresses throughout the DRG, spinal cord and

brain with particularly high expression seen in the hippocampa neurons and cerebellar Purkinje
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cells, cortex, thalamus and hypothalamus (See e.g., Drews et a. Identification d evolutionary
conserved, functional noncoding elementsin (hepromoter region d the sodium channel gene
SCNSA, Mamm Genome (2007) 18:723-731 ; and Raymond et al. Expression d Alternatively
Foliced Sodium Channel a-subunit genes, Journa of Biological Chemistry (2004) 279(44}
46234-46241; the contents of each of which are herein incorporated by reference in their
entireties).

[00107] Any of promoters taught by the aforementioned Yu, Soderblom, Gill, Husam, Passmi,
Xu, Drews or Raymond may be used in the present inventions.

[00108] In one embodiment, the promoter is not cel specific.

[00109] in one embodiment, the promoter is aubiquitin c (UBC) promoter. ‘The {.;BC promoter
may have a size of 300-350 nucleotides. Asanon-limiting example, the UBC promoter is 332
nucleotides.

[00110] in one embodiment. the promoter is a B-glucuromdase (GUSB) promoter. ‘The GiiSB
promoter may have a sze of 350-400 nucleotides. Asanon-limiting example, the GUSB
promoter is 378 nucleotides.

[00111] In one embodiment, the promoter is aneurofilament light (NFL) promoter. The NFL
promoter may have a size of 600-700 nucleotides. As anon-limiting example, the NFL promoter
1S 650 nucleotides.

[00112] In one embodiment, the promoter is aneurofilament heavy (NFF1) promoter. The NF
promoter may have a size of 900-950 nucleotides. Asanon-limiting example, the NFH promoter
is 920 nucleotides.

[00113] In one embodiment, the promoter is as:n8apromoter. The scnSa promoter may have a
size of 450-500 nucleotides. As anon-limiting example, the scnSa promoter is 470 nucleotides.
[00114] In one embodiment, the promoter is aphosphoglycerate kinase 1(PGK) promoter.
[00115] In one embodiment, the promoter :s a chicken B-actin (CBA) promoter.

[00116] In one embodiment, the promoter is a cytomegalovirus (CM V) promoter.

[00117] In one ebodiment, the promoter isativer or askeletal muscle promoier. Non-
hnntiiig examples of liver promoters include human a-1i-antitrypsin (hAAT) and thyroxine
binding globulin (TBG). Non-!imiting examples of skeletal muscle promoters include Desmin,
MCK or synthetic C5-12.

[00118] In one embodiment, the promoter is a RMA pol il promoter. Asanon-limiting
example, the RNA pol iff promoter is U6. Asanon-limiting example, the RNA pol 111 promoter

iSHI.
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[00119] In one embodiment, the viral genome composes two promoters. Asa rron-limiting
example, the promoters are an EFi«, promoter and a CMV promoter.

[#9120] in one embodiment, the viral genome comprises an enhancer element, a promoter
and/or a5'UTR intron. The enhancer element, also referred to herein as an “enhancer,’” may be,
but isnot limited to, a CMV enhancer, the promoter may be, but isnot limited to, aCMV, CBA,
UBC, GUSB, NSE, Synapsin, M.eCP2, and GFAP promoter and the 5'UTR/intron may be, but is
not limited to, S¥40, and CBA-MVM. Asanon-limiting example, the enhancer, promoter
and/or intron used in combination may be: (1) CMV enhancer, CMV promoter, SV40 5UTR
intron, (2) CMV enhancer, CBA promoter, SV 40 5UTR intron, (3) MV enhancer, CBA
promoter, CBA-MVM 5'UTR intron; {43 UBC promoter; (5) G{JSB promoter; (6) NSE
promoter; (7) Synapsin promoter; (8) MeCP2 promoter and (93 GFAP promoter.

[00121] In one embodiment, the viral genome comprises an engineered promoter.

[00122] In another embodiment, the viral genome comprises a promoter from anaturally
expressed protein.

Viral Genome Component: Untranslated Regions (IJTRs)

[00011] By definition, wild type untransated regions (UTRS) of agene are transcribed but not
trandated. Generdly, the 5' UTR starts at the transcription start site and ends at the start codon
and the 3' UTR starts immediately following the stop codon and continues until the termination
signal for transcription.

[00012] Features typically found in abundantly expressed genes of specific target organs may
be engineered into UTRs to enhance the stability and protein production. As anon-limiting
example, a5' UTR from mRNA normally expressed in the liver (e.g., albumin, serum amyloid
A, Apoiipoprotein A-'B/E, transferrin, alpha fetoprotein, erythropoietin, or Factor VIII) may be
used in theviral genomes of the AAV particles of the invention to enhance expressi on in hepatic
cell lines or liver.

[00013] While not wishing to be bound by theory, wild-type 5' untranslated regions (UTRS)
include features which play roles in trandation initiation. Kozak sequences, which are
commonly known to be involved in the process by which the ribosome initiates translation of
many genes, are usually included in 5' UTRs. Kozak sequences have the consensus
CCR(A"G)CCAUGG, where Risapurine (adenine or guanine) three bases upstream of the start
codon (ATG), which isfollowed by another 'G.

[00014] in one embodiment, the 5'UTR in the viral genome includes aKozak sequence.
[00015] In one embodiment, the 5UTR in the vira genome does not include a Kozak

seguence.
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[00016]  While not wishing to be bound by theory, wild-type 3' UTRs are known to have
stretches of Adenosines and Uridines embedded therein. These AU rich signatures are
particularly prevalent in genes with high rates of turnover. Based on their sequence features and
functional properties, the AU rich elements (ARES) can be separated into three classes (Chen et
al, 1995, the contents of which are herein incorporated by reference in its entirety): Class |
AREs, such as, but not limited to, c-Myc and MyoD, contain several dispersed copies of an
AUUUA motif within U-nch regions. Class 11 AREs, such as, but not limited to, GM-CSF and
TNF-a, possess two or more overlapping UUAUUUA(U/A)(U/A) nonamers. Class Il ARES,
such as, but not limited to, c-Jun and Myogenin, are less well defined. These U rich regions do
not contain an AUUUA motif. Most proteins binding to the ARESs are known to destabilize the
messenger, whereas members of the ELAV family, most notably HuR, have been documented to
increase the stability of mMRNA. HuR binds to AREs of all the three classes. Engineering the
HuR specific binding sites into the 3' UTR of nucl.eic acid molecules will lead to HUR binding
and thus, stabilization of the message in vivo.

[00017] Introduction, removal or modification of 3' UTR AU rich elements (ARES) can be
used to modulate the stability of polynucleotides. When engineering specific polynucleotides,
e.g., payload regions of vira genomes, one or more copies of an ARE can be introduced to make
polynucleotides less stable and thereby curtail trandation and decrease production of the
resultant protein. Likewise, ARES can be identified and removed or mutated to increase the
intracellular stability and thus increase trandation and production of the resultant protein.
[00018]  In one embodiment, the 3' UTR of the viral genome may include an oligo(dT)
sequence for templated addition of a poiy-A tail.

[00019] In one embodiment, the viral genome may include at least one miRNA seed, binding
site or full sequence. microRNAs (or miRNA or miR) are 19-25 nucleotide noncoding RNAs
that bind to the sites of nucleic acid targets and down-regulate gene expression either by
reducing nucleic acid molecule stability or by inhibiting translation. A microRNA sequence
comprises a"seed" region, i.e., a sequence in the region of positions 2-8 of the mature
microRNA, which sequence has perfect Watson-Crick complementarity to the miRNA target
sequence of the nucleic acid.

[00020] In one embodiment, the viral genome may be engineered to include, alter or remove
at least one miRN A binding site, sequence or seed region.

[00021] Any UTR from any gene known in the art may beincorporated into the viral genome
of the AAV particle. These UTRs, or portions thereof, may be placed in the same orientation as

in the gene from which they were selected or they may be altered in orientation or location. In
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one embodiment, the UTR used in the viral genome of the AAV particle may be inverted,
shortened, lengthened, made with one or more other 5' UTRs or 3' UTRs known in the art. As
used herein, the term ™altered" asit relates to a UTR, means that the UTR has been changed in
some way in relation to areference sequence. For example, a3' or 5' UTR may be altered
relative to awild type or native UTR by the change in orientation or location astaught above or
may be atered by the inclusion of additional nucleotides, del etion of nucleotides, swapping or
transposition of nucleotides.

[00022] In one embodiment, the viral genome of the AAV particle comprises at least one
artificial UTRs which isnot avariant of awild type UTR.

[e0023] In one embodiment, the viral genome of the AAV particle comprises UTRs which
have been selected from afamily of transcripts whose proteins share a common function,
structure, feature or property.

Viral Genome Component: Polyadenyiation Sequence

[00123] In one embodiment, the viral genome of the AAV particles of the present invention
comprise at least one poly adenyiation sequence. Hie virg genome of the AAV particle may
comprise a polyadenyiation sequence between the 3" end of the payload coding sequence and the
5'end of the3"i{TR

[00124] In one embodiment, the polyadenyiation sequence or “poly A sequence' ~ may range
from absent to about 500 nucleotides in length. The polyadenyiation sequence may be, but is not
limited to, 1. 2. 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, {7, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78,
79. 80, 81, 82, 83, 84. 85. 86, 87, 88, 89, 90. 91, 92, 93, 94, 95. 96. 97, 98, 99, 100, 101. {02,
103. 104, 105, 106, 107. 108, 109, 1t0, 1 1l,§12, 113, 114, 115, 116, 117, 118, t 19, 120. 121,
122, 123, 124, 125, 126, 127, 128, 129, 130, i31, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142. 143, 144, 145, 146. 147, 148, 149, 150, 151, 152, 153, 154, 155 156, 157, 158, 159.
160, 161, 162. 163, 164, 165, 166. 167, 168, 169, 170. 171, 172, 173, 174. 175, 176, 177, 178,
179, 180, 181, 182, 183, 184, 185, i 86, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197,
198, 199, 200, 201. 202, 203, 204, 205, 206, 207, 208, 209, 210, 21}, 212, 21 3, 214 215, 216,
217, 218,219, 220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 234. 235,
236. 237, 238, 239, 240. 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 25 1, 252, 253. 254,
255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273,
274, 275. 276, 277, 278, 279. 280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292.
293, 294, 295. 296, 297, 298, 299. 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310, 3i1,
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312 313, 314, 315. 316, 317, 318, 319, 320, 321, 322, 323, 324, 325, 326, 327, 328. 329, 330,
331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349,
350. 351, 352, 353, 354. 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367. 368,
369, 370, 371, 372, 373. 374, 375, 376, 377, 378. 379, 380, 381, 382, 383, 384, 385, 386, 387,
388, 389. 390. 391, 392. 393. 394, 395, 396, 397. 398, 399, 400, 401, 402. 403, 404, 405, 406.
407, 408, 409. 410. 411, 412, 413. 414. 415. 416, 417, 418, 419, 420, 421, 422. 423, 424, 425,
426, 427, 428, 429. 430, 431, 432, 433, 434. 435, 436, 437, 438, 439, 440, 441, 442, 443, 444,
445, 446, 447, 448. 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461. 462, 463,
464. 465, 466, 467, 468. 469, 470, 471, 472. 473, 474, 475, 476. 477, 478, 479, 480, 481. 482,
483, 484, 485, 486, 487. 488, 489, 490, 491. 492. 493, 494, 495, 496, 497, 498, 499, and 500

nucleotides in length.

[00I125]  in one embodiment the poiyadenylation sequence is 50-1:0 nucleotides in length.
[00126] in one embodiment, the poiyadenylation sequence is50-130 nucleotides in length.
[00127] in one embodimeni, the poiyadenylation sequence is 50-160 nucleotides in length.
[00128] In one embodiment, the poiyadenylation sequence is 50-200 nucleotides in length.
[00129] In one embodiment, the poiy adenylation sequence is 60-100 nucleotides in length.
[00130] in one embodiment, the poiyadenylation sequence is60-150 nucleotides in length.
[00131] In one embodiment, the poiyadenylation seguence is 60-160 nucleotides :n length.
[00132] In one embodiment, the poiyadenylation sequence is 60-200 nucleotides in length.
[00133] in one embodiment the poiyadenylation sequence is 70-100 nucleotides in length.
[00134] hi one embodiment, the poiyadenylation sequence is 70-1350 nucleotides in length.
[00135] In one embodiment, the poiyadenylation sequence is 70-160 nucleoiides in length.
[00136] In one embodiment, the poiyadenylation sequence is 70-200 nucleoiides in length.
[00137] in one embodiment, the poiyadenylation  sequence is 80-1{0 nucleotides in length.
[00138] In one embodiment, the poiyadenylation sequence is 80-150 nucleotides m length.
[00139] In one embodiment, the poiyadenylation sequence is 80-160 nucleotides in length.
[00140] In one embodiment the poiyadenylation sequence is 80-200 nucleotides in length.
[00141] hi one embodiment, the poiyadenylation sequence is 90-100 nucleotides in length.
[00142] In one embodiment, the poiyadenylation sequence is 90-150 nucleoiides in length.
[00143] In one embodiment, the poiyadenylation = sequence is 90-1 ¢0 nucleoiides in length.
[00144] In one embodiment, the poiyadenylation seguence is 90-200 nucleoiides in length.

Viral Genome Component: Linkers

[00145]

Viral genomes of the invention may be engineered with one or more spacer or linker

regions to separate coding or non-coding regions.
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[00146] In one embodiment, the payload region of the AAV particle may optionally encode
one or more linker sequences. In some cases, the linker may be a peptide linker that may be used
to connect the polypeptides encoded by the payload region (i.e.. light and heavy antibody chains
during expression). Some peptide linkers may be cleaved after expression to separate heavy and
light chain domains, allowing assembly of mature antibodies or antibody fragments. Linker
cleavage may be enzymatic. in some cases, linkers comprise an enzymatic cleavage site to
facilitate intracellular or extracellular cleavage. Some payload regions encode linkers that
interrupt polypeptide synthesis during translation of the linker sequence from an mENA
transcript. Such linkers may facilitate the tranglation of separate protein domains (e.g., heavy and
light chain antibody domains) from asingle transcript. in some cases, two or more linkers are
encoded by apayload region of the viral genome. Non-limiting examples of linkers that may be
encoded by the payload region of an AAV particle vira genome are givenin Table 2.

Table 2. Linkers

Linker Description SEQ ID
No. NO
LI Internal ribosome entry site (IRES) 899
L2 Foot and month disease virus 2A (F2A) 900
L3 Porcine teschovinis-1 virus 2A (P2A) 901
L4 Furin cleavage site (F) 902
L5 5xG4S (SEQ ID NO: 9221) 903
L6 1,4-alpha-glucan-branching enzyme CHP
L7 1,4-alpha-glucan-branching enzyme 904
L8 1,4-beta-N -acetylmuramidase FKK
L9 1,4-beta-N -acetylmuramidase 905
L10 1,4-beta-N-acetylmuramidase 906
Lit 1,4-beta-N-acetylmurainidase 907
L12 1,4-beta-N-acetylmuramidase 908
L13 1,4-beta-N-acetylmuramidase 909
Lid 1,4-beta-N-acetylmuramidase 910
L15 1,4-beta-N-acetylmuramidase 91l
L16 1,4-beta-N-acetylmuramidase 9i2
L17 1,4-beta-N-acetylmuramidase 913
L18 1,4-beta-N-acetylmuramidase 914
L19 150aa long hypothetical transcriptional regulator 915
L20 150aa long hypothetical transcriptional regulator 916
L21 1-deoxy -D-xylulose 5-phosphate reductoisomerase 917
L22 1-deoxy -D-xylulose 5-phosphate reductoisomerase 918
L23 1-deoxy -D-xylulose 5-phosphate reductoisomerase 919
L24 1-deoxy -D-xylulose 5-phosphate reductoisomerase 920
L25 235aa long hypothetical biotin-[acetyl-CoA-carboxylase] ligase 921
L26 235aa long hypothetical biotin-[acetyl-CoA-carboxylase] ligase 922
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L27 235aa long hypothetical biotin- {acety 1-CoA -carboxylasej ligase 923
L28 2-dehydropantoate 2-reductase ] 924
L29 2-dehydropaiitoate 2 -reductase ] 925
L30 2-dehydropantoate 2-reductase 926
L3! 2-dehydropantoate 2-reductase 1 927
L32 2-dehydropantoate 2-reductase 928
L33 2-dehydropantoate 2-reductase j 929
L34 2-dehydropantoate 2-reductase, putative ] 930
L33 2-dehydropantoate 2-reductase, putative 931
L36 4-alpha-glucanotrans ferase j 932
L37 4-alpha-glucano transferase ] 933
L38 4-alpha-glucanotr ansfer ase ] 934
L3% 4-diphosphocytidyl-2C-methyl-D-erythritol ~ kinase HAA
L40 4-diphosphocytidyl -2C -inethyl-D-er3'tht tol kinase 935
L4! 4-diphosphocytidyl-2C-metlryl-D-erythritol ~ kinase 936
L42 4-diplrosphocytidyl-2C-mellryl-D-erythritol ~ kinase 937
L43 4-diphosphocytidyl -2C -methyl-D-erythritol kinase j 938
L44 4-hydroxyphenylpyruvate dioxygenase ] 939
L45 5-13 amino acids from the N termini of human Ck and CHI domains linker 940
L46 5-13 amino acids from the N termini of human Ck and CHi. domains linker j ERK
L47 5-13 amino acids from the N termini of human Ck and CHI domains linker 941
L48 5-13 amino acids from the N termini. of human Ck and CHI domains linker ] 942
L49 5-13 amino acids from the N termini of human Ck and CHI domains linker ] 943
L50 5-13 amino acids from the N termini of human Ck and CHI domains linker 944
L1 5'-exonuclease 1945
L52 5-meihyltetrahydropteroyltriglutasnate--honiocysteinemethyltransferase ARL
L33 5-inetliyltetraliydropieroyltriglutartiate--homocysteitiemethy itr ansfer ase j 946
L54 5-methyltetrahydropteroyltriglutamaie--homocysteinemeihyltraiisferase ] 947
L55 5-methyltetrahydropteroyltriglutaniate--homocysteinemethyltransferase 948
L56 5-methyltetrahydropteroyltriglutamate--homocysteinemethyltransferase 1 949
L57 5'-nucleoridase 950
L58 5'-nuclectidase 951
L59 5'-nuclectidase ] 952
L60 5'-nucleotidase ] 953
L61 704aa long hypothetical glycosyltransferase 1 954
L62 704aa long hypothetical glycosyltransferase 955
L63 80 kDa nuclear cap binding protein j 956
L64 80 kDa nuclear cap binding protein 957
L65 80 kDa nuclear cap binding protein 958
L66 80 kDa nuclear cap binding protein 1 959
L67 Acetaldenyde dehydrogenase (acylating) 960
L68 Acetaldehyde dehydrogenase (acylating) j 961
L69 Aceto lactate synthase isozyme [Tesmall subunit 962
L70 Acetylcholine receptor protein, alpha chain j 963
L71 Acetylcholine receptor protein, beta chain ] 964
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L72 Aconitate hydratase 2 | 965
L73 Aconitate hydratase 2 | 966
L74 Aconitate hydratase 2 :! 967
L75 Aconitate hydratase 2 968
L76 Aconitate hydratase 2 j 969
L77 Acriflavine resistance protein B DwWY
L78 Acriflavine resistance protein B GGS
L79 Acriflavine resistance protein B 11IDQ
L80 Acriflavine resistance protein B NKV
L8! Acriflavine resistance protein B j SEA
L82 Acriilavuie resistance protein B 970
L83 Acriflavine resistance protein B j 971
L84 Acriflavine resistance protein B j 972
L85 Acriflavine resistance protein B 973
L86 Acriflavine resistance protein B 974
L87 Acriflavine resistance protein B 975
L88 Acriflavine resistance protein B j 976
L89 Acriflavine resistance protein B j 977
L90 Acriflavine resistance protein B 978
L9! Acriflavine resistance protein B 979
L92 Acriflavine resistance protein B 980
L93 Acriflavine resistance protein B ] 281
L94 Acriflavine resistance protein B j 982
L95 Acriflavine resistance protein B 983
L96 Acriflavine resistance protein B 984
L97 Acriflavine resistance protein B 985
L98 Acriflavine resistance protein B j 986
L99 Acriflavine resistance protein B 987
L100 Acriflavine resistance protein B 988
L101 Acriflavine resistance protein B 1 989
L102 Acriflavine resistance protein B 990
L103 Acriflavine resistance protein B j 991
L104 Acriflavine resistance protein B j 992
L105 Acriflavine resistance protein B j 993
L106 Acyl-CoA ihioesterase 11 j 994
L107 Acyl-CoA tlnoesterase i1t 995
L108 Acyl-CoA thioesterase Il j 996
L109 Acyl-CoA thioesterase 1 e 997
L 110 Acyl-CoA tlnoesterase 11 j 998
LI11 Acyl-coenzyme A tlnoesterase 4 j 999
Ll112 Acyl-coenzyme A ihioesterase 4 1000
LI13 Acy i-coenzyme A tlnoesterase 4 J 1001
Ll14 Acyl-coenzyme A thioesterase 4 1002
L115 Acyl-coenzyme A thioesterase 4 j 1003
LI16 Adenine giycosylase j 1004
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Ll117 Adenylate cyclase 1005
L 118 Aerolysin 1006
L1119 Aeroiysm 1007
L120 Agglutinin DWK
L121 Agglutinin isolectin 1 1008
L122 Agglutinin isolecii | 1009
L123 Aldehyde ferredoxin oxidoreductase 1010
L124 Aldehyde oxidoreductase f0i1
L125 Aldehyde oxidoreductase 1012
L126 Aldehyde oxidoreductase 1013
Li27 Aldehyde oxidoreductase 1014
L128 Aldehyde oxidoreductase 1015
L129 Aikyl hydroperoxide reductase subunit F 1016
L130 Aikyl hydroperoxide reductase subunit F 1017
L131 Aikyl hydroperoxide reductase subunit F BDi8
Li32 Aikyl hydroperoxide reductase subunit F 1019
L133 Aikyl hydroperoxide reductase subunit F 1020
L134 Aikyl hydroperoxide reductase subunit F 1021
L135 Aikyl hydroperoxide reductase subunit F 1022
L136 Aikyl hydroperoxide reductase subunit F 1023
L137 Aikyl hydroperoxide reductase subunit F 1024
L138 Aikyl hydroperoxide reductase subunit F 1025
L139 Allantoicase 1026
Li40 Allantoicase 1027
L1441 Alliin lyase 1 SAV
Li42 Alliin lyase 1 1028
L143 Alliin lyase . 1029
L144 Alliin lyase 1 1030
L145 Alliin lyase 1 1031
L 146 Alpha amylase 1032
Li47 Alpha amylase 1033
L148 Alpha-actinin 1 1034
L149 Alpha-actinin 1 1035
L150 Alpha-adaptin C 1036
L151 Alpha-amylase 1037
Li52 Alpha-glueuro nidase LSD
1153 Alpha-glucuronidase 1038
Li54 Alpha-glucuronidase 1039
L155 Alpha-glucuronidase 1040
L156 Alplia-glucur onidase 1041
Li57 Alpha-glueur onidase 1042
1.158 Alpha-glucuronidase 1043
Li59 Alpha-glucuronidase 1044
L160 Alpha-glucuronidase 1045
L161 Alplia-glucur onidase 1046
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L162 Alpha-glucuronidase 1047
L163 Alpha-glucuronidase 1048
Li164 Alplia-glueuronidase 1049
L 165 Alpha-glucuio tisdase 1050
L166 Alpha-glucuronid ase 1051
L167 Alpha-glucuroiiidase 1052
L168 Alpha-glucuronidase 1053
L169 Alplia-glueuronidase 1054
Li170 Alpha-glucuronidase 1055
L171 Alpha-glucuronidase 1056
L172 Alpha-glucuroiiidase 1057
L173 Alpha-glucuronidase 1058
L174 Alpha-L-arabinoftiranDsidase B 1059
L175 Alpha-niannosidase 1060
L176 Alr2269 protein 1061
L177 AMP nucleosidase 1062
L178 AMP nucleosidase 1063
L179 AMP nucleosidase 1064
Li80 Angiopoietin-1 receptor DAG
L181 Angiopoietin-1 receptor NSG
Li82 Angjopoietin- 1 receptor TSA
L183 Angiopoietin- 1 receptor VPR
L184 Angiopoietin-1 receptor 1065
Li85 Angiopoietin-1 receptor 1066
L186 Angiopoietin-1 receptor 1067
L187 Angiopoietin-1. receptor 1068
L188 Angiopoietin- 1 receptor 1069
L189 Angiopoietin-1 receptor 1070
L190 Angiopoietin-1 receptor 1071
L191 Angiopoietin-1 receptor 1072
L192 Angiopoietin-1. receptor 1073
L193 Angiopoietin- 1 receptor 1074
Li94 Angiopoietin-1 receptor 1075
L195 Angiopoietin-1 receptor 1076
L196 Angiopoietin-1 receptor 1077
L197 Angiopoietin-1. receptor 1078
L198 Angiopoietin- 1 receptor 1079
L199 Augjopoietin- 1 receptor 1080
L200 Angiopoietin-1 receptor 1081
L201 Angiopoietin-1 receptor 1082
L202 Angiopoietin-1_ receptor 1083
L203 Angiopoietin- 1 receptor 1084
L204 Angjopoietin- 1 receptor 1085
L205 Annexin A2 QNK
L206 Annexin A2 1086
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L207 Annexin A2 1087
L208 Anthranilate phosphoribosyltransferase 1088
L209 AP-2 complex subunit beta-2 1089
L210 Archaeosine tRNA-guanine transglycosylase LGI
L21% Archaeosine tRNA-guanine transglycosylase 1090
L212 Archaeosine tRNA-guanine transglycosylase 109!
L213 Archaeosine tRNA-guanine transglycosylase 1092
L214 Archaeosine tRNA-guanine transglycosylase 1093
L215 Archaeosine tRNA-guanine transglycosylase 1094
L216 Archaeosine tRNA-guanine transglycosylase 1095
L217 Archaeosine tRNA-guanine transglycosylase 1096
L218 Archeal exosome RNA binding protein np4 1097
L219 Archeal exosome RNA binding protein rrp4 1098
L220 Archeal exosome RNA binding protein rrp4 1099
L22} Arginyl-tRNA synthetase IDY
L222 Arginyl-tRNA synthetase 1100
L223 Arginyl-tRNA synthetase {101
L224 Arginyl-tRNA synthetase 1102
L225 Arrestin 1103
L226 Arrestin 1104
L227 Arsenite oxidase 1105
L228 Artificial linker PCS
L229 Artificial linker ATK
L230 Artificial linker ASK
L231 Artificial ‘Sinker i 106
L232 Artificial linker 1107
L233 Artificia linker {108
L234 Artificial linker 1109
L235 Artificial linker 1110
L236 Artificia linker 1111
L237 ATP phosphoribosyltransferase ANR
L238 ATP-dependent DNA helicase YDP
L239 ATP-dependent DNA helicase 1112
L240 ATP-dependent DNA helicase 1113
L241 ATP-dependent DNA helicase i114
L242 ATP-dependent DNA helicase 1li15
L243 ATP-dependent DNA helicase 1116
L244 ATP-dependent DNA helicase 1117
L245 ATP-dependent DNA helicase 1118
L246 ATP-dependent DNA helicase 1119
L247 AT-rich DNA-binding protein 1i20
L248 AT-rich DNA-binding protein f121
L249 Axonin- 1 DEG
L250 Axonin- 1 ECF
L251 Axonin- 1 1122
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L252 Axoniri- 1 | 1i23
253 Axonin-1 | 1124
(254 AxOiin1 1125
L255 AXxoxin-! li26
L256 Axonin-} j 127
L257 Axonin- 1 1128
L258 Bacilysin biosynthesis protein BacB j 1129
L259 Bacilysin biosynthesis protein BacB J 130
L260 Bacilysin biosynthesis protein BacB Lzl
L261 Bacilysin biosynthesis protein BacB j 1132
L262 Bacilysin biosynthesis protein BacB 1133
L263 Bacteriophage Mu transposase j 1134
L264 Bacteriophage M u transposase J 1135
L265 Benzoyl-CoA-dihy drodiol lyase 1i36
L266 Benzoyl-CoA-dihydtrodiol lyase i 137
L267 Benzoyl-CoA-dihy drodiol lyase 1i38
L268 Benzoyl- CoA-dihydrodiol lyase j 1139
(269 Benzoyl-CoA-dihy drodiol Tyase 1140
L270 Benzoylformate decarboxylase liaa
L271 Benzoy Ifarmate decarboxy lase j 1142
L272 Benzoylformate decarboxylase 1i43
L2153 Beta-amylase j 1144
L274 Beta-galactosidase AiS

L275 Beta-galactosidase 1i45
L276 Beta-gal actosidase j 146
L277 Beta-galactosidase 1147
L278 Beta-gal actosidase j 1148
[279 Beta galactosidase | 1149
L280 Beta-galactosidase 1150
L281 Beta-gal actosidase ji1sl
L282 Beta-galactosidase 1152
L283 Beta-gal actosidase j 1153
(284 Beta galactosidase | 1154
285 Beta-galactos dase 1155
L286 Beta-gal actosidase J i 156
L287 Beta-galactosidase 157
L288 Beta-gal actosidase j 1158
L289 Beta-galactosidase 1i 59
L290 Beta-galactosidase j 1160
L291 Beta-gal actosidase J i 161
L292 Beta-galactosidase li62
1293 Beta-galactosidase j 1163
L294 Beta-galactosidase li64
L295 Beta-galactosidase j 1165
L296 Beta-gal actosidase J i 166
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L297 Beta-N-acety Hexosaminidase QRE
L298 Beta-N-acetylhexosaminidase 1167
L299 Beta-N-acetylhexosaniinidase i 168
L300 Beta-N-acetylhexosaminidase 1169
L301 Bifiinctional NMN adenylyltransferase/Niidix hydrolase 1170
L302 Bifunetional purine biosynthesis protein PURII 171
L303 Biliverdin reductase A EHV
L304 Biliverdin reductase A LME
L305 Biliverdin reductase A 1172
L 306 Biliverdin reductase A 1173
L 307 Biodegradative arginine decarboxylase TVQ
L308 Biodegradative arginine decarboxylase 1174
L309 Biodegradative arginine decarboxylase 1175
L310 Biodegradative arginine decarboxylase 1176
L3!1 Biodegradative arginine decarboxylase 1177
L312 Biodegradative arginine decarboxylase 1178
L313 Biodegradative arginine decarboxylase £179
L3i4 Biodegradative arginine decarboxylase 1180
L315 Biodegradative arginine decarboxylase lig1
L316 Biodegradative arginine decarboxylase i 182
L317 Biodegradative arginine decarboxylase 1183
L318 Biodegradative arginine decarboxylase 1184
L319 Biodegradative arginine decarboxylase 1185
L320 Biotin carboxylase 1i86
L32% Bowinan-Birk trypsin inhibitor 1187
L322 Bpt4 gene 59 helicase assembly protein KQ!
L323 BRCA l-associated RING domain protein 1 {188
L324 BRCAIl-associated RING domain protein 1 1189
L325 BRCA 1l-associated RING domain protein 1 1i90
L326 Breast cancer 2 1191
L327 Breast cancer 2 1192
L 328 Breast cancer 2 1193
L329 Breast cancer 2 1194
L330 Breast cancer 2 1195
L331 Breast cancer 2 1 196
L332 Butyrate response factor 2 1197
L333 C4b-binding protein YKR
L334 C4b-binding protein 1198
L335 C5a peptidase 1199
L 336 Cba peptidase 1200
L337 Cb5a peptidase 1201
L338 Cb5a peptidase 1202
L339 C5a peptidase 1203
L340 Cb5a peptidase 1204
L341 C5a peptidase 1205
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1342 C5a peptidase 1206
1343 C5a peptidase 1267
1344 C5a peptidase [208
1345 C5a peptidase 1209
L346 {5a peptidase i210
1347 C5a peptidase 1211
1348 Calciunmi-binding protein 1212
1349 CarA 1213
1350 CarA 1214
L3351 Carbamoy] phosphate synthetase (small chain) P25
1352 Carbamoyl phosphate syuthetase (sraall chain 1216
1353 Carbamoy] phosphate synthetase (small chain) 1217
1354 Carbamoyl phosphate syuthetase (small chain} 1218
1355 Carbamoyv] phosphate synthetasce (small chain) 1219
L1356 Carbon monoxide dehvdiogenase/acetyl-CoA synthase subunstalpha 1220
1357 Carboxypeptidase Gpl80 residues 503-882 HRG
1.358 Catabolite activation-like protein 1221
1359 Catabolite activation-like protein 1222
L360 Catechol 2,3-dioxygenase 1223
L361 Cation-1ndependent mannose 6-phosphate yeceptor 1224
1362 D3 epsilon and gamma ectodomain fragment complex 1225
1363 €3 epsilon and gamma ectodomain fragment complex 1226
1364 Cell filamentation profein SNP
L365 Cell filamentation protein 1227
L366 Cel} filameniation protein 1228
L1367 Celhular coagrdation factor XIII zymopgen 21T
1.368 Cellular coagulation factor X1 zyvmogen NSD
1369 Cellular coagulation factor XII zvmogen BT
1370 Celhular coagulation factor XII zvmogen 1229
1371 Cellular coagulation factor X1l zvmogen 1230
1372 Celhular coagrdation factor X[ zymogen 1231
1.373 Cellular coagulation factor X1 zymogen £232
1374 Cellular coagulation factor X1l zyvmogen 1233
1375 Cellular coagulation factor X1 zymogen 1234
L1376 Cellular coagulation factor X1l zvmogen 1235
1377 Celhular coagrdation factor X[ zymogen 1236
1378 Cellular coagulation factor X1 zymogen 1237
1379 Cellular coagulation factor X zymogen 1238
1380 Cellular coagulation factor X1 zymogen 1239
1381 Cellular coagulation factor X1l zvmogen 1240
1382 Celhular coagrdation factor X[ zymogen 1241
1343 Cellular coagulation factor X1 zymogen 1242
1384 Cellular coagulation factor X zymogen 1243
1385 Cellular coagulation factor X1 zymogen 1244
138G Cellular coagulation factor X1l zvmogen 1245
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L 387 Cellular coagulation factor X1l zymogen 1246
L388 Cellular coagulation factor X1l zymogen 1247
L 389 Celiulase 1248
L390 Cellulase 1249
L391 Celiulase | £250
L3592 Cellulase 1251
L393 Celiulase 1252
L394 Celiulase 1253
L395 Celiulase 1254
L396 Cellulase 255
L397 Cellulase 1256
L398 Celiulase linker 1257
L399 Cellulase linker 1258
L400 Celiulase linker 1259
L401 Celiulase linker 1260
L402 Chaperone protein FimC KLR
L 403 Chaperone protein FimC QAA
L404 Chaperone protein FimC 1261
L405 Chaperone protein FimC 1262
L 406 Chaperone protein HscB RHP
L407 Chaperone protein HscB 1263
L408 CheB methylesterase 1264
L409 CheB methylesterase 1265
L410 CheB methylesterase 1266
L4'1 Chelatase, putative {267
L412 Chemotaxis receptor methyltransferase cheR 1268
L413 Chemotaxis receptor methyltransferase cheR 1269
L414 Chemotaxis receptor methyltransferase cheR 1270
L415 Cholesteroi oxidase 1271
L4 16 Cholesterol oxidase 1272
L417 Cholesteroi oxidase 1273
L418 Cholesterol oxidase 1274
L419 Cholesteroi oxidase 1275
L420 Cholesterol oxidase 1276
L421 Cholesteroi oxidase 1277
L422 Cholesteroi oxidase 1278
L 423 Cholesterol oxidase 1279
L424 Cholesterol oxidase 1280
L425 Cholesteroi oxidase 1281
L426 Cholesteroi oxidase 1282
L427 Chromatin structure-remodeling complex protein RSC4 KNL
L 428 Chromatin structure-remodeling complex protein RSC4 1283
L429 Chromatin structure-remodeiing complex protein RSC4 1284
L 430 Chromatin structure-remodeling complex protein RSC4 1285
L431 Chromodomain-helicase-DNA-binding protein 1 1286
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1432 Chiomodomain-hehicase-DNA-binding protein | 1287
1433 Cleavable disulfide 1288
1434 Cleavable disulfide 1289
1435 Cleavable disulfide 1296
1436 Cleavable disnifide 1291
1437 Cleavable disulfide 1292
1438 Cleavable disulfide 1293
1439 Cleavable disulfide 1294
1440 Cleavable disulfide 1293
L1441 Cleavable disnifide 1296
1442 Cleavable disulfide 1297
1443 Cleavable disulfide 1298
1444 Colicin la 1299
1445 Collagen adhesin 1306
LA446 Complement C3 beta chain i301
1447 Complement C3 beta chain 1302
1448 Complement C3 beta chain 1303
1449 Complement C3 beta chain 1304
1450 Complement decay-accelerating factor ElY
L1451 Complement factor H KRP
1452 Complement receplor type 2 1305
1453 Conserved hypothetical protein 1366
1454 Conserved hypothetical protein MTH1747 PDIR
1455 Conserved hypothetical protein MTH1747 1367
L4356 Conserved hypothetical protera MTHE747 1308
1457 Conserved hypothetical protein MTH1747 1309
1458 Conserved hypothetical protein MTH1747 F310
1459 Conserved hypothetical protein MTH1747 1311
1460 Conserved hypothetical protein MTH1747 1312
1461 Conserved hypothetical protein MTH1747 £313
1462 Conserved protein (MTH1L77) 1314
1463 Creatine ammdinchydrolase I315
1464 Cruciferin 1316
14685 Cruciferin 1317
1466 Cruciferin I318
1467 Crucifens 1319
1468 Cruciferin £320
1469 Crucifens 1321
1470 Cruciferin 1322
1471 CSL3 1323
1472 €313 1324
1473 CTP synthase 1325
1474 CTP synthase 1326
1475 Cullin homolog HKN
1476 Cullin homolog 1327
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1477 Culhin tiomolog 1328
1478 Cullin homolog 1329
1479 Cullin homolog £330
1480 Cullin homolog 1331
1481 Cyclin A2 332
1482 Cysteine-rich secretory protein 1333
1483 Cytidine deaminase 1334
1484 Cytidine deaminase £335
1485 Cytidine deaminase 1336
L4386 Cytochrome b-¢cl complex subunit Rieske, mitochondrial 1337
1487 Cytochrome ¢ oxidase subunit 2 QAV
1488 Cytochrome ¢ oxadase subunit 2 1338
1489 Cytochromie ¢ oxidase subunit 2 1339
1490 Cytochrome c oxidase subumit 2 1340
1491 Cytocheome ¢ oxidase subunit 2 i341
1492 Cytochromie c4 GGK
1493 Cytochrome ¢4 QGM
1494 D-aminopeptidase 1342
1495 DDMC 1343
1496 DIMC 344
1497 Deltex protein 1345
1498 Deoxyuridine 5'-triphosphate puclestidohydrolase 1346
1499 Diaminopimelate epimerase 1347
L500 Diaminopimelate epimerase 13428
L501 Diasunopimelate epimerase 1349
1502 D-heme peroxidase SGC
1503 Di-heme peroxidase £330
L504 Dihydropyrimidine dehydrogenase 1351
L505 Dihydropyvrimidine dehydrogenase 1352
L3006 Dihydropyrimidine dehydrogenase 1333
L5607 Drbydropyrimidine dehydiogenase 1354
1508 Dihydropy nimdine dehydogenase 1355
L1509 Dihydropyrimidine dehydrogenase 1356
L510 Dihydropynmidine dehvdrogenase 1357
L5311 Dihydropyrimidine dehydrogenase 1358
1512 Drbydropyrimidine dehydiogenase 1359
L3513 Dihydropy nimdine dehydogenase 1360
L514 Dnbydropyrinidine debydrogenase 1361
L515 Dihydropynmidine dehvdrogenase 1362
L3l Dihydropyrimidine dehydrogenase 1363
L5347 Drbydropyrimidine dehydiogenase 1364
1518 Dihydropy nimdine dehydogenase 1365
L519 Dnbydropyrinidine debydrogenase 1366
1520 Dihydropynmidine dehvdrogenase 1367
1521 Dihydropyrimidine dehydrogenase 1368
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L522 Dihydropyrimidine dehydrogenase 1369
L523 Dihydropyriniidine dehydrogenase j 1370
L524 Dihydropyrimidine dehydrogenase j 1371
L525 Dihydropyrimidine dehydrogenase 1372
L526 Dihydropy i nridine dehydrogenase ] 1373
L527 Dihydropyrimidine dehydrogenase 1374
L528 Dihydropyrimidine dehydrogenase j 1375
L529 Dihydropyrimidine dehydrogenase j 1376
L530 Dihydropyrimidine dehydrogenase 1377
L5331 Dihydropy i nridine dehydrogenase ] 1378
L532 Dihydropyriniidine dehydrogenase 1379
L533 Dihydropyrimidine dehydrogenase j 1380
L534 Dihydropyrimidine dehydrogenase j 1381
L535 Discoidin-1 subunit A 1382
L5356 Discoidin- i subunit A ] 1383
L537 Discoidin-1 subunit A 1384
L538 Dissimilatory copper-containing nilriterednctase 1385
L539 D-lactate dehydrogenase | DTF
L540 D-lactate dehydrogenase 1386
L541 D-lactate dehydrogenase j 1387
L542 D-lactate dehydrogenase 1388
L543 D-lactate dehydrogenase ] 1389
L544 D-lactate dehydrogenase j 1390
L545 D-lactate dehydrogenase 1391
L546 DNA damage-binding protein ! J LCA
L547 DNA damage-binding protein 1 1392
L548 DNA damage-binding protein 1 j 1393
L549 DNA damage-binding protein 1 j 1394
L550 DNA damage-binding protein 1 1395
L551 DNA damage-binding protein 1 ] 1396
L552 DNA damage-binding protein 1 j 1397
L5583 DNA damage-binding protein i j 1398
L554 DNA damage-binding protein 1 j 1399
L555 DNA damage-binding protein 1 j 1400
L556 DNA damage-binding protein 1 j 1401
L5357 DNA damage-binding protein 1 1402
L3558 DNA damage-binding protein 1 j 1403
L559 DNA damage-binding protein 1 1404
L560 DNA damage-binding protein 1 j 1405
L561 DNA damage-binding protein 1 j 1406
L562 DNA damage-binding protein 1 1407
L563 DNA damage-binding protein 1 J 1408
L564 DNA damage-binding protein 1 1409
L565 DNA damage-binding protein 1 j 1410
L566 DNA damage-binding protein 1 j 1411
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L567 DNA damage-binding protein 1 1412
L568 DNA damage-binding protein 1 1413
L569 DNA gyrase B ALS
L570 DNA gyrase B 1414
L3571 DNA gyrase B i415
L572 DNA gyrase B 1416
L573 DNA gyrase B 1417
L574 DNA gyrase B 1418
L575 DNA gyrase B 1419
L3576 DNA gyrase B 1420
L577 DNA gyrase B 1421
L578 DNA gyrase B 1422
L579 DNA gyrase B 1423
L580 DNA gyrase B 1424
L5381 DNA ligase 1425
L582 DNA ligase 1426
L583 DNA ligase 1427
L584 DNA ligase 1428
L585 DNA ligase 1429
L586 DNA mismatch repair proteirs MutS MDA
L587 DNA mismatch repair protein MutS Sl
L588 DNA mismatch repair protein MutS 1430
L589 DNA mismatch repair protein MutS 1431
L590 DNA mismatch repair protein MutS 1432
L591 DNA mismatch repair proteirs MutS 1433
L592 DNA mismatch repair protein MutS 1434
L593 DNA polymerase FSP
L594 DNA polymerase RQF
L595 DNA polymerase 1435
L596 DNA polymerase 1436
L597 DNA polymerase 1437
L598 DNA polymerase 1438
L599 DNA polymerase 1439
L600 DNA polymerase 1440
L601 DNA polymerase 1441
L602 DNA polymerase 1442
L603 DNA polymerase apha subiinit B 1443
L604 DNA polymerase alpha subufsit B 1444
L605 DNA polymerase alpha subunit B 1445
L606 DNA polymerase alpha subunit B 1446
L607 DNA polymerase alpha subunit B 1447
L608 DNA polymerase apha subunit B 1448
L609 DNA polymerase alpha subufsit B 1449
L610 DNA polymerase apha subunit B 1450
L611 DNA polymerase alpha subunit B 1451
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L612 DNA polymerase alpha subuiiit B | 1452
L613 DNA polymerase eta j ALS
L614 DNA polymerase eta j 1453
L615 DNA polymerase eta 1454
L616 DNA polymerase eta 1455
L617 DNA polymerase eta 1456
L618 DNA polymerase eta j 1457
L619 DNA polymerase | j AGV
L620 DNA polymerase | ELE
L621 DNA polymerase | ] 1458
L 622 DNA primase DHK
L623 DNA primase j 1459
L624 DNA primase j 1460
L625 DNA primase 1461
L626 DNA primase ] 1462
L627 DNA primase 1463
L628 DNA primase ] 1464
L629 DNA primase j 1465
L630 DNA primase/helicase AGY
L631 DNA primase/hélicase | 1466
L632 DNA primase/helicase 1467
L633 DNA primase/helicase | 1468
634 DNA primasaihdlicase 11469
L635 DNA primase/helicase 1470
L 636 DNA primase/hélicase ] 1471
L637 DNA primase/helicase 1472
L638 DNA primase/helicase ] 1473
639 DNA primasaihdlicase 1474
L640 DNA primase/helicase 1475
L641 DNA topossonierase 2 ] EES
L642 DNA topoisomerase 2 j IPI
L643 DNA topoisomerase 2 j KEL
L644 DNA topoisomerase 2 j 1476
L645 DNA topoisomerase 2 j 1477
L 646 DNA topoisomerase 2 j 1478
647 DNA topoisomerase 2 | 1479
L 648 DNA topoisomerase 2 j 1480
L 649 DNA topoisomerase 2 1481
L650 DNA topoisomerase 2 j 1482
L651 DNA topoisomerase 2 j 1483
L652 DNA topoisomerase 2 1484
L653 DNA topoisomerase 1 | 1485
L654 DNA topoisomerase | 1486
L655 DNA topoisomerase | j 1487
L 656 DNA topoisomerase 11, alpha isozyme j PDL
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L657 DNA topoisomerase |, apha isozyme 1488
L658 DNA topoisomerase |1, alpha isozyme 1489
L659 DNA topoisomerase |l, apha isozyme 1490
L660 DNA topoisomerase |, apha isozyme 1491
L661 DNA topoisomerase 11, alpha isozyme 1492
L662 DNA topoisomerase |, apha isozyme 1493
L663 DNA topoisomerase |1, alpha isozyme 1494
L664 DNA topoisomerase |l, apha isozyme 1495
L665 DNA topoisomerase VI A anbinit 1496
L 666 DNA topoisomerase VI A subunit 197
L667 DNA topoisomerase VI A subunit 1498
L668 DNA topoisomerase VI A subunit 1499
L669 DNA topoisomerase VI A subunit 1500
L670 DNA topoisomerase VI A subunit 1501
L671 DNA-3-methyladenine glyeosylase 2 1502
L672 DNA -binding response regulator MirA 1503
L673 DNA-directed RNA polymerase beta chain 1504
L674 DNA-directed RNA polymerase beta chain 1505
L675 DNA-directed RNA polymerase beta chain 1506
L676 DNA-directed RNA polymerase beta chain 1507
L677 DNA-directed RNA polymerase beta chain 1508
L678 DNA-directed RNA polymerase beta chain 1509
L679 DNA-directed RNA polymerase beta chain 1510
L680 DNA-directed RNA polymerase beta chain 1511
L681 DNA-directed RNA polymerase 11 14.2 kDa polypeptide i5i2
L682 DNA-directed RNA polymerase Il {4.2 kDa polypeptide 1513
L683 DNA-directed RNA polymerase, subunit E' (rpoel) 1514
L684 DNA-directed RNA polymerase, subunit E' (rpoel) 1515
L685 DNA-directed RNA polymerases I, Il, and 111 27 kDa polypeptide ITP
L686 DNA-directed RNA polymerases 1, I, and |1l 27 kDa polypeptide 1516
L687 DNA-directed RNA polymerases I, I, and nit 27 kDa polypeptide 1517
L688 DNA-directed RNA polymerases I, Il, and 111 27 kDa polypeptide 1518
L689 DNA-directed RNA polymerases I, I, and 111 27 kDa polypeptide 1519
L690 Drosophila neuroglian 1520
L691 Dystroglycan 1521
L692 Dystrophin 1522
L693 Dystrophin 1523
L694 Dystrophin 1524
L695 Dystrophin 1525
Looe Dystrophin 1526
L697 Dystrophin 1527
L698 Dystrophin 1528
L699 E2A DNA-binding protein 1529
L700 E2A DNA-binding protein 1530
L701 E3 sumo-protein ligase SIZ 1 1531
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L702 E3 sumo-protein ligase SIZ1 | 1532
703 E3 sumo-protein ligase SIZ1 | 1533
L704 Early switch protein xol-1 2.2k splice form j 1534
L705 EGF-like module containing mucin-like hormoner eceptor-like 2 precursor 1535
L 706 EGF-like modiiie containing mucin-like hor moner eceptor-like 2 precursor ] 1536
L707 Elongation factor 1-gamma t 1537
L708 Elongation factor i-gamma 1 j 1538
L709 Elongation factor g j 1539
L710 Elongation factor G 1540
L711 Elongation factor G ] 1541
L712 Elongation factor G 1542
L713 Elongation factor G j 1543
L714 Elongation factor G j 1544
L715 Elongation factor G 1545
L716 Elongation factor G 1546
L717 Elongation factor G 1547
L7 18 Elongation factor G j 1548
L719 Elongation factor P j 1549
L720 Elongation factor Ts 1550
L721 Elongation factor Ts j 1551
L722 Elongation factor Ts 1552
L723 Elongation factor Tu (ef-Tu) j 1553
L724 Endoglucanase j 1554
L725 Endonuclease PI-Scel 1555
L726 Endonuclease Pl-Scel ] 1556
L727 Endonuclease PI-Scel 1557
L728 Endonuclease PI-Scel J 1558
(729 Endonuciease PI-Scel i 1559
L730 Endonuclease PI-Scel 1560
L731 Endonuclease PI-Scel ] 1561
L732 Endonuclease PI-Scel 1562
L733 Endonuclease PI-Scel ] 1563
L734 Enterobactin synthetase component F j 1564
L735 Enterobactin synthetase component F 1565
L736 Enterobactin synthetase component F ] 1566
L737 Enterobactin synthetase component F 1567
L738 Enterobactin synthetase component F j 1568
L739 Enterobactin synthetase component F 1569
L740 Enterobactin synthetase component F 1570
L741 Enterobact