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 adenqvjr k ' ﬁ cle includ aJ@g nt phase at which AAV genomes, after
infection, are sil%‘ g@ﬁé&ll?}ﬁﬁ%ﬁ% Nﬁ%éﬁ@%@h@sﬁ% %@%ﬁ&%%ﬁ%ﬁ%@e in which,
following either EdeHO\iUsVOSHEPEN SHA plalOVIBGE inTabiibN OME IiEQrar il gsomes e subsequently
rescued, replicaeg;@ngkpackaged into infectious viruses. The properties of non-pathogenicity, broad
host range of infectivity, including 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 preferedk eaticielfoOganEthevapyiiOndate, there have been 6 different serotypes of AAVs

isolated from human of non-human nrimates (NH?) and well characterized, Among them, human
serotype 2 is the first AAV that vc\:/as de%pe@éas %eé]nebr%reotfta%lﬁs%?c\?’ewc o%r%lwlﬁ’afé Sel%‘r¥1[1widely used for

efficient 20gene iR fAPEkpEPIEHES THWifEreTitdreiert e lieasahti A mnratanotielssiClisieal trials of the
experimental apglivatio Rbof WAVR beaged wertarante, Sunadwmar eisease madelssare.npeagress, and
include such disgase .cystic fi i ili What are desirable are AAV-based
constructs for o B RN B R S S vention
provides a Hovel MdtHgt ofaersctily dMacifentify g mafisdlyirkeesdrisin kellalaerDibasof various,
human and nonshdimanspricatehédhiay tisisfetousing teinfernaticsaralysissPGRihased gene

amplification ang ¢loning,{eghnolagy. hased. 00, ie,nalks.of latensy and integration of AAVS in the
| |

0
absence of helper virus cc- 30infection. ~  In another aspect, the invention rovfg(f%s1 method bf
isolating novel AXRFEGUIEHSSs Trersdissmig thedhrasaitivsbifse fosiansbitheiinvention. The
invention furtheirchntiprses-tnétiqds!of generating sitectersrbaretbponthese.novehAfVaserotypes, for

serology ang ge&glemtlr&gg.gq&ﬁ%gigeﬁestpggg%pased on availability of capsid gene sequences and
structure of rep/cap gene junctigns. In still another aspect, the invention provides a novel method for

performing studies of SEFGIBGY EPRIBHTOITA A Bicarlrttiors dsciioes sehieindmession, using
reagents 5accottkragp o Thelinyéntidnywitiahdddisce (genemnessets O pesners psahasang: quantitative
real time PCR. In,yet another ashretriheinyent ide hod, of isolating complete and
infectious genorpes of novg}el AA.V scr%)ti/pes frﬁr@wgéggﬁﬂiléa&: §l\nl?g\ ?Bél ei}lélﬁ%rb?leé?ﬁ%-eu%fﬁ% RACE and
other molecular TEEAMUBE: ¥ ACECIRTNET A8PECHARRE IMRRPTIB RIS RFoTIeE ebHesth Ffiresséuing novel
serotypes 06 AAM¢germrfesfporimbunman inehiNkdfet dellidined using asdenoviousibekpersofdifferent

origins. In still aduiher.aspasldhiedRventionarovides Novel AAY. serotyes, vectors containing same,

and methods of using same. These and other aspects of the invention will 8ES%IPeadily apparent
from the followiR*#5de el YEESAPHUFEFtAS eI B BREE RIPTION OF THE DRAWINGS
Figs. IA through IAAARYproaticldesintadigrment-odsthienuclers aeitbsedliienges 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: 1], and for previously published
AAV1 [SE(%SNOWY@E&%IN@I?TQ% AAV3 [SEQ ID NO:8]. Novel AAV serotypes AAVS
[SEQ ID NO:4] and AAVEnSERctDhNOStareptheisubjectofeadied appticationsi-Tigigther novel

clones of the inventjan pequided i this.AHENeRtinGlide: 422 SEQUIRNQ: 2 45845 EQ ID
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 &f isolating novel AAY 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



25N0:27], 42-15 [SEQ ID NO:28], 42-5b [SEQ ID NO: 29], 42-Ib [SEQ ID NO:30]; 42-13 [SEQ ID NO:
311, 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], 42L-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 ID NO: 43], 43-23 [SEQ
ID NO:44], 43-25 [SEQ ID NO: 45], 3044.1 [SE'Q 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%’422 .GQLSEQ ID NO:
52], 223.7 [SEG A ROMESE SRS% T8RS BN BA P AP BRI NES <81 K Tsagé? B*RO: 56], A3.3
[SEQ ID NO:57Fed2j1248EQ ID NO: 58], 44.2 [SEQ ID NO: 59]. The nucleotide sequences of the
signature regions of AAVADISEQ ARNOL WTbAAN A LISERLIR NGiod 48LanehAAVLSEQ 1D

NO:119] are provided in this figure. Critical landmar S in the structures of AA.V genomes are shown.
Gaps are demoRSIFAISEhEPHSTEORES BT E BF AT [REE T RS 6]’ KBRS e same
configuratiof asindhignpublishedrsequericesicliRSerepiessnts temmisplotss ohdtiarsirsivistice that
AAV7 is the only, AAMGfeported that uses GTG as the initiation cociori for V133. Figs. 2A
through 2F are an alignment of the amino acid sequences of the proteins of the vpl capsid proteins of
oreviously publiched ARUFBIBISEE T (SE TS NOA AT TELES FIE P01 RS T [SE 1D NO:
71], AAV4 [SEQHRcNOsG8IoAAVSISE@ 4D KOs frandAly OTSED diffno @58 s inpvel AAV
sequences of thg dryention, L dineckiding:al4REQ 1D N0:60], C2 [SF,Q ID N0:61], C5 [SEQ ID NO:62],
A3-3 [SEQ ID NO:66], A3-7 [SEQ ID NO:67], A3-4 [SEQ ID :68], A3-5 [SEQ ID NO: 69], 3.3b [SEQ
IDNG: 621573 4 [ RS TR 245 & (040 KB D551 TV RS TR 30 & [SEQ 1D
NO:76], 223-7 [3RQY EnNGs 77 PeReedSPOIDaN drey8)ing4defSE oo frbfleast5igED 1D NO:80],
44-2 [SEQ ID NO:81], #2+15: [SEQ IR NOi4 4213 [SEQAMR ABNO:8El42:4348EQ 1D NO:86], 42-3A
[SEQ ID NO:87], 42-4 [SEQ ID O:%%]gé%-SAE%E(Q ID NO:89], 42-1B [SEQ ID NO:90], 42-5B
[SFONO:91], 431 fERLS RG] 435 [8ES D NO: 93], 43-5 [SEQ ID NO:94], 43-21 [SEQ ID
NO:96], 43-25 [SEQ I NG 207 PL3 B rpfSPONDING Y Phd rpsEDamaed: fmonfesB¥SEQ ID
NO:102], 7;2 [SEQalR:NQ:-R3} 2 7:3 IS EQAHD NO: 104], 16.3 [SEQ ID NO: 105], 4240 [SEQ ID NO:
1063, 20 42-3B [SEQ ID NO: 107], 42-11 [SEQ ID NO: 108], FI [SEQ ID NO: 109], F5 [SEQ ID NO:
110], F3 [SEQ ID NO:111], 42-613 [SEQ ID NO: 112], 42-12 [SEQ ID NO: 1131. Novel serotypes
AAVS [SEQ ID NRBISE[HE RRVIOTSBIY HE NB«1¥0] @Fe the subject of co-filed patent applications.
Figs. 3A through 3C prgyideshgasing Asik sequeases:ohthe. DY usep 28preteistSEQ ID NO:3].
DETAILED DESCRIETION OF TILE TIVENTION . In {1 presentinveptian, Jig inventors have
found a method WRCH takes advan ge-of the ability of a gno-associated viry 2\5&/) to penetrate the
nucleus, arid, in trrudlysiicd BF & SORERFE Y FUStROSRRRSCIBAN sty FAffth T Cetididr DNA and
establish a latentdpfestions i methpdndtitz esaqpely menase sham reectism(&EgR)based strategy for

detection, identif;t%%%'goolrllﬁg ﬂ&%{g‘rajnsqogﬂ%o@]fgg?w%gﬁs glg éﬁXNrs%%tP%ls sf{ﬁggrgm&wuman and

non-human prim well'as fr her sources. Advantageous IS also suitable
for detection, idemndfisaliori SHUIBRISHTattsfwiiest mMesdisterprieatieiid Rsnlivaresytierces, as

described below, g invemionduahen pR\ibesBrclRicacik segrences ddentifiedsaczurding to Inc
hods of the i i - i i is.of d 5herei
methods of the 'gvcsgvrﬁﬂg%gsegggks ﬁ%%;@ ggsqdated virys @g49.&c§§%§§5%%%a-tﬂm? erein

serotype 7 @&AV ) erno eno-associated virus serotypes pr hereininciude AAV10,

AAV11, and AAEBQERNG e rdvast [RRY Septity piés fdehitféiladéairtithdto thesRethdts Githe
invention are proyidectindhe presenuspraficationN Sess] FigurgsEpbSenuenes Sistyrg which is
Incorporated by (GiSeNG5- AR AT HBPSR UGG B AL 68U e, ATRNG particularly

[SEQ ID NO#2], 43-21 [SEQ ID NO: 43}, 43-23 [SEQ ID NO:44], 43-25 [SEQ ID NO: 45],

350 44.1 [SEQ ID NO47], 44.5 [SEQ ID NO:47], 223.10 [SEQ ID N0:48], 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],

A3.3 [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 [SEQID NO:
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10AAV fragments are the cap proteins, including the vp |, vp2, vp3, the hypervariable regions, the rep
proteins, including rep 78, rep 68, rep 52, and rep 40, and the sequences encoding these proteins.
Each of these fragments may be readily utilized in a variety of vector systems and host cells. Such
fragments may be used alone, in combination with other AAV sequences or fragments, or in
combination with elements from other AAV or non-AAV viral 15sequences. In one particularly
desirable embodiment, a vector contains the AAV cap and/or rep sequences of the invention. As
described herdit8] #hgrmERts 2Fe PRttiéd Aishiy dad b fusvigsty ot Bl bdReardbmercially
available Multiple.SequencevAligamentcRrograms;s sichasmiCiustay s, ateessie thraugh Web
Servers on the rematAtermaliety Aslr A uiilies eglsp adused,Jgragee also a number of

algorithms known'in'the art which can be used to measure nucleotide sequence identity, including
those containe@rifsHes Fratiais Je&upedRbt /a2 A Aotk ARAMPIE FFRAIRIEAde sequences can
be compared usitg:Pastaita:progrém i GGG Version 6.1. Pasta provides alignments and percent
sequence identity of the regigns,alie,best uaHapRtNSRM e AL ARG 88aLeN seauences. For

e

instance, percent sequence 25identity Between nucleic acid sequences can be determined using

Pasta with its &ttt paPSHHERESE P S 881 6" S AU IROPANFHERBF O ITRE Soring matrix) as
provided in G.QCIG:¥8rsian BLIEQereminoh rporatetE Ry peferatites SivailaE Qriogrants areraXailable for

amino acid SequEnTBy Orfh8 d Guluig %‘Q@m&!@a&sagagvra'mknyegafem@%fmgmmmre used at

default settings, although oné of skill in the art can alter these settings as needed, 30Alternatively, one
of skill in tHe arffeafinsifid ot GVt BRBNEREY Bﬁdéfa%%‘%%ﬁ@ﬁ@r&?r&éé%? [Bast the level of
identity or alignnaesd] as3thias pioiided 5y the-¢¢fEe o ethalgjo Attuh SSAAd prdgrédh s.3b [SERe term
“substantial homalpgy; pbosubsianiishsimilaritys” sybeq fefening 19,3 yelels aridoos ragment thereof,
indicates that, when optimally aligned with a rogrlate nucleotide insertions or deletions with another
nucleic acid (o?iig%fﬁﬁ]@ﬂg}uﬂ%@tﬂ%ip ﬁger ]s%%ﬂéléﬁ%é%glﬁ)ugﬁkédi&e[ﬁﬁ‘@ iR Bfeast about 95 to
99% of the alignaigeqyendEsNPreferably e Ihaniblogyisl 6VBEfuIb @ity b 8atseldEE), B an open
reading frame theresf, or AneWETSHiERkS, E[@QN‘?%‘Q{\@%@ tJoasisth, @y%@%g?,e@i@Aength-

e

Examples of suitable 5fragments are describe rein. The term "substantial homalogy" or
rsubstantial SERGPNPCH A BN Acids BIRR e et RS HA when
optimally aligned-witisBprogfiate lasdiioSacidinsetiins arl JeladionmithafiothdBamiPo acid, there is
amino aC'C! Se%@ngﬁ,@ﬁ%‘%ﬁbﬁﬁ%ﬁ%@?%i %@@I_ﬁ%:%ﬁ?%@!@ﬁ%@ §§%@K‘6‘fﬂ§7.‘3ﬁ%ﬁ@@ab|}” the
homology is over full- 10length sequence, or a proﬁlﬁ theﬁo', \ .,4a cz{gﬁroteln a rep protein, or a
fragment theredPWilcHd 3&%&%@@ M%l&é}dg% 3 %n@rﬁy at feastu’s Mn]é) ¢ids in length.
Examples of suitakike SEQents H0@]oestrilsEd henéih. 1B the [ Thighly @inselyBd i3 meant at least
80% identity, preferallyatjeastn R identivs grd Mot Preleraplys ayes BYRbidentity. Identity is
readily determined by one 150f skill in the art by resort to algarithms and computer programs known by
those of skill in Me&ehieroPespha YaHRB R Erdent g&aﬁé?‘ég%cﬁ%%ﬁ%&) S{P%P&%ﬁ%atrﬁiﬁ%t@ iitéxt of nucleic
acid. sequencesiséfetsatathirzésidues in the two sequences which are the same when aligned for
maximum correspondence. fibe tengt.of Seqensadentiy samparisen say ke oyes20the 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 HESSHRYSET \I/\g?ﬁgentity among smaller fragments, e.g. of at leak about nine
nucleotides, usually at least about 20 to 24 nucleotides, at least about 28 to 32 nucleotides, at least

about 36 or mogey ]ﬁ%%@@@yﬁl@g be gdesirgd Rimiady, "percent sequence identity” may be

readily determined 25for amino acid sequences, over the fall-length of a protein, or a fragment thereof.
Suitably, a fragment i$"dPeaBIeAbIGYES UntllioratitesiRiegiRd At ey BE TS abshEFe6 amino
acids. Examplesiofstiijaleifragnrentscanerde@ckitied fwareite the nideAAY, setjueneescaid fragments
thereof are;pseful in. production At FAAY-and ate alsossafil as antisense daliveriyuecters, gene

therapy vectors, or vaccine vectors. The mevention further provides nucleic acid molecules, gene
delivery vectors R HESESAIRWHERE SR AR AR et ites st (e firhtion.

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



As described herein, the vectors of the invention containing the AAV capsid proteins-- of the invention
are particularly well suited for use in applications in which the neutralizing antibodies diminish the
effectiveness of other AAV serotype based vectors, as well as other 5viral vectors. The rAAV vectors
of the invention are particularly advantageous in rAAV readministration and repeat gene therapy.
These and other embodiments and advantages of the invention are described in more detail below. As
used throughout this specification and the claims, the terms "comprising” and "including" and their
variants are inelesivisbfedtn €ptesippotfahisaiéte Aeris saiders o osteper dptivifie aidei@onversely, the
term "consisting;.a0d.itgéariaatsdssexehusive of other components, elements, integers, steps and the
like. Methods of the I@lyentlgin.%%%tlon.gé }gag@qgg%éélgwe%l%&%@ gggpgp(gn;%qh%ne aspect, the

. . . e nv n Tovl & .
invention provides a methoplno? qletectlﬁg and/or idea target nucleic acid sequences in a sample. This
method is partieiizady WdicSuiRstfor RREUGABP AP EETUEHE &S WARN AR ritBYraiEddnto the
chromosore ofeeGak @9« AdeAVagSOtiatesivindses A\ ant uetesipisesoamong athers. The
spectfication MAKES,"RILRRCE A9 W R SeemBlfisd Ndeteld, g ey AIased AR his

information, one o e art may readily perform the methods of the invention on retroviruses
[e.g., feline leutehsigmeireds AESIYY AN eaRieY 9T e teiRATiFsRTe. g e bifdRsitifunodeficiency
virus (HIV), simjafdmenunageficientyidstis ¢Sy fefiredsmunodeficiency virus (FIV), equine
infectious anemia virys, and SpLTAINANL 8reRg.oIeLs; hilben e melAd f hg pyention may

also be used for detection of other viral 25and non-viral sequences, whether mt&grated or
non-integrilted 4t frepeHbATE ST e IGLEEaFuding the Xol idey Werdin hePeATRRIG &Y source
cqntainir_wg _nuc_:lga&ﬁpﬁﬂ&,emg mﬂssug,rﬂs%eepam,i_feﬁsd cel houkut eheamachibioto gicaliftigids including,
without Imitatiqn, yes.and plaod dhese aureiacthspayenass Haxhr PNALLRNAm plasmids

natural DNA or A from any source, Including bacteria, yeast, viruses, and hié)her organisms such

as plants or anflesTIRIE SHRNKIE B FAEHURTAINE EuinBRinalos Vihelcofedhniques known to
those of skill in dheeatkssuchasethoseidessriben by iSamnbrockyddoléculan Tloning AA Labaratory

Manual (NEw ¥ork: Gold RRIDGLIARAY LahaalanHie OLolaof dic.samelg 2pdahe mgthod by which

the nucleic acids are obtained or application of the method of the invention is not a limitation of the
present inventid?. @bﬁé?félﬁf,“ﬁﬁé“ﬁ%ﬁ‘%d of the invention can be performed directly on the source of
DNA, or on nucleic acidsiedbtiiatt@nga|igxteatted phdrmadcoingen bz methpd of thieljmsention

involves S“bjecé%%%&%%ﬂﬂ%ﬁ%&%[ﬁg1Pé¥eﬁ~.é&@;?ﬁ%ﬁ%@%&l@&&%&@“m&h@m reaction (PCR)

using a first set of primers specific for a first region of double-stranded nucleic acid sequences, thereby
obtaining amplifisgsablsairegs Web Servera@n et arkid A Gt Lo it Lt i eét&Pmined based
upon the atignmest. oftidre feleleie acitsedaendbs okatviedastitwot sériotype $4esgd, tAmedjuor strains (e.g.,

L0lentiviruses), and wherein.each Qfisaiftiegions is compesetiaf eauaaces iaAYng,a.5 ghd which is

highly conservec , a ml(sj3 le which is preferably, but necessarily, variable, and a 3' end which is highly

. iabl )
conserved, eacA oA &S RSN LB PIF VSFLIR T ranva T thibstieh BEE G Yt feast two
aligned AAV seratypes. Preferabtyidhes b amdion 8 wmckis highiycidnseyvedhoveyiatsleiét about 9, and

more preferabi SISas AR hase AR SHpwaver.anear haiR ohife. seguences at he S or 3

end may be conserved over more than , more than 25 bp, more than 30 bp, or more than 50 bp

at the 5' ertd. WitRNFEXBERYCR IHEIR/aAUR RS PEGTEHTh BT eI FadiPe it Yo 45 H8BNEd sequences,
these sequencesmimtpe relati/ahy cfm&efﬂed{@?ﬁhaiahan@désmhang@@,tﬁo,a@rpi@%eidientity among

the aligned Ser%%&&%%.iﬂ%emm incorporated by reference. Similar programs are available 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



20Each of the regions may span about 100 bp to about 10 kilobase pairs in length. However, it is
particularly desirable that one of the regions is a "signature region”, Le., a region which is sufficiently
unique to positively identify the amplified sequence as being from the target source. For example, in
one embodiment, the first region is about 250 bp in length, and is sufficiently unigue among known
AAV sequences, that it positively 95identifies the amplified region as being of AAV origin. Further, the

variable sequences .weéthjn tp[is re ig)el‘llc are suglicieo%lé; unigue th%t) can be used to identg% the serotype

OHde nSertions ONs Wi nuclelc.a ﬁdfiﬁgmwgflﬁégféﬁf e sequences

from which the an%pﬁlftl d sequences originate. Once ampli |ecdd(
can be identified"Bi Ferfeletiftsetiventieniy te strieaibm digtstic %rvd eonijzarisemtorestriction
digestion patterpssforthistiiegian inzany af AN AAN2eAAYSrANY e A Fa 0t AANE, 300r that of
AAV7, AAVIO, ANVIL AA or f the other.novel,serotypes identified by the invention, which is
predetermined gpll\g%p%cf\%t\é%zgf% {R%e%gé’ﬁéﬁ% %\\E@ﬁtfﬁn@de&l&%éﬁ}l Ethexalﬁpgéa/fno ¢ ”btﬁ?(\?ﬁded herein,
one of skill fn thE 3@t eBheredeRty Gekititisuch regions among other integrated viruses to permit ready
detection and identificatioraf these:setuendesy Thereaftar.pmapimal set-abaenaric prmers located
within the highly, e .desi d tested far efficient amplification of the selected
region from sam g%2§1$%%g§§%g§?9§%@1%3%%?&5%%5%55&%&?3 to g %5@%8% ¢ Tt Yor detecting
the presence ofiHe {3FJEPELGERte e G SRR AMATAF R dittifyirignine 384 vegeesty reniising standards
which include the kestristionpaternstioe thendldseratyresrhaascribedheseinaisalated using the
techniques glesgyj in. Ear I ick identification or molecular serotyping of PCR
products gaﬂ beq%%%gﬁﬁiﬁ%ég %ﬁﬁg@%ﬁﬁ%ﬁé C%g%g(})%g’tg and 1“((:)(é)"rlrrf p%rrﬁ%argems%%ca%ﬁopattems.
Thus, in one emBY8iriéhieatié 2EigRatite YelrIRdteRlk 48NS bR e 80emEhabout 3200 of AAV 1
[SEQ ID NO:6], Bruhpbsresporidiric pases paiteiniBAV:2i1 0A.A.V3, AAV4, AAV5, and AAV6. More
desirably, the region i I ithi 86 ta.about.3143 fAAV 1 [SEQ ID
NO:6], and correspo_n?jgi?]R)%)L{a&sggrx g‘a{%%yﬁ&f/g%%“ [ESPIIEHeerRDﬁS%%%B ,&A%lﬁé@fﬁi?g&ﬁk%ieaﬁ%d other AAV
serotypes. See,9l9i’g/‘j.“ie.“‘l*%’6@?%&‘?&5?58‘{‘]’8%&‘(61398 gyt tHEnsinipreadiimersninathyspecifically
amplify thigssignaitelré! region areresilized!doidivever dhreppre sert-ameaniion is noksirited ta the exact
15sequences idgptified herein for the AAV signature region, as one of skill in the art may readily alter
this region to encompass a shorter fragment, or a I.arger‘f_ragr.nent.of this signature region. The
PCR primers are genet At isipRERTYERse Idrsins ter (hdrsiost sinltha ehatet obritient abid PCR primer

sets is composedqibact prieneas andaidharinee See:guenc2tBamboak.ahal witedhgrein. The term
"primer" refers tg an gligonucleotide which.acts as.a point of initjation of synthesis when placed under
condiions in w4 S o TS SO R G CEHREEHHEhERY b &l aci
strand is irducetie ThE erigitetlip esforab lipsifgdesgiande dodondive seifrmdoubie Stmnaedprimer is
utilized, it is treatedds M@S@m@tsmmbﬁa@@isﬁz@m@%@&J@;&{%@éﬁf%&&%]%%ﬂ&dUCtS’ The
primers may beéSabout 15 to_25 or more nucleotides, and preferably at least 18 nucleotides.
However, for celBf SlpIat0Rs EROAMhIRIE BHaEid Yy usoatly F5irmstrisHies 8réutilized.
The primers arenselestiees tat bessalficictitly complementasyltastheulifferentsiransds<etieach specific
sequence to be amplliee(6 Iybridige i tellizsReciye sands, Therelore, e primer sequence
need not reflect thé exact sequence of the region being ampll ied. For exan‘?’p €, a
non-compEmeriirgFHbe Rt SR IFAGTHETEMES TBB-kralbréd rortvia. Srerferemtin theerdr, with the
remainder of thes pitraeT Seqpentesheisgcompletahcomplemenianate the,sitand. Alistnasiyely,
_ non-complementarﬁ{ be}:s s longer ?e%e}ﬁc%s can be iniers ersed into the primer, provided that the
primer sequence as & |Cie)r<1%mgoer%% Sménta ﬁgWﬁ%st?fS eé&@% Fotthe strand to be amplified to

hybridize therewith andifofm & serplasefidfisgminesisobihe extishsiproprodhrcs tfsthe etlter primer.
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.



The FOR primers for the signature region according to the invention are based upon the highly
conserved sequences of twoo or more aligned sequences (e.g., two or more AAV serotypes). The
primers cart accommodate less than exact identity among the two or more aligned AAV serotypes at
the 5" end or in the middle. However, the sequences at the 2' end of the primers correspond to a
region of two or more aligned AAV serotypes in which there is exact identity over at least five,
preferably, over at least nine base pairs, and more 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 sequences ovés dederist fives inublentits oHbuenrstios werdain iepticrey eritizerst@niwo, or more

degenerate nucl@nﬁgﬁsea&&heé”pm&ﬁrme@rm@a for use in apEﬁHa@S@mzpl@nx&h@h@ﬂéﬂ@ﬁl&ﬁlgfor the

signature region of, AAV n%dé) ased u thin the AA Sld as follows.
e 5 primer witd LAGSH LE0B0y R 65y 3H0L LKA (S0 1B MO e o e £
GOTAATTC@T@@@@MAM@@@AWS%@? Fi&’:“i'?frﬁé BrigiHel wiedesignéorbased upon nt
3096-3122 of AAMASERHE) NQiédeE' g&ﬁAtGéF@{ATCAACAACAACTGGGGA 110-3, However one of
skill in the art may have readl ge5| eoqhtheen rin eard\eaeré bgssg:tdt eplcgnetn%ncgg espandi q? glons of AAV
1, AAV3, 20AAV4, AA ase upon the information prowded erein, CAAV AAVlO
AAV11; AAV12, @taarbehwermwﬁmﬁzﬂﬁfoﬁﬁ@iﬁwﬁfmﬂqn %dmdﬁalgﬁutb%ﬁempmﬁéprsetg can be readily
designed to amplify ﬁh&migg’faaw@aéegmmmmgﬁe@mquetaém@r«wot@moaemgkiﬂtageme art. B.Isolation
of Target Sequences 25A lq Agegsh |n,tthe g%s %t ma\{1 n |So\na rg)t\sllges ifflrst ?nmer set which
specifically ampf’fegsat?]e Sig nature reg |oyn oF the targ ot uence serotype in order to
permit detection @qur&ﬁg@mwfa) §¥9&%€®ﬁtﬁﬁ%9ﬁ¢éﬁﬁfh¥ﬂﬂer sequences are desired, e.g., if a novel
AAV serotype is identified, the signature region may be extended. Thus, the invention may further
utilize one or moye ad%%spbqngg%gfpsmably these primer sets are designed to include either
the 5' or 3' primer of the first primer set and a second primer unigue to the primer set; such that the
primer set amplifies a r%glon%e‘i?f’@lfé’ftﬁé%ﬁﬁéﬁ}@ ﬁ%ﬁﬁ’f‘% iPPfHheals to either the 5' end or the 3'
end of the signature region. Fooexapplghaifivshiimmenset isreamposedeofig ahptinesBinand a 3'
primer P2 to amplify (e signaiure eaion, Inarder B exiend s slanaieedignenis 3 end, a

second primer set IS composed of primer P1 and a 3 primer P4, which amplifies the signature region
and contiguous SEGERCEY %Pé\?\ﬁ“lE?F@éWBFﬂ?e%@?%?ﬁf{e‘q@drﬁr?hFﬁ%‘i’ﬁe?%fé‘ﬁéhG%h iynature region
on i_ts 5' end, a thisdgritaenset (@ aompasedofrass, prinaegtRos. Saned Ppeittfettd2 nalteh that the signature
region and CO”“Q%%%% WERCeR NPRIRAN of e NAnalle 80100, 84 Ampliieg hesg xlension

steps are repeated (or performed at the same tlme{ﬁ as needed or desired. Thereafter, the products

results fromPhe s I BRI SRy BFEITIS I BEIRRY to0R IGRLPSASHE Y Bt it 4R iolated
sequence of the desimdJengitlThaHaconadaHUtHIIY prmetidetaaredesigned, as with the primer set
for the 10signatuye fegiolh o AnlbABoBRAAYRa-ABcanseivesoequeaces among the aligned

sequences. Reference herein erm 'second"” or "third" pfimer set i$’for each of discussion only,
and without regar@agdsisiensy Yir%ﬂ{r‘énvﬁh@%enﬁmﬁé%“é?é%ﬁéﬁ% SRR BIARLATRZEor used for
amplification. Thethegionuamneplifiechaydhersecanehipimey st is setededseathabigber aimplification it
anneals at ity 5' gnd [g the %egpeqc%fstuﬁ&fgmwg&;?sﬁ%gnnt%%w@nxt 4 pegion 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.cdditional primer sets can be designed such that the regions which they amplify
anneal to the either the 5' endveuibieldrend efihe Bxtensior: pradiacts fortkeddysthg. sesond or third
primer sets, or b ;&%@%@%&; eQLRiesSelR. 0ranEXARleHRIa AAVIR NG 1RIAR! sagpepce, a first

set of primers (P1 and are used to amplify the Signature n from the sample. In one desirable
embodiment, thisP&Sighatiifes ragieih 18 foratserwitian the as/ 3‘5%5?60%%@88% 2 iimers (P1 and
P4) is used to extend the: 3hendof thelsignaitreriggias, tdraskocativin dhethe: Ak sequengenwhich is just
before the AAY 3, TRk providiaganexiensieRdqduet sIRINNaE AN Z0RA of the AAY

capsid when using the s nature region as an anchar. In one embodiment, the P4 primer corresponds

to nt 4435 to 4469%F AKYS TS%@‘WWb%fh&ﬁdj?SP%gﬁéﬁan‘ﬁ%H@n??élga‘n?me“étﬁer AAV serotypes.
This results in amplificattpivieiwalr@giervofiaboit SpénlobzadriChbcontaiins Thecd 2odKihsigmatare region. A
third set of primers (B3 and B9) isused o gitenddheentoksidnAlIe-region i adosaton in the
AAV sequences which is in the 3' 30end of the rep genes, i.e., providing an extension product
containing the entire 5' end of the AAV capsid when ysing the signature region as an anchor. In one
embodiment, the P3 primer corresponds to nt 1384 to 1409 of AA'vr2 [SEQ ID NO:?], and
corresponding sequences in the other AAV serotypes. This results in amplification of a region of about
1.7



kb, which contains the 0.25 Icb 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 P5 corresponds to nt 108 to 133 of AAV2 [SEC
ID NO:71, and corresponding sequences in the other AM' 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 anchar or marlcer, to construct
an intact sequENERiqh it exHRIBRODPE G BE FHErBYEN ARy QeiTa e SRaTRGS S8 Rimum, an
intact AAV cap.gens,are-ahtainediylargessecquenines, may becaitaiedptodepending upon the number
of extension ste}lcgrsd oI fgrmed Suitably, the extension products are assembled into an intact

Soyiree. . .
AAV sequencee using ethods known to those of skill in the art. For example, the extension products

may be digested with DrainT dHRITefedVRSI AT BRAHY & RiEAlsd Mo thacSititattre ¥egion, to
provide restrictippifragroents pehich-arecheiligatéchtt> PROvide: prvducts tontammgeat &35 minimum) an
intact AAV capgene, Howsyer athersuitahle Jeshniguessiorassembling thesexension products into
an intact sequence may be utilized. See, generaliy, Sambrook et al, cited herein, As an
alternative to thelfatfeple extension steps described above, another embodiment of the invention
provides for direct amplificationsed aca:ib, kbcfraffinentgivhic s 2Balowsnsbbationeiftit-length cap
sequences. To directly amplify .2 L i dlklength.canfiagment fror NHR dissug-andblood DN'As, two

other highly conserved regions were identified in AAY enomes%gor use inhPCR agng)lidfication of large
fragmentsiA phREHYRRIRR COHSERBE RGRIh TSI TRTRS T RIdFS PR R Gene’lS utilized (AVins:
5' GCTGCGTCAAG TIEGACCAATSINGANE Shish &f SEORID, NO BFisszompiriztionwitt? 25the 3' primer
located in another conserves Kegior downsh eam Qe Car-a2ne (AM2gasISlve to the
CGCAGAGACCAAAGTTC,AACTGAAACGA 3 \§E ID Ng:’%g fg( atm#ifgg%og gg dI\{ISV sequences
including the fUIFIBAH 2 RAFUEHT FLEEHRT ff’éﬁlo&ﬁﬁa BSiphification the Broducte afe cloned and
sequence analysisljspesforhedewitieanaboa faoy vf?e. RSOy Lisimyithidarethisdbie inventors have

isolated at, leas;50. capsid clongs whichhave suasequsnt30hosn GhasesierizadoAmeng them, 37
clones were derived from Rhesus macague tissuesrgrh.:% - r%.373, t6t clgneg frgm1 C)énogggc!ogous
macaques (cy.1% & B o IBreL i S BABbEh S (Bh 1 HahB LY ahd BB fies from Ehimps (ch.1 -
ch.5). These clanresardddertificttrelsewteracnstidos pevifivedionytotpethepasitithrespacies of animal
from which they were jdentifiecs andrthadissuasin hasanimal ihasenavel sequsnces have been
located, C.Alternative method for isolating novel. AAV In another aspect, the invention provides an
alternative metio8¥8F58bMAHY Snovel AAV from a cell. This method involves infecting the cell with a
vector whieh provides helpeEfshotitnswarenanvaisbrtnglintdesbus Hldnesisortaining AAIVI;
sequencing the;isolated AAY; and campaingdhe sequencesief thaisolatedAde\dadknown AAV
serotypes, whereby differences in tli{e _se(i]yuencest of the i olﬁgediﬁév aﬁgeggé)\{yer}l AéASV serotypes
indicates the pregehts!8F 3 H50A RRG THh BIfec eSO diment; the Vctor providing helper functions
provides essentiahadenotisus farrotions Frickadinlg, &.enc BnepdiiisnEDa fiyesmes Hhoshe’8mbodiment,
the helper functigns arepravided v amiadenavirs siheadenovisssroaythe @psildstype adenovirus,
and may be of human or non-h man originBJ:)refefrgRLy ncl)on-hllgm%l QELQ%LIebQIe\Ié—eIPLI)eoCrégin. The DNA
sequences?of afTbEst BRHSGIFR Y fe s Afe Bvailabie from 1htGenbank, incfuding type Ads
[Genbank Accessiain N r$d?82603: fhiersld aniavirthsisap e aredonisy Betsbriniey fiomvaHs known
adenovirus serqiyng, el a3 SerRDIPRde Soflec/ardA M AQ iR fustbat dnehyingerady efithe presently
identified human tycfes,fisge,, e.d., Horwitz\} . t(:ite rgl%gé/t?ﬁ %irysitllaglx zé%grrrllog/iirslég%srléggo in to infect
non-human anifiat e(‘é‘.(f., Bﬁi?ﬁgﬁrﬁlz% & nmear{yloarfﬁso Be emp cgye in theé Vector constructs of this
invention. See, digrstidSr20cPatent NoeE083a71 6 frddditioN 2o Vild- e/ AdehbvifisesY fecombinant
viruses or pen-viral ¥egtars e, g. Piasmids; episemes: et Jreariringnthe Becsssarehelpesfunctions
may be utilized. Such recombLn nt vir ses areedkngwnvi%thg qéte angl rpg}xetr)1 idorepared according to
published technifiG&y 8d- &4 UT Batent No. B.8719 3 Snd WS BAENT 6 D51,677, which describe a
hybrid Ad/AAV virus. The selectioritsfatiaessiarsidrd s uppe et shticibatsdtd o5kink the following
invention. A varigtyof adenquins staipsiaiaamilable-fremdbedmericandtypeatilture Collection,
Manassas, Virginia, or avaiiable by request fom g variety of sommercial and institional sources.
Further, the seql‘.iiérr‘lt&:écsatb%ﬁ nye Sudh'sirains are available from a rle’ty of databases including, e.g.,
PublMied and GenBank. In another alternative, infeiious AAV may be isolated using genome

30walking technology (Siebert et ctl., 1995, Nucleic Acid 1?esearch, 23:1087-1088, Friezner-



Degen et all, 1986, J. Biol. Chem. 261:6972-6985, BD Biosciences Clontech, Palo Alto, CA). Germ=
walkiag. is'particularly well suited for identifying and isolating the sequences adjacent to the novel
sequeg,ces identified according to the method of the invention. For 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-AAV s uence dentlfl?{? and isolated
according to th@‘g‘b‘tég%ﬂtgmtlé?tﬁSWe%Eé@S @fﬁtﬁ%?ﬁ?gﬁtﬁi ¥ Stﬁ‘lgofﬁg éafh 8h may be
readily used fosedevarietyiof épidemittogVhstadies oStild msmﬁ@cﬂmﬁmmmtemmm@mwﬁ gene therapy

via AAV vectorg,and vectar @JW%E%JE@@&%%HE%Q[@P@Q Mgm%ﬁtua%th@em%g%mwe“ suited
for use in pit-packaged Kits o se b n|C|a s, researchers, and er |sts 10 Diagnostic Kit

In another asp&¥C e |H§}5‘nf6 %PSV.é‘é’s D P %fteefgétlngt?t YO Li8E b a known or
unknown aglendess s ateelnviruis (A Vying hesaphpleiSdeterdddivareay E@Tﬂmméeﬂﬂgt@et of 5'and 3'
PCR primers spegifig et signatue egionef dhedtonueleis asid dassanenseadfdieraatively, or
additionally, suc a k|t an contain a first §ettof 5' %nd 3' PCR primers specific for the 3.1 kb fragment
which includes thé" eﬁéﬁ‘t ARVPEARSIE hadgigacid’ Sequence identified herein (e.g., the AV1ns and
AV2cas primers.) OptlonalIyTéUk|tfm%@ﬁbﬁﬁ@ﬁ%nthﬁta§ﬂm¢ﬂtféFqgmﬁafﬁrtm\btpﬁt@@%@monal sets of 5'

and 3' primers, g% dlesgsiReshbereinaandirPORIprebes J&B@ﬁ%@diﬁg%@%@ -Probes are used
according to th re i ion a ture r ns of eadg ger t e.g., using
quantltatlvle PC%(’%%% AI%e i’rrtl\‘/‘%evnglon %gryﬁrfg\llggélg use?é'l%lsa Ap?ylngpar? é/ serotype
detected accor@hrtgutdmﬁé?%ﬁéﬂthb@ilb?Webmvb‘hﬁéfnldﬁ@@)?%ﬁ‘%ﬁétlﬁ@iﬂshmgowv&bNAVafmm known
AAV. Such a kittmayzfggﬂt@tm@dmemgqsm t&sgqicatmtsazqme&@ma@@ fop AAY25serotypes
providing their "signature re strictio es |ons analyses" an / othe ans for determining
the serotype of‘tﬁ%n,&&a\?‘% EEte r}g/‘\llnuétt ﬁl t%r or tﬁg}}hg\h/ Sﬁfsoﬁc??té amr?cfz;lg?é instructions, a
negative and/orsmositl\ﬁerm@ttmt,%@ﬁtétn@F&\,’edﬁu‘é‘ifmfaﬁﬂﬂttMﬁéfr@*Tdﬁlthfélgtatﬁﬁiﬁiéthm@étor charts for
signature QQmps%tiﬁ@lﬁb%sd&ﬂmbl&emqu%e ctecwratgmﬂma' ti@grbin&tm@ti@ngnampﬁ@aat@mgicks or
30containers, and sa rlt) reparator cups, as w Al sweﬂ rea nts |pcjllf|1d|ng media, wash
readi - thig region to er ss a sl 01ter ora
reagents and cOncentation refgents § rea ents ma%;/{nﬁe readily selectad from : among the
reagents descriiethheregicand from among conventional concentration reagents In-one desirable
embodiment, the wash reagemt iﬁcﬁt@t&@t@ﬁ& g&ﬁa&w&t@&whig&ha&be%mbwfﬁrﬁd e physiologic
pH, such as phos hateEbtéff(%r s&{ne PB lstggnelgstégnfrgg,ggegté?aP colqtamlrég 0.4 MNaCl, and
the concentratlo reagents and dewg or exampie, one of 8Kill in‘the artp recogm%é that reagents
such as polyethyierreaglyeo! (PE@)?*GWN"E‘&S‘-’@& PR B ereisesfial: a@Ptﬁ&t%ﬂ@@s‘&@hﬂa@ filter devices.
For example, a filtar gevieenwith a400:R Wecmambrane:nauliticaneamate s of 2 pliekits provided
by the present |nventlon ar%uc§wpu forf‘perf rmln the met ods scr ed her mrﬁ;tnd for study of

SIoh DIo h 1s gomplement nuoe aCl ran 15 mduce 1
biociistribution, epldleml ogy, mode 0 traﬁ)ﬁsmlss@/ novel A V serotypes in human and NHPs.

Thus, the methaeeemel ks tﬁ@?ﬁ@eﬁﬂﬁﬁvﬁetﬁﬁ@ﬁé‘t@cﬁ@ﬁdqﬁéﬁﬁﬁbﬁt%ﬁzﬁtﬁ {SBRaHRSrOf target viral

sequences, parHéﬁSﬂ%ﬂéﬁtE‘E@ﬁﬁ@é@QfMé@EE@le@iﬂ@%ﬁeﬁd?@eﬂﬁ@m%ﬁﬂd&kltﬂta@xﬂaﬁlﬁumw well suited
for use in dz%-tectl n, |q?nt|9§%tlgglggg s% téogtn 'rAéAé\r/ ?gﬁeng?ghwhlc | gcl)ncludefnovel AAV
serotypes. i Bie hotaBIR example he met 0 e invention facilitate anaFyS|s of cloned AAV
sequences by tﬁéﬁﬁm@tﬁ@t\ﬂmléw%ww‘é@f‘ﬁ%ﬁtérégéﬁ%ﬁ/Wb?@@%@é‘ﬁh@ﬁces 15between cloned
fragments from different anlmn@p@u@t whiehowene Mnﬁmxtmmmtkm@wawtﬁﬁvﬁ%&types with the
majority of the varlat on loc |z%gi1 0 Seg/ ervar r| blenr lons Qf&%ega\;yp&%gg%gan %gr%ns&ng divergence
of AAV sequencseré“lltfvas nc?fe Ah clones |solated8fxr(§)m smgle tissue sources, such as ymph node, from
an individual rheégiesafeonkes prnfisSHeISar st i§%é&théﬁmat%6@9%qé§m@gt@\mmaon of AAV
sequence withinsipgividuak2Qanipels duecdnpadsinexiensie homelogaysieeanbination between a
limited number. gf CO- Wgctmgﬂgare%t alle\l%yns 2 &T g:;tS(ra1 Stu eleuse suggest segb§nce evolution of widely
disseminated virus dcémng the course of a natural AAV infectio tﬁat pre um y leads to the formation

of swarms of quesisPesEHICHCHIFRSE froHF BRE SHOtREF I BHE %Y e drigry peiiaadeble regions.
This is the first exarpple:efsapid moleecylanevobiion afatkNAndr s uence has sufficient



25in 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. Novel AAV Serotypes 30A.Nucleic Acid Sequences Nucleic acid sequences of novel
AAV serotypes identified by the methods of the invention are provided. See, SEQ ID NO:1, 9 - 59, and
117 - 120, which are incorporated by reference herein. See also, Fig. 1 and the sequence listing.

FOIT novel serotype AAV7, theﬁ&u&g-len%th sequences, including the AAV 5' ITRs, capsid, rep, and AAV
3' ITRs are proVitaRih B | B % seatence o L%?séﬁéﬁ% vl \efd§8h¥f§}'bdé§66kf€fﬁ3‘fﬁ\?8ﬂtion, the
approximately 3dtrichifradpieept isolatéch tesrding dopheshethiototfethetimvention is provided. This

fragment 5contains sequenceg eaeading-full-length carsidiproteinandalhorRarkaf the sequences
encoding the re aEaré)tein.,T ese sequences include g;he clones identified below, For still other

novel AAV serotypas Atie SgRAtS a0 I Bh eHEEE MY the Ldp&ia PITEsIfR Brsditiet. B8 Pexample, the
AAVIO nucteic acic seqglencieseof thecipve Atican roludsdhosksitstrated inckidy 41SeethSEQ ID NO:117,

which spans 258, basesl. Thg JOANY Liaueleicacid sequenses:efdberdnventiopinclide the DNA
sequences illustrated in Fig, 1 [See, SEQ ID NO:118 which spans 258 bases]. The AAVI2 nucleic acid

) Q 8,
sequences of tH FRARIOR THEAHB RS DRIRCEE 1T858 MR STECHT HigT (86, SrermINO: 110,
which consists ofl285Hase skat singithevmethodologypdésdribed akbieest fuinthersARY4 GpAAVI 1 and

AAV12 sequencgs carshadicadily ddentifiedand.usedior a.vasiety ofpULases, dncluding A Sthose
described for AAV7 and the other noyel serotwﬁtg Feorflr%. ot Figure 1 provides the non-human
primate (NHP) ARV AU CABRT CE LETEEYS RUEHHBH T R AP R ALHIRLIEURRReE Y B viously
published AAV.serdfiipassitpiidis] FSEEQYIDONGC B]o ALY SES DIN@T b andeALNSISEQ ID NO:8].
These novel NHR seguanees mcyderthosgrrovided in the following Table I, which are identified by

20clone number: Table 1 AAY, Gep Seienice Clone Numiel Sourse, . SEEGiRR, sy FEQ 1D NO

based upon a unique region within the AAV capsid, as follows. The 5’ primer was based

15 upon nt2867-2891 of AAV2 [SEQ ID NO:7]}, 5'-
GGTAATTCCTCCGGAAATTGGCATT3'. See, Fig. 1. The 3’ primer was designed
based upori nt 3096-3122 of AAV2 [SEQ ID NO:7], 5'- o .
GACTCATCAACAACAACTGGGGATTC-3’, However, one of skill in the art may have
readily designed the primer set based upon the corresponding regions of AAV 1, AAV3,

20 AAV4, AAVS5, AAVG, or based upon the information provided herein, AAV7, AAV10,
AAV11, AAV12, or another novel AAV of the invention. In addition, still other primer sets
can be readily designed to amplify this signature region, using techniques known to those of
skill in the art.

B. Isolation of Target Sequences

25 As described herein, the present invention provides a first primer set which
specifically amplifies the signature region of the target sequence, e.g., an AAV serotype, in
order to permit detection of the target. In a situation in which further sequencés are desired,
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.

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



Clone 9 (AAV9) Rhesus Heart 5 Rh.2 Clone 43.1 RhesusMLN 39 Rh.3 Clone 43.5 Rhesus tMIN 40

Rh.4 Clone 43.12 RhesusMLN 41 P..h.5 Clone 43.20 Rhesus MLN 42 Rh.6 Clone 43.21 Rhesus MLN
43 Rh.? Clone 43.23 Rhesus

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 of a 5° primer, P3,
5 and primer P2, such that the 'signature region and contiguous sequences upstream 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

10 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 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

15 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.

20 For example, where AAV 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’

25  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
sequences 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 AAV sequences which is in the 3’

30 end of the rep genes, i.e., providing an extension product containing the entire 5° end of the
AAV 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



MIN 44 Table 1 (cont'd) RI.S Clone 43.25 Rhesus IVILN 45 Rh.9 Clone 44.1 Rhesus Liver 46 R11,10
Clone 44.2 Rhesus Liver 59 Rh.11 Clone 44.5 Rhesus Liver 47 R11.12 Clone 42.1B Rhesus MEN 30

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 P5 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,

16 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, }

As an alternative to the multiple extension steps described above, 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 genomes for use in PCR amplification of large fragments. A primer within
a conserved region located in the middle of the rep gene is utilized (AV1ns: 5!
GCTGCGTCAACTGGACCAATGAGAAC 3, nt of SEQ ID NO:6) in combination with

25  the3' prim'er focated 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 amplification, 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 —rh.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

11



Rh.13 42.2 Rhesus MEN 9 Clone 42.3A Rhesus MEN 32 RIMSClone 42.3B Rhesus MLN 36 -

R11.16QIone 42 .4 Rhesus MEN 33 R.h.17Clone 42.5A Rhesus MEN 34 Rh.18Clone 42.5B Rhesus
MLN ~

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
5 novel AAV from a cell. This method involvés infecting 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 AAYV to known
AAV serotypes, whereby differences in the sequences of the isolated AAV and known AAV
serotypes indicates the presence of a novel AAV,

10 In one embodiment, the vector providing helper functions provides essential
adenovirus functions, including, e.g., Ela, Elb, E2a, EAORF6. 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

15  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 humaﬁ 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

20  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/AAYV virus. The selection of the adenovirus type is not anticipated to

25 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 GenBank.

In another alternative, infectious AAV may be isolated using genome

30 walking technology (Siebert et al., 1995, 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

12



29 R11.19Clone 42.6P Rhesus MLN 38 Rh.20Clone 42.8 Rhesus MEN 27 Rh.21Clone 42.10 Rhesus
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Rhesus MEN 31 Rh.25Clone 42.15 Rhesus MEN 28
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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 AAYV capsid and/or rep sequences identified
using the methods of the invention. This technique is also useful for isolating sequences
adjacehtto other AAV and non-AAV sequences identified and isolated according to the
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.

1L Diagnostic Kit

In another aspect, the invention provides a diagnostic kit for detecting the presence
of a known or unknown adenoc-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

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 sequence identified herein (e.g., the AV1ns and AV2cas primers.) Optionally, a kit of

the invention may further contain two or more additional sets of 5' and 3' primers, as
described herein, and/or PCR probes. These primers and probes are used according to the
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
serotypes providing their “signature restriction enzyme digestions analyses”, and/or other
means for determining the serotype of the AAV detected.

In addition, kits of the invention fnay include, instructibns, 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
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



Rh.26Clone 223.2 Rhesus Liver 49 R11.27Clone 223.4 Rhesus Liver 50 Ra.28Clone 223.5 Rhesus
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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 polysthylene glycol (PEG), or NH,SO,
may be useful, or that devices such as filter devices. For example, a filter device with 2 100
K membrane 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
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
AAY sequences by the inventors, which revealed heterogeneity of proviral sequences
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 hypervanable regions of
the capsid protein. Surpnsmg dxvergence of AAV sequences was noted in clones isolated
from smgletxssue sources, such as lymph node, from an individual rhesus monkey. This

heterogeneity is best explained by apparent evolution of AAV sequence within individual

animals due, in part, to extensive homologous recombination between a limited number 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 2 DNA virus
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.

111 Novel AAV Serotypes
A. Nucleic Acid Sequences
Nucleic acid sequences of novel AAV serotypes identified by the methods of
the invention are provided. See, SEQ ID NO:1, 9~ 59, and 117 — 120, which are

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

14



Rh.33Clone C3 Rhesus 20 Rh.34Clone C5 Rhesus 21 Rh.35Clone Fl Rhesus Liver 22 Rh.36Clone
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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
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
AAVI1T nucleic acid sequences of the invention include the DNA sequences illustrated in
Fig. 1 [See, SEQ ID NO:118 which spans 258 bases]. The AAVI2 nucleic acid sequences of
the invention include the DNA sequences illustrated in Fig. 1 [See, SEQ ID NO:1 19, which
consists of 255 bases ]. Using the methodology described above, further AAV10, AAVI1
and AAV12 sequences can be readily identified and used for a variety of purposes, including
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'previousiy published AAV serotypes,
AAV 1 [SEQ IDNO: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

clone number:

Table 1
Clone Source
AAV Cap | Number
Sequence
Species Tissue SEQIDNO
(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 MILN 43
Rh.7 Clone 43,23 | Rhesus MILN 44

15



Cy.3, Clone 24.1 Cyno IBlood 16 Cy.4Clone 27.3 Cyno Blood 17 Cy.5Clone 7.2 Cyno Blood 18
Cy.6Clone 16.3 Cyno Blood 10 Table 1 eont'd bb.1 Clone 29.3Baboon Blood 11 Rh_ Clone
29.5Baboon ' Blood 13 Ch.l. Clone A33Chimp

Table 1 (cont’d)

Rh.8 |Clone 43.25| Rhesus MLN 45
Rh.S Clone 44,1 | Rhesus Liver ' 46
Rh.10 Clone 44.2 1| Rhesus Liver 59
Rh.11 Clone 44,5 | Rhesus Liver 47
Rh.12 Clone Rhesus MLN 30
42.1B '
Rh.13 422 Rhesus MILN ' 9
Rh.14 Clone Rhesus MLN 32
42.3A
Rh.15 Clone Rhesus MLN 36
42.3B
Rh.16 Clone 42.4 | Rhesus MILN 33
Rh.17 Clone Rhesus MLN 34
42.5A
Rh.18 Clone Rhesus MLN 29
42.5B
Rh.19 Clone Rhesus MLN 38
42.68
Rh.20 | Clone 42.8 | Rhesus MLN 27
Rh.21 |Clone 42.10| Rhesus MLN 35
Rh.22 |Clone 42.11| Rhesus MLN 37
Rh.23 |Clone 42.12| Rhesus " MLN - 58
Rh.24 iClone 42.13| Rhesus MLN 31
Rh.25 |Clone 42.15| Rhesus MLN 28
Rh.26 |Clone223.2| 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 223,71 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 o 21
Rh.35 | CloneF1 | Rhesus Liver 22
Rh.36 Clone F3 | Rhesus 23
Rh.37 Clone F5 | Rhesus 24
Cy.1 Clone 1.3 | Cyno Blood 14
Cy.2 Clone Cyno Blood 15
13.3B
CyJ3 Clone 24.1 | Cyno Blood 16
Cy4 Clone 27.3 | Cyno Blood 17
Cy.5 Clone 7.2 Cyno Blood 18
Cy.b Clone 16.3 | Cyno Blood 10
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Blood 57 Ch .2 Clone A3.4Chimp Blood j 54 Ch.3 Clone A3.5 | Chimp Blood 55 Ch.4 Clone
A3.7Chimp i Blood 1 56 A novel NHP clone was made by splicing capsids fragments of two
chimp adenoviruses into an AAN2 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 51-16 [SEQ
ID NO:25] and 112 [SEQ ID NO:261. The AAV nucleic acid sequences of the invention further
encompass the strand-whieh-is-comp VR /s -':- provided-in the sequences provided in
Fig. 1 and the Sequenee-tListirgH{SEQHID-NOL-F—59 1171201 nucleic-acid-sequences, as well as
the RNA and cDNA se uL?g,L}fa bggﬁﬁgﬁggﬁéﬁ Bkabzo.n. -Setf 'E@ges "p{o“/ideal"l i Fig— and the 10Sequence
Listing [SEQ ID NO:1, 8=a8; T 734201 aywiitiagh w0 nptegientary atralldaﬁj'-\ISG included in the nucleic
acid sequences of the iNveRtion arg iatEal Vamanis| and gpgineered modifjcations of the sequences of
Fig' and the SequenceListing [SEQH NS T, &9, 1178120, and their ggMpiementary strands. Such
modifications include, for exampleciateis whichiare knovemnba the art, medaylation, and substitution of
one or more of the naturally 150ccurring nucleotides with a degenerate nucleotide. Further

included in this invention are,ncleicaeid sequenaasy bR A raaleL-than.8o%, Brsfgradly a least
y a

about 90%, more preferably at least about 95%, and most preferably at least about 8% 99% identical
or homologous“ S HE"SEg HbnEké O HERTFIBHISh, TREIDRIHPRigA T hritrifseeliehéd WBSting [SEQ ID
NO:1, 9 - 59, 1I7N20)] 28 tissetgrths arecasidefied herein Albamincudedayitiirdherimention are

fragments of theq1Quel AANGSequenesdeentice by the method described herein. Suitable fragile:Ms
are at least 15 nucleotides in length, and encompass functional fragments, i.e., fragments which are of

biological interest. In one erhBodimMeH HeLinayRaHaTdre Fagheertstr ensomme 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 Sequence Listing [SEQ ID NO:1, 9~ 59, .
117-120}, 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 ocecurring 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, 9 - 59, 117-120].

20 These terms are as defined herein.

Also included within the invention are fragments of the novel AAV
sequences identified by the method described 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

25 sequences of Fig. 1 and the Sequence Listing [SEQ ID NO:1, 9-59, 117-120
complementary strands, cDNA and RNA complementary thereto.
Examples of suitable fragments are provided with respect to the location of
these fragments on AAV1, AAV2, or AAVT. However, using the alignment provided herein

(obtained using the Clustal W program at default settings), or similar techniques for
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25sequences of Fig. | 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, AAV2, or AAV7. However, using the
alignment provided herein (obtained using the Clustal W program at default settings), or similar
techniques for generating an alignment with other novel serotypes of the invention, one of skill in the
art can readily identifty the pliecise nuc eoﬁi\de start and stop codons for desired fragments.

Examples of suftabié fHaghiaisiiFida SHE S84 SHRES B SRy HECthAS8 Vatikbferatkins (vp) of the
AAV capsid whieth e ibltdentifivé splicsvariEntse vpk{end stet 58R5 st SG4B:0fiddMds SEQ ID NO: I];
vp2nt 1234 - 3049 of AAVT, SEQUR NGk bRaeam A6 0uRlAAM: AL LA, BEQ ID NO:LJ. Itis
notable that .A AV7b1has an unuzu?lthca'gcg\;tart codag . With the excgftlon of a few house-Iceeping
genes, such a start codon- PRI IS ASLLIT BAEH VED B AU THHIKBARFE LB Ph &t fiEedtions for vpl,
vp2 and vp3 forégthesiR\¢isériotypeEhEve Bebnvheliegeditibe-Udh thantigyspermintelgellular
10mechanism ofsth@,Raskcelt inwhishthayresidgHo pradyee vpls ¥Rg,and.vR3 ¥ aafio of
1_0_%.10%.80%, ﬁg}é@@%{gl&a@ ogggr %&eg\rg& Cefflt%er%‘% Sﬁs\gmblsy of the virion. H(gxwever, the _AAV?
virion has been Tound to assembie efficiently BV Wit FBPEOTEP LR LSIBRE $HEE, the inventors
anticipate this itcislefeRieatslertovatts hhesstaretado®fthiawed ThothercAdays seratypes tadontain this
rare GTG start gden.dinprdgante-mpravaraskasing dpefficierryndoaligehe yirqn stucture and/or to
alter Iocat|%1 ofne]: Clﬁgﬁerg 8?1%@ hr}»%tuégﬁl.{%'%i an 'QQr%l i ‘%%OF%%OL olth\(/er AAaV serotype,s. The start

- codons may be ‘altered Using conventional technigues nefaanig, E.g.,p%ﬁ% d‘l?é&éd%‘ﬁj?égeness. Thus,
the present inveltioh0&ntdmpeseseisvaltereer WAV neiriohs ofiemyssetedied serdiypeHoerypgsed of a vp 3,
and/or Ol?tignal%evmlfaw@ﬁ M%B@%ﬁ%&@@sm&@ﬁ&(@%@% ﬁ@%@%ﬁ?&%&'&gﬁgmems of f
AAV, include a ent containing t tart codon for the AAV capsid protein [e.g., nt 468 to 3090 o
AAV7, SEQ ID %ﬁ%ﬁfeﬁ?%% @‘(Baoef?ﬂ\‘/i\t/*f, %é?ﬁﬁol\"}@? s S RS RORGRRG Pe8iRfis of the other

AA's/ serotypesh/Stiteotheefragandtitsiios mR\GT@ndtivedothér svdueb Adpvbserotipsssidentified using the

methods describadibesein inelude thrseRREINGIPS 1aR: m&%a%m&b@mﬁﬁdx@aﬁ?zﬂg 2sinitiation
codon 334 of Fi %bfod;y@AtVE% rep. %Ji}gﬁ@tionicodoqhnt 334 of Fig. 1 for AAV/], rep 52 [initiation -
codon 1006 of Fig. 25or AR 'ﬂ and rep 4O_Sﬁrr(13|ff3ff|s()n c%%%%cféﬁg B?itfﬁ.ait%fj KRN¥7] Other fragments
- of interest may A9ENsEoHIE IRCANI B ipeibidarenisitsl digéat s iTRs i | Toud OF pfekége 1 for AAV7]; the
AM' 3' ITRs [it 4304 80:FRAr0fkd AoderAAVE-BAL seguences AV P40seauenseas, she rep binding
site, and the 30 tr(lac{mina}ll!‘?zgasiplu\tfe PQS d&l’ I% hStiII o%hgcar %uitable.fg%gments will be readily apparent to
those of skill in fhe Art  The cOrresponding regiohs M s SthaFFEVRISE otypes of the invention can be
readily det@mined by referefieetd Fighle & agmsnispidifizing Sotnefitional etigrimenthitechniques with the
sequences provigesh REMEINA AV capsid oadditiomniadpelugdingthe pvsleisAgideeguenses provided in
the figures and ?lq%%%g%%evgs g%)ltg%gtelsendt Cin\(entio includes nucleic acid molecules and
sequences' which aré désighed to express the amiRo. acil sedlieHdBs Prbitinssaid Bhtides. of the
AAV serotypes &fiirshimvesstionisTids) Heidverrion nehldesVneciaipeatichsBgueneasawhich Sencode

the following noxgliAh\iAmiRG asishseananses: GLISEQID: %&%s%[%?%of% C5 [SEQ ID
NO:62], A3:3 [SEQ ID NO:6613 @%géi%g%gwo;ag A3-4 [SEQ ID'NO:68], A3-5 EQ ID NO: 69],
3.35 [SEQ 1D NBVEH" 5591 14E0 55 NG 44 7S Biesmesiut: 25abedee 1D NO:75], 223-2
[SEQ ID NO:76}h 223174 EX]irinion RS {SEQ for NOY78}nd 41 {SEQIDNOIRD], 44-5 [SEQ ID
 NO'S6], 42.3A (S50 b NO 7] 424 [SEQ IE NOBHL 15 on SR N oo D No9o)
42-3B [SEQ ID ﬁ%i‘%ﬁ?‘l% @%ﬁi‘b{%g‘?@fﬂ%}l’glféé&%ﬂl‘ﬁ6?\%]’, IABSTEY 1 K®:04], 4321
[SEQ ID NO:96 P4 25s EOVDNE: STjcaIs204SEE HoNG:99ih @4 bSEQ 4B, MO:tH01], 42.2 [SE'Q
ID NO:102}o7. 2:{SER1 HsNQ: 3032 3dSRRAIRNRII4Id 21 6:3 ISEQiPNQ: A05),42-10 [SEQ ID
NO: 1063, 42_3%‘1’ L%El% I’cPe Iélz‘(t) :"Ph(%?Jérﬁ}ezsb]d%dE?gEre ions 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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ID NO: 108], FI [SEQ ID NO: 109], F5 [SEQ ID NO: 110], F3 [SEQ ID NO:111], 42-68 [SEQ ID NO:
112], and/or 42-12 [SEQ.ID NO: 113], and artificial AAV serotypes generated using these sequences
and/or unique fragments thereof, As used herein, artificial AAV serotypes include, without limitation,
AAV 20with 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 heterologons sequences which may be obtained from another AAV
serotype (known or novel), ABA %‘BWE%UB%% BBRGRF e s s reritse e rfstasnon-ANY viral
source, or fromeadriznueired SoungehAmegertificvaliA h2bsenotyipe atiaynbecvsthautstimiation, a chimeric
AAV capsid, a raeambinat AAY capsid o anhumanized: A capsid: ggpé‘é& LN Acid

Sequences, Proteins and Peptides The invention prowdes protelns an agments thereof which are

encoded by théFeRRAIEH4E @éﬁﬁ‘@ﬁce@%fW?éWS%‘P%AV%@rHWﬁ@é“iH‘éﬁﬁ%Heﬁéflelﬁ*il including, e.g.,
30AAV7 [nt 8250t@ 3OS DfAVANEHoBE QA N0 @mcpﬁmefsnme{smuwpessp}mqeec@ﬁbeln Thus, the

id protei 2 [SEQ ID
NG 26, 42.2 1og m%@“&?igwy@f °““*e%ﬁ%\“?zﬂ?§‘?zgﬁ%%'e?%o R 2D 1o No, 29,
42-b [SEQ ID 8213 [SEY S’Rré%if o5 A3SEQBINSES, B3NO:33], 42-5a

[SEQ ID NO: 3@&@2&1@{8’5@2@ M(EBB]LDLECBE)SBSE@ZIEBB@IB@@ 22213 SEQIDING:37], 42-6b [SEQ

D 140:38) 454550 DHOISRD A8 SISEQIDNRLIR) 1SIRISEOIBND AL B2GfsE0 D |

NO:42], 43-21 ET%%%ID NO: 43], 43- [ﬁ[%e NO:44], 43- 2%; D NO:45],

544.5 [SEY ID 533! fégfé%éq S%%é%g@é@’l ﬁﬁ%@? PHUYGESI NO:50], 223.5
[SEQ ID NO: 51JE22D 6SER 4DNEE2 NR2EY, {SES MEND: 8359532 [SERIDING:54], A3.5 [SEQ
ID NO:55], A3.74SE QD M@@}j} A3. 3&%@%%%5% £2:d2 ] $ERIRNQs 38kand44.2 [SEQ ID

NO: 59],canb rea |Iy eneraéﬁ%usmg%ﬁc%lventlona techni ues from the open readlng frames
h

provided for th %éésé |%%$ﬁ%rlﬁlﬂﬂ1é’ F et BMiSES5E AP befblypes generated
using sequencé@iﬂ iﬁé\i%véﬂwe%&@t@e@dﬂﬂieﬂh\ﬁémm N@hidh jaes . g esiepate adiosing jsynthetic,

recombinagt orl@tb@gmme@ﬁn@m forheseel. skt inths gt TIB%BV?@% Obi§ N tﬁfaﬂ'ted to novel

AAV amino acid se nd teins expressed from the nove AAV nucleic acid
sequences of tﬁ% %%ei‘%@r? ;ﬁgﬂog,? pellggle “aeiitror ﬁé\@ sEQURdSEuBERtddd 4ndHroteins
generated by ofiBRdiethods Khewrrid2hie [@ﬂQlﬁélUd)ngwe g byittidmicsl synthesignbytather synthetic

techniques, or by, othersmethods; fene e.gequences of any of CI [SEQ ID NO:60], C2 [SEQ
ID NO:61], C5 [SEQ ID NO: 62] A33 S 0:66], A3-7 | S§ID NO:67], A3- 4#@‘ Q ID NO:68],
A3-5 [SEQ ID NO: 69], 3.3b%8 Eﬁ‘%ﬂ f%”&fé"‘ﬁjw spaiihosdisitationy 4 N0:74], 223-10

[SEQ ID 20 NG5}, maxat[emcmrm@cmldzz@@m{%@ ADaNEXi A Thp2 ey [SFEN RNy 78], 44-1
[SEQ ID NO: 79}, %@d@%@lﬁu&@s@gh A RAREQARNO:BLL lﬁeeat%,lﬁgéé A%Ag@?en%ﬁ 2-8 [SEQID
NO: 85], 42-13 [SEQ ID NO: 8§ Q.ID NO:87], 42-4 [SE 88], 42-5A [SEQ ID NO:89],
42-1D [SEQ ID'ROTGW| AXER ST IR @T] h&?i‘f%‘ii_*éj‘iﬂj‘%%ﬁs @5?10%@&1?6[8@@1% NO: 93], 43-5
[SEQ ID NO:94f04822¢ {8 EA VBt 0061025482545 EQ-HonhiDo1 Phrid:26f [SE@DAK0:993, 24.1
[SEQ ID NO: 1@@;&9&%@5&4@;@4&@0&% REGHR N0 2d -3 SRR Ny 104], 16.3 [SEQ
ID NO: 105 42.10 [SEQ | NO[ 10% 42-33 [SEQ ID NO: 107], 42-11 [SEQ ID NO: 108], EI [SEQ ID
NO: 109], F5 [§€63%E7 Rie: 181“%% [SEB ATt 2565 E@Cﬂﬁl?\@“ﬂé}’ SHdIOPA2-12 [SEQ ID
NO: 113] by bear8auiingedietatédansihg a variety of techniques. 30Suitable production techniques are

well known to those ofskill i, the 2tiSe8; EsdquSAnbIgkistazl; M% lggylar Cloning: A Laboratory
Manual, Cold Spring Harbor Press (Cold Sprlng Harbor, NY). Alterhatively, peptides can also be

synthesized by the well knoﬁﬁeéﬁ‘fﬁ?tt?ﬁ&é‘é"’ﬁéi)‘ff&ée%ﬁﬂqgg’@wmﬁm@ﬂ*}fwwﬂﬁﬁi ©®@wn:. Soc.,

85:2149 the nucleic acid sequences of the novel AAV serotypes identified herein, including, e.g.,
30 AAVT7 [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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(1962); Stewart and Young, Solid Phase Peptide Synthesis (Freeman, San Francisco, 1969) pp.
27-62). These and other suitable production methods are within the knowledge of those of skill in the
art and are not a limitation of the present invention. Particularly desirable proteins include the AAV
capsid proteins, which are 5encoded by the nucleotide sequences identified above. The sequences of
many of the capsid proteins of the invention are provided in an alignment in Fig. 2 and/or in the
Sequence Listing, SEQ ID NO: 2 and 60 to 115, which is incorporated by reference herein. The AAV
capsid is compdzea 87 tred PrdtefnS Bl Ws2@nd! w53 [SThIch die: attbrrativEssplitevanants. The

g e s st S LA LS
of vp3 span amll\#%: g%%d?Z%@%é&A&?%?ﬁ%@%fg r%él}léjﬁ THETR LR the Hrttan readily
determine the |62BEIR HIGNEYPF2-ahtPUpI P roteitis. for1hESBMEP hevebserbly[sEs abtNei#Nention. Other

desirable psoteimﬁﬁmwgmam,@fzmm@B@idmmai@},i@@k@@ﬁ@éﬁ@@!&aﬁg@iﬁmwﬁb'e regions,

located betwee ryayi [ P 0 V regions themselves. An
algorithm devel@;?g#?bygét% rr%igzgaﬁgsg gf %%%%%ﬁ\m%e?ﬁ%%% Aﬁ%@ il %F&e‘ﬁﬁ‘ﬁ hypervariable
regions (HVR) oPHRiIEhME 0vik4p- oFBTe BaN@FfileAdil Previodsly tassaBdaraiianie:idgions, [Chlorin’
et (24,1 Viral, 781130319 1(1909)sRuiledge BEL2D, Neirab), 72:309:348] ddsing.this;algorithm and/or the
90aI|gnmen_t teccgpl{%%osna %?&%P%dsi%%re'ﬂbtg‘eﬁva iof éhe rgovg\l/.A%é}s.%zg%?\% iare determined. For
example, with respect to the number of the AAVS vrﬂg[ % o) Nlé)e: , the 8¢S foeited as follows:
FIVRI, an 1%6-152; FIVR2, a1 82188 fR3sargerse6is iRy raa 384-:883isFB/R5, aa 450-474;
HVRG, aa 490-485ickt¢R7 aah00-504] 1chviRSs aathd tnRR2 VRS, AaB34:828:HY B1Ran 581-594;
HVRLL aa 658007, 400 URA2..80, 702 £49, 2Ullizing, ap alignment prepared I accordance with
conventional met o%ls and the novel sequences prowg{ed erein f§‘ee, é.g.,\f—e[ﬁﬁPéSZ], one can readily
determine the |6EHEEHOTR MVRERMECHORE 2IASH Sepbigpas! of thsénirvertion. fRor bxample, utilizing
FIVR? 5 logatog 187,187 EIVEA 5 Iopatet 2t 6 260 268 TPt ommie At 385-305, HVRS i
is located at. 182-1.87; F is located at a -266, is located at aa -385, is
30Iocatedqe?t P Beﬁé%e-sél B iglé%d?eglé %‘gﬁn%ﬁ?ﬁ&ogp A%W%Wi“f}‘&%@at% at aa 501- 505;
EIVRS is locateth &Pl S#8u575 DR Sy ek éu i 683 Bha oI Shislo datedatmz $83-596; FIVR11

~ is located at aa 860669 HWREZ s imratedva a6, 197521 ibising the sinfermatian.provided herein, the

HVRs for the ot erot inyvenption eadily det ined. In addition,
within the capsi&%%fl}rylg) gﬁégcé%ﬁ%s&o@ ﬂéﬁ%@ ﬁggg%%e%ling%%%ﬁ%éég.g%gsge%gs%@t'tg%]’are of
particular intere3¢ S HielPAre ¥efekirf EBRSFICRY Bifidial SER IS, &l 32yl ppEQIAY a FVR1
cassette 02@ salesied, sesarypEIt NI Y RE oasselt H@noihersserabpes Neran of hese cassettes

of identity are n inEid. 2.-See, Fi oV t | X ali ent, which has a ruler is
displayed belovﬁﬁg ?é?uger%gs& st ?tlgr%%gt ft%%ﬁgea’f%i%%rgsf%%eop%gg?ﬁS'IEﬁIé‘Qiﬁ%%@b%’the ruler is
used to mark stfénglyEoH&IPe8ihdsitionSERRRN @1iataetdrs [BEQ 1D My dTdet-4TSERlitates positions
10which have ansingig 4futiy. ¢opgented wsidua £ sindicatesdhaka s5treng 18rQuR is filly conserved ™"

Indicates that a L group, | ed,.The e all the positively scoring groups that
occur in the Go érﬁe%@%ﬁi&%*%@@ﬁ%%&%é Eg?eb(}?fHQE) &%&}éﬁ@%&ﬁ%ﬁs and the
weak groups aré3defieRads Weak/sdora B NMHc1AIR: . iR &0F tbheri2aifabie lagments of
AAV capsids inm@dmzwwmc@ﬁp@m:tmm,emm@m&mmﬂwzlﬁﬁ(@é@ﬁﬂ%%%@éﬁo 42,82 25 -

28; aa 81- 85; -165: aa 134 - 165; -143; -156; aa 194-208; aa 261-274; aa
262-274; aa 17611%%%1% a@@iﬂ%{%&a gﬁg%% aé i&%%ﬁfgaéagggﬁ% iOQaFééiEébl? Ne 660-671; as,
709- 723. Still otAZk desHERIEP HEGMES InekdeDPeXamPASBNSERVEY NdnindJacids #2184 of SP.-Q
ID NO:2, amino[8E®IsrLN® 101258; @inaiaciherditd doAA6i.amne @gids8Q3 to 659; 20 amino acids
670 to 7063'0amino acids 724¢U()1t7§66' a u% l5 ttoec 98; aa 260 {ﬂ 273; aad47 to 477; aad95 to 602; az660
to 669; and aa707 to 721 Still other desirable regione balsd S REHlMbErY' 5t BAYY [SEQ ID
NO:2], are seleéfédfomaviongté Yoepeorbising 6flabe1851t0/208:.oR6D io2d3paads? to 477,
2a495 to 602; aa660 (IB6iiANHARIOT N Z2Bsing, healignmanbroyided bereinperfgrmed using
the Clustal X program at default 25 settings, or usi her.cgqmmercially or publicly available
alignment prog r%%\gnaia 5@&?@?& r%é?lrgﬁees 5 nSélJ[(II?I?%I% Qzﬁ&g%frlf @aﬂébéﬁﬂ%@é@?‘nﬁﬁéﬁ&responding
fragments of the novel AAV capsids of the invention. Other desirable proteins are the A,AV
rep proteins [an 1 to 623 of SEQ ID 140:3 for AAV7] and functional fragments thereof; including, e.qg.,
aa lto 171, aa 172 to 30 379, aa 373 to 444, an 44546 623 of SEQ ID 140:3, among others. Suitably,
such fragments are at least 8 amino acids in length. See, Fig. 3. Comparable regions can be identified
in the proteins of the other novel A_AV 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



readily utilized. Such fragments may be produced recombinantly or by other suitable means, mg.,
chemical synthesis. The sequences, proteins, and fragments of the invention may be produced
by any suitable means, including recombinant production, chemical synthesis, or other synthetic
means. 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 loinvention, the sequences of which
wild-type AAV <eibhypasrareattd SroNAiaRRT el miate AF et See Frimsiss. 4R Associated in
nature. In another 2EpEctTe: present swebitipr praiidestmaleculesnvhichibiize dheraevel AAV
sequences of the inyention,nglHing fagments ersat.forproduction of molecules useful in delivery

of a heterologous gene or other nucleic acid sequences to a tegt%et cell. 15The molecules of the

invention which contain seqt8HE8E 6 SHEVEIPAAN SEOEpEDAhE mudhaartintiubistasy genetic
element (vettoRnwhiichbiiay e ldeliveredaoa Hesticelkbeyy., TiakedBNA of plasmidnphage, transposon,

cosmid, episomgaifrofelt i anansdiaboalyeni\ehicle (6,0n e inidrased earrier virus, etc, which
transfer the seigenceogﬁ%ae%eﬁgthereggﬂThe selected vector may be delivere %@/ any suitable method,
. C [

including 20transfaté pofAtiSH SiposStHE deinsareishisrsfecssimciecifig i high
velocity DNA-caated pelletssviraf infectioriandpirotdpiast feisidricilhe anethodsspard d0.6a@nstruct any
embodiment of this-inventioR-are-snguwnide: thasawith-skil innuclgic acidmanipylation and include

genetic engjneering, tecombi ineering, and synthetic techniques. See, e.g., Sambroolc et al,
Molecular glon?r{%eggﬁﬁﬁ%?rséﬁ?yg %Ielaibnurahei,gég]%Sg%lﬁﬁcgeﬁ-?g%(%rg%%@}@?@él@§p??%gof—l%‘f\b\67r, NY. In
one embodimeitditie srettorssorttié Mmoention cofmalld sédlehteyentodingsdnfovetiddvheapsid of the
invention (e.g., &AM isapsie AAYaddy 248R:1R) tANAAVLO-aansiel . A0 AAY1d: cORSIH. BRAAV12
capsid), or a frar%r@e?netrgtf one f&}g}g‘ryengg r’ghese AAV capsids. Alternatively, the vectors may contain the
capsid protein, or a fragment thereof, itself. 200ptionally, vectors of the invention may contain
sequences encoding AAV répiptotesire Suetsire préddipgence s fttmcleifromidhersaaAAV serotype
which is providing he: eapeeasierges sAlerpativeheihe oresapiinEeNioRRIPYides vectors in which

the rep sequences ea})rcesfgg%e \V scroty gewhich ditfers from that which is providing the can

sequences. In oné embodiment, the rep an ca%s'sé‘aﬁibOé‘(ta}%nadr%vg%?%é%gﬁeﬁﬁiﬁ? &gparhte sources
(e.g., separate VEEEOFS; dbreEspirstie PR & viskiest) 2 hvarrstneble mbiodiieyiR) thfesectep sequences are
expressed fromotRaasama.ssaureemsithe gapcsaguentss: la:- s epoadineent. ihg LoD seaences may
be fused in frame. : _ f a different AAV. seratype to form a chimeric AAV vector.
Optionally, then\?g_'c}%)?sal%f ﬁ%l%ﬁ\r}gﬁﬁgo efedrctlégr 56%%%1‘%8%?%%e§%m§0%%? SRS aeedha ransgene
which is flafked iBppgSh TR A esnikeA BeiaR the HVRmishimorse embodimentthetvecbors described

herein contain nucleie.agie senueneescReading A HYacH AWAY capsidvhishonay b fram a single AAV
serotype (e.g., AL or another Iaa ), Alt iva%I hese ors contain seguences encoding
RN 9 ﬁﬂ Herpavel AN, Slternal ¥8#t}$§w{x\%ﬁ7&,(%ar2a%&ﬁ%%\/%

10artificial capsids which contain oné or more fragménts o ‘élaAAV) capsid
fused to heteroltgotfs AR oraadAlARY BYBSid TR oY HagnienEdheneds) a7 hisse2artificial capsid

proteins are selgotesl f5QyprEsT:;COVIOY QUSS PREYaNS f the: ABY 6 £or.anether nayehAAN) capsid or from

capsids of hewv serotypes. For eannrpIe it agb desirahle to modify the codin regions of one
or more of the AAVVBI. e.g: in one or more 150t the ‘ﬁ%é?\l}\éer?éoea rrenﬁi% e NHBVA-12), or vp2,

~ and/or vp3. In aTBYREFERATIRTE Nt Aifal? e Cediialiclooarsrttieedilsitetudar titheatipBqiitbtein to GTG.
These modificationsimayfedainsreassexprassiornyialdr ansdirio mpoye-RWification.in the
selected-expressian. systems, o f r e rgglqég e.g., to change tropism or alter
neutralizing ant?bogyl eg?t%gp?%%t.‘ %gjfr?é%?gci%?gégg&%i hereglsr]l,gééée .Cf Y fﬁé%pn”lal, &r& USRI for a
variety of purpoS&¥chiit drelSartic(Rary iratrdeisd or06d M it dulgetiohaofadBAARS cONRIg a capsid
comprising AA\lcsesgiieneds br 2 fragrent dhereof T iasevectors, ingluging kAAY.theipelements,
construction, angd Usgs:are fescribed i desail in..In one aspegt, the invention provides a method
of generating a recombinant adeno- 25assoéiIa%g%%v{%rEfga%}ﬁa\t/aﬁ?a\%ﬁg%?%%\%gcéa g%égﬁ (or another
novel AAV) cap%%éi?%q‘? FVRIL is located at aa 660-669; HVRI2 is located at aa 707-721. Using the
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portion thereof Such a method involves culturing a host cell which contains a nucleic acid sequence
encoding an adeno-associated virus (AAV) scrotype 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 30sufficient helper functions to permit
packaging of the minige,ne into the A.A.V7 (or another novel AAV) capsid protein. The
components reg |red to be cy ed in h tcer acka an AAV minigene in an AAV capsid

may be providdd¥S e HESY 1(:e meff%in 3kt ﬁ9°5ﬁesc(5PW8Fé3f8‘FtWeeF%’GH|?@Hb€omponents
(e.g., minigeneczéily segtreivees, cap sequences and/or helper functions) may be provided by a stable

host cell which has been engingered, @xﬁ@ﬂ@%@a@ﬂ@ e&m%@@téﬁ%ﬁ&%@'E&Wﬁ@%’%ﬂts using
methods knowrgi to. EF S&. fglgllssl&the aftf igﬁsuue%b%/tsuc a stable host cell will contain the
required component(s %) der the Control of ban inducible BrometeH E8WRRF i Pequired
component(s) mra@ceéserrw;hegomm wing edghshiuhrecirofrordec Bk samplesvoftsuitdblR linducible and
constitutive prHﬂﬁH@iSﬁﬂﬁﬂ@‘é&l&%Be&lﬁhnﬁ%ﬂﬁl&a@%@é&%ﬁé@@ﬁﬁéﬁﬁylﬁkq{%e@‘ﬁm?g‘@ syitable for use
with the transggne, In 55“51 %thS{ treﬁnaqmtlge egt sveklle%t g sta le.h st ceII rg é/ ntain selected
component(s) uﬁd &r'he coftrol ofla ‘constiutiv promo esraarn ofh SBSCRRE ponent(s) under the
10control of on%%?%ré%@lﬁc@bief?fﬁ@ﬁfeﬁé@l%r@iémpléphalm@em@ﬁX@éﬂh‘ mesphie gererated which
is derived fronkrz&i’g@el&ss(w&ﬂ@bo@mm@imﬂehei@&rc{&@@%ion% updgedhe-cqniralehaappstitutive
promoter), but contain fe and/ rotei und the, contrgl of indycjple promoters. Still
other stabll(ebho‘gtuge?fgvr%gs%ee hfeener%{lese 5 {)ersfe c%‘ sklllI |§1[ SSE{? i5sﬂ1 ﬁ]ﬁu%hsl% l p sequences,
cap sequences Rt felp ”ﬁ’fﬁ‘ﬁ%’ﬁﬁ)ﬁstr@e ﬁ%,kﬁffcﬂf W@MW%@MAV%?W@W%MW may be
delivered to th@q@amé@gmg[hgagmegltrratthedormefcwm@eaeﬁsoelemﬁntrM@&hgrg@%Eeral;@e sequences

carried thereor&. 2 e!leetedcgene;gg ment m y be deliver suitable method, including
those described eerelgrsi The fethods’ ugedttgvé%a% FC Sfrﬂeger?ﬁnﬁgéfﬁeﬁ of fﬁls% I?:Ventlon are known to

those with skill in 20nucleic %%?éf‘ﬁ’?é‘ﬂﬁp%ﬂﬁﬂblﬁséﬁdth%mﬁéb@?eﬁmi@@ﬁgfrfe’eVﬁ@svétmqibﬂnant
engineering, andisynthetio technigasg %eAegsﬁ@mbmmkoetaaleale%Ias Cheningi1A aboratory

Manual, Cold Spring Haihanress, Gold Saeng Harbes, MY, Silady meghods of grperating rAAY

virions are well knownand t e selection of a suitable meth d is nb% I6m|t ﬁion on the present

invention. See,!élgl7K aFiShet di 8143941 2 101520:885 100 patl 98] Patedit & 478, 7055, A.The
Minigene 723. Stillb@dmisigene isconposedsioatamitimum, v ikansgens and i ggulatory

sequences, anglg'é2 and 3 AH\]/Ir;gl\a/ dtselcggerr%gal el[laeats ﬁ(% s&melsaltmsoraryl éavglg ch is packaged

into a capsid protéin and delivered to a seléctéd host ce ‘trans ene ransgene is a
nucleic actl seti8RcEIhEIEBIELEE P A& v étdp gé@}u%&@sﬁléﬁ’ﬁ(lﬁgzﬁ@éoﬁdﬁsg’éﬁé twyHieh encodes a
polypeptide, pretein wos@thesfredest, of intprest 7Thesnucleis agitherdingh seauenes issoperatively

linked to regu'%@ﬁ%eﬁQﬂWﬁé@@{@Wﬁ XYQ&%Q&?J@&% frans éqgne transcrl tlon l;ranslatlon and/or

expression in a host cell. The composition of the transgene sequénce wilt depe s TP the use to
which the resultfndvedorasilBe Pataesy &éﬁ%ﬁ?@%ﬁ%%é%ﬁ@r@r@ﬁeﬁé‘ 5@7@&@@&&% includes a

reporter sequeticigvihicheupenn gxpressieripredunesiadeieciablegiygnabgram at default
25 settings, or using other commercially or publicly available alignment programs at default
settings one of skill in the art can readily determine corresponding fragments of the novel
AAV caps1ds ofthe mventlon | }
Other desirable proteins are the AAV rep proteins [aa 1to 623 of SEQID
NO:3 for AAV7] and functional fragments thereof, including, e.g., aa 1 to 171, aa 172 to

30 372, aa 373 to 444, aa 445 to 623 of SEQ ID NO:3, among others. Suitably, such fragments
are at least 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



Such reporter sequences include, without limitation, DNA sequences encoding p-lactamase,
13-galactosidase (liacZ), alkaline phosphatase, thymicline kinase, green fluorescent protein (GFP),
chloramphenicol acetyltransferase (CAT), luciferase, membrane bound proteins including, for
example, CD2, CD4, 008, the influenza heinagglutinin protein, and others 10well known in the art, to
which high affinity antibodies directed thereto exist or can be produced by conventional means, and
fusion proteins comprisi emprane bound protein appropriately fused to an antigen tag domain
from, among otﬁ%arg;ghuelr%%gg ﬁlt?g;%r%agrrnﬁﬁlflscmyqjgpmduced TeCopURATES ARy SBGUBHERE MeRrn associated
with regulatory &lensésitscaliieHeiiive their expression, provide signals detectable by conventional
means, 15including enzymatig. sagiegfaphicctalanmelrice {lvorescries;of QHer SRegirographic
assays, fluores%ggmgalyeatm%C§AL§%EHnge%§%a}¥§n?np mmunological assays, |ncIu8|ng enZyme linked
immunosorbent assay%ELnigA ’ raclioimmunoases ﬂéﬂ&t)m&n%f‘?m#ﬁﬂﬁ%ﬂ?ﬁ&:ﬁéﬁ%’fﬁ%@@%xample,
where the markBf&EqGeHtR I8t L BeR e rEs waiprassnrelokthe testar saftyingetheasignal is
detected by assaysdors helatgalautesidase activityn. Where the transgene is green 20fluorescent protein
or Mciferase, the vector carrying the signal may be measured visually by color or light production in a
luminometer. However, desirably, the transgene is a non-marker sequence encoding a product which
is useful in biolddy and'Ribaaner shalY a8thraemd dEpstickds RNA, enzymes, or catalytic RNAs.
Desirable RNA moIecm&sﬁn&lu&eeﬁb\ﬂyﬁ%&%ﬁ%@@ﬁ@%@m@b&@[&%g@stﬂigy&%A Aand antisense
RNAs. On@oexqmlﬁigg a useful RNA s%gbl%e\%ﬁ is a f§ uence which extinguis es expression of a
targeted nucleic acid séquence In the treated antmaf hsé’ﬁié’ﬁ%ggaéﬁgerﬁ%%&ﬁ%@@%%ﬁéct or
ameliorate gené@sfigientidsswhistrnaenametints deficienclesnntwhichenprmatgenes are-expressed at
less 30 than noimalidevelsardeficenaies iRewbiehAhe iugcticnal gepe, praduct is aot.expressed. A

preferred type qf t nsgene seguence encodes therapeutic protein or polypeptide v§hich is expressed
inahostcell. T géi%ven?lhgrrleﬁr%ﬂr rrf)ﬁ?(‘:llcl}l 3soqun§ﬁ%urin%l |sp€1%‘1t}%§§bv§ﬁ’e%€%@&?"%"é@ﬁééf“‘o?fameliorate a

gene defect calsEd Wiéi?ﬁﬁﬁiséﬁl‘t?@ﬁ% preteigetipebertain situations, a different transgene may be used
to encode Bach subunihefa pratsios @& invencadediffessRlReRIdes OF PIRIRINSA T hig s degirable when

the size of the %@‘g&ggqmg the Rrotei .subunit is large, e.g., for an immunoglobulin, the
platelet-derived growth factor, or a dystrop %mﬁ% vfir??c%ﬁ ‘Sgb‘%ﬁ%‘f PRELRR probeitethe multi-subunit

protein, a cell i€ihfécted Whth thelasednrbnsaritarivers oo seainih gresoke of pheedifierent subunits.
Alternatively, diffeéreny seitinitseafdipotaiadoayi s ﬁﬂ&p@t@,@@}éﬁh@g@gp%@%&g&%&%ggis case, a
single transgeng, inglud Ing each of the subunits, with the DNA for each subunit
separated by an inte#naﬁ%daze)arf% é?%%?ﬁ%?eg?T“%?E%S‘?%i%”?ésa‘é%ﬁ%m&%‘%éﬁ%dé“@ize of the DNA
encoding é4ch BFHEEh L BLRHEN, Beomke thransipeaithe DA lercogieg tie wlsubunits and the
IRES is less thamdiveddiiohasies, AsldnfalternativedepadRES. the ONAMay.hesenaraied by

sequences encQgj - ide, which self-cleaves in a post-translational event. See, e.g., PILL.
Donnelly, eta!, J %gﬁ%%ﬁ?gg%%l 1?%5% a%wn%lé%;J[Qgﬁertelrt?éf&?ﬁ?@%ﬁ%@?@&?@(@):864-873

(June 2001); KR RLdeEscties@sBIceHeR. onegTbing L PRgifas RO0T) SThiseRApbptidesisssignificantly
smaller than arelRESmnakingal weltauitetidanSuseshien:spastds elimilingfagtos. However, the

selected trgnsgepg %%Xoeﬁ%%?l@@y biologically active product or other product, e.g., a product
desirable for study. i Suitable transgenes may be readily selected by one of skill in the art.

The selection of the trAE&TE9E REE B SiERPEPisBdHefiatoitiok thisipvsentiotin2aRegulatory
~ Elements  AAV capsid dfitadditioticto(ths major elgsmentsvidentifisd gbavefon theminigene, the
vector also inC'%@1@%@}!&5‘,@9%&9_‘?%&?&?%}%é?%‘%%%r which a %hogerably linked to the

transgene in a manner which permits its transcription, transfatlon andlor'e &é‘éfsféﬁsiﬁsa cell
transfected withtHE"BIAEMIt EABF IR foatan Witkeask viridnprod sy tivesiriviention. As used
herein, "operably linketftisegyeneesincliidenbottion may contain sequences encoding AAYV 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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25expression control sequences that are contiguous with the gene of interest and expression control
sequences that act in trans or at a distance to control the gene of interest. Expression
control sequences include appropriate transcription initiation, termination, promoter and enhancer
sequences; efficient RNA processing signals such as splicing and polyadenylation (polyA) signals;
sequences that 30stabilize cytoplasmic MRNA; sequences that enhance translation efficiency (i.e.,
Kozak consensus sequence); sequences that enhance protein stability; and when desired, sequences
that enhance seREHS of 1A SHESIERFRrSRUEE A rantsitimise sfersressiomeermst sequences;
including promaotersaytich arermativepconstitutives induciblesndiantisstenspasifie; tae kpown in the

art and may be wilized d fromE@RlES Rf canstitutive promoters inclyde, withqut limitation,
the retroviral Ro%% sarégrrrewgﬁrreg%Rrggf) LTA promo%er (optiér\léaﬂge\rfﬁ%ﬁ :%e%§\‘}%§§f}ﬂ$§ﬁ§g}), the

eytomegaloviruAM%) PromTster (OB a0 ARG Hith HHeSBNAE SR anEresdd: V sBospmir Bral Cell,
41:521-5305(198B)cther 8V 4ecprofiptenzthetivtingdrofolate inechictase tpromater . theiBeactin promoter,

the phosphoglyeerpkkinase: (RIRLmOIRNARMINEER, & promater [1nvitogen). Inducible promoters
allow regulation of genﬁgxpressioméé%and %an be re@gulated by exogenously supplied compounds,

environmental factors stich ‘ASTeRIpSFatlite, ‘67 REPEsEHes SFiigsaciie prirtdegical state, e.g.,
acute phase, a frartcedaedifféreatidtion stefeoiihe el moy in feplicating eells erdypinducible promoters
and inducible systems-areravailablefom a varesf semmersial SOUICEs, ingluding, without limitation,
Invitrogen,lgilonatg@.%r}g érisavq/hMan to.ther s(}/stemg have 15been described and can be readily
selected by one 0 jskl CRhe aﬁ?}E's)?ar%lcénseof MYGRE BRI A TG (ateattsy m6heAUSly supplied
promoters incluekPtHduspddoineferailoreshedl matatdehiberip (WBRipr ombiendhetdexdmethasone
(Dex)-iinduciblerteuse maarcspanp ey i it EYS RV L RIMEIRL hie T R Merase promoter
system [WO 98/10 88r]' trle ysone in ectpromotﬁr LNO eta!, Proc. Natl. Acad. Sot USA,

O% bve %gte %or 2 ot

93:3346-3351 (169 2} the 20tefracycline raprasiipfl Siém: (CHebEmsetios soBienEmnRed Scl. USA,
89:5547-5551 (19925]¢ theredifatydndiniagiesiel syswm (G obbendtalp Seignoey 268 4 366-1769
(1995), seesalsottarymeetaibiCtigiokNin,, Cipem. Big): aV@E%?é%ﬁl?@@itﬁg%ﬁH%é% i]@x cible system
[Wang etal, Na%eBi teeh. 13 83%-8284{!&(3@(010927@% an%teta!, Gene Ther., 4;432'-4p41 (1997)] and the
rapamycin-inducible system I\)Iagan eta’.sl, I Yhves .e,”iﬁoc.’ggBST§§7’2“%@@f§§’7’f]!T@t’ll‘?f'other types of
inducible promdterSRTGHATTaYCheYiFbitIdh T dauntertdiieathose tathicheareeregidiied by a specific
physiological stateefsger teraperatdeei-acsinRoase, & Barticulasdiffer 9@%@9&@%&9%@%%”' orin
replicating Cellseof?clgées In another embodiment, the native promoter for the transgene will
be used. The nafiv p?bmoter may be preferred when it is desired that expression of the 30transgene
should mirffic the nativéessias st T Haifive Sropfstel sy béulised when epressionaf the
transgene musthepiegulated.tempedatly Qe deyelppiogptally,oF &ﬁ@}ﬁﬁgépﬁgg&mgg@er, orin

response to specific ﬁg&ptio al stimuli, In rther embodiment, other native expression control
15 Orlarhaa il S et mcc!?%@aﬂéé&n%ﬁ%@éﬁuences may also

elements, such as e?:%ancer elements, polya eny‘fé?ion.sﬁas
be used to mimfErH Figfivar exisieasidscribed in detail hereinnother embodiment of the transgene includes

a transgene operably linkeadga, tissuecspectisvramelar.for Jnslance, ILexassiaR.in skeletal
muscle Sk desir mot ive in muscle should be used. These inelude the promoters from
genes encgdiné1 gﬁce%égtg?@légm}%gg}ﬁ fif‘g%%gh%efr?%”&, (ic}rs Pc()%hefrﬂoﬁﬁhééé/ LiRsith&@Kinase, as well as
synthetic muscRPPIINSEEYS With aEwdine digrectharnaatinaliylortalring promotes (see Li et al., Nat.
Biotech., 17:244e4Bc1009) Examplessafpramaters thal areissuesspesific.are known for liver

(albumin, Miyatglce 4 12 .JO‘E[i&roI. 71:5124- 997); 10hepatitis B virus core promater. Sandig et
al., Gene Then., g:1338%%1’(11996%?“3?6#&?8%%%?%%%( =3 aﬁfﬁ‘ﬁ%ﬁﬁ%ﬁ‘“ & " HUT T &Bhe Ther.,

7:1503-14 (1998)PBe 0ataFERIGHYSIAIN BY iR BIorP RN TR41 8% 06:(4R287 Pndone sialoprotein
(Chen et ao, J. Bahe=MirgerBentidds 654 @9&@&gwmmwgags(gg%ed\%@a@ta%}gﬁImmunol.,
161:1063-8 (1998, 'A'lW&'QéEJS’QHJQtheaVV chain; T cell receptor a chain), neuronal such as

The components required to be cultured in the host cell to package an AAV minigene

in an AAV capsid may be provided to the host cell in #rans, Alternatively, any one or more
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15neuron-specific enolase (NSF) promoter (Andersen et al., Celt Mot Neurobiol., 13:503-15 (1993)),
neurefilament light-chain gene (Piccioli eta?., Proc. Nati, Acad. Sc!, USA, 88:5611-5 (1991)), and the
neuron-$pecific vgf gene (Piecioli eta?., Neuron, 15:373-84 (1995)), among others. Optionally,
plasmids carrying therapeutically useful 20transgenes may also include selectable markers or reporter
genes may include sequences encoding geneticin, hygromicin or purimycin resistance, among others,
Such selectable re r(})&r'%grlsmoeg r(parker tergles (preferably located outside the viral genome to be rescued
by the method of the invention) can be used T8 Sgifalthe Prasenceorthe prasndigstiriisacterial cells,
such as ampicillif“rsSpseanee. Otheridshipenehishofithe! plashties may inglude.an esigin oh25replication.

Selection of these:andathesprameiers ane Mﬁ%&l@&@@ﬂ&%@f@tﬁQ&Vo%@Qﬂ:l%%”% fly such
(;pn@r\%}( et al, g}nd references cited t erelnz]. The combination of

sequences are aygilghle [see. £.9..53 2, and references citc

the transgene, promotér/enhancer, and 51'and 3" 11 RS (& RS PR RO GY(R) Wiridisrransr ease of
reference herein *PsVitiel Wrritise Backipydhofatisdhventionptipndedigmatsuchoanminigene can be
made by resort tod3etionventionaltephinigless s%-i@@l'é\@cﬂ}z(cﬂfléQﬁdM&ﬂEﬁ%@e(?r&rg%nging Host Cell The
rninigene can be_p?@&{d@éjh%%ﬁf%ﬁ%@tﬁb&%g}{&% re 8 @ Blasmld, \{vhllch |rs ell\(ert?d to a host cell. The
plasmids useful in this invention may be englneéreoP UEH THAT THERD ‘578" Ssretifetie i papAReAtion and,
optionally, integrafiGHAATRHOK SRR Kelfsscierat Atrdiabr eiektd, rorylvotite T hise piasmmidsn(ey other vectors
carrying the 5' AAMiTIR: heteroloyouasiolecylendid Rl COntARISRAUSREESARIMITING [eplication of the

minigene in gukainyates Anor Aokangles And selecion markers for these systems. SSelectable

markers or reporter genes may include sequences enpo?fl(ng geﬁéf?@iﬁ,hﬂﬁfﬁ MsiRr purimycin
resistance, amorf§ StHETS i HisEHs A el CohirincotitaR selectabiéaeporensor marlcer

genes that can beusgdte signaltherpsesencewithe wetorimbasterial.cells, sugh asampicillin

resistance. Other £RMRENSNLS,Q ' include an arigin of replication and an amplicon,
such as the amplicon system eéé%qﬁ%ggtﬂggé%@téﬁé{ %%Ofb%?rﬁg’ﬁbg?éﬁ?eéﬁﬁ%@h?ﬁerﬁé%‘leicon

system, or other GiI& ‘amplicon components permit high copy episomal replication in the cells.
Preferably, the moleculBhearmyjingdheninige:necisinpsdesieehinte thercaliowhers it may exist

transiently. Alterpatively. the. MIRIgenRe. (carrying the 5: AAV ITg.-heterologous molecule-3' ER) may be
stably integrated into the enome of the host ce ﬁyg)i%hdéﬂr“(’: r?%ﬁ%é%%‘?’ﬁ%fﬁ‘% st dpitsdtem In certain

embodiments, 15tH& BHAGERE TR Vaopiessht e stansprescoplesthoptortibysittiengkieshead,
head-to-tail, or taikto:tailgoroatamersnSujtaliie-transfestian feshRigues are Jenown and may readily be

utilized to deliverdhe minigene.ta:thehastcels; .- Generally, when delivering the vector
comprising the minigene by transsi‘ection§the veciar & RisinZen ?naraélﬁ(%rﬁﬁﬁﬂw?‘ﬁsﬁﬁbf Bt B 3IR to about

1001.tg DN, arti /0 PEIE PP HRAI 208 15 Miotmnsr BEDReATS mbuomitibantddivelingorabout | X 103
cells, and preferatiifhatboethidSselfiss Hawsveb dbecralakiveamounisof vectonRNAp hest cells may
be adjusted, takingdrigigonsiderati the selected vector, the delivery method and the
host cells selected, gt;ge and%éf%g’e%d%?&?%%%é’ dltiorél?%%ﬁé" Fﬁgf’gféﬁé‘?‘fﬁeéaﬂ%t cell contains
the sequences Which 4 83&?)%&8@’6?%%&9@%&\9%&%?@9r’@ﬁ@mi {engt,sAiA o athier novel ANY
capsid or an artificishtapsidiproten cornpiighar fragmerntof Ine20rsmates) hese ¢apgids) in the host
cell and repseqyengessof the same serot>,,pe as the serotype of the AAV ITRs found in the minigene,

The AAV cap and rep sequer}?es mIa%/ tg/?_ independently obtained
- e Minigene

The min’iéene is composéd of, at a minimum, a transgene and its
regulatory sequences, and 5’ and 3' AAV inverted terminal repeats (ITRs). It is this
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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$0from an AAV source as described above and may be introduced into the host cell in any manner
known to one in the art as described 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
AAV serotype, or the sequences encoding the rep proteins may be supplied by different AAV
serotypes (e.g., AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, or one of the novel serotypes identified
herein). For examﬁglle(5 the re,p78/68 sequences may be from AAV2, whereas the rep52/40 sequences
may from AAV1. PRSI I g malner Sish AR tREe HisSiacet iatisplyrevirtéinsatiiecapsid protein under
the control of a stfEBlepromvereBuch as those described above. Most desirably, in this embodiment,
the capsid protein is expressed under the-gnis AN ible promoter. In another embodiment, the
capsid protein ig,supplied to the host.cell in tr.an%%g\}%%n%%\%?gﬁe% fre' ﬂggt%ﬂm?wgﬁg%e capsid
protein may be deilversd s SIESMIASVEIEH onbsiR e seamelscets ieeessanyamdirect expression
of the selected cap¥ierprerbifein i1 hrastwslividsttesirablysimhemndieliverad ¢ thehost cell in
trans, the plasmidgaeping g capsiddnaieinalso caties Qe sequences re nétjg'?ﬁd for packaging the

[

. [Ces enco
rAAV, e.g., the rep seauences. In.another embodiment, the host ce stab?y co %Ctﬂﬁ’éa'f‘%p
sequences undg%ﬁg %)Sﬁ[t%ﬁ %1@ é%éu%t?a fe BPBS %atté‘F?stﬂE‘I’i“%@%ﬁ@é%@%@?iﬂiéd%@@t/erpmbst Isdesirably,

in this embodim&Ht’ & lesxephiaicrdpoprdtanerne Expfadsetundertiecontialofarinducible
promoter. In andthietegbeditapt, mBZE%Dﬁ!@@@&éﬁﬁfﬁg,pg%g]gggli{}gnl{}lopsrt gellin Jrans. When
delivered tg;he st gl yans, e rep oy !

c%te' S, ma%_be delivered via a plasmi Which contains the
sequences necessary to direct expression &t fh &t

a3 atta s e R piesheisteadit. Most desirably,
when delivered ¥PtHESABEIEaIETHITPAECthe Blddmich 20aaimying tisnansichproteid alse:safres other
sequences reqmpedagﬁﬁﬁtp@cﬂ@a@iingaH@tﬁé‘eﬁ%gQiQnam%ﬁQa@r{&qgcgtge%eg%ﬁgc?&inin Mye, | Thus, in
one embodiment, the rep and cap sequenges may be transfected info tl egﬁo_st cell o & single nucleic
acid molecule and exist stably in the cell as an episome. 1K AnstfeAErbEdiméneataesp and cap
sequences are SEBT tBitdHiHe #e PSP Glthiusidanotiesembedimenthasthe rep and
cap sequentes irangiently expresseeginghe bastcellidarGxample, aHseful hucleic acid molecule for

ogra

such transfecti%ggggg{ﬁgtqvgﬁggcgi Io rg;},c% S@gosrrgl%er, an optional spacer mterﬁo ed bafeen the

~ promoter and the start site of the rep gené se ence. | %%ﬂ@cf‘éﬁséaéﬁénééﬁﬁ‘@ﬁééyrahw@mdAAV can
gene sequence ™ SBOBHOAEIN S theFep dndrsictap segsren R nay hensugipliecionia:yetgr that
contains other BNASequences thatade:ne imlﬂ'@(}‘!!d.@@%eix&t,%@‘ﬁ&gﬁ%%‘?u% FQ instan%e, the vector

VECIOr carryl

may contain th ising the minigene. The vector may comprise ofte or more of
the genes enc?gﬁg}ﬁg%ﬁggﬁa Fu%?c%ggny:? Qégé) s %Cg(ésﬁ%a\%erﬁcitb’fg’tei\ﬁge@? FENBARCE BAORFG, and the
gene for VAT RNjaTescent protein PrafdratTy ingplomorinagedimihingonstuatmalkberapy of the
constitutive, inchedible bgmative promotets ke to one of skill in the art or as discussed above. In one
embodiment, an AAV PS promoter sequ%oc\;lgeivsereggglrgg/ledtghe selection of the AAV to provide any of
these sequences does not limit the invention.” Y[R AHBHEE It eretrenertibsansnsat, the
promoter for ref'f SR&AdIIBRE Hrshisteeldd i biscussed abeyvaiih conneskiorwibsthe transgene
regulatory elr(]erriﬁms.eﬁhyelmeﬁerefﬁ@ftwamﬁierlﬁaﬁifﬂne%ﬁ}&ezﬁfjé’ﬁﬁli% quﬁﬁﬂ%gﬁs %Cvegtor
comprising{he & e the Ti promo nd the cap gene, is transtected or
transformgtszlt intlcr;ggS gﬁ%ﬁé} %‘#F@}% %c%étsl’tﬁhvé ysgPﬁﬁ%gﬁ'ly%@?p?@%%%Qﬁ%“ﬁ%b‘%ﬂi‘erase, See WO
98/10088, publfSAERMArERcI2¢99Bich extinguishesTrgrepinen istageoptionkl elementindhe design of
the vector. Thetlspaeaedsrda-2NA sequence interposed between the promoter and the rep gene ATG
start site. 15The spacer may have any d ier%gngq%iggl;at atuis‘, it may be a random sequence of
nucleotides, or alternatively, it may encode a geﬁé prodyucet, %e&éﬂ ?i’érﬁcﬁﬁé?@@éﬁ@%e spacer may
contain genes WHtHKIBicANFestHtiats Shrtratins andhisblyamnsitesnEhe spaesmayeke a nun-coding

DNA sequénceifrompanpr tkatyotd-dicenieanioiaica iepetitie 19n:cading sequence, a coding sequence

. — . . UL OL EXDress
without transcriptional; antrels.or a.cading sequence with 20transcriptional con_t?oe[s. wo exemplary
sources of spacer sequences areg?he X!Iphaég Ca?(iglse?%elapwm proteini 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
2
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sequences or yeast ladder sequences, which are available commercially, e.g., from Gibco or
Invitrogen, among others. The spacer may be of any size sufficient to reduce expression of the rep78
and rep68 gene products, leaving the rep52,rep40 and cap gene products expressed at normal levels.
The length of the spacer may therefore range from about 10 bp 23 to about 10.0 kbp, preferably in the
range of about 100 bp to about 8.0 kbp. To reduce the possibility. of recombination, the spacer is
preferably less t in length;, however, the invention s not so. limited. Although the
molecule(s) pro&g%l%l}%epﬁrgﬁ? gagﬁyrﬁgysga\lggtepnc?gg%@sﬁ‘?@ﬂ‘iﬁfﬁé‘i%ﬂﬂ}’ @rdo FrslGEianstection), it is
preferred that oREROX BUthPOT RS rdpland cap Boprotdins izad thelpioracien(s)wopkaling their
expression be stablyexnressed indhe hosteallo gt A ARGRISQIE: QF Ly, integration into the
chromosome of ﬁ?ﬁxj&&% %%k.@ The methods em Ig}/erd df&)(;reconstru_cting embodiments of this invention
are conventional %enetic,enalneering or recom ina%to engiﬁ%%ﬁﬁé’&ﬁﬁi&fﬁ@&sﬁ&%lﬁ those described
in the referehce aHEVE VhRE tRIS EBaCTsatpRbTbgicRss iftistdifiveexamples ofspetifig, constructs,
using the informeitibreprovided hereinsoneobskilkiadhey art may seleshand desion %ttﬁﬁg%““ab'e
constructs, usin ice.of AP moters. and other elements, including at least one
translational sta%ﬁaﬁég%t%%%?gg rggig%a{ﬁé“ t?%%[& oer?g?f 3%% i%lgugf%%‘fg]&%e@%éﬁ & dsUBYR Another
embodiment of TRETATEAYiBM ITREFEPerY RS B e FRBS) bahr cvided Stablynoyeashost gell. C.The
Helper FunctionBNA encoding cEhieqpaekagingshoskeglk.alsad eauires helRenfungtionsn,order to
package thg rAAV, @fthe. | TeTal [ hese functiong may be supplied by a 10herpesvirus.
Most desirably, the&égggggggrgyﬁ%\%%se%%r%gﬁgg% %‘r%%é%féh‘%r%lvﬁga FOH & hEigr 6 ibh Ffman primate
adenovirus sourte  BaRH LIS SOrbHRE ARGV eeAT o Higlesalaikbote Hremoa-vanietyoatisources,
including the AmeritaficType, GUltUPerGdlieetion (ATC )oh)asassass YA Shoh), eugswrently

preferred embodiment, the-hesh celispr ;g%wtq(zfmd/ contains ap Bin gene roduct, an Bib gene
product, an E2a agg}q%ggdu t?a%d/or angl\éS E4 O?:?F6u ré]g(rglfé’ f;?r‘(z)}du%?.Z hé'htgioéeﬁrh%y" y contain other
suc

adenoviral genecs  VAPRNECPHR thied (ganbssmalis iereaUiRgs, tmisinarisfertieniembediment, no
other adenbvirussgefies prgene lfufictidhsareipresentinsiieboskeglne may encode ﬁg "adenoviral DNA
which expresses; b y adenovirus sequence encoding Ela or any
functional Ela por%gﬁ(%ﬁgsﬁgggg%hﬁhiﬁcﬁ%ﬁg&g%égggtﬁ(c-:-t gaaeléer? F§¥8duct and adenoviral DNA
which expresses the E4 ORF6 gene‘proﬁ%@?@ﬁﬁﬁ@d@ﬁﬁﬁﬁhﬁi%%@ﬁdlb:denbafekalmy‘m alleles or
other modificatigres:of ffre sderioviréihgenesgniunetionakaedian theneef.Sxc modifications may be
deliberately introduced by resort tozqonvq(ggﬁpﬁgg,eﬂggl% %ngineering or mutagenic techniques to
enhance the adenoviral function in some manner, as wiell as naturally occurring 25allelic variants
thereof. Suth modifications and methodsTGE AR fRilERIRg DNAtadhisiedhese: adanovirus gene
functions are kroinigdaeettioseadsiil imtheadnventional cont%h@s?f%ﬂ%'tréé%%%@ h. E2a, and/or
E40RF6 gene prdueis; as; ther desired helperfunctions, can be provided using any
means that aIIow%j }h:e%itr exp,r\ggiilgri? ﬁ%@eﬁ%ég%%%ﬁ 1§1 533gsn%setéaésﬁblgﬁﬁﬁ‘gt%%%oducts may be
on a separate FNEEIPEF 6 b FrlovATGERES Vit 5e BrniA&stme indetor. Wiketheedtor may be any
vector known irpthéuart by tlisolesedabovesinauding plasmids.eosmidsangd visuses. Introduction into

the host cel of the vaciormay be achieys ns.known in the art or as disclosed above,
including transfec%ro infection %iectropo?gg%/%@;%y'g(%%%ﬁéhgtgﬁ\%ﬁ,Ofiﬁlé%eﬁtré%efﬁé%%ofbchniques, high

velocity DNA-cG3tE qs&#&&%% |t G AnET Bréstiprade fusion theraong Ditterest. One or more of the
adenoviral genes may be stably integratetkirtesithe-genoteq.eftae:bast cgllostally expressed as
episomes, o oxaressesaASIEO THR.GENE BIGEEIS g Al e exorecsed rnsenty.on ar

episome or stably 5integrated, or some of the gene products may'be exb? Cé%‘ﬂ%ly while others are
expressed tranSISRTR ESHARP ST drE PreArdtesl ¥ialstpn dpehe aelembviralgenesimay be selected
independeitly frohiliacotstitsticeiismotersanindueihie Rremaies 0sanatye adgnoyiral promoter.

The promoters gpayheregulated ly, ifi | ical state of the organism or cell (i.e., by the
differentiation state or in%aglictagn Xﬁ%ﬁ%ﬁéﬁﬁ?ﬁ%@?&%#ﬁ é&é&éﬁ\’oﬁ% VA EeSGELeSPs, for
example. D.Host’ A RRIT PE NG Cetpfrsaduct. A erviauigsr ebmassionaynbel selected from any
biological organism, including prolcaryotic (e.g., bacterial) cells, and eukaryotic cells including, insect
cells, yeast cells and mammalian cells. Particularly desirable host cells are selected from among any

mammalian
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15species, including, without limitation, cells such as A549, WEHI, 3T3, 10T112, BHK, MDCK, COS 1,
COS 7,13SC 1, BSC 40, BMT 10, VERO, W138, HelLa, 293 cells (which express functional adenoviral
El); Sans, 02012, L cells, HT1080, HepG2 and primary fibroblast, hepatocyte and myoblast cells
derived from mammals including human, monkey, mouse, rat, rabbit, and hamster. The selection of
the mammalian species providing the cells 90is not a limitation of this invention; nor is the type of
mammalian cell, i.e., fibroblast, hepatocyte, tumor cell, etc. The most desirable cells do not carry any
adenovirus gend SRR AN B "E PR BRHTGI AN GR P8 MAoToas  thip.deftairi end/otiienirus gene which
could result in hermisgoasrecomitinatiendofi@a bentaminating virus during the production of rAAV; and

it is capable of infection or transfection of INA and-expression of the transfected DNA. In a
25preferred eml?.odiment the host cell is one that has r% an %ap%%%fﬁ%%ﬁé?&:?&%i in the cell. One
i |

| d
host cell useful i tha Predg AT TRVEMROHSIE DY EaI Ko tha RS ARe @ RirRahesadueREss encoding
rep and cap; anéiinishightrarisferel it GhéVadenoveruspEbnbBayainthEAQREGLNA gad a construct
carrying the ininigene as.desgribed apoyvesHtablesten, asdior cansxpressing, cell lines, such as 3-50
(PCT/US98/19463), or those 30described jn Si.s. gzltent No." 5,6§8%%%,d?‘r}1‘ y%?%llé{%ree SRSy
employed. Another desirable RasP oA KontsRATRB SR SSRGS ar Tnerrwinit theEBUficient to
express E4 ORPEMYEY diméiressitlines can be constructed using the novel AAV rep and/or novel AAV
cap sequences of the invention. InduciiieRESRA AN 0L ell according to this invention
involves teﬁ:glniqéj%s such as Ess(ﬁg\bggof seilecctedﬂ? DNA sequencg'%t?%%% 3%3 ee%l%ﬁ? rr%%g%le
accomplished ufiliZiff COREIBhAT FEORRRIUNE SERlisdseRARIES iFriiorDNAl Ssthyenomic cloning,
which are well kisowrrzing, argidgsestped dfi:Saemifre ply ebiabicaitattakavesc Suse.af gverlapping
oligonucleotide seguencesof-the.adenqyi nd,AAV genomes, cambiped with polymerase chain
reaction, synthetic methods, _gn(lj ?a?onq)l/%%{egr?&%%qﬁ’goﬁﬁgt Gl Csa{'/lv}ﬁc ﬂﬁr%’?f e Fg Sred nucleotide
sequence. promotefgnete Al o f e aie cutdls asprasatstoriinuses)datadhedsost cell may
also be accomplisheshsingrisehniguesknowddethassidied artisan apgas discussed J0troughout
the specmcgtlo .GIGn B(ri(sagelgedd eénbo |mené1t standard transfection techniques are usedg, e.g., CaPai
transfection or eléctroporation. ana/or i &SR BPAS R EliriSmay Faamrissnto cell lines such
as the human einigibisierkivriey cellliine tHBi2e3:{y huplan Kisheysealbline gentainingdfunctional

adenovirus El genes whighRravides -REIng. ELRrotgins) . 15These novel AAV-based vectors
which are generated hy or]ge%% ?-Fill irf15 tEe art are beneficial foreg%légﬁX dne%{/cé%rf 0°Se1eLtE T fdst cells and

gene therapy patiafitd Sih¢ R4 HRANGBTES 16" ARaler fatre HREh FoLpRE# the human
population. Furttresesmrfysstupiesstidiono sigbrisaliving aetihdies:in sy monkey-apd, ghimpanzee
populationsg an%!@%&th@l}e%%%ﬂ&%éféﬁ%@é\éé@é of AMPYol. Wa!i‘ﬁgluc% qonkey %ﬁggsfa;ﬁ%gg{es‘caﬂom

which the serotyi%gggsziso ated, One of skill in the art may readily preparé’o viral vectors
containing the A 4 %%%Fﬁ%%‘éftﬁ%“ﬁ%\hﬁéas}?&é%ﬁg?ﬁgaée veEretg YRR IS IGRSIvReto those of
skill in the art. O Frayesieniladyprépareit. diber TARVSViralogsgins RoRRENNGMY:RAVENce and
AN capsids of anailes siralyps. Sl advaniages afe anlayed by the vedors based on the other

novel AAV of th@él%y | he AAV7

ntigq. 25Thus, one of skill in the art will readil)( understan
sequences of the'i \)iﬁ?lotrl CER B ?838%%@%%?&%%8}%& fhthdse/andrstiet Widd 07283 systems for

in vitro, ex3dvo GO NiveiifetiedeiserinSiibianyooneosicl dnythe adrean naasihselgst other
fragments of thehegv&gﬂwrg%@ggmgd(gfytpgpyg}fg%%J%iga%tggege@rj[g%/ grfa {AAV atnd non-rAAV vector

\ Ure, acuie .kI;ase .
systems. Such vgg.toris Systems tr,nay mcl%de, e.g., 30ientiviruses, retroglruses, pOX\?l (i5ed, vaccinia
viruses, and ad&hovira] s&%fg%‘%,‘%{h?%ego terel seibstriiiadrareleapéetoraystems is not a limitation of
the present invention. Thus, thententiohotinther hrovidesesarsgenarategysing the

nucleic acid an%mm@gim&qgm@dg%etemayeysle%eeryd%mi vetion, such veetors e useful for
a variety og(purr%oses, in Iucl.ii{!gjfo,r elivery of therapeutic molecules and for. Use’in Vaccitie regimens.
Particularly desiFABR 157 HavENP ST os RS e BRI SR chRsdiee 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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recombinant AAV containing capsids of the novel AAV of the invention. These, or other vector
constructs containing novel AAV sequences of the invention may be used in vaccine 5regimens, e.g.,
for co-delivery of a cytolcirte, or for delivery of the immunogen itself. V.Recombinant Viruses And Uses
Thereof Using the techniques described herein, one of skill in the art may generate a rAAV having a
capsid of a novel serotype of the invention, or a novel capsid containing one or to more novel
fragments of an AAV serotype identified by the method of the invention. In one embodiment, a
Rill-length capsid SO G Saitypard Yemany B BB NG : ot e lutifizetiim sifother
embodiment, a fulldergtineagpsidanay denggntxabedsahic hesib@ing BNeQp ek fragments of a novel
seroty, pe of the invention fused in frame with sequepces from another selected AAV serotype. For

example, a rAAV m%y Egfontain one or more of the novel 15hypervanabis tegioR SeyTaIEE o an AAV
serotype of the inVeffi

K RIS R IR ARy am v Exrbspes stamechaiparitioke ialyreclssed in
constructs coAtaininigsatdes miralarrotinahsetubnodseltwi e seadiy apparentie,oneqf skill in the

art one embodimeRt.ihat Gertain.serotvRes ' ' il articularly well suited for certain
uses. For exampl%r? 201}/ector$§)asedpgn AA\?] %aﬁpl%?s%?&ie%’n%ﬁ% él%irlgups)g{ﬁ%ﬁ grrlﬁjw&ﬁesmted for
use in muscle: whrsas vetors b RS GROMRCTE (AU 85 BAIRS G e Bt nveribreara pesrticularly well
suited for use in lurRsessilsuehvébtoPiss. N30 ited 299, dianfiskilt indheastmmaydtiize
these vectors for d@&\é@ﬁé&@95@@1&%&%ﬁ%ﬁ@%@ﬁn?w&%sef&}[t@?Tfi;yo?.cﬁ%% (B other
rgans.

capsicis of the invention may be used for delivery to these or other cells, tissues or
o ehhs & Pk i BRI SABURC e CaTEALAY rich @RBfides a method fo

A.Delivery of Transgene :
delivery of a transénetoracos( iRthinvtivesstrdnsfectiGere Tinfectingoa-selaotes host cell with a

vector generaled wihaharseRti£acas SHImAMY,0LER iventen Melnags Bt deivery are wel

30known to those of skill in the, art and. are n limitation of the present invention:. one
desirable embodif}npéﬁaf,e (Hénfﬁ'\%ﬁtiofrl]ﬂg%\%g%tga%rgf?‘?%o%?eﬂmﬁeféﬁfébeﬂ@li\/efvﬂéﬁ’sﬂésansgene to a
host. This method veRAeS tFaP®idating erldnfdothagy aclsetedted lhestoalbwiting, recombiantyiral vector
containing a seleaiarirapsgene.vasiants Goplsok ok seaRNEES wieh res Sxpressiag fhereof and
AAV capsid.prote'@g ). peu ?{Qa%on 1"}¥t’- samgleffrom the host may be first assayed for the presence
of antibodies to a Seleted AKIEATS yBE. RALFER DPUSN & Forrats 16 diaed il Heditralizing
5antibodies are willlkAbwhL RS thozed dfesidit-im-tveckit. VEhesse(Botitulief slcana358y iAot a limitation
of the present inventey), aﬁﬁﬂg@tg@rfisher eta!, Nature Med., 3(3):306-312 (March 1997) and W. C.
Manning etal, Human Gene Therapy, 9:47z)-4t85 (&/larlch 1, 1998). The results of this assay may be
used to determine which AAV vector contaifing capdid BHSETALAra bartictiisa kavsfybe are preferred
for delivery, é%g., B§PfaeraisangeodnpriatinralizingelrtrintibodiesosipegificSfonihaticapsish seratype.
In one aspect of thisongiheakithe, d?@MﬂfMi@faV@@nyWHk%ﬁs‘éﬁJ@e?%ﬁdﬁ\féﬁu@%P%ﬂlcf?E@F&@%@ay precede
or follow delivery %&%&%ne via, a vector, Wi%h di eregt sergt\ége AAV capsid protein. Similarly, the

ith o i 5

delivery of vector thoérmr?(r)lf/eélg/i%?f/( rae.f)rs?ldyp%%éﬁng% ‘ VEHESACRGP Breesdeddy fow delivery
of a gene via a vetdhathze 15 Affetbtin Sersefe DAY bapsiceproteithe Phus)ganeadelivesyivja rAAV

vectors may be used foureRemhgena-deliventie seleaiad Resi sl Resirahly. sYhsequently

.. : Fig1
ng:z::gggngAx yegtors ,5912%25@‘9 fs%@ga%r Q%Sgene as the first rAAV vector, but the su%sequently

vectors contain capsid pro €ins o PO EE RSP TS SR tHe fsteEesst aibr
example, if a first VERtEFHASIAIGF egpsiddioisine [SEBOID ME! 23 asdbseauenty-adisitistered

20vectors may have capsid proteins selected-frorbaengihe QSQ%eﬁQrﬁ%/rH&%r/-éﬂ%%%P AV1, AAV2,
AAV3A., AAV3B, AA}{A}T@SAQM AA tlo% Q\A\lll QAAV1 , crony of the other nove capsids

O A an - : .
identified herein iralrcl:?udlng, Wliﬁ%ﬂte mﬂaﬂorﬁ?”ﬁfi%?rie, 2 o6 B eEss e Psonded withte A3-5, 3.3b,
223.4, 223-5, 223c40\imp 392hb Jmrentippgle dasien ofigueh a minigene can be made by resort to
30 conventional technigues.
3. Delivery of the Minigene to a Packaging Host Cell

The minigene can be carried on any suitable vector, e.g., &

plasmid, which is delivered to a host cell. The plasmids useful in this invention may be
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44-2, 42-15, 42-8, 42-13, 42-3A, 42-4, 42-5A, 42-18, 42-5B, 43-1, 43-12, 43-5, 43-21, 43- 2525, 43-20,
24.1,42.2,7,2,27.3,16.3, 42.10, 42-38, 42-11, F1, F5, F3, 42-6B, and/or 42-12. The
above-described recombinant vectors may be delivered to host cells according to published methods.
The rAAV, preferably suspended in 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 for which the transfer virus is directed. For example, one suitable
carrier includes SRIHE AR WL BEYS HHGRTdar mBYca Rty S B0 E8iGEdhs (e.g., phosphate
buffered saline)pOthertxesiplaryrostiersiincludsistefiessaliseidagtosesrsucrose; reatgitim phosphate,
gelatin, dextran sagak; PEciR . PRamt gibises ibo%{a%@é%t@ﬁcéf;]g%rﬁq‘%éﬁfr%]i%aifel‘&&?o%ﬁ@ef IS not a

0

limitation of the present jnvention. tionally, the compositions e invention may contain, in

Opti )
addition to the rARFHISd CAIHEN IR QoMo ORar HhisHieR RES b SafeSt&°alich as preservatives,
or chemicalsstalSitizeted Suitdibte cexenvpiagynpreseriativie sdnciude chédhobg amnoln, potassidm sorbate,
sorbic acid, sulfyr gligxide, papy galiatee hiena 1abensmeibyhyanillin,lyeern, phgngh.and
parachlorophenol. Suitable crﬂemical tatbilizbers include gelatin and albumin. The viral vectors are
administered in SEFAGISTE SIROTHS S BATAISG R KeliERhH T8 BarRs LamferantuBarsst gene transfer
and expression t8/lprovitles atéridipeasieiobepigfit withontunefiiecadhseideneffacts) omwitiimedically
acceptable physiplgglisalsfteatss whichsandie datermined Buthoseshilledindhe. madical arts,
Conventior}%\I aqu f§Jshﬁ3}lrcrpeglgzzcle#xti(ézr%lI)ﬁa\ccegl.able rotutes of adminilstratio_n include, but are not limited to,
direct delivery to the SSIECtEH B7gan (& Y P iRtrapoitar defivars T thamRISH: SraPorEARH including
intranasal and inieatraeheeikeletivispirativrdotaleallini efenbushintramus cutaimd Ssulbcigareous,
intradermal, andsathesrpaenianeutesalrdministration Rawes of agdministation may be combined, if
desired. Dosa et%eog,t i

)S he viral.vector will depend primarily on factors such as the condition being
treated, the age, weight and ﬁge?ft;]?c%f}fﬁ%r(g%?élﬁf?gﬁauhﬁgﬁﬁgé“%?ﬁ PRSIy BRI ES example, a
therapeutically efettiveTheman dosatkeofitheciralaliectorsien20generallyetr theramigecofsfrom about 1

ml to about 100! efsehtionycorianing cangaptationsnbiomiahoutd xl0240 1% 1016 genome,s
virus vector. A qrqf%r_rtgq Ckg)lljrcg aglggsggﬁ &q}/alps% gtboutt x 1013 t?( 1 x 1016 AAV genomes. The
dosage will be adjusted 10 balance the therapeunc berett Agaigt am SHeBHeRe NP4 such dosages
may vary dependitigftipoteiiver the reipisatictappheatient for which the recombinant vector is employed.
The levels of expression of the tran@gmglga{;hgedag@}t%%LQQ@;I@JWHQ@@XJ@%%QQ%}N dosage
resulting in viral veclors, é)rﬁge\;éac%yi@@egv\é%gtlors contaigl'kg tqﬂe minigene. Optiona Ndosa e regimens
similar to those descrbed foF therapeurtic purposea al HELATEd toraftinPaten isifgthe
compositio?s oftisEiavigation. I taptplss bfahbfape aticuptoduit s drid dhom Unogéhielipradicts for
delivery by 30 the-AAVHEOAINTIGBCIRFSQEthed pventionareievidsdhelow Jhese Mg?tors may be

used for a variet{y oé.th%(%gaqémcq vaecic{éal .re%'me?s as descriped erein. Additionally, these vectors

may be delivered in COMBINAtEn With ONe. of More otRar vadsrE ST AcHioe rBrSEIRAE Wi Hesired
therapeutic andff Vatdirrarrdghieticd B. Therapeutic Transgenes Useful therapeutic products encoded
by the transgene include hormpnés&pwmm@q@@&erentiaﬂon factors including, without limitation,
insulin, quRggon, growth hormone EO?I;%.‘EFartatg}/roi.d,hormt ng] PTF(), l%rowth hormone releasing factor
(GRF), 5foflicle stimulating hormone (FSH} [GteiniZinG Rormora: (1 (O TR AR &HBRvIT, gonadotropin
(hCG), vascularérelotieligkgresiie fasto nQuEGHKY, angfibpoletifs gaAdivstatmihgnanaldeyié colony
stimulating factorGES ), SnihEoppetin(ERDmsornestiva lissug growihfacir G TRl pasic
fibroblast growth f%%::t r (tngs,Er%acidic'fibrob%zt %rowth factor aFG%pidermal ﬁrowth actor (POP),
transforming growth fattor a (1 GHa) Prafsiet- 45 A8l SSWHR Rl iPre ey Minddnh giswth factors 1
and Il (TOP-| arfd4GH= theamyigme. of thverthdnstorntimep gravetivdantyrb isugpentamilyointhading TOE p,
activins, inhiping:x any of tha.Renesnarphosenic.paieing (BMR)BIVE 1515, a0y aneof the
heregluinineureg\gﬂg/@@@@d}n% ollligferﬁ}ntiatiog fac] ord(al\lbDF) fa??,ily of growth factors, nefve growth factor
(NGF), brain-derived hetrotrophic factor (BONE)C He trstopHiiS KT AP I%IErAIeS Riliary
neurotrophic facters{lEMTR2rsiapPESN ienderivedsprisronophidifacton (GDNF)smeUrtimtagsrin, any
one of the familygf sesigpinarmnsieollansiney batinsd andeneiings benatoawe.growth fagtor (NOF),
ephrins, noggin, sonic hedgehog and tyrosine hydroxylase. Other useful transgene products include
proteins that regulate the immune 20system including, without limitation, cytokines and iymphokines
such as thrombopoietin (TPO), interleulcins (IL) IL-I yarough IL-25 (including, 1L-2, IL-4, 1L-12, and
IL-18), :



monocyte chemoattractant protein, leukemia inhibitory factor, granulocyte-macrophage colony
stimulating factor, Fas ligand, tumor necrosis factors a and 0, interferons a, p, and stem cell factor,
flk-2/11t3 ligand. Gene products produced by the immune system are also 25useful in the invention.
These include, without limitations, immunoglobulins IgG, IgM, IgA, IgD and IgE, chimeric
immunoglobulins, humanized antibodies, single chain antibodies, T cell receptors, chimeric Tcell

receptors, single chain T, cell recept class land cl Il MH I s,engineered
immunoglobulirl?g %ﬁ&ﬁﬁ;ﬁ&%}%{éﬁ%ﬁ%gg ﬁs%fﬁ?sagr‘%e ‘gﬁ? Oé%%‘gé(gj %{zﬁj%g‘s(\:yfép‘geer%%?ggulatory
proteins such &% epnmpearent! FEGiIBtD IS BBROTEHNE) mEthBrardce Blatar b el IFE Py decay
accelerating fagtor{@AEN ORI 05 2:argh §05Osequences Stiltratherarseful gene products include any one

of the receptors for the hormones gjoylfagiols, eXSicIngp. MAokines; equlatory proteins and
for ch ol régul:

immune system proteins. The invention encompasses receptor olesterol regulation, including
the low derisity 4i6pHestetRra e ¥ FebEiROF O MRiR- R Y i oFstafe ¢ oY § ré&espestirthkviery low density
lipoprotein (VLMY ma&pmmandoﬁpa@p@mm@emmmmoma?hl& imﬁmﬁiofhglmtﬁm@ma&ses gene
products such ag members, of e steraid harmenaJeeeRIRtSYPEHRRI, INclyding, glucocorticoicl

receptors and estrogen receptors, Vitamin D receptors and other nuclear receptors. In addition, useful
gene products ffE- fPéﬁ%EPﬁBﬁ%jhl‘fér%%’gfﬁﬁ?ﬁsé%ﬁﬁﬁ‘?&&yrﬁ%ﬁ?lﬁﬁ%ﬂ YarpFTBLpERER factor (SRF),
AP-1, AP2, myboiyoihandmyegentssaE S boxccomaising prieteins sl 653 k25 ATHRI: ATF2, ATF3,

ATF4, ZE8 NFAL CRER KNG/ BRI SRE.COARTI00N inding otaits Jnleieron egulation
factor (IRF-1), Wilms 10tumor protein, ETS-binding protein, STAT, GATA-box binding proteins, e.g.,

GA_TA-3, and Pﬁ&%ﬂ%ﬁé‘&&*f&ﬁ%ﬁ%ﬁ@%Hﬁ‘?é?&%%f&‘?ﬁ%ﬁ packaging & (i fif gBREProducts
include, carbameylessyethetase I, ornithine transcarbamylase, arginosuccinate synthetase,

arginosuccinate lyase, arginase, fammylacelacetate.hyclrolase; ahgnylalaninghygdroxyiase, alpha-1

antitrypsin, glucose-6- 15phosphatase, porphobilinogen deaminase, factor VIII, factor IX, cystathione
beta-synthase, BrEREHEAERHART RIIBAQHFIIARPISOXGIRLE: SiBtihHoTedeaist etk cidtrogenase,
propionyl CoA. ¢aitldkylases endthipnangite s ore Imutase]ng lutaryh €odl detydirogenasef aasulin, beta-
glucosiclase, pyryyals. GaRoxyIale-hePaticRASPRANIASS-RRRSARANVIARS Kinase,.alvgine

decarboxylase, H-protein, T-protein, a cystic fibrosis transmembrane regulator (OFTR) 20sequence,
and a dyatrophfiEHNASEHIEHER St &R USTAH Sd Broatits TiIbREErZFindsisuch as may be
useful in enzymegassplagEmentitierapyswicks iscessedul tindaoeaeigtgssfocorditioriscresugtiing from deficient

activity of enzyrﬁ%té%&n%@m{%e@%@@&m@tﬁwﬂ@i@em@i@@%@eﬁmeéph@ﬁ%;m%%mﬁzed in _
therapies for lysosomal storage disea , & suitable gene includes that encoding p-glucuronidase

es (e.g. .
(CUSS)). ZBOtHEF SR g E)%s&&%oiﬁ m%de%fns.wafmaﬁ|V%*¢%ﬂﬁ?ﬁaaﬁ%ﬁwg&ﬂég} uch as chimeric
or hybrid polypemtidés laeidga samenaturally occurring amino acid sequence containing insertions,

deletions or amino acid substitutiofg, &-or Sxamplaiingie:chain enginegradipmunoulobulins could be
useful in certain immunocompr miseqopatient . Other t %es of non-naturally occurring gene

sequences incliHE SHHSSHE S EEned AE 30 CHEAI R RTGHERY ‘& ARt SR UL 1A &%, which could
be used to reducecpiseraxpression ofitwdangat. the rep anReghsctionandfostrbduletiandofiexipression of a
gene is pagticulady,desirale.fordreatment of hynermRnakierative sonditions characterized by
hyperproliferating cells, as are cancers and psoriasi .lTarlg,et pol&g)?tifefs include those polype,ptides
which arc produ%%eg%lﬁéﬁ\?él?tocre g‘teﬁ?éﬁ%ar“i@\/ee%ul??%y‘buec HFIFS ARV iR SELBABEHSY to normal
cells, Target antigepssincludespolypeptidestentods 3y omeo geressslistives miyhy rayesfymi and the
translocation gefge B iabl 188 5 GeRa3, N80, the and-BURPdn.addition ip oncagsme. products as
target antigens, target polypeptides for anti-cancer treatments and protective regimens include
variable regionss%(fu%?fbodies made by B cell ymphomas and variable regions of T cell receptors of T
cell ymphsémas which, in some enfbdiraintie are @idorysecastargarahtigendfopaatoremune

disease. Other tymerassagirieshpolypeptidescan Revised RstargstRalyRepiides syeh.as

olypeptides which are found at higher levels in tumor cells .
Polypep the vector may contain gxe rA AV construct compneslmg the minigene. The vector may
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10including the polypeptide recognized by monoclonal antibody 17-1A and folate binding 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 protective
immune response against targets that are associated with 15autoimmunity including cell receptors and
cells which produce "self'-directed antibodies. T cell mediated autoimmune diseases include
Rheumatoid arthritis (RA), multiple sclerosis (MS), Sjogren's syndrome, sarcoidosis, insulin dependent
diabetes mellitusPEAIHIERItBiIvFhRIHE 8syroritsinebetvbardimitionanie/ldsindgspantylitis,
scieroderma, polymy@siis Flersatempostis:sorasis - wascritis, Wegener's granulomatosis, Crohn's
disease and 20ulcerative colitis. Eagh of these diseases is characterized by T cell receptors (TCRs

Bl t%z a%.!y S§ %er used in %us const é%)%? 208, Oom?ﬁ) auto(immur?e

that bind to endogenous ant:jg&ens and initiate the INHammMatory Cascats a8
diseases. C.Immiid§eHic TrARSTeaE XRSFARAFE oM oRIdiaibsi thia theetbrsofithesindention may

contain AAV:25 seguences efithe invenion aVesrttansgent eReaMng 8,pertde saolyneptide or

protein which inqgggﬁgrgoiggg;)}ﬁ@@ar@gp%@&eségugh%aégg%%ngoé?;nrﬁjﬁ%. en, f%r example, immunogens may

be selected from a variety of viral families. Example of desirable Viral families against which an
immune response would be desirabfedtiftaarciiecp serpdinrs hanmymeith rclutesdthedenera
rhinoviruses, whishrarerrespersiblesforabei B casnselithe £8aen68dethe30gsRera
enteroviruses, whigh Inelele RAlIoVILIRS COSACKISTReS, echuitises, and human enteroviruses

such as hepatitis A virus; and the genhera apthoviruses, which are responsﬁ]l%mfsorgfto&reef)nd mouth
diseases, pHnarf§ i SFBRHUM AT ARIFAIOSAAIKIH 9 er St iatmsderian ity tohvirumesntargetlantigens
include the VP 1, NRR eNHeS;out)dy ity ViRGludibiptherevicathéamity inetudes shevealgivitgggamily, which
encompasses the, Nanyalk.group afgbruses, 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 nonhumar&FrHIS &2 Ard R slFmeatrarindsimca thctaees e genera
alphavirus, whichpmetidelSindbigvingses;ResdRivenirnmoaot\poezuelapnEAsREm&Western
Equine encephalisand biviisspgluding Rybella uinis. T e [iaviiidae fami indludes dengue,
yellow fever, Japanese encephalitis, St. Louis encephalitis and tick borne ‘encep aitsVirtiges. other
target antigens mM&y BEYSHLrh By FEMAHREREPARMS P t5é Barbramtts TamiliEewhizh includes a
‘number of non-hermtain sinesesisugiy ag infectiousdxmanetotisidifas aulry)adHRersinestransmissible

gastroenteric Vir%%n(%g)mc@ﬂﬁi&%cﬂ;@ﬁ&@ﬂ%@%i&%&@8‘?9}?&!-98%&’%'@%5%6}’&59%‘&9]% H%‘%Iine infectious
on),

peritonitis virus (cats), feline enteric coronavirus (Cat), caniné coronavirus arnd human
respiratory coronguirti&es SAREH TR Catikoth B sintiont Comirai drcr ReneseBrCiBpatitis. Within
the coronavdfus familyiptargetantigeisrvinekae! thestl ¢l s6 spadte delyl arcenatsin protein) 1 E2(also called
S or Splice IOr0te§Eﬁuéﬁé’es(él%@agﬁi&%@eﬁgﬂllé%ﬁ%@iggjé‘gx%%?ewéﬁkgré}’ﬁ(?!oer%e'rrgnfxn&% resentin all

a

coronaviruses), or N (nucleocapsid). Still other antigEens may be targete inst the rhabdovirus
[

family, which incld88efte?GERE PRSI dOPPRER RERUPE AR RIFR ARG IR yedite SFRscefitTepal lyssavirus
(e.g., rabies). Witlinettié ainbisd 6% gers> familyiss istaiblerantisfons.paay eecgesbre di@misthe G protein or the
N protein. The faspily.owiidas. whiah includss RemoragicPyeraiiuses sHeh as aQMarburg and

y

Ebola virus may be a suitable source of antigens. The paramyxovirus fa includes parpainfluenza
Virus Type 1 palaiiAtiel 22 Rhrae a3t Bhvinessarmidehaa v abrpkdn, Takmdteriths (mumps
virus, parainfluemzes Wiy Tiyperdjpairairfeenze isrusFype s Newzastie. disease virus (ebickens),
rinderpest, morbjlljdirus, which,inglides measles and canine distemper, and pneumovirus, which
includes respiratory syncytial virus. 25The influenza virus is classified within the family orthomyxovirus
and is a suitable source of antigen (&'g° e 18 RYFBHSIR, RIS NP pFEReTH) caHa ayavifsesily
includes the genedatbosisavifis (Califgrmianeneephalitisrdfartrasse)c phiehovitus LRV allgy Fever),
hantavirus gurepaias.a RRAhagin (evsiilbRUaYINR (Neuebl sheen disepse) ang vanous
unassigned bungaviruses. The arenavirus family provides a source oOf aﬁtlgens agalnstﬁ_&M 30 and
Lassa fever virus: SPR&FedVirls %Mﬂ‘fﬁ%’iﬁ@é@f’%é}‘@8}?'{8F&?@B@Rﬁ@‘,‘ar@%ﬁ\?ﬁ%ﬂb@ﬁmﬁ%uses acute
gastroenteritis inechildhsi); ovhivivesess mbrt outivietit i(Colonadetick-fevesniigbambe (humans), equine
encephalosis, bl r rdc | Uyl -family.oncaorivirinal which
encompasses sﬁ%?ﬁﬁ an?%g%%?gg%%%gﬁa%{g? g&g %?rgﬁg%lﬁ%%%g@ \%hgg , Il—rllﬁe\?%grﬁa%LVIl,
lentivirinal (which includes human immunodeficiency virus (HIV), simian
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immunodeficiency virus (SW), feline immunodeficiency virus (FIV), equine infectious 5anemia virus,
and spumavirinal). Between the HIV and SW, many suitable antigens have been described and can
readily be selected. Examples of suitable HIV and SW 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, poi, Vif, and
Vpr, Env, Tat af eV HihSHYy Steotiar pisiaviiss Sueraiy ctaamite aftier fugpromsis wihieh is described
in US Patent 5,07 2586a:Beqralst thecH) vrantsSIMmpieteins gesedhed R +bRBasouehet al, J. \Tirol.,
75(5):2462- 2467, (MBich, 2001200 B B AR 1,0 SGIENGE, 2920974, (0 Aprl 2001). These

proteins or subunits thereof may be delivered alone, or in combination via separgtae TBvectors or from
a single vector FHEPHPRIAVFIL taiicPienduawihe wicrarititissigbraieienstsiiariesand JCU
viruses) anél the sub-family papillomavirtbs éasediciateditithicandensiey Bpadignaptmgression of
papilloma). The, agdenavirys iamiy includes viruses (EX, AD7, ARD, OF.) which cause respiratory
disease and/or enteritis. The parvayirus family feline parvovirus (feline enteritis), feline
panleucopeniavirus, canine BZNO\ER?SE?QH%}' GteiBSparvovirus. The herpesvirus family includes the
sub-family alphaherpesvirinae, whitk emteppdasses thisgenetastisyRiesyvinis{ MW HSVII),
varieellovirus (psaudorabias. varigeliazosienang.the Mafﬁmalm%%p%&%gﬁvﬁ“é'%eaWh'Ch Includes the

genera cytomegalovirus (HEMV, muromegaiovirus) and the sub-family gamma er\f)esvirinae, which
includes th8 geMEPE Bl mMIATERTROVINTE e it WRiioRO MR hRsRYiges b e Risitis, March's
disease virus, andahadirovirisad hepokvirssfamilyhinctidesithe sulfamily chardepaxgrinae, which

encompasses tﬁ@nggograyama%{immré@%&ém%ﬂ%%é&ﬁaﬁu}%aé;&iggf}og WpEx)), parapoxvirus,

avipoxvirus, cag/%poxwrus lepgripoxvirus, suipoxvirus, and the sub-family entomonoxvirinae. The
hepadnavirus f ’i‘l?fsi?fcl\dé‘e@@e 7 BB B N G ErEh e B ipratalsiniet SArUS RAIERIWA be suitable
source of antigem$dsdainéatiepaiitis ghekarvilues 25l lother picahsourEes gunaypindldgendaminfectious

bursal disagse yir s epdRIRRReSUAIATY AR BORISHNE SUGIAME (I s, THG, Alphavirus family

includes equin eritis virus and various Encephalitis viruses. e present invention may

also encompass IMMUNSGERSUTR RSN 1B ARFTEmII S ARG 6P ABALFLAFRYY Snimal against
other pathogengsieludieey actéria afapgsepardsitiosnietoorganisms or multicellular parasites which

infect human and non-human vertelaigs.otfiofe:e,sAnFel,fel.0n oL gell, ExpmRlgs of bacteria
pathogens include 5pathogenic gram-positive cocci include pneurnococci; staphylococci; and

streptococci. PAHGGERIE G HE YAt cOcaT chide rBhilSesEdis Rysise dedersymthogenic
enteric graih-négativerbacilipinchide Eatarobaciériaende] pseind Nanadclacipeiebaateria and eikenella;
melioidosis; salmanelia. shigella:.harmerhile- Moraxeliaidiarayi.(whigh causgs chancroid); brucella;

Fran/se/la tularenalﬁ% which gaus$s tularemia); yersinia ID(pasteurélla); streptobacillus moniliformis
and spirilium; GPAMESBERYS BREMEI RIS e BN RIS S9iEgR ResoarySbetstifiehosspathiae;
Corynebacteriun ¢Hiptheiiai (tiphthe tia) s cholesen B tamth ioisi{anghrax)izdonovareris (granuloma

inguinale); and bartepelesisRiseasasraused Rynathagenic.anasrabis bacteria includs tetanus;
botulism; o2t5her (Holstrldia; Eugercutlogishlepcrloicyé,and other m%/cobacteria. Pathﬁgenic,s'plrochetal
15diseased incliGe SRS HraRon@ A EL ey i " pimE AR S ErrRIt Ly BN torislisfospirosis.
Other infectionghesasisdoyir i gher fpattiogers benteriatbemd pkid gethicafungi include actinomycosis;
nocardiosis; cryptococcosis, blastomyegsisyihistonlasmasis Qghqopgg@ig]@gigg{g%po%i&'s’%@ndidiasis,
aspergiliosis, and muconn cogis;.s orotrichosis; paracoccidiodornycosis, petrieliidiosis, torulopsosis,
rnycetoma and%ﬁ%?nagﬁ@/ B A OB SRR KERGS & it S et i aehilriteSphus fever,
Rocky Mountairxgprstied ifeves] QEfshef; tentdRickettsialpiox (Exampless of anyeoplasmasand chlamydial
infections include;mysaRlasMac-RNRHEIRRIAS: JYMPRAY I0UIOMA VRNRISHID:,RSitagesis: and perinatal
chlarnydial infei:tions.. Pt th%;enf'{c ?uk ryotes, e?comp ss pathogenic protozoans and helrninths and
infections prodUE8d tHEFEHY TREIFE SH BRI RIS A RPASTIEHNEHK S W'ty p A SsFiRESis:
toxoplasmosis; iPadmiotsstisofsrinitcPrichcirsicToxoptasmagenditobabegiesis pgiardiasis; trichinosis;
filariasis; schistgsepiasisonematesas:ematedes artukes: and.cssiore,(aRewrrm) infections. Many
of these organisms and/or toxins produced thereby have been 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, 33



some of these biological agents, include, Bacillus anthracis (anthrax), Clostridium botulinum and its
toxin (botulism), Yersinict pestis (plague), variola major (smallpox), Francisella tulai.ensis (tularemia),
and viral hemorrhagic fever, all of which are currently classified as Categ,ory.A agents; Coxiclla
burnout (Q fever); Brucella species (brucellosis), Burkhordecia mallet (glanders). Riotous common's
and its toxin (ricin toxin), Clostridium ,verfitingens 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 ‘Hﬁlﬁ%@%@é@,ﬂ&&ﬁ’%&% VPR LiNSsrran reskiadarptecigeatd. In addition, other
organisms, whichrerelset folassdechppitliferentlyrolassifibbl may eidentified ansttoiused for such a

purpose in the fule. 1wl heseadiiy udersioed thakihe.visalyestors and gher,songtructs described

herein are useful to deliver anr%gens from thes%organlsms, viruses, their toxins or other by-

products, which WS5EVent K&416P E?gﬁ?tiﬁ?@éﬁ R or SRS SRS P IcHbT RSt tHE&dY1 Obiological
agents. Adndinistragiseicof theonsctdits eftheridvetntivny to deliverdsubiyvdglenshagaiasithesedriable

region of the T cellsseliif. an immune respenseingluding Sl sito siminate those Taells: In
rheumatoid arthritii Eﬁn 5e eral s ect;jgi variable regionqié)f T cell reqegtors, CRs) which are
involved in the diSeAS8 have beeh Charactenyade Thesd HERE BRI GeAFSe 249ty and Va-17.
Thus, delivery oPematieid bhiosetucheethisedaitddes atdebsplundliogiabsetpofypeptidesmwill elicit an
immune responsg taiwillsargetiFealsinyoled-in RAudnimeltiple scieresis {MS), several specific
variable regions of TCRs which, a%tci)psv Iyg)gaiy }he disease have been characterized. These TeRs
include V-7 and Va&tl' uIsﬁ'us, e |very’o?‘a nucieic acid sequence that encodes at least one of these
polypeptides will 20elick-an infetfeledpéReekdsmaitidiget T cells involved in MS. In scleroderma,
several specific variable regions afT GRawhishy atesinvelveghinihe;diseass have been gharacterized.
These TCRs include V-6, V-8, V-14 and Va-16, Va-30, Va-7, Va-14, Va-15, Va-16, Va-28 and Va-I2,
Thus, delivery of & nucrSIc e'(fgi'dbrz%‘f(t)elrelg]cﬂféa’i hAF RS R BB B rnsedfels KR salbtiess will elicit
an immune responsenhian willtalgeicTiackisinyid hVedire2Sselstodet iem among an@ptionallyn vectors

con:]ainin_g AAV §§&w@m@mflgh@img@mmﬁtmm@ Q@H‘é@t@ﬂé{d%}?’&z@,l @f@;@?@?’bﬁﬂ@j r\?veg'vo /ﬁfﬁtg of
such regimens haye sgr e nd_may be readily selected. See, e.g., \ ,
published Marc%ggggﬁggogégrzteﬁg (g}/ %é%%d%w%gu% ir%@-ﬁr&é@ﬁ@&ﬁﬁé%?%%ally involve
the administratiorpfees DN (e rd ks iB) besed GRetariiosdsitiE 1P ikepGnersystennto second,

booster, administiationwitbpadeaditional g enissehas8-PRAlRIRRN A RGQMRIRANTL WS carrying the
sequences encodinL% suc%hl_%r%@qtgg?gms!{gp% en]bc%dim rt‘g the invention provides a method of priming
TMmune résp {04 Selected antigel %/Wé?f%lfﬁﬁ‘jpﬁﬁégfﬁmdﬁ&ls&wgfor carrying

and boosting an immuneresponse to a selec ed & ige
said antiged? follswebeBipiseidutivighie igventieh: acreetbe vontdinamgnally séguentestifsthe invention. In
one embodimentdhigopyiganRecstiregimes involvesHeenntessien9lapudlinraieing fiamedhe prime

and/or the boost vehicle._See, e. ~Amara, Science, 292:69-74(6 April 2001) which describes a
than {.?C{ E aand%xﬁgabr% 6 J t ntain gFrgvélrﬂSélggﬂﬁﬁdyﬁhlmmﬁheéL}légb onse

multiprotein regimen ot expression o prb?é)fn %ul%%nﬁ?s VAR
against HIV and [®molreruexensipiénation of a contaminating virus during the production of rAAV; and it

is capable of infection or transfection of DNA and expression of the transfected DNA. Ina
25 preferred embodiment, the host cell is one that has rep and cap stably transfected in the cell.

v One host cell useful in the present invention is a host cell stably
transformed with the seqﬁences encoding rep and cap, and which is transfected with the
adenovirus E1, E2a, and E4AORF6 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

30 described in U.S. Patent No. 5,658,785, may also be similarly emp}oyed: 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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DNA prime may deliver the Gag, Pol, Vif, VEX and Vpr and Env, Tat, and Rev from a single transcript.
Alternatively, the SW Gag, Poi and HIV-1 Env is delivered. 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 immupe esRInse ta he,virus, bacteria or other 15grganism from
which the antigen is derived. In anothergagsirea é)msbooéttlr%etlelﬁﬁc%elﬁf%gfsﬁ%gﬁlPE&Méﬁ%rovides a
therapeutic effectAEEETHE Masenply UsiigiebRbEntereassayd forseratblotion bf the presence of the
condition for whiebrtheiapydistbieingpadmitisteretniques. SulihRRAMIBYVACLIREMaY, e administered at
various sites in the,bady.inha dosg-ferandentmaangs. which depends or ”‘t%%ag}t'%f?” to which the

desired immgne 20response Is being targeted. The invention Is not limi ed 10°the s SﬁYﬁ’or situs of
injection(s) or to %ﬁ%ﬁfﬁ‘é\%ﬁ%@%ﬁ PR PRI IR TP FiTAG St b 61 sarssess treatment
regimens which irehbdedarsingiy deseschdosagiowhjcthisadeministereddyausly sdailys weekly or
monthly, or yearl.Asangxapplee the m@@em@%gg&%@@ one or two priming injection containing
between about 10 pig to about 50 pg of plasmid in carrier. A desirable priming 25 amount or dosage
of the priming DNA vaccine compositich 1ages BeivkensitiriasTsl @ 2isser i0:0bohagt of the DNA
vaccine. Dosagessiiasy vianbirarrpabbitited wip ot DOQueskDNAperekginé sabiecthodyweight. The

amount or site ofipjegtiands Q;%éif@&bér§ei§EF%RQ%%&AHQMQ%M?Jgti%é{n%‘%‘éﬁcg’%‘gﬁl?“xe%fatrrle mammal
being vaccinatedLi 251% doa%% ﬁnitﬁoftthe DV\{A vaccine suitable for delivery of the antigen to 30 the
mammal is described Ferein. The DNAUREEIFE B PEParat ToSaHanstiatea by being suspended or
dissolved in a priseifaEeHti¢ally stophysicidbivallyuaceaptableacarmiey suchiasjsetonie gatine, isotonic
salts solution or oshes farmulationsanhishowilh e apRatent ladhoss skilled in such administration. The.

appropriate carrigg}ygjlallcpec% id%@égﬁ? those skilled in the art and will depend In ?alpé(évbart upon the
route of administration, The C%mnos)i'tions of the invention may be administered to a mammal

according td*the routes described abeee npvd sdstaimetireiease fdrme atien:esinga biedegradable
blocompatible paiyme: ek by-encsite:dedenivsing ficeliag«98ls andLipesomes, 20ptionally, the

priming step of this invention also includes administering di the priming ,DNA&1 accine composition, a
suitable amount of an a Jﬁ%%}h 3é t%ésoga‘?set%grﬁﬁ\gdhﬁ‘ﬁ’r S found in the SpmamRePEaseBsting composition
is administered dbygtt:2cthatetiesh weukeeafezadmmitistes geine printingANAwAaseise to the
mammalian subjediu il QeaiRisHRHoBINGLIne:-ReORIBICOMPOSHIAN s accomplished using an
effective an_wuntﬁ%{nawl%oqsfggge%%(:%ine co&gcgisitéon cfosF,t?jning or capable of'de |ve$ing the same
antigen as administered by the priming DNA vacdlRd: Sthe bbbty L sribsitarnitybe composed of
a recombinant viiafVetisrgefived fionntiseshing vimidourdes ordvatn anethesispureseAliernatively, the
"boosting compasitiariean it wCRBPESitioncaRtANmg the §ﬂ[ﬁ§r19ﬁ¥£%% gfigaceded;in the

15priming DNA \{/@fgf:\i/ngbrtgtéto irtlamg f%qglgfsg 6rotein (g ﬁptlde which composition induces an immune
response in the host. N ANOthar eMbodiImSHE the Beost @a%é%ﬂﬁé“@mpgééqmﬂﬁ inchiges a
composition contélifitss DNEEetricncherrebdingstierahtigba underthe cbintrolvenfoa regulatory
sequence disecting its expression. imrg,manaratiancel..e g y&gg%;ﬁﬁg%%%ﬂ}l{ek QWA bacterial or
viral vectors, Thge Lr}igrycaé% {T#qlilrveem%nts ofbthe 00S ing vaccine 20composition are that the antigen of
the vaccine composition 15 the Same aRtigan o A craLs- Pe A IS iyEPae thalteriebded by the DNA
vaccine. . SGEARETRY, théive etoreeot the irventidriane afsoilmell suitethidr wse: unregimens which
use non-AAV veeiars asissellias igieins . PepligRs sandieraiber hialpgicallv-yselyl therapeutic or
immunogenic CO@P@%{)%d EQ&?M@%@%?? are Eaé’tigqularly well suited to gene Sodelivery for
therapeutic poses and for immunization, Incitc Ing Tals uvcﬁﬁ&rspsr%gfg‘@ﬁ\?g‘ﬁ( H‘?ﬁtf/:gSuch uses will be
readily appafent!t8tiiesest skiminigse aerviruses, vamininer sy ectodofdtte! iyventiomprgvides an efficient
gone transfer vehigle. vhichicanrdeliveraselected ransaensito a-seleatedhost gell in ViVO oi CX
ViTO even where the organism ha L(lel{t{lalizin am':xittl)r dies tq one or more AK! serotypes. In one

embodiment, the vector (e.g., an rAAVY and the calls. ArePmixad ERiva A Hsdted eells are cultured
using conventiofaf AetRddBfoiey aitistsechunstiicedvebis ¥ fesinfusachiniocthepatient. Further,
the vectors of the inventior 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
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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 isolated, as desired. Suitable techniques
for transfection, cell culturing, purification, and isolation are known to those of skill in the art.
EXATVI.PRIES Example I: PCR amplification, cloning and characterization of novel A.AV sequences.
Tissues from nonhuman primates were scre negf r AAV uences using.a P method based on
otigonuolcotid5&td RiGHRy EBrid8 q?séd?(ggﬁ@ OF known A @zge,&agﬁ%i%ﬁ]%?%ﬁsa,&%oc%%%ce spanning
2886 t0 3143 hpotAAVESEQPIDNG B faiits 8 dts Srbdcascd herRapesHF @hich a hypervariabie
region of the cagsia; prateitGarlithat dsuniquentmeach kKvawmAAvkseiotypesendrichds termed herein
a "signature region," is flanked by consery equences..in later analysis, this si region was
shown to be Id&ﬁf’é&oﬂ%tf\‘}\?ése?ﬂo%%%sm Vel 1r(/gsgl ue ugﬁcéeﬁr?lfr%ge@%eenﬁbgr% Ieerggdjlrlﬁg g%tagg An initial
survey of peripfisrahblopdfof e talivberodt suakinmanpiHiespetics repeate diEtectable AAV in a
subset of animals from species such as rhesus macaques, cynomoiogous macaques, chimpanzees
and baboons, However, there were no iXt\éae%uﬁlré(r:ee& detected in some other species tested,
including Japa%ese e %@tpl&‘ésﬁéd Irlnacsé?ques and squirrel monkeys. A more extensive analysis
of vector distributionWviag terictliciaubiritissheshefaineds habihkayaeef ey BSRAETsif 6f Pennsylvania

a][\d Tulane colonies;rg 9)5’%&?%@%@%&@&&%5@%&%\@&?& d<ﬁb{aé%/c§m1l@iﬂ€@athg®u?bﬂut a Widg a;ray
of tissues. A.Ampuywation of an AA V signature regi DNA, sequences o VI-6 and Aftt Vs
isolated ff8m @8%%3 BUERWEY nﬁ%ﬁéﬁ?%%a’%%%?ﬁ%? ﬁé*i‘ﬁé‘“%ﬁ?s‘i?ag\%}”ﬁ{‘ %?éﬁ\ﬁ%ngttings. The
alignment for itgdMiméyt.anilinchattirgrtiefinforriagierdor e rove L IVFQE ISV HEd IR Pie. .
SequenCezgg!%ﬁﬁﬁsgq}g%%W%ﬁog%ﬂgﬁqI-iengtg caGpsid maﬂﬁé@&&dﬁ%@@ﬁé&iﬂm&ﬁ53ﬂ@ph@giOn
spannin to 314 of AAV 1 [SEQ ID NO: 6],.and the .corresponding regian in the genomes
O?AAV 3-6 geﬁb’g‘%g f[é%’écnf—g@f UAS |§<§ﬁ% S E)i/nf"ﬁ;tl‘ahfannv%lﬁ gr%%amg%/é%i%eﬁglgnfgéﬁ%% Withgthe AAV
capsid gene antbhasshighly s81seneedsdpIcHERE ambHy A BO TR B AR SHEsAME Crélatively
Svariable seq L&%%Qﬁ;&ﬂa%rgﬁgm&qlﬁrﬁ%ﬁ@m Athis yegion epmineaibiralkéestietiomenzyme site
(QACCACOTC, SEQ ID NO:15) . Tte inve iIonrsm hagee JS% nIg Ctha%turég g%gigri]n eIyes 8% g_pecif_ic _
signature for eXEARAGWN T PERSE RAN BREAT R Sther words, folfowing PCR reactions, digestion with
endonucleasesithairarespacific to each known serotypes and gel electrophoresis analysis, this
regions can be used {o,gefipitiyely idenify amplifies DN as L0haingdmmseiatypeil, 2, 3,4, 5, 6, or
another serotype. . The primers were designed,.validated and PCR conditions optimized
i ARV, 2 AP STSN A S TBRE T e e e e T el e AU & B,
1S: bp 2867-289dm§ WAV 21 SEYTCrNGS 7S Sadnsepihar, egadiisl 3005u390PigRaRY2 (SEQ ID
NO:7). 15CellujarANAS.fram differenictissugs insluging hlaed iy aivenbver-lngideastig vetc. of different

rhesus monkeys were studied utilizing the strat described above. The results. revealed that DNAs
from different g%gﬁ%ﬁ%f‘i%&%‘?%oﬁﬁ%y% aLéc\%/ev erfgcél t8'S r%ﬁﬁqﬁ?ﬂﬁ%ﬁip?ﬁfc%{%hﬁl.n&%erlﬁterﬁgstriction
analyses of PCRprdtiescteeinielicted et thayhword! Srpqslifiey s onPaay segienteLiffaieht from any
published AAV seguences2RRER: megdkstsnabauis2bbbginaize)tirem Db afsansariety of monkey
tissues have been cloned and sequenced. Bioinformatics study of these novel AAV sequences
indicated tfrat tiB7"re novel AAV sequences of capsid gene and distinct from each other. Fig, 1
includes in the alignmént th@&elovel ARV aigasature regions for AAV10-12 [SEQ ID NO:117, 118 and
119, respectively]. Multiple sequence slignmeplanalysiswasp20rer tormest ysingitheyGhustal W (1.81)

program. The percenta%e of seq epce identity between .t@gcﬁi‘%latqre rg%gpcsél? v

- c ves trdnsfecting or i selec f it Vvl_%rand AAV
10-12 genome< & 580 S BEIBRIHTARE T equences for leSIS §equence“(t K\f%erotype Size

(bp) generated with the sequences of the AAV of the invention. Methods for delivery are well
30 known to those of skill in the art and are not a limitation of the present invention.
In one desirable embodiment, the invention provides 2 method for AAV-

mediated delivery of a transgene to a host. This method involves transfecting or infecting a
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selected host cell with a recombinant viral vector containing a selected tfansgene under the
control of sequences which direct expression thereof and AAV capsid proteins.

Optionally, a sample from the host may be first assayed for the presence of
antibodies to a selected AAY serotype. A variety of assay formats for detecting neutralizing
antibodies are well known to those of skill in the art. The selection of such an assay is nota
limitation of the present invention. See, e.g., Fisher et al, Nature Med., 3(3):306-312 (March
1997) and W. C. Manning et al, Human Gene Therapy, 9:477-485 (March 1, 1998). The
results of this assay may be used to determine which AAV vector containing capsid proteins
of a particular serotype are preferred for delivery, e.g., by the absence of neutralizing
antibodies specific for that capsid serotype.

In one aspect of this method, the delivery of vector with a selected AAV
capsid proteins may precede or follow delivery of a gene via a vector with a different
serotype AAV capsid protein. Similarly, the delivery of vector with other novel AAV capsid
proteins of the invention may pfecede or follow delivery of a gene via a vector with a
different serotype AAV capsid protein. Thus, gene delivery via rAAV vectors may be used
for repeat gene delivery to a selected host cell. Desirably, subsequently administered rAAV
vectors carry the same transgene as the first rAAV vector, but the subséquently administered
vectors contain capsid proteins of serotypes which differ from the first vector. For example,
if a first vector has AAV7 capsid proteins [SEQ ID NO:2], subsequently administered
vectors may have capsid proteins selected from among the other serotypes, including AAVI,
AAVZ, AAV3A, AAV3B, AAV4, AAVE, AAVI10, AAVIL, and AAVI12, or any of the other
novel AAV capsids identified herein including, without limitation: A3.1, H2, H¢, C1, C2,
C5, A3-3, A3-7, A3-4, A3-5,3.3b,223.4, 223-5,223-10, 223-2, 2237, 2236, 44-1, 44-5,
44-2, 42-15, 42-8, 42-13, 42-3A, 42-4, 42-5A, 42-1B, 42-5B, 43-1, 43-12, 43-5, 43-21, 43~
25, 43-20, 24.1,42.2,7.2,27.3, 16.3, 42.10, 42-3B, 42-11, F1, F5, F3, 42-6B, and/or 42-12.

‘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
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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gelatin, dextran, agar, pectin, peanut oil, sesame oil, and water. The selection of the carrier
is not a limitation of the present invention.

Optionally, the compositions of the invention may contain, in addition to the
rAAYV and carrier(s), other conventional pharmaceutical ingrediénts, such as prescr%tive&

5 orchemical stabilizers. Suitable Bxemplary preservatives include chlorobutanol, potassium
sorbate, sorbic acid, sulfur dioxide, propyl gallate, the parabens, ethyl vanillin, glycerin,
phenol, and parachlorophenol. Suitable chemical stabilizers include gelatin and albumin.

The viral vectors are administered in sufficient amounts to transfect the cells
and to provide sufficient levels of gene transfer and expression to provide a therapeutic

10 benefit without undue adverse effects, or with medically acceptable physiological effects,
which can be determined by those skilled in the medical arts, Conventional and
pharmaceutically acceptable routes of administration include, but are not limited to, direct
delivery to the selected organ (e.g., intraportal delivery to the liver), oral, inhalation
(including intranasal and intratracheal delivery), intraocular, intravenous, intramuscular,

15 subcutaneous, intradermal, and other parental routes of administration. Routes of
administration may be combined, if desired.

Dosages of the viral vector will depend primari-ly on factors such as the
condition being treated, the age, weight and health of the patient, and may thus vary am'ong
patients. For example, a therapeutically effective human dosage of the viral vector is

20 generally in the range of from about 1 ml to about 100 ml of solution containing
concentrations of from about 1 x 10° to 1 x 10" genomes virus vector. A preferred human
dosage may be about 1 x 10" to 1 x 10 AAV genomes. The dosage will be adjusted to
balance the therapeutic benefit against any side effects and such dosages may vary
depending upon the therapeutic application for which the recombinant vector is employed.

25 The levels of expression of the transgene can be monitored to determine the frequency of
dosage resulting in viral vectors, preferably AAV vectors containing the minigene.
Optionally, dosage regimens similar to those described for therapeutic purposes may be
utilized for immunization using the compositions of the invention,

Examples of therapeutic products and immunogenic products for delivery by

w
(e}

the AAV-containing vectors of the invention are provided below. These vectors may be
used for a variety of therapeutic or vaccinal 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 vaceinal regimen.
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B. Therapeutic Transgenes

Useful therapeutic products encoded by the transgene’include hormones and
growth and differentiation factors including, without limitation, insulin, glucagon, growth
hormone (GH), parathyroid hormone (PTH), growth hormone releasing factor (GRE),
follicle stimulating hormone (FSH), luteinizing hormone (LH), human chorionic »
gonadotropin (hCG), vascular endothelial growth factor (VEGE), angiopoieting, angiostatin,
granulocyte colony stimulating factor (GCSF), erythropoietin (EPO), connective tissue
growth factor (CTGF), basic fibrablast growth factor (bFGF), acidic fibroblast growth factor
(aFGF), epidermal growth factor (EGF), transforming growth factor o (TGFa), platelet-
derived growth factor (PDGF), insulin growth factors I and II (JGF-I and IGF-1I), any one of
the transforming growth factor B superfamily, including TGF B, activins, inhibins, or any of
the bone morphogenic proteins (BMP) BMPs 1-15, any one of the
heregluin/neuregulin/ARIA/neu differentiation factor (NDF) family of growth factors, nerve
growth factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophins NT-3 and
NT-4/5, ciliary neurotrophic factor (CNTEF), glial cell line derived neurotrophic factor
(GDNF), neurturin, agrin, any one of the family of semaphorins/collapsins, netrin-1 and
netrin-2, hepatocyte growth factor (HGF), ephrins, noggin, sonic hedgehog and tyrosine
hydroxylase.

Other useful transgene products include proteins that regulate the immune
system including, without limitation, cytokines and lymphokines such as thrombopoietin
(TPO), interleukins (IL) IL-1 through IL-25 (including, IL-2, 1L-4, IL-12, and IL-18),
monocyte chemoattractant protein, leukemia inhibitory factor, granulocyte-macrophage
colony stimulating factor, Fas ligand, tumor necrosis factors o and B, interferons o, B, and v,
stem cell factor, flk-2/fit3 ligand. Gene products produced by the immune system are also
useful in the invention. These include, without limitations, immunoglobulins IgG, IgM, IgA,
IgD and IgE, chimeric immunoglobulins, humanized antibodies, single chain antibodies, T
cell receptors, chimeric T cell receptors, singlé chain T cell receptors, class I and class II
MHC molecules, as well as engineered immunoglobulins and MHC molecules. Useful gene
products also include complement regulatory proteins such as complement regulatory '
proteins, membrane cofactor protein (MCP), decay accelerating factor (DAF), CR1, CF2 and
CD59.

Still other useful gene products include any one of the receptors for the

hormones, growth factors, cytokines, lymphokines, regulatory proteins and immune system
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proteins. The invention encompasses receptors for cholesterol reghlation, including the low
density lipoprotein (LDL) receptor, high density lipoprotein (HDL) 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
including glucocorticoid receptors and estrogen receptors, Vitamin D receptors and other
nuclear receptors. In addition, useful gene products include transcription factors such as jun,
fos, max, mad, serum response factor (SRF), AP-1, AP2, myb, MyoD and myogenin, ETS-
box containing proteins, TFE3, E2F, ATF1, ATF2, ATF3, ATF4, ZF5, NFAT, CREB, HNF-
4, C/EBP, SP1, CCAAT-box binding proteins, interferon regulation factor (IRF-1), Wilms
tumor protein, ETS-binding protein, STAT, GATA-box binding proteins, e.g., GATA-3, and
the forkhead family of winged helix proteins.

Other useful gene products inélude, carbamoy! synthetase I, orithine
transcarbamylase, arginosuccinate synthetase, arginosuccinate lyase, arginase,
fumarylacetacetate hydrolase, phenylalanine hydroxylase, alpha-1 antitrypsin, glucose-6-
phosphatase, porphobilinogen deaminase, factor VIII, factor IX, cystathione beta-synthase,
branched chain ketoacid decarboxylase, albumin, isovaleryl-coA dehydrogenase, propionyl
CoA carboxy_lase, methyl malonyl CoA mutase, glutaryl CoA dehydrogénase, insulin, beta-
glucosidase, pyruvate carboxylate, h'epatic phosphdrylase, phosphorylase kinase, glycine'
decarboxylase, H-protein, T-protein, a cystic fibrosis transmembrane regulator (CFTR)
sequence, and a dystrophin ¢cDNA sequence.  Still other useful gene products include
enzymes such as may be useful in enzyme replacement therapy, which is useful in a variety
of conditions resulting from 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)).

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 ém'mo acid substitutions. For example,‘ single-
chain engineered immunoglobulins could be useful in certain immunocompromised patients.
Other types of non-naturally occurring gene sequences include antisense molecules and
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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93 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+ 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 PCR anchor to extend PCB

amplifications tg 5 of the, 1810 | I lan, and enes 15(1398 bp - 3143
D, SEQ 1D NOLE) A 3 e Beomets o e e B e a6 bp - 4600 bp,

SEQ ID NO:6). IPCRHAIHHEAHSS RS CATHY b OYRIEHY s Marrinmg eumitidne "rigltiding
denaturing at 9&@stor Dbt ki, scndiedl indyat 86 50 f0e b5 -dnenparane: exte asipnmat, 426 for | min per

kb with a total number of amplification.cyelessanging fiam 28,40 42:20Using; the %'&@ﬁger%eequences as

described in "A", two other relative conserved regions were identified in the sequence Iocated in 3' end

of rep gents anB & HFALI8s 7 BPEFAYi RN P TREIEL Rt AREE ABWH P BHPE'9% Dp fragment but
before the A.A.Mz8khRintwir setstdd reianprfaetis weerddsigrddednghiPCR canditiohsioptimized for

recovery of entite capsia-and:apastQfreR-aeAHENEES QhRAVEl HAY SeTolRGS: Margshecifically, for
the 5" amplification, the 5' primer, AV1Ns, was GCTGCGTCAACTGGACCAATGAGAAC [nt 1398-1423

of AAV1, SEQ O REETHATIAY 3 BIEr A TS aEHRR R SBYHE! RYYRRE S sHtbfitsHon, the 5'
primer was |s, isentifierbglporedcand e B pripialewaisiAAM2L &sind at higher levels in tumor cells

TCGTTICAGTTGAMATI GOTETE TES G MltAR 4452 A AY2 1 REQUR Nk Binding In these

PCR amplifications, the 257 bp region was used as a FOR anchor and land marker to generate
overlapping fradéHs %8 construct a complete capsid 10 gene by fusion at the Draft' site in the
signature region following ar@plificationedfdtheestiapd Fepktensidp fragmientsiobtainet csaescribed

herein, More pajticulafly.{egenerteithedatactAAYLCab O8he dhsdRteeamplification products (a)
i ences of the 5' extension; and (c) the sequences of

the sequences of t e.,%lgn tur?e] re Oré;gb . the se(%u ‘ % _
the 3' extensior TETe MchBahbs 5 FEA T O BE TRGRFIGERT FTALM i B IBbHE BeWSFHhY it
manufactutér's instimuotiors b Fiveredifterctives plasraid svivere dilyes ted it Bea Hiténdieecdmbined to

form an intact cag @eAfted autoimmundRitRisHNG Qhwerk. AboNL 80 Okcapsigisaausncss of AAVT and
AAV 8 were isolalé%d Rgnd .analzz d. AnotheJ novel serotype, AAV9, was also discovered from Monkey

42. 20Using the' C&haticHs e fBEY 8%‘8’\/‘8?%H%dreé’ﬁ{‘gﬁﬁ’i‘hcaaﬁﬁ?)tfﬁngﬁﬁwgqubene sequence for
AAV7 is isolatedutmutaionel widtic, thvechyimehsithatrdmyplify $08dyptte stiéddbpaimAbiygetiome
(calculated baseg QR dhedIHABENNG Ol AR, SRR NI FhiseleneHsssaquensRd for construction
of a compl%e Atﬁ\c\:ga %r@oﬁtygitgaoc%tg%ttjﬁese diseases is characterized by T cell receptors (TCRs) that
bind to endogenous antigens and initiate the inflammatory cascade associated with
autoimmune diseases.
C. Immunogenic Transgenes
Alternatively, or in addition, the vectors of the invention may contain AAV
25  sequences of the invention and a transgene encoding a peptide, polypeptide or protein which
induces an immune response to a selected immunogen. For example, immunogens may be
selected from a variéty 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  generaenteroviruses, 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
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C.Direct Amplification of 3.1 kb Cap fragment 25To 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 POP. amplification of large fragments. A primer within a conserved region located in the
middle of the rep gene was selected (AVInsi 5 CCTOCGTCAACTCGACCAATGAGAAC 3', nt
1398-1423 of SEQ ID NO:6) in 30combination with the 3' primer located in another conserved region

downstream of the | geneAVecas: 3 AGACCAA TGA COA 3, SEQID
NO:?) for ampllflcatl%aﬁof full-length capSJ ragénents C%HIEQ&SEQVS cht\ga\llv %mpo%%l{: ‘f’ﬁ%’ed according to

Manufacturer's diEeRiaRSY FRANEGGRIT S SERIOn 68 dom ﬂ@lﬁfﬁﬁaﬁeﬁ@?fo?ﬂédtﬁvr@mg@ng@nomlcs
(QiagengenomiassGeattie, \A) writhiansangiay aflsing 90:0%e pésﬁ@k@b@fn%rﬁ@@%ﬂﬁ’dqwes were
solated and oozl ATRDR UGA S IO0ES METE ASTeR o Rieaus macaaue fsues (-

rh.37), 6 clones from cynomologous macaques (cy.1 ones from Baboons (ob.T and bb. 2)

and 5 clones frofPENMPETempssgiys)yirus, and WSWF%%L&%@%S@W]W Hiainseqornhebtidiversity within
the novel AAV familyuwas:notaniagitastiof the PCR, faushrias: FORymediated:-ganreysplicing by overlap
extension betvegnfeieal narlil BNAAISTRaleS W bomoloaoys sequences, ar e tesul o

u

recombination process in bacteria, a series of experiments were er ormed under identical conditions
for VP1 amplific&ti&H HEiRgtGar EeAEEF R &ﬁ&%?ﬂ&%@ﬂﬁﬁ?%W%Avﬁalmb}a@fﬁ@s were mixed at
an equal molar ratizdellowecb by Seridl dilutionse Thehseristytidilstech chixturas pRiewsed as templates

for PCR amplificggion of 3.1,k vP.L fragmen / | ¢al PGR conditions to
that were used (fjgé DNA agf)llflg%t%ns to sgee%rvl!;}i@ge)ﬂg/ %§§£IH£@§ER§[§%% E%S[ E\}vgre g?enerated The

mixture was tran<f8HRE et%ﬁasa)ﬁﬂt?%léf’é?f%ﬁéﬂ@f&?ﬂﬁ‘éﬁfg%cI%R”ﬁ%”ﬁﬁ/ﬁﬁa RIS possibly
derived from 15recombinatiog) processamr bmmaemalcoeﬂavlmsasdﬁebem@)q@ewnemblmﬁaﬂacted AAV7
and AAVS plasm,ids With-Mspd» A diradvzied calbobwhich & %Rpl% A209mes My &g gﬁ'mes at

different positions, mixed the digestigns in different combinations an userglﬁwens n R amplification

of VP1 fragmen Iu(rai}f&cTHeed%‘aﬁ{éﬂ%‘ﬁéﬁ%ﬂ@’tg%ﬁfW%?ﬁéloaﬁ?m@fﬁf@cﬁc@%d@i&‘b%enerated
through ovéslap %hmmgg@texwﬂsﬂahg@fcpamahMmequanﬂe&mmmﬁa&)[ &Qemﬁmahca mixture of
gel purified SLL %y AV VEL (ROmERLATK &kl I AANE ILIAAMENL VI gyefen in the

signature region was serially diluted and used for FOR amplification in the resence and absence of

200 ng cellular BRIABXFLEISY Ot MSKRE) Lemiifis }ﬂ%myﬁ@éﬁﬁﬂ?AVS%ﬁH%ﬁoés by TagMan
analysis, None ofbireseVéikpetiments demdasthated @ificientH@Rymedigted byetapseguance
production undeg,the ﬁ%‘r@'ﬂéiﬁ%”% @ffgl%m%en@ga'%%%9%@5@%%@&%%%@%@& shewn). As a

further confirmation airs of primers were espﬂne which were located at different @Rs and were

3
sequence speci Y i YhRAH S B RN e SRR pEe R ﬁ‘f&&%&iuérh%%mﬁ‘dﬁﬁé?éﬁ{“&mblnatlons
to amplify shortemﬁa@nmﬁsﬂwmrﬁ@se%d lyanphfinede WALN)yRI\SALtroim F@ndrftemawhich clone 42s
were isolated. AR;ggeoience M@ﬂ'@@'ﬁﬁs( fl%s%i%ﬁln'ﬁl&%@ HAR £lgnes ﬁq%rﬁlﬂf@% : d in 30these short
sta

fragments (dataﬁ)t sh wn% ample 2: Adeno-Associated Viruses Undergo Su antial Evolution in
Primates During NBRral i é‘&tﬁe §eage Vé@dﬁ@ﬁ&fé‘%ﬁé}%&ea Bajaitvy %AW&%I”&%@é%vealed
divergence througheigt the genodigcthedism ostuicontentrated i lhypessariable segisasveiithe capsici

proteins. SQpIdempmaengmw@I@agaﬁlamu,mwm;ramamm%@rﬂ'gmgm%a%s » lthough
isolation of clinical jsolat g}%%l?‘h%n restricted to AAV from anal and throat swabs of

human infants anﬁ‘ﬁ\,& it Rl DSAtREHT O US AR N B dhirtitdss Sscaraie have been
associated with/AAW imfactionljfornia enheranlidtém ptdsdattdrburideratant the bistogyofAfM, nonhuman
primates were 1@ﬁﬁg%@és"@qgﬁﬁé@rpﬁ%ﬁ%gbzgamﬁﬁgwrg&Q g!%g@i??&%%Jﬁ?ues from

nonhuman primates were screened for AAV sequences usin hod of the invention based

on oI|gonucleotléiﬁasf‘st(‘%rhe ‘h‘fﬁ%&ﬁ%é?véf&er%rélﬁﬁg“éﬁéﬁwﬁ% e\?’§‘ f%‘é%f&ﬁﬂﬁf’é‘ﬁgﬂ”éﬁe%ﬁ of AAV

AN

which conserve@a{%wa@&egaararﬂml@g nadyResvariahle regian fatis Lpighe, &?%OvsaCh known

AAV serotype, termed herein a "signature region.
yp %r@ombo {humans), egur}ne enceph%osxs blue tongue).
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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 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. The amplified signature sequences
were subcloned into plasmigls and indivi uall transformants were subjected to sequence analysis. This
revealed substantial variation ﬁ naclélgt%ggelaﬁlég%e of Létﬁ()%a\,énsl SPVE B different animals.
Variation in the®8fgHRASTE 2158y TehEBWASHIZY Astesrinscidinedeobtained wiliih diddual animals.
Tissues harvested. fonretidranitraliztinnhich vmnguersignaitre sequancas weksmdentified (i.e., colon
from 98E044 anchhieast fiam PRrRASEwarm el daraaielzad De.gipanding Ine sequence amplified

by ?CR using oligonticleotides to highly conserved sequences. In 4y Completproviral

structures \7<Verearfgﬁﬁﬁért‘r‘fj@féjos‘PBWW&P@léngﬁﬁﬁ?ﬁg}%}%&ﬁ”ﬂsﬁ%@awsmmiﬁe@thn. These

proviruses differefrodrstriecotimgrckmoadilAbA Vsewtith the:greatestsaeuance.divargange-noted in regions

of the Cap gengyqjude ARGHioNA: GxReHmen w%ggggigwgdégvcn}g{[{rq_ﬁhat AAV sequences resident
nfe

to the nonhuman \pr;mate tissue representé?jp.tprowral genomes df in Ctiots TS HALTE capable of
being rescued AndTorATORTEAE SOt B traFIvef Saskiisrdnalieseossnrbmanhich AAVS
signature sequercalswaddetBeitebls waielig éstidk withcan-endonuciease-thadiclogsmpat:have a site within
the ALV seruencsacitansfesteddaia 293 cellami anlasmnid gontaing.an £ deleied genome of

human adenovirus serotyge 5 as a source of helper 5functions. The resaiting 1ysa%e was’passaged on

293 cells once BhUEhe L RIR Wais 18t Siferld BRI XA BRTR MaspriedetcbesiniS/Paas proteins
using a broadly fFactiig Polyioriat htibod\StE Seypiproteiriseara oK tberpresence. andiabundance of

DNA sequences frpm¢he RERIPHRG, AAM: proyirys from whi 8 was deriyed, Transfection of
encionuclease Jfgggicted hea@Bﬁlﬁ\lA %n(? t?%—:- adenovirus hgp%gg%%%%ﬁ%%s fgﬁz%o& ntities of AAV8

10virus as demonstrated By tHE LI LRGH PR A proteRs by nRsdeiBistisnalpsand the presence
of 104 AAVS veetrgenomesipele 268ocell. Lysates were generated from a large-scale preparation and
the AAV was purified by cesi gdimeantation. ; ifi ration demon d 26 nm
icosohedrat strWrest at | %E%e tical to th())!sl;t-i--(no?fa}%UtAH\/g %%r%%ﬁgg’ gé Q(?gral\él élé@t?gg%?tﬁnt e acienovinis
helper alone did not iei %ﬁf@ﬁ%&ﬁﬁ@’é?@g‘%ﬁ%,%%&% Pbrfenssisatenlggatsource of the
rescued AAV. Todiather Clrardbtedye ivesive andfintia animed viarkaiiIKoAAA W sigr@tiie sequence,
selected tissuesinaresyiigsiediomextiended PR 10 amRIfY enfire; %%Rig%%ﬂer%?&’éﬁ%?ames' The

resulting fgggm&gﬁ were clon d into bacterial \plasmids and individual 20transformants were isolated
and fully sequenced. This AnalySi 8 IS8 OB HadLnTaHEe PRI e RertinpaEciasud onkeys
(Tulane/V223 B fuidnieTeid e clongs) Fulahd/F953irbdeclonies pntivapfieatiwo rhesus

monkeys (Tulapey2ahpexelanesisRe 85033 B! Jrom. SIESUR Oenkey
(Penn/97EO43;E-w%)_}:allgne%lg13 ea?t .?rom 0 egrheﬁggsgmo%l%ﬁe%ﬁ{éggﬁg%%0%@6-%1cﬁzne%%ncl

peripheral-blood oM SR S5 HTRAR? S8 (&5 HerHperasse & i msedy vise &AMMologous macaques
(Charles River/Argmezak3099 apBB8 A8 Y, ga28R15A324R a6 wlatieadintal) tangk e Baboon
(SFRB/8644 -2,slpnes),ifhe Bvcloneadbarese aeauensecinm b difsrent agimals, 30 were

considered HOQT{ESC'U” ?n(%,based 0{1 the fin, mg of at least 7 amino aci rences ffom one another.
The non-redundant VP T H8REE Sre RO RTINS BBY IR e thyamire suisetatainawith a prefix
indicating the spebessesfnmossdstiraapnprimaterfrormwlithithey mdire derivatdcdhe Suetagl
relationships between these 30nantadupdantelanss Aadie prslony, deseihed BAAY serotypes
were determin%dmusing the Sepli{,?T{feabBécg?ran%[H_ son, D. H. %# itsTree; analyzing anc?'visualizing
evolutionary data. Bibmiormatics 147 68%74" Wit rhBrRmEAtdEEn Brthenhethod of split
decomposhionimtrssérdlyisis dejpicmdidmoplaty etweéantigset oitseluencesdmn aifreedike network
rather than a bifuecatingdiegs Fhe advantags isde:enabledetection;of arayeings that are the result of

convergence aar}gt to %)gaicl%i;[,epsr%lé%gen%tic re tiorﬁ‘hips ee}/enlw,hen they are d|st_5r‘t?§31 ayogyarallel events.
Extensive phylogenetic ressarch will be tequiredr il order T LTt tHEpay by drutiend whereas the
intention here filyis ¥acepbripith&witferent clones as to their sequence similarity. 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
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10an endonuelease that should not cleave within AAV and transfected into 293 cells, followed by
infection with adenovirus. This resulted in rescue and amplification of AAV zenomes from DNA of
tissues from two different animals (data not shown). VP | sequences of the novel AA_Vs were
further characterized with respect to the nature and location of amino acid sequence variation. All 30
VP1 clones that were shown to 15differ from one another by greater than 1% amino acid sequence
were aligned and scored form¢afiatianateachiasiduen Amagasitho developadtougatermine areas of
sequence divergence yielded 12 h variable regi -1Y f whi e part of the 4
previously des%%%uen ; ?/)érgl%?g ?éél%%?égﬁq(%tfﬁ ?Tcl:%i%e%gé %%\}é?%ﬁ‘ﬁéé%qglﬁ&? %&iﬁ?ﬁ%ré%{hree-
fold-proximal pesREicBiEamSHEER b tHE KsH BRI RSt fRttdrestirgl e BBHs 20located at the
2 and 5 fold axisishewatense yvanatianias welb: The EXRsd anddeagqutispdherNHeasminal portion of
the capsicl projeip, ihat is oL esol e NG RASINEIG: SHageRing gkl Nsferminus of the VP

protein is expcf)se n the surface of the virion.  ~ Real-time FOR was used'to quantify AAV
sequences froRHREHESZHI R ISHIELE ORbIREYE SIS AT SAIBrIbEL P iR Eliserved regions
qf Rep (one s@)mn@@@p Bamwmsem)mf;quiwaosamm mapww&asefcits analysis from
tissue DNA from an, indlivdyal-animalathis & namsgn%mg%&b&é_&w@%@ﬁ%ﬁcﬁquences,

although the quantitative distribution differed between individual animals, The source of animals and

previous histol§F P FEat M aaeHB A AP R AtEH L BstRBSE SR EIRAVERBences in rhesus

macaqueso Theikeee differepioseisof poiiigssancdspibitis ruised topasiantfyc AN BAyielded consistent

results. The hlg%grg% 1lgvr%la/{gfg 1 e\/ A [&:{&Hﬁgrgmgﬁgggkm%gwg%d}gmmwodes at an average of
[

0.01 copies per oid genome for 13 animals that were positive. Liver and spleen also contained high

abundance of (HRETEIEA ST ByardEAeAHRIIBE0! G0 ARGH AR RiRh el bt Rl AR of rhesus macaque

98E056, spleebaabitiesiss Itm;amqu@&‘dE@éaialgehImm‘bmew&mammaeemgwwwmch _

demonstrated 48, & a0 20,66RIe BLARN.Seauence RecARloid oename shasiysly, Relativey low
a

levels of virus DNA were noted in peripher ood mononuclear cells, Suggesting the data in tissue
are not dué to PEERIEIRERTE S EBHID SR MENUTE nEY SHRINWhT 1 CABTIH R iS4 that this method
Swould not necessatisisaptiire iafefdMs resident i ¢hethoginmasriprmatés gimcdudetection requires

high homology; to both fhe gligenucleqtides. @%@@&59@&%@ﬁo%?mrmpﬂ;mm@m animals with
high abundance AAV DNA was further analyZed for the molecular state of the DNA, by DNA

hybridization t&eRHRIEXr ERa IS TdidinsE oisRrlINGH, BY RUGRIPHSAF ARG 128% he kind of sequence
variation_reveqiﬁddﬁbﬁg!x&ﬂ@f@vh@i,fpagima%aﬁtsiissmiaxﬂemhcﬁs@mndh‘mmmmrammithm tissues (_)f the
same animals I of theSyOHAR {hakaaeH R 0L MANRE! 2%%&%&%?‘5?&%&9 pandemics or

even within the infection of an individual. In some situations the notion of a wild-type virus has been
replaced by thd®¥%istiiee GRARRS BIPqtaSraTRite St wiAsTR 48 S hdirbrfapierfeplication and
mutations 15_initiaﬁzxmmpamwmvﬂ@rmm@r@nbmmhem jnfm:_tieis; by h@Hk_Inamhich evolyes in
response to Imggnglagic, And-RMarRACEINNIGRIESAL ELSYRIALMAChRRIMS canibute to the high

|

rate of mutations in RNA viruses, including low fidelity and lack of proof reading Capacity of reverse
transcriptase aRRITHBHHSMBEEHEIS BREURSHTSTEEO IS YEESMBRa T oR? B dEREH e formation of
quasispecies ofrAAdsvasillysiratedimhis studydoyi 20thie s skematitoseduangingiaf multiple cloned
proviral fragmepts, |n.fact. ideqtical-seauenaas.could oot he found.within, any sxiended clones isolated

between or within animals. An important mechanism for this evolution of sequence appears to be a

high rate of horBiBY A FElsmIRREHBH bEYRREER a more limited number of parenteral viruses. The net
result is extensive swappingvéfihybérsaniagie sregaotisroftine [Cajpprotemblezdimigdo an array of

chimeras that cauld:have gliffetentiuapisms.and.serlesic) specificities dieathe ahility,to escape

immunologic responses %;?‘nﬁ)e(:lally as it relates to neutralizing antibodies). Mechanisms by which
homologos® reSaiitinatiiv o HeF g BoUHRIERH O R FoR IR 5 AT AT %A EAls of different
single strandedséwe\b e mies ginxieabds rimdure plicatiornoagracis (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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has been described during high multiplicity of infections with AAV recombinants. It is 30unclear 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 Lytle infection leading to the formation of defective interfering particles. Irrespective
of the mechanisrs:thatead ieseauencs, Jiver ith few exceptions vpl structures of the
quasispecies re%@ﬁgg;ilnt%ct without fra[{)r?n}cé%/tﬁifcta‘sja %(r%gn%yr‘\i%%ﬁegg?ﬁmg i ﬁgcgﬂ%%‘s&%ﬁ%ﬁgf’%mpetitive
selection of viruses with the. nost ATSHABIE B ik Sititiess e dntib il 1o/ henpepiiation adgnamics.
5These studies Haveximfsiisatiotsiin Sevbratareasotbiclogy.anthmedising:ckhessoncentpfirapid virus
evolution, formerdy-theught t.hera: RLeREHY, Tesl NA viruses, should be considered in DNA
viruses, which C?fr%%%”% E%\{ > bee tchgg%%eriz%%&%%%g%%%;gﬁgéggﬁgﬁaﬂ%ﬁf?)eé’ FARSTESht in terms of
parvoviruses to deve 05 a new method 1or d%%e&riioiHba\c}ﬂlﬁgqsﬁfﬁé’s"&ﬁhﬁt%p‘twé@m@complexity of its
structure and bidl5gy{istiendaSeisty Fire Edwhichare viiegarized.ad genssak amilies of.similar
structure and furfation called eiages.vAnaliemnative.SHaeAY IS 19 FoRLNUE Lo g%tgeggrrii?ze% isolates with
respect to serologic specificity %rgjdliggr\gelto%;cr%tena for describing variants within serologic groups.
Example 3: Vectorology of recombinant AM geHOMEs SaSa Xir Al erpsenshsaing chimeric
plasmids contaifify SRV g aharnsverndanresingeries fontserofogicatand gene tagsfer studies in
different animal hioldeisal agents. Chimeric packaging constructs are generated by fusing AAV2 rep with
cap sequences of novel AAV gg&qﬂgg%& se cf imeric packa%in?ﬁconstrqcts are used, initially, for
pseudotyping recombinant AAV genomes carrylngoﬁ,& THREYY ﬁ@‘ffé%@%’i%qﬁ%@z% cell using
AdS5 helper plasiiftY 3 BEd HB RISty ped vabtsen arenyse ttpoavahstéimetDmantaiin e
transduction-baseesseralvgicatisiuties anteyaiualegene Jansien Silicieney, of novs! AAV serotypes in

different animal padels including NHP and rodents, before intact and infectious viruses of these novel
serotypes are isol%%d. A&%.A?Ai%}érl%lgw %Féénzﬁ}f\fg%ﬁ%m}'& DR EenesrTe tHasAstBRITRS and

green fluoréScerf Protein’eXptésiad tdér te Bomtredloba chnstitlstitivadpeameate th Fhisglasmid

contains the follewing elements: fopAANE WiRsia: GMYRIameier.2nd:the GEP, goding sequences. B.
Cloning of transip{g%rg&qlﬁgpgolq%%:tl%hccale%lsilm r'g traens-ﬁlasr,nid for production of recombinant
30pseudetyped AAV7 vectors, poB18 plasmid M&ose Si° Y689° YaNAPETE 0 94 Uy hidls partially
digested with XK It0 FhEAz B tHEPIa SR sttReaRpiorizsite Teth@ GRusitiomief316@bp.anly. The Xhe
[out ends were tewsffédlin end digatest baejucbis:modified BSEIS plestic. s estielegyith Xba |
and Xho | igya compl i [ r ve the AAV? ca ne sequence and replaced with a 2267
bp Spe I/Xho | ffﬁﬁ?ﬁ“ﬂﬁiﬁfﬁ%@g&% ¢ f@&%ﬁé Wh%c%%&ﬂ%olﬁkéﬁaﬂ@ﬁwm)@w7 6-5+15-4
plasrnid. SHHL Fith PR RE T Heaive the mpalizdéptietjperces dorRep7alesinader the

control of the AAMzse 3 PRomnolier; Biadvie AMVAdeRsegvances/fof, RePR24A0 under the control 5 of the

AAV2 P19 promgless The AAM7 sapsid sequences are under the control of the AAV2 P40- promoter,
’ Qﬁgﬁ ci(‘?halé1 uﬁi]aeécrﬁlcéd furt %Wﬁ’c@ﬁ%gi’ﬁgdﬁssaﬁgéétr%%?fthe rep ORF.

which is located 1Within the Rep sequences
C. Production Of ]5%%%6@9&%%}5@&\9{1011[ an immune response that will target T cells involved in

25  scleroderma.

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

incorporated by reference.

30 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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The rAAV particles (AAV2 vector in AAV7 capsid) are generated using 10an adenovirus-free method.
Briefly, the cis plasmid (pAAV2,1 lacZ plasmid containing AAV2 ITRs), and the trans plasmid
pCRAAV7 6-5+15-4 (containing the AAN2 rep and AAV7 cap) and a helper plasinid, respectively, were
simultaneously co-transfected into 293 cells in a ratio of 1:1:2 by calcium phosphate precipitation. For
the construction of the pAd helper plasmids, pBG10 plasmid was 15purchased from Microbix
(Canada), A Rsrlifragment sontaining It fram pBHG10, resulting in the first
helper plasmid, pégﬁ;rlflsigalatscmid %%&%&%ﬁ%ﬁﬂ%ﬁéﬁbf c%%hn\;i%r{én?% %m%éﬁﬁréﬁﬂrent with a
Pmel/Sgfl deletion. Borating FromSBNET YRR Bitfe&&iptiMLPCepcqmaiing KA Wivereedeietéd in the
pAdAF1. Furthertefeletisiignof a 2.3 kb Nrul fragment and, subsequently, a 0.5 kb RsrIT/Nrul fragment

20generated helper plasmigls e Ad AR R RAT4N i . The helper plasmid, termed pAF6,
provides the ?SS%%Eialer%!Ese functions of %{gﬁ%n%jgi&g%%ﬁgiﬂgﬁgﬁ *é%%ﬁ’f?%séo’é?{i expressing helper
cell, but is deleted of Adenovira CaBSIa BIoteIE A Tkt bnacE regRRs Y TypiSaitye S0 tig of DNA
(cis:trans:helper RS TArS e et a06hte ichBBamihees tissineeitisgndish: ERR93:CRlsowgre harvested
72 hours post-transfeationnsanicsied aRd reatedwi % Wy de latc (37C for 10 min.)
Cell lysates wereg-then l%ugﬁegt%d%?% two éourljdiq{féyé s(,)qcsl§ {%§§%%§53§%2€?6ﬁ§3%8%t§ining rAAV
vector are collected, pooled and dialyzed against PES™ ELaRiptadE rdatisn Seinfestious clones
carrying intact nGVEINREGETafesdbebtity ShbasicRaraiogi inihemaniandMHP derived cell lines

and evaluation of pathogenesieotiRqelARYssRIGHRSH LN TR 284, 9ther animal madels, To
achieve this goahetllﬂ%g%p%@g a\évti;llléesr %§t§m is employed to obtain 5' an.cln gg‘termlnal seoﬁ%ences
(ITRs) and complete construction-of cloned contaiRinyg Tt REREE Adicriserotypégrbimes,

Briefly, utilizing &/ E3PhAEreians Bvairiisreed hiverssing mignaacwatkergtGlonteshl, genomic DNAs from
monkey tissues osragiblinesdhahaisridentifiad:asmositive iRrhe Iesense of AAVT sequence are
digested with Df@o'osﬁ%%!%%’cﬁ’yur 1l %ng §t CItik,OendonucIeases and Iigated {0 Gte ome Walker Adaptor
to generate 4 individua Genom_% Walke? Tibrarie S e igy using BKire fesrawosas templates,
AAV7 and ddjac&Hgendivii gfliéneaismilisssrPER amplifiedbirdheradapter: primerd-(API, provided
in the kit) and arbAA\Zespecifis: prmeeipdaliowed by anested PCR Hﬁi%gcéﬁvee%%%%%’r%}é’r{mer 2 (AP2)

and another AAY£ specific.primer 2 5%%@ an hich.are internal to the first'set of prlmeF1 BThe major

" PCR products from the nestear'vlgvéﬁsare elohet ShE oRaPA herpads By setfidpisipgdanalysis. Cn
this experiment, the primers COVEFiA EE2B7 Bedrathenisignature foagsneniefaggnaric AAV genome
are used for PCRoampfifiaationof eeiular DHRSOHIRCISELHOMHITAL AN derived cell ines o
identify an%:hapr;;ié:ggr('g%e[sIg\ctﬁnrt E@Ae\\é 0201%%9uen es. The identified latent AAr\/_ genomes are rescued
from the positive cell lines usig adenovirus RaiSars BF i Ep seripidisrafigeTsisolate
infectious AAV A6HESTRIFINFIFIER G¥air cafidirrisiha rtesirgsiaethtineris abtainedfremATCC and
screened by PCRuio ideindify 12 8sbpr anpicOickSs -SIGRRILIS E%Q@%Pﬁ@h% ig]é{eQ;ion- The 257 bp
PCR product is ﬁ{g&g@ %?9359{,0?(?%9 QX; 2?5(% uencing analysis. For these ceﬁ ‘|nye‘s‘ containing the
AAV7 sequence, the cells’are’infected with SUB IR BiENG0Mue plirctibeies NemioATCC, human
Ads or transfectet FAtMpRISHIRI 1S tee ForlsingSthesniipramiAthgenies thalare-respansible for AAA/.
helper fundiionsAt 48 haugostin‘petion wrasleslon ihegallaate Haniested and Hit DNA i
prepared for cloping; 9f 6@\@ gﬁggg}%gg/llgcvi\gggﬁ(iao etal., 1999, I. Viral, 73:3994-4063° 30 Example 5
- Production of AAV Vectors™ A pseudotyping Sirate gy sIfidion thett o esaniie:s BVAAVI/7 was
employed to protfii&é KAVE ety pekagedpitht A cAMEiant AAVSIcapsidPraigins. Briefly,

upon the identity and condition of the mammal being vaccinated.
The dosage unit of the DNA vaccine suitable for delivery of t}

30 the mammal is described herein. The DNA vaceine is prepared for admini

he antigen to
stration 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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recombinant AAV genornes 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 p5E18 plastrad at 3169 bp was ablated and 5the modified plasmid was
restricted with Xba | and Xho Tin a complete digestion to remove the AAV2 cap gene and replace it

with a 2267 bp Spe:dihe dfragmanteoataipingthe A AV canaene tMaoWsehabs (1999) ,1 Viro/
73, 3994-4003]. A similar clonin strategy was useﬂ for creation of chimeric pacicaging plasmids of

AAV2/1 and AA\ygfgiuﬁfflrrrlé%B?n%lngﬁt‘vectarasmv%/gr% paucrciglglreczitli1 by tHe ‘SRS CEERs Seditentation
method except fEFSETRAY S WHItHAHAS pofifiebEsiagle Sreptheparinochromatography . Genome
copy (GC) titers efiAdVuvegtorswergtdeiermineddy TagMan analysis using probes and primers

targeting SV40 poly A regionéﬁig}?ﬁ%{i eo}l3 Rreviously [Gao, a, et al (209 2 Hum Gene Ther

11,2079-91].” Vectors were constructéd for each s@rotypsel?(vfr:ﬂ?ffOnnuarrr‘ii SO iR Vit siReA vivo

15studies. Eight Hiffd?e At RS e’ (dSetaw wrs in 8ot atet MY thedieetsrsieing: recombinant
virions were prodeufted fereeach serotype. The recovery of virus, based on genome copies, is

summarized in Table 4 below. e yields.of vector ware hiohfor each seratype with,no consistent
differences between serotypes. Data presented in Fhe table are average genome copy yle]fas with

standard deviati§A% 482 SEHGIHEE PRISIRION 1t bt 2uitam it Sevishin | teadstaétioiisn Table 4.
Production of Reddmbimatite\ectorsitiSrlV A AN AMNR/EFBAVRIA ANNRIS CMV: %30 4.33 4.49 +

2.89 .5.19 + 51%%16%Q&%&ﬁ%n(g%%:éﬁ&f@é&%ﬁ@éx(E‘g:&l ggxig' zm 1g'¥|n\és administered by the
priming DNA vaccine. The boosting compaosition may be composed of a recombinant viral
vector derived from the same viral source or from another source, Alternatively, the
“boosting composition” can be a composition containing the same antigen as encoded in the

15 priming DNA vaccine, but in the form of a protein or peptide, which composition induces an
immune response in the host. In another embodiment, the boosting vaccine composition
includes a composition containing a DNA sequence encoding the antigen under the éon‘crol
of a regulatory sequence directing its expression in 2 mammalian cell, e.g., vectors such as
well-known bacterial or viral vectors. The primary requirements of the boosting vaccine

20 composition are that the antigen of the vaccine composition is the same 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 i 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 vitro production, a desired product (e.g., a protein) may be
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6.43 + 2.42 3.39 2A2 5.55 4 6.492.98 + 2.66 3.74 + 3.88 EGFP (n=2) (n=2) (n=4)(n=2) (n=2) TBG

Lacl 4.18 0.23 0.7040.43 2.16 0.532 (n=1) 0-1=1) (n---2) (n=1) (n=1) Alb MAT 4.67 + 0.75 4.77 4.09
5.04 2.02 (n=2) (n=1)

obtained from a desired culture following transfection of host cells with a rAAV 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 isolated, as
esired. Suitable techniques for transfection, cell culturing, purification, and isolation are

known to those of skill in the art.

EXAMPLES

Example 1. PCR amplification, cloning and characterization of novel AAV seguences.

Tissues from nonhuman primates were screened for AAV sequences using a
PCR method based on oligonucleotides to highly conserved regions of known AAVs. A
stretch of AAV sequence spanning 2886 to 3143 bp of AAV] [SEQ ID NO:6] was selected
asa PCR amplicon in which a hypervariable region of the capsid protein (Cap) that is unique
to each known A AV serotype, which is termed herein a “signature region,” is flanked by
conserved sequences. In later analysis, this signature region was shown to be located
between conserved residues spanning hypervariable region 3.

An initial survey of peripheral blood of a number of nonhuman primate
species revealed detectable AAV in a subset of animals from species such as rhesus
macaques, cynomologous macaques, chimpanzees and baboons. However, there were no
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 AAV1-6 and AAVs isolated from Goose and Duck were
aligned to each other using “Clustal W> at default settings. The alignment for AAV1-6, and
including the information for the novel AAV7, is provided in Fig. 1. Sequence similarities

among AA Vs were compared.
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= = = : = = =1) (n=1) 0.679 (n=2)1  _
n=1) (n=1) (n=1) CB MAT 0.567 0,438 2.82 2.78 0.816 (n=1) (n=1) (n
(Tablt)e(4 (cent' d). AAY2/1AAV2/2 AAV2/5 AAV2/7 Il AAV2/8 TBG 8.51+ 6.653.47 + 2.09 5263.85

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 AAYV capsid
gene and has highly conserved sequences among at both 5° and 3’ ends and is relatlvely

5 variable sequence in the middle. In addition, this region contains a Dralll restriction 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.

The primers were designed, validated and PCR conditions optimized
with AAV1, 2 and 5 DNA controls. The primers were based upon the sequences of AAV?2:
5' primer, 1S: bp 2867-2891 of AAV2 (SEQID 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
[SEQIDNO: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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6,52 +3,08 1.33 + 0.08 rhCG (n-6)(n=5) (n=4) (n=4) j(118-5) _ _
3.74+ 248 . 4.05115.8 15,0 (n=3) (nr-6) I (n=7) (n=1) I (n'r5) S5SExample 6 - Serologic Analysis of

Pseudotyped Vectors C57BL/6 mice were injected with vectors of different serotypes of

AAVCI3A1A.T vectors intramuscularly (5 x 10'1 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 antibogymg3aysigacas For Ay (£996) J

10

15

20

Sequence # AAV Serotype | Size (bp)
1 AAV] 258
2 AAV2 255
3 AAV3 255
4 AAV4 246
5 AAVS 258
6 AAVE6 258
7 AAVT 258
10 AAV10 255
11 AAV1L 258
12 AAVI2 255

Table 3. Pairwise Alignment (Percentage of Identity)

AAV2 | AAV3 | AAV4 | AAV5 | AAV6 | AAVT | AAVI0 AAVI1 | AAVIZ
AAV1 |90 90 81 76 97 91 93 94 93
AAV2 93 79 78 90 90 93 93 92
AAV3 80 76 90 92 92 92 g2
AAV4 76 81 84 82 81 79
AAVS 75 78 79 79 76
AAVE6 91 92 94 94
AAVT 1 94 92 92
AAV10 ' 95 | 93
AAV11 04

Over 300 clones containing novel AAV serotype sequences that span the
selected 257 bp region were isolated and sequenced. Bioinformatics analysis of these 300+
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 AAY 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
(1‘398 bp - 3143 bp, SEQ ID NO:6)V and 3’ of the genofn_e to obtain the entire cap gene
sequénce (2866 bp — 4600 bﬁ, 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 I min per kb with a total number of amplification

cycles ranging from 28 to 42.

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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10 Viral 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 AAVCMVEGFP of each
serotype [at multiplicity of infection (MOT) that led to a transduction of 90% of indicator cells] was
pre-incubated with heat-inactivated serum from 15animals that received different serotypes of AAV or

from nave miceARLL oM, NGHDRNN A Coodisaswrete adderia A3 el n 96 well plates for
48 or 72- hour, depending on the vir s serotype. Expression of GFP was measured by Fluorolmagin

(Molecular DyrigrhfesT aner g GaRT BApsys g ReeraheSottwre st trarsmg aftiptsayctiters were
reported as the;highesksedum difution-#hatinbibited transdustiendtopessthan&fie2eT he availability

of OFT expres ig vec lés,a.'rrp ified the d ralizi ihpdies that was
based on inhibl%ﬁo% 0 ﬁgls (%Jc’t%gngi% gg%r%nﬁggéw %ﬁﬁ%@%ﬁﬁ% %ﬁ%%gﬁm& from Ad5).
‘ e

Sera to selectedAARF 4813 RS hetE GENB IR I\ i TSRS ibfe dtieh binant viruses.

Neutralization afe&AdhEnRstuction yih2Ovand, idetidildtons, afitheeahtisera was&tahyated (See
Tables below). 125, ARfiseEa-i ARV RAMETANERRE AAVE Repiralized dransduelian of the serotype

to which the antiserum was generated (AAV5 and AAV8 to a lesser extent than AAV1 and AAV2) but
not to the other serotype (i.e., thef® Wi WA RaEA Uiclse ABRTEIZANEH St &ty that AAV 8 is a
truly unique seratypeindTablediserotogigaloAmblysis ok NewdxA voBerotypesiplds dafeédtion, on 84 31

cels with AAVCNYmassE UV ANGL ALVRIZ ANRISARNZITANRIA, Serum dlduton: Serum

dilutisr.: Serum dilution; Serum daition: Serum dilution’, Sera: immunijzation Vector 1/20 1/80 1/20 1/80
1/20 i 3" extension fragments obtained as described herein. More particularly, to generate the intact

AAYV7 cap gene, the three amplification products (a) the sequences of the signature region;
(b) the sequences of the 5' extension; and (c) the sequences of the 3' extension were cloned
into a pCR4-Topo [Invitrogen] plasmid backbone acc’ording to manufacturer’s instructions.

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

In this line of worl, 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: 5'
GCTGCGTCAACTGGACCAATGAGAAC 3', nt 1398-1423 of SEQ ID NO:6) in

30  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

to manufacturer’s directions (Invitrogen) and sequence analysis was performed by
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Qiagengenomics (Qiagengenomics, Seattle, WA) with an accuracy of 2 99.9%. A total of 50
capsid clones were isolated and characterized. Among them, 37 clones were derived from
Rhesus macaque tissues (th.1 —rh.37), 6 clones from cynomologous macaques (cy.1 — cy.6),
2 clones from Baboons (bb.1 and bb.2) and 5 clones from Chimps (ch.1 —ch.5).

To rule out 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, a series of experiments were performed under identical
conditions for VP1 amplification using total cellular DNAs. First, intact AAV7 and AAVS
plasmids were mixed at an equal molar ratio followed by serial dilutions. The serially diluted -
mixtures were used as templates for PCR amplification of 3.1 kb VP! fragments using
universal primers and identical PCR conditions to that were used for DNA amplifications to
see whether any hybrid PCR products were generated. The mixture was transformed into
bacteria and isolated transformants to look for hybrid clones possibly derived from
recombination process in bacterial cells. In a different experiment, we restricted AAV7 and
AAVS 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
amplification of VP1 fragments under the same conditions to test whether any PCR products
could be generated through overlap sequence extension of partial AAV sequences. In another
experiment, a mixture of gel purified 5' 1.5 kb AAV7 VPI fragmentand 3' 1.7 kb AAVS
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
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

these short fragments (data not shown).
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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.
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 AAVS5 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
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
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 AAYV in a subset of animals from all species. 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,

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
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 anc'i. heart from 98E056) were further chéraoterized by expanding the 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
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



60 10Human 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/I
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 A.A.V2/8,
whereas AAV2/2 and AA,V2/1 vectors were neutralized at 15titers of serum equal to 1/1280 and
1/640, respectivelyifz xampleadd-riivivackyatuation ohRifferent SerQhnes oL AABEVegiors  In this

study, 7 recomb'ncn A enomes AAé/ZC hA1AT, AAV2AIBhAIAT, AAV2CNIVThCG,
AAV2TBGIhCO, A%%ﬁ‘?gé%ﬁ?f% R A R C R A PARAREREPEHIGRY with capsid
proteins of diff@hesetstifpas inihaInt YoRetaiessnmiriefdericd s St salleretilankediiith AAV2 ITRS,

cDNAs of humasmaaniigrpsindéAtATge R iaoo MWunth abie{d98 ket 4Rl 73, 399440931 f-subunit of
rhesus mopkey, Ison, 1 M. (2000) Molar 2, 657-9]

lriog I%r 1ie hsprmone CG) [Zoltick, P. W. & Wi \

canine factor Ixu%\?\?gﬁa,ql?}?ét gtpn%l%g%vgrs cg N ?A?élagtgg%ﬁ“@@,&e hy t%i@’éét?é’ia%eﬁﬁ‘ffrﬁgcterial
p-glactosidase ¥ €N FP B eEHere Udetlasarepsitir gene s bRudivierctiissctedgehe transfer, either
mouse albuminigene;pramptesAlokiXiac:Wrda00k citathaheyst Oy AURARtaykId harmone binding

globulin gene ; ) § 1), Gited elwas used.to ive liver specific expression of
reporter genesefﬁwﬁ;%%z:%?c%é%%&ge%? %ﬁr@?@?&%ﬁlﬁ‘]&% ST 'gg%lglstoeroﬁgaa?%oeﬁ ORU857R7 promoter
(C1v1V) or chitkEiclsdear Sbigranfdte Ao emiensnaisaid (GBjod higeapitjietbtordiféct expression of
reporters.10  Fbnmuseleaireetooh geneiransier (upgiotsivereviaiestesldnie e Hehtibialis anterior of
4-6 week old Npgjggeg&cgef\ o g(g}@l,/gtggl%& gll@go%ggg%[glggé%gw%\( énI n %\@@&lrected gene transfer

studies, vectors were infused intraportally into 7-9 week nude or e IRiEE (Taconic,
Germantown, KFP)° BERIATSLIb RS e conatisd trssimsitaijentetiierdietméipbints after vector
administration.pMpsel® agdriverdisspesmveseohaive stachat different e ReIpe Jar gryasectioning and
Xgal histochemical staining fram animals ived.the lacZ vectors. For the re-administration
experiment, C56BL/6 mice initially re(_:ei\?(i(!;l‘clﬁlfEl ,%\%\%{}\Ig%g)ﬁ?rza}g%%fgﬁgyf/@géy\ﬁﬁte\?&%rs
intramusctiaryFHRT ISP FO PSRRI GRS e xpres<biTorTiofetid Animals were then treated with
AAV2/8TBGeFIX intrapditalty ancstiidiatibrekhX genemxnression of A EEhvhased assays were
performed to quantify.sefum le) ICG and Fl oteins as described previously [Gao, G.
P., etal, (1995)&33 ,vw%%b%é%@f%%ﬁ%% e W, t%ﬁm&%%ﬁf&ﬂﬁﬁo@?h@%, 657-9; Wang,

L., et al., Proc N&t&dE'Sal USA 094, 11563-6]. The experiments were completed when animals
were sacrificed for harvestofimusgiecanddiverdissues faeB N extrastion;andauantitative analysis of
gnome copies Qf vectar ent.i ISS b Man using the same set of primers and probe
as in titration of- vlzac(tgcj)ir pﬁgggg?%{%ﬂe%%é%i\%gg‘%15%/?;(3%8fﬁ\%‘tﬁ er ?é@eigf’?ff’?‘f 1?“P?Bhperformance of
vectors base oPPH5e FRWUET Shps iy SVt H mbiAkac1Sineads bt muscreand liver-directed
gene transfer éihﬂlacdm?pargmtﬂoue@tcb’m_bﬁaeFﬂmﬁhﬁ:kﬁ@ﬂﬂ%ﬁ@@t}:{mﬁ,{\vg ARVL2 and AAVS5. Vectors
expressing seqigledquaieins ialphaaniinmsindAIAL) and chorenic genadotopin (CE)) were used to

guantitate relative transduction efficiencies between different’s roﬂ/pes throdg A gnalysis of

‘sera. The cellutFureebitts merrarStat iR i iehard i eeldvatmated using lacz

20exp|)resSSng %@ﬁpz@g@&gﬁ%ﬁiﬁmqhmigﬂy@, s1?Ih@@e|ydggt@m@qggﬁé|}éygsctors in skele}al -
muscle was anglyzed; iolowipgdirestdniestion g \lis anterior muscles. Vectors contained the
same AAV2 based genorme with the immediate eggrlli/%gﬁgao? éﬂﬂff 5% é‘ﬁ “(Srl:r}?gﬁ%féd p-actin
promoter drivir@%&%ﬁé&i@ﬁ dfire (PAtsgEh oo usTstraisachidiomdd thtmmminelsSmpetent

C5781J6 mice ekicitdimitee:humaral nesponsessionbe MuipanAlAT raisinwhensxprassed from AAV

vectors [Xiao, W, I ) irol .7 #0093« e In eac sé[rain. ,V2/1 vector produced the
highest levels ﬁ\fél\’r/ll(?gf'll'@glrrl]%h %?A%/%/gé\%cggﬁ ?ﬁ%é?%évle(s?%lwi% ,R,\/&r{‘%ff? afnauﬂ}&@g/gs\%?ﬁ&?eshowing

intermediate 1eVRRT BEproNEBHNBEAle R wic e s agysislituing infddtitayofeae/nu NCR mice

showed the higlsistdeVeistironyaA ARk apdbtiedanest FoORpAAYHRWIERLA AYZ18 and AV2/1 in

between. Injecﬁ@goimg@%&g{%%@j M@t}ﬁ%%‘?&é%{?‘r f‘%!%g%di %stﬂg Be>f%r,ﬁssion at the injection sites in
. . I

all muscle fibers with substantially fewer la,c2 positive fibers observed wit | ARVZZ and AAV 2/8
vectors. Thesd AEarinditatd thafth&etieientir of taliirmetrbsiovary date. Bioinformatics 14,

54



AAV2/7 vectors in skeletal muscle is similar to that obtained with AAV2/1, which is the most efficient in
skeletal muscle of the previously described serotypes [Xiao, W, (1999), cited above; Chao, H., et al.,
(2001)Mo/ Ther 4,217-22; Chao, H., et al., (2000) Molnar 2, 619-23]. 5Similar murine models were
used to evaluate liver-directed 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 cogiaingd ) AAYhRsesaenameising Previarsly descrbed-ivarspegific promoters

(i.e., albumin or thyroid hormoge bindin7g g‘}lbe|in) to drive expression of the transgene. More
particularly, CMYEE THRRGTBOB6 ThinTgeha SAREsHl S Werdiruifor rltstid*aad et dFected gene
transfer, respettivdlie tevaimoisrhCetsdifinetcasratative amitse(Riuls of 103)sEhe data were from

assaying serurg, samples,ellecteq Al dan s «AoskNaGIRY adrministation (4iRNiMalS per group). As
shown in Table_3, the i_nlp?ct of capsid‘&rot i%s%on the efficiency of transduction of AIAT vectors in

nu/nu and T57B1T6 TiEe SEaC0 Vedisrs i Ca Bl figd LB ent (8l i dble 6). Table 6.
Expression of rigiieshRinsstisMerseyy & togemnie BolifidettopitrhOGER6yaoter AAV2/1 AAV2
AAV2/5 AAV2/&ihMZ(8 4.5 0.5 14,2 4.0 Muscle 1.6 0.7 4.8 8.2 76.0 Liver +2.1 0.1 ND* 2.4 0.7

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
10 an endonuclease that should not cleave within AAV and transfected into 293 cells, followed
by infection with adenovirus. This resulted in rescue and amplification of AAY genomes
from DNA of tissues from two different animals (data not shown). |
VP1 sequences of the novel AAVs were further characterized with respect to the
nature and location of amino acid sequence variation. All 30 VP1 clones that were shown to
15 differ 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 which 5 overlap or are part of the 4
previously described variable regions [Kotin, cited above; Rut)edgé, cited above]. The three-
fold-proximal peaks contain most of the variability (HVR5-10). Interestingly the loops
20  located at the 2 and 5 fold axis show intense variation as well. The HVRs 1 and 2 occur in
the N-terminal portion of the capsid protein that is not resolved in the X-ray structure
suggesting that the N-terminus of the VP1 protein is exposed on the surface of the virion.
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 AAVs. Each data point represents analysis from tissue DNA from an
individual animal, This confirmed the wide distribution of AAV sequences, aithough the
quantitative distribution differed between individual animals. The source of animals and
previous history dr treatments did not appeaf fo influence distribution kof AAYV sequences in
rhesus 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 98E056, spleen of rhesus
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+1.0 0.3 0.8 +4.3 22.8 * Not determined in this experiment. 95 In all eases, 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 A/N2/5 and AAV2/7 vectors was intermediate with AAV2/7
higher than AAV2/5. Analysis of X-Cial stained liver sections of animals that received the
corresponding lacZ 30vectors showed a correlation between the number of transduced cells and
overall |eve'&ﬁ’iﬂ@ﬁ@@%@%%@n@féfaImh&ﬁm&@maa@dx@rpmhweasr@&@ﬁam migel who received the

A IAT vectors > were an eduL%r é?bel#g ance o of r\rllg(r:(tics)r D&I{ﬁyus&n reg 1i|gnele gs%%ecﬂnology The
amount of vetBIFDNA oun BY 56 days atter injectioncorrelate elevesoftransgene

expression (Séé‘\'l'\atsli’eﬂv)@q:lérpﬁﬁ@éfﬁb@ﬂﬁqé?ﬁ“%‘é‘é%]cﬂ#éHégéﬁi’j‘%ﬁ?‘%f‘é%‘%é?@é‘mﬁ’gmtﬁé%vm polyA
region of the»H@&J@Fe@@&&@@dﬂ/a&qﬁﬁ&i@(dI*aGiMaﬁbR@Rﬁ Valuesshavdrtaresmeansof three individual

animals with standard deviatigns, The.s ﬁA‘OA%&X&ﬁ(%%@%‘&%‘%&% 02w 58 19 hagyesit Jiver tissues for

DNA extractioh. These stu?frl dicate that AAVS is the most efficient vector for liver-directed gene
transfer due t’c‘r’%é?éé’@édl?mﬁﬂﬁéﬁé‘ Bt Hisdigen nelisteap s real tigp R PRRGIFHMESPCR Analysis
for Abundancegf AMIYEator BT dIAASEIN ives faatavingyhajetitidre ofolxc0t ttEenome Copies

of Veclor. AAY veciorsiDose Senoine CoRSSRSLCS) ANYRHAIRAINT.0 60,30 AAV2AIDAI AT
0.003 0,001 B\ A 0.830.64 AAV2/7tIGAIAT 2.2 1.7 AAV2/8Alb IAT
hybridization.

10 The kind of sequence variation revealed in AAY proviral fragments isclated from

different animals and within tissues of the same animals is reminiscent of the evolution that
~ occurs for many RNA viruses during pandemics or even within the infection of an

individual. In some situations the notiop of a wild-type virus has been replaced by the
existence of swarms of quasispecies that evolve as a result of rapid replication and mutations

15 inthe presence of selective pressure. One example is infection by HIV, which evolves in
response to immunologic and pharmacologic pressure, Several mechanisms contribute to the
high rate of mutations in RNA viruses, including low fidelity and lack of proofreading
capacity of reverse transcriptase and non-homologous and homologous recombination.

EBvidence for the formation of quasispecies of AAV was illustrated in this study by

20 the systematic sequencing of multiple cloned proviral fragments. In fact, identical sequences
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 regions of the Cap protein leading to an array of

25  chimeras that could have different tropisms and serologic specificities (i.e., the ability to
escape immunovlogic responses especially as it relates to neutralizing antibodies).
Mechariisms by which homologous recombination could occur are unclear. One possvibili'ty ’
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 Iytic infection leading to the
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1811 25The 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 (1011 gename 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 30AAV2/8 into nave animals (17+2 pg/ml, n=4) which were
not significantly different that what wa o.bserveolfin nimals immunized wjth AAV2/1 (31+23 pg/ml,
n=--4), AAV2/2 f%%n.af.olxﬁra%fﬁcz%)e, DRE AR5 ﬁfﬁﬂ?ﬂ‘é“zﬁ?‘f‘lﬁi@% AIERIE AR was observed
in AAV2/8 immunizsticadifsedertsat Welevinfermp b withitheindve/8f faetori Xpeectariningdich no
detectable factoixwas absenvadifs0rhitginie Ardi 3R Qligensleaticies 4e.consesved regions of the
cap gene did amplify sequigncss from hesus monkeys that represented upigue Ade, Identical cap
signature sequences were found in multiple tssues from rhesus monkeys derved¥réi at least two
different coldnies. Full TepgthuEps ane dap eponsdathrrgetasncy Welegisohratiang $oguenced from
single sources.OMybthe egi openveadingrirapes ehihe RoYelAhs Werehecassanyiagyvaluate
their potential as, vectors because. v rs.with the.AAV7 .or, AAV8 capsjds were generated using the
ITRs and rep frosrkhgﬁ?é\ Z?O‘Pﬁ%rgiig gﬁ%l\f fé%ﬁhg%f)}}r%ésrll%%ﬁ%fvai? é??e\crh1 Ves 6Zr%9§ %eéofﬁ ‘“actual
vector genome RSieienticallstiveeridiffelehie vé oo Seraiie dcridasnahansiiedder dfseitdrabinant
vectors generatefhudsinghisappreachidiconetatifies hetweansetobipsy, sucVactarsiased on AAV7
and AAVE gppeat. 0, be immunologieally distingt (.6 ey e nateutialized y anibodjes generated
against other serotypese). Utthermore, sera from humans do not neutralize transduction’by AAV7 and
AAVS vectors, ViHERHE assabstntat roasy Britaigecsve st hy hdesastivealasis seetifisitly under
development foruhiehasighifieant feopeittion oitheviuman pepwation has pre-existing immunity that
is neutralizing [Chirmule, N., et al., (1999) Gene Mee' 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 AANRpihichH stiveldGser aypetihat canfErsthediighdpbiaveliofitrarsiktion in skeletal

muscle of the primgle. AQVs esled o.dals Xina. W, sied ahove, Chou (2001) ited abaye. and Chou

(2000), cited above]. Importantly, AAV2/8 provides a substantia & over the other sero,types
in terms of efficidMEPor fendtrahsier i Jibsrapanimal medrihas been relatively disappointing in terms

~ of the numbers of hepatocytesmsiabiydeansgusedubd28reReansisienin ashievedia 40 to 100-fold
improvement in \%engngg%rg%f%rv glfﬂﬁ] cy %s gompare itncl)e'%tne ag)cﬁhaelrnvecct(g S. ;I'he basjs f.(%.r lhe improved

efficiency of AAVIIE IS Unclear, althoUghit presumably 1& de torUtaks via s tifstedt Falkptor that is

more active on tfe rasenatRirg stnfier ot hel auwyrescanisampiR BR eticiineyrwiflbeybite useful in

the development o tuensdireciedgangitansiernahaadhepumbesobisansoucadiglls is critical, such

as in urea 25cycle disorders and familel hypercholesierolemia, ., Thus, the presept nvention

. erLo 5 1€8 ya ir
provides a noveFapproach or Isolating new ARVSHased on ?5‘&‘&- retrieval o?genornlc $&quences.
The amplified sequiehtles WeidBasiy iAtaiser atdatodrdashedngdidiend indanimiafsretihadack of
pre-existing immuaitysto: AW 3ach fhie:favevable-dtppisir @bthedvectors for muscle indicates that AAV7
is suitable for use as a 3Ov%tori/ﬂ‘4lﬂgg&w gene therapy and other in vivo applications. Similarly, the
lack of pre- existing immunity td the serotypes of the invention, and their tropisms, renders them
useful in de¥ivery of therapeutic Fietetiie s lame Gitivehpsateinmiol deliEs TRenth ptec® lufissee Tropism

Studies protein expressed under the control of a constitutitive promoter. This plasmid contains the
following elements: the AAV?2 ITRS,.E 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, pSELS plasmid (Xiao et al., 1999, J. Virol 73:3994-4003) was
partially digested with Xho 1 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 p5SE18
plasmid was resiricted with Xba I and Xho I in a complete digestion to remove the AAV?2
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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 p actin promoter) was
selected to drive an easily detectable and quantifiable reporter 5gene, human a. anti-trypsin gene.
Thus only one vector 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 AAV construct. The

following table summatizes data geparatedfammdnovelAd vesiors iR dhetissug dioRism studies
(AAVCBAL1AT), from which a novel AA,V ca%ad clone, 44,2, was found to be a very potent zone

transfer vehic|eCifbﬁ%“§|Y“§‘?%§’&%§?kﬁiﬁd£f%ffgﬂ 58-h’'th& Tihg tREM8 Particularly. Table 8 reports data
obtained (in rig A IAT/mL sefurmysattuayldanat thgastetly AP ec8 sdectoreT targeb Tissumdbiiing Liver

Muscle AAV2/1 N INIPiASA Ao AAVZER, B:56h & thNDANE: HAAN2 BN R4k 30 NR-AAMZHR2 (43.1) 147
25:1-.7.4 3’?14 %&2142%%91@355 oztg’r:!'el"he AAV7 capsid sequences are under the control of the AAY?2
P40 promoter, which is located within the Rep sequences. This plasmid further contains 2
spacer 5' of the rep ORF.
C. Production of Pseudotyped rd4V
The rAAV particles (AAV2 vector in AAV7 capsid) are generated using
10  an adenovirus-free method. Briefly, the cis plasmid (pAAV2.1 lacZ plasmid containing
AAV2ITRs), and the trans plasmid pCRAAVT 6-5+15-4 (containing the AAV2 rep and
AAV7 cap) and a helper plasmid, respectively, were simultaneously co-transfected into 293
cells in aratio of 1:1:2 by calcium phosphate precipitation.
For the construction of the pAd helper plasmids, pBG10 plasmid was
15 purchased from Microbix (Canada). A RsrIl fragment containing L2 and L3 was deleted
from pBHG10, resulting in the first helper plasmid, pAdAF13. Plasmid AdA F1 was
constructed by cloning Asp700/Sall fragment with a Pmel/Sgfl deletion, isolating from
pBHG10, into Bluescript. MLP, L?., 1.2 and L3 were deleted in the pAdAF1. Further
deletions of a 2.3 kb Nrul fragment and, subsequently, a 0.5 kb RsrIl/Nrul fragment
20  generated helper plasmids pAdAFS and pAdAF6, 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 Bl
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°Cfor 10 min.) Cell lysates were then subjected to
two rounds of a CsCl g‘radiént. Peak fraotiqns containin grAAYV vector are collecfed; pooled and

dialyzed against PBS.

W
o
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5319 461 1 AAV2/rh.13 (42.2) 3.54,2 2t0.8 3.51.7 AAV2/th.21 (42.10) 3.1=2 21,4 4.32 15A couple of
other experiments were then performed to confirm the superior tropism of AAV 44.2 in lung tissue.
First, AAV vector carried CC1OhAIAT minigene for lung specific expression were pseudotyped with
capsids of novel AAVs were given to Immune deficient animals (NCR nude) in equal volume (50 pi
each of the original preps without dilution) via intratracheal injections as provided in the following table.

In Table 9, 50, h inal e ouse, NCR Nu e d n limit 11,033 ggiml, Day 28
Table 9 Vector otari1 C |n8 }‘5%{ 1%/8%3% Cp% of?\ﬁﬁﬁslﬁ%?w&%t@p vect iﬁ&y“{f%ﬂ@ﬂﬁﬂi% 1x1011

vector Relative Geiigitrersfey as Bopspare ot ctioskhoheding 2nd v 3xddR Qf@&fm@aae@&GfOZ
novel AAV serotypes in NHP and other animal models.
To achieve this goal, the genome walker system is emp oycd o obtain 5° and
5 3 terminal sequences (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, BcoR V, Pvu I 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 anested PCR using the adaptor primer 2 (AP2)
and another AAV7 specific primer 2, both of which are internal to the first set of primers,
The major PCR products from the nested PCR are cloned and characterized by sequencing
analysis. '

- In this experiment, the primers covering the 257 bp or other signature
fragmen‘c of a generic AAV genome are used for PCR amplification of celiular DNAs
extracted from Human and NHP derived cell lines to identify and characterize latent AAV
20 sequences. The identified latent AAV 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.,
signature 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 purchased from ATCC, human Ad5 or transfected
with plasmid construct housing the hﬁman 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.

W
[l

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, AAVS and AAVS capsid proteins, Briefly,
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2.2 2/2 5.5x10 <0.03 <0.005 <0.1 2/5 3.6x10 2 0.654-0.16 0 02 0.004 0.5 2/7 4.2x101" 1+0.53

0.020,01 0.5 2/8 7.5x10 0.9_0.7 0.12+0,09 2.9 2/01-1.5 (A.3.1) 9x10 - 1+0.7 0.01+0.0080.24 2/rh.8
(43.25)'4.6x1012 26+21 0.56+0.46 13.7

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 Xbaland XhoLina complete digestion to remove
the AAV2 cap gene and replace it with a 2267 bp Spe I/Xho I fragment containing the
. AAVE 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.
Genome 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 vive
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 coﬁsistem 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

AAV2/8

AAV2/ AAV2/2 AAV2/A AAV2/T
(8i\74Y 7.30+4.33 4,49 + 2,89 5,19+ 5.19 342 0.87
LacZ (n=9) (n=6) (n=8) {n=1) (n=1)
CMV 6.43+242 3.39+2.42 5.55+ 649 298 +2.66 374 +3.88
EGFP (n=2) (n=2) (n=4) (n=2) (=2)
TBG LacZ | 4.18 0.23 0.704 +0.43 2,16 0.532
(=1} {n=1) (n=2) (n=1) {(n=1)
Alb AIAT | 4.67+075 4,77 4,09 5.04 2.02
(n=2) (n=1) (@=1) (n=1) (n=1)
CB ALAT | 0.567 0,438 2.82 278 0816+
(1=1) (n=1) {=1) (r=1) 0.679 (n=2)
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2/rh.10 (44.2) 2.8x1012"' 115+38 4.1+1.4 100 2/rh.13 (42.2) 6x10'2 7.3+0.8 0.124-0.01 2.9 2/M.21
(42.10) 2.4x10'2 9+0.9 0.38+0.04 9.3 2/r'n.22 (42.11) 2.6x1012 6+0.4 0.23+0.02 5.6 2/rh.24 (42.13)
,IxI0 0.4+0.3 0.4+0,3 1 The vectors were also administered to immune competent animals
(C5781_,/6) in equal 5genome copies (1x10" GC) as shown in the Table 10. (1x1011 GC per animal,
C57BL/6, day - 14, detection limit .0.033 Table 10

Table 4 (cont’d).

AAV2/1 AAV2/2 ( AAV2/S AAV2/T AAV2/8
TBG 8.51+6.65 347+2.09 526 +3.85 6.52 +3.08 1.8 +0.98
rhiCG (n=6) (n=5) _ (n=4) (n=4) (1r=5)
TBG cFIX | 1.24+1.29- 0.63+0.394 3.74+2.48 4.05 15.8 +15.0
‘ (n=3) (n=6) (@=7) | (=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 (AAVCMVEGEP) of different serotypes. Speciﬁcally, the reporter virus
AAVCMVEGFP of each serotype [at multiplicity of infection (MOI) that led to a
transductlon of 90% of indicator cells] was pre-incubated with heat—mactwated serum from

‘15 animals that received different serotypes of AAV or from natve mice. After 1-hour -
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 B4 from Ad5). Sera to selected AAV serotypes were
generated by intramuscular injection of the recombinant viruses. Neutralization of AAYV

‘transduction by 1:20 and 1:80 dilutions of the antisera was evaluated (See Table 5 bel ow).

25 Antisera to AAVI1, AAV2, AAVS and AAVS neutralized transductxon of the serotype to
which the antiserum was generated (AAVS5 and AAV8 to a lesser extent than AAV1 and
AAV?Z) 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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AAV Vector p.g of ALAT/m1 with Ix1011 vector Relative Gene transfer as compared to 61.10 (clone
44.2) 2/1 0.07610.031 2.6 2/2 0.110.09 3.4 2/5 0.0840.033 2.9 2/7 0.3310,01 11 2/8 1,9211.3 2.9
2/ch.5 (A.3.1) 0.04810.004 1.6 21rh.8 (43.25) 1.710.7 58 2/rh.1(44.2) 2,93+-1.7 100 2/M.13 (42.2)

0.4510.15

10

15

20

25

30

Table 5. Serological Analysis of New AAV Serotypes.

% Infection on 84-31 cells with AAVCOMVEGFP virus:
AAV2/1 AAV2/[2 AAV2[5 AAV2[7 AAV2/8

Serum dilution: | Serum dilution; § Serum dilution: § Serum dilution: Serum dilution:

Sera. | Immunization Vector| 1/20 | 1/80 | 1/20 11/80 | 1720 1 1780 | 1/20 T1/80 | 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 AAV2I5 100 | 100 | 100 | 100 | 16,5 | 16.5§ 100 | 100 | 100 | 100
Group 4 AAV2I7 100 | 100 | 100 | 100§ 100 | 100 | 61,5 | 100 | 100 | 100
Group 5 AAV2/8 100 | 100§ 100 | 100} 100 | 100 | 100 | 100 | 26.3 60

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
neuiralize AAV2/7 and AAV2/8, whereas AAV2/2 and AAV2/] vectors were neutralized at
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, AAV2CBhATAT, AAV2AIBhALAT,
AAV2CMVrhCG, AAV2TBGrhCG, AAV2TBGCeFIX, AAV2CMVLacZ and
AAV2TBGLacZ were packaged with capsid proteins of different serotypes. Inall 7
constructs, minigene cassettes were flanked with AAV2 ITRs, cDNAs of human o.-
antitrypsin (A1AT) [Xiao, W., et al,, (1999) ] Virol 73, 3994-4003] f-subunit of rhesus
monkey choriogonadotropic hormone (CG) [Zoltick, P. W. & Wilson, I. 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]
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
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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15 2/rh.21 (42.10) 0,8610.32 29 2/M.22 (42.11) 0.3810.18 13 2/rh.24 (42.13) j0.310.19 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, AA'V8 and the best muscle transducer AAV1,
suggesting that this novel AAV has some intriguing biological 5significance. To study serological

propeties o e Aovel ARV, pesdatyed AMYGFD vertars were created for mpieation o
rabbits and in Vitro transdaction o ce S |n e presence an sence o ISe,ra against

different capsidsicTiné tifatacanes @m?%ﬁlwwwmﬁwhfmaMQ@W38W|W8431 cells and
adenovirus. (AdvaieQindection dofastion i %é’zﬂlnﬁ}ﬁ&k&(fé@@{s&t%@nw@mx@ Mihin@enym from rabbit

immunized Wltpec%xged%g\}ﬁ? 95 2]/9 QZF/; and %%?E%/QPAEhveéors 1r%tramuscu larly and followed for
5 ALAT gene expression for 7 weeks. Animals were then treated with AAV2/8TBGeFIX
intraportally and studied for ¢FIX gene expression.

ELISA based assays were performed to quantify serum levels of hA1AT, rhCG and
¢FIX proteins as described previously [Gao, G. P., et al,, (1996) J Virol 70, 8934-43; Zoltick,
P. W. & Wilson, J. M. (2000) Mol 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 perfofmance 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 (CG)) were used to quantitate relative
trahsduction 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 AAV vectors in skeletal muscle was analyzed following direct
injection into the tibialis anterior muscles. Vectors contained the same AAV?2 based genome
with the imumediate early gene of CMYV or a CMV enhanced B-actin promoter driving
expression of the transgene. Previous studies indicated that immune competent C57BL/6

25  mice elicit limited humoral responses to the human A1AT protein when expressed from
AAYV vectors [Xiao, W., et al,, (1999)J Vzrol 73, 3994 -40031.

~In each strain, AAV2/1 vector produced the highest levels of ATAT 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

L2
Lol

highest levels from AAV2/7 and the lowes‘r from AAV2/2 with AAV2/8 and AAV2/1 in
between. Injection of AAV2/] 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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rh.24 AAV2/42.2 A_AV2/42.10 AAV2/42.11 AAV2/42.13 AAV2/1 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 1/40960
1/640 AAV2/8 1/640 1/640 1/320

AAYV2/7 vectors in skeletal muscle is similar to that obtained with AAV2/ 1, which is the
most efficient in skeletal muscle of the previously described serotypes [Xiao, W. (1999),
cited above; Chao, H., et al,, (2001) Mol Ther 4, 217-22; Chao, H., etal., (2000) Mol Ther 2,
619-23]. N ‘

5 Similar murine models were used to evaluate liver-directed 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 AA V2
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)

Vector Muscle - ~ Liver
AAV2/1 45 + 2.1 1.6 = 1.0
20 AAV2 05 = 0.1 0.7 = 0.3
AAV2/5 ND* 4.8 £ 08
AAN2/T 142 + 2.4 : 82 % 43
AAV2/8 4.0 = 0.7 76.0 £ 22.8

* Not determined in this experiment.
25

Inall 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 AAV2/5 and AAV2/7 vectors 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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1/5120 Ch.5 AAV2/A3 1/20 1/160 1/640 1/640 rh.8 AAV2/43.25 1/20 1/20 1/20 1/320 rh.10 AAV2/44.2
No NAB No NAB No NAB 1/5120 rh.13 AAV2/42.2 1/5120 1/5120 1/5120 No NAB rh.21 AAV2/42.10
1/5120 1/10240 1/5120 1/20

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 AAVS 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
AAV2IADAIAT 06+ 036
N AAV2AIBATAT 0.003 £ 0.001
AAV2/SAIbATAT 0.83+ 0.64
20 AAV2/TAIbAIAT , 22 % 1.7
AAV2/SATbAIAT 18 oz
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‘AAVZ/ 1 (31423 pg/ml, n=4), AAV2/2 (16
pg/ml, n=2), and AAV2/7 (12 ug/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 sequences 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.22 AAV2/42.11 1/20480 1/20480 1/40960 No NAB rh.24 AAV2/42.13 No NAB 1/20 1/20 1/5120
Table 11b. Cross-NAB assay in 8431 cells and Adv coinfection Infection in 8431 cells (coinfected with
Adv) with: Serum from rabbit immunized with 10g GCI 101000 1310001 10 GC 109 GC rh.12 ch.5
rh.8 rh.10 rh,20 AAV2/42.1B

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.

Veotors 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]. Importanﬂy, AAV2/8 provides a substantial advantage over the other serotypes
in terms of efﬁoxenay of gene transfer to liver that unti] now has been rela‘mvely
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, althou gh 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 AA Vs based
on PCR retrieval of genomic sequences. The amplified sequences were easily incorp’ora_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 in 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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AAV2/A3 AAV2/43.25 AAV2/44.2 A.AV2/42.8.2 AAV2/1 ' No NAB 1/20480 No NAB 1/80 ND AAV2/2
1/20 No NAB No NAB No NAB ND AAV2/5 No NAB 1/320 No NAB No NAB ND AAV2/7 1/2560 1/640
1/160 1/81920 ND AAV2/8 1/10240

Example 9 — Tissue Tropism Studies
In the design of & high throughput functional screening scheme for novel AAY
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-irypsin gene. Thus only one vector 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 AAV construct. The following table summarizes data
generated from 4 novel AAV vectors in the tissue tropism studies (AAVCBAIAT), from
which a novel AAV capsid clone, 44.2, was found to be a very potent gene transfer vehicle
10 inall 3 tissues with a big lead in the lung tissue particularly. Table 8 reports data obtained
(in pg ATAT/mL serum) at day 14 of the study.

Table 8
Vector Target Tissue N
Lung Liver Muscle

ARV T ND D T [ 45=10
ARV 06502 ND ~TND
AAN2I ND 84530 ND
AAVIIthL (43.0) | 1447 2557 4 35514
AAV2/10 (442) | 2356 53210 46211
AAV2Ih3 (422) | 3522 2408 35217
AAVZih2l (42.10) | 3.1%2 2514 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 CC10hATIAT 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 pl of each original

Tt

prep per mouse, NCR Nude, detection limit 20.033 pg/mi, Day 28

b
[wo]
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112560 1/2560 1/81920 ND clz.5 AAV2/ A.3 11/1280, 1/10240 ND 1/5120 1/320 v/1.8 AAV2/43.25
1/1280-ND 1/20400 11/5120 1/2560 rh.10 AAV2/44.2 1/5120 ND ND 1/5120 1/5120 rh.13 AAV2/42.2
1/20 ND ND No NAB 1/320 riz.21 AA.V2/42.10 1/20

Table 9
Vector Total GC ng of A1AT/ml ng of AYAT/ml | Relative Gene
in with 50yl vector with 1x10" transfer as
50 pl vector : vector compared to
rh.10 (clone
44.2)
2/1 3x10% 2.64+0.5 0.09+0.02 2.2
2/2 5.5%10" <0.03 <0.005 <0.1
2/5 3.6x10" 0.65+0.16 0.02:+0.004 0.5
2/7 4.2x101? 1+0.53 0.0240.01 0.5
2/8 7.5%10" 0.9+0.7 0.1240.09 2.9
2/ch.5 (A3.1) 9%107 140.7 0.0140.008 024
2/th.8 (43.25) | 4.6x10" 2621 0.56+0.46 137
2/rh.10 (44.2) 2.8x10" 115438 41+14 100
2/th.13 (42.2) 6x10™ 73108 0.12+0.01 2.9
2/rh.21 (42.10) 2.4x%10 9+0.9 0.38+0.04 9.3
2/th.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 (1x10'' GC) as shown in the Table 10. (110" GC per animal, CS7BL/6, day
14, detection limit =0.033 pg/mi)

, Table 10
AAY Vector pg of A1AT/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 3.4
2/5 0.0840.033 2.9
2/7 0.33+0.,01 11
2/8 v 1.92£13 2.9
2/ch.5 (A3 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/th.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) 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 ND 1/40 1/80 th.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 Sara Titer after Boosting VectorlTi er d21 ch.5AAV2/A3 1/10,240
1/40,960 rh 8AAV2 43.25 1/20,400 1/183,540 rh.10AAV2/44.2 1/10,240

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 rh13 rh.21 rh.22 rh. 24
immunized with: | 4 4v2/42 2 A AV2/42.10|AAV2/42.11|AAV2/42.13
AAV2/1 1/20 1/20 1720 No NAB
AAV2/2 1/640 1/1280 1/5120 | No NAB
AAV2/5 No NAB 1/40 1/160 | NoNAB
AANV2/T 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
.8
AAV2/4325 1/20 1/20 1120 1/320
rh.10
AAV2/442 | NoNAB | NoNAB | NoNAB 1/5120
rh.13
AAV2/42.0 1/5120 1/5120 1/5120 | No NAB
.21
AAV2/42 10 1/5120 1/10240 1/5120 1/20
rh.22
AAV2/42.11 | 1/20480 | 1/20480 | 1/40960 | No NAB
rh.24 '
AAV2/42.13 | NoNAB 1720 120 1/5120
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1/527,680 rh.13,AAV2142.2 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 1/5,120 ND Table 13 a. Infection in 8431 cells (coinfected with Adv)
with GFP 109 GC/well 109 GO/well 102 GC/well 109 GC/well 109 GC/well 169 GC/well ch, 5

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

10°6Cc [10°%6c | 10%cc | 10°Ge 10° GC
Serum rh.12 ch.5 rh.8 rh.10 rh.20
from rabbit :
immunized with: [AAV2/42 1B|AAV2/A3 |AAV2/43 251 AAV2/44 .2 | AAV2/42.82
AAV2/1 No NAB | 1/20480 | No NAB 1/80 ND
AAV2/2 1/20 No NAB | No NAB No NAB ND
AAV2/5 No NAB 1/320 No NAB No NAB ND
AAV2/7 112580 11640 11160 1/81920 ND
AAV2/8 1/10240 1/2560 1/2560 1/81920 ND
ch.5 AAV2/A3 1/1280 1/10240 ND 1/5120 11320
rh.8 AAV2/43.25 1/1280 ND 1/20400 175120 112560
rh. 10 AAV2/44.2 1/5120 ND ND 175120 115120
rh.13 AAV2/42.2 1/20 ND ND No NAB 11320
.21 AAV2/42.10 1/20 ND ND 1/40 1/80
.22 AAV2/42.11] No NAB ND ND ND No NAB
rh.24 AAV2/42.13|  1/5120 ND ND ND 112560
Table 12
Titer of rabbit sera . ~ Titer after
Vector ' l - Titer d21 Boosting
ch.5 AAV2/A3 1/10,240 1/40,960
rh.8 AAVZ/43.25 1/20,400 1/163,840
rh.10 AAV2/44.2 1/10,240 1/527,680
rh.13 AAV2/42.2 175,120 1/20,960
rh.21 AAV2/42 10 1/20,400 1/81,820
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° GChwell]10° GC/well|10° GClwell|10° GCiwell|10° GClwell|10° GCiwell

ch.5
AAV2/1 | AAV2/2 AAV2I5 | AAV27 AAV2/8 AAV2/A3
128 >200 g5 56 13 1
# GFU/field 83 >200 65 54 11 1
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AAV2/1 AAV2/2 AAV2/5 AAV2/7 HAV2/8 AAV2/A3 tr GPU/field 125 >200 95 56 13 63 >28'0165 54 ii
I Table 13b. Infection in 8431 cells (coinfected with Adv) with GFF

Table 13b. Infection in 8431 cells (coinfected with Adv) with GFP

10° GCiwell|10° GCwell|10° GCAwell|10° GClwell|10° GCiwell]|10° GCiwelll 10° GCiwell

rh.8 rh.10 - rh.13 rh.21 rh.22 rh.24 rh.12

AAV2/43.25| AAV2/44.2 INAV2/42.2 |AAV2/42 10 [AAV2/42 11 IAAV2/42. 13 |AAV2/42 1B
3 13 54 62 10 3 18
# GFUffield 2 12 71 60 14 2 20
48 47 16 3 12

5  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 cholestero! and triglycerides in animal models of familial
hypercholesterolemia.
10 A, Vector Construction
AAV vectors packaged with AAV7 or AAVS capsid proteins were
constructed using a pseudotyping strategy"[Hildinger 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
15 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 Biosysterns) analysis was
performed using probes and primers targeting the SV40 poly(A) region of the vectors [Gao
20 GP, etal.,, 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. | Aﬁiliials
LDL receptor deficient mice on the C57BI/6 background were purchased
25 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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1Cs GCNte'l leg GCiwell 109 GC/well 109 GC/well 109 GC/wegi1l09 GO/well le GC/well rh.8 1rh.10
rh.13 rh,21 rh.221r1t24 rh.12 AAV2143.25 AAV2/44.2 AAV2/42.2 AAV2142.1 0
AAV2142.11kAV2/42.13 AAV2/421B # SFU/field 3 13 54 62 103 18 2 12

described ([Chen SJ 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 portal 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 | 1x 10" go 12
Group2 | AAV2/7-TBG-hLDLr | 3x 10" go 12
Group3 | AAV2/7-TBG-hLDLr |1x10"gec |12
Group4 - | AAV2/8-TBG-hLDLr | 1x 107 gc 12
Group5 = | AAV2/8-TBG-hLDLr | 3x 100 gc 12
Group6 | AAV2/8-TBG-hLDLr | Ix 10" go 12
Group7 | AAV2/7-TBG- LacZ 1x 10" go 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 centrify gation. The amount of
plasma lipoproteins and liver transaminases in the serum were detected using an automatized
clinical chemistry analyzer (ACE, Schiapparelli Biosystems;AIpha Wassermann)
D. Detection of transgene expression
20 LDL receptor expression was evaluated by immunoc-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 g of protein was resolved
25 on4- 15% Tris-HCI Ready Gels (Biorad, Hercules, CA) and transferred to a nitrocellulose
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716014220 4847 163 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, 10A.Vector Construction

AAV vectors packaged with A.A.V7 or AAV8 capsid proteins were constructed using a pseudotyping

strategy[Hildinggs,My6t atr¥ia:0f 2Q0L; £9:6 - . Recombinant AAV ge,nomes with AAV2
inverted terminal lrep?eatg%#g( ng(re%% ggﬁ%gfgé ﬁ? @ﬁé@?ﬁﬁ S ea&%ﬂ%befg ﬁé%b?:%ﬁ’ésv%}?ﬂﬁcfﬁ% cis-plasinid,

the adenovirus REHEPPIASHTH riedh g (hakkaGiny Ronstasts, adusiontbfteeicapsids of the novel
AAV serotypesdith dhenrepgene oésAnRioT tiet chimeric pagkroipaRldsmid was gapstucted as

previously described {Hildingeret alpsited-abovel. The re binant vectqrs were purified by the
standard Cgaa dsedim)[entation n%eethod. -Tgjgg%ﬁfﬁ]?ﬁ%?%%g?%gfﬁda%%aﬁe(‘ﬂ%‘ﬁﬂ%‘asﬁigsystems) analysis

was performed G5 brobes SHepRNERS BB HE ﬂﬁ%e{?‘%/@ﬂ) poliigtonEeights ofLthe vectors [Gao 20GP,
et al., Hum Gene Ther. 2008.0ct I97t1625):201¢2:943. The resulting vectors express the transgene

under the control of the human thyrgid hormone bingding globulin gene promoter (TBG)., B,Animals
LIM., receptor deficient mice on the C57B1/6 bé%kgr%ﬁ?c\%)té%eﬁuf?: Sggéﬁm%ffbmﬁrhs@‘ﬁ’éféﬁson

Laboratory (Bal FFAHSaF S SRS Bha ShE R &IHET B ol Bracdregidsrshgnsvive siferefgiein unrestricted
access to wateradedbtaimuashighiakWestelmpieds(bigindé shclesiarohstaming dhrae weeks prior

vector injegtion; 8¢ Sy x/sasnvell atday, 9. blaod was.ghtained via mtrcorbital bleeds and the lipid
profile evaluated. The mice were randoml§ diviéé\g%teg seven gc?lé)ruvfélsg.1 *ﬁ@r%ﬁbﬁrwﬁ’gi{’rﬁ%cted via an

intraportal injecfigh SERFENGuSIA RRpibe e tEHR S Pt Bm M S DEHE ey R0 B(B)y @56-261].
Briefly, the miclwéteuaniaesihelivedusithdketamine ding yyl azinesAclapastany.was.pesformed and the
portal vein exposed.-Lising.2.30anecdls i anpIoRIals 4as Jyariardiied in 100Ul PBS was

directly injected erl)to the portal vein. Pressure was applied to the |nJec‘:lt|on Sl est%”%ﬁgﬁtr%ng‘Sstop of the

bleeding. The STERWSLITEENAS EHe¥8H M- drapatsritetn Enlie e earardiydrofitores for the following
day. Weekly blaésiswerdijerfdfined stariny htalaystd afterivesdirestet uana ansierte measure

blood lipids. TwasaRmals B5eack:aroup WeTe SAcrifiged aLihe fime points week 6 and week 12 after
vector injection tp examiQe atherosclerotic plaque size as well as receptor éxpré%gfb?{ lf"?]e remaining

mice were sachRESY glt]t\LN 8@1(:856 %kiz_stitution 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.

20 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 QIAamp DNA Mini Kit

(QIAGEN GmbH, Germany) according to the manufacturers protocol. Genoine copies of
25 AAV vectors in the liver tissue were evaluated using Tagman analysis using probes and
primers against the SV40 poly(A) tail as described above.

G. Ath‘eroscleroz‘ic, 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
30 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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toplague measurement and determination of transgene expression. Table 14 Vector dose a Group 1
AAV2/7-TBG-hLDLr Ix 1012 go 12 Group 2 AAV2/7-TE3G-hLDLr 3x 101" go 12 Group 3
AAV2/7-TBG-hLDLr Ix 1011gc 12 Group 4 AAV2/8-TBG-hLDLr Ix 101' go 12 Group 5
AAV2/8-TBG-hLDLr 3x 10" go 12 Group 6 AAV2/8-TBG-hLDLr Ix 101' go 12

black wax surface. The image was captured with a Sony DX.C-960 MD color video camera.
The area of the plaque as well as of the complete aortic surface was determined using Phase
3 Imaging Systems (Media Cybernetics).
| H.. Clearance of I % rpr
5 Two animals per experimental group were tested. A bolus of I'® —
labeled LDL (generously provided by Dan Rader, U Penn) was infused slowly through the
tail vein aver a period of 30 sec (1,000,000 counts of [T '* J-LDL diluted in 100y sterile
PBS/ animal). At time points 3min, 30 min, 1.5hr, 3hr, 6hr after injection a blood sample
was obtained via 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, ' R | »
For quantification of the liver cholesterol and triglyceride content liver
20 sections were homogenized and incubated in chioroform/methanol (2:1) overnight. After
adding of 0.05% H,SO, and cenrrifugation 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 cholestero] corcentration was
measured using a Total Cholesterol Kit (Wako Diagnostics). For the second aliquot the dried
lipids were dissolved in alcoholic KOH and incubated at 60°C for 30 minutes. Then 1M
MgCl2 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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Group 7 AAV2/7-TBG- LacZ Ix lon 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
separatéd from the plasma by centrifugation. The amount of plasma lipoproteins and liver
transarninases in the serum were detected using an automatized clinical chemistry analyzer (ACE,
Schiapparelli Biosystems, Alpha Wassermann) ID.Detection of transgene expression 20LDL receptor
expression was,gyaluate ' -flio taining and Western blotting. For Western Blot
frozen liver tisssp eﬁwa hoqr%po%%mﬁggg@vé#\ é%ﬁ%?%%(%% ThR P Eﬁ%ﬂ’?f@ﬁ REhER 196 Triton X
100, proteinase ‘?Tr{ﬂﬂgﬁﬁ)r’ félgr%‘ﬁl%ffg?téﬁﬁeﬁ‘fﬁréé? ROCHE! RYaHAR &S GE HmaxssriPotéin concentration
was determinedngsihg. the Micro BOA Protein Assay Reagent Kit (Pierce, Rocicford, IL). 40 [tg of
protein was resolved 250n 4- 15% Tris-FIC| Ready Gels (Biorad, Hercules, CA) and transferred to a
nitrocellulose ragmkiRNG (IPVitkAGRN Fhokp E@E?ﬁ?é@sl%ﬂ%ﬁ'ﬂ%hé&?&%???%Qféb%%'ae s a rabbit was
injected intravenously with a A%P(SI%DEr.prep (1x1013 GO). Four weeks aterthe rabbit serum was
obtained and used for estg"?? ?‘M?ioo dilution of the serum was used as a primary antibody
followed by a HRF-conjugat&heiitiaiaahite GGaniat BTL) ekgeaiibminesaent o datagtion{ECL Western
Blot Detection KiteAmesshanhAlington Heightss k), Ex4A7 1447 lIQgytochernistr For

determination o ion i Ristocheri&e
C{Eh\[/)ﬁlF %C\%DEQEg%z(EreSS’,'o” in frozen liver sections |mmynoh|s ochemist analy_ses were
performed. bum CryoStat Sections WETS RITHAT HREETH HSorranse ERnmueedcieiuhtixgts Blocking was
obtained vi& a Pdibtagiréotytionre peNGtRAIthA AU 2 B95TBf RO Sestons wBrcians.weresthen incubated for
one hour with thesprnary DAY R0 aRIEmPerAiyS »\ bRk palyc] neaa: antibody anti-human LDL
(Biomedical Techn%lggles Inc., Stoughton, MA) was used diluted according §/pfo the"instructions of the
manufacturer. THe S&ctions were washed with PBS, and incubated with 1:100 diluted fluorescein goat
anti-rabbit IgG (Sigma, St LduiesMO)nBpecimens wet esfinaitipexaminectndenflugeseance
15microscope Miz/MisroghotfXA«i0; atlsgases, ' ?] ion. was followed by extensive washing
with PBS.I eg%tiiv g%ra]ﬁrols consisted of preincﬁ%%%grﬂ\%v% %%%%ﬁ%%ﬁ%ﬁpgﬁ? ){éerﬁlﬁ%héﬁr%/ antibody,
and substitution of the primary antibody by an isotype-matched non-immune control antibody. The
three types of controls mentiGiisds abdijisne serpeyrior (ed/ foneach experiment an thessame day.
20F.Gene transfefeffigigBeYs single-intraﬂﬁi;\{ﬁrh?é%%tggﬁ%gggagﬂ%ﬂes acrﬁﬁlﬁé%gg?gﬁ ice at the

at -3

designated time Cgipﬂtgaghe}iﬁtpel ﬁg{s shock frozen in liquid nitrogen and store -30C until further
fralted trom e IR fi ¥ LY B diHE S GoamEs BN NEMURIEFSIAGBN GmbH,

processing. DNAWas €x
Germany) accd¥tiig & threonranifactdkers icto 66l Benorfiencopies: ph2SAAMMetRNS o' the liver

tissue werg evatgased Areing TERsimar:analysisysing Rrabesand Rrimers against the SV40 poly(A) tail

gscleroticdpla(lue measurement or the quarﬁ?ﬁ%ation of the

as described .agp\é%hcv;véégpea{ er vector administrat . . .
atherosclerotic pfaques N e ouse BOHA T Hice were anaesthetized (10% ketamine and xylazine,

Fp), the chest opened and the artdtidbéystem perfuseO with ice-sold phosphate buffered saline

through the left venticle. The aoranyashereaistil-hamvesied: sl dgun. slong. he veniral midine
rom the aortlc}?rch}gﬁ\él&to the femoral arteries and fixed in formalin. The lipid-rich atherosclerotic
W

plagues were staiied With*SG&H SRRy PR sttt ddsetitetiaron a black wax
surface. THe infetgé wWababdpidttonivaiaSangc DXG; 360 MBscofox videa gramera. Jiearea of the:
E\I/?g ue ?;Sy gfriiﬁé%i herempipteRlicsHaes waR detemined using Phase 3 Imading Systems

antx—.c nine factor IX ((Bnzyme Research Labdratbries) was used as secondary antibody.

Beginning at two weeks following injection, increased plasma levels of ¢cFIX were detected
for all 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 bs 5% of
normal levels, i.e., at about 250 ng/mL.
The highest levels of expression were observed for the AAV?2/8 (at 10"y and
AAV?2/7 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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H.Clearance of .1" 125 IDE 5Two animals per experimental group were tested. A bolus of 1125 _
labeled.LDL (generously provided by Dan Rader, U Penn) was infused slowly through the tail vein over
a period of 30 sec (1,000,000 counts of [I L25 j-T.DL diluted in 100p.I sterile PBS/ animal). At time
points 3min, 30 mm, 1.5hr, 31w, 61w after injection a blood sample was obtained via the retro-orbital
plexus. The plasma was separated off from the whole 10blood and 1041 plasma counted in the
gamma counter. Finally the fractional catabolic rate was ¢alculated from the lipoprotein clearance data.
1.Evaluation of thRASiaPSRREhiBidtion 2/ and AAVZSi Rl SNHG SEREZSI IR Sections was
performed to detéhmipestifidtatctimtitatipntit hefrozer iversections'werg briefly rinsed in distilled

water followed 15by a 2 minute incubation in:ahsalHteRrepyRRsANsoL: Jhesestinns were then
stained in oil red solution (0.5% in prop){‘lenzfgl?)](col for 16 hours followed bgﬁcounterstalnmg with

Mayer's hematoxylin solution for 30" S8E8HHS ARG Motihtiig TR ERH 8Ly &Ry E8Htton, For
quantification of the diremotrdlegteral dnd wigycdideiddmentdpetid0sectidis werg-hdmsgenized and

incubated in chigigfpr/methanal {Zd) Prermight-Aftenadding ot Q06% W2 4and.centrfugation for
10 minutes, the Iowe{)I er of each gamggeaf\;]vdas le(ljéal%%? d|V|d?dhg§%two aliquots and dried under

nitrogen. For the: SRBIast&rSTIEAREMIISACHHESHEH RYidLtr the st afGodr\werdtisSEived in 1%
Triton X-100 in dAfgrdfotndsOMEE Gissolved, the solution was dried under nitrogen. After dissolving the

25lipids in cldl-120 and incubation fg[oa(;}lg}jiwga%,@p@i%tﬂ@%@i@h%@@&gm}&g@q;ggg@tiggewas
measured using a Total C olesterql Kit (Vvialca Diagg%fsti%%; For the s%ﬁond aliquot the dried lipids
&F

were dissolVed i AfcBlbiid K SH R e (HRteE BE s IR E M RIS EIS was added,
followed by incubatidiroaniteuftained sifieErRmdicentdfugation et 4:0000p fore8umigutes. The
supernatant wasfinally, evalisatedfoidsiglycerides (Wake 30Diagnostics). All of the vectors
pseudetyped in an AAV2/8 or AAV2/7 ca[gsidtlowgr?%.tottal cholesterol, LEL nd t,riglg%cerides as
compared to the control. These test vectors aico corrected pheio ﬁé&erovte JhafiiEierolemia in a
dose-dependentrengifinerA AVRAUtsOhaTt HIaGUE. dBaartok tReANARRIS amthaveed 2ITtimgcénnmas observed
in treated mge 3&&h§1ﬂ%§‘§§%ﬁﬁ[ﬁ§&?%@ﬂﬂ¢fﬁﬁEﬁ%ﬁfe}?&éikﬁ’@w&%@ &Q@gg&iﬂe%mé@a Iengﬂ;]_?f the
experiment (6 months). Ex - Functiqnal Facto xpression and Correction of Hemophilia
A.Ignock-Out Mic?g Se“’g_d %lg%qc}g/élua t%é‘ﬁi%@?aﬂg?r [&vl%eg%orérsl i%‘ﬁ1 e\}svcég tgggéé's?egdS i hemophilia B
mice. Vectors wittneapsioscbsotusty/for AAVZ/Seny8 ANAY Paginniak/ & wese tsonstructed to deliver AAV2 5'

1TR - liver-specific promoter [LSP] 1qaninefiXnagdshuskihepatiisia pastwegwatenrelement
(WPRE) - AAV2 3' ITR_. The vectars were constructed as described in Wang et al, 2000, Molecular
3 : O R

Therapy 2: 154-188f, Gy TRE APi5ropFiats Caps i omed. AR ERRERE Géherated as
described indWargietdatpd97ioPr@®e Rafl inbadio8si USAI04tAB63/8 tEB6YEEis model closely
mimic the phenotypes ef hemggggﬁg@%i@gynan. Vectors of different serotypes (AAVI,

AAV2, AAV5, AAV7 and AAV8) were delivered as a single intrapoital injection into the liver of adult
hemophiliac C57B1/6 mice in"&#0L8 SFIR T 61 T GEHBLE Tor iR 1R S BiHB L Setot5iss and one

group received aniAA\Bsveéctonededingwed dosepdnt0d réCinisusete@antyeb greufemasiinjected with
Ix1011 20GC of ANV BEE\-a843.1EAm greunganiains Ri104nale; apebierae)mice Mics: were bled

bi-weekly after vector administration. 1. B
y 25 such dogs has been maintainem more than two decades at the University of North

Carolina, Chapel Hill. The 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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The canine FIX concentration in the mouse plasma was determined by an ELISA assay specific for
canine factor. IX, performed essentially as described by 25Axelrod et al, 1990,
Proc,Natl.Acael,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 Laboratories) was used as secondary antibody. Beginning at two weeks following injection,
increased plasma levels of ¢ for all test vectors, The increased levels were
sustained at thera}\‘pgtgic Ievefééh%%#oﬁ %?é‘b%é%?f?%ﬁﬁé%x?e 'Ff%eﬁf?‘?f@??%of?weeks.

Therapeutic levai&Ars CBNEId Bt ta°8 689 BrridtHtaniesion Witk AdEHOufIZE0 nghmbs The
highest levels of éxpiessiomwenseolisemiad foscthadAdyIBi(at 161)and A AY 2K, eoRskucts, with
sustained superphiystolegy)l lev. n-fold highe the normal level). Expression levels
. for AAV2/8 glold(% were apéﬁ%%%g@?ﬁ% %l%l%‘ieé%ee%lOt%‘é%%k%‘c%s@%&@%@d%&rofﬁdﬁé %nd AAV2/8
(1010). The'lowsst eRprésEIBA 185 HitbtigHcshiFdisovethe AREYapelifie: rahgesiwena dbserved for
AAV2/5, 2.In FRC/ketated Pardial Ftriombaplastiontine Aa%b).ﬁﬁﬁ@yfm@t@é%)f%% IX activity in
plasma of the F%M-@g&tggﬁqg@m&@g{gﬁ@@g byaf,in,vitro activated partial thromboOlastin time
(aPTT) assay-Mouse blood §gm£§s were collected from {ﬁ%)’re;ro-orbital plexus into 1/10 volume of
citrate buffer. The aP 11 assay WaS PerfimfBaPAL iz metrtyiwing EsaticedoTProondail: Acad.

Sci. USA 94: 1856321 a568: Cletirg inies byiaRt-koor plasmiaisampies @f alMealor ijgcted mice
10were within tbﬁmgm@b@@g@d(ggﬂr@gmﬁgéx 80is ‘é)iWE'é?Qﬁ easugc-{)d at two weeks post- injection,

and sustained %}é{[}i&gngﬁes ,[in the |;|ormal or shorter than normal Féﬁgeytﬁ?%ﬁvﬁﬁ%‘ﬁt the study period

(12 weeks). T LowestSUgEINEG eiStihg i ierdassérvetchteiadarmgratsateceiving
AAV2/8 (1015 &RRFASN:ZIT By ahdwkel shoapMapalsmdndifeedelgiting:imneshaisimial.tq those for
AAV2/8 and AAMQ&C_I'id@ﬂé@&?ﬁﬁbi&sﬂ&weﬁ‘gsﬁlgﬁmﬂ%?‘o\%?esdno Qhserve formg’vl 12 until week

12, whereas 'OWPE(%%a‘f't‘atEQI aﬁilnaets (in the 25 - 40 5ec ra . greacs)%t‘sléer\llseaof(g 5/8 and AAV2/7
beginning at wéek two. ISt Rt e e rigtey iStisinami brintsacivier tisswes, harvested from

some of thé trefifediniesiis learrarntisnbeing peridmrisetcAlbow 70-80%:0f beRatecytesare 20stained
positive for canjnedF X dnnBeisause iniecesh Wi AAY2/B.eFIX vector, B.Hemophilia B Dogs

Dogs that have,a paint mutation in the catalytic domain of the Fix Gene. which, B4%d on modeling

studies, appears to réﬁsr%lérsfﬁ‘éreﬁjr%rtleitrl?eu?%tlg 102 Lofte Bk omBpRiNG B vansvetial, 1989, Proc.
Natl. Acad. Scidi¥&A g3 E0095:10089)hA molonyiob 25suchidagsiiasbear Paintaingd,far more than

two decades atistiesdniyersityaf iNesih easalina t&hapghHill  Ihe static parameters of these
dogs are well described and include the %b ence of plasma F.IX 3%%%“2_%}%6%‘@1@ B88¢ lotting times in
excess of 60 minutes, whéreas nofmar dog 15 EPESS Mhiftitee anee. plsidngesalstivated partial
thromboplastin & ET30d80eReet s vt sagonalnTak doge pte43b28:5R00nAShhese.dogs
30experience recyis RispORARAOUS BEMaHRags . Lypically s significant bleeding episodes are
successfully m%%gep‘ the quISe igr veng]us infﬁsicfgn of 10 rsngf} Eacijf%;\%nﬁﬁéf!(:%ﬂﬁe plasma;

. niar fnerapy 2:954-158 . ..
occasionally, repeat infusions are required to control bleeding. Four dogs are injected
intraportaliy with AAV.cFLX&setbtdiny it tho sthedute hialowreAifirsi-dogicaseives AS{pgle injection
with AAV2R2.cFIX at a dose of 3.7x1011 genome copies (GC)/kg. A second dog receives a first

njection of AAV2/2.cFIX (2. 0AAKe olPRETRY A.56590d fiselon wih AAV2rT-eFiX (2:3xtor

reference. While the invention has been described with reference to a particularly preferred

embodiments, it will be appreciated that modifications can 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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5 day 1180. A third dog receives a single injection with AAV2/2.cFIX at a dose of 4.6x1012 GC/kg. The
fourth dog receives an injection with A.A.V2/2.cFLX (2.8x2. 0:2 GC/kg) and an injection at dgy:89bp
with AAV2/7.cFIX (5x1012 GC/kg). The abdomen of hemophilia dogs are aseptically and
surgically opened under general anesthesia and a single infusion of vector is administered into the
portal vein. The 10anig@lgare protected from hemorrhage in the pen-operative period by intravenous
administration of normal canine plasma. The dog is sedated, intubated to induce general anesthesia,
and the abdomen shaved and prepped. After the abdomen is opened, the spleen is moved into the
operative field. The splenjc\vgidg dosaies agskatdtviruis(l0aselyalasadnpraximaie psdathaistal
incision in the vein. A needle is rapidly inserted into the vein, 15then the suture loosened and.a 5 F
cannula is tﬁfb%@&t&c&hsﬁﬂw&%ﬁé&&gcmor?@éqstﬂet‘b@fjai) §iﬁQHB%@t?t%r§r§‘?ﬂﬂ%{%e§bﬂé%cation
near the portaj¥gimbifigation. lernambsiasisis secued andithercatheteihalepmintitrg),
approximately 5.0 ml of vector diluted in PBS js infused jnto the portal veip.over a 5 minute interval.
The vector iARSSII IS RN EERE LS8 FeRsdh 6‘?%%??&’ Wﬁé‘fﬁ%‘#% (aéﬁeate]ﬁ%?égﬁf‘?éo@allula
removed 20ang veaeus. hemostasis is secured. The spleen is then replaced, bleeding vessels are
cauterized and the operative wound is closed. The animal is extubated having tolerated the surgical
procedure well. Blood samples are analyzed as described. [Wang eta!, 2000, Molecular Therapy 2:
154-158] Results showing serrestiendinpastidbeenechiarianganiRipated dar AAV2/7. 25 All
publications cited in this specification are incorporated herein by reference. While the invention has
been described with reference to a particularly preferred embodiments, it will be appreciated that
modifications can be meagdeawitlkauhpdpasiting frosmihesisinh of AheTipvertiosclSuech fradifieations are
intended to fall within the scope of the 30claims. MCSLLP CLAIMS 1.An isolated adeno-associated
virus (AAV) E8HETIEREG an AAV capsid having an amino acid sequence AAV7, amino acids 1 to 737 of
SEQ ID NO:2 or a sequengs2hayiid goleastab% idaatitahesswitlT 38 ofifgend Mirly AV inverted
terminal repeats (ITRs), and_a heterologaus gene.o YA latory sequences which direct
its expression in a host ceﬁP%%ﬁé@ﬁ?\?%&zo%i%%t@i@?ng ﬁ%@?ﬁ&% TRs are from AAV2. 3.An
isolated capsid protein comprising an AAV7 protein selected from the group consis n of: vp2 capsid

protein, amino acids (an) 138 to 737 of S ID NO: 2; and vp3 capsjd protein,.aa 203 to 737 of SEQ
ID NO: 2. 4.An édeno-&% ?&Péaswﬂgtfﬂ& % gAn%\r/éﬁ(bm n Ea%%ﬁ%;g%?rs}%irfs?ﬁl gfllrégag% %&%?7 vp3

having the aa setuepai208y 37 ©fsdmQ: &Y RID: 73 0d SEQUENS®a leastsdglencenticabthéteto and

a minigene having AAV inverted terminal repeats (ITRs), and.a hetcrglogou perably linked to
regulator sed%eé’rlib%@ ik %éétnﬁlsm eBFe}éggfén i‘r?“é“ 6%?%% q%emg?ﬁﬁel%%?gstggfg)grsgyan étic nucleic
acid moleculeeenchding a@roteiaratigdidked to clgitudr Scincissianteli dr dyatheticrprelsiomoid:molecule
encoding a novel aﬁleno- associated virus (AAV) 7 capsid protein having an amino acid 1 to 737 of
SEQ ID NO:3°St ¢

5. An isolated or synthetic nucleic acid molecule encoding a protein according to

claim 3.

6. An isolated or synthetic nucleic acid molecule encoding a novel adeno-

associated virus (AAV) 7 capsid protein having an amino acid 1 to 737 of SEQ ID NO:2.

7. An isolated or synthetic nucleic acid molecule encoding a fragment of an adeno-
associated virus 7 capsid protein, said nucleic acid sequence selected from the group

consisting of:

vpl, nt 2222 to 4435 of SEQ ID NO: 1,
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7.An isolated or synthetic nucleic acid molecule encoding a fragment of an adeno- associated virus 7
capsid protein, said nucleic acid sequence selected from the group consisting of: vpl, nt 2222 to 4435
of SEQ 1D NO: 1; vp2, nt 2633 to 4435 of SEQ ID NO: 1; vp 3, :nt 2831 to 4435 of SEQ ID NO: 1; nt
468 to 3090 of SEQ ID NO: 1; and nt 725 to 3090 of SEQ ID NO: 1. 8. A molecule according to any
of claims 5 to 7, wherein said mofeciledsi43plassid) 1D MOAimolecule according to any of claims 5 to

7, wherein said molecule further comprises a fupctional AAV rep gene. 10. A method of generating
a recombinant adeno-asso&| et %ﬁ%@% @frﬁ%%ﬁ?g]\ﬁq AV serotype capsid comprising the steps

of culturing a host cell contaudsgs (F)s lepesicerdingdo any of claims 5 to 7 which encodes an

4 ato v 0 (0) o !() Y o ARV o
adeno-associated virus capsid; Ncli ne; (c) a minigene comprising inverte
terminal repeats (ITRs) an‘}(;t ﬂ?&ﬂs%&ﬁe?é%%icfﬁ?ﬁ%ﬁci]ent helper functions to permit packaging of the
minigene into the AAV capsid protein. 11. An in vitro host cell transketed with an adeno-associated

virus according to any of claims 1 to 2 or a molecule agcording to any of claims 5t0 9. =~ 12. A
composition compriding ar‘{\ﬂ%eﬁg%o?‘ﬁ?ﬂédﬂ%fgiﬁ?ﬁ %%rcf?é‘i?ﬁ%t%?dxagﬁﬁ%8%?88%%%%%

carrier. Idaddamposition comprising a molecule according to any of claims 6 to 9 and a
physiologically compatible carrier. 14. An adeno-associated virus (AAV) serotype 7 rep protein or a
fragment thereof, from the group consisting of: amino acid (aa) 1 to 623, aa Ito 171; aa 172 to 372,
and aa 445 to 623 6f SEQADRnNIE:Ble MC&ULTE to anlmfAlmolesute Govhprigingrl uskeiclacidtheplecule

encoding anc%crir(la&%-eassg CA%eO% Xll%i{ﬁé}!)g%gg_)type 7 rep protein or a fragment according to claim 14.

10. 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 5 to 7 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.

11. An in vitro host cell transfected with an adeno-associated virus according to

any of claims 1 to 2 or a molecule according to any of claims 5 to 9.

12. A composition comprising an AAV according to claim 1 or claim 4, and a

physiologically compatible carrier.

13. A composition comprising a molecule according to any of claims 6 to 9 and a

physiologically compatible carrier.

14. An adeno-associated virus (AAV) serotype 7 rep protein or a fragment thereof,
from the group consisting of:
amino acid (aa) 1 to 623, aa 1 to 171; aa 172 to 372, and aa 445 to 623 of SEQ ID
NO:3.
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15. A molecule comprising a nucleic acid molecule encoding an adeno-associated

virus (AAV) serotype 7 rep protein or a fragment according to claim 14.
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