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| DENTI FI B®O 03EREBY 5 BACKGROUND OF THE | NVENTI ON Adeno- a®sadisat/es2vi r us
(AAV), a nenber of the Parvovirus famly, is a small nonenvel oped,

i cosahedral virus with single-stranded |inear DNA genonmes of 4.7 kil obases
(kb) to 6 KDMEFAYD OFREBTHOEING ANIVORYHMENTIHEPEhAOFINQASSOKIATSS t he vi rus

cyal e 1 nol Tigss LD SHILARES N has Qhah G ER SR BN ERTO A S ' are

site Spec"g‘HﬁF&E@Y' ntegrated into host chronbsones and an infectious phase
in which W ng either adenovirus or herpes sinplex virus infection,
the integrated genones are subsequently rescued, replicated, and packaged

into infegcti i . es of non- pathogenicity, broad host
range of ﬁ%‘ggﬁ%éwa?ﬂﬂﬁ“%&ﬁgﬁﬁm viding cells, and potenti al
site-specific cRIQOSYRkedvue OXAY), %dﬂ%@ﬁofﬂoﬁwar%wﬁ@ fahily, acd dnv@l t ool for
gene transfer. Recent studies suglgest t hat AAV vectors nay be the preferred

vehi cl e forongeysoped Heesalssral Tougwilesinglerstrandpd iecap DA genaies @f‘r”e%kﬂ%bé?eét ypes
of AAVs | S@ 'bgfoeéjkg rRRY hy%@\h&f to tORAHY mﬂen@[ﬂumt @e%at(s%lkﬂ:@wﬁ@ %a¥‘@1s$ove1 red

characteri Among t hem “human serotype 2 is the first AAV that was
devel oped @&s: @ngenent memmﬁe& adegotinns Stoplts wa%\fbéémcwede&tlydqa@é@eﬁt@hasefaf-| ci ent

20 gene transf n dlfferent e csodel s,
d i ni cgq t PPigR Z\%\?g%g S r’ll:l AT &1 Sipp eFEIfg g’ohtegllfa%iA@gh %glé m\S’e Brs to
sone humnarﬂlasleﬂf@aldﬁﬁgmss i gich rfollcpﬁﬂgélﬁ&ﬁadeaﬁﬂmsmhuﬂ& s$rapliax ehmeases as
cystic fibrasiis and henophilia B. at are desi rabl e gr%‘éAA\/l-

construct smfeGPO‘gé‘??e‘“@é‘lafe\‘i‘éfavmﬁgle§J pEPIECSHIgE, | RaG<asf ”]é%pect
the invent fn@é@tl@tfsq}ﬂug@ss The E ﬁ%leﬁ@ﬁlﬂﬁ%a@ﬁ)%Qﬁélﬁlclgﬂoﬁ‘cghc%ﬂﬁ&nggﬂhfe@%lt@g AAV

sequences from cel | ul ar vari ous human and non- human pri mate\g NHP)
ti ssues usinpigdivgopnidoridiag fedls, aad apigsiiad sitPERCibig skigmgeagieal aﬁ?ﬂratfqn@aql@&af\

cloning teg e nature of |atency and integration of AAVs
in the%abs%pnaf:ellc(??é{h00 Po?%@&t%lﬁ}%ﬁego 30 infection. In another aspect, the

i nvention provi Elecs:nnmchﬂd;uggesu thatl A Y nectoro vl bAAM m;éqmmwe fdegmt ed using

th b f th . T i t th
conpr 1 ses. RaPHoUS TP hn eyt URar Sraniad” AR Ehute o en il
ser ot ypes, ndiOkunsRrRinegds () geneelV¥RaR3lefidad Wmblighhdduhdaeadtybs 2nsher

st udi es sol eIX based on avail ability of_ capsid gene se(auences and structure
of rep/ capfirst AAV that was developed as a gene'transfer vector; it Has been widely used for efficient

20  gene transfer experiments in different target tissues and animal models. Clinical trials of the
experimental application of AAV2 based vectors to some human disease models are in
progress, and include such diseases as cystic fibrosis and hemophilia B.

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

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

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



gene junctions. In still another aspect, the invention provides a novel

nmet hod for perform ng studies of serol ogy, epidem ology, biodistribution
and node wbD oB/a33m™i Ssi on, using reagents 5 according to tReTIUSOBBIGRDN,

whi ch include generic sets of priners/probes and quantitative real tine
PCR In yet another aspect, the invention provides a nethod of isolating
conpl et e dradsfei stiidiest sobsipsbageshamaysilailitn efedpsidgenasseavrngesedd siraginre of TeplcaP  DNA
of different orit ins using RACE and ot her nol ecular techniques. 10 In a
further asFect ™t & invention provides a nethod of rescuing novel serotypes
of AAV genonedn kil sadtheraspeatnthe Menid@l providesesnowsli megghadionpsrfarmngiseldipsr s of

di fferent origl ns. . n.(@tilh. a further das C&rg t he inventipneg ovi des novel
AAV ser ot YBEEOIREPEIFEIBRE gi° isﬁﬁug%{h@, HG AEPIEHE 0t U8 156 Ee. These
and ot Ber Rspemk % BE idveRiddWARK iuddigeherRBet 8aGihs/PRVAY SRt qubithaivicheal
following 15 détailed description of the invention. BRI EF DESCRI PTI ON OF

THE DRAW N@® B¢Rs. | A through | AAAR provide an alignnent of the nucleic

aci d sequences ' I [0S FEBatihH o S84 ot ypes.
The full-1engt ﬁnsﬁﬁgﬁgggﬁgcﬁ’éﬁ?ﬁgfﬁgﬁr?g@?dﬁgaiﬁire%lsoa t he aﬁle% rl@ag%{gn, and the

capsi d regifentiaus gepmoasiof edvel 8A Vhesvay pealymsesHulpy PR A7of[dditrent prigios 1§ing and f or
previ ously lished AAV 1 [ S I N NO 6], AAV2 [SEQ ID NO 7]; and AAV3

[ SEQ | D Nc?**gﬁ!g ARG OEFT ‘@Vé@r‘%’t@ﬁ&s' AAV8 [SEQ ID NO 4] and AAV9 [SEQ I D
NO 5] @re the suhjfegheraipectikiihedii@ppbiidata oetiod dhescongaovelcuretyped dnes  of
the invention provided in this alj nt i.ncl ude:. 42- S D NO.9], 42-8
[SEQ I D 25A4\4&§gzvsr*}leSiQQniél‘lp@E@dﬂ%{?\l%fsz‘g]e,s UuSiBe @%“f"éﬁb%Fée‘{ﬁ&F%%je}p%gf%‘% [ SEQ
I D NO 30]; 42- 13 gl §%Qlt\|ﬂ8pa¥%t, B Inved@mIRoli®sQoldd MV setdlypesdiector SEQ | D

NO 33], 42-5a [SEQ I D 42-10 [SEQ ID NO 35], 42-3b [SEQ ID NO.
36], 42- 1lcopBiEdng Proand3mgthods2f gging S\ | D NO 38], 43-1 [SEQ ID NO. 39],

43-5 [SEQ I D Ntheggg%é%%é%elt%%%e%{é@&%m $:3efly abpar@t BN ARbwirh3- 21

[SEQ ID NO 43], 43-25 [SEQ I D NO 45], 30 44.1 [SEQ
| D NO %7] , defedleS dpSERidD MR B7dntio23. 10 [ SEQ | D NO 48], 223.2 [SEQ I D

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 | D NQsRfH DESARIFIIOSESR TREMRAWINGE2. 12 [SEQ ID NO 58], 44.2 [SEQ 1D
NO 59]. The nucl eotide sequences of the si gna}ture egi ons of AAV 10 [ SEQ

ID NO.~ 117], AARigs |14 Bmosh PARGR provigs anplisassdioipier)ugsiscssraernces

encoding at least the cap proteins for the AAV serotypes. The full-length sequences

20  including the ITRs, the rep reéion, and the capsid region are provided for novel AAV
serotype 7 [SEQ ID NO:1], and for previously published AAV1 [SEQ IN NO:6], AAV2
[SEQ ID NO:7]; and AAV3 [SEQ ID NO:8]. Novel AAV serotypes AAV8 [SEQ ID NO:4]
and AAV9 [SEQ ID NO:5] are the subject of co-filed applications. The other novel clones
of the invention provided in this alignment include: 42-2 [SEQ ID NO:9], 42-8 [SEQ ID

25  NO:27], 42-15 [SEQ ID NO:28], 42-5b [SEQ ID NO: 29], 42-1b [SEQ ID NO:30]; 42-13
[SEQ ID NO: 31], 42-3a [SEQ ID NO: 32], 42-4 [SEQ ID NO:33], 42-5a [SEQ ID NO: 34],
42-10 [SEQ ID NO:35], 42-3b [SEQ ID NO: 36], 42-11 [SEQ ID NO: 37}, 42-6b [SEQ ID
NO:38], 43-1 [SEQ ID NO: 39], 43-5 [SEQ ID NO: 40], 43-12 [SEQ ID NO:41]}, 43-20
[SEQ ID NO:42], 43-21 [SEQ ID NO: 43], 43-23 [SEQ ID NO:44], 43-25 [SEQ ID NO: 45],

30 44.1 [SEQ ID NO:47], 44.5 [SEQ ID NO:47], 223.10 [SEQ ID NO:48], 223.2 [SEQ ID
NO:497, 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 [SEQ ID NO:57], 42.12 [SEQ ID NO: 58], 44.2 [SEQ ID NO: 59]. The nucleotide
sequences of the signature regions of AAV10 [SEQ ID NO: 117], AAV11 [SEQ ID NO:

2



118] and AAV12 [SEQ ID NO 119] are provided in this figure. Critical

| andmarks in the structures of AAV genones are shown. Gaps are
dermonst r avedasjoy23ents. The 3' | TR of AAV 1 [SEQ ID NO 6] ipsTAlsoms362N t he
sanme configuration as in the published sequences. TRS represents term nal
resolution site. Notice that AAV7 is the only AAV rePorted that uses 5 GIG
as the i nili§lanil dA CBOGEF B NORI9] mg@wdzs&mhrsaiggrﬁ op 1‘éﬁléanéﬁa%t:§|“b‘ili‘ﬁent of

the ami no aci d se ces of t r rat of

pr evi ous| JTHEHF %ﬂgg{} ARPSES %83@ %é@ %ngtﬁ%dv@]dmﬂ@ggﬁ%%g IF%A‘IQI?O 70],
AAV3 [SE(NDg;EQ NONC-8] is skeWAin[tREQnieDoiN@uBaion af\i\be plﬁlfﬁEh@dl @Wesﬂ:ﬂ$ and AAV6
[ SEQ I D 65] and novel AAV sequences e.iny A9 udi ng: d
[SEQ I D N@%‘%ﬂents @m[%lz’és‘?‘ﬁ“?{lé‘%%‘c afgééf bﬂ‘ﬁé}“%zﬁ A‘ipoétef g’é&ﬁ% NO. 66] ,
A3-7 [ SEQQ; mqh@mmaueawdc{nsfa@pp NC 68], A3-5 [SEQ ID NG 69], 3.3b [SEQ
ID NO 62], 223.4 NO 73], 223-5 [SEQ ID NO 74], 223-10.[SEQ ID

r;lgl 75]4 ) 523 2 [SEQHIEE N@thrfe{ilgh ¢ f@@)ev e 2nyinq acié soguegnce fD NO
(S0 1o N OB Rlernsolg Ryl M An ko R L, Oy [Se0
| D NO 87] N@:B4Y AINSEQSER INONSS]0], AevVEEEQ BENQ: BIN@AS\% [SEQIDISO[63EA A WS

23-5 [ 5E0 ﬁgﬁr@ﬁ% S AV PRIy e AR et gl 55

[ SEQ 117 NG @ing: 24 SEDSE@Q@@ON@Z [$EQ]1DM(262] CSESEQ IDND: DR A3-37[SEQIBEQ | D

15 aitem, e Rohohe) o e SRR AR i M R

109], F5 [ | L P
1212 [ ST TR CRBIGP S Bk B TR SR e { s

{ Er NO. ﬁog]z [@E@ IméOsMﬂu?@aﬂ [(SEQd@-N@i d22|§a6c [sSlEfQ Pi 8t %hggECMl}ij ‘3A
ou AV PAYG:
[5EQ 1 Na%B P HERA R R R PRI G $n PR et ne
; BYlePtliong(g.gglll :) mélsaﬂmlmblwﬁl Ol ESEGRIhDIO: 3R 42 [SaKeE blﬁx/%&h@g@'% of t he
S

t he absendeEE}! aNO§@ ﬁ”@f E?é[%E:/ﬂ hufgokaf@g@@ﬁg@tﬁhﬁegr@?? i nt o cel I u: ar
chai n Teact o D Daaah St Say ot ot oot LOn e, L1eatt o At of
5o 11 on o Ui S0 WA TeFenis Fpof 11 2 E R HhrDR) dhd SR
hon- humin g@g %sgsg%wp As143 (%Hﬁﬁb $Q41r £2 5 [SAdymNagess]s! y,

this net h USOZ
20 42- 3}3 [SEQ ID NO: 107], 42-11 [SEQ D NO 108], F1 [SEQ ID NO: 109}, F5 [SEQ ID

NO: 110], F3 [SEQ ID NO:111], 42-6B [SEQ ID NO: 112], 42-12 [SEQ ID NO: 113].
Novel serotypes AAVS [SEQ ID NO:95] and AAV9 [SEQ ID NO:100] are the subject of co-
filed patent applications.

Figs. 3A through 3C provide the amino acid sequences of the AAV7 rep

25  proteins [SEQ ID NO:3].

DETAILED DESCRIPTION OF THE INVENTION
Tn the present invention, the inventors have found a method which takes advantage of
the ability of adeno-associated virus (AAV) to penetrate the nucleus, and, in the absence of a
30  helper virus co-infection, to integrate into cellular DNA and establish a latent infection. This
method utilizes a polymerase chain reaction (PCR)-based strategy for detection,
identification and/or isolation of sequences of AAVs from DNAs from tissues of human and

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



al so suitable for detection, identification and/or isolation of other
integrated viral and non- viral sequences, as described bel ow. The

i nvent i orwbuwsoksp7 provi des nucl ei ¢ acid sequences identi f iped/tsorsased ng t o
the nmethods of the invention. One such adeno-associated virus is of a
novel serotype, termed 5 herein serotype 7 (AAV7). Qher novel

adeno- assalso atiblefordegcter, cxteyp‘é@tlpm avd/afasplaion of pthpmistegeéed ARyl and nopay 11,
and AAV12.. Still ot herd MY serotypes identified according to the
met hods oF 4 eI RGPS IC6T é? PWvided in the present specification. See,
Fi gures and SQ“Hélﬁlﬂ@@ohlfﬁlﬁhemgnowﬂas mkclm«saamhmqnmasaldedlfbyl acc@fcbn@mbe Al so

provi ded are fragnents of these AAV seg rt ul ar deS|rabIe
0 ARV T 1 dgihert & i BYEHBNC S SH B SRR e e perofps ety e}

hypervari alg sEl%WpQ AS(AAVRE GRe nl@{/é)ta@érfcbsassdcfh‘fddudﬂuﬁlgerb@pesﬂtﬁowdiﬁrheﬁl r ep 52,
and rep 40, and t’he sequences encodlng t hese proteins. QFgf th

f r agnent s invide BeA Y Ba diA W1 Tuend ASNE2 BilhotherrnoxehAy SV@E’PBSH fECOT ’P\% host
cells. Sughyf ra%%ﬁggfthmelqlﬁ)n%ﬁ?%gﬁh&pﬁ’thé ﬂe&:ﬁf@b&ﬁ&dﬁ%ﬂ W:et Rigaidiand AAV

sequences otl1 firagnen ination wWith el ements fromother AAV or
non- AAV VISE@iend&lsterguwhcchss intarpomied pmrd&rcmearl y de5| rabl e enbodi nent, a
vector contains the AAV cap and/or t QFEbeAS
descri bed her eiﬁso %{PW&%E? SN %fetlrl?sor rrAes\ggelttjgla{r\?%S &ﬁm 04] Saer‘héﬁga‘?ﬁede o

publighy rav %gﬁa{t%@hﬂewappaﬁélﬁdphﬁwmotthqm;e ﬁmupmlm Wpergwmlﬂreaoogr ams,
such as "C usta

accesmblet?rou rédlé g r§10nt e .0t ef net

Al ter nat | Vet rgp prodeinse IR ng iER 19,1 af¥lgent0: 30¢ S‘T%%P‘éesgi} o a
number tl?ésggxroketl&”%ag ORede @ra%ﬂ@nt@ﬁffay véi e%@ll}ﬁtﬁﬂlz&ﬁmlbs\&ﬁeﬁy@f RERABG Yy Sems
nucleotlde sequence 1dentity, Includ |n§ t hose contained in the prograns

descr i bed aabbuse cellts Suanfragueantserahsiussd Porey Huordttiae VEBqlentés can be
conpared usin Fasﬁggmlené équencgl"blin tio th M@ﬁi@l\tﬁﬂoﬁ -other RASE @1 lﬂﬂ]oXAQ'eﬁral

al i gnment SCHIY Ceﬁfgf e regions of the best

over| ag bgtyResest Deourrticurrig dsshable hxmemuemcwect@@pnmmg theresY cp@ar@éq-;t
sequence 25 identity between nucleic acid sequences can be detern ned using
Fasta wit HeR %%u%F%ﬁflt einyelliofnt ers (a word size of 6 and the NOPAM fact or

for the scoringydmbérined hél’%mpﬁl@\ﬁhﬂﬁ@ atdbelfﬁﬁfzd\lel’nglaﬁjn ofa \'}.anet)e)‘fqmbhcly or
i ncorporated by reference. Simlar Agr ans are avail for ...am no acid

sequences, coemg:lClaltywefaﬂ@llQMﬂ&llpleﬁe%Fﬁ%@ grngmqgéﬁggxaqnpsysucgﬁ Gselh¥se progranms
are used a%gesggle%!ﬂ oﬁ%hsﬁ/tgﬁ 'S%%@l '& oft i RIdEHA:. 0&@31 195t1v§1|§' ‘i/éctérWTIh@ihﬁés%@ﬁ@o al ter

t hese settlnsas |ternatively, one of Il in the art can
utilize aruatxherheai gonisd hnumberarfrarkgut@msrkr\@‘gn amthevait MthhGﬁ’é)W ped tyfe3sgiest t he

;F\ég:. i ? erlanlg atl%rs(ggl;egﬁ%fdg% 1{10&114 t@xg%g{%Q neﬁi ﬁdtll]p %Sr&tgrhﬁqsrcﬁgcﬁirb@@ lgoq/te a‘r?tsl al
simlarityaotheh&@nmpef slyhugEotide ﬁqudhﬂéﬁ @h be amnph,wcbwsufgrl@wgﬂamproghewm@CG
' ndi cates \5221211 6V¥h%gstg grtolvglgls Lllgn%lelnt% an pf\:llvI cetnrt1 se%Bgnce c{en’gjl ity of 4he regions of the
best overlap between the query and search sequences. For instance, percent sequence
25  identity between nucleic acid sequences can be determined using Fasta with its default
parameters (a word size of 6 and the NOPAM factor for the scoring matrix) as provided in
GCG Version 6.1, herein 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



WO 03/ 042397 PCT/ US02/ 33629 nucl eotide insertions or deletions with another
nucleic acid (or its conplenentary strand), there is nucleotide sequence

i dentity Woo0aw4d3east about 95 to 99% of the aligned sequemcedaiSo2/Based er abl y,
t he honology is over full-length sequence, or an open reading franme
thereof, or another suitable fragment which is at |east 15 nucleotides in
| engt h. Exwaeisbiéde inferiéquis onBeletions wtggn@th@rswalﬁ@ agidder tyremplrasreatany stand);t er m
"subst ant i ho y y i j1 | Q) " i to am no
aci ds. or {THSAAEE O seQliono? o @Rl dcdbasleihd b b oI REh A RhERER L'
appr opr i atRrefarbiyothedoindldgy seover Hitisleingth st etce.omsn wperhreadiog freme theiaof oaci d,

there is ani no aci equence.identity. in . at..|l east abqut 95 t % of the
LT aned schubR et ERF ARy Akab ko Rk line S Bty dikhmaRs bEne
sequencge, MionnRlafl &lstrided®eRaf, €.9., a cap protein, a rep protein, or a
fragment thereof which is at least 8 amno acids, or more desirably, at

| east 15 ami no Hreitersn {sybstarigl homolesys op| westyrtiaktimilaniy e viles greiing typpino

descri bed PgfsQf Rragf¥nt! MErebeidticaldl Ahh, ¥v1eR BEERY§hlich&l WRIR iateEfiho 80%
identity, presf erg%ﬁf at 1I(?ea’lélt'mQO%i’de_nti?.y, g%qlgm_re pgl%a]{gérgbl% .%v.er 97%
i dentity. dcikeisertipnd o detetidid witldanogheniming api, here is ainp ficid gequenderidentiey iar t by
resort to algorit ango,C uter. n r < { idt in the
art. The t tle%ft"a%%‘:&rc%ﬁ[ Bgoé’qogg%caté&ée es:elﬁl%fl?léﬁ gt;é}gr%\@%’ﬁ[ ?Egﬁﬁg‘%}ﬁlstoﬁéjdé%nt ext of
nucl ei m aclefth SRQUERCES pref@rtbertd, ¢.hea capgirctaiasa iep prdteint o fagguentbesofvhi ch

are the sanme when aligned for maxi num correspondence. .The .| ength of
sequence | YRRk lsté\}leéﬂﬁgﬁgﬂp%%‘?wyn%@ dB?)@gR’2ﬁ?‘fq%épﬁ(fjﬂ’i”fl9 P@Eﬁg‘mer@ﬂgt he geni e,
the full -Imﬁsgffs@taggr}edgg@gﬂsag@%m@@ﬁaeinpr a fragment of at |east about
500 to 5000 nucl eotides, is desired. However, identit annn% smal | er

fragments, e.g.Bothedgrm ‘Gighly eamerivediiinaeant afleast $Qfe identiyupipferbht atldgist  about
20 to 24 ity A of RiehiRy SkichiHS i ERLdiH R enRined BRShe @DOUL
36 or m)re%éﬁéq%g%{ty’?%?sl?&gR%$&§lfl}é’§gg}eg7d/§siere}é. §| Ilarflylgl ! pelelr cignt?s_leequence
i dentityy" ofsiilbie theeathyl igsatttoaitgriithet 228 computentirogyame kebveehpubotsed skidver t he
full-length of a protein, or a fragnent thereof. Suitably, a fragnent is
at | east ad8t 8 amino acids in | ength, and nay be up to about 700 am no

aci ds. Exanpl esTid tepMi“halobi@t sk irap@idestigr 6r dasticabrad thedopioks ol el AANCid
sequences and fragnents thereof are useful in production of rAAVY, and are

al so usef ulequencantdfers i edesidues iy thedwe spavenepsehiehate dpg sapscvbensaligsed vacci ne
vertors. ThEp bk Sh L T5L LR R ANel iyt Rl s dere
i nvent 300n. the fNOINSHOSHABO gerfdald, UBARI1 3SRV of a gene coding sequence, or a fragment of
at least about 500 to 5000 nucleotides, is desired. However, identity among smaller
fragments, e.g. of at least about nine nucleotides, usually at least about 20 to 24
nucleotides, at least about 28 to 32 nucleotides, at least about 36 or more nucleotides,
may also be desired. Similarly, “percent sequence identity” may be readily determined
25 for amino acid sequences, over the full-length of a protein, or a fragment thereof.
Suitably, a fragment is at least about 8 amino acids in length, and may be up to about 700
amino acids. Examples of suitable fragments are described herein.
The AAV sequences and fragments thereof are useful in production of rAAV, and
are also useful as antisense delivery vectors, gene therapy vectors, or vaccine vectors. The
30  invention further provides nucleic acid molecules, gene delivery vectors, and host cells

which contain the AAV sequences of the invention.



As described herein, the vectors of the invention containing the AAV capsid
proteins of the invention are particularly well suited for use in

appl i cat iwo3jom3whi ch the neutralizing antibodies dim ni POTHUSE2/33629

ef fectiveness of other AAV serotype based vectors, as well as other 5 viral
vectors. The rAAV vectors of the invention are particularly advantageous in
rAAV readm nistration and repeat gene therapy. These and other enbodi ments
and advant ages pof th i,nvent .Q ﬁ G (ﬂ (f;k

used thr oughoutA) 8@8‘161”1 hﬁtvle%ﬁrso g% \;CR éo@teﬂﬁ{{the @ke{m{% rr%)ré\{lng i ng"

and "incl ugdn s'mﬂdn hilRQarticMRFl, aRtl Suigsd&or Lmeliruaapueatmﬁs mtdoleash me)mzmlmmhg,
el ement s, |nte ers, 10 ste%s and the ”15(\3@/ Conversel y

"consi sti rfgtib dimipishdhs effrcdvengssel Ofhge Brotyerhared V(‘?Btf’rﬁo?fe‘?ﬁl as offiSent s,
| nt egerss, @Laﬁpe%to"f’@dl“ﬁetﬂﬁl\y k&tordof EINBERNGfe faifoulANYQBYdn@Fedus iPekgvti on of
Sequences ia Molecular Coning 15 In one aspect, the invention provides a
nmet hod of rd@hmmtsmatgmaindﬁmeaﬁ%@ﬁnﬂlpffaw ‘ng target nucleic acid sequences in a
sanple. This hod is .par ge. aedah mes al
sequences whi gﬁfhae eeanld tgg‘r gitb&ﬁln%ﬁtltsan’\ﬁdvlan Str?gglgrlrlg\ren? aélgg{'gc, g1 Iadeno-
associ at eceilrie®es AMé)i tl&nmghbettthis\sparafsaason mdmlmgclmtrheﬂlstelmh‘écosmeangl cat| on
makes reference to AA ch is ex r wever.. based
this infordfdt P’Gwd‘r@nén%fhe?(yaréak’ltﬁ qre f“r‘iﬁtg‘ﬁgoé\?ferr?ﬁglpf”ée%ﬁ’ %—fo JIEEP PEFEY he
met hodg Ofstépig'%nd ﬁ‘l%@l'[&&' QBn\Q:Psel’yeﬂ]E@éfhlr"d&%iistl[lg &hd.itsfvetidnisis ek@usherofather r us
(FeLV), HILVI ‘and HILVII], and lentivirinae [e.g., human i nmunodefi ci ency
vi rus’ (H \Qompsheritarlemenisnbietr.creenedd ¥e ik (SIv), feline immunodeficiency
virus (FI'V), equine infectious anem a virus, and spunavirinal)], anong
others: Further, the nethod of the invention may al so be used for detection
of other Viral Methodnaf MeAnvantian sequences, whet her integrat ed or
non- i nt egr at ed Ant 0 lt)gt%ct%aip qﬂgncreg' 141191%Eecuﬁ?b onn%S used herein, a sanple
is any source containrng nuclerc aci .g., tissue, tissue culture,
cells,iscell cul ture, Inadnd abieol, ﬂgnm&htuﬁd prmziﬂes anadtbiod m@ietmﬁm@mdforlidemifmtg on,

urine and blood. These nucleic acid uences na e or. A from
pl asni ds, ﬁ%ﬂ%ielmﬁ%ﬁquwew sppls, jﬁ@ @t?ﬁd%Pa"?[ﬂ@‘FlY bsugg(ﬁ%ri a, yeast,

viruses, ctflblgbﬁna@ﬁ @lllc%gﬁlhﬁ:l’l%h: iA8giRlednits theQhroaitsome 6f a EINAe.0r addNde i S
extracted fromthe sa;?) a variety of techniques known to those of
skill in tftseocaa‘t‘td vigige Aa%"ﬁr‘ﬂ%@“ﬂé%qsi B 9ihesanbrovReITBPBRE¥KSY O oning: A

Labor at OryleM% g@% ’\ﬁ)é"tw;]ﬁ?cgﬁ%e%ﬂﬁﬁpﬁ rélH., H@fv@@i B8R Ah R ¥ fbrmalidg, d?l%'og' n of

the sanple e nucl ei ¢ aci ds are obtai ned
appl i cat i O$‘k11(Dfn thdrert may hﬂdllpf)erfdnm the MOhOBY FARIOTenHAT HIUSHRY BBELB:-2.» felme

leukemia virus (FeL'V), HTLVI and HTLVII], and lentivirinae [e.g., human
immunodeficiency virus (HIV), simian immunodeficiency virus (SIV), feline
immunodeficiency virus (FIV), equine infectious anemia virus, and spumavirinal)], among
others: Further, the method of the invention may also be used for detection of other viral

25  and non-viral sequences, whether integrated or non-integrated into the genome of the host
cell.

As used herein, a sample is any source containing nucleic acids, e.g., tissue,
tissue culture, cells, cell culture, and biological fluids including, without limitation, urine and
blood. These nucleic acid sequences may be DNA or RNA from plasmids, natural DNA or

30  RNA from any source, including bacteria, yeast, viruses, and higher organisms such as plants
or animals. DNA or RNA is extracted from the sample by a variety of techniques known to
those of skill in the art, such as those described by Sambrook, Molecular Cloning: A
Laboratory Manual (New York: Cold Spring Harbor Laboratory). The origin of the sample

and the method by which the nucleic acids are obtained for application of the method of the

6



invention is not a limtation of the present invention. Optionally, the

nmet hod of the invention can be perfornmed directly on the source of DNA or
on nucl eiwoagiogs9obt ai ned (e.g., extracted) from a sourc@CTNse2swehod of
the invention involves subjecting a sanple containing DNAto 5
anplification via polynmerase chain reaction (PCR) using a first set of
primers speentionds hotra limitdtion sf the @egsen irventitou nsiosal yaihd srbthedf diedneation

sequences, there obt.ai ni ng_.anpl ifi segue . erein, each of
the "regi 67PC ?eggépgfg@%ﬂwiﬁgﬁgg‘ggg apont ne&%%claé;@%rrgﬁsaﬁ%? lzl)'t'%i’e nucl ei ¢
aci d sequepeRedpfrodta Joast two serotypes (e.g., AAV) or strains (e.g., 10
| entiviruses), and wherein each of said reqi

egions IS co sed of nces
having a 5 end whilR m%hOHi%H]eym@aH%‘bW\V%léj,s_SaQJﬁfta’&aéaﬁ%Bf%&ﬂ“‘iaE”“&ﬁ@%ﬁ%b| Y,
but ”ege_s%ﬂfblih&faﬁo}{%fagg%wn?eraséBﬂai@re%btionquRwi@a fist &t ghprimaonseifiesa each of
t hese being conserved or variable relative to the sequences of the at
| east two fadtiregiedofalavbisestandep aucleippeid sequprags, thaiebymbtainipg gppldiedeng j s

hi ghly conserved over at |east about 9, and nore preferably, at |east 18

base pairS$*SPST 15 However, one or both of the sequences at the 5 or 3'

end may be conservedygwed hereingeathafthe 18gibps” inpedetdrmined 2Bsedppomiee t han 30

bp, or nore than bp at the 5 end ith respect to ( varl e region,
there is r‘i‘éﬂg‘?‘%ﬁﬁf’?g‘ﬁé‘ﬁ‘fle?ﬁ?‘ éf)%‘é‘?ﬁ@%at\s{\%aﬂgﬁégg’%pﬁ%sgé %&ghgﬁééﬁp#ﬁ%}’ be

rel atijyel Yo GRRSREY afll wREreiRYcHeFERidh€SenstidiamRted dlequences A% ihgentantly anong
the aligned serotypes or strains. 20 Each of the regi q?s ma s&aﬁn $bout 100
bp to abouthidviskighbpreseeryesh ¢ iddle Whigh icleaBetis necPRring VPl Wit 1y
desi rabl e eglﬁ'?}hic%qgh%fﬂytc'aﬁsef\%g' QPR of fleR beipk NREMEE of RPIaBR relative-t®the @ I egi on

which is sufficientl’y unique to positively identify the anplified sequence
as bei ng sbquencdshd theat tpest taoaligned ARSF sasxtzprs| Rreferablp e Semtsddidneikis the first

region is ahout 250 .bp in | t I.S AN L ng known
AAV sequeﬂﬁg XC?HQWE??W%SQF?$%eugafgggﬁgﬂ??ﬁﬁggg?ﬁg%gﬁ%ﬁﬁk?éﬁ(? gi on as

bei ng @Gf AdMvérkt, 8hdlor Bodli bHie sequbireyathead be3'sad ueiy de sonsaived bver ifrstheegi on
are sufficiently unique that can_be used to i tif .he,serotype from

whi ch  t helShppmiors Ban 3biy é‘r?é%@%?? gl?»r?ém@}e ‘%ﬁ‘bg@%ﬁ% % é&d-( ?Yfgl lt%ﬁneeftetBy

det ect ed) , & B8 SRILEDE GRerS RMo B8RS doRskriy BQlh&dsNheg seqiN@siagal
restriction digestion and conparison to restriction digestion patterns for

this regi anlativelpegnsefedyaymay haygyess than9s, 80aax/Z0% ijeukity aglnARGAIESY or that of
AAV7, AAVl%f-O A'Ae‘é/%rlstr AAV12, or any of the other novel serotypes identified
by the i ST on, Whieh is predeterm ned and provided by the present

i nventicon. G ven t heEgphioddraegiprsovdycdpeh shouel (), bpgnebot 18 kilphass pritsiie art can

Feady et ot iaIer R Ar B Toneyr tehees B aREde Y R e T
opti mal sete Of e G8AYNIch iPSUfABER]Y AGAL &pokitively 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 unique among known AAV sequences, that it positively
25 identifies the amplified region as being of AAV origin. Further, the variable sequences
within this region are sufficiently unique that can be used to identify the serotype from which
the amplified sequences originate. Once amplified (and thereby detected), the sequences can
be identified by performing conventional restriction digestion and comparison to restriction
digestion patterns for this region in any of AAV1, AAV2, AAV3, AAV4, AAVS, or AAVG,
30 orthat of AAV7, AAV10, AAV11, AAV12, or any of the other novel serotypes identified by
the invention, which is predetermined and provided by the present invention.
Given the guidance provided herein, one of skill in the art can readily
identify such regions among other integrated viruses to permit ready detection and

identification of these sequences. Thereafter, an optimal set of generic primers located
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WO 03/ 042397 PCT/ US02/ 33629 within the highly conserved ends can be
designed and tested for efficient anplification of the selected region
from sanpWe3/04339s aspect of the invention is readily adapCedSin3zm29
di agnostic kit for detecting the presence of the target sequence (e.g.,

AAV) and for identifying the AAV serotype, usi n? st andar ds_whi ch i ncl ude
t he rest r ivgthimothe pightyeonserfedrendsean hadesigned eypissted iof ebftvian agplificatipmoighe

i sol at ed usi t he t i S i N, Far.. ol :
Gonti 11 A POk HRp AL A E? THERSIARhARL G TG R Fp Wit o
by di gest ikitdoit degectiffiRe preselice b thamaga cerpander(g.gy AgV)iant foridguititiey the AANMuUs, in

one enbodi nent, the "signature.regi gn" for. AAV s s, about. bp 2800 to
about 3206°T8FYPRAGNE S} %BH‘REJ'%TL‘%C Q’r?desé%?t%&ﬁ%‘ﬁ‘gﬁaﬁb“%é%‘gv 5%{5?8351 n AAV 2,
10 AAVE, AbN4ibedVivYain o R81aBAVEing WRtechaRGEy dadribed hbrein! B exmpls, @ldekut 250 bp,
| ocated within bp 2886 to about 3143 bp of AAV 1 [ SEQ I D NO. 6

, , and
cor r espondieagjlipaiona op aiofesulppserofypingof] ogyqigsanibe apgoiplishsg yldlﬁeﬂ@@ the ang

ot her ARV pR6Y BLYRRSand S Bpafilteslotioh@au@fe M ¢ rapid detection of AAV in the
sanple, priners whi ch spgm i ca Ty nmplify this signature region are

utilized. However, tThespneseembadimenithefsigngturregionfior ddb Y epanhiebokbict 15

sequences | tifi er.ei : i ture.regqi . of skill
in the ar @Sﬁ@& ablp}éta Opﬁ%gﬁr{/ei ﬁFﬁé {s}ﬁr\@st?jb%dt%gﬁé%gg%ggés'%%alsl%%r}?g? 21‘ ragment,
or a lar gexA V3 anawnt AQV 5] dhdA A ¥6.gvlatddesirabbgitenegidi e dBAR 250 ibpEbeatalr e
generated using techni qgues_known to t f skill in the.art. Each of the
SR pr i et & pEconpseaut o & AV AR B e e RS 20
Sabr 00K &gl [SELUPNOS A A3 [ HENOS] Rt Bief AR Rfctyde8. 88, Fig 1. To

ol i gonucl eoti de which acts as a point of initiation of synthesis when

pl aced undermit capiti datestien PHAMN| ie hesymplsersinersvhigh speoifically ampléfidhivn product
which is ¢co e tar n i j L S, 0 imer i s
pr ef er abl yS ! qllgéﬁbﬁmgglg F glenlhglésd' Ht(;&&égg&eeg,,tﬁﬁéé%eﬁgiggﬂﬁgilzstI&rogﬂgl@g@g)r@%agl S
utilized, seduensestideifiedlhdrein faepal Aivesigrtagirstagandss oef gskillbeithegrtusad to

prepare extension products. The priners n be 25 about 15 . tp. 25 or nore
nucl eot i dégefdr‘]lﬁﬁge‘ﬁg’éf%g(“ﬁbﬁof"%?nqagsaas%itg fﬂ%e&%ﬂ qlerger Iﬂlg%\%?}]etro ?th r certain
appl i cati ofmasiOreRh. nucl eotides, e.g., 7 to 15 nucleotides are utilized.
The prinmers are selected to be sufficiently conplenentary to the different
strands of each specllEiRCRpimenaw seoerped uipg feehnagpe kn %itbﬁsﬁéfﬂﬁl H' their
respect | Ve st apds or HNIRILHAN s RecoRio BRI ASANRRECGCH pRter. 18] €61 the
exact sequence of the region being 30 anplified. For exanple, a

non- caatpl eSaervrankyet alyciteldteradie Theagprefirinmeyrefers wtanadigewiclegtidchehiclsactegfp of t he
primer, with

ety GRS D R T SRR, S0, PO S,
| onger semqieneies proziac vidcl Blemplpacsed td ahocltibecipsirangris indneedi deelptihetist he
pri er Seqpligfgfaeblyhs?rfgles slilzaflgicaccil ?—Pc}wever, if a double stranded primer is utilized, it is treated to
separate its strands before being used to prepare extension products. The primers may be
25  about 15 to 25 or more nucleotides, and preferably at least 18 nucleotides. However, for
certain applications shorter nucleotides, e.g., 7 to 15 nucleotides are utilized.
The primers are selected to be sufficiently complementary to the different
strands of each specific sequence to be amplified to hybridize with their respective strands.
Therefore, the primer sequence need not reflect the exact sequence of the region being
30 amplified. For example, a non-complementary nucleotide fragment may be attached to the
5’ end of the primer, with the remainder of the primer sequence being completely

complementary to the strand. Alternatively, non-complementary bases or longer sequences

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



8 WD 03/042397 PCT/ US02/ 33629 conplenentarity with the sequence of the
strand to be anplified to hybridize therewith and forma tenplate for
synt hesi swofo3ims39ext ensi on product of the other priner. TReTRSR/psRMers for
the signature region according to the invention are based upon the highly
conserved sequences of two or nore aligned sequences (e.g., two or 5 nore
AAV ser ot wpmplemeitastypritnthe scquerce of Swsiratibp de pmphfiedia rl‘nl}’@%g%‘t thergwith pid, anong

the two or. nore aligped AAV. serqt . ' Qrin the mddle.
However , tfﬂré’lgﬁeal?i%%@ Syng eSFﬁgﬁ%eﬂe‘%ﬁ%mﬁm@}%Oﬁtrkﬁeﬁeﬂfrézss lrélg!?lr' espond to a region
of two or nore aligned PERbramerefor plessigmturaveiioh atdvedieg tosthejaettiondent ity over
at least five, preferably, o_v%g at | east nine ba?.e ‘%ai rs,’(1 agd or e,

pr ef er abl ypaseshippn e highly ponsevesseauentes f TP of RRICFERHF IR By IMer's. Thus,
the 3" send, gt AW/ Eé?@fgpés?/.rr’?l‘icsprln?eré:%%@&ﬁn@dateslgﬁqmﬁct%énﬂty%%gltldﬁnt| ty to
the al igned sequences over at |east five nucleotides. However, one can

opt i onal | ywutor ioreenligned AtWoserabypesratrthe &'eand ve frathe migille | Bowvevge dheaeqyaneess' end

of the priner.. ,Fo anpl e, the j ner . r i of AAV
s dos! orfbte b astel T Bmer shr g €5 Rth ot i ARCUEL NG, GRsR ey S0
The 5' priwEeh ivas ibesedidedy onpoat lnist 286 preZ8Mly,ofvera\es] IBEQasEpNG, atid, 5

GGTAATTCCTCCGGAAATTGGCATTS' . See, Fi.g. 1. .The 3. priner s desi gne based
upon nt 309@??1@“2'31_61% %’A\/‘??f‘fa@‘é% haps Rﬂ%ﬂ t?heé' 9“@%?WM§MTTG 3.
Hovevey,, ORepRerskd ddmpoSed dT8eqehccdMithNBVS idéngiddiolide AiRatduraaencicover atmer set
based upon tﬁe correspondi ng regions of AAV 1, AAV3, 20 AAV4, AAV5, AAVG,

or based upwhiivheiciastidesnaiowsrerppindap eatitiaH piilize QAGZWOHNAYC ACEEARIAR T AAVL2,
or anot her_nov f i ion. In addition, still other prinmer sets
can be redmci%ﬁﬁéfgéﬁéﬁgde@;&é%&?&%' this signature region, using techniques

known to those of = sSRdrlekarmpletthepramer.seBor ths sigastisregibn Thhy¥twasdgsigtrdes 25 As

descri bed herein, the present.i.nventjon_ pk vig S a %' t I gf Which
speci fi cal 14° H‘Pﬁpiafq“éoé‘et‘%O%W@Hﬁ%ﬁlfr‘%‘&?ézéé)% B TPRE félé; g&rg{éeé%gég%e, e.g.,
an AAVisser gloyiRe284m89arddierA v o[SEer ID NOogas £ction of the target. In a
situation in which further sequences are dgﬁi r eclT g. g , 1f .no%/fgl AAV
serotype i SGTAMIIGGIKLCEAMASTGHHAF B r efediiny 5s 8 ’cngmf@so‘i.“‘?ﬁ , the
i nvention j i ~AdeiLtional primer sets. 30
. d fpntdR8hod!s il A9, ONE[sHQ IPRB: A p
Sui t abl y, %és priner sets are d[eS|Q ned tg include either the 5 or 3
primer of GAKECATIGAABANGAAGEGGERA T4 CsFe dloavepen prsrofigkillgnéherast mayhays i ner
set, such th he i mer. set | £ [ iRl F R Si gnature
; .. 3 RPN RlorAAV @, ARE3SI g
regi on whi ’c?ﬁ‘%i\yn#? 13P§J1{118 PUIFEE be{%gae)h%qn t@%@%g%&%heﬁééglm ©
20 AAV4, AAV5, AAV6, 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, €.g., an AAYV serotype, in
order to permit detection of the target. In a situation in which further sequences 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



end of the signature region. For exanple, a first primer set is conposed of
a b prinmer, P1L 9 WO 03/042397 PCT/ US02/ 33629 and a 3' prinmer P2 to anplify
t he si gnaworog/oasgi on. In order to extend the signature re@Coruson3icedes 3'
end, a second prinmer set is conposed of priner Pl and a 3 priner P4, which
anplifies the signature region and contiguous sequences downstream of the
si gnat ur e anégi3dprimprPotodmplifytthe signasivd raginn. In grelst orcxtopd iedHgnaiyrg €giogonend, a
third- prier set is _conpased. of L PLiLORL , ri sa.such
that the digngiarePad PORCER s onBrad sRoERE pLERLe > pBR PR BN oinc

si gnat ur e thegifuraregicnmal icbitedousHeqsacaxdensiream sf tbpsigantere regieatle drdeor
perfornmed at the sanme tine), as needed or desired. Thereafter,.th
products rie&grakthe P’@Hﬁ‘“{“ﬁé%gé&h%'ltﬁ ieBitaitB'ﬁd'B‘t”@fj'sse%alélg%m??fgga augi ;%ner,ePS,
conventi ongl psil@pPE2, sAcihRadueagRfurt fploatad c§1ﬁ%\4&i‘s€‘s€q&ﬁcdsfmgst&aﬁxi Jfeck | engt h.

The second and third priner. sets are desggqne as with the priner set for

the 10 sisigratiusisgiosgeomplifisd ahpsse pyiensianstips ArCHERPRYE (HiPGHPIEShEESY8Y
sequences g&%{‘%in%g&d%lr haned TRECHED %‘éproci%ﬁtsgfemg €oRah&E AmbRfidaliEn b8

"second" primer set Is for ‘eacl I'scussion only, and w thout
regard to drhéisat aking donvedtipndi steheeretuicerar solated semidieas of Shetdseiredriengdt.i on

m xture, or used for,_anplif,ication.. The regi,on | i f.] | nd
primer set is sel eCTIE@(?%%O(ﬂ]dtaH‘iihl@%Weéﬁ%&f&ll id?:sé%n%g’ﬁasiv%l{hgﬂ%grépéslQgttf%i?ﬁig 5 end
to the3' £adued e, Bisgnpatur @gibh heeag bighlySonehad bsquetdeeame thaalégmptli f i ed
by the third primer set is selected so tHQt"U g{g argg)l i f.i%)ati n.it anneal s
at its 3' AENSeHndfaencs hemin tgthederp Greqn e%itg' tRGIRET S 4 19h2°R&di t i onal

primer set sc%?ﬁ?%ﬁ)&ﬂg%ﬁ& %ﬁ&ht%%am ol ortié1an RMAShaRGe Phinel afd@Med@phd fy anneal
to the either the " end or the.3" end of the extension products forned by

t he secondeaation mixdrepps weed fas@mylifietion hhesigsion gmphficddi the secerst RIIMP ety
exanpl e, where AAY is the t. ; a,fi oens (P1 and
P2) are ussggecfeg 2 ”9%’9 afr}?lie‘%é?qg)hétfaﬁﬁ%?ﬁgﬁsgne dr f)orsr%l:l% ﬁgetnggfrfr{)ﬁgglgg?cn one
desir apl e epbadiinkatly, the Bgisn siphdliryehe il primesset soaleeed su thigiupot he AAV

o the  si GrAROIFaTGPBIIE B 18 1 SEAETBR I Heer A GUIeEs SRR AT gt
before the%ﬁﬁé{ s3ts chiT B ddsicBed sulk @it Ghic RGiGHR vaNdhansi iplity athesito aRRitRdmheg t he
" 25 end of the V capsi d when usi n% t he signature region as an
4

entire 3
anchor . | nS’cne opfisGderbelithe extesiopprosurisdprmes by depeindd of BidPrieBEcts O 4462 of

AAV2 [ SEQ ll))%]ulﬁlg%qrzll;m&?i?grge%respondi ng sequences in the other AAV
S

ser ot ypes. I'sTe s itn anplification of a region of about 1.6 |cb,
whi ch zont ai ns t he OF@%xhopleswimmatdieis thegfarget seavenpd, edirss st of pripers (B} and p3

and P2) is_used t ext g the 5 end of sj regiQ.b10 cBprdAGaLH on i n
t he AAV seﬁ%@ﬁ%‘é@g\%?lﬂ?ﬁ? e SIENPRES lﬁgloggognthg %&p'{ll{’l Sln r°§%h§'2 ﬁ%s ° podt! A
provi di ng g SpraeneieadnRy BEEt witlgintifl A Vigapsie &£sédondsdof prdero{P Itnd PARAV
capsi d when using the signature region as an anchor. In Que enbodi 1r{cent , the
P3 is used to extend the 3% end of the sigifature 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



primer corresponds to nt 1384 to 1409 of AAV2 [SEQ ID NO 7], and
correspondi ng sequences in the other AAV serotypes. This results in

anpl i fi cawDen/0e39m regi on of about 1.7 10 WO 03/042397 PCPCUSGRZ/3%88929 | cb,
whi ch contains the 0.25 kb signature region. Optionally, a fourth set of
prinmers are used to further extend the extension product containi ng t he
entire 5' kbnehiof ccmﬁzansdmweé[hblsxgnat@re redien Qptidnallie atfprthrsepofguipessareysedl n one

enmbodi nent nat d P5 co ) of AAV2
[5E0 1 b N Bt diendife SR RAPIG e eI AR Ry dfialhe M Ebalits, oo ane
i's used i nlseanjlieehd @p sWuE:ﬂibefsi.hﬁlBiéemhoﬂ‘ﬁa’(e.nt Fod proowdr desigrared | RStcooaspofidst he
desired nunber of extensio € vari ous ., ext ensi on re
fused.  ma? gia5ge 1§ ot REVaTsRa TR RO 7L G PSP iing serec i faPREr AR
constryct S@,lgt};pesta%gtls FRAUCHRunclish WheHe¥ramphRr.provi ded herein, AAV sequences
containing, at a mninum an intact AAV cap gene are obtai ned Lar ger

sequences may be obtEsilpwing CQGPE@@EWCIM@SG%WIB ofeiiision stepe MiceiEPEh st eps
per f or med. ex%lrjlgl&?f))ljoéucté %]Ef%éé’kno NisPb 991 §at e‘?Tﬁoq?ﬁf%@laﬁ ok Bf PaBy, tt act

AAV sequence to t in the art. For
exanpl e, tcbﬁst&mtanﬁiam"seq;lreﬂch.ldhﬁlermymplb@mjmcgzéélbedl M\hse@umcm contgliriiedh at| eaves
at the Drall].site l.ocate ture re‘?qllon tovi de

restricti @Hnwi‘%‘ﬁﬁéﬁtlgtam& C%Pr%enf’ élelol%baéﬂeg At RN lBe}yob(fuoct:) Adiedo it ai ni ng

(at a 35 rHePélﬂi‘d@up@H tHeHudbbr NSO Geidderfbigygver, ot her suitable
techniques for assenbling the extension products into.an intact se uence

may be utilized. SeeSvitgelichapiignsionpidugR: eeassegibled iptorag ntpd i} Yy Sequen
al ternati vg, Qﬁgﬁb%s THS W R o8k 88 gupﬂﬂ? ait ep& H836k 'th@gxtaﬁ%%eploﬁ@@tﬁlﬁ/r

enbodi nent 0 e 1 nvention provi direct anplification of a’3.1 kb
fragment vieidiges@0 wathiraBL, whohatdaors abﬂleﬁlxallﬂ-ﬂlte tngeded vétpingbesigimees regi,
directly a

bl ood Duadd Bratsteafsiaseon famee shER e gt b EOTETRrobl G il Bpue U7
genoneg f ohinithEen) 4h PR 2APlchi paal Howendr, dtBﬂfrgeltébﬂdalgmnmss foAagﬂemth‘rg thethin a

conserved region located in the mddle o ep gene tili (AV1ns
5 GCTGOGKESROT exaegtmiGRIGAKe: sgquenps may I’@é%zf’% %6 %ej‘e’iahy’c%ﬁ‘ﬁfi% Bh with

25 the 3' priiWekinl ocated in another conserved region dovvnstream of the Cap
gene (AV2cas: 5 CGCAGAGACCAAAGITCAACTGAAACEA 3', SEQ 7) for
anplification of AMS @edt@em@éﬁsto|tlm:llﬂu|1@lphgx116n%01f giens d|e@fh’§@41abw/ a@aﬁbel
Typically, follow ng,a , ofnpaegq1 Lisgguence
anal ysi s i énbﬁ)él Heg Olgtge %’/{a '%'{[ Onrcf’?%)éagegrf%%&%a aﬁ)@%ggo 5%31%3 ﬁ{sw?rlet hod, the
inventmrs 41Rws 1slo$a®1bﬁbéﬂlllabngtlemtse@&nmapﬂbdlretttb'rmarﬂ)hm &h khéwlélesgtbsemuent |y

ﬁ'gcggﬁg f Ih 'rgg%%télte ?\ﬂ-IP tissue g’ld brf od DI%XS two o 161 M\Bflly conserveg 1egf10rncs)rvoeﬁ:h esus

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 (AVIns: 5'
GCTGCGTCAACTGGACCAATGAGAAC 3', nt of SEQ ID NO:6) in combination with

25  the 3’ prim'er located in another conserved region downstream of the Cap gene (AV2cas: 5'
CGCAGAGACCAAAGTTCAACTGAAACGA 3', SEQ ID NO: 7) for amplification of
AAV sequences including the full-length AAV cap. Typically, following amplification, the
products are cloned and sequence analysis is performed with an accuracy of 2 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
(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). These clones are identified
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(rh.1 - rh.37), 6 clones fromcynonol ogous macaques (cy.1 - cy.6), 2 clones
from Baboons (bb.l and bb.2) and 5 clones from Chinps (ch.1 - ch.5). These
cl ones arwoiodem3pti ed 11 WO 03/042397 PCT/ US02/ 33629 el sera@rnsoz/sseehe
specification, together with the species of aninmal fromwhich they were
identified and the tissues in that animal these novel sequences have been

| ocat ed. @lsewhereimthe ispesificetidno thekiber Wishothaspasiss absemalfrm phichilptyveare aspect ,

th t. | I | AAV
from a corfernaRl 4 8FRsA% RUbFoREM dReTBl gt Rlos bR BH RS il er v oh

provi des hel perCf uncAlt@nsiveandthed Mvsolatmglnat/elmgAan ectious clones
contai ning AAV; sequencing the isolated AAV, and conpari pg he fequences
of the isol ated AAV tl@n‘kth‘@v@ﬁpeﬁhﬁh%@‘f@f‘%@@““%’r f5inafivs PEEhE SolHNE he

sequenges bty T%% alad M\ﬁqaﬂéh HRAVE lﬁf%éﬁng%ﬁé&tuyvﬁaﬁamwrmms the

presence of a nove I n one enbodi nent, the vector providing hel per
functi ons mcv\odﬂSdekpeleﬁnaémnsaJ the Adefdsnlating iffeations dpres cpriginingiMyY; e. g., El a,

Elb, E E40RFG., ded b
an ad ef_]g‘ws?%tgencuﬁ% éle W& EWQ/Q gﬂc{@ﬂ@al 15&11%3 ls%ﬁ eﬁ)c%g of tlﬂg ?stbla?éasAﬁ'{/ (?o % chW e y

Fehovitus “im €enovi rus, may be o
human or nOAVReTBPes mhgieby dﬁfe&fneessab khe saqmnbns mﬁmepmlamt AAV(dNEHR)xowm A@Wﬁ The

DNA sequences of nﬁl of ad nowrgéb ypes are avail able from 15
Genbank, fﬁﬁmﬁﬁﬁwgw@?b e RIBCTEOhHANE! Alessi on No. M73260]. The adenovi rus

sequenges may be obhahoesbddiRBRanY vERGWIo\IE BN R FEncBIBAOIY Aes eSstatialas
serotypes 2, 3, 4, 7, 12 and 40, and further including any of the

present | y dddeqvitug ft@@h%n@ﬁlu@%@g [BlaeE 1t Ega, EAQRAR iy one %ﬁh@éﬂn%d%]
Smiarly RARPRYIURGR £8 200 %,P | AL RS0 Ol U B0 ngéamdgype

chi npanzees)” nay a |n the vector constructs of this
i nvent i on.adSe®jrus. agd ma§zJBe oﬂmnﬂmtcembn-ﬂqlomaxﬁpﬁga praferablymoadidingn primgte wi | d- t ype

adenovi rus reco n Vi ruses al .vectors (e..q. | asm ds

epi sones, )fﬂéﬁpq§?ﬁgb%ﬁ@“ﬂ&%%%@%??ﬁﬁbP%%?“TUWE pgﬁneéﬁnﬁ@éﬁ%nilllzed
Such r gcongémank, indlidisSpanes [Gmwud Acckf@navd. WBQ6OT]aYthad¢)foeWSeqlueﬁwc€sor di ng
to published t echni gues. See, e.g.,. US Patent No. 5,871, 9?2 and US Pat ent

6, 251, 677, m%mbf‘cqbtauei@s%qm By lélthf’tdF‘H’V}ﬂlﬂ? RAYRE PUFH 25 JHAYRESIZe 814 dnl 0¥ he
adenovi rus ﬁfu‘rﬁeﬂ%lu@ﬁ%hr&’sﬁgﬁeﬁ&e%%w %tr?nttﬂeﬂl ﬁun{ahefyge@ [deoVd NOHANENT T on. A

variety of ovirus str e available fromthe Amrerican Type Cul ture
Col | ect i orgitelVabas$ aSimileily gdmparuswkrawalw aitce npyhyreanangnals feogm a  variety of

ctraine oPanavarharL g Bt aiE R SOl A SRERNERAR SR e FEDE SN
and GemBarnfkatent Noas0831216. dhtadditiat ﬂoWﬁld-ﬂypé ﬁiBho‘OtJSesNWom’mylalhmrusm bat@d usi ng
ggng_)gg??)?_o‘g%l 5%:?(%@%3%? pr]a?slrrggsy e;gl%n?e%eétct; ) gatl ryﬂllg the necgssaly heﬁ)lere hlnctlons maR%S earch,
utilized. Such recombinant viruses are known in the art and may be prepared according to
published techniques. See, e.g., US Patent No. 5,871,982 and US Patent 6,251,677, which
describe a hybrid Ad/AAV virus. The selection of the adenovirus type is not anticipated to
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
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Degen et al., 1986, J. Biol. Chem 261:6972-6985, BD Bi osci ences C ontech,
Palo Alto, CA). CGenone walking is particularly well suited for identifying
and i sol awDrg/0#3387 sequences adj acent to the novel sequen®es/usdysasrd i ed
according to the nmethod of the invention. For 12 WD 03/ 042397

PCT/ US02/ 33629 exanpl e, this technique may be useful for isolating inverted
t er mi nal rexpople, tbis'r%)nq@c miaj be usedivl dor lmdalmgemwtygd)termmabéneaaﬂ@RS)théhenove| AAV

capsi d and/ | Agg sgtiog/g) e%du poe(rt};[el nfokfgl g&% én%%r 'i]%t 513819631095 1dént|%% a nventi on.

This technl qu 1'SOl atl n uenc acent to ot her
AAV and naringAhe @&ﬂu@"tffeh‘:e ihckaibm. f Tladteamdquesn@bm ecbﬂamoscdatng stquehbss 5

pr esent |nvent| on. See, . Exanpl es and 4., The thod i nvention may
be readi | y4rseH 19 B‘ihe‘aAéqunggE“%fA‘\;%eﬁf‘ﬁ@ﬁ? @F‘H@ﬂﬁ %HP%E% §‘E°u§fl E

bi odi stsri YstdeRinvdiBiBhL el Plan@fleseiR 4 her apy via AAV  vectors and vect or
derived fromother integrated viruses. Thus, the nethods are well suited

for use in pre- packabanihaeds of e ingationmay baieadiyised fosdaargner s, and
epi demi ol q dﬁhﬁoloé}pstl!xdl?(sr %ﬂ.@ &ﬁ)tldcﬁstmtﬁlohq RJnH bf %ﬁg@ﬁ%apgtvrheAAvvent Ion

provi des a“di agnost tectin known or unknown
adeno- assoecttatsethd wecttisdef idédfrom mther smfgpdtei v1&scsh I‘huk,lthe metytodsome welhsuigdf i r st
set of 5 and 3' PCR ricrﬂars spe a si nature .re f the AAV
nucl eic a Husfgngle@difgﬁacgg. I ?éﬁ?‘?gtiylc\/@ﬂ?“s > SPSeAGH-2 B RS log’ﬁg a kit can
contaifp a first set of 5 and 3' PCR prinmers specific for the 3.1 kb
fragnment which includes the full-length AAV capsid nucleic acid sequence

i dentifi ec[IhereDiag(mstig Kitt he AVIns and AV2cas priners.) Opti onally, a kit

of the |nvent| contain dit sets of 5 and
S prinere. as HautPhisstiehdniEtad R dthe HagtRiE LR kb a R SEb el
probes ar ebﬂaa@dwa@c onleHoRa aﬁ&oteta@ocmwi VR SRAY) iy Siiple rBuahp kitwaysogamt ur e
regi ons of each AAV serot .,. using. quantitative PCR The invention

further prafisoesoks kg 3R m;mfflwpepé@rf%af%»glﬁan%wgmvf der/th Y JEClBis PEiE L ed
accor djsng { g udnld€ A:X&/é H% ﬁf ontfﬁltloﬂé’i@n%dcﬂﬁ Kandh 9('311‘[519 b £igle $loPgURINY pgRNOVeEl

AAV from kn urther 1 nclude one or nbre restriction
enzynes, sprmmtasuisnﬁkchor thAV 1 X6 f@gmnge@ ipeloddsdheniylltlengithr AAY gpsid ondeic

et or my i 14 HEE PR ORA B AT e B Vo e SARBDER 41 of e

i nvention tﬂ’(&i{wbﬁtﬁinud@ furthlﬁ"tcbmt@ﬁﬂt@am mar erlaelgﬁibha/leetaﬂﬂﬁ and B'Qﬁmteirw a@s control,
contai ners, diluents a d(; buf f er t he, sa i ndi cat arts for
ol

signature desgyifsd MPisdm and/er FJory ?S FRRRLIery d%?%?ﬁ]a‘ﬁé'ts? ?‘FCP‘ et & ons,
appl i cat or rééehf#ﬁer@ﬂbn%&pﬁfw hﬂﬂ%x@gomeﬁmm RIRAR! &k OlisigepBntiBsverel | as

any de5|red reagents, including nme
PCR.

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

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

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

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

In one desirable embodiment, the wash reagent is an isotonic saline solution which has been
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wash reagents and concentration reagents. Such reagents may be readily

sel ected from anong the reagents descri bed herein, and from anong

convent i oweloso3igentrati on reagents. | n one desirabl e enfpodiusensic2e he wash
reagent is an isotonic saline solution which has been 13 WD 03/ 042397

PCT/ US02/ 33629 buffered to physiologic pH such as phosphate buffered

sal i ne (PBS)fferedio pbysielogin pHeagbm ph@phmf&mdt!alimﬁ @@Sm tbb ltimGkageans t he

concentr at S es gxanp ki |l the art
T oot S S REER Al TR oo e TR B a8 ot Piftabgmb, S, 204
][raly be gs edfdkill @rthd ?h'ﬁWllﬂ@Udg@lQﬁ tigat ﬁelagaﬁs sfubh hegolybehsilane glycac(PEGxadfrleﬁsoa
ilter device wt nbr.ane vvoul concentrate rAAV. The kits
provi ded byaY H“é“i??‘@s‘gﬁlﬂat Fiﬁ‘(}%@ﬁt“rr‘rcg‘r? gﬁ? r ‘EF%:FE Farat >fa§51P?i‘ ﬂf:)"“ieh"é‘t%l%ods

descri bged K%gﬁg}anml& dncehitieyr Ay bi odi stri buti on, epi dem ol ogy, node of
transm ssion of novel AAV serotypes in human and NHPs. Thus, the nethods

and kits of theThakitsrre\ideddwrihe prespat isvention ars usefd for perkarming the metheds

| at I
sequences. STRIER it b EhoSERY BOAERLBRId) GHhalbkel HARLERERRMIR L . 1
detecti on,nmdéAtANfsennypeemlammhmasd)M{Hson of AAV sequences, which may

i ncl ude novel ro 0 nota | e exal t hod of the

i nvention facili ﬁ%%?g@ E?foqg}edﬂ\éeﬂ OMV%%%&%%@B IEH AV ent or s,
whi ch ﬁ@ve@b@ﬂom@ﬁt&rgegﬁmsewerﬁés pmwa@ in %anﬁ@ssea&nla@st VIR ol a8 BcH
fragments fromdifferent animals, were distinct fromthe known

si x AAV sekléﬁaf@é@ﬂcwlbhwlh@ltﬁﬁfwm591d@Yectﬂ%l%@lﬁ@tl%wd| igdationAE AN
hyper vari agl ger{cggl“glr& 19%, m&ch?mﬁRrQﬁSAQV El%b&'ep Surprising divergence of AAV
e

sequences Was ot | ones 1 sol ate om single tissue sources, such as
| ynph node, froin @wr notdiewxeuple, thhested nbthkdyentidn facil ma,eﬂan@ig‘em@icmneds best
expl ai ned hy ar ent & ol ution V seguence within i.ndividual 20

ol o duB A PRRBEER ot bR, SR e EIRTEsRatbl Pl th e o
limtegs nunett%emélonem‘ragm‘eﬁ@fmmgnﬁareﬁraheﬂiaad aN bf whieh wePatﬁsmcsﬁrmjkms(nswggest
sequence evolution of wd di sseni nat ed, vi ruFﬁg l" g the course

natural AR ARG ETPRReS Hilh ﬂ}?r“éaé‘ﬂﬂfﬁﬁf {peivarigiiondepat BEREF AR regions rms of

quasi speci g3 Wbl Ffofdid. fﬁﬁplisﬁ@mlwgeneé@ftmﬂz sbaheh&% VS higid of cls@e%ﬁted
hypervariabl e regions. This i's the first exanple of rapid nol ecul ar

evol uti on GbmeaiMAisgie WYreRs siah &g I)Wa@h nddlat frgno prindivduabghesusonpghiey. t Bhibe
restricted_to RNA.Viruses e
i dentifi edh%erotgfﬁ]el%es br?St(f xBlfaf?fg' ﬁwgp \%gerrll? évgﬁﬁl\égnd Rp%gh?wnﬁ |1§%¥1§§£t hese
serotypes wsimplsave,dedart,ltd bxtedSinedombioBakadnyiesion BetveedNu hin&ecbmﬁm‘,bed of
Sequences Nucl eic acid sequences of ncf)vel AAV ser ot YRSS. id A ] ied by the
met hods of €°- -infecting parenteral viruses ese studies suggest sequence €volution oI wide

disseminated virus during the course of a natural AAV infection that presumably leads to the

formation of swarms of quasispecies which differ from one another in the array of capsid

hypervariable regions. This is the first example of rapid molecular evolution of a DNA virus

25  in a way that formerly was thought to be restricted to RNA viruses.
Sequences of several novel AAV serotypes identified by the method of the invention

and characterization of these serotypes is provided.

III.  Novel AAV Serotypes
30 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.
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the invention are provided. See, SEQID NGO 1, 9 - 59, and 117 - 120, which
are incorporated by reference herein. See also, Fig. 1 and the sequence
l'isting. WO B3 042397 PCT/ US02/ 33629 For novel serotyp@CARSE2/336be
full-1ength sequences, including the AAV 5 |ITRs, capsid, rep, and AAV 3
| TRs are provided in SEQ ID NO 1. For other novel AAV serotypes of the

i nvention, the appr dior mavedbgrot3pel AR 7, the dighiength isepyerdesdndediog e gAY &' t he
met hod of e inventi [ SOV e LS 5 contai ns sequences
encodi ng fIEPf’-cla%Sﬁ(gtr gg%éliap%ﬁﬁ(g%% péonédeglu}; é%@ﬁ%g\tr}?ﬁbf t he sequences
encodi ng the rep prdeebther ddvebRAVeqtoeypeest the diverd®ng the agdroxieatelydehkb f i ed

bel ow. For_still aqther novel V serotypes, the. signature.regi on encodi ng
e capsi eI a6 s &HUtA At g Shibm Bl 10 FePRATED TG bl d
sequenges @ftafnl8eduBNRS bA@RingifiE-led c%ﬁk‘ﬂﬁﬁrote“ 3 tal| %k Batt bithEk@uenked See, SEQ
ID NO 117, which spans 255 bases][. The 10 AAV 11 nucleic acid sequences of

t he i nventanertlingbe teperotaia. Dlpsesegigacrs dxclydelthpstlongs égniificdhielpw.1 [ See, SEQ I D
NO 118 whi ch spans ] i j d: khe

i nvention include tﬁ%ﬁgﬁﬁﬁt@%qn@g%@ﬁééﬁﬂ élgt&:’J g{eggﬁl Fﬁ%ﬁgé‘?’ﬁ%@@g?}‘%ﬁ‘?o NO
119, whi clproteinrispsvsledf F@&s5arhpis.gbe AAVISinngeic eid setuenas bbiy irdestomi bed above,
further AAV10 VI..1 and V12 s £an_be readi i dentjfied and
used for dll%]}'é‘}ei tﬁ‘%‘;I WStrﬁﬁa%@@sﬁ&eﬁ%ﬁgﬁlga&W ‘§%S%?8§2%§|/‘%a£8§f ibe AAV7 and
the otfer AQvel nsasiobyiPesubREesthe Mivertion idclytleald DR seh@nb@nHztamaidr i mat e
(NHP) AAV nucleic acid se]guences of the invention in an alignment wth the
previ ous| WipUoiSea FER INOsld 8 gthyshesgans 288 0ases) e A4 Navtsieic qpesees 9

NO 7], an : i - . @Eg? Noel19dghichose
provi ded ﬁ}ﬁé?t%xg‘*t#o§| é%mdggﬁglél SS%@%H%W;E? gle eﬁﬁa?’i e ﬁb%/N%l lgi ?l;lleﬂnunber:
Tabl e 1 AAvnGstp o BrimsBSqu sz SeethedsiagyislescriSphbaions, Thdlsn 3280 0L BAND1( DNA)

Rn. 1 one a%d Iﬂﬁﬁ f?&'%]l?‘erntcgs éa%g? adflq}b idgl%f%g%ng' §1Se:cliI?Qreas\lfja%i%l\(l)%%urposes, including
15 those described for AAV7 and the other novel serotypes herein.
Figure 1 provides the non-human primate (NHP) AAV nucleic acid
sequences of the invention in an alignment with the previously published AAV serotypes,
AAV 1 [SEQ ID NO:6], AAV2 [SEQ ID NO:7], and AAV3 [SEQ ID NO:8]. These novel
NHP sequences include those provided in the following Table I, which are identified by

20  clone number:

Table 1
Clone Source
AAV Cap | Number
Sequence
Species Tissue SEQ ID NO
(DNA)
Rh.1 Clone 9 Rhesus Heart 5
(AAV9)
Rh.2 Clone 43.1 | Rhesus MLN 39
Rh.3 Clone 43.5 | Rhesus MLN 40
Rh.4 Clone 43.12 | Rhesus MLN 41
Rh.5 Clone 43.20 | Rhesus MLN 42
Rh.6 Clone 43.21 | Rhesus MLN 43
Rh.7 Clone 43.23 | Rhesus MLN 44

15



Rh.
43.

3Cl one 43.5RhesusM_N40 Rh. 4C one 43. 12RhesusM_N41 Rh. 5C one
20RhesusM_N42 Rh. 6Cl one 43. 21RhesusM_.N43 Rh. 7Cl one 43. 23RhesusM._N44 15

WO 03/ 0428003/0adsbe 1 (cont' d) PCT/US02/ 33629 Rh. 8C one 43CTARhH3363M N45

Rh.
44.
Rh.
42.
Rh.
42.

9Cl one 44. 1RhesusLi ver46 Rh. 10Cl one 44. 2RhesusLi ver59 Rh.| 1d one
5RhesusLi ver47 Rh. 12C one RhesusM_.N30 42. 1B Rh. 1342. 2RhesusM_N9

14C one RhesusM.N32 42. 3A Rh. 15Chbrd (Rmes)sM_.N36 42. 3B Rh. 16Cl one
4RhesusM_N33 Rh. 17Cl one RhesusM_N34 42.5A Rh. 18Cl one RhesusM_.N29 42. 5B
19CI one RhesusM_.N38 42. 6B Rh. 20Cl one 42. 8RhesusM_.N27 Rh. 21d one
10RhesusM_N35

Rh.8 Clone 43.25| Rhesus MLN 45
Rh.9 Clone 44.1 | Rhesus Liver 46
Rh.10 Clone 44.2 | Rhesus Liver 59
Rh.11 Clone 44.5 | Rhesus Liver 47
Rh.12 Clone Rhesus MLN 30
42.1B
Rh.13 42.2 Rhesus MLN 9
Rh.14 Clone Rhesus MLN 32
42.3A
Rh.15 Clone Rhesus MLN 36
42.3B
Rh.16 Clone 42.4 | Rhesus MLN 33
Rh.17 Clone Rhesus MLN 34
42.5A
Rh.18 Clone Rhesus MLN 29
42.5B
Rh.19 Clone Rhesus MLN 38
42.6B
Rh.20 Clone 42.8 | Rhesus MLN 27
Rh.21 |Clone 42.10| Rhesus MLN 35
Rh.22 |Clone 42.11| Rhesus MLN 37
Rh.23 |Clone 42.12| Rhesus MLN 58
Rh.24 |Clone 42.13| Rhesus MLN 31
Rh.25 |[Clone 42.15| Rhesus MLN 28
Rh.26 |Clone 223.2| Rhesus Liver 49
Rh.27 |Clone 223.4| Rhesus Liver 50
Rh.28 |Clone 223.5| Rhesus Liver 51
Rh.29 |Clone 223.6!| Rhesus Liver 52
Rh.30 | Clone 223.7| Rhesus Liver 53
Rh.31 Clone Rhesus Liver 48
223.10
Rh.32 Clone C1 | Rhesus | Spleen, Duo, 19
Kid & Liver
Rh.33 Clone C3 | Rhesus 20
Rh.34 Clone C5 | Rhesus 21
Rh.35 Clone F1 | 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
Cy.3 Clone 24.1 | Cyno Blood 16
Cy.4 Clone 27.3 | Cyno Blood 17
Cy.5 Clone 7.2 | Cyno Blood 18
Cy.6 Clone 16.3 | Cyno Blood 10
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Rh. 22Cl one 42. 11RhesusM_.N37 Rh. 23Cl one 42. 12RhesusM_N58 Rh. 24C one

42. 13RhesusM_.N31 Rh. 25Cl one 42. 15RhesusM_N28 Rh. 26Cl one 223. 2RhesusLi ver 49
Rh. 27C onw023842RhesusLi ver 50 Rh. 28Cl one 223. 5RhesusLi ver PCTRIs023%362Dne

223. 6RhesusLi ver 52 Rh. 30C one 223. 7RhesusLi ver 53 Rh. 31Cl one RhesuslLi ver 48
223.10 Rh. 320 one_Cl RhesusSpleen, Duo, 19 Kid & liver Rh.33C one C3Rhesus20
Rh. 34C one C5Rhesus21 Rh. 35C one F1Rhabkdskpaté&h)22 Rh. 360 one F3Rhesus23

Rh. 37Cl one F5Rhesu$®4 Cy|. Qicho2e3 1 BakymagBl odglhdd Cy. 2Cl ond 1CynoBl ood15 13. 3E
Cy. 30 one 24. 1CynoBb@odl6Cioye 9% omababa. |3Cy iBbood1lt Cy. SGl one
7.2CynoBl 00d18 Cy. @@l jong dibre3LYBORIGAFIO 168WEY 037 D423947PCT/ US02/ 33629
bb. 1Cl one 29. 3BaboepB 0aqdd,oh3 4T @8, 49- SERBYPNBI 00dI3 5. TTHone

A3. 3Chi npBl 00dS T Ol 20 08, 483 $5IT ERIGH 909548 004 55
Ch.4 Clone A3.7 | Chimp Blood 56

A novel NHP clone was made by splicing capsids fragments of two chimp
adenoviruses into an AAV2 rep construct. This new clone, A3.1, is also termed Ch.5 [SEQ
ID NO:20]. Additionally, the present invention includes two human AAV sequences, termed
5 H6[SEQ ID NO:25] and H2 [SEQ ID NO:26].

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

10 Sequence Listing [SEQ ID NO:1, 9 — 59, 117-120], and their complementary strands. Also
included in the nucleic acid sequences of the invention are natural variants and engineered
modifications of the sequences of Figl and the 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 occurring nucleotides with a degenerate nucleotide.

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

17



Ch. 3C one A3. 5Chi npBl 00od55 Ch. 4C one A3. 7Chi npBl c0od56 A novel NHP cl one was
made by splicing capsids fragnents of two chinp adenoviruses into an AAV2
rep constwoas/o42Bhi s new clone, A3.1, is also terned Ch.5 [PSE@S/B6MO. 20] .
Additionally, the present invention includes two human AAV sequences,
termed 5 H6 [SEQ ID NO 25] and H2 [SEQ I D NO 26]. The AAV nucleic acid
sequences gdnetating amalegniricorwit uomhe’rovelmcmtypascsf thérmvergionaomg ofiikil fn ths art

conpl ementary t trands. d.int uen jded in Fig. 1

and the. Seamrdly i B P H8 PERe § g el B SIS NG, "o

sequences, as well ESarhﬂi‘les ﬂ%t@ﬂuﬂfrecg@mﬁtssmmnn@&qﬁ@rcésa@p@dmg thg tﬁree t he
equence, Listin

sequences prov ded in F Q
59, 117- 1207 ablepioteing 36%@38?&%@&%%%%@@%@aPIICFM fiafife a/p.lﬁ ghlét

nucl ei cs acgsh t%%@&@@ﬁ@ﬁ\/@f SE@?D'N’UQE}\!pQQe 81 Rt 1@@%'3@49 é’ﬁ(Aﬁ?t@@ﬂﬁiN@?Q! .neer ed
nodi fications of the sequences o t he Sequence Listin

NO1, 9 - &8lvp 3z 10§34 a?r{H9t0ﬁé|ArV7egEr@|IBrPé<ﬁﬂhr£71Ssltqt@é?|¥?d§at/’8%|¥71 has an
iyl et oMRyd o i et SYRIRL Excch ARRIE, oV OLIRE N OND oL Mh L 27

met hyl ati on stitution one  or nore o occurring
nucl eot i desodeh hbs ot q’}ea;ymmehyaubm mpatedan DI viFused. HBre staniododokesctor vplt psand

i nventi on are nu seqguences re I ter th 85%
e o o el A A R R e et B Shn i B perille SOy ang
nmost  pief emakafisatoftiRAsdst @ethMt»vh&B the§ r&c,ﬁ?&é)tbgwahb@ 1, Op2 mrapmgwmmto@ t he

sequences of the invention including :?g 1 and the Sequence_Listing [ SEQ
ID NO 1, 910%58§%:80Vpraspegtivelypiy m%é%peﬂ@#t ﬁcaer%a%e@mhléfoif e sy diqyvevel so

| nol uded Wi} (ifioh MRk iR kEatiAGTERRRYM cldi NS b8 G SE0URRGCS

identified by t met hod descri bed herein fragments are at |east
15 nucl eoifhxd;emenlrveh@rﬂﬁmplpamdnemmm tbutt@tth@stadt ccﬁdoag)tﬁﬁmtvs3 of otber,

fragnents ikch are of .0 enbodi t hese

(1 agnent o SAY Friirede it e fidvey Yl Sk, in Qe Eimr g PR | ne
Sequenge Li:ﬁ‘bieﬂ@/ [cﬁ&@r ’[H@ viNnIstrubure ad@/or thlalteBBdtion ol @pitope L@ IER InenEML g Y
strands, cDNA and npl eprent ar§, t hereto. Exanpl es of suitable fragnents

are provi deHibady ?P“ioégsé@@Pth%MNée‘l @5t i O shrt codpsama helaieArEngn AAVI |

AAVZ, or A@o\{lz/entld‘ﬁﬁ\le&!&{mqu'éﬂn@ﬂdﬁlgee é' éng'"dﬁ&fi&d RuAY e ’hlﬁfseﬂhg ple(sé?Pt ai ned
using the Qustal Wprogramat default settings or simlar techniques for

Tabl e 1 (cuwentgh emmmsm/amgBMVmenss@zmﬁm@dg@néfmtqoﬁ@oazd odkivgAment
with other n veI @hallg}t%ppgna%r %Bﬁm{%ﬁmgo&an 8&?@%@[‘@' | in the art can

readily i d&hti fosptl precise n stop codons for desired
fragmepd s. Other suitable fragments of AAV, include a fragment containing the start

codon for the AAV capsid protein [e.g., nt 468 to 3090 of AAV7, SEQ ID NO:1, nt 725 to
3090 of AAV7, SEQ ID NO: 1, and corresponding regions of the other AAV serotypes].

Still other fragments of AAV7 and the other novel AAV serotypes identified using the
methods described herein include those encoding the rep proteins, including rep 78 [e.g.,

25  initiation codon 334 of Fig 1 for AAV7], rep 68 [initiation codon nt 334 of Fig. 1 for
AAVT], rep 52 [initiation codon 1006 of Fig. 1 for AAV7]}, and rep 40 [initiation codon
1006 of Fig. 1 for AAV7] Other fragments of interest may include the AAV 5' inverted
terminal repeats ITRs, [nt 1 to 107 of Fig. 1 for AAV7]; the AAV 3' ITRs [nt 4704 to 4721
of Fig. 1 for AAV7], P19 sequences, AAV P40 sequences, the rep binding site, and the

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

techniques with the sequences provided herein.
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Exanpl es of suitable fragnents include the sequences encoding the three
vari able proteins (vp) of the AAV capsid which are alternative splice

vari ant s:wopB/0§s9Iy., nt 5 825 to 3049 of AAV/7, SEQ | D NOPCIJuSOwpss2g e. g. ,
nt 1234 - 3049 of AAV/, SEQ ID NO 1]; and vp 3 [e.g., nt 1434 - 3049 of
AAV7, SEQ ID NO 1]. It is notable that AAV7 has an unusual GIG start
codon. Wth the exceptadditiopfto alcwinghhnmlelmm wgu@lewasoviém:ihtfa: ﬁgua:}St codon

has not pr usI n _reporte dons vpl ,
Up2 and Tvid SRR ET AR SEEl b et R G R v Rl S SR

t hey perm Whtchareﬁcfﬂsiguécaib e&@remﬁé‘lﬂﬂms atidkedubieehgadteinehid peptidddiof thethgy resi de
to produce vpl in aratio of, 1 %10% 80% respectively, in

vp
order to p%ﬁir?ﬁ’Pesé’ff%?edP%‘i‘?flo%sgé%F]V ”E)‘fe“'f‘%m%“ gsamcleigsRidirequences wdickav7 vi ri on

has beefn fguRde i@ BIRVAAPhS cEARVCNARS hold E‘ééﬁéhc‘éé atu)l fSJE(?Ilj ROBPIE FSE@{ED codon.
Thus, the inventors anticipate this it is desirab o alter th art

codon of tN@: 3o ESHR HENO: M\A%‘éd@@@é@é\@ 1661 43t 7ISHQ I Téoréaﬂ,é\HESE@ art

codon, in o = j kon
structure gﬁng@&;] Ab E&q ocak@gn of olgg)sg}(] i/23z¥f§]5%%1t[ﬁ(1 i Zi°h ngr_g
ant i body eEﬁHQ)BBN)O M] ZﬁBhH}[SEQ\leIé@dﬁi/aéS:z [SB@ I§tMDﬂ6pG@B}ﬁ$SEQYDM) altered

Thus. the hecenb SEATENC: AP ddSpHIbmo o s NEGny NoRERR TSR e =

sel ect gf SRS PL- 1$[SEQP§)?NCDE4]G42/B[§EQ@DW@VSSPQQHQF[8EQMDN’@Sé] a@@Aor Vp2
having start codons altered to her suitable %Srrents of

i ncl ude a SRy HR NO:-Edntat Eﬁ%ﬂ?h@ %&]a‘%i‘*é%@fé@m 3?]h‘é2 NA EQp3NP: B(P]ot ein
I[g %O’ A gﬁgB é@Eéng\I@‘bllﬁ‘gﬂ 43%%'@5@ 431 zﬂ%EZ)iI% \}Q@ 9330805 E%E(f‘ﬁéﬂ SEQ

orrespond gl ons e ot serot ype Still
ot her fragN@rﬁ‘é 4¥-2 NSFR BhOx %98, 46t 3elSEQODENO AR, 4322 ®ESHED NO9,iMiled usi ng

el uar ng e 2k 187 P2 Bl iR A ARG N6k TR P FER ASEF 100, e

[initiatione. 3@@@@ IlDtN(331@5}9f42]’FD {BEQIH) OIO: 186Yy42-3BIISPQIR NO:nioy], akilopSEQdon
1006 of Fi for %1% §) Ogﬁ[i nitiation codon 1006 of Fig. | for
AAVT] O heﬁ) NOidRgh S L Qﬂ%ﬁ‘fé} éQ b FrlSEQEP e HHeFRREGD Ny dd-0% er i nal

repeats | TRy hivtick ﬁ%&&]oﬂ@ 2 [9EQIDHA:; ﬁéralld alttI%IaMXVSSGI‘dt})};Bﬁ %édaate‘hﬂm to

4721 of Frg. 1 fo sequences, sequences, rep
bi ndi ng si teng thast Stetnleengﬁ ané/lomlmalle frageshigtieersift e (TRS) Still other suitable

fragments will be regxcs“ }%Pe[?l?r ﬁmc:latl %&\hgégcy%eg nc?u eb\lé”ﬂ%(ﬁ mﬁatlon AA-Uﬁ'e

correspondi ng regi ons At novel invention can be
readi | g0 detvith minoedabiyallyebearsnceptid pl‘_dtgnll‘ Buch, anQﬂrtlﬁbyal uapsld rmywlg: geaeruedby onal

alignnent techni wth the se ov' ed herein. WO 03/ 042397
AT ko) 3B HaRrite Heib b R S reaeRes HLEE VEMngi(Gesh JaeRtRer b avi ded

in the figysespsiaPpeotSBHRBRBinkdis WildhetérDR gisaSQithcds WM h&Nbd dbedinedes
nucl ei ¢ aci d nol ecul es and sequences
from another AAV serotype (known or novel), non-contiguous portions of the same AAV
serotype, from a non-AAYV viral source, or from a non-viral source. An artificial AAV
25  serotype may be, without limitation, a chimeric AAV capsid, a recombinant AAV capsid, or
a “humanized” AAV capsid.
B. AAV Amino Acid Sequences, Proteins and Peptides
The invention provides proteins and fragments thereof which are encoded by
the nucleic acid sequences of the novel AAV serotypes identified herein, including, e.g.,
30 AAV7 [nt 825 to 3049 of AAV7, SEQ ID NO: 1] the other novel serotypes provided herein.
Thus, the capsid proteins of the novel serotypes of the invention, including: H6 [SEQ ID
NO: 25], H2 [SEQ ID NO: 26], 42-2 [SEQ ID NO:9], 42-8 [SEQ ID NO:27], 42-15 [SEQ ID
NO:28], 42-5b [SEQ ID NO: 297, 42-1b [SEQ ID NO:30]; 42-13 [SEQ ID NO: 31], 42-3a
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whi ch are designed to express the am no acid sequences, proteins and
peptides of the AAV serotypes of the invention. Thus, the invention

i ncl udes woaBmIs9aci d sequences which 5 encode the fol |l owPog/Us0¥/3d62RAV
am no acid sequences: ClL [SEQID NO60], C2 [SEQID NGO 61], C [SEQ ID
NO 62], A3-3 [SEQ ID NO 66], A3-7 [SEQ ID NO 67], A3-4 [SEQ I1D NO 68],
A3-5 [ SEQ [SEQNMD» N69]321,3123b[ JESHD NO:38()42652][SEQZB. MO { BEG@2HD 880 IP3Y0:32323- 5

No 7] 5h4b I R AR DN Sz ProeNsPOT gk ks S8ERB N oy

?gEé I[[S)E(NDONSDGQQJ WSE[S]EQ IBNAS50], 35@2 @E@CID 881411,43-28 5%@'1‘@)%@ é%il Egzl- ][-)3
Mo 6] - AoISHe [ENE: 1), ko8 HEQ T0 R} 425 [N HEr 454801 BEED RORD. 02

S, (oot R R SR B Otk e bl BRI N 25 |

NO 102], 7NO: f[@E@smsmIDm@]suzzzzz:ﬁ EQQD BONG]. 4] [SE£51DL?80353[]SE634| b NO

Tos] | Fo [ B9 TERE 10 S 1oke PEIERsL AR SPbP NEs a S RIPE P 5 6
[ SEQ I D NO#2.12 EQ ED V00 158Y 2ndl 4.7 (HEQ IIDNNO:591,X34 be meadilyagentifated ugihg AAV

serotypes generated using.these se nc s and/ or ue fra rre ts t her eof .
2o Used heRENA R e BT TORICURD(OBE TAHET BECeAR A0S TS, AaY

20 wi t g a non- nat ur althy inQefidh it Glﬂzlaﬁipﬁiss@sl’&AV's@fotﬁ%??en@ﬁte@rursin%' cial capsid
may be generated b any suitable techniq usi ng a novel AAV sequence of
2

t he i nvent pegrerces gf the noet Adryesstotysres af thg mve&tsp@swbw wrasheryted psieHRBINGHES on
with heter lc&ggﬂgnt%ﬁgﬂ']% a‘ﬁncﬁjr%g EﬁbwaPtX tlg)%e 81b§k"f‘1'l ﬂetge alt r?ﬁ@ lﬁ%’i 5'1? [s A@@V

serotype (known or nove conti guous portions of

serotype, fimded @ moe-ARV amnraadmdssaqmemecs paptiflesomd praieins mpreslsed§mm the no¥el
artificial ser.otype na hout limtation hi meri ¢ AAV

capsi d. - a AASAHSTHA TS G B ol Sud eneafipsBeratie Sd Falies " aay

AN no A¢i dpSpRidueiegsoteins BdrRidis WtthePaRthod eBnoliein ittt idcRiding! €Y1 Bes prot ei ns
and fragrrents t hereof which are encoded by the nucleic acid sequences of

t he novel I%f’éﬁmt@eﬁ@sbbi heisyrthetis t?f@ﬂ@f“?ﬁ of Bcotherimeghods. for exappleAle [nt 825
to 3049 of e&@éﬁ C IDtNtg6OL f8Ts mm@f%y@mw dagarein.
Thus, the capsi gs eo?ﬂ?%%é lﬁe no@e Eep;tgt es ) |nvent?§n

i ncl udi ng: [$H82 IISEIQ 6@ ARG [SEQID N:67ISBO4 ﬂSEIQOD 56168482 [FEED NO: I@Qi,g] :
(S0 1D Na' b SRk SRR NS D s S IsR0 b I 267 BEHREGS) 33620
[ SEQ | By NONCB], 22822 EEE{@EIJ\IUDI 2337] [SEGQADBSO[ BEQRA3E NBQ BANO: 285 4@1[ SEQ I D
% gg} , 4;1[ZS]E3(§) g&%%ﬁ@ 44-5 SES]ID NO: 89)] 4!1 %I%gEQ ID'}QD 8‘13 42~ IS%SIESQ IIB NO: 845
42-8 [SEQ ID NO: 85], 42-13 [SEQ ID NO:86], 42-3A [SEQ ID NO:87], 42-4 [SEQ ID
NO:88], 42-5A [SEQ ID NO:89], 42-1B [SEQ ID NO:90], 42-5B [SEQ ID NO:91], 43-1
[SEQ ID NO: 92], 43-12 [SEQ ID NO: 93], 43-5 [SEQ ID NO:94], 43-21 [SEQ ID NO:96],
25  43-25[SEQ ID NO: 97], 43-20 [SEQ ID NO:99], 24.1 [SEQ ID NO: 101], 42.2 [SEQ ID
NO:102], 7.2 [SEQ ID NO: 103], 27.3 [SEQ ID NO: 104], 16.3 [SEQ ID NO: 105], 42.10
[SEQ ID NO: 106], 42-3B [SEQ ID NO: 107], 42-11 [SEQ ID NO: 108], F1 [SEQ ID NO:
109], F5 [SEQ ID NO: 110], F3 [SEQ ID NO:111], 42-6B [SEQ ID NO: 112], and/or 42-12
[SEQ ID NO: 113] by be readily generated using a variety of techniques.
30 Suitable production techniques are well known to those of skill in the art.
See, e.g., Sambrook et al, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Press (Cold Spring Harbor, NY). Alternatively, peptides can also be synthesized by the well
known solid phase peptide synthesis methods (Merrifield, J. 4m. Chem. Soc., 85:2149
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NO 39], 43-5 [SEQ ID NO 40], 43-12 [SEQ I D 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], 44.1

[ SEQ | D NOO43)423%7 44.5 [ SEQ | D NO 47], 223.10 [SEQ I D NO #8jr/usa233629 [ SEQ | D
NO 49], 223.4 [SEQID NOS50], 223.5 [SEQ ID NO 51], 223.6 [SEQ I D NO

52], 223.7 [SEQID NO 53], A3.4 [SEQID NO 54], A3.5 [SEQ ID NQO 55],

A3. 7 [ SEQ (196ROStes@ft andY ogng, SpIB! PispBeBidp Synthesisi(Frie®E@ Jap FNOcise8]1969nd 44. 2
[ SEQ I D NO leon C [ e . [ ] ' chni gques
From the o iZkat e rrd SR8 s ar BB RE iRl E DR BT ARREN T
i nventi on éfiskilhiartheat anjrassas [iviidtise oty peseny évertioned usi ng  sequences of

t he novel AAV serotypes. qf the. invention i.ch ener at.ed usin
synthetic, reconbin ﬁ?lc'g?rlyo‘?%}é?bq‘f @8F?msd‘éfé‘\égglfﬁ%ﬁ§r\fcﬁgf‘aBEDée“E‘FP ngg:hla ©in the
art. The ieeddd BNthe Sudldtide bdgiiticeslide@ifltd\uBdveAAYe adjubited 6f MaSeSURNEGDsid
pepti des and proteins expressed fromthe novel  AAV nucleic acid sequences
of the i nvBiRESRSPTAMANEHERHRE PEQIded i pbaligamgnisia Fige d@BYor H8he;35ueREEs and

proteins g t d N i N e , by
Chem o oyt Tae e E O B B L & e b T Y, o

exanmpl e, t ¢rpsiddeepreprsedoighrea piptaits, @1, PSE@ \D3NGhisDpre afternp®SRQPlied vadeBs] , C5

55815 G2 SER AR e B0 RO T R ©, )

223-5 [GEQhkBANT Zabkid [SEQ-IDINQ SEd BqRBcdNQf Fp) spad2Brd 4cHED S -D3NOF AB]N7 223- 7
550 1000, Ll S Tk R VG f Bl Sl S0 ©
42- 13 [ SEQvtt RiING.t86drt chleaily [dSEfhihONREHdn of4Re EI[%E%B otdikd B81he oftdr SA

[SEQ ID NO.89], 42-1B [ SEQ [D NG 90], 42-5B [SE 1], 43-1 [SEQ ID
NO 92], 4Bovepsqadppysiopthednvegtipn. 43-5 [SEQ I D NO 94], 43-21 [SEQ I D NO 96],

25 43-25 [SEQ | D NO - I 01], 42,2
[SEQ I D [NO ?02], 7. 9% fe]égeéﬂ]%%%%@é@%@%&@@%@%@%ﬂ@ fd%l{}@fggs ][SEQ ID

NO 105, dshstht andSEQYIEreNOns,10Bjed bdve8BhYBEQ@rikiEe N@ions (HPV) 4@-thd [ SEQ | D

12 J08L BRS04 B

gener at ed sguage diveadehed i AV Bhidldpda . hyp&vasinbleabdiensHORIGIf mdithtechni ques
are well known to those of skill in the art.  See, .e.g., .Sanbrook et al,
bl ecul ar CYEAP AR AL ABE Gis P viash dFcrbs toriaBR régiorisa SRiprnisf @ed itshl o
Spring Har b91300N9 (19099} RuMMALE ¥&NYA VRePI26:99-18 1Al ehibalgeMRiMealfal by the
wel | known solid phase peptide synthesis nethods (Merrifield, J. Am Chem
Soc., 5: 2alpgpnpot pghniiee dPpgIrdpEEIEE BR e the noud AAV Siretipestaragricrviiedg,
Sol i d Phasephepl e LB83 & i TBHIPDE thSRA VY BIGEE6TD -@8?(1-1 /R 2l 62) -
These and otﬁer 1s I'ta 1?59% otguctll{ on net Hogs ar‘g’ anstﬁi n ]\t;(ﬁ'e & nlg e%gee of
t hose located as follows: HVRI, aa 146-152; HVRZ2, aa 182-186; HVR3, aa 262-264; HVRA4, aa
381-383; HVRS, aa 450-474; HVRG6, aa 490-495; HVR7, aa500-504; HVRS, aa 514-522;
HVRO, aa 534-555; HVR10, aa 581-594; HVR11, aa 658-667; and HVR12, aa 705-719.
25  Utilizing an alignment prepared in accordance with conventional methods and the novel
sequences provided herein [See, e.g., Figure 2], one can readily determine the location of the
HVR in the novel AAV serotypes of the invention. For example, utilizing Figure 2, one can
readily determine that for AAV7 [SEQ ID NO:2]. HVRI1 is located at aa 146 — 152; HVR2 is
located at 182-187; HVR3 is located at aa 263-266, HVR4 is located at aa 383-385, HVRS is
30 located at aa 451-475; HVRG is located at aa 491-496 of AAV7; HVR7 is located at aa 501-
505; HVRS is located at aa 513-521; HVR9 is located at 533-554; HVR10 is located at aa

583-596; HVRI11 is located at aa 660-669; HVR12 is located at aa 707-721. Using the
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of skill in the art and are not a limtation of the present invention.
Particularly desirable proteins include the AAV capsid proteins, which are
5 encodedwbys3wims9nucl eoti de sequences identified above. TReT4Squaisees of
many of the capsid proteins of the invention are provided in an alignnent
in Fig. 2 and/or in the Sequence Listing, SEQID NGO 2 and 60 to 115,

whi ch i s i néumpideraprevidpyhereihche HYRsHertbé ﬂtheﬂ'ﬁwewt}'p@ap’éﬁdmvsntmrcpmbed of

t hree prot p2 and vp3, which are alternative splice variants.
The full -I%%l‘ﬁg]@degeg%tijngﬁce provided in these figures is that of vpl. Based on
t he nunbering of 10 ﬂinedd@ﬂ&)ﬁ?mtamsth@lcﬂpSEleﬁbNﬁ):iBe]ssetlteklef ﬂaqhyahmesbe@f vp2
span am no, aci he sequences @I span am no

1
aci ds 203 deggd’fd ﬁ%ﬁWSSGW@WA%W’g‘C?]ﬁT Birestiad ey aigdise ’nscRPSf“I“C‘i“?g the art
can readi |éft1£i@iblesléfﬂtﬂﬁs tefgfe Yyasgihdiga BRI f@@ssuﬂ@@o@mélev@e’ﬁ s&Bt‘?b@Wﬁl§ ath Hm%lhe

(0}

ot her novel seroty the invention. Qher desirable proteins and
fragments @psefiael %@&qr derplyBt- eFHtaimed these caspeites 9hidenifyg @I&nmteénlaﬁ@a? i S8k e

regions, | A3 o RERNERTINAK HRLKER ShicRabONtd (1 AR0LLBE mSeduences of

t he HPV region ves gorit evel ope t et erm ne areas of
sequence dseqefmg@w sterting apAX@ tlirfa’@rswmtcbawsil@n h?peelnnpaabpedaﬂhexulegs owed tq ko)  of
which 5 oyerl AR.9r i_ous ed va riable

regi ons. S&fﬁng |ﬁlllservedaﬂo g)flfins\f eIe C?ar7§eli§pre gre(Lf@g ‘ﬁ{]‘fﬁ?écﬁ@%} 2B al, J

Virol .10 72w8109h8ib91] sitdde, Hgllyt dohseraddgesidueh rh”andiéaes thdra “Bteon@f’ isRpRNully echni ques
descri bed herein “T’B HVR of the poyel AAV i‘)&r otype are determ ned. For
exanpl e, WFPFPTYES e dRdieRes i andtrske sroupietulneenstised [ Bies woeldiero] . the HVR

are | ocat 1tﬁ'§lyfs@$rllr%"§ou MR ocdd iniftO Ghriet Ph’ﬁ'{% m@tﬁxlq‘ge éltﬁﬁ l"&ﬂﬁg’areas
262-264: HVRA. as HVRS. as 450-474: HVRG.  as 490- 165

aa500- 504; daRBas BYIBEACEL20.5 ap/ikg weals g@sns aysgsaﬁWrai@/eala@osfeﬁl%M HVRll
as 658-667; and Wm%ddﬁ&a?l& le@'\ﬁIes g?ot "S%Jh%ﬂl@n%@kngldfg\weéas%r ?rf?:ﬁ{ d in

accordance with conventiona sequences provi
her ei n1 Seweith eespect tofheunebe2ing odiA«AWa[SEQdEdNOWOQjea& e4 m4ﬂeaat25& 1Heasl er85;of t he

Foure o el e¥ats el SRS Rl Tk Ete Aok o aBL TR ke Bkt i
| ocat ed at 17AS17848a 4131507; ad WARR478S an 4RICTASCER 584- SLﬁZaalﬁzﬂr6d1lVE§3660567|105>ﬁ1®d at as
263-266, HVR4 is | ocat ed at as 383- 385, HVR5 is 30 | ocated at as 451- 475;

HVR6 i s | ofat aillgthes desinhle fogmeits malpde, fpRarmpls, gAY édrmino agdssiotp 18@6:  HVRS

is |ocat edSF?Q Iﬁ?@@é%ﬁ%&am@/@ th959: %ﬁﬁﬁ@é&(ﬁt27§%§4&5§mlda'\é%96b§to|6(39at ed at
as 583-596; HVRI 1'is located at as 660-6 is located at "as

707- 7220,  Ushing a¢ifie6701to 06 03110 &3¢ 77 2P GT. I/MSO@/ 1336(299& ad 2o(tatZ78mapé bividdéd
rer el I R TGl P 2T SRR e NEIMANRE
identity hawmebehegnf AAV7 [SEQ ID NO:2], are selected from among the group consisting of aa
185 to 198; aa 260 to 273; aad447 to 477;aa495 to 602; aa660 to 669; and aa707 to 723.
Using the alignment provided herein performed using the Clustal X program 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
AAYV capsids of the invention.
Other desirable proteins are the AAV rep proteins [aa 1 to 623 of SEQ ID
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
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identified. These cassettes are of particular interest, as they are useful
in constructing 5 artificial serotypes, e.g., by replacing a H/RL cassette
of a sel ewDad/0$BPDtype With an HVRL cassette of another ®ematsypade2Lert ain
of these cassettes of identity are noted in Fig. 2. See, Fi.g. 2, providing
the Clustal X alignnment, which has a ruler is displayed below the
sequences, regddy piliggd abuch fagmentsanalyibe produesi rdepmnbpapsily poby, otitreuitibiemedmsy e t he
ruler is used TR trongly conserved positions. Three characters (*,

, .) are uggd.cwmwisﬁnp%g’es positions 10 which have a single, fully
conserved residue. " Thesayieixas,@sottihgndfraghentsg theihoendion saf b bioducanser ved
" " Indicates thﬁt a "vvear‘sr" grg@p S .f(?” I.g cgns,erved These are all the
posi ti vel y "ScBYERG M5AEw B Udingosoiiant podyrtionshrmicalsynbess Apethensyntheie
strong groupsnsaRch GRULARE ndshdls SleAMGh He Rhew ROz rAEe bRgiBake gf s are
defined as weak score <0.5. Additionally, exanples of other suitable
fragments 8% NRAYIIRERLENRS theppgaEnventignyi t h respect to the numbering of AAV2
[SEQ ID NG 70], as 24 - 42, as 25 - 28; as 81 - 85; aal33-165; as 134 -
165; as 137-143; as 154-156; as 194-208; as 261-274; as 262-274; as
171-173; a$V413PaddnctionsofifoA Y 7d8th meyeh9AVGpsidas 534-571; as 581-601; as
660-671;, as 709:,723. Still other de ir.%ble fra\tlgm?nts ipclude, for exanple,
in AAV7, amino ABF BYeRtansnGmpasies neeh Wild-ips 2A Vaisriyes depifiendty they 250:

anmi no agi dsvefitbnl Medddhien@onNWhidk WHS-tHRIAAY s62%ipe2ite &t BEDRA M8/0B 01l 706;
amno acids 724 to 736; .as 185 to 198, as 260 to 273; aad447 to 477, aa495
to 602; aabBstipbVigsYescanysERTRIEsQcntabis naigrq. | I apathesaspess theangsentriegntions
based on t : i : poi=e) r .ed. m.anong t he
o oup cons| ot e o elomich AL (kiel Ry N flons S s U A5 g OMET05 " o
602; aa660fregmangthergnt] fargpr@iction afzdleculds iusafultih deladerygefradieterqogous deret drer ei n
per f or med i he ust al pr.ogram at default 25 settings, or using

ot her com‘rgfr?l(%ﬁgcfeilc %Cr% Speﬂ%?nlc?:ﬁ 9aet1 rg?tcn%l e alignment prograns at default
settings, one offhskioldculesofith€inaéitios amidhedealnyseqlehedsoif 8ot S REHGHEF
fragments of .the.no,veeu AAV carsi ds of  the invention. Oher desirable
protei ns alg RYfaioWdchidsany gspelicrlenent(vecton wiveh a3y spoliyged @ hosiresi. AAvV7]
and functi gpahalfed INENM SadnhierBafe, trl ! i Qi -@5a1172 to
30 372, as T78 t0 G4k e % 6%@%%@3%“’%6%8%%%54%%‘3 in fon- Fal

Sui tably, delerorvehistaes a linidebased qasdes), vBun sichwhial iraesférhd ssagmmbes caed Fi g.
3. Conpar ah)| eg i [y i . I nS. t he ot her novel
AV o the ity v RrpEFBEUENERAR S B I BRRuhabEe  hose

whi ch af e kaowetiom efderooration) hipcacide délivary, emgrmafisionftechhigets, high ivelecity engt hs

T De 22 M R PO RS 2020, Sl g8 D g =
synt hesi s. anfhent®a ke eLhis iveatien &6 knandtof tha@ FaMtskilah ntidlsic B @RhipaRtsRY be
produced ~b.>:1/nd include genetic engineering, recombinant engineering, and synthetic techniques. See,
e.g., Sambrook et al, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press,
25  Cold Spring Harbor, NY.
In one embodiment, the vectors of the invention contain sequences encoding a novel
AAV capsid of the invention (e.g., AAV7 capsid, AAV 44-2 (rh.10), an AAV10 capsid, an
AAV11 capsid, an AAV12 capsid), or a fragment of one or more of these AAV capsids.
Alternatively, the vectors may contain the capsid protein, or a fragment thereof, itself.
30 Optionally, vectors of the invention may contain sequences encoding AAV rep
proteins. Such rep sequences may be from the same AAV serotype which is providing the

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

sequences are from an AAV serotype which differs from that which is providing the cap
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any suitable nmeans, including reconbinant production, chem cal synthesis,
or other synthetic 5 neans. Such production nmethods are wthin the

know edgewofosnsse of skill in the art and are not a |i mPCattSon3wR9 t he
present invention. |IV. Production of rAAV with novel AAV capsids The

i nventi on enconpasses novel, wld-type AAV serotypes identified by the 10
i nventi on, saghencsedoene esbestimei tbhrmfindctz}ymuwws gerxurypekiraneefarae of DNA
and/ or cel | ul ar I tht e _Viruses a ass ci at.e aﬁﬂ ure.
anot her as‘LpOglc S(Ptgﬁg gé%‘%evﬁ Prvén %lgtocr?ﬁ arbéj%\‘f?d @ | & e@ﬁn}tﬁs? ‘o’lpze the
novel AAV sgqeeBcas e)qfrestsEtEfrblﬁ\ll&rﬁame Bourtenasl thmlzcapgseqdehagmnﬂﬁs dnitediedt, tfeor
production of nolecul e del i ver ene_or other

seful .in h 0 ous
oot 6 aord SOl b e iyt Deap Fedutas s AR OS BEOTRE fRGenL i on
whi ch cont aifeSEAUSNRBr 0DpRoraRy,ehe VOOMrS&ETRS Mpéhtioh fuﬁH&?cdn‘@éﬁ@E‘Huﬁ?eriend ude
any genetic element (vector) which g‘lép,lbe delivered to a host ce e.g.,

naked DNA, CoanFﬁlsﬁgrﬁSﬁleCtﬁﬁ%@ge‘terVﬂH%Ib'é keddyM ¥ 5 BB adfeAVa BRotein in a
non-viral — delivgry iy 6 &hiddlfend the !oas%egcrt%%&ﬁekeﬁacroﬁ; ﬁrr)uclgylarcﬂls etc.

whi ch transfer the’sequences carrie hereon. The sel ected vector may be
del i vered wu@m:ys @modlag)hxemrmt ABY, capsid Mnd:ihnmyyztn@ ftmramsﬁ@cﬂ%d\hsex otype (e.g.,
el ect ropor gt 0SQuE

vel ocity gap Otger el @ﬂl Vi rté 1at1v ;Tg{ s ‘ﬁec Ohsdcof}Fab]t eﬁ?‘%g‘fs 6 %Cr%a The
met hodso usadfitial @pﬁ&i Whhch corafﬂy oﬁd’ﬁhﬂdcbl ﬁﬁﬁgméﬁts bihths AlArWe drtheahévekAaw) t o
those with ski éj ucI %g ITB.I’II ti OH and grl ude g@net' C

engi neer i nffps"rd BES5HHR eé’?ff’ Og?ﬁfl o H%“ deady tphcé?‘l]%of eHATLECodee e, g.
Sambr ook efhak art%iaﬁwpklarpr@lﬁ@aregeleo@ectﬁm hat-8ntighRyRktion et fle ARV NG, Har bor
Press, 25 Cold Spri 3 Har bor, NY. In one enbodinent, the vectors of the

i nvent i on @wHicanpves rfepsid @rrf&w%pgldaomtb@mﬂwozyapfs|Hﬁ>rsxamm@ it raapelret i on
(e.g., AAVJesﬁ?rﬂ? iodmof‘fo‘\é él éod?TnEgﬁlleEio f’on@'al I%Ax\é o]theC@R@'\g’l i%\}n%ﬁ‘gm 1a\slecap3' d,

an AAV12 caps rag one or nore of the
Al ternati velthe hymaevamelmlb orgsonsgiye.,dtii 1al 2), otep2capisirdppr tapbther mamalef it agyrent

t her eof , tLonal l of, .t he ti on .cont ai n
sequences é%%eéﬁ?mﬁpfi% ﬁhgﬁtartﬁg%ot“eq%ﬁ% Vpgt?b%elpéchg‘gqﬁ@ﬁ%eégo %jlmB‘éS P t he
same AAV sarlﬁérmethssfm siela) Mdiod kdighpréie@ puEisipat®e GUBBcEscteddxpRisat | vely, the
pr esent |nvent| on provides vectors in which the rep seq uences are from an

AAV ser ot yPEEH; YHORNOHEF desirphRHIPERE (- Gniochangs it i aﬁef Reygal iz pEbey
03/ 042397 g%g:a;{) 02/ 33629 sequences. In one enbodinent, the rep and cap
sequences are expressed from separate sources (e.g., separate vectors, or
a host2kel | andThe vestorodoscritied haigon har a plebo i mmlsefultfnes@arre@pof pyepeesnbes ar e

expressed fr (Bg;ltltc@lgl 1y FOF Blﬁ%? 't& Qﬁi n;; P&lcﬁglp ?Fae&%\r/‘ C&Raintnd ol %?d gorqggg#nge f ent

the rep sequences "nmay used rane to cap sequen €s
AAV ser ot ypAMV seqhiaices @ a fragment ther eof These vectors, including rAAYV, their elements,

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

in an AAV capsid may be provided to the host cell in trans. Alternatively, any one or more
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5 chinmeric AAV vector. Optionally, the vectors of the invention further
contain a mnigene conprising a selected transgene which is flanked by AAV
5 | TR amaOA42397 | TR. Thus, in one enbodi ment, the vectoPsTASs283i6ked
herein contain nucleic acid sequences encoding an intact AAV capsid which
may be froma singl e AAV serotype (e.g., AAV7 or another novel AAV).
Alternati vetiyl er@wegf‘é COEPPRFNE (B8niTHAIECSelsn SPRUEECEB N dEqugnCLS, aad/or hiélpéral

capsi ds whi fhoteROLRIY bV @Dis@abflé' lﬁ%{'&'ﬂtﬁhla{ ﬁ%@erfﬁgﬁér@ 10t hne({r}epo?vel

AAV) capsid fused t'o heterol dgous AAV or rote
fragnents tReeebie. requnhésenlamentfs men&lnetha@slmmrtoﬂemsf sitrlelnsled ®ctMddstf r om

t t h d f
capsi ds of o ieep SigH P88 Bhost 8 O Shoa e AR Aon i tider BERS BF o Ty

t he codisng anegdusitde prbmme Howeser eheaxfeqtum céﬁq\z!ofvermt@) m@zlﬂaund&:ﬂh@&ﬂatn@[ ofpre 15
of the hyper V%l’l able re or vp and/or vp3. In

anot her exafpraity tpr%?} ﬁgLeF P%%‘I‘tlé!’l? 8“1‘51? %’@ra“fl ﬁ@lsgﬁuﬁﬁ PreBaEHs B¢ t he vp3

protein to fdedhess 1ﬂﬂféldﬁ§cﬁﬁﬂ1%$e0ﬂ%rfglemteﬂs bHGD RS sE WM 855 L 0peny! ©!
and/or to |rrproveQF?ur|f|cat|on in the sel ected expression systens; or for

anot her deslt$l 2peihpdlernaiveya seleciedsiabifost f?@dipil@mooﬁamaﬁetegﬁd n@umcmaht(sz)l ng
anti body %H&ﬂl?@&)ntrotzgf T&ﬁstﬁﬁ%%@n(?t@ﬁa%ﬁ'oﬁ%gséqgclie%'cBmngﬁe%t(ﬂ undg fgmd, are

useful for a variety of purposes articular Ui f8d for use
i n proddct icontrgfof anwmnbrcmduaibmmgnetersaﬁsn dcampmpa stsblagostéAMnswaences or a
fragment t vect ors, .,n r AAV, ir_elenmen
const ruct i g%ﬁé?%n%wl}js ged CziflJr %’eéigglgrzi%(ifgiS%WhH tcg?tflmljr:elrk@ B f”l“ﬁ“%ﬁé‘“‘i%ﬁ@ct he
i nvention pcbmvoldés cansﬂﬁitlhé)ﬂl offotedlg BEY \ﬁlﬁlblﬂ@)n@auﬂsﬁﬁ@féﬁlaﬁﬁﬂﬁc %%&Qns %lﬁiel the

nove

associ ated vi ﬁAV%) havi ng an AAV sero (or anot

capsid, or Céi““%@ff ey FWé‘?‘%@F‘S St pthgr %%&t PaH B1aY &8 sensratet reeal lot cel |
whi ch cont a4 ps a@. nucI eic acid sequence encodi ng an adeno-associ ated virus
(AAV) serotype 7 (or another novel AAV) capsid protein, or fragnent

t her eofl3 as” def Thedninigens, rep saqvensrst dapredueness, apdelperfunitiving emeirecorposed of

at a mni mﬂ)% u@lA%,/ tl#em&%r\p Sfjthg ﬁlrvgﬁtn)%lme[yev%%%{feréd t-(l)- t e% paf;lEd 1%' l}ts')rstgcgﬂ gle{?]ﬁtﬁa}%{]ﬂ 63

sufficient "he unctions to ing o
AAV7 (or amxﬁalnegenemcoa)ehemm;r)chcraps‘mcthpsaqnmoes cafhel tﬁﬁﬂ@ﬁﬂﬁakﬁedte@lcgéhétftd to be

cultured in.the hos ack an AAV i g in_an AAV capsid may
be provi ded FE A PR Eﬁo‘i@"ggﬁs BYF ﬁ%ﬁ%meﬁf}f’ éF?&‘{]FQ/g’P? deéﬂﬂbeéﬁére@rT%re 24 \\D
03/ 042397 m(ayddésﬁga/d&@ 6&Rtradt ahy@nbRGHEA QEhEORPARCA LS khEwH to thHae%QP ) ep
sequences, amences and/ or hel per functions) nmay be provi b

st abl e 2Pos t“”f:l%‘F eigiieaipuipiien prbincladryganeiis egineering rﬂcamhm@rrteneneerme,r@dof t he
required coUMRIRNRniTtd SelRl DS kR At Moﬁé@f?ﬁecmnni!(w ]Lab'opatcgl}h R/Ia%{:lgl Mbst

Cold Spring Harbor Press, Cold Spring Harbor, NY. Similarly, methods of generating
rAAV virions are well known and the selection of a suitable method is not a limitation on the
present invention. See, e.g., K. Fisher et al, J. Virol., 70:520-532 (1993) and US Patent

25 5,478,745.

A. The Minigene
The 1ni11igene is composed 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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suitably, such a stable host cell will contain the required conponent(s)
under the control of 5 an inducible pronoter. However, the required
conmponentwe)3mmsdbe under the control of a constitutive pcomsbrsiczExanpl es
of suitable inducible and constitutive pronoters are provided herein, in

t he di scussion of requlatory elements suitable for use with the transgene
In still an®PROReHET I Rapney which peraits fppsgens e iptgatrapalptionaand/aont aj n

sel ect ed coPRRGHM {nS hostddier the control of a constitutive pronoter and

ot her sel ected conponent (s) under the 10 control of one or nore inducible
pronoters. For exanple, a stabl Eharesiposiivn ofthy trivsgenyeng@reateediliwlepat tipsn

derived fraom 223, G&hdnSnd %ﬁlﬁ%e%% wllﬁ]Bg{)utWﬁ %{ram]:g ?gr%elntg}?e[s &%ggrﬁn%n d/or cap

control of a constitutlve
prot ei n$ urrdeeenthimcludesd 1repcbxtemfsequanh¢cwbﬂcbupanmnpteemn piSthidel a attb@sbletighlie host

N ted, by 15 Th
cequences, Ssh FOSHALRHuEedRToRe MREb i, 180 £ ser-eemouine Brifeiong | he

rAAV of t hep-galaesiidasn(Laey), bikaldR! phe§ihedsd, thyhi@ndRALR M rBG MRSEscnplotdin t he
form of a% gér? fic Ierrent whi ch transfer the sequences carried thereon.

The sel ect forgmmp ‘QP‘éﬂli?ﬁ?tyWQQSfﬁésedgﬁT\)éF“éﬁ?%? ragigbraif hoahd protesshod,
| udi
i ncludi ng tikQs@ngdescaiRel, OBLECD4, dﬂ?@ théﬁﬁﬁﬁ%gég&@maeggWEﬂw%ﬁ@ héﬁ?é)ﬂ?e%'

embodi ment of this invention are known to thos nucl ei ¢
aci d meldi puf}/%ltlff@rvvnaﬁdlelaﬁte:tqml@%blgbtaffmltﬁngm@éws ilineptedrtboremiskisamtcarhgi neer i ng,
and synth h et.al, Ml ecular oni.ng: A
Labor at ory nuacfgy Qdéggnﬁ%gal%eeam %g@lg sm% reglgs C?‘B@)‘?l ‘@&‘Pﬂ&b%@rb&ngpwm
Simlarly, apprtolpoutslyd‘ﬁsegemmr attigagtag rdéaAMn\ﬂorm ,amdn@otherdEeinakFIowdin ansythe

sel ection of a suitable nethod Jrs not a Ilmtatl on on the present
invention. See, e.g., K Fisher e Gdingpequpness; Whe“?‘aésoﬁ?@d%@ eggesyy and US

Patent 25 ZlefcBisitiich &@eAheid rdvbibh, 3ea8deldighall delc8@bR bS/ %01% &%ﬁqe&f at a

m ni mum_a transgene and its regulatory sequences,

i nverted t dRiHHRS erzppats. sadiqgrarbc, colerimetiiefiuprespingg g:eqtbemmo@hgnaghlpassmged
into a cap

{ransgeno. TharReal Rdla@iheSouMeR Sy Bd I BARGHES AR 1Bl is B et
vect or sequmnweQSOfbeahmsa)g(W), r@mmmneoasvdm(ﬁh&)emdmdaamauspmihyuﬂ&ﬂyj der

R
conponent s thermgmahhrdmebteu\hy afsaypelbnbdts gdl iAo il ip Wasre Bild tisgehé AL | ON,
and/ or 20 fluorescent protein or luciferase, 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 biology and medicine, such as proteins, peptides,
RNA, enzymes, or catalytic RNAs. Desirable RNA molecules include tRNA, dsRNA,
25 ribosomal RNA, catalytic RNAs, and antisense RNAs. One example of a useful RNA
sequence is a sequence which extinguishes expression of a targeted nucleic acid sequence in
the treated animal.
The transgene may be used to correct or ameliorate gene
deficiencies, which may include deficiencies in which normal genes are expressed at less
30 than normal levels or deficiencies in which the functional gene product is not expressed. A
preferred type of transgene sequence encodes a therapeutic protein or polypeptide which is

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

correct or ameliorate a gene defect caused by a multi-subunit protein. In certain situations, a
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expression in a host cell. The conposition of the transgene sequence w ||
depend upon the use to which the resulting vector will be put. For

exanpl e, wo®3y3387 of transgene 5 sequence includes a repoPCEUSSERSENCE,

whi ch upon expression produces a detectable signal. Such reporter
sequences include, without |imtation, DNA sequences encoding (3-1actanase,
( 3- gal act oiiHfers® trapsgeps may pg used feensrérereh subyait of mpieian, ve kinnedsaliffgeren

fl uorescent : i . o j rase (.CAT),

ot 1 or aco, Py L oS his 1 ARG e lze BEAE ENA ARG Tt Lo, e,
t he i nf | uerseburtigsbagey, agi, féranpmowedglobudingthe plaetes-ddidvedetdwik v, orn t he art,
to which hi fifini ntibodi es djrected theret.o exi.st or can be

pr oduced by&g[(r) e rf)%gﬁlaﬁnr?{eéeﬁgqr%gncﬁhf%glf)g‘hoeﬁl?edpgélﬁgg%trﬁf?ﬁegli?l@eq]alsnenbrane
bound prsot enfiectedipith i eetnetiyant visctohindiy cath bOROdIFRENHRHBAIR. TAIRMatiRIPNY

ot hers, her(ria@% utinin 015 Myc. Thege codi ng sequences, when associ at ed with
regul at or y SEFEHSHRWIRAT 2 Arofrin (aY bhaicpded\y s smsitangens i dhis raspa sngle

det ect abl e thjisgzaeenibORabNeaRSding Sadhde tdlBithi@ NEVIRE DA fofflg%c‘ﬁ%m €,
colorinmetric, fluorescence or other spectrographic assays, uor escent

act i vat i ng SERAtedy 41 intprned shgrymg ety piFpHYEDgiThisl is desiralyle whemibk sidé nfithenzy e

| i nked i Mg : i.oi SS A _an

i mrunohi st oc h§ %Hésotgﬁ%ea o?ﬂxeeégh%'lﬁé% SWE}Zg@"ﬁ@%ﬁ%@e&%‘%@&éﬁ@@ﬁ% 1ihﬁe LacZ
gene, tlRe prieménes Bf IRBRisvesttlon foakilybases. At healsingmiat to & [HESSGE BN ADpapssays

for beta-galactosigdase activity. Wiere the tr.ans e is green 20 .

f1 uor escen?) eﬁ?poaf%? n yosi'eqlllet?(‘f‘fsfeélfaol\(gl&a?%Eeng&‘éﬂl?‘a&sf?g‘g??@s nRPosiiRaktions) pe
gea_sur EF‘ vieSﬁaJ Bye, by, M.l Donretly,|d ghy, cEer;pduﬁzt.,in(Ptimlazh wgh ﬂm,tﬁfrle&@,vﬁ\\llﬁr’ )
esirably, transgene i s a non-narker sequence encoding a product ic
i s usef u?/ ia?l C%”Bﬁgﬁy%éﬂgrgé‘éﬁﬂﬂﬁé‘? 2%&5H<15@Pg’?-{ﬁféf-»rf§@,”e;Téﬁtai b@i,grl)l-{&m,
enzynes, onvEabeb ! hisENSnReRisTAl | i ASRNA, 25
ri bosomnal IgNA§l ca]ty)al y_}tsi C RIEIRS and gﬁtﬁ?@@?tﬁ%ﬁ%&%@ﬁﬁ%%@ usef ul
RNA  sdfuensewhen paeseyadindiénafasten Rowdvay theshlesledprseswinmy enfoda ahar get ed
nucl ei ¢ aci in . ani mal . . The transgene nmay be used to
correct or bgorlr%ﬁ %?)&?g?tg'eé)é%dé}cpﬁeoﬂeg?Peoﬁglcté%g’%riogﬁmﬁﬁ aﬁlﬁg‘?ﬁf&@ydefi ciencies in

whi ch normal genes are expressdiitalle rasger3d mahdareadityng@lecled ¥ebse O skill in
defi ci enci

S i ich the functional gene product isS not expressed. A
preferred paé{%f?lﬁﬁ%é’ﬁg‘e%ﬁﬁﬁéﬂ%@ fghg%lalggregtqtpf&@pl@%p;]@f%,xsdpéqnﬁom
pol ypeptide which is exp@ssemégala%rpg%n&leg |. The invention further
i ncludes using multiple transgenes, e.g., to correct or aneliorate a gene

def ect 26aused by a nul ti - subunile agsitbaneio the hajorseneaitnidsitifiedtbondor the 26 WO
03/ 042397 %‘Fﬁ]—i/gyép'g{e 3286 %150 includes conventional control elements necessary which are
operably linked to the transgene in a manner which permits its transcription, translation
and/or expression in a cell transfected with the plasmid vector or infected with the virus
produced by the invention. As used herein, “operably linked” sequences include both
25  expression control sequences that are contiguous with the gene of interest and expression
control sequences that act in #rans 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
30  stabilize cytoplasmic mRNA; sequences that enhance translation efficiency (i.e., Kozak
consensus sequence); sequences that enhance protein stability; and when desired, sequences

that enhance secretion of the encoded product. A great number of expression control
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different transgene may be used to encode each subunit of a protein, or to
encode different peptides or proteins. This is desirable when the size of
t he DNA ewowmdiom39t he protein subunit is large, e.g., for Pam/us02/33629

i mrunogl obulin, the platelet-derived growh factor, or a dystrophin
protein. In order for the cell to produce the rrultl-subunlt protein, a cell
is 5 inf ectS@GIUW?ShmPWémBé’éQ}%@ﬁmh!Ch\ﬁiﬁrmV@@nm%ﬁu’ﬁwngn@adaﬂle ofd/drhiesvdi f f er ent

ShounL LS  PREEROAI MRk in ol B0 Y b3 URAL! S Of a Proteln may be encoded by

t he sane trgnsgene IS case sin e transgene includes the DNA
encodi ng each of the subunits, E/uatﬂpldshécda‘sﬁtufmrrpnemai&rssmmdﬁ tvithegpar at ed by

an internal Nty site (IRES). Jhis is desirable when the size of
the " Dua orlibiRREBE RO mRl Susimiogs (RS\QAT proBol onnesl bovi he RSy of

t he DI\lAsencmHamgr),tthecﬁ&nsgahmﬁmi &MVﬁpﬁohﬂte'r R@ﬁohzﬁly'vﬂﬁﬁh& oany Eivgeds fsebases.
As an alternat separ at ed by sequences

encodi ng a % %‘5‘5’{‘ éﬁ %ﬁghs%]éﬁo @P%ﬁ]ﬁé}? SPWOaPIB'BQTFE ey dsefolbtsarductasent .
S ) ote préboté! the ooViefd kin 1997
ee, e.g. ;M;ﬂta teDRRIPEA M préthoté %h@;ﬁﬂg%%@ F8c57?g ?Jung@gé()ﬁo]tg’lkﬁdtﬁgéfl )

Furler, S. al , Gene Ther.
al ., Gene TH@Roter @(‘1@9%68]11 817 (May 2001). This 2A peptide is

space 15 a |imting factar.  rovsiPBu e st Eseitiegt ethaientade any
bi ol ogiloal land aar wangamﬂth},tex@ge@hbl@rsu@ﬂ(édtb@m ofnds, en@roﬁfrféﬁ‘té@facﬁﬁ?kdcﬁté%e for
study. Suitable transgenes may be rea ect ed by one of skill in the

art. The sefBRYAYH: 6F H%es{efl%r%fg"eﬁi’ém@ Phb‘?cml@@ﬁ%hsé?é@, ,ta@uteephasd am tation of
this inventigpy, ar%lcffé?%ﬂféltlg Aot @tﬁg@éﬂ'lt Br 2 Iglu;[a qgd t o&ly alhtﬁ(gl ib ecjl Szies

el enents i entl ove for t M N gene:

convent i on@lrommntsramkl mdh&ﬂﬂm}stdﬂms sediMblattigh aazaﬁety@pecsrﬁﬂﬂeymdlls&lﬁ%@'s to the
transgene i.n mannr ermts its transcr|pt|on transl ati on and/ or

expr essi on 1’?%”‘511%@?’4 quf ﬁ’étfi@‘él‘bé’éi" HPEH, %t%h%MI%MW asherispiftems Baveni t h
the vinys pREOGUERTLI AR bk PN s&@ctef‘rﬁq Sk RAT 2l e art? %%‘I%@:% t' nked"

sequences include both 25 expression sequences ont i guous

wi th t he gembicibfe prometeesstgudatet] lejxepabge&usi;a su@(héﬂ pnotesHengese Linatindetbld n
trans or at, a di ztna ce. to%ntrol Q}ﬁ ene of interest. Expression control
8 0

sequences |S]ﬂeePLRf U PADPRRYRS ¥amgsihasene (Psx)- wﬁucﬂ?léfwwa@mary
pr onot er amdn@wmamgﬂMqu@ﬂ&@ﬁ theeff7f;io‘l3}’n?e'ﬂ§se BM%oté?rs%éh? R l(ﬁ)ggj feSuch as
a

splicing and pol yadenyl ati on yA) Si gnal S; seq uence stabi li ze
cyt opl asni ECHRNE; m%eéfcﬂ]@lﬁ@"éém%tal epr’iﬁaﬁ/e? Aqagn®y. alt’S/bﬁ3é1546 -838r(EPq)]., te.

K072l 0SS RERAESis SERISER. U1 B DTG PROA BERH Lty and,
great nunbél998j], bx priraswiiogrindocible oy sty [GUBs G @l}Z’BzQﬂcePEB/ 10862/78B61295), see
also Harvey et al, Curr. Opin. Chem. Biol., 2:512-518 (1998)], the RU486-inducible system
[Wang et al, Nat. Biotech., 15:239-243 (1997) and Wang et al, Gene Ther., 4:432-44]
(1997)] and the rapamycin-inducible system [Magari et al, J. Clin. Invest., 100:2865-2872
25 (1997)]. Still other types of inducible promoters which may be useful in this context are
those which are regulated by a specific physiological state, e.g., temperature, acute phase, a
particular differentiation state of the cell, or in replicating cells only.
In another embodiment, the native promoter for the transgene
will be used. The native promoter may be preferred when it is desired that expression of the
30 transgene should mimic the native expression. The native promoter may be used when

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

specific manner, or in response to specific transcriptional stimuli. In a further embodiment,
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sequences, including pronoters which are native, constitutive, inducible
and/or tissue- specific, are known in the art and may be utilized. Exanples
of constiwotse3pronoters include, without Ilimtation, tReTAUSVY8862Y al Rous
sarcoma virus (RSV) LTR pronoter (optionally with the RSV 5 enhancer), the
cytonegal ovirus (CW) pronoter (optionally with the CW enhancer) [see,

e.g., Boshather eativakxpresion, comtlolBEmieﬁtsosu(zll%@)i}mcet ﬁanéiwg}(bokyadnmlaéon siteRer

di hydr of ol %oza rc?dlsfle%tsg‘sss% |11§Dr Osnnll)ai[ ear o) be used(t t?l E‘?t

phosphogl yESFE HPHEE GRS TGS g ﬁdmfnﬁc ERFRC eﬁ?‘S?ﬁﬁ [Invitrogen].

| nduci bl e pronoters aI | ow r eguLAalrotmﬂerﬁlﬁodgﬁm oeohpmeﬁ@bmﬁmd@radra@@g@nbe
regul ated b d Co enwfonment al factors such as

e enousl
terrperaturQE’/erE‘)l%inl H]éEdﬁPég‘é?‘r‘@éB yilGPepe If Q“Wﬁ? SrecPn yyskelgtal @ugsle  acute

phase, & ﬁ)ﬁdetsi'r&ﬂbgi‘onﬂitélfa@ﬁ\%ﬂh nkst0thovlPleysed. TiH8e melubie tHRY, 1élﬁbt51‘§@1]ohf:at' ng
cells only. | nduci pronoters and inducible systens are avai l able froma

variety of g@tﬂ&ﬁwémsk@letaﬂe’:é@m mypt liglt shain dft dwsrephin museleicesating leivdser ogen,
Cl ont ech a d can be
readily se ect egéa%mhgﬁg%ggl%sﬁ??ﬁ%ﬁﬁ aectt.iglrltSH.l%%?ﬁa{ﬁengﬁlzeﬁf}) 'ﬁ“ﬁ bI e
pronoters pegdias ésde b'yeredzolyanbiaaelck ls’llmaﬂ Z@dl@@%hﬁmlaSMbmm fithat are

(Do) -1 ndubrir eriioBe RS e (RbIei Mt iRRR) b ehbodr 2eme (o7

pol ylrrenasehqxanfrpBe/ﬁrusy@e @ronfol) S kD BB Gerke MRer, acptwacme%a)sect pr onoter [No
et al, Proc

ad. _Sci A, 93: 3346-3351 (199 th
tetracycli ﬁ@h‘%‘\lz%?@g@l‘ IAgpéy‘é’Ebé’%“ §Ze’ﬁ“”étG%’ﬂe Thes, c7c150 14I(19%é)a801108m USA,

89: 5547- 558de0cat89R}din ettheMoﬁEBruﬁCﬂégJ lzﬂqgsmlemb )ebo%é%t %@1&@9%@% e%l al
Sci ence, 268:1766-1769 (1995), see al so Harve in. Chem

Bi ol ., 2:5128@#d/i14988),11:GHHIRIIEG), ehhotsitsdC é}sﬂml g hng Iremwaﬂ Nat .
Bi ot ech. 181 ?6%%@@%9@1%@@11 gb%umﬂ%l\/g%ar h; 7T &ﬂ?ce{@?a é{iaurgl)él n?tg’gn tc,uch( 1997)]

and the rapanym stem
100: 2865- 286&2011—2@0(&%6’%@ (NStED bfmmderAncﬂqrmssamlf (efidMol. Degroprod MR $03s130i ch

may be usef n th| con t are 0Se ar re ul a specific
phgsi ol ogi & tﬁgﬁgt%ﬁuéo ?j’t ig té’%‘@rgﬁ?%& cm};l‘cfflﬂf’]C pm‘ég\@ 0’3& V‘%I P

di fferenti 881561 -5 {B9e))Odndtthendudrl-speific vEf JeROIHICAS OGS CRb8n, AB1Y3- 8hn anot her
enbodi ment, the native pronoter for the transgene w 1l 'be 'used. The native

promot er  mEyP9BY: PRARAhEY when |t is desired that expression of the 30
transgene should m mc the nati lgr]g%%l“g canr}ﬂgt{x@%ﬂ ﬁcafﬂ QERLer may be
at'e

used when expression of the tra sgen nust orally
devel opfrentradgynes orayiatsoandlids selectaldp meikfeiscor mmnelrgenwmammcleé@@qs@lct:&)

ifi nb dij 28 3/ 042397
PeT Usos/ 5 5E00 5 SR RRE by Shh A drpulifhyin KIS, oSERO IR Sy biebes] 0023

el ements, ppbyadenykekir games(p ﬁ'Srablly located outside the v1ral genome to be rescued by the
method of the invention) can be used to signal the presence of the plasmids in bacterial cells,
such as ampicillin resistance. Other components of the plasmid may include an origin of
25  replication. Selection of these and other promoters and vector elements are conventional and
many such sequences are available [see, e.g., Sambrook et al, and references cited therein].
The combination of the transgene, promoter/enhancer, and 5'
and 3' ITRs is referred to as a "minigene" for ease of reference herein. Provided with the
teachings of this invention, the design of such a minigene can be made by resort to
30  conventional techniques.
3. Delivery of the Minigene to a Packaging Host Cell
The minigene can be carried on any suitable vector, e.g., a

plasmid, which is delivered to a host cell. The plasmids useful in this invention may be
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Kozak consensus sequences may al so be used to mmc the native expression.
Anot her enbodi nent of the transgene includes a transgene operably |inked
to a tisswe-ospespfic pronoter. For instance, if expressi omCirrusekadoed al
muscle 5 is desired, a pronoter active in nmuscle should be used. These

i nclude the pronoters from genes encodi ng skeletal (3-actin, myosin |ight
chai n 2A, chgsteeropkuah, thattisylaee sitelde foveelicatamennd, apsionwly| ing:gxa$iylmirheti c nuscle

prom s i AEEHL U3, 180 TR S HRTS L o PLAmRLSR (50°

are tissugAYPeITR-hetelcoknvicilen’ ITRy@fntaﬁraéehum:és peihittgaksplicationds the J.
Virol., 71:5124-32 %égQ?) 10 hepatltls B virus core_ pronoter, Sandig et

al ., Gene Mivégene ingukayoted and{ejgrsykaryoigs;sRd sleation Mat %’F%’fo( RESS)SYSIPHut hnot et
al ., Huym @&%b]_ehﬁérkels br %Qﬁm%@n&sl@%ﬁ)@lude&@ DfencQTheREa %&1&§%§éﬂmﬁln ?l Bt ne

Mol . Biol. Rep., bone si al oprotein
M ner. Resor pumryames@saar(cgmg othegprrﬂlhe ojpsmisls (rapalso lpiei cerégin sdlectable

| munol ., ceptor a
chai ny,  neliFarat SR Retha B RREIE e pEiee SF feherd: BB a o oP
(Ander sen edls,ashich as@mildlmlhlidtnémstd\ieur ﬁbleodsompo]laﬂ5®fihé!.Blasxﬁiﬁgxﬂi’&)imqludmrdnifgid anment

| i ght - chai cioli al 88:5611-5
(1901))  efraSRiaandan aeialon: Rstipg fegBiubeibmemGiaiahe Ehiin o

15: 373184 vifub998kar, anBEEN A dhdliSen Sietelr) BAbtht, sirill2 3 HonCBMpYhdNes permit

t herapeutical ly useful 20 transgenes may al so include sel ectabl e markers or

reporter gligsonyspispiel igplkicationiidhcesdls. Bﬁéf‘é%hlh@hegéwéwl%‘faﬁryl%g@q@rﬁlgﬁnﬁ or
purinycin {Fera %@Jbﬁﬁm tﬁé@@@wﬂ&@ "Ray &%Ha&%%ﬁytﬁ%ﬁamfe %Tn%ﬁ% mir ker

genes (pre ocat ed out si e tthe viral genone t resc
met hod of ¢chney1ng1theﬁ>t AdW) ITBalnﬁt@elog%dnqlcpum-@j MER) mabechm@éﬁmﬁgw@‘d lntloehepl asm ds

in bacterial cel % sy p %ﬁ |C|Illp resi stance. ? one ts of the
ome O e ho3 ce €l el cll onﬁomal Ol as tan [+] ISOH§ Ill C aln em en S
pl asm d na% an “ori el BCTTON Y0 T heSs and

ot her pr omhe ﬁﬁﬁlgﬂﬁdnay%tmdiseﬁi i rrmrtt;ﬂe @pees cm;msﬁmtyl i hwd-tarmdad eddyto Sait for
sequences are avai |l abl e

anmbr ook et al, and refere ces cited
therein]. tit @&?B?%’i“i‘%nﬁlﬂab'?ﬁ‘g“if?‘fé ﬁ%*QUﬁﬁrabeﬁs%vm/aaﬂHm@fiﬂy Bod 5 and
3" I TRs 'SmﬂE%@ﬁﬁﬁﬂv&@h@&nﬁﬁngkﬂhgﬁ&ﬁcdfOr ease of reference herein.
Provided with the teachings of this invention, the design of such a

m ni gene can be made by r@@@m@WtWhQDd%WﬁWéﬁb¢WﬁﬁhCﬁ@éﬁﬁmdbéﬁnmgﬂw¢él|very
of the M nir;ﬂﬁﬂ:%tlén Hfs Ve é’t%}(fi%'leﬂ%l dﬁ%\/\gﬁ%{;‘m-’f@% oﬂfﬂﬁ%ﬁy at%éﬂ 1?8 6&3%{1,&9 gon any

sui t abl e vec St cel The
pl asmi zis  useferdblyi zrbo'uh] Qstmahmﬁrﬁ()lwngNmyo mmepx\mﬁ @Bé Wb:ba@m oar? b&é,?dnﬂ3629

?2? Ieg(ra:'[ Ieg]hrs eﬁarl]ab; al out H’g glls?rlfowselleert, %te) rglatfiv%ramro% hts o vectcn rbl\?lg gd hos éelllggl%l Ly,

be adjusted, taking into consideration such factors as the selected vector, the delivery method
and the host cells selected.
B. ©  Rep and Cap Sequences

25 In addition to the minigene, the host cell contains the sequences
which drive expression of the novel AAV capsid protein (e.g., AAV7 or other novel AAV
capsid or an artificial capsid protein comprising a fragment of one or more of these capsids)
in the host cell and rep sequences of the same serotype as the serotype of the AAV ITRs
found in the minigene. The AAV cap and rep sequences may be independently obtained

30  from 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



prokaryotic cells, manmalian cells, or both. These plasm ds (or other
vectors carrying the 5" AAV ITR-heterol ogous nolecule-3'1TR) contain
sequenceswpasu2di ng replication of the mnigene in eukaPgotuss2/asad or

pr okaryot es and sel ection markers for these systens. 5 Sel ectable mar kers

or reporter genes i ncl ude sequences encodj ng. genet i romcin
puri nycin ?%%ﬁpglﬂeéiﬁﬁ/ lifferrpf A YisHeRees Fise M\ébrﬁ@gz MV%I%Vﬂsdﬁ%g? A E¥Pt aj n

sel ect abl e at
oresence off GRRRES SR B RA skl FoF BB, IR SRS AN AL ance

Q her conpbmiemn oY 2,tWhsrqes ﬁEwltﬁZf?é))Beqmmm@ya“mmAAgﬂn of replication and
an anpl i con, such as the ﬂ{TEEHe E]%Bdméﬁ{ HOHSER HX&aE&? c&ﬁgmli%%tcgds'{h a&%{e% 10
virus nuclear antigen. This Icon system her r I'con
conponent suigker thetconth]l gﬁa smpyle@mmmmabucmap tHosaddsatbed mbdvee Mt dies1rab?y gherably,

t he rmlecuec he m,nigene is tran cted where it
TRy exi ot oAl texph Aot & eybréos ARe: et e p R B otam oS aay

| TR-het er olmmr eBbeditiefs; the chpsi) proRIh B euppliabiopthd Rdseeliah @dni. vaed he genome
of the host cell, either chrormsorrall or as an epjisone. In certain

embodi ment deliversd tq e hpﬂucglérvetmmyth%@apﬁ#dﬁ@ﬁm iy bﬁﬂFlﬂYefﬂdeW%%Blia%%ld el onal |y
i n head-t ozhyeag tL@?é%Qeljr‘cgs ﬁ&b%(sary% dxréc@b)tprésglok %f {he @89&&( @a?ﬁfi ?rot @bl e '

transfectlon tec ues are known and nay readil to deliver
the m it gehest tall. tNest Hedablyewvhen delinereditol the hasheatl ldmans;@rq mgntihearyd the

SRR S N AT s Vi TR A T
about 50 gsdgbtéuctn about 1 x 10 cel I s to about 1 x 1013 cel I S, and

preferably about 105 cell t he ative amounts of vector DNA to
host cells may be adj ustgﬂa‘gﬂ‘ﬁk?‘ﬂb"‘ﬁ“ﬂ‘%’t Lﬁ F&"élr%a( DoTPERsihg 7£8t or s as t he

sel ected vegh@fces dd¥er ielcbMRN ¥ MRLRABE praditert fiRh AOMbsecRbdrbed8bel ffbst B Rep
and Cap Sequences 25 In addition to the m nigene, the host cell contains

the seduendesirablytin dhis embadimenipheesserial 1P praieing e exprovsed wpisthel ool of an
(e.g., AAVZ1d9 1blgén)%otglo 1?511(5%&\%@8@(9&'6& 91'& r rg{eHs taf‘e&'u?éheﬁ%’&hﬂoﬁ chtl ﬁ

conprising a one or nore of se capsl ost cel |
and rep seqamndﬁbemﬁelwd:red B)dheh%c@]tly[yeznaShdIhBp&ﬁll@tly@d)e(n‘ellt/d]ﬁi WAY | TRs
found in the m.ni ependent |y

obt i ned SBEFPUIEGT RAp e PR R B S SRS e Ry B D ducec

into the hpsteitah theildstaai. Mosndeeirablty) aen telivertd to thethb call in AdsBs plabihid
above. Additionally, when pseudotyping a novel AAV capsid of the
i nvent 2bn, C@aW@gstéae?@ﬁ@@éoteﬁébsa.cw%@ﬁr SRUanps reRidEh for ppckagipe redtehs  may

be suppli egl Dyhety %an%p&g &grotype, or the sequences encoding the rep
proteins may 30 3/ 042 97 PCT/ US02/ 33629 be supplied by different AAV

serotypes (e.g., AAV1, AAVRus, MR embpdimentAiiFep @a\@p sequences may be

transfected into the host cell on a single nucleic acid molecule and exist stably in the cell as
an episome. In another embodiment, the »ep and cap sequences are stably integrated into the

25  genome of the cell. Another embodiment has the rep and cap sequences transiently
expressed in the host cell. For example, a useful nucleic acid molecule for such transfection
comprises, from 5'to 3', a promoter, an optional spacer interposed between the promoter and
the start site of the rep gene sequence, an AAV rep gene sequence, and an AAV cap gene
sequence.

30 Optionally, the rep and/or cap sequences may be supplied on a vector
that contains other DNA sequences that are to be introduced into the host cells. For instance,

the vector may contain the rAAV construct comprising the minigene. The vector may
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or one of the novel serotypes identified herein). For exanple, the rep78/68
sequences nmay be from AAV2, whereas the rep52/40 sequences may from AAV 1.
I n one enwodBdtw3p] the host cell stably contains the capsiPpdTfrSot/za6e9 5
under the control of a suitable pronpoter, such as those descri bed above.
Most desirably, in this enbodinent, the capsid protein is expressed under
t he cont roboroplisamni: ndmoielyif ¢heppeoestnesding the hapotinetiorsybgdiirsedenovirhle capsi d

protein is s ed.to t in.tr en delivered to the host
cell in tr8mH ?Pﬁpﬁ_%@ F§ﬁ8?§§€¥ﬁ Wﬁ%ﬂ%&”&?ﬂ%9%¥2d via a plasmid which
contai ns the sequences neeeggably, thOp@inoRE lse@XPiES®naicOhal bearsairasd ed
capsid protein in the .10 host cell. Most deS|rabIﬁ, when delivered to the

host cel | FepsHiubkg indugibleraatyecpremptessikagvn freoneahskill ithe pesion andiswsedr r i es

ot her sequenseSId ﬁﬁ@n{b%glrﬁéﬂf al?%wgfi Bﬂ)lﬁolf@' sE¥oe i€erployddheTHERIecRRIENCES.
I n anot her enbodi nent, the host cell stably contains t¥1e rep sequences

under the #srtABlo povidesny efthise smusm@s dees notilirhit #w inveotien.descri bed above.
Mbst 15 desirably, in thi 3 8&%9#@?6”168 e&ggc?l%%? eﬁllte moter%mp;%ggs?gﬁlel}ldumbqe

expressed under the contro I'n
enbodi ment pronfegery aeprqmsxtuesed sbaredn smplpttloadmtlﬂhé hmsgﬂ&treglﬂk{td)rylel’tmehl_’sal‘@ne When

delivered to_.th in trans, t re roteins may be delivered via
o ) aert DA PSRt R el Pt BBl M B e ing Breue! on of

the select @Qierr@%hlat&f&tﬁb § ] pldandtmnhﬂ&tcapgéﬂe isMagifedepdritRRbHmiaNAR dlli ver ed
to the host cell in trans, the plasmd 20 carrying the capsid protein also

carries ot WoichsebrisnRwisutvalyer F‘“@HCIPBﬁXB‘zﬁ&SR%@PEQ PPW@“FW\/SGC WOP8/1008% rep and

cap sequenggﬁmhghugwhqg @pg. enbodi ment, the rep and cap sequences nay be
transfected 1 nto the host cell on a S|ngle nucl eic acid nol ecul e and exi st
stably in the cell as anTépsmoeras arl optiandtetesreneinttlecdesignof the lvectore Thand cap
sequences are sta Integrated i the. 25 dgenone.of the c

rbod ment HEg It AN IRLAR- BhE Pkl bohtCop PtERE TR e tagrE UG Moine. host
cell. For Exasmte ms lmseﬁmﬁ desiveell d2bign;akdt ¢, Mhayblagafdom syedncé sansfeetddson
conprises, fromy' taq ronoter, an optional spacer_ interposed bet ween

t he pronot &r al?H&“"‘Tl}‘rét ‘§"t‘3é?"t°° ¢ ENGPIdHE: FU8 apparkergriendhe SPAFETARY rep gene

sequence, e&ﬁalﬁgelﬁéwhmn d@@ﬂl@ mo%%‘zﬁ@ﬁft@ﬁ/st% afPpdIPArdsy ThE Bficki§RayaRRd/ Or cap
sequences may be su}gp ied on"a vector contai ns ot her DNA sequences

that are t 8obeodinglp dLﬁ@@@anfr@ntaWéOlﬁa@te Q1@Mk@yotﬁ@rrewqflﬁt’%lwodmghe vect or
O L R
hel per 2¢ unttnsorstjonel gnirolsh @Wadea‘mpdanyabm ces of spacer sequences are the A phage ladder
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
25  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 than 2 kbp in length; however, the
invention is not so limited.
Although the molecule(s) providing rep and cap may exist in the host
cell transiently (i.e., through transfection), it is preferred that one or both of the rep and cap
30  proteins and the promoter(s) controlling their expression be stably expressed in the host cell,
e.g., as an episome or by integration into the chromosome of the host cell. The methods
employed for constructing embodiments of this invention are conventional genetic

engineering or recombinant engineering techniques such as those described in the references
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proteins El, E2a, and E4AORF6, and the gene for VAl RNA. Preferably, the
pronoter used in this construct may be any of the constitutive, inducible
or nati vewproom3er s known to one of skill in the art or a®cCuitsous®ed 5
above. In one enbodi nent, an AAV P5 pronoter sequence is enployed. The
selection of the AAV to provide any of these sequences does not limt the
i nvent i on. abovearYdiikeghis pp@ffmaﬁﬁdprevnbmﬂlmtwe etxlampr&s ofifpeeific f:mStrnetp, dsﬁxgan

i nduci bl e bove in connect

transgene Fl‘geglﬁfvgfl?fﬂ? pe?vé%éﬁle?m G OFg?lgwéP‘? UYmaY St é‘?d C?é'rg“ rog‘ﬁr %‘%ﬁﬂl"]és si on

is the T7 ps@erotts usinEReh¥iee bOIpa&Pb ipfdnitderstd bBRr dBmERAendI QoM Al&d: by the
T7 pronoter and the ca is transfected or transforned into a cell

whi ch eit hépe E@H?FP’E%F@V@P‘}STSP sighrl i dhe ondiopal @ddiion @ﬁ*@lYFl?lerp’éﬁWﬁéﬁ%se See
WO 98/19088, published Wﬁ%tﬂe@emﬂa&ﬁ@lentﬂf@hx?ﬁ@&ﬁfon'tﬁe?e:%o?Q&ﬂ @%@e e}?msnt
in the design of the vector. The spacer 1s a seque I'nt er pos

bet ween t hée progivsd siablra atfll@etqeep gene ATG start site. 15 The spacer

have any desired deS|é:1n tIh Hel 10g be a random sequence of

nucl eoti des, or altermative y Bhicode a gene product, such as a

marker gene. The spacer niye pmglag Ao ed1Edisamaigites hylpeiCahdtonk MCRARA6 at e
start/stop and tgl YA sites. The spacer pmay be _a  non-codi ng DNA sequence

froma proRaigetBe shAY afdhe igyeation, @B%lalllf:lt%e ARl drayge Sé@&@é R¥é, a coding
sequengg Whihedirud. rI@I@&Qfeklpatbl}p AR Ine &R0k RliFer HincRoOM £8h ?chf‘rﬁ%@ ¢4 hllna0

transcriptional controls. TW exenpl ary sources of spacer sequences are the
2. phage | aug@rhuneanquenaieadenpvine seurcd, settiars thoee desodles abos anld/oaae agwitableabl e

comrer ci al r r t her e spacer
b0 any. domfulien; dOMbS BERaflk imnd AWLIGRGSR: CRIREERBHELTATCRR TEnce gons
products, Mzawisay VtAhéJ S)e b@ne quephily @aldrredambeivacry thelbicst sl providea Gvitat

nor mal Ievelc@ The. h of th pa%?& may t‘ﬂ’ ref e range, from about 10
bp 25 to & ?ftcoﬂﬁuﬁ aR ag?)‘}eé}rr% Ueh P B b 8Eedre ﬁbén a%et%' 0 f@f@a'g}ﬁortaﬁ about
8.0 kbps Te4080WcRnt POIUQOTEE Rbst bélb/m%f conEPHRENALARRal & SPREEVAL S

preferably |l ess than 2 kbp in length; however, the invention is not so
limited. ARNfolgH @wewa&@méw)r%rf@ﬂm«rfﬁ»gedrepboém%mqﬂwya@mgmua n the

host cell %&{e?gls b &R Vetibhs Cgregg}lg%qgghésg aisfection), it is preferred that

one or bot e rep an proterns and the pronmoter(s) controlling
their expression be stabl %yéx@neﬁyé@wahhb eiansstsea:*fhé Ela geng.prodast” anisepi sone

or by int eg}eattl on (anto chr om)scﬁ Eg ﬁ Er'cwﬁh . The thod

enpl oyed fOF*USRSE edell”f‘?gge%L}%‘bed‘?“ﬁ% % %Oltaﬂ?f @qc QRhE1 HReTHPT elﬁ?l onal
genetigo eDRA&IchRYprosses BE BIH pERPiodRBGind @8R FalIBCA WHIdhES pRkh R4 hose
descri bed in_the refgr ences 5)2 WO 03/ 042397 PCT/ US02/ 33629 above Whi | e

this speci PREQEFHPIBHRS Hedefined supilgy; Glsodydifsr @t asy aleleoriather const ruct s,

usi ng modifications of the adenoviral gene or functional portion thereof. Such modifications may
be deliberately introduced by resort to conventional genetic engineering or mutagenic
techniques to enhance the adenoviral function in some manner, as well as naturally occurring
25 allelic variants thereof. Such modifications and methods for manipulating DNA to achieve
these adenovirus gene functions are known to those of skill in the art.

The adenovirus Ela, Elb, E2a, and/or E4ORF6 gene products, as
well as any other desired helper functions, can be provided using any means that allows their
expression in a cell. Each of the sequences encoding these products may be on a separate

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

disclosed above, including transfection, infection, electroporation, liposome delivery,
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the information provided herein, one of skill in the art may select and
design other suitable constructs, using a choice of spacers, P5 pronoters,
and ot herweloato#23ps, including at | east one translational PESTArSN2/330e0 st op
signal, and the optional addition of polyadenylation sites. 5 In another
enbodi ment of this invention, the rep or cap protein may be provided
stably by @menbsanededion techniquies, highl yebocitF DA -coats! pElets paekabiction omist cel | al so

requires h r to r AAV of 'the jnvention.
oot onar v el HRE AfiSed dhall A3be & thorP BEHRHFens o ekies nfiy e My "V
desirably, lﬁt@@ate@mslargyndaﬁ ¢fake Hagnedll] aitsy axpRese@ldy eplsombglofedpidapada human
or non- hunan rlnaHg adenovjrus source, such as those described above
and/ or are® ﬁ?l’lﬂé(bl e genegrpdycimayallpe grpressed Easienflp anggicREoOnner SFlY i can

Type Cubt upRedeitbd, @6 bR gx:)e prod\@@%?a%%‘é exbf&sémlbl% Whl@@ﬁeﬁldl:er é?(?l:els%d

preferred enbodi nent, the host cell is provid [or contalns an
El a gene piaeicitly. RArtErmogsethe ppmesders for cagh Eithe agien@/lrpkgmas:may bmnstlestedan 15 E4

ORF6 gene E{ 9%%@511t1 36 Qggﬂstlﬁﬁllvé Mt&‘oﬁt galﬂ:llb(?é @%rno?e?gpé)}{é @' r‘r%&g()?aﬁ such as

VAI genes are no require erre I'nent, no
ot her adentpmmtcule The nesnagers gep ée fagnlated by saeoﬁiqcpkefsxermglcalrstatté\ef thmsxtgamahl By

"adenovi r al re e El a gene product meant any
adenovi r us sgﬂﬁte @ﬁ?ggﬁ "H la%)r%ft%?o Wﬁegﬁﬁt&glp 6ﬁé{|es°€|]%°eb§9r°fr%?ﬂn Adenovi r al
20 DNA1gwhi ekbgex@rs@smsd therdfa egangepr oduct and adenoviral DNA which
expresses the E4 n ducts, are defined simlarly. Al so included
are any alleles Loy }ﬁé}ggﬁﬁﬁgpggéﬁﬁaglﬁg(}?ﬂ Ikipgs adenoviral gene or functional
portion ther eof . SuchygReliclieAlORS RRUecPAGR hDBlofRal ol R AHGRHn DY

resort to conventional genetic engli'neering or agem ﬁlques

enhance t herckdentiv(ergd batigrigh) cal, dnd egkarpotivaalis incluamgnimkéct eallsngnstrcalld and
occurring 25 allelig Vv rla ther % ations and net hads for
nanlpulatiﬁgmﬁﬁkmgoqgt PG ﬁ¥ﬁ?§@°5§%ﬁ8@ﬁﬁ&”m S%Q%PHH%WV@ﬁ@yBPﬁn 8n to

t hose of skpdciesumcmdieg,amthouﬂ]hmmﬁmus sudh aEha49, BUbHI, BZ3, 10ang, BHKE4ORF6 gene
product s, ﬁ‘ﬁ% wel | asggny ot her desired hel ger funct i ons, can be provided

usi ng any G5 ¢RS > GPOSInBSEHBPC 48xBMIs\G: ¥EROR W38 dilqLa, %‘?Hﬁ)f‘”}ﬂﬁe

sequences @m%lfﬁl&h%@%@er@wgl}ﬂ‘} %aﬁﬁbzhﬁz%c@lssf?ﬁﬁfs@tﬁeﬁﬁb HRPr}ary OF ONE or
nore genes e on the same vector. The vector may be any vector knovvn

inthe art ﬁbw{énse Benstastitcane e oblasi eelisdieriyeclren maral cioelnilidg hameh, \movnlsmes
I ntroducti gp,.d %%M?aﬁ&ﬁ&m G&l ‘rg@é &H&Xﬁﬁéﬁﬁggﬁgaf{pg {‘%%V’ﬁﬂ'] cae'lé( means

known in the art "of as  di scl osed apove. ing Ct O ect|on
el ectropor a;tnod)mllrrmtamcofrrms delenticas yor i8Gie\WWpe@Ehasagdidn SO 1. &JSﬂlﬁbEﬂBﬁZQ menbr ane

fusion t eCﬁepa cyte, tumog lf/e'é O%t Xiole\c‘fA\swa%ﬁe cells ell1c|>tecg1rsry ax¥y| ard%rllovlnﬂg ggntelo?}{]erand

than E1, E2a and/or E4 ORF6; nor do they contain any other virus gene which could result in
homologous recombination 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. In a

25  preferred embodiment, the host cell is one that has rep and cap stably transfected in the cell.

One host cell useful in the present invention is a host cell stably

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

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

sequences of the invention.
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prot opl ast fusion, anong others. One or nore of the adenoviral genes may be
stably integrated into the genone of the host cell, stably expressed as
epi sones,worsexspessed transiently. The gene products mapcalusobsséexpr essed
transiently, on an episone or stably 5 integrated, or some of the gene
products may be expressed stably while others are expressed transiently.
Furthernore, the pronot er sLicgiersgbin of 2 homb celrsaording 46 thisinesntiominvblves el ect ed

| ndependentibdhnidu@sih GORSLMAIY b WecRbIPA Shuells | HRUELDLG, RLOTRT er Of &
native adenovi ral rormt er.  The pronoters nay be reg trat ed: @y a specific

physi ol ogi gFomapligh llztligéom\reg‘amaémhmqueeeS\Ilch(techmqpedmy;cltldiBacENAfaﬂd entiation
state or i neh&R! at c L1S) 0.e genous - added
factors, forgre exgc‘&ﬁﬁﬁgn%h%b %@Zl?%wnﬁn a'ﬁa ‘QF?% %@MO%%@S’ ak}‘i’éﬁ%t cel |
itself ﬁay Liﬁeot”s@leelepmng <blrgonucziﬂy1dbs@hﬁge@@ﬂth@ﬁ@ﬁMxﬁmandi AQAUgHnBghes, PT Okar yot i ¢
(e.g., bact and eu ptic cells, including, T1nsect cells,
yeast cell sc(a{zillr]?ﬁw21 %ﬁtpﬁfw’gﬁa%élﬁ‘%reaéﬁ’rnt ?WE‘&’F%‘? methadss P‘?daf}ﬂY@t}r%%tab@I s are

sel ected f mosthaiyovhgchastyvid@MNeakdiRM nudiéotRIP §&ubfe. | NCI Udi ng, Wi t hout
limtation, cells such as A549, WEH, 3T3, 10T1/2, BHK, MDXCK, COS 1, COS 7,

BSC 1, BSC 40, BMI 10, VERGrodagtia Ofrtéﬂ_laolegg® (eeplhsmidswr \Ghusespiopr e fost

functi onal el 8RO YIsh Bk a@o)nphsi;fé&?%fmgt% eL'kﬁ&lu Rt é_ggﬂ?e% s%g%asac}r?‘s&lg [ mary

fibrobl ast, hepatocyte and derive Fom
huran, lfon l@l@ryughon’bﬁhg épecrfg;[atlolr dbbpieferr edrﬂ:dlbhtamehte standbhtetragieetdd ©chn@fued Hte

et | on WREELES APOVIAIRAAIG SEh bR dion R ineton By Sl nsr

i nvention: nof ast
hepat ocyt e ad¢nonisns/44M \{ectet‘sunto'EhH} lingsucldgshd Rpha eﬁ&ﬁir%ﬁnﬂ@d@tce@ fhd MERNY

adenovi rus oth E2a and/ or E4 ORF6; nor they contain any
ot her Vi rugggéaﬁ}?é"%’ﬁ %‘i’veéagphﬂer@g@wn& fynetiospadengyirgs Eb%@%thblpmwdﬂs a

cont am nat inags-uétingF 1h#steig). t he production of rAAV, and it is capable of
infection or transfection of DNA and expression of the transfected DNA. In
a 25 préferred embodi nent Th?f'r?@OM@s"tAVé@Ned|Vsctgtmevltldhaa1e basraebyand of &l St abl y

transf ect eg, 48 oft AR REL fu sent invention is
a host cell stgb tr%cﬁeélff%?r%%ggg)e\?m&? {)%}%&Zeg“ & ng%argirﬁ?g?i%ﬁ'@pYB 1°81§d cap,

and whi ch #sisce In(amrlttebzaedn wittbodieht Aﬁﬂéhmeltreehsfoﬁhd irffiBahudditp Jpd@6e DNA and a
construct ear as descr | above. Stable rep and/or cap

expr essi ng celirl%{ gﬁéﬁlgle nggoggeﬁ %]07‘”(3:9('3#’ in teeynkey and efiepamee descri bed

in US. PapentlatiNas, and GB8thaB55%Rys-pdasiey iR r AAT b & I¥sih er
desi ra% host .cel |l contains theS manl rlrtl?m adenovi raS ml}ﬁy\/&%dﬂlﬁmﬁep
rent

suffic frop Wi the serplypeppsisolatedt Oge pEskilbialthe arf meyreadity lbepanmtherr uct ed

using the mxvlvuémé TROCABGHiRS hBAY ot he L ayent i on.
34 WD 03/ 043397 BCT /CUSOCZ et 61% 7 %y d pReinSS INEL  FSeif using a varie

techniques known to those of skill in the art. One may similarly prepare still other rAAV
viral vectors containing AAV7 sequence and AAV capsids of another serotype. Similar
advantages are conferred by the vectors based on the other novel AAV of the invention.

25 ' - Thus, one of skill in the art will readily understand that the AAV?7
sequences of the invention can be readily adapted for use in these and other viral vector
systems for ir2 vitro, ex vivo or in vivo gene delivery. Similarly, one of skill in the art can
readily select other fragments of the novel AAV genome of the invention for use in a variety
of rAAV and non-rAAV vector systems. Such vectors systems may include, e.g.,

30 lentiviruses, retroviruses, poxviruses, vaccinia viruses, and adenoviral systems, among
others. Selection of these vector'systems is not a limitation of the present invention.

Thus, the invention further provides vectors generated using the

nucleic acid and amino acid sequences of the novel AAV of the invention. Such vectors are
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The preparation of a host cell according to this invention involves

techni ques such as assenbly of selected DNA sequences. This assenbly may be
acconpl i sWed3w0#13b7 zi ng conventional techniques. Such tech®Cquss2/sised ude
cDNA and genonmic cloning, which are well known and are described in
Sanbrook et al., cited above, 5 use of overl ?B@%ﬁgg ol i gonucl e %i-de
sequencesisefil fone varirsnefpurpeses inglyding fgedrdivey Tk Sﬁ#‘ﬁ aﬂ‘g HEY ase

chain reaction tEafi QESrab RS BNVerPbhderapstitc ai&uledichods whi ch
provi de tlﬂgaﬁéﬂgirréﬁgﬂsﬁcqaggpﬁgg sequence. Introduction of the nolecul es (as

pl asni ds resoninians ARV cantaningeaphids of the apyel Ady off thoinyentignc Shssei YWEY! usi ng

techni ques known to the.skille i i i ghout the
specificd@ﬁ@ﬁqﬁFﬁuﬁ?@?@?Wg%n%ﬁgggﬁﬁgaﬁgcggg#gipﬂkﬁggﬁg g%?%g#xgggﬁniques
are  usedegitetls, ¢.gGEHQb-ddliRagbes tjtolingor &ireetivenpolitht inomunogeitsi. i nf ecti on by
hybri d adenovirus/ AAV vectors into cell lines such as the human enbryonic
ki dney cell line HEK 293 (a human kidney cell |ine containing functional

adenovi rug El eggé&gg%imtqj}%u{gécsﬁxﬁ@gges THe8dg- acting El proteins). 15 These

novel AAV-bas ors are gener at ed lo_Y_one of skill in the art are
benefi ci al for Ugegthededhnigeesdesaibsé hereineencoskilldethegriapay sgasiae ererdpy

Paman popli e b BLY Thet sy g B DU R R e ot s

st udi es ’show n eutralizing anti bodies
in cypp npeksibvatthealhiiRanz aa v Rapypedddntifiis] bythd negwd of Herinkgtion. In one
cross-reactivity of AAV 7 in rhesus nmonkeys, the s i T i.ch the
serotype m@odl@m@a&@ﬂrle@ﬁl&@@ﬂdéﬁlﬁm?sm efqﬁétyﬁ?F'gntm @E@égga\g}’& her
ARV VI T alVR6L Bl dofRPLAbdifith: 1611 A GpRE irdy BE glieknad Phiok betednharce n
using a variety of techniques known to those of skill in the arf. One may
si ni | ar | yopmeypdragmsnis of 2 oovebserotapaof the inyention &sed i fagi Wit $e9geIE2 /98 equence
and AAV capsi ds of I Ry QYARMANE St HoR FUR wREEd by
the vectof ﬂP)eé?gEﬂ%(ﬂﬂg&(gseBt g'r %%%P@A@%‘?vt%ag I nvent on. 25 . Thus, one
of skl hibdiigiaBle keglél deqriepack dfyin Aideseotaprop fttheainvertion AAFmatishiices of the
invention can be readily apted.for use ip th ther avi. ect or
systens f YRIAPHANY FEEOLYRER Ogﬁi’\‘?b“"(??t‘qlﬂnvi ouscg e °§S§ﬁﬁ°§3g‘§}?ﬁ@§% e:}alr;,%/l,oyone of
skill in thephitle@RAcest €adi |y sel ect other fragments of the novel AAV
genonme of the invention for use in a vari ethy _of rA]SA\\C/1 and Pqn-rAAV vect or
systems. Such Viewillhegeasly pprpgentripyone,of pkili&n the ag one epdbqdipet gt caikdn
retroviruses, poxyi i L M BodriyUs@Bsuitéd fr 88RNPYdes. aForey&hsl8s, anong
ot hers. Sé?‘ggplgsognﬂ%efrﬂ?ﬁ‘@@g\é@ggé{ r suyslt})jewns s r_lotr alimtation of the
present i ne@oisibased on PAET capsids pfithe intviestonfang paégulastyovallfeged/ BE 1618 gener at ed

vent | on Mg aERoreE et s B USRS L e thi bl ARYSKicAMY QL the
suited for use in lung. Uses of such vectors are not so limited and one of skill in the art may
utilize these vectors for delivery to other cell types, tissues or organs. Further, vectors based
upon other capsids of the invention may be used for delivery to these or other cells, tissues or
25 organs.
A. Delivery of Transgene
In another aspect, the present invention provides a method for delivery of a
transgene to a host which involves transfecting or infecting a selected host cell with a vector
generated with the sequences of the AAV of the invention. Methods for delivery are well
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 a method for AAV-

mediated delivery of a transgene to a host. This method involves transfecting or infecting a

36



PCT/ US02/ 33629 useful for a variety of purposes, including for delivery of
t herapeutic nol ecules and for use in vaccine reginens. Particularly

desi r abl ewbos/odsb very of therapeutic nol ecul es are recombirnsny/3320/
contai ni ng capsids of the novel AAV of the invention. These, or other

vect or constructs containing novel AAV sequences of the invention may be
used in vasdeates @St@éliwiﬁmlemn@namwml V@@owntahéng/a eflectedgsanedentendeothef or

delivery Of %?ofggg}sf&ggse\ghwl%gﬁé ft expressmn O”nggﬁd”}}ﬁ\@ C usgtoﬁoAnd Uses Ther eof

Usi ng the t&chniqu escr | SHern, T one “B¥t may generate
a rAAV  having a CapﬂpﬁoﬁﬁllyaaWfr&ﬁﬁl&tb@pﬂn@fbdﬂﬂ@tdsw%fdr(ﬁ& pl&{en@ drovel

capsid containing one or nov fra nts.of an AAV seroty
i dent i fi ed®Bpodat %f%ﬁ?dcﬁA{}D@OWH%e‘gt"P %F%S%’nf@“n%ﬁ%éiﬁﬁ%tﬁ% “e‘étrahzmg

ful'l -1 engt BnfRBRs drefWwAMMwaith tloSe &%kﬂ’ltlﬂ%arte The scl®h o SER ah BshPis kaCan be
utilized. In_ another enbodinent, a full-length capsid may be generated

whi ch cont dmifatiomes thepresest wvertiagpnsen & goFishorss oleNakies Heg pa(3hB06-He Marent i on
fused 1n 11907 ath W) © SAMRRG RPall B BOR!NERDIEPLEES (YIS LTYPEreOr
r 0o | e

exanpl e, may contali i oné or nore € ‘nove p’erv ria

regi on sequesnites thit assay MAYbs mwmeruﬁnet\hle‘cli Avdhidcton comammg naisidjebteinst he

uni que AAV 0 es of the in sed in con t s contai ni ng
ot her Vi raf)?a{) &I%Lg%r STHOPAE 4%, dﬁf\élﬁ%& o ‘{Vez% ’gé%@hﬁﬁnfﬁo%ﬂﬁ?ﬁ@m to one of
skill no tbaibadies @pmelfﬁrfbxotdhtrmpﬁld sdrdstgqte certain ser otypes of the invention
will be particularly well sui tﬁggf or certain uses. exanpl e 20 vectors

based on AAV7 capsi ddn 8 BSAE! PhpsmGtha: Q‘Féelb‘éﬁ‘x ?%‘{?F%ZF Wyh\ﬂéPlPCt“s‘{fﬁﬁéfd for use
in nuscle; céﬂaﬂrrﬁ@t&n\!%&9?&6&%?@1&@&1@6@%1" @‘é@nez\)xa & oRddpin] difBend Nvention

are particularly well “suited f use in ng. Uses of such vectors are not
so |im t edsapIPDAA Vosapsidipratein, nSmn@rla,rthe miyerymf vpdtorevitthetber npaeltAok ¥ camid

delivery t 810?411@95 Stﬁ%%/ef'nh%f? ﬁi%{)/' g}écécfe%%ol% & g)f]g g%'lliet\nf b yedfGSHRF S based

upon ot her cap5| e in tron may Yhe g very“flo % hese or
ot her ¢#&l | diffetdns sawetspOAAV2apad gatesn. FhusDednk deliveryofia TAAWSGe0s hay lenvéder

Cranagene. T8 FRUES VG P AJGRUGLMET SHE ABSTARG HReqif UK BT SE s e
host cell wididis daretlit 0dme @@BEMSLSthe Wirdt PA A NS c5RE lﬂ)ﬂf‘@l@&ltﬁéqdehﬁfy AMnferdghe
i nvention. Methods for dellvery are well 30 known to those of skill in the

art and ar ¥yt cepigip ﬁ?&séitl?réﬁ%“’épf%qﬁ@yﬁfﬁé‘é’&ﬁ‘tdlffﬁ\f&% thedirst vecter dog exaAntdb | e
enbodi nent jr the uee%fen;slmv@egbw Stefis [ggéed; NG S]f ect\s/?%gﬁgj a%srﬁ@stgl%h' very of a

transgene to a host. This nethod I nvo ecting a 36 WO
03/ 042397 PCIryse2ha362esi¢ plotansedlebios fromeimongitltetptizer tse‘otyptﬂ mehitlingiA4YV1,vect or

cont ai ni ngA%st lA%C\}fIQ, AA%,Q@Q@&%‘Q@E, AK%IO, AAV1I, and AAV12, or any of the other

novel AAV capsids identified herein including, without limitation: A3.1, H2, H6, C1, C2,
C5, A3-3, A3-7, A3-4, A3-5, 3.3b, 223.4, 223-5, 223-10, 223-2, 223-7, 223-6, 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  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 methods. The rAAYV, 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

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

saline). Other exemplary carriers include sterile saline, lactose, sucrose, calcium phosphate,
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control of sequences which direct expression thereof and AAV capsid
proteins. Optionally, a sanple fromthe host may be first assayed for the
presence whD 03am3pbodi es to a sel ected AAV serotype. A var PETUSOL/3B®IBay
formats for detecting neutralizing 5 antibodies are well known to those of
skill in the art. The selection of such an assay is not a limtation of the
present i ngdatin, dcxtrase@ar epssqin,, péanstsl, sstmabil, andtwatee. WhdlselecBBYL iBOG 32
(March 199?t P tV¥ . ng. e et .at, Human CGene Therapy, 9:477-485 (March
1, 1998). THE *rRLEIYL° 51?31?1 ?eg L9 ey be used to deternine which AAV

vector contai ning Capﬁ)tldnle&Qheb@ﬁposﬂfonﬁoﬂlﬂé Iniveatloamay@bRialp R Ab@ioREeher r ed
for deliver e. y the absence of neutraI|Z|ng 10 anti bodi es specific
a%é‘/dmgé

for that c ‘Flélﬂiﬂemh?‘rFOBYFé‘“a%%é’&rmé‘Fe“fl?ﬁ NZRSHEY SUh RE PFEITY ARy Of

vector witph cﬁleﬁﬂaﬁﬁﬁlﬁgze@ﬁ\éultﬁﬁgéké%ﬂ?éﬁ%Pés%atmymgfuﬁg@ﬂ@logﬁtaxfld?|ﬂo@é@sﬂﬁil ivery
of a gene via a vector with a ferent serot AAV capsi d protein
Similarly, serbae.derbicasid spfurgéesidss piapyligabathdhe m&}f@hs ARyl wapbn.dlycpriot ei ns of
thelnvent f with a
11 et el PLEASG ! S ISPt e REBELD B ESRSY 1
vectors may be used Thevirdlepaat ag:esrdemdﬂbneda’r gufiﬁa)em amein&s:toecchnlsfe&ttha:@lllls

ac the 117 et PRy Gt Ry B e bnbdi ron R Rl F Pl adterditior s

cont ai mo Cap&ictt RIS uAGueRklva sy SFyRes vVi/fH aédichll fabdepfabR P dislofitdl Stredt€Ct OF .
For exanpl e if afirst vector has AAV7 cgcsmd proteins [SEQ ID NG 2],

subsequent Micham b datemdeedy these slgfed indle medierl apGanvprtonaiand sel ect ed from
among t he @wﬁaceaﬁéa@%e&%tab1er}e&tesdaffagmﬁﬁ%{ﬂanon ﬁ@é e, wﬁﬁé{%ot 1%\/@%% dglfééé‘l AAVE,

AAV 10, 11, and or any of ‘novel V' capsi
i dent i fi eddHivesitn thaseleaed n@an%ﬁ'ghmuapwuahdetllacnywtheABell orHthHﬁ;onCI c2, G5,
A3-3, A3-7 A3-5,,3..3 223- 223-7, 223-6,

3, 2
44-1 44- 5(111‘ﬁ'2%“%1ntr2’§asﬁ]53“d Algraéraghfﬁfl dfgvelg)zlrgr&ocuiaé l&tra\fEO%S ntrﬁlﬁﬂ]%lal‘, 42-513,
43-1, 48- 13bcdi@ndous 4&1aZﬂ:rma43anB5th%5pa1élnﬁalZGuteQéEaﬁlmnﬂQraﬂon TR&ytesHf. 3, 16. 3,
42. 10 42- dB 42- 11, Flb Fa ﬁ 6(5 and/ or 42-12. The above-descri bed
r ecombi nanfiBEsRQ eo‘@”tﬁ’é}e VIEASH®Y-0 host cells according to published

met hods. The rAAV, piglaktabt e %weaa%mdapaldrwmw Q0681 Mch £QpPati bl e
carrier, may be admnistered to a human or non- hunman nmanmmal i an pati ent.

Sui t abl e cmnditémévemyleb@dartb%ﬁel yeight aad healthnf therpatieft, asidindy thys vatyeansang i n
view of th a’deﬂg' %glbéf)aﬂlg aih%{apml Fi{}aéfﬂ:%tl& lﬁﬂ?afnedro l'flﬁqe v?rag\;ectgf; ed For

exanple ohe suit Frier I nc es sa i ne, ornulated
wi t h a2war getkeyallgfin bmﬁdlgmoﬁgommlbumtllonlsto @kowg.100 pihoBgihaioe cbntﬁrﬂmged saline).

Q her exenp | ar arr QIJ_ st riL(g sal i ne,. | act ose cal ci um
phosphat e %% 7‘%%0‘?/6@3 9SS VIS VEERY: r‘%ﬁre g UMgR ot
peanut oil dosag@ﬁaseb@aﬂom afadowa@ €f.10TheA B gbihdsO rrh@ﬂoshg*@wnmerddﬁlrsted k$ not a
limtation of the Bresent i nvention.
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
30  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 vaccinal regimen.
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Optionally, the conpositions of the invention may contain, in addition to
the TrAAV and carrier(s), other conventional pharmaceutical ingredients,
such as pwegegn¥abi ves, 5 or chem cal stabilizers. SuitablPeTasenpdc2s y
preservatives include chl orobutanol, potassium sorbate, sorbic acid, sulfur
di oxi de, propyl_gallate, the_par abens ethyl vanillin, glycerin, phenol,
and par achl oroanenoI herppytim /@NIBTRFA cal stabilizers include gelatin and

al bumn.  The viral k ARl RESEy 1hB nakebCiheNde RMRBMsSnl O
transfect the cell s%@%q%el% ?ngl sufe fici eﬁ}t, evegs on eene transper and

expr essi ogravah ;and)duffd@naattméa‘a@re utCimﬂmg;LWlthﬁ élfnllt@tl% tsplin, slwaengs. ZevEr se
effects, or wit dIC| Yol i ich can be
det er i ne OB'S}OI{GR(()} "%h}irglg n?cﬁtﬁgpf Igl)d gtb\aéﬁh H&%ng ea@ﬂig ?&tt(ﬁ RM]

arts. nvent | on and
phar naseutfoqualblsymal@ﬁ@fﬁ@hbﬁe Q‘F(SH)dstemizuagjmrmomet(M{)J lomanmbonimée; but are not

limted to, djrect iver he sel e raporta
del i very tgﬁn‘ﬂ‘?gol"?\gé%e’) VEichir eqdﬁ 18]I‘aétgf°(%gtfa(cg%z{/gghénglgﬂ)%m SAPORAY
intratrac @%uldéstdeIcm%ﬁylmnmmrfga@&w (BICSF), REyiiae @tﬂﬁ(,EPO),tdoﬁmtﬁ%lﬂxs%ﬁc 15
subcut aneous, intradernmal, and other parental routes of aga? nl%r ation.

Rout es of gr%mtﬂhfmt@t(ﬁiﬁﬂ:br‘i’aﬁﬁﬁb@élaétcﬁ%‘i"ﬁhé@tor(PF%@SF‘Cr“é‘él fibys® ffa¢ite vir al
vector w | p I t i i ng
treated, (%F@@gglﬂ&lerﬂﬁfg% atlln%Ct @?1 t&? §foﬁgﬁ%§m$1?%tor ang&) ﬁtjtségvar among
pat i ens. dedvedegcawihl fethIdPU@I),apmJU |gmazi’th yactsfrs bandi H/@Gﬁdr@adll gay one @%e

viral vect i s.20. n . t 100

n of sol Jﬁ? %?115@6‘?1{“%%?‘?@ c\cfcgan sé‘ﬂ?r an o%gluggng g ‘% %hmmfogl at%g% x 1016
genones Vlth@&n%mlﬂlogevﬁc pf@élﬁ(m@)mmpml lﬂaﬁygﬁﬁe ofitie be about 1 x 1013 to 1

x 1016 AAV genones sage w | e ad the t her apeuti c
benefi t ad@?%é‘tm/ﬁwe%‘ihﬁ/é\%ﬁf‘%ﬁldéffeé\‘?ﬁ‘a‘a%‘ﬁ’cfﬁ é\ﬁﬂjééa‘ﬂ% ?ﬁi\‘ﬂéd’&i r‘?gpupon

the ther a&‘?iﬁrﬂhcf QRN H:A-deRTedMaLSRopH1E fAcRf BRDNAR 'ﬂEurMﬁ"@ﬁlMs NB3efpl oyed.

25 The le expression of the transgene can be nonitored to determn ne
t he frisquevity/ otiliagosagopids tictor (NTR, glial aell becdepved “%r%‘foéhla@%OIAAv vectors

cont ai ni ng(pgi}?@hneuhgﬁn Barin ‘28& ogysﬂéthe/fanﬁ@%?gegﬁpﬁl SRR deftin.| thd hose

descri bed er apeut 0Ses na I nmuni zat1 on usi ng
t he corrposnetrﬁrpmshepzitoctylmagrbwﬂﬂbttoxo(rhIGHixmhphsasogg'm tshigic apdpgbogangtydsiot s and

i mrunogeni c gucts for delivery by 30 the AAV-containing vectors of the
i nvention }é’ld ®¥Vi ded bel ow. These vectors may be used for a variety of

t herapeutic or VaCC'@ﬁEr el n%ene%ocﬁ@ﬁ@ﬁdhb@%r&ahﬁhat1eé\dﬁtbtHerlﬁﬁlluh@' t hese
vectors may be delivered in conbination with one or “r}gre ot her vectors or

acti ve?0 i reysleniieieding, withowdimiragian, chekingeund xnphkings suches thigmbapaisiifen. 38 WO
03/042397 RGH UHALIZRIR)BL-1TRRLAPRYSS Gncli RS YEDER -4, TL-12, and IL-18),

monocyte chemoattractant protein, leukemia inhibitory factor, granulocyte-macrophage
colony stimulating factor, Fas ligand, tumor necrosis factors o and §, interferons o, B, and v,
stem cell factor, flk-2/flt3 ligand. Gene products produced by the immune system are also
25  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, single 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 ‘
30  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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Useful therapeutic products encoded by the transgene include hornones and
gromh and differentiation factors including, without limtation, insulin,
gl ucagon,wQroam1397 hor rone (GH), parat hyroi d hornone (PTH) PCgrusee/sBebdr none
rel easing factor (GRF), 5 follicle stimulating hornmone (FSH), | uteinizing
hor nrone (LH), human chorionic gonadotropin gCG), vascul ar endot 51e| i al
growt h f agroding ﬁ@gn)venwr@%p'«éﬁwgcep@ﬁg‘g ferpl regylatipy ipdyding BgIWhy

sti mul atl 5 ¥ @helveppl®  growt h
factor ( ;t?ﬁhcgg %EL) Bel%g%{%ﬂqﬁfrgg\%ﬁwggé or b(llg%j:l ?&g%tlb iC flﬁﬁr obl ast
growt h f ademity lipegFGen, (Vé@Ldeercmetbr gndike hCWWDWCQM)ThCﬂWVSW% ng grow h
factor a | at e riv r grow h
factors | glécﬁgxp)ﬁsise $EE prodtuc aSlf %g e&%elgs o?%@tetcﬂ? E’lg on E?gégto §u él%ﬁl'élﬁ/gr owt h
factorsJi 11ﬁ:umlﬁfgfg3ﬁﬂobwlc(b16@écaptbﬂgnd' @’Frogal reeﬂ;itorw\hamlm Dhﬁ@lptms amirotmny of the

bone nor phogeni c prot MP) BMPs 1-
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(BDNF), neurotrophins NT-3 and 15 il ar¥ neur ot ro§gh| c f ct

(ONTF) , g|bpapon§aemmg pr%@nﬁEFE%eﬁiFnéEFbﬁ?&hMFﬁa% B ZFp
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cyt oki nes ﬂ%?nfgﬂm%g’gur?gg%gu%ﬁ&gspr? ronbop0| etin (TPO, interl euki ns (IL)
IL-1 through IL-25 Othalusetungne plodicts inthids, chibath@yl sguntblethdeL1@pithineronocyt e
chenpattractant protein, |eukema jnhibitory factor, gr anul ocyt e- macr ophage
col ony st |trﬁﬂff°é'tbﬁlﬁélafeaé'fgéﬂosuqﬁé’ételSP”GhﬁﬁFe PERpFucHaYP B?Fes BEBrs a and (3,

I nterferongy, la@e’%ace?a%}lda olass! R AShAInd Rfh@lylasé, |ali5h31 1fdntiBypsir) @Rdosegene

products proddced by tHhe i nmune systemare_al so useful in the invention.
These 15 nciphdwhataiet perghotilinvgendanyinase, ifsptndds Bsior PﬁscwtngOHP gaip-syimse, | gD and

95 o T L Do IR L O S e

antlbodles receptors recept
cel | recemo GrboxyRss Metkgmhabhgls@opl inutadd;i€urapy 1€ mydlagermﬂ finsmlsn, betgi neer ed

|mTunogIobI|n and VHC Iecu S f ul tsaso ncl ude

conpl enent® W@ﬁa"rsﬁ’t%’r“y"aﬁ?ﬁ@t }‘nlgteellf:é’ﬁtlc E@W‘Bﬁ@ﬁ’eﬁos ]8 "PSS EBF §B°16r ot ei ns,
menbr ane Qfé&ﬁt&t Tasd) HRb Rkdin, ﬂ&/ﬂﬁeaem , degdiy fmmslt@nmnﬁt@aﬁmgmommm CR1, CF2
and CDb59. Stll ot her usef ene products include any one of the

recept28r s speienechand hdysiaphis cDY) ‘FP“F%ctSB]il gtheryselk geng Produgisinedidenes,
regul at or y,, pr 05 &L SasHU deTIHIFin SUA R FePRe WO OREAHE IR TchRETERALA 33620

of conditions resulting from deficient activity of enzyme. For example, enzymes that contain

i n

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

25 Other useful gene products include non-naturally occurring polypeptides,
such as chimeric or hybrid polypeptides having a non-naturally occurring amino acid
sequence containing insertions, deletions or amino 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

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

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

for treatment of hyperproliferative conditions characterized by hyperproliferating cells, as
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proteins. The invention enconpasses receptors for chol esterol regul ation,
including the low density lipoprotein (LDL) receptor, high density

| i popr ot eWo o3MIDI3¥7 receptor, the very |low density |ipoproPerruspysiond
receptor, and the scavenger receptor. The invention also enconpasses gene
products such as nmenbers of the steroid hornone receptor superfamly 5

i ncl udi ng ag eroerrd prd Rsetiebis: clasgst pelypaptidesdaelndsgbosepabopntises Whigh 8%8ni n D
receptors : . jitd . A oduct s
el ade ¢ Pt SEhusiRl T Blighs KB MypclRo iHlild Gl R edde ol onse
fact or ( SRE)s. Tect antideds inalpbe pdymptidasenended éybmcogEkS sudbms npybnnaé, fymg
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I nding proteins, e.g.,.GATA-3, and_ the r a am of wn elix
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i nsulin, beiya- t? ucosi dase, pyruvate carboxyl ate, hepatic phosphoryl ase,
phosphor yIR@SPRY%Fase, gl yci ne decarboxyl ase, Hprotein, T-protein, a

cystic fibrosis trangienfitable theRgehtRtpalyptSHdtRndRoRhg UeNaR thade vhith may
dystrophin cDNA sequence. Still other useful gene products. include enzynes

such as may WeliliSsfraitingindndyaesispnaenatiomRERaHEasRINCAISPECHDE ul in a
vari ety OJonfeq)xrﬂ? 4 IB{%Q@bJS@@ glj,&e'cﬁ]\ga iR A&bo Mk 8inR GhdeVd thitt 20 asSREMEBwitOr
exanpl e, enzynmes that contain mannose-6-phosphate may be utilized in

t her apises dutriminys v owhidingtcoll sageptotis sedisadls Whichgproduge “solff -diendtes agtibedigsndl udes
t hat encodi 3-gl ucuroni dase (GJSB 2 e JCct s

i ncl ude no‘i‘?ﬁgl?ft%{flt%# 3@0"38]8[}? ailg??éésp)'%‘f %ap%%l T 3@&5&@&}?@6&%}, (l:rﬂl:ﬁl ?er %%!:e?%s‘rﬂs hybrid
pol ypept i d@ss)hgjvkirg's yieding) dirusidddiy inpeitiudepbmninadittetesacd!iitus €BRMNCe
containing insertiaons, deletions or amno.acid bstitutions. For exanple,
singl e- chAHMENEP HYEHEHS. i PR HOR OIS ARG OB IR “%amas% fRdefmp, palymypsitis,

I Munoc oMy LiRkERJoRAL hEMasis, vaSdulll, Wesess's SfaniRArRAREUC LY dRESHALd N gene
sequences | ncludé antisense nol ecul es and 30 catalytic nucleic acids, such
as ri b¥zynesrativisicolitis dischl obhesgslisgases isrcharaeterized by dxgsHaecspiors GFRa) thetar get .

peduct o1 ARy IR g0al SRS Bl SRR S m ot Y
hyper pr ol i fuesimiriung disedses, as 40 WO 03/ 042397 PCT/ US02/ 33629
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 variety of viral families. Example of desirable viral families against which
an immune response would be desirable include, the picornavirus family, which includes the
genera rhinoviruses, which are responsible for about 50% of cases of the common cold; the
30  genera enteroviruses, which include polioviruses, coxsackieviruses, echoviruses, and human
enteroviruses such as hepatitis A virus; and the genera apthoviruses, which are responsible

for foot and mouth diseases, primarily in non-human animals. Within the picornavirus

family of viruses, target antigens include the VP1, VP2, VP3, VP4, and VPG. Another viral
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are cancers and psoriasis. Target polypeptides include those pol ypeptides
whi ch are produced exclusively or at higher levels in hyperproliferative
cells as wormpasBa7t o norrmal cells. Target antigens incluaeTpsbypsspti des
encoded by oncogenes such as nyb, nyc, fyn, and the translocation gene
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i ncl ude R&YY ?I(I.Iu“él?etr RF Pl éu”@%" us?‘rq‘lﬂ'?}f ?)SI ‘Efegtﬂﬁué fi Ritis Yigis) (POl en' s

syndr one, §afcﬁlelt1dﬁﬁil1551blb psstiobriterfteNRB (P, policab @tsgdi®InkiitdishcéghblMyelitis
aut oi mmune fh n‘lﬁtls reactive arthritis, ankylosing spondylitis,

scl er oder m™ ling infegtious peritepifis s (cttp)s felipg gtpricssosonayisusdeath cprine
Wegener' s g&l@ﬁﬁif'ﬂ‘ﬁﬁ?&dﬁ? lafid hﬁfﬁﬂﬂ@spﬁraﬂﬂ? @@5@&1\@9&3 20nikh £8Y @?Iu'sé/ fhe %91511}?!{1 %olgEaC h

of these diseases I's characteri zed K receptors ind to
endogenousarieringens BaauC hepatifiat Withinghe W@@Nﬁ'&i famyly,da&cmnagas$1mcatﬂm with

aut oi mmune a ans tern

addi tion, F‘ﬁgﬁ%’ec gdr gg%rflﬁﬁggﬁon\?@h}tgz garllsor?ﬁye co%tss\lpllﬁe v\ ml)ég (éga %”‘?8395 of the
i nvent iidn mmwmmggmam%geﬂaggncqﬁbmgﬁamnﬁahmdeauambmnam&mﬂﬁrNmn?ﬂ@h@hnnwhich
i nduces an J| ne response to a sel ected For .exanpl e, i mmunogens
may be sel I PRUERES MYY Py Br8ted eyt de ‘%%Hﬂ%ﬁ‘“ﬁ)’(éﬂﬁ?l@“@f‘d%é@? rabl e

viral fani Eér%ﬁa \aegamrasﬁusv(elgc fves@naﬂ maﬂwr\ﬁ&@%ﬁ@twhéal%s%h (@bl e
i ncl ude, e picornavirus f ch includes th genera rhinoviruses,

whi ch are fa@ibn¥ithindhg l@ﬁb@db u %@d% witalle awigens m@m@ deginrerbfions #edl prdtein 30
genera ent gr gy Ndﬁllﬁl{%ﬁl ’M@If&\lﬁll}; ﬁﬁ)kfﬁ'ﬂge % dh%gélﬁd& Exémo@?e{é?c%\i%ref}ﬂlsrey SR aa
echovi ruses, t he

uman ent erovirusés suc A VI rus;
gener a2@pt MavbmglsmEbQAm;/luts mydoerasspamessdum of bntrgehs:dfheamchmmmlhusdameﬁs es,
primarily in Wthnthe .CO nav [ us. famhé of viruses,

target ant }nééuﬁgs b aﬁ%‘?ﬁ%ﬁgze{ kgus\/i‘ipe ?’aiam@\’-‘%lza VS Tt \%‘GPG PHYPRE%Yi ral 41
WO 03/ 04239TruPTIPIS0H B389 (mumps virus, parainfluenza Virus Type 2, parainfluenza virus

Type 4, Newcastle disease virus (chickens), rinderpest, morbillivirus, which includes
measles and canine distemper, and pneumovirus, which includes respiratory syncytial virus.
25  The influenza virus is classified within the family orthomyxovirus and is a suitable source of
antigen (e.g., the HA protein, the N1 protein). The bunyavirus family includes the genera
bunyavirus (California encephalitis, La Crosse), phlebovirus (Rift Valley Fever), hantavirus
(puremala is a hemahagin fever virus), nairovirus (Nairobi sheep disease) and various
unassigned bungaviruses. The arenavirus family provides a source of antigens against LCM
30  and Lassa fever virus. The reovirus family includes the genera reovirus, rotavirus (which
causes acute gastroenteritis in children), orbiviruses, and cultivirus (Colorado Tick fever,

Lebombo (humans), equine encephalosis, blue tongue).
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famly includes the calcivirus famly, which enconpasses the Norwal k group
of viruses, which are an inportant causative agent of epidemc

gast roentwpioBiog23956t i I | another viral famly desirabl e foPCwasor/ss6ear geti ng
antigens for inducing inmune responses in humans and non- human aninmals is
the togavirus famly, which includes the genera al phavirus, which include 5
Si ndbi s viruses, RosdRevaroviriy @sily aredideeihe sutefaarily diawivériml &hidkst er n Equi ne
encephal i ti Vi i i . irus, .The ivjridae
o 1y 1 ol EuAngs B el g b s el B kT iy it 9pd [0S
encephal i t HIaAY l¢ntizkinbbiwhéchendegeh dlimbn BnwarodsfidencOiv e (HIVas@eEhn ant i gens

may be generated, f.r.omthe titis C or the coronayjrus fam]y, which

i ncl udes alrﬂi’jl%%qﬁ%fﬁlfnﬁovﬁl-uﬁm tj\‘?(ir}ﬁdg’g‘émg‘é?ﬁ‘i‘eagy Y‘HTSZI\E(N)O%WH‘HJF%WPN s virus
(poul try), adémipelid, aed §guaasimingly) Bt egnst HIGRhEBIE n¥dnk USitdbli MieerRBhed NE
hemaggl uti nati ng encephal onyelitis virus (E}I gé, feline inf ec%| ous
peritoniti S8 de5eibed apdgan regdily he selepted: iFxamples ppspitrlle HIY ang SI\cantigaes

cor onavi  ugnofidRMith AP AmRAHELE ga%gbﬂ,a{/@,r\yg;lg gfﬁk\[}vﬁwﬂ%ﬁy Réygjr&angﬁax wefuse the

comon cold and/or non-A, B of C hepati in the coronavirus famly,
tar get ant agyenioup fregroeids thirgof. Bh additigo agatidte df wbdificatimns foxhese adtend havE2 (al so

called S o pi ke.protein), . E al | ed 15 or, he utjn-elterose)
gl ycopr ot e%%é(dﬁgcﬁlbgé'eégihatmei aﬁﬁgﬁﬁg%é:riﬁg AP Sy these gﬁ%‘l%‘é‘é%p?%déqr
Still abheexanile,paomapasledre stqiegeteacodgathagig, pble Vithatidopt Eus ThedwidIRev, Whi ch
i ncl udes the nera vesiculovirus (e.g., Vesicular Stomatitis Virus), and
t he generaFmPE}%g%@Frergtet“é: g?e,’ ©-Ep gﬁi"é‘%‘ﬁ‘ged\ﬁaﬁﬁf%e‘f'w 15y g\megllygU]S;fmep ,

sui tabl e aso79sns. S&YalRs teriwal SIVYM RS dGEobtif DX WBarbiR8 NPy 84&IN. The
famly filoviridae, which includes henorrhagic fever viruses such as 20

Mar bur g and>Ebdf@-A07 (Marin2088), andsRiRe Atlaga, sloakr Seiened, 28H69-§é 166 Apthpo1).

par anyxovi f.anl: i : iRtk (N ; rai.nfluenza

Vi rus Typeﬁﬁg?segg({/{}lhiorpégrggélﬁg ﬁ%og{zi%§ b\gﬁdlﬁlﬁ ;a/apl)o\eéefse,’ﬁlrl g‘%u 13%}}0%1 3?‘ S%h%ﬁ%s Vi rus,
par ai nfl§ uemgcoryior fism Rysprgle2vecpar ai nfl uenza virus Type 4, Newcastle di sease

virus (chickens), rinderpest, marhil.livir i ch includes es and
cani ne( di st errpez, angﬂ%R&Y%‘()ﬁugg@?liyvéﬂfl%esﬁéc “3’"3%‘&@ %@b?l?%“&?eﬁrzggﬁj@yai al
virus. 25 JO© viroédsp@azne bk fmily pail@ssiitié @8sobiatediviltht dABcek PdA hfignant _
orthonmyxovirus and js a suitable source of A antigen (e.g., the HA Brotel n,
the N proPEiSHFSIOTAEP AR TIEFsadF%ﬂﬁ“l“?fﬁ‘mb/llﬂﬁiwst‘/ﬁ@eg@?gr@7am,£ﬁ pUS
(Californi @vh?dﬂ%ﬁ@é%s‘girht%ry digald D9RE bnteRY AR YANHRIrdsRuhily Mahd pay,

r),
hantavirus (purenala is a hemahagin Fever v)srus , halrovirus ({lvgr?ﬂgobi
sheep @0 sefskye enfriitiglafiliog panlensapiayived chningevyavirseend Foreina pemaxirusudhé ani | y

provi des a . ' 1| 30 and lassa fever virus. The
r eovi r us f%?{? yﬁﬁsnfc%fnﬁlggﬁséhgﬁgﬁlﬁgﬁglrf%%beag%%ed oSV %W%V%senf?/m?aé??s Rauses
acut e gast poent @mplkekarisHEW, [HNED) yaroelivirugs (seslorabied, vavitdliavbsietd afddak or ado

TS bSes” erb SRR BATERSY oSN SNESRIEL 05 o RLAC, LSRR 22, VO
oncor i vi ri palondzaleirus) and the sub-family gammaherpesvirinae, which includes the genera
25  lymphocryptovirus, EBV (Burkitts lymphoma), infectious rhinotracheitis, Marek’s disease
virus, and rhadinovirus. The poxvirus family includes the sub-family chordopoxvirinae,
which encompasses the genera orthopoxvirus (Variola (Smallpox) and Vaccinia (Cowpox)),
parapoxvirus, avipoxvirus, capripoxvirus, leporipoxvirus, suipoxvirus, and the sub-family
entomopoxvirinae. The hepadnavirus family includes the Hepatitis B virus. One
30  unclassified virus which may be suitable source of antigens is the Hepatitis delta virus. Still
other viral sources may include avian infectious bursal disease virus and porcine respiratory
and reproductive syndrome virus. The alphavirus family includes equine arteritis virus and

various Encephalitis viruses.
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enconpasses such human and veterinary diseases as feline | eukem a virus,
HTLVI and HTLVII, lentivirinal (which includes human i mmunodefi ci ency
virus (HwpP,03m#3pan i nmrunodeficiency virus (SIV), felinePcrusnwsistd ci ency
virus (FIV), equine infectious 5 anem a virus, and spumavirinal). Between
the HHV and SIV, many suitable antigens have been described and_can
readily be sel ect ed ThEEREsHE Eyersiondpay akig|CRCQRRFSSIFHNUROZENS Ay %guseﬁﬁ ® ude,

wi thout | kb Abd ORuh{teor9RE:huR@h anital agaMF?r‘]othe\[Pp_%hpgéﬁk’ inci[ﬁing%@'texﬁ@,}fur@i,m eins,

as well as various fragnents thereof. addition, a variety o

nodi f i cat iparsiti¢ midrdnegaismst drgeticeHalorpargsdeswiiels iftchemansudingapihemant | gens f or
this purpose.are known to those Ll sl b . b e, one
may sel ect’ exgebéaé?fugrnfg%mg e ot fcr%l otrﬁIemcgrgal}' %%%ﬁ}pl%ﬁ)ff;%%%rg E%Pgﬁgf\é@ﬂ%ﬂ and
Rev, anppghbgadicgimpositied cwsci iSdede pregmococtiestaygiobo@d agdefrgptasdeiin whi ch i s
described in US Patent 5, 6972, 5916. See, also, the HV %n% Sl V %{got ei ns
descri bed PARo#sIIg SrERMsERLN© Spechncluge mEpingacoccusygongsacsyss Fabingeniq i 2001) ,
and R R AR-Aegafile Bcilli 1R éfteroB&tér8eaélpsetidofiviinbs, adRéldhacterid Bese prot ei ns
or subunit's thereof may be delivered alone, or in c?lnbi Qi?:ti on separate

15 vect or sikenelier mphcidasishelondaiBigellaphacpebdvs Mrys - dhidq e}/ir(&’%i?_ges t he
sub-fam | y,pol %?H&deg,%?ég&,%yﬁ@ﬂ tuldfevlsi¥ (\K/lﬂélﬁt%llséﬁgaxreﬁ%)%iﬁiﬁm ly

papi | | omavirus (assocCi ate cancers or malignant progression of

papi | l1oma)pasfEhellax srepiibacitus monilifprinisehd sgsllwiny Gremspositixe baDfi inghRld, O, B.)

whi ch cause r.espiratory di sease, and/ or teritis he ryovi.rus famly
feline paﬁ’\%\}? mgoc?%)ge%/eé' ‘r‘rﬁ%f’ei‘ﬁ?ré’f ﬁ’t“F‘SB’%%l eéldlloreneg%%ﬁ’Zeuﬁg%ﬁ)étﬁf}éc{/i rus, canine
par vovi r ugdippthetid)sheieRs Bpakmaiis(ashradl) @onoveideBgNatinlemb aguingle);aad udes t he
sub-fam |y al phaherpesvirinae, which encorrpas\??es t he gener a sinpl exvirus
(HSVI, HsVeitynelloss. i Riseaseiiapisd by pabpgraicaspesbic Parerizg e e sy §°t5‘h%§“=_t he
sub-fami | %t}Q?El%EtﬁHiQ?t%BérEMBﬁéa Teptbby Cohdi Jiceh Hil@ShabfAa ORAIRIZ8NiE ¥hiRsERGAIl OVi I usS
(HCW,  nuronegal ovirus) and the sub-fam Iy gammaher pesvi rinae, which

i ncl udés tdireasgeinelude e¥philisnistronemaesyi vews, PiEswnd @derictsyehilisi#pthoma)

i nfectious rhinotr I 4 ES,: l.e; i Vil i trus. The
poxvi rus. TP S DBebtE o BBy o bithe FRRGaenokhts T RRERL AR
enconpass éscliideacieneicasigmbbogiosiy; crypsocoMasis A astqnBrasis, sxiplamdsiVast i ni a

(Cowpox)), parapoxvirus, Aavipoxvirus, capripoxvirus, |eporipoxvirus,

sui poxvi r %?C‘SH’ggWH@S%ﬁ“ﬁgf?is‘lsy”p%rﬁ'%#‘?\8B@W??rm¥8%s.‘s’%ﬂ?émﬁglboé havirus fanily
i ncl udes tﬂﬁ?acb’&ﬁﬁédo‘iﬂy%os%, BetfiblSidio§HQodibpbdted, Aiyedibh®ghdwhfdisoriitbsik amay be

sui tabl e source of antigens is the ,He{aatitis delta virus. Still other
viral %our@%ﬁtmtqsﬁcﬁwg‘él ttia)iinfections wetupe hephyg feavsy Rerloddewntyn sprttednd por ci ne

oo 00 A OSBRIV
03/ 042397 iRdldeBHdB86@%Pneumoniae; lymphogranuloma venereum; psittacosis; and perinatal
chlamydial infections. Pathogenic eukaryotes encompass pathogenic protozoans and
helminths and infections produced thereby include: amebiasis; malaria; leishmaniasis;

25  trypanosomiasis; toxoplasmosis; Preumocystis carinii; Trichans; Toxoplasma gondii;
babesiosis; giardiasis; trichinosis; filariasis; schistosomiasis; nematodes; trematodes or
flukes; and cestode (tapeworm) 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

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

tularensis (tularemia), and viral hemorrhagic fever, all of which are currently classified as
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The present invention may al so enconpass i mmunogens which are' useful to

i muni ze a human or non- human ani mal agai nst ot her pathogens i ncl udi ng

bact eri a,wbuwag#2397 parasiti c m croorgani sns or multicell ul acCTAmpasicees whi ch
i nfect human and non-human vertebrates, or froma cancer cell or tunor .
cell. Exanpl es of bacterial pathogens include 5 pathogenic grampositive
cocci i ncl Jericgonetmsenss Cioxiele Apimglid Qdfersr); Bawng!ls speeips (emetosis), Pakhdgeni

o am nogat 421 BRIGRT Al AR PERRTREK I RRIEOE Chismidhomadimeons e ©

aci net obactitsrtbxin gepsliloreiokia)) Skdphyloretisspdees il tisa toBRStehRiot§Hh 88 AF which
haenophi | us;. Oora elf a..H %ucr%i (whi ch = causes chancroid); brucell a;
Frani sel | a TUMAFEHE Passiiigdias fraiegerd Ssaeenis1nd NYipan viys pad haniavingses pelsieleaieel | a) ;
st r ept obsacidutresilynakific & Citsgod ag@its. i tnlatiitioHoRS: B@ﬁi%xwaﬁéré L4 1 nclude
listeria mTOC'¥t<ﬂ8ﬁ<SFS; «]er ysi pel ot hri x rhusi opat hi ae; Corynebacterium

di pht her i a HIFROHUHPELY dissitisd.dnayehe identifiedancor(usert for such:a pdarow artbsi s
(granul o fiiies PR IEDs reAI unB@EHOD ' | Y;cRak hogeni c
anaer obi ¢ bacteria i necrleudf_g Yet anus;@lhabtgtgh?ailg %ﬁ%%ﬁ fan 8%%21%?%0%&%6%;“%68

t uber cul osib§rein @ppeafyl to delivenetigensiyan bret @rimsmPairitog eindictosips oioghatbgl 15

X . Sy 0 di Yoot mgirsm Cariogeniicosin oas)
yphit1a; rer i RHERI vk SRPASIER RRERin R allcBi Mgt et nogen

bact er il armiblpgitdhegmuwd. c fungi i ncl ude actinomycosis; nocardiosis;
cryptococcosis, blastomi.cosi s, histoplasnosis and cocci di oi donycosis;
candi di asi s, asper gi 4 Illgfr?téi’ﬁd’?mfcv& Ris0b Shednvedpen Brdelixsdmmanogens against
par acocci ditiedanyble ségion drelid T eéllsietltios %mﬁ@rl'éﬂpelﬁ’s%_(?l?dhﬁin%@?ﬁst, ﬂ%ﬁnﬁﬁ%
chrononycosj s; .and I20 der mat ophytosis. Rickettsial infections include
Typhus f ev&iose Rselly Inshavmaioid agisits ERA), seveeal spegificandable mgbnRoEK etlt si al pox.
Exanpl es ofeR¥eRRaR! el I [ ti i ncl ude: opl-asma
reumDn; a6t ho ot e et e S FLBE Ben' e p 10

chl anydf al inchideci-BoYid4, Pet/od & 1. ditkardglitees onoeiaossd #atdeeeni ncodes

pr ot ozoans el m nths, and. i nfect.ions, produced t herehy include:

anebi asi s; aﬁ%%é??%{’%%sfgﬂlﬁﬁ?#ggﬁ ‘gﬁ %8‘??‘?9 BSLETRoasS that wil faset Aoy s:
Pneunpcyst imvobad imRA; IT mukipasslerok@( D) a2 RIGRRM I variaPRPEIIRIF T -CRgiV@lri(gli asis;
trichinosis; .fil ari.aﬁ%654i%§sc i stosom asi s; nenmatodes; trematodes or | ukes;

and cest od& (PR PEdRYObRen chapgjered+ Heese TERg dsluslay -2ae! We-100xi ns

produced t TREEEYIRAVE PRRIkic hd@RquE | sease Cont rol
[ (CDC), Depart me_;lt l?’%f Heat ﬁc and B%ﬁ%ag%mgg%vﬁ?%g%?)B%%FA'%%?QE'QC Ztﬁite st\%i ch
have pd? entlicianfigymugs sespenspihst wijl tevget Betlsdkelveldn Mk ahmcrodsmme sokrdl hese

bi ol ogi cal tSpiaH Ragl hragi.s nt hrax),, G ostridjum

bot ul i num s%%gﬂivtﬁgal%lé;%gﬁ%B% F%}IQ% éé'irlvl{)‘!ﬁ a%g}rwsollﬁ%é%g%tadilsgas(eE‘F‘geglffg? chajagtsrged naj or
(smal | pox) ThesedFCRsiptlude Vi) Va8, \eids isd Virubavestaya-7ang- Mi valishepmner hagi c

fever, all {of,whi currently classified as 44 WD 03/042397
Va8l ‘ipa- i) el“hus, Jeﬁvery %f anuc ele acu? molecule that encodes at least one of

these polypeptides will elicit 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 selected. See, e.g., WO 00/11 140, 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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PCT/ US02/ 33629 Category A agents; Coxiella burnetti (Q fever); Brucella
species (brucellosis), Burkholderia nallei (glanders), Ricinus comunis
and its tweioofa3pTin toxin), Costridiumperfringens and PCTaSOn3i6no
(epsilon toxin), Staphylococcus species and their toxins (enterotoxin B),
all of which _ are currently classified as Category B agents; and N pan
virus and HEH{PROTNG 8B dnmypg repposseton selepted antigen by delbifingalplasniCaNey 9estorC

agents. | n QgdlinkisA0 an@ddSfonNERH SI%R ich.are so classifi or
differently g?agsj fied, rre(l)ygﬁe %e@?l}%ﬁ” gjrll glre CHOLREEYpe ééﬁseﬁuﬁ?ﬁ?%se in
the futurdhemyeigion] be readily understood that the viral vectors and other

constructs descri bged i useful to deliver antigens fromthese
organi sms, Vi rusesi,%1 e%lﬁ{b%fi@%%{ﬁgled’rmﬁ%@?trWWCBFWBUEi@?CWF%§W11\MfII prevent

and/ or 6 eanuliipbeatifom te poieend/ashe bset veRds.i SH%,Se.%\!i, RIR. 't;«b@azg,ls};gn@, ol ogi cal
Ion 1O dellver

agents. Adn,ni st ion. he.yectors of the inven
i munogens @gggﬁr@?% Atpﬁ'é%félb i"Vi_EﬂY‘éje?Cé’GF%mBFIPf%@H Tegéadn for eNpreskipn afiproteitune
response i nabuidts DEATTbSgdneraghd M RikhiGie 1'&5?91?5% agaiﬁs‘? 1§ -an QI\Vlh cgjrréggélg]élg,taor S

arthritis (RA), several speci?ic vari able regions o ce

(TCRs) whi dNaPEmemay debiverithe Gage Pol, Yefa¥BXrrad & pbeshEich AnaeiERévzesh a These
TCRs 15 i nGld@8raMsJint.V, 7 - 17, Thus, | i.very of a nucleic acid
raecipt Agg?mft}eég%’f thgr%gvo g’ﬁ%é‘ﬁ%ﬁ‘]"ﬁ%ﬁt‘? c(geééew.| | elicit an

sequence that encodes
i mune Pesponse t Wawewerd thetpamgetood reghinkiss aré fotdimigd td MoRfvizatiBn P IHIVR) &

sclerosis eral .speci.fic variabl.e regions of TCRs which are

i nvol ved iﬁ%@%" s B0 F o XA hell e FRY o v Helieringredh p st alienny- 7 and
Va-10.  Thusgtordefltheviavgntioh fellomed b@ibGostigk ith QRHANE ShidplecBRGPHGE 4t | east one
of these polégoe tides will 20 elicit an inmmune response that wll target T
cel I s i nvolFYRRPTHPMGBNtanina:the aiftigan Heell in peasein Zorm. dpend driexamplej thbpeme-egi ons of

TCRs Whi Chbasse rdefvéd M8 Grdvide LERAS racterized.., These TCRs
include V-6, V-8, V- 14§5n(11 vi@ie_, Gam e SR GO ARAh R A Sangs Vs 25
and Vali2. oreausn fipa phishyhamtigemigderdved. aramthentiestnd enbdiaheeeopeseat | east

one of th i-des Liglt an | ne response that will target
Toel s i noryaaeihhEE Mhpe L g rRlen e oot BIE etaphre AN
sequences détedtioe of theeméseinre offee dorditickefor wichdhdigiyNg bénPAdBIRAQSt regi nen. A
vari ety of such regi ﬁns.have been described in 30 the art and may be

readi |y sel ected. Seel® BIYINg Vag§iRFonay bepgdminjsipied ghwgionssiiehinthe PBYOR 2

i ncor por at eekelypdn@é@MRAEE, wBkE Qe B BOAstoch G typically involve the
adm ni stration of a DNA (e-"g‘iﬁ’ el%?]asm d) 'Etggseégm\yfeng?%re d%%%le(gr”imn%m? he i mmune

syst entt o Esksels bsmgdareeted inyentipmisinohlimisd t tize anrcadi ¢ sirn@df injettic@ey), such
as a prot epno e phatFaRR i ng 1 he sequences encoding such

an antigen. I'n one enbo iafr;‘gaﬁlﬁffry!t e e brfin g S%P SUTRBESES AN PRI M ng

which include a single dose or dosage which is administered hourly, daily, weekly or
monthly, or yearly. As an example, the mammals may receive one or two priming injection
containing between about 10 pg to about 50 ug of plasmid in carrier. A desirable priming

25 amount or dosage of the priming DNA vaccine composition ranges between about 1 pg to
about 10,000 pg of the DNA vaccine. Dosages may vary from about 1 pg to 1000 pg DNA
per kg of subject body weight. The amount or site of injection is desirably selected based
upon the identity and condition of the mammal being vaccinated.

’ The dosage unit of the DNA vaccine suitable for delivery of the antigen to

30  the mammal is described herein. The DNA vaccine is prepared for administration by being

suspended or dissolved in a pharmaceutically or physiologically acceptable carrier such as

isotonic saline, isotonic salts solution or other formulations which will be apparent to those

skilled in such administration. The appropriate carrier will be evident to those skilled in the
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45 WO 03/ 042397 PCT/ US02/ 33629 and boosting an i mmune response to a

sel ected antigen by delivering a plasm d DNA vector carrying said antigen,
fol | oned W9 BoOsPT Nng, e.g., Wth a vector containi ng AAV Pequsnyas2df the
invention. In one enbodi ment, the prime-boost reginen invol ves the
expression of 5 nmultiproteins fromthe prime and/or the boost vehicle. See,
e.d., R R anaed wjll 8peehindarge pARUBH-tHArofi® ofpdininidaidy). Twotahpddiivas dfirs a

gener at i ng "B AR BEpEHEET TEaAE el Fo e S oty SR g Eeveat aonn
prine may eeldiverreltdre féagilation usinyh bioddrxdadRbiddempatitle falymer] ait by @PéeRev from
a single transcript.. Aﬁternatl vely, the SIV Gag, Pol and H V-1 Env is

del i ver ed. 998y°pottigdRicelieieeel anddiPpo88s. r egi mens are not linited to

i muni zation for H Vg b f Q6" ' \
, i zat iohdlly, ggbhl_xﬁ?{%ysé@qu&m@melﬁaah aggﬂ&iudgﬂdﬁlﬂﬁﬁfgﬂbgven Cion

primng may involve delivefing w irst chinp vector o

fol | owed byvithdesrringgs WNA vaecie compesititinnpsuiiable amourof wi adjueant, seaipposie i on
cont ai ni nggthL @pLigen itself in protein form In one or exanple, the

pri me- boost reginmen can provide a protective immune response to the virus,
bacteria or other 15Pofeablysnhdostomyasmpoditiérhie administreed absuidetol abedt.27lweernot her

desired enbgdi nent., th [l me- st regi nen proyides.a erapeuti ¢ effect
that can bégﬂég@a}l%%rl e[pgefll@g‘ﬁ\yg%‘) iv%%mgg%g{;énaﬁ% Qﬁa’&lé‘ﬁ’é@f‘?@ﬁ ag‘gmﬁﬁ@u?ﬂ esence
of the 1gondf the 8Bosking cmbcssmohhﬁaoa@»iplﬁsaecb@siir@axﬁ@mﬁ\iesah%ﬁpbf_aﬂagstagivaldﬁge

vacci ne may be adm nistered at various sites in the body in a dose

dependent FIAPRSHIONGANERINGSS §pRIBICOA delivsring the game ensigampcadmimstegd Sy thed i nmune

20 responsg.i ' j Y [ |4 . t he .anount
or Situs of IR el AR ol CoBKENALERAL b OffootedUrs etk AT
primng st ¥rtadeimidseethetspmatitdsburcegi fngn snothdrisaired. nElkamtteivalysthagl e dose or

dosage whi is admnistered, hourly,. .daily,.weekly or .nonthly, or yearly.
As an exanp%eo,s t%}gncem O?rlTar% sca'rlrgflarcglgé?s\%m&ﬁgfag‘rmgﬁg%yaﬂ’reiaﬁf‘%@ aisﬁf‘%’é?‘?g’r%e

cont ai m$ ngphaingdeNA ahatiie, B ig tHedoabofld proRinng peftide] wBioh Gorhpbskidh iddetes ab
desirable primng 25 ampunt or dosggemgf the primng DNA vaccine.

conposi t i oNFENJEPOBE oshdnenothes gmbgdimsply e bopsting yagsirespmpesitiqana .
vacci ne. DRgRdess EposabY cbliffnaReNA gqugnJeQné&Q% tBe n Qlﬁfer 49 cOfrqiubl ect

body weight. The ampbunt or site of injection is desirably selecte ased
upon t he i eehieBelgtopngdessaelilirecting 8% expiiessina imamabeilian oglowg. necwd: suthes dosage

unit of th TPRNA, I I: I e tigen to .30 the
manmal i s gscr1 |%€g&lﬁée}§ﬂe§wl;a$ﬁéec 'Oﬁ%/eg%%ll&a@:eﬁgﬁ){lﬁetg%é)r@l l?og?etlrgdlﬁlc Aistration
by bei by sanspeitide dreahatdhesatigaed thewaacipb asmpsitioh iciat kameamtipy st togi-cal |y

accept abl e c%rvzi er. sucsg as id% go i line, isotonic salts solution or
ot her for nlfP4t ('S‘Hége\ﬂh? REhgneq g Y &ﬁf&%ﬁgﬁf‘c‘%“& t hose

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

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

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

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

gene product in vifro. For in vifro production, a desired product (e.g., a protein) may be
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skilled in such adm ni stration. The appropriate carrier will be evident to
those skilled in the 46 WD 03/042397 PCT/US02/ 33629 5 art and will depend
in | arge warog/ouwson the route of adm ni stration. The conpo®CTiusny33who t he
invention may be administered to a mammal according to the routes described

above, in a_ sustained rel eas ornmul atLon usin bi ade abl e. .

bi oconpat PpiBedLEIR Felesiregculiyre gﬁ’{["éﬁ “%?etfa“a%F‘w‘efi}‘O%ﬁ#gw ¢ g/%gg OGNS and

| i posomesy,. CRiidaR&LkEWind RE dBHrbbRAUA AP SHuih Bt cenvEnié aicatsitons! udes

adm nistering wth the primng DNA vacci ne conposition, a suitable anmount
of an adj whizhtpermiueipressiomr Bhe expressed Praseiangy, they by wiridisd pnd solglseaasi ng
conposi tign.i dni.ni . : : Ll stering
the pri m A S Aa R FIoEE, BERHErEinD <P A iEd AR o A o 10 of

t he boost kingviconipss of slaiin the at.conpl i shed using an effective anobunt of a
boosti ng vacci ne conposition containing or capable of delivering the sane
antigen as adm nistered by the primng DNA vaccine. The boosti ng

conposi ti on mayhdwlieaimasedplef ildsttRcantihnapictsdnt @mbodiechsof ternweetor.r om t he
same viral source or from another source. Alternatively, the "boosting
conposition"” can be a conposition containing the sane anti gen as encoded in
the 15 primng DNA vaccine, but in thesfoupip§ a protein or peptide, which
conposjtion induces an inmune response In the host. I n another enbodinent,
the bod sting vaccine conposition includes a conposition containing a DNA
sequence ergagdieng ROR applifiggiony cldaingtahé chandtetiationbf aovetdul Asamgnemsquence
directing its expression in a mammualian cell, e.qg., ve &ors such .as

wel | - known bact er i allissyes\onpponigmpr pmatgggerg P?rﬁ‘ﬁ%} fqr&é FEHERTSS “8Pe fhe
boosti ng yaRGHAf @@as%@&%{oﬁﬁ@ébﬁ@éﬁo%@iy éoh?er@éatrb?_&% AfnbRe AvaGciane
conposition is the same an Igen, or a cross- reactive antigen, as that
encoded byir¢ttieolNAV \saqueherespaguing 28860 3143ebpaddidY 5 [BIQ ¥m5q1%MtSP%ﬁe%r e al so

wel | suited use in. regimens i - | o) .

proteihs. apERatEicla R TR Rer AMERURE o R RN Rl highe

i2 gm(;nlogenit@ea%ﬁ Wt ‘ dav %th_ﬂﬁ;&, wagh mgﬁgnflr}erqhaat t‘siig_mtuiaqf ﬂegiomé’lii; lﬂ&ﬂ:@cd b}zi_ t 3 gene
elivery for erapeutic poses gnd .for immunizatjon, ingluding inducing

prot ect i vEONSeRHEE pRaugnces Jp Ilf‘tﬁé‘é%ly%ﬁ’ﬂ]‘s Henawe Refp V%f’ﬁﬁ!é\?%‘io b[ego%? % of skill in

the art. RufeBEEons@v¥eretifliesAbardnif HypYRidbvepioRs] des an ef ficient gene
transfer vehicle which can deliver a selected transgene to a_sel ected host

cel | in vivo or ex VAnisitielawvaxtedperiphersbblopdain aimbes sl hrafiman PG
anti b %;ﬁ%Pek%\#&g%lg& gﬁ%&@ﬁx\ﬁﬁra%b{s%ﬁf ankil OF6m 3PeKIRAY fBMLsus t he vect or

(e.0., e cells are mxed ex vivo; the infected cells are
cul tured usdcagies@pneantlbgnaimaneubs doinpgnasss andridbadne. Hoveaysd theewergnbs  ar e
re-inf use(jAA\gtsgqugl?c%s 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
25  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
30  AAVI1-6, and including the information for the novel AAV7, is provided in Fig. 1. Sequence

similarities among AAVs were compared.
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patient. Further, the vectors of the invention may al so be used for
production of a desired gene product in vitro. For in vitro production, a
desi red pwodao#230e.g., a protein) nay be 47 WO 03/ 042397 PCT/USBD2363B629
obtained froma desired culture follow ng transfection of host cells with a
r AAV containing the nolecul e encoding the desired product and culturing
the cell culture under conhilth‘?mefSdemQSﬁéwpmglommnmﬁgizxﬁﬁprtbele%D;Is essed

roduct ma ed as t echni ques
1P or transf gf?\:j{*fygﬂs% m f g?olaﬁg C(Br?‘%lg it AFFIgH N tﬁﬁ&ﬂﬁ%ﬁ Sfl‘f\é?%gée@np@ﬁoem
to those of[SekFig. li,rwaShﬂ@naﬁetd by‘ﬁhemfvaitbx@v\ﬂ‘hg r@i@:ﬁph@ateu WitShd ALE @EM@I’ al
aspects an I nventi 0 Exanple 1:
anpl i ficat ?%EQPH%]%MI r‘% 8563%6 rsﬁ%qeg?qsfa’w%%h %cﬁ?él?’ P0dly 28 uelat el
Ti ssues 5f r onvinide buguedcei themiigdle Wer RdB0h.SBR 86kt onfN SHIHERSES Hﬁéng%}}@
met hod basegﬁ? &: C %ldes to hi gh conserved regions ? no
A stretch 3 ‘2&\ égmég SLRNR 1Y EQBBW%O@M@ ﬁ@pnd)ﬂiafAWIQgI@SEQeB&NO 6]
was_sel ect aflecifdighude PERaaMRbALd o MY BN RYRGLY rdé"‘?olfo SOPGR, O 1 he

capsid protein (Cap) that is uni ue to ea séro ch is
termed her éFastigns; diggsiign i e.négwohases it drb apdcdd toyachamnwesm@pmu@epes I'n

L ! t bet
conser ved +aeropERLE AUANG i Feel YA RR RUBABHNG MentBrmeed SR o

peri phdeal bbingcﬁublmsfeuaypwrrﬁﬂ 405, Gonhomen s@biypat e 20 speci es reveal ed
detectable AAV in a subset_of aninmals from species such as rhesus

macaques, cynonol ogous m@g’ﬁ@é‘?ersc‘ﬁ‘?rﬁﬂ%ﬁ’é%§’ah‘i‘?ﬂefb@6d’&ﬁ?sconﬁlémweﬁlmlzewere

were no AANthseAve) I”lllﬁﬁl seNacdoRflols N'TROPENAL Befe BRREGINES tﬁe%é%&q%s [P(AlA% ng
Japanese rrgcaques % tail ed macagms and squi rr@ R'ho
ext ensi ve Andllyi &S BEE871 ofi AV BIRQ B2 Ny and GhptinedretBak, rbpt309§436321 of

rhesus nmonkeys @Ed ﬁjeN@]pversi ty of Pennsylvania and Tul ane 25 col oni es
recovered at necropsy I's reveal ed AAV sequence throughout a wi de array
of tid8ues. A Arrpl ifi cat(]eﬁnlar)]DNam fitvka dIffsnegtrt&tswsalcﬂL&lgigod]o@l\l&a%ﬁW@rnceS of

AAV 1-6 an tﬁ? m (G0Qs e aligned to each other
si ng o ol e S et PR AGS Here Sl HRGAS HoPraeeRvrieg, and
i ncl udi ng tbevei Therdaltd reveafedrthdt MANAOY®H dARAMWhHt tlésﬁesfo@fYésgﬁgnké}s Eé\% risé to
Sequence Sjim |P%r}it I es.anong AAVs were corrpare
strong amplifications.” Further restriction analyses of PCR products indicated that they
were amplified from AAV sequences different from any published AAV sequences.
20 PCR products (about 255 bp in size) from DNAs of a variety of
monkey tissues have been cloned and sequenced. Bioinformatics study of these novel AAV
sequences indicated that they are novel AAV sequences of capsid gene and distinct from
each other. Fig. 1 includes in the alignment the novel AAV signature regions for AAV10-12
[SEQID NO:117, 118 and 119, respectively]. Multiple sequence alignment analysis was
25  performed using the Clustal W (1.81) program. The percentage of sequence identity

between the signature regions of AAV 1-7 and AAV 10-12 genomes is provided below.
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WO 03/ 042397 PCT/ US02/ 33629 In the line of study, a 257 bp region spanning
2886 bp to 3143 bp of AAV 1 [SEQ ID NO 6], and the correspondi ng region
in the geworme®43p7 AAV 2-6 genones [See, Fig. 1], was idemcCirfusez3isgo t he
inventors. This region is |located with the AAV capsid gene and has highly
conserved sequences anong at both 5° and 3' ends and is relatively 5

vari abl e sequence in the niddl eTabl¢ laditquences fothAsalysigi on contains a Dral |t
restriction enzyne site (CA&‘@%’“"”T’“ SEQR D NO—15) - Fthe—+nyventors have
found that this region serves as cggeci%\é‘{,gébr?%}??m §{Zec(bf’ur each known type of
AAV DNA. | n other words, fol QW nNg PCRAAEActTOM$gsgdigestion with

endonucl eases that are speci{pC T0 €agipAKROWT SETgiypes and| gel

el ectrophoresis analysis, this regiong gai be useessto definjtively identify
anplified DNA as 10 being from serotypesals 2, 3, | 446 5, O, anot her
serotype. The priners were designed, ValAwdated angssPCR condj tions optimn zed
with AAV 1, 2 and 5 DNA contt6ls. The |praveer s wefessbased upon the sequences
of AAV2: 5" prinmer, IS by 2867-2891 &fAVAAV2 (SE€38ID NO 7)| and 3' pri ner,

| 8as, bp 3095-3121 of AAV2 (8EQ | D NOAAV.I015 Cel|basl ar DNAs| from di fferent
ti ssues including blood, brajhl |ijver,AAMlhg, tes248s, etc. Jof different
rhesus nmonkeys were studied Uldlizing[tAMY 13t rat eg¥5descri bdd above. The
results revealed that DNAs fromdifferent tissues of these nonkeys gave
rise to strong PCR anplifications. Further restriction anal yses of PCR
product s i rifibdesclhitwise AliymymensgPercambe bf Ribntityym AAV sequences different
from any published AAV sequences. 20 PCR products (about 255 bp in size)
from DNAs |of a vayAvet yAov3 | mavkenaviss s hoaner peevwmodl o0ed ol saquenced.

Bi oinformgtics study jof these novel AAV gequenices indicategd that] they are
novel AAV endds of%capsdld gefie and7di stiinct| 5rom| @ach jaBher.| Fig. 1

i ncl udes i|MAMRe [al i gnBnt [ He nod®l AAV si|giat urs redions flon AAYL10- 12

[ SEQ I D AAVB7 | 118 land 1018, redpecti9bel V]92 Mil%i pl § ®equdnee alli gnnent
anal ysi s wd Vg performed using|ihe CBLst gl84wW (]18281) |®iogr dmv The
per cent age AE e_identityl! bhetwden /W8 siigiat ur|gdr eqildhas off AAV 1-7

and AAV 1(Q :13%6ghnonree s p oVi d_gd hellow__491\WD |P3/ 042397 Tabke 1. Sequences
for Anal ysi Ret) Uspd/ 33620 Seglience | #AAV |Ser athMeSi 292( hp)| 9221AAV 1258
A\AVIOJ hd 71 95 7 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+
10 clones suggests that this 257 bp region is critical in serving as a good land marker or
signature sequence for quick isolation and identification of novel AAV serotype.
B.  Use of the signature region for PCR amplification.
The 257 bp signature region was used as a PCR anchor to extend
PCR amplifications to 5’ of the genome to cover the junction region of rep and cap genes
15 (1398 bp —3143 bp, SEQ ID NO:6) and 3’ of the genome to obtain the entire cap gene
sequence (2866 bp —~4600 bp, 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.
20 Using the aligned sequences as described in “A”, two other relative

conserved regions were identified in the sequence located in 3’ end of rep genes and 5° to the
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2AAV2255 3AAV3255 4AAV4A246 5AAV5258 6AAV6258 7AAV7258 10AAV 10255 11AAV
11258 12AAV 12255 5 Table 3. Pairwi se Alignnment (Percentage of Ildentity)
AAV2 AAV3 ANGHAAVEBEAVE AAVT AAVIOAAVIIAAVLI2 AAVI 90908176979192848302/33629
AAV29379789090939392 AAV380769092929292 AAV4A768184828179 AAV57578797976
AAV691929494 AAV7949292 AAV109593 AAV1194 COver 300 cl ones contai ni ng novel
AAV ser ot yI5T ipaegieneebintthateqsmandwrestresml of ted$ 7 25 Trapmentdyl bafogreeANT0| at ed

and sequenced. Bioinfo ti | ySi. f 3
fhat Thi o DEEREVF a5 SHRereaRy Pt Sapb P S Al RSB aety ey s, ©
si gnat ure SEAHRNGSsId fd APdrEd rb SlqadnceyoradeliAdebirbiypat More gicificatiy] foAAV

<1 Gnat ir o8} BFPRSGaa SHETETPEH R OHBO Y S S TEAGCTBGH G PG Gns Lo

5 of the 21 128 FQVAY1, SRS IDHAG I Bt 1891 (Riin? fwal BasRiaBhiFRR aBOREFor 15
(1398 bp QIET%]bp OgEé | D Ng 6) atr?cl]j 3" of l:?he ggnorré?’tc_) tobtlé)::tli n fhg1 entire
cap gene sthqldemusific@8e6tel prim@0oeshp, idBEed dhoneragy thepCrrinpipVestA ¥atdSons wer e

CoLT 0 SR SLCTRGE ERO IR SEG tAESEONgRC 25 o
mn per kb with a total nimtese POR anpificitionattho?sTchrclegion ranygiedgs # PR 28 to
conser ved FEAPONS THETE KdRErrTRo 1T Cerrance relkiies TR AT ep
genes gnd génetb9 446 at the Dralll site in the signature region following amplification of the 5' and
3' extension fragments obtained as described herein. More particularly, to generate the intact
AAV7 cap gene, the three amplification products (a) the sequences of the signature region;
(b) the sequences of the 5' extension; and (c) the sequences of the 3' extension were cloned
into a pCR4-Topo [Invitrogen] plasmid backbone according to manufacturer’s instructions.
15  Thereafter, the plasmids were digested with Dralll and recombined to form an intact cap
gene.
In this line of work, about 80 % of capsid sequences of AAV7 and
AAV 8 were isolated and analyzed. Another novel serotype, AAV9, was also discovered
from Monkey #2.
20 Using the PCR conditions described above, the remaining portion of
the rep gene sequence for AAV7 is isolated and cloned using the primers that amplify 108 bp
to 1461 bp of AAV genome (calculated based on the numbering of AAVZ2, SEQ ID NO:7).
This clone is sequenced for construction of a complete AAV7 genome without ITRs.
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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50 WD 03/042397 PCT/ US02/ 33629 257 bp region and in the sequence down
stream of the 257 bp fragnent but before the AAV 3 ITR Two sets of new
prinmers wwoasdesPyned and PCR conditions optim zed for re®crdrsg2/3mb entire
capsid and a part of rep sequences of novel AAV serotypes. Mre

specifically, for t?;% 5" anpli flscgé%ownémt Q]g 5" priner, AP‘lIfgl\Rl@t\él]lasféﬁ
GCTGCGT CAQGEORRGOALT @gmge@n[um g Bty An Jeayragy 0@@? 0I2dd t he
gr i IF’)nrsIr nﬁ;; gapfld clgriaeg gvﬁ'{quo zge.tl é %gc\;lglggt\éﬁ%fdlzﬁﬁwgé ﬁl%m337 @IQPAS'VQA%;%!VQ@ frofnhe 5
TCGT TTCAGRhéstdnhdafuisticsied @3@—[th7)4635)11€84£3®11 @ynoﬁmyagouSE@cqueN@ Th.cyloih t hese

PCR anplificatiogns, b e hor and | and
mar ker t o 2§ERes Hpm %‘t"}sig ?ﬂ’gﬂ q‘%@ﬁ‘?&ﬂ 8‘8 "PEFC(?CE cgﬁgl ete capsid 10
gene by fusion at th%ll;]re%lutthegbstsmutylthtah@qﬁdr@@aiv%ﬁywegmme fovkl Amivng
anplification of the 5 an tension fragnents obtained as descri bed

herein. Mieilpapsiot an artifagt oftae BeRewsh & R medfatsdieenssRlioing 8% OYERB, the three
anpl i fi Catekt?ﬁkl gwg%%n(fé})mtgrgﬁla g%ec&ﬁﬁlﬁteﬁ)twltﬁ IB@m%lo@&%ts'éﬁl?enEc%%&He reslp) the

sequences 0 ext ensi he sequencés of the 3" extension
were cl onecﬂrecombmammmsﬁrm;b@ct[emaqa|scr|te@géﬁ?}peplnagm“@relm‘tﬂ@bb?ﬁelll@éh@?rdlchb to

f
ggh ? C;ﬁ{g}elgdété }I,?ES'[ rglc?lgpolf 8? ]hglﬁ-ill_‘i% la e lﬁlar Dm% ﬁ&s?%%&?%\%’f gndSA%?%b\gde th

about 180 YlLhidsasd mhieaguaNREs] 1ﬁrflarAvét\Hfoaﬂded Mérlal dikatiend. Toé srielly dihded
anal yzed. Anot her novel serotype,_ AAV9, S a ered  from Monkey
#2. 20 UsinHyiuiesavepiRed ahigmplatss dor c-,csl%‘i‘rplﬂgwa Té%b?/fé 1 ﬁ]ggf\éﬁ@?’?ﬂ%@”%m on of
the rep 9%pﬁlel%glg:!i'%?aﬁdqaemdﬁcdﬁfﬁbﬁ@t%%a@%mcds@dﬂﬁﬁ' DisA BElplifRQtiPs tBer S
that anpli to 1461 bp of AAV genone (cal cul ated based on the

number i ng sef WW anﬁmprldﬂmfpﬁuc’w were sersrgpk The iKBRWRERNSBIMeLAEY r uct i on
of a conplete.AA ml n of 3.1 kb
Cap fragr‘ré’ﬁ%ter a%sﬁﬁQﬁﬁqsy&IQ% %Ofléggﬁéh%rwg@%ﬁ %ﬁilvga%rb ragment from
NHP  tiisss tecoaibihatibo prbcéblhshacteviol wilihén a Hiffprdny emnmntvwd rasergntednésA% ped
identified |n en s for s P on of r fragments.
A primer vteh$Ra %l“@gﬁi"é‘gﬁ RP’%E? 5@&%3’%})#1 Héo %‘8%58‘#% gmreesﬁggene
was sel ectgllerdYodifsns, leed%ro%[&éﬁqm&%ﬁ%ﬁ@rﬂ useditherh IOBPARI23  of
SEQ ID NO6) in 30 conbination with the 3" prinmer located i n another

conser ved anwjfieriion SRYPH fesames udse theapme @‘&ﬁ‘é‘(’(‘%{%@ﬁé"‘he@‘er any PCK produicts
mmmc%%zg%%%%vgﬂap s%@née[%xu@sna of Prtial AAV sequences. In another

20  experiment, a mixture of gel purified 5' 1.5 kb AAV7 VP1 fragment and 3' 1.7 kb AAV3
VP1 fragment with overlap in the signature region was serially diluted and used for PCR
amplification in the presence and absence of 200 ng cellular DNA extracted from a monkey
cell line that was free of AAV sequences by TagMan analysis. None of these experiments
demonstrated efficient PCR-mediated overlap sequence production under the conditions of

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

30 these short fragments (data not shown).
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anplification of full-length cap fragnents. The PCR products were

Topo-cl oned according to manufacturer's directions (Invitrogen) and
sequence wpaBW$i3g7 was performed by 51 WO 03/ 042397 PCT/ USPRITAB6233629

Q agengenom cs (Q agengenom cs, Seattle, WA) with an accuracy of >- 99.9%
A total of 50 capsid clones were isolated and characterized. Anmobng them
37 cl ones Eearapld&r Avdedo-Assviat@h¥iuses bulargosSubisesiiad £volttionlin Primiate7) , 6

clones from cyn | ogoys .macaques (cy.1 - cy.6), 2 clones from Baboons
(bb.1 and H?lé%%ﬁ%%njé%?f&s from Chinps (ch.1 - ch.5). 5 To rule out the

possi bility thagefRAMEMEDsislbYRNctict WAW isBiatestdi@alB@NiRbreMY thibadhobythwas not an
artifact of the PCR, such as PCR-nedi ated gene splicing by overlap

ext ensi on BRORSERRLH TP piventrazd in Aypasasiableripianses e epoifBiA Sgous _
sequences, E&hemﬁf@&gﬁ% ﬁr}gigﬁ’% -SSP R HPLel ATb R hRGRESiE o PAGAEY Whough seri es of

experinments were nder 1dentical” conditions for Vi
anpl i fi cat isoltiaséiginicet isdlateehdsibeer reNgisd tFAAYE anil A froxaeral andthromys 10

pl asm ds wer i.xed at .an e | ar rat]i i b i ons.
The seri al W&di%lfﬁ't”@?fl mﬁq“;?taiﬂlgé?ﬁ%‘n&shgﬁaggo{&%&ﬁgw O?@%@Mg‘%lﬁdﬂ cation
of 3.1 kb MVghalh¢ RoR®BEBaskiang withAwer iafkti@r.i ners and identical PCR
conditions to that were used for, DNA lificatiaqns t see. whet her any
hybrid PCR pr pdUb%’ha%‘rpétod’éﬁ%rr%@%rat.andfﬁ‘@n%fﬂl‘?&ytf’?féq%y’fﬁ'ﬁ’ﬁaé]f%Pl?ﬁg?:f Thto

bact erij@ apstdiss Hoate e tHapRefios BRI haokl ndictibsdriigud fivesohasah bl y
derived from 15 reconbi nation process in bacterial cells. In a different

exper i ment primetes wererscreersd Ay Vasauengesvsing theshe Ry method BT 198 pnvention2sqd g
Hael , all : Lch. j t j [ id i ons,
mxed the SlgtlbiEcideio Mahp oBROSEF el bl Blchrl ARYE (SC Exfhil £ Phwdeyt

anpl i fi cat A&V sdfquafRE spanapyes8s todida bp toh A ASANSEQOINANDi6d mas sadectedsts alléd her

any PCR produgts . could be nerated thro overl ap. uenc xt ensi on of
parti al AA%*nBléQjﬂé%Vg‘é“.h CPRSE CFPICEH 2, 3K n%r,’ypgwﬁ‘iléf% eé“’thag‘eﬂ”“b fFitied
5 1.5:kb AAMEh VRAwE AaonRRdty N @rmded Herdin K BsigdEe rdgRh.f ragment with overlap
in the signature region was serially diluted and_used for PCR

anpl i fication i dntipliahyeeyqéeeriphgrahbleehela yrmbenof rghapy pRiEste BAICExt r act ed

froma nmonkey,; IdSkdy Rl n¥aslofk R ke ANGISBAHERC AR B¥oTRWRAANAl YSi S.
None of the';lﬁ&gwg pgésiu%r:leﬂrg)?g ylg’gégpmnsf%ét ed e(?fl cilegt PCR- nedi %C% ed ovgrl ap

sequence pdedeietle At Viincresubsehef andmals fioorrdl speciess A meregairopive aPiYAIS @4 gector

anplification.(data not shown). AS f | .on, L of
ARl T R e et S e T
sequenege speCThlage dddonitdrecovated amiesropfy. CTonevéilsl AAEERvesuhrovgioa b evidd53,

in different conbinations to anplify shorter fragnents from nesenteric
| ynph node 2{'RL f)USBIEA f r om FO53 from which clone 42s were isolated. All

sequence vari at eBSmbABaH diddaffle idquénekd wteRadbrea e plasiaes wal igdivauad in 30
t hese short fragnments (data not shown). S
transformants were subjected to sequence analysis. This revealed substantial variation in
nucleotide sequence of clones derived from different animals. Variation in the signature
25  sequence was also noted in clones obtained within individual animals. Tissues harvested
from two animals in which unique signature sequences were identified (i.e., colon from
98E044 and heart from 98E056) were further characterized 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
30  described herein. These proviruses differ from the other known AAVs with the greatest
sequence divergence noted in regions of the Cap gene.

Additional experiments were performed to confirm that AAV sequences resident to

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



52 WD 03/042397 PCT/ US02/ 33629 Exanpl e 2: Adeno- Associ ated Viruses Undergo
Substantial Evolution in Primates During Natural |nfections Sequence

anal ysi s wbh oshet ed AAV isol ates reveal ed di vergence t hr @eghisar/33cbe
genone that is nost concentrated in hypervariable regions of the capsid

proteins. 5 Epidem ol O%I c data indicate that all known serotypes are
endeni ¢t oXfeingEessEcd apdifaes yikions. LanemioRNA fram fikgr digsuciod animebeSROAE, firsen

restrict edyhigh AAXR ﬁ@ﬁtt@@é@u@ﬂc@ Wa@ﬁ@gcté"cp hrak Bfg@ﬁéd wﬁl’("?&jéndgi[n BB o (12)fe§nt S
known

and AAV5 from a human condyl omat ous wart ni ca sequal ae have
been associcihay aitehvilmihe AAE sdquence ppd HWS&Cteé g0 29D cdbletititbra plascéd st and t he

bi ol ogy of ynuggﬁpﬁij@%ﬁcfgé %ﬁnte%?hxﬁéneadeg[gw ggoﬁg Egg £ sosuréeoof aracteri ze

t he sequl ae o tura rons ssues from pri gs were
screened fiunctivAy @bﬂm&db@lyuﬁe Wap palmg&(}h mdaﬁdonfe ahdhﬂlellymemals @stobased on

ollgonucleotld S t conser |ons .of AAVs ( Example 1).
A stretch Bf2 %def(% gﬁ@é@%&ﬁ%ﬁy et“é“%*i%l% gﬁreaw 11013( | D NO 6]

was sel ect@ebad dagfxrotaﬁmﬂd_q@ﬂthh @é@éﬁcsan&wmwnwef@m A@\fe%@eséffo% fhbanked by
a hypervariable region that is unique 15 to each known AAV serotype, terned

herein a "KifyARpliel A&Yinsevirus Agns \ﬁhlﬁla AA VP vaseiprivgd. ﬂ‘éansfm@@nmfemﬂmleme a
nunber of RANBHARLPHNABLE (RRAEARSus hé]ﬁ% @gisfﬁ }598@(}{@?@\%&@}{& of %y | ogous

monkeys, chinpanzees, and baboons revea et ect in asu set of
ani mal ¥ f ramsas ﬂemqwtrate@ by thempteeticadl €lap ipvateinntal Wsster nch>1lot\amijzsmranddhest ribution

was conduc ) rrhesus no S t he Uni versi

Pennsy!l van[; &%563 8 ?AI anveec%’bgenﬁ}néaéperrggg\y;%l Oliiysgtfs W&’@@S’b‘%yeé %'mi“é lrgteal ed

AAV sequenseele phapatagbionid te Mwwaﬁﬂfrﬁbéd o césigs be@imentdinampd pirifRd si gnature

sequences were subcl oned into P%dds and indivjdual _transformants were
sy pafedRed

subj ect ed RIEPAEERHLARENsHS plestrachies that ok iisatical tovihgse &t AV i n
nucl eot i descrpgpeencRafecEbPRRR tf@%ﬂbmui ﬁé?ﬁ@r%ofu@ glasfat @ﬂ'm%rot ﬁ{ yation in

the signature 25 sequence was al so noted in clones o bt ai ned
i ndi vi Gual geapmemrying pusenneamingion ese sareerafdim I@meéﬁﬁ%l s in Whl ch uni que

O oy uoNEREIRAE IR L 188 abd iy anfih OMlliEO0L ARVERAG, AT et

from 98E056) were turt aract er I'ng the s

anplified sbquelﬁ@Rsclsater@tmshesgmmmjbmtedd@sxt&mIelfhiP@RIty amphyenedapegerences. I n
this way, _ %{ol%{rete proviral structures were reconstructed for viral
genones f r'éfiHotH"t ssues as 30 described herein. These proviruses differ

fromthe other Rpawulivd\Fagehtd wiehecl@iedahts ShcterE AMQRRE act MERGGACE noted in
regions of the Cap gene. Additional experinents were performed to confirm

t hat &KAv stéa(‘jﬁlféﬁﬁ@és Veig |1sd>g}§qd ang fully sequenced. This analysis involved mesenteric lymph
nodes from three rhesus monkeys (Tulane/V223 — 6 clones; Tulane/T612 — 7 clones;

Tulane/F953 — 14 clones), liver from two rhesus monkeys (Tulane/V251 — 3 clones;
Penn/00E033 — 3 clones), spleen from one rhesus monkey (Penn/97E043 — 3 clones), heart
from one rhesus monkey (IHGT/98E046- 1 clone) and peripheral blood from one

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

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

[Huson, D. H. SplitsTree: analyzing and visualizing evolutionary data. Bioinformatics 14,
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t he nonhuman primate tissue represented proviral genones of infectious
virus that is capable 53 WO 03/042397 PCT/ US02/ 33629 of being rescued and
form viriwov3/o@sapm ¢ DNA from liver tissue ofani mal 98E0PRET/US0wBa62NiI Ch
AAV8 si gnhature sequence was detected, was digested with an endonucl ease
that does not have a site within the AAV sequence and transfected into 293
cel I's wi t h6&7H (1288 avithigmplemepigtionnef the mgbpd pbwlibdssompossionn Jhaanaiénovi r us
serotype 5 O%&w | ot i S
passaged ocrll 09t§h ce Ilié?g%gag%%@? E%qpéfsag%%g\?\gg h}gg%t?/vglﬁt%ﬁ%g%gl %Ea rgazte for

t he presentes. Fhe ANeni@agis po otablenisteotsinng groupmgathayare dratiutigf polvergenseaind

anti body t .proteins and for the esence and abunda of . DNA
sequences @regﬁ{%{tﬁéﬁogﬁeﬁﬁ%%q%ﬁ@éo& %&V‘%?no Prig Pg’gﬁﬁ? %P%ﬁ?eiﬁ‘(%mwas deri ved.
Tr ansf ect | Bitetdivegnedgeiatie asearch ®l bd reidtd hearder tDNAcRIaE thd @ AXAELBRYDE,US

hel per pl asgi d yLeJ ded hjfl%h gluanti ties oé_gAAVB 10 virus .as denonstrated by
the det ect MBFFETRCRFIEPLEER ALY R OUPEPHIBPIGHT clones sodheliniateies presence of
10 AAV8 vegh@krigenones per 293 cell. Lysates were generated froma |arge-
scal e preparation and the AAV was purified by cesium sedi nentation. The
purified prepafacodimdbavissioval VRl sguenses was derdee dlonsinfegéieusvés! t hat | ook

i denti cal . : ot FON W prus

nel per _al of g s X R RN ARu g ABRGRELE AR INAw R R

cont amihat amendasucieasoihnicshodfl nbtweave sithmdA ARVINd Transfastet hmp 28 eelacfolowed t he

inter and jntra.aniopl variation of V signature..seque sel ected
ti'ssues wePerEhpbriBadegvisky TRAE R rEem P RTIOD 8T BRY SBERS | eadi ng
franmes. Thaomdsuh bf NGués RIS SiffeRNEarGhels ethtd bt shdsagt eri al pl asmi ds and

i ndi vidual 20 transformants were isolated and fully sequenced. This

anal ysi s i nvol v¥81 seierice pf e ngyphAA rorrss frtheisheredzedatiissnesir dies

(Tul ane/ V2g3r aRq RoRSor alitlARR! sEGdehce vakiaGbRN&R 30 VDYl RAE! hdB%rs stbynGbones)
liver fromtwo rhesus nonkeys (Tul'ane! V251 - 3 clones; Penn/00E033 - 3

cl ones)s sgiflsefiom ooerramiecr b geater than it ¥aniPe arid SEO®S weregaligheshand)scothéfort from
one rhesus_nonke HGI/, 98EQ46- | on [ ral d.fromone 25
chi rrpanzeeva(r}qgl\(/)\yl %ﬁé‘lﬁl} 1?‘5@%59 " ggoriTP%lnde%g%;pe??gd%gr%ﬁ%%%%&ggéqﬁg%cgques (Charl es
Ri ver/ A1378iverd3i8 9ieldddIBiypdddatibBle réQSBIHVARI 24 R hichG owbilapes atofadd Of el one
Baboon (SFRB/ 8644 - 2 clones). O e, 50 clones _that were se ced from 15
i T erent. BAYRETLSCEOBRENE irepalain. o PBt RALHECHaeL B ¢ HE tHEfd) ng
of at | eastold.print padks dosthih nRIEHARS varfab B CNRAI®L m&_rresti;{gl?tmq&;{sedundant
VPl cl ones are nunbered sequentially as they were 30 isolated, with a

pref i x20 ndiasated pighe handshidd wds dowisinseuisnionas metleTeldWRwhred? pereyinner e
derived. The nﬁ&h&f@%ﬁi{gg{ion{ i éaga tﬁén BEE Va6 veld1GRGn Q}% ﬁ?d}'s'&g@lﬂl@a”t cl ones

and the previous scri bed serotypes were determ'ned using the
Spl i t sTr eesypeedgingthat 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, although the
quantitative distribution differed between individual animals. The source of animals and
previous history or treatments did not appear to influence distribution of AAV sequences in
rhesus macaques. The three different sets of primers and probes used to quantify 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 rthesus macaque 98E056, spleen of rhesus
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[ Huson, D. H SplitsTree: analyzing and visualizing evol utionary data.

Bi oi nformatics 14, 54 WD 03/042397 PCT/ US02/ 33629 68-73 (1998)] with

i npl enentwDIod423D7 t he nmet hod of split deconposition. The aaalyssz/s3e2depi cts
honmopl asy between a set of sequences in a tree-like network rather than a

bi furcatin tree. The advantage is to e |l e detection o roupj ngs that

are the r@gﬁiﬂt‘e SIEQ43 30 Hy 98 @eg?ﬁdnacﬁ@ieé%%?‘@ﬂtWlﬁ)‘ﬁ@/ﬁ%‘éﬁ@?ﬁeé1‘89?3‘5)4 shi ps
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W

research e required in order to elucidate the AAV evol ution, whereas
t he i nt enDN@nwiremetediin peripberabblgedmpnankieledfict s puagestinr dhredatanig tisyierareqt
sequence . simlarity. To confi 1dYELo88 A nsESN6f € derived
frominf e@felt%ess‘c{? %r%lfmd %Oén %ﬁé{stg m@%ﬁ%?@%&)@@éom t |stues W t% hi gh
abundancewoiild bt @dce My wasurced tAA ¢ esideit tdthe hOnhamae pdowtes isesdeteciian shoul d

not cleave wthi V.and tr fected.into 2 cells I . | nfection
with adenBFdrigsie ﬂ'@?%ol?%'stﬁbDPégﬁ? ﬁ‘giog‘écé‘f?é]d%@%Z}}?prl%fdftlll%ea%(?%H%gg'dr eégenomes
from DNA gf mtanasiesith hpiabiiafdd 4 8VENA ank father 4rddkzed fobtheshuivan)ar stRl
sequences of the novel AAVs were further char a\ft erized with respect to the
nat ure andf the®A. oy [BVA sibritizatien spelmigirsrang 1t S¢ular A TOUROD. BYG" B4 ¢l ones

t hat vverehﬂﬁ%\mﬁ&g 15 differ fromone another by greater than 1% am no

aci d sequence were aligned and scored for variation at each residue. An

al gor ito hm deveTbpkitd pfsadeerse varrsioarevgsledin Ao rsprdn! Bpgreangeisdeicd fleMded 12

2 | _ e . o .
ypervari g&ggeéag SR Wi Rluctl 0 sé?%@@ggpség@u@chrg%@me Qbrutibuth

previ ousl vari able regions e ove; Rutledge, cited
above] . Theutdfoetranf RNA-yiruses dueing pealemios ontanwithirsthe dffedtion ofar i ability
(HVR5-10). Interestingly the |oops 2Q lacated .at .the 2 and 5 fqgld axis show
i ntense vaAEYaENNFEMf|patios @erﬂﬁiﬂ%’_q(%aém WP YR _ﬁeentr?ﬁgaﬁﬁ?% i nal
portion ofy ke CARYhGhsRITQhRliPedifRhatieFolOhs 4 REM ofeshid FeplibaioXafidphuskibnct ur e
suggesting that the NNterm nus of the VP1 protein is _exposed on the surface

of "t he5vi i the preRensk of salestiFOReswiEs- Qo examplyis dHeqtioy DAV s whiGh Ardeesin om
tissues of 21 rhe - ' [ _ P&SinkRs Rh @b Me &PRSEr ved
regi ons ofespé?anps © {Ooﬁrgﬁggﬁ%%%sp&@agg%&% V\F%&E%?%% 6%1[ Qkﬁ%{}m /SAAVS. ’E%ch dat a
poi Nt r ephigentsl mnakiysd in RNANirtdes Suuddigiofvripteliarrani tegk of pieaf readingral . Thi s

confirmed the wi de distribution of V_seguences I he.
quant i t at iHRECEY %%FY%E& ATt 8‘?@&0“@@1’@% “ %ﬁj vqmc?ﬁ(é%tong%gﬁgﬁlg&%e sour ce
of ani mal's and EyRIcBM PH e biBia€iby oDjuatifeaicsenA s Vdiad iotragp retis stwlyibyf | uence

di stribution of AAV sequences in rhesus macaques. The three different sets
of pri2fer shesefepiifequepswg of BUgRI-¢lpted Pwa'g@a e@fsd]e_‘a%ebr‘éff‘gﬁa PAUFEERI ¢ s.

The hi ghegl) i a%eleStoliq MiMin WRY ExtER1A dioRQNSISEERth¥enl o WilASLAHIGEE.CAnl YPh
nodes at an average of 0.01 copies per diploid genone for 13 ani mals that

were posiimpaant tnechenisarfdr this evelitian steawneanpedls ki bfrp KBl FdbAIdOMeoserT us
DNA. Ther erecyc\)llenrb‘lenation 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 immunologic responses especially as it relates to neutralizing antibodies).
Mechanisms by which homologous recombination could occur are unclear. One possibility
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

56



exanpl es of very high AAV, such as in heart of rhesus nmacaque 98E056,

spl een of rhesus 55 WO 03/042397 PCT/ US02/ 33629 macaque 97E043 and |iver of
rhesus newagae4BYA407, which denonstrated 1.5, 3 and 20 @EOPIES2/862PNAV
sequence per diploid genone respectively. Relatively Iow |levels of virus
DNA were noted in peripheral blood nononuclear cells, suggesting the data
in tissue farwatipotof dgigetivegnieegiingensttioldso beespentie peihe @eelwatsmsmlmleggm). t
shoul d be IS - \\u by G |1 AAVs
vesi dent tSapgiEe SBSiechd, R T RRRARRiR A R e P BB i B Rf ol o0y

t o bot h t hataot wigloow Glameghii ftkes nenstnschreutatials stggesinR@it poropaitivd sdesties of f r om

aninmal s wi th hi bundapce \Y s further | yzed for, the nol ecul ar
Shate of VsCTRin BB B PTDa et BRess S e BORC MGR el bulatfeq o

di stribution, byhdses@ifethaRympliditidmtih @¢veral Bredsf bidlog Ml nsRepinTRe vari ati on
revealed in AAV proviral fragnents isolated from different animls and

Wi thin ti seWeetef rapikyieis srolytion iaraesly thopght fo ReBproPeY EHEctey i YA o visat

occurs for sH&BE&%e@%ié{érédJﬁ%Nﬂ%h&@, WRBHORsE811PRavE b8sh datableRzddh sbididsd | on
of an individual. In sone situations the notion of a wld-typé virus has

been repl a@se@ystiwiilhbe ingpoirteintdn éasms T pARKAVIrEsesfio dryalob gpevinesshadiar desoidhive as a
result of r.api.d,r I.catl Lens I e | ective
rossure. U SRR AR ARIEREEL SRR bt U S SRR ES Wb IBT S 1 ¢
i mmunol©gi whizghdrephasomedlas gérerp fastiesr o sinShy srturepeh@nétonsaiantihddsude t o
the high rate of nmutations i.n RNA viruses, including |ow.fi.deli I% and | ack

of proof riEERARYe SEakeeyds 1 coBinyed? eategorizs SRRIES P AeBed s neih hesiTsifbus and

horol 0gous,fE&&Q8Bh Baleli® for dEMHBRB AL whif sérolBRd@ps Of quasi speci es of AAV
was illustrated in this study by 20 the systenatic sequencing of nultiple

cloned proviral fragnents. In fact, identical sequences could not be found
w thin any_extended cl ones isol ated between or wthin. anjnal

i mpor t ant ﬁ%‘é‘ﬁﬁlﬁgé SﬁePTGFqugﬁ %‘[SISW}E}PWH %%%%%l%ﬁ@é@éi’zﬁiﬁa hi gh
rate ofs hoﬁﬁhg&ﬂﬁ%ﬂdﬁ%ﬁﬁ@é %ttdiﬂﬂg @?ﬁg\‘/@% AdTBYE AAV daf deitdThCler@bgical

parenteral VviTuses. net resul ext ensi ve swappi ng of hypervariabl e
r egi ons of andhgen€apnpieostedies inedifferegt aromahmadelay of 25 chi nmeras that coul d

cacape i mmunol ogi o ¢ BEFBREELIEEERNEITy M TR EnETetE P VAP Puft it ng” |
ant i bodi esjequelVBEHRIHVEIBA DKcitiped) THREDERENSp L oRgtuc@nreeel dnitieyr are
unclear. One possibility is that + and - strands of different single

stranded ARV psuAeiRisapreERinaguA AN FEeppes cRHY NS A 08 TTRe DY Rl trapssectiph g
e . gty ; . \ . tris 30
ur i ng, i 9*295*%&11 s sﬁélsp%fs pfa%ﬁpffﬁags? satfagbggéﬁéc{owgpgaaq&m jabd Y

[
uncl ear if other chani contr . equence evolution in A
i nf ect i onsperkimmanmie trahdduetipnebasdd seraiegidadstudibmandeyeluate gehertiangferpiiciency

replicati O0r GRRFRAY stel(r)ot)pp%s Eneéiﬁ%rier\{teeln ma|11 AYaE %cluding NHP and rodents, before intact
and infectious viruses of these novel serotypes are isolated.
A. pAAV2GFP
25 The AAV2 plasmid which contains the AAV2 ITRs and green fluorescent
protein expressed under the control of a constitutitive promoter. This plasmid contains the
following elements: the AAV2 ITRs, a CMV promoter, and the GFP coding sequences.
B. Cloning of trans plasmid
To construct the chimeric trans-plasmid for production of recombinant
30  pseudotyped AAV7 vectors, pSE18 plasmid (Xiao et al., 1999, J. Virol 73:3994-4003) was
partially digested with Xho I to linearize the plasmid at the Xho I site at the position of 3169
bp only. The Xho I cut ends were then filled in and ligated back. This modified p5E18

plasmid was restricted with Xba I and Xho I'in a complete digestion to remove the AAV2
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the data do not suggest high frequencies of replication errors. However,
substantial rearrangenents of the AAV genone have been described during

| ytic infwotisom3bradi ng to the 56 WO 03/ 042397 PCT/ US02/ 32€22UShwsasat i on of
defective interfering particles. Irrespective of the nmechanisns that |ead
to sequence divergence, wth few exceptions , vpl structures of the

quasi speci &% geahigdagnse angreglaged ithe 226 7thpaipe dAihptl fragmersasienge thudAM7ons
suggesti ng Ltd { fr_ o Mial i th the nost favorable
profil e of Caﬁj{%@%%‘ggﬁgg\%tgﬁogdgetdﬁrgﬁéjﬁg gggu?ﬂtsiyoﬁgﬁlWam cs. 5 These studies
have i nplications i nTheerltg Hasend catailsitid AYY?2 sepdequediasiforeRepT868 ucieribept  of

rapid virus evplution,,fQrnerly t 0 be a pr t stricted to RNA
vi ruses, %Cﬁ’(grﬁ F ‘H%bee‘g‘égﬁ s S & é%°é¥ b W%%K%‘éy% G?é&?“e&ﬁﬁsgﬁq{ﬁpg%@ﬁ%fer ﬁle ﬁ%{\'}g’? been
char acter i gfde BA VPO HiginGter. ABIRAN AV 7 Ichpsid deljuddeed 4P ofide e coRtrd] ®F B 204 V2
parvoviruses to devel op a new nmethod for describing, virus isolates that
capt ures t e BERRIExRIgh 4t locgied sqthincie Rep sefieries) d§iF, Plastiu figthepreemiaing ¢, 10
whi ch are ﬁﬁgﬁgo&itg@p& aspgeneral famlies of simlar structure and function
called Clades. An alternative strategy is to continue to categorize

i solates with respédet Rrededioslapdedopeei 44ty and devel op criteria for

descri bing variants w thi .00 - - .vect ar ol .0 of
reconbi nant AAV genone@%‘%ﬁ%%% %ﬁ&%ﬁr@%&{? %E%'l?garg ‘?’nrer%%idc&%ﬂgasm ds
cont ai i ngandRRovieis-fien thettavde [Bridy, thagis plesheid (H A VS ariadZogdasadl comaigingene

transfer s j in djfferent ani els. i merj ¢ packagi_ng constructs
are gener a%‘g‘g}zﬁj Ry %‘i“lnt&e M‘%?Zpl?sgﬁé ﬁﬁ@&'%@%@ﬁ@é@%ﬁgﬁéﬁz rapgnd
ser ot ypes. A ANGS@pCdhdnBielfer PR&K HehBcGRINS WeHChulBheoud +trén§'ﬁe@tjb<ﬁinltd’293 for

pseudotypi@nﬁ% reconbi nant AAV genones carrying AAV2 | TRs by triple

t ransf ect i ehls ima rafig op 43 :2cls| qalaii plpsplgme pre¢ipigatiopl asni d. These pseudot yped
vectors are used to eval : ' {i ..ser.ol ogi cal
studi es and eval uate g%%llle{g%%gﬁtg{%?ﬁ g?@ ?Eﬁ%ﬁg@é@%ﬂﬁ%\?%@ﬁ@ﬁg&g éfaﬁpes in
di f ferent mnchmedd fod Misrobix(Cadtiday ARBTBfigkrendemtsyinpe? endcel 3 whaddletedand

infectious_vir of these nove|, K serotypes are_jsqlated, A_ pAAV2GFP 25
The aave. B RERCT tsrt BER DAL St WS RS T pBO8 3° Bt 1 BB ens
protein exgmessed Bnd&iing A 700/ShI Glag@ént iSRS idbleMén, oRRE 86m Thi s
pl asm d contains the fol lowing el ements: the AAV2 | T a CW pronoter,

and the GAPBRGY-igodBepseirieMLIBL2AIoMdg Wire fplaird i’b‘f‘ﬁﬁR‘fs‘H’j@F FoFwtst ruct the
B e L L TR R o1
parti akl y ghingesdddlpai plasnddeopAdAkS dndpdaAF arespectivslyasiiedielaer plismikHermedsi t e at
It ihga'?ce)zi L;@&F 6? { 'OI:\)’/’;]S‘ e%t)h Ib «%egﬁzlal)é'glgj{ng%néngs !)f lgiétang M%Wl&)t %H)%Pdezi Ibgz %h%%]i- n and
expressing helper cell, but is deleted of adenoviral capsid proteins and functional E1
regions).
Typically, 50 pg of DNA (cis:trans:helper) was transfected onto a 150 mm
25  tissue culture dish. The 293 cells were harvested 72 hours post-transfection, sonicated and
treated with 0.5% sodium deoxycholate (37°C for 10 min.) Cell lysates were then subjected to
two rounds of a CsCl gradient. Peak fractions containing rAAYV vector are collected, pooled and

dialyzed against PBS.

30
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plasm d was restricted with Xba | and Xho | in a conplete digestion to
renmove the AAV2 57 WO 03/042397 PCT/ US02/ 33629 cap gene sequence and

repl aced widtoh/0a232267 bp Spe 1/ Xho | fragnent containi ng tRETAANVZ336e@p gene
whi ch was isol ated from pCRAAV/ 6-5+15-4 plasm d. The resulting plasmd
contains the AAV2 rep sequences for Rep78/68 under the control of the AAV2
P5 pronot ebxanaple 4t Gecapiaye! inggsticeyclemsasryiog iRegBRYH0A ANdsrotyes fervtedol 5

of the AAV2..P19 not.er e ar.e t he control
of the A i gRaE bpmb Apd R SRR PRI o Rt T inghERab T
pl asm d fulﬁddaEAqugaraaypés ia NIEPag®6thér ardhalfieddlep ORF. C. Production

of Pseudot yped MAV The T AAV particl es (AAV2 vector in AAV7 capsid)_ are
generated using 10 &aciivadus gepd-the geaome tiabar sysiepds P'?Pl%’%jeto@?f’%“lbﬁ &8¢ d
gpéAYg 411 l(333%{121}1&2?%)%%9@%ﬁ\fdn@%omﬁfg‘%?cohs-gﬁ%%n @gh%;%ggoarﬁ%ﬁﬂ%lrﬂic@ﬁg%gn PCRAAVY
respect i veAyV ssmtypegenuhtsaneousl y co-transfected into 293 cells in a ratio
O i b ZocY oLt U BSRPR FuPLS5h k) e b S RORBHENRLLRT T ne
(Canada) . i&Rsedhl, gfeﬁ@giaE)NAs:fmhaimk@glsls&’esandelu&ewa&t glelidshefled dsrpositipBHGLO,

resulting |n the first h asmd Ad. 3. P 1d AdA F S

const r uct ef* BiF PEFSERAEHR A&e‘f)ﬁﬁﬁ}" f pregdigy \bri‘h E‘Jﬁag&s%)’ ”sg[qund é&wﬁt i on,

i sol at igng éﬁd@ﬁﬁcl@@é@%@h hied @ @n@ﬁi@‘Wdllﬁ& AdM»tBr tolegnerbtd 4andlviddal\RhEmEE! eted in
the pAdzFl . Further Fetl ons of 3 Nrul” fragnent and, subsequently,

a 0.5 kb Rifelkey Nibgaries ﬁ%@/ﬁ@hpsm@ W%ﬁ’ @Nhéwsﬁ@ﬁplpqeas%ﬁ% angpedigesntand
PAAFG, ge%ﬁﬁﬁa s\ég‘héﬁcemm e m;ﬂlf%gr% o 4 Hpﬁllné?'%i/%épﬁdgﬁlhgleﬁ tﬂeh]at)

essenti al per tunctions of ta an not provi
expr essi ngartdeinpeA VE epdcifichuimer §, 8o etdtsy aolﬁesad@ﬂ&msmlth@masiOdpmnmkﬁAﬁ)and

functi | El ' | is:t :
{r st oot eaanelEARR el k2l bR e o b aRieltl Sishd BB%LE e
harvesied Tie M&YF BCROSIdubHK ZAST BE hdsed PCROATE Gﬁhﬁﬁarﬁ&ﬂaﬁaﬁe@ieﬂ(ﬂ)y\éd:diuhn@ngﬁ%

sodi um deoxychol ate (37C for 10 min.) Cell |lysates were then subjected to
two roundsaBysi CsCl gradient. Peak fractions containing rAAV vector are

col I ected, pool ed ang, ydicalyesl aaRtks RRSinRe 587 YROMA423M
PCT/ US02/ 33629 Exarrpﬁ‘ © é)eatl on (gf |Snf ectl?%tgg cl ‘}éfﬁés carr%§| nrge i ntact

novel AAV fegnuny pesgdneric gtéqydgenome are used for PCR amplification of cellular 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 human 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.
30
Example 5 - Production of AAV Vectors
A pseudotyping strategy similar to that of Example 3 for AAV1/7 was employed to
produce AAV?2 vectors packaged with AAV1, AAVS and AAVS capsid proteins. Briefly,
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of basic virology in human and NHP derived cell |ines and eval uation of

pat hogenesi s of novel AAV serotypes in NHP and ot her animal nobdels. To
achi eve twWo93@9emb7 the genone wal ker systemis enpl oyed t@cohisaz/s8629 and 5
3" term nal sequences (ITRs) and conplete construction of clones containing
intact novel AAV serotype genones. Briefl utilizing a comrercially

avai | abl e lepeminayAAGE aeemenaquirned Kith AAER }(émse‘(iﬁ]? packegrsrtycripisgnifecsion nonk ey

:[A:A\\S/$ U:‘Z qare%f(c‘ng l'g?leg Vglﬁ’émg ?f’aém\% ?c}]e'n%ﬁ hgfp%%lw 81%\/5 E}} (Serid ;gz(cgﬁ%}%% &)rfg§§clgce of

endonucl easkse th&dAAngp@bne o fGed ovith cid kes oﬂntazptAAVtsarog;emeﬂbtceeaﬂe thadi vi dual

%302& a\é\g‘lﬂ’t‘melbcléé?g aggdgg‘%&%%e@ \%ﬁ%lI Sgee% gﬁ%ﬁ‘i“ﬁ‘%g @Sb gg)ggaé‘fﬁjts%lrd pri mer

1 (AP:j,S prtﬁvmﬂﬁdied%latsiﬂgl Wad rpstri@@diwitn XBAVdndSPRE] fnla&oﬁfplﬁld@cﬂlgéstloﬁfdﬂeﬁhwl?d by a
nested PCR using the adaptor pringr 2 not her AAV?seC| (e
primer 2, BerH ca\mﬁe%w@rr@plﬁ%lww 2%%91%@3&&& ggpegieopiinag §e 15 The

maj or PCR &wé%}s gerfer[mot iwa Qs teshf G313, abongdo AN sehRr aetifs k#e
sequenci ng anal ySis. his experlnent the primers covering the 57 bp

or ot her sWW‘ilf% Creﬁﬁ@m@htm%fc pad@émml@mﬂdwféén%amféA&’?ﬁd 1or PCR

arrpllflcat % d cell
lines to id lg)l;l%/n?g#éwé%Fe cter ? gg{qegﬁéﬁgd%&@mﬁ%’@gﬁtﬁg@s dﬁjf%éﬂ t §ntl fied
| at ent 10AAVAgéfa¢SZrm$ncarv@srpaeﬁuElﬁy dingdestehleeppos clirometogebhy.| i nes usi ng

adenovi rus hel pers of different es and strains. To_isqlate infectious
Ay ol ones 1 orRREsePy Ve BBt ALt etk Bmaet P TN €SB af neq
from ATCC g &eﬁﬁ%n@ﬁumrs%&tﬁ@ S'qu%lyfﬂ régl'tﬁ‘n ﬁ@@scﬂﬁecﬁ;ﬁ(’@%bwmdo €., ¢

signature region of e invention. The bp PCR pro IS cloned and
serot yped 8y Z0sEyudrase AGeradabyidryl]. For these cell lines containing the

AAV7 sequence, X%%%{E%«%?Lescoﬂgt?u '}Exeé‘atcl‘?gerg‘f!\?g%é‘fo?‘yn&xﬁb?{%fﬁ vr}}rﬁgncﬂﬁz%%v' rus

pur chased from uman or trans ted wt asm d construct
housi ntp t hﬁudiemﬁrghAdhf@mnesausm caaseftes wmnmlmreteﬂ mto #hAVect:teltspeql functi ons.

At 48 hour_post. |rt1 ection or %W“pts CcLi gl h@] el L s, are hsaéve ted and Hirt
DNA i s pri8BAPREY SO RICHRIOBre e‘ﬁSFP%’ef © ‘Wﬁra Xy B8 PT 1999, .
Virol, 73:2594re4088s, is3immeaingl i@ Table 4elt 0ht 9ieldefof AANOrVYREE BilE foh cach

pseudotypl ng strategy simlar _to eﬁ,gt of Exanple 3 for AAVl/7 was enpl oyed
to producETEMEVHeee ennsisisaicliEearreoet eRuner OWHQAV]?atérPHBSM%mé%Fp@P]S a ot ei ns.

Briefly, 5.0 @é{dﬁf’e%%gi yRAEANRQ 38 A8y iRy NG Hhu AR pARNATRS 08 B 5 PPed
with AAV2 | TRS were packaged by triple transfection

20  plate (150 mm ) transfections.

Table 4. Production of Recombinant Vectors

AAV2/} AAV2/2 AAV2/5 AAV2/7 AAV2/8
cMv 7.30+4.33 4.49 +2.89 5.19+5.19 3.42 0.87
LacZ n=9) (n=6) (n=8) (n=1) (n=1)
CcMV 6.43+2.42 3.39+2.42 5.55+6.49 2.98 +2.66 3.74 +3.88
EGFP n=2) n=2) (n=4) n=2) n=2)
TBG LacZ | 4.18 0.23 0.704 +0.43 2.16 0.532
(n=1) n=1) (n=2) (n=1) (n=1)
Alb AIAT | 4.67+0.75 4.77 4,09 5.04 2.02
(n=2) (n=1) @m=1) (n=1) (v=1)
CB A1AT | 0.567 0.438 2.82 2.78 0816 +
(n=1) (m=1) (n=1) (r=1) 0.679 (n=2)
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of 293 cells with cis-plasm d, adenovirus hel per plasmd and a chineric
packagi ng construct where the AAV2 rep gene is fused wth cap genes of
novel AAWSaBOIBpEs. To create the chineric packagi ng comemruso?/si2e he Xho
| site of p5E18 pI asm'd at 3169 bp was ablated and 5 the nodified plasmd

was restri d ba | and Xho | in a conplete digestion to renove the
AAV2 cap é';aﬁ?g HFQ lace it with a 2267 bp Spe I/ Xho I fragnent containing
the AAV Cap gnn le o \/\I, ot _,.! — {1qqm 1 Viraol 7"2 3994- 400&] A

similar dboping sfPAre walASY £ o | AMYS o A\AANWM%?L

pl asmi ds éA%/Z/ ]fn{«l %AVZ/ 54 4509 recofrﬁ é—r?aaﬁt ?é?ér"“gs ver %ﬁgup? i ed by
t he stand 8 CsCl12" sedi nent t(I.O nmet hod ept forth AAV2 Whi ch| was f
purified ORGP E 3L EPJTEPAr | 43 g Hogmat|ogyanhy - Gepre—<opy 15&50. [ers o
AAV vectqrs were dgtgr m ned [y=gfaqhan ar@L SIS t%_rllp pr obe 503! nmer s
targeting SV40 pol'y A Tegi on as described previousty [Gao, G et l .,
(2000) Hum Gene Ther 11, 2079-91 ]. Vectors were constructed for each
serotype for a nunber of in vitro and in vivo 15 studies. Eight different
transgene e vectors and reconbi nant
Viri ong weEr;% roguég g(?)?Agg@ﬁpgg?%e%%fgﬂé#\h%&r&escovery of virus, based on
genone copi es, €5§B§iﬁnmmelw;eeﬁmjentefra\bﬂhe/edtotsmlfdwferéhlneenyny@dsdﬁ AKVORALIAT wer e
hi gh for rot t h J1e stent differen ween ser.otypes.
Data pr esgﬁﬁor& it n%ur%ﬁ?ré)\é\%séig Gﬁg drsﬁﬁén W&We&b@gw‘g%gam lgtey- £ andar d
devi at i on test A€itAlidhg and ¢rbhRuRilREHECliaty dfRES t@EackQeroBPe Bf AN, (EPQagm )
transfecti og Tabl e 4. Production of Recombi nant Vecto

AAV2/ 1AAVENBIXZRGIR SMWWM\W@ neniatizigaatibaly sy 4Gag (2 Pagt@ {996) 193. 420. 87

492. 98
Iéa(é gg ngg) (mr%?izg "8’8983{-(&1 %%cﬂgw tﬂg’?'x%se%g% @Elféa%l%nﬂg&heé%ﬁ *

Lacz4. 180 dz@onmgdmsoas@@smgﬂ&@bﬂw of sefur=1) ighibit pransdByi{on=oF B3+ LplisMyhreporter

aaTo. 5670 43 ASS TR RS B ERpH, St hET ety oo

AAVCMVEGPFP of each serotype [at multiplicity of infection (MOI) that led to a

transduction of 90% of indicator cells] was pre-incubated with heat-inactivated serum from

15  animals that received different serotypes of AAV or from naive 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 E4 from Ad5). Sera to selected AAV serotypes were
generated by intramuscular injection of the recombinant viruses. Neutralization of AAV
transduction by 1:20 and 1:80 dilutions of the antisera was evaluated (See Table 5 below).

25 Antiserato AAVI, AAV2, AAVS and AAVS neutralized transduction of the serotype to
which the antiserum was generated (AAV5 and AAVS to a lesser extent than AAV1 and
AAV2) but not to the other serotype (i.e., there was no evidence of cross neutralization

suggesting that AAV 8 is a truly unique serotype).

61



WO 03/ 042397 Table 4 (cont'd). PCT/US02/ 33629
AAV2/ 1AAV2/ 2AAV2/ 5AAV2/ TAAV2/ 8 TBGB. 51+6. 65
6. 653. 4720095642367 3. 856. 52+3. 081. 83 + 0. 98 rhCE n=6) (n=5) POE n33kp{ n=5
TBG cFl X1. 24+1. 290. 63+0. 3943. 74+2. 484. 0515. 8+ 15. O- paast a )
S/nz?)(n:g%(?ﬂg n=1)(n=5) 5 Exanple 6 - Serologic Analysis of Pseudotyped
ectors M §& oI ARISSE BANWYIAA VESet of different serotypes of
AAVCBALAT vectors iﬁltléf%anuscu arly (5 x 1011&§£S g
collected 34 days later. T; es < YL TS ZT 0
activity of sera to each s¢reat A T

- THAVEA T RAVa2 > CARGEE [TORRVAY T AAVZE
transduction_based neutral izf i, antir DoAY, @qEL.t 58 [ SBeruf viugdht | Sk ailebe 46)

) P S dbaor 1100 0] 120 T ﬁ%)’: PESICTEE w/agg%jgmm
t r ans quECHRA lof 1 O e Bod. 139 1 1001 “FZ%EJ IbeMe (o ALl Lo t
ser ot ypa! & R DR Lo VLS A 7 ) A =900 ProBT e e
et mﬁﬁ. S T N T AR ) B A R AR 0 G .1
[at R oy Gl aRF ee o M1 Rt L ar Heb I 10b TBREICHT 180 P
ani mallsGioHap ce j 1R T 15109 s c*.: 19,¢frgbd;ggﬂo 321@|1:255T Z@c .

1- hour incubation at 37 C, vi ;uées vveré added to 84-31 cells in 96 well
pl atees for 48uRhn Joda frB@BL normle pesjelitgere Rertdned YormastraizatainyageinstExpr essi on of

GFP was neasured by_Fl uorol magi n Mol ecul ar. 1.£S), & uantified b
| mage Qidseted SYPEYRET: 810 SRS FHIP %W??gfg%tPBB‘HV1¥%gr§@7cﬂﬁw %(géf‘a{ﬁgd as th)é
hi ghest 4 %mln?'AA'Vm%&B@twér@ﬁuu%ﬁz%a iff @0 SAUC% OPseig) réspesivelpan 50% 20 The
avai lability of G-P expressing vectors sinplified the devel opgﬁnt of an

assayd frattionefihuradn paokeg IaGremesanting adelectinn o pRAXHIndwiIduakeppies 81 nof
transduct i on | er M SSi | Al |4 I i ressin
a1 onfiiayee AaFa T ASAE ifticn ALNPER Wi SAVZH Bl ke Rt pr eSSl ng
| Nt ranugetslodkerumj egadlito V1280 driel/640c waictienty- vi ruses. Neutralization of AAV
transduction by 1:20 and 1:80 dilutions of the antisera was eval uated (See

Table 5 below). 25 Antisera to AAVI, AAV2, AAV5 and AAV8 neutralized

transdugt i oneof. 4,18 SBlRlaiBR of DiffiBhiRerdtisesdTA Seedtryas generated (AAVS
and AA to a | esser extent than AAVI and AAV2) but not to the other

serotype (i . thistshelys? wasmbioars WiAdé egomss, A4 BacBineln T4 YatibbflAduggest i ng
Lot AN SRR A AR B MRS AR T2 e 5
20  AAV2TBGLacZ were packaged with capsid proteins of different serotypes. In all 7
constructs, minigene cassettes were flanked with AAV2 ITRs. cDNAs of human o.-
antitrypsin (A1AT) [Xiao, W, et al., (1999) J Virol 73, 3994-4003] B-subunit of rhesus
monkey choriogonadotropic hormone (CG) [Zoltick, P. W. & Wilson, J. M. (2000) Mol Ther
2, 657-9] canine factor IX [Wang, L., et al., (1997) Proc Natl Acad Sci U S 4 94, 1 1563-6]
25  and bacterial B-glactosidase (i.e., Lac Z) genes were used as reporter genes. For liver-
directed gene transfer, either mouse albumin gene promoter (Alb) [Xiao, W. (1999), cited
above] or human thyroid hormone binding globulin gene promoter (TBG) [Wang (1997),
cited above] was used to drive liver specific expression of reporter genes. In muscle-directed
gene transfer experiments, either cytomegalovirus early promoter (CMV) or chicken B-actin
30  promoter with CMV enhancer (CB) was employed to direct expression of reporters.
For muscle-directed gene transfer, vectors were injected into the right tibialis anterior
of 4-6 week old NCR nude or C57BL/6 mice (Taconic, Germantown, NY). In liver-directed
gene transfer studies, vectors were infused intraportally into 7-9 week old NCR nude or

C57BL/6 mice (Taconic, Germantown, NY). Serum samples were collected intraorbitally at
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5 PCT/ US02/ 33629 % I nfection on 84-31 cells with AAVCWEGFP vi rus:
AAV211AAV212AAV215AAV217AAV218 Serum dil ution: Serum di | uti on: Serum

di | uti on:\8eroam3pT uti on: Serum di | uti on: Sera: | muni zat i on PCT/US02/33629

Vect or 1/ 201/ 801/ 201/ 801/ 201/ 801/ 201/ 801/ 201/ 80 G oup
1AAV2/100100100100100100100100100 G oup 2AAV21210010000100100100100100100
G oup 3AAGILEEROTEDRGYS efiersedonadminigamoyente ayddiypr tissues were harvested at

4AAV2/ 71004 : RS : i

SAAV2/ 5100100100 100100100105 T0008" 380" 1B HimsneLic siyne fggammasipet, ooy o
wer e scr eemeavddghe laedivecdrs.Zar thene-adrainfstrationseipertned, CEBdYy pas iniNdlyser um
sanpl e was_f ound eyt rali AAV2.. 8 whi | AAV2/.2 a AAV2/ 1
vectors Werrege%efreaﬁ‘%g?}i]z%%’ 2?% éﬁ%@%#%ﬁ%gfveggg A élg%leaclzr ia\?gl%i}%wﬁgq?rr action

of hunmen pALAEdelKpressitiefe Mweaks. Anindis weteition tehte® iH0A VRETBGAEIX! sanpl es
did not n,eutrallze cﬁ‘AV(f” agﬁ V2/ 8, whereas AAV2/2 and AAV2/1 vectors
wer e neut r QoL@ enc sudied fof 8B rtHTS&gtal to 1/1280 and 1/ 640,

respectively. Expival €isdd assdyd wetestrioMaddua lquanifpéerkh idvel @PhA BT Ohpemdof AAV
Vectors In this study, 7 reconbinant AAV _genones, AAV2CBhALAT,

AAV2AI bhA19KEX prm@\’w@@p PERAM TR HEG- PARATBESE) XV irglAldn 83t Hs ZoKisk 20

AAV2TBGE.ac Kk A i ot of.; di fof, . In
AT cont e R o hE et AR Y B o
human @ a%,ilf 56396l The AtpkTimeniXivens colipleted whdn anirgdl 99l sdcrificedfor Rdrvest of

3994-4003] (3-subynit.of rh nke hor |.ogonadpt r opi ¢ _haornone ( CG

(700 ok, hiclang Hip uhes G ORR o BRB0F S n el ER N SRAE S afol R SPRE o o 1 x
[Wang, L., vetordpresenf kgt tRERES biNTAMAC R SaE sddfefseOdt, prikikbSard Globetas and
bacterial (3-glactosidase as.i .e.. Lac Z%1 genes were used as reporter genes.
For | i ver - titentios of verij@repas ighslZpng. &i-ehdly (FROds oAbl stin %W T9EHe pronoter (Al b)
[Xiao, W (1999, é%lrfo%ﬂanc@%?v Qr&basB BTBR dese e RERROQuALNHiGing! obul i n
gene pronoter (TB Wang (1997), ~cited above]" was used to drive |iver
speci f 1t empdassf muscisfand diperrdieseted gensdransipr andsompardd feevsciots bageshen the ansf er

experi ment ither t l\@vi Iu r I . ehi !
(3-actin 3 105‘5103%%%}6 g%ﬁgﬁe%%ﬁe%nﬁﬁ%gg ?@%S%@Eﬁh I(soye d? I(S)te?fl r@?ﬁy

expr essi onamitrypep ¢k 14T )sand ebsrionitsgdned diop m0(C6)) genasddrtansdreitate reltiveor s wer e
injected into the rjight tibialis.anterior of 4- k ol d. NCR nude or
Co7BLI 6 m ERgASB R eneles RN el TR e oPie] A B FEb B0 SogRAE Pno or
studi es, veghoF iswBluBod S tnssictiod WARR kleahlglt drfdnOvaseamaekudadiCR nude or
C57BL/ 6 mice (Taconic, Germantown, NY). Serum sanples were coll ected

i nt r aokbi t edpirgssiag 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 AAV2 based genome
with the immediate early gene of CMV or a CMV enhanced $-actin promoter driving
expression of the transgene. Previous studies indicated that immune competent CS7BL/6

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

In each strain, AAV2/1 vector produced the highest levels of A1IAT 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

30  highest levels from AAV2/7 and the lowest from AAV2/2 with AAV2/8 and AAV2/1 in
between. Injection of AAV2/1 and AAV2/7 lacZ vectors yielded gene expression at the
injection sites in all muscle fibers with substantially fewer lacZ positive fibers observed with

AAV2/2 and AAV 2/8 vectors. These data indicate that the efficiency of transduction with



62 WO 03/042397 PCT/ US02/ 33629 different tinme points after vector

adm nistration. Muscle and liver tissues were harvested at different tine

poi nts fowoaspeserti oni ng and Xgal histochem cal staini ngPCrarsozsioral s t hat

received the lacZ vectors. For the re-adm nistration experinment, C56BL/6

mce initi IL\% recei veF V2/ 1, 2/2, 215, 2/7 and_ 2/ 8CBAI AT vect ors

i nt r amuscuP Ay ERETs Bskgeatmyssle issimilapro dias abtaingd withiAdrV Y brwitichyjs dies

Ani mal s wemgstfiRibnt mekbeAl Wuide M@ﬁ@m@f&ié&nﬂe@s&%ﬁﬁj té&’ v@ft?'t@:)“d' ed for
r n

cFI X gene expression. ELISA based assays were perfo ua y serum

| evel s of Hi&f Aovey Rlag, Bt alo K200 1pMed Ehand, AL/- %zfr’éiﬁv &édetpte(aoaﬁ)slvqlmm G
P., et al.g1o(5k996) J Virol 70, 8934-43; Zoltick, P. W & Wlson, J. M
(2000) l\/bI The 2, 657-9; Wang, L., et al., Proc Natl Acad Sci US A 10 94,
11563-6]. The eScpelar mmnnsmm@lewmrmpﬂdebeuhlmme&mramd:csgenetrenﬁacrIdefnuceed for

harvest of ver tissu action, an qua titative
anal ysi s oqosaseoﬁg/ﬁgto %Fé n gFomg &Riy! Ssr‘gerﬁr”gg%m fntp ?Petpgﬁﬁle‘femtsl g €th?"e’ff}aql\/tan
using the e&ﬁWEedSeﬁbs@iflernYyl fﬂﬁb@re@ﬂdﬂ pr@beadgereN Eatl {dclr bORainld MEALYD
preparati ons Zhan Y. gl ., (,2001) Mol Ther 3, 697-707]. The

per f or manc SRIRE Yriag B’§§@u }ﬁd@qngqdelweggqegtfyﬁggnwﬁé coidutR exthyividrur i ne
15 nodel s lﬁrm&b&ﬁh&n@@@bhlﬁﬁé% dier é?(ﬁe@ﬁlorg@iﬂﬁe {r:{r@g&f e([}/l E/ gﬁa{wgf edrvec
an t

vectors based on the "known serotypes AA ors
expr es¥i ngn: M%mlwgmﬁamﬁqmwwd éftﬂ‘tmuslclﬂ@sd HverAlinadted gend tiehsfed, oni ¢

gonadotr o %\AZ fa cti

effici enc!qjeegsb Et #gggrﬁe%s%t%%%% a’?‘?’é g“ul% kéﬁf(éh ﬁif’ gastfig"eﬁeffr@gr a.
The cell uﬂsmyu@ssxtum iautpﬂasmohn‘ctairaad@caxcpmsnmeomltahmm:ttﬂfaﬁoﬁ ar gehalopgan was

eval uat ed usi ng Z 20 egsi.ng vectors and X-g hi stochem str The
per f or manc¥’ Y- ﬁﬁgﬁm%f% 3na‘§ 8@“?8? arﬁ’ﬁ'gé’lrcge‘%%“ %ﬁﬁfﬂ%@&y ploransdiic %@n di rect
i njection dfM{IAT MRtdrd B @d’ﬂusana@SeBLﬁUlm@U&M €8 ve¥EGLPESTHOB AN t he same
AAV2 based genone  with the i mediate early gene of CW or a CW enhanced

(3-act¥n &PB%@I&KS%W#@ expression of the transgene. Previous studies

i ndi cated that inmmune conpetent C57BL/6 25 mice elicit |imted hunoral
responses to the human ALAT protein when expressed from AAV vectors [ Xi ao,
W, et al.Talld@IXprdssidinrod|3-midt oﬁ@lﬁaﬁusﬂfmﬂ](ey Chort@ib Gehidutropidd@UYG) vect or

pr oduced t\yne hi ghest | evel s of and AAV2/2 vector the |lowest, with
AAV2/ 7 and K®lp/ 8 vectors sho nt er medi ate | eVl of expressi on. Peak
level s of CBvah 28 days fol lowing jnjection of py/ gu NgR m ce showed the 30
hi ghest levels from AAV2/7 and the | owest from AAV2/2 with AAV2/8 and
AAV2/ 20i n Ah¥Rween. | njectidd of MAV2/1 and AAVR/7H akcZ vectors yi el ded
gene express| at the injecti sites in all nuscle fibers with
subst anti d@ﬁl%ewer | acZ posi ti@@*fi bers observéd withS AAV2/ 2 and AAV 2/8
vectors. Thgegrdata indicatg o hatyfhe efficiency,of, tyansduction with
AAV2/8 40 £ 0.7 76.0 * 22.8
* Not determined in this experiment.
25
In all cases, AAV2/8 vectors yielded the highest levels of transgene expression that
ranged from 16 to 110 greater than what was obtained with AAV2/2 vectors; expression
from AAV2/5 and AAV2/7 vectors was intermediate with AAV2/7 higher than AAV?2/5.
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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6 3 WD 03/042397 PCT/ US02/ 33629 AAV2/7 vectors in skeletal mnmuscle is
simlar to that obtained with AAV2/1, which is the nost efficient in

skel et al wosloe39f the previously described serotypes [ X ®6T/0802/835999) ,
cited above; Chao, H, et al., (2001) Ml Ther 4, 217-22; Chao, H, et al.,
(2000) Mol Ther 2, 619-23]. 5 Simlar nurine nodels were used to eval uate
liver-directed gonampurirpdveetor Piénfauadin livie S6 slaps afies dnjestidnapoudliatad wishone

copies werg i S i t he. i 0 hee that re nal.yze
cubsequent 15 st lnBhesRBrsPabd, Bee 8RN0 ol CobbbeliTh Sos RNEGSEn ave
based genopmusititgeieihie SUBI0ypolke’s edpidiest the Vedtorsieaet es RENE TaGVAN . €. ,

al bumn or_thyroid hornone binding glogobulin) to drive expression of the

t r ansgene. PiBr ¥alygs shawn ge peanepibrsetodiidyatipapas with gadarddeymsiops s hker e
d f | ' i iyel |'s of
105 vier o 198 shorfften S ASTD LARRR INCPURAES for tHORRRRILINE, Ypokte! © ©

assayi ng ssudiss saiqatethacAANVEAE € radst @fficiadd veqosior eatdirecadrgend ghmisdédri on (4
ani mal s per group). As sho in Table 3, the inpact of capsid proteins on
the effi ci@ﬁ‘ctyl%qre%%eéﬁgaﬁ?e&s frangkuced bepalpg¥iedr s i n nu/nu and C57BL/ 6 ni ce
and CG vectors in C57BL/6 mce was 15 consistent (See Table 6). 20 25 Table

Ceck o et T ol SR MR B ORI o

eLl
Aav2/ 74, 255 o g Thigesin IS BT KgtO%et er mi ned in thi s

experi nent%%e&,—%#&%&ee{—e%s—&e{—ded—éhe—mghest | evel s of
transgene A2 ey DosHat  ranged f PSAPRELEBIL PR Gelbat er t han what was

obtained with AAV2/2 vectors; expression from AAV2/5 and AAV2/7 vectors
was i nt er ANZIAIAATAAV2/ 7 hi gher than BAWR/ .36 Anal ysis of X-Gal stained
liver &ections of aninmals that received the corresponding |lacZ 30 vectors
showed a cAAMEAdA DAT bet ween t he nunber 08.003a09duced cells and overal l

| evel s of transgene expression. DNAs extracted fromlivers of C57BL/6 m ce
who recei vedwvolnIBAMT vectors were anal yged+f og.e6abundance of vector DNA
using real time PCR technol ogy. 64

20  AAV2/7AIbAIAT 22+ 1.7
AAV2/8AIbATAT 1§ + 11
25 The serologic data described above suggest that AAV2/8 vector should not be

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

30  AAV2/8 into naive animals (1742 pg/ml, n=4) which were not significantly different that
what was observed in animals immunized with AAV2/1 (31423 pg/ml, n=4), AAV2/2 (16
ug/ml, n=2), and AAV2/7 (12 ug/ml, n=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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WO 03/ 042397 PCT/ US02/ 33629 The anmount of vector DNA found in liver 56 days
after injection correlated wwth the |evels of transgene expression (See
Tabl e 7). .wbos/08339s experinment, a set of probe and pri ner Ccrarsg®siony t he
SV40 pol yA region of the vector genone was used for TagMan PCR.  Val ues

shown are nmeans of three individual animals with standard deviations. The 5
ani mal s wetW<€acPIbitheerrapeyispding fregesefitherave] AN werasrpgessary ér evpiuate

extract i ongeitBERRrial 8 WtPSbdcRgle GaliSrs WIS 7io8 ALRES %gi?s %Er]{eigtéljleq‘g'[%d vect or

for liver-directed gene transfer due to Increased nu S 0 ransduced
hepat ocyt essingTthp R s7and réepefidm PiANE2. PORs Apasimplifed tbe colmanidanaciali frerAvctvisct or s

in nu/nu [ Fol | owi.ng..l njection.of 1x1011 no i,es of
Vector e S EL et Gl SR el Penca BT ReATY: B eas
AAV2ALEDA 1yid@0oDeSombindi LedddhV 2émAtddAising ATiO a@3oach deinABNRS: BARALAT2. 2 1.7

AAV2/ 8A1bA1A‘|£18 11 25 The serol ogi c data descri bed above suggest that
AAV2/ 8 vectB®fioul d not be neutralized in vivo follow ng i nmunization

Wi th the other vetékyRRE on GABLAR AAVE appRr@i BeefmunbIbEBAL BinkiiEChkpns of
AAV2/ 8 vect or expressing cani ne factor ?.X (1011 genone coOpies) 56 days
af t er t heya'? 8eldievedlized by antibodiss asneratgdageing wehes seratypes). iuthemeorefserdiffaner ent

t . | i | DY
ser ot ypes hdgi;eaa@,a!) RY eﬁtr%gze "ARAALid ARSI Rﬁ.\/\ge&{e@to%j_\%/%ﬂgs?a rﬁ’ln"ést%ﬂi%? whi ch

followi ng Iinfusion o 0 naive ani mal's
were ntt sidyaithgecenat thy hdinhifi derenat AGtcumhiatty wasr devslepviend formwldedi aral s

i mmuni zed wi t. V2/ 1 (31423, 0/, ny4 AAV2/ 2 (16 / =2 nd AAV2/ 7
(12 . Sieantirbpomb b & EnflsoplEfbontt Wb eliricmin Rl s aeliine o
ani nmal s t higthimeiie N, bls €098 Gand Tveer AAVE7B83]act or 1 X vector in which no
detectabl e factor I X was gbserved (< 0.1 g/m, n=4). 35 djgonucleotides to
conserved regions of T]B%téol%%lp"fg‘?ﬁ'é“‘?}’i’ Ueckarpt fargralle fuidhee 2prlisionshesus
nmonkeys t hRk voenfe8RedYppearifiratiuRANS tal 1ﬁ§srafe'a‘§%ffl<0%9y éﬂ@@tﬂaﬂ hrAYUHBCES

were found in nultiple tissues fromrhesus nonkeys derive rom at | east
two di {5 ersrtyrechaspeiss thiehest levej ofitransgucsing ircskpletap mmsaleafthagrifistames wer e

isolated a i . 97, PCT[ US 33 sour ces.
Only the c’ggvgg%t]égg(gg%? Léﬁgrgﬁggéﬁ@g?%ggﬁg\%ﬁ#&%g a\I/\g/g\r’e{é gﬁ(géé%us@@o)t o]
eval uate difediabovept Euntortabtlya s AVXE prosideecaubstentiat advantagaben theloeheAdYTtypss AAVS

capst oo, Vet S RIEERL R SRR LIRS 00 9B LA © 1 °0

disappointing in terms of the numbers of hepatocytes stably transduced. AAV2/8

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

25  cycle disorders and familial hypercholesterolemia.

Thus, the present invention provides a novel approach for isolating new AAVs based
on PCR retrieval of genomic sequences. The amplified sequences were easily incorporated
into vectors and tested in animals. The lack of pre-existing immunity to AAV7 and the
favorable tropism of the vectors for muscle indicates that AAV7 is suitable for use as a

30  vector in human gene therapy and other i vivo applications. Similarly, the lack of pre-
existing immunity to the AAV serotypes of the invention, and their tropisms, renders them

useful in delivery of therapeutic molecules and other useful molecules.
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A couple of other experiments were then performed to confirm the superior tropism of AAV

44.2 in lung tissue. First, AAV vector carried CC10hA1AT minigene for lung specific

expression were pseudotyped with capsids of novel AAVs were given to Immune deficient

animals (NCR nude) in equal volume (50 pl each of the original preps without dilution) via

intratracheal injections as provided in the following table. In Table 9, 50 pl of each original

prep per mouse, NCR Nude, detection limit 20.033 pg/ml, Day 28
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5 gene, human a anti-trypsin gene. Thus only one vector for each new AAV
clone needs to be nmde for gene transfer studies targeting 3 different

ti ssues, wowaf423bung and muscle to screen for tissue tropCIrmsot/33%29
particul ar AAV construct. The follow ng table summarizes data generated
from4 novel AAV vectors in the tissue tropism studies (AAVCBAI AT), from
whi ch a novel AAV capsid clone, 44.2, was found to be a very potent gene
transfer vehicle 10 in all 3 tissues W|t ‘ﬂ |g lead in the lung tissue
particularly. Table 8 reports dat a obt ai'ne (| ng AlAT/rrL serum at day 14

of the stuydy—Fable—8Veetor T+-ssye fret-ve iy AAV2{1 111
AAV2/ 50. 60. 2NBREOTAAV2/ 8 Gk I%ﬁo MW‘@“{ 43 HS 2‘2 é@?@‘s%&‘%&w % IR, 10

(44.2) 23653194611 AAV2/rh 183 (4p¥oibadlybyestes ) 51 Withadald gransfer as
(42.10) 3.[1221. 44. 32 15 SAMEBERS%| of ot her experi rre?‘&%orwere tCpBR2sdtP or ned t o
confirmthe superior tropismof| AAV 44.2 injlung tissue. |FhA8tclomay vect or
carried QO OhAIAT minilgene for |ung specific| expression wé#d)pseudot yped

with capsi ds_of/Inovel |AA¥slGer e gi vEPHIF | nmine @189i&e2%nt | ani n&Rs ( NCR
nude) in equal 2%l une | (5054108ach of «&@3 ori giinal 0.e%s wi tthout <di.l uti on)
via intrjatrachesal inject6aos as pross+dad 1 n(t he.d2ebloow ng tables In Table
9, 50 | of each/ori gi nal4 20oprep perjdgpyse, NCR Noggodetectionpgkimt
>_0.033 g/, bRy 28 67 7‘@1@3/‘)4459094@@' €9 PU@MQ,%&Q ReT gl ve Gene
TOt al (I: %/airit&g\"llﬁnl pgzs‘ﬁl? /-\JJ-\I/ ”I 1%6?”5] e d?) 0\{_Erbl06g—l T W TH W

vect orw t it b it compar £ e 26421 0.56+0.46 13.7
2/th.10 (44.2) 2.8x10" 115+38 4.141.4 100
2/th.13 (42.2) 6x10" 7.3+0.8 0.12:+0.01 2.9
2/rh.21 (42.10) | 2.4x10" 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. (1x10" GC per animal, C57BL/6, day
14, detection limit 20.033 pg/ml)

Table 10
AAY Vector ng 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 0.1+0.09 3.4
2/5 0.0840.033 29
2/7 0.3340.01 11
2/8 1.92£1.3 2.9
2/ch.5 (A.3.1) 0.048+0.004 1.6
2/rh.8 (43.25) 1.70.7 58
2/rh.10 (44.2) 2.93%£1.7 100
2/rh.13 (42.2) 0.45+0.15 15
2/rh.21 (42.10) 0.86+0.32 29
2/rh.22 (42.11) 0.38+0.18 13
2/rh.24 (42.13) 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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50 pl vectorvectorrh.10 (clone 44.2 2/13x10122. 6+0. 50. 09+0. 022. 2

2/ 25. 5x10" <0. 03<0. 005<0. 1 2/53. 6x10120. 65+0. 160. 02+0. 0040. 5

2/ 74. 2x10WP13045380. 02+0. 010. 5 2/ 87. 5x10" 0. 9+0. 70. 12+0. 092 P@TA/SON33529

(A. 3.1)9x10171+0. 70. 01+0. 0080. 24 2/rh.8 (43.25)4. 6x10' 226+210. 56+0. 4613. 7

2/rh.10 (44.2)2.8x10' 2115+384. 1+1. 4100 2/ h. 13

gf2h2£gx%0'7.3;0.80 12+0.012.9 2/rh. 21 (42.10) 2. 4x10' 29+0. 90. 39+0. 049. 3
rh. 42.11)2.6 6+0.40, 23+ / .

rdo-0. 6. 30, et RegiRriReGs betloféh PudiElattiniodf dhidd e wancter

conpet ent &ai 418d @Jtit&ﬁﬂ@,bme ﬂomhaqﬂmb bEst fjesranmsduogr A4 V3t Gebe@@usale shown

in the Table 10. éﬁe 0" nal, qgg%*IG, day. 14,.qete tion limt

> 0. 033 ggirisfiucey Vlleu%gﬁst ﬂ)&i Vel a?/%"“&ﬁe‘ﬁé‘g&*?’&rl?é‘} |F%s pav

Vectorw th sig Xi&iOhle vectorconpared to rh. 10 (clone 44.2) 2/10. 076+0 0312 6

2/ 20. 10 093°4 2/ 50. 0840. 03 32.9 2/70.330.0111 2/81.92+1.32.9 2/ch

(A. 3.1)0. 048+0. Boatudpserplopicg propsries pi thoge nesgl HAVE, pﬁwd@medzé\é\/ﬁf VP?&*@EF

2/rh. 13 (4 / 0.3
0. 1813 21 R TR S A e e A B 22 s e
confirned pleense pet dbsércopf antisarh agdinsh diffbdenp capsidp.ulihgdata are summarized below:

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

Serum 10° GC 10° GC 10° GC 10'° GC
from rabbit rh.13 rh.21 rh.22 rh.24
immunized with: | A Av2/42.2 JAAV2/42.10[AAV2/42.11|AAV2/42.13
AAV2/1 1/20 1120 1/20 No NAB
AAV2/2 1/640 1/1280 1/5120 | NoNAB
AAV2/5 No NAB 1/40 1/160 No NAB
AAV2/7 1/81920 | 1/81920 | 1/40960 1/640
AAV2/8 1/640 1/640 1/320 1/5120
Ch.5 AAV2/A3 1120 1/160 1/640 1/640
rh.8
AAV?2/4325 1/20 1120 120 1/320
rh.10
AAV2/442 | NoNAB | NoNAB | NoNAB 1/5120
rh.13
AAV2/422 1/5120 1/5120 1/5120 | NoNAB
rh.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 1/20 1/20 1/5120
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directed gene transfer. 68 WO 03/042397 PCT/ US02/ 33629 Interestingly,
performance of clone 44.2 in liver and nuscle directed gene transfer was
al so out swearwdiom397 cl ose to that of the best |iver transdu®emr/usezss2and t he
best nuscle transducer AAV 1, suggesting that this novel AAV has sone

i ntriguing biological 5 5|gn|f|cance To study serol ggical properties of
t hose novel AAVD! %@QVMBWW%&@%’WMV601&%65?’%d for inmmunization

of rabbits and ;. vl g 8.1 BORIEHEORAGNBfALiAe! | s 1N the ~presence and

absence of anti d6fa capsids. The data are sunmari zed

be!orﬁ SQ Tab:efll a. Cq@gécNABOagggy 10°c43[L eekks |ange adenpvi rus (Adv)
col nfectipn n o T1y 3431 IAs Tert h Wi th: Serunil09
GCL09 GC1P9 %Qﬁﬁ?&ﬁ PR 06 MR G RN L AR Tl Ul .2
W th: AAV2Y 48, afaalifte | W! HAAVIAMNG s 193 A&M%le ARGA4ZHA) 20No NAB
AAV2/ 21/ 6+U“r{§'§§¥/}il o>t um Lxé W VOMOI\N\ 1,{4 BONO 1
AAV2/ 71/ 89201+ 8¥ 920140965 H -G40—AAYRf-SH- 6406403264 5426| Ch. 5
AAV2/ A31/ Ol/Ar/NVH/IZGAO [ ARy h {NojhARH IWNAE)O1 INOIWABA, i rh. 10 No NABNo
NABNo NAB[L/ 5128VAAV2/ 44 N2 NAB 113 1826 1P 0Ng BAR O /No1! NABD AAV?/ 42. 2 rh. 21
1/ 51201/ 1p2404A$2201/ 20 H¢%é8/ 42.16BA0r h. 22160 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 1/320
rh.8 AAV2/43.25 1/1280 ND 1/20400 1/5120 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
rh.21 AAV2/42.10 1/20 ND ND 1/40 1/80
rh.22 AAV2/42.11| No NAB ND ND ND No NAB
rh.24 AAV2/42.13] 1/5120 ND ND ND 1/2560
Table 12
Titer of rabbit sera Titer after
Vector | Titer d21 Boosting
ch.5 AAV2/A3 1/10,240 1/40,960
rh.8 AAV2/43.25 1/20,400 1/163,840
rh.10 AAV2/44.2 1/10,240 1/527,680
rh.13 AAV2/42.2 1/5,120 1/20,960
rh.21 AAV2/42.10 1/20,400 1/81,920
rh.22 AAV2/42 .11 1/40,960 ND
rh.24 AAV2/42.13 1/5,120 ND

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

10° GChwell|10° GC/well|10° GC/well|10° GCwell|10° GCiwell{10° GClwell

ch.5
AAV2/1 AAV2/2 AAV2/5 AAV2/7 AAV2/8 AAV2/A3
128 >200 95 56 13 1
# GFU/field 83 >200 65 54 11 1
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1/ 204801/ 204801/ 40960No NAB AAV2/42.11 rh.24 No NAB1/201/201/5120

AAV2/ 42. 13 69 WD 03/042397 Table 11b. Cross-NAB assay in 8431 cells and Adv
coi nfectiwo o3josf3ection in 8431 cells (coinfected with AdvPCE1SN2/33629

PCT/ US02/ 33629 109 GC1010 GC1010GC109 GC109 GC Serunrth. 12ch. 5rh. 8rh. 10rh. 20
fromrabbit AAV2/42.1 BAAV2/ A3AAV2/ 43. 25AAV2/ 44. 2AAV2/ 42. 8.2 i nmuni zed

wi t h: AAV2/ 1No NAB1/20480No NAB1/ 80ND AAV2/ 21/ 20No NABNo NABNo NABND

Ava) 51/ 100401/ SH0 1 500 A BIRD Ll SRR MBI EBAONDY) 61001/ 320

rh. 8 AAV2/|43. 251/ 3@@8%11%4@%%@ L394CRRH0 ogfé’o/évgu 10° GC/well|10° GClwelll10° GChwell
i

PN

AAV2/ 44. 21/ 5120NDN 5 72 ONDNDNG 1 PO
AAV2/ 42. 141/ 20NDNDH-EGH-86— W .2 OIS SFD e
AAV2/ 42. 1:1/:19nNrNHKaM13;2§n AV Y3/4%:2 |AAV(¢2 1QIAM 2740 2[A2,13U5AV2(42.1B

80
VectorTitdgr d21Boastifdg ch.5 BAV2f A3FA1Q 04082 40.]9601¢ h 3 18
AAV2/ 43, 29 /GFU/ieB)1/ 183, 840 ria. 10| AAV2/ 44| 21600, 240114/ 537, 680 rh. 130
AAV2/ 42. 2115, 1201/[20, 960 f{h. 21 AAV2/ 4g. 10[1/ 2@7 4041/ 84 920 3 12

5  Example 10 — Mouse Mode! 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.
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 2001; 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 Biosystems) analysis was
performed using probes and primers targeting the SV40 poly(A) region of the vectors [Gao
20  GP, et al., Hum Gene Ther. 2000 Oct 10;11(15):2079-91]. The resulting vectors express the
transgene under the control of the human thyroid hormone binding globulin gene promoter
(TBG).
B. Animals
LDL receptor deficient mice on the C57B1/6 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

71



rh.22 AAV2/42.111/ 40, 960ND rh. 24 AAV2/42.131/5,120ND 5 Table 13 a.
Infection in 8431 cells (coinfected with Adv) wth G-P 109 GC/ wel | 109

GC/ wel | 1080@G/0wasbT 109 GO/ wel | 109 GO/ wel | 109 GC/wel | ch. 5 PCT/US02/33629

AAV2/ 1AAV2/ 2AAV2/ 5AAV2] TAAV2/ BAAV2/ A3 128>2009556131 #

GFU/ fi el d83>2006554111 70 WD 03/ 042397 PCT/ US02/ 33629 Tabl e 13b. Infection
in 8431 celdescribed([$ther Séer aki Mol Mhr)lpyvﬁ(lOﬂ 18R 21096 GCBehY, khOmGEhwed | 109

rGﬁ \é\flhl %8?#%‘“% % 1 hlﬂ%étrﬁﬁ 55 g{rgc?)iyggme A lg'p%?otomy wals Ilaerformed and the portal vein

AAV2/ 43. 25 AANQYed AURN 30 ZizecRIBAN A ROp LB AVR SF2:edidANMRIIAR 163APHR 2. 1 B
3135462103]& ﬁfth:U/%I eltd 12716014220 484716312 5 Exanple 10 - Muse Model
of Fani | i al TS/ 0INERSH JLP JieRoda Veinr REessise MaurARgclophy ifstien disiopstres es t hat

the AAV3/ 7 scpnsfilicisitedafy. Theskih MeRS Watiskel byEdisp éd*hﬂ h{%ercﬁif‘a??f{ @% | and

express LDL receptor in an ampunt sufficient to uce t s of

pl asma ¢ hoI"é@’cl@FetSllfo‘a‘iliﬂ f(flloiwgb‘?g,/@é r Veeldy bﬁewmpelfmmedi st g haddy| 14 alftehlyyer er cho
le ste ro Idebfed géhe trlsy to YSGERE beBH'ﬁhldg%b 0 %yoy eacgg{?zlgu%gersgg' Iﬂcéc’imat

AAV7 or AAV8 capsid proteins were ruct ed usin
strategy [ P4 idmepentsMeekt and weeki1daftep we@@ﬂmpcmﬁ 16 208k 6fBdroscleRaqdyuB ant

AAV genone te nal eats (ITR re packaged by
triple tra%lsZ ea%:'?v |e@'r61§%1p é@éﬁf&% ?ﬁlon \LAlllJ';r“(t7 Flelqallpén RS S g ‘%ﬂﬁ%ﬁéwéﬁféﬁ) l rus

hel per 10l agirqde areebuzenicnt edii detsrinthafiac bB@ingn6 0xitdsieal . a fusion of the
capsids of the novel AAV serotypes with the rep gene of AAV2. The chineric
packagi ng plasm d was constructed as previously described [H|dinger et

al, cited above]. The reconbinant vectgps Mﬁre purified by the standard
CsCl2 sedinentation m=t hod. To determ ne t i el d TagMan (Applied

Bi osystens) anal ysi s perjf Bacroed usi ng probegesand prijpersjtargeting the

SVAD poly(A) region g R e e D 110" e |12
Group 2 AAV2/7-TBG-hLDLr 3x 10" gc 12
Group3 | AAV2/7-TBG-hLDLr | 1x 10" gc 12
Group4 | AAV2/8-TBG-hLDLr | 1x 10" gc 12
Group5 | AAV2/8-TBG-hLDLr | 3x 10" gc 12
Group6 | AAV2/8-TBG-hLDLr | 1x10" gc 12
Group7 | AAV2/7-TBG- LacZ 1x 10" gc 16

C. Serum lipoprotein and liver function analysis
15 Blood samples were obtained from the retroorbital plexus after a 6 hour
fasting period. The serum was separated from the plasma by centrifugation. The amount of
plasma lipoproteins and liver transaminases in the serum were detected using an automatized
clinical chemistry analyzer (ACE, Schiapparelli Biosystems, Alpha Wassermann)
D. Detection of transgene expression
20 LDL receptor expression was evaluated by immuno-fluorescence staining
and Western blotting. For Western Blot frozen liver tissue was homogenized with lysis
buffer (20 mM Tris, pH7.4, 130mM NaCl, 1% Triton X 100, proteinase inhibitor (complete,
EDTA-free, Roche, Mannheim, Germany). Protein concentration was determined using the
Micro BCA Protein Assay Reagent Kit (Pierce, Rockford, IL). 40 ng of protein was resolved
25 on4-15% Tris-HCl Ready Gels (Biorad, Hercules, CA) and transferred to a nitrocellulose

72



20 GP, et al., Hum Gene Then. 2000 Oct 10; 11(15):2079-91]. The resulting
vectors express the transgene under the control of the human thyroid
hor rone bwodBfg3gl obul i n gene pronoter (TBG. B. Ani nal s PCDIUSOZE3sRE Or
deficient mce on the C57BlI/6 background were purchased 25 fromthe

Jack Lab t B bor, M, U d i ntai hed as, a breedi ng
colony NPT drviRn by Ber ML ST aTlodr: arobBaREa hi gh

fat West eﬁﬂz‘@bﬁus@hﬁﬂﬁn%d]ﬁbﬂlr%ﬁ%ﬂﬂ 210" StRFOLNYedD 188 taekst RRIOHay ect or
injection. At day -7 as well at day O, blood was obtained via retroorbital

bl eeds andbiatediangperd dproWestemdijelt dat K dilwtien ofiteesomem was ased emrh primeivvi ded
previ ousl v T S T bR AT P B AR et 27 O
'FI)'her apy 20eectiayECL Wedera®lqt.DeBriief Kit, Ambishan,delingoeHemhagk.het i zed Wit h
ket am ne and xyl azine. A aparot.o s perfornmed and the portal vein
exposed. Using a 308§nee fngg"tnﬁ@;t%c fn\é%ryi ate dose of vector diluted in 100ul

PBS was directly inject adr deemnifidion BOLDRIreosploRexpreseivs il BoMaSivanRtidd to
the injection site to,ensure a 5 stop of the bl eedi n(g_. The skin wound was
Bp

cl osed andMBHAYEHOhE Ity ONHY S W@‘é?r‘??ffgfm%ﬂ- 1 from prvvtededtions whies eftearifoafl iy day .
Weekly bl gedsnayer & 1%%5395%7{&.@1&61{31\% Vs ot nea%zf'oag i ﬁ(%urliﬁcY;Bétio\lxg)'eFig&&/ﬁg. gene
transfer to nmeasure blood |ipids. Two ani nal's of each group re sacrificed
at tHe tilA¥ Pabritssrume Sketdnawdretkerkindibatefl farony bodrovithi the pémiyantimdgxan ne

th I ' S | |...as. receptor ession... The renai ni ng
i co vor e b pBBRtR rBhEBoBTolT sy @R H I LS PARER S 7 e nat 1 on
of transgédme &m@hms}vl/ﬁ;.vylfxfaébécbdimtbéi\z{eirgmihgil@i@;ﬂ'@r@trﬁﬁt@gi%}dglné%ﬂé@%ﬂgliH_ rl >£ 011
1012 gcl2 2AAV2/ 7- : X, 10" gcl2, up . - TE | X
G012 & oud T AIORNYBAPHRERO IRITED 34 Epg a0 BN BeI s £ ol 012
G oup 6AAV£/b&'I§@@iEhQLSt!L>6u§E9Mb)Q@é&&n‘r@h?%@re%@%ﬁé%fnﬁ%@ unb@loesdidd 9clé C.

Serum | i poprotein and |jver function analysis "15 Bl ood sanples were
obt ai déd fHgRfORRNilOnMisFaphetal X I8)allsases.teaeh incubatiouyas foewvedly panisivd. The

serum vas (3Nl iR Pasr ABRADe c&ﬁ@&%ngﬁefﬁ}}réihéu%%d Wik PES SRR (0
primary antibody, and substitution of the primary antibody by an isotype-matched non-
immune control antibody. The three types of controls mentioned above were performed for
each experiment on the same day. ’

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 QlAamp DNA Mini Kit
(QIAGEN GmbH, Germany) according to the manufacturers protocol. Genome 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. Atherosclerotic plaque 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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plasma |ipoproteins and |liver transam nases in the serumwere detected
using an automati zed clinical chem stry analyzer (ACE, Schiapparelli

Bi osyst erw0 odlopdsa7 WVAsser mann) D. Detection of transgene ePpmase2/sss2920 LDL
receptor expression was eval uated by inmuno-fl uorescence staining and
Western blotting. For Western Blot frozen |liver tissue was honogeni zed with
lysis bufplag ‘f(’ﬂ%c?ur#ﬁerrm%l,mqgﬂwaa,capi‘srefiﬁwmaépvy BHCTG0NR oglor g@leo presrai nase

TR bt | ) . o5 .
i nhi bi tor feonpl Stk placﬁ@}@‘%ﬂ%@pf tﬁ@@(ﬂﬁpl@t%@&%b% ce graé ?gc?r%ﬁl%:csdggs&tgglhgse

concentration was determnmned using the cro B eagent Kit
(Pi erce, Robraginedystens (Madia§ybérngircst ei n was resol ved 25 on 4- 15% Tri s- HCl
Ready Gels (Biorad, rcu ransferred to a nitrocellul ose 72 WO
03/ 042397 PCT/ US02/ 33629 %%’P%gﬁggﬁ rogen, ). To generate Anti-hLDL
recept dr antibodi es a rabbwb anvimalsipe; egpbddentalipsupwedtotestey. Avbbdlas afl 'AdhLDLr

1x101 E ks | th it A t ai d d
Por st or AR TADL KEetbepls Bl B Db Reded € Ebaiih i e ea lond Brgyen ity
anti body fii b@%%x‘%eﬁoﬁ%@&s&Hg@,m R0 of Bb.g-l]jl_,gﬁuﬁ"aqn iy Slﬁ%ﬁ]m

| um nescent 5 detection (ECL Western Blot Detection Kit, A

Ar | i ngt on BRS/ghimal). At fime pgints| 3arnrddayinot Mandtyt 6hy afterinideticrahloet saopleof LDL
recept or r i i zen. i I | i chem st anal yses
wor o por f oF ReRgid e HARES Bl KRl TRE AR el M B AR FE R e Tor 5
m nut e®, Osloadnid¥egdl plBinecdounigd Wethe girhiah bamteri Findly thd@abtiohdl ctbigdlicome per i od

with 10 10% of 8oat sertﬂlm, Sectjons were then incubated for one hour with
the pri mar¥Asgalchigtsdyrogt the ligopremmierascedada A rabbit pol ycl onal anti body

anti-human LDL (Bi onedi cag,qLeebnef 08k 9%pid hPGmulabgught on, MA) was used
di luted accordingly to the instructions of the manufacturer. The sections

were washed with PBS, andOil RedBtaireet i frozen livied Sectiphauwsscbef formdgs determigeat

anti- rabhift I j ) CIJTENS re finall xam ned
under fl U(t)“ g%%%ﬁgéékg 'rn'h(e: ?%é%:ngwee§f\ﬁcﬁ% Wﬁ?egs%ep ot™ .dlﬁtlhegfvﬁte%@?@gf% each
i ncubatsi orbyvwedminntd inwwedtitry inetctuts ipupylenagihtad drhaisthtioRBBereNe@atdived igent r ol s

consi sted of prei tion with PB Qmni, SSi of the rimary anti body, and
cobet s t ot eSS S sty ok BhsoPrg ras FarY e B HR roin

control amfhyedemdibylintoRioh YRS sedon8PHdd untiRB MW AREH cRBQUSMET €
performed for, each experinent on the sane day. 20 F. CGene transfer

effici encysol_‘itiﬁ’@r ti ssue was obtained after sacrificing the mce at the

Storad at -80C unt i1 O TRae bR TN LRl A Cr Rl LRI LT ver
t i ssue2Ousisagficas GerkaromoRdtizdd anid inGubated iQIcAGENo G Inkthated (rinyerdgitoAfiérng t o t he
manuf act ura%ﬁl%g RE 8.%)9‘%011[2'80%1%0 c%?ltrﬁ’ggtigg foc}fl 0 minutes, the lower layer of each sample
was collected, divided in two aliquots and dried under nitrogen. For the cholesterol
measurement the dried lipids of the first aliquot were dissolved in 1% Triton X-100 in
chloroform. Once dissolved, the solution was dried under nitrogen. After dissolving the
25 lipids in ddH,0 and incubation for 30 minutes at 37°C the total cholesterol concentration was
measured using a Total Cholesterol Kit (Wako Diagnostics). For the second aliquot the dried
lipids were dissolved in alcoholic KOH and incubated at 60°C for 30 minutes. Then 1M
MgCI2 was added, followed by incubation on ice for 10 minutes and centrifugation at 14,000
rpm for 30 minutes. The supernatant was finally evaluated for triglycerides (Wako
30  Diagnostics).
All of the vectors pseudotyped in an AAV2/8 or AAV2/7 capsid lowered
total cholesterol, LDL and triglycerides as compared to the control. These test vectors also

corrected phenotype of hypercholesterolemia in a dose-dependent manner. A reduction in
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25 AAV vectors in the liver tissue were eval uated using Tagman anal ysi s

usi ng probes and priners against the SV40 poly(A) tail as described above.
G At her owoloafoat3pT pl aque nmeasurenent For the quantifi cat ipom/ush2/s3se9

at heroscl erotic pl aques in the m)use aorta the m ce were anaesthetized
(10% ket am ne and p chest opened and the 30 arteri al

syst em perk! E@Jgd‘r% ée‘\@dﬁ ‘i)‘ﬁé dhise Bas pleervad dutreated neine edliitshiest| ef t
ventricl e. o Thentag, ra'fna t%ee‘ff&m& dB@é’r%dl{l) lesﬂ%Oé?ﬁlte‘?gr h%f'tﬂe%&) n@lt@g9 the
ventral nidline fromthe aortic arch down to th e eroral rarteries and
fixed in f®PHAYIi n. The lipid-rich atherosclerotic plaques were stained
with Sudan IV (Sigm, Cermany) and the aorta pinned out flat on a 73 WD

03/ 042 /3362 f d with
Sony  DXC. 960D RBI-ar G i ARt g Dol RE S ER0 R el 1 s of

the conpl ete aoatic EusdaOs Mas det erm ned using Phase 3 | magi ng Systens
(Medi a Cybernetics). H Cearance of 1125 LDL 5 Two ani mals per

experimental group wRistionad easine facterdKuE e expresgion whsdsedsea 111Dtmvé1@elnﬁeBousl y
provi ded hy;.Daty ith &L E&NEp S vein
over a perllcc)d o?&&g slecC Fl 00 Aggg%ﬁoﬁ%tlgg\é? ’fm’iﬂéﬁfwﬂ c(Ims ruc e(} A | 001
sterile PBSX/elaAn‘LW&IS) ITRAE llt/etrfmeqn‘m promoBn{Ii§P] 3GanmineFIXE- ﬁbqsdchedkrhepﬁhrs after

i nj ect ©on a. d sa he retro-orbital plexus. The
pl asmalf was’ 8 sep ratto% F?m#%mhéwadﬁ% %Bli‘eo‘éeﬁtoé%werfaﬁﬁmﬁrl“g% counted in
the gama desttitieéin Wahged 1200081467 agdri Therdpy cat AbDIg), Gisinalie appesprie! cul at ed
fromthe |ipqQ rote| n clearance data. 1. Evaluation of Liver Lipid

accurul at i 8&5 Red Staining of frozen liver sections was perforned to

determne [ipi d aCCK‘ﬁBélkfﬁu't ﬁ)ﬁbe v@?@gén@t%?e@'&s hés\fﬁﬁedﬁﬁ%dr@%?al%ﬁ Brdcex: %
rinsed in distilled water m nute i ncubation I n absol ute

pr opyl ene 4gc¥s¥ USHﬁ@%Héﬁﬁh%%Néﬂh@ thclgwéu memiClthe phiehotypes df amhaphilan (0. 5%
in propyl epg ﬁol) for 16 hours foll owed by counterstaining with Mayer'
hemat oxyl i n sol'Uti on for 30 seconds and mounting in warmed glycerin jeIIy
sol ution. For quant | Véavat bbdiffofent sesotypey XA VhoA £92 64 AV 5288 virhglhyees)i de
content liver ecti onP .wer e a m)cqenl zec&}é nd i ncubated in

chl oroforr‘??"?f‘éf{ﬂa'ﬁ 2 3 sipgledyizanarteiHiectgn ilp thediienef adplt femephilizs S5/BYAd
centrifugahicOmm £ @se O 1:0I0MUEEmoutd R tHORE dlﬁ%)/&'f s@btyFRGAd SAIRLED rlBiSed

col l ected, divided in two aliquots, and dried under nitrogen. For t%

chol est er G AM¥ Eeteb Adowadogss 1 6®" GG meyseo fContiel grpwpsvasinieqiadwitivdred'!

di ssolged 40 ot AnTold P8KalB0 b gf&slﬁggp%f% 9105 Y R0 YR 8 R Ut on

was dried un ni trogen. ter
bled bi-weekly after vector administration.
1. ELISA

The canine FIX concentration in the mouse plasma was determined
by an ELISA assay specific for canine factor IX, performed essentially as described by
25 Axelrod et al, 1990, Proc.Natl. Acad.Sci. US4, 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 ¢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 be 5% of
normal levels, i.e., at about 250 ng/mL.
The highest levels of expression were observed for the AAV2/8 (at 10') and
AAV2/7 constructs, with sustained superphysiology levels ¢FIX levels (ten-fold higher than
the normal level). Expression levels for AAV2/8 (10'") were approximately 10 fold higher
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25 lipids in ddH20 and incubation for 30 mnutes at 37C the total

chol esterol concentration was neasured using a Total Cholesterol Kit (Wko
Di agnost iwe)03/0F3p7t he second aliquot the dried |[|ipids wereTdiseysdeaed in

al coholic KOH and incubated at 60C for 30 m nutes. Then 1M MCl2 was
added, followed by incubation on ice for 10 m nutes and centrifugation at
14,000  r paf mbseﬁibsmveﬂjfoeskAWEaMANﬁéit(ahlto) el bvedekyressipallevgtsed f or

triglyceri nost i CS Al | v pseudotyped in an
AAV2/ 8 or aﬂ&%é ‘ﬁéﬁs’g}'edg?g PEYC TPRE Werg 1) er\5 f&gf?rdﬁ%}%ﬁ and triglycerides
as conpared to the contr Oln Vzﬁh%ﬁvdt&ﬁkarﬁ@ﬂf]@dhﬁb@l&ﬁ'ﬂn tige (6 RET) eldsgphenot ype of

hyperchol esterolem a in a_dose- dependent manner gdg f'on in 74 WO
03/ 042397 PCT/ US02/ 33629 Pyastiowal fctos ¥ gptivitydn M%? % {wy?“WES was

observed iQ,{ f£ahGldT, GE u%ztrb Q@tlvfa{eﬁ %Ertitaﬁtﬁl;omlfoglaﬁﬂ?ﬂtthﬁ§ Qa,PT@Pst&}hMcﬁxEé ect was

observed to persist over ngth of the experinent
Exanpl e 10blood-sanplidsoveat CCFIbeiled)flOm)(thb@ﬂ@@e@t%hle&ﬁd“@dﬂroe‘ﬁ%‘i%o%ﬂ%?ﬂffﬂﬁ| lia

A. Knock- Fung aaclg o,g, I asgl AN as assessed
in hermphlorlile &4&8{8 e as\?egt?%?e(saaa\?\nd%“gap i ds %%f‘t(ag\g\%F/%A%/g@ AAVS, AAV7 or
AAV8 were peAaStEruscedlses. deliver AAV2 5 | TR - I i ver-specific pronoter
[LSP] - canine FI X - wood uck hepati ti 1 ost-r.e ( WPRE)
- AAV2 3' I TR The vect or SIqeH %%&aﬁ’ E@t"&&’?aé@ éaé%‘ 3 ng Ve"tx‘i/@ﬁ%g%c

2000, Wbl eguleaih {1k aBdnaA 1anjg5ﬂa‘p¥§&)matél§ 60 ged) Rpe PSRRI sl tved wﬁﬁpqsbsis
Knock-out mce were generated as described in Wang et al, 1997 Nat | .

Acad. Sci . inisgfiomand susgdmdicledRs tiesiis thegganal of gstel thap ppraial Wégepﬁl?é%‘éf%es of

henophi lia, 1 ectors of different serotypes (AAVI, AAVZ,
AAV5, AAV?the g“‘i&@é‘}‘m%@@ Xel ivered as a single intraportal i ni ection into

the liver of adult hermphllbwast s@ENBL/ ofottimg tireesi weraobhsrved &f the RigtalsG/ nouse
21 owerdobeengrony e hEueet BNTF ob T BRetE uinV e st Pl MARR 0" o
of AAV24 8 TiB@atRGHRe fHAARVAISaMA AXOVE/AI HewbrelGhistdveerahdotiingriine was oat. M ce
were bl ed bi -weekl after vector admnistra The an| ne FI X
concent r at Pb§vea fRmdA NS Btih VK- \Wg%‘ e%felf’@?rﬁ‘% ﬁIQnglSV’eéh é[el %ﬁy
Aol T od et %ﬁgﬂ%g§b5&ﬁ%‘3?&é§w‘§§f‘2§%‘3@7 By ﬁ%”‘ie%%a’?‘i??% poo
nmodi fi cati ons. Sheep anti JImmuno-histochemistry stammg on the liver tissues harvested from
some of the treated mice is currently being performed. About 70-80% of hepatocytes are
20  stained positive for canine FIX in the mouse injected with AAV2/8.cF1X vector.
B. Hemophilia B Dogs
Dogs that have a point mutation in the catalytic domain of the F.IX gene,
which, based on modeling studies, appears to render the protein unstable, suffer from
hemophilia B [Evans et al, 1989, Proc. Natl. Acad. Sci. USA, 86:10095-10099). A colony of
25  such dogs has been maintained for more than two decades at the University of North
Carolina, Chapel Hill. 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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canine factor | X (Enzyme Research Laboratories) was used as primry

anti body and rabbit anti-canine factor | X ((Enzyne Research Laboratories)
was used w® spesptary anti body. Beginning at two weeks f ®CITOS02188629
injection, increased plasm |evels of cFI X were detected for all test
vectors. The increased |levels were sustained at therapeutic |evels

t hr oughout the 30 | enfguhdegds ardisjeetep étiapentelly witheA A VtoBIX 2coweilig to thbier apeut i c

| evel ' be 5% of |.levels, .i.e . at about 250 ng/ni.
The- i gheet TRDISRIEE A et Gal il o o lefniss Goih b A M B oy aF 8ot 0" ) “and
(Atsz/ f7 ?:Snsﬁp?xﬁﬁt‘ genwind dfbpﬁamﬁa'b/n@?A lsw@ﬁdli ?@%@lf&%rhﬁﬂjl@étﬁmfiﬁ @V@)ﬁ%@; o
en-fo 0 n e rmal | evel), (pressi on | evel s for
(1011) wer gbgﬁﬁ O{Qﬁﬂ@etf)@ovi%%y@, SGCWQIHé?fIO?BNIJ&?w@W/d&EQQ‘72-3:?@17}3@@@)%629
than those dapsesov e tHi@rdodAR1v3s @ﬂﬁ%l%\f i8n (AR 10 v2/ 2 herd 8‘%(%%%3 @P&P&xﬁ%ﬁi on
p were obs

|l evel s, although still above the thefapeutic range, erved for
AAV2/ 5. 2. G4{kes Thesfongth dogteerivesan injegtiom iibrisd BR/AsE (2 8318 (GPT))andas ay

Functional if;aGioRlat 425 RBLM Axybﬁ‘ﬁ?gﬁophé/gﬁf FI X knock-out mice 5 was

determned by an in“vitro activated partia onbopl astin time (aPTT)
assay- Mbuse bl ood sanfcebdueme!behbeiliadbgs aemstiealtyeint ui@idaily élengd fades i nto

1/ 10 volu A1Gl buffer. . The aPTT assgy.was performed as descri bed
by Wang eﬁgl?e?al%b%%tsﬁraggéSlﬁ%]telu?fuﬁ@hﬁg’eg@f I8 K”@Qf?é)ﬂ%%‘gpﬁri@%m- d&hst ti ng
times B9 akdimabar@p@sdredSonphasorMbgdinlthe/ et Perdtivé f&IRGY iR enchd Were within
t he nor mal ran%g.éalgg{fg)xi matel y 60 sec) when neasured at two weeks post

i nj ect i on, 2ARATYREY gmel cgpip HBS“B?-r@_?qOﬂ I yeeatpd rinrabatash to dttlyee gmershan

nor mal  r anggestHRkioUAE A abdbiién %U&Nan@%q'épggcr.(Aﬁer%@ﬁﬁbme&%%e&%?%%@ee?ﬁgn q

clotting tinmes were observed in the ani S recelving
AAV2/ 7. By Mpeekiniothe apgyaiive fields oTliersplguie deiplintotiteartd ammsire Sosklyiplaged t o t hose

for AAV2/8 V2. ver. this l.owered,clotting. ti .was not observed

for AAV2/ 2%%%??@%%8‘%”@?%%@%‘8&@“ et TEFUE S W@‘“{']B?W&Tg‘gi“ﬁo fheaes 40

sec rahgehendlresubivs Bovendd buat a ARG 288 thr &R (o ankL@iveRt ul SocationYRgKihk WO

| nmuno- hi sto%‘ em §t r% ﬁt ai nj ng on the |iver tissues harvested from sone of
Jeinjtreads

the treated” PR A EEPIYOsRLiPR BRatEe PoNBbYRin bifiugtion of ftliepat ocyt es

are 20 st aemethsBasbdeung ah@the CaARNEBE b lifHatddCadFPaASEatkiD .
AAV2/ 8. cFI X %/’tech,t or. B. Hempphilia B Dogs”Dggs’?[ﬁgt l %w1 Sgp%g(%rﬁ%t%t ation in
€

the cat al yfigedigrhis drfuseddntp theypogfakiein ovighi & mine satvabn Thodetdr igusongdi es,
appears tofdighde by b B& BRI AEIoR of BiifBPrEe babi %rthgnré%Wated, the callula removed
20 and venous 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 et al, 2000,

Molecular Therapy 2: 154-158]

Results showing correction or partial correction are anticipated for AAV2/7.

25
All publications cited in this specification are incorporated herein by
reference. While the 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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henophilia B [Evans et al, 1989, Proc. Natl. Acad. Sci. USA,

86: 10095-10099). A colony of 25 such dogs has been maintained for nore than
two decadwe oatw413pe Uni versity of North Carolina, Chapel [RCTIUSOXb3s29
honeostati ¢ paraneters of these dogs are well|l described and include the
absence of plasma F.1X antigen, whole blood clotting times in excess of 60
m nut es, whereas normal dogs are 6-8 mnutes, and prol onged acti vated
partial thrpphopliaskh®.ti me of 50-80 seconds, whereas normal dogs are 13-28
seconds. These dogs éO experience recurrent spontaneous henorrhages.
Typical ly, significant bleeding episodes are successfully managed by the
single intravenqus infusion of 10 m/kg of normal canj ne pl asng;

occasi onal | y, rcelpeat jlilr?fejﬁlgfl 8ﬁ%et%ﬁ%8g ?’%e&giaf‘sé’ﬁla{eg VEB%&&Y ) $5ABDEFHE 2 S7BPipD

03/ 042397 BRGHE/MIBOD BBHASIng harstefogs are injected intraportally with AAV. cFI X
according to the scge)gsggig bel ow. first dog receives a single injection
with AAV2/2.cFI X at a2 Ctyye a sgmp f@“ta@mgdhﬁAd%ﬁp@éﬁqd@I) Yippglymarasecond dog
recei ves achaip $dacisd ) @6in bEp& (h y ) £, 519l by a
second injection with V2/%Bgéﬁ%?f?@%%f@%éﬁ%@cag%b@%y fﬁt%‘%l&ﬁgﬁjhi rd
dog recei vésA¥ny¢lpigiaeidiseueraeiion with AAV2/ 2. cFI X at a dose of 4.6x1012

&C/ kg. The fourth do 2] inj l i th AAVZ2/ 2. cFI X (2.8x1012

GC/ kg) and an inj ecgFj(’)(%%g{’é{@%%ggng\}mﬁﬁNﬁgﬁr .egzﬁléiﬁjtc%&?ﬂb‘isﬂig(ﬁ(sf%ﬂ’) SThe
abdomen of ofiprimpisiwhich shegiBcadly emakifypt secald|rygiomdhih cempadeh theapa R@Goisder
general an s}{\?_esi a and c1;;:rlsﬁsi ngl e li.q{)usi on of vector is adnmnistered into the
portal vei A TREUTH R AIREALCETSVNETLAE 2t R dhe firsieignstehbgeA A ¥ 5t pension

peri - oper akéquendes Whath dafeal @ th@yN@UBthe ANT BgabARS ABM I

pl asma. Th C}c]?gg,i S sedated, intubated to inc?ﬁce gg%ﬁ@#%lh W%@{lﬂ%@%fﬁ%ﬂd

t he abdomer¥reEidPranbfaisedpped. After the abdonmen is opened, the spleen is
noved i nto the operatiwve:fi : I eq) N ted. and,.a, suture is
_t(é) olﬁtl{)ﬂgﬁgg%b&%-c:ﬁﬁg g‘l@ IR0A Go ¥fthB: a{nﬁalf‘fﬁg‘c n usmgiag}_nrdAsel]": 81[;

| oosely placed proxirma stal 1ncisio eV dl e
i s rapidl yprimsesrwhach $patiGeallyampéifyg thitd regivenwhiblecenyriseetht Gios esgpa cdrdha 5 F

cannula is readed . to an Int.ravenpus, | ocation near t ortal vein
t hr eaded t(s)é uﬁ&leg HdRPaRAIGE %E}h rlegntoz]éeaﬁsﬁrﬁ@%’osr”fe}h‘iha\/gﬁ{ %F’Ftﬁ‘}s&&ti on. After
henost asi s séques@s whid aandl folke Tahiiet BE ADAY k@i AiRE by AR X ORE @ley 5.0
m of vectgl;% diluted in PBS is infused into the portal vein over a 5

m nute int éqg.‘on'lar‘i"e_o‘?f@é?cbr infusion is followed by a 5.0 m infusion of
saline. The bal | oon i s t NGReRS e 6k B0k biliak AIRYGHAR. AR, venous
en rep g, eeding

henostasis is secured. The spleen Ist ace vessels are
caut er i zedakgnnenhel thpeuchi¢ said sequendes of at leagddlo APHeseastiypaaland sackxf shat ed

L2VL10 O B e O LGP Lo Pt P 93 A0 v
pairs at the 5’ end, optionally variable sequences in the middle, and sequences which are
highly conserved over at least 18 base pairs at the 3’ end of the sequences of the region,
relative to the sequences of the at least two aligned AAV serotypes; and
wherein each of the sets of primers consist of a 5’ primer and a 3’
primer;
wherein the presence of amplified sequences indicates the presence
of an AAV in the sample.

2. A method according to claim 1, wherein steps (b) and (c) are performed, and

further comprising the step of :
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Results showi ng correction or partial correction are anticipated for
AAV2/ 7. 25 All publications cited in this specification are incorporated
her ei n byworoafoeazence. Wil e the invention has been descri pea/usor/bséeef er ence
to a particularly preferred enbodinments, it will be appreciated that

nodi fications can be made w thout departing from the spirit of the

i nvention. Such nodi f(dzaesingths ampﬁfﬁédrﬂemm to oorfsalitt aweduehee d:oln@nsmg[ae of the
30 claims. 7 3/ 042397 / US02/ 33629 1 A et hod
of detecti Kg IZlalaaélﬁ r SQuplEte aﬁ‘%% % ﬁ‘f’e%’xk\r‘}fa%%ﬁ%éﬁce%e“ieﬁe"é}e%‘ﬁ npthe gai g

met hod conpamsleng the steps of: (a) subjecting a sanple containing DNA to
anplification via polynerase chain reaction (PCR) using a first set of
prinmers which specifically anplify a first region of AAV nucleic acid
sequences; (b) gpti.ongb lrﬁéth%ﬂlab&)?&hélg) cllahh:'l %eltefﬁ the'FifsPREIR TPl thd &K on using
a second set of priners which specifically anplity a econd regi on which
conpri ses €#nsid thesgcond gegen melldmvh%é’(ﬁuénéés rwnssaqurbﬂhcdsrdlxhglomeaelei%' to
the first [ Si.oh anneal to the
5 end of 170 ARG S8 dehIE SR B YR EBe R RIUTRRAT AN e ARRE g on
ar e obt ai nednpiisi)g thptomplete|AA ¥ udgjsieicgenarg t he DNA to further anplification
using a third set of priners which specifically anplify a third region
which conprises the first region of AAV sequences and sequences which are

3" to the first4regi qne nitheh a&&b?dmﬁ‘c\)\éla?rm ﬁﬁrﬁd@ﬁédﬂ{brxs?‘r@%@s@ﬁﬁﬁ sWhitafganneal

to the 3' end of the AAV sequences anplified by t prlrrers for 'the™ first

region ar eﬂﬁﬂ?l&i\ fieamphifratien witka&nrdfseisefingimesyiviels Sneslﬁpflt boepdifies méadrtbased

upon t he Rﬁ )?éndtf" RAUGiRIEigci d sequences of at |east two AAV
serotypes a eac sal regions conprises nucleic acid sequences which

are highly conserved over at |east 18 base pairs at the 5 end, optionally
vari abl e sequence t he,m ddl e,. and sequences Lch are highly conserved
over at |east 1§ basgh'f)g’iep@dﬁ'fcof%’ég%daé‘ﬂgl e‘?ﬁéﬁml@ﬂﬁgﬁ?ﬁ&“ ‘?i‘fengﬁé’%ééi on,
rel ative t tetAwVSerwreREdShalsteh @ REimiteMs bodsictRhiog RAd, MMV séfkRle¥pes; and
wherein each of the sets of primers consist of a 5 priner and a 3' priner;

wher ei n t heOpREdgfbecyrpl étﬁﬁﬁ‘(ie@d“@éﬂh&ﬁﬁé%s i ndi cates the presence

6. The method according to claim 1 or claim 2, wherein said sample comprises

cellular or genomic DNA.
7. The method according to claim 1 or claim 2, wherein said DNA has been
extracted from the group consisting of cells, cell culture, tissue, tissue culture, and biological

fluids.

8. The method according to claim 1 or claim 2, wherein the first region is about

250 base pairs in length.

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

conserved over at least about 25 base pairs at the 5' and/or 3' end of the region.

10. The method according to claim lor 2, wherein the first region is highly

conserved over at least about 30 base pairs at the 5' and/or 3' end of the region.
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of an AAV in the sanple. 2. A nethod according to claim1l, wherein steps
(b) and (c) are perforned, and further conprising the step of : 78 WD

03/ 04239WB@3/Hu392/ 33629 (d) using the anplified sequence®CraSOL®BLY uCt a
sequence conprising a partial and/or conplete AAV gene, thereby isolating
an AAV gene sequence fromthe sanple. 3. The nmethod according to claim 2,
wherein t he firdd- regi b methodaccordingay clagapor damt hewlremtmthd hr@@l @nseeyddends

to the 3 I i n to 5 of the
ARV 3 1TRY C{?s Bﬁﬁe e %ﬁj‘?@fa’ve %‘?‘%S% Q&%’ ‘ﬂ’“{‘% o 8 et éxY\ VIgEREs at
sequences tleoitpid/si Hgnd b&the agpinet e AAV cap5|d gene. 4. The nethod accordi ng

to claim?2, further conprising the step of subjecting the DNA to
anplification with a fourth set of priners which specifically anplifies a

fourth region which erjeanenh& adc@rdtrtgeelatuhlmdwﬁ&éihﬂ{e hlé:hly &hﬁem&q%r@&cor di ng
to claim4, wherein the fourth region extends to he AAV 5

such that Sf & Trdyegion have at least Oe%6ndanitycamons ﬂt?fallm @féﬁée@étﬁ)e%ﬁé@

conpr|5|ngaﬁ@@rpggpbp&gnéﬁM rep and cap genes. 6. The nmethod according to
claiml1 or claim?2, wherein said sanple conprises cellular or genom c DNA

7. The method according to claim1l or claim2, wherein said DNA has been
extracted fromghe gr ISt cells, .cell cultyre, tjissue, tissue
culture, and bid ogi Cgﬁ%@n}eﬁ%ﬁ ccorﬁgg P]th AL s B&Hﬁ%f"ﬁ het‘@”@%’lﬁl m1 or
claim2, wheeuendss ke hiddi off tgiisnregbnabedless RA0709aRentRARMSHE e bBABEN. 9.
The nethodgggfordln toclaiml1 or 2, wherein the first region is highly
conser ved SelPtYP¥ast about 25 base pairs at the 5 and/or 3' end of the
region. 10. The nethod according to claimfor 2, wherein the first region
is highly conserved over at |east about 30 base pairs at the 5 and/or 3
end of the regi éh. 7§hVEW6®ﬂ@@@®bV8Pﬂ$ﬂm§0¥ﬂ3@629th€mTheﬂmB®gomﬁamsord|ng

to claim 1a9c§ut 8;:> %!;66 t%ngi%gen Aﬂ%’ lhlsggll I&@%Sgl{dv%de Egstgfpalé%maqt ery Ihr st

regi on have at T east anon he aflgn e
5' and/ or AA\ésmotppest he regi on. 12 The et hod accordlng claim 11, wherein
t he highly conserved sequences
15. The method according to claim 14, wherein the first region is 257 bp
spanning bp 2886 to about 3143 bp of AAV 1, SEQ ID NO:6, and corresponding base pairs
in other AAV serotypes.

16. The method according to claim 1, wherein the primers are AV1ns and
AV2cas.

17. A method of identifying the serotype of adeno-associated virus (AAV)

sequences in a sample as known or unknown, said method comprising the steps of:

(a) obtaining an enzymatic digestion analysis of a sample containing
DNA molecules comprising AAV sequences which span all or a portion of bp 2886 to 3143
of AAV1, SEQ ID NO:1, and corresponding regions of other AAV serotypes; and

(b) comparing the enzymatic digestion analysis from the sample to
enzymatic digestion analysis for corresponding regions of one or more AAV serotypes,
thereby identifying the AAV sequences in the sample as being from one of the one or more

AAYV serotypes or from an unknown serotype.
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of the first region have at |east 90% identity anong the aligned AAV
serotypes at the 5° and/or 3' end of the region. 13. The method according
to cl ai mwoms/oed3ai m 2, wherein the variable sequences inPChasot/siske of the
first region have less than 70% i dentity anong the aligned AAV serotypes.
14. The met hod a]%cord,l_nq to claim1 or claim2, wherein the first region
spans about bp 2800 th5 BHRtacsvgmeds claml 4 Wher thoARY squenses werer espondi ng

base pairs domimdgrthe HAMoS6f QhiPeS. 15. The nethod according to claim 14,
wherein the first region is 257 bp spanning bp 2886 to about 3143 bp of

AAV 1, SEQ ID NG 6, and correspondi ng base pairs in other AAV serotypes.

16. The net hod aecor dj hai ﬁ@gﬁ [ riners are AV | ns gnd
AV2cas. 17. A mat@ hod %P‘ %igg(gsrtf?ik ﬁ?ncf;etetc sgb%tg%}iggog Lo 3%&8’8Fsgf’éﬁgvi rus
(AAV)  sequiitie 65AVhine sep, enidikit koopusingz  unknown, sai d et hod conpri si ng

the steps of: (a) obtainkn n.enzymatic digestion analysis. of a sanple
contai ning DNA nol ec aefgrsgsgﬁ%frqrgﬁl%awkl'&@s%eg&ﬁglﬁycaégpl P OFst &5gin AAAYr a
portion of nopleR88id stqueddet3 of AAV 1, SEQ ID NO 1, and correspondi ng

regi ons of other AAV serot s, and (b) conparing the enzymatic digestion
anal ysis fromthe sa %’t’f’gﬁﬁ’earﬁfmsﬂpf@?‘ﬁﬁésﬁpﬁmg‘éﬁéW%qogd fagiongditreespondi ng

regions of AN nQ¢leifRER sE¥n@S WPl hRSmprises AR f??{}[ﬁ’ﬁélgﬁ&t ARY sﬁ%ureg&% &ﬁ@v

sequences in the sanple as being fromone o e one or serotypes
or from an SEHRARMDEErER §de thedBstvgzios suh2Bg A PCY 1380808 362Onck8whithe net hod

accor di ng [ A i \Y nces were .obtained. by the

method of clarel $4md HPEEAA LR PR IR A TG R aeeRlotr an

unknown adehweingdsoci ated virus (AAV) in a sanple, said kit conprising: (a)

a first set of priners which specifically anmpljf first region of AAV

nucl ei ¢ acid sequencé@;oPFB’}aHg&RﬁB%%qtP r Xesr%g’gﬁh Sl{e@&‘%llﬂy HRpIHE A &hidyegipri ¢ f or

a second r egidhreonfrisdiahe Avddepids beAR Vogel fbnS&HABRER SN %g:h%%@ '%c%ﬁl@ ?’ugt he
' e fi

first region. of AAV sequences and sequences which are tot rst
regi on, sulHhsichibay s\Y dxaxinsion seerrgevbicl appeakn theisadipf thoAve 5' end of

the AAV sequpBrRs aapRlidd dyafe PiimbdSoriitd I8¢ SgibR breloBRidelyy St region are
wherein each of said regions is predetermined based upon the
alignment of the nucleic acid sequences of at least two AAV serotypes and each of said
regions comprises nucleic acid sequences which are highly conserved over at least 18 base
pairs at the 5" end, optionally variable sequences in the middle, and sequences whi'ch are
highly conserved over at least 18 base pairs at the 3’ end of the sequences of the region,
relative to the sequences of the at least two aligned AAV serotypes

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

primer.

20. A method for isolating novel adeno-associated viruses (AAV) from a cell, said
method comprising the steps of: (a) infecting the cell with a virus which provides helper
functions to said AAV; (b) isolating infectious clones containing AAV; (c) sequencing the
isolated AAV; and (d) comparing the sequences of the isolated AAV to known AAV

serotypes, whereby differences in the sequences of the isolated AAV and known AAV

serotypes indicates the presence of a novel AAV.

21. The method according to claim 20, wherein said virus is an adenovirus.
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obtained; (c) optionally a third set of priners which specifically anplify
a third region which conprises the first region of AAV sequences and
sequenceswatiBoi3are 3' to the first region, such that AAYCIUSeXs3®Rsi on
sequences which anneal to the 3' end of the AAV sequences anplified by the
primers for the first region are obtained, wherein each of said regions is
predeterm ned based upon the alignnment of the nucleic acid sequences of at

| east two AAV serot ype?h@rﬂ&h@@é‘c@ox@fng%@lﬁgimﬁf;‘g\%hgﬂ'f ga?dgpd;?ingves uGlhei g, aei d

sequences which are highly conserved over at |eas AQdrts ot himgp of o 5
end, opti orfMpmaR prigBieorigéguences in the middl e, and sequences which are
hi ghly conserved over at |east 18 base pairs at the 3" end of the sequences
of the region, relative to the sequences of the at |east two aligned AAV
serotypes wher ei23. each nofeltaenosmtciandd vius (RAY) sospSidetified b9'a nRithdiEr and a
3" prinmer. t.hod, for, .isglating novel adeno-associ ated viruses (AAV)
froma cel Iafz“gdsrdﬁ%%?rl%%%aﬁégﬂb&'si ng the steps of. (a) infecting the cell
with a virus which provides helper functions to said AAV; (b) isolating

i nfectious clon cog%ai, ning AAV; (c) sequencing the isolated AAV, and (d)
conparing the sz)auen q isgratqdipdenosasposiaiest vamy (4 4 VR aowprisivnan A4V oaywies,

wher eby di fHheiheag 8ginohcide ol AV and known AAV
serotypes indi %at es the r%ﬁﬁéé%&gfégggﬁlo%ggmﬁg}&%ﬁgg ie nmet hod according

to clai m20, wherein &AVd apipeacidssl @I732dERBQIPID:28 C1YEEQID N2 T2,

PCT/ US02/ 3 .aih i im 21 j id

adenovi rus?si@gj9 %)f?ﬁﬁfr%é?%‘r%%n@ﬁ%an{a%bgg iSt@@t@ ]gb:g& %\.3'%%@[25@2@'7? A3-4,

afje_no- gssocSEél &NOW&J&XA?(MEI)_ Imlmtgspe.sgplsm iIlDH\@i_éb%’ Zgﬂqﬂﬂt@@b A%@@{ﬂjmg to

claim2 or ¢ no- associ at ed vi rus

conpri si ng Saégﬂf?/%‘g%é 2(}3%3&%{3?683)%93% “ZAIRR B2 H(sts 8234 @%@@BNQHHT t he
283-46NSEQTD MAVE; 440] iNgs: 78 DoNGER; <SEQ I D

NG 60; €2, §§%§’?§ RO (BT SR N Dhes, SO NOAR P R DRt gy

ID NO 67: A3:14; SEQBHNGs 84 68; SEQRIIE NOs6) 42 NSEQED, NQ;88b42-SEFEQINC. 62

223 4, "SEQNORNG. 4 Bug2octes, BEEL] Q0D M5 5223 (0738 G55, 2
SEQ I D NO. 76, 223- 7 8IZEIQ DN 77 %@g%é I%SE@%%B%%?B ID NO
79; 44-5, SRHQ:PING BEEQID NO: $E@311D, SKR 8D NO:43; 455, SEQID NOW; 8421,42- 8,
SEQ 1D NO: stey midobe; 4258 SHd B0 97,%3- 2 seFTNG99; 24.1, sEQ 1D NO: 101;

42.2, SEQ ID NO:102; 7.2, SEQ ID NO: 103; 27.3, SEQ ID NO: 104; 16.3, SEQ ID NO:

105; 42.10, SEQ ID NO: 106; 42-3B, SEQ ID NO: 107; 42-11, SEQ ID NO: 108; F1, SEQ

ID NO: 109; F5, SEQ ID NO: 110; F3, SEQ ID NO:111; 42-6B, SEQ ID NO: 112: and 42-

12, SEQ ID NO: 113,

25. A protein comprising a fragment of an AAV capsid protein, said fragment
selected from the group consisting of:
vp2 capsid protein, amino acids (aa) 138 to 737;
vp3 capsid protein, aa 203 to 737;
hypervariable region (HVR)1 through 12: aa 146 to 152; aa 182 to 187; aa
262 to 264; aa 263 to 266; aa 263 to 266; aa 381 to 383; aa 383 to 385; aa 450 to 474; aa 451
to 475; aa 490 to 495; aa 491 to 496; aa500 to 504; aa 501 to 505; aa 514 to 522; aa 533 to

554; aa 534 to 555; aa 581 to 594; aa 583 to 596; aa 658 to 667; aa 660 to 669; and aa 705 to
719; aa 707 to 772;
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NO 87; 42-4, SEQ I D NO 88; 42-5A, SEQ I D NGO 89; 42-1B, SEQ I D NGO 90; 42-5B,
SEQ ID NO91; 43-1, SEQID NO 92; 43-12, SEQ ID NGO '93; 43-5, SEQ ID
NG 94; 43wPD3/04800 | D NO 96; 43-25, SEQ ID NO 97; 43-20, PEEQShBINE 99;
24.1, SEQ ID NO 101; 42.2, SEQID NG 102; 7.2, SEQ ID NO 103; 27.3, SEQ

IDNO 104; 16.3, SE IDNO 1 06; . A42- 3B, I D NO
107; 42-11, SEQID g2 8 ggé@ﬁré@r@%?&b&%a “qusélg/‘i\%% tﬁ%@

SEQ | D NQ, 332}, k% B1 94350k RaN0) tdld2L; aw6h 1427412, 17SEQ17|3Dam3 th B37; a25 A
protein conprising a fragment of an AAV capsi d rot 2&5 &&%

sel ect ed 44PdoriThea 49bta> 200134t AGL: 87 5819 Oéa%’squt?) Bear i R ci ds (aa)
138 to 737, vp3 Caq%Sl't% %&%%6{0?@ 20874149 448 Ta 60Y REE30284 61018 706 Giaon ( HVR) 1
t hrough 12: as 146 g’ as 182 10 187; as 262 to 264; as 263 to 266; as

263 to 2684 tag3@8h 186 13838; 2a26BBRTBp1a3E S to 4%7; 4509 © W2aa 668 o 68); apday 75: 4
490 to 497% az 3491 to 496; aa500 to 504; as 501 to 505; as 514 to 522; as
533 to Z '?5’534 to 555; as 581 to 594; as 583 to 596; as 658 to 667; as
660 to 669; and as wWR&ein@he ahlifo acd nurdlers Ue'ﬂ%& oBhe WA \TRYapHig.RFQ [D

PCT/ US02/ 33629 as 24 - 42, as 25 - 28: 0,880l .as 134 -

165: as 189:2% andiepsrespoydingagions “i% capsid ‘i’fgﬁpﬁg()z@)g{"o é% E&ﬁggﬂ? '@gs 262 to

S R O A A A A T . 5 160
as (0] as 0] as as

to 259 aA3-379EQADMNB; 6%3.380%FQ & 6%y 62a%2-’6"7095((§ﬁ%b@) 9%\2233%525393}%736 as 185

to 198 027902£é°187s~%r]0€ﬂ§1\164'75 tm@%&&ﬁ@%tmﬁﬂgam16@071 Q2§69 and as

707 to 7 wherei n am no aci d nunbers are those o sid,

SEQ I D NSEQIDa: 18p#4-¢sPoa dd NP 178yt hsSEQIR NO: %6&1%:13%@ 1@31.\10 §i§<32r *NO. 60;

2 S0 B s D b B, B e 5

223. 4, SEQ dH) NONGEB; 42253, SEQIEQNOBY; A01 BASEQ B3 NIBY0; BEQB, SEQ@DNO 9223 2,

70: 44 2‘04@12@1%«%%%&2(%%%%@ N RE B SERLTOME A SR, 0 s
SEQ 1D NONgﬁéa éé%s @Id) 37NG3-86,; SEARITBRO:BEQL I BSINDIB KO:481; 42,2, SEQ ID

NO 88; 42 89; 42-1B, SEO | D NO. 90:
43-1, SEQID NON®M2;32; SE@ IDNOSER; 213, P&E% G3NOz 304 16éE(§EEBDr§i§>89L(% ?ig) 151, sEQ

e ZNOSEgSEé%DZﬁ:’O 5 BeNekq 9B:Nd-3090s2- SEQELRDN®98us; 24, SEQ BEQO: DoNO. 101

F5, SEQ ID NO: 110; F3, SEQ ID NO:111; 42-6B, SEQ ID NO: 112; and 42-12, SEQ ID
NO: 113.

26. An artificial adeno-associated virus (AAV) capsid protein comprising one or

more of the protein fragments according to claim 25.

217. A recombinant adeno-associated virus (AAV) comprising an artificial capsid

according to claim 26.

28. A molecule comprising a nucleic acid sequence encoding a protein according

to claim 25 to 26.

29. A molecule comprising a nucleic acid sequence encoding a novel adeno-
associated virus (AAV) serotype capsid protein having an amino acid sequence selected from

: the group consisting of: AAV7, amino acids 1 to 737 of SEQ ID NO:2; C1, SEQ ID NO:60;
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ID NO 102; 7.2, SEQID NO 103; 27.3, SEQID NO 104; 16.3, SEQ ID NGO 105;
42.10, SEQ ID NO 106; 42-3B, SEQ ID NO 107; 42-11, SEQ ID NGO 108; F1,
SEQ | D NOwO3®3239F5, SEQ ID NO 110; F3, SEQ ID NO 111; 42CGRjSo8829 D NO
112; and 42-12, SEQID NO 113. 26. An artificial adeno-associated virus

(A0 oanghellh 8 e 2RI ARNERR: o "B ke PLOLGIG ) SRR

conpri si ngsad SEQPD‘NG'@I AS3DSEQ IDMdeB BB, SEQ I MoT6262228.SEA moNecul e
COITpI‘I Si Nng a nucleic aci d sequence encodi ng a gl‘ otei n accordi ng to claim

25 to 26. 72923ﬁ HEQIDINQ:740333r 105 SRQ IR M dPeRe3-acti HR Qo d2EicodR Y a
novel adeqey 135585 EPADNOUS, QMVéﬁg%%@p@ @@Bss@tgm\t@w favispg @ ami no

aci d sequence s edt € rom consi'dtin , amno acids 1
to 737 of NGEX); I4D1ISICSBQ [IQINO:SEQ43-B) S\EQEDNCB:SSN’@ ms/sa@zmow@rmsezsmezg c2,

§§Q4I DSEQH%"Q\gé%S‘F Egb?l)'\@@%% %%%@W@%Wéé% F%ér\%N@g@ ‘Ezg 4, SEQ ID
NO  73; 228D NOED 411 NBEQ I N2ZR 82,143~ 125880 ID WO % #3-328EQ IDSERDN4:DANC; 76;
'D NG 80 WP NENG' 16545, 810 TG 87, S B MR 2o SESIRS R G o5

42-13, SE@, stﬁ@Iﬁﬁqo ‘11@2 ?7/2 SE@% N® ¥, 873, %H)NSEQM D6NOS&3} 1D41205A SEQ
ID NO 89; 42-1B -5B, SEQ ID NO.9 3-1, SE 92;

43-12, SEQ:B2NO: S@@ IDMD5106$@B [SEQONO: 267 4241 1, @E@ID@W§ §§Q25 SEQ

ID NO 97 S NO 102;
7.2, SEQ F%*@)ZI%U%E 95?[?? H%E%O i I%Qlﬁ ?é[\%% 6%’5%3? eyl nlggdhgz 10,
SEQ | D NO12,188) I3 XBBRI3.SEQ | D NG 107; 42- 11, SEQ I D NO 108 FI, SEQ ID
NO 109; F5, SEQ ID NGO 110; F3, SEQ ID NO 111; 42-6B, SEQ ID NQ 112; and
42- 12, SEQ ID NO 113. 30. A nolecule conprising a nucleic acid sequence

encodi ng a novep, ad%@ole@tﬂé@@h@isﬂ@ Miuclese dcRueses aicyfiag aapeil ddquoot ei n,
sai d nucleic acid sequence sel ect from tg REgroug consi st Hp_f : '{@AVS,
SEQ | D NOagsociated yirusgd Y pepgty g, ca Bm@EQSi" 1 ol Joueneg Sel%% NS 28:

42- 5D, SEQg@ NOhsid e o%ZAAWSSEQRHBM% -2 484 3D NEEQ 403 NRQ B0 A2 -Ba, SEQ
ID NO. 325 42-4'SEQ™I D NO 33; 42-5a (D NO 34 42-10, SEQ ID_ NO 35;

42-3b, SEQS5I, BERAD TS@ 28442-34 ,SECHD NO: R, 42370 ,SER BHNOSO3-13.NEBH N§3- 1, SEQ
e gllo 393314755, SEOID R, #0435 FANSER, kRN Ad DA 2); 4SS I I 42;

NO:35; 42-3b, SEQ ID NO: 36; 42-11, SEQ ID NO: 37; 42-6b, SEQ ID NO:38; 43-1, SEQ

ID NO: 39; 43-5, SEQ ID NO: 40; 43-12 ,SEQ ID NO:41; 43-20, SEQ ID NO:42; 43-21,

SEQ ID NO: 43; 43-23, SEQ ID NO:44; 43-25 ,SEQ ID NO: 45; 44.1, SEQ ID NO:47;

44.5, SEQ ID NO:47; 223.10, SEQ ID NO:48; 223.2, SEQ ID NO:49; 223.4, SEQ ID

NO:50; 223.5, SEQ ID NO: 51; 223.6, SEQ ID NO: 52; 223.7, SEQ ID NO: 53; A3.4, SEQ

ID NO: 54; A3.5, SEQ ID NO:55; A3.7, SEQ ID NO: 56; A3.3 ,SEQ ID NO:57; 42.12,

SEQ ID NO: 58; 44.2, SEQ ID NO: 59; AAV10, SEQ ID NO: 117; AAV11, SEQ ID NO:

118; AAV12 ,SEQ ID NO:119; A3.1, SEQ ID NO:120; and H6, SEQ ID NO: 25.

31. A molecule comprising a nucleic acid sequence encoding a fragment of an
adeno-associated virus capsid protein, said nucleic acid sequence selected from the group
consisting of:

vpl, nt 825 to 3049,
vp2, nt 1234 to 3049;
vp 3, nt 1434 to 3049;

34



SEQ ID NO 43; 43-23, SEQ ID NO 44; 43-25 SEQ ID NO 45; 44.1, SEQID

NO 47; 44.5, SEQ ID NO 47; 223.10, SEQ ID NO 48; 223.2, SEQ ID NG 49;

223. 4, SBRolopo43¥ex 50; 223.5, SEQ ID NO 51; 223.6, SEQ | DPRQUSSZ336293. 7,
SEQ ID NGO 53; A3.4, SEQ ID NO 54; A3.5, SEQ ID NG 55; A3.7, SEQ ID NG
56; A3.3,SEQ ID NO 57; 42.12, SEQ ID NO 58; 44.2, SEQ ID NO 59; AAVI O,
SEQ I D NO 117; AAV111I4683E>(§0|9@)4Q® 118; AAV12, SEQ ID NO 119; A3.1, SEQID
NO 120; and H6, SEQ4 DN 34 31. A nolecule conprising a nucleic acid
sequence encodi ng a ragnent of an adeno-associated virus capsid protein,
sai d nucleic acid segheeeicthesmhleatided nfimbsrs @rhefélAWpSE@dHSN@ﬂIaﬁé of : vpl, nt

825 to 3049; 0ﬁ5t045§éu%1§§§8t 23% ID¥87(§§2 S%S@I\F%?’Ofﬂ?’ﬁ Sﬁ &\@303/ 042397

PCT/ US02/ 39659 erein the nucl eot i des
nunbers arﬁoqfs MW ,SESHD NO: MM?, Bn@EQCIy NOs3ooazt 13, SEEHUNAC 8%; 42783:42- 2, SEQ

ID NO. 9; 42- | D NO. 27 |

42-1b, SEQ ﬁQN@J 3248 ‘lsSEQséB"?)E§3Né§ 9%1&‘3;9@? 34 %?{?5%@6 g@%ﬂ% SEQ
| D NO 33, sﬁ%ODSfE@ 3@4W1 1134'&01@7 @E@ ISEQ\IDIQG 384@ 13313Q SERO:BONO.  36;
42-11, SEQ I'D Q 1D NGO 3 L SEQ I D [bf\lf -5, SEQ
ID NO. 40; 4%3-SEQ BERO: WJM@WLSE%D?@O 49%@ 2%3% IPNOA3: 4321, é@i

43- 23, 4 7. Sfiéy 15 SEQ | D
N 47, 223 %0 RS R PG P B R s i D HO N L. PO 50
223.5. SEQNOHMD; B} 16 SEQAPANG;48SE).2 [SBEID 5D:4%223 4, SESEH NO:No2233; SBQ ' 4,

S50 Mool By, SEQHRASP el LA, B rNos 80D 10 57
S0 DN e hocor GMT 0 ool s o] AL AR 0 50
wher ei n saf42, SHQE%NPeS?sAéVdPﬁE@J% Igé %fh@‘ﬁ%ﬂeggég]ﬂggolg r/K'(f)@\t%o cl ai m 26
or claim2§ eglh ‘ﬁ’@eA§'lnSI§(?[]§NdTPi(ﬁﬁbH H6f3p BNOz0Bpri ses a functi onal

AAV rep gehe e nol ecul e accor di ng to claim30, wherein said nucleic
aci d sequence |s t he AAV7 sequence, SEQ ID NO 1 .

32. The molecule according to claim 26 or claim 28 to 31, wherein said

molecule is a plasmid.

33. The molecule according to claim 26 or claim 28 to 31, wherein said

molecule further comprises a functional AAV rep gene.

34. The molecule according to claim 30, wherein said nucleic acid sequence is

the AAV7 sequence, SEQ ID NO:1.

35. 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 26 or claim 28 to 31 which encodes an adeno-
associated virus capsid; (b) a functional rep gene; (¢) 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.

36. A host cell transfected with an adeno-associated virus according to claim 24 or

a molecule according to any of claims 26, or claims 28 to 31.
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35. A nethod of generating a reconbi nant adeno-associ ated virus (AAV)
conprising an AAV serotype capsid conprising the steps of culturing a host
cel | contworiBge397 (a) a nol ecul e according to any of cl ai PETAGIDB36eY ai m 28
to 31 which encodes an adeno- associated virus capsid; (b) a functional rep
gene; (c) a mnigene conprising AAV inverted termnal repeats (I TRs) and a
transgene; and (d) sufficient hel per functions to permt packaging of the
m nigene into t AA pr.ot ei.n. cel|l transfected with an
adeno- associ at egﬁ Vi r%J(sC&g1 <§§(1)th§ cﬁmpfl%m%la'bgﬁ Z%C%‘?imgéic’ RgineediPieclaimcs aiday t o
any of cl aipiws@ﬁglcahlycdnmanb‘lez&rlbo 31. 85 WO 03/042397 PCT/ US02/ 33629 37. A
conposition conprising an AAV according to claim24 or claim27, and a
physi ol ogically conpatible carrier. 38. A conposition corrpri sing a nol ecul e

accordi ng to any3sof &lc@mﬁ@sn%ﬁ,coﬁhbrlﬁhg% fﬁ%lec@lg a&c%ld?hjr% f%%%@ 2%' gxqilaﬁl%lsl y

conpatible carrier, 39. A nmethod of delivering a tTansgen said
met hod CON&%I %ﬁh@nq ﬁ@hﬁt%‘i‘é‘@”yc%}?ﬁ“ﬁ@tcﬁﬂgrthe cell with an AAV according to
claim 24 or claim27, wherein said rAAV conprises the transgene. 40. A

nol ecul e conprising a heterol ogous adeno-associ ated virus (AAV) serotype 7
nucl ei ¢ aci d sedfentarcthodiod delsgrieg e tansgerprto sicell Salﬁlﬂfeﬂﬁﬁtcbﬁl@ﬁslﬁg‘lih)s s{egto@ 107

of SEQ ID of ..SE 34,10 2215 of (SEQ D
No 1ot 2985ng BRednt &SV AR s i Peosait 2 msrn sSEoMY o 1
nt 2831 to camBBseofthe3E@sgedeNO 1; and nt 4704 to 4721 of SEQID NO 1. 41. A

nmol ecul e encodi ng an adeno-associ ated virus (AAV) serotype 7 rep protein
or a fragnent thereof, said protein or fragnent selected fromthe group

consi sting of: a0l no Agbkcildddmpridifd HetroBsout aliGholddocid as 373
to 444, and as 445 to 623 of S QK%D NO: 3. §042&l thostmg%&z‘g(gnta ni ng a

mol ecul e ac¥8PEP Adiclsiccack seurpor said sequgaee comprising:
nucleotides (nt) 1 to 107 of SEQ ID NO: 1;
nt 107 to 2215 of SEQ ID NO:1;
nt 334 to 2215 of SEQ ID NO:1;
nt 2222 to 4435 of SEQ ID NO:1.
nt 2633 to 4435 of SEQ ID NO:1;
nt 2831 to 4435 of SEQ ID NO:1; and
nt 4704 to 4721 of SEQ ID NO: 1.

41. A molecule encoding an adeno-associated virus (AAV) serotype 7 rep

protein or a fragment thereof, said protein or fragment selected from the group consisting of:

amino acid (aa) 1 t0 623, aalto 171;aa 172 to 372, aa 373 to 444, and aa
445 to 623 of SEQ ID NO:3.

42. A host cell containing a molecule according to claim 40 or 41.
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