A METHOD OF DETECTING AND/OR IDENTIFYING ADENO-ASSOCIATED VIRUS (AAV)
SEQUENCES AND ISOLATING NOVEL SEQUENCES IDENTIFIED THEREBY 5 BACKGROUND OF
THE INVENTION Adeno-associated virus (AAV), a member of the Parvovirus family, is a small
nonenveloped, icosahedral virus with single-stranded linear DNA genomes of 4.7 kilobases (kb) to 6
kb. AAV is assigned to the genus, Dependovirus, because the virus was discovered as a contaminant
in purified adenovirus stocks. AAV's life cycle includes a latent phase at 10which AAV genomes, after
infection, are sitk ¥pEGHRAINHMBEFAER O RBSP RHIIFMTSE B AR Irieeiséd bRAse in which,
following either ggengyiius/pshemascNBRD VRS fectiotother stegtated gs nomes e subsequently
rescued, replicated, and packaged into infectious viruses. The properties of non-pathogenicity, broad
host range of in%%ﬁcluding non-dividing cells, and potential site-specific chromosomal
integration make AAV 15an attractive tool for gene transfer. Recent studies suggest that AAV vectors

may be the prefgiiee wekieiefprgens therapyrbdate, there have been 6 different serotypes of AAVs

isolated from human or non-human primates (NH?) and well characterized. Among them, human

serotype 2 is the first AAFURTFACIEVE IBHEW o B GEHS LR EREYVERI G AS 454BH widely used for
efficient 20genentranséeipekpermeits vinudiffenentgdargetdssiresdnidianimalesddel ilcimesal trials of the

experimental applicafion,ofAAMZDasRE ¥aslUs 10, samebymandisease Models are in.pipgress, and

include such diseases as cystic fibrosis and hemophilia B, What are desirable are AAV-based
constructs for g&haaRErgE RITAIIARY B S INGEN TONC!e indfrdsha lHepabesif invention
provides a movekhigilod/afedetestafigramfecithentify rig As\isdguergesdiom leatlcdamiobdAssof various,

human and non:hiuman-primaigINER)HSS YR YR RIRINfIMRLCS a03lksis, fG R pased gene

amplification and cloning technology, based on the nature of latency and integration of AM's in the

absence of help@fiiitrs bs-eraagmes ap P BIner | Epawdralifiehaanh BrsHat Liethod of
isolating novel At seguencss Tetectediasirigdhealmye dgsorbeé dom ethed dintheiyention. The

invention further camprises. mriRds el gansiatingyesietsbaseheen hese AvELAAV, serotypes, for

serology and gene transfer studies soiel%/ based on availability of capsid gene sequences and
structure of Tep/RhfHSHE [AALIRERE™ T2 fiFkiill another aspect, the invention provides a novel method
for performing studies Récsereiaiips, segicke thidlbgy, Giodistrdytcheandermaide ofitrémgmmission, using

reagents 5accorgling,to e invention.yhichdagkide gensHcs setsOf PUNEsIRbeRANd quantitative

real time PCR. In yet another aspect, the inVﬁntion [?r_ovides a method of isolating complete and
infectious genorﬂ%lﬁ?ﬂr%\?éi“ﬁﬁwg%ﬁ‘)ﬂege GRYBELITST ONIR 6 BifPe FUTB EiAEPG St RACE and
other molecular fieciigUest Wldeacforther agpedtath@rimentivhapiovidesdymethtd dfivescuing novel
serotypes af M%é&%%@%&%mmmmmm N calllines Hsingadenayvirdghelnars of different

origins. In still a further aspect, the inventl\cj)n provides novel AAV serotypes, vectors containing same,

and methods of GETYTEAMEPPicationa A VAT St QLR RSB A HRENRSATORWAHF BE Feadily apparent
from the followingokbaigtaited descrigtidpeatctte invarfifoesi BRIEEDESERIPTION OF THE DRAWINGS

What are desirable are AAV-based constructs for gene delivery.

25 SUMMARY OF THE INVENTION
In one aspect, the invention provides a novel method of detecting and identifying
- AAV seqhence’s from cellular DNAs of various human and non-human primate (NHP)
tissues using bioinformatics analysis, PCR based gene amplification and cloning technology,
based on the nature of latency and integration of AAVs in the absence of helper virus co-
30 infection.
In another aspect, the invention provides method bf isolating novel AAV sequences
detected using the above described method of the invention. The invention further comprises

methods of generating vectors based upon these novel AAV serotypes, for serology and gene



Figs. IA through IAAAR provide an alignment of the nucleic acid sequences encoding at least the cap
proteins for the AAV serotypes. The full-length sequences 20including the ITRs, the rep region, and
the capsid region are provided for novel AAV serotype 7 [SEQ ID NO:I], and for previously published
AAV | [SEQ IN NO:6], AAV2 [SEQ ID NO:7]; and AAV3 [SEQ ID NO:8]. Novel AAV serotypes AAV8
[SEQ ID NO:4] and AAV9 [SEQ ID NO:5] are the subject of co-filed applications. The other novel
clones of the invention provided in this alignment include: 42-2 [SEQ ID NO:9], 42-8 [SEQ ID
25N0:27], 42-157SECHIINC B beodsy peEled ity OB 9| eAP-BISES IYNOBOF A2/SSEQ ID NO:
31], 42-3a [SEQut:N&X:id2, 42-4 [SEQ ID NO:33], 42-5a [SEQ ID NO: 34], 42-10 [SEQ ID NO:35],
42-3b [SEQ ID NO: 3 - : .42-61. IDNO; 43-1[SE 0: 39], 43-5
[SEQ ID NO: 40], 43-% TL@E; %E\%J’%ﬁ% %5?2%_“[%%%%@%8%%},m%s%‘-%zgllf ’s‘fféf“[i%”i’\g kgﬁ%, 43-23 [SEQ
ID NO:44], 43-25 ESroeipeRies i e3P EBEEN BN PE B [5Sien YBnRIRaerfs 223,10 [SEQ ID
NO:48], 2232 [2&Qdb:NGHd Ay 2R3V SEQnD QD ]; 2RI B/ P INQnNB Lha223i6[SHQ ID NO:
52], 223.7 [SEQ,ID.N& 53], A3.4 [SEQ ID NO: 54], A3.5 [SEQ ID NO:55], A3.7 [SEQ ID NO: 56], A3.3
[SEQ ID NO:57], 42.12 [SEQ ID NO: 5&%,1 44.2 [SEQ ID NO: 59]. The nucleotide sequences of the
signature regions of ARV HHSEO BRI IR qnRA YV isERP I NGSORiSE SpBPEKYAS [SEQ ID
NO:119] are prowvidetbin gbrisrfigufmogtiticay|sadppas ks incthelstindtusé sitiéidAvriganosigs are shown.

Gaps are demo@@éggd%lgpﬁ%@{}grgéﬂ&ggﬁvI [SEQ ID NO:6] is shown in the same configuration
as in the published sequences. TBS represents terminal resolution site. Notice that AAV7 is the only

AAV reportéi that uset SETESLSAHE IfiAtTH CoriBE S yesod of rescuing 8oWA SEBREPEF are an
alignment of thefanvinenacith Seguencesuol Hi& prdtkiesueh e anp ticapsic praieifisof pdgidously
published AAV serotypes [SERIRNC: eH i AANSIRERL NG /Al MVZISFERIR NO: 71], AAV4
[SEQ ID NO:63], AAV5 [SEQ ID NO:114], and .A.AV6 [SEQ ID NO:65] and novel AAV sequences of
the invention, 1R FSERTISINGS 6818 E9SEQ ID NO:61], C5 [SEQ ID NO:62], A3-3 [SEQ
ID NO:66], A3-7 [SEQ TR:N @67 cAB#S EDDINGI6SY NS BefSEQNDr-NCH 611 SIBISEQ ID NO: 62],
223.4 [SEQ JD NQ; 7312235 [SEQRWN@:74], 223-10 [SEQ ID NO:75], 223- 2 [SEQ ID NO:76],
223-7 [SEQID NO: 77], 223-6 [SEQ ID NO: 78], 44-1 [SEQ ID NO: 79], 44-5 [SEQ ID NO:80], 44-2
[SEQ ID NO:81], 42-15 [SEQ ID NO: 84], 42-8 [SEQ ID 15 NO: 85], 42-13 [SEQ ID NO:86], 42-3A
[SEQ ID NO:87]pR2:4 [EECRIPTNG: 8] THE-BAASEED NO:89], 42-1B [SEQ ID NO:90], 42-5B [SEQ
ID NO:91], 43-1 [SEQ #%sNQE SRk AIrALAR! QJQe%‘Qlﬁﬂerﬁ%ﬁtd%@ei%@l@é&%&éé‘ﬂ [SEQ ID
NO:96], 43-25 [SEQ ID NO: 97], 43-20 [SEO ID NO:99], 24.1 [SE O D NO: 101], 42.2 [SEQ ID
NO:102], 7.2 [SEEIHR® 13| 5 8 REED 15 A M0% 183 [E*i?g"l‘deﬂﬁé‘:si%ﬁcﬁsz.lo [SEQ ID NO:
106], 20 42388 [SEQIR NOTROT]e 42> (kiSR! DeNGsid B8k R SEQIIB! ROLERARS [SEQ ID NO:

110], F3 [SEQ IRN él%z\%ba‘%r@%@?&d'%MQV&%&%LM&%%&%E%' ONESkNoyehserotypes AAVS
[SEQ ID NO:95] and AAV9

EQ ID NO;100] are the subject of co-filed patent applications.
Figs. 3A through SRMGERE NG SR LeNEReA s (KT P GO OBD NO:3]
DETAILED DES@RTNONEAIING: INWVERTHONC! of crftlaé gpmsetminn vERtiohsr e dhsierdors have
found a method which takes advantageqaf the.akility ol Rdeno-pasoeintest oirys {AAM)Ep penetrate the

nucleus, and, in the absence of a 30hel‘8§r yirys coérﬁ%iqn Sgénteb%éate into cellular DNA and
establish a fatent'nfetitti- Thie ARG GHives 6{8& e%&@ &ih g&i%%@é@)ﬂgé?ed strategy for
detection, identifiS&6dP didu/iliseiat tiEQfISEyUeAebsof AV SITM DNAS T ¢BEUSBUES: 6fhuman and
| Pon&human pri(;n@é_e%_@r@ia ﬁzﬁ(ﬁﬂ36};54&%1{Qﬁ@rﬁﬁ@ﬁ@%‘ﬁ--4é@vq§m?msﬂyzﬁ)i@tﬁ@t@@é {p also suitable
or detection, identification and/or isglat ther.i ated vira non- viral sequences, as
described below P s htiontirt é)r g%g\/%gs& r%%@ig Cﬁ?iéédéﬁggg {Eelﬁﬁﬁggj %13388rding to the
methods of the iNSEDHDNDHE, $8cH s EPNSotI A0 FSRQIBMNDHGUel3s2T GSFReteithad],
30 44.1 [SEQ ID NO:47}, 44.5 [SEQ ID NO:47], 223.10 [SEQ ID NO:48], 223.2 [SEQ ID

NO:49], 223.4 [SEQ ID NO:50], 223.5 [SEQ ID NO: 51], 223.6 [SEQ ID NO: 52], 223.7

[SEQ ID NO: 53], A3.4 [SEQ ID NO: 54], A3.5 [SEQ ID NO:55], A3.7 [SEQ ID NO: 56],

A33 [SEQID NO:57], 42.12 [SEQ ID NO: 58], 44.2 [SEQ ID NO: 59]. The nucleotide

sequences of the signature regions of AAV10 {SEQ ID NO: 117}, AAV11 [SEQ ID NO:
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Sherein serotype 7 (AAV7). Other novel adeno-associated virus serotypes provided herein include
AAV10, AAV11, and AAV12. Still other novel AAV serotypes identified according to the methods of the
invention are provided in the present specification. See, Figures and Sequence Listing, which is
incorporated by reference. Also provided are fragments of these AAV sequences. Among particularly
desirable toA_AV fragments are the cap proteins, including the vpl, vp2, vp3, the hypervariable
regions, the rep proteins, including rep 78, rep 68, rep 52, and rep 40, and the sequences encoding
these proteins.! EHEROMREL F{d NS g b peidefir (iR 28y i G ispidty drvecibinéystems and host
cells. Such fragmenissmayAre stsed alanedrrcambinatienintiuether AAVTseUERCEA ArMIagments, or
in combination Wi eSS [BMLAINAL ARYSHANAMN Minl LasRAuPlGes, 0 dRg particularly

V.
desirable emb ent, a vector contains t SGAAV cap and/or rep sequences of the invention. ~ As
described hereitpr eifgisAsEmEE dreQrEe Mt VsiGeany VT & Harfily dfpusRerFbiebtihercially available
Multiple Sequente Aligameatidiregrans,&ich as "Clustal W", accessible through Web Servers on the
interne. Alternatively, Vector,NT4 utlitiesare,alse 79.4narrihess ate.alse anumber,of algorithms

known in the art which can be used to measure nucleotide sequence identity, including those
contained in the'rdErfiiie WSt REGVS! RS Ansthelseihpié Vssyuelddfiie S8quences can be
compared _using(Eas]‘,aAJa\mgﬂﬁerﬂ NGOG AEYSIBEQ.ID Rastd providers Biignments jand percent
sequence 'den{&ﬁ&&ﬁl@dﬁ@@%th@@mﬁb%tﬂ@ﬁeﬁ%&%s&mwme@@g SEALR RRquEnces. For

instance, percent Sequence 25identity between nucléic acid sequences can be determinéd using

Pasta withifts defiisioprahiEers Wi @287 6 AR OPARNPRAIGS or ineSEBHRY matrix) as
provided in GO@MISicn 8 SE D EDaNDirtoFIoHSED by Xefeirinae-SEmilpIpRay e 3. ssesiilable for
amino acid Seqﬁ%‘?%?ﬁﬁ?.&q@é'si!fb?f\%?{75)(,3599-"53‘{@?&%@%3,%93—% Egﬁéqlgf\‘f@?gﬁz%te used at

default settings, although one of skill in the art can alter these settings as needed, 30Alternatively, one
of skill in the art EFRIHDE gﬁbﬁ?@r’%ﬁ@%ﬂﬂwg‘rPéfﬁ%ﬁ?e&sﬁ%&&?@i%ﬁﬂcﬁ%%m?ﬁ%ast the level of
identity or alignmaprt-agIsatiprovidisd, by-2heseieranctd algofifRRG RGP RIGré&vs[SEQ IDhe term

"substantial homglagy",or; Subsiaptiahsieniiari. whap feieing:1 ABHGISIGEE!Y, £1.frrgment thereof,

indicates that, when optimally aligned with appropriate nucleotide insertions or deletions with another
nucleic acid (oA RSBy ST, BT oS S0 h e TBHAA &t st about 86 to
99% of the aligned2SEgQRENCES: PIpieraliBERD N@kﬁé}c@ﬂih[ﬁﬁ@rmm@ﬁqutﬂémwor an open
reading frame tgrepi, @ﬁf@&@@ﬁﬁ%@@ﬁ&@9@%@&%@% 1i§1§,t45§%t§&é RYRIBAiSes I leagth,

Examples of suitable fragments are described herein, The tefm "substantial homology" or "substantial
similarity,” wheFPrfri &7 ariihe SANS o FalfridnEQHe RS inddarts B TR AEK %%ally aligned
with appropriaté2asmiMEEado M3ettivnger Ideki dndi Wit @nbtHsEQitindCadizd] the {85 dmino acid
sequence identipin g 1935t AHGHHRS. 1019 h%%@f[%@ﬂgﬁ@d« Be0uEnSese R eRIgolysfhe homology is

over full- 10length sequence, or a protein thereof, e.g., a cap protein, a rep protein, or a fragment
thereof which i BY eBSFEPAR A AGRES] I IGHa BLTADN, St O MR 42 QRIS SERRTHEnEitn. Examples

of suitable fragiiletistaseapi@seribed herein. By the term "highly conserved" is meant at least 80%
identity, preferably at least 992 idenfity,And fRATE RISIRHab I QYR ¥k ddentitk Jeegiity is readily

=)

determined by one 150f skill in the art by resort to algorithms and computer programs known by those
of skill in thé arProteinf RERIMNGEent sequence identity” or “identical” in the context of nucleic acid
sequences refers to the residues in the two sequences which are the same when aligned for maximum

correspondenc?F%%%%gEﬁg@m%p%th may be over 20the full-length of the

genome, the full-length of a gene coding sequence, or a fragment of at least about 500 to 5000
nucleotides, is desired? W&, TYEHHRAY BMBIG S A Hugh atRo S idT akse ak it Hine
nucleotides, usuga!bpiteastabauiia 2dnuceotides-atiedstmbieul, 2841n3: RUcieatisfes, at least
about 36 ofmore, nucleotides May, alsbe Aesitedy RN, PEIGANL SSAUENGR JEGNtHY; may be
readily determined )

method utilizes a polymerase chain reaction (PCR)-based strategy for detection,

identification and/or isolation of sequences of AAVs from DNAs from tissues of human and

non-human primate origin as well as from other sources. Advantageously, this method is



25for amino acid sequences, over the fall-length of a protein, or a fragment thereof. Suitably, a
fragment is at least about 8 amino acids in length, and may be up to about 700 amino acids. Examples
of suitable fragments are described herein. The AAV sequences and fragments thereof are useful
in production of rAAV, and are also useful as antisense delivery vectors, gene therapy vectors, or
vaccine vectors. The 30invention further provides nucleic acid molecules, gene delivery vectors, and
host cells which contain the AAV sequences of the invention. As described herein, the vectors of
the invention cBfaiHYetRs FeHem MRl Bratentedor thRiairepftobraldcpaftr vkt deMsuited for use in
applications in whickythaeceguiradiziitgdantivodies diminish the effectiveness of other AAV serotype

based vectors, as well asoihatoniaL Rt ihe AN ReiRLe LA Ieninn arg particularly

advantageous in rAAV readministration and repeat gene therapy, These and other embodiments
and advantage&grfie it itishiate YeseAbEt R HorE Gl tiir bRV "R LsEP i dtigiout this
specification ahet¢hesclaims] testérintcompribaderioansblimetidingteanyghtheib Mastaindsiare inclusive of

other componepig, GIgMenssiNagesss Aasiepssandhedike. COPaEel. g RIM.cnRisting” and its

variants is exclusive of other components, elements, integers, steps and the like. I. Methods of the
Invention A.Detetdhtedetfibnsee AR Aot s ERRrgcbiprefertihetes thiguriséntion provides a
method of detesiifngnandininig eniiflyis intangedtalictestarict.sequences in a sample. This method is

particularly well suited far defection @%@tssmygggmmﬁmg inteqrated e ihe ghrpmosome of a

cell, e.g., adenoassaociated viruses (AAV) and retroviruses, amo c?ﬂ others. The Specification makes
3

reference t& AAY: \WHISHIESXE b At Y Hepsic M OREDEN el B thidyrstAshbH 8RR of 20skill in
the art may reatldyepertorins thelnietheds HfdheSinve fticndorprélrovir isesdegssfelndileukemia virus

(FeLV), HTLVIand HELYIl sand leptviinae (8 g iumaniimmyaedeliciee s Mtus (o, simian

immunodeficiencar/] virus (SIV), feline immunodeficiency virus (Hy), equine infectious ‘anemia virus, and

spumavirinal)], As5ee e re i lird et HRPME HTEU BT th FRAHEHIY iR 8188 Bé Used for detection of
other viral 25anenonevivalisegaence$) whnbbirep ity ratednor fron dite graiéor imto-eVgerwdrne of the

hostcell, 15 sefASbSCINGIER R SRMBIS IS REY RRUFCE: CONRIN IR BUCIRICAGIHS, B: 0 fiSSue, tissue

culture, cells, cell culture, and biological fluids including, without limitation, urine and blood. These
nucleic acid seflR#E8% 4} BE BIFEBY RNA from plasmids, natural DNA or 30RNA from any source,
including bacteria, yeastjesiniisgdicanid HighenorgapisivsislictingsplaftsyategnifalslidiNA or RNA is

extracted from the sample Ry:AvaNgly A techriduas known io.1hese &f skl igdhgsart, such as those
described by Sambrook, olecugﬁr Clonln%ﬁA_Laborator Man&lal New York; Cold Spring Harbor

! Y e
Laboratory). THEHHiIT BEHE"SARME SRATHE RERTY BIHATA L RGERT Wiibesare Miftained for
applicatiorr©f thesdnéthme aé the ainvebtion agatiias kmitatioriboftheprk senbdnventionea@ptionally, the

method of the ipygnfiee anhe ReHAyMes direathian s soHGe F}BQM@@&QB@@‘AS@@ agids obtained

(e.q., extracted) from a source, The method of the invention involves subjecting a sample containing
DNA to 5amplifieatishes R BN LP S VR S (5 CHPEIShty R et S BPHAM LS Shecific for a

Version 6.1. Fasta provides alignments and percent sequence identity of the regions of the
best overlap between the query and search sequences. For instance, percent sequence

25  identity between nucleic acid sequences can be determined using Fasta with its default

- parameters (a word size of 6 and the NOPAM factor for the scoring matrix) as provided in

- GCG Version 6.1, herein incorpc')ratedvby reference. Similar programs are a?ailable for

amino acid sequences, e.g., the “Clustal X” program. Generally, any of these programs are
used at default settings, although one of skill in the art can alter these settings as needed.

30 Alternatively, one of skill in the art can utilize another algorithm or computer program which
provides at least the level of identity or alignment as that provided by the referenced
algorithms and programs.

The term “substantial homology” or “substantial similarity,” when referring to a

nucleic acid, or fragment thereof, indicates that, when optimally aligned with appropriate

4



first region of double-stranded nucleic acid sequences, thereby obtaining amplified sequences.

As used herein, each of the "regions” is predetermined based upon the alignment of the nucleic acid
sequences of at least two serotypes (e.g., AAV) or strains (e.g., 10lentiviruses), and wherein each of
said regions is composed of sequences having a 5' end which is highly conserved, a middle which is
preferably, but necessarily, variable, and a 3' end which is highly conserved, each of these being
conserved or variable relative to the sequences of the at |east two aligned AAV serotypes. Preferably,
the 5' and/or 3' B HGHRTIOEHSETIEIPBY B rIGHEE Aiskit BiLREImerBprBRYaRly 4idbast 18 base
pairs (bp), 15HaweMeRuoRetids Rathoé thesequearicesaatthis & 0938 oErie aigyebeegonserved over more
than 18 bp, m0ﬁé@%@&%@mbmsgyt@%oeﬁ&@@en%%h@%@n@g?& =P de:abihe PrERd mifithergspect to the

variable region, there iS no requirement for conserved sequences, these sgrguences may be relatively
conserved, or MagHATERRSTiFERFYOE, BF 765 Idehtify K dhis tRE dRHERIS IS8 or strains.
20Each of the reginnatmayspaireabenin 00 bp to about 10 kilobase pairs in length. However, it is
particularly desirable that gne-gfiihe.fegignsiis# ANMMIRISIAN i Swikd SgaRWhiGh i sufficiently

unique to positively identify the amplified sequence as b_elng)grqm the target source. For example, in
one embodimeft/the RETEYTIRTTEAHEtiEE50 B YA TR AGHR2 Bl B SUHBI SRR R AZ Bihong known
AAV sequencescihati¢positovebelbideiitiiestthezamphfiediregioanasdreid gegh#BdidriginiocFurther, the
variable sequenges within this iegion arsisuicienivunigue.that canRe.bised Lo denlfy the serotype

from which the amplified sequences er%nate. Once amplified (and thereby detected), the sequences

can be ideHtifietP B DEREHAY EBIVERHSTA & afotiB aigastion BRE Rotpdreaitbiiestiction
digestion patterwgitbrithidamsgicminoaniyiobrArovEld i1, A AE] Fekiib, skl larghAV6, 300r that of

AAV7, AAV10, AAYLLs SANEZ. % anvhetibe.therneuel serotypes identified by the invention, which
is predetermined and grovided by the present invention. Given the guidance provided herein,
e

one of skill in the art cEX REAEHR) T&RHRPSTER e i B1& AFhi5HY ikt il PRERROMAE®H permit ready
detection and ideatification of theseségudnoss: Theidaftor, demtptined Botdfagamerddyprimers located

within the highly, sanserved, ands-cambadegioradand testec ferafficisnt arplification of the selected

region from samples. This aspect of the invention is readily adapted to a diagnostic kit for detecting the
presence of theﬂi‘ﬁrag’fet sequence (e.g., AAV) and for identifying the AAV serotype, using standards
which include the restfittioerpdtternst fog thecAlvhEardty fidsifidas énibedbereinbnistliatedsing the

techniques desqrhedlheieinonexample w{ﬂgmg%M&ﬁ@&%@m@'%m%&{%@g PCR
products can be accomplished by dlgestlngthe PCRggéoducts and comparing restriction patterns.

Thus, in one endBbHEIfERETITETS régolFh st A ANGUEREEd S BPPe B I HBEUEEL00 of AAV 1
[SEQ ID N§3:6], tapgu00u@spendingebage, pRirslinAAY o 2 LeMAYIind i derdé) bba angnieAMd. More
desirably, the reqgipn is ab 0 located within.bp. to about 3143 bp of AAV 1 [SEQ ID
NO:61, and corr%s%%ﬁ%?ﬁg%gégoéggg }}P%&’\}&gsréﬁjésﬁ)ﬁﬁ%oﬂev&h%?ﬁ%[@ﬁ“’agﬁ% ﬁ?)% 1 and other AAV
serotypes. See,fFigmentTc geshit kapidbdetattoror®idgs instabysampieaprivri soidich specifically

amplify this signgfue tegion Rie: Htibize HloyRyat. thesPresaRtivesy o i Rotlinitaddto the exact

15sequences identified herein for the AAV signature region, as one of skill in the art may readily alter
this region to en‘@&ﬁ?ﬁﬁé@eéj%ﬁeﬁﬁﬁﬁﬁ"yenﬁeﬁﬁeatI?ff@@?cﬁégﬁﬁgﬁt BrehRe WatibrdRieratmsh. The
PCR primers arggengiateii usingntechniguis ikildentoothgseteh skilk iftdfheeattinkaech of the PCR primer

sets is COmpOSeéiuggﬁy?ag:{,ggr%gn%rilsd a?lg’a{spgm?tr 8 %%?ﬁoeagd’s in length, and may be up to about 700
amino acids. Exmﬁplés of suitable fragments are described herein. |
The AAV sequences and fragments thereof are useful in production of rAAYV, and
are also useful as antisense delivery vectors, gene therapy vectors, or vaccine vectors. The
30 invention further provides nucleic acid molecules, gene delivery vectors, and host cells

which contain the AAV sequences of the invention,



20 Sambrook.et al, cited herein, The term "primer" refers to an oligonucleotide which acts as a point of
initiation of synthesis when placed under conditions in which synthesis of a primer extension product
which is complementary to a nucleic acid strand is induced. The primer is preferably single stranded.
However, if a double stranded primer is utilized, it is treated to separate its strands before being used
to prepare extension products. The primers may be 25about 15 to 25 or more nucleotides, and
preferably at least 18 nucleotides. However, for certain applications shorter nucleotides, e.g., 7 to 15
nucleotides are utilized. The primers are selected to be sufficiently complementary to the
different strands of eacts gpedliid beguehesdadoeddthplifiedita bybsidize indthalelprespeetive strands.
Therefore, the pmey sequange Nesd Al (eialha.exadh ssavance ol s realen pelng,20amplified.

For example, a non-complementary nucleotide fragment may iae attached to t nd of the primer,
with the remaindiBediediRiHEr Begleieer seiNPESMteteR R preh SFRAF 6 HRE StPai.
Alternatively; nonieovaplesn 8htanAbases ordiihgevseguencestcandetverspeisaedriniosthe primer,
provided that thqﬁgmﬁgﬁ%yg&%{% fﬁg%& complementarity with the sequence of the strand to
be amplified to hybridize therewith and form a template for synthesis of the extension product of the
other primer. TRESEEGR PifhERP PO TR Aan st EaRey RO a e ting a6 SRRt itiBi are based
upon the highly dendésied sequehibes:gidtwoBrspadfeadligaettseduences (@ms, twopasirnore AAV
serotypes). The primgrs 64 ’%ﬁ&ﬂ{&%ﬂ%@le&@éﬁlsngme%%d@amxn%mg@gﬁ@%st,%q%g&@me aligned

AAV serotypes at the 5" end or in the mi . However, the sequences at the 3" end of the primers
correspond'd a FEgIGRGI B o FATSFE Alidhe i RA T Gy pd il Wiirttiere s ¥xakefantity over at
least five, preferably;caves, atleast, hngdoasepairs fanitanore preferably, over at least 18 base pairs at
the 3' end of the primers. Thus, the 3' end of 10the primers is composed of sequences with 100%
identity to the aligned %%gtﬂggscga oV, (jagt{gglst five nucleotides. However, one can optionally utilize
one, two, or more degenerate nuc eotides at the 3' end of the primer. For example, the primer
set for the signature region oPABNiws Sepieves Hadédagpion Gemigue region within the AAV capsid,

as follows. The 5' primer wasybasef LotnRmnt 286 §ré8ak PLARNZRERHR NPof ldmitying
GGTAATTCCTOCCGAAATTGOCAL 13'. See, T ﬁi'pnmer was designed based upon nt

- ig..1. Th
3096-3122 of AAYEFEES T NEVPFE= BASHE TERARRACAREFEE A S However, one of
skill in the art maigtactios oézidilypedesigredhiteaprimesrget basbd dipomothercof responglingeregions of AAV

1, AAV3, 20AAVA AAVS, AANGA BRHased HRANS frmation ProVdedharainaAAV7, AAVIO,
AAV11, AAV12, or another novel AAY of theléi%é/fntion. %][éadditi%n, still other primer sets can be readily

designed to ampiffy i Sghblurd (LA TRIHE &g oY REHWA T I SUs IBILRATA-HS SFt. B.Isolation
of Target Sefuenkds A= deseriseld prfein tthenpredert tniartiviprovitesiagisdt prifaéreset which

specifically amplifigs.thesign@ture region ehdheriarget.sequencqaSrdq ahAAY serotype, in order to
permit detection of the taéget. Ina sitgﬁ{jon,in, which fugger_ sequ,enclfs are desired, e.g., if a novel
&+t ek

AAV serotype is IFEHTREAC{SSIHEE S B BHER A T ROt Svention may further
utilize one or moremadditidinahpriirey E&¥8, equine inSditabipettiesaysranésmetsvare iesigmed to include

either the 5' or 3' primerofithe fitst Rrivner setARdRsesrNd PITEL HhigUe.tefhedrimesset, such that
the primer set amplifies a.regeion 5or3 io thet sigtngtu_re r(_agtion_ which anneals to glﬁ‘?’ r the 5' end or
the 3' end of the BIgAATIPESEIEH Eol SXAPIES A St PHREr &t 1@8&%&%‘&]“810 % Wfer, PI and a
3' primer P2 to amsfilify the signature region. In order to extend the signature region on its 3' end, a
se((:jo‘nd} primer setis compoggg ge@qjgpgﬁ,lf?ll%ggg{@iggng@mpgeB&tﬁyxnipé&qamigi@%,t%‘%ﬁgg@’ture region_
and contiguous sequences downstream of the signatyre region. In order to extend the signature region
on its 5' end, a tHFG PR <&t fsccec%r%upw)”é% nc%‘béo% ’Cﬁtlfrrf% Cﬁg@ﬂ&\% Wﬁﬁ%trlﬁﬁt,agﬂbﬁrfﬂ%ﬁﬂe signature
region and contiglimus Sexwgeiarries agsstrasancof the kb dghatmaiidditna rdesmiplified;aTA¥decextension
steps are repeatedi(0r peHorRed Althessanatime).as nagded oraesired. Jihereafies fhe.products
results from these.amg(ljficigilgln steps,are f%JSE{;dd sin conven jonal steps 19 J%roduc an isolated
sequence of the Je¥iHed e gtﬁ’.of’he Second and thir f)?fir%] Fsetd S eosigenerﬁfluﬁ% WA e primer set
for the 10signatutersegiskillto Beptifsueh rsghosckigsaneshigiyrungeMetradyidates Among the aligned
Laboratory Manual (New York: Cold Spring Harbor Laboratory). The origin of the sample

and the method by which the nucleic acids are obtained for application of the method of the
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sequences. Reference herein to the term "second"” or "third" primer set is for each of discussion only,
and without regard to the order in which these primers are added to the reaction mixture, or used for
amplification. The region amplified by the second primer set is selected so that upon amplification it
anneals at its 5' end to the 3' end of the signature 15region. Similarly, the region amplified by the third
primer set is selected so that upon amplification it anneals at its 3' end anneals to the 5' end of the
signature region. Additional primer sets can be designed such that the regions which they amplify
anneal to the elthertitre R @adiBieHendiarpisserdrasieeisiivipot yctectonmediobithevediond or third
primer sets, or by sLPSEAHRAUREANLESEISsAREOF BXAMPIen wheie MAAMoistha takget sequence, a first
set of primers (ePg. ap%d 2nare used to amplify the signature region from the sample. In one desirable
embodiment, this S|gn ure reglon is located within the AAV capsid. A second set of primers (P1 and
P4) is used to extend the 3" BidnsHefkosignitaitRgivh e ahiscation stmble canynsedtiéndée which is just
before the AAV:3pliFRutibe viRFWdingsachextension PUIjushgorianingtbereniiedtizhend of the AAV
capsid when u the si Jature r hor S)p ment, th primer corresponds
to nt 4435 to 43%%“3? &A@n T%%I%Q %kﬁl%%? e %ﬁcor églgg%rﬁrf%g e%ﬂ%%‘g sal?ﬁ E;‘F]e(flother AAV serotypes,
This results in &Aplifi€ation of a region of about 1.6 lob, which contains the 0.25 kb signature region. A
third set of primers (P3 and EQ!)SEE usethfeextend theibiendaidsignaiudeaegigniea location in the
AAV sequenceg which i E ai %%13’9?&1&396 o dgwog%%%&%%o% m&}“r’]‘;fﬁ‘gﬂ'b%(}%?ﬁh%?epmd“Ct

containing the en ire ! c AAV c enusing t region as an arichor. In one
embodimeiit, tHenar bﬁ%éﬁéaﬁ@@mé QOSHE 15880 16 TP RAY PBET P RIOS Hidind
corresponding saguencesiyncthe:otor ARV seratypes:fdrhis/resultsdyampldicatipmeota'region of about
1.7 kb, which contains, R';J&%%505*?5&1&%3%?0@9&9%@9QHQ&@M&J%&'@ SRLQLPrmers are used to

further extend the extension product containing the entire 5' end of the AAV cap5|d to also include the
rep sequences SifrERESSBB AR EMhE igRihd %‘He?f@ﬁﬁ?éd’ 5 12BkeRp oY 08 to 133 of AAV2

[SEQ ID NO:7]hgnt) cotsesponding acudncdsain therophderdolyy Hresotgpes and (spysed in conjunction
with the P2primgl,.ver one EQJL%{"&@%%H\&!%%QE& ftthe degired DHOGS e%e%%@%% ﬁ%grps the various

extension products are fused, making use of the signature region as an anchor or marker, to construct
an intact sequehce?: Iﬁ%ﬁél‘é&gﬁ]‘ﬁﬂéﬁiﬁ\}m&&Wéiﬂ“ﬂ%‘@'agéag&éﬁ&% SGHitainifig, ragP&Chifimum, an
intact AAV cap @eneiare aitainedd iargecgaguendescmnaybe ehiaicadiht@dependingayren the number
of extension St?Q%tQ@V%%@dfed or may AHARYY il @4ENSIAR PIRAMS!SAIR AssaRbled into an intact
AAV sequence using methods known to those of skill in the art. For'example, thé extension products
may be digestetfRitPebRafiaihich cleaves at the Dralll site located within the signature region, to
provide restriction fragmentEuchichtiaregedigadeshto provit® ppadeieist ¢0kiaitHgp{at @ 15 minimum) an
intact AAV cap gege: Hoyeyer, BisiaHiialeiechaianss leuassamblng. e sxlepsign, products into

an intact sequence may be Utilized See, denerally, Sambrook etal, cited herein.

alternative to thefnfultié @%ﬁ%§6ﬁ%ﬁ@ﬁ@d‘é§@ﬁB%Bo%‘ffv%‘dﬁ%f@h‘éi’ BRPHGERTRERRTGE Be |nvent|on
provides for diréehamplificatiogeofoardel ki éragnie it wvbichbadialtovysiésotatigoofsfubblength cap
Seduences. To SRSUCATIRNY. bk MishatbeR UA0EOLIAMMIE.aa i blood DRAS, two

other highly conserved regions were |dent|f|e in AAV genomes for use’in PCR ainplification of large

fragments A pﬁ?ﬁ’éﬁﬁﬁﬁtﬁﬁﬁé‘&%@éﬁﬁé@ PSSR I%fd%‘ﬁe\ﬁoir#tﬁepr‘r‘f Geshsr ey SeaKRESs utilized (AVIns:
5' GCTGCGT CAMGTGIALE AR TGRAGANCBIpathaf G wﬁbd\tﬁ)L@)mfycrhmbmaﬂmﬁnowmbh%the 3' primer
located in anothﬁer&mﬁﬁrys@&mmﬁgmtmg&q%@@d%@ BERE, (RULERS 1R sequences can
CGCAGAGACCAAAGTTCAACTGAAACGA 3', SE for'amplification of AAV sequences
including the fultaéfgtiis Ry Q?éf?‘“f’%l&%fwnf@ﬂﬁ\ﬁﬁtﬁc&ﬁ?ﬁi BoRndraEaRES Srkigidhed and
sequence analyﬁms&op@ef@mmeﬁmmhragmocunaw HAY 199996283\ thadl s theArnwentors have
isolated atJpast 5, gapsid glonosva hayesstbse f@ﬁoba@&sb@@%@gléegeﬁme@ them, 37

clones were derived from Rhesus macaque tissues (rh.1 - rh.37), 6 clones from cynomologous
macaques (cy. 1105 61157 BRER B SH ESTIGHL BB ivé‘iiﬁél %Bff)péﬁﬁﬂ‘%%‘ﬁﬁ@& from Chimps (ch.1 -
ch.5). These clones are iderfified telgseWhseeirvitra bpeoifivatidinkitbigethert withethi@species of animal
from which they, were identifiechanddhestissuesindhataninalhese.ao e segugnces have been

located. C.Alternative methad for isolating novel AAV In another aspéct, the invention provides an
alternative meth@?&?@?%&%fﬁ&ese sequences, Thereafler, an optimal set of generic primers located
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5novel AAV from a cell, This method involves infecting the cell with a vector which provides helper
functiens to the AAV; isolating infectious clones containing AAV; sequencing the isolated AAV; and
comp%rjhg’the sequences of the isolated AAV to known AAV serotypes, whereby differences in the
sequences of the isolated AAV and known AAV serotypes indicates the presence of a novel AAV, 10In
one embodiment, the vector providing helper functions provides essential adenovirus functions,
including, e.g., Ela, Bib, E2a, E4AORF6. In one embodiment, the helper functions are provided by an
adenovirus. ThESYEHEHHEMY PRIy BE LRt prlateravird §?Sé€r‘}cf%%§°beé‘tmﬁf%08roﬁ §5-human
origin, preferabiylaad-hymairqpriswapée{ NHR)agregins THadniiNtb sequetigesapfed tounilenwctiadenovirus
types are availablg fram 4pGenhanic.ipeiding. fype A05 [Genbank AL RRIGHNG M 73260]. The

adenovirus sequences may be obtained from any known adenovirus serotype, such as serotypes 2, 3,
4,7, 12 and ACCE¥ PR PR THEGHIR G HAY S R STty I ReTtRL P AR YRS fSae, e.g., Horwitz,
cited above]. Simiteitiyadenovirssesdurwhtdeviisgtackstiiimbreaniniats{emlechitipanzees) may also
be employed in e Nesir &qa%m&&eﬁ&p@@w@i@smé&% Erlbe W3R RALEBY MEe £i}BRe7 16. In

i

addition to Wild-gge adenoviruses, recombjnant viruses or non-viral vectors (e.g., plasmids, episomes,

etc.) carrying the NERUE S HSPRPHIRESHE A7 & tilized. Such recombinant viruses are known in
the art and may be prepared ascordingtoqdindishbd eomiiquegioStlr 4V P8 RaenbNo. 5,871,982

and US Patent 251 647 whistydeeeriess g AUAAM s The seloiion a4 ing adenovirus type
a

is not anticipated to 25limit the followjng in enti(.)nd Av. rie%y of adenovirus strains are available from
the Ameriéé)n TP %@IﬁJYé’é&i\ésct?BF{?%lg%{a%ég, W@%ﬁéﬂ BF&RiABIR Yy YR BRSNS a variety of
commercial andvitstitytftaltsebreed. B bbbt AN $8EQENAES: Af manyrseshhdtminseaEraiailable from
a variety of dat%@;%@%ﬂ@@j‘!ﬁ'ﬂﬁ):ﬂ;gk:«% ?@é@ﬁ@'&@@?ﬁ@%ﬂl@r WA@%%@JF%%@B@&[%CUOUS AAV
may be isolated using genome 30 |kl{}§t C nolgg%(&eb‘%[é tal., 1995, Né%/elc,Amd Research,
23:1087-1088, BYigiTardsgeirae ?‘,A“l 86 TABROT L BT 857 1 %988 R Bidsciences Clontech,
Palo Alto, CA). Geromespiadidireg idipdrtiiokentywid medtetifpendenitfyininaied tstiatixggtthe sequences

adjacent tq ¢he novelseausnsasnidentified.according:ie tagidnetbork ok ther invention..l;or example, this
technique may be useful for isolatinlpg inverted terming| repeat QTRS}% o&‘jthe novel AAV serotype, based

upon the novel RAY ASEIR LITEISH P SERGE SIS Rl tHIad b ing ke %ﬂﬂ%ﬁg%lﬁlﬁﬁe invention. This
technique is alstgugefekdeioisolating sequences adjacent to other AAV and non-AAV sequences
identified and isolated accorgipgttherRreseBtdRvRNiion. R R aMNE 3Bt Askillin -~ The
methods of the invention m%y bﬁé%?’qffg used for a varclet%/ %t e&pldemi(g)lo y studies, studies of
biodistribution, MoHitoFHy 8F B&AS THRAMARY A4S KATPOSERIE ARG URCERT HarRIEE Frotr oftfer integrated
viruses, THas, thentreticds!asiedvedtaiuit@es formuiguirepreiondkay edkkits fertids @ hyhcliticians,
researchers, ang gpigemielegists, & agsesticitnde: IBramether AsResinthailnvenign.provides a
diagnostic kit for getectin% éhet presence Ofl a kr][oyvrt1 oru kré%\évg de o-,%gso%iarﬁd Virus gAAV) ina
sample. Such kit EoRtEn a first Setot 5 amd 3 PCR phmers specitic for a Sighnatdre region of the
AAV nucleic acidef&selysostestaneahdivadyeioif adaitonsppdsdiprineekit edivebitigincaéirse set of 5' and
3' PCR primers gpagifiGfor-ihes Beloldpbingiant whisheinakides shafull:lengthiddVneansid nucleic acid
sequence identified hereins(e.%., the ATVItdS anoCIiA\(/fceﬁ pgirneﬁg) OBtic%r%)ally kit of }.he invention may
further contain £Y8"6F Midre SHHISALT S rE dhe 3° p}/ire}]eerass, as"deserbdd heY&IR atid/or PCR
probes. These ptitadrapatichiivobis e et dsecoeding (0 thsl@0idre senttiindntion amplify signature
,re‘gi;)rlli of gach AAV SethYP?heepgméﬂ§§ﬁgsab'@£dﬁi£@ﬂé@g%%ﬂy cmm@ﬁ@g@?@gmlm%@rovig/es ? kit
useful for identifying an_AAV seraqtype detected ac ing,tq the me .of the invention and/or for
distinguishing n%{/aé dﬂﬁ&?aﬁgﬁﬁj #&)ﬁqﬂiﬁ %lfc%n q%ﬁﬁ%}%ﬁ%ﬁze ngh i TR EY MOFA

er include one or more restriction
enzymes, standBirelsfor. AR\ rIBRSrangpesprOwdINg et E1p eahghiiacesitictiosiwrajrae digestions

of the invention nay infclyde,.instru%i%ns an grat}vp and/or positive control, {:ontainers, diluents and
elciio .tla.guiner, i e rémainder of tie primet seguence em%corBF etellg ..
buffers for the sample, indicator ‘charts for signature comparisons, dispdsabie gloves, decontamination

instructions, appheetomstiekstihe strand. Alternatively, non-complementary bases or longer sequences

can be interspersed into the primer, provided that the primer sequence has sufficient



30containers, and sample preparator cups, as well as any desired reagents, including media, wash
reagents and concentration reagents. Such reagents may be readily selected from among the
reagents described herein, and from among conventional concentration reagents. In one desirable
embodiment, the wash reagent is an isotonic saline solution which has been buffered to physiologic
pH, such as phosphate buffered saline (PBS); the elution reagent is PBS containing 0.4 M NaCl, and
the concentration reagents and devices. For example, one of skill in the art will recognize that reagents
such as polyetfEREIPEGPEE] S?QW%%%%V%@ B%@ﬂﬂ{l%ﬁﬂtﬁdiy(?@{%%@gﬁ?ﬁ%@ﬁIter devices.
For example, affilteradempteeviittsatiot bf Kimerbraneodotld tontentraterAAV. The kits provided

by the present invention are-ygefekfgrRerigiming the pmehods.desadbed hersiniang for study of
biodistribution, epidemiology, mode of tr?%onsmission of novel AAV serotypes in human and NHPs.

Thus, the methBHEGHRPKHE BetHECTENHOMR BT %féfvé’c?iaﬂ?ﬁedaé}%‘rﬁéé?%ﬁ?%ﬁéefoi%‘?eﬂ“ion of target
viral sequencesnpartieasypinteyratedviralsseqaencesdihémeathooscanidkitg arenpaiticularly well
suited for use indefegfion, identifisationapd izelaton,ob AN SEANRNGES WhIGh DRy Jnglude novel

AAV serotypes. In one notable example, the method of the invention facilitated analysis of cloned

AAV sequence&tBiehe Thlits R IEHICH PSR SPr BRI SHe Ry B pAYeRH Sén(itsieaiBetween
cloned fragmenish febrhectiffesent aamialscalt tfavviireh wedratdistingtdronatthiecknonmisixaAddAV serotypes,
with the majority, of thevatiation lacrlized fo.bypervatiableegions ahlhe apsidpsotgin,Surprising

divergence of AAV sequences was noted in clones isolated from single tissue sources, such as lymph
node, from!&n ifAVIHIEE iR SRR ARSIV Wbl UGB HEM L as PSSR ey i55¢Ent evolution of
AAV sequence wwathiitvendisiiahtiads2 Gamieneals tieyninppant) jorékte nstyevhomolog dessrecgmbination

between a limited quinher of co-infegting pargnteral viruses. These studies suggest sequence
evolution of widely disseminated virus during the course of a natural AAV infection that presumably

leads to the formation of swaith&SrYidLTbIRSEEUINidH HRrarHais ohataHOh RS HsH& Shray of capsid
hypervariable régsetspdiasiidgqtirediist exbimiie’oA Yapdidnal éoldas.eViod dtiorioravBiNbAsadrus 25in a way
that formerly wags thquegi9 43¢ seaiigiedrie RNGoviuses. Sequences of several novel AAV

serotypes identified /ppéthe method of the invention and characterization of these serotypes is provided.
y

I1l.Novel AAV SER3HYIEE SEA RULHAE ALIY SEqudnices®™ Fie: - AR iR 5E EEHTERRES of novel AAV
serotypes identifiseldbypdhetrdethdtks of Vi BEAGh He7hrovided. See, SEQ ID NO:1, 9 - 59,'and 117 -

120, which are iggerposaied by Agterrnae; bereir2es alse,&rig. Landithesedurnes lising.
For novel serotype AAV7, the full-length ggsgélences, |nclud|n%the AAV 5 ITRs, capsid, rep, and AAV

3' ITRs are provithdd i GBS BNBE s BSP StREFTRSRAUIAK PLRIS RIS bf thetifvention, the
approximasly 341K frefgvite AtiS6)atédsat opralithe itdotetimephodtief theinvehtidniisd proyvided. This
fragment Scontains §eqMERAESLRRAING fullA8Rash:capsidRiptain R Alkar pakt ffithe sgauenced

encoding the rep protein, These sequences include the clones _identified below. For still other
novel AAV serof{iPes EAd KidiT i aE R SRS ST TREEPsI 1 BEEHILH IO E. B 8kample, the
AAVI 0 nucleic akid sepeehces of the invention include those illustrated in Fig. 1 [See, SEQ ID
NO:117, which spans 855 baggs}: L e AL adgleic acid sequences of the invention include the
DNA sequences illustrated in Fig. 1 [See, SE% D NO: 118 which spans 258 ,bases‘]. The AAV12
nucleic acid®sequences of th& Ve HEEhHERIdRC & BINAY %Gﬂé’rtfﬁ’é%?lﬁjgff‘é?é’ﬁ‘ﬁﬁsﬁ g"hi9%see, SEQ m
NO:119, which censistslphabhibasesijnidsingdhe ridthadeloeyndescripeth aboVesfuythemAAVIO,
AAV11 and AA%@&?QE?HQ@&@@%P@E@@QUQ&Q%'Eﬁ%&%ﬂ%%ﬁ%@&ﬁ‘e@&%@é&g RHrRQgES; Including

15those described for AAV7 and the other novel scrotypes hereijn.
e.g., if anovel AAV serotype is identified, the signature region may be extended. Thus, the

invention may further utilize one or more additional primer sets.

Suitably, these primer sets are designed to include either the 5° or 3’ primer

w
<@

of the first primer set and a second primer unique to the primer set, such that the primer set
amplifies a region 5’ or 3’ to the signature region which anneals to either the 5’ end or the 3’

end of the signature region. For example, a first primer set is composed of a 5’ primer, P1



Figure 1 provides the non-human primate (NHP) AAV nucleic acid sequences of the invention in an
alignment with the previously published AAV serotypes, AAV 1 [SEQ ID NO:6], AAV2 [SEQ ID NO:7],
and AAV3 [SEQ ID NO:8]. These novel NHP sequences include those provided in the following Table
I, which are identified by 20clone number: Table 1 AAV Cap Sequence Clone Number Source
Species Tissue SEQ ID NO (DNA) . Rh.! Clone 9. (AAV9) Rhesus Heart 5 Rh.2 Clone 43.1 - Rhesus
MLN 39 Rh.3 Clone 43.5 Rhesus MLN

10

15

20

25

and a 3’ primer P2 to amplify the signature region. In order to extend the signature region on
its 3’ end, a second primer set is composed of primer P1 and a 3’ primer P4, which amplifies
the signature region and contiguous sequences downstream of the signature region. In order
to extend the signature region on its 5’ end, a third primer set is composed ofa 5’ primer, PS5,
and primer P2, such that the 'signature region and contiguous sequences ups’iream of the
signature region are amplified. These extension steps are repeated (or performed at the same
time), as needed or desired. Thereafter, the products results from these amplification steps
are fused using conventional steps to produce an isolated sequence of the desired length.

The second and third primer sets are designed, as with the primer set for the
signature region, to amplify a region having highly conserved sequences among the aligned
sequences. Reference herein to the term “second” or “third” primer set is for each of
discussion only, and without regard to the order in which these primers are added to the
reaction mixture, or used for ampliﬁca’tion. The region amplified by the second primer set is
selected so that upon amplification it anneals at its 5’ end to the 3’ end of the signature
region. Similarly, the region amplified by the third primer set is selected so that upon

amplification it anneals at its 3° end anneals to the 5* end of the signature region. Additional

primer sets can be designed such that the regions which they amplify anneal to the either the

5’ end or the 3’ end of the extension producté formed by the second or third primer sets, or
by subsequent primer sets.

For example, where AAYV is the target sequence, a first set of primers (P1 and
P2) are used to amplify the signature region from the sample, In one desirable embodiment,
this signature region is located within the AAV capsid. A second set of primers (P1 and P4)
is used to extend the 3’ end of the signature region to a location in the AAV sequence which
is just before the AAV 3’ ITR, i.e., providing an extension product containing the entire 3’
end of the AAV capsid when using the signature region as an anchor, In one embodiment,
the P4 primer corresponds to nt 4435 to 4462 of AAV2 [SEQ ID NO:7], and corresponding
sequernces in the other AAV serotypes. This results in amplification of a region of about 1.6.
kb, which contains the 0.25 kb signature region. A third set of primers (P3 and P2) is used to
extend the 5” end of signature region to a location in the AAYV sequences which is in the 3°
end of the rep genes, i.e., providing an extension product containing the entire 5” end of the
AAYV capsid when using the signature region as an anchor. In one embodiment, the P3
primer corresponds to nt 1384 to 1409 of AAV2 [SEQ ID NO:7], and corresponding

sequences in the other AAV serotypes. This results in amplification of a region of about 1.7

10



40 R11.4 Clone 43.12 Rhesus MLN 41 pits Clone 43.20 Rhesus MLN 42 Rh.6 Clone 43.21

RhesusMLN 43 Rh/ Clone 43.23 RhesusMLN 44--] Table 1 (cont'd) RIL8 Clone 43.25 Rhesus MLN
45 Rh.9'Clone 44.1 Rhesus

kb, which contains the 0.25 kb signature region. Optionally, a fourth set of primers are used

to further extend the extension product containing the entire 5’ end of the AAV capsid to

also include the rep sequences. In one embodiment, the primer designated P35 corresponds

to nt 108 to 133 of AAV2 [SEQ ID NO:7], and corresponding sequences in the other AAV
5  serotypes and is used in conjunction with the P2 primer, '

Following completion of the desired number of extension steps, the various
extension products are fused, making use of the signature region as an anchor or marker, to
construct an intact sequence. In the example provided herein, AAV sequences containing, at
a minimum, an intact AAV cap gene are obtained. Larger sequences may be obtained,

10 depending upon the number of extension steps performed.

Suitably, the extension products are assembled into an intact AAV sequence
using methods known to those of skill in the art. For example, the extension products may
be digested with Dralll, which cleaves at the Dralll site located within the signature region,
to provide restriction fragments which are re-ligated to provide products containing (at a

15 minimum) an intact AAV cap gene. However, other suitable techniques for assembling the
extension products into an intact sequence may be utilized. See, generally, Sambrook et al,
cited herein, o '

As an alternative to the multiple extension steps described abbve, another
embodiment of the invention provides for direct amplification of a 3.1 kb fragment which

20  allows isolation of full-length cap sequences. To directly amplify a 3.1 kb full-length cap
fragment from NHP tissue and blood DNAs, two other highly conserved regions were
identified in AAV genomeé for use in PCR amplification of large fragments. A primer within
a conserved region located in the middle of the rep gene is utilized (AVins: §'
GCTGCGTCAACTGGACCAATGAGAAC 3%, nt of SEQ ID NO:6) in combination with

25  thed prim.er located in another conserved region downstream of the Cap gene (AV2cas: 5'
CGCAGAGACCAAAGTTCAACTGAAACGA 3, SEQ ID NO: 7) for amplification of
AAV sequences including the full-length AAV cap. Typically, following arhpliﬁcation, the
products are cloned and sequence analysis is performed with an accuracy of > 99.9%. Using
this method, the inventors have isolated at least 50 capsid clones which have subsequently

30 been characterized. Among them, 37 clones were derived from Rhesus macaque tissues
(rh.1 —1h.37), 6 clones from cynomologous macaques (cy.1 — ¢y.6), 2 clones from Baboons

(bb.1 and bb.2) and 5 clones from Chimps (ch.1 —ch.5). These clones are identified
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elsewhere in the specification, together with the species of animal from which they were
identified and the tissues in that animal these novel sequences have been located.
C. Alternative method for isolating novel AAV

. In another aspect, the invention provides an alternative method for isolating
novel AAV from a cell. This method involvés infeéting the cell with a vector which
provides helper functions to the AAV; isolating infectious clones containing AAV,
sequencing the isolated AAV; and comparing the sequences of the isolated AAV to known
AAYV serotypes, whereby differences in the sequences of the isolated AAV and known AAV
serotypes indicates the presence of a novel AAV,

In one embodiment, the vector providing helper functions provides essential
adenovirus functions, including, e.g., Ela, Elb, E2a, E4ORF6. In one embodiment, the
helper functions are provided by an adenovirus. The adenovirus may be a wild-type
adenbvirus, and may be of human or non-human origin, preferably non-human primate
(NHP) origin. The DNA sequences of a number of adenovirus types are available from
Genbank, including type Ad5 [Genbank Accession No, M73260]. The adenovirus sequences
may be obtained from any known adenovirus serotype, such as serotypes 2, 3,4, 7, 12 and
40, and further including any of the presently identified hum_aﬁ typés [see,-é_.g., Horwitz,
cited ébove]. Similérly adenoviruses known to infect non-human animals (e.g., |
chimpanzees) may also be employed in the vector constructs of this invention. See, e.g., US
Patent No. 6,083,716, In addition to wild-type adenoviruses, recombinant viruses or non-
viral vectors (e.g., plasmids, episomes, etc.) carrying the necessary helper functions may be
utilized, Such recombinant viruses are known in the art and may be prepared according to
published techniques. Seg, e.g., US Patent No. 5,871,982 and US Patent 6,251,677, which
describe a hybrid Ad/AAV virus. The selection of the adenovirus type is not anticipated to
limit the following invention. A variety of adenovirus strains are available from the
American Type Culture Collection, Manassas, Virginia, or available by request from a
variety of commercial and institutional sources. Further, the sequences of many such strains
are available from a variety of databases including, e.g., PubMed and GenBanl.

In another alternative, infectious AAV may be isolated using genome
walking technology (Siebert et al., 19935, Nucleic Acid Research, 23:1087-1088, Friezner-
Degen et al., 1986, J. Biol. Chem. 261:6972-6985, BD Biosciences Clontech, Palo Alto,
CA). Genome walking is particularly well suited for identifying and isolating the sequences

adjacent to the novel sequences identified according to the method of the invention. For
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example, this technique may be useful for isolating inverted terminal repeat (ITRs) of the

novel AAV serotype, based upon the novel AAV capsid and/or rep sequences identified

using the methods of the invention. This technique is also useful for isolating sequences

adjacent to other AAV and non-AAYV sequences identified and isolated according to the
5  present invention. See, Examples 3 and 4. '

The methods of the invention may be readily used for a variety of
epidemiology studies, studies of biodistribution, monitoring of gene therapy via AAV
vectors and vector derived from other integrated viruses. Thus, the methods are well suited
foruse in pre-packaged kits for use by clinicians, researchers, and epidemiologists.

10
1L Diagnostic Kit

In another aspect, the invention provides a diagnostic kit for detecting the presence
of a known or unknown adeno-associated virus (AAV) in a sample. Such a kit may contain
a first set of 5' and 3' PCR primers specific for a signature region of the AAV nucleic acid

15 sequence. Alternatively, or additionally, such a kit can contain a first set of 5° and 3° PCR
‘primers specific for the 3.1 kb fragment which includes the full-length AAV capsid nucleic
~acid se‘ciﬁence identified herein (e.g., the AVIns and AV2cas primers.) Optionally, a kitof =~
the invention may further contain two or more additional sets of ' and 3' primers, as -
described herein, and/or PCR probes. These primers and probes are used according to the
20 present invention amplify signature regions of each AAV serotype, e.g., using quantitative
PCR.

The invention further provides a kit useful for identifying an AAV serotype detected
according to the method of the invention and/or for distinguishing novel AAV from known
AAV. Such a kit may further include one or more restriction enzymes, standards for AAV

25  serotypes providing their “signature restriction enzyme digestions analyses”, and/or other
smeans for determining the serotype of the AAV detected.

In addition, kits of the invention fnay include, instructions, a negative and/or'poéitive ‘
control, containers, diluents and buffers for the sample, indicator charts for signature
comparisons, disposable gloves, decontamination instructions, applicator sticks or

30  containers, and sample preparator cups, as well as any desired reagents, including media,
wash reagents and concentration reagents. Such reagents may be readily selected from
among the reagents described herein, and from among conventional concentration reagents.

In one desirable embodiment, the wash reagent is an isotonic saline solution which has been

13
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buffered to physiologic pH, such as phosphate buffered saline (PBS); the elution reagent is

PBS containing 0.4 M NaCl, and the concentration reagents and devices. For example, one

of skill in the art will recognize that reagents such as polyethylene glycol (PEG), or NH;SO,

may be useful, or that devices such as filter devices. For example, a filter device with a 100
5 K mémbrane would concentrate rAAV.

The kits provided by the present invention are useful for performing the methods
described herein, and for study of biodistribution, epidemiology, mode of transmission of
novel AAV serotypes in human and NHPs.

Thus, the methods and kits of the invention permit detection, identification, and

10 isolation of target viral sequences, particularly integrated viral sequences. The methods and
kits are particularly well suited for use in detection, identification and isolation of AAV
sequences, which may include novel AAV serotypes.

In one notable example, the method of the invention facilitated analysis of cloned
AAYV sequences by the inventors, which revealed heterogeneity of proviral sequences

15 between cloned fragments from different animals, all of which were distinct from the known
six AAV serotypes, with the majority of the variation localized to hypervariable regions of
the capsid proteih. Surprising divergence of AAV sequences was notéd 'm.ciones isolated
from single tissue sources, such as lymph node, from an individual thesus monkey. This
heterogeneity is best explained by apparent evolution of AAV sequence within individual

20 animals due, in part, to extensive homologous recombination between a limited namber of
co-infecting parenteral viruses. These studies suggest sequence evolution of widely
disseminated virus during the course of a natural AAV infection that presumably leads to the
formation of swarms of quasispecies which differ from one another in the array of capsid
hypervariable regions. This is the first example of rapid molecular evolution of a DNA virus

25 in a way that formerly was thought to be restricted to RNA viruses.

Sequences of several novel AAV serotypes identified by the method of the invention

and characterization of these serotypes is provided,

III.  Novel AAV Serotypes
30 Al Nucleic Acid Sequences
Nucleic acid sequences of novel AAV serotypes identified by the methods of
the invention are provided. See, SEQ ID NO:1, 959, and 117 — 120, which are

incorporated by reference herein. See also, Fig. 1 and the sequence listing.

14
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Rhesus\ Liver 51 Rh.29 Clone 223.6 Rhesus Liver 52 RE.30 Clone 223.7 Rhesus Liver 53 Rh.31 Clone
223.10

For novel serotype AAV7, the full-length sequences, including the AAV 5°
ITRs, capsid, rep, and AAV 3’ ITRs are provided in SEQ ID NO:1.

For other novel AAV serotypes of the invention, the approximately 3.1 kb
fragment isolated according to the method of the invention is provided. This fragment

5 contains sequences encoding full-length capsid protein and all or part of the sequences
encoding the rep protein. These sequences include the clones identified below.

For still other novel AAV serotypes, the signature region encoding the capsid
protein is provided. For example, the AAV10 nucleic acid sequences of the invention
include those illustrated in Fig. 1 [See, SEQ ID NO:117, which spans 255 bases]. The

10 AAV11 nucleic acid sequences of the invention include the DNA sequences illustrated in
Fig. 1 [See, SEQ ID NO:118 which spans 258 bases]. The AAV12 nucleic acid sequences of
the invention include the DNA sequences illustrated in Fig. I [See, SEQ ID NO:119, which
consists of 255 bases ]. Using the methodology described above, further AAV10, AAV11
and AAV12 sequences can be readily identified and used for a variety of purposes, including

15 those described for AAV7 and the other novel serotypes herein.

Figure 1 provides the non-human primate (NHP) AAV nucleic acid
sequences of the invention in an alignment with the previously published AAV serotypes,
AAV 1 [SEQ D NO:6], AAV2 ['SEQ ID NO:7}, and AAV3 [SEQ ID NO:8]. These novel
NHP sequences include those provided in the following Table I, which are identified by

20 clone number:

Table 1
Clone Source
AAV Cap | Number
Sequence
Species Tissue SEQID NO
(DNA)
Rh.1 Clone 9 | Rhesus Heart 5
. (AAV9)
Rh.2 Clone 43.1 | Rhesus MLN 39
Rh.3 Clone 43.5 | Rhesus MLN 40
Rh.4 Clone 43.12| Rhesus MLN 41
Rh.5 Clone 43.20} Rhesus MLN 42
Rh.6 Clone 43.21| Rhesus MLN 43
Rh.7 Clone 43,23 | Rhesus MLN 44

15



Rhesus Liver 48 R11.32 Clone Cl Rhesus Spleen, Duo, Kid & Liver 19 Rh.33 Clone C3 Rhesus 20
Rh.34 Clone C5 Rhesus 21 Rh.35 Clone Fl Rhesus Liver 22 R11,36 Clone F3 Rhesus 23

J
/

Table 1 (cont’d)

Rh.8 |[Clone 43.25| Rhesus MLN 45
Rh.9 Clone 44,1 | Rhesus Liver ' 46
Rh.10 | Clone 44.2 | Rhesus Liver - 59
Rh.11 Clone 44,5 | Rhesus Liver 47
Rh.12 Clone Rhesus MLN 30
42.1B
Rh.13 42.2 Rhesus MLN ’ 9
Rh.14 Clone Rhesus MLN 32
42.3A
Rh.15 Clone Rhesus MLN 36
42.3B
Rh.16 Clone 42.4 | Rhesus MLN 33
Rh.17 Clone Rhesus MLN 34
42.5A
Rh.18 Clone Rhesus MLN 29
42.5B
Rh.19 Clone Rhesus MLN 38
42.6B
Rh.20 | Clone 42.8 | Rhesus MLN 27
Rh.21 |Clone 42.10| Rhesus MILN 35
Rh.22 |Clone 42.11| Rhesus MLN 37
Rh.23 |Clone 42.12| Rhesus " MLN 58
Rh.24 |Clone 42.13| Rhesus MIN 31
Rh.25 |Clone 42.15]| Rhesus MLN 28
Rh.26 |[Clone 223.2| Rhesus Liver 49
Rh.27 |Clone 223.4| Rhesus Liver 50
Rh.28 |Clone 223.5| Rhesus Liver 51
Rh.29 |Clone 223.6| Rhesus Liver 52
Rh.30 |Clone 223.7| Rhesus Liver 53
Rh.31 Clone Rhesus Liver 48
223.10
Rh.32 Clone C1 | Rhesus | Spleen, Duo, 19
Kid & Liver
Rh.33 Clone C3 | Rhesus ‘ 20
Rh.34 Clone C5 | Rhesus : 21
Rh.35 | CloneFl | Rhesus Liver 22
Rh.36 Clone F3 | Rhesus 23
Rh.37 Clone F5 | Rhesus 24
Cy.l Clone 1.3 | Cyno Blood 14
Cy.2 Clone Cyno Blood 15
13.3B
Cy3 Clone 24.1 | Cyno Blood 16
Cy4 Clone 273 | Cyno Blood 17
Cy.5 Clone7.2 | Cyno Blood 18
Cy.6 Clone 163 | Cyno Blood 10
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R.11.37 Clone 175 Rhesus 24 Cy.1 Clone 1.3 Cyno Blood 14 Cy.2 Clone 13.3B Cyno Blood 15 Cy.3
Clone 24.1 Cyno Blood 16 'Cy.4 Clone 27.3 Cyno Blood 17 Cy.5 Clone 7.2 Cyno
)

Table 1 (cont’d)

bb.1 Clone 29.3 | Baboon Blood 11 |
bb.2 Clone 29.5 | Baboon Blood 13
Ch.1 Clone A3.3 | Chimp Blood 57
Ch.2 Clone A3.4 | Chimp Blood 54
Ch.3 Clone A3.5 | Chimp Blood ' 55
Ch.4 Clone A3.7 | Chimp Blood 56

A novel NHP clone was made by splicing capsids fragments of two chimp
adenoviruses into an AAV2 rep construct. This new clone, A3.1, is also termed Ch.5 [SEQ
ID NO:20]. Additionally, the present invention includes two human AAV sequences, termed

5  H6[SEQID NO:25] and H2 [SEQ ID NO:26].

The AAV nucleic acid sequences of the invention further encompass the
strand which is complementary to the strands provided in the sequences provided in Fig. 1
and the Sequence Listing [SEQ ID NO:1, 9 - 59, 117 —120], nucleic acid sequences, as well
as the RNA and ¢cDNA sequences corresponding to the sequences provided in Fig. 1 and the

10 Sequence Listing [SEQ ID NO:1, 9 —59, 117-120], and their complementary strands. Also
included in the nucleic acid sequences of the invention are natural variants and engineered
modifications of the sequences of Figl and the Sequ&nce Listing [SEQ ID NO: 1,9-59,.
117-1201, and their complementary strands. Such modifications include, for example, labels
which are known in the art, methylation, and substitution of one or more of the naturally

15 occurring nucleotides with a degenerate nucleotide.

Further included in this invention are nucleic acid sequences which are
greater than 85%, preferably at least about 90%, more preferably at least about 95%, and
most preferably at least about 98 to 99% identical or homologous to the sequences of the
invention, including Fig. 1 and the Sequence Listing [SEQ ID NO:1, 959, 117-120].

20  These terms are as defined herein. '

Also included within the mventxon are fragments of the novel AAV
sequences identified by the method descr{bed herein. Suitable fragments are at least 15
nucleotides in length, and encompass functional fragments, i.e., fragments which are of

biological interest. In one embodiment, these fragments are fragments of the novel
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1 and the Sequence Listing [SEQ ID NO:1, 9~59, 117-120], their
complementary strands, cDNA and RNA complementary thereto.

Examples of suitable fragments are provided with respect to the location of
these fragments on AAV1, AAVZ, or AAV7. However, using the alignment provided herein

(obtained using the Clustal W program at default settings), or similar techniques for
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generating an alignment with other novel serotypes of the invention, one of skill in the art
can readily identify the precise nucleotide start and stop codons for desired fragments.
Examples of suitable fragments include the sequences encoding the three
variable proteins (vp) of the AAV capsid which are alternative splice variants: vpl [e.g., nt
5 825103049 of AAV7, SEQ ID NO: 1]; vp2 [e.g., nt 1234 - 3049 of AAV7, SEQ ID NO: 1%

and vp 3 [e.g., nt 1434 - 3049 of AAV7, SEQ ID NO:1]. It is notable that AAV7 has an
unusual GTG start codon. With the exception of a few house-keeping genes, such a start
codon has not previously been reported in DNA viruses. The start codons for vp1, vp2 and
vp3 for other AAV serotypes have been believed to be such that they permit the cellular

10 mechanism of the host cell in which they reside to produce vpl, vp2 and vp3 in a ratio of
10%:10%:80%, respectively, in order to permit efficient assembly of the virion. However,
the AAV7 virion has been found to assemble efficiently even with this rare GTG start codon.
Thus, the inventors anticipate this it is desirable to alter the start codon of the vp3 of other
AAV serotypes to contain this rare GTG start codon, in order to improve packaging

15 efficiency, to alter the virion structure and/or to alter location of epitopes (e.g., neutralizing
antibody epitopes) of other AAV serotypes. The start codons may be altered using
conventional techniques including, e.g., site directed 'mutagenesis. Thué, the preseht
invention encdmpasscs altered AAV virions of any selected serotype, cAomposed ofavp 3,
and/or optionally, vp 1 and/or vp2 having start codons altered to GTG.

20 Other suitable fragments of AAV, include a fragment containing the start
codon for the AAV capsid protein [e.g., nt 468 to 3090 of AAV7, SEQ ID NO:1, nt 725 to
3090 of AAV7, SEQ ID NO: 1, and corresponding regions of the other AAV serotypes].
Still other fragments of AAV7 and the other novel AAV serotypes identified using the
methods described herein include those encoding the rep proteins, including rep 78 [e.g.,

25  initiation codon 334 of Fig 1 for AAV7], rep 68 [initiation codon nt 334 of Fig. 1 for
AAVT], rep 52 [initiation codon 1006 of Fig. 1 for AAV7], and rep 40 [initiation codon
1006 of Fig. 1 for AAV7] Other fragments of intefest may include the AAV §' inverted
terminal repeats ITRs, [nt 1 to 107 of Fig. 1 for AAV7]; the AAV 3' ITRs [nt 4704 to 4721
of Fig. 1 for AAVT7], P19 sequences, AAV P40 sequences, the rep binding site, and the

30 terminal resolute site (TRS). Still other suitable fragments will be readily apparent to those
of skill in the art. The corresponding regions in the other novel serotypes of the invention
can be readily determined by reference to Figure 1, or by utilizing conventional alignment

techniques with the sequences provided herein.
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Ch.3 Clone A3.5 Chim Blood. 55 Ch,4 Clone A3.7 Chim ,Blood 56 A novel NTHP clone was
made by splicing capsids fragments of two chimp adenoviruses into an AAV2 rep construct, This new
clone, A3.1, is also termed Ch.5 [SEQ ID NO:20]. Additionally, the present invention includes two
human AAV sequences, termed H6 [SEQ ID NO:25] and 1-12 [SEQ ID NO:26], The AAV
nucleic acid sequences of the invention further encompass the strand which is complementary to the
strands provided in the sequences provided in Fig. 1 and the Sequence Listing [SEQ ID NO:1, 9 - 59,
117 -1201, nucleic acid sequedditisn &siwkilias tivanRNiA & idd DA sequdet asioolimsponding to the
sequences proyideddn.Figr RRdHheLABRAURREbISING SEQIR MR w93 iz42Ql, and their

complementary strands. Also jncluded ip the nucleic acid sequences of the invention are natural
variants and eGTRBEFA-HEBIEATBNRE L (ot AT o FIGT SR SIATEHAE Hiihg [SEQ 1D
NO:1, 9 - 59, 1&76126] oéitid thenticomplemiéntarynstraindsdSushisivadificetisnssinehirde, for example,
'fISbe'S which af&imte(\jfeﬂa @W@é&%%ﬂ@éﬁﬁm@ aaal_s%qpe%féwii@@és‘ﬁt@qumq?@ wura:!y

occurring nucleotides wi egenerage | n vention are
nucleic acig seﬁﬁ’eﬂée@%ﬁ?&ﬁg%%g%zt‘géaﬂgrg gg’/o%%% FA‘a K/[gﬁ% sﬁéo%%?%é%g%ge preferably at
least about 95%) BRHoRI04AB PrisfE@aBIat $8ASRISHRI® 2969 I8 riSE DIthEdlaly8ds To the
Zggrl}{lencets of tr@@m@@qmmmfﬁm .ﬁsﬁh@ﬁ_@%&?@ Listieg i%%@d\t@ﬁo&a _f?r?’ 117-1|20]-

ese terms_are a e c u ithin | r s e nove

AAV sequenceyi]d%%%'éje%gg&%qgéﬁg%h%% gé@%ﬁ@éﬁ é\({a@h‘}lg%ré%ﬁeﬁ%ﬁe t‘ls%gi;lggéé%st 15
nucleotided in RSAgth]. 4bd EISEEMIPAYS fdhBohEIHREMENSS ). 62 Fed§hteHsNUnich 446 6f biological
it?]tegest- In 0neESE@Pﬁﬁiﬁﬁﬁéﬁj,tkﬁ@?sﬁémot%@;m@gm@@ﬁ@@i@@p%@b@%@@ﬁ%ﬁ; Fig-dl Fmi

e Sequence Ljs : - - : , an
complgmentar¢%hge%3?[§5% HQO: %%%%%%ﬂ%ﬁéé%fr%%@%@%&g ggg\%égﬁﬁg Isgf)ect to the
location of theSEGradjinidrits [GFQRNORANSE-oT IREQ TD HOWSlet3 d8itdthialigratiedt provided herein
(obtained usingdhe Glustali W pregnasmatdefaidb setings) 10 stniles; teehnisesiarogengrating an

orecioe nuldeotie Ko Thd iap Do 18 Aua e pegat IR e agments
include the seqiieNéss @O N Meteld UaFiaBiE D Bt (b S #re AN @apEidirhiEh are
alternative spliggpgfigntsy. YP[@dd/ofi2-12 [SEQ ID NO: 113], and artificial AAV serotypes generated
using these sequences énd/or unique fragments tﬁereof. ' .
As used herein, artificial AAV serotypes include, without limitation, AAV
20  with a non-naturally occurring capsid protein. Such an’artificial capsid may be generated by
any suitable technique, using a novel AAV sequence of the invention (e.g., a fragment of a
vpl capsid protein) in combination with heterologous sequences which may be obtained
from another AAV serotype (known or novel), non-contiguous portions of the same AAV
serotype, from a non-AAYV viral source, or from a non-viral source. An artificial AAV
25  serotype may be, without limitation, a chimeric AAV capsid, a recombinant AAV capsid, or
- a“humanized” AAV capsid.‘ _
. B. AAV Amino Acid Sequences, Proteins and Peptides
The invention provides proteins and fragments thereof which are encoded by
the nucleic acid sequences of the novel AAV serotypes identified herein, including, e.g.,
30 AAV7 [nt 825 to 3049 of AAV7, SEQ ID NO: 1] the other novel serotypes provided herein.
Thus, the capsid proteins of the novel serotypes of the invention, including: H6 [SEQ ID
NO: 25], H2 [SEQ ID NO: 26], 42-2 [SEQ ID NO:9}, 42-8 [SEQ ID NO:27], 42-15 [SEQ ID
NO:28], 42-5b [SEQ ID NO: 29], 42-1b [SEQ ID NO:30]; 42-13 [SEQ ID NO: 31}, 42-3a
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5825 to 3049 of AAV7, SEQ ID NO; 1]; vp2 [e.g., nt 1234 - 3049 of AAV7, SEQ ID NO: 1]; and vp 3
[e.g., nt 1434 - 3049 of AAV7, SEQ ID NO:1]. It is notable that AAV7 has an unusual GTG start codon.
With the exception of a few house-keeping genes, such a start codon has not previously been reported
in DNA viruses. The start codons for vpl, vp2 and vp3 for other AAV serotypes have been believed to
be such that they permit the cellular 10mechanism of the host cell in which they reside to produce vpl,
vp2 and vp3 in a ratio of 10%:10%:80%, respectively, in order to permit efficient assembly of the virion.
However, the ASRT Wi Bag HeénStdwnd NDESdefa kel SRCIBANG et vith [BHS farel@GI3G start codon.
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serotypes to contain this rare GTG start codon, in_order to |mpr0\é$§§$(§2§${g effiCiency, to alter the

virion structure™Adidk {5 -AIEFRERNGH %qleﬁféi)@@.@ﬁﬁéﬁl’a‘ﬁi' éﬂﬁilo‘b?é%ﬁ of other AAV
serotypes. The[SEQDAdO NS 23 d Hife iDdNis#ig édATEPRIQNAINECKHA]cres IFRQUANI§OE,, site directed

- mutagenesjs. Thus;dhe pIe&sayIMRNINRENEOMPASSEH leted AMNIANS of gy saipcted serotype,
composed of a4v 3§ gﬁd/or ogtign?géf@@}?and@%v% havi%%gztart codogr?ls alte?éﬁg%z GTG, 200ther
raghfenit comaitng thes

suitable fragmé\ﬁ SS(%,&%\?VS nchde g e %‘%B%%Q\%Hﬂ’esﬂﬂ\%%apsid protein
[e.g., nt 468 to BEIDIDMKAYA, SEYJIBND NOricT.25 (o[ SBQILLNAANY, ASEQSERNDN; Hihd
corresponding fegipnsef ihaethe] AMMsereppesotiather gi)r@gm@yn%wfa%e%\@r@nd the other novel

AAV serotypes identified using the methods described herein include those encoding the rep proteins,
including rep 788 GBI AHSI S EaB SRS I 1RGP RAVR) PaD BB it a5t 334 of Fig. 1
for AAV7]1eep 52 [initiation dbeloneh006oftFgetdopARYA) \Gsdaepdefintiatioingodon 1006 of Fig. 1
for AAV7] Othey fragmepis-ofigrestuaydpeiude.the A Sy inveredierminal rereais 4IRs, [at Ito
107 of Fig. | forAAAV7,]; the AAV 3' TRscgqftﬂ4704t 4721 of Fig. 1 for AAV7], P19 sequences, AAV
P40 sequencesSiARTBRbRMAIRY SRATEHA TRE™SU WP PACFIS IS Lite PSS &SWIbEr suitable
fragments will benred dilyapbasrenttonthesesof skitkinpdpt dastaifieotarsespengihfjore giemsviel the other

novel serotypes, @fthe exention garhe readilyetanmingach Ry J8ISHaNes 49 FgrEg s, or by utilizing
conventional alignment technigues with ovided herein. In additiOn to

) he sequences pr . .
including the niERMEaRAE E’@%ﬁ?@?ﬁ%\%gg% ﬁtggﬁ%8?8?%%%%11@?{88“@3%‘9P¥he present
invention includésmiadleyothaid, hyaldeubestizntd setpiences whithraretlddsigiedtongigpiess the amino
- acid sequences. pIoteins:andpentdes ab te s \CseetyRen6idhedsYsaHan Nduys;, the.snvention
~includes nuclei'csacidI sea%gnc%s W }%f(]g eﬁéﬁ%? ge_%g%%v&%nq%/el AAY [amino acid 6Se]que_nces: Cl
[SEQ ID NO:60P e IBES H No 611 ¢8 IDNOBH RIS DRGER RLPSEQ ID
NO:67], A3-4 [SBO [REEND.88); ®3-BSHEEDINTO6Y]], 331 [SEQIDNCO4H 2R 3228 FHSED ID NO: 73],

223-5 [SEQ ID 564 o 22 [ 575 : : [ D NO: 77], 223-6
[SEQ ID N%: 7&7}?1%%%&%&1%}!@225 N A @Eg%fgzioﬁgg? 42-15 [SEQ

ID NO: 79], 44-5 [SEQ 1D NO:80], 44-2'[S
ID NO: 84], 42- 859 @Eﬁﬁ%@éﬁbﬁoﬁr&égﬂﬂ%gﬁg[@ 1DRER 82 NXAP A [SEQ ID
NO:88], 42-5A [SEQSEDNDNY]$52418 THEQ 1D NOIGD 4TS EOND S04 [SERINSEQ 1D NO:

92], 43-12 [SE 93], : NO: IDNO: 97].
o) o2 ISEQUMOAL B0 MO i LSRR (DN ABBI9R59 (0RO )

54.1 [SEQ ID NO: 101], 42.2 [SEQ ID-NO:102], 7.2 [SEQ [D NO: 103], 27.3
[SEQ ID NO: 163FAB NG Fé[izéf% W@QiBé)‘,O]ZLé)ﬁo“f%é%b“%@’f@hﬁ%%gﬁfg%"%%: 107],
42-11 [SEQ ID NC:STOB, K [SEQTIDHND: (3B IFHISBIRI $BQID0JCE3SEQAEROD11], 42-6B
[SEQ ID NO: 11}, apd/on 42:A25SER 1 NG 31kal, encheriificial ¥yVexereivpss @enesated using these

sequences and/or unique fragments thereof As used herein, artificial AAV serotypes include, without
imitation, AAV EOWED 8 RORCAA{FAR DERIRING CHAIA Bl S S IS SegSi nay be
generated by ang5uRaBeeOMiiuéListhFEM BV AV se (REQIDOINVehtiod'(e49-]1a fragment of
a vpl capsid protgi) ip Remination yggmlygg%gpgggqlgﬁgsg%ggp&%wm%épay be obtained from another

AAV serotype (known or novel), non-contiguous portions of the same AAV serotype, from a non-AAV
viral source” or from a non-viRTRSUREE ARG RAY BESHEHIHE sy pelithdttaimitation, a
chimeric AAV cépsidga Secunmbinzait Medsdapsichiog: A Laboratory Manual, Cold Spring Harbor

Press (Cold Spring Harbor, NY). Alternatively, peptides can also be synthesized by the well
known solid phase peptide synthesis methods (Merrifield, J. Am. Chem. Soc., 85:2149
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a "humanized" AAV capsid. B.AAV Amino Acid SegUences, Proteins and Peptides The invention
provides proteins and fragments thereof which are encoded by the nucleic acid sequences of the novel
AAV serotypes identified herein, including, e.g., 30AAV7 [nt 825 to 3049 of AAV7, SEQ ID NO: 1] the
other novel serotypes provided herein. Thus, the capsid proteins of the novel serotypes of the
invention, including: H6 [SEQ ID NO: 25], H2 [SEQ ID NO: 26], 42-2 [SEQ ID NO:9], 42-8 [SEQ ID
NO:27], 42-15 [SEQ ID NO:28], 42-5b [SE 42 Ib [SEQ ID NO:30]; 42-13 [SEQ ID NO:
31], 42-3a [SEQPDNEGVIIP él’au[gg%luﬁ 5%—"1“% Héhsﬁéﬁlmwssm’frww [BED 1D NO:35],
42-36 [SEQ IDgNQ736], 4ReiclafShRetBullOl: JrddRe0 6 S 4E2 NiDiB38]s £33 1ESEQIHRNO: 39], 43-5
ISEQ 1D NO: 41 AR ISR DA ARR0ISEQIR NG AR, 3-21 (R0 1D NO: 43] 43-23 [SEQ
ID NO:44], 43- SEQ ID NO: 45], 44 %2 5[SEQ ID NO:47], 223.10 [SEQ ID
NO:48], 223.2 [SEQ ID No@ﬁéjw?‘éé‘yﬁ%@?jelm%sswu BEAAE G IHNEIEE] 8 6FSEQ ID NO:
52], 223.7 [SE@ntbddi®y B]neBeetifS EQuHDc M GleGid]s B { SEQ 48 NS5, By {8 QpBINO: 56], A3.3
ISEQ ID NO57) 42,1 3SEQ IRNQ-&fhand 425700 ND: S8y 621 b teadiygenerated using

conventional techniques from the open reading frames provided for the above-listed clones. JoThe

invention furthér%ﬁé&ﬁ@a@%@@ﬁ?ﬂ?ds@&%@sw@@ﬁésré{‘t‘é’dpﬁgﬁﬁﬂ Beifirrsd rthe Hisvet XAV serotypes
of the inventiorapdhidheanep genefated psingsyptheticzregsinbiientroniotineti teglinigueiaknown to those
of skill in the arg, Thag; Ipyention, isa ywacintmevghéﬁytm@gﬁc'ﬁg@&&@mmmrasm@@@ and

proteins ex&ressed from the novel AAV nucleic ac c%uences of the invention and encompasses

amino acidseqlieAces’ 18588 RAAP HroteT ey BT At BHABIME oS KAt A hE art,
including, e.g., byl tremicakcsynihesipabyothactydtietid tefhmdiiesyVoh hysatfemmiethoaks. For

example, the seauences of Ay Ahel &Lt MO IRER %M@aﬁ&yh&% {58 IRNO:62], A3-3
[SEQ ID NO:66], A3-7 [SEQ ID NO:6 éoA3 -4 [SEQ ID NO:68], A3-5 [SEQ ID NO: 69], 3.36 [SEQ ID
NO: 62], 223. 4?%‘@6?8%?5 0*?539]6 2235 SEQ ID NO:74], 223-10 [SEQ ID 20 NO:75], 223-2 [SEQ ID
NO:76], 223-7 [SEQ ID NO:(tifr 22846 [SRG 1DaNTrag8pnsp s eerithp NEin 78]ndettis [SEQ ID NO:80],
44-2 [SEQ(ID NG:81l, 42-)2; &&EQJ%NQCM b&%&d%@v%ﬂ@réﬂa 2111@) EREQe!D NO:86], 42-3A
[SEQ ID NO:87], 42- 4%SEQ I%N 11 42-5 JSE’g D qjs%] 4 lBr[E) Q ID NO: 90] 42-5B [SEQ
ID NO:91], 43-TTEEG TSI H 82 "B ORI RE &9 #3551 [SEQ ID
 NO:96], 2543-25(8EQ dDNSCOH M@z@a{sﬁqublmmp@sy]ar@h m[@@@ (BVeot1dih42.2 [SEQ ID
NO:102], 7.2 [SEQUP NG f&z BISHEQURN QI 16:81E55R4D NRoA03hA2:18/32EQ ID NO:

106], 42-38 [SEQ ID N SE 0: 10 Q ID NO: 110,
F3 [SBQ ID NO' ﬁﬁ’%? %ﬂg%% ‘ﬂl%% %ﬁ”%?nd 3%52%: éf @%@W‘r_‘f N%’“@ﬁ?r&}bf %eadily
generated Msingl@vemietscofitpehiicpuisd BOSnitable kol tictimvdethivigeretypasewetidknoned. to those of
skill in the art. Seg, g §am@zrﬂ@;|fe&tt@|thQz|§§é&l§fthﬂmgvﬁl lf@@@r@w Manyalrgold.Spring Harbor

Press (Cold Spri N e well known
solid phase pe f’%%eg ﬁ(gzos‘?’s? rﬁ?ﬁk y& ( gr% ﬁf&}g 9%%1%13&5}:?R % ggge(‘d %ﬂ%ﬂ Sfewart and
Young, Solid Pﬁébéﬂgem@é Syrifekié; @Y@ém&ﬁ%&é% FHXR&S?@@QQQ%)PWR&?&@Q} Sese and other

suitable productigr ethads yawithi thekneywladar: of dhese qf7skill nReak: apsl-Are not a limitation
of the present i ntion. P rtlcularl}/ deswable raotelns include the AAV ca §> tEgotelrls which are

5encoded BY thgtﬁﬁgl%?laegggﬁﬁt LS RS ABOVE! TREBHSTR RSO SH GRS B e capsid

proteins of the memc@mpa@@iﬁfbmxd[ﬁmﬁ alifigHienl meven @@chbr/@thme tBelgersnoeitisting, SEQ ID
- NO:2and 6|0 tq{l@»éx‘@%ﬁ'ﬁbvb?] mor&%%%@l deteranse hereinabhe LAM” lnﬁ@ﬁ%ﬁ!ﬁitﬁ&%msed gf (tjhree
proteins, vpl, vp2 nd v 3. W nts Th rovided in
these figures is ﬁ%ﬁ %93 rImiga ?1\:96 z%gﬁégﬁr%@ ]1% A(\/afcapsmﬁl ?éEgs %ﬁ”g%? the
sequences of vjyzaiphbr bﬁ%lﬁ?d&‘(ﬁisslm@? ﬁﬁW?%&W selgeretesot Rp3PeddMiniino acids
203 -737 OfOAAVo%at\MﬁhaMﬂkfmmﬁlmmﬂ&ﬁf@i sidll dnithecant LAV TERURY detapmine thegncation of the

vp2 and vpS proteing ot the. other novel serptyRes of e IpYeruion, IR festable proteins and

fragments of the capsid protein inclu
583-596; HVR11 is located at aa 660-669; HVR12 is located at aa 707-721. Using the
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15constant and variable regions, located between hypervariable regions (HPV) and the sequences of
the HPV regions themselves. An algorithm developed to determine areas of sequence divergence in
AAV?2 has yielded 12 hypervariable regions (HVR) of which 5 overlap or are part of the four previously
described variable regions. [Chiorini et al, J. Virol, 73:1309-19 (1999); Rutledge et al, J. Virol.,
72:309-319] Using this algorithm and/or the 20alignment techniques described herein, the HVR of the
novel AAV serotypes are determined. For example with respect to the number of the AAV2 vp | [SEQ
ID NO:70], e VAR AR TORAREH B o Y BvR Fh A BOY B So1aRes OHLB LT NE, CEIIR 3, az,
262-264; HVR4ady 384:883¢.HVRS5, aa 450-474; HVR6, aa 490-495; HVR7, aa500-504; HVRS, aa
514-522; HVR9, az 534-55% VR0 AR a0dal 1¥RL LAPAIE00; AN, 2 705719,

25Utilizing an allgnmenTgErepared in accordance with conventional methods and the novel sequences

provided hereiF8B8% e THeRiGRIFE 5] 261 UM A b8 NP Th S FOUABSAREHE VR in the novel
AAV serotypesrofithweskrvention.skop exxdavipde; kg Eigurta2¢leciedcanppadili detéviRine that for

AAVT [SEQ IDNOIZL L S balod st e Lot ARZIB DAl ol 1AEIBTL VRS i located
at aa 263-266, HVRA4 is lpcated at aa 3 HVR5 is 30Iocated at aa 451-4 HVRS6 is located at

aa 451-496 ef AAGAPNADS E‘“’lé}l:tﬁféd‘aaﬂ‘éﬁ{%&“’%ﬁ% MR PRESE TSR AP AR TS 521; HVRO is located
at 533-554; HVR1hiss|ctatied wt! dar 1836065 N RISitiododateldha ey 666 :660isH R bArisrlocated at an

707-721. Using,ihe ye&%aaémmey&dqqrm%cm@@w;?Jeru@a@ otnep neyel sefptypes of the

invention can b ad|I dete m dditi ithin the gapsid, amino aC|d cassettes of
identity hdle bE&f B%V tfeee T f{‘g/ CEAEEE et?é%“ﬁfk‘é o%’%gﬁl\éﬂ?ap}ﬁ&égégf’nés Ho8Y i Bseful in

constructing Sastificial sérdtyjessahgt s BivreliddirgriH ViR komssette Tiese seleltibd serotype with an

HVR1 cassett%&a@@t&%mg@&Mp@mﬁ%‘%&@mmﬁﬁ@aﬁ&mﬁ%@me@mt@&?grg%sg inFig. 2. See, Fig.

2, providing the Clustal X alignment, which has ruler is displayed below the segquences, starting at 1
for the first restdti&"pas ﬁlsoﬁ’% Qe \g ‘pé %hwe FP1ESRES F Fﬁﬁﬂ%’@ﬁl&ﬁ@fy 5 SBRserved positions.

Reifrie
Three characters (*, :, ) ardddéénalty; ineivdgest ptisitryiiablOdgivinhaie A Sirmghedsfilbjudenserved

residue. "y Indmaxea&a&at@mﬂgaamwgl yERonselyed .ol nalicaies, that ag:weakersgroup is fully
conserved. Thes 2red all th&pois#lvealyhs}:%? %Sq;u%sﬁthawf élnt ?ﬁ fﬁr{é m250 matrix, The

strong groups e detned &s'a & roiRg score’s he weak Groups as ffeak score
<0.5. Ad d|t|ona1ly1@(a-m1b]é§b’f otHeP it Hagments bb Al w 68 psitis inchide lismaithPrespect to the

2; ;ngig ng of1 A&V%&ﬁ6@?#%%%;&&?&rﬁ%daaf%%xa@é ot: &l«f%a%%’aﬁék@%@%ﬂéﬁ 4%627 ga
-143; aa an aa aa
494-525; aa 5% %? 25§T‘%?ﬁ°1 é% 1RL %ﬁﬁdsﬁé ?‘%go?ﬁ“e’?ooaeé%ﬁg % 8ents include, for
example, A A/W%,OM@MQ@QQ%IM of SEHRH D N6 : 22 AFAitvol ATias 209 Pt/ 25844y acids 274 to

446; amino aciga03 40,62%630288NARGER A1, 790; ARINQAGIS 420nt0ridE: Rank85 to 198; aa

260 to 273; aa447 to, 477 %%?g%gﬁm to 6 9; nd aar07 to 723. Still cher desirable regions,

based on the nl% ering go tﬁri)seﬁ?ee dse taeraoﬂ%t eérﬁ%%co SIStm %6%0n5|stlng of aa

185 to 198; aalB6(te 873: 20844770 47114849544 B02 AAG800IG6E); an@aa’épﬁdv 183723. Using the

alignment provideg l%%rﬁi@nﬂ@m{m&@wﬁ%db@ﬁiﬂﬁd@s%ﬁ@@ﬁz@ﬁa%%@ﬁ% 2basgitings, or using other
commerugly or t%bsl|clxyuz§11\l/allaple aly%{‘e%?ﬂt ggarpsa\at @e gllt gL%ttIlln S, 9ar1]nes g)tf |II in the art can
readily de ermine ¢ r‘respo ng ragments o the novel AR trE mvent on ' Other desirable
proteins are theehingy pap phretdimstiaartces 62@lbﬁf_’E?E(‘}‘I}DW@?BWW/W@]?WM%@MI fragments
thereof, includiggvesghsiadiol 4@ hidataa. 172 to 30 372; aa 373 to 444, an 445 to 623 of SEQID NO:3,
among others. Swtap!y, such, fra muearg s ar elantslea Aa\rplxno aC|ds | P%ﬂgt ?ef%f 3, Comparable
regions can be identified in e pro eins b er novel ,&Mf |nven ion, u5| he techniques
described hereﬁ‘f@%ftﬁds\ém\ﬁfﬂ@:ﬁ‘a‘r@kﬁéwgmWtﬁ@@a?t)fslFﬂéﬁéﬁ*ﬂ&)ﬁ Sfragierits (ﬁadt}‘PeﬁOdeswed lengths
may be r@adilmmilmda Suhy fragmenimawbe produeedqecainbinastiyor by athessuitable means,
€.g., chemical Sxy tt east 8 amino acids in length. See, Fig. 3. Comparable regions can be identified in the
proteins of the other novel AAV of the invention, using the techniques described herein and

those which are known in the art, In addition, fragments of other desired lengths may be



The sequences, proteins, and fragments of the invention may be produced by any suitable means,
including recombinant production, chemical synthesis, or other synthetic Smeans. Such production
methods are within the knowledge of those of skill in the art and are not a limitation of the present
invention. IV.Production of rAAV with novel AAV capsids The invention encompasses novel, wild-type
AAV serotypes identified by the toinvention, the sequences of which wild-type AAV serotypes are free
of DNA and/or cellular material with these viruses are associated in nature. In another aspect, the
present inventiSadprovidiad Mol RiERLRRPEtHerh ERFaIRRRMEU RS HigheiRg@iftion, including
fragments theregf, dasnpitatkiatiesi:of molecules useful in delivery of a heterologous gene or other

nucleic acid sequences to ajarget oell, 13The molesules At e weItan whish fonteln spauences o

a novel AAV serotype of the invention include any genetic element (vector) which may be delivered to
a host cell, e. gohHIEH DREAT S PAKEIRET TG frBNSPBEtn S EuFAl 6y Bpisome G Rtdifitih a non-viral
delivery vehiclenéerg., sutipictddased catiiel)areinish ietbe Wiivtedgansiaodhel sdduetices: cadried thereon.
The selected vector,may, be:delivered by apy.syitable method, including transfection, electroporation,
liposome delivery, membrane fusion techniques, high velocity DNA-coated pellets, viral infection and
protoplast fusion. The methods used to construct any embodiment of this invention are known to those
with skill in nudigic acidodaniputdtian dvdtinctud/geWetipsiiigineering, recombinant engineering, and
synthetic technlques.,%((-:;e&1 %%E‘%Sé%rgggﬁﬁg&e%oﬁeim[g%%%%lggép(gy esH’d‘e@&@@% %Ieanual, Cold Spring

Harbor Press, 25Cold Spring Harbor, NY. In‘'one embodiment,’the vectors e invention contain
sequencedlend8HAECR M EIAA LATEHF b FHETRTE Y ARl RIP TN AN 4416 10), an
AAVI_O capsid, @gaﬁé«\ﬂima@iduaaaﬁi&(éb&t_zwﬁsidﬁma_ﬁrxagm_eﬂta@ﬁam&epmﬁeimfethme AAV
capsids. Altemgliyaly, INGSSRIAIR MAYEAMBRLIP CRPSEL PRI, AL A TAGMORL {igrgor Tsel

300ptionally, vertnrc of the invention may contain sequences encoding AAV rep proteins. Such rep
sequences may HEfFT e LaRi@ NG ISR SR WIS TE biblrbts fHé Bepr Jesrnsieas CAlternatively,
the present invefmﬁqﬂup_r@wwﬁgsy@mes 6 andrigh dkle rep sequences are from an AAV serotype which
difters frorguthat whichyjs, BIVISIOHE: SR SAENEESH . R SEARAINEIL iy eRdid 8P

sequences are expressed from separate sources (e.g., separate vectors, or a host cell and a vector).
In another embBEitHEAt ot de prssGiRdR cba sh (s Bt PR biie 18GUIR% %4 the cap
sequences. in this, amtbd)dimempmr'cep!&eeju_enmwwdnﬁc_f,t@mddm,fmmeitoim:apcmequence's of a
different AAV sgrofype, [9;form 2 SGHimeLicAAY ¥e et Aptionally.toe NECIOES AEibe, inyention further

contain a minigene comprising a selected transgene which is flanked by AAV 5 ITR and AAV 3' ITR.

Thus, in one erfi5E@nente S REISFLOHREL AL A HErdiR Mt HESIERC ddRF 4868ences encoding an
intact AAVLcapsichvibitbnmdete draivnalprsghec AdV sprotypeafe. GisidATndruas dibersioniel AAV).

Alternatively, thgge veclors oppiain.sRALERCERGREAAING A Qartifisiaeansidswhich,qaniain one or more

fragments of the AAV7 (or another novel AAV) capsid fused to heterologous AAV or non-AAV capsid
proteins (or fragferRSHateBn! P HitridalRaBail i sl fntikiaarimdrriebfiguous
portions of the A\ic(ofearothie el Ycalipsiaten fiore ngpsidsyothoth erchddisefiypes. For

example, it may| 9gﬁ%ﬁ%&keewl,%@é@mga@smggﬁ[%mao% ORRQL m&%ﬁ&@%ﬁ&\/#@é&e-gn in one
or more 150f the @/pervarlable rd%:&ons (i.e., HPVI -12), or vp2, and/or vp3. In"another example, it may

be desirabté to SRErIHESEHARSIIN of the vp3 protein to GTG. These modifications may be to increase
expression, yield, andierte improveputification of theiselgtiec exjrespionesysterisg andoelanother
~desired purpose, (6,9., 1A LHARIS FARETL 9!, Alkler-nestializing m&?&%g@ﬂwio%ﬁ?a\ﬁectom
described herein, e.g., a plasmid, are usetul for a variety of purposes, but .
AAVTT capsid, an AAVI2 caps&i%, or a fragment of one or more of these AAV capsids.

Alternatively, the vectors may contain the capsid protein, or a fragment thereof, itself.
30 Optionally, vectors of the invention may contain sequences encoding AAV rep

proteins. Such rep sequences may be from the same AAV serotype which is providing the

cap sequences. Alternatively, the present invention provides vectors in which the rep

sequences are from an AAV serotype which differs from that which is providing the cap
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are particularly well suited for use in production of a rAAV containing a capsid comprising AAV
sequences or a fragment thereof These vectors, including rAAV, their elements, construction, and
uses are described in detail herein. In one aspect, the invention provides a method of generating a
recombinant adeno- 25associated virus (AAV) having an AAV serotype 7 (or another novel AAV)
capsid, or a portion thereof. Such a method involves culturing a host cell which contains a nucleic acid
sequence encoding an adeno-associated virus (AAV) serotype 7 (or another novel AAV) capsid
protein, or fragFRetogserEoP as i HEFaRF: A GARAHEI 1S3 § ErR el hifiesedimposed of, at a
minimum, AAVsiivesiedgtesspina vepeats: @ hRsranhdatransge ne;rand 3sutlicient thekpep functions to
permit packaging, of (he JIGSHE,HRNIE Y L0t a0aihel, noyel Qe keaReld BIGIELR, 4o The

components require tured in the host cell to packoége an minigene In an AAV capsid
may be providé@nter e BEIP AR RIS ZARASRCATTy Vel blei rei SrstiehresfRifd fomponents
(e.g., miniggnecﬂmﬁequmm;c@ptsﬁqluen@&cmmﬂﬁmhmlmltiwﬁmﬂmﬁsbmdneixﬁgewéded py a stable
host cell which higs been.enginaered i0 SRR 9RR.Or IPASPE e raquired semponents using

methods known to those of skill in the art. Most suitably, such a stable host cell will contain the
required component(s} tde PiR S BTG B HE LTATE ST G B FO SRS & required
component(s) mayebessindedithecontiol sV agenktitutivesptemotes. soxamplesobspitabe inducible and
constitutive promofers; afe:Rivded Resein,inihe disenssienal rsguirlenvslemenig;syitable for use

with the transgene. In still another alternative, a selected stable host cell may contain selected
componerif{s) GHH@%"&%WBIcéfcanf:%ﬁg’fi?lfﬁ\‘}éoErgﬁ%[ﬁlfélpQﬁalﬁ%}lgé‘iéé‘fﬁgeéw;ﬁbﬁéxﬁs) under the
10control of oneapsidrfose! indieciblecprobibes nbioréxasaple peosiabler fiostneel tinayohe generated which
is derived from-gQ3.cella.(wBishcantain & helprn nctignsHngerthe sonttelef 8 congijtutive

promoter), but which contains the rep and/or caﬁdgfggteins under the control of inducible promoters. Still

other stable ho&P¥Bfis HEY B G SHEFALE S BY BR RS A& SPOABSFhECR ARG RHfe !t 3% 8&quences,
cap sequences{aitebhsiperdiintdtiondingqeiied $6oproducingfthe AAXVIf ths inventiomaray be

delivered tg the,packaging est celbdn the farn abany Qenaticelementyvhich.ranster. the sequences
carried thereon, The selected genetic elgme t maé/ be dehveéﬁ%bﬁ any sujtable method, including
0

those describedHet; .Iertﬁélﬁ% Sd8 £ 2 BE Ay &M HFESPVBRYiEh are known to
those with skill in i2Omescleipressiohnyéatdpaiddiote dnprimehudécgaretictengivwestimgressoombinant

- engineering, angsyRtheY6: IEERHIANES:. (388 08 Go.RMREARK Bh R Mqlﬁmmrﬁmwa&&aboratory
Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY. Similarly, methods of generating rAAV

virions are well %8 and the selection of a suitable method is not a limitation on the present
invention. Bee, e.g., KliEislweredatrBed/icglin,2.520 188 ({1 89 3enidd & vRatemi2EHeE8,M45. A.The

Minigene are partilNSPHYARLIS6 B ROSEH RfiAl AN R & HARSgRnEaRF s Fegulatory
sequences, an%?é‘\\?nd 3' AAV inggertedttt?érmi a(lﬁf e\;';ltst FITR%FH is thi néinig ne which is pacicaged
into a capsid profem S GEIIvEt Sa4E A SSRtad okt Tai> 30 18 FexhEgaRE e ements,

ecte ost ce
construction, and uses are described in detail herein.

In one aspect, the invention provides a method of generating a recombinant adeno-
25  associated virus (AAV) having an AAV serotype 7 (or another novel AAV) capsid, or a
portion thereof. Such a method involves culturing a host cell which contains a nucleic acid
sequence encoding an adeno-assoc‘iated virus (AAY) sérotype 7 (or another novel AAV)
capsid protein, or fragment thereof, as defined herein; a functional rep gene; a minigene
composed of, at a minimum, AAV inverted terminal repeats (ITRs) and a transgene; and
30  sufficient helper functions to permit packaging of the minigene into the AAV7 (or another
novel AAV) capsid protein.
The components required to be cultured in the host cell to package an AAV minigene

in an AAYV capsid may be provided to the host cell in #rans, Alternatively, any one or more
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The transgene is a nucleic acid sequence, heterologous to the vector sequences flanking the
transgene, which encodes a polypeptide, protein, or other product, of interest. The nucleic acid coding
sequernce is operatively linked to regulatory components in a manner which permits transgene
transcription, translation, and/or expression in a host cell. The composition of the
transgene sequence will depend upon the use to which the resulting vector will be put. For example,
one type of trans ene 5sequence includes a reporter sequence, which upon expression produces a
detectable signal* @%’@H‘"}*‘é BPRR RS MR R MRS ER T ARSI PIREA LERIEAKES encoding
-lactamase, p-galaciosipase {¢ peZ)i el kabhnephospreitaséhthymidine kinase tgresniflooyescent protein

(GFP), chloramphenigol ag ﬁharlym%tgsﬁées(&;ﬁg)mémmnm%&r@mxhwwaw%@@ including, for
example, CD2, CD4, CDS, the in Chjenza hemagglutinin protein, and others 10well known.in the art, to

which high afflnﬁkfﬁé‘f‘{?‘b%‘&he%szﬁ% &1 SRL At St BF B9 154 BrSRRRaHebY dehiE RABIPhCreans, and
fusion proteins cormgrisiigraomeirmbiare ouhdrproted rappropistely fuseddotizreatigenhaag domain

from, among othes;ieRAFHHRINEQEMYSG of suitable inducibleHBBneREING &%%%Wﬁ@ when associated
with regulatory elements which qulve their express |on frgrowde slgggr%detect ﬁl gconventlonal

means, 15includify'& 1id? PRHISGHBAC éo% illT '5F SEHEVS PSS taphic
assays, fluorescénttilctivaitinglselbbonting a@s@ysbm&mﬁme@w sedesdgscampluidivigg enzyme linked
immunosorbent e&eam&%&ﬂ%bffmmmmwe@m 4RI ane demnnghisieehemisty. For example,
where the marker sequence is theL bg ne thep sence fthe}\)/ togc IJglng the signal is
detectedb assgl%tr gpg Oéan}gceto& 238 Bd IVI iere the” asnas eng |%%r n 20fluorescent protein
or luciferase, thesrectod E\éltpymgimeeé@ﬁal?ﬁﬁaﬁﬂbewhehsgm@dl\ﬁélhewrtfynebmﬁ wrdégHeproduction in a

lurninometer. HowgvebrdesiiallyviRRRSYBRE SR RRRIMArkeEseANeREe BReadinga Rroduct which
is useful in biolo d medicine, such as ides, NA enz mes r cata C RNAs.
Desirable RNA r%%ﬁe%m@ﬁ%magr?ﬁﬁﬂs Bﬁﬂ\iﬂl e&%g%%}é"os% Rﬁ&b ?l fr% 1§ 0an entlsense
RNAs. One exanyhe #f.a useful RNA sequence is a sequence which extinguishes expression of a
targeted nugleic acid S’?%H@&Ha the fteadedapipBbuences, and helper fu-ﬁa%ﬁ@%gx%@@omay be used to
correct or amellorate % C‘f &?Sin%?l %h m%lnd%mgee eflgtenac es in hgc mgafl enes are
expressed at Iesp r?orrm evels oF defidiehdies inw |€h he n%% Al Cene pro Uct is not
“expressed. A prefemeeh@ypeedﬁmmhy@ehe yefudnceencetesdiierapediie %i@ﬁé@rﬁ@ﬁbelypeptlde
which is expressadhitnardagst cellvrhedpvendiamftrbesdnelidasusing muifipletrensognes, e.g., to
correct or amellorai'h dg rc*le defe t caused é)(}/a muly hSUbunIt[pl‘OtEI In ce in sit a 515 a different
ed o con ruct a1y e d x%t this inventro are {?ose Wit
transgene may Be e T eRCoUa eadh subunit of & protein; or to aneo e eren pep es or
proteins. TER is wiebiaisid whvpririowpns chfh‘ée W%ﬁé@éﬁg&ﬁ@pﬁ@ﬁ@hﬁtm@umt%dmge, e.g., for an
irrununogIobulinsmﬁema&eke{nﬁegivs& ga"@w@anﬁae@{em adysinapbismpiotein. b etenfanthe cell to
produce the mulg %lgurwltc o e|n a ce |Q£egalgo¥qu{th§l&elea liTllrelt%nésvw S %(l)ntalnlng each of the
different subunits. rné’uvely, t’en subuntts of a’protein ma;/be enco eéeb e same
transgene. In thisdaéeir aﬂsﬁiﬁ@l@@?bﬁﬁ@@rﬁ@ﬁbﬂd@@“ﬂﬁ@@l‘ﬂwm@éﬁw éatﬂﬁadﬂﬁﬁet@m?aﬁlil@ with the
DNA for each subydniitseparate sty ap. irtemalibazymesenttyssis (R ES)) Ihissspdeatrable when the
size of the I;;\IA %Q(}gg%g each of the subunits is small, e.g., the total size of the DNA encoding the
10subunits and t S is less than five kilobases. As an alternative to an IRES, the DNA may be

separated by sequences encéding 5@&%@@‘?6@ which self-cleaves in a post-translational event. See,

e.g., M.L. Donnelly, et al, .1 Gen. Vrf‘ﬂériﬁﬁ(g&ﬂe)EQ—&Y@Q@&M%@Q@hﬂM@%@%@é@& 4zene Ther,,

- 8(11):864-873 (June 2001 Klump I 10 811 a 1). This 2A peptide
is significantly sﬁlgﬁﬂetotWanqa r%na %%v%e (RSt eéefgn Frepeats (YTQVB )it 8
minigene which is packaged into a capsid protein and delivered to a selected host cell,

30 -1 The transgene
The transgene is a nucleic acid sequence, heterologous to the
vector sequences flanking the transgene, which encodes a polypeptide, protein, or other

product, of interest. The nucleic acid coding sequence is operatively linked to regulatory
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15use when space is a limiting factor. However, the selected transgene may encode any biologically
active product or other product, e.g., a product desirable for study. Suitable transgenes
may be readily selected by one of skill in the alt. The selection of the transgene is not considered to be
a limitation of this invention. 2.Regulatory Elements 20In addition to the major elements identified
above for the minigene, the vector also includes conventional control elements necessary which are
operably linked to the transgene in a manner which permits its transcription, translation and/or
expression in XBACHENS AR I BrABHT TSRS BTGy tHrHeios d#t€produced by the
invention. As used:kénein 2 lopecably linked" sequences include both 25expression control sequences

that are contiguous with the gene of inteq(ﬁ§tcgggogﬁgﬁq,ﬁi]g@r&%rémlSg&%%gﬁdg?,@ﬁ@%m trans or at a
distance to control the gene of interest. Expression control sequences include appropriate

transcription infisHsHo ERARATEHY BRSniete Shd BRHahREF LR ARBEPFUBIERA processing
signals such asegpticin:cind:polypatenytationdpadlich psigralss séguentess thatt3Bstabilizel cytoplasmic

MRNA; sequenges thatenbance danslationficiencyidh eonkozak £ONERRSRAUERES); Sequences
that enhance protein Stabmtéiég?éd i{}/h n dﬁtsw%d, se%ueng,es that enhanﬁﬁpsecretlon of the encoded
5

product. A gredf RAHBRISF baﬁl%eop AU S AN R B SRS BT e are native,

constitutive, indGER|stderdfaritsisabasppitificiire kaoWnlinifiresarmant-malobedytitizéd.

E%mples otf cqm%@m\/l?ops%h t i@,rgm\t}:kgﬂ@,, gﬂﬁl%ﬂ{ﬂma&?&ﬁa@gx@m\wéﬁ&o{g@ é@{&@:ﬂa(\/iﬂ:_s (RﬁV)
romoter (optionally, with the e cer), the megalovirus romoter (optiona

with t%e chiv eg'ﬁeﬁlaﬂ?g ’[%hé,aét.’gt?, 603?1%11??1 ea?glﬂ[%féﬂf%fﬁgﬁ ‘féﬁ%?{%@@‘gﬁ, fiher ?&lffpromotee, the Y

dihydrofolate redhiciadd promettenthmezistisngforitotenithe phuspiaglyeatokkiraged PGKY) promoter,

and the EF | a praiptes) avitiogankineicibleproneiar sadavsreey itional:aens: xpression 10 and

can be regulated by exogenously supplieﬁ compounds, envirogmental, fta tor% such as temperature, or
the presence of a specific physiological s ate, Cé).dr.l,g5%%%%"%%%avsve?"aasﬁgcr{?ceuI§’|‘ iff&ret¥iation state of the
cell, or in repliceltmentetlsigndyiviritieic ilergssiomotersiapidnmtdeiistebly/stemseatioravaitabie from a variety
of commergial $QuIERs <RSHLITaMvithautilinitatinn ) viteegeme ipnteghrne Atade. Mapy, other
systems have 15been described anld can be readi(liyi seleciied. by one of ?jﬁ” .in the art, Examples of

e

. . orescent aetivagt cell sorfing assays an 'nm nologicgl assays, i ! enzyme linke

inducible prom & reguﬁae exogenbusla)?'supp led promoters et Hé Zinc-inducible sheep

* metallothionineiiD:prohsotersanEaExahediras oHecasex RitlLaib i mvasisteresmisiary Famor virus
(MVTV) promotgg.the, Fhealyeerass: Brameiss system PO BSH0083Lhe ecssansiipsect promoter
[No eta!, Proc. Natl. Acad, Sc!. USA, 93:3346-3351(1996)], the 20tetracycline-repressible system
(Gosser etar, PISC AT ok LU A B B SRR SO0 e e ST B G aystem
[Gossen etdl!, StierewnPBliinE6l 176w LIuE cdecHZmHapvis dtary Cuncopi. Ghiely bBiol.,
2:512-518 (1998)h-thaiRFY4ladnducikie.syistemdyVvang eta!, Nat. Biotech., 15:239-243 (1997) and
Wang eta!, Gene The;'., 4:432-441 (1997%1>%nd thcgsgaa%@mxclfn-inducible sx_stegge[vl\éla ari et al, Clin.

Invest., 100:2865-2872 25(1997)]. Still ot eret)ﬁ)rés ot induc; 3“5 OMOLars whic may & Useful in this

context are thosecodiiets aredrelgiéged be&ldpaigheptifsisidgiealsstats rotpintepapidesiure, acute phase,
a particular differentigtion slatecebthe eathor inseplicatingcalis.@nlyiclude tRNA, dsRNA N another

embodiment, the native promoter for transgene wi used. The native pr r’qgtg may be preferred
o 35 . r%o on a? A cattar{?/I% 5, anasglef‘lsense H]\tygs Sne example o1ya qu)e?ul A y P
when it is désire a expre’SS|o O e
sequence is a sequence which extinguishes expression of a targeted nucleic acid sequence in
the treated animal. ‘ ' |
The transgene may be used to correct or ameliorate gene
deficiencies, which may include deficiencies in which normal genes are expressed at less
30  than normal levels or deficiencies in which the functional gene product is not expressed. A
preferred type of transgene sequence encodes a therapeutic protein or polypeptide which is

expressed in a host cell. The invention further includes using multiple transgenes, e.g., to

correct or ameliorate a gene defect caused by a multi-subunit protein. In certain situations, a
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30transgene should mimic the native expression. The native promoter may be used when expression
of the transgene must be regulated temporally or developmentally, or in a tissue-specific manner, or in
response to specific transcriptional stimuli. In a further embodiment, other native expression control
elements, such as enhancer elements, polyadenylation sites Or Kozak consensus sequences may
also be used to mimic the native expression. Another embodiment of the transgene
includes a transgene operably linked to a tissue-specific promoter. For instance, if expression in
skeletal musclé’ f%ra‘géri?éfﬁeaeﬁ?@(ﬁ&‘ésf &ﬁ%?ﬁer’%ﬁgél’é U BE TG e’ HEUEY the promoters
from genes engodinigsskeletainsactit inassinltighicchizin2Af tedbdtdphinpdmgstleporeatine kinase, as well

as synthetic mLgﬁs!ﬁiprpmgé,e%%haﬁqmu%gmghﬁr e Rala-PERUHINgREOsRoters (see Li et at,
Nat. Biotech., 17:241-245(19 é)). Examples of promoters that are tissue-specific are known for liver
(albumin, Miyat%i’[t“féoélf‘él?f‘ﬂt?\‘}ivrﬁ.?r?ir:g“fﬂf—%‘%é@?ﬁcigﬁé’b‘gﬁ%bﬁr\‘ﬁﬁﬁ%@&récﬁ oter, Sandig et at,
Gene Thers 3:1002<4 (19963 redphbifetopreteinttmPPyadirblUtnbifatmisybdait. Gkmeaitedy., 7:1503-14
(1|9€36)E)3 ! bonl\tjI _oa@?@gﬁlgjafm?maggr%g\gg&y @lécalno%&@-b;ﬁ&ggz%ﬁag%%))ﬁmglﬁaﬁé,a&mgaleinl(GclhfSGest .
al., J. Bone Miner. Res., 11:654- mphogytes , Hansa' et al., J. Immunal., : -
(1998); immunéﬁ'ﬁ%ﬁ‘?ﬁn‘%ﬁ’a%ﬁ%ﬁéﬁ%’lﬁ rtlzcegﬁh? féi% grP %{1“30 uaﬁiiln Ifsh‘é%fr%‘(;tlrlfélall)g&aﬁo%Fsa(f‘:'zsr\l(gLtﬁl}gln-specific
enolase (NSF) promtsteby(AnidéerseltibeaynCelywvitst Ndifoo Btos, i1 8:50814 3i{aodsyznelibofilament
|i9?t'Chair(lpgenﬁ)lgﬁglc&iéﬁh%rg@acﬁ)6?9@7%§g|2iﬁ£§naﬁ,e&g§'§étoaﬁ%Jogtﬁe.@m@ﬁc&ﬂ%tt!ﬂg neuron-speoific
vgf gene (Piceioli et at, Neur :373- , amagng others, Option pla s carrying
therapeuti&%lly fj”sbélfldisfﬁ rgiﬁggﬁgr%é%??ﬁ%@aﬁlég)eiﬁr%gﬁ)?aseessz‘lse%c a tf‘enarﬁé?g%?g g&ﬁ%ﬁéﬁé&g‘e‘%ﬁs may
include sequenbesspiesdirigseasetisipnaaggecrRiipepidsuUMRY il frelsistaite peshomgleiberls. Such
selectable repokirrs. aeRakkerge nesdireiewhly descated: ougidle) theviraloeneme.iebs. rescued by the
method of the inyention), ca : Q signal esence of the plasmids, | terial cells, such as
ampicillin resist%% c(:% fwtr)}t)?%i’r(?@r?]gggr%%n%t% ajo‘%ﬁ%()%@s%maj ?n@gyeﬁlaélh(geelg%?g?i’g?ﬂl@ft@gfglgﬂcation.
Selection of thedéaxA80dtheRsratmissities Arevidctnilefarriisntsas e Sohbariorsalt sl mmigady®uch
sequences are aailpbIeeees £10hitDamhreokeiakandsspiate nerggitethihateit]lany The
combination of EQO Otr%g%;erg%eprgrgatg.r{%@a%%egt aend 5' %raglcg dkgﬁa%lgsirgg r ed to as a minigene" for
ease of reference hereir. Provi egi with the eacﬁlﬁgg'b? Bis Invention, he dgs’ign of such a minigene
- can be made by resort to 30conventionalté@hlsigaesse B Doy yeedithesiviaidermeebiPhikaging Host
Cell the arl MERBYRIGADE ST Benepuiitad AN BRAYISHIAA IR YSRLRLI6h OF tAiPlasiieh which is
delivered to a host cell, The plasrn'%js us glui[;ttohisépe\{gr}lttison may be engineered such that they are
suitable for replication and, optionally, integ%atlorll'yin proiaryotic cells, mammalian cells, or both. These

plasmids (& other vectors carrying the 5'TARMIIPRIhEEeraiogitmeniolsstifedabpRy oktain sequences
permitting repliGagian.ef thevaivigeneninesdcaryetesandieoriRkrivolesand salectien markers for
these systems. SSeleciable maricers. or feporter genes may inclide, sequences, encoding geneticin
hygromicin or qur’lmyéfn resistance, among others. The pﬁalsmlds may al80 Coftain cértain selectable
reporters or markéogerresestivaticaschdruséyitd ighhr tHepitseie bhfredadtbinwasterial cells, such
as ampleillin resigianee sPtheh componanisohdhe plasmigymaydnsly e @ igkigia Bitkeplication and an

amplicon, sych as the amplicon system employing. e Epstein Barr dgvius tyclear antigen. This
amplicon systeri.tor other similaramplicon components permithigh copy episortial replication in the

cells. Preferablyotie prsletaks Bat iy thes miipigdinsetraraeetdy B théncetiiwhere it may exist
transiently. Alternatively, the minigene (caiagishacatAdAgLEHRs-heterolpgapspolecule-3' ITR) may
be stably integr?rtaengcir%go%hﬁitiaﬁon, terminaﬁon, promoter and enhanéer sequences; efficient RNA
processing signals such as splicing and polyadenylation (polyA) signals; sequences that
30 stabilize cytoplasmic mRNA; sequences that enhance translation efficiency (i.e., Kozak
consensus sequence); sequences that enhance protein sfability; and when desired, sequences

that enhance secretion of the encoded product. A great number of expression control
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genome of the host cell, either chromosomally or as an episome. In certain embodiments, 15the
minigene may be present in multiple copies, optionally in head-to-head, head-to-tail, or tail-to-tail
concatamers. Suitable transfection techniques are known and may readily be utilized to deliver the
minigene to the host cell. Generally, when delivering the vector comprising the minigene by
transfection, the vector is delivered in an amount from about 5 ug to about 100 u.g DNA, and
20preferably about 10 to about 50 i.tg DNA to about 1 x 104 cells to about 1 x 1013 cells, and
preferably abouedB8ces|lscibvgaverothe Taiskior aphotaessE et oriDNbie efestisefts may be
adjusted, takingjpigisonsideratiomsuehdasigrsasithesselected vector, the delivery method and the
host cells selected. B.Rep and Cap Seq nce eS2O 0 a(%lgdg\(,)en trorgrg%rrsnf'rpigﬁge the host cell contains
the sequences which drive expression o the novel AAV cap&cf protein ?e.g.’, or other novel AAV
capsid or an artifiial eapsdchrsteiRebT SERIRY A 1FAGMeSt BREGERFFO BT ihwds Ba5siYs) in the host
cell and rep seqgueRces, ddbesamesRIOYPE/asti se(ofpef e AAYNTRs fawad) (sethe minigene.
The AAV cap agg fgp.sedences IRk Reienefianinabialied salom AR AN sauIgRas descrived

above and mayeﬁé introduced Into ost cell in"any manr nown to one In the art as described
above. Additionzifoishele pstiastypRie- A nsleirAzely capiaast tRefaverst:ths dediiddces encoding
each of the essgmtiakseprprodetns may be supplied by the same AAV serotype, or the sequences

encoding the rep proteins may be supplﬁt&dggg%i@gg%e 'Mﬁ)éﬂ%é@%@%e ﬁé%%/%%gg?é}{& AAV4,

AAV5, AAV6, or one of the novel serotypes identified herein). Fo exampcfe, ther 8 sequences

may be froth ARYDCaRRsrEaslaiE PE 520 SERIERLRSRHTaRPHAh AIXVALTFRAkiaRBodvhant, the host

cell stably contains,tha.capsiehpreieincdundesdha ool i aisuitable PremOBhsUCh as those
described above. M%?Fté?de%rabl‘ in this erg?}gdiment, the ca[asid p{otei is ﬁé‘)re sed under the control
1

of an inducible P& CIERORHSP hin ok SRE: MSPLATBIBtEIR R SupPHa%the host cell in
trans. When deliveret:to dinkindsiide byisteranss tvellbpsidproweitemafdedeliviersdndesa plasmid which

contains the sequenGes WRESPARI A e BYNESSIONAN AR selee!ad LRIl B ih{he 10 host
cell. Most desirably, w I

en delivered to the host cell in trans, the plastnid carrying the capsid protein
also carries’oth8Fedfseibekrd sana for Pusagiip s Alolilby theset rdixasgirefées. In another
embodiment, thghesieetbsiablyreamnainsythe jap seouppeastharithacconrtg ahaisditahle promoter,
such as those desctibed ahiove, Mosh Ladesiiably.inhis embodiment he, essential rep,proteins are
expressed under ffe "Controf of an'in %i%%'pr’omoter. R another embo iment, the rep prgteins are

e
supplied to the Hatrcehs MY ) Whsp delhgereofpmprashasmatr iy tian SRS 68058t Eins may be
delivered via a plastoid whish eeniBins dhegaauences negessansiodinaet yanegsin ahthe selected

rep proteins.in the host cell. Most desirably, when deljvered fo th st.cell in S plasmid
20carryingzt e C%%@%&g}%{g{)ﬁ@gﬁ%&@éé#ﬁg ajé or Szgu}érﬁée%s%f}ééﬁ?r%ég%o%}t%g%{?ﬂ%ﬁ%v, e.g., the

rep and can seddi@fabghe tetracycline-ipdgdlersysite dnfistsdimenbifreseld Bhdbeay Eed8ehe s may be
transfected into {ke hasteellowasingle owsier acissToEeyIemY wXRUsEbydRthessalas an

episome. In anofhes embodment, the fepAnd caBsagleniss Aie siablynieqratsd jjto the 25genome
of the cell. Another embotiiment has the reg and cap sequences transiently
(1997)] and the rapamycin-inducible system [Magari et al, J. Clin, Invest., 100:2865-2872
25 (1997)). Still other types of inducible promoters which may be useful in this context are
those which are regulated by a specific physiological state, e.g., temperature, acute phase,a -
particular differentiation state of the cell, or in replicating cells only. | N ’
In another embodiment, the native promoter for the transgene
will be used. The native promoter may be preferred when it is desired that expression of the
30  transgene should mimic the native expression. The native promoter may be used when

expression of the transgene must be regulated temporally or developmentally, or in a tissue-

specific manner, or in response to specific transcriptional stimuli. In a further embodiment,
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expressed in the host cell. For example, a useful nucleic acid molecule for such transfection
comprises, from 5' to 3, a promoter, an optional spacer interposed between the promoter and the start
site of the rep gene sequence, an AAV rep gene sequence, and an AAV cap gene sequence.
300ptionally, the rep and/or cap sequences may be supplied on a vector that contains other DNA
sequences that are to be introduced into the host cells. For instance, the vector may contain the rAAV
construct comprising the minigene. The vector may comprise one or more of the genes encoding the
helper functions, efgr, eI PSS NS EPH Hrd PACREGN &Y PREFEREt N WIRF RNA.
Preferably, the promatesiiseddtethisesratyutiopaysheamyhat thereanstitytissioinducible or native

promoters known to one of skilllathe art or, g fisegsad aabove: (n.ons mACAIMEnt, AR AAV PS
promoter sequence is employed. The selection of the AAV to provide any of these sequences does not

limit the inventiongperably linked 1o afifstREpssHatEEPEMBOtIMBAt L prmbieinfie iy rusHtnducible
promoter, as are disessseopadinver ivbennectior sithdhe dansgese ifegumﬁ;rgzelﬂm&”ﬁsmne
preferred pfomot;é;(&%&%@&@%@é&@@-ﬁtm%zsﬂmggpéﬁgmme, x&@ggh?m&g&%f&m&ﬁs ,sogene

regulated by the T/ promoter and the cap gene, is transfected or transformed into a cell which either
constitutively or iRdtEbly SREEIBS e PIesTmIdTHSE v igeeh{Rier 51 bespGBHEHBE March 12, 1998.
_The spacer is an pptons glerbentin NmeEz?esagm,dﬂﬂﬂ&-ﬂé@@@ﬂbeEgmqﬂésisf@ﬁﬁ%mﬁmame
interposed betwegp, ine, promatar angd %}qw@p@s&ﬁi@ BRI AP, 15708 SPASEI MmaY, hawe any

desired design; that is, it may be a random sequence of nucleotides, or alternatively, it may encode a
gene product? sudrPradtia Pdrkeiogeriameite Sier Hay eentam g R WRIERS pically incorporate
start/stop and pol;q@hsifaspmmgmeermmetazmmwm@mwsgqueme ttem)a_mﬁ(aryote or
eukaryote, a repelijyenansaeing.sesenos: Acoding seayenso eyt iansapipaal cenirols or a

coding sequence with transcriptional controls. Two exemplary sotirces of spacer sequences are the 2'.

phage ladder seqliditEad By disse T84 a0 L RIARITSIE R AIRSIL &L B ErETENg/ e g., from
Gibco or Invitrogers1 ants iy tdb&rsmieogpackn heayy binf dnylsize sufficieritjonkedueksetpression of
the rep78 ang repad, gene PFOAHGIR. (RRNGH SRR S PRALRBAD: AN CAPIERNR DIFHCB:Spressed at

normal levels. The length of the spacer may therefore range from about 10 bp 25 to about 10.0 kbp,
preferably in the reigeofaRfileae KRS e aB SR bk o 8rdiGee b Fis&siit 8 recombination,
the spacer is prefésaislyi 16 $98130n 2 kidp icutengtierifiowsh\geng fRicivie atidn Msurot, S Hifdited. '
Although the molQ%g\fﬂlggggim_rep and cap may exist in the host cell transiently (i.e., through
transfection), it is preférred that one or both of the rep and cap 30proteins and the promoter(s)
controlling their expression be stably expreSSHeP I YHYAHBEE SAIYRG hyersHisdiE g lor by integration
into the chromosomesghtheostceltiFhes néthodsdmployeadfer gorstmagtimguembodiments of this
invention are conyentignal genstia.enoinesing PrRGeMNNAN! eRgNasHNg tecinigues guch as those

described in the references above. Wzile fIh(i§>§,|r<iecifigation %)rovides illustrative examples of specific

constructs, using FFRETISIS AMERRGH' SFESIJBG HEPSIACBITE TFYRNIMS ¥TE' SFPATS /L BREICARG ¥ ign other

suitable constructsietisihgf & ehoiceiof) spaterssds pgorhibtarssarnd ofempglgnidnitsharictiatlintsat least

one translational staft and SioR SlanginaNGihe: 9&{19&@%@@@EHQBIQJnH@'%%QﬁQXJ@QQPo?f%%?o@'” another
c

embodiment of this invention, the rep or cap protein may be provided Stab%y a host cell. C.The
Helper Funcffdns replication. Seigclion of thess aad-0iaer RIRTQErs AN irRS T FTPEF R ME ABRS oG- to
package the rAAVimfighecinsegntions Opticiatily,[these fivactiorns siay bel sefpplied bedti@hisipesvirus.

Most desirably, the necessary helper functi@g&@;@og@@&g@yjﬁ%g%g@’ 8:Uman QL.NeP-piRan primate
adenovirus source, such as those described apove and/or are available from a variety of sources,

including the Ametitah T et S fe S TAT CES MRS HE IRy Sy O Hidghy! ntly
preferred embodinrecitnthe hbsticalh fisptovittednyitiuane fongontainstamila gereptoduct, an El b gene
product, an Ega gene praductangier. an 15 E4 ORF6 gene product. The host cell may contain other
adenoviral genes such as VAI RNA, hut th§§§ ,genes are not required, In a preferred embodiment, no

other adenovirus genes or gene funcfions BE SR YR BSt eT ackaging HospGell yonoviral DNA
which expresses the Ela gene product", it iSheeainicamcadencviiesgegyenice ereadingsEka or any

functional Bin port&%nﬁg%f&‘ﬁi@beﬁvered to a host cell. The plasmids useful in this invention may be
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20 DNA which expresses the E2a gene product and adenoviral DNA which expresses the E4 ORF6
gene products are defined similarly. Also included are any alleles or other modifications of the
adenoviral gene or functional portion thereof. Such modifications may be deliberately introduced by
resort to conventional genetic engineering or mutagenie techniques to enhance the adenoviral function
in some manner, as well as naturally occurring 25allelic variants thereof. Such modifications and
methods for manipulating DNA to achieve these adenovirus gene functions are known to those of skill
in the art. eng‘neeﬁq‘}é‘%é}?%\tfif’éi?EF“a‘faélle6?@%{%?&5‘/6?%%?@@9‘@?‘?@%%&3cts, as well as any
other desired helperrfutictidismeamb@protidedubinfiarpiredns(thathalowstheirexptiession in a cell.
Each of the sequancesencading INese REQAUGEETAN DS %@&%@g@%ﬁ@@%&ﬁ&@% or more

genes may be on the same vector. The vector may be'ang, vector known In the art or disclosed above,
including plasmiti8BBsiASAYRICy AR AL ABh HtS e R el BItHY S&Rtor may be achieved
by any means k$wnstatiie thelart arrapdisclosechabiovedineiuchng trandiectmatidhfdconyietectroporation,
liposome delivery . membrang:fsionaehumgnesbighayelority RNAscaated:Rgleisfal infection and

protoplast fusion, among others. One or more of the adenoviral genes may be stably integrated into
the genome of tHECHESICEIR SEABRI S EEE KEEHIUEIALEC BIaslsr s S AN el Fhe gene
products may allebe sxpressadcitbnsigstyceod) tiarepigo mgsart stablysBidtegrateddornsore of the gene

products may berexnpfessed stablphile Qthers ﬁ%t%ﬁ%&ﬁ?@@ﬂ@ﬁ%i@ﬁﬁytk%‘ﬁﬁﬁ%ﬁ‘ﬁ%ﬁ’ the promoters
for each of the adenoviral genes may be selected mfgg%? ently from a constitutive promoter, an

inducible pfdmotErdra HAATEE Y e NSV AR PrhTSTER OB AR e PR UTARP Y a specific
physiological statehcbpeprganisipliortveli(ile. c4ip tReHitfeie Hitatiorcsiaterniipthe plicitng or quiescent

cells) or by 10exogenausly:addeciaciis. t%@}@?mp!ﬁn&m.st&@xl@ﬁagi, Rackaging Cell Lines
The host cell itself may be selected from any blologécg%%( a ismilrj?ncluding prokaryotic (e.g., bacterial)
e €

cells, and eukaryBHEERI It ftding: aSLP et S PR ST RS e cularly
desirable host celiwaresbenedflopilmmbrignasynaisivrasdiner t&spebies timctodrgnwithout limitation,

cells such as ARAIWERL 313 BB 2in B IMBGRK, SRSy GRS 7 BSR, heBSEH.BMT 10,
VERO, WI38, He!ﬁ, 293 cells (which exFlrets_s fg:gtiotn% adenoviral El), Saos, CZdCI , L cells, HT1080,
HepG2 and prinfAR HBYGBIEE REPatslates SR IHSBISS ftilS &R SR TIRAIH IS Including human,
‘monkey, mouseytrégsdabiitivantiaimgtor.tT He betfestion of the mammalian species providing the cells
70is not a limitation of this inventior;n@nis, the:tyae: Rt mammaliansaidis: dibreklast hiepatocyte,
tumor cell, etc. The most desirable cells do not carry any adenovirus gene ormﬁr than El, E2a and/or
£4 ORF6; nor dBHHEY E5nIATIGHY B OFOL G RE Y BSRE rR SR b dG Uy rembination of
a contaminzitingpvifers yeirgy the tprdbduiciiore BRYAAMabarid it i cegabletofinfedibrdstranstection of
DNA and expresgian.of the. transtegted RN i ar2rivelarsed iphedinment. dhe hesicgllys one that
has rep and cap stf%bly tranlsifected in thlg cell. Ong post cell use{ul i%the r%sent inventign is a host

8 § i

cell stably transfSiAEa K thE Say TR e U B HNG FED BAer SRS Ehe AR irERsaetsd with the
adenovirus El, E24d fridE4DREFBBNA and a construct carrying the minigene as described above.
Stable rep and/or cap expressing cellJinescs SR@edB:50 (PCT/US98/19463), or those 30described in
U.S. Patent No. 5,658,785, may also be similar emPIo e%Anotr%ﬁr desirable host cell contains the
minimum afénoviral DNA which is sﬂfﬁgﬁlglr?f‘ 85 EIGTELE A TIPS S SO BHRY REAfRES Ean be
constructed usinghttlednigvek prssiaepf drediorchdve! masd paycsegquence Oirttitbamaentidny

The preparation Qf &:hpsh GelkReeesFinG IadhisiAKanton ﬁ@g&b{@%ﬁ&%ﬂ%%@%&%ﬁgﬁmbly of
selected DNA sequences. This assembly ma%/ be accom%ighe utilizing conventional techniques.

Such technique<iftdae SHRK SRS GERGIRIR ST, STRTET A3 & RASHORRE RIS ard ddscribed in
Sambrook et al. feitédrethovenigecuse BhotéNaqupiny offasnuciestivey Sequieprcdsndf tiamdénovirus and

AAV genomnggs, emhingd with,pelyierase LRI raction. synthelia methods.and;any, other suitable

methods which provide the desired nucleotide seguence.
Fr)narmer known to oneqn tHe art as escs ed above. Additionally, when pseudotyping a

novel AAV capsid of the invention, the sequences encoding each of the essential rep proteins

may be supplied by the same AAYV serotype, or the sequences encoding the rep proteins may
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Introduction of the molecules (as plasmids or viruses) into the host  cell may also be accomplished
using techniques known to the skilled artisan and as discussed 10throughout the specification. In
preferred embodiment, standard transfection techniques are used, e.g., CaPat transfection or
electroporation, and/or infection by hybrid adenovirus/AAV vectors into cell lines such as the human
embryonic kidney cell line HEK 293 (a human kidney cell line containing functional adenovirus El
genes which provides trans-acting El proteins). 15These novel AAV-based vectors which are

generated by e BPLRIPIHHE St A B%ﬁ@ﬁ&?érﬁr”g‘é‘ﬁb QéIRAAY Sttt Holt¢efld &nd gene

therapy patients sirge the meeitralizatioanitiibddreso As\¢Tahmwle heerTdlGAdinthesuman population.

Further, early sfudies show Ranaytraliz Hgg/mqu?gr@é e¥iRe MeRKey and chimpanzee populations,
and less than 15% cross- reaetivrt¥ of AA\{j 7drn § g morujetys the s ecies 20from which the.
SRS SRS Brepar

serotype was isolated. One of skill'ifi"thé & SR r}SA}&e\ﬁ?? Ri8t8rs containing
the AAV7 dapsrmdprdmemtprmf@Ierdtﬁéwmm@mgseph'ar@we(ﬁewahmqbe@ kivewniggrabsénof skill in the

art. One may srrruIarlwo@rﬁmraeéubgarr%t%ﬁ%yrreéswgraés&ee&arrun&r&ﬁmaag ghe&and AAV

capsids of another s r e. d%lrgllta adv %eenalre con kﬂ\b/ tthC% lvectors Iséed on the other novel
AAV of the invefitidi PoS RS OF SHA & art wil rea S RasrtAR G st thSAAV7 sequences of

the invention céﬁlb@“ﬁﬁé@dﬂ?@@lwteé W{re@Mmﬁé@eoﬁrm@m@?dﬂhaﬁvémemyetemw@|n Vitro, ex vivo
or in vivo gene delivante Simiack rengsel skiliin {be Atk saorasdiysalesi aihendiagragnts of the novel
A genolfe e Mg e D Rl oL ARY anden ARV NeTIPLARIES, Such vectors
systems may mcfuccie Bientvirlses, retrovrruses POXViruses,’ vaccinia viru &€ 5Rd adenoviral
systems, amon@l@tﬁer@teSéle%PﬂfneéPtFﬁ§éqve@l‘%§rf§%fé4ﬁ§f|eaﬁ1éﬂgalgiFhﬂaﬁéﬁ&&hé?@relsent invention.
Thus, the invendigrefwther provides vectors generated using the nucleic acid and amino acid
sequences of the novel AAV of th |nv tlon S rs.ar ful for, a variety of purposes,
including for delivery of therapeutr?: mo ?ecu l(Taﬁs).oan \é‘r%gu%gtlr?evasggf? ecorgtafpﬁenesregarticuIarIy desirable
for delivery of thrarspeastiodeidhecalss sk redapioimamtasvicantedpidgsedssideons théosiovel AAV of the
invention. ﬂBhes&s%b@hﬁ"tM@&%Qfo@@fbiﬁ@&Hésﬁ&ﬁ'@%mﬁé}ﬁﬁéré%r%ﬁ%@ﬁﬂ%@%@fz&ﬂ@&%ﬂti0” may be

used in vaccine \glruse mens, for co- -deliv rkijd%eot£ ahc¥£oIC|ne or for deli V%%tﬁé 1e immunogen itself.

VRecomblnanf “no szé}s&1 eerre% Sin the te ﬁ?t?}"éssa Su erein, one 'Bf skill in the
art may generatez.r Akgn HWH@%%%éW@P& n@ver §é?(§?9r§é0@#ftﬁ@4hbeﬁﬂi@ﬁl@ér‘/a'f\novel capsid

containing one gkskQdare bovehragRienis.ef @ﬂe@saytseratyla@prdmm@dmaraadmr@od of the
invention. In ong embodiment caec}“'Most thf ‘%ﬁff} v%rf%oé“u@es'”%‘%h %Bﬁm “ﬁ] bl [REQ 1D NO: 2]
u IC

can be utilized, At another embodiment, a éngt capsr may e genera contains one or
more fragn?fbnt§%ﬁ@&3\?éﬁ%%?c?ﬁ?ﬁf@@?%@ﬁﬁ%ferﬁﬁﬁ%§éﬁﬁﬁeﬁa}fﬁ@fﬁfﬂ?@‘éé’ﬂéﬁ@e‘éﬁb’m another

selected AAV sepotypes-at eggage@amasrAAV may contain one or more of the novel 15hypervariab'e
region sequences of an AAV sero e of the i mverahlon Ah ernatlvel the uni A@V serotypes of the

s, 10 one.embogdl uence ma
invention may be used in constructs cbntalnlng other v’raT RoN- vrbaf%e uences. it will be readily

apparent to onér@rséq@mqrrnfhéhahoerrélmBé@&ﬁéﬁﬁﬁﬁéﬁ@éﬁf&ww@@mSéerbrmerﬁwﬁﬁeﬁ will be

particularly welksuggehior maﬁa&nme@adﬁmexm@enawﬁr@r&t@eﬁkmﬁﬁ&’g@aﬂﬁl@%@f the
invention aje partlcular%yvell suAte for uge |n Wher 8as vectors b sed on rh.10 (44-2) capsids

ep an equences ransren
of the invefition‘are partlcul 1Ily well suited for use |n dj stes oY Slich Vectors afe not so limited and

one of skill in tHRipsTsEY tiaIRRs s & Vesaseliot ‘&éﬂ\rér’ylf’éf éﬂ*ﬂe‘?‘@@ﬂ”ﬂ?é@sﬂlﬁ%@eﬁe@iﬁ@rgans
Further, vectorshasedsupan mlaer eapsidsf thepmmnijatemay-pesddsrdion deliveryoter thgse or other
cells, tissues orthzeSs T ot the rep gene sequence, an AAV rep gene sequence, and an AAV cap gene
sequence.
30 Optionally, the rep and/or cap sequences may be supplied on a vector
that contains other DNA sequences that are to be introduced into the host cells. For instance,

the vector may contain the rAAYV construct comprising the minigene. The vector may
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A.Delivery of Transgene In another aspect, the present invention provides a method for
delivery of a transgene to a host which involves transfecting or infecting a selected host cell with a
vector generated with the sequences of the AAV of the invention. Methods for delivery are well
30known to those of skill in the art and are not a limitation of the present invention. In one
desirable embodiment, the invention provides a method for AAVmediated delivery of a transgene to a
host. This method involves transfecting or infecting a selected host cell ‘'with a recombinant viral
vector containingoayséectedrtransgéie genclemtiaéigpthtrindipdr Jeguieng e wihichigiveictlexpression thereof
and AAV capsid%p(gggggrﬁ., E2a, and 2R3O0AUY. 8 SRPIS KARRiGg host may be first assayed for the

presence of antibodies to a selected AAVlserotype. A variety of assay formats for detecting
neutralizing 5antibodies are well knidWH o tHOS & OF SRiIF i tHE HFCORRE €aTétisA 816 Heh an assay is not
a limitation of theopstsen, indesitiorr Sdiec ergmoRisheret &l ohatliskiMeths 8¢3):8068s8%k&(March 1997)

and W.-C. Mannipg,et loumes Gene.T Reramy fhbeAsRMatehdd298)ritha dasnlis of this assay
may be used to determine Whi%] AAV }fctor containirzlﬁg caiE)sid tﬁ)rotelns of a particular serotype are
&Y AR

preferred for dell(RRy: & 1§ PBY HRERLEIER SHITAERT AR BBYRE Ypecific for that capsid
serotype. ~In one aspect of thisfiwtiwefetite delivengof the stomwithfa selecteddwivicapsid

proteins may precadaprfollow deliveny Akaasnedisma g alotwitha different serofyre AAV capsid
protein. Similarly, the delivg}rg/ of vector with other ngyel AAV cagsid groteins of the invention may

precede or folloR HEIGERBICHEREDR U TERIP WRA ‘P TE & fertit ST SPPRAG E5p&d protein. Thus,
gene delivery vigakaddwaioidrstimady bensevefdrire pestegenetdeliveiy tu wesdlonaditoscdéll. Desirably,
subsequently adppistered sAMN HREIoFseastbe, sasmaitansagnsasdhe:fingtordghdogector, but the
subsequently administered vector. ntain capsid proteins of serotypes which differ from the first
vector. For exan‘%%é’%te %ﬁ%s g/%%tog}&é)as AAV7 capsid proteins [SEQ ID NO:2], subsequently
administered 20vectors may have cHsskisroteinersetectsadroin harvsrigthitistietaserdtypes, including

AAV1, AAV2, AAN3H i SDIBBs M iAbYSR el RN MéMdhoanchA/L2 cacanyfiha;rther novel
AAV capsids identified herein, including,. without limitation: A3.1, H2, H6, Cl, C2 05, A3-3, A3-7, A3-4,
A58, 530, 33 ATOTHE BB5Y: B30 o0 b LA b AR TE B, 4.,
42-4, 42-5A, 42-0B1@pE B ¥ 12y 8rd@c 43¢ 4B, 4B 2628124320024 e ARRr g, 27.3, 16.3,
42.10, 42-3B, 425kl denEPwhidh 42168y aRe/psfteskaistop and pbHA SREVEIEassHbRE/8caMbIinant
vectors may be deIi_vCereg EN%O?;;[ (lzlgrlllcse ?p%ogdirrggaltoo euckgli§J gdd@egpogtsf.\'frhh% r:%\(,fav, preferably
suspended in a 6?\?/5&) l(‘)éica y cgmpatlb% C rrler,yn]ay & administared 'teo ahiMEh or non-human
mammalian patiepiuBeatalshsiantarsimayitbertsariinionstreatp)s one Of sigilci e &ithn view of the
indication 3gfor yhichpidransters virus ixdliresieduiey @xpinqarsuiahlecandeieudes saline,
which may be formulated Withﬂ? va iety of buffer,inc% solutiqna (e.%. Qho% hate Puff%r.gd saline). Other
._sequences or yeast 1adaer sequences, Which are avaiiable conimercially, e.2., irom Gibco or

exemplary carriers’include Stérilé saline, lactose, sucrose, calcium p‘hos hata, gelaf!n, dextran, agar,
pectin, peanut ofsEsgrhaiinHPilaaltic TrRecsBRIGH VP HE safiifeerisihisd schmnpeidarctithe present
invention. thORpionally-4hs comp praitieNsafithednvpsioamaycantaine: fRagddition to the rAAV
and carrier(s), other conv nti?&?ﬁ v@grr&l é:ggtit%alfiﬁggedcigrr}tsa mcrhfé;}g pageg(ﬁ%vrggt\)/eﬁ, g%r chemical
stabilizers. Suita%ﬁ@r%sieen%p glry preservatives mc ude c%oro%c‘(tanoﬁ, polta ium so?ba%e, Sorbic acid,
sulfur dioxidé, propyryaifi&bihepiratenshemigainiint HYseimaphensikemdpadichidrophenol.
Suitable chemicglsiahilizersinclugaioslatinmng alhvminTbe visabvestors s, admiistared in
sufficient amounts to ttggnsfggg cgh.e gg{ls and to provide sufficient levels of gene transfer and expression
to provide a therglpeu IC 'fd'bene%ﬁnw hout undue adverse effects, or with medically acceptable
physiological effects, which can be détergiinearisjethiste BRiidadrmeniredicay axis. iCbabetitional and
pharmaceutically.aceaptabie i tesoakaemiriatsaljonsipaeed bt arednetdinited o sdegpdelivery to
the SeleCte%Oorgappo‘ggﬁg 'énlc? %%%xog?étg%l%%[‘Xrgﬂxrtxg%xlell\{%ggmQs@(l)hlgp Satfli Hfoer;(pressed in the host cell,

e.g., as an episome or by integration into the chromosome of the host cell. The methods

employed for constructing embodiments of this invention are conventional genetic

engineering or recombinant engineering techniques such as those described in the references
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(including intranasal and intratracheal delivery), intraocular, intravenous, intramuscular,
15subcutaneous, intradermal, and other parental routes of administration. Routes of administration
may becombined, if desired. Dosages of the viral vector will depend primarily on factors such
as the condition being treated, the age, weight and health of the patient, and may thus vary among
patients. For example, a therapeutically effective human dosage of the viral vector is 20generally in the
range of from about.1 ml to about 100 ml of solution containing concentrations of from about 1 x 109 to
| x 1016 genombeseveirtigriledtsrspacpiestérrevidendh dosayesmaleoed atsoliciorBOurts Using 016 AAV

genomes. The gosagenwillbe aditsteeio hrlangaithethatapgutichenelitagainst amyside effects and
such dosages may vay depending. upan lhe therapsutie application forwiueh e ecombinant vector
is employed. chi‘rherq%\fell‘%o% expressio of the t?ansgen’e can be moni o’reﬁ o' detertmine the
frequency of dosagesssianm gt viaiior e, Pretsrapipnaladdiisater s duriinbig A minigene.
Optionally, gdlosage regimens similat iacthese siesashed 4o¢ ﬁh@ﬁ@p@umi@rwsp@%mrp@ utilized for
immunization %%régogh&é:(s)tregﬁ)o it!qunsstof3 Ehe invention. Examples of therapeutic products and
immunogenic pro Ucts for de ivéry By ?3(5'the AAV-containing vectors of the invention are provided
below. These vectors may be used 8 &lperfarcEPerapeutic or vaccinal regimens, as described
herein. Additionally, these vectorshay.bie gelivesed incorehinationwithena onh makewther vectors or
active ingredients.in a desired,therapeutic and/or vaccinal regimen. B.Therapeutic Transgenes
Useful therapeﬁﬁcckfﬁ%gﬁcr sgeqﬁgo 8? ‘E)(i/n the tg %Igaazﬁét?ﬁsé lfeL de hormo gz;gsél é}lagct)b\%ﬁw and
differentiafion fhetensyimel ey devigiduthiniesieny itimnughinagoreaghorptidsd imerdit@en, parathyroid
lhormone (Fr’]TH))rg;&\émhda%r;mma@ &ﬁ&ﬁ&ﬁmgs&ﬂ@,ésﬁ@liﬂhoa@dHﬁ‘dﬁb‘sﬂ raulélwmﬁ/aoxm@fm(ﬁssm,
uteinizing hormone (LH), human chorionic gonadotropi vascular.en ial growth factor
(VEGF), angiongﬁqié’t?n‘é%rgeﬁ'g?ﬁ%fﬁ?’glj?giﬁu! cﬁ?:tﬁfe%&?éf%%gﬂéﬁ?i(?g%ﬁ a%%ﬁ&%%&)ﬁgérythropoietin

(BPO), connecii@tissud/ §rovth TastsropeTer)rasusse sinbebiagtighewest kedtisrmbEdH wilkidic fibroblast

growth factor (ak@ér).pidermal grevdp-iactorlEG s teprsfarminggranthiaciar adbeha), platelet-
Loderived grow facier (EDGR).Insyingronh fosiars. and LGl andIGFSE) ety one of the
transforming growth factor p superfamily, including , activins, in ﬁ)lns, or any of the bone
morphogenic pFotEinR {BIMPYBIIPE IRITS] RS dRé BrffieeherbgliniHetredisinfarIiifeu differentiation
factor (NDF) fagilysofr geawittintaictorse peie: growtviacior (NGF), brain-derived neurotrophic factor
(BONI?), neurotrophins NT-3 and 15NT-415. ciliary neurotrophic factar (CNTF), glial cell line derived
neurotrophic factor (GDNF), ngurtés n,ageélrci‘rlllf Egr&%?{ c)i(ngﬁéc the %ﬁ%ﬁiﬁl%&ae(ﬁ%% 1(SQﬁLr%sf/E:Sﬁ%\psins, netrin-1
and netrin-2, hepao eeagroovit fatbr @i ordispRhns: fudunstiewhi’] heagehod dneviyrbsine
hydroxylasg. Othenugsaiul dxarsgene preducisickidedpieionsthatAegibatethadmmung 20system
including, without limitation, cytokines.and lymphokjnes s s thro oietin (TPO), interleukins (IL)
IL-1 through 1- i'ngled‘léiRrﬁ,gi%tﬁ?rfﬁﬁigiléda% iii.lf%)l??ﬁrjﬁ%_}%fg%?taen%%@egr%ggft%%fant protein, leukemia
inhibitory factoringeairaléuyiel aatesaae esiohlr atitiainii rebesro F 8 dgaificatines matrosis factors
a and , interferafsiaifRerA84 ifirsteradcsikfastes cikv2i%dA3 igand fzeRepEadusisgreduced by the
immune system ageglo 2oupefiln e, Iveniian These.Inglude, wilhoutimiiations, [mmunoglobulins
IgG, IgM, IgA, IgIS arqa fgl%, chimeric |mmur]ogr(_)nbu ins, humanized antﬁjqéies, sw?éfe (?I}wﬁ antibodies,
T cell receplorsalitiimarient distepécyte reodfisgionsrathmebeds feeaptirelatigssN AR 1| MIIC
molecules, as welkasiengingered foasivnogiabulinsandsbifidkimaleeutes. Useful gene products also
_include complement regulatory proigins,stich. as:corpplement r uég&gg Oproteins, membrane
cofactor protein (MCP), decay accelerating factor (DAPDF’),@CAT@%Z an ége%e prodlicts, a8 ‘

well as any other desired helper functions, can be provided using any means that allows their

expression in a cell, Each of the sequences encoding these products may be on a separate

30  vector, or one or more genes may be on the same vector. The vector may be any vector
known in the art or disclosed above, including plasmids, cosmids and viruses. Introduction
into the host cell of the vector may be achieved by any means known in the art or as

disclosed above, including transfection, infection, electroporation, liposome delivery,

33



0059. Still other useful gene products include any one of the receptors for the hormones,
growth factors cytokines, lympholcines, regulatory proteins and immune system proteins. The
invention encompasses receptors for cholesterol regulation, including the low density lipoprotein (LDL)
receptor, high density lipoprotein (EIDL) receptor, the very low density lipoprotein (VLDL) receptor, and
the scavenger receptor, The invention also encompasses gene products such as members of the
steroid hormone receptor superfamily Sincluding glucocorticoid receptors and estrogen receptors,
Vitamin D recepisis i Biriet seivlisassrddbptelrs M ARSI nekttyl yendFrdidnets include
transcription facp%mum@ﬁ»mumnmpmax, Onachr SEFIOF ERspRAcEfagtac  mRM): ABHL, AP2, myb, MyoD
and myogenln, E 0X,con roteins, T ATE1, ATE2, ATF3, ATE4, ZF5, NFAT,
CREB, EINE4, &E lt%é/& s gpﬁéﬁw%ﬁp?%t%gﬁép f%stgédr &R Tegu %Toerzl(pfrac%é (IRE-1), Wilms
10tumor prote.ntrEranBdeH@aSPst@ﬁ?‘@mw HRT BISERB I Brot8iAk CRIgMALRIR, and the
forkhead family phayingechelieprateifis.e products @Hyedr usafistgend ipradisais srcivdepeatbamoyl
synthetase |, orifhine HanarabAmy ase.argleasucelnale YIRS carainasueqala yase, arginase,

fumarylacctacetate hydiolase, phenylalanine hydroxylase, alpha-I antitrypsin, glucose-6-

15phosphatase, FRSAEBIIKGGEH dsHiHSR AT RiFdaNs PINT e BithiGHEC HAtAcEAthase,
branched chain ketaaeid decarboyiasey atbegnineisovalpeyiicpbydehydebgerase;angpitmyl CoA
carboxylase, me&bé’él%ﬁéo@ylt&%@éﬁ%mglé&?g ¥ G196 EERYSEPganase: JNRYIpyheta- glucosidase,

pyruvate carboxylate, Fg'atlc phosphorylase, phosphorylase kinase, glycine deécarboxylase, H-protein,
T-protein, a&ystEIaSPOSY ARSI ?fé)f%ﬂl%tor (CFTR) 20sequence, and a dystrophin cDNA
sequence. Still other useful ging Prtid et Ractage efigyiriess such as may be useful in enzyme
replacement therapy, which igisefutn atialefeenditansesybing iom deficiant aghyiy of

enzyme. For examgle enzymes that contain mannose-6-phosphate may be utilizéd in therapies for

lysosomal storad&HisEsdE fe gord el RellsISYerrEaneliide Lt iRt GGt reyfutind idase (GUSB)).
250ther useful geaemproduets. ireltidearipdesiadbikeithsnedtisrng podyfeptidesy suchamehimeric or hybrid

polypeptider haying, QQ&u@%&’%%{o&cﬁH{tﬁM ar!%]i@?ué}%g &?@J%ﬁ% copfajpingyingertions, deletions or

amino acid substﬁutlons For exae7p e, sl h%e chain e r\?(Qneere |mmun%?lobullns could be useful in
certain imrnunoddfpfofiritsel bt BSG Pty e SUHOnYRAYRr AH{P S ddehing Yeste Géddfences include
antisense molecedpsarichdNeatatidionutiiy saids;xuchlaspHIY0sesHedTeh abyehbe used to reduce

overexpression ghe AYSkoocy:: (REHYAIRN ANCIAL OHUIRION. AL ARIEASIPNBLE B8RRI particularly

desirable for treatment of hyperproliferative conditions characterized by hyperprolif eratlng cells, as are

cancers and psofi3&i&. ¥af tp%ﬂ%é[ﬁffﬂ’é WE‘B@‘W&%‘%B‘WH@MW?&%@”&B@ \f€8Y exclusively
or at highentevels iathyperpicditérativevesfisnasoc titipaypdotonanimadbcalls i Eafettantigens include

polypeptides en%%ﬂsgg%qm&%neécs% AR DX CB0 uangt theJranslacation gene, her/abl, ras,

src, P53, nett, trk and ECU'. In addition to oncogene 5products as targét antigens, target polypeptides
for anti-cancer trisAfnferkLard piblRiie oG IACHY HEINAEAaBIE S SRS Bicsad drsdiitade by B
cell ymphomas aadalagtablexegionsoafol el tedepiogyiofs Bl mpbonias, whicA Mpasome

embodiments, aie A5 SP ASIAGEL ARIGRGR oD AU BITUHEE HRase, QURELIOL agspoiated

polypeptides can be used as target polypeptides such as polypeptides which are found at higher levels
in tumor cefts 10Hﬁﬁﬁfﬁiﬁ§‘]§ﬁ%dﬁ6‘f9bgﬁthﬂ’ét Fégéﬁ?ﬁié*&twsﬁ@*?ﬁélﬁfﬂ?ﬁ%lBEJ‘&f;‘;eit?dIﬂ Hd¥oiate binding

One host cell useful in the present mventmn is a host cell stably
transformed with the sequences encoding rep and cap, and whxch is transfected with the
adenovirus E1, E2a, and E4ORF6 DNA and a construct carrying the minigene as described
above. Stable rep and/or cap expressing cell lines, such as B-50 (PCT/US98/19463), or those

W
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D
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uuuuuu n U.S. Patent No. 5,658,785, may alsc be similarly employed. Another desirable
host cell contains the minimum adenoviral DNA which is sufficient to express E4 ORF6.
Yet other cell lines can be constructed using the novel AAV rep and/or novel AAV cap

sequences of the invention.
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polypeptides. Other suitable therapeutic polypeptides and proteins include those which may be useful
for treating individuals suffering from autoimmune diseases and disorders by conferring a broad based
protecfive immune response against targets that are associated with 15autohnmunity including cell
receptors and cells which produce "self'-directed antibodies. T cell mediated autohnmune diseases
include Rheumatoid arthritis (RA), multiple sclerosis (MS), Sjogren's syndrome, sarcoidosis, insulin
dependent diabetes mellitus (IDDM), autoimmune thyroidjtis, reactive arthritis, ankylosing spondylitis,
sclr(i,roderma, polymyositis, dérmat rfhe S 7&%&6’%5@@ %/ecialsac?ﬁﬂf@? teté‘gﬁlé¥e§’t Or%‘ﬁlt% Satgosips), Cr)(;hn's

disease and 20utckritivesedlitisassattyoifttwestedigda surisceharatterigat by bell receptors (TCRS)

that bind to endggenpus.antigens and initiate Hsiplanmatencassade assoniateghwith autoimmune
diseases. CImmunogenc Transgenes aematively,onin.addion, the ectors of ihe invention may
contain AAV 25 %eélauecncccé% 6t the mver%on and a transgene encoélng a pep itfé,epo %%’ptide or
protein which indéfcefs silinmna aberaypispisE feIacseqRRtEg MnrHBY N 40V ératmple, irnmunogens may
be selected fromanyatetyiaipsiraldaseibrs. Rxamnle afsiesicanlesviral faniliessagaipst which an
immune respon%etlg&élghQ&d%%r@q#% wec;ye e %et%icgrﬂglycigus family, which includes the genera
rhinoviruses, which are responsible for abou % 5% Of cases of the common cold; the 3Dgenera
enteroviruses, which include poliovirtfogsctianadabuTenssryse s2sauhwvittisey el Rigiaishteroviruses
such as hepatitigef MifpssapeataengeaR@BptheMmigeskwhickh are sesponsileforiatareimouth
diseases, primarjly in.non-human animals. Within icomavirus family.of.viruses, target antigens
include the 5PI,@B‘£W§?G\7$§{% 5?%) Q/P%?r, %r%g%ﬁég%cl}r%é?ﬁiﬁ\fﬁ?|ﬁrc%r§g§fet%leonc§ §1\1/1| aess%é?nily, which
encompasses tHsMorireiicrotipn e inist s siep 4. ahdmpoReinalyatide agent of epidemic
gastroenteritis. Qtithanatbierviralfamitydetirabledorase nitagetngoantigans far indwErRg immune
responses in hu s,and h ani IS 1 virus family, which includes the genera
alphavirus, WhiC??n%l S% 8%@%5%@%@&@%%@ é&é?%%ﬁg%%ﬁg%gﬁ &z ﬂ%ﬁgrflﬁ | grs%igr? "& Western
Equine encephafifiés-#iagdbitipifidSheluding Rubella virus. The flaviviridae family includes dengue,
yellow feversJapanese encephalitisih8ie houissencephalitisandHtickosae eraephatiis smuses, Other
larget antigers MG aSneiRieA T eiticagils. o1 s coronaus famly,ich Includes a

number of non-human viruses such as’infectiou$ bronchitis virus (poultry), 1 cine transmissible
gastroenteric virti& g epBrmEcRemRgaitiiRathYg SRR iviSN(BRE) Fétihe infectious
perit_onitis virus (mat_sa;,fe]xir}estqmtersiﬁo@oﬁomaWﬂﬁiﬁgatﬁtibﬁaiahe @@mﬂwtﬂy&x(degh;ﬂﬁfbhumqn o
respiratory corongyiises, whie.may sk e campon <9kd andlornan, Bl fhepalits. Within

the coronavirus fa y, target antigens inclu e the El (also called NI or matrix prot |enc)1,e 2 (also called
S or Spike BotefMERicIAS san@cHEsiEd trerRaf Bt 8t s8ayaydpraieri tridiBresent in all
corqnavirqses), %Mnimlem:&pshﬂ)aiﬁﬁ@ ﬂﬂx&AHmﬁg;&ﬁsammmda@eﬂf&gﬂeagamﬁmcﬁb@lﬁdovirus
famiy, which inclyde (NAORNFIRNERISLIRMISHEA. HERIGUALBIAMALIS. Vi) na,pe general

lyssavirus (e.g., rabies). Within the rhabdovirus family, suitable antigens may be derived from the G

protein or the N BFStERIIHOTRRINE MOVRdSRITRRI HEH s Hethmibatie seerer Viftikss such as
Marb_urg and Ep@diaa\niﬂgss maydﬁgﬁesmyabée/musmsm afttige(msz~ fdvel p&razmmh@\‘ﬂil_luﬁtfamily includes
parainfluenza Virus Type 1, para‘nf‘fiﬁﬁ?&l}/br%&%iﬂpﬁe%n%ﬁ'Ff%%d%r&lé‘ﬁ‘éﬁ%ﬁu}{ lﬁé%'\@(ﬂe 3,

rubulavirus (mumps virus, parainfluenza Virus Type 2, parainfluenza virus Type ewcastle disease

virus (chickens), Sittfarpedt thinBisiiongan Rifrad imefaeed naskio dessdnkeiise Wrtssiper, and

| pne_umovjrus, WhﬁlﬁbMMG@&ib@S@_id"ai@ryrsymﬁytwwﬁ’ﬂﬁﬁr&ssmliamfwSﬂTbZQEVlHil!Sni&@EaS_SdfiEd \_Nithin the
family orthomyxquiss andlisa, SHilahle:#Hies, 0l RAUGEN.(6:d 105 ARG, Nirglein). The

bunyavirus family In es the genera bunyavirus (California encephalitis, La Crosse), phlebovirus

(Rift Valley Feve?§ Mantauitaepienyareis BB AHEY RIS &r FrsT # diroNiFusgNairobi sheep
dise_ase) amcbvaﬂmﬁiu@e@%ﬁ&@smﬂhm&ﬂhﬁaﬁm@wﬁa‘«&mjlyrmrm'tdas agagrce of an_tigens
against LCM 30 gnd.Lagsa ey eF Mitls,Lhe dravitus familyinglides the.danera regvirus, rotavirus

(which causes acute gastroenteritis in children), orbiviruses, and cultivirus (Colorado Tick fever,
Lebombo (humans), equine encephaid&id URIEHRIGHLEr B RE I ST TSPARAISiHENSdBS the sub-family
oncorivirinal whichoicerndpassesmsuch! hermaneantiveterhaAVdis éadesadofelfheleukemisevirus, HTLVI
and
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lentivirinal (which includes human immunodeficiency virus (HIV), simian immunodeficiency virus (SW),
feline immunodeficiency virus (Fly), equine infectious 5anemia virus, and spumavirinal). Between the
HIV and 'STY, many suitable antigens have been described and can readily be selected. Examples of
suitable HIV and S1V antigens include, without limitation the gag, pol, Vif, Vpx, VPR, Env, Tat and Rev
proteins, as well as various fragments thereof In addition a variety of modifications to these antigens
have been desc%)}ef Swtable nt ens {orlt(tins s%rar? lﬁfown tto th Se, of %rlé"{l in the art. For 10
example, one %rlécf?‘m?’e Shce encoding e gaé g eudc\71 EI% 4 At°ARE Rev, amongst
other proteins lrSeemeegeglmeﬂmd’dtﬁle%iag‘agiﬁﬁt@téﬁ%ﬁtéhefs @%tél@rﬂ@edxtnr@sctﬂmem 5,972,596. See,
also, the HIV aad SiMaratgins deseribeshitDHnBareuah et i Mieatiol 5(3):246218467 (March
2001), and R.R. Amaraf ettald Stglenlce \%3%,@?/ 74(16 Aps éhm)/e;rttltoelse 6t§£ .0r subunits thereof
may be deliver eﬁt%{l &) o1 in combi ﬁa?on via se ara%e vectors or a smgl% Wector. The
papovavirds famnqumae&»me Sl bysrarmily blism an/frn sels epial tehisn DEI EsikiisES) and the sub-family
papillomavirtis (associated with cancers or malignant progression of papilloma). The adenovirus family
includes viruses (EX, AD7, ARD h| e respiratory disease and/or enteritis. The
parvovirus fa e?y fenﬁé"ﬁ‘&k}%u %% fehin en efi |sf eline panleucopeniavirus, canine parvovirus,
and porcine parvovirUsing te Feshpareirdesdeipail ydredluciesflskiBubtiamilpal shrsepasvirinae, which

encompasses t@ﬁ GNEFA SENPIRNYIRRAI tniaMéHon RSN IS (pesMEaHaRIRS varicella zoster)
and the sub-family bet erpesvm:tjnae w ich includes, he genera ci}/té) ﬁgealokus( CMV,
u

muromegHlovifti§ AR tRABEIB AR A SRB RS CaRS AR A BT an &p o
25lymphocryptavindsn&EB Y {Birkitts Wmtélfmmal)§in$ﬂeettem%mmetﬁéc‘ﬁ’é[ﬁ@Q\ll@ﬁéQ sziblteeazse virus, and
rhadinovirus. ThgRexulrus familvipalHdes:.he etgﬂt@agﬂw etagrsi@gt%ét@@aawwe&%&aglggm passes the
genera orthopoxvirus (Variola (meaIIQox and cclnla para 1txwrus avg)owius
capripoxvirus, ?éwf%%%?rﬂl SYES P th ént}'ﬁn amify’' & nopox\/lrln } \epadnavirus
family includesathéngd eﬁatﬁtt@(f g tdRel30 qan@tdgsaﬁédvum@/m@hx ey bacseithiblenseeirce of
antigens isstherbiepatitiside/iao Vst R @ftttegmat@ayﬁ@esmawmweAwiaatUatwtt@us bursal
disease virus and 0[Cine re |rat and r(% rodu tive syndrome virus. The aI&hawnfs family includes
. - U SGI‘O- 16 10Ve . ma C usea i cons CtS cont amt S5 Mira
equine arteritis VRIS and VAn nce fitg'viruses: presen tERVENtion M may also
encompass itnmuw@gtesn@uwn@q are useful to immunize a human or non-human animal against other
pathogens including hagtesiasfangh Raraslic reisroarganis s o Buibeaibsatpasasites which infect
human and non-human vertebrates e %rom a cer ﬁell or,tumor cell. Exgmples o bacterial

pathogens incltie A TG AT posﬁ’ve cotei heitidé r?éa?ﬁ%%‘c‘:\oucs f: stiphsiocseci; and
streptocoégi. Pafmmgémtdgmaméﬂe”gawés@éé@ invsluidin m@tpﬁrtg?@é?ebfoml gondéucsas Pathogenic
enteric gram-nggatjivehachll ackide.enterabacterageaRiRIFUROMEenRs: Acngiebagteraiand eikenella;
melioidosis; salmon%I)Ia Shl ella; emfosphhlus moraxeltlaél-| dtu ré/ Whlic1 gauses cl chancroid);
brucella: FraniSBiig a”rsgrtgls 1f\%/h|csr§’sc°augcés ST AS" SerihiE 5 Sas Rl MRS b acillus
moniliformis andisgsitibanyeGemiepesdivese ‘b@é‘tﬁi astltnes) %fte%a FhosaytBydiras ceiysiprsisthrix
rhusiopathiae; RpNEbastedipainhihera (diphihesind: comlerai R ABMIRR danthkaxd; donovartosis
(granuloma mgumale) and bartonellosis. Diseases caused by pathogenic anaerobic bacteria include
tetanus; bbtulis S other clostridia; tuberculosis; leprosy; and other mycobacteria. Pathogenic
spirochetal 15diseasés mchﬂﬁélwmmf@f@é&f@ﬁematoses yaws, pinta and endemic syphilis; and
leptospirosis. Other infectiorﬂ%@uaeggwthiwaéeatmmpaﬁtaﬂe iamta@&ft@fqemxfwgiinclude 3
actinomycosis; noeardlos% ﬁ £OCCOSIS, bla f'5(30%5/ thIStO %IS aEL gcmdlmdomycoss
candidiasis, asB%rtﬁT’% e colrln\ﬁ%%ssllgn%ﬁ%tn c|’cr:t11nos?sm BArSCSERiaRsHS ¢ HRriellidiosis,
torulopsosis, ng&met@)‘ndavah@ehﬁemmmhwéﬁwﬁ@dmtwhwms Fbllc@@ttsmlamfeetllons include
Typhus feyer, Racky Meuntainanotted faves QQJtevenna&@ttﬁlekﬁté%ka%n%am'es of mycoplasma
and chlamydial infections in Iude Ia ma pneuy oniae, ranuloma venereum; psittacosis;
and perinatal chlamydial infet Bense%%%ﬁénseon%gu aryo[teesng%X g“ aﬁatﬂr%?é)nl‘é’wotozoans and
helminths and mﬁe@tﬁmlpreduﬁedlth@@bwmbl@ﬁéie'ﬂameflﬁh@élS}Wﬂaftaweml@@nmmé@mngﬁ
trypanosomiasis; toxoplasmosis; Pneumocystis carinii; Trichans; Toxoplasma gone/ii; babesiosis;
giardiasis; trichinosis; filariasis; schistosomiasis; nematodes; trematodes or flukes; and cestode
(tapeworm) infections. Many of these organisms and/or toxins produced thereby have been
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identified by the Centers for Disease Control [(CDC), Department of Heath and Human 30Services,
USA|], as agents which have potential for use in biological attacks. For example, some of these
biological agents, include, Bacillus anthracis (anthrax), Clostridium botulinum and its toxin (botulism),
Yersinia pestis (plague), variola major (smallpox), Francisella tukn'ensis (tularemia), and viral
hemorrhagic fever, ail of which are currently classified as Category A agents; Coxiella humeri? (Q
fever); Brucella species (brucellosis), Burkholderia mallet (glanders), Riotous communis and its toxin
(ricin toxin), Closisigid i peilinge ascapiabinstoxinl (EpsiicareNiny, Swpkfdesrsosusgecies and their
toxins (enterotaxinB)e fdt@fsahichranedsutrerilyclassifiedrasiGateuaryiByagents; and Nipan virus and
hantaviruses, which are 5cuyrentl 1Flassme éargmq%t or %cjgn%s, In addglrtgg?ng other Qrganisms,

C
. e . Lptio , 4 sampie € Tost ma 115t assaye I'ESENCE 0 .
which are so classified or differen yyc assified, may be'i entie anc%r used for such a purpose in the

future, It will beapsbeiipsinderitostiAnat wetipalvErishs AR Btiame AztAse Beattiség Herein are

useful to deliverantigrps:fer thesa prgasisms; Viiuses: (NRis texitsosrethReDYspredusts, which will

~ prevent and/or freat.infection or ot rse reacti ith, t ese eb'o [or=1% " dministration
of the vectors o]?rf?ﬁ%‘“.%%%{tf.’)gﬁ%gaEﬁ&ﬁﬂ}fﬁm%fﬁf%h@%%%E‘f '&i&%ﬁ%&’eﬁ%&?ﬁ?gg trﬁkg A}E:ells elicit an

immune respon$d ihenddihd-CTreiRg elithifte iiicse Tesns. I fivddridaieh drthiifs (RIK), several

specific variableeﬁelgsi@msaafarseglhmeemwso(dlé(éﬁ&ﬁ)lwhﬂm Ar,eVnmeﬂMeﬂdmithﬁ_gdiﬁeiasﬁdﬂaN@ l_aeen_

characterized. I%‘?gg&%%%éém‘é%%r\éﬁgf-reﬁ%f‘lde‘ﬁ'v%&aaé?& \{ﬁfﬂeﬁb@‘één?ﬁél}{ﬁ%ﬁéa nucleic acid

sequence that encodes at least one of these polypeptides will elicit an immune response that will
target T celfs indivetishsReAITIMPhERSRPSEREFORRE(MS), several specific variable regions of TCRs

whi_ch are involved_ in the diskase hawe dfeknchasdcierizdse béseitiGRG midldd_ai\ﬁrx‘and Va_1—_10. Thus,
delivery of  nuglgie BeIfLARIENCE AL pRAdasOLAPGEL e ob EsRRGMRRHARR W 20elicit an

immune response that will target T cells involved in MS. In scleroderma, several specific variable
regions of TCREWHRh A iFRRSIVEE thalBieexdaafalispeehy diaradierbedorhésd PeRd include V-6,
V-8, \_/-14 _and \peotkbys\batBCinYatidn May bécdlewmlb]IMadbGydrne2 8 @mdﬁé&p&&t@hﬂ&_delivery of a
nucleic acigk mojgeyls that epeadss aplrastene afgss.RObRERIAESWILAIGL AR BVIuge response

that will target T ce ved in 25seleroderma. OEtlonaIIy, vectors containing AAV

sequences of tHer iTPERFSATE) B BarvEred tRiG'a MiffatbodsrraginfrdRIVEREH 6fSlich regimens
have been desckittes inifehar:andmaynbesntadily seidetediofder hegydd@ DA idsptdilished March

2:2000, incorpojaliee i feference, 3RRuch.arimeaneh waimens suisalidvolys i administration of

a DNA (e.g., plasmid) based vector to prime thé immune system to second, booster, administration

with a traditiondf AffijercienRE A4 Pt PersntdebRABMERIAI e A IisisgEf nces encoding
such an artigenctmoneasgiodupdht;dledntiecttio irqrovidestbeteth adoofppsi inkgliand Adpsting an

immune responga {8 a,selcted Apigenity delivering 2 plasd DNAVEGior sarryinasaig antigen,

followed by boostin?, e.%., with a vector containing AAV sequences of the invention. In one '
embodiment, thEPHmé-bhEeRt fe s ies P e dHanS SHA IS EutiproteinE4rSth {fe prime and/or
the boost vehicles,3ee3,eAg-7RAR4 ABar 8, BIREe 2202, 64, B April2200 22 Wvhich Jddesibes a

multiprotein regjmenfos expression ahpratainsubunits issfubfos aaneraling andmaningfesponse
against HIV and SIV. For example, a DNAgrlme may deliver the Gag, Poi, Vif, VPX and Vpr and Env,

Tat, and R&V frdm %??rﬁg%fr’aﬁgcr?&t.zﬂﬁe} :itif}%ﬂf?’t ’%P\?@ég?bg' é@?dﬁr@iaﬁ‘?‘{%ézd@ivered.

‘The above-described recombinant vectors may be delivered to host cells
according to published methodé. The rAAV, preferably suspended iﬁ a physiologically
compatible carrier, may be administered to a human or non-human mammalian patient.
Suitable carriers may be readily selected by one of skill in the art in view of the indication

30 for which the transfer virus is directed. For example, one suitable carrier includes saline,
which may be formulated with a variety of buffering solutions (e.g., phosphate buffered

saline). Other exemplary carriers include sterile saline, lactose, sucrose, calcium phosphate,
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10However, the prime-boost regimens are not limited to immunization for HIV or to delivery of these
antigens. For example, priming may involve delivering with a first chimp vector of the invention
followed by boosting with a second chimp vector, or with a composition containing the antigen itself in
protein form. In one or example, the prime-boost regimen can provide a protective immune response
to the virus, bacteria or other 150rganism from which the antigen is derived. In another desired
embodiment, the prime- boost regimen provides a therapeutic effect that can be measured using
convention assgystfordeetestien ortie prestadesefinkodoriditisiefol bersdbctivaraldycisapéing
administered. s not 2 [FR@MHBMNE: YaseNR0RE administered at various sites in the body in a dose
dependent manner, which d&gg&dﬁ o] hethgnargtsi%%g toofygct)Eg\k)@thuemdlgsiredtirpmun§Iq Oretsptgnse is being
targeted. The invention is no imited to the amount or sius 6’% mwc?ﬂ&?(lsi or'to” él?o §rm%1ceutic.al
carrier. Rather, ki \DRiiohy stép) eheoivipasientrbarmrspiiegintanicoihitivire ngecwgingle dose or
dosage \INhiach isradeninistareniheu wit@lﬂﬁyxm@m&m@mwym@weﬂrbyo?&a&@&@@@Qﬂﬁé the
mammals may recejve one or two priming injection containing betw. about 10 ug to about 50 g of
plasmid in carriséorr.%ﬁgedé%irécbﬁcé&bﬁﬁln@ﬁél%)g%e’ ourt OF dzict)eéa%geefD %gfa %%S’p%gr#ﬁémA%gf%Fﬁe composition
ranges betweeRhebRut T B 1e) BEFMIERO, GO0 o tra iR RleETHBC e $55Es ap van»from about 1 ug
to 1000 g DNA per kg of subjeethodycweightadnigiasauntoirsiie: ehtjestiondssdesirably selected
based upon the identity and candition of the mammal being vaccinated. The dosage.unit of the DNA
vaccine suitablear\(‘ao%rO éﬁ%?f% t {%]ggm%eor? %nﬁorat%%r%aan%%%arﬁsg%e%&ﬁ%‘ggehae%gfﬁ?%Jeﬁ(% DNA vaccine is
prepared fbr adipiffstrationt ydsemycsspenaed vitkasErty drre Bhlamhudeagicalgiistphysiologically
acceptable carrgfiglen asdsetanieisalinaeisoienin saliscgnhition @oatheridesmudations which will be
apparent (o thoge, skiledn such.gaminisiraten, The apprapriale eaviieryilR-#yidenio those skilled

in the art and depend in"large part upon the route of administration. The compositions of the
invention may BEEGHAidte peldctE! 8 83T Ral"aEeeraing i e FrutiselastribbsEpve, in a sustained
release formulationudsipthasbiedegtadable lioceivpaliilerpolymdnrarday enxaitendelivaery using

micelles. gals apgliipgsames. AQRHeNal- e RIRING SRRk hiRRRANN Al ncludes

administering with the priming DNA vaccine composition, a suit amount of an adjuvant, such as
are defined heré‘iiﬁ“.m‘smt‘onW@f@?éﬁﬂ}?‘%ﬁdégfﬁﬁ’@%omposition is administered about 2 to about 27
weeks after administering theqeimingti2N#avegtine iodipenhpinamalian sishjgciuchhe tadministration 100f
the boosting corpesiions.aasamplishedusinaanciactiue.Amaunt.el ahossiog.vageige compositon

containing or capa vering the same antigen as administered by the primirg DNA vaccine. The
boosting compd&fifsis niiy BeeRimpBsEadriert YFdRRAAlowReEDT e veld téhithe same viral
source or from gaethey ﬁ_smuéea;g%efmtimiyc thel fba@gﬂmgoe@mp@ﬁhﬁi@n'b@aai_xbega composition _
containing the same.niigen ag angaderindhe 19aiming DNAYAGENS: bitiadhedarmef a protein or

peptide, which composition induces an immune, response in ost. In another em O&Fment, the

boosting vaccine&shpiesitfotP THCludEs dcbinifbsitioM BB aOREE séd teatiestddeding the
antigen under thelaeatiel taéxapeegupah@fy @Qmem&sidiareﬁ‘éhmggits ﬁxbk&s%mnhayavmmmalian c_:eII, e.g.,
vectors such asugllhown BRctaralan Il esia s TR PHVAOLIERUAMEIR alig bposting

vaccine 20composition are that the antigen of the vaccine composition Is the same'a t|%en, Oor a Cross-
reactive arfigent Edarrat ehfeaietony e FAmRIRSCaIMRs monitoredds deteiiping &g dctyra B the invention
are also well suiiedderssisiep iregimenswhicicudty rokvABdbractoshag elhasgreteins, peptides,

andlor other biolgisally. 'g%%ggé IhgraRe o e HOLIRASRIG SATIRRUNMR Tuf%%%%f%?"nggiﬂ§|35?ng

particularly well suited to gene 25delivery for therapeutic poses an
inducing protectiiEZeAReEHRPISRIRTUSEE W %@P@ﬁﬂﬂ?ség)ﬁ‘éﬁém%%ne of skill in the art.
Further, a vector of the invertiomfissvittes @auetfiniehicgene ithansterve bickuwhichdeangeliver a

selected transggne,ie @ selected Rastaallioia.on ex wivg:evan whese e organismyhas neutralizing

antibodies to one or more AAV Serotypes. In one 30emf30d|ment, the vector (e.g., ah rAAV) and the
cells are mixed égg:q/ﬁ%afﬁélqﬁ/@%%aeﬂ}éc ar.é(accma] regimens, as described herein. Additionally,

these vectors may be delivered in combination with one or more other vectors or active

ingredients in a desired therapeutic and/or vaccinal regimen.,
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cultured using conventional methodologies; and the transduced cells are re-infused into the patient.
Further, the vectors of the invention may also be used for production of a desired gene product in vitro.
For in vitro production, a desired product (e.g., a protein) may be obtained from a desired culture
following transfection of host cells with a rAA V containing the molecule encoding the desired product
and culturing the cell culture under conditions which permit expression. The expressed product may
then be purified and |%olateq as %%ﬁ'r?gan%tﬁ%?'e techniques for transfection, cell culturing,
purification, and isolation are hk own to those of skill in the art. The present invention also provides
any one of the embodimentSGfatibuerPHE BN WRY sAeAtstay D iFrierubEiGherir DS, 1A method of
detecting adengﬁﬁﬁaﬁtﬁaﬁﬁwtﬁx(ﬁ@a\d&)&eﬂumﬁgm@ﬂaﬂi&p{msmdxmeghﬁﬁgmrguawsmg the steps of
(a) subjecting %samﬁ %ﬁ%ntalntl NA. &f ) %ﬁ?&ﬁ%@&%ﬁ/ﬁa@fﬁ% %@ﬂé@@gtlon (PCR) using

c

first set of primers which sp |c amp a firs on of AAV nucleic acid sequences; (b)
optionally subjéetiists fﬁ@m‘l‘% fk?‘ﬁ]Pﬁ‘?eﬁF arhpt Wﬁﬁ%ﬁ%ﬁfﬁ@‘%@@oﬁﬂ%@f}&rﬁﬂiﬁers which specifically
amplify alsecorgdﬁgeigtmxwmch)comtsesdh&ﬁEsgmgloi’aoufz AAGERGuenpestandseguences which are
5o the first il d&ﬁ%%é%%%\één%@&&'%éﬁ%U&ﬂﬁ%ﬁo‘é\%‘&t’gﬁfb@%%kﬁgc‘&hv% Rsfpd of the AAV

sequences am rimers for the first region are obtained (c) optionally subjecting
the DNA to furtﬁfé?ﬁ”g?ﬁ?ﬂ‘i‘ﬁc@t Ll §lﬁﬂ?&%éf%‘f%fﬁ%@r@@ﬁﬁéﬁ%ﬁ@cﬁﬁ%wtﬂﬁﬁﬁfﬁtﬂﬂrd region
which comprisésiiie) fustieegionofthAviedhde) cessandiseguencestahi¢iGie, e ite first region,
such that fAV 8”3@%%%'% sRaueRsenlch-annealdadle Sendeking MaY peayaices amplified by

the primers for the first region are obtained wherein each of said regions is
predetermined fﬁaé‘éasf?b%ﬁ&ﬁ@%f?ﬁﬁ@rﬁ %‘Pﬂ‘fé‘ﬁﬁ’cI@F&‘Q‘Eﬁ%@r@ﬁﬁé@%f@ﬁ@éﬁ‘ {18 KAV serotypes
and each of saitleregionspomprisesriuc|GdAariheuenessovbithhare highly conserved over at least
16 base pairs 3l {oe i Aad.ARfianell variable.neaupRces ddhe midde aodseguenaes which are

highly conserved over at least 18 base palrs at the 3' end of thé sequences of the region, relative to

the sequences SPIB BRSNS DigHEd ARG srerl s St U B R YR B HE$8% of primers
consist of &55' pritRes,aifit:a FEypsimpiic factor (CNTE),whe relhlithel piesencecobpirielified sequences

indicates the pIeSSNES A ANRAAYN e SAOAI vy A ABERALSRGARANAIATA L uherein steps

(b) and (c) are performed, and further comp rlsmgt e ste d) using the amplified

sequences to c’&%@ﬂﬁc??ﬁ%ﬁe&f&@é&ﬁ@ﬁ% 'i?aF’t‘?él"Qﬁ%‘fbﬁ%m%@w&ﬁﬁ“ihereby isolating

an AAV gene segitendesdfrom the sample. 3. The method according to claim 2, wherein the first
region is in the AAV capsid, dhe Seeand e éﬂ@;ﬁé&@&%é%@ﬁ&aﬁ@%@ﬂ%@ IeRQSRRs,and the third
region extends to 5' of the AAV 3' ITR, such that ste permits the construction of AAV gene

sequencedtonipieih g theiRbriphats IMW@ﬁpqﬁ? é“d y‘n%*ﬁésﬁiﬁﬂﬁﬁdhé%%%‘?ﬁﬁ% claim 2,
further comprisifig thastepubiis (hjeiEtihchthes DINA Idirmhnphificatrihwit iz fhurhIset8yf primers which

specifically am%gk?&ﬁef%maaﬁgé%tvﬁ!m&hmqg&?%t?m@bﬁ%‘?y%&%{%é Brocyte- réacTJb‘ﬁa ethod according

to claim 4, wherein the fourth region extends to 3' of the AA such that step (d) permits the

construction of XPYGHREIEES fFiReL BRI sIG TS Ko SER AR B R ea oy brfel ™ 6. The
method accordingrtosti&ernd fti-2iaidi2andh Seempsaic s amgblesd bynipei ses celykkmoargeliomic DNA.
7. The methiod aegording i0,Glaln. HRLEIRiM Wm%r@'nm{@r@'\iémg@&nmg fgwl fngn the group

consisting of cells, cell culture, tissue, tissue culture, and biological fluids method

according to ol 198 18 afHmE TP B thas H&b‘?&‘ﬂzﬁ‘? AV 580 BRESBD A TRy, 9. The
method accordieg! teceteirn dhane2icWhrellsirdrierfirstgegiam i§ duid Hyeponselved avetaat least about 25
base pairs at theaanoiens;, a0d.af henaon ummmég@obm% methae-acseiaing tadalaimytor 2, wherein

the first region is highly conserved over at least about 30 base pairs at the 5' and/or 3"end of the
region. 11. BFASHR B rR eB B AT PSP s Sk)\?lhé’?éi?ﬂﬁé‘?ﬁ%ﬁg‘%tﬁ%rved sequences
of the first segiopritave atidastBYacideptityiaivieR), dveaphcreidafrk\laserdiypEs GR therd audd/or 3' end
of the region. ~plg. The method according claim 11, wherein the highly conserved sequences of the
first region have at least 90% identity among the aligned AAV serotypes at the 5' and/or 3' end of the
region. 13. The method FECOTHRG B FRifP S gﬁlé{‘iﬂﬁ‘df W%@?@lﬁ%ﬂ%r?ﬁiﬁ%éoégﬁuences in the
middle of the firsbmegien drawé [RswithandQs.iGentitykamong: titerahgrieds Al rsenotypesm
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14. The method according to claim 1 or claim 2, wherein the first region spans about bp 2800 to about
3200 of AAV 1, SEQ ID NO:6, and corresponding base pairs in other AAV serotypes. 15. The
method according to claim 14, wherein the first region is 257 bp spanning bp 2886 to about 3143 bp of
AAV 1, SEQ ID NO:6, and corresponding base pairs in other AAV serotypes. 16. The method
according to claim 1, wherein the primers are AV1ns and AV2cas. 17. A method of identifying the

serotype of aCi%&?g%%.sgﬁic%%%m§n<:AéV_9$%§%%sgzgs%irncﬁo%ea@@l%eam WLLHDHONY, said method
comprising the 'steps o ‘ (a o%tﬁmmg an enzymatic é!gestl n analysis o 3 sample containing
DNA molecules esHyginemgiAnt eeyGemissigh et iy dncanctt hForIcECHT B hBEB 3143 of AAVL,
SEQ ID NO:1, aadigarpespand(vg Deyiensof, atkdecAdkVeseratpes;. aniek invention ) comparing the

enzymatic digesfion analysladiamhie sampie.io.aoeymealic. dlosstion analysls. et safrgeponding

regions of one or maore AA sgrotypes, thereby identifying the AAV sequences in the sample as being

from one oftheldHEl B8 At AMG S ESRIPE SO HEF AT GRITOWHASERAY 5P E8s PRE Bthod according
to claim 1.7 whmﬁm&ha%%seqmnmsmmmg tmyithg mesmqﬂi@‘@taim siuclxgisﬁz@i,ag.nostic kit
for detecting thy, presenea, aLan wikARUBATaSRIRsenSIales Vit AN A samplersaid kit
comprising: (a) afirst set ofgprlmers which spemflca;AIIéFam#hfy a first region of AAV
10nucleic acid 88 ErRiEEs proteins, TH3BHGAIE! o e éofd et Or ritherS Epedit E%r@g:écond region
of the AAV nucleiC/BBit] SelgushceS-whibhdonpprises thefirst regititicoffAckoy (BitylieiYédssand sequences
which are p to {mﬁoférp%{&xg,iEﬁrsmn@atoéﬁ,\ém,@mo.9@%@@&%&@9&%@)@%&@ the S end of the

AAV sequences amplified by.theéprlmers for the first region are 150btained; (c) optionally a
third set of primefdSain BRISREAIREIHISHE PRI region which comprises the first region of AAV
sequences and sequences WhiehusalFeto prelfitstraglertasuatoihanMhansEl, extenision sequences

which anneal tq ihe. 3,61 é%E,%%ﬁs%&ééﬁﬂ%%%ﬁé{@@ﬂﬂ%c%m‘%yBEm‘? fdqy the first region are

obtained, 20wherein each of said regions is predetermined based upon the alignment of the nucleic

acid sequences BFAYRSEEESHRIS WAV LS SRTPLAANTH BLCHYPSA - G SRE BRI AL Te eic acid
sequences whighaapeahighppipbniséneech dveniatse &std 8 Hadecpails, aythidibhebriz-optionally variable

sequences in the, middle,.and sequanceswhich are:hiohly aagservedipves el deast L hase pairs at the

- 3'end of the seguences of the region, 25relative to the sequences of the at least two aligned AAV

 serotypes wher&f{ GRS "SE SRS CBHERS: BY &8 HRmEP4H0ss" 8 DMl 38°A method for
isolating novel atlenvdassppiated siresebighikndrdmphceiisQPsaiphmethokicomplising the steps of (a)
infecting the cellwithayvitusnbigh prayides helper fncions & saitAAY: () iselating infectious

clones containing AAV; (%\;equencm the isolated AAV; and (d) comparing the sequences of the
isolated AAY toRHERAT AK\? SEF5RPPES INRETERT Hitfet g ot S0GREHEES BEHES isolated AAV and
known AAV serotypessindieatey tive:prisberoeyof scpievelcAriheraly, Wikchiethod aceordiry to claim 20,

wherein said virgs,is AbAIRRAVHESom deficient activity of enzyme. For example, enzymes that contain

mannose-6-phosphate may be utilized in therapies for lysosomal storage diseases (e.g., a
suitable gene includes that encoding B-glucuronidase (GUSB)).

25 Other useful gene products include non-naturally occurring polypeptides,
such as chimeric or hybrid polypeptides having a non-naturally occurring amino acid
sequence confaining insertions, deletions or amino acid substitutions. For ex‘ample,‘ single-
chain engineered immunoglobulins could be useful in certain immunocompromised patients.

Other types of non-naturally occurring gene sequences include antisense molecules and

30  catalytic nucleic acids, such as ribozymes, which could be used to reduce overexpression of a
target.

Reduction and/or modulation of expression of a gene is particularly desirable

for treatment of hyperproliferative conditions characterized by hyperproliferating cells, as
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522.The method according to claim 21, wherein said adenovirus is of human or non-human primate
origin. 23.A novel adeno-associated virus (AAV) serotype identified by a method according to claim 2
or claim20. lo The following examples illustrate several aspects and embodiments of the invention.
EXAMPLES Example 1. PCR amplification, cloning and characterization of novel AAV sequences.
Tissues from nonhuman primates were screened for AAV sequences using a PCR method based on
oligonucleotides to highly conserved region P‘ig W . A stretch o V. sequence spanning
2886 to 3143 b%r%?%&%{%[lgﬁs&n%m ?‘%]é?\/ggls? e. @%ﬁ%%%@%%@%%%?ﬁﬁ%%f%@ﬁ% ﬁ:gﬁ a hypervariable
region of the capeid e ICADPIAG E T MYtle o eRrEpr KB Ak de Fetyprcdin R T8kermed herein
a "signature regian,"Tarflankeg:hyiconkenigst sttdencerisd vy latesanalysis athis signatasg region was
shown 1o be lo%%gﬁﬁ%t]\{gd%%gtﬁg@?x% yeAFesidues ?9?}%_@&99(1!‘%{%&%?%6%@!8&§-oncoc?ne An initial

survey of peripher od of a number of nonhuman primate species revealed detectable AAV in a
subset of afimdrS 5?8 FrERs &8GR 4¥ FHESHE TRt R eSmBTh BetE AMddBRfed&echimpanzees
gnd bgboons. H@m&{ermthﬁfeWmﬁﬁs\b@qﬁeﬁﬁee&ﬁme@@delmmemﬂwdSpﬁﬁii% tgsted, _
including Japanese imacaaues. pIgialled BASARUES AN OHCLAOBEYAABAIE Yeasive analysis

of vector distribution was conducted in tissues of rhesus monkeys of the University of Pennsylvania
and Tulane colShaETEGEEre P At HRIRYBIS A998 rQURH B A F SRR BRFS o2 e array of
tissues. A. Amplificafampdlsapifiss Misignatinepedgiomhich are fRhPasEguences of AN tells and AAVS

isolated from Goosaand Dusk.were aligned ie eagh-aiel a&&&e&;‘iqma&w/%owa%fgsetﬂngs- The

alignment for AAVI -6, and including the information for the novél AAV7, is provided in Fig. 1.
Sequence similB?HiB® % Fdng AAVs were compared. In the line of study, a 257 bp region
spanning 2886 bp to 3143 bpoEAAble[BEQD INOly 5p aded 4hepcariespondngaegibitlimtlye genomes
of AAV 2-6 gengmesrSee «Eifh dhwas identifias by.dhe.invenans Ehis.tegicnds dogated with the AAV

capsid gene and has highly conserved sequences among at both 5" and 3' ends and is relatively

Svariable sequeRBE T HaHtRas P ARl MY F SR o HE Y B dhtrs it ez e site
(CACCACGTC 2BEQ@nibn MOt by fpeclhvertors ddve fowhdttipaddinis ‘selfiatirseevesthsdgedific signature

for each known iypg ot ARV MM I QifewRrds SRIOMBR E G Heaglons, HigRSiRRWIth

endonucleases that are specific to each known serotypes and gel electrophoresis analysis, this
regions can be (484 ¥ &SIt Rfe RS oM BinEY HRFRe ALY ARG (RS pe:1, 2, 3, 4, 5, 6, or
another serotypaitoimmune thyrdilgipraavers swibreigeskytetg\sphddtbts andRERheqnditignstaptimized

with AAVL, 2 and 5 DNAsantrals:Ehe, prinness wesa hased 1R dhe SRMISNERS:0LAAV2: 5' primer,
1S: bp 2867-2891 of AAV2 (Sl Q ID NO:7) and 3 primer, 18as bf 3095-3121 of AAV2 (SEQ ID
[

NO:7). 15CRIuIAFBRIXSPEHT it ehtfS RSt EhngHEad BraireliesP iR g Etidabtc. of different
rhesus monlceysimesestoghecutiizng the istriatety désonived pdxowds Tdseciasditstievealed that DNAs
from different tisgyes, of thase mpenkeys gave rise to strong PCR amplifications. Further restriction
analyses of PCR products indicated that they were amplified from AAV sequences different from any
published AAV sequefices. 2BBERCBTBIGICEEEBESt 255 bp in size) from DNASs of a variety of monkey
tissues have been cloned and seqtiesiged.iBadififortatiescaitsdy b thesedaoue) AAMisSagUeNnces

indicated that t yences, of 'ﬁr@é—z iSti e ig. |
includes inr}t%e %ﬁﬁéﬁ?ﬂﬁ@%ﬁﬁv sigr%%ﬁer(ae@lgfégons fo?gﬁtgj\gl%&gg&%%%ﬁ %gt%ﬂ?dﬁ 18 and

119, respectivelff i IfbIE SEGHERE SiG AT AR 4RO §7As For example, immuriogens may be

selected from a variety of viral families. Example of desirable viral families against which
an immune response would be desirable include, the picornavirus family, which includes the
genera rhinoviruses, which are responsible for about 50% of cases of the common cold; the

30  genera enteroviruses, which include polioviruses, coxsackieviruses, echoviruses, and human
enteroviruses such as hepatitis A virus; and the genera apthoviruses, which are responsible
for foot and mouth diseases, primarily in non-human animals. Within the picornavirus

family of viruses, target antigens include the VP1, VP2, VP3, VP4, and VPG. Another viral

41



25performed using the Clustal W (1.81) program. The percentage of sequence identity between the
signature regions of AAV 1-7 and AAV 10-12 genomes is provided below. Table 1. Sequences for

Analysis Sequence # AAV SerotypeSize (bp) AAVI 258 9 AAV2 255 AAV3 255 AAV4 246 5 AAV5
258 6 AAV6 258 7 AAV7

family includes the calcivirus family, which encompasses the Norwalk group of viruses,
which are an important causative agent of epidemic gastroenteritis. Still another viral family
desirable for use in targeting antigens for inducing immune responses in humans and non-
human animals is the togavirus family, which includes the genera alphavirus, which include
5 Sindbis viruses, RossRiver virus, and Venézuelan, Eastern & Western Equine encephalitis,
and rubivirus, including Rubella virus. The flaviviridae family includes dengue, yellow
fever, Japanese encephalitis, St. Louis encephalitis and tick borne encephalitis viruses. Other
target antigens may be generated from the Hepatitis C or the coronavirus family, which
includes a number of non-human viruses such as infectious bronchitis virus (poultry),

10 porcine transmissible gastroenteric virus (pig), porcine hemagglutinating encephalomyelitis
virus (pig), feline infectious peritonitis virus (cats), feline enteric coronavirus (cat), canine
coronavirus {dog), and human respiratory coronaviruses, which may cause the common cold
and/or non-A, B or C hepatitis. Within the coronavirus family, target antigens include the
El (also called M or matrix protein), E2 (also called S or Spike protein), E3 (also called HE

15  or hemagglutin-elterose) glycoprotein (not present in all coronaviruses), or N (nucleocapsid).

Still other antigens may be targeted against the rhabdovirus family, which includes the
genera vesiculovirus (e.g., Vesicular Stomatitis Virus); and the general lyssavirus (e.g.,

" rabies). Within the rhébdo?ims family, suitable éntigens may be derived from the G protein
or the N protein. The family filoviridae, which includes hemorrhagic fever viruses such as

20  Marburg and Ebola virus may be a suitable source of antigens. The paramyxovirus family
includes parainfluenza Virus Type 1, parainfluenza Virus Type 3, bovine parainfluenza
Virus Type 3, rubulavirus (mumps virus, parainfluenza Virus Type 2, parainfluenza virus
Type 4, Newcastle disease virus (chickens), rinderpest, morbillivirus, which includes
measles and canine distemper, and pneumovirus, which includes respiratory syncytial virus.

25 The influenza virus is classified within the family orthomyxovirus and is a suitable source of
antigen (e.g., the HA protein, the N1 protein). The bunyavirus family includes the genera
bunyavirus (Célifo'mia encephalitis, La Crosse), phlebovirus (Rift \./allley Fever), hantavirus
(puremala is a hemahagin fever virus), nairovirus (Nairobi sheep disease) and various
unassigned bungaviruses. The arenavirus family provides a source of antigens against LCM

30  and Lassa fever virus. The reovirus family includes the genera reovirus, rotavirus (which
causes acute gastroenteritis in children), orbiviruses, and cultivirus (Colorado Tick fever,

Lebombo (humans), equine encephalosis, blue tongue).
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258 0 AAVIO 2551 AAV | 1 258 2 AAV12 255 Table 3. Pairwise Alignment (Percentage of ldentity) 5
AAVZ A)AVB AAV4 AAVS5 AAV6 AAVT7 AAVIO AAVII AAL1,12 AAV1 90 90 81 76 97

The retrovirus family includes the sub-family oncorivirinal which
encompasses such human and veterinary diseases as feline leukemia virus, HTLVI and
HTLVII, lentivirinal (which includes human immunodeficiency virus (HIV), simian
immunodeficiency virus (SIV), feline immunodeficiency virus (FIV), equine infectious

5 anemia virus, and spumavirinal). Between the HIV and SIV, many suitable antigens have
been described and can readily be selected. Examples of suitable HIV and SIV antigens
include, without limitation the gag, pol, Vif, Vpx, VPR, Env, Tat and Rev proteins, as well
as various fragments thereof. In addition, a variety of modifications to these antigens have
been described. Suitable antigens for this purpose are known to those of skill in the art. For

10  example, one may select a sequence encoding the gag, pol, Vif, and Vpr, Env, Tat and Rev,
amongst other proteins. See, e.g., the modified gag protein which is described in US Patent
5,972,596. See, also, the HIV and SIV proteins described in D.H. Barouch et al, J, Virol,,
75(5):2462-2467 (March 2001), and R.R. Amara, et al, Science, 292:69-74 (6 April 2001).
These proteins or subunits thereof may be delivered alone, or in combination via separate
15 vectors or from a single vector.

The papovavirus family includes the sub-family polyomaviruses (BKU and

JCU viruses) and the sub-family papillomavirus (associated with cancers or malignant-
| progression of papilloma). The adenovirus family includes viruses (EX, AD7, ARD, O.B.)

which cause respiratory disease and/or enteritis. The parvovirus family feline parvovirus

20 (feline enteritis), feline panleucopeniavirus, canine parvovirus, and porcine parvovirus. The
herpesvirus family includes the sub-family alphaherpesvirinae, which encompasses the
genera simplexvirus (HSVI, HSVIID), varicellovirus (pseudorabies, varicella zoster) and the
sub-family betaherpesvirinae, which includes the genera cytomegalovirus (HCMV,
muromegalovirus) and the sub-family gammaherpesvirinae, which includes the genera

25 lymphocryptovirus, BBV (Burkitts lymphoma), infectious rhinotracheitis, Marek's disease
virus, and rhadinovirus. The poxvirus family includes the sub-family chordopoxvirinae,
which encompasses the genéra orthopoxyvirus (Variola (Smallpox) and Vaccinia (Cowpox)),v ,
parapoxvirus, avipoxvirus, capripoxvirus, leporipoxvirus, suipoxvirus, and the sub-family
entomopoxvirinae. The hepadnavirus family includes the Hepatitibs B virus. One

30  unclassified virus which may be suitable source of antigens is the Hepatitis delta virus. Still
other viral sources may include avian infectious bursal disease virus and potcine respiratory
and reproductive syndrome virus. The alphavirus family includes equine arteritis virus and

various Encephalitis viruses.
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The present invention may also encompass immunogens which are useful to
immunize a human or non-human animal against other pathogens including bacteria, fungi,
parasitic microorganisms or multicellular parasites which infect human and non-human
vertebrates, or from a cancer cell or tumor cell.- Examples of bacterial pathogens include

5 pathogenic gram-positive cocci include pneumococei; staphylococei; and 'streptécocci.
Pathogenic gram-negative cocci include meningococcus; gonococcus. Pathogenic enteric
gram-negative bacilli include enterobacteriaceae; pseudomonas, acinetobacteria and
¢ikenella; melioidosis; salmon;lla; shigella; haemophilus; moraxella; A, ducreyi (which
causes chancroid); brucella; Franisella tularensis (which causes tularemia); yersinia

10 (pasteurella); streptobacillus moniliformis and spirillum; Gram-positive bacilli include
listeria monocytogenes; erysipelothrix rhusiopathiae; Corynebacterium diphtheria
(diphtheria); cholera; B. anthracis (anthrax); donovanosis (granuloma inguinale); and
bartonellosis. Diseases caused by pathogenic anaerabic bacteria include tetanus; botulism;
other clostridia; tuberculosis; leprosy; and other mycobacteria. Pathogenic spirochetal

15 diseases include syphilis; treponematoses: yaws, pinta and endemic syphilis; and
leptospirosis. Other infections caused by higher pathogen bacteria and pathogenic fungi
include actinomycosis; nocardiosis; cryptococcosis, blastomycosis, histoplasmosis and
codcidioidomycosis; candidiasis, aspergillosis, and mucormycosis; sporotrichosis; |
paracoccidiodomycosis, petriellidiosis, torulopsosis, mycetoma and chromomycosis; and

20  dermatophytosis. Rickettsial infections include Typhus fever, Rocky Mountain spotted
fever, Q fever, and Rickettsialpox. Examples of mycoplasma and chlamydial infections
include: mycoplasma pneumoniae; lymphogranuloma venereum; psittacosis; and perinatal
chlamydial infections. Pathogenic eukaryotes encompass pathogenic protozoans and
helminths and infections produced thereby include: amebiasis; malaria; leishmaniasis;

25  trypanosomiasis; toxoplasmosis; Preumocystis cariniiy Trichans; Toxoplasma gondii,
babesiosis; giardiasis; trichinosis; filariasis; schistosomiasis; nematodes; trematodes or
flukes; an‘d cestode (tapeworm) infecﬁon‘s. o

Many of these organisms and/or toxins produced thereby have been
identified by the Centers for Disease Control [(CDC), Department of Heath and Human

30 Services, USA], as agents which have potential for use in biological attacks. For example,
some of these biological agents, include, Bacillus anthracis (anthrax), Clostridium botulinum
and its toxin (botulism), Yersinia pestis (plague), variola major (smallpox), Francisella

tularensis (tularemia), and viral hemorrhagic fever, all of which are currently classified as
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Category A agents; Coxiella burnetti (Q fever); Brucella species (brucellosis), Burkholderia
mallei (glanders), Ricinus communis and its toxin (ricin toxin), Clostridium perfiingens and
its toxin (epsilon toxin), Staphylococcus species and their toxins (enterotoxin B), all of which
are currently classified as Category B agents; and Nipan virus and hantaviruses, which ére
currently classified as Category C agents.: In addition, other organisms, which are so
classified or differently classified, may be identified and/or used for such a purpose in the
future. It will be readily understood that the viral vectors and other constructs described
herein are useful to deliver antigens from these organisms, viruses, their toxins or other by-
products, which will prevent and/or treat infection or other adverse reactions with these
biological agents, |

Administration of the vectors of the invention to deliver immunogens against
the variable region of the T cells elicit an immune response including CTLs to eliminate
those T cells. In rheumatoid arthritis (RA), several specific variable regions of T cell
receptors (TCRs) which are involved in the disease have been characterized. These TCRs
include V-3, V-14, V-17 and Va-17. Thus, delivery of a nucleic acid sequence that encodes
at least one of these polypeptides will elicit an immune response that will target T cells
involved in RA. In multiple sclerosis (MS), several spcciﬁc variable regions of TCRs which
are involved in the disease have been. characterized. These TCRs include V-7 and Ve-10,
Thus, delivery of a nucleic acid sequence thai encodes at least one of these polypeptides will
elicit an immune response that will target T cells involved in MS. In scleroderma, several
specific variable regions of TCRs which are involved in the disease have been characterized.
These TCRs include V-6, V-8, V-14 and Va-16, Vo-3C, Vo-7, Vo-14, Va-15, Va-16,
Va-28 and Va-12. Thus, delivery of a nucleic acid molecule that encodes at {east one of
these polypeptides will elicit an immune response that will target T cells involved in
scleroderma.

Optionally, vectors containing AAV sequences of the invention may be
delivered using'a prime—boost regimen. A variety of such régimens have been described in
the art and may be readily selécted. See, e.g., WO 00/11140, published March 2, 2000,
incorporated by reference.

Such prime-boost regimens typically involve the administration of a DNA
(e.g., plasmid) based vector to prime the immune system to second, booster, administration
with a traditional antigen, such as a protein or a recombinant virus carrying the sequences

encoding such an antigen. In one embodiment, the invention provides a method of priming
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and boosting an immune response to a selected antigen by delivering a plasmid DNA vector
carrying said antigen, followed by boosting, e.g., with a vector containing AAV sequences of
the invention.

In one embodiment, the prime-boost regimen involves the expression of
multiproteins from the prime and/or the boost vehicle. See, e.g., R.R. Amara, Science,
292:69-74 (6 April 2001) which describes a multiprotein regimen for expression of protein
subunits useful for generating an immune response against HIV and SIV. For example, a
DNA prime may deliver the Gag, Pol, Vif, VPX and Vpr and Env, Tat, and Rev from a
single transcript. Alternatively, the SIV Gag, Pol and HIV-1 Env is delivered.

However, the prime-boost regimens are not limited to immunization for HIV or to
delivery of these antigens, For example, priming may involve delivering with a first chimp
vector of the invention followed by boosting with a second chimp vector, or with a
composition containing the antigen itself in protein form. In one or example, the prime-’
boost regimen can provide a protective immune response to the virus, bacteria or other
organism from which the antigen is derived. In another desired embodiment, the prime-
boost regimen provides a therapeutic effect that can be measured using convention assays for
detection of the presence of the condition for which therapy is being administered.

The priming'vaccine may be administered at various sites in the body ina
dose dependent manner, which depends on the antigen to which the desired immune
response is being targeted. The invention is not limited to the amount or situs of injection(s)
or to the pharmaceutical carrier. Rather, the priming step encompasses treatment regimens
which include a single dose or dosage which is administered hourly, daily, weekly or
monthly, or yearly. As an example, the mammals may receive one or two priming injection
containing between about 10 pg to about 50 pg of plasmid in carrier. A desirable priming
amount or dosage of the priming DNA vaccine composition ranges between about 1 pg to
about 10,000 pg of the DNA vaccine. Dosages may vary from about 1 pgto 1000 pg DNA
per kg ofsubject body weight. The amount or site of injection is desirably selected based
upon the 1dent1ty and condition of the mammal being vaccinated.

The dosage unit of the DNA vaceine suitable for delivery of the antigen to
the mammal is described herein. The DNA vaccine is prepared for administration by being
suspended or dissolved in a pharmaceutically or physiologically acceptable carrier such as
isotonic saline, isotonic salts solution or other formulations which will be apparent to those

skilled in such administration. The appropriate carrier will be evident to those skilled in the
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94 Over 300 clones containing novel AAV serotype sequences that span the selected 257
bp region were isolated and sequenced. Bioinformatics analysis of these 300+ 10clones suggests that
this 257 bp region is critical in serving as a good land marker or signature sequence for quick isolation
and identification of novel AAV serotype. B. Use of the signature region for PCR amplification.

The 257 bp signature region was used as a FOR anchor to extend FOR amplifications to 5' of the
genome to cover the junction region of rep and cap genes 15(1398 bp -3143 bp, SEQ ID NO:6) and 3'
of the genome tawbprdinithiersadra Bags gehereetgdride (88 BHLG00BFOSESHDNGYS). FOR
amplifications weke:easHadyone Adsingsthedstandanch aoneitinnsiineltdivgdematdringvati92C for 0.5-1
min, annealing at 60-65C for 0.5-1 min a xtensi 72C for in Kb with a total number of
amplification cycfgggrlg%grlééa Fof%n%la%g rﬁ%g‘}%l}é?r%g{%dggéﬂéﬁgo “é’éb@%ﬁ%&”%%%@b% in "A", two
other relative codsBrved Teginis e & ieffifed MPthe sequence located in 3' end of rep genes and 5'
to the 257 bp region and in tisequgneepeoms streahioftharRndlbpiicagmedtnitthafpre the AAV' 3
TR, Two sets ofpevRimiers (e desianed ad bR sendiians onliniaea ol segausty of entre
eapsid and a part of rep sequences of novel AAV serotypcs. More specifically, for the 5" amplification,
the 5' primer, AVA{&cd 5 CTGCGTCAACTGGACCAATGAGAAC 5 [nt 1398-1423 of AAV1, SEQ ID
NO:6] and the 3' primer was I8asaldgntifiectiapoverdsvivthead3manidiic ation, 2Aheabdprimhereaas Is,

identified above,a%{égamn%t%%ﬁ{e\ﬂ%&Vﬁkﬁ%&%tﬁ%%faﬁ%@%&.%@&E&I&I&&G [nt
4435-4462 of AAV2, SEQ ID NO:7]. In these PCR amplifications, the 257 bg region was used as a

FOR anchotndoEie o8 SRy BT a b asns st 4o ira gh sl Ye boRsSblats A psid 10

gene by fusion _atcth@dataﬂlcs_i{aihmgm _ségﬂﬁimmfeierégiﬁngft@blmmiagnagepﬁﬁieéuﬂmmfdma&hand 3' extension
fragments obtaingd as deserhed bergin, Mose Rarticulatiy.to gensrate die intagh AGNY, gap gene, the

three amplification products (a) the sequences of the signature region; (b) the sequences of the 5'
extension; and (CPHRE SEbEeHOBs TR SUBMRUKESR Vararelbreatisto 4 ERIEb6 I [Invitrogen]
plasmid backborfeegtagdingptsitivan uiasturesispnstructiantidbhb ereafielydhes plasoaitia were digested

with Draft's and 1eambIed 10 ARG GPRASEin orpepice, WANIRIRE ROl BOR 80 06 of

capsicl sequences of 7 and AAV 8 were isolated and analyzed. Another novel serotype, AAV9,
was also discoveer bHisRBHdaYE 20 F0 it E TROREEh HfiBAS HsstiHaE BB e remaining
portion of the repigeriesseguposddocAAMifis Bulatequand olonig tsiagitee primets dhatcamplify 108

bp to 1461 bp of é%%gﬁﬁ&ry&&E@Q@@&%@%%Qp@&s%ﬁiﬂgmgﬁxqgﬁga_r%éﬁfaé\/%’égé?s IRNG:7). This

clone is sequenced for construction of a complete AAV7 genome without ITRs. C.Direct Amplification
of 3.1 kb Cap fraffleteISPa LAY AR BRNPE: S5 RATYI BNy HTesa] HaBmteRtie M INReF tissue and
blood DNAstwocothessitighdye comn servatbae gidnsvuceire identifidohiis AAMme antigen, or a cross-

reactive antigen, as that encoded by the DNA vaccine.

Suitably, the vectors of the invention are also well suited for use in regimens
which use non-AAV vectors as well as proteins, peptides, and/or other biologically useful
therapeutic or immunogenic compounds. These regimens are particularly well suited to gene

25  delivery for therapeutic poses and for immunization, including inducing protective
immunity. Such uses will be readily apparent to one of skill in the art.

Further, a vector of the invention provides an efficient gene transfer vehicle
which can deliver a selected transgene to a selected host cell in vivo or ex vivo even where
the organism has neutralizing antibodies to one or more AAV serotypes. In one

30  embodiment, the vector (e.g., an rAAV) and the cells are mixed ex vivo, the infected cells are
cultured using conventional methodologies; and the transduced cells are re-infused into the
patient. Further, the vectors of the invention may also be used for production of a desired

gene product in vitro. For in vifro production, a desired product (e.g., a protein) may be
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genomes for use in PCR amplification of large fragments. A primer within a conserved region located
in the middle of the rep gene was selected (AV1ns: 5 GCTOCGTCAACTGGACCAATGAGAAC 3', nt
1398-1423 of SEQ ID NO:6) in 30combination with the 3' primer located in another conserved region
downstream of the Cap gene (AV2cas: 5 CGCAGAGACCAAAGIICAACTGAAACGA 3, SEQ ID NO:?)
for amplificatiht@PfdILIRRGH CHistais i orHREPER i5roa0 RS Redres o it oty acebrditg to
manufacturer'séiretians foyiiaoee)dasicseguancamnalisisnyas perfoimed indeQiagemgaenomias |
(Qiagengenomics, Seattle, WA) with .an accuracy of 99.9%. A total of 50 capsici.clones were isolated
and Charctor e RO R 7 di SRl it i R ARSI SRR )
6 clones fromdspitedndioganls wrhwaepsesqclyansiesiiol, Pedlonksringnr Bivotiag, @, seladobls2) and 5
clones from Chimps et £8Rki R TiPRelg-put the possibility that sequence diversity within the novel
AAV family was not an artifact of the PCR, such as PCR-mediated gene splicing by overlap extension
between different partial DNA templates with homologous sequences, or the result of recombination
process in bacteria, isepieseat pxperionenis pevedpesioroirtbadamdeatical tcandidensdany R
amplification usgn%to&% iﬁngué%ru% éAr‘s&lﬁir% intact AAV7 and AAV8 10plasmids were mixed at an
equal molar ratio otﬁowed y seria dilutions. The serially diluted mixtures were used as templates for
PCR amplification of 3.1 kb VP1 fragments using universal primers and identical PCR conditions to
that were used for DNA amplificationsro.see @%@a%tggycmpa'diﬁg{m et Nete gensraied. The
mixture was transformed into bacteria and isolated transformants to look for hybrid clones possibly
derived from S&IGRGHBtEATBR Bt dssiinsierial cells. In a different experiment, we restricted AAV7
and AAVS plastnids with Mgp) sy trang sagicalbafawirigDout kothnganosnes iifipientrags at
different positic;lnsri mixgd tggccﬁr%estions 'nstdifferfnt.combiga ions aﬁd Hsed trllefm fpr PCP. an}plification
of VP I fragmecnfls1 untierthe same tonditions o tést whether ar%?/eﬁ =3 ﬁ'r(%%jclt 80&[36 %glaréﬁerated
through overlap’séquentereiderigionces; partial AAV sequences. In another 20experiment, a mixture of
gel purified 5' 1.5 Ith AAV7 M1, fragment apd:d Ll MY G YRL TRgmeni it ayeran indhe:
signature region was serially diluted and used for PCR amplification in the presence and absence of
200 ng cellula? TORAEK AR drFeiical inamealyce AeABdFRE Ofay it cOMRase sk ERcEE BY afagMan
analysis. Nong gfithese:-eoqenmanisdemansiradedseficientiRGRs e diairchovarap seguanes
production under the conditj

ons of 25the genomic DNA Cap amplificati ta not shown). As a
Rurther confirmiEHS AR BTSN LS e A AV TS A AP BT
were sequencérgpegitic deethietaiagtints of clone 42s from Rhesus macaque F953, in different
combinations to amplify shorter fra nts, from m ic lymph node. (MLN) DNA from F953.from
which clone 42s were isola?é:&?oﬁﬁ Ogg(?f gﬁbg C\%ﬁéﬁ%@? egﬁt?‘ﬁlen% eiﬁa?ﬁlﬁlg%%?ﬁ uasbnél?)ﬂgrs v%eeﬁiffound

in 30these shorimergnbiskssiatacady siamlity. a Exednpteo? whiinemssetidiedixsirieseenohideryo

Substantial E‘é@&&@ﬁE‘eL’hﬁ’J@%&%ﬁc@%HQM%aHQﬁ%CﬁQP?egion,SﬁﬁH%‘ﬁ%@[\aly’_S&t@B§%l1e0t_ed AAV
isolates revealed divergence hr(féghout the genome that is most concentrated in hypervariable
[

regions of the ¥4p&idssratefhssegiteifclogid Athndicarsthercan knaliliré&otpat are éidbmic to
primates, althgughdsRiatianoetalinical isolates has been restricted to AAV2 and AAV3 from anal and
throat swabs of human infants and ABAVS frorﬂ afhu an ‘condsylonaattous Wgug Ng knowl; clinical
sequalae have been associated with BAY fAfection IN°Al e f)et O hLHSH DA SN e biology of
AAV, nonhumalngpnisrateStieerec kiusad ss)mods|stiat dtrat doteAzeMbersegedaedtavhtarahidfections.
Tissues from penfymap prmalEs et SURRore (0 iR ALATGss Helag (e EOR meihadof the
invention based on oligonucleotides to highly conserved regions of known AAVs (see Example 1). A
stretch of AAPEEyRches spehanriiprEbovesianiaswyorsiAvhesEdin Nbseyusacssbidldas a PCR

arnplicon in whichigepsaived seqURNGRE A eflapked Ax NyRANVEriRbI&-fasiess thatis pisiie 15to
each known AAV serotype, termed herein a "signature region.” An initial survey of peripheral blood of

a number of nBHHINR I PFFRAESsE Sldh L IFath 5 h ALeRE O AREYE OBYRfSBbgous monkeys,
chimpanzees, and baboons revealeg steteetablerAR\idR arpubsat obanimals frosmalrspecias. A more
extensive analysis of vector distribution was conducted in tissues of rhesus moniceys of the University
of Pennsylvan Hmers

wherein the presence of amplified sequences indicates the presence

of an AAV in the sample.

48



20and Tulane colonies recovered at necropsy. This revealed AAV sequence throughout a wide array
of tissues. The amplified signature sequences were subcloned into plasmids and individual
transformants were subjected to sequence analysis. This revealed substantial variation in nucleotide
sequence of clones derived from different animals. Variation in the signature 25 sequence was also
noted in clones obtained within individual animals. Tissues harvested from two animals in which
unique signature sequencesawesehidentifietng. e ccoton, fromra8ER44 (@nahkieartfrorar2B8meRGhivere
further charactﬁ;it%ggcg%leg( 1%ng}ilg%t%heo§equence amplified by FOR using oligonucleotides to highly
conserved seqguences. it |s%Nay, cBmpIete proviral structures were reconstructed for viral genornes
from both tissues as 30descfibetihgitbinerThiéised seavimesesodiffestfvehs teaustivercRmMpNANEAVS with the
greatest SeqU%ﬁ%ﬂéﬁéf&%@é@Aﬂ/@&i&ﬁﬁ&éﬂ?%‘s&}ﬁﬁh@%ﬂ%AV cAdditignakexpetiments were
performed to confirm that AAV sequences resident to the nonhuman primate tissue represented
proviral genon?é@@f’infectious virus that is capable of being rescued and form virions. Genomic DNA
from liver tissue of animal 98E056, from which AAV8 signature sequence was detected, was digested
with an endonuclease that dnes ot have 8 sie wihin, (he A, sefuence ang ransfected nto 293
cells with a plasmid containing an eletd ggnome of human adenovirus serotypc Basa source, of
helper 5functicagsithbaesultiaelisatexivadspassagechdn2bSreplismrscendribiettivrtsaiemaderdeovered
and analyzed fgrsthg IERAREE OffRAY, GARPLRIFI3S Msinaady oadivaRsting PRl clanalantiedy to

Cap proteins and for the presence and abundance of DNA sequences from the PCR amplified AAV
provirus from WHISH ARS8 MS 8 BETR/Ed T FAREIEEEHN of endonuclease restricted heart DNA and the
adenovirus helper plasmid yielded high quantities of AAV8 10virus as demonstrated by the detection
of Cap proteins by Western hlot analysis and.the presenc 0&104 AAVS8 vector genpmes per 293 cell.
Cysates were generated roma TS CAe HHeb S0 ArihE KAUPALA e By VLI
sedimentation tHEHeNo tified i riEpetrani ovitd erfronstrated @6 mem whisbbedrdl stiycupesitat fookidentical
to those of AA}égﬁgﬁqu&%X;I,;@pgs»f@&m}\(y}mgggﬁdenovirus helper alone did not yield AAV proteins
or 15genomes, ruling out contamination as a source of the rescued AAV. To further characterize the
inter and intra animal variation of AAV signature sequence, selected tissues were subjected to
Extendefl FI’CR tg amplify errt(;lﬁe xi@acadap@facr@@dgng d‘rﬁme@»vlﬁe%jﬁemglt:@lﬁ&mg@s@n&tﬁfﬁfﬁ&mr&? into

acterial plasmids indjvidual 20transformants were isolated, and fully sequenced. This analysis
involved mesreT'}?Fe %r@é]%\{ﬁo%@ fgéhf‘ﬁ?réfg]i?ﬁ&&é PoasiE (M A AL B85 BIBE S Tulane/ T6 12
-7 clones; Tulanelp363g-tA<d cinpesy, Aiver feprmtivarkesess monkeys (Tulane/V251 -3 clones;
Penn/0O0EO33 - 3 clones), spleen from one rhesus monkey (Penn/97E043 - 3 clones), heart from one
rhesus monkey_ (IHGT/98E046-1 clone) and peripheral blood from one 25chimpanzee (New
Iberia/X133 -5 clones); six cimomalogosseriticatpesiiCharldsiRive AR 183aAB008%, |ABB88; %3442,
A2821, A3242 G clanes tataliapiane Baboon (SFRB/8644 -2 clones). Of the 50 clones that were
sequenced from 15 different animals, 30 were considered non-redundant based on the finding of at
least 7 amino acid differences from one another. The non-redundant VP | clones are numbered
sequentially as they were 3@igolateghvitoadpighix ingdicating e pegies Rl ARNHNINRE pegnate from
which they were derivep. Thﬁ:' structural r.e{ation{shir?s b{g}wgen thtese 3(t), non-rqdunda t clqnes nd the
previously desEHIREH % ;&Wsee%%‘/l S WErE Béteiming Lféliﬁ’"@r?helsglﬁrité Péa’ec'f)r%@erzfrrﬁ [pfﬁso D, H.
SplitsTree: andlyging and visualizing evolutionary data. Bioinformatics 14, 68-73 (1998)] with
implementation of the method of split decomposition. The analysis depicts hornoplasy between a set
of sequences in a tree-like. network rather than a bifurcating tree. The advantage is to enable
detection of grouping8-that arecthsthesiacetrdomiergained aneabrekhitieishyibgéndtegiemticiehips
even when they5@qu§yztgfgqq Ryhgrallel events. 5SExtensive phylogenetic research will be required in
order to elucidate the AAV evolution, whereas the intention here only is to group the different clones as
to their sequence similarity.

9. The method according to claim 1 or 2, wherein the first region is highly

conserved over at least about 25 base pairs at the 5° and/or 3’ end of the region.
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To confirm that the novel VP1 sequences were derived from infectious viral genomes, cellular DNA
from tissues with high abundance of viral DNA was restricted with 10an endonuclease that should not
cleave within AAV and transfected into 293 cells, followed by infection with adenovirus. This resulted in
rescue-and amplification of AAV genomes from DNA of tissues from two_different animals (data not
shown).  VP1 seqlienced ¥t tHEMGEPARYS REte il ther cHArEEteRe SRR BIHBIENS the nature
and location o @aRnedeidrsgdeisnaeovaBatiase k36 Yie 5 clanes shahiver enshawmonto 15differ from one
another by greater than 1% amino acid sequence were aligned and scored for variation at each
residue. An algorithm developed to determine areas of sequence divergence yielded 12 hypervariable
regions (HVR) of whith 5 ovértapesiratecpaidiog theldiprévioesinde serield trrfzibhéyregistiggKotin, cited
above; Rutledge, cited abmesttheibrass oldproximal Reaks £omtaim cmoshel the vasapilivs a
(HVR5-10). Interestingly the loops 20located at the 2 and 5 fold axis show intense variation as well.
The HVRs | afltf 2 GEARTA tFRAG BT bortion of the capsid protein that is not resolved in the X-ray
structure suggesting that the N-terminus of the VPI protein is exposed on the surface of the virion.
Al ol b e ) N A AR Rl
primers and probes to highly conserve reglor% ot ﬁep (one set and gp WO seflslﬁ of Known
AAVs. Each dtiaipsintgepresents lanilyeis ftonittissuen DNAFignedn Mdisddupbesrntad. SThigloonfirmed
the wide distriIgugmoqQ&Ayg%quences, although the quantitative distribution differed between
individual animals. The source of animals and previous history or treatments did not appear to
influence distribution of AAV sequences in rhesus macaques. The three different sets of primers and
probes used to quantify AAYRGyigidedcansistantiesyiisrthahighesédarels ofABN weredasnd
consistently in,mesenteric | nodes at an gverage é ,01 copies per diploid genome for 13
animals that V\}(r%rtegepnaéglielveef) %%%gﬁée%%tgﬁvﬁ%gsc%gﬁ a? g’d‘?}fﬁﬁ t‘n)‘ﬁnnagrﬁg:gag H%Sé %A. There were
examples of versptyigds. AAV, such as in heart of rhesus macaque 98E056, spleen of rhesus macaque
97E043 and liver of rhesus macaque RQ4407, which demonstrated 1.5, 3 and 20 copies of AAV
sequence per diploid genome respectively. Relatively low levels of virus DNA were noted in peripheral
blood mononuclear cklts, subffedtHip s padinmitisidio drersdrioud whesivéitt g seishipdiients (data
not shown). It ghakishbemotedrihathis Bethod BwpdmaidecassasihGanlIRg BlAAVs residant to
the nonhuman primates since detection requires high homology to both the oligonueleotides and the
real time FOR’}j?o\b%?r‘?ﬁ%‘%‘?fes from animals with high abundance AAV DNA was further analyzed for
the molecular state of the DNA, by DNA hybridization techniques, and its cellular distribution, by in situ
hybridization. 10The kind of sequeneg variation fevealed in Ao pravieal fragments.slated from
different animals and Within tiSsUEs Of the same animals 1$ reminiscent of the BVBlttionthat occurs for
many RNA virssesidgring pihterhing diEviem oliittiry theSine bl onCof aamindivicpahdin sbasersitgations
the notion of ahyvél{ﬂ-etlygg\\&igég,olg}apsegeen replaced by the existence of swarms of quasispecies that
evolve as a result of rapid replication and mutations 15in the presence of selective pressure. One
example is infection by HIV, which evolves in response to immunologic and pharmacologic pressure.
Several mechanismsigontriguterietir highriate ©f autationsiR iR pikeesringvdiRgdaw fidelity and
lack of proof reading capacity of reverse transcriptase and non-homologous and homologous
recombination”Bvitfénce for the formation of guasispecies of AAV was illustrated in this study by 20the
systematic sequencing of multiple cloned proviral fragments. In fact, identical sequences

17. A method of identifying the serotype of adeno-associated virus (AAV)
sequences in a sample as known or unknown, said method comprising the steps of:
(a) obtaining an enzymatic digestion analysis of a sample containing
DNA molecules comprising AAV sequences which span all or a portion of bp 2886 to 3143
of AAV1, SEQ ID NO:1, and corresponding regions of other AAV serotypes; and
)} comparing the enzymatic digestion analysis from the sample to

enzymatic digestion analysis for corresponding regions of one or more AAV serotypes,
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could not be found within any extended clones isolated between or within animals, An important
mechanism for this evolution of sequence appears to be a high rate of homologous recombination
between a more limited number of parenteral viruses. The net result is extensive swapping of

hypervariable regjons of the Cap protein leading.to an array of 25chimeras that could have different
oprams and SO L AR D oSSR 15 At A GTOD T hA e daittlly as i
relates to neutralziap tmtbodiesy Mechansmsibiymeich homologous recombination could occur are
unclear. One possibility is that + and - strands of different single stranded AAV genornes anneal during
replication as has been described during high multiplicity of infections with AAV recombinants. It is
30unclear if other mé&hanidhs Bt i s RUEAER BhorlisEitihAA Infselsfss Tisécoverall rate of
mutation that @seues dyrngrivibdeplication appears to be relatively low and the data do not suggest
high frequencies of replication errors, However, substantial rearrangements of the AAV genome have
been described during lytle infection leading to the formation of defective interfering particles.
Irrespective of the mEthanidrdsighastied forsktpeengeldiverganeef withrfew exeéptimassogpltsdructures
of the quasisg%iﬁArngqgjﬁ%gt %’le%éﬁﬁ?ﬁ jfts or nonsense mutations suggesting that
competitive selection of viruses with the most favorable profile of fitness contribute to the population
dynamics. 5These studies favelifiitafiora risselisratRadas gy BRIy andshiegivint A/Md concept of
rapid virys evgldtiohadereagtiyntRought to be a property restricted to RNA viruses, should be considered
in DNA viruses, which classjcally have been characterized by ser Ic%gic assays. It will be important in
terms of parvoviruses to de@%l@élgnﬁge%arﬁ%ﬁ%cbs%f) 8@8?‘?6%1% SilS ROt TR AP £ 9B & the
complexity of A4 Structeieaanistiotngys shitth asmyitis¢d e TDswiaighraré LAt gegiredasgeneral families
of similar strughie.80d, g0 pAle CiRdesOn aliRIAMeSrRIsgLIS (0 continue g gafegorize
isolates with respect to serologic specificity and develop criteria for describing variants within serologic
groups. Exanfled: we@draleg g ioheetoMbraapt s mpafishis theaippetd ithaRRIPERES 25 using
chimeric; plasgygige@ntaining AAV2 rep and novel AAV cap genes for serological and gene transfer
studies in different animal models. Chimeric_packaging constructs are generated by fusing AAV2
rep with cap sequences of HOVEITRRSBIBHTHES CTREEESHTRERCRSSHICHIN BBt AGE biee(8ed,
initially, for psehidbbypiigisecombinarizAA Y Tenvmes castyng AW eh LERG iyhtaRlg trankéeltion in
20293 cell using AdS Relper plagrid; [hese 8?%%“8&%%}49%9?1 ?éih‘ésﬁ%%%? e%’%'éJ%rtg)gerfOrmance in
transduction-based Serological studies and evaluate gene ranster ef ICIENCY of nove V serotypes in
different animshinsoded s imdifidihtyNi¢P@md sddethts{ibe fomomtactoltuhifectious viruses of these novel
serotypeg, are |so_lated. A. MAYZG@E’e%W&%MY%cP@Q%Q x‘é’.@%@e‘?&mﬁ%‘@é&%%\% gﬂ'é?s and green
fluorescent protein expressed under the control of a constitutitive promoter. This plasm id contains the
following elenib&tg e Ay 2UTFRecH cMEeTRbEIcard R B EP<atiprS 38¢gaHtess®ad Cloning of

trans plasmid d@sRNStHEe chineisdtianspias mifosLragdrstian of-tegembinari3qrsaygdotyped
AAV7 vectors, p5818 plasmid (Xiao el al., 1999, J. Viral 73:3994-4003) was partially digested with Xho

B

Ito linearize tH& FIA5MfPafie RHEMR I diahls FoLtRiTOP3h88 9 s I PRE S SIEh B were then
filled in and ligaiely backriddis vaodlifiedt p8HA&: plasnaidiwa® kestictad switheXdea boihd péboh,in a
Complet%dlgerg}zll%r\}et?or rgg)e\:/qeuégcee'sa‘c')af\{ge at least two aligned AAV serotypes

wherein each of the sets of primers consist of a 5 primer and a 3°

primer.

20. A method for isolating novel adeno-associated viruses (AAV) from a cell,

said method comprising the steps of: (a) infecting the cell with a virus which provides helper

2
<

functions to said AAV; (b) isolating infectious clones containing AAV; (c) sequencing the
isolated AAV; and (d) comparing the sequences of the isolated AAV to known AAV
serotypes, whereby differences in the sequences of the isolated AAV and known AAV
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cap gene sequence and replaced with a 2267 bp Spe I/Xho | fragment containing the AAV7 cap gene
which was isolated from peRAAV7 6-5+15-4 plasmid. The resulting plasmid contains the AAV2
rep sequences for Rep78/68 under the control of the AAV2 P5 promoter, and the AATV2 rep
sequences for Rep52/40 under the control 5 of the AAV2 P19 promoter. The AAV7 capsici sequences
are under the ¥EREBPOIIERA S BPAIRrSHORSY WA is located within the Rep sequences, This
plasmid further contains a spacer 5' of the rep ORF. C. Production of PsezidoOperl rAAV The rAAV
particles (AAV2 vectar,in id) ar r In d irus-fr ethod. Briefly, the
cis plasmid (pAAVZ.% }aeggéérﬁ?gnégr%%ﬁﬁgéfﬂ%{zg 1 R’s)%}ger?(g%h%lﬁgﬁggp%a%ﬁgeg%&?ﬁ%v7 6-5+15-4
(containing the AAV2 rep and AAV7 cap) and a helper plasmid, respectively, were simultaneously
co-transfected into 293 cellspif g Eatie) Abdofd DY CaAGHIM PRRSRIAIE PEacIRItatRNs Forthacanstruction
of the pAd helper plasmids, pBG10 plasmid was 15purchased from Microbix (Canada). A Rsrlf
fragment contdMHY T NI 1% W& Meleted from pBHG10, resulting in the first helper plasmid,
pAdAF13. Plasmid AdA Fl was constructed by cloning Asp700/Sall fragment with a Pmel/Sgfl deletion,
isolating from pBHG1Q, into Bluescript. MLP. L2, | 2. ang‘%ks re deleted in. AdAF1. Further
deletions of a 2.3 kb Nrul fréﬁ%ﬁ’éﬁ%‘% ?s?ﬁ%%cé?q%ﬁéﬁt‘f“f .WEB‘”’ Ogﬁm%ﬁjr%g%rnggnat IBE)EI(‘gjlgﬂerated
helper pla.smieksPAMARS Gith gAIARB Féspectively. The helper plasmid, termed RAF6, provides the
essential;pelper functions of E2a and E4 ORF6 not provided by the El - expressing helper cell, but is
deleted of adenoviral capsid proteins and functional El regions). Typically, 50 kg of DNA
(cis:trans:helper) was T fRIREBE GratBriet B it Yreal Rsreattfd RS ORHBOGPEN NG Parvested
72 hours post-transfection, sonicated and treated with 0.5% sodium dcoxycholate (37C for 10 min.)
Cell tysates were then subjected to two rounds of aB%%CI @%{i nt. Peak fractions containing rAAV
vector are collected, pooled and dialyzed against P ’é&q %nple 4: Creation of infectious clones
carrying intact novel AAV serotypes for study of basic virology in human and NHP derived cell lines
and evaluatiorEefpalbdgePeRianplitvel A etirpiypesiadiiti i ant otharimeh Meedglsnces. To
achieve this goal, the genome wasllger sxst%m iS empnloe/ed to obtain fa”%g - terminal sequences
(ITRs) and complete construction of Clones Conta nrllnga INtAct NOVET A \Pgerotyﬁg jEnGmes. &2

Briefly, utilizin§GRcowethrerbially aivallgbtedhvivéssal ©ehiyroen wiakkerekiojCtoriteohi, 4anomic DNAs
from monkey UssugsyProel UoesAhal e Heliesas POSUVE [V RIBSERRR AN ARY L aefyence are

digested with Dra |, EcoR V, Pvu Il and Stu'l 10endonucleases and ligated to Genorne Walker Adaptor

to generate 4 MdiVitHatrdisoma wWenket Liparrsabsveesy ofshrrepNdiesin CWshes keraplsges,

AAVT and adjacentaeninia aeakenses wilideiPeramplifisd by dhe adaiRhpriginkdAF), provided
in the kit) and an AAV7 specific primer 1, followed by.a nested PCR using the adaptor primer 2 (AP2)

and another ARIF LRI ERRR D S ANB IR AN ST TR EZ0 i rbOSm 9r851RfaEd 15The major

PCR productsigomdinecnestad ReiRiasepalatieg inpdrobdsdtiesizea iy sequencing analysis. In
this experiment, the primers covering the 2% bp gr other signature fragment of a generic AAV genome
are used for PCR amplificatlolﬁ 13%{5%%5 ar Rsﬁ ?(‘ﬁg(?tgelaof%rﬁ ﬁrrrﬁ%er? é%l‘&o ePVEd el lines to

identify and chraratteriaeibedttatab 20sbyuencedsTthd ddentifidd tatmat dAM derotréessare rescued
from the positiye £ell ines4aing, slanayiis lelpers o Allerent sRRAes A0 Wi ains. Tisqlate
infectious AAV clones from NHP derived cell lines, a desired cell
AAYV sequences detected in some other species tested, including Japanese macaques, pig-
tailed macaques and squirrel monkeys. A more extensive analysis of vector distribution was
conducted in tissues of rhesus monkeys of the University of Pennsylvania and Tulane
colonies recovered at necropsy. This revealed AAV sequence throughout a wide array of
tissues.
A. Amplification of an AAV signature region
DNA sequences of AAVI-6 and AAVs isolated from Goose and Duck were

aligned to each other using “Clustal W” at default settings. The alignment for AAV1-6, and
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line is obtained from ATCC and screened by PCR to identify the 257 bp amplicon, i.e., signature
region of the invention. The 257 bp PCR product is cloned and serotyped by 25sequencing analysis.
For theése cell lines containing the AAV7 sequence, the cells are infected with SV-15, a simian
adenovirus purchased from ATCC, human Ad5 or transfected with plasmid construct housing the
human Ad gekssugiag die ipdimemsIBIER TRy hiPet Funlivridehtuldih dur Jresensfettivlidtics
transfection, tha&glla axe haréesiadsad Hirt DNA is prepared for cloning of AAV7 genome following
Xiao et al., 1999, J. Viral, 73:3994-4003. 30 Example 5 - Production of AAV Vectors A
pseudotyping strategy similar to that of Example 3 for AAV1/7 was employed to produce AAV2 vectors
packaged with AAV1, AAV5 and AAVS8 capsid proteins. Briefly, recombinant AAV genomes equipped
with AAV2 ITRs were packaged by triple transfection of 293 cells with cis-plasmid, adenovirus helper
plasmid and a chimeric packaging construct where the AAV2 rep gene is fused with cap genes of
novel AAV serotypes. To create the chimeric packaging constructs, the Xho | site of p5818 plasmid at
3169 bp was ablated and 5the modified plasmid was restricted with Xba | and Xho | in a complete
digestion to remove the AAV2 cap gene and replace it with a 2267 bp Spe I/Xho | fragment containing
the AAVS8 cap gene Ciao, W., et al., (1999) T Viral 73, 3994-4003]. A similar cloning strategy was used
for creation of chimeric packaging plasmids of AAV2/1 and AAV2/5. All recombinant vectors were
purified by the standard 0s012 sedimentation method except for 10AAV2/2, which was purified by
single step heparin chromatography. Genome copy (GC) titers of AAV vectors were determined by
. TaciMan analysis using probes and primers targeting SV40 poly A region as described previously
[Gao, G., et al., (2000) Hum Gene Ther 11,2079-91]. Vectors were constructed for each serotype for a
number of in vitro and in vivo 15studies. Eight different transgene cassettes were incorporated into the
vectors and recombinant virions were produced for each serotypc. The recovery of virus, based on
genome copies, is summarized in Table 4 below. The yields of vector were high for each serotype with
no consistent differences between serotypes. Data presented in the table, are average genome copy
yields with standard deviation x IV of multiple production lots of 50 20plate (150 mm ) transfections.
Table 4. Production of Recombinant Vectors AAV2/1 AAV2/2 AAV2/5 AAV2/7 AAV2/8 CMV 730 433
4.49 289 5.19 + 5.19 3.42 0.87
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LacZ (n=9) (n=6) (n=8) (n=1) (n=1) CMV 6.43 + 2.42 3.39 + 2.42 5.55 + 6.49 2.98 + 2.66 334 + 328,
ECFF (n=2) (n=2) (n=4) (0=2) (11=2) T13G LacZ 4.18 0.23 0.704 + 0.43 2.16 0.532 (n=1) (n=1) (n=2)
(n=1)~ '

In the line of study, a 257 bp region spanning 2886 bp to 3143 bp of
AAV 1 [SEQ ID NO: 6], and the corresponding region in the genomes of AAV 2-6 genomes
[See, Fig. 1], was identified by the inventors. This region is located with the AAV capsid
gene and has highly conserved sequences among at both 5° and 3” ends and is relatively
5  variable sequence in the middle. In addition, this region contains a Dralll restribtion enzyme
site (CACCACGTC, SEQ ID NO:15) . The inventors have found that this region serves as
specific signature for each known type of AAV DNA. In other words, following PCR
~ reactions, digestion with endonucleases that are specific to each known serotypes and gel
electrophoresis analysis, this regions can be used to definitively identify amplified DNA as

10 being from serotype 1, 2, 3, 4, 5, 6, or another serotype.

A The primers were designed, validated and PCR conditions optimized
with AAV1, 2 and 5 DNA controls. The primers were based upon the sequences of AAV2:
5" primer, 1S: bp 2867-2891 of AAV2 (SEQ ID NO:7) and 3' primer, 18as, bp 3095-3121 of
AAV2 (SEQ ID NO:7).

15 Cellular DNAs from different tissues including blood, brain, liver,
lung, testis, etc. of different rhesus monkeys were studied utilizing the strategy described
above. The results revealed that DNAs from different tissues of these monkeys gave rise to
strong PCR amplifications, Further restriction analyses of PCR products indicated that they
were amplified from AAV sequences different from any published AAV sequences,

20 PCR products (about 255 bp in size) from DNAs of a variety of
monkey tissues have been cloned and sequenced. Bioinformatics study of these novel AAV
sequences indicated that they are novel AAV sequences of capsid gene and distinct from
each other. Fig. 1 includes in the alignment the novel AAV signature regions for AAV10-12
[SEQID NO:117, 118 and 119, respectively]. Multiple sequence alignment analysis was

25  performed using the Clustal W (1.81) program. The percentage of sequence identity
between the signature regions of AAV 1-7 and AAV 10-12 genomes is provided below.
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(n=1) I Alb MAT 4.67 + 0.754.77 4.09 5.04 2.02 (n=2) (n=1) (n=1) (n=1) (n=1) C13 AIAT 0.567 0.438
2.82 278 0.816 - (n=1) (n=1) (n=1) (n=1) 0.679 (n=2) Table 4 (cont'd). AAV2/1 AAV2/2
)

Table 1. Sequences for Analysis

Sequence # AAV Serotype | Size (bp)
1 AAVI 258
2 AAV2 255
3 AAV3 - 255
4 AAV4 246
5 AAVS 258
6 AAVE 258
7 AAV7T 258
10 AAV10 255
11 AAV1L 258
12 AAVI2 255

Table 3. Pairwise Alignment (Percentage of Identity)

5
AAV2 | AAV3 | AAV4 | AAVS | AAV6 | AAVT | AAV10 | AAV11 | AAVI2
AAV1 190 90 81 76 97 91 93 94 93
AAV2 93 79 78 90 90 93 93 92
AAV3 80 76 90 92 92 92 92
AAV4 76 81 84 82 81 79
AAVS 75 78 79 79 76
AAVE 91 92 94 94
AAV7T ‘ 194 92 92
AAV10 ' ' 95 193
AAV11 94

Over 300 clones containing novel AAV serotype sequences that span the
selected 257 bp region were isolated and sequenced. Bioinformatics analysis of these 300+
10 clones suggests that this 257 bp region is critical in serving as a good land marker or
signature sequence for quick isolation and identification of novel AAV serotype.
B. Use of the signature region for PCR amplification.
The 257 bp signature region was used as a PCR anchor to extend
PCR amplifications to 5’ of the genome to cover the junction region of rep and cap genes
15 (1398 bp - 3143 bp, SEQ ID NO:6) and 3° of the genome to obtain the entire cap gene
| sequénce (2866 bp — 4600 bb, SEQ ID NO:6). PCR amplifications were carried out using
the standard conditions, including denaturing at 95°C for 0.5-1 min, annealing at 60-65°C for
0.5-1 min and extension at 72° C for 1 min per kb with a total number of amplification
cycles ranging from 28 to 42.
20 Using the aligned sequences as described in “A”, two other relative

conserved regions were identified in the sequence located in 3’ end of rep genes and 5’ to the
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AAV2/5 AAV2/7 AAV2/8 TBG 8.51 + 6.65 3.47 -1 2.09 5.26 +3.85 6.52 + 3.08 1.83 + 0.98 thCG (n=6)
(n=5) (n=4) (n=4) (n=5) TBG eFIX 1.24 + 1.29 0.63 + 0.394 _ 3,74 + 2.48 4.05 15.8 + 15,0 (n=3)
(n=6) (n=7) (n=1) (n=5)

257 bp region and in the sequence down stream of the 257 bp fragment but before the AAV?
3 ITR. Two sets of new primers were designed and PCR conditions optimized for recovery
of entire capsid and a part of rep sequences of novel AAV serotypes. More specifically, for
the 5' amplification, the 5' primer, AV1INs, was GCTGCGTCAACTGGACCAATGAGAAC
5 [nt 1398-1423 of AAV1, SEQ ID NO:6] and the 3' primer was 18as, identified above. For
the 3' amplification, the 5' primer was 1s, identified above, and the 3' primer was AV2Las,
TCGTTTCAGTTGAACTTTGGTCTCTGCG [nt 4435-4462 of AAV2, SEQ ID NO:7].
In these PCR amplifications, the 257 bp region was used as a PCR
anchor and land marker to generate overlapping fragments to construct a complete capsid

10 gene by fusion at the Dralll site in the signature region following amplification of the 5' and
3' extension fragments obtained as described herein. More particularly, to generate the intact
AAV7 cap gene, the three amplification products (a) the sequences of the signature region;
(b) the sequences of the §' extension; and (c) the sequences of the 3' extension were cloned
into a pCR4-Topo [Invitrogen] plasmid backbone aocording to manufacturer’s instructions,

15 Thereafter, the plasmids were digested with Dralll and recombined to form an intact cap
géne.

In this line of work, about 80 % of capsid sequences of AAV7 and
AAV 8 were isolated and analyzed. Another novel serotype, AAV9, was also discovered
from Monkey #2.

20 Using the PCR conditions described above, the remaining portion of
the rep gene sequence for AAV7 is isolated and cloned using the primers that amplify 108 bp
to 1461 bp of AAV genome (calculated based on the numbering of AAV2, SEQ ID NO:7).
This clone is sequenced for construction of a complete AAV7 genome without [TRs.

C. Direct Amplification of 3.1 kb Cap fragment

25 To directly amplify a 3.1 kb full-length Cap fragment from NHP

tissue and blood DNAs, two other highly conserved regions were identified in AAV

‘genomes for use in PCR amplification of large fragments. A primer within a conserved

region located in the middle of the rep gene was selected (AV1ns: §'
GCTGCGTCAACTGGACCAATGAGAAC 3, nt 1398-1423 of SEQ ID NO:6) in
combination with the 3' primer located in another conserved region downstream of the Cap
gene (AV2cas: 5' CGCAGAGACCAAAGTTCAACTGAAACGA 3', SEQ ID NO:7) for

amplification of full-length cap fragments. The PCR products were Topo-cloned according

W
<

to manufacturer’s directions (Invitrogen) and sequence analysis was performed by
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5Example 6- Serologic Analysis of Pseudotyped Vectors C57BL/6 mice were injected with vectors
of different serotypes of AAVCBAIAT vectors intramuscularly x 1011 GC) and serum samples were
collected 34 days later. To test neutralizing and cross-neutralizing activity of sera to each serotype of
AAV, sera was analyzed hi a transduction based neutralizing antibody assay [Gao, G. P., etal,, (1996)
.1 10Viral 70, 8934-43]. More specifically, the presence of neutralizing antibodies was determined by

assessing the b|I|t ofseru |nh|b|ttran i 84-31 cells b L Viruses
(A IV E GRS A B R BB R0t cach
serotype [at meﬂﬁﬂﬁ(ﬁl@ﬂéﬁf TrifecaoA MO PiREseEd Anelishertidhebnooysefmarddiomcells] was

pre-incubated withhealchastivaied sarum. irx)m &mim&yﬂa&w&@i@dadiﬁwmpsereymes of AAV or

from naive m|c§ ﬁfte%%IQ%%E'ncuﬁo%t lon Gag vgrtges W{er{lecﬁddecifo 84 § ceIIs in 96 well plates
for 48 or 72- haUr. depending on the virus serotype Xpression ot was easured by

Fluorolmagdin (Molecular Dy?fa’rﬁ ReytabfoPeiEnifii deriparaarse tRisiit SRt aoxeettlizing antibody
titers were repefien a&sthet higheskseriaPdiiyion th@drhikiecddransdpediondpdessthan 50%. 20 The

availability of GEE, expressing v é’ﬁ%@&?ﬁ%ﬁ’%@ t%'%%ﬁ%‘{%vﬂf?%% E‘Pse %XeEOS QF“”%M'“Q

antibodies that was base on inhibitioh of transduction in a permissive ce jine (1.e., 293 cells stably

expressing E4 ForfPREETHSR PARS SN DA P LeBhyHRS eYe ﬁ%‘ﬁéf@é‘"féa‘@y‘iﬁﬁ‘aﬁ?ﬂgéﬂlar injection
of the recombinantitiryFesVReutiplization oA AVt tangatioNens. l}yrs’t Eﬁamm/%@ndlmmas of the

antiser s linled (Reg Table s lowl 25.AiseiR 10 A 2%5 Y51 AAYB neuralized

transduction of the serotype fo w e antiserum was ge ate U860 A lesser extent
than AAV1 and&E&S)¥5it st fﬁ’ep&‘}ﬁéf%é’@ﬁﬁé‘é’m%a“ﬂﬂé@v@/éé W@@ﬁ@é ¥f&ross neutralization

suggesting thatAAXB8 pﬁxaelmlydmtqn@ IFeTRiyPR)t of olol &1 &1 vey Qleg baDAmady ISRl d e AAV
Serotypes. % Infe t| %gi ﬁ?&ﬁ #V t&éﬁy %@%FAD xﬁlrgl f‘é{“é ]tréré%églezd%vzw AAV217
ru ?'/n iluti Huti éul

AAV218 Serum 8 tlon S Serum dllutlon Serum erum ution Sara
Immunization \Pé¢esi #rsgsejged txansfoxmants to look for hybnd clones possibly derived from

15 recombination process in bacterial cells. In a different experiment, we restricted AAV7 and
AAVE plasmids with Msp I, Ava I and Hael, all of which cut both genomes multiple times at
different positions, mixed the digestions in different combinations and used them for PCR
ampliﬁca‘cien of VP1 fragments under the same conditions to test whether any PCR prodtxcfs
could be generated through overlap sequence extension of partial AAV sequences. In another

20  experiment, a mixture of gel purified 5' 1.5 kb AAV7 VP1 fragment and 3' 1.7 kb AAV8
VP1 fragment with overlap in the signature region was serially diluted and used for PCR
amplification in the presence and absence of 200 ng cellular DNA extracted from a monkey
cell line that was free of AAV sequences by TagMan analysis. None of these experiments
demonstrated efficient PCR-mediated overlap sequence production under the conditions of

25  the genomic DNA Cap amplification (data not shown). As a further confirmation, 3 pairs of
primers were designed, which were located at different HVRs, and. were sequence specific to
the variants of clone 42s from Rhesus macaque F953, in different combinations to amplify
shorter fragments from mesenteric lymph node (MLN) DNA from F953 from which clone
42s were isolated. All sequence variations identified in full-length Cap clones were found in

30  these short fragments (data not shown).
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1/20 1/80 1/20 1/80 1/20 1/80 1/2011/80 Group 1 AAV211 0 0 100 100 100 100 100 100 1001100
Group 2 AAV2/2 100 100 0 0 100 100 100 100 100

Example 2: Adeno-Associated Viruses Undergo Substantial Evolution in Primates
During Natural Infections

Sequence analysis of selected AAV isolates revealed divergence throughout the
genome that is most concentrated in hypervariable regions of the capsid proteins.

5  Epidemiologic data indicate that all known serdtypes are endemic to primates, although
isolation of clinical isolates has been restricted to AAV2 and AAV3 from anal and throat
swabs of human infants and AAVS from a human condylomatous wart. No known clinical
sequalae have been associated with AAV infection.

In an attempt to better understand the biology of AAV, nonhuman primates were

10 used as models to characterize the sequlae of natural infections. Tissues from nonhuman
primates were screened for AAV sequences using the PCR method of the invention based on
oligonucleotides to highly conserved regions of known AAVs (see Example 1), A stretch of
AAYV sequence spanning 2886 to 3143 bp of AAV1 [SEQ ID NO:6] was selected as a PCR
amplicon in which conserved sequences are flanked by a hypervariable region that is unique

15  to each known AAV serotype, termed herein a “signature region.”

An initial survey of peripheral blood of a number of nonhuman primate species
including rhesus monkeys, cynomologous monkeys, chimpanzees, and baboons revealed

* detectable AAV in a subset of animals from all species. A more extehéive analysis of vector
distribution was conducted in tissues of rhesus monkeys of the University of Pennsylvania

20 and Tulane colonies recovered at necropsy. This revealed AAV sequence throughout a wide
array of tissues,

The amplified signature sequences were subcloned into plasmids and individual
transformants were subjected to sequence analysis. This revealed substantial variation in
nucleotide sequence of clones derived from different animals. Variation in the signature

25 sequence was also noted in clones obtained within individual animals. Tissues harvested
from two animals in which unique signature sequences were identified (i.e., colon from
98E044 andv heart from 98E056) were further characterized by expanding thé sequence
amplified by PCR using oligonucleotides to highly conserved sequences. In this way,
complete proviral structures were reconstructed for viral genomes from both tissues as

30 described herein, These proviruses differ from the other known AAVs with the greatest
sequence divergence noted in regions of the Cap gene.

Additional experiments were performed to confirm that AAV sequences resident to

the nonhuman primate tissue represented proviral genomes of infectious virus that is capable



100 Group 3 AAV2/5 100 100 100 100 16.5 16.5 100 100 100 100 Group 4 AAV2|7 100 100 100 100
100 100 61.5 100 100 100 Group 5 AAV2/8 100 100

/

of being rescued and form virions. Genomic DNA from liver tissue of animal 98E056, from
which AAVS signature sequence was detected, was digested with an endonuclease that does
not have a site within the AAV sequence and transfected into 293 cells with a plasmid
containing an EI deleted genome of human adenovirus serotype 5 as a source of helper
5 functions. The resulting lysate was passaged on 293 cells once and the lysate was recovered

and analyzed for the presence of AAV Cap proteins using a broadly reacting polyclonal
antibody to Cap proteins and for the presence and abundance of DNA sequences from the
PCR amplified AAV provirus from which AAV8 was derived. Transfection of endonuclease
restricted heart DNA and the adenovirus helper plasmid yielded high quantities of AAVS

10 virus as demonstrated by the detection of Cap proteins by Western blot analysis and the
presence of 10* AAVS vector genomes per 293 cell. Lysates were generated from a large-
scale preparation and the AAV was purified by cesium sedimentation. The purified
preparation demonstrated 26 nm icosohedral structures that look identical to those of AAY
serotype 2. Transfection with the adenovirus helper alone did not yield AAV proteins or

15  genomes, ruling out contamination as a source of the rescued AAV,

To further characterize the inter and intra animal variation of AAV signature
sequence, selected tissues were subjected to extended PCR to amplify entire Cap open. -
reading frames. |

The resulting fragments were cloned into bacterial plasmids and individual

20  transformants were isolated and fully sequenced. This analysis involved mesenteric lymph
nodes from three rhesus monkeys (Tulane/V223 - 6 clones; Tulane/T612 — 7 clones;
Tulane/F953 — 14 clones), liver from two rhesus moukeys (Tulane/V251 ~ 3 clones;

Penn/00E033 — 3 clones), spleen from one rhesus monkey (Penn/97E043 — 3 clones), heart

o from one-rhesus monkey (ITHGT/98E046- 1 clone)-and peripheral-blood from-one s s

25  chimpanzee (New Iberia/X133 — 5 clones), six cynomologous macaques (Charles
River/A1378, A3099, A3388, A3442, A2821, A3242 -6 clones total) and one Baboon
(SFRB/8644 — 2 clones). Of the 50 clones that were sequenced from 15 different animals, 30 B
were considered non-redundant based on the finding of at least 7 émino acid diffefences
from one another. The non-redundant VP] clones are numbered sequentially as they were

30  isolated, with a prefix indicating the species of non-human primate from which they were
derived. The structural relationships between these 30 non-redundant clones and the
previously described 8 AAV serotypes were determined using the SplitsTree program

[Huson, D. H. SplitsTree: analyzing and visualizing evolutionary data. Bioinformatics 14,
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100 100 100 100 100 _ 100 26.3 60 10Human sera from 52 normal subjects were screened for
neutralization against selected serotypes. No serum sample was found to neutralize A_AV2/7 and
AAV2/8 while AAV2/2 and AAV2/1 vectors were neutralized in 20% and 10% of sera, respectively. A
fraction of human pooled IgG representing a collection of 60,000 individual samples did not neutralize
AAV2/7 and AAV2/8, whereas AAV2/2 and AAV2/1 vectors were neutralized at 15titers of serum equal
to 1/1280 and 1/640 ectively. Example 7. - in viyo Evaluatjon of Djfferent Serotypes of AAV
Vectors In fjj sfbg%? Wr‘élhcgry Eﬁ‘ﬁ%‘ﬁ %ﬂ\olféhéen%er%gg? is,&%} ?@HNSA“IQ? A ﬁ%\i@ﬁy T
AAV2CMVrhC&pAYRTBEH BOYVANVRTE Se R eNAY REHIR haeR End 20D TBGLasZ were

packaged withicapsid pretgins Rfidiffarandserely pes ipiadl theonstid elsninigare sassaltes were
flanked with AAV?2 Ilﬁis. clPNAs of h{g a aantitryva{sin AlAT .LXiao, W., ehgl.,vglg%)l Virol 73, 3994
C 1

4003] 13-subufit B SRR ALY SO B GOt apiharhiohd TCE) BSw. & Wilson, J. M.
(2000,) Mot ThExiensbE Rio}esminies fesanth X Mrarrguired et eifien Podp)dricobeMativavatit®al US A 94,
11563-6] 25andhacieriatn-glratpsidane i © grbastd) Genes were usednas ieperter genes. For liver-
directed gene tr&qa}‘rﬁ% either mouse albumin gene promoter (Alb) [Xiao, W. (1999), cited above] or
human thyroid hormotie binding globulin gene promoter (180) [Wang (1997), cited above] was used to
drive liver specific exE%ﬁl@?@dh%@%@ﬂ‘é‘fe%‘éﬁéé‘?qwfﬁ?ﬁﬁéﬁéidﬁfé‘@@ﬁogéiﬁ@&ﬁélh%@?lexperiments, either
cytomegalovirug eadly, BEOMeBNCHY) e ebivke Righasiiu ap@vialenwth 4 My erhanger (CB) was
employed to direct expression of reporters. Eor le~dire e% e nsfer, yvectqrs were
iectod b the i s e B S e R S R R
Germantown, MY fstinperitiksensd ienEhtpaprstesd dtuervs, Ae cmppetienipfise sereasartally into 7-9
week old NCR nud ©un G5i7EL46 foisexd aicRrig, Mmersamaws, shoik)Serum samples were collected
inuraorbitally at differeat Ume points alsr veatadminisiaon. Muscle and et sgyes were
harvested at different time points for cryosectioning and gaT istochemieal aining from animals that
received the laBZujeet8recHisn (e PEna dRiRsiSitG I 8RpRtinient0 B bglens thatudisistal received

AAV2/1, 212, 2i5ie/ frandR/ISGRA A vesiorsintyamisciarky asetiatoved far ddicdddgene expression
for 7 weeks. Animals were then treat ith, AAV2/8TBGeFIX intraportally and studied for cFIX gene
expression. Va&%f%% cgg%éf %é%%yf%e%@h%%\r/%%g ?Soq%eacﬁﬁf?gs%erﬁsrﬁﬁ%%@%f hA IAT, rhCO and
~ FIX proteins asttfesgsrprodgielicUsipeaaabierepone Ay R poubich Y izposgs et 3f fsifiek, P. W. 84
Wilson, J. M. (2086)uMat dshiersd;651Qe Mank dis, eital af3re cRNa i Actited 28svel SAHeSd11563-6]. The

experiments Wl ?&%Sfﬁgaﬁé‘é*‘c%ﬂfé}gi&%@l?é’%’ﬁé%%@&ﬂ@ &R/E?é/e TY&?&%&S@%@%Q@ liver tissues for

DNA extraction and quantitative analysis of genome copies o tors present in ta agt tissues by
TagMan u&ing lpfatedmBiseest privtersiatia b BEasiRiRfaaorF bf e HURprepdratients [Zhang, Y., et
al., (2001) Mot ihhemedaibf FofQld). offie: pafianasaehafivesiers hasa on Ihenawdsatotypes were

E‘a’lzgj ;fr? tit?er“‘s‘{ig%%s%?g%‘?%'é L dReeRnd Ve digsiedgsns ransieland Rmpased to vectors
Real-time PCR was used to quantify AAV sequences from tissues of 21 rhesus

monkeys using primers and probes to highly conserved regions of Rep (one set) and Cap

25 (two sets) of known AAVSs. Each data point represents analysis from tissue DNA from an
individual animal. This confirmed the wide distribution of AAV sequences, although the
quantitative distribution differed between individual animals. The source of animals and
previous history dr treatments did not appeaf fo influence distribu’cionyof AAV sequences in
thesus macaques. The three different sets of primers and probes used to quantify AAV

30 yielded consistent results. The highest levels of AAV were found consistently in mesenteric
lymph nodes at an average of 0.01 copies per diploid genome for 13 animals that were

positive. Liver and spleen also contained high abundance of virus DNA. There were

examples of very high AAV, such as in heart of rhesus macaque 98EQ56, spleen of rhesus
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known serotypes AAV1, AAV2 and AAVS5. Vectors expressing secreted proteins (alphaantitrypsin (A
|IAT) and chorionic gonadotropin (CO)) were used to quantitate relative transduction efficiencies
between different serotypes through ELISA analysis of sera. The cellular distribution of transduction
within the target organ was evaluated using lacZ 20expressing vectors and X-gal histochemistry .
The performance of AAV vectors in slceletal muscle was analyzed following direct injection into the

tibialis anteriof ySClessVaCors RPBIARGA Me.SameAMY 2 Rasel asname Wihthe immediate early

gene of CMV or a CMV enhanced 13-actin romoter drlvmg expression of the fransgene. Previous
&

studies |ndlcaf@Ei‘etﬁ%fiWﬁ?@%ﬁ?ﬁé%‘f‘é?ﬁ@@fé?@?ﬁﬁ% S RNREdORURSIP FeEBnses to the
human Al AT pidteir:whendexpressed! froml AsddnrettorsXiagdttingtial dafd 80Ehd/irahdt, 3994-4003],

In each StramdMX%M&%@e%y&%ft@atyga%%we b Bl aRE MM/ Tvgptor the lowest, with
AAV2/7 and AAV2/8 vectors showin qh%%n dlat levels of expression. Peale levels of CO at 28 days

following mjecHiBH O HhOFRE RERFRIKE Rist: %tﬂl RESE HSRIARYS 75 E%he lowest from
AAV2/2 with A&V2ad ighdualsgyid rb%@thveéuaorlméf@m@ﬁs ofh NAYRA tamelP AR YRIGE |d¢Buesctors yielded

gene expressign. Al thaiastingsitesdn@linyvssiediber s.with m%a he fewierlacgapositive fibers
observed with AAVZi\éql and AAV 2(8 ectors hese da |nd| % af the efficiency of transduction

with A_AV2/PUBEBRANCIRAS AR é%:al%ofét nifaFte® é’iscfﬁ SWARHRRGB /" WHich is the most
efficient in skelgtaliimtiscle of the previously described serotypes EXiao, W. (1999), cited above; Chao,

H., etal,, (2001) Mol g 3272 & haeibh «Sleled 2000 Mol THET, 2619 A3kESimilar murine

models were us dto eval ate Ilve dlrected ne transfer Identlcal dos s, of vector based on genome
copies were irfuSERiAtS HE aﬂorté‘#@eﬁlﬁ%}eosfom|ces%hata\?\}31raés VAL R %@qﬁéﬁt‘fj%?%xpressmn of
the transgenes@asHoyaesor Bddtairises éwmmzdbagé@memnbmg prisvivusiadescribed liver-specific
promoters (i iy ULV okuRne GG Al g gme%%s@@% gfdhe transgene.

More partlcularfy CMVCO 10and TBOCG ene cassett vav §1eﬁ)§ for muscle and liver-directed

gene transfer, FEspE&ivaR” Tave i s e S Waere Llited a8 Feld & ﬁ’ﬂl% % 199 1%Phe data were
from assaylngnsémrﬁ%mpi‘é@b@lﬁm&@sézﬁd@ye%?lpb‘svww&eﬁlmEﬁﬁ&’tmh@h ¢dohrsinirals per group). As

shown in Tab|%s§ox§'§@t8ﬂﬁﬁ%&5§@@§@ﬂpﬁ’i&&@é@%@@;ﬂ&@sﬁ@iCﬁﬂ%l%%W&%@ﬁé%ThyeCtors in

nu/nu and OS?B /6 mice and CQ ors in C57BL/6 mic 15consistent (See Table 6). Table 6.
Expression of Iﬂ 6t é’éal}lso (YL} \%\? CChof o‘rﬁ?g gﬂcﬁwlﬁ %CYV fﬁ' mﬁ%ﬁ Qfe°6?8§ @%leer AAV2/14.5

2.11.6 1.0 20/4PA20 & 1e9e10. VafG@MR/@lSMD*WBO19%‘AA‘\¢21@1¢11020254®Q“W®WAV2/84 0+0.776.0

22.8 *Not determinegjshis %ﬁwm@@ﬁozéﬂmdlsg@es@s%%\w&ymmw%I@tﬁgism@ymghest levels of
transgene exp%essmn that ra 5%& reater an wha was Q alned with AAV2/2 vectors;

expressmn from %&t\f??& and %cht rescv(\)fgs é’r‘?fi%leda E10y %Slth A7 gﬁ%é?“t‘heﬁﬁei\sz/s
Analysis of X- @aldsl@airbédoh\rér“éémW@#@ﬁﬂwgeﬁ”ﬁ@l?@é@v‘éﬁ%er@Uﬁpéls@mndmgﬂacz 30vectors

showed a corrglgfiembetwaanihe: rﬂumgwrtmagmeaags&&@e@%@lH@/@ﬂ%&ﬁ&[@é&gene

expression. DNAs %xtrgct d frorg Ilvers % lg:e rmflce wréo eceived Epe A% IATitvectors were
analyzed for abtRBARTE dPVEEE BNE USiNG Feartime PER fecﬂlrwué% ¢ netresuitis

extensive swappmg of hypervariable regions of the Cap protein 1eadmg to an array of

25 chimeras that could have different tropisms and serologic specificities (i.e., the ability to
escape immunologic responses especially as it relates to neutralizing antibodies).
Mechanisms by which homologous recombination could occur are unclear. One possibilfty
is that + and ~ strands of different single stranded AAV genomes anneal during replication as
has been described during high multiplicity of infections with AAV recombinants. It is

30 unclear if other mechanisms contribute to sequence evolution in AAV infections. The
overall rate of mutation that occurs during AAV replication appears to be relatively low and
the data do not suggest high frequencies of replication errors. However, substantial

rearrangements of the AAV genome have been described during lytic infection leading to the
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The amount of vector DNA found in liver 56 days after injection correlated with the levels of transgene
expression (See Table 7). For this experiment, a set of probe and primers targeting the SV40 polyA
region of the vector genome was used for TagMan PCR. Values shown are means of three individual
animals with standard deviations. The 5 animals were sacrificed at day 56 to harvs liver tissues for
DNA extraction. These studies indicate that AAVS is the most efficient vector for liver-directed gene

transfer due to increased numbers of transduced heﬁfatocytes. Table 7 - Real Time PCR Analysis
for Abundance SPRARPYRIABIS e (T B ARRIAles L NFerReGiNGWiiRe mfskaifr B8t ddenome Copies of
Vector. AAV vectgisHoose GenametCipiesgpeidde) vAAMA LA At AlsGBd:36AME2A IbAI AT 0.003

0001 AAV2ISARAJAT ABSAOAMNRIINRA | AR LEANAIE ARAIAT L4, 25The serologi

data described above su isst that AAV2/8 vector should not be neutralized in vivo following
immunization witH478 BHieh SBRSty peseRePr a8 16l RfER PaE VS ORIt AP BHEH R DERBIRS of AAV2/8
vector expressing canifiefactaiid¥ {10 dpenionsencopies pib6 dayslafiernthaydieneit@d intramuscular

injections of Al AT vestors, of different sriMAGS I dave!s.0f Jacton X SXRIessioewgig Qbtained 14

days following infusion of 30AAV2/8 into nave animals (17+2 rig/ml, n=4) which were not significantly

different that whiPWAS OHESHASE i1t RRimIL iR S AR P 3T ess Bl hee oBAV 2/2 (16
ug/ml, n=2), anchsdaxs/ 21 7 {lL BeHtirpdytent 2) 1 miscd patrasis € widateleas obsersieodifmhARM A EMMuUnized

animals that werg jnfusedwith e AAMe/B faster X veeiRk ivhiching.deiratabla fastor IX was

observed (<0.1 ug/inl, n=4). 350ligonucleotides to conserved regions of the ca‘fggene did amplify
C

sequenceslﬂ'om“f%fégﬁéefﬁ SRECR e REPaT SRBh R PETIRGURS KU ard Simetian cafrdighditirésequences
were found in mailtipleitissueseiron detus moakeyszdénilad fromeapdgasttwb giffereiftcoplonies.

Full-length rep and gaRiopemdcadingframes welasaiaied sndsggdugnced from single sources. Only
the cap open reading frames of the novel AAVs were necessary to evaluate their potential as vectors

because vectors with the AAV7 or AAVS8 capsids were generated using the ITRs and rep from AAV2.

This also simplifiedtfig.companstsobdidesaniveciorsysinta e aatiRVeRI0L A9nene is identical
between different vector serotypes..In fact, the 5yields of recombipant vectors generated using this
approach did no‘f%‘?#é‘?ﬁ%?%%é@s SSpEaining 5&??36 LS ) g&\%f%’rﬁf%ﬁ%‘és 4o be

immunologicallyadistiemt izesfetheydeindiffeentalivod bydntibodies generated against other
~ serotypes). Furthermore, S%@ié{amﬁmgﬂg é&%%&@@gtg@#é%wmglﬁgam éé\wl%hac@g'.AAVS
v

vectors, which is a substantial 10advantage over the human derived AAVs currentdy under
development forsWHﬁiaﬁeéofnovel AAV serotypes. These chimeric packaging constructs are used, i

nitially,
for pseudotyping recombinant AAV genomes carrying AAV2 ITRs by triple transfection in
20 293 cell using Ad5 helper plasmid. These pseudotyped vectors are used to evaluate |
performance in transduction-based serological studies and evaluate gene transfer efficiency
of novel AAV serotypes in different animal models including NHP and rodents, before intact
and infectious viruses of these novel serotypes are isolated.
A. pAAVIGFP
25 The AAV2 plasmid which contains the AAV2 [TRs and green fluorescent
protein expressed under the control of a constitutitive promoter. This plasmid contains the
following elements: the AAV2 ITRS,‘a CMYV promoter, and the GFP coding sequenées. “
B. Cloning of trans plasmid
To construct the chimeric trans-plasmid for production of recombinant
30  pseudotyped AAV7 vectors, pSE18 plasmid (Xiao et al., 1999, J. Virol 73:3994-4003) was
partially digested with Xho I to linearize the plasmid at the Xho I site at the position of 3169
bp only. The Xho I cut ends were then filled in and ligated back. This modified p5E18

plasmid was restricted with Xba I and Xho I in a complete digestion to remove the AAV2
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significant proportion of the human population has pre-existing immunity that is neutralizing [Chirmule,
N., et al., (1999) Gene Ther 6, 1574-83]. The tropism of each new vector is favorable for in vivo
applications. AAV2/7 vectors appear to transduce skeletal muscle as efficiently as AAV2/1, which is
the 15serotype that confers the highest level of transduction in skeletal muscle of the primate AAVs
tested to date [Xiao, W., cited above; Chou (2001), cited above, and Chou (2000), cited above].

Importantly, AAV2/8 provides a substantial. adv e.over the pother serotypes in terms_of efficiency of
gene transfer tSal?\,%ePF%ﬁS YA HSWRES (‘Q’étﬁ ?e%;%@%f pcﬁsﬁe%ﬁgiﬁﬁﬁndﬁrﬁ f(oerr’r%%% frh%%h%lr%/bers of
hepatocytes statthetranddeices oM/ ppbhsistéhtty déttedesnil 10 to 100-fold improvement in gene
transfer efficiency as compargg ¢ ifig; pthenyestans Hhebasisien the-lseraversafiicignay.of AAV2/8 is
unclear, although jt presum is due to uptake via.a different rec r iS_more active on the
basolateral sur?é’élgdgf%eﬁé o%;“%#e%‘??‘ﬁ%%ﬁw%%%g % |crieé)r188§‘/u\?vrllﬁeﬁe%%£§ﬁpeg%%¥8 G)I%:"eﬁ Y6 ¢ ér\?eélopment of
liver-directéd gehtarahSiePiferaeine b ErVofwebaeededals Ysderitheaosiey dhtiA4i&a 25cycle

disorders and familipbhyperehelesieselemiaitin tHEhus, dhadaresenthinvention providesiadiavel
approach for isglg(t}ierg%,rg?we%\&lgased on PCR retrieval of genornic sequences. The amplified
sequences were easi y mcorpporate'd into vectors and tested in animals. The lack of pre-existing
immunity to AAV7 and the%avBredieies pidrieafenwaddddts for muscle indicates that AAV?7 is suitable

for use as a 30vector in humarrigane therapkaadothesin: vivoapPisatinns Stakadysthe lack of pre-
existing immunity to the. AAV serotypes of the invention, an tbéi ropisms,.renders them useful in
delivery (?11 merggé%t?gvﬁ% eléeﬁlggqg)é]% c%{lgf'gt ’l?ggﬁﬁ ﬂgag elgEPé%A é;r%g]g%l?LFi%%ﬁgnfnr%pism Studies

In the design of&NigH BietigHptit fahebenkl Kdréening-SthemedsiroediaAy \Coissiiitts, a non-tissue

specific and highinacsiye-piomerer, fLBrpraspien @BV e shanasshehickennsactia premoter) was
selected to drive n.ea&%%ﬂeg@pleﬁcri\g g%ﬁg)rsl%%ble regorter gene, human a anti-trypsin gene. Thus

cegllsinara C m & precipitation, . )
only one vector F'Ot‘ each new AA ?‘flone n (g mg e ?OI‘ gene transfer studies targetlng 3

different tissues, liver, lung and¥hiligcrtesHpaen torhddisd traprsiidss BBpARilatanidvay construct. The
following table surmalizemdatagen@aiad) ramdnemalAAVIvacta s inthe Jissuedtapism studies

ransior vehicit TN A3 B L H BT e s SARUBGANG. e § reports data
obtained (in iig PenmAe Bepler) et ey 4Se biitensrinin T BpRY Belldeieiondrgétimisiue Lung Liver
Muscle AAV2/LNBAND) #eIHidescript. MLP, 12, L2 and L3 were deleted in the pAdAF1. Further o
deletions of a 2.3 kb Nrul fragment and, subsequently, a 0.5 kb Rsrll/Nrul fragment
20  generated helper plasmids pAdAFS and pAdAFS6, respectively. The helper plasmid, termed
pAF6, provides the essential helper functions of E2a and E4 ORF6 not provided by the E1-
expressing helper cell, but is deleted of adenoviral capsid proteins and functional E1
regions).
Typically, 50 pg of DNA (cis:trans:helper) was transfected onto a 150 mm
25  tissue culture dish. The 293 cells were harvested 72 hours post-transfection, sonicated and
treated with 0.5% sodium deoxycholate (37°C for 10 min.) Cell lysates were then subjected to
two rounds of a CsCl gradiént. Peak fractipns containin grA AV vectorare coIIecfed; pooled and

dialyzed against PBS.
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AAV2/5 0.610.2 ND ND AA,V2/8 ND 84130 ND AAV2/rh.2 (43.1) 1417 2517.4 35114 AAV2/rh.10
(44.2) 2316 53119 46/11 AAV2/rh.13 (42.2) 3.512 210.8 3.511.7 AAV2/rh.21 (42.10) 3.112 211.4
4.312 15A couple of other experiments were then performed to confirm the superior tropism of AAV
44.2 in lung tissue. First, AAV vector carried CC10hAI AT minigene for lung specific expression were
pseudotyped with capsids of novel AAVs were given to Immune deficient animals (NCR nude) in equal
volume (50 pl each of the griginal preps without dilution) via intratracheal injections_as provided in the

following table. ¥ BB 55 e EaE EHiHAP ST B AP ATO RS KRR RTRFLTEESHSN limit -0.033

pg/ml, Day 28 of basic virology in human and NHP derived cell lines and evaluation of pathogenesis of
novel AAV serotypes in NHP and other animal models.
_ To achieve this goal, the genome walker system is émpioyed to obtain 5> and
5 3’terminal seq'uences (ITRs) and complete construction of clones containing intact novel
AAYV serotype genomes.
Briefly, utilizing a commercially available Universal Genome Walker Kit -
[Clontech], genomic DNAs from monkey tissues or cell lines that are identified as positive
for the presence of AAV7 sequence are digested with Dra I, EcoR V, Pvu Il and Stu I
10 endonucleases and ligated to Genome Walker Adaptor to generate 4 individual Genome
Walker Libraries (GWLs). Using DNAs from GWLs as templates, AAV7 and adjacent
genomic sequences will be PCR-amplified by the adaptor primer 1 (AP1, provided in the kit)
and an AAV7 specific primer 1, followed by_a nested PCR using the adaptor primer 2 (AP2)
and another AAV7 specific primer 2, both of which are internal to the first set of primers.
15 The major PCR products from the nested PCR are cloned and characterized by sequencing
analysis.

_ . Inthis experimerit, the primers covering the 257 bp or other signature
ffagment of a generic AAV genome are used for PCR amplification of celfular DNAs
extracted from Human and NHP derived cell lines to identify and characterize latent AAV

20 sequences, The identified latent AAY genomes are rescued from the positive cell lines using
adenovirus helpers of different species and strains.

To isolate infectious AAV clones from NHP derived cell lines, a desired cell

line is obtained from ATCC and screened by PCR to identify the 257 bp amplicon, i.e.,
sfgnature region of the invention. The 257 bp PCR product is cloned and serotyped by

25 sequencing analysis. For these cell lines containing the AAV7 sequence, the cells are
infected with SV-15, a simian adenovirus purghased from ATCC, human Ad5 or transfected
with plasmid construct housing the htfxnan Ad genes that are responsible for AAV helper
functions. At 48 hour post infection or transfection, the cells are harvested and Hirt DNA is

prepared for cloning of AAV7 genome following Xiao et al., 1999, J. Virol, 73:3994-4003.

Example 5 - Production of AAV Vectors

A pseudotyping strategy similar to that of Example 3 for AAV1/7 was employed to
produce AAV2 vectors packaged with AAVL, AAVS and AAVS capsid proteins. Briefly,
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Table 9 Vector Total GC in 50 pl vector pg of AIA.TIml with 50glvector pg of AIAT/m1 with 1x1011
vector Relative Gene transfer as compared to rh.10 (clone 44.2) 2/1 3x1012 2.6+0.5 0.09+0,02 2.2 2/2
5.5x10"/<0.03 <0.005 <0.1 2/5 3,6x1012 0.65+0.16 0.0240.004 0. 2/7 4.2x1012 1+0.53

recombinant AAV genomes equipped with AAV2 ITRs were packaged by triple transfection
of 293 cells with cis-plasmid, adenovirus helper plasmid and a chimeric packaging construct
where the AAV2 rep gene is fused with cap genes of novel AAV serotypes. To create the
chimeric packaging constructs, the Xho I site of pSE18 plasmid at 3169 bp was ablated and
5  the modified plasmid was restricted with Xba ] and Xho I ina complete digestion to remove
the AAV2 cap gene and replace it with a 2267 bp Spe I/Xho I fragment containing the
. AAV8 cap gene [Xiao, W., et al,, (1999) J Virol 73, 3994-4003]. A similar cloning strategy
was used for creation of chimeric packaging plasmids of AAV2/1 and AAV2/5. All
recombinant vectors were purified by the standard CsCl, sedimentation method except for
10 AAV2/2, which was purified by single step heparin chromatography.
Gename copy (GC) titers of AAV vectors were determined by TagMan analysis
using probes and primers targeting SV40 poly A region as described previously [Gao, G, et
al., (2000) Hum Gene Ther 11,2079-91].
- Vectors were constructed for each serotype for a number of in vitro and in vivo
15 studies. Eight different transgene cassettes were incorporated into the vectors and
recombinant virions were produced for each serotype. The recovery of virus, based on
genome copies, is summarized in Table 4 below. The yields of vector were high for each
serotype with no con.sisten’t differences between serotypes. Data presented in the table are
average genome copy yields with standard deviation x 10" of multiple production lots of 50

20 plate (150 mm ) transfections.

Table 4. Production of Recombinant Vectors

AAV2/1 AAV2/2 AAV2/S AAV2/7 AAV2/8
CcMvV 7.30+4.33 4,49 +2,89 519+ 5.19 342 0.87
LacZ (n=9) (n=6) (n=8) (n=1) (r=1)
(81\54% 643 +2.42 3.39+2.42 5.55+6.49 2.98+2.66 374 +3.88
EGFP (n=2) (n=2) (n=4) (=2) (n=2)
TBG LacZ | 4.18 0.23 0.704 +0.43 2.16 0.532.
(n=1) (n=1) (n=2) (n=1) (@=1)
Alb AIAT | 4.67+0.75 4,71 4.09 5.04 2.02
(n=2) (n=1) @=1) (n=1) (n=1)
CB A1AT | 0.567 0.438 2.82 278 0.816 +
(n=1) n=1) {n=1) (n=1) 0.679 (n=2)
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0.02;0,01 0.5 2/8 7.5x10r 0.9+0.7 0 2 0.09 2.9 2/011.5 (A.3.1) 9x1012 +0.7 0.010.008 0.24 2/rh.8
(43.25) 4.6x1012 26+21 0,56+0.46 13.7 2/rh.10 (44.2) 2.8x1012 115+38 4.1+1.4 100 2/rh.13 (42.2)

6x1012 7.3470,8 9+0.9 0.12+0.01 0.38+0,04 2.9 9.3

/

Table 4 (cont’d).

AAV2/1 AAV2/2 AAV2/S AAV2/T AAV2/8
TBG 8.51+6.65 3.47+2.09 526+3.85 6.52 +3.08 1.83 +0.98
rhCG (n=6) (n=5) (n=4) (n=4) (n=>5)
TBG cFIX | 1.24+1.29 0.63 +0.394 3,74 +2.48 | 4.05 158+15.0
' 1 (0=3) (n=6) (o=7) (n=1) (n=5)

5  Example 6 - Serologic Analysis of Pseudotyped Vectors
C57BL/6 mice were injected with vectors of different serotypes of AAVCBAIAT
vectors intramuscularly (5 x 10" GC) and serum samples were collected 34 days later. To
test neutralizing and cross-neutralizing activity of sera to each serotype of AAV, sera was
analyzed in a transduction based neutralizing antibody assay [Gao, G, P., et al,, (1996) J

10 Virol 70, 8934-43]. More specifically, the presence of neutralizing antibodies was
determined by assessing the ability of serum to inhibit transduction of 84-31 cells by reporter
viruses (AAVCMVEGFP) of different serotypes. Specifically, the reporter virus
AAVCMVEGEFP of each serotype [at multiplicity of infection (MOI) that led to a
transduction of 90% of indicator cells] was pre-incubated with heat-inactivated serum from

15  animals that received different semtype‘s of AAV or from naive mice. After i;houz'
incubation at 37° C, viruses were added to 84-31 cells in 96 well plates for 48 or 72- hour,
depending on the virus serotype. Expression of GFP was measured by Fluorolmagin
(Molecular Dynamics) and quantified by Image Quant Software. Neutralizing antibody titers
were reported as the highest serum dilution that inhibited transduction to less than 50%.

20 The availability of GFP expressing vectors simplified the development of an assay
for neutralizing antibodies that was based on inhibition of transduction in a permissive cell
line (i.e., 293 cells stably expressing E4 from Ad5). Sera to selected AAV serotypes were
generated by intramuscular injection of the recombinant viruses. Neutralization of AAV -
‘transduction by 1:20 and 1:80 dilutions of the antisera was evaluated (See Table Sbelc_)w).

25 Antisera to AAV1, AAV2, AAVS and AAVS neutralized traﬁsduction of the sérotypé to
which the antiserum was generated (AAVS5 and AAVS to a lesser extent than AAV] and
AAV?2) but not to the other serotype (i.e., there was no evidence of cross neutralization

suggesting that AAV 8 is a truly unique serotype).
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2/rh.21 (47.10) 2iiP  2/rh.22 (42.11) 2.6x10'2 6+0.4 0.23+0.02 5.6 2/rh.24 (42.13) 1.1x10" 0.4+0.3
4+0.3 1 The vectors were also administered to immune competent animals (C57BL/6) in equal
5genome copies axle GC) as shown in the Table 10. (1x10" GC per animal, C57BL/6, day 14,
detection limit '0.033 ug/m1) Table 10 AAV Vector lig of MAT/m1 with Ix1011 vector Relative Gene
transfer as compared to rh.10 (clone 44.2 2/1 0.076+0.031 2.6 2/2 0.110.09

Table 5. Serological Analysis of New AAV Serotypes.

% Infection on 84-31 cells with AAVCMVEGFP virus:

AAV2/1 AAV2/2 AAV2/5 AAV2/7 AAV2[8

] Serum dilution: | Serum dilution: | Serum dilution: § Serum dilution: Serum ditution:
s Sera: Immunization Vectorf 120 | 1/801 1/20 1 1/80 1 1/20 | 1/80 § 1/20 | 1/80 | 1/20 | 1/80
Group 1 AAV21 0 0 100 | 100 | 100 | 100 100 | 100 ¢ 100 100
Group 2 AAV2/2 100 | 100 0 0 100 | 100 100 100 | 100 100
Group 3 AAV2/5 100 | 100§ 100 | 1001 16.51 16,54 100 | 100 ] 100 100
Group 4 AAV2IT 100 | 1004 100 -] 100} 100 | 100 | 815 { 100 | 100 100
Group 5 AAV2I8 100 § 100} 100 | 100} 100 | 100 100 100 | 28.3 60

10 Human sera from 52 normal subjects were screened for neutralization against

selected serotypes. No serum sample was found to neutralize AAV2/7 and AAV2/8 while

AAV2/2 and AAV2/1 vectors were neutralized in 20% and 10% of sera, respectively. A

fraction of human pooled IgG representing a collection of 60,000 individual samples did not

neutralize AAV2/7 and AAV2/8, whereas AAV2/2 and AAV2/1 vectors were neutralized at
15  titers of serum equal to 1/1280 and 1/640, respectively.

Example 7 - In vivo Evaluation of Different Serotypes of AAV Vectors
~ In this study, 7 recombinaﬁt AAV genomes, AAV2CBhAIAT, AAVZAibhAVIAT,
AAV2CMVThCG, AAV2TBGrhCG, AAV2TBGCFIX, AAV2CMVLacZ and
20 AAV2TBGLacZ were packaged with capsid proteins of different serotypes. Inall 7
constructs, minigene cassettes were flanked with AAV2 ITRs. cDNAs of human ¢-
antitrypsin (A1AT) [Xiao, W., et al., (1999) ] Virol 73, 3994-4003] B-subunit of rhesus
monkey choriogonadotropic hormone (CG) [Zoltick, P. W. & Wilson, J. M. (2000) Mol Ther
2, 657-9] canine factor IX [Wang, L., et al., (1997) Proc Natl Acad Sci U S 4 94, 11563-6]
25  and bacterial B-glactosidase (i.e., Lac Z) genes were used as reporter genes. For liver-
directed gene transfer, either mouse albumin gene promoter (Alb) [Xiao, W. (1999), cited
above] or human thyroid hormone 'bih'ding globulin gene promoter (TBG) [Wang (1997),
cited above] was used to drive liver specific expression of reporter genes. In muscle-directed
gene transfer experiments, either cytomegalovirus early promoter (CMV) or chicken B-actin
30  promoter with CMV enhancer (CB) was employed to direct expression of reporters.
For muscle-directed gene transfer, vectors were injected into the right tibialis anterior
of 4-6 week old NCR nude or C57BL/6 mice (Taconic, Germantown, NY). In liver-directed
gene transfer studies, vectors were infused intraportally into 7-9 week old NCR nude or

C57BL/6 mice (Taconic, Germantown, NY). Serum samples were collected intraorbitally at
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3.4 2/5 0.0840.033 2.9 2/7 0.3310.01 11 2/8 1.92=1.3 2.9 2/ch.5 (A.3.1) 0.048+0.004 1.6 2/rh.8 (43.25)
1.7+0.7.58 2/rh.10 (44.2) 2.93+1.7 100 2/rh.13 (42.2) 0.45+0.15 15 2/rh.21 (42.10) 0,86+0.32 29
2/rh,22 (42.11) 0.38+0.18 13 2/rh.24 (42.13)

different time points after vector administration. Muscle and liver tissues were harvested at
different time points for cryosectioning and Xgal histochemical staining from animals that
received the lacZ vectors. For the re-administration experiment, C56BL/6 mice initially
received AAV2/1, 2/2, 2/5, 2/7 and 2/8CBA1AT vectors intramuscularly and followed for

5  A1AT gene expression for 7 weeks. Animals were then treated with AAVZ/STBGCFD(
intraportally and studied for cFIX gene expression.

ELISA based assays were performed to quantify serum levels of hA1AT, rthCG and
¢FIX proteins as described previously [Gao, G. P., et al,, (1996) J Virol 70, 8934-43; Zoltick,
P. W. & Wilson, J. M. (2000) Mo! Ther 2, 657-9; Wang, L., et al., Proc Natl Acad Sci U S 4

10 94, 11563-6]. The experiments were completed when animals were sacrificed for harvest of
muscle and liver tissues for DNA extraction and quantitative analysis of genome copies of
vectors present in target tissues by TagMan using the same set of primers and probe as in
titration of vector preparations [Zhang, Y., et al,, (2001) Mol Ther 3, 697-707}.

The perfor'mance of vectors base on the new serotypes were evaluated in murine

15 models of muscle and liver-directed gene transfer and compared to vectors based on the
known serotypes AAV1, AAV2 and AAVS. Vectors expressing secreted proteins (alpha-
antitrypsin (A1AT) and chorionic gonadotropin (CQ)) were used to quantitate relative
traﬁsduc‘cion efficiencies 'between different serotypes through ELISA analysis of sera, The
cellular distribution of transduction within the target organ was evaluated using lacZ

20  expressing vectors and X-gal histochemistry .

The performance of AAYV vectors in skeletal muscle was analyzed following direct
injection into the tibialis anterior muscles. Vectors contained the same AAV2 based genome
with the immediate early gene of CMV or a CMV enhanced B-actin promoter driving
expression of the transgene. Previous studies indicated that immune competent CS7BL/6

25  mice elicit limited humoral responses to the human A1AT protein when expressed from
AAYV vectors [Xiao, W., et al, (1999)J Vikol 73, 3994-4003].

~In each strain, AAV2/1 vector produced thevhighest levels of ALTAT and AAV2/2
vector the lowest, with AAV2/7 and AAV2/8 vectors showing intermediate levels of
expression. Peak levels of CG at 28 days following injection of nu/nu NCR mice showed the

highest levels from AAV2/7 and the lowest from AAV2/2 with AAV2/8 and AAV2/] in

L)
<

between. Injection of AAV2/1 and AAV2/7 lacZ vectors yielded gene expression at the
injection sites in all muscle fibers with substantially fewer lacZ positive fibers observed with

AAV2/2 and AAV 2/8 vectors. These data indicate that the efficiency of transduction with
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0,3=0.19 10 10The data from both experiments confirmed the superb tropism of clone 44.2 in lung-
directed gene transfer. Interestingly, performance of clone 44.2 in liver and muscle directed gene
transfer was also outstanding, close to that of the best liver transducer, AAV8 and the best muscle
transducer AAV I, suggesting that this novel AAV has some intriguing biological 5significance. To
study serological properties of those novel AAVs, pseudotyped AAVGFP vectors were created for

immunization of rabbits and in V|tro transduction of 84-31 ells e ce and absence of
antisera agams%‘é?é?éﬁf’ [ Sp1§| ef%masgzglzsfémsfﬁ% tk<'la[art|ze<§ Bec?wnh 1%%?;22!%%1“0%?8& NAB assay in
8431 cells and ad&néidids J(IATEW@(}Jmtﬁe‘é@ieﬁﬂllﬁﬁe“eﬂi@lﬂﬁih%%@%@@(mmf@&@%ﬁﬁ%lv) with: Serum
from rabbit immyaizedseitr08. Q@ﬂ@.&;@aw&%@ Y030556haH) 18 B2 L (H0622 12 AAV2/42.2

AAV2/42 10 AAE\@/ZL% 11AAV2/42. 13 AAV2/ I
5 Similar murine models were used to evaluate hver-dxrected gene transfer. Identical

doses of vector based on genome copies were infused into the portal veins of mice that were
analyzed subsequently for expression of the transgene. Each vector contained an AAV2
based genome using previously described liver-specific promoters (i.e., albumin or thyroid
hormone binding globulin) to drive expression of the transgene. More particularly, CMVCG

10 and TBGCG minigene cassettes were used for muscle and liver-directed gene transfer,
respectively. Levels of rhCG were defined as relative units (RUs x 10%). The data were from
assaying serum samples collected at day 28, post vector administration (4 animals per
group). As shown in Table 3, the impact of capsid proteins on the efficiency of transduction
of A1AT vectors in nu/nu and C57BL/6 mice and CG vectors in C57BL/6 mice was

15 consistent (See Table 6).

Table 6. Expression of B-unit of Rhesus Monkey. Chorionic Gonadotropin (rhCG)

AAV2/] 45 £ 2.1 1.6 + 1.0
20 AAV2 05 % 0.1 0.7 = 03
AAV2/5 ND* 48 £ 08
AAV2/T 142 = 24 : 82 + 43
AAV2/8 40 £ 0.7 76.0 * 2238

* Not determined in this experiment.
25

In all cases, AAV2/8 vectors yielded the highest levels of transgene expression that
ranged from 16 to 110 greater than what was obtained with AAV2/2 vectors; expression
from AAVZ/S and AAV2/7 Qéctors was intermediate with AAV2/7 higher than AAV2/S.
Analysis of X-Gal stained liver sections of animals that received the corresponding lacZ

30 vectors showed a correlation between the number of transduced cells and overall levels of
transgene expression. DNAs extracted from livers of C57BL/6 mice who received the A1AT

vectors were analyzed for abundance of vector DNA using real time PCR technology.
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1/20 1/20 1/20 No NAB AAV2/2 1/640 1/1280 1/5120 No NAB AAV2/5 No NAB 1/40 1/160 No NAB

AAV2/7) 1/81920 1/81920 1140960 1/640 AAV2/8 1/640 1/640 1/320 1/5120 CIt.5 AAV2/A3 1/20 1/160
1/640 1/640

The amount of vector DNA found in liver 56 days after injection correlated with
the levels of transgene expression (See Table 7). For this experiment, a set of probe and
primers targeting the SV40 polyA region of the vector genome was used for TaqMan
PCR. Values shown are means of three individual animals with standard deviations. The

5  animals were sacrificed at day 56 to harvest liver tissues for DNA extraction. These
studies indicate that AAV8 is the most efficient vector for liver-directed gene transfer

due to increased numbers of transduced hepatocytes.

Table 7 - Real Time PCR Analysis for Abundance of AAV Vectors in nu/nu Mouse
10 Liver Following Injection of 1x10'" Genome Copies of Vector.

AAY vectors/Dose Genome Copies per Cell
AAV2/1AIDATAT 06+ 036
: AAV2AIATAT 0.003 £ 0.001
AAV2/5AIbATAT 083+ 0.64
20 AAV2/7AIbAIAT . 22+ 1.7
AAV2BAIAIAT RTINS
25 The serologic data described above suggest that AAV2/8 vector should not be

neutralized in vivo following immunization with the other serotypes. C57BL/6 mice
received intraportal injections of AAV2/8 vector expressing canine factor IX (10" genome
copies) 56 days after they received intramuscular injections of A1AT vectors of different
serotypes. High levels of factor IX expression were obtained 14 days following infusion of

30  AAV2/8 into naive animals (1742 pg/ml, n=4) which were not significantly different that
what was observed in animals immunized with AAV2/1 (311423 pg/ml, n=4), AAV2/2 (16
pg/ml, n=2), and AAV2/T (12 pg/ml, ﬁ=2). THiS'contrasts to what was observed in AAV2/8
immunized animals that were infused with the AAV2/8 factor IX vector in which no
detectable factor IX was observed (< 0.1 pg/ml, n=4).

35 Oligonucleotides to conserved regions of the cap gene did amplify sequences from
rhesus monkeys that represented unique AAVs. Identical cap signature seé{uences were
found in multiple tissues from rhesus monkeys derived from at least two different colonies.

Full-length rep and cap open reading frames were isolated and sequenced from single
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rh.8 AAV2/43.25 1120 1120 1/20 1/320 rh.10 AAV2/44.2 No NAB No NAB No NAB 1/5120 rh./3
AAV2/42.2 1/5120 1/5120 1/5120 No NAB rh.21 AAV2/42.10 1/5120 1/10240 1/5120 1/20 rh.22
AAV2/42.11 1/20480 1/20480 1/40960

sources. Only the cap open reading frames of the novel AAVs were necessary to evaluate
their potential as vectors because vectors with the AAV7 or AAVS capsids were generated
using the ITRs and rep from AAV2. This also simplified the comparison of different vectors
since the actual vector genome is identical between different vector serotypes. In fact, the

5 yields of recombinant vectors generated using this approach did not differ between
serotypes.

Vectors based on AAV7 and AAVS appear to be immunologically distinct (i.e., they
are not neutralized by antibodies generated against other serotypes). Furthermore, sera from
humans do not neutralize transduction by AAV7 and AAVS vectors, which is a substantial

10 advantage over the human derived AAVs currently under development for which a
significant proportion of the human population has pre-existing immunity that is neutralizing
[Chirmule, N., et al,, (1999) Gene Ther 6, 1574-83].

The tropism of each new vector is favorable for in vivo applications.
AAV2/7 vectors appear to transduce skeletal muscle as efficiently as AAV2/1, which is the

15 serotype that confers the highest level of transduction in skeletal muscle of the primate
AAVs tested to date [Xiao, W., cited above; Chou (2001), cited above, and Chou (2000),
cited above]. Importantly, AAV2/8 provides a substantial advantage over the other serotypes
in terms of efﬁciency of gene transfer to Jiver that until now has been relatfvely
disappointing in terms of the numbers of hepatocytes stably transduced. AAV2/8

20  consistently achieved a 10 to 100-fold improvement in gene transfer efficiency as compared
to the other vectors. The basis for the improved efficiency of AAV2/8 is unclear, although it
presumably is due to uptake via a different receptor that is more active on the basolateral
surface of hepatocytes. This improved efficiency will be quite useful in the development of
liver-directed gene transfer where the number of transduced cells is critical, such as in urea

25  cycle disorders and familial hypercholesterolemia.

Thus, the present invention provides a novel approach for isolating new AAVs based

- on PCR retrieval of genomic sequences. The ampliﬁed sequences were easily incorpora‘ted‘
into vectors and tested in animals. The lack of pre-existing immunity to AAV7 and the
favorable tropism of the vectors for muscle indicates that AAV7 is suitable for use as a

30 vector in human gene therapy and other i vivo applications. Similarly, the lack of pre-

existing immunity to the AAV serotypes of the invention, and their tropisms, renders them

useful in delivery of therapeutic molecules and other useful molecules.
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No NAB rh.24 AAV2/42.13 No NAB 1/20 1/20 1/5120 Table Jib. Cross-NAB assay in 8431 cells and
Adv coinfection Infection in 8431 cells (coinfected with Adv) with: Serum from rabbit immunized with:
109 GC 1010 GC 1010GC 109 GC 109 GC rh.12 ch.5 rh.B rh.10 rh.20 AAV2/42.1B AAV2/A3
AAV2143.25 AAV2/44.2 AAV2142.8.2

Example 9 — Tissue Tropism Studies
In the design of a high throughput functional screening scheme for novel AAV
constructs, a non-tissue specific and highly active promoter, CB promoter (CMV enhanced
chicken B actin promoter) was selected to drive an easily detectable and quantifiable reporter
5 gene, human o anti-trypsin gene. Thus only one vcctdr for each new AAV clone needs to be
made for gene transfer studies targeting 3 different tissues, liver, lung and muscle to screen
for tissue tropism of a particular AAY construct, The following table summarizes data
generated from 4 novel AAV vectors in the tissue tropism studies (AAVCBA1AT), from
which a novel AAV capsid clone, 44.2, was found to be a very potent gene transfer vehicle
10 in all 3 tissues with a big lead in the lung tissue particularly. Table § reports data obtained
(in ug AIAT/mL serum) at day 14 of the study.

Table 8
Vector Target Tissue
Lung Liver Muscle

AAV/L ~|ND | ND T |45
AAVZE o602 | ™D | D
AAV2/8 ND 84+30 ND
AAV2/th2 (43.1) 14+7 25+7.4 35%14
AAV2/rh.10 (44.2) 2346 53%19 4611
AAV2/rh.13 (42.2) 3.542 2+0.8 3.5+1.7
AAV2ihal (42.10) | 3.1%2 214 4322

15 A couple of other experiments were then performed to confirm the superior tropism of AAV
442 in lung tissue. First, AAV vector carried CC10hA1AT minigene for lung specific
expression were pseudotyped with capsids of novel AAVs were given to Immune deficient
animals (NCR nude) in equal volume (50 pl each of the original preps without dilution) via
intratracheal injections as provided in the following table. In Table 9, 50 ul of each original

20  prep per mouse, NCR Nude, detection limit 20.033 png/mi, Day 28
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AAV2/1' No NAB 1/20480 No NAB 1/80 ND AAV2/2 1120 No NAB No NAB No NAB NO AAV2/5 No

NAB 1/320 No NAB No NAB ND AAV2/7 1/2560 11640 1/160 1/81920 ND AAV2/8 1/10240 1/2560
1/2560 1/81920

Table 9
Vector Total GC g of A1AT/ml pg of ATAT/ml | Relative Gene
in with 50pl vector with 1x10" transfer as
| 50 pl vector . vector compared to
rh.10 {clone
44.2)
2/1 3x10™ 2.6+0.5 0.09+0.02 2.2
2/2 5.5x10" <0.03 <0.005 <0.1
2/5 3.6x10" 0.65+0.16 0.02+0.004 0.5
2/7 4.2x10% 1+0.53 0.02:+0.01 0.5
1N 1
2/ch.52 /(ix.3.1) 751%% 03—6?’7 (?.6112 3(360098 5594
2/th.8 (43.25) | 4.6x10° 26421 0.56+0.46 13.7
2/rh.10 (44.2) 2.8x10" 115438 41414 100
2/rh.13 (42.2) 6x10" 73408 0.12+0.01 2.9
2/rh.21 (42.10) | 2.4x10"% 9+0.9 0.38+0.04 9.3
2/rh.22 (42.11) 2.6x10" 6+0.4 0.23+0.02 5.6
2/rh.24 (42.13) 1.1x10" 0.4+0.3 0.4+0.3 1

The vectors were also administered to immune competent animals (C57BL/6) in equal
5 genome copies (lxlOr”‘ GC) as shown in the Table 10. (1x10' GC per animal, C57BL/G, day
14, detection limit 20.033 ;Lg/mD

Table 10
AAYV Vector pg of AIAT/ml Relative Gene transfer as
with 1x10" vector compared to rh.10 (clone
44.2)
2/1 0.076+0.031 2.6
2/2 0.120.09 34
2/5 0.0840.033 2.9
2/7 0.33+0.01 11
28 1.92£1.3 2.9
2/ch.5 (A3.1) 0.048+0.004 -~ 1.6
2/rh.8 (43.25) 1.7+0.7 58
2/th.10 (44.2) 2.93£1.7 100
2/rh.13 (42.2) 0.45+0.15 15
2/rh.21 (42.10) 0.86+0.32 29
2/rh.22 (42.11) 0.38+0.18 13
2/th.24 (42.13) 0.3+0.19 10
10 The data from both experiments confirmed the superb tropism of clone 44.2 in lung-

directed gene transfer,
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ND ch.5 AAV2/A3 1/1280 1/10240 ND 1/5120 1/320 rh.8 AAV2/43.25 1/1280 ND 1/20400 1/5120

1/2560 rh.10 AAV2144.2 115120 ND ND 1/5120 1/5120 rh.13 AAV2/42,2 1/20 ND ND No NAB 1/320
rh.21 AAV2/42 .10 1/20 ND ND

Interestingly, performance of clone 44.2 in liver and muscle directed gene transfer
was also outstanding, close to that of the best liver transducer, AAVS and the best muscle
transducer AAV1, suggesting that this novel AAV has some intriguing biological

5 significance. ' |

To study serological properties of those novel AAVs, pseudotyped AAVGFP vectors

were created for immunization of rabbits and in vitro transduction of 84-31 cells in the

presence and absence of antisera against different capsids. The data are summarized below:

10 Table 11a. Cross-NAB assay in 8431 cells and adenovirus (Adv) coinfection
Infection in 8431 cells (coinfected with Adv) with:

Serum 10° GC 10°GC 10° GC 10'° GC

from rabbit rh.13 rh.21 rh.22 rh.24
immunized with: | A Av2/42 2 |AAV2/42.10AAV2/42.11]AAV2/42.13
AAV2/1 1/20 1720 1720 No NAB
AAV2/2 1/640 1/1280 1/5120 | No NAB
AAV2/5 No NAB 1/40 1/160° | No NAB
AAV2/7 | 1/81920 | 1/81920 | 1/40960 1/640
AAV2/8 1/640 1/640 1/320 1/5120
Ch.5 AAV2/A3 1/20 1/160 1/640 1/640
rh.8
AAV2/4325 1/20 1120 120 1/320
rh.10
AAV2/442 | NoNAB | NoNAB | NoNAB 1/5120
.13
AAV2/42.2 1/5120 1/5120 1/5120 | NoNAB
rh.21
AAV2/42.10 1/5120 1/10240 1/5120 120
rh.22
AAV2/42.11 | 1/20480 | 1/20480 | 1/40960 | No NAB
rh.24 ‘ S '
AAV2/42.13 | NoNAB 1/20 1720 1/5120

69



1/40 1/80 rh.22 AAV2/42.11 No NAB ND ND ND No NAB rh.24 AAV2/42.13 1/5120 ND ND ND 1/2560
Table 12 Titer of rabbit sera Titer after Boosting VectorTiter d21 ch.5AAV2/A3 1/10,240 1/40,960
rh.8AAV2/43.25 1/20,400 1/163,840 rh.10AAV2/44.2 1/10,240 1/527,680

Table 11b. Cross-NAB assay in 8431 cells and Adv coinfection
Infection in 8431 cells (coinfected with Adv) with:

10°6C  [10"°ce | 10%c | 10°ce | 10°Ge
Serum rh.12 ch.5 rh.8 rh.10 rh.20
from rabbit - '
immunized with: |AAV2/42 1B AAV2/A3 | AAV2/43 25| AAV2/44.2 | AAV2/42 8.2
AAV2/1- No NAB | 1/20480 | _No NAB 1/80 ND
AAV2/2 1/20 No NAB| NoNAB No NAB ND
AAV2/5 No NAB 1/320 No NAB No NAB ND
AAV2/T 112560 11640 17160 1/81920 ND
AAV2/8 1710240 1/2560 1/2560 1/81920 ND
ch.5 AAV2/A3 1/1280 1/10240 ND 1/5120 1/320
rh.8 AAV2/43.25 1/1280 ND 1/20400 175120 112560
rh.10 AAV2/44.2 1/8120 ND ND 1/6120 115120
rh.13 AAV2/42.2 1/20 ND ND No NAB 11320
rh.21 AAV2/42.100 1/20 ND ND 1/40 1/80
rh.22 AAV2/42.11| No NAB ND ND ND No NAB
rh.24 AAV2/42.13]  1/5120 ND ND ND 1/2560
Table 12
Titer of rabbit sera - . Titer after
Vector | Titer d21 Boosting
ch.5 AAVZ2/A3 1/10,240 1/40,960
rh.8 AAV2/43.25 1/20,400 1/163,840
rh.10 AAV2/44 .2 1/10,240 1/527,680
rh.13 AAV2/42.2 115,120 1/20,960
rh.21 AAV2/42.10 1/20,400 1/81,920
rh.22 AAV2/42.11 1/40,980 ND
rh.24 AAV2/42.13 175,120 ND

Table 13 a. Infection in 8431 cells (coinfected with Adv) with GFP

10° GCiwell]10° GCiwell|10° GCiwelll10° GChwell|10° GClwell|10° GClwell

ch.5
- AAV2ZIT | AAV2/2 AAV2/5 | AAV27T | AAV2/8 AAVZIA3
128 >200 95 56 13 1
# GFU/field 83 >200 65 54 11 1
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rh.13AAV2/42.2 1/5,120 1/20,960 rh.21AAV2/42. 10 1/20,400 1/81,920 rh.22AAV2/42.11 1/40,960 ND
rh.24AAV2/42.13 115,120 ND Table 13 a. Infection in 8431 cells (coinfected with Adv) with GFP 109
GC/well 109 GC/well 109 GC/well 109 GC/well 109 GC/well 109 GC/well ch.5

10

15

20

25

Table 13b. Infection in 8431 cells (coinfected with Adv) with GFP

10° GC/well|10° GCwell|10% GChwelll10° GC/well{10° GCwell{10° GC/well|10° GChwell

rh.8 rh10 | rh.13 rh.21 rh.22 rh.24 rh.12

AAV2/43.25| AAV2/44.2 |AAV2/42.2 |AAV2/42.10 |AAY2/42 11IAAV2/42.13 |AAV2/42 18
3 13 54 62 10 3 18
# GFU/field 2 12 71 60 14 2 20
48 47 16 3 12

Example 10 — Mouse Model of Familial Hypercholesterolemia

The following experiment demonstrates that the AAV2/7 construct of the
invention delivers the LDL receptor and express LDL receptor in an amount sufficient to
reduce the levels of plasma cholesterol and triglycerides in animal models of familial
hypercholesterolemia.

A, Vector Construction

AAV vectors packaged with AAV7 or AAVS capsid proteins were
constructed using a pseudotyping strategy "[Hilding'er M, et al., J. Virol 2601; 75:6199-6203].
Recombinant AAV genomes with AAV2 inverted terminal repeats (ITR) were packaged by - |
triple transfection of 293 cells with the cis-plasmid, the adenovirus helper plasmid and a
chimeric packaging construct, a fusion of the capsids of the novel AAV serotypes with the
rep gene of AAV2, The chimeric packaging plasmid was constructed as previously described
[Hildinger et al, cited above]. The recombinant vectors were purified by the standard CsCl,
sedimentation method. To determine the yield TagMan (Applied Biosystems) analysis was
performed using probes and primers targeting the SV40 poly(A) region of the vectors [Gao
GP, et al., Hum Gene Ther. 2000 Oct 10;11(15):2079-91]. The resulting vectors express the
transgene under the control of the human thyroid hormone binding globulin gene promoter
(TBG). o

B. | Ahi/ﬁals

LDL receptor deficient mice on the C57BI/6 background were purchased
from the Jackson Laboratory (Bar Harbor, ME, USA) and maintained as a breeding colony.
Mice were given unrestricted access to water and obtained a high fat Western Diet (high %
cholesterol) starting three weeks prior vector injection. At day —7 as well at day 0, blood
was obtained via retroorbital bleeds and the lipid profile evaluated. The mice were randomly

divided into seven groups. The vector was injected via an intraportal injection as previously
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AAV2/1 AAV2/2 AAV2/5 AAV2R AAV2/8 AAV2JA3 # GFU/field 128 >200 95 56 13 33 >200 6554 11
Table\\13b. Infection in 8431 cells (coinfected with Adv) with OW

/

described ([Chen ST et al., Mol Therapy 2000, 2(3), 256-261]. Briefly, the mice were
anaesthetized with ketamine and xylazine. A laparotomy was performed and the portal vein
exposed. Using a 30g needle the appropriate dose of vector diluted in 100ul PBS was
directly injected into the po;tal vein. Pressure was applied to the injection site to ensure a

5 étop of the bleeding. The skin wound was closed and draped and the mice carefully
monitored for the following day. Weekly bleeds were performed starting at day 14 after liver
directed gene transfer to measure blood lipids. Two animals of each group were sacrificed at
the time points week 6 and week 12 after vector injection to examine atherosclerotic plaque
size as well as receptor expression. The remaining mice were sacrificed at week 20 for

10 plaque measurement and determination of transgene expression.

Table 14

Vector dose n

Group I | AAV2/7-TBG-hLDLr | 1x10%ge |12
Group 2 AAV2/7-TBG-hLDLr | 3x10"gc 12
Group3 | AAV2/7-TBG-hLDLr | Ix10"ge |12
Group4 - | AAV2/8-TBG-hLDLr | Ix 10™gc 12
Group5 | AAV2/8-TBG-hLDLr |3x10'"gc 12
Group 6 AAV2/8-TBG-hLDLr 1x 10" ge 12
Group7 | AAV2/7-TBG- LacZ 1x 10" gc 16

C. Serum lipoprotein and liver function analysis
15 Blood samples were obtained from the retroorbital plexus after a 6 hour
fasting period. The serum was separated from the plasma by centrifugation. The amount of
plasma lipoproteins and liver transaminases in the serum were detected using an automatized
clinical chemistry analyzer (ACE, Sohiapparel[i Biosystems, Alpha Wassermann)
D. Detection of transgene expression
20 LDL receptor expression was evaluated by immuno-fluorescence staining
and Western blotting. For Western Blot frozen liver tissue was homogenized with lysis
buffer (20 mM Tris, pH7.4, 130mM NaCl, 1% Triton X 100, proteinase inhibitor (complete,
EDTA-free, Roche, Mannheim, Germany). Protein concentration was determined using the
Micro BCA Protein Assay Reagent Kit (Pierce, Rockford, IL). 40 ng of protein was resolved
25  on4- 15% Tris-HCIl Ready Gels (Biorad, Hercules, CA) and transferred to a nitrocellulose
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109 GC/well 109 GC/well 109 GC/well 109 GC/well 109 GC/vveLl 109 GC/well 109 GC/well rh.8 rh.10
rh.13 rh.21 rh.22 rh.24 rh.12 AAV2143.25 AAV2/44.2 AAV2/42.2 AAV2142.10 AAV2/42.11
AAV2/42.13 AAV2/42.1B # GFU/field 3 13 64 62

10

15

20

membrane (Invitrogen, ). To generate Anti-hLDL receptor antibodies a rabbit was injected
intravenously with an AdhLDLr prep ( 1x10' GC). Four weeks later the rabbit serum was
obtained and used for Western Blot. A 1:100 dilution of the serum was used as a primary
antibody followed by a HRP-conjugated anti-rabbit IgG and ECL chemiluminescent
detection (ECL Western Blot Detection Kit, Amersham, Arlington Heights, IL).
E. Immunocytochemistry

For determination of LDL receptor expression in frozen liver sections
immunohistochemistry analyses were performed. 10um cryostat sections were either fixed in
acetone for 5 minutes, or unfixed. Blocking was obtained via @ 1 hour incubation period with
10% of goat serum. Sections were then incubated for one hour with the primary antibody at
room temperature. A rabbit polyclonal antibody anti-human LDL (Biomedical Technologies
Inc., Stoughton, MA) was used diluted accordingly to the instructions of the manufacturer.
The sections were washed with PBS, and incubated with 1:100 diluted fluorescein goat anti-
rabbit IgG (Sigma, St Louis, MO). Specimens were finally examined under fluorescence
microscope Nikon Microphot-FXA. In all cases, each incubation was followed by extensive
washing with PBS. Negative controls consisted of preincubation with PBS, omission of the
primary antibody, and substitution of the primary antibody by an isotype-matched non-
immune control antibody. The three types of controls mentioned above were performed for
each experiment on the same day. '

F Gene transfer efficiency

Liver tissue was obtained after sacrificing the mice at the designated
time points. The tissue was shock frozen in liquid nitrogen and stored at -80°C until further
processing. DNA was extracted from the liver tissue using a QlAamp DNA Mini Kit
(QIAGEN GmbH, Germany) according to the manufacturers protocol. Genome copies of
AAY vectors in the liver tissue were evaluated using Taqman analysis using probes and
primers against the SV40 poly(A) tail as described above.

G. Atherosclerotic plague measurement

For the quantification of the atherosclerotic plaques in the mouse
aorta the mice were anaesthetized (10% ketamine and xylazine, ip), the chest opened and the
arterial system perfused with ice-cold phosphate buffered saline through the left ventricle.
The aorta was then carefully harvested, slit down along the ventral midline from the aortic
arch down to the femoral arteries and fixed in formalin. The lipid-rich atherosclerotic

plaques were stained with Sudan IV (Sigma, Germany) and the aorta pinned out flat on a
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10318 212716014220 484716 312 5Example 10- Mouse Model of Familial
Hypercholesterolemia The following experiment demonstrates that the AAV2/7 construct of the
invention delivers the LDL receptor and express LDL receptor in an amount sufficient to reduce the
levels of plasma cholesterol and triglycerides in animal models of familial hypercholesterolemia.
10A.Vector Construction AAV vectors packaged with AAV7 or AAV8 capsid proteins were
constructed using a pseudotyping.stratig%}HP&din er M, et al., J. Viral 2001; 75:6199-6203].
Recombinant AR JERSHRES Wit KRG RVERETY iASPPE 3&?"9@#\@? oY ISR KAGRG by triple
transfection of Z88acells thithltheccisvslasmiththenatnovirusunlperap esmithahdsag Phekimeric

packaging constipGhia gﬁ{%sqi\,;g@aqg@gjg&i% the novel AAV serotypes with the rep gene of AAV2.
The chimeric packaging plagmid wgs const#{]q zs previously described [Hildinger et al, cited above].

The recombinant vectors were puri |é15a6§/etre éfgﬁ) ard 0s012 sedimentation method, To determine the
yield TaiMan (Applied BiosystemsYunahsisswasperfoeniedesinyoprtisied. @neblsinfdd targeting the
5V40 poly(A) regiamiofheeaiars (3800 G AtrakiStar.GenRsThat 20006t 19611(15):2079-91].
The resuling veclors SXpress (he Vansgens AL e camiel e uman fyrpid hormone binding
PBS/ animal). At time points 3min, 30 min, 1.5hr, 3hr, 6hr after injection a blood sample
was obtained vig the retro-orbital plexus. The plasma was separated off from the whole
10 blood and 10ul plasma counted in the gamma counter. Finally the fractional catabolic rate
was calculated from the lipoprotein clearance data.
L Evaluation of Liver Lipid accumulation
Oil Red Staining of frozen liver sections was performed to determine
lipid accumulation. The frozen liver sections were briefly rinsed in distilled water followed
15 by a2 minute incubation in absolute propylene glycol. The sections were then stained in oil
red solution (0.5% in propylene glycol) for 16 hours followed by counterstaining with
Mayer’s hematoxylin solution for 30 seconds and mounting in warmed glycerin jelly
solution. ' . ' | ' |
For quantification of the liver cholesterol and triglyceride content liver
20  sections were homogenized and incubated in chloroform/methanol (2:1) overnight. After
adding of 0.05% H,SO and centrifugation for 10 minutes, the lower layer of each sample
was collected, divided in two aliquots and dried under nifrogen. For the cholesterol
measurement the dried lipids of the first aliquot were dissolved in 1% Triton X-100 in
chloroform. Once dissolved, the solution was dried under nitrogen, After dissolving'the
25  lipids in ddH,0 and incubation for 30 minutes at 37°C the total cholesterol concentration was
measured using a Total Cholesterol Kit (Walko Diagnostics). For the second aliquot the dried
lipids 'were di's_solved in alcoholic KOH and incubated at 60°C for 30 minutes. Then 1M
MgCI2 was added, followed by incubation on ice for 10 minutes and centrifugation at 14,000
rpm for 30 minutes. The supernatant was finally evaluated for triglycerides (Wako
30 Diagnostics).
All of the vectors pseudotyped in an AAV2/8 or AAV2/7 capsid lowered
total cholesterol, LDL and triglycerides as compared to the control. These test vectors also

corrected phenotype of hypercholesterolemia in a dose-dependent manner. A reduction in
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LDL receptor deficient mice on the C5781/6 background were purchased 25from the Jackson
Laboratory (Bar Harbor, ME, USA) and maintained as a breeding colony. Mice were given unrestricted
access-to water and obtained a high fat Western Diet (high % cholesterol) starting three weeks prior
vector injection. At day -7 as well at day 0, blood was obtained via retreorbital bleeds and the lipid
profile evaluated. The mice were randomly divided into seven groups. The vector was injected via an

intraportal injection as previousl scribe en SJ etal., Mol Therapy 2000; 2(3), 256-261]. Briefly,
the mice were HAEES rﬁ%ﬁ%%tge\/a%%vgéﬁ%éiﬁég g%%ﬂ%} g2ihe’ ﬁ%’ﬁ%f’bf@ﬁ%ﬁ%?ﬂ% f)tél?foéﬁ%et?tand the portal
vein exposed. QsmgtzBerikelectvasipropfiste doseo ol vectoedikittd mpt0oet BBS was directly
injected into thg f@tal vein. Pressure was applied to the injection site to ensure a stop of the bleeding.

The slcin wound was closed and draped and the mice carefully monitored for the following day.

Weekly bieeds et parfored siarling. o 2y 14.altet Iy itedied dege fransfer to measure blood

lipids. Two animals of each group were sacrificed at the time points week b and week 12 after vector
injection to examine dtherodetesbticipidigae size as well as receptor expression. The remaining mice

were sacrificed at week 20 fonhd@plagugrastiemert and-detemination ofLraRpsgene expression.
Table 14 Vectpr.cdp %7 Grou al %A&f%@oﬁBg-lgszj&%%ii%%%%r%ou? 2 ﬁ\Ar\/gt/?-TBG-hLDLr 3x
10go 12 Groupné iséﬁﬁf-&f@%%ﬁ) rix go‘?l Group 18 TBCRE BT ffl)iQZ go 12
deliver AAV2 5° ITR — liver-specific promoter [LSP] - canine FIX — woodchuck hepatitis
10 post-regulatory element (WPRE) - AAV2 3’ ITR ., The vectors were constructed as
described in Wang et al, 2000, Molecular Therapy 2: 154-158), using the appropriate
capsids.
Knock-out mice were generated as described in Wang et al, 1997. Proc. Natl.
Acad. Sci. USA 94: 11563-11566. This model closely mimic the phenotypes of hemophilia
15 B in human.
Vectors of different serotypes (AAV1, AAV2, AAVS, AAVT and AAVS)
were delivered as a single intraportal injection into the liver of adult hemophiliac C57Bl/6
‘mice in a dose of 1x10"' GC/nouse for the five different serotypes and one group received
an AAVS vector at a lower dose, 1x10'° GC/mouse. Control group was injected with 1x10!
20 GCof AAV2/8 TBG LacZ3. Each group contains 5-10 male and female mice. Mice were
bled bi-weekly after vector administration.
1. ELISA
The canine FIX concentration in the mouse plasma was determined
by an ELISA assay specific for canine factor IX, performed essentially as described by
25 Axelrod et al, 1990, Proc.Natl. Acad.Sci. USA, 87:5173-5177 with modifications. Sheep anti-
canine factor IX (Enzyme Research Laboratories) was used as primary antibody and rabbit
anti-canine factor.IX ((Enzyme Research Labdréfor'tes) was used as secondary antibody.
Begfnﬁing at two weeks following injection, increased plasma levels of ¢cFIX were detected
for alf test vectors. The increased levels were sustained at therapeutic levels throughout the
30 length of the experiment, i.e., to 12 weeks. Therapeutic levels are considered to be 5% of
normal levels, i.e., at about 250 ng/mL.
The highest levels of expression were observed for the AAV2/8 (at 10'') and
AAV2/7 constructs, with sustained superphysiology levels ¢FIX levels (ten-fold higher than
the normal level). Expression levels for AAV2/8 (10'') were approximately 10 fold higher
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Group 5 AAV2/8-TBG-hLDLr 3x 10" go 12 Group 6 AAV2/8-TBG-hLDLr Ix 10" go 12 Group 7
AAV2/7-TBG- LacZ Ix 10" go 16 C. Serum lipoprotein and liver function analysis 15Blood samples
were obtained from the retroorbital plexus after a 6 hour fasting period. The serum was separated from
the plasma by centrifugation, The amount of plasma lipoproteins and liver transaminases in the serum
were detected using an automatized clinical chemistry analyzer (ACE, Schiapparelli Biosystems, Alpha
Wassermann) D. Detection of transgene expression 20LDL receptor expression was evaluated by

immuno-fluores&icBaseARTAY Wit e Lt dtting/ FOOWe bt iPBrst Hrorsransi Hsue was
homogenized withhlysis Hiliffeo (<20embapeisicpbhged wE30bdetNa©1 AX62TFiton X 100, proteinase

inhibitor (complete, EDTA-freg, RO?Q%M%QU&QEPg’rﬁwyf)zbop}%?»gtﬁfgf ggéjgywas determined

using the Micro BCA Protein Assay Reagent Kit (Pierce, Rockford, IL). %3 of protéin was resolved
250n 4- 15% Tris-TIC1Ready Gels {BiSTAEE! (eiRUe Sty plpamsfdbrdttoarritrstBlithose
membrane (invitsageeteinihedgenarateAntbihbbBi pedeptosraintiiiadiesne @bbit) was,/injrected

ntravenously w29 AdpDLEBISRAIMN Gl FourRss RiRIA ARk estmas ARtained and

used for Western Blot. A"1:100 dilution of the serum was used as a primary antibody followed by a
HRP-conjugated St rabiitag e artiie B SRt RERE sukiddtibe (esct 4l détériBlot Detection
Kit, Amersham, Aflingstonl H8ighissIL). E.immunocytochemistry For determination of LDL

receptor expression in frozen liver sgeHenRs; MM SQLheRISEY ARalEss Were pararmed. bum

cryostat sections were either fixed in acetone for 5 minutes, or unfixed. Blocking was obtained via a 1

hour incubdfion BERSHRRANE G T BSh BRE AR SRR @B sh eLIBRREdSPTe hour with the
primary antibodyirédatonnaté nuseratiicetthgaintsl pchgolomad! ansilbody tantishrmabndgOhr(Bgamedical
Technologies Ing,, §%?%Q;%,(M@egy@§ used diluted accordingly to the instructions of the
manufacturer. The sections were washed with PBS, and incubated with 1:100 diluted fluorescein goat

anti-rabbit IgG (Sigma, St Louis, MOT EFeUiABRE Rasing "exanbireadindbs aistsscence
15microscope NikeriviMichaiiis- BXA). dmallAcézds Byasklincubatisrwas follesdddiinestensive washing

with PBS. Negatiye: coplipls cRPaisiegofRreinoubatian with RRR.Qmission.gfihe primary antibody,

and substitution of the primary antibody by an isotype-matched non-immune control antibody. The
three types of cAiBISTHehtioned ABBVE et B’&Fﬂﬁpﬁﬁ%@}ﬁ%ﬁj ERERBUBSRiRTERT 6ntHE ame day.

range) were observed for AAV2/8 and AAV2/7 beginning at week two. '
| Immuno-histochemiistry staining on the liver tissues harvested from
some of the treated mice is currently being performed. About 70-80% of hepatocytes are
20 stained positive for canine FIX in the mouse injected with AAV2/8.cFIX vector.
B. Hemophilia B Dogs
Dogs that have a point mutation in the catalytic domain of the F.IX gene,
which, based on modeling studies, appears to render the protein unstable, suffer from
hemophilia B [Evans et al, 1989, Proc. Natl. Acad. Sci. USA, 86:10095-10099). A colony of
25 such dogs has been maintained for more than two decades at the University of North
Carolina, Chapel Hill. Th¢ homeostatic parameters of these dogs are well described and
include the absence of plasma F.IX antigen, whole blood clotting times in excess of 60
minutes, whereas normal dogs are 6-8 minutes, and prolonged activated partial
thromboplastin time of 50-80 seconds,‘whereas normal dogs are 13-28 seconds. These dogs
30 experience recurrent spontaneous hemorrhages. Typically, significant bleeding episodes are
successfully managed by the single intravenous infusion of 10 ml/kg of normal canine

plasma; occasionally, repeat infusions are required to control bleeding.
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20F.Gene transfer efficiency Liver tissue was obtained after sacrificing the mice at the
designated time points. The tissue was shock frozen in liquid nitrogen and stored at -80C until further
processing. DNA was extracted from the liver tissue using a QlAamp DNA Mini Kit (QIAGEN GmbH,
Germany) according to the manufacturers protocol. Genome copies of 0)5AAV vectors in the liver
tissue were evaluated using Tagman analysis using probes and primers against the SV40 poly(A) tail
as described above. G.Atherosclerotic plague measurement For the quantification of the
atherosclerotic plaques in tHeetEsaradtec il e Wby dhAds{Helz crdss kelirnine and xylazine,
ip), the chest opavedeant theadferreadsystemipasfusedonitiiicaxvitbprosphatesbuffered saline
through the left ventricle. The aort thep carefully harvested, slit.down al tral midline
from the aortic%zxﬁ%o%rﬁo%etﬁog 11%%1&\(9;( %ré]rsi,ee%olgndl |§<eé: Y\l{r?%f%rgﬁg i ? P\%cf? %A%(cazf gﬁ%rosclerotic
plaques were stafidd Wi/ 'shdaliored Sigrascomstiiseling WHIARY AorBRifnad UERkEYH a black wax

- surface. The image wascaptited \bthva SenydXeE:Ra0 MDD sofon\iRencanesas 1 ke afea of the
plaque as well f the cample rti f elri i ing Systems
(Media Cyberng'u% c%% hl—%%g%g%!aﬁ%e?%feﬁef égé %%%%Ygr%v%?ia?r%iég?s}%%fﬁg%%%&ﬁﬁcg?ﬁgp%gere tested. A
bolus of | 125 -F&Ba LB 95 etibrbddly/ proWaed iy B5f®Rader, U Penn) was infused slowly through
the tail vein over a period of130 seior(sAF0HAQ ddrtégsald highidalliDindBuigehily dR203d Irgterile PBS/
animal). At tim &%!Qltﬁn%&m’ia?%mh&ému?ﬂ 1o§0£cﬁo]‘}%rdﬁuﬁﬁ¥é?é}‘e§ lilH'cE?‘a% SARlE yvag obtained via

the retro-orbital'plexus. The plasma was separated off from the whole 10blood and 10111 plasma
counted in'the GAMMREARTESIEHNMRFRIHReGI8 4 ReEABYRE Yo s RASYCHHAYEIRY from the lipoprotein
clea_rance dataaﬁnﬁvalumMGmwmmpiﬁpaswmmﬂmﬂpg is sedated, intx@e_itdaadiﬁt_amga@mf fro_zen Ii\_/er
sections was perlaped! indaiemuinedinid accumalion e ioasndverspaionsuisiepriefy rinsed

in distilled water followed 15by a 2 minute incubation in absolute propylene glycol. The sections were
then stained in BYEH¥BMaSRe(E Ko pﬂ?ﬁﬁféﬁ@@?}&é‘i)‘?&?@%‘"‘ﬁ%%ﬁﬁﬂ&mw&%tersmining with
Mayer's he_mattpxgot’ﬁm_ﬂ@hﬁimafbdiaﬁl BEMS madgmomhaglén_swapﬁﬂsdngé_yteeﬁinojeilayvskalution._ For
quantification of e, cbelesirrel aniravgeide senienier s0ssclionssreqogenized and

incubated in chloroform/methanol (2:1) overnight. After adding of 0.05% H2SO4and centrifugation for
10 minutes, thePRSEYeiayrHied A afARTBMHE RN BfAT B RATBLV AT INBSRtRIote Bid dried under

nit.rogen. For'th&ﬁhakestersﬂomwelmmﬁt@hebdmm ]ipfﬁ&mfantm&hista&ﬂiﬂm.qmefeeddssolvgd in ;%
Triton X-100 in ghlaroforns Qnee.dissalvrdig salutign.wasidieduRdermirogen; Afterdissolving the

25lipids in ddH20 and incubation for 30 minutes at 37C the total cholesterol concentration was

measured usind®4erGEPbieatdrdisien phvais DiagAYreds o dplreddBnerinBusreme dried lipids
were dissalved andaleatwlierki@ktianddnncehalie satc60E then 3P iavial) tds:diigensidd MgCl2 was added,

followed by incybation on. ice Jord 0 minkies andhsantiugation;at 1000 RMJenAinutes. The

supernatant was finally evaluated for triglycerides (Walco 30Diagnostics). All of the vectors
pseudotyped insdreiaARForadgreAR2 Bipdhpaiplsddiereah i thtrekdiVerschd MY lycerides as
compared to thesebntial 7TEhese 2es5ivetdprs also corrected phenotype of hypercholesterolemia in a

dose-dependent manner. A f&%giﬂ@mug‘correction or partial correction are anticipated for AAV2/7.

25
All publications cited in this specification are incorporated herein by
reference. While the invention_ has been described Withreferencg toa particularly preferred
embodiments, it will be appreciated that modifications éan be made without departing from
the spirit of the invention. Such modifications are intended to fall within the scope of the
30 claims.
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plague area for the AAV2/8 and AAV2/7 mice was observed in treated mice at the first test (2 months),
and the effect was observed to persist over the length of the experiment (6 months), Example 10 -
Functiohal Factor DC Expression and Correction of Hemophilia A.Knock-Out Mice Functional
canine factor IX (FIX) expression was assessed in hemophilia B mice. Vectors with capsids of AAVI,
AAV2, AAVS,&%\IH or AAV8 were constructed to deliver AAV2 5' ITR - liver-specific promoter {LSP} -
canine FIX-woodc%ck hepatitis 10 post-regulatory element (WPRF) - AAV2 3' ITR . The vectors were

constructed as described in Wang et al, 2000, Molecular Therapy 2: 154-158), using the appropriate

caps ids. Knock-ou mige were geperaied as described ARG §1akida9 1 BregaNgt. Acad.

Sri. USA 94: 11563-11566. This model clésely mimic the phenotypes of hemophilia 15B in human.
Vectors of différesftiddeotppresctivgy Phassspaied st aonirmigr ARS8 \vierandiisredid &4 single
intrapoital injegtigniinte: the liver of adult hemophiliac C57B1/6 mice in a dose of 1)(101' GC/mouse for

the five different serotypes \(A%léj ne group receivehqﬁgln AAVS8 vector at a lower dose, I1x1010

GC/mouse. Control group PRI 0 ERECHIRAY SRR G 5L P8 BLIPIFBIRE contains
5-10 male anet fleastlshbicef MiCE wapridnied dic-wid kiyafiessy eaid fied migiisinationg At EakiS'Abblke

canine FIX cancentration in the mouse plasma.was determined by an ELISA cific for canine
etor 1. pert R O e R R
87:5173-517 punsivhhedificenivas/ Slreaprastiatdrinenthceat besErymheimasehichonaisedtories) was
used as primagy,atiRody.apa-iakkit apticaning fagioriX,(EFazyme/Research Labgratories) was used

as secondary antibody. Beginning at two weeks following injection, increased plasma levels of cFIX
were detected for all test vEREGRIOHEN A8 devars e esBasiTHan atetarhisaiticob IS thYoughout
the 30length afithecaxpbsinentdsevhiohlebiipeks. tldarapetiie levals ar arasidereitiquead’o of
normal levels, |.e., at ahout 250 ng/mL. The highest levels of expression were observed for the
AV (ot 1SS AR A R A A S B e VML AL ISV e fold
higher than theadofithalAeévéRedExpres sionliEvé lsyfthe AANMEY8I(T0R4 fivseregmppnmabiaitady; 10 fold higher

than those observed for A&%ﬁt%’ﬂ%ﬁ\fa\{ﬁ/ﬁ (10 riﬂ%& @}ﬁgﬁ%ﬁg&gﬁﬁﬁ@ gnl%y@,sa ﬁlﬂlﬂlés%fbr?“” above

the therapeutic range, were observed for AAV2/5. 2,In Vitro Activated Partial Thromboplastin time

(aPTT) Assaybiftceromaiisector fxshearing M Pia¥rmeapeises mrd KveRSHF RS UdRfittined by an

in vitro activaigggartiahthiramboplestindimen(a@RidassaycMaizaliiogd sagmplesiesa gollected from
the retro-orbital ﬂ%Iexus into ié/ 0 vo&me. of cigoat%b?ffer. The aPTT assay was performed as described
T Agq

by Wang et af*4887°bigR! P8RS 14 EEEOP B APEBHing times by aPTT on plasma
samples of all vector injected miceddwdraid/ihionthend oiirtht¢ginge approxiveatelinélissed uiven

meastred at o MegkS oSt SN, And susiaed SinaIPSS e oy oy shorte g
normal range throughout the stu&y perio 1 Weeliso), owest sustaine cIottlng times were

observed in thedfidIarbcdioaig ARV SorDI S e ARy 9K Bugeeds whighaveiizhlvo induced
clotting times dx sifpilan {e: thasefaRAANZERRAAAY 244 HaweYe! Jhisianeredelatingdime was not

observed for AAV2/2 until week 12, whereas lowered clotting times (in the 25 -40 sec range) were
observed for RAY8PBACARYST BRIGHATH G SR WedIeHveS over at least 18 base pairs at the 3 end of
the sequences of the region, relative to the sequences of the at least A4V 1, AAV2, AAV3,

AAV4, AAVS and AAVE;

each of the sets of primers consisting of a 5” primer and a 3’ primer,
each of said primers comprising 15 nucleotides complementary to its respective highly
conserved sequence and having exact identity with its respective highly conserved sequence

over at least 5 base pairs in its 3’ end.

2. A kit according to claim 1, wherein the 5’ primer and/or the 3’ primer

comprises at least 18 nucleotides.
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Immuno-histochemistry staining on the liver tissues harvested from some of the treated mice is
currently being performed. About 70-80% of hepatocytes are 20stained positive for canine FIX in the
mouse Injected with AAV2/8.eFIX vector. B.Hemophilia B Dogs Dogs that have a point
mutation in the catalytic domain of the F.IX gene, which, based on modeling studies, appears to render
the protein unstable, suffer from hemophilia B [Evans et al, 1989, Proc. Nail. Acad. Sol. USA,
86:10095-10099). A colony of 25such dogs has been maintained for more than two decades at the
University of North Carolina, Chapel Hill, The hgmeostati rameters of these,dogs are well
described and include the /gk%(slte%ccggrgfnﬁlg)s?naé .ﬂzehefﬁ?iaeﬁhg%vr?&rg%l%noggoéltgﬁi%gp {ll?lnqgrs in excess of 60
minutes, wheteasrisordanadegyides 6-8 minutes, and prolonged activated partial thromboplastin time of
50-80 seconds, whereas normal dogs are 13-28 seconds. These dogs 30experience recurrent
spontaneous hemorrhages. Typically, significant bleeding episodes are successfully managed by the
single intravenous iftfusiorf o 1B°%Y %%r%%all’ %ﬁﬁ@"g’i‘ﬁsﬁnﬁrf@&%&%%é]ﬁw r&pest infusions are
required to cantnplibdeeditnyt FFRoue gogsodreddjettedyintrapdrtally with AAV.6FIX according to the
schedule below. A first dog receives a single injection with AAV2/2.cFIX at a dose of 3.7x1011
genome copies (GC)/kg. A second dog receives a first injection of AAV2/2.cFIX (2.8x10" GC/kg),
followed by a secont} injecfidfitidramg 77 aimx (shereio e TRV St B4y Ha 80P Eird dog receives
a single injectignpnits AAM 2Lhd2¢ phiss doseafidsbiidhQit 243CHd. The fourth dog receives an injection
with AAV2/2,GFIX (2.8x1012 GC/kg) and an injection at day 995 with AAV2/7.cFIX (5x1012 GC/kg).
The abdomen of hegophilidags,a/g seRiealll FRASHRIGA ORENGAHANA SRIR'RLAGGShesia and

a single infusion of vector is administered into the portal vein. The 10animals are protected from
hemorrhage i?f fHE- 58RI TR PRirf6E B HritRVE RIS HaF St AtiBHP 5 normal canine plasma. The
dog is sedated, intubated tadritsice ganerat8Resihasia, afichthecabilemdancshayed andiptapped, After

the abdomen js opened. the spleen is maved.into the operative field. The splenic vein is located and a
suttre is loossly ALed SR Al 1 & amal oA RS o Vi & HoEdlo s Yapily serted into
the vein, 15thEmtinesdingeecfooserseiadorasrrpaingl 4 iSisreatos twa mtravedsersiveation near the
portal vein thrgaded-to-anonyaxeneus location near the portal vein bifurcation, After hemostasis is
secured and the catheter balloon inflated, approximately 5.0 ml of vector diluted in PBS is infused into
the portal vein over a 5 minute interval. The vector infusion is followed by a 5.0 ml infusion of saline.
The balloon is then deflated, kineccalidite: teriavied, 20arwnvweandusrimbstasisiissecunegrijihe spleen is
then replaceds bigading yeesqls aie eauladzed and Dk GPAIAIYGIOUDRL B6loger tng apimal is

extubated having tolerated the surgical procedure well. Blood samples are analyzed as described.

[Wang et al, 2008 ¥tolecular Therapy 2: 154-158] Results showing correction or partial correction are
anticipated for AAV2/7. 25 All publications cited in this specification are incorporated herein by

reference. While the inveng&o& has bﬁ%en de cribisd With.reLeﬁrgnce to %)articularl Qrefer.red

. o8, L accqrging to clal whereln t rimer a Sequence CoOmprisin .
embodiments, it wﬂlgoe appreciate ot modificanons Canbe madswi ?lou?cﬁlepartmg foméhe spirit of

the invention. Sich(MétficationsElrérntd hdenh oAalbwitiviricth eossopendf thth SedddntislesCLAIMS 1.A kit
for detecting the,presanss /f anssnkiowp aaeng-Reseciated virus (AAV)

9. A kit according to claim 1, wherein the sample comprises AAV integrated

into the chromosome.

10. An isolated adeno-associated virus (AAV) comprising an AAYV capsid having
an amino acid sequence selected from the group consisting of:
bAAV7, amino acids 1 to 737 of SEQ ID NO:2; C1, SEQ ID NO:60; C2, SEQ
- IDNO:61; C5, SEQ ID NO:62; A3-3, SEQ ID NO:66; A3-7, SEQ ID NO:67; A3-4, SEQ
ID NO:68; A3-5, SEQ ID NO: 69; 3.3b, SEQ ID NO: 62; 223.4, SEQ ID NO: 73; 223-5,
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in a sample from cellular DNA suspected of containing a latent AAV infection, said kit comprising:
(a) a first set of primers which specifically amplify a first region comprising at least 250 bp of AAV
capsid hucleic acid sequenbes, said first region having at least 18 base pairs of highly conserved
sequence at its 5' end, a variable sequence, and at least 18 base pairs of highly conserved sequence
at its 3' end, said base pairs being highly conserved relative to an alignment of at least AAV 1, AA V2,
AA 173, AA 174, AA VS and AA V6; (b) optionally a second set of primers specific for a
second region of the AAV nucleic acid sequences which comprises the first region of AAV sequences
and sequenc%@@v‘r@éﬂ%ﬁe“’é@é‘ﬂﬁe%ﬁ& %&%?%u@?tﬁa@%@\ NRAerrSidH &R WiHich anneal to
the 5' end of the-AA¥ dpue0ces; ampliied by e peyders, REQN® fivet segiar asE Qbifained 1; (c)
optionally a third sel, 0% pmesyish spesfisalbs amplivia. bird sdiensuhishonasps the first region
of AAV sequences and sequences which are 3' to the first region, such that AAV 3' extension
sequences WHiet arfiehl 36PN erF:dé LA Sadifeitdedahh Mcd RNRBritdets-OF the first
region are obtgiNedo1; 43-1, SEQ Ipaeh: obsaidisespodamethind 4egin=@ingpeegdeteomined based
upon the aigaglof oL Iyelelo A sequepen of SRSt AR AMLEZCAR KB ARV, AAVS and
om S g

AA V6 and eachrof said regions ¢ rsing nucleic aci guences whi¢h are highly conserved over at
least 18 basetpairSHaR #heNgOdRa; aatidRAINPVErable: sEtieiée N thel Pdiddie arfdsdyliélices which

o he SetLeneae o o ot ARV WA L3 AR TS AR VA, A (e Ao A T oo e,
o the sequences of the at leas , , ; eac
of the sets ofIBIYErS Koy Sioung B NG AMER SR AN R SPEIE Shnale cothising 15
nucleotides ctinplErientéry td3ts respective highly conserved sequence and having exact identity with
its respective highly conserved sequence over at least 5 base pairs in its 3' end. 2.A kit according to
claim I, wherein the 5' primer and/or the 3' primer comprises at least 18 nucleotides. 3. A kit
according to claim 1] WhereRE B STHAES B a/GrERE S b ARRA VRRSISROSH ARt 4. A kit
according to staieeed fwheteigrihie dopsinier afhd/or the 3' primer comprises at least 9 base pairs of
exact identity at its 3' end. . Akit according 1o.clal herejn the 5' primer and/or the 3' primer
comprises at least 18 baseVB%lf:rgsp(%ligi &%%%&%&?%%%%t%@éﬁ%ﬁfﬂ6. The kit according to claim I,
wherein the first set of prim@scandid/arseiation8 figllZiehgth adeno-associated virus capsid sequences

frqg:j Ia s?mpli.AV the ﬁgrgérsgxtim@rygsngmmprkﬂa%g@ P2PsHMes dirﬁszts-:;%tm\? &egécn%@cated in the
middle of an rep gene, based on a predetermined conserved region o : ‘a3 primer
directed to a i r?gﬁ\/@ﬁg%é%&’ﬁﬁ ?ﬁﬁff@égﬁéﬁé‘ IB%\%%% i’fn% 3&3%%%%{{@ gc?nsé?'\flé% region of
AA YV, 7. 1A Kit agcdPdingid ciaiml,tmm,@mﬂﬁacssmtmeﬁﬁas a0Seephce GO pASIBIYto
GCTGCGTCAGCTGEAG SHATCAP A/ which cosesnands (pd3h (39340 423.9ha RRi4B NO-6.

8. A kit according to claim 1, Wherein the 3' primer has a sequence comprising
CGCAGAGACCHAANTPCRACTGAAACGA, which corresponds to the nucleotides complementary to
4462- 4435 of SEQ ID NO#4, 24 — D, Aukis acsokdiBg-ta£laimpi wvsereinite-sesnple Conmplises AAV
integrated into t hramosome. 10..An jsolated N0=aSSOCi s V 1prising an
AAV capsid haaav?%%gn%grh?ﬁ 0{2%8 %%% lﬁ%r%(le %)glzzétgé%ggrﬁotﬁe ’gar%é?ptlec%ﬁ%t?r%@)% tz) 939] aaAAV?,
amino acids H87R87 6%:SEEPIDONGS 22:GRSE SV IDaNES b, €2; SEEP 1D Nb:6d 7¢950SERH AW NO:62;

A3-3, SEQ ID NO:66; A3-7,,SEQII NOI6T i A%t SER DDA BSERIR N306%:3.3b, SEQ ID
NO: 62; 223.4, SEQ ID NO: 73; 223-5, SEQ ID NO:74; 223-10, S9%%QID NO:75; 223-2, SEQ ID NO:76;

223.7, SEQ IPPNB73%; 33385 RES: 13 KO 81U A LES 1B RiFY78 A5G I NG #D¥44-2, SEQ
ID NO:81; 42703 t&SEQR, ID NO: 84; 42-8, SEQ ID NO: 85; 42-13, SEQ ID NO:86; 42-3A, SEQ ID
NO:87; 42-4, SEQ ID NO:88; 42-5 0O IDNO:89: 42- :90; 42-5 ID NO:91;
43-1, SEQ ID NO: 92; 43-12. ééb%%g? sJSP ’;%%’%;%%Al{z%%%o%g%ﬁ?%%?,CEPF% %il%?%; 43-25,
SEQ ID NO: d:23n¢ cgrsrindneregonyin ths E@sip MO 1193 A2 BOMO i FO:1P0¥O710d;, SEQ ID
NO: 103; 27.3;5SEQ)ING: d04 18,3 r3FO NONG): 4657, 428 0pSERHD NI, 13) #2:3B,68EQ ID NO:
107; 42-11, SEQ ID NO: 108; F1, SEQ ID NO: 109; F5, SEQ ID NO:; 110; F3: SEQ ID NO:111; 42-6B,
SEQ 1D NG 113 s 19 65 1B NG I ECTPA Aoy NS b Fagmeh o an ARV capsic
protein, said fréyfdeaf3dlectED oG grélp-ZHRHSNNOETIp2 8 ap SIB(pIDtRin; amizis #citisqaa) 138
'0 757; V3 capibPralell AAEaRINER 0. 44,5, Y BINAIRDIE eain (DINRIA ipahda, aa 146 (o
152; aa 182 to 187; aa’ 262 to 264; aa 263’to 266; aa 263 to 266; aa 381 to 383; aa 383 to 385; aa 450
to 474; aa 451 to 475; aa 490 to 495; aa 491 to 496;%a500 to 504; aa 501 to 505; aa 514 to 522; aa
533 to 554; aa 534 to 555; aa 581 to 594; aa 583 to 596; aa 658 to 667; aa 660 to 669; and aa 705 to
719; aa 707 to 772, aa24-42,aa25-28; aa 81 -85; aal33to 165; aa 134 - 165; aa 137 to
143; aa 154 to 156; aa 194 to 208; aa 261 to 274; aa 262 to 274; aa 171to 173; aa 413 to 417; aa 449
to 478; aa 494 to 525; aa 534 to 571; as 581 to 601; as 660 to 671; aa 709 to 723; and aalto
184, aa 199 to 259; aa 274 to 446; aa 603 to 659; aa 670 to 706; as 724 to 736 as 185 to 198; aa 260
to 273; aa 447 to 477; aa 495 to 602; aa 660 to 669; and aa 707 to 723,



wherein the amino acid numbers are those of the AAV7 capsid, SEQ ID NO:2, and corresponding
regions in the capsid of Cl, SEQ ID NO:60; C2, SEQ ID NO:61,; C5, SEQ ID NO:62; A3-3, SEQ ID
NO:66; A3-7, SEQ ID NO:67; A3-4, SEQ ID NO:68; A3-5, SEQ ID NO: 69; 3.3b, SEQ ID NO: 62;
223.4, SEQ ID NO: 73; 223-5, SEQ ID NO:74; 223-10, SEQ ID NO:75; 223-2, SEQ ID NO:76; 223-7,
SEQ ID NO: 77; 223-6, SEQ ID NO: 78; 44-1, SEQ ID NO: 79; 44-5, SEQ ID NO:80; 44-2, SEQ ID
NO:81; 42-15, SEQ 80 ID NO: 84, 42-8, SEQ ID NO: 85; 42-13, SEQ ID NO:86; 42-3A, SEQ ID
NO:87; 42-4, SEQ ID NO:88; 42-5A, SEQ ID NO:89; 42-111, SEQ ID NO:90; 42-5B, SEQ ID NO:91,
43- 1, SEQ IEPN* §2: 438 SEQERNG NG : 493t U SER SptiB NG 94 FEQIDSEBID R 96; 43-25,
SEQ ID NO: SEQ4B-RQ): SE Q@A NSTQIDME K ER 1B, BIKY) TONGAAWR 4SER HEN M M297T2435EQ ID NO:

103; 27.3, S - 104 16, ; ; D NQ:, 106.42- =0 1D NO: 107;
4211, SEQ N0 IO L LG IDNG 108, 25 RE0 0 IO E1D: 25 SeS 1D NOT T 42-66.
SEQ ID NO: 4325 ah i 190 IG5 NEEQ 1B NO:9% 24 An AN el éfb-4d3e SidePvirus (AAV)
capsidbproteimqmmrtsiogmﬁmmqn(es ofthe sngtm@glmtﬁ,m@.:qclsg@imgm@.chaimzd'z..1o, SHS. A
recombinant 0-aSS0oGi [ V) comprisi rtificjal.capsi ing to claim 12.

0 A molecul SomETEAG At A JUiERLE ShEhr A eien S Tk e T 10 12
15,A molecul8E€ppNEInY & hdickiQ it edueficdRrggdinyNdChaval anehd- asSbRidteNWirus (AAV)
serotype capsg;il protein having an amino acid sequence selected from the group consisting of: AAV7,
amino acids Ito 737 of SEQ ID NO:2; Cl, SEQ ID NO:60; C2, SEQ ID NO:61; C5, SEQ ID NO:62;
A3-3, SEQ ID NO:66; A3-7, SEQ ID NO:67; A3-4, SEQ ID NO:68; A3-5, SEQ ID NO: 69; 3.3h, SEQ ID
NO: 62; 223.4, SEQ D NQin7:3;i 2235l SRR It 74u228AND), SR poNQ:7&h 22382 ,03E60 1D NO:76;
2237, SEQ IBNO: 1 23301 RO MO Aol PEQ 1D NO: 79; 44°5, SEQ ID NOB0, 44-2, SEQ
ID NO:81; 42-15, SEQ ID NO: 84; 42-8, SEQ D NO: 85; 42-13, SEQ ID NO:86; 42-3A, SEQ ID
NO:87; 42-4, SEQ ID NO:88; 42-5A, SEQ ID NO:89; 42-1B, SEQ ID NO:90; 42-5B, SEQ ID NO:91;
43-1, SEQ ID NO: 98, 43-WseSdbniBiHanb{der3a 4 3c hitedBA ) AWV Pdo sty aARINGRS; 43-25,
SEQ ID NO: 97; %32%) aEg NO:99; 24.1, SEQ ID NO: 101; 42.2, SEQ ID NO:102; 7.2, SEQ ID
NO: 103; 27.5°CEQTD 8" 104; 16.3, SEQ ID NO: 105; 42.10, SEQ ID NO: 106; 42-3B, SEQ ID NO:
107; 42-11, SEQ ID NO: 108; FI, SEQ ID NO: 109; 175, SEQ ID NO: 110; 173, SEQ ID NO:1 Ii;
42-6B, SEQ ID NO 12; an@ﬁ%‘lele@le’%'é@p@i%@nl&%ic aciﬂs@q&r%@k%%!ﬁn%%i@iﬁ'gc@o%ﬁ%eiC acid
sequence encoding a novel adenoassociated virus (AAV) serotype capsid protein, said nucleic acid
sequence sef@&8EdrPte group consisting of: AAVS, SEQ ID NO:2; 42-2 , SEQ ID NO:9; 42-8 ,SEQ
ID NO:27; 42- 15, SEQ ID NO:28; 42-5b ,SEQ ID NO: 29; 42-lb ,SEQ ID NO:30; 42-13, SEQ ID NO:
31; 42-3a, SEQ ID . 32;,42- 1D NO:33: 42-5a ,. ID NO: 34: 42-10, ID NO:35;
42-3b, SEQ ID NO:N?,%; 425%%&%%”5?6@ %%;%’é‘-%%,cécé%%%“ﬁ&?%?“ ?ﬁ?%,%‘é’ﬁvéi%%]%: 39: 435,
SEQ ID NO: apo%3tehyine Gty N1 pudipid BEonbaoL4p; asmpcaseyenpoelaged 8op3, SEQ ID
NO:44; 43-25,SEQURNRAB o4 4l SEHRNQAT: #4:5 SEEIDINGAY; 2235H) BE@IBINO:48;

SEQ 1D NO: b AR R V6 NP EE BB S AT o W Bh % 3 SEQ 1D
NO:57; 42. 1A BEGER NONGSSA4325, SEQ 1D NO:593 Al \SEQ IS EQ:| B2N 2314, BEQAY NCSEQ ID NO:
118; AAV12 SEQ D NOHAPNAY L SEQIRMNOAR 330 HE. SERIRNG; 75 2237 e molecule

comprising a nucleic acid sequence encoding a fragment of an adeno-associated virus capsid protein,
said nucleic A& $&quierfee SRIERIBY i the &Fo%;ﬁ%&%%i%ﬂh‘b“bsh VAR B3 ¥b4oSKd2Pnt 1234 to
3049; vp 3, nND484 10-384%QUA 68830908 aSEINITY RH 13309013, SEQ IWKeren thesauskeotides

numbers are \\Z, 1 -apd corres Qe [ - QD :9; 42-8 ,SEQ
D N7, 421 oS 15 NOH AL GO oL oS A A L0 B0 2 13 5E 1D MO
31; 42-3a, SEBQDBING?:82; 42 14SBE Y IBNEE3%3-42-§EQIB OIDNO33%; AXA1D, BEHDHNO:35; 42-3b,
SEQ ID NO: 36; 2ol $696IRNG; %) 43-6b: SEQBNR 38 4cloSEQIIRNOIBAAGR, SEQ ID
NO: 40; 43-12 ,SEQ ID NO:41; 43-20, SEQ ID NO;42; 43-21, SEQ ID NO: 43; 43-23, SEQ ID NO:44;
43-25 SEQ I ROASIING: 18E 3 IR A B35 BFN 4700384 062 SERANDNi0:48: 223.2 ,
SEQ ID NO:495223.1%, SEQIDNGO156; 22315, SEEQD DNNO0E 12208 SESEYNID:NGR; $2; 323.7, SEQ ID
NO: 53; A3.4, SEQ ID NO: 54; A3.5, SEQ ID NO:55; A3.7 SEQ Il NO: 56; A3.3 ,SEQ ID NO:57; 42.12,
SEQ ID NO: 58; 44.2, SEQ ID NO: 59; AAVIO , SEQ ID NO: 117; AAV11, SEQ ID NO: 118; AAVI2
,SEQ ID NO:119; A3.l, SEQ ID NO:120; and H6, SEXQ ID NO: 25. 18. The molecule according to
claim 12 or claim 14 to 17, wherein said molecule is a plasmid. 19. The molecule according to
claim 12 or claim 14 to 17, wherein said molecule further comprises a functional AAV rep gene.

20. The molecule according to claim 16, wherein said nucleic acid sequence is the AAV7 sequence,
SEQ ID NO: 1. 21. A method of generating a recombinant adeno-associated virus (AAV)



comprising an AAV serotype capsid comprising the steps of culturing a host cell containing: (a) a
molecule according to any of claims 12 or claim 14 to 17 which encodes an adenoassociated virus
capsid;(b) a functional rep gene; (c) a minigene comprising AAV inverted terminal repeats (ITRs) and
a transgene; and (d) sufficient helper functions to permit packaging of the minigene into the AAV
capsid protein. 22. A host cell transfected with an adeno-associated virus according to claim 10 or
a molecule according to any of claims 12, or claims 14 to 17. 23. A composition comprising an
AAV according to claim 10 or claim 13, and a physiologically compatible carrier. 24. A composition
comprising a HAEUlE9aEEobaiRd Ry bPcraimEQ 2D O hirist A4 o I ARINCh Ay idisidally
compatible carrieye 1D 35 Amethod of delivering a transgene to a cell, said method comprising the
step of contacting the cell with an AAV according to claim 10 or claim 13, wherein said rAAV
comprises the transgene. 26. A molecule comprising a heterologous adeno-associated virus
(AAV) scrotype 7 nutffeic aithslsquiersos pséid Sequiticedongriging eredsstidey{hiyieneo 107 of SEQ
N nt 263310 4150 of SEO 1 NoL Bt Sk 1 4436 o SECo DLNOL. ot 470 104751 of SEQ
n 0 0 n 0 0 n 0 o]
ID NO: 1. gﬁpﬁql?féﬁa%f%eﬁéovo?né%% R jg mgi% é\(‘%\ﬁa%)gsé%é Nﬁr%% piStein or a
fragment therédf, S P rote s ot Fragrpheatiselectad; fre bh&fmdﬁp\@ﬁémmgSoﬂEQ ID NG@rino acid
(aa) 110 623, 38 301 FRATTAAST2 R0 TANO 402010 38449 0P ASEQUB O3 28 A

host cell containing a molecule according to claim 2 An adeno-associated virus (AAV)

comprising a @&b% dﬁ’éﬂ?m E?Ameﬁ%t%e‘? Wlﬁ%é é‘ﬁsﬁ ﬁr‘po%ﬁ]? E@éi%l%lbaﬁ@()
Cross- reactlvem\mh)arﬁjb@@gsHQ &nﬁp:s@opmtem Pawiny e sequarspOIEQIBNG21, 30. The

ARV accord'qgaﬁﬁ%}@ 73, 4508 ﬁg t@?ﬁﬂ&?g@%ﬁ gsc OIQ%' thodies: 95paRISd using SEQ 1D

NO: 2. erein capS| protéin is not neutralized by

antibodies geRBfatBdNaYATn3E AN Febtipdes 486225 Re ﬁ@@/@c@@r&ﬁ@i@ &R0, Mied is produced
g%%?mbgggtl_m 3, slﬁé Iﬂ*?@‘\%@@%@ré%? g@ @M B2 whesei) BaAAY, b\@.&m,asmp@ﬁgwtein that is
0t0 99% i al tg aa It 0 etermi nment an sta program
in GCG Versng% GA‘% S @ %Aé%accéﬁ%inig r%%dggﬁﬂ% \Z\?I"l%fgngiﬁg f combinant
AAV compris@Einigriéd teRfRiNaNNEepearsAWTRE) b EDSEfotype heterdloGalsitoNhe thpsid protein.
35. The recomhigant %Wﬁ%@rﬁiﬁg,&@ ?'Eﬁﬁhﬁﬁb Heinathedd Rearpifan AAV serotype 2. 36.

The recombinant AAV according to any of claims 30 to 35 wherein the capsid protein is encoded by a
molecule having the sequence of nt 825 to 3049 of SEQ ID NO: 1. 37. The recombinant AAV

according to any of gtaims 3uis1e36lcwbaigisitae aagsicl d@[@@kﬁh&ﬁh@ﬁxﬁiﬁﬁﬁn@ sequeseeohamino acids
having the seguence of a9d138 to 737 of SeElQ sBdNnuc%lc amd he re r;ne% r%l%tt AV accordlng to

ssociated virus, capsid prot uence Se€ie
claim 35, wheTein the capsid protein CoMprises A sequence of dmino acids having the saguence of aa

203 to 737 of SEGLmEND:2. 39. The recombinant AAV according to claim 35, wherein the capsid
protein comprises a sequenge Rf avipoyagids having the sequence of aa 1 to 737 of SEQ ID NO:2.
40. A composition comprising an AAV accordlng to any of claims 30 to 39. 41. Use of a
recombinant AAV accordln‘é’%o’&rﬂ%% Hafid30 to 39 in preparing a medicament for delivering a
heterologous molecule to aperget Ik to 3049;

nt 468 to 3090; and

nt 725 to 3090,

wherein the nucleotides numbers are of AAV7, SEQ ID NO:1 and correspond
to sequences in 42-2 , SEQ ID NO:9; 42-8 ,SEQ ID NO:27; 42-15, SEQ ID NO:28; 42-5b
,SEQ ID NO: 29; 42-1b ,SEQ ID NO:30; 42-13, SEQ ID NO: 31; 42-3a, SEQ ID NO: 32;
42-4 ,SEQ ID NO:33; 42-5a, SEQ ID NO: 34; 42-10, SEQ ID NO:35; 42-3b, SEQ ID NO:
36; 42-11, SEQ ID NO: 37; 42-6b, SEQ ID NO:38; 43-1, SEQ ID NO: 39; 43-5, SEQ ID
NO: 40; 43-12 ,SEQ ID NO:41; 43-20, SEQ ID NO:42; 43-21, SEQ 1D NO: 43; 43-23, SEQ
ID NO:44; 43-25 SEQ ID NO: 45; 44.1, SEQ ID NO:47; 44.5, SEQ ID NO:47; 223.10,
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SEQ ID NO:48; 223.2, SEQ ID NO:49; 223.4, SEQ 1D NO:50; 223.5, SEQ ID NO:«: 51;
223.6, SEQ ID NO: 52; 223.7, SEQ ID NO: 53; A3.4, SEQ ID NO: 54; A3.5, SEQ ID
NO:55; A3.7, SEQ ID NO: 56; A3.3 ,SEQID NO:57; 42.12, SEQ ID NO: 58; 44.2, SEQ ID
NO: 59; AAV10, SEQIDNO: 117; AAV1], SEQID NO: 118; AAVI2 ,SEQID NO:119;
A3.1, SEQ ID NO:120; and H6, SEQ ID NO: 25. '

18. The molecule according to claim 12 or claim 14 to 17, wherein said

molecule is a plasmid.

19. The molecule according to claim 12 or claim 14 to 17, wherein said

molecule further comprises a functional AAV rep gene.

20. The molecule according to claim 16, wherein said nucleic acid sequence is

the AAV7 sequence, SEQ ID NO:1.

21. A method of generating a recombinant adeno-associated virus (AAV)
comprising an AAV serotype capsid comprising the steps of culturing a host cell containing:
(2) a molecule according to any of claims 12 or claim 14 to 17 which encodes an adeno-
associated virus capsid; (b) a functional rep gene; (c) a minigene comprising AAV inverted
terminal repeats (ITRs) and a transgene; and (d) sufficient helper functions to permit

packaging of the minigene into the AAV capsid protein.

22. A host cell transfected with an adeno-associated virus according to claim 10

or a molecule according to any of claims 12, or claims 14 to 17.

23. A composition comprising an AAV according to claim 10 or claim 13, and a

physiologically compatible carrier.

24. A composition comprising a molecule according to any of claims 12, or claims

14 to 17 and a physiologically compatible carrier.

&3



25. A method of delivering a transgene to a cell, said method comprising the step of
contacting the cell with an AAV according to claim 10 or claim 13, wherein said rAAV

comprises the transgene.

26, A molecule comprising a heterologous adeno-associated virus (AAV)
serotype 7 nucleic acid sequence, said sequence comprising:
nucleotides (nt) 1 to 107 of SEQ ID NO: 1;
nt 107 to 2215 of SEQ ID NO:1;
nt 334 to 2215 of SEQ ID NO:1;
nt 2222 to 4435 of SEQ ID NO:1.
nt 2633 to 4435 of SEQ ID NO:1;
nt 2831 to 4435 of SEQ ID NO:1; and
nt 4704 to 4721 of SEQ ID NO: 1.

27. A molecule encoding an adeno-associated virus (AAV) serotype 7 rep protein
or a fragment thereof, said protein or fragment selected from the group consisting of:
amino acid (aa) 1 to 623, aa 1 to 171;aa 172 t0 372, aa 373 to 444, and aa
445 to 623 of SEQ ID NO:3.

28. A host cell containing a molecule according to claim 26 or 27.
29. An adeno-associated virus (AAV) comprising a capsid protein of AAV
serotype 7, wherein the capsid protein is serologically cross-reactive with antibodies to a

capsid protein having the sequence of SEQ ID NO:2.

30. The AAV according to claim 29, wherein the antibodies are polyclonal
antibodies generated using SEQ ID NO: 2.

31. The AAYV according to claim 29, wherein said capsid protein is not

neutralized by antibodies generated against AAV serotypes 1 — 6.

32. The AAV according to claim 29, which is produced recombinantly.
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33. The AAV according to claim 32, wherein said AAV has a capsid protein that
is 95% to 99% identical to aa 1 to 737 of SEQ ID NO:2 as determined by alignment and a
Fasta program in GCG Version 6.1,

34. The AAV according to any of claims 30 to 33, wherein the recombinant AAV
comprises inverted terminal repeats (ITRs) from a serotype heterologous to the capsid

protein.

35. The recombinant AAV according to claim 34, wherein the ITRs are from

AAY serotype 2.

36. The recombinant AAV according to any of claims 30 to 35, wherein the
capsid protein is encoded by a molecule having the sequence of nt 825 to 3049 of SEQ ID
NO: 1.

37. The recombinant AAV according to any of claims 30 to 36, wherein the
capsid protein comprises a sequence of amino acids having the sequence of aa 138 to 737 of

SEQ ID NO:2.

38. The recombinant AAV according to claim 35, wherein the capsid protein

comprises a sequence of amino acids having the sequence of aa 203 to 737 of SEQ ID NO:2.

39. The recombinant AAV according to claim 35, wherein the capsid protein

comprises a sequence of amino acids having the sequence of aa 1 to 737 of SEQ ID NO:2.
40. A composition comprising an AAV according to any of claims 30 to 39.

41. Use of a recombinant AAV according to any of claims 30 to 39 in preparing a

medicament for delivering a heterologous molecule to a target cell.
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