1 0 MAY 2006 A METHOD OF DETECTI NG AND/ OR | DENTI FYlI NG ADENO- ASSOCI ATED

VI RUS (AAV) SEQUENCES AND | SOLATI NG NOVEL SEQUENCES | DENTI FI EP) WAYERIBBY 5
BACKGROUND OF THE | NVENTI ON Adeno- associ ated virus (AAV), a nenber of the
Parvovirus fam | y, is a small nonenvel oped, icosahedral virus with

singl e-str Q@ﬁ% bE@’ém@m/ek HENKEYIRGSADENGKBSSOCIATER  AAV i s
genus,

assi gned endovi rus, because the virus_ was c{bm @5} as a
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| at ent phase at 10 which AAV genones, after infection, are site

speci fi caITII’EERE@Xgrat ed into host chronpbsones and an infectious phase in
which, follow ng either adenovirus or herpes sinplex virus infection, the

i nt egrat ed genones are subse&lljentl rescued, replicated, and packaged into
i nf ect souBACKGRENDHRF FHOPEYYERSIGN non- pat hogeni city, broad host range

of infectivit y&d& %Ls‘dglagg VHQWV%g'Mb@?bhﬁe PAREVIRRANAY, 3 a Shdle- speci fic

chr onosomnal an attractive tool forﬁg ﬁ transfer.
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first 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 AAYV sequences
detected using the above described method of the invention. Accordingly, the present

invention provides a method of identifying unknown adeno-associated virus (AAV)
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1 *000002* 1 O MAY 2006 sequences in a sanple suspected of containing AAV
froma latent infection, said method conprising the steps of 1 0(MAY 2006 .
subj ecting the sanple containing DNA to anplification via polynerase chain
reaction (PCR) using a first set of priners which specifically anplify a

first AAV Geqegterinacampleiuspectid dfRBafaimEDABY BbmANMRRRTEWioR Ukl EmnEthagi d
sequences, said first region having a variable sequence f1 anked by at

| east 18 b&SBWPHSINBLNGHERShl y conserved sequence at its 5 end an_dda'lt3
I t 18 base pairs [Kolal; e L oen sai ase
eas e Pl s 3h dbgblog fERRRNY ek ARk AR Radhn B0 Py

pairs being highly conserve ve to a at _ 2Lt KA Vi,
AAV2, AAV3 chaipveactigg(PER) asidg AAirsyGet;of pmets)wiogh specifitdlly sndijfee firmgA\ne DNA t o

furth i i et ..of priners which specifically

a1 7y *a Sekish Garet® Il R0 BRPRAN b Bue ol seyitBi oo B eEBhuences

and sequendesinghivatiabde seqbénct danked b iat Rhstn ﬁghsarp\a/i@blﬂhgﬂlhabnséﬁvld %qu@ﬁgegﬂsft gn
Mhi.ch t he 5. epd of the AAV sequences anplified by e

o imor s op e PG et Aieate FRrs SERelly seervES SRt fo eyl eee g

t he DNA t o bbinghiphty compdridd reRtiveR dasiliBmentbhhdiehsB 2l 1 BTa4 Y UAE SAIMWY Ghvs

speci ficall mﬁgz/l ify a third region which conprises the first region of AAV

sequences alﬁences which are 3" to the first region, such that AAV 3

extensijgn sequences (H‘)"Up@l}?ga?f}{lﬁgjlect;r% thOBNA tp?%e?fclmgﬁﬁc aﬁﬁgg%&gﬁis%f

anplified b¥ the prinmers _first region are taine . _

sai d second! Br@enshyhich spejfieptly apwilifiga gacenrbreeioniwhéch doaweises tipbirst tegionaf i gnr5rent
of the nuclse L : ast - AAV2  AAVS, é_AV4 . AAV
and AA V6 é\%@ géa%@h&ﬁ Qrgd;sfegﬁ%gas?\g}#gﬁ ?:']8 rrpfol tggﬁbsyheééqné?u(? h é‘}; tg\c}\s\/e UEREES _"vvhi ch
are hi ghl yequencse whintl apueal togthe b basitof 18 Aa¥eseqances aalplifibdbpthe @richersapk honal | 3(;
variable s ences in . the mddle, and sequences which are highly conserve
over at Ieggi r%%%%gbtﬁ'&e 's at the 3" 25 end of the sequences of the

regionisrel ative to ()opHexigrasiscthl thdBNAlto KRt arkfliMatiof\dinga thirlerhd. AA
V4, AA V5 and AA V6; and each of the sets of priners consisting of a 5

pri mer and PAmErs Wiehipecificgllyeamplify a fiiwd regionmwhic fePearises hecfiretesgiondl 4M ng t he

presence OkeqaBneeAM defudrdss WRERLR 3 8fle Rt ReofNMARK ISP AF 39 AL SlENCES

bet ween thequln%clei fi e(jquequences and thg set%uences l?)ag AAV 1,x Aﬁ((}g AAV3,

AAVA, AAVS SEHENCSAVHich daneahto they 3t ¢nd of thesbhY seqifeneas amplifebynthApiimerifer the )

i nvention i ses net hods of generating vectors based upon these

novel AAV ?Eﬁtg %‘eag? Er])lirné(gerol ogy and gene transfer studies solely based on
20 each of said second and third regions being predetermined based

upon the alignment of the nucleic acid sequences of at least A4V I, AAV2, AAV3, AAVA,
AAVS and AAV6 and each of said regions comprising 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 which are highly conserved over at least 18 base pairs at the 3’
25 end of the sequences of the region, relative to the sequences of the at least A4V, AAV2,
AAV3, AAV4, AAVS and AAV6; and
cach of the sets of primers consisting of a 5° primer and a 3’ primer;
the presence of amplified sequences indicating the presence of an
AAYV in the sample, and
30 a comparison of differences between the amplified sequences and the
sequences of AAVI, AAV2, AAV3, AAV4, AAVS5 and AAV6 indicating the presence of an
unknown AAV. The invention further comprises methods of generating vectors based upon
these novel AAV serotypes, for serology and gene transfer studies solely based on

availability of capsid gene sequences and structure of rep/cap gene junctions,




avai lability of capsid gene sequences and structure of rep/cap gene
junctions, 2 1 0 MAY 2006 In still another aspect, the inventi‘og MWAYoW0fles a
novel method for perform ng studies of serology, epideni ol ogy,

bi odi stribution and node of transm ssion, using reagents according to the

invention, which stilGhsteer MpdetheCins&ition gfovllfeb AR piechod Sorepeeforthiag siuties | ve
real time PCR. 5 In yet anaqther aspect Q%P% nvention provi des a nmethod of

i sol ating @ﬁfﬁiﬂ“@)’e"r&ﬁ’f‘@'omﬂf’ é&?q‘%ﬂ@t@éﬁﬂm S BISSIRRAHSIGTBIETHSS  r om
cel lular ﬁ ng% ftl{e%@éﬁhot?rd'kgémﬁlclu&é PSeriEQsFofPchedd/hrobesill §Gattiadtive real

t echni ques. her aspect, the Tnvention provides a nethod of
rescui ng nmvePCBerotypes of AAV genones from human and NHP cell |ines

usi ng agenovi r ug, el DS aHecOire lﬁvrcﬁﬁtgn %bﬂésnasmethg@of Solatid donfbidtdibtdner

aspect,” t he mven’lll on pro%}Jf dés nove V serotypes, vectors containing
sane, and michodsgenbmesifimgvelavsy satoes o celuisDNA pédifferest origias ¥siRgent i on

will be re aren h ollowing detailed description of the

i nvention. E%?Eéﬂ?@ &ﬁﬂ% %EgTHE DRAW NGS Figs. 1 A through 1 AAAR
provi de an al i glwefutthafaspdee thmmkmtnonapm‘vweseqwﬁwd@g reseﬁcg)nbwgseamtylmaﬁt t he
cap proteins _for the AAY sero he full uen incl udi ng
the | TRs, f'AY §8pmeELfPy umana"¥ ﬁEﬁ’&aEm ‘}SH‘&FSE" rés Eﬁ@?ﬁ F‘ﬁﬁ?rem it lij“esl AAV
serotypge 7 [ SEQH daiNQuikhdr.as dtl‘feQFwdhhSrVF@Uﬁihyn@ébAAW%tMV VecfoBEQ | N

NO 6], AAV2 20 [SEQ ID NO 7]; and AAV3 [SEQ I D NO 8]. Novel AAV serotypes
AAVS [ SEQ ptainiie sgme aad matiody RSingINe) 5] are t he subj ect of co-filed

applications. T R diedioliGwinRi S
PP e o uggesg%@@gth mé@c‘ts&ﬁm@me@&zg{mbé RYEIN} %@%r&ﬂ% 7?/, RoloWRELS |

NO 28] , 42d8mlqd$§@ripﬁomthggjvenm 1b [SEQ I D NO 30] 42-13 [SEQ I D NO.

31], 42-3a [SEQ ID NO 32], 42-4 [SEQ ID NO 33], 42-5a 25 [SEQ ID NO 34],
42-10 [SEQ I D NO 35], 42-3b [SEQ ID NO 36], 42-11 [SEQ ID NO. 37], 42-6b
[ SEQ | s NOBRSEE DESCRIFEEN OPTHE DBAWINGS 5 [SEQ I D NO 40], 43-12 [SEQID

NO 41], 43-20 [SE NO 421, 4321 [ SE 43-2 NO. 44

43- 25] [ SEQ I D l[\@ %Hethfﬁﬂéi P4 P‘B"[an%‘i‘gmﬂin@%%é& ?"ﬂ)c %bhg%qehgﬁs b

[ SEQ 1 D NO.#@lingZe Feasdt tﬂx@%ﬁ) Ngllaté}ﬁ ﬂ)?lhe RRY. brdt ITRe NEDI-RPbth sédderfoed SEQ | D

NO 30 51, 223% [SEQ D 3.7 [SEQ 1D NO 53], A34[S§$IDNO
]

54], A3.5 ifcBEing the iERS5he rmaemopmth@an@d régipn appravideformovalch 42.12
LS50 1D N0 oShha 13600 Bl pbams IS pTMRAOPA Y RSBETNNRRR. b
20 [SEQID 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 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
25 [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], 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:
30 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 [SEQID NO: 117], AAV11 [SEQ ID NO:

2a



10 MAY 2006 WO 03/042397 PCT/ US02/ 33629 118] and AAV12 [SEQ I D M@% are
provided in this figure. Critical |andmarks in the struct ures? §f

genonmes are shown. Gaps are denonstrated by dots. The 3" |ITR of AAV 1 [ SEQ
ID NO6] is shown in the same configuration as in the publ I‘?QT%? sgggﬂences.
TRS repr esent YO'¥P1#%Mal resolution site. Notice that AAV7 a3 y AAV
reported that uses 5 GIG as the initiation codon for VP3. Figs. 2A through

2F are an ali gfl'i@%d R vt P ESER D02 05] ere PRGBS Bfurd, BeticaPlagdnkidsn bt t he vpl
capsid proteins of previously published AAV serot S dé R@Egﬂﬁg\%&ﬁ]

AAV2 [ SEQ | D N@trrajres of AGY gemprass ate syn- &a S,afcﬂﬂwstfé%%yl fSNERE31 [ SEQ
ID NG 114], a | i s i Y pattigheaReqenced. TRBe
i nvention, 10 ﬁ%@@%ﬁ%@ﬁ%&@g@%a?éﬁ%ﬂ%x%& ! %} I D NO.é\qéllrlc SEQ I D

C2. [ SE . C5
NO 62], A3-3 [smsarmtenmaémwlutmﬂfe-ys@@haw 'éLP‘]eP ALYV Fepeitsd| st Nge 6]

A3-5 [ SEQ | Kp3INO 62], 223.4 [SEQ ID NO 73], 223-5
[ SEO I[ 5 (NDO 34?'??’1‘2(gg%tﬁe01§f|§@n[c§§@for 3l ] [ SEQ ]

NG 7], 2255 [SEQ I D NEES 28rou 2 b s pee T WHo SR g e B o 80
EVS‘-E é l[gEgol 365\@%@% <>Af4€esvé5chSEQfdtﬁ;mrea§usny pdRisBed[ASEQserddypkS 1 mfaqms] , 42|- %)3
NO 89], 42-1B [NE€fh M&é[&éBQ&?@&%@WQ@?&%%&S&@W&]
4:;—E12| [DSEgOl D9 Qgg][\lé)oﬂa],ﬁnd TSEQS [SEQND:19@:55] adBrardl A[SE@qhincedgof%]iqvem@néEé D
NG T02), 790 | SheinecheEap ool A B e s D N R o
}-82% : 212- %gEE)SF%D!I\ﬁg’ NEY7 [$86 ID NRe674 2:338S ESHIDNOBSNA3-SLISER, IDAK: £9], I_3$E[§EQD2[\|60.13
(=510 e T Naeiueh bl el e L o e S e

NO 95] and AAV9; {SBEQDIND M), 230] [SBQEDNGE 73 21D 6 78] :

M7 rop o5 pr et SpRaB NS Rolalh BT AR B P ISR o
Ig t he pr es?slt vaeﬂ];cjzgn,[SEdzﬁ)NMhﬂbBA [$RQ/B NOWHAk 424 BERMBINGBL AZ-bakes )
nucteue and, i REGENEY, ZSREIAISAT) AHIsko IINALI [ BRGEORG s (e
integrate into ¢®i? [SEQIIDDRGk 93hd3-6 $IEMID NO94, 432 SEQIRNQGIR-25THER ID et hod

Ment 11 cat on N PO T AR BO BN 24 L I IPRODAIR UE A1) I G 107 B IS s
of human and  ndDNQuREE), 273 [RER & DO H14h 168 [96Q 1D NQ: 0phAz-4 ISERQ IRAR:d 8¢,
Advant ageous)y, 45 BEScEBHIRE: {691, 32-11 [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], 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
In 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



1 0 MAY 2006 WD 03/042397 PCT/ US02/ 33629 al so suitable for detection,
identification and/or isolation of other integrated viral and31fbMAY \2006al
sequences, as described below. The invention further provides nucleic acid

sequences identified according to the methods of the invention e such
adeno- associ V@832 ¥is is of a novel serotype, termed 5 %&&@fgpﬁ@@otype 7
(AAV7) . Ot her novel adeno- associ ated virus serotypes provided herein

i ncl ude AAVIO, Isq ur ?J'Piét fof g'gecﬁfﬂvfdﬁnnf Sltibh AndR: RSLatidhQf StheriiVprated Afay@dson-dent i fi ed

accordi ng t o e Invention are provided in the present
speci fi cat i onvirdbeguenkesyasdessribgddbeloBequence Li sting, which is incorporated by

reference. Also pr V',r?&ﬂtiogrf%}gef@wmht&lmacme@@mememwmag toABDNg

particularly desir ragnents are egtel ns |negl udi ng

the vpl, vp2, methdds aftie itvppiony ¢ Ak @W%ﬁ?%’rﬁ‘?d "“‘ESH%° SERENE ™ ¢ | udi ng

L?gt ;8 s, re Ea(? %eref;n%%}ﬂtgée ? W5 E Bt PnovaaderbhgsoBiged e eﬁ‘otﬂm pdvidgl hetdires e

rrents may be re ti var i et of
vector syst ensnchdndAWdQ,tAAe%l band A@u‘@ﬂ%?‘é@}h@ﬁ?‘é“ %ﬁk} sf)rgtyﬁ?é%mgtﬁ% °°°r Y

conbi nation w é{ﬂ d%fh\!mv%ﬁ%eﬂa%sxd@dmftﬁeq;gssam;&clﬁcunon rSeecmgmasand on with
el ements from'other or non- AAV Vi, ral 15 Sequences. In one particularly

desirabl e enchdqumleStag,\Vél*ﬁhd%m?P&?f% R% 'fHECRAY cap and/or rep sequences

of the invention. gﬁ?‘ ?&%&Q@%@ﬂn@bmmemms aAmongmftonlaiyddesizibleg any
of a variety of publi

cly or conmmer
Al i gnment B ogﬁt@%agwﬁ%r%‘@e WEIPES’?PQ’I in ”Qé ﬂZ VP%’W%hﬁ'hmzﬁla@g%g§efver s on
the internet. ntﬁ“es ,ra,egﬂsva&wmng\{emsofcpmlrem; mwpew, aﬂé\eabwczﬂenem There
are also a nunper of al Orl é&ien%érﬁgrﬁ mﬁyﬁgieaca%lu'ﬂh linczn/aﬁ opﬁctldds‘?'gerw

measure nucl efb?SFﬂ@t%f@q ose cohtal ne
prograns descrRgdss88RY SuchAagméamaidyde usexalnm)d eaconpblhgt'nuwitbethhrd%‘x%equences can

be conpared using Fasta 1 r S

al i gnment s andsepeaness Rt fr@é‘&ﬁ‘g g‘ciog‘l‘h'mq'lof' of Mﬁé f?&?&%? A?ﬁ @n-RAQNth?
overlap bet)yeegqhdi6esduedny panamlgamamsmémssa vepior canfains thecdehV mlaedéwt
sequence 25 |dent| ty bet cI ei c acid sequences can be deternined using
Fasta with |ts'eﬂé7"&ﬁﬂ°’€s°\g§r“3'ﬁ§ Brs (a word size of 6 and the NOPAM fact or

for the scoring matkdaescrived mma@d\entmemwrusmmy@f a varjggyof pyplicly or
ncor por ated by reference, ,Si r Qr I =Y m no acid
| b Y 5 FydvE}gaPlg:l\m}{;p% Snge A{ERmétt Bro \éﬁ‘lb Q@m@ Cflﬁ’srtal\ka' [

sequences, e. g°°m‘P‘H@a‘ ram nerally, of these rograms
are used at defcasslble th@tigh wwermtstohmwermieﬁanaélm, |V°Ptﬁ”tlﬂé‘“hﬁ*°t9 ag3i%al t er

t hese settings a eded., 30 wikitH dan boused® ndadur€ an
utilize anotherd §87F ?rﬁrﬁs%?m@ob%rlgﬁ? %Sﬁtmﬁg meﬁr}ﬁh%u l Vi de M ea

Er ogram whi ch pr owcde‘gﬁﬁ% I L£ast t he
| evel of ident Intlgle(mdc selquegcméwmtyalgclumt Q5P BRPTARSY mdpe RAARSGeSST gve
2: ?no{ :,; Ih {ns an\?ﬁgﬁﬁ) gcnﬁ\ut‘,l%tﬂb e3 iR &ds AH HeRbm Puesysiag Yastapd progra $i @GOG al
g Version 6 1 Fasta provndcs alignments and percent sequence identity of the regions of the
best overlap between the query and search sequences. For instance, percent sequence
25  identity between nucleic acid sequences can be determined using Fasta with its default
parameters (a word size of 6 and the NOPAM factor for the scoring matrix) as provided in
 GCG Version 6.1, herein incorporated by reference. Similar programs are available for
amino acid sequences, €.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



nucleic acid, or fragnent thereof, indicates that, when optimally aligned

wi th appropriate 4 10 MAY 2006 WD 03/042397 PCT/ US02/ 33629 nuc{ ¢olAYd 06
insertions or deletions with another nucleic acid (or its conplenentary
strand); therge is nucleotide sequence identity in at |east about 95 to 99%
of the aligned"Oitites. Preferably, the homology i s overPFUP$2PaYt h
sequence, or an open reading frame thereof, or another suitable fragment

which is at leaﬁme&éde%ehmtdrqaamww.ltm%& nuSRieRe @ﬁnéﬁo%h]tsﬁta!y%uéd),

fragments are describ herein. The term "substanti al g
"substantial si queaﬂuﬁlyoﬂdeméwc'? dentinrip AlgeastabetPhie 99%af the alignefl segyenses: s

thereof, indi Cah%ﬁratbt}aihe hoMRohy Qv -l e gth kdq 864 oMintoperPrie i dnfltBerédfi RO
acid i nsertl ons or [ etions W th another ani no aci d, there is amno acid

sequence i dent i %’Wh%su‘t&ttle fragent whieh iy at beast { ynustsoridss indengthg Exgjpries of sdigklaces.

Preferably, ;heﬁm{sg@wegcﬁba\mfmfull 10 Iength sequence, or a protein
thereof, e.g., a cap prot €, a fragment thereof which

is at |east 8 anmino HEII s‘l??“%(@%@%?’ r°éb‘1“95ta“3‘il similauty,” pden paforingde pwo;

| ength.  Exanpl ﬁﬁdsQaf‘ frsgﬂxetnﬁlﬂ{e&of mﬂaates‘tha Vitieg otieatly allpaek Wﬂf@gfbprlﬁyarﬁlhg term
"hi ghly conservegd’ % 1 den | east 90%

RIS EYERRLE

| ent 1y COnS " VSl insprifs an o o by ey Amis G0 e if BERD S sopenpe e n
determ ned by omdeastldboua®s 8lGo4 ofitire atléh'ed @dqtlenbey Pxe&ﬂtbty, thOhc&iug@yl i$ feBfugnd
conput er

ra erm " per
sequence | dgﬁtl F@E‘ha‘?ﬂ““ﬁ"a@hi Pr(?%i"'thelrer?? eﬁéaﬁa@rf’foé?%‘f aé?p Pﬁ?f&‘f"e‘iré fr&%ma‘tﬁg "ﬁences
refers to the rehichlisesleasns trhio balds, segpredesienslyydtleasn 1 uarsind Bedsia tegthen aI i gned

for maxi mum correspon f uence identity comnparison nmay
be over 20 the ﬁﬁ"ﬁ’?s ﬁﬁ‘i'teblegagt"ﬁmsalgh%ﬁgbedﬁ?{% full-length of a gene coding

sequence, or a fragnythe efm “lkighly @as;tvedtbis mteansﬂmcast(SO%@dbﬁtmyméfembly delsast | S
desi red. HoweveBO‘V 1&19 a%X mﬂl@%Pe?er?JW P7°/2E51 l?%nggth?fﬁ is regdll ermmed%aSt abOUt

ni ne nucl eoti des, usuat’ly I"eas ucleot

about 28 to182 ninkilblotthedaéy rml’t10@&9mthmbwtcoawtqnprommkmml tedhosde&skm nmay
al so be desiredg giimlarly, "percent sequence identity" may be readily
determ ned 25 for am no acid sequences, over the full-length of a protein,
or a fragment ther eoThe teiBufperdehtysequanderideptitytior ‘h@nmal’l malmcoatmmf n8clajviapid

e Lot OB R o BB OB RO Sl
t hereof are usefatimaximypn octeespondencef TheAsdgth afrsdquemeedemhmon@aﬁsmh nm bam/érs ense
oventi on' Pt ndte B STEAE RRGRE b R SRARE oo Eie et GEF et of s
and host cel |l s atlesshamanselita SOO(BnMdudﬁms dexireds Kdwelvbreidentite ainbfmsmdller
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. Exaxhples 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 segquences of the invention,



1 0 MAY 2006 WD 03/042397 PCT/ US02/ 33629 As descri bed herein, e ors
of the invention containing the AAV capsid proteins-' of the anQK n are
particularly well suited for use in applications in which the neutrali zing
anti bodi es dimnish the effectiveness of other AAV serotype based vectors,
as wel | as ot hBP%¥%%% a1 vectors. The rAAV vectors of the iM&RYB%are
particul arly advantageous in rAAV readm nistration and repeat gene

t herapy. These and ot her enbodi nments and advantages of the invention are
described in nore detail below As used throughout this sgeC|f|cat|on and

the clains, the ter dsdesedhepherain e vectgrsef the W(‘f?”ﬂﬂ‘i sRytainingdhe AAY capsidiolsitss are
i nl usi ve of ot daf. iRfIRARRIHafioulflySRL Rtk BiiMoatibs i WARR R AEaling | ke.

Conversely, the term"consi st 1 ng ts variants is exclusive of other

conponent s, el emtibadiss diminigiges @feCtﬁ'ﬁ@&Of&ﬁ’Gf A sqrotype based veatarp@swelbas othgie

Invention A s DeliSrlt0R, Phe &%@W&%ﬁ%fﬁ{b%vwﬁsfubﬁﬁcuﬂrgaaﬁgta%e%ué AR aspect,
the i nvention provides a of detecting and/or 1dentifying target

nucl ei ¢ aci d seqetiggstionpng repgatgeng themRy-s nethod is particularly well suited

for detection of Virhgl 1SS BRERinMAGR] afvmagsstcﬂﬂ{eaﬁ@dndnm&etsdﬁeedqhrnefsosorre
of a cell, e.g., adeno- associated viruses m}& rl Joviruses, gmong
others. The spedsiailibglawi 48 uwﬁr&wgh%fhérsa?fé'@attoa e °€\$ﬁ‘is’é e PENSSSOERHING | ed

herei n. Howeverandbﬁi%ﬁa#n%’rhna e vérf&ﬁ@ﬁxﬁliﬂclu@iﬂe of@HRr ddinpaftntKéldrhents/infedess, art nmay
readily performthe nethods of the invention gn retroviruse feline

| eukent a vi s gesEvthe KL Gpmiara e Jromsiing P@f{%vailwsrwcf“élLfgof%ﬂﬁh

I munodef i ci encyombohdiss, diditeMs, in@gem, epsiandiiamaef i ci ency virus (SIV), fel ' ne

i mrunodeficiency virus (FIV), equine infectious anem a virus, and
spumavirinal )], anmong others: Further, the nethod of the invention nmay al so
be used for detEcti Qvietbédsaf thefnwential 25 and non-vi r al sequences, whet her

i ntegrated or non- m}éegr?g ?g@mf%e@@gceg%p%hﬁg. X a(:g%st ceII As used

herein, a sanple is contal ni ng nuc ti ssue,
tissue cultuse, cells, calbnecsgettutheinvention ypodes gimethbd bf dﬂmgandibnjdﬁnﬁfying

i t hout | t at d bl h b
DA or  RNA 1 1 omApibaiilsate RBfeneth f Bely S5 mBKS Fpfruliaey RRMMERGE T 07

bacteria, yeast detwtlbmsfemal sequandes ghlelrar@nwmeén@thm@hommpt ofret osll, ecgr, adenpal s.
DNA or RNA is extract b s known to
A e g e By ey

t hose of skill PR THe ose Mbl ecul ar
Cloning: A Labosfertrae fo AdYiueiich(isenemplified her@m Howmpn, h@edrmtb@pnfwmﬂmn@pi/)

The origin of the,s Ar?m%ﬂrgzﬁ#% B&foﬂﬁfhg%i hQ&'s o‘f"ﬂn‘e GlehtlRf o b Fikfes3EL IRIIRT €

obt ai ned for app |ca
leukemia virus (FeLV), HTLVI and HTLVII], and lentlvu inae [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



10 MAY 2006 WO 03/042397 PCT/ US02/ 33629 invention is not a limtation of
the present invention. Optionally, the nmethod of the invention 1 SnMAE 2006
performed directly on the source of DNA, or on nucleic acids obtained
(e.g., extracted) froma source. The nethod of the invention involves

subj ecting a sWAWs@2¥3ntaining DNA to 5 anplification via HYHBE¥e chain
reaction (PCR) using a first set of prirrers specific for a first region of
doubl e-stranded nucleic agid se nces reb

sequences. As l!l‘ﬁ’é’&fmﬁésrr@ﬁf““g"é'@ﬂ e?’ﬁsgm"?ven l°8népt%!%] thg&r&nﬂjﬁe‘g&&m

upon the ali QQBEBEHpeﬂzfmﬁehelrcwgbuethesmnmedeHe}meesclmacaisOlbtaa@t(ezmo serot ypes
(e.g., AAV) or strai ré 10 lentiviruses), and wherein each of said
regi ons is conﬁlﬁ‘é"é@dﬁ? %Efg'é“ﬁces having a 5° end which is highly
conserved, a m ddl e whi cTheimsetipdef the fvéngion lavelvessehissting 4 semple geptaining INAMhd a
3" end mhlch IS r

vari abl e relat |Wpt‘%t}?rﬁ‘8a]’ gi&ﬁéésgglgénq%th?rﬁégCR?&ﬁg a@ﬁét%oﬁégﬂlﬁgr?téégﬂicQ& :
serotypes. Preffestadgion, ofﬂh@l&tramdhwelﬂcldémcﬁcss therebnobjeiniegapliied over at

| east about 9, and nore preferably, at |east 18 base pairs (bp). 15
However, one ors*#HPH*of the sequences at the 5 or 3 end may be conserved
over nore than 18 bp, més esetl herein2Betinf therttseions! ispredgiorminsd based B9R &t han 50 bp
at the 5° end. M¥IRN.fSSRE dﬁcle&c%cldtséh%er}é@sr drakas: the Hr6iipes Ee@%@\!)%r ﬂﬁms (e.g.,
requi renent for g%nserve sequences hese sequences nay be tlvely
conserved, ov nieytivirases), andyéherehepacho saiEgiopyis W?eé@ﬁ%eﬂ‘tei?ceéhﬁ’ﬁ’é ‘3‘15heé1 al i gned

serotypes or Stghns hlgﬁg ch?sgxh‘ecpg nfid¥ge \ﬁlﬂ@l‘ lplﬂgfeﬁﬁly bi%s@iﬁ%@arﬁﬂ@ aha 3'0 about
10 kil obase pairs in

However , s particul ar ahl e t hat
one of the regioWdavhioh lfahlg*g}’ W&%Yﬁdeeaf‘}bﬁlﬂl‘iﬁ‘ be'“g|°°’§e"’edaf’r?%f6¥8h§5\% t8ﬁh

sufficiently ung g&k‘icés%fmgaé ibdsMRo Wligrd@ ARV shrofyped, Fremplablf,itieds' Srﬂwpl&’r&ﬁcexsas bei ng
fromthe target

ource exanple, in one e e fir region is
about 250 bp i highlyeepsérvednyer ’-’it?a% &W‘%F'@rﬁ‘?’?mﬁ Tagheat gﬁ%lllg ﬁ??‘l%&ﬁ&,&%

sequences, that E'o&'e\Bp Shé 6r\6%{h)6f the séqtlgtobs ot 1he'S' o Bend gy bef dorwdrve@@iepmorathahei ng
of AAV origin.

her, the variabl e sequence thin_this ion are
sufficiently unﬂbbmrftol’?d’ﬂa"c?éﬁpb‘émﬁg@ﬂmlii’ PRt %@5%@@8?&{1%3"@%%“% ch
the anplified sgQysRbRse dé?&d %fé@irﬂbre@ﬂ@rﬁen&fﬁpbdnﬁdr&d séqpades, ’{hesreehmerrdestxmytted)
t he sequences can be i

nt|f|ed ve ona ction
di gestion and cesiely sseryess praaayhp Séﬂ‘a“ %gg{ ?@]'dﬁrgtq%? §thf nf i s region
in any of AAV 1g..fdpbdor A3, AAV4A, AAVS, or AAV6, 30 or that of AAV7,

AAV10, AAV 11, AAV 12, f th h d b
the inventi ¥, which i s%‘f’"’é@éﬁt ?Wé'ﬂ%dg%ﬁga%ﬁgogfé e%e“%&%if‘ﬂ%i”é’b%@w mee DY

invention. G Venengfie HgWe A icie papticalarlg éatirkbds that ape afitie rcg‘ions 16|a|"$1gnawretrh$0rért can
readily identify such WRRh %3 clrg}x)t?qu%Lp%rpoélmcﬁqﬁeﬂ{lﬁl‘?he aHpHﬁe%%ecquwQﬁé’ m t

ready detection i§nfiregionw
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 AAYV 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, AAVS5, or AAVG,
30 orthat of AAV7, AAV10, AAVI1, 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

7



identification of these sequences. Thereafter, an optimal set of generic
primers located 7 10 MAY 2006 WD 03/ 042397 PCT/ US02/ 33629 wi t hi ny ¢ hiaYh2006! vy
conserved ends can be designed and tested for efficient anplification of
the selected region fromsanples. This aspect of the invention is readily
adapted to a dVHBHE4IPT kit for detecting the presence of PREUBRSIEP
sequence (e.g., AAV) and for identifying the AAV serotype, using standards
whi ch include th tion : irhed
herein or isol a‘f’@ﬂ ﬁ’§thH;bF °ﬂ'es°rtvge)°2??n Jaﬂg%ﬁcg{ggéd% %/%fér%efﬁéﬁé(rﬂgg?ﬁeggﬁ%ﬂe@

qui ck identifiekticdregivn fnmmlsauplbsar‘l‘hsaspmtypihmglvclﬁlorP@Rapiﬂmamdstoadiagﬂmtic
acconpl i shed by, .dj ti.n

o SN Yicf kPRt sonde TR IR G Ben Y o RARTLA Y GRS BBV
about bp 2800 temotgieousing3@OdrdsiwhisAincludg @E@smgm@at@}ns fermibe A4Y mstpmdr ng base

pairs in AAV, 2, e region
i s about 250 bpdes#rocéﬁé% of plaed ‘@ﬁ\\g’%SGH@g&%’%&r{W@l’ﬁ%ﬁ%‘Bré@Q t1°iz SEQ I D
NO: 6], and cor r sspiisationgr mabeﬂq@arr@tsplrgrpf PRR\profiugtsgambe ecwlm}ed bAA\EBSt{“SE’Q | D
NO8], and ot her f’éﬁ‘%oﬁﬁ&?&%gﬁﬁpan%ﬁsm&?ogpatflsrnsTO permt rapid detection of
AAVrnthe sanple, primers which s ecrfrcal“ly anplify this signature
region are utilized. Howekhs, inqngam hthe;“pignatirg 1sgion JorfsAV prapy abebt bpo t he
exact 15 sequengg ¢ geni 32‘ob€fimr1qsm TPROL6N And Arespo R BASEhalr €8I QDY 2,25 One

of skill in the art nm r eadi ter this region to enconpass a shorter

fragment, orlda BagehA ﬂa@Méfhta"%MVﬁr Moreglesinbly:thesegienys shput 2Pﬁé'P PORPr i mer s

are generated ugfg bﬁ)@@fﬁ‘lb%&??»l'ﬁ@@%‘fﬁl@vﬂ'DSH?IWNO%i('aM cokrBspodis tﬁretpalrmch of
the PCR prinmer sets i s conpose r._See, e.g.,

20 Sanbrook et #HAV Z[SEQIDHRIPE]. ﬁAVﬁr{%EQE?ﬁp'ng'idrPéhﬂ“Aﬁst@Pg’Pﬁs SefnFiz. 1. To

ol i gonucl eoti de mltcrlﬁ'pl@G&&tl@@o@Up@inme saihple, '}Jnln'e@WhQH s;s'efnﬁsarrptamsﬁfyausrhen
pl aced under condrtrons In whi S nthesrs of ap roduct

ner Xt
whi ch i's conpl efigRter e8I a5 “r"\'U?FF‘er weKersdh espc’?sﬁrﬁd“’F‘EwF ﬁd‘ﬁb‘é’ﬂteg "mer is

preferably sjsng |s€qu§ﬁcres’:1rast&ﬂhed IeRe e ALV sinetorhtgions by @RAELKilPin ItHE&l"t nia?
utilized, it is treated arate its str.ands before

prepare extensi &7RdjY ﬂﬁh@fssreg‘eﬁﬁgerﬁf“?‘?f’ésr"ss‘ﬂﬁif figgmesk 053, Biger iagmf'g g m)re
nucl eot i des, ang; agte(feeéga@ly at | east 18 nucl eoti des. However, for certar n
appl i cations shorter nucl tpo 15 nucl eotide Ll zed.
The primers are sel ect ed l{ggpgmefsa%ggmr?t ‘ﬁﬁ'ﬁﬁ*}gﬁcﬁ‘ﬁilﬁ‘r‘vn?ﬂ ?sﬁgysgﬁ’lllper ent
strands of each tﬁm@ia‘abmoﬁmmmmmtsbecompﬂedbfeﬂ ptrmedayldbaB’cbrinﬁr vﬁet,ha g,heir
respective strands Ther ef or.e, .t mer segu eed no

xant  sequentle. GrmbRat Pty i g e B imer et s e g hoh Kidash"®

non- conpl enent arppirﬂﬂuﬂhﬂ@ﬂidndésy‘nﬂ'rasjﬂWb plaeed ubder adrtdiofsanl whioh synthesi&of agmicheof t he
primer. Wih e alBl HOGLk: i i0g nﬁaiei‘n@@téry%@gﬁ{ﬁ[}&%crﬁgt:réﬂg isifh crrpéde&ﬁé Fimer s

conpl ement ary to non-co enent bases or
| onger sequencegpreferably smgle stranded. However, if a ouble stranded primer is utrlrzed 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 selecfe_d 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



can be interspersed into the priner, provided that the priner sequence has
sufficient 8 10 MAY 2006 WO 03/ 042397 PCT/ US02/ 33629 conpl enent 1§ W#KY \2006h
t he sequence of the strand to be anplified to hybridize therewith and form
a tenplate for synthesis of the extension product of the other primer. The
PCR priners forw‘%/ﬁ’é"‘%a?bnature regi on according to the mventhE’Ng%ﬂé“”based
upon the highly conserved sequences of two or nore allgned sequences (e.qg.,

two or 5 nore AAV.ser %eetﬁéva dexact
identity armng W]?mengglglwn@%}gsa({ﬁncggg% (g{ea%?ﬁges at 't Cg ) cen In
the middl e. Howérsra tenphae @em@mmea&temsmwdu%ﬁ oftheripemer | ner s correspond

to a region of two or ﬂgﬁbkgﬁlﬁas We%@ﬁﬂﬁr&%@ﬁnhé&ordw@'t&iﬂem&ﬁﬁn s exact

identity over at least fiv erably, “over | east "ni ne base pairs, and
nmor e pref er abl y pased agon st lﬂl@lb@pnsme%ﬁg@nffépf &0 at m@!ﬁ aligyed sequengss (-Bet™91of er s.
Thus, the 3' _end of [ £0%
|dent| ty to he a?.’g‘%géé Ekg%o@;r’}[@%éﬁg&\;iﬁ&:ﬁ%@ﬂﬁﬁ%&@%?%gb‘%g@?%(gﬁ hl&ng- However ,
one can opti onaltkyorridré aligeedoAk seratypes Brtherfd el od drferisidaiec Howenst, dlistseqrenceat t he
3" end of the pri ﬁglon
of AAV vas dosy dHia pAEENFRIR Geplif B kg oBRk of bl NAYAIERIR T,

foll ows. The 5' whichriere nmctb@mm over gt l@ﬁ@bﬁwemref%lwnzgg&leasfmme pagE@d D

NO 7], 5 A 99@@9/5@ %{\TT a%ﬁthe@ gndohl hfer3, Tﬂ!ltﬂ@ﬁ SHESE

desi gned based-ﬁbﬁ nt g‘l; %SCAFAV w-B %; :
GACTCATCAACA gsed of §§ausHeEp With i °/ e*%lwt? Fherc‘ %@qafme“r?w ghave
readi Iy designe cagﬁeﬁﬁdl%ﬁﬂessﬁtaw@@ﬁ% ddPQ[HloBJl‘lzuﬁl%Bﬁeswghﬂ&e uQeheas of AAV
1, AAV3, 20 AAV . or based upon the i nformati on provi ded _
herein, AAV7, Asvtleptidesmntie 3'end afdhaprimesy anot her novel AAV of the invention.

In addition, still other Pt e BRpleSBE Frim&rAR fQehelsRAtink Yegthh B ARG Tyds Aesigiind i Ty
this signature region, using technlques known to those of skill in the

art. B. lsolati chﬂsedﬂlpopa?’f‘g‘él“c Sétﬁ&é’ﬁ&‘éélwz"sk%‘%apﬂ%%foi“@éﬂ The Sepramer agbassdasent

i nvention prayi %Snﬁtzfss’/%gnafmw[mmmmps’ SpeCIfl cally anplifies the
Si gnature region he tact%é% seﬁyence i n, order

to permt det ect@@'ﬁA'ﬁH@% qqppaﬂsai? g%& F‘&nl |Tﬁ°9\kﬁrﬂfr¥’psrqeﬁ‘§?ed
sequences are deo%bé’d‘ilgonnt@OQS—SlZﬁBf@AWE&EJQIMOﬂ@S’Otype isidentified, the

signature regio ex i nvention further ut| lize
one or nore addi @@Gﬁ%'?%”‘éé‘?ggg%agég’%&&t abl{%)"evfrh(ggfgf%?/%?e agidpay hayee
desi gned to i ncl¢slglyaésidned thé préndp set@iisecBupoﬂlthemespdhﬂmg regiohs 6fAA Y] AkY3,set and

a second pri mar KAKI% A‘%) AA% gr snEupon%d mfsormatlon pr%&ndédkl'wreﬁxr II«X% EE{IIO

AAV11, AAV12, or another novel AAV of the invention. In addition, still other primer sets

can be readily designed to amplify this signature region, using techniques known to those of
skill in the art.
B. Isolation of Target Sequences

25 As described herein, the present invention provides a first primer set which
specifically amplifies the signature region of the target sequence, e.g., an AAV serotype, in
order to permit detection of the target. In a situation in which further sequences are desired,
e.g., if a novel AAV serotype is identified, the signature region may be extended. Thus, the
invention may further utilize one or 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



anplifies 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 exanple,qg iy
prinmer set is conposed of a 5 prinmer, P1L 9 10 MAY 2006 WO 03/ 042397

PCT/ US02/ 33629 and a 3' prinmer P2 to anplify the signature region. |In order
to extend the ¥NYHA#%e region on its 3' end, a second pri BEHUHRBIRY
conposed of prinmer P1 and a 3' priner P4, which anplifies the signature

region and conti quaus.se nces. t . Of i . ' I

order to ext ortARPETGAd TPy SRBFAFRE: o BuSh oRAleTAh e Aol
conposed of a b5its Prendyesecoddyrinfer sehd cpmpayert of R2imesRicAnd & B aprinteln 84, svhiph anplifes

regi on and contjguous seqgue r i j .

arpl i 11 od. Thes kSR EREREHFBEERuASY REAE, abyifues FOT LRSS RELE AR,
time), as needeth estendiths sigratire Epior ermitst e pnd, @ thisd prirost 8&t iscompesad ofx 5 primeri Flese
anplificatiop s . L I QR - an

i sol ated squen%“?%zﬁ‘“"?ﬁ%S‘%ﬁ?ﬁ?‘é‘ﬁ%‘%ﬁ‘ﬁ‘ﬁ&f}ﬁg cg}glg%o#gt‘egg c%sﬁfgﬁmyﬁﬁeér sets
are designed, asigmitrdreginearp pinplifiedsEhess extenyiofestepy ge éﬁpgﬂfﬂit(ﬂrﬂ@rf?fé‘gg githe spige
amplify a regi on,Bayd g hefikivedC SRRERYS e SRANRNGER AIFPRE. bRk BRE

sequences. Refere erein to the term "Secon r primer set is
for each of di sedisssd wingsanvpntioapldtons o Repduce a isalptad seguanpreof iedlesired lsngihi ch

these prinmers are added tge{fgnd J_n@ﬁﬁlrdipﬂﬂemt%(&‘d'a&i n&, 298 tnd Pmer set for the
anplification. The region anplified by the seconcf primer set is selected

so that upori0anpighatire gegionrio paplifnmeegios hayingihisdlysonseived segpepsse amengdisdligiedt he
signature 15 regifabhcesSiREtekedtd Bereir 1ot “QdorRNBY dtfidde gridadt sbtherol b 6F pri mer
set is selected so that upon . anpl I“H cal'fel on it agﬂ]eal s at its 3 ?nd

anneal s to the 9iscusien ey, prEWIEIOHEAH 18 e OHiPHR Whik efqpé‘ﬁ‘ﬁsa“p’ﬁ?eﬁé‘?“gets can
be designed suchestfiAimikiR, sredFosampifiGbiod. TRY regisk bioplified by@iakechid prifver i ik her
the 5' end or the 3' end of the extensi the second or

¢ 0 roducts faorned

third primer setsaéctegso thatuper papification “ﬁP’i‘eﬁ@Pﬁ@ét?g to ge (r)?“dé’; i UG her e AAV
i's the targefs SeQHNSithilady, fie ieplonSRiplifd b ke B prifEHserinstlecto@ Yo Bdt@pdased t o
anplify the si gnature_re_gl on fromth sansﬁl % |n. o § desirabl.e en(go,dlagent,
this signature raglifigtionitangealsatfs fiephingealyipt M\F“QQB P SEnamreTEigh Addiongs

pri rTEll’S (P1 and pPlﬂxhr sefbs‘%\%/da&&ﬂsiﬁr@d &)@&h@ﬁdtﬁé h@io&twlﬁd’hdhe@;amblh’(? aﬁiegmug&m:’ t_!i_gRl on .
to a location in_ the se nce whi c is. ju efore the AA ' ,
e | Drovi di ng AHEBE e P! B GHRen B R o B SGhT  drg B9 ot ¢ ne
AAV capsi d when bysubidgquem@ridbigenal ure regi on as an anchor. In one enbodi nent,

(e, P4 o, o1 eSDONGSe L 410 NBE0 AR SEQ LD g 8
a_rrpl ificati on ofpzaan'eeg@dManﬁ;ﬂiﬂathosjgnamrcﬁegimb&om\thh edmphaoﬁr_t arierssitabiecitho2 ek
5 Yond of i gnar etgt Sx3Fl SaeBWERER ANV LREE LraldtedTBihbbm IS, | 1e
the 3' 30 end ofis tdedtorexendythn 8'sgnd pof the sigpatuoariegiontg a dnsation incthe AdIY spquerbe ehich
containing the & Jtuistrb%fo?é thgﬂﬂvcﬁﬁ I’l‘l{' fe., 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 res.ults 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
AAY 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
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AAV capsi d when using the signature region as an anchor. In one enbodinent,
the P3 priner corresponds to nt 1384 to 1409 of AAV2 [SEQ ID NO 7], and
correspondi ng sequences in the other AAV serotypes. This r

anplification of a region of about 1.7 10 16 MAY 2006 WO 03/ 042397

PCT/ US02/ 33629WRW3/0437ch contai ns the 0.25 kb signature regPeRUS@EBG2®nal |y,
a fourth set of priners are used to further extend the extension product
containing the entire 5 .enpd t he \V_capsid. t al sq | ude the rep
sequences. In ew}é*?‘fbc(?ma%ﬁlf 0 8% h%s‘lﬁr}a@@%rregla 'sdl)‘%'r?g%}lé'da %Sgl%csgr%é)g%rﬁ&%% “S?dg nt
108 to 133 of AéNRthfrSkiehd the &Engipn pradidt containdrepiaahitireh’ srelopf ehr @e'sV ¢apsit tve ot her
AAV 5 serotypes. and is,used in conjunction.\w t D . Fol | qw ng
conpl etion of t3:8 MFWdP EIFPIERELFS o %élg%déﬁos% feégﬁg’g}[eé’g&ep%ﬁgna\k/egﬁs 8%r§eSp°en>8<§ ensi on
products are f usetl08mald3niAAYe [SEQ IO, gndtarespondigs ssnueases arthasthdrrANor
marker, to construct It . fhe exanpl e provided herein,
AAV sequencesg csgﬁgyggsnaln%&us%tlﬁ%g%a%ﬁm%eaﬂnﬂflﬁggct AAV cap gene are

obt ai ned. Larger sequencEdlowing chraplesionaf the desirgdnuiehseefdktarsioanstsps, thheannusber of
ext ensi on steps {0 i . & Bt keisahe ok Q4 | ed
into an intact %%@glésne%é%g%g@ﬂtljsg?ﬁlémﬂ%%%odgékgomr t (%R)E‘ ho@ghgpﬁéﬁ?ﬁ’ﬁgbt he
art. For exanpl @pstiubtean étacksegienee. gr e examplernigyideg dergingbd Y sequeicesromaiaing.jat

whi ch cl eaves R Ly a RS BbtithddD Lot Sq RARI AL bTafEA, 0N, L O
provide restri g%'lnfgn_ r’algirlr%ahttéA?/\h? cg% are re-| iatgartge% ?o p?o#c?e Sr oduct s
contai ning (&t deparBlingiuportheumber afextersionAlaps resformepdne.  However, ot her

sui tabl e techni ques for §§i§3%é%ngigﬁfv@&&gsga?n%ds%bfég?%'aﬁtiﬁtaét,@[[AQ/ &Rudnbd act

sequence nmay be utilized. Seé, general r ook , _Cited herein. As
an al ternative vsingmiethodsinop tathesg pEskdll ip thesrte Far eamplp.ithseatensinmnsodugthBeher

embodi ment  of tghedié, S0k BRAIR AN dRSvel BinD G IR SR OBnalie Rpidn,1 Kb
fragment which 20 allows I1solation of full-length cap sequences. To

di rectly anpl i ftp proviletesiistionfragmprssyhiph & fe-ligated frpepvides prestystapqmtainings@ied and

bl ood DNAs, & mmﬂﬁm&h At XAGQRS gy edow&Bl, BHS SHRILR techSlQIE dr b@bhbiRg ARV
genones for use 1n PCR anplification of Iar%e t[agrrents. Aprimer within a
conserved regi ofKENSEmPTEANCSIN ARINFFIFEIUENGmaY Be utilizad. Refraenegallys Jamprogk et @iy ns:
5'  GCTCCGTCAACTIAGEAATGAGAAC 3', nt of SEQ ID NO 6) in conbination with
25 the 3 primer located in another conseryed regi on.%ov\%s%eam of the Cap
gene (AV2cas: 5'  CGCAGAGAGTAIGHET ¢ ngion stepg egspipyep eyove pngthsr

%i_rm! i f: ftati ?nl Ff:mbo‘&ﬁ\\énﬁ&lfimfﬁﬂ@ﬂﬁo_ ni Miuﬁfdﬁgiréchgnﬁllﬁlciﬁohefwil.hkboﬂelénﬁgpvhich
ypically, follow ng ification, the pr cts are.clo equence
Tl e 87} s er Al of sk e stayersed Teeedsteln g T Eofet bt e
inventors have ifegheat s NPlteas indilocd IN$A i tvl ctitee Bightth casertd regics barquent | y

3 e o aCt Henadin ARD Yoo T FERAFRIARICR o Bl HSE O o G Wi

a conserved region located in the middle of the rep gene is utilized (AV1ns: 5'
GCTGCGTCAACTGGACCAATGAGAAC 3', nt of SEQ ID NO:6) in combination with
25  the3 prim.er located in another conserved region downstream of the Cap gene (AV2cas: §'
CGCAGAGACCAAAGTTCAACTGAAACGA 3', SEQ ID NO: 7) for amplification of
AAYV sequences including the full-length AAYV 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

(rh.1 =rh.37), 6 clones from cynomologous macaques (cy.1 —-c¢y.6), 2 clones from Baboons

(bb.1 and bb.2) and 5 clones from Chimps (ch.1 —ch.5). These clones are identified
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(rh.1- rh.37), 6 clones from cynonol ogous nmacaques (cy.1l - cy.6), 2 clones
from Baboons (bb.1 and bb.2) and 5 clones from Chinps (ch.l - ch.5). These
clones are identified 11 1 0 MAY 2006 WD 03/ 042397 PCT/ USOY BMKY 2008 sewher e
in the specification, together with the species of animal from which they
were identif iveo¥deB9T he ti ssues in that animal these novelPCEA§RAREEs have
been located. C. Alternative nethod for isolating novel AAV In another

AV Trom o cel Faewpiean ReHBteRAy Srobt ST R rorg St REmL Er WP ot or T ©
whi ch  provi desdelvdiepand theltieids @that iimbltipesdove] se@edcad hangbdenloeatd. ous cl ones
cont ai ni ng AAV; segquencjng t.he iso] ated AAV; d.«gonparing the sequences
of the isolated AAV“to kﬂ&?ﬁ#ﬁ@eﬁ%‘iﬁfﬁ?&é@@%ﬂxg%ﬁg differences in the
sequences of the isol at e afviiér apett, KisdnventdAYrovides atajieradtive meihcdfoe Bolatiey
Flnct 1 ons. provitiasdim o TugBRut PID DReaee AL RGN e, o & "o
El b, E2a, EAORbfvideshelieefiacioasto MRMAV;isoktingiefegtizns donestdnairingak&Vpr ovi ded by
an adenovirus. The adenavirus, pay be a w l.d-type novi.r nd may be of
numan o non- harraaeaiet roeaiad Bty Badla i R FHET ey iR "The
DNA sequences @fAVasendtyfas iwheebyadifferanesrinithe segpasesaf the dvoktel] Aldl Veanti koowrlBAYV
Genbank, including type Ad Genb ion No. Mr3260]. The adenovirus
may sffgg'Beﬁ tugfcﬁﬁe‘a %F Lresenceaoqlé E@\%F£)§§

sequences om any known adenovirus serotype, such as
serotypes 20 3, 4, 7, 12InangembbBimentnttie fastor poviding beélped functican proviflestenggntial
presently identified hu t, [ . MreZ i : .
Simlarly aden&STr\p&léuesgurlr(Eﬁ@‘\/S\HX‘?gﬁ}gh?%@?a‘?l%lﬁi ZUFE’{] api %{%ﬁ“g e%.gc-?'iiérﬁ%?ﬁ\(ﬁe]

chi npanzees) mglper fonctibes agagud\dded dy amedetnyiryse dhe pdenayirss maydied vald-typsi s

i nvention. See, .e. Q. B - i 1 : w | d-type
adenovi r uses, rag%r{gﬂbr?sh%ﬁﬁtmaé?? g@télglg%?rl}@%r}@n%ﬁ)?ﬁﬁ@%fg{am W‘é“f"&%“@?‘ém ds,

epi sones, et c. (NER) onygim gl MNAnsqusnesaplea matbpraf adenerinus ypes arpeayailgble figmi | i zed.
Such reconbjna I kU . ' ol N Be. RLERALEDRGE&RT di ng
to publi sh}asg trl%'eeé‘ﬁ%“.“qﬁ‘gg‘."@%%‘thﬂg?‘{,bgﬁéﬁ%%%ﬁ\t 9Mﬁ§(¥871€, %%2 anﬁqcllJS Pat ent
6, 251, 677, whi ohay td@beinebiomatyknewadaghvismserptype such Theeraiyeed 3 Hr1, bl andhe

adenovi rus tyDeyq s iahnePRbIAHPR SFtnl frescrf kil hilfinipld G 09, igpepat | on. A
vari ety of adenovirus strains afe available fromthe ‘Anerican Type Culture
Col | ection, MarritssabovelviSinglarly edenayjrusgs/iova iy feghpop-bejuseninalsderia  vari ety of

commer ci al and ém}ﬁﬁahie@binﬁp%o SRS in FHenEAGH conshrles STRALIANAASH. 8ée, BBNYSSUCh
strains are avallable ' froma variety of databases including, e.g., PubMed

and GenBank20 | nPaigabNpes083171 6 rlp additipa 10 WiiHups 3dgRoyiryses, reRob et YIISISQF BP-usi ng

genone 30 wal Kipg L&&Fﬂ”(@.ggﬂysnﬁ@i, §RBhbs, 8t.) @rrying 19 A&essiy GlIgtrFurdGod rRgear ch,
23:1087-1088, Friezner- gen et at., l’L986,, \{1 Bi ol . %hem 261. 63_72- 6985,
BD Bi osci ences iliges @@p}} remb@aﬂvgrﬁs,es 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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CA). Genone wal king is particularly well suited for identifying and

i solating the sequences adjacent to the novel sequences identified
according to the nethod of the invention. For 12 1 0 MAY 2000 NP fjg¢ 042397
PCT/ US02/ 33629 exanpl e, this technique may be useful for isolating inverted
term nal repe¥@03P4IRE) of the novel AAV serotype, based upSHU$RBIRADvel AAV
capsid and/or rep sequences identified using the nmethods of the invention.

This technique is .also useful at i nces ot her
ARV and non- ARG dan e A £ vl iople e A Sibte e i ot °
present i nventrodd A&@rotﬁ%ﬁi@dQﬁoxﬁthaﬂdbeHAAVh@sﬁEhdi@dSp Buchbes ideftifRat i on may
be readily usedf a ri epl. den al o studi es,. studi es of

bi odi stributi "8 r‘ﬁe‘%’a? ?fgheyf‘veﬁté??epﬂlhﬁg?rgh'wueg%lﬂsoﬂ%mefgfe‘ﬁcﬁ%wg SANdPect or
derived from cidjaeent tontleghAVetdd von-M8F Sequimasidertiified andtidolackd acdosiingad thesui t ed
for use in pre-packa Kkis clinicians, researchers, and

epi dem ol OgSI stk rge'%é"vgﬁ%ﬂi g%h%%ﬁpéegzg?aj%n anot her aspect, the invention
provi des a di agnostic kThelflejhoddefféebﬂVﬂgiommevbrrea:dénmdfomﬁvaidbmfm or unknown

adeno-associ at e%ﬂle%@g'ﬁg stu@iEVdudil o‘?lb? ?Jﬁtlon %'moﬁng%'f %en%}/era?) '\/ a first

set of 5 and rinmers spec or a si ere | the AAV
nucl ei ¢ aci d IBctesqubyes®r deﬁlvc@frmapﬂwehtygrat&wm; Thusrthé mytho@@r;hv@! skited can

contain a firs ' ek ke i fi 3.1 kb
fragnent whi chftof%sglgnﬁge??ctk?%@g ﬁ%ﬁiﬁgry%%lﬁl'dﬂ%r%g%gﬁﬁ’ %Eg?lé%d%égsd sequence
identifiediherein (e.g., the AV Ins and AV2cas priners.) Optionally, a kit
of the inventjion furtg contain two or nore additional sets of 5 and
3" prinmers, a 'des ei n, and/or PCR probes. These prinmers and

probes are used ac dmamhthtgaspat ulkeenveﬁﬁbnrmmm dihgmsstmtkiitcm datettinig ity psdsenoat ur e

121 ons of el 1A kst My REOL A hANE EPEe EriED.

according to tmﬁsmtdfdthndﬂ' RGiéprlmmpemﬁxrfoea'ananmefregiomﬁfﬁteiAmhtﬂ:ﬂdimidnovel
AAV from k i

AAV. h,.a, kit th ] tricti
enzyree shamasntiods TR RYEb gl bR ol sftor S ar A T 11 O"
restricti on engriniges gegsht thn 3. lzkb&iagmansthlamclﬁdns tmtﬁhsrengtmnaw&agBMnuclem
det th t t d ddi t f t.h
Mventi on vay Titragae Rl RS, BERARER AR bR i o
cont ai ners, ditheanésioandy Buthérepgaih d:wo drivreaiditibm| satsndiS'cad d'rpriodeay d4ss f or
signature CO”E’%&%b%&’H@Bn %@?Pﬁé‘i@ér%beg' i %épnnﬁjefsca%%%Hls'l?étdsgd“accmmé HGhd ons, as

appl i cator sticks or ‘cont ai ners, Snel |
any desiredr eargsntt1sventlmnw¢lfyrsggnmx§ir%glonsmﬁegw Aé&genwe, aedumsmtatlm i on
reagents. Suchpggagents may be readily selected from

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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anong the reagents descri bed herein, and from anong conventi onal
concentration reagents. |In one desirable enbodi nent, the \\I’\%SM ent is
an isotonic saline solution which has been 13 10 MAY 2006 97
PCT/ US02/ 33629 buffered to physiologic pH, such as phosphate buffered
saline (PBS); VYA&RLHion reagent is PBS containing 0.4 MPRAGROYF t he
concentration reagents and devices. For exanple, one of skill in the art
will recognize that .re t : | , S
Ty be usetul, BECiASPE0bES B s pRRpR oM GG 66wt Bilhreinile
filter device wWBS$icataind@ 0.4MRNah mixt thewonosouidtian teagrotsinnd devises Apnexanmpie ok¢ t s

provi ded by the%f?sicﬁ%r? %a&msﬁf@{éf;&g?tﬂ{)t?ea S&fstn of ?&yé?t%‘y'ieﬁaeg@géoﬁ‘ﬁm &r B S9,ds

described herei and T or odi stribution, ent ol ogy, node of
t ransmi ssi on of maylewstfulpgithat deviey ek asifiltetdgings. Sercexamrs a fiiferdevicetwith adP hods

and kits of EheKin%Yn%Fh%&Pulﬁ"é‘Jn@lnttmtg?AW.ti on, identification, and 10'

isolation of "target viral sequences, particularly integrated viral
sequences. The net hobhs kifmprovifigdiby therpeesend jnvention ase pspfuhfor perppmingthe msthodise i n

detection, idenjlfinahd SR8 Fblo@BriBltioARYideRRBBER MBS of tehdnfifliolRY
i ncl ude novel A%t""]éb(eé?g%@g’e"g&ﬁ’fn %}ne r?olt §b|“§ eyla?rpl e,g?t he Gr)ret hod lc())f t he

i nvention faci| hovt 4V ssrelygesishugran anddWdls. AAV sequences by the inventors,

whi ch reveal ed het er-fgengl hthdt aikRY bi'tRe inRRGAPRMABdekatidASHNRAEH, AR
fragnents fromdifferent animals, all of which were distinct fromthe known

si X AAV ser 00y piselatioq of kergehwirakfgauanpesypagiculanantogiptedyirabisavesesss {heapetiiads and

hypervariabl e regl ﬁ@Mﬁlarly BBl GRRPloPusP ideREbn, iTHEREAiSE 419 iG] Ganoe of AAV
sequences was note n clones isolated fromsingle tissue sources, such as

| ymph node, fr ossqencesnthioh @awnincipdpaoved AR REYPESThi s het erogeneity is best

expl ai ned by appar enf, K¥Rbthtfid SAmPE, tRANRRFERE Gentibh fbilitalc BiaWiis bEdIondd
animals due, in part, to extensive hor,rcgl 0 cius recomi nati on bet ween a
SR DS

limted number @AV sguanees &Y theiRyCRigr ¢t ?ﬁ@h‘lﬁé"@%@e' _ QiraliSeRYERFEs suggest
sequence evolsut iygilel cloied Bhgment FidHRTTRAL Miald, SILSE vehivhiwees didfifict &OmMItiEEmOwn a
natural AAV infection that pr,ﬁ]sumabl ) Ifeads .to hhq i of mat i on, of .swaE s of
quasi speci es whiseHAY seretypes. Wit thsraogibfiae variaiion jogalize t&g)yp(?f"a%aﬂﬁs' fegens ©
hypervari abl e r qgH QpSd prdibinS SurprididpRiiveigesde oEX AWRLRerits wapbigd Meloaesusotdted
evolution of a DNA virus 25 in a way,that fornmerly,was.thought to.be
restricted to RERMAMefdiswe S%Ef&éh“t?@g ly@pﬁg%{;effméq a’h‘ﬁ‘vgﬁuawué E‘P‘E}ﬂ/pggs
identified by thetermtdamgis ést xprainedvpapbirem evonidn 6hvas dedqeence attimmdividutihese
serotypes is provjded. 11I1. Novel . AAV Serotypes.3 rOJﬁ Nucl gi.c Aci
Sequences Nu¥d eiaél"é‘@i e, dp A 19 BENSE hAmR/agon y??"i’g}ag? feeq ﬁ@'ﬂ‘%ﬁdi”fllgg"-ﬁf/ t he
net hods of the dotiivfedting paterdrsl virisey i Thedt stuieesugdsiiQequEnddievdlytiof of willly and 117 -
120, which are 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.

1. 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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i ncorporated by reference herein. See also, Fig. 1 and the sequence
listing. 14 10 MAY 2006 WD 03/042397 PCT/ US02/ 33629 For novel serotype
AAV7, the full-length sequences, including the AAV 5" | TRsj OcW®%i2006 r ep,
and AAV 3' I TRs are provided in SEQ ID NO 1. For other nov er ot ypes
of the invent i‘?S‘P]?“l“?'?E approximately 3.1 kb fragment isol aﬁ’&&ﬁﬁ ﬂ? ng to
the nmethod of the invention is provided. This fragnent 5 contains sequences

encoding full-length cagg} f#ovelrs@;fo@bamw R ﬂ;ll%ngtﬂ@é’c{uerﬁgs, hRdRE AL ANOES
encoding the r ’FR protein. These Sequences, incl he Clones identified

bel ow. For sti ITRspeangid, repo o) AMNY s g piowided inSEQIPAI -ur e regi on encodi ng

the capsid proteinis %P&h%@lvelmlvs%@ﬁ&loethetimtm\{houbpﬁmaem ags d
sequences of the invention include those illustrated_ in Fig [ See, SEQ

ID NO 117, \Ahlf@ﬁ“%&ﬁlétﬂ?%mﬂ%@ﬂem% of Hie jggatiop ‘%ﬂj‘&"l'@pcﬂé‘&ﬁ&g%huences of

the inventian igpghinde &H&s%x%ﬂh@ﬁ%ﬁ%aﬂsid'p&ﬁélﬁ alded oi'ﬁhrthf%e sdqubee, SEQ ID
NO 118 which spans 2%8 bases] gc eic acid sequences of the

i nvention incl @a@dmaeemr%teau“ébféfesgqqem%w“ & Beiclpnes egjifiefl bglake  SEQ 1D NO |

119, which consists of é’o’ﬁ@tﬂhﬁﬁ&ﬁovﬂAAJBIsen&y;seb&her@gnh@dcréngen&ﬁi&rgrthmgsxabove
further AAV10, AAV1l and, K AAV12 s gﬁ be, readi | ¥#dent| fied and
used for a var iPERISD BPrQYifes 0%°é§xamip 30 SRS SeWERES P YegtoAY 7 and

the other novelinhfte @loydiaGstrted IR, 1 [?seg,tsee 1b WD:0Vi, dhaaih kgams zscrmamgnﬁne pri mate
APAT T T e MO T R e T
NO 7], and AAVFif BES2e] SEQND KD:113whisiespae\268 basbﬂ}lPl‘tSaeﬂqAMmmsleiclaaH skdi@ericksosfe
TN ST I Y W T (L WL
Rh. | d one 9 Rheshsdiadnt SbdsdAVTiinithe ichadotogs dest e abosbAfiNGSr RAVBGIA0KTé! 1
43. SRhesus I\/LN40and AAV12 sequences can be readily identified and used for a variety of purposes, including
15  those described for AAV7 and the other novel serotypes herein.
Figure 1 provides the non-human primate (NHP) AAV nucleic acid

sequences of the invention in an alignment with thc'previous'ly published AAYV serotypes,

AAV 1 [SEQID NO:6], AAV2 [SEQ ID NO:7], and AAV3 [SEQ ID NO:8]. These novel

NHP sequences include those provided in the following Table I, which are identified by

20  clone number:

Table 1
Clone Source
AAV Cap | Number
Sequence
Species Tissue SEQID NO
(DNA) .
Rh.1 Clone 9 | Rhesus Heart 5
(AAV9)

Rh.2 Clone 43.1 | Rhesus MLN 39
Rh.3 Clone 43.5 | Rhesus MLN 40
Rh.4 Clone 43.12| Rhesus MLN 41
Rh.5 Clone 43.20| Rhesus MLN 42
Rh.6 |Clone 43.21| Rhesus MLN 43
Rh.7 Clone 43.23 | Rhesus MLN 44

15



Rh. 4Cl one 43. 12RhesusM_N41 Rh. 5Cl one 43. 20RhesusM_N42 Rh. 6Cl one

43. 21RhesusM_LN43 Rh. 7Cl one 43. 23RhesusM_.N44 15 1 0 MAY 2003 q\gﬁ‘g 2397
PCT/ US02/ 33629 Table 1(cont' d) Rh.8 C one 43. 25RhesusM.N4 § one
44, 1RhesusLi ver 46 0Cl one 44. 2RhesusLiver59 Rh.1 1d one

14 Erhoonell vEHOBIENTOS IS Fraho NGO 43 16 BN 1345 SRAESHURRE
Rh. 14Cl one RhesusM_.N32 42. 3A Rh. 15Cl one RhesusM.N36 42. 3B Rh. 16C one

42. 4RhesusM_N33 Rh. 17C one RhesusM N3t @ontRd). 18C one RhesusM.N29 42. 5B

Rh. 19C one RhesusM_.N38 42. 6B Rh. 20d one 42. 8RhesusM_N27 -Rh. 21C one
42. 10RhesusM_N35 Rh. 22Cl one 42. 11RhesusM_N37

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 |Clone223.2| Rhesus Liver 49
Rh.27 |Clone 223.4| Rhesus Liver 50
Rh.28 [Clone 223.5! Rhesus Liver 51
Rh.29 |Clone 223.6| Rhesus Liver 52
Rh.30 |Clone 223.7| Rhesus Liver 33
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 Clone24.1 | Cyno Blood 16
Cy4 Clone 27.3 | Cyno Blood 17
Cy.S Clone7.2 | Cyno Blood 18
Cy.6 Clone 16.3 | Cyno Blood 10

16



Rh. 23C one 42. 12RhesusM_N58 Rh. 24Cl one 42. 13RhesusM_N31 Rh. 25C one

42. 15RhesusM_N28 Rh. 26Cl one 223. 2RhesusLi ver49 Rh. 27C one

223. 4RhesusLi ver 50 Rh. 28C one 223. 5Rhesusli ver51 Rh. 29C on& 0 MAY 2006

223. 6RhesusLi ver 52 Rh. 30C one 223. 7RhesusLi ver 53 Rh. 31Cl one RhesusLi ver 48
223.10 Rh. 32CMV@M8EPEhesusSpl een, Duo, 19 Kid & Liver Rn. 358 Bi&3¥3knesus20
Rh. 34Cl one C5Rhesus21 Rh. 35CI one FthesusLl ver22 Rh. 36Cl one F3Rhesus23

Rh. 37Cl one F5Rhesus?24 ' noBl ood15 13. 3E

Y- 3 OT
C y.30 one 24. 1CynoBropgh6—Fry Barte 7—Cyy5cope 7.2C
noBl cod18 C y. 6C on 1}{?50 “’ané'?é,‘a“jgpﬁ 1 LA 17s
4

AN % 0T 2006~ WO G371 042897
PCT/ US02/ 33629 bb. 1( L1 Elene 203 FBabdo |, o §370

2 | ood13
. Ol S ikﬂklc—j mﬂ lTLBl@%I UI IS AL:J 32quuu-||B
Ch. 1d one A3. 3Chi np'-'l Uéﬁ'j' %oﬁe‘Aﬂ'“ ’H‘Iipq II"IB{EBdUUU' 4 I ﬂt" ofe

A3. 5Chi npBl 00d55 Ch3 | Clone A35 | Chimp | Blood 55
Ch.4 Clone A3.7 | Chimp Blood 56

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

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

The AAYV nucleic acid sequences of the invention further encompass the
strand which is complementary to the strénds 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 cotresponding to the sequences provided in Fig, 1 and the

10 Sequence Listing [SEQ IDNO: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':l, 959,
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
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Ch. 4C1 one A3. 7Chi npBl cod56 A novel NHP cl one was nade by splicing capsids
fragnments of two chinp adenoviruses into an AAV2 rep construct. This new
clone, A3.1, is also termed Ch.5 [SEQ ID NO 20]. Addition4l0 WAY (28 present
invention includes tw human AAV sequences, termed 5 H6 [Sn‘&"l D NOQ 25] and
H2 [ SEQ | D NOWBP304H2 AAV nucl eic aci d sequences of the i ASOEIRFur t her
enconpass the strand which is conplenentary to the strands provided in the
sequences provi ded. | el foveRBEBE B bk thbitn oREG o il de © -
59, 117 -120], 56l oR afnrt ’s“e‘?uﬂ‘g’n*%e?@s R bftdn, gt o e
sequences cor r egpondiidentidy thipregieequelpatide stit andisge GOGOHS for @Slreﬁ fyggenthe 10
Sequence Listing [SEQ 1D ;?]les ot sultaﬁlgﬁaénilers 311%91]13 th@%uén'@&'eﬁco@fﬂﬁe%t ary
strands. Also included in e nucleic acid uences of the rnvention are
natural vari ant‘eﬂﬂabidpfengslﬁ‘éePeftﬁeAﬁfUd’lﬁl?Sidc‘%h"ih&FFsa atjvgeplise vasiameewl d¢-2-Aitgi  and
the SequencesLi §z‘5't6‘904[9%'EQA\)3 Q\i%ilDN@ 11o%2 [e. é%ﬂ@]w@&d\mﬂﬁsm IDNO: 1]

conpl enentary strand fications include exanpl e, | abel’s

whi ch are knownaidyp8 rﬂeg a'Ftt143”rre'i0r"I§/ PEAAYR SEQAR NQiHs “i 'Eﬂtqb@ﬁh%w AdaA" nore of
the naturally 1p,QGEHT6ishg Bathl oA thltﬁi&icemusnfbfa FHERRANEKRNiRy 6 &f & it

Further included 1n this invention are nucleic acid sequences which are

greater than 85%domhasmatpigyiguskyibesndsportedip HINA dtyors. b darisodans fspply ved andeast

about 95% and ygEOst ol Afaey s’tbdtypeaﬁavé B belid@d be%acmﬁat%&g/qgérﬂm{elcswmor
honol ogous to the sequence

i nvent i ncl udi and t he
Sequence Li 9Pi n@eghariem pih F\Ig?siceugn Wh'Sthheylrf*’?é°i‘?B‘]°d“°°Zbl TPI‘%%’ ?%‘Fﬁéat‘&r"é as
defined herein. 1¢%30%i80%] reiekively} 1h|omeida@emmeﬁmehmasealbg of tha gl Howdver, he
novel AAV sequences |dent| fhed cg?\g t he g.d descri bed hereéJg Sui t abl e
een &g lof Q

fragment s are atheiAdad;virfen has, assemple cRGIERTY eVt PGP onal

fragments, i.e. This/ RORREHtSs Whtichbre eHisit 19 Hesirkblath @@rﬁalstan Rbddh @Sthe v3rof OMmer
enbodi nent these fragtrgents are fra er%ts of the id(%vel 25 seﬁuences of Fig.

| and the SequeAdy LTOLPFHI cpriipthisse stagg codaggin ofderto mpgpve RARAgIRE

conpl glmsn; ary stffivify, toem%?nﬂlonahd@crt]mamvoemnéxabqammﬁreﬂto@es (EE. adfiﬂﬁ{rﬂﬁm@f
suitabl e fragnent re.proyvi spe e location of these
fragments on AA¥HY %0&&‘\9? °8)r°fﬂﬁ\9r7m&|5 %ﬁg ﬁl?sgfaﬁéo REmay b gaﬁfFFéHS“‘ér ovi ded
herei n (obt ai neshvegiond tdchsiqss itsluding, \A/gn sicegiiraciedahutapeheis) Thuspthé presgst) , or
simlar techniques for Ta WO 03/ 0

PCT/ US02/ 33629 cjé’ﬁ'&'r"aPﬁ“‘l‘?&‘l’aﬁﬁesaﬁ'tfr&‘%é?{t""Wf"'t‘f]fa?% %@P‘eﬁ’% ZXPE °8P‘8?Sy%§3 8P t he
i nvention, one afid/&loplidnally) vp hendiortvp2 bavingrsea dodoys adligedtd 3FG.t he preci se

nucl eotide start and stop~godons,f r |

suitable fr a2t ments incl ud%t% Sult;ble f%élﬁggs:dfé%‘g,cﬂ CR‘gg?ﬁgeg%leﬁt@é%ngg the th
codon for the AAV capS|d protem [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
AAV7), rep 52 [initiation codon 1006 of Fig. 1 for AAV7], and rep 40 [initiation codon
1006 of Fig. 1 for AAV7] Other fragments of interést 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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vari abl e proteins (vp) of the AAV capsid which are alternative spl ice
variants: vpl [e.g., in 5 825 to 3049 of AAV/7, SEQ ID NO 1]; vp2 .g.,
1234 - 3049 of AAV7, SEQID NO 1]; and vp 3 [e.g., nt 14341% of
AAV7, SEQ ID NO@}? i's notable that AAV7 has an unusual

codon. Wth t & é@ﬁ’fl on of a few house-keeping genes, sulft /HS‘EPQW codon
has not previously been reported in DNA viruses, The start codons for vpl,

vp2 and vp3 for other Aﬁ%g«ﬁ%noc X\Qﬁ&lﬁﬁ%ﬁ%&?ﬁ%ld@&l&&\é o%@edt?t?thﬁ'ﬂ%ﬂ ed hat

they permt the cellular ani s ost cei I n whi ey reside
to produce vpl andf@uerd Lisfi®, the peesentinyentiafincludgsguebinegid mplepdespad sdquaskss, i n

order to perm t hqéhfdré:& n%{md%%&@é tle é?r{motﬂﬁ s¥dJeﬁc@ﬂ proteﬂ%ﬂc%egndé%_gﬁgm virion

has been found V{]o asse I Cl ent even Wt tart codon.
Thus, the i nverscotypesnfttiedivertioa. tThissthp tnvc@omélsliuqieém@cl@ apidequences whickt ar t

codon of the Vpe%%o% u{%tf&%mg%v mmr{aeaadtsﬁuea&t a:lr[sﬁgmpbado? ﬂ@ehﬁ”

codon, in order nprove a 1 n clenc virion

structure and/ dﬁo“éb], §I5 {8Q lﬂi‘é@‘ﬁﬂoM g{SE&ﬁQT&%éQ A gﬁSEQ HeNOK6A), AZi41§EQ
anti body epi tO%S& 28] ngsqsgd\ﬁwéemtsxseq@m RPROS&AD3 zmﬁ)myn wﬂst ered

usi ng conventlon téc

ues i ncl site directed nu EHESIS
Thus, the presdfEQ IDIW%ML % 23 t&ﬁ@@ IDNG: T4l 122. 3 $SEQ DdTﬂ
sel ected serot ypg, 22@@[@@@9511\191‘ 7%14\“1 [§EQ wﬂbovg]ams BQ'Ib}No 861, 44- 26{92‘(1@10 vp2

havi ng start codons altere suita ment s of AAV,

i ncl ude a fi‘hgr%ﬂislbé?lﬂélwgﬂ‘?lé‘ﬂsf’za? ESEQ:IQM Sﬁbf’z‘t‘%@E NEEeh ¥ ot ei n
[e.g., nt 468 t[@EéQBQ@@ﬂ%W[SE@EQNU%sN@z 54, [SEQ I RD: z¢93> 423@5{95@fo ﬁé\éb] SEQ

d
oo ¢ agnme, SRR CRRaoA B s8R BRI Bl et ng

ot her fragnent s%o?
the nethods degomnip aﬂzh mm@gé]uﬂ,ezst[b@@mﬁoe;wrjmagzotmmu@nom beins,

including rep 78 F rep 68
[initiation cod@ﬁ'bﬂp%ﬁioaﬁ %:4 Gbsib%m%ﬁz%g Q P%%OSE% n%#gémﬂbc%bn
1006] 01;1 EI g 1? I fen [sﬁQ\E]No 08l 42610 [KQ [D NOt 1 080,423 BCSEDID NGOG, ab-1F{gEQ | for |
AAV7Y er fra t e erm na
repeats | TRs, ﬁ%nﬁﬁ f%?féfégﬂ{ﬁé 1’6@'}%&%&1@%6 qf%ééﬁg%b%rﬁéf%ﬁhmm to
4721 of Fig. 1[93@1%@0’71]12] bRr s:aquganes NO‘\A\B]MQ A CI O Seroty e € gdnated
bi nding site, and the 30 termcp %{) xgt gl tef (TRS). Still other suitable
fragments will BRMEREEPIW ESAY %rr‘l‘f"q't‘ BEAGLRCEI skill in the art. The
correspondi ng regions in Atsh&dan'eﬂaﬁrarrm%AAS’semtywsemmé vmheutilimitetltin; AAV can be
readily determ ne ence.to Fi ure conventi onal
i T ghment - benHith BT ERGee GensH BBy oF el baed g bR 5006
WO 03/ 042397 PCa'dyldSIﬁa%Ae&%Riaud, usirggchchiotdl AA Vi sequemelofittie ingerttibe (erp. alfi@gaensof
sequences provid d Ln i t
i nvention incl uglpescaf"’lsld gt%lc? ,Q%H@ﬁat'f) er E&Zéﬂ!gﬁ ggs"ﬁ& eﬁées %k’h \‘}\}E?b%b?aﬁlgegdem ghed
to express the &nmaootheriAd \ssrptyon tosyn gmoved men- cantczupcsmpmdwfdfe sarheA ARV
serotype, from a non-AAV viral source, or from & non-viral source. An artificial AAV
25  serotype may be, without limitation, a chimeric AAV capsid, a recombinant AAV capsid, or
a “humanized” AAV capsid._
. B. AAV Amino Acid Sequences, Proteins and Peptides
The invention provides proteins and fragments thereof which are encoded by
the nucleic acid sequences of the novel AAV serotypes identified herein, including, e.g.,
30  AAV7 [nt 825 to 3049 of AAV7, SEQ ID NO: 1] the other novel serotypes provided herein.
Thus, the capsid proteins of the-novel serotypes of the invention, including: H6 [SEQ ID
NO: 25], H2 [SEQ ID NO: 26], 42-2 [SEQ ID NO:9]}, 42-8 [SEQ ID NO:27], 42-15 [SEQ ID
NO:28], 42-5b [SEQ ID NO: 29], 42-1b [SEQ ID NO:30J; 42-13 [SEQ ID NO: 31}, 42-3a
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serotypes of the invention. Thus, the invention includes nucleic acid
sequences which 5 encode the follow ng novel AAV am no acid sequences: Cl
[SEQID NGO 60], C2 [SEQID NO61], C5 [SEQ ID NO 62], A33{§E'm 1 66] ,
A37[SEQIDN067 A3-4 [ SEQ IDN068] A35[SEQIDNO 69 [SEQ
ID NO 62], 2MPW/HEEEH 1D NO 73], 2235 [SEQIDNO74] a2 {S@Qm
NO 75], 2232[SEQIDNO76] 223.7 [ SEQ I D NO 2236[SEQIDNO

1)1tk SO PN I ¢ PR e 1@%&%‘% R odh 5
[ SEQ | D NO 87] ,424-{SEQ BEROL B]M2- BIPEQ A NEA3T]Stc5H [SEQUDD 3W):38] 42-11[BEQSEQ | D
0 90 o 2 e P A not el S B G DA o g g a1

[SEQ I D NO 99] ,[SBQ ID NQ: $5#3-23 [NEQ IDON:44]443-23 [FBED NO: 48 #MO2SEQIDNG:48Q | D

1061, 4- 36 § s ISEREPNRs #2910 RPIOR Ad g iy Kelon s SngEs 1o

F5 [ SEQ I D NO. N5, 2233 [SBRQ NO: Kb, 223161SEQ4D NSB 52J; 53 [SBQNONOE 53]} A3.4nd/ or
42-12 [SEQ I D | t h
[ SEQ EEES%%JO s@ga %ﬁﬂd nyﬁ@ ssﬁ@!g}sﬁew SEIAES ?é N@!sﬂ ese

sequences and/ ni que er eo used e|n ar |f|C|a
serotypes incl uAel2 [BEQ HONO: pelrand 4¢.2 HFEQ HANO: 59, %mbhreadl}xcznnm@dwasl y

occurring capsig,prabgal @cmﬁu&moaﬂh@sﬁeh freaeingharﬁara?dvd:emth@%ba@naml&ﬂs by
any suitable tecﬂnl que, using a novel AAV Sequence of the invention (e.g.

a fragment & a vpl cap3heinfrodersiupier epcopgaess ety SHPIXRPS SeneTaiEdYSIB0goUS

sequences Whi Chs.pRcdI@r BRhGeNAV sérét? s 3PAL MéntidAWhRS a@tgxmatédmag\@n%uc
novel) non- cont i guous portions, of e same AAV . seroty rom.a non-AAV

viral source, ofecambingntorqibaLigshpiqresdpoiie thosgofskiflig thearh) 1phwe@5m 46t ype may

be, wi thout Ii nm@édltpﬁbvcmhma la6id S¥ere@Pdptdes And RRARExPRNed AR tedBw d, or
a "humani zed" AAV capsi d. V Am no Acid Sequences, Proteins and

Pepti des The i nééNtﬁ“@‘ﬁ“’ﬁ?‘@)?ﬁﬂ%éesﬁf@f’&"ﬁﬁ“’&ﬁ@ W‘F%ﬁ‘ﬁ’ﬁ%?ﬁt@“ﬂ?é’%déé‘?“e%ﬂ%ch are

encoded by jthe é;su&és%h&praemﬂgeﬁaaw&w&ser%tmh\mBWﬁalthe%vmamaﬁg wges{ﬂ
identified hereln i ncl % 5 to 3049 of SEQ I D

NO 1] the ot hef ei’i’éf\?b‘]ymgﬁfsoti fﬁ‘@égyﬂfh@% ta‘g‘ﬂ‘qﬁiﬂfr‘é’lbﬁ °t erEpfRods. g
protei ns of theseq@neds of &fyQF LPESE@ID NOS0], T ESEQ mmomuctﬂpbsmmmdz E@sl D

[SEQ ID N E?ngs@?wﬁﬁvﬁé% 7550 G AR e G SR BRG B) e 1D
NG 31], 42-3a 31.9b [SEQUBWQAE 2204 (BRQOHD2AS0: /73R CT3-UEER 1B36QA:94], ZBQOI [EQI@ 32],
2.4 [95Q | 90 el 45 A TR R By M 50 0 8 LR B, 4472
NO 39], 43-5 [ BEQ IDNO9],40%5,[SBQ 11 RO 8D @412SBIZND; 811 32-26 [$ERHD ND. 4 42] ,
43-21 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 [SEQID
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. Am. Chem. Soc., 85:2149
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[SEQ I D NO. 43],43-23 [SEQ I D NO. 444], 43-25 [SEQ ID NO 451, 44.1 [SEQID
NO 47], 5 44.5 [SEQ ID NO 47], 223.10 [SEQ I D NG 48], 223. éw NO49]
223.4 [SEQ ID NG 50], 223.5 [SEQ ID NO 51], 223.6 [SEQ I 521, 223.
[SEQ ID NO 53], A3.4 [SEQID NO 54], A3.5 [SEQ ID NO 55], A3.7 SEQID
NO 56], A3.3WEBOY NO 57], 42.12 [SEQ ID NO 58], and @T@S‘PQE@I D NC
59], can be readily generated using conventional techni ques fromthe open
readi ng franes ed.fo c 10, The inve

further encorrpa@%gg S%W aré‘{r%?qu S%Pﬂélﬁaé‘%%i {Jaff%amkesm?me Ao R0 dangipooy wéb)novel
AAV serotypes aqfp. 2€2). Tikeepiandother s»mbckekpr@duetlcgmoxaedwulsntltgksgwiedgebfthose

recombi nant or Il in the art. The

i nvention is no#%ﬂﬁ@&ﬁf%dgﬁﬁébﬁmﬂé&tﬁe 0 gnctzlH1 erE#éhuences pepti des and
proteins expressed from P#rbcu}PdvéPSlfabdsﬁMOﬁqm&inéNPtbR:AéIVs?@qwemtees, phich #re

i nvention and EREPEY sﬁuc@emlme@ems REMHENGGT Tlésqqeaus%?ﬁla tﬂ%r %ﬁ' ns

gener ated by ot known 1 n the art, 1ncluding, em cal
synthesis, by dtfﬁéﬂsﬁyhﬁlh@il%‘ W@@ﬁﬂﬁ"-‘dﬂfb@ all&‘ﬁ“%&/‘“@l@héﬁﬂd@ﬂm €i§equ¢n®¢ exanpl e,

h | D
NO 621 o5 [SERBSERBR) L A b MG s Y ey e

A3-5 [SEQ I D N@ap%@}s comppsesif thaerotensn [, wjand zﬁawfmclﬁ sEe}ter@tlmphcps?nangzs 5

[ SEQ I D NO 74] Tt%%t'ﬁt- %tﬁ %@nk ré¥lddiGh %5&34‘1 ¥rds3s %a{ﬁoﬁ IQSan@mmg&%ng [ SEQ
ID NGO 77], 223- E

NO. 80], 44-¥] SEQ* B7 R&BSM?EQ H%Nbszl [t@é@w"‘ﬁff’r\%vpéaﬁan amwgﬁed [1@5133{7 4\@\’7 85] ,
?é-E (]_;)3| E)SECQ) 135[9)] N&d 8 seq u%é&ﬁ'l VpShiah grgnmlézylb}l ?Bg 04A|ASEQW1{§ thlmﬁﬁﬁltlon%e 5QA| 5
NO 92], 43-12 ‘[fsé& ‘bL %*‘f‘"y ‘lféﬁ“ls““f é&@%tlﬁ[' ﬂg%kﬂ[% awgﬁl?b&“f ﬁhb[‘ , 96] ,

25 43-25 [ SEQ I:Bve!@em@ze]sofé@u&au{oﬁEQ | D NO 99], 24 1 [SEQ ID NO 101], 42.2

SEQ ID NO.102], 7.2 [SEQ | 103 .3 6.3 [SEQ I D
[No Q105], 42, 1o] [ SEQ {D%P“f]@%e P’%ﬁl‘%ﬁég?%?jj" apygﬂme“h%"'i tTeSEE;) |8

NO 108], Fis[ SicrsthdDadQariablO@ionst-hcdiabaiwed Hypkrvalitblk reglods (HPHQaldhdNO  111] ,
42- GB[SEQIDNO be yeadil

gener at ed usi ngseﬁue\%)%ﬁsl’ahﬁﬁg? r?gé‘g‘%ﬂ’i%éffé‘% Agbal%’u'il}%h%ﬁvé %Pg%ﬂfé??l{%aff@@ ni ques

are wel |l known ieQudnbEIB‘&rgbﬁceSk AAIV2ihas tididedd hypervﬁ%le regighs (I-IBBJmTvm&k set al,

Mol ecul ar C onin n . Pres d

Spring Har bor, N%’Slap AP f l‘t%h%veuIr\/‘?m‘%swl e’s%b°8a§“a§r§c§'%‘é h@ﬂ'eif’é‘é%b t he

\gel I ggo;\q sol Viilaﬁhaselwﬁ)af{ut&égese]nk.hé’wls T80RDI3 Qs/lv@rtms élgceiilgyeaznﬂ/m 1;?1 Chem
oc. , ; e

and Young. 491 Hepme AR G Bl i i eniel P Bl g

pp. 27-62). Theskoraxachpte; With respertttatie sumpheoefitet Ab¥i2 vcelt[SEmDaicem\ntneHWR ax’ne

knowl edge of thpSge QIR HvRY b 166 h! HFRS 221-1RBL HORY, TbERIdOBVRS, o} NE

pr esent invention.
381-383; HVRS, aa 450-474; HVRS, aa 490-495; HVR7, aa500-504; HVRS, aa 514-522;
HVRY, 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]. HVRI 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; HVR?7 is located at aa 501-
505; HVRS is located at aa 513-521; HVRY 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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Particularly desirable proteins include the AAV capsid proteins, which are
5 encoded by the nucleotide sequences identified above. Thq ¢egyepges of
many of the capsid proteins of the invention are. provi ded in an alignnment
in Fig. 2 and/or in the Sequence Listing, SEQID NO 2 and 60 to 115,

whi ch i s i ncoRI4BY by reference herein. The AAV capsi dPC§R§3%ﬁ}5%9€d of
three proteins, vpl, vp2 and vp3, which are alternative splice variants.

{he numbering d TSSO PR LR BB o Ml gt s et g o
span ami no aci deatiBBdetermBied.of AAV7 and the sequences of vp3 Span am no

Gan readi 1y determine t het Kb Wilin ¥ QRIE b0 acBfsl oithliy b b, 21
other novel sddatifigdeThest casaiied agefipertigrar l@@ﬂqwasd@sﬁneabﬁf@ upmnstmcmg and
fragments ofs tNeifaPSid %@%eby repEGhEITVR heasseité?ﬁg@?&@dﬁ%uﬁ@gwmh AYRS

regi ons, | ocat 60 Bet wee érvafiabl e regions sequences of
the HPV regi onscasspr@r@imqvl@ssermeapg‘éﬂm Qfﬁi?ﬁﬁ@ﬁséﬂ%ﬁé@eﬂt@' denaehin fig. ar¥egs of

sequence di ver gene e, byidifd ke CRag! ¥ highgied, v&@cmﬂu\@w@ka@d&mwé (HVR) of

which 5 overlap or are part of the four previously described variable
regi ons. [ Chi or$eaHendss, Sﬁ‘}'tmg&“f%tll"ﬁ)ﬁrs“esf@efs-‘é@nlghf l_tw@weth&wké@@@déqmak J.

Virol., 72:309-gigy éelﬁka?&dfpbmﬁmalwelchmt@m/or) drdi@ed OakddgRaBnkitibRchni ques
descri bed herein the HVR of the novel otypes are determ ned. For

exanpl e, with r%ﬁ’é@i’eﬁ%“&kh@'lﬁﬁ?ﬁﬁ@?’eddFS‘quﬁe“ Matgsptpat[aémng EraeiyBily the HVR
S0 260 LR oaktheg o ntidte tue “‘““*ﬁ‘i{%p e Ry

as as as
aa500- 504; wmos'age%ssm“@zgzoups igregour it §a"ns%%ﬂm¥§€m% The sygng s agvR) 1,

as 658-667; anddehivddkda s@@\gz&'ﬁaMandﬂﬁ vidak frodpsge dfinedlak gdE06re RO.SPAr €d in

accordance w t h conventi t hods, an he .n qQvi ded
herein [See, e.g., Figur g@% ‘°"nﬁ¥1§xa(%?|lfs Pg%{%ﬁr Wtaglésréﬂ?ﬁ" g’l}lw %@ et  he
HVR in the ns)vewlt}ﬁeééeaedsmbymnﬁ)goﬂMZ [SEQNDIND70) a4 exaaale - 28ttda gt zigpg

Figure 2, one can adi | HVRI is
|ocated at as 1%&3% {6% 13%&% m7n@é 354 ifé' 13 41@% aa%@@ﬁ 8 %25%8&%@6 at as
263- 266, HVR4 | snlloaa{raem a17; as4439838,; 38594 5—25}?&1_53&5311 ah Qmaﬁoadaaassoam 45109475
e Y L N NIRRT
as 583-596; HVSEQ ID NO:2, anind eddsai9 mszsa,@mmﬁﬁ@;ds BRARL 3446, amirmcaatie@ﬁdi 639s
707-721. USI g the 2 / 1 LIS02 6 ion
provi ded orbi rimrn sora Kl Sl o b R el ol LRSS B P

can be readil yad®ite662; rae6;60 td G690adiatT0B ko 7231 Stilll ethertdesirblp sigivns, amedion taci d
cassettes of i dﬁmwe; 1¥g 3@9@ ID tdiré éeﬁéted ?Qﬁ%ﬁxoﬁf&ﬁé&%ﬁf&mﬁ&ﬁggf aa

particul ar interest, as t are use In construct
185to 198 aa 260 to 273; aa447 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 alighment 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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5 artificial serotypes, e.g., by replacing a HVRI cassette of a sel ect ed

serotype with an HVRL cassette of another serotype. Certai nql%

cassettes of identity are noted in Fig. 2. See, Fig. 2, pro

Clustal X alignnent, which has a ruler is displayed bel ow uences
W bEfpRaRY

starting at ?8?’4[2??@ first residue position. The |ine abo Per is
used to mark strongly conserved positions. Three characters'(*, : , .) are
used. "*" indi eadigSutiRaR S Traghthtiibyole aa@emeed%ec%hﬂﬂkrﬁly ol‘-w&té{erglﬁagl%\éﬁ{!,
residue. ":" indicates that a "strong" group is conserve .

| ndi cat es t hat &&» SREiREYMtheNSoup is fully conserved These are all the
positively scoring groupgekdy@énces; frateins/ hnt Iﬂﬁgn@ﬂﬂ@ﬂhe ﬁﬁéﬂ%@ﬁ’nﬁ?ﬁéﬂr&ducg&@
ups are

strong groups are q(’jbflned a stron ﬁ?score >0.5 and the weak group

defined as weaRWYSUHbl s mcﬁeaﬂsch?m'g @Plog%gﬂfbp@gll%fsya‘@m orsqtfief gptythestic

fragments of AAVarEapﬁdhdﬁodumbhuﬁ&wds akbwithih the keSAEIEE of tRosk BESIAILI BRG] Of AAV2
[SEQ | D NO. 70] 28: as 81- 85 aal33.165: as 134 -

165; as 137- 14%ren %“%E@E?“‘i%%fﬂ%af’é"si@&“’i‘ﬁé’“ as 261-274: as 262-274: as
171-173: as 413-417: as 449-478: as 494- 525 as 534-571: as 581-601: aa

660-671; as 709, 72 Still esi r gnents include, for exanple,
in AAV7, anino dé" oglu Qtenigr&wthggaql @S‘g%lm no acids 199 to 259;

am no acids 274 to 'ﬂ%ﬁnveﬁfﬂnruﬂcmad&rﬁﬁa MPd AA‘?Qex@t%dQQieﬁﬁﬁéé%y@%o to 706;
am no acids 724 to, 736; as 185.t0 ,19 to 273; aad447 to 477; aad95

to 602; aadB0 {BEHEEPGIAAEH STV DPSARY Seis S Arice P BNAend/ergelina
based on the mawtielnmthghe@é viRWegard aSioQaleDinNatzd. ,In afoteSRb&E tiRprdst@tAvaiiBRd t he

roup consistin 85. 1 98: 0 273 447 to 477; aa495 to
802 IOaa660 to 8%§% afﬂ‘ae"“;% '° 891 He "°Kﬁ?‘%¥ﬁ°%m§$ ?6 YFt“t‘?ﬂ’H\?i“Ei’éﬁ her ei n
per f or med usi n@agrimts(ﬂmnedf br p(octncmroﬁmotebuleb&ﬁeﬂml ifi deiber 61 4 hef@Slogo@d ged&bny
ot her com"rerma Ic 2 cachs e%esat ;ta ep al i gnnent prograns at default
settings, one 3Ky lIe'l TRECE? * CLAY F%eadi | y determ ne correspondi ng
fragnents af the noVis moléb&lds oftpsinemtiaf whitiecdntainasedueids of@nded] AQk&Sdefo@glpE Qf

roteins are t 1el.n
gnd f :Jnct i onal H'@A'rlrtg’rqﬁ 'Ecu[%ﬁ ye%f' alclk ﬁeglle'%évcﬁé’% “g‘w& may Egd‘?l“’?rﬁé\lofim“é@“ 2172 to
30 372, as 37361gon4«¢¢llpl\&saAldsn1ﬂ,@h@3trm{spo§&chsmld\l€m§bmeﬁumagmmt eInSviral
Sui t abl vy, h S

urtably, suc géelf‘@%%ﬁ}h% Ige% r8i 3!; a'se%%ﬁltrﬁg \ﬁ'ﬁl‘% Qﬁ \%" !:h ans er tLe ?egifeﬁ%es 8%?{%11, n OV el

3. Conparabl e ns ca ntifire eins o
AAV of the i nvéﬁteiobn Thesglagigd VWQFMEWQ#M@Sd W@smultb‘ddmbtb@d%lmluamgi t hose

which are %OV\ﬂi}ads&cﬁ&ﬁ el@étltogorh SdnhetRtivel r)'72 j\vﬂgjg@g&}uggxﬁ 1:8 hlﬂﬁu%s?ﬁﬁ g& tgengt hs

may be 22 1 0 MV 2 42347 PCT] USO uch
fragnents may P@‘%?Qﬂ&d Peliptss Weab ictenrang progaplashfusianh eThemtmémlsed tosamsgyct e. g.

c hembc al S)ént hg@bénboaﬂﬁnﬁﬂ%ﬁﬂﬁﬁﬁ@n 496 RGNS thoR Wit kit HRfR 20 nfalifBuhdbyent 1 on
ma e produce
y P - and 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
AAYV capsid of the invention (e.g., AAV7 capsid, AAV 44-2 (rh.10), ah 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 edge of those of skill in the art and are not a |initatfcWAoR006 he
present invention. |IV. Production of rAAV with novel AAV capsids The

i nvention encowoeB®esInovel , wild-type AAV serotypes identifdrusobysstshe 10
invention, the sequences of which wild-type AAV serotypes are free of DNA
and/or cellular material wth these viruses are associated in nature. In

anot her aspect, STIHERCEY ds@NgEmpofiBetitisTer Hidsan saueness pieexpressed fiomenpants | i ze t he

novel AAV sequessifées (g, siRrate V@b, 09 B host 8uHllakdla Vedtor)f [AGBRE embbIRER Hese fep"
production of mol ecul es usefu of a heterol ogous gene or " ot her

in delivery
nucl ei ¢ aci d sedUREHCERS %Passe%?a@fheém S°“rf‘?3asﬁféaﬁ’rﬁﬂ%“é€ﬂse this embpdiment ghet i on
whi ch contain se@lwmﬁﬁs mﬁy e fasaY & frafdo Eprsefuliees o7k diffeltft A AV 6ty RN Fonghude

tic el to a host cell ,
aked DNA o pl Aunv ABRagh PPARERB KT el oS e st o o

non-viral deli vmgnsmghsdéc&d(nansgme “anchuqcﬂadkdda;saAVcSarm MENAWI TR, etc.
which transfer the s lence arll t hereon.. The sel ected vector may be
delivered by any sui ﬁg rlélongfrﬁb 8'me§thglf t‘ﬁ%cﬁoﬁsg&)efﬁ’b?dr FFUYcQREin gHcleic acid

el ect ropor at i on sequénsersoerelingeh inteet AAV apstdvéiivg xﬁa;aBéMnhaﬁgmAAUQSmtybd @,
velocity DNA-c v n n_an | ast fusi

met hods ™ used to%(?‘ons F%t})(lt:rle%&'bl AA‘?TEO%I&“'I&??&} THrS ngf‘R? FHGP ECR ‘ﬁ‘i‘ﬁ/\n

t hose with sllQl I Iartlﬁnlalrpapsﬁds|wblchc<|>rdammr¢|opmbatﬁagncntsanﬂd1emmmdeangtﬁﬂenbvaAV)

engi neeri ng, i r qu Sge e.g.
Sanbr ook et aI %13 EE@?‘%P@%%‘I&%&E Amor r%gorAZ\{%%&el{{/gt%msf 83}??‘) g Har bor
Press, 25 Cold Thpse iarrﬁlémﬂam@rprotw arg -wleetn@frmwehomms rtomena/ﬁctheoﬁmstGor t he

| nvention cont akRyReGHENERT) & ﬁ@@fﬁ%(ﬁp%‘é%thegﬁ ARGES 18E b iBe TGN OF
(e.g., AAV7 capsid, AAV ? { cap f apS|d
an AAV12 capsi dﬁ°5“61?le@quéfb%ﬁ?d"lﬁfegj% ofenegpmere of the héé’e'pM\g ,dagsiodmore

Al ternatively, bhgek Fv@ﬂi&lerf@@foncs'@'%t ﬁPVl-tlBﬁozcv%@Sah&*o 9L fl Roth&ex r?? [ @g’qynt

t hereof, itself. 30 tional I'y, vectors of the Invenfion may

sequences encodibhgesisgle tPé‘EF’ﬂ}Srs@fté?df‘?E of the¥n3 Hf‘éiiﬂ ©EHSe rikhess l'md}ﬁcmnf nn@mbct he
same AAV ser ot yReinWedsé Ekphesid, Pivid HnBr b Rprot %%rlﬁﬁéhqgﬁl%%elcc@dtc ehighpvely, the
present invention provides vectors in which ep sequences are from an
AAV ser ot ype whiS¥HEMs; o £es28other desiredprrposiic e to c@arm tswm orlterineutealiging@@titodd NKY
2006 WD 03/ 0423@ditdps]/ USO2/ 33629 sequences. I n one enbodl ment, the rep and
cap sequences are ex ressed from arate sources (e.g., separate vectors,
or a host cel and a 6‘ft8’Ff35°“tf?d§?fglf'+Feﬁ- 2Pl Hepretvl @hé&”é‘eﬁyéﬁpu%@%@ﬁces

are expressed f apattiofarbavel sGited fer@isais pfd’rl&ctﬁﬁi@f a&ﬂﬂ@%ﬁ@"ﬁmg h @apfslh le&mprising

enbodi nent, the uenc sed in sequences of a
di fferent AAV s M\?%ﬂ%mf oE %ﬁaﬁngﬁtythercof ’Phese vectors, mc?udmg rAAV their elgments,

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 adcno-associatcd virus (AAYV) sérotype 7 (or another novel AAV)
capsid protein, or fragment thereof, as defined herein; a functional rep gene; a minigene
composed of, at a minimum, AAV inverted terminal repeats (ITRs) and a transgene; and
30 sufficient helper functions to permit packaging of the minigene into the AAV?7 (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 frans. 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 fl kzﬁg by AAV
5" ITR and AAV 3" ITR Thus, in one enbodi ment, the vectorsH’eﬁi d
herein contain nucleic acid sequences encoding an intact AAV capsid which
may be from a WOMOEIBAV serotype (e.g., AAV7 or anot her nRAKEVSOARGIO

Al ternatively, these vectors contain sequences encoding 10 artificial

capsi ds which co j r ts of the AAV7 (or another novel
A capsi d fusEmRiaFeinoRBie b AU Rastuleg®, dpsfatry Rue bt
fragment s t her eofupctionsyimay be proviidddi byiagtable hgsiet] whichthaes teen aginesds Rl t€ 6dn€h drie@m
non-conti guous p I . vel . capsid or from
capsi ds of ot herﬂﬁﬁgfg{uﬁdgg@é@oﬁs ‘gesg{ r%eﬁlg&t@? &'ﬁ%;’h%%(’égﬁ)é? ﬁ‘ﬁgléeﬁtj% nodi fy
t he codi ng regi odatdy, suphe staple ot ecllofill containipasreqyited cammnent(syundereheedntrodoe 15
of the hypervari j (i = 1ley) : vp3.. lIn
bk Bk St Mooy TRV ARoomBlnel B ma AL Rl e | s

anot her exanple, it _may desirabl'e to alter
protein to GIG SHESEIVEBE@MPEE HX26HRiss ofeyitable indueible prdreorstitativequorestgs am, i el d,

and/ or to i nprovgoRdddihkleminl thidchsstoR 8f RENAS) BEmERLEDRI T Use Q?’fl’fﬁgnl Egeﬁ% for

anot her desired ggr_ ose eSie.grj. ,. Lo change tro&l smor alter neutr
anti body epi t opdsill angsheraleTiativg 8 seldected gtable bpstrel\ maw pontaineselgoted compbrestid)d, ar e

useful for a varirbstidon®dlop@osinlvdpromdicPand ikl ithiad dohplfRbls el /¢ for use
in production of a rAAV cont ai ni ni(glﬁa capsid conprisin AAV~Sequences or a

fragment t het®of SOMHHQERNENE MOEs iRducidleprampiesy Fpmvpplp.wétagle &vst ertimay be
construction, angneseswhitRisdewet F6d03 &lid@hith boldds B1 Reipet ﬂ:a&[bﬁs &ggﬁﬁé , the

i nvention provides thod of generating a reconmbi nant adeno-

associ ated vir us°°(‘55§\9?§ﬁ°é‘§ti‘tﬁtﬁ"’8??"ﬂm’%?” by pratains thsrepand/preap proteins lundeatite
capsi d, or a poshirsiof indevitepromSCNSHl st Rtde ROMRHUMES b6 Yhekbicd BY o J?glﬁh cel |
whi ch contains a_nucleic acid sequence encodi ng an adeno-associ ated virus

(AAV) serotype 7m(t #Manot her novel AAV) capsid protein, or fragment
thereof, as defined ITaeeiimgens répseqich@nabp fe@Rn@ERRI helpeFTunbi@RORquik@BOSEd Of

at a mnimum AAV I nverte rpnal repeats (1T and a transgene; and 30
sufficient hel pe ro‘#uﬁlﬁéhc ‘gébﬁ)(gmﬁé}vﬁ?t‘fm 815%. adﬁf‘YFQ‘ﬁz% the packsgingihggt g lipthedomhe
AAV7 (or anot herof amogeatticARuenioetpiai teingier dieakquencdd\@rrz0 FHIRBE Thé seleBed pdnaisk t 0 be
cultured in the | kage an, AA i.ni.gene in ap AAV capsid may
be provided to t‘ﬂgﬁeﬁgto'g% t&eedr%{?vef’eﬁ% rg n%&abkl“f%pa?a{?cil@gwl}“%‘?ﬁcr@ﬁ%he&'“-r}rg?e 24 10
MY 2006 WO 03/ 042887s RETUSOR/BEOP 8migkintchiof tticjtventish spP @A Bthcse (/@h Skill in
m ni gene, rep, se , [or hel per functi.ons y be
provided by a st'g'gﬁ{ea_gﬁggﬁ?ﬁl@glf@%\%ﬁ(?@%ﬁ%&se&@g%"r%'né?{ﬁ'igﬂg@mﬁ'a‘ftﬁn%‘@ﬁ‘? '?r}’%one or
nmore of the requivribelicdeshpiairendes, wgi Sagibreek tteli MolendenCléningt AoiSsebor@toryWanubl, i n
the art. MSt  cold Spring Harbor Press, Cold Spring Hatbor, NY.  Similarly, methods of generating

rAAYV virions are well known and the selection of a suitable method is not a limitation on the

present invention. See, €.g., K. Fisher et al, J. Virol,, 70:520-532 (1993) and US Patent
25 5,478,745,

A. The Minigene
The'mini'gene is compoéed 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 L. 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
conponent (s) may be under the control of a constitutive ﬂr(b 2006 Exanpl es
of suitable inducible and constitutive pronoters are provided herein, in
the di scussi &P‘Ef P&bul atory el ements suitable for use wi tPﬁT‘fUﬁ%mt’f%ﬁnsgene
In still another alternative, a selected stable host cell may contain

sel ect ed conponemnbohelts inumtRfiertwhizh perfiits @insne BarS@PEbH, trbtsialish, Mapot er and
ot her sel ected co onent@st)scfll;nder the 10 control of one or nore inducible

promoters. For “&xanp! &2 bl e host cell may be generated which is
derived from 293 cells (which conTiad compbsitvalopme trindgeat iedihcs Wl REpenl) Bpon

control of a c ! ter h cont ains the rep and/ or cap
prot ei ns under ﬁ'{é%ét%wh%ﬂ%ﬁ%%wgﬁc E?Ew@rléep\éToFc PDExamale, ogg fype ofdrepseenest abl e host
cells may bé gesqeemat indluldgs aoepertafseqiide) whlch’Upbﬁlékp&'fsilon pt&uddd@ detdMbeERial. F €P

df d h
AV of the | myaputiener @ i St T Rh A By eredtins Busamee, Lo

form of any gémselattesidaseiined), altalindphosphatase ghyniliiee gyt @reeBudbabdni @tefnher eon.
The, select o0 oG i FhARRA oIl B eob, S0, SO LSCL & o
enbodi ment of tmiuémg,rfweqxwm Gh2e CRAIVRE, the inflverse henhaghiutinliei prbtein/und Gtherc| ei ¢
2013 TNt Pt MRS 0SS HRRS i SrRALIERAL o SRR RN 2T oot T

and synthetic techni ques. &P ®9 oni ng: A
Labor at ory Man#®fuced PJOFQ!‘V@@'PI% geasrand fusion potsins GuhptisBp r magbraier toorid prbh{m

Simlarly, metBosiaklydeie iddnlahgken faé'%{né’lil Frb @ iEnofh %gthé@@ h%xﬁa gpm%g@ﬁy

sel ection of a swtable nethod is not a mtation on
invention. See, e.g., K Fisher e?heaqcodmgswwms Wheﬂ@ssﬁﬂﬂecs\aﬁx(sgx%&y and US

Pat ent 25 5, 478eméis wl%@h drive e eMr&hlgﬁ Deovite SighlIdHeREHA. § fr)f og\f)em?o g rgea(r%;\A at a

m ni num a transggne and | ts . requiatory sequences, Vv
i nverted tér ing FReymaticy Tﬁﬁ%’)‘?“q, POIP@T‘thﬂ, uormwpg@mwemmdogmmqoawyaged

into a capsid Ridésénd a@atind@ki éb&rrﬁdsshﬁ aﬁ‘d %IILFISIB Qal Ek‘;’ﬁis t:&c‘ﬁld
e

n en mehl
transgene The fransgene I1s a nucl eic aci d seq ue ero# chdhe

vect or sequencBYTYNOSaREnt2ssayHELISAY H@Wﬁ@""%ﬁﬁk@-‘@?@é d@y-mahlgotihyrpsm i Ebe,

protein, or ot Eb&mplcpd‘vﬁldmh& mafXer defllefdeaSihie L%ﬁl%&rg(by@lk efen%\gf g.g %gdég%?ﬁ?gquence

R AR N TR A ) i
858 AGtivits Whezathejieanegene is green
transcri ptizon, ﬂudresneﬂt fitotednor levifekasey 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 acnd sequence in
the treated animal. )

The transgene may b.e. used to correct or amefioratc 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, one type of transgene 5 sequence includes a repor il MAeRIEBNCE,

whi ch upon expression produces a detectable signal. Such reporter
sequences i ncM@es/04§9T hout |imtation, DNA sequences encodiPGd/Us®/I3629t anase,
0- gal act osi dase (LacZz), al kaline phosphat ase, thym di ne ki nase, green

fl uorescent pr I nsf erase AT) ,

| uci f er ase, rﬁ{ac%mta%ﬁdg mgbteglgeﬁrs@ Q’l%ﬁ%leﬁ& aﬂ" %)  Prd an°5|‘%°“°ea(s§,§fm, CD8,
t he i nfluenza heemlggsloupiotwm ﬁhlebdampblawuerahMesfﬂneDmdncdﬂmgwma priteinhe art,
to which high affi ntib e th £X can be
produced by con%@nﬁ%#ﬁ% %T% 1%9{"1 i g‘ §%J?SI or1the @Egcttﬁ%r %5&3?’7%5? » % qmenbr ane
bound protein dysropir prateinl Yn drdes dot theaelhto mcmunegmﬂm&guhﬂﬁ)momm‘ & 6dMis armng
others, hemaggl 'iﬂféc'ﬂa'd@v V\ﬁrthechmbi-EBﬁ%ﬁus%g%Hﬂ 2achl BFHE & &érer%} lﬁﬁgnﬁ gﬁtgl gtt eg,

regul atory el ements rive their expressron
det ect abl e by c8iifpesntsubuvits ofifenigtein magbq encoded brige mmgem, Irthid lcasg,raa;piglec

colorimetric, fhuQE&aSaRAL&E tﬁngQAréﬁ\JOdﬁE@&ﬁ 5ﬂ9£ﬁ i, WR SRNA £ reédlags i ﬁ
activati ng CE' | sorti Nng assays and i nmrunol gl ca assays I nc % 8 Zyne

| i nked i nmunos &PBBIs b)é@’s‘&ﬂ?melElPPQ’A)C enrpgite Ol ﬂ"dmswgara(olalwh)sn thndxze of the
i munohi st ochembNA eheodidgQach FXREMRits 1¥V§1ﬁ€llee % NGe BRI 4R fﬁ\@‘ﬂ%@{] pe LacZ

gene, the presence of the vector carryi ‘he srgnal 'bg y assays
for beta- gal'dct &dupibapd te {RES ‘ﬁiFss‘VWé'rVéktl sef. rt“émsgl@n@tlvestoguws BODNA may

f1 uorescent prOb@éeEan@tEd r!);waq(feeéeas&od,w@zxs@ph@é whidh Eer'c'ibqus*}?a %Eg&%kla{?gm be

nmeasur ed vi sual | col roduction I n
desirably, the P%/ hssé’;%ﬁé R@ngﬂaﬂg'n‘éf’ﬁéﬁ%e’ﬂt?éﬂ@épf 1):%%@919&7)@0@0& ethl ch

is useful in bi al Goy med smgtsmmalﬁummmmﬂ €105 ,GeP@P}Feb d@(?@
nol ecul es _i ncl ude RNA25

enzynes, or cat Desi

ri bosomal RNA, @ﬁa#@ )Rﬁlﬁ%weptgﬁéf S@HFR!E\I"@%‘E”W@ andRES, making Fte"eﬂﬁm&d frsef ul
RNA sequenaé i sscawimespaeric e limhing hactﬁxtHthrﬁth@&leE%@ﬁ%ﬁeh@ﬂaﬁénc@detaﬁ}'; get ed
nucleic acid seg transgene may be used to

correct or aneli ‘8f§{°%‘ygaéﬁﬁ"é pmgg‘fto&%é‘ﬂ@f" §°t %Ia@wt&e 9esi‘rFR¥? foagudyefi ci encies in

whi ch normal genes are expressed munthmsﬁaﬁgkn&shaapbB&EdIE'selE&éﬁedy%n%f kill jn
defi ci enci es i n whi,c fun i onal gWguct IS not exprfesse A

preferred type SF 2 Elhe sﬁ@ﬁtg’ng ﬁgﬁ'@%e“ ref fubegdistitetien ﬂfﬂ!ﬂ'éi’%tl@?
pol ypeptide which is expressed i nReguhﬂﬁyEI%mbﬁts The invention further
i ncl udes u5|§g mul ti pl e transgenes correct or ameliorate a gene

def ect causéd by a nulti-subunit p?‘&&g??{' to fhﬁ maigr ¢lemantsddentifiad;aens forghes 10
MAY 2006 WO 03/ 6Wii3a7, theCeituiaa/i13Bda3onventional control elements necessary which are

operably linked to the transgene in a2 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 frans 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 V\ﬂﬁwml ze of
the DNA encoding the protein subunit is large, e.g., for a -

i rmunogl obul i n e platel et-derived growh factor, or a '
protein. In or‘ﬁ‘éw?‘%&t he cell to produce the multi-subuni ?‘@"@@@WB a cell
is 5 infected with the reconbinant virus containing each of the different

subuni ts. Al t er medubnted, sholudidi plofoRtwhidnary Hative, @hstAutive AidakiBle Y oliRgeNCcoded by
t he sane transgene Si ransgene includes the

..l n this, case ngl e.
encodi ng each ofPEH: aéﬁ%l?ﬁﬁf‘f“st,%emfrﬁ"mé’gﬁﬁﬁe‘%or each subunit separated by

an internal ribozyme entry site (| BkuplesdidofistingivlfiombRRliRuaBaRmbite si ze of
the DNA encodi gﬂtitﬁtg(:h ubunits i.s the total size of

of the e. g. > |
the DNA encodin ony G LETBYIFRY g‘%“sé‘ﬂ&o“fah"éru*f é@g LQR progeter fontiomally witiihe BS¥ses .
As ag al t er nat i \eehancer)athe bjﬁ&gak)}n‘ms vamobﬁ(oﬁ&)ﬁﬂ[yaﬁiﬂﬁhéw %P&?Eee,
encodi ng a 2A pepti i,ch o sel d.; i.n ost-trans| ati gna event.
See, e.g., ML. ee%dlr?(rglgﬁaft%al’eéle”a ;Zj%g@égﬁl’/%hfgﬁ“&pr?@?ﬁ’ %'f)d%@mﬁbiatq@@wta@w) :
F:JH er, S., het padmotdfsehmﬁ-a'dﬁepromo?(,m)nhﬁﬁﬂgwié}ﬁl(lduwwmin)oi;ot&,laﬁd)thb'*EFltﬁt
a.,GeneTer.,ﬂcgeQ' safhl 7 May 2001). This 2A peptide is
significantly s 2 erh{lﬁg#@r'l] | RES, making it well suited for 15 use when
space is a limting factor. Howevehdutible peaiotars alidwreguistipant pemexpesame any

bi ol ogi cal | y,,actj rodyc e.d., a product desirable for
study. Suit abl e abggaﬁ%g%ggﬁe% egzéégf%etggli Sﬁ@*’q‘éé F%Qogﬂdso?"%ﬁ@nﬂtﬂsfﬂ‘?t?rﬁ S§GR ast he
art. The sel ect itompegfturt,fve titerpresenpe 08 bimcifio physidiudicdbstae ofgd aBfte phdst,d t ati on of
this invention. .. 1Re(g&l att%]E.X §I e”ﬁ{ﬂt 5 éo In Fﬁddj tion to the major

el ements i dent i PREGUALBYECRIHIOR fate obihp pella AEin replicating celisonly. sdisible udes
conventional comkdmiters hRTRMCHINSSEHS aleYivatlable frodl Bvario OF althMelclalififket © t he
transgene in a nmanngr vmhé:u?gggrm ts {ts transcription, translation “and/or

expression in a Reding Wy taliPna oV Hrogens Clanteshyang Addads Mangothensystsmedavsi t h

the virus prsodugerdeayibkdiend K 8B idadly schbtediBRcheeEiGI th the REEARMed drnked”
sequences include both 25 expression control sequences that are contiguous
with the gene of"upiPlsPEBOtessTREIALGY DY £3qa8RPUSIY Bipplicg IPraseatausindeds théwitc-inducibla

trans or at a disﬁ&@ﬂﬁﬁl]&tﬂpﬁ@d’@vl’lf)|pr&ﬂ&r,9€eﬂ%xa‘ﬁ{etﬂa§b§1@{lfe§f—induc@ipﬁlgl?ﬁ&n%ﬂm%&nt rol
sequences i ncl ude agﬁlrlsg&é\h‘at e transcrlf)tl on initiationh, termnati on

promoter and ent¥pR ERqeemotessthe TY palymeraspprometenwain FYOI8(A088%: thach as
splicing and poleydeesét pomolePRiokAN, Pﬂoﬁl%&l.%caé%‘g#g@zﬁ@?:fﬁmhsl31%8&)5,494 lize
efficiency (1.

cytoplasm c NA: seguences Ehat enhance transl ation

Kozak consen®us 'SBENGEIFERTessblesYsTELIosEeR gahdrioralieh AprdoBaii iS4 B%BIATi 56§1  and

when desired, sqipIey)abstetrdchdire-HalablE §/sBATEEEIQPIS-id R 260CRESYsr SEBGLe A

great nunber of RXBLESsI.on con rol 27 1} 0 %Y 128006 WO 03/ 042397

PCT/ US02/ 33629 2150 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., 4:432-441

(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 constitutive pronoters include, without [limtation, thetgegsoemeal Rous
sarcoma virus (RSV) LTR pronoter (optionally with the RSV 5 enhancer), the
cyt omegal ovi r uvq @WN239Dr onot er (optionally with the CW enharayarsp2/jasme,
e.g., Boshart et al, Cell, 41:521-530 (1985)], the Sv40 prom)ter t he

di hydrofol ate re%{l % Qm)te{[{H %he Oa tin pronoter,

phosphogl ycer ol ¥4 B{ef JFOhBRY EEMEnts Tip taﬁénhﬁi"—qeéelefﬁ"r“&n%h@tde’[}'laﬁi’}l sitesefen] .

| nduci bl e pr ormtlewzakainls@mrsegux’-caimayralsefbegsaae: 1R MBS AAtRE exdfdessibl Can be

regul at ed by exogenously supplied rr@oun envi ronnent al E@ctors such as
temperature, or the presence of a 2&5’ REPMPOlmoRof s fetsgene dcliydes a transgene 4c it e
phase, a parti copeablydinifetés etidsueadpeaific Boradter. &br inince,ef dxpreSioniimskeRRAl hedlel N
cells only. Indugible ro u ystens.are avail able froma
variety of cogr:’rrelgges"fd agmm%% %t'%? lﬁcq‘s%e Sq‘agld\%l ’ﬁ’f% ?“eﬁ? Wfl{"iﬁtl‘%?f°m?tﬁr\§|ﬁﬂnogen
Cl ontech and Ar i gedes eMading ckebetal Bt mywsirhipiechin 2heeﬁtrd;ﬂﬁcmuhﬁa:branﬁb lG@d3e, be

readi |y sel ected, ll%}%nﬂ&wﬁ#&s!ﬁ xloﬁo{eﬂ%rlﬁlr 1v1t|es§|l %ian nﬁtaﬁahnduci bl e

pronoters regul ate exogenously 'supp HacHes
zi nc-induci bl e prometprs (et kil o o, maomoreeh(mlw@%twem Extalvpleslebpaomdtératharuee

bol yher ase. pr onoy S GecERRn £ G it MM 1, P P41, %%{595?5}?3?@ [No
et al, Proc. Natlepatig Birusore projspter, mdigead.-, §8m17hen SOBPP-9 (1996); 20

tetracycline- rep m t o Sci .
80: 5547 5551  ( 1083 ?ﬁrﬁtﬁ@@t&@r ﬁ‘kﬁgﬁﬁﬁégff E’F eﬁ’g" s’it\%hé ’33@ @hb ,

Sci ence, 268: 176‘1513!! Etegon y A@é@“”a’?e@@2%5\7%@,(1%&7))ab0ne@aloprotetmcmn e@hb,m
Biol., 2:512-518; h t
io " B2 Nhbn, RE e11 3544&6(1 9%?5“&h9ﬁ%%ré¥(t§}:%”hm[s¥i%?%3§ Iﬁimo(z 1997)]

Bi ot ech., 15: 239 243 (199 g;
and the rapanyci ¥1i1Q¢f:8 (15p W%‘?bﬁ‘%b"éﬂ chain; Fpell rceptor ¢ phain)meeronal such as

100: 2865- 28735 ZeutohIPetiflc- enﬁﬁde'ﬂhSB}tpr&foteter%rsm et'aﬂcu’é‘?l' %IENQI;'%'[ £4.50343 ch

may be useful in _this context are fhose which are %g’ at ed i’lS'a specific

physi ol ogi cal st@P¥): “QOﬁIaWCQFr‘E@Y%{'P\!}ﬂé“C Rictiplenghalrac. Netl. 4eadiSci

differentiation sd:sdes5@foo))ane eeheur@-spedific @ ki qPicisli &8 | Mot 4anot her
enbodi ment, the @?éﬁl vqugo:%%tner ef ourr tsﬁpg tr?ﬁggeﬁel vv: beuﬁ@ %37%'%e native

pronoter may be iR Bn it is desired that expression of the 30

transgene should mnic the natl Ve ©pbRHS, phiamid! bfryialtheteRicANDLsEhI miy be
used when ex%esm on of th @&S@Ene rrus be requl ated tenporally o

devel opnent alf y, "OFENG “E‘fyta giable mar ﬁ’éﬂ’rféi’",”ebF“F%eré%ﬁé‘éﬂﬁ§Q§l“9ft935

speci fi c transcrénpbdimguhetisinj iggkdmicid or parifydin RektaReednfBRErs. SBh leiQtMRY 2006

\é\? 2ﬁ{’] gﬁg g r9 7 e :Dg;lr__/e USI’%I%/O§ %1?1‘ (%l' %Behsﬁ%?@:ragfy\f ¢, teig%gc?e t|1e vira (g)Crl]lE)rI;‘lgiliO b% lreestr:TLFeg %}g fhcs uch

method of the mventlon) can b:b L?sr;d ?ol 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 tissue-specific pronoter. For instance, if expression 1 Mireiopg al
nmuscle 5 is dg§it6digs@ Promoter active in nuscle should b b33 {}ese

i ncl ude the pronot ers from genes encodi ng skeletal [i-actin, nyosin |ight
chain 2A, dystrophin, muscle creatine kinase, as well as synt hetic nuscle

pronoters with é\@fnbéfécﬁdu&ﬁthi’tltl&b&re shitaple farad Ea%lbﬁ Xndoéiﬁlblﬁdl]y nﬂegr&roﬂi’mt ers (see
Li et al., Nat. Biotech., 17:241-245 (/19 ,1}? rH) es of pronoters that
are tissue-speRpharyoticeellsmagimpaligngells, prhofh. ﬁ@ﬁ‘ I(ﬂ")S’ﬁ‘F%ME%t%tCaréMmgtheJ
Virol., 71:5124% 3&\(m&%)erol&g@ué}ﬁcﬂamemmﬁomamtssqu@&é@peﬁﬁnm?f??e%heau éd et
al ., Gene Ther. 1002 Ar but hnot et

g1996 (g pr ot ei n
al., Hum Gene nm@ene I 7“‘?@' tgs ang o R@g%%tes apdselectiopmaisesfprhese PEeBFn et al .
Mol . Biol. Rep.Seledéhblt 8l of kPSHe) kened)ﬁi}einﬂlkcﬁ|s£&061@5ﬂn6bd(n@@%tlﬁﬁ h@bromicinJ -

B M R 11: 654-64 (1996 2
O R I e s T R e A Y ceﬁaEéﬁfcta?L@cept or a

chai n), neur onalep@tesstor aﬁrkéﬁgeneumaocnmpemid dgnalthd @esence DISkY veotod baéérial
(Andersen et al b 13: 50 of.i ] anment

sty S el PR Do oy g et o sl feign 1

| i ght-chai n gené
(1991)), and t hef repigation asjemciriplien)sgth ag@wanﬂ:ﬁéomys@hn engloyink the Hyetein @ar:

ther apeut o 1y s ardRPBFieR ARi3mgihisAlR, o HEMARBUGR SR mePker s or
reporter genes higlycdppepisal sghpammoethe cdhcB:dferagIygm?mbhemﬂmrm;(gmonmﬁgene Er
purimycin resis . ers.or_ marker
genes (prefer abfs%'?gegtae e ou?é”rﬁﬁéet lﬁlﬁ%‘?‘r'sgﬁéng%%@bhéﬁ? r(r)lgtﬁ'gl tlt" U& by t he

met hod of the |€wrenmatbn§ AdahlTRehetesdagovomaleayleed’ ITﬂ%l)exapbwbtyoaegr&tcd inie ttpd asm ds

i n bacterial Celdime oftHEhbsARI MR Eirbhblrb®Rd 3 ANERon Nl hGMRRNIERLS Of the

plasm d may inc ean origin o replication on o ese’and
ot her pronotiér sthamdnigeae may beresprt in rgultiple capinsoprienatinia headriotheadsireyd-tortaily or

sequences are apfid. ahk&caélﬁ&s Suitble tra%@@afoﬂ%hrﬁéueﬂrckrﬁ) en@@iﬁg}re,gmgﬁe cited

therein]. The conbination of the transgene, pronoter nd 5 and
3' | TRs is ref eptilized todelivsr the minigengfefherhosisell. ease of reference herein. -

Provided with the teachings @Ene?ﬂ%ivﬂeﬁ‘ﬂﬁﬂ&ﬁl@@he Vedl6r cgﬁﬁﬂn tﬁ’Jmlg}ég%é)?l very

m ni gene can be made by resort to conventional tec
of the M ni genetranstegliometbg ¥agion s delysted ieanjamppns fiainraboyé heg ’@dho%éo%mmﬂédncbn any

sui tabl e vegpOr prefordBly:abdut 102581t 90 ué"bNﬁh.o hb%ufjlei 10’ @élﬁ% %fbgutq ){}%Btggl AA?S 3 9The

plasm ds useful in this invention may b
PCT/ US02/ 33629 @ﬁ@f%f@b@ﬂ 1 gelis. tH?&FVer,ﬁ'welaﬁ"@ aslewttsaﬁlvectqr&NAr fofpstedllsimen and,

optional Iy, i ntgg4dpiste@tallin} into consideration such factors as the selected vector, the delivery method
and the host cells selected.
B. ©  Repand 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
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prokaryotic cells, manmalian cells, or both. These plasm ds (or other
vectors carrying the 5 AAV ITR- heterol ogous nol ecul e-3" I TR) contain
sequences permtting replication of the ninigene in eukaryd MY 2008/ or
prokaryotes and sel ection markers for these systens. 5 Sel ectabl e narkers
or reporter g¥UM/OMY7 incl ude sequences encoding genetici nPCHYRPEIPEIin  or
puri nycin reS| stance, anong others. The plasm ds nmay al so contain certain

sel ectabl e repeLiBhic welﬁ%%kﬂvg%@ﬁest tAWﬂAhQIZU&R% LA, A0S, AT,
presence of the vector "in bacterjal el ch ampici|l'in resistance.

Ot her  conponentos orgfof tis@oYst HEIARES ey 'F%‘%ﬂ’%‘&e Fﬁh“&'ﬁi"@l“ﬁ reRyB/68 SEUPCEY PN and

an anplicon, Susel?roﬁwt\mvvﬁ&msltmépsamts@;mreeﬁmha@ymﬂmwe Epstein Barr 10
virus nuclear antigen. This anplicon, system ot her sjmlar %p npl i con

conponents pernmit hi gh copy Rpieconpdimpaidhy *E’étthlbsr‘iabilyrF"t“ﬁ'és@éFarpé B{% er abl y,
the nol ecul g C%&&&H@Qoﬁt}womsﬂmwp%mdt@ ixétﬁd@ﬂfo@&de@ﬁbédﬁb@vet MSﬁ&blfablyy\fﬂer e l t

may exist transjently, Alternativel ing the 5

| TR- het er ol ogou&is %W@E?ﬂ’bthgcaﬂs*ﬁﬁ)mﬂ%? °H§°S§$§B¢‘8 ﬁ?“é’é é‘di"ﬁ?lf)prf’ﬁgter genone
of the host cel in,an@chérléﬁbodﬁhén@msoﬁlﬁmwrtytelﬁﬁs saﬁplled’toﬂﬁlhsswﬁl mltrﬁn.sceﬂlieﬁl n
enbodi nent s he m ni res

in head-to- headjeh‘f?é“gd(’ EhBH?sé‘felu in %‘f"s’ t{‘gﬁapm Broie%"fagg%#' ?r‘édrﬁégg ‘asgﬂ? Y"gﬁ}ll

transfection teﬁhmmqmeseqaﬁneeslnmmryamdirenwpnea&dloftjae felecteditapkid ptedautmt}réel iver’
compri o1 g the T EhaE: 85 sRER B ENER ol S Ol B S
amount from abmapsncsprg:em(alsabnnms om&e@emreqamd for packpgin the AW, eabthetrepl O t o
about 50 g DNA to about | x 104 cells to about 1 x 1013 cells, and
preferably about 8% cel I's. However, the relative anounts of vector DNA to
host cells may be adjusted, Ihamdtlregembtﬁbnembﬂlshchweﬂtsiabimcmﬂnirlrstlﬁeaep ors as the
Zﬁgeégd S\égﬁéﬁzz gg&egcgsd cfcr tég Ec%ﬁngeothglﬂtta%lgBl%m%QF lef?ﬁsttP(ﬁsg d%}s%rltieﬁ §(1Q'F elgl8sr§'|[3a| Egp
t he sequences dekirably, dithivemtodimeats thi essentihl rcmotnmdc expriiéed apis tHe pmbsolaf an
(e.g., AAV7 or 'REIJL%rle &8?&& ﬁﬁ%othgr‘ae%bﬂ s, thd Ve rBt'elfn’s %ls @ppﬁ&géﬁg hﬁs& gy "
conprising a fra nment more of these apsi ost cell
and rep sequencwsowh:m@llsqmo%metty?ﬂenérgmt mereseromw@m delivgedyiae | TRs
found in the m maﬁﬁmmnmataweQ@qae@&%ese@agaee,%{&séssmmgselezfé@pﬁndent ly

obtai ned 30 from an AAV source as describ above and (%/ be i ntroduced
into the host crptein in thatipst cpthnrest desisehhn When dshivergdiio the boshedll in&ans e plaspddy

above. Addi tz On@alnlai)ﬁ th\eﬁeﬁﬂaldraﬁﬁwg&ovd%regmﬁer sshﬁyrﬁés eV FRPFAcRhRE tihBAY,
i nventi on, e sequénces encodi ng each e essential rep proteins may
be suppli ed by ¢ &ethezemandomysequensesy pe, or t he sequences encoding the rep

proteins may 30 15 MAY 2006 V934 BibldDédiment, thére 23 34@%43& @&c&mpbé ed by

di fferent AAV serotypes (th g. AAVI . AAV2 AA V6,
transfected into the host cell on a single nucleic aci molecule and exist stably in the cell as

ionally

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 nay from AAVI.
In one enbodinent, the host cell stably contains the capsid 1 & 2006 5
under the control of a suitable pronoter, such as those described above.
Most desirabl y YO BPRT s enbodi ment, the capsid protein is EXHUERSIIO under
the control of an inducible pronDter I n anot her enbodi nent, the capsid

protein is suppl C en. deli e d to.the host
cell in trans, O%rl%%g% {ﬁn ?fttherF% hds el’%gmég' %"‘%%‘B“R‘ﬁ“& °§"§ e fd8Rorahni ch
contains the sequ@tﬁoselél E&%elsb%éqRFﬁandﬂwemef@%pﬂm on of the selected
capsid protein in the 10 host en de jyvere to the
host cell in trans, the pl asm%a%%?l’? mﬁﬁ %élugeggll aé}s(‘i‘xms %ﬂ §89t8%1r ries
ot her sequences qoe-ﬁlmt%@dﬂ@ble B@@R‘é@fwtﬂhbowwneef gmll lntﬂeeartroeps dwevzsq&dences
I anot her enbodiyRnty ofe bRk &

under the control of %o sui tab naqpr ér?o\fféﬁ&r)s{oﬁgﬁ%glctgﬁo%g%& dgglfl}egg%?a%g

Most 15 desi r abl ¢ ARK tq ppedesnyofihers sequencessioessioblimit the inventiopr ot ei ns are
expressed under the control ofy,ahhhet NIHRE

enbodi ment, the rep proteins a?e suepggl ed @n%o&h.@ﬂ}'ﬁ( %mm&%fgn%ﬁn%é{lg‘smbl
delivered to thePrems: asare discyssedalpys in eqpacchienivitlyth teansesnenagulésery diemeniwr One VI a
a plasm d whi chysamddaidisod: i rSRIPERIRASS REPERSRY. e %c{ogf&mpﬁé\nﬁ%ﬁ§§!€0n of

the selected_ rep ‘grotel ns in_fhe host cel Most desira livered
to the host &%l (& reﬁ"rlﬁ“ri‘sbyﬂﬂ%’g &5?“&%%&8" t?e“@&r%ﬁ*eywﬁrgns{qﬁ@d eratpmfdmmlmt@a ¢ellal so

carries other sawuﬂm&acmﬁwtwdzobrﬁrmnmagewge@metrhgolgrﬁé%e sé& Wooslifiggsr ep and
cap sequences. ugﬁs@ J&Qﬁ n&j odi nent, the rep and cap sequences may be
transfected intd ggh on a single nucleic acid mol ecul e and exi st

stably in the cell as an epi mpacérm@%ﬁﬁﬁrcl&ﬁmgthﬁﬁéﬁgnotf{fh‘é‘véc?d? qnd cap
the cell. Another

sequences are stabl B&.{lﬁ‘uﬁ rated .into éEe ZSQ%enome of

enbodi nent has tsl%ce Y, eQuUeRceIMETARSSE REwaeR iy ramofer gnd thesep e ddGisfertisiie host
cell. For exasrpl"ehe spacer&&fylhhvel‘auylﬂdglrﬁ cﬁﬁgrdthiaﬂk @ﬁﬁﬂy%eﬁﬁndéﬁl&lﬂuéﬂ&@mnﬁ&ﬂd&n
conprises, from5 naI spacer interposed between

the promoter and” a{tﬂ'éat'&l‘étjttma&ef“g’g%? g?lﬁgmf“tfg b2 SRt ThafpagAmaY ep gene

sequence, and amoMMgex&pwgem@plcsle/qmmmes&&/sfaphild)ﬁWAlsﬁtes the sfebR mRPEE KT Cap
sequences my be ns ot her DNA sequences

that are to be i n %Bé)" &g‘A qcugncf ﬁgmﬁ&"[karg%is P °up"ff¥ﬂ’e P FFROFUIYE BON-CofiRg v ect or
may contain the %Mhbecmh\g ammexmowphuusmng:ripﬂmxamomogma codfmemﬁcte%thnny 31
10 MAY 2006 eI T ?@0%2[ cgﬁ;ylsu%/ e§gf9@%€§o% ?alpgﬂ%gqugrqces are t%e g phagc Eldg Znes

encodi ng t he ctrons
sequences or yeast ladder sequences, which are avazlable 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  toabout 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 E4ORF6, and the gene for VAl RNA. Preferably, the
pronmoter used in this construct may be any of the consti tu{jh\s/’&r i ndum bl e
or native pronoters known to one of skill in the art or s 30§

above. In one_enb an AAV P5 pronoter sequence is e ) 2;’he
sel ection of ‘E%g%&%eto provi de any of these sequences doggjr/ﬁ%t gfﬁl m t

i nvention. In another preferred enbodi nent, the pronoter for rep is an

i nduci bl e prongper )};v@% iy eaﬁc%ﬁalﬁpﬁeﬂdeepramumxsma&%fsbegmc%&Méﬁ@sm

transgene regulator erred lgronnter expr essi on
is the 77 pr orrcthemformﬁ@n\pmmecih%mm <§|Shl§ i theart @py selscipaddesigag Fraﬁlwleby t he
T7 promoter ang m&ctsqnemgﬁ%ce oﬁsptaee?@ﬁi ﬁ%adrs%dbmmﬁm&cmdmgqt Rastel |

whi ch either constltutlve y O i nduci b X eXPresses t he 7 mer ase. See
WD 98/ 10088, mnm@l@éan%@réwdf@p siguph @n thﬁepteﬂ%l@ééﬂlqnsofaﬁwéewﬂ Ptited| enent

in the desigp of the vector. ﬂ%othé%ﬁ@ﬁménﬁoﬁhx%n%@ﬂ%ﬁ rickl (261810 HRY
bet ween the pronoter and the re ene ATG start site. The spacer nmay

have any desi r bf Riedded stably gyue hgskeelli ¢ npy be a random sequence of
nucl eoti des, or alternaticvel ymdmelﬁyu@ﬁgﬁgje a gene product, such as a

mar ker gene. The spacer may contain genes ichty RI cally, |ncor£cgr ate
start/stop and pol yA sites. THS RS¢agiRg %ﬁ‘i?”ﬁlém&qmﬁé elpes SHnRiPnpRTEE Ruence

froma prOkaryo%a%kégEﬂ\%UKﬁV)beh@inv%tfoﬁmﬁtloh&ll{/ethmlﬁm@ﬁ&h Bdy bsRppIRAGEs a coding
sequence wi t hout transcripti on@%écontro S or codin uence wi th 20

transcripti dhal heERsstig Mobt g beecessprsipprciunctigns agfpeae*brf g domedema e t he
? phage |i'if|der oﬁﬁﬂlﬂf@mﬁﬁ&aege amefbstrusllsaﬂékeﬁucs@gu&eaesnnbewlab@har@ma@\aaml!aabl e
comrercially, e,g., from co .or nvitro thers spacer

be of any size ?&‘PFP’@TW“P‘B‘“’Fé&‘i.l.l‘tdé‘gél}{"p?'@eﬁ?”ro}wp&go lt‘g‘h&'lg éAgaﬁ)’repGB gene
products, |eavi mnés&e weg&é; Id@péﬁreamobrefe@edgﬁmedlmmduﬂost e prpessdRa with

nor mal IeveI S. Ien t f the s Eﬁm%e there or ran?qe %om bout 10
b’ 35 t o about S RIS e ke 0 ARG Ah EN R BLEh 6f ST et B 8 about
8.0 kbp. To1s edmeRFagcne;paﬂsatbﬂhaﬁo;t cdfma)edbmﬂhlotl‘et ademuvirkllyencs ph @3 VAB
preferably | ess b entjon . is not so

Pl ted. A t houBhAr b Sest EatiieeS] Supist eRETrisg el SRabORIBAR, The
host cel |l trangéemenérlggng funedions akdprestuglin the bassdeict i on), it is preferred that

one or both of the rep and cap "adgnonnrﬁb‘?\wﬁhn q‘lpess%?tlﬁglrg{m%gcél%ucgopiroI i ng

their expression be stably exp?esse as ah éepi sone
or by integrati efaritaiyadedueiraseqrensenediaf Et4we anofshctiosd! Ela pononmétieroisal

ey S L o0 ORI W SusSDRe IE Sor Bl Bads BRI DR DR S fRRN RO

genetic eng1 ne neeri ues hose
described in the)RFé&am@mzlestsaedaﬁned mmrmo%ow@wemmgwe@umoz/ 33629

above. Wile this spechf i Gatlanyil 9% 48 finitohd Sbid h¥Eore SAMN AT AonsREF 1 C

constructs, using
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, E1b, 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 space }‘&‘5 onoters,
and other elenents, including at | east one translational sta stop
signal, and the optional addition of polyadenylation si tes 5 | n _anot her
embodi nent of WOB4B¥enti on, the rep or cap protein nmay BET BrBetedea
stably by a host ceII C. The Hel per Functions The packagi ng host cell also

i r D) Vel PEmd M A il an oo RANRAGL Bt VO BlechdiGinl (P01 O1

Optionally, these Tunctions pesvi rus
desirably, the paopasfusipnmaiopgothdryfdteioomareaf é:e edepdvinl geudsdmot be stably a hunan

or non- hunan pr,#rg%%t@d ﬂgo n%’éanHéoﬁ&q{o&% 1, 3461 ¢ esgen%fpusgﬁé& bi ﬁgeféngove

and/ or are avai a vari et SOou , InNc rcan
Type Cul ture cataheettthyo?ihﬁ(mductsmma%be%presmd tragsjpntly} en @rcelsermcrréﬁblb/y

preferred enpbodjaRat,, o? EU?nekb‘?ﬁ{e g@rﬁ gkodhé“'ts xBE)DBé' ﬂﬁ'@ssé@ sdBly vﬂﬂgéﬂ’i&s aRRkGEES an

El a gene product, an El b gene uct, an ene product, and/or an 15 E4
ORF6 gene prodl}E?PSlC"FbieFPl‘ﬁ@{m%%Ffle PFPHSPteé‘ofﬁf %@P*hO aAdpnoxirl gengs may begelseied such as

VAl RNA, but tihespenddfiiefontd ndiitivé fembles dn inlititle PoREE O 8 datRERRdbvIBNT . NO
ot her adenovirus "genes or gene functions are present in the host cell. By

"adenoviral DNATORPEN T8k B‘P@s%e@s"a@’ heregylgted ifesprifisaptiological state of thgrpanisgny

adenovi rus seqt@rasle(.enspm BielehttiO st Ot i up%t:%fbagu@c@n BNk} dr@p. Adenoviral
20 DNA whi ch expresses t e E2a %eneglgroduct an enovi ral whi ch

expresses tHe EHOSOREY -HURLANPEI Y e defined sinilarly. Al so included
are any alleles or gher Has@md‘uhmapmsglﬁgcﬂhemaﬂenow ral gene or functional

portion thereof. Such no cat .0 Ilbera,tel i nt roduyced, by

resort to conventional &h%’ﬂ‘?s&“ ﬁ@ﬁffﬁ%"é%f’ﬁ °°¥?ﬁ?ﬁﬂﬁ%@ﬂli°%‘ P@E‘H?W’C‘Mgsi“{go

enhance the adegemryotit (JgJ,rva&tmm cklf, £d REkarRAOEs, lti%ﬁldlh@, ihse@Sellbfeudt adlls ¥ind

occurring 25 allelic varliéagam(E ereof Such nodi teﬁ]l ons and net hods for
v

mani pul at i ng DNA2F@2lke Gf ly desifable,Rst qellsargyse PIR EMEREEIS MEMPANARN ¢
those of skl spemémclamhg, with6ut AR, deMkssubll asa54%IWEHI, 33221 0AMIBEK, E4ORF6

e heo et vy by Cnd et D8cdnR o MheE bt Bl B2c B, o

the sequences esgpadi ﬁgctfohﬂﬁdbnﬁflﬁdﬂl)l&omcmLQEIIS;’:‘H’BE)IS@,H-&'@GZ ailll priaatyor , or
one or nore ge

known in the ar FbrS&a%lh%ﬁm&tgan 03 [Tet ¢t gdfeﬁvtrfd ﬁ%’r’]‘g'ra\ﬁsd’é"‘“d b arr}éﬂvect o
vi ruses. | ntr odmogseomnt, rabbit, and lhe\sﬂaxo@he mdctxomdf ﬂtehﬂnmmbdmpedmprdvdlr@(ﬂku eeled by
ot ect o, - &F oot rrtiGeRbtor s Bt RGP RE HpE B Gmet BT DBHLGR 03/ ouser
PCT/ US02/ 33629 hapatoryas) aunfansé¢llp r:tc 1 'éfwhlmstﬁwsa,blemlghlo wetlcarcy dny al¥NAvios géneather
pellets, viral ihgxfl Eﬁt]':bg anﬁtﬁ“ﬁ ORF®6; 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. Ina

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, or expressed transiently. The gene products nay 18 o2 pr essed
transiently, on an egl sonme or stably 5 integrated, or sone 8{' @ﬁ gene
products may | #é5sed st abl y while others are expresseﬁ IP 4 ently.
Furt her nor e, the pronmoters for each of the adenoviral genes nmay be sel ected

i ndependent |y from a consti t utrhe/stefara€6Méfahost adN abmﬁgtehﬁsﬁmml%mg a
native adenovir

rom)ter may be reqgul at ed a specific
physi ol ogi cal ?8’?‘1—5 Uy SUER & aSSFEJ‘E% gf?fwﬁs Sﬁf&swueqcese Th“l?‘;“@h'é nm’gff erentiation
state or in rephwmblishgj @ﬂxzxﬂgmoememal ueeiniqsas Sﬁchl%éhrih&he?ih@ﬁm}éﬂl gadded
factors, for exa%p > oldPin »ﬁq?xchare el? And arc(l;q%% lﬁ?gdsl[?r?ll tHL| nesl Tltclc% host cell
itself may be s&Tect aoftgb A WDy & A ek i rin gitedgbyRar yot i ¢
(e.g., bactefiahje ocfeverlsppuwvdigcamklawtydmmencasIofthe adesiruchind QAV fn6ads, cel | s,
yeast cells and, mm! icul ost ceI | s are
sel ected from anong a dh%al%r&f’gllfé Zhaif g& '%é%ﬂ%bgm&ﬁ%‘s’&&?ﬁ‘y rﬁﬁ‘ Puitable
:BISQ aat |ng 4gel gwwﬁ_mﬁsg#hlgxggém%edﬂﬁmﬂpudﬁﬁdesmméz BHK, MDCK, COS 1, COCS 7,

ress

functional adenoviral , Saos%&&@%g%e mO?ec lfsg(as q—ff&'%@”"f—‘léﬁgmﬂﬂmﬁri mary
1;1 i br obl ast ] hepaqlbna,b'taé,soé!mbcmmdbhds@mgebﬂns]uemnometd tl‘fersbﬂttdratﬁmhrﬁidsﬂﬁéuuﬁh ng
uman, non i on_ of
mammal i an sgxém es %?%\t/}ha%wﬁgﬁgpcelpfcw'% I's %: £ Staqqa%%rta'és?‘? ﬁ?‘l’ tSCIh"’thﬁsére
i nvention; nor Psdit qaygetrmfemmmcawowm, and/ordnfectibn by lobtidist |
hepat ocyte, tumpden6Bilul/A AR veetord o SRSihes @éf\'ag ﬁph\f&aéghxlbﬁ/orqg éﬂgetyﬁg@ﬂrbml n any

adenovirus gene other than El, Eta an
ot her virus gend®df&ih E‘Ha'blﬁ‘iﬂeblcet“é@&FQmﬁle fwvhmakﬁjmwseﬂdcgﬂmsmtchcpmvmés a

contam nati ng vwmcmgglrmotgl%r oduction of rAAV; and it is capable of
i nfection or _transfection of and expression of the transfected DNA In

a 25 preferrtdd embodi ment, t h&hgseBaevelcihY-bised vspterstthich atecgsnerasysl tarrode efakilist abl y
transfected in {dge el benemfdagéie d@lﬁ,lexly to' bt ndstefid Y g@%ﬁ%ﬂnb&ex‘%m ion is

a host cell stably transfornmed with the sequences enc and cap,
and which is tré‘ﬁ%efr@é‘?‘é'&]‘%ﬁ“?‘ha“t“h%d‘es&U‘é’hmlhqvﬁubeeEfounE@ahc lman pep@RAG. DNA and a

construct car rqu‘et bﬂlyrgtdalegﬁm Rl AR 1eﬁnlﬂ‘3%xﬁ) monk@Pn chiffh aé)g&d/ or cap

expressing cell I %8 ﬂ"h’%f é [ US98/ 19463 or those descri bed
in US. Patent 0'@5@ Sthar, o cIp 6ea5ta1%9frﬁ4\§?nryrhmmw@ns, theststibser
desirabl e host fxﬁﬁlv*hwﬁ@lihtsaﬂofyﬁc \'ﬁ/ibﬁsdlﬂtddl mﬂbﬁﬂﬂr\pﬁ(é £r%a%ﬂ2'gk J?e btfer
sufficient to e | i nes ‘can construct ed

XPIES
usi ng the novel &&\@VWA ﬁecé‘?{W"BfamH’@J@I A&ﬂfl“‘&% rotging,pravidsddiersin using a vavigwrof i on.
34 1 0 MAY 2006 ted¥nidias knbR8 B/th63€df $UBNR thd33A.20ne 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 in vitro, ex vivo or in vivo gene delivery. Similarly, one of skill in the art can
readily select other fragmcnts. 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 shed utilizing conventional techniques. Such technl 8N 20€i ude
cDNA and ge giogm&l[”gni ng, which are well known and are deggfighgdsd2d
Sanbrook et al'.”,"Ci'Ted above, 5 use of overl appi ng oligonucleotide
sequences of the adenovirus and AAV genones, conbined wth po] ynerase

chai n react i ofefubipi Weikiydf prbbted Mcluding fadgliver leéthergpautiampleculesBaiBEEe whi ch
provi de the desired nucl eofide se ) SO IR RMGholEdRs &8l ecul es (as
pl asmi ds or vinVaSHETeS{PRN %""H&%?&ﬁ@gﬁm lrlr‘ﬂgi?/ rgl SO b_l% égcon‘gl i shed usi ng

t echni ques knpyhntient AEVskithihiegicapsits ofale ramel A4 efitheduvestias. ThgeORPBtghout t he
specification. In preferred enbodj toequSh RN M AntehfAsh bt L@l i e ques
are used, e. §°.°f°’eg'wtstcpgﬁ@%g%})%ﬁg(scgﬁectrqpolr]ati o_n,a@and/,or i nfection by
hybrid adegovigglisshALY., keco-deliveiyrof acyieqine, o1 foredslivereof thedmpH@oeeR I58HE enbr yoni ¢

ki dney cell line HEK 293 (a human kidney cell |ine containing functional
adenovirus El genes which provides trams-acting El proteins). 15 These
novel AAV-based veRé@fbinahi Cinusas AndjUsrsrihewsef by one of skill in the art are
beneficial for gene .delivery t hasts skflin e aPA2PQREtt BesAPY
patients since nosﬁﬁgﬁhFgeldi"ﬁ%ﬂel?%%&gﬁﬁﬁ%rai es tso AAVe? h,av)g heen found in the
human popul at ikefing a dapsid b novelaerbtypesafitieti imventicnoty arigveh APEIF SPTUTREL S i bodi es
in cyno nonkey and chi npanz Je QR tified BY tHe GRthod bRRe ihbeition. Inone
cross-reacld vi"i‘%?e’bqvclwwasﬁﬁapr@ﬁ%ﬁ?gkeyé} tge speci es 5? &rpgiv\,h' ch the
serotype was igxdbéiner,a Gtidength capsid from msieghesersimpe, ey AHIPEQ IBNEHAF %" 8% her

r AAV viral vectar ont ai ni . 't Resfll s tridfatel dich dethids@nei n
using a vari et‘S}‘?‘(ﬁ%' ff{“é‘&ﬁ'ﬁﬁeg{l}’g%“"@ﬁbfmﬁ t%n%glhoéss,e oty%ggi |1 in the art. One may
simiarly prepamerskdghentobferovel Arotypsefita inveatiandised pfpmeiWih SURAP A T quence

and AAV capsids of anot ¥/ Ry exainitle] AYAA VasMARAGIE 8 Grnresitioavald by
the vectors ba¥g erosﬁeq?"fg‘gév'?%ggpghovelreAA?/]eof thgwﬁenti% hus, one

2
of skill inst hieypaririabk rdgionesaatiensps efpadr Y sriypeREe {Hxentiaiy “er@g‘a%‘ Ces of the

i nvention can 5) g re%}\q} §e¥ot€fé§‘9ﬁtﬁéjinfléﬂﬁoﬂ#§@y deusddhe 6mstand caitdising athar airalwect or
systens for in r{}ﬂro, ex VIvo or in vivo gene delivery. Simlarly, one of

skill .in the andn-dmbsequeserdi | y sel ect other fragnents of the novel AAV

genome of the invent i onef iy sfpaleft t6oneTsigH 1 theddrt dndéiiboaiimabnt) tat aeA&V vect or
systens. Such vectors systens nmay i 0 lentivi

include, e.q., 3
retroviruses, pootypes q@b@i“ﬁi@i@%?"ﬂglb& pastipyar s"f’e(ﬁé%‘&di?fézﬁ%a\ﬂ PR F‘é};%? 'Z‘%‘E', anong
others. - Sel.act 0k OfocdESEAY PEBANS STYRiAVERicharoTpatioatary weltsalbdd o Lo int he
present invention. us, the i nven%‘%g %rt h@r g‘pg.\ﬁl %ﬁgﬂ afgﬁah%k%ﬂg?g@r at ed
using the nucl eivsclamhereasiactarbsd Atid OSE G eARES O0F° PHRETHVEr™ t he
invention. Such,8¢5QESindrg. 3BesbOsuviVeckHOfic MDsOIRAitbd 26:Dahe 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 2

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
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PCT/ US02/ 33629 useful for a variety of purposes, including for delivery of
t herapeutic nol ecules and for use in vaccine reginens. Partlcu %hky
desirable for delivery of therapeutic nolecules are reconbf t
cont ai ni ng capsids of the novel AAV of the invention. These, or other
vect or const rwobsoast ai ni ng novel AAV sequences of the i n(HRSYHPHRy be
used in vaccine 5 reginens, e. g for co- dellvery of a cytokine, or for
delivery of the immnog

er eof
Usi ng the tech ﬁ?l‘éféf-‘éé‘%é%lg\”’iﬁbaerdc%@r"@?tﬁ ral Vﬁ‘gb |nF F S lf?'nc%? g?ntlé%rﬁr%r/ Hgae ner at e
a rAAV  having c&utn%ﬂ@f%b@heﬁ)«fes ahiolodifkt expreaioy thereof artdhew capsd\puowms or a novel

Cdont i 116d by the mot hodBR IR FROERE IR Be Bl R Aft AERRLKER

ful | -1 engt h capstitddics R saleatd A ssayet YWarietp ofpssay oRNas fosﬁcgethnx N@tra&}ngcan be
utilized. | n_anot her errbotiilé_n Nts thBse o?LlJll Lenghh T‘ﬁé‘&?&cﬁon”@?&ch? Qsﬁi}%g Adgd

whi ch cont ai’ns aB‘r'Pé’ 1eppre raghent s R I S i nvention
fused in frame liniktorsEtheqnses mwrxblm Seactdhdiisherest @cftfléﬂ‘emvs 3@r W6y Maugh

e L N

region sequenc e 1 nvéntion ternatively, the
uni que AAV ser atspfiedf tis aiswenaYrbVGWﬂ tosteterraipe whichAAY Wﬁord@mﬁmlé%%‘dé’fﬂﬁlﬁl ni ng

other viral or g%;XJlgr%Lraﬁ'ﬁé‘:&l’?ﬂgﬁﬁed thi deWdr), el by Badisknte 3PRAIARMgt O One of

skill in the ar(’[fa at certalin serotypes of the |nvent| on
will be partd CLdnabdd}eSWiﬁC@J‘ﬂtaé@P-‘ﬂdﬁefQB@Pt ain uses. For exanple, 20 vectors

based on AAV7 capsids of IJ&ﬁaép@éf%%is%th%athmdrﬁwvea&rmmlskle&wlAml for use
in nuscle; whereas vectors based on rh., 10 (44-2) capsids él e invention

are particul ar | psibproteins giay pigesieer fofdey Jelivery i eci Wy Yﬁmé‘d@ha E%rs are not

so limted and Qpg, %A&Malpéld biBtelnn Sindlatly, Wedelivbiy dfiveortWi SEheVRSEIQLSV Eapbid
delivery to other (? vect ars based

pes, tissues or or Eur t her,
upon ot her ¢ apspld@m@f’f tf‘ﬁéw?nﬁ%fﬁ%)i Rﬁﬁe% ?i’gg‘afwﬁ BEfs VA RES O W hese or

other cells,sti $FUEH sBbtypSRAVTERRDrotdn. ﬂﬁxklg\é@adehw‘ryWaammmrdnmymamtdaer
aspect, the present |nvent|on rowd egebm for deli

transgene to a feorepeaigeneideliveryde '\’ﬁé‘%“tf 5‘??5‘? 1gbl%subssquen yarqé\ r’é{“"‘é%l 8éted
host cell W th @.MacdRy theGBNATAigERE Abtte irdt LA ¥ Q€HtiR Tuethe ﬁfbsdqhﬁtlﬁ&dh@%teltche

o el e bt AR SRSl g
enbodi ment, t heifafive m&dt@mamw ehpsid protezis [RRQ IONOARMhbsenpetitpémiintetelver y of a
e e o bkt S e G R AR BE e Bood b, 30 1
reconbi nant vi r AlAVReARYBACAAVES, AN, AAYS| A8YVEY AXVAhsane Ad VIR enyt df ghe 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, 24.1,422,7.2,217.3, 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 of antibodies to a selected AAV serotype. A vari ethy) WY 2088y
formats for detecting neutralizing 5 antibodies are well known to those of
skill in the A¥QO03/0¥43387 se| ecti on of such an assay is not a IRGHUSRVPER of the
present invention. See, e.g., Fisher et aI Nat ure Med., 3(3):306-312
(March 1997) an | uman., Gene R il 485 (March
1, 1998). The g&'ﬁndf’gﬁa&f%%’hl?%‘% esaalif °r‘nas°“6‘° ol a“%Wta‘EPS‘r e?‘?ﬁ“ﬂ’? (ks °3H‘°AAV
vect or contai n|mgoteaxpﬁtaﬁbnmfthbp:emtmvaahtan part| cul ar serotype are preferred
for delivery, e.g by the o t L antt.aodl S ific
for that capsid serotypeB 1onlé)l§ @eg%m OS'Pgn%fol%ﬁ‘ |n§'&{r!r§?ﬁg oo emdaeﬁﬁele{r%ﬁlgof
vector with a snAIAe,(:arﬂdarAﬁ(S), odapts:mhnpmmt @hamsacengiyal p?geadenlte, such dsplcseyvatidles| | very
of a gene vi a | r
Simlarly, the %fe %ge)arl Stml]§£r\?ets:g%§lfe\?\% t Rary QJ°R’%‘¥@§1“€’)§‘\X“\7%2"3@§ I _38 %trtag% el ns of
t he invention nw;baprededmdowlﬁlmww erepsil S@WV 1b¢ praabgesaethydivanibinygdyseidy, WI th a
15 different se Br8hoiARy AR fdrid1, RuRLHH aﬁemwm@ebm%ﬁﬁcml Je M Ynd'elRmbi

78
vectors may be repeat gene delivery to a selected host ce I
Desi rably, subsequent |y Zbmvirel eelorsars admmisteredin suffiiens amouptstto Bansiepidhe selins gene
as the F1rSt AN YREVEE susitht ib) Mze of 1S BOHRA e BRI SbBYiacly Ul S

contain capsid prot |ns of serotypes which differ fro first vector.
For exanpl e 0 i enefitfwithgut uv@emerspmaféecw?v%a}séicellywmp@blﬁshs[selyecwlffm 2],
subsequently adgp &E%Eﬁ&er&@xe&@f&%%knﬂ&ﬁﬁnh\%\{&dféﬁlaﬁé Ay kishdignes el ect ed from
anmong the other serotypes, 1 ncluding AAV1 AAV3A, AAV3B, AAV4, AAVG,
AAV10, AAV11, apfdrmesetivallygeceptalle pptes ?fead@itnllﬁérﬁtl°nr¥%9b@e bajrape potyaritabto; et i f i ed
herein includi n%llv%EﬂﬁUklekkNrkﬁt(b @nmtr@p%rtal deH%rzy tbihe hcc'r) o@,mhaﬁﬁon A3- 3,
A3-7, A3-4, A3-5, 3.3bh, 223.4 ? 223- 44- 1,
44-5,  44-2, 42("1%“mzﬂt@“asalzmclﬁ'"atiﬁﬁh%' eliyey 4'““3&2“'5%’““%’2“‘1% '“%32“’”5@”’43 1,
43-12, 43-5,1543sddutartSusdintradiermatl andldiher Baﬂ'enlal réttes 3f adfimdstraidn. RoulboS, 42. 10,
42- BB 42-11, F1, F5, F3, 42-6B, a(gﬂj or 42-12. The above-descri bed

r econbi nant vecf‘*‘iﬁ‘?@‘“f‘?&?“ pay Fermbinsdelf dBsiehiost cell's accor di ng to published

met hods. The rAAV, pref el sc&uﬁ:n/emdedou»ﬂuaen@hwﬁirmrmncfa&tbrysucsmatI bl e
carrier, may be admnlstere to a ian patient.

Sui t abl e carri eF¥9HigY diRe ‘Feétﬁﬂhﬂl‘vg%e‘fegggi @B%WPBffg ?ﬂ“e%tkﬁ“maﬁtp“fﬁ APRNE; 1

vi ew |Of the i ndp&Rht. 0Fbr3£hrﬁpﬂbfathﬁhpﬂﬂg¢ah?effd’cﬁ%&ifu&ﬁn ¥dstigeDf the vdalrveadredl Fo(rj
exanpl e, one suita rrier ude ornmul at e
with a vari 20y s?ne@har v R oL S PERET RS o gtlhe Sehu TR bomtErine "oy mo)
Ot her exenpl ar y ceéuiatsrs of faarh atdet 1st B0°kd ex $@! genemeslvired wester. & pefeerschuneal ci um
phosphate, 37 1Q NAY 2 WO, 030942394516 an,
agar, pectin, pEXRBLMTI °absesa?réa g“lzll’?yo g\/\g&%{e?%&%% 4‘%%%3“@% Be
carrier is not balarick thie tletapeutic bénefitagaipst emyesivte effertseand sush 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 g Qﬁ'ﬁent S,
such as preservatives, 5 or chemical stabilizers. Suitable exenmplary
preservati veswpra #Fﬁ chl orobut anol , potassi um sorbate, sopdirosoasisds sul fur
di oxi de, propyl gallat t he par abens, ethyl vanillin, glycerin, phenol,
and parachl orophenol . SUI table chem cal stabilizers i ncI ude gel atl n and
albumin. The viraB.vecThsrapeuticclrasgies st ered in suffi cient amounts to

transfect the cells andy %ﬁnﬂ{e&ga@‘@ l%H'lfcfcde‘ﬁédﬂEHb)Jtﬁé/tﬁinSgeﬁémgedb&lotrﬁmesa'nér and
expression to provide a therapeutic 10 bepef Wi t ouérégpdue adver se

effects, or vmgrdswttramﬂ d:ﬁ¢r¢ryla%’cfé°p§‘?ral§‘Pléd'%V’§}‘%'lt 1%‘81‘ BP0 SO JIRYCh can be
det er ni ned by h,ggn% ééﬁi g%ftq bfd hBHﬁonEf?ﬂ“l-B Eérovﬂlﬁ hcﬁrmoﬁ(ral\tﬁmglfmmfdﬁd
e dm

phar maceut i cal y ac rout es Qﬁ)o i L ncl grgoe but are not
linited to,s difollick stlrd'éﬁtinﬁépfyw[‘@(ﬁsﬁé l%%?‘é‘&% 3 E\é 4 ehoriqfle, anor t al

delivery to t %do\’rgﬁlﬁ 2 AasculaBRb@tIaPgrowth fdetl (EGR), angibp(ﬂamsahglamln,
i ntratracheal

Tvery), |ntraocu ar r ayenou
subcut aneous, granulogite E¢lanY, St‘ﬁ‘H‘dt“Eft Ader (%Q&é r°?°6%‘?‘éé l%o)f %qg%nﬁﬁ’i g% rat | on.
Rout es of” d {,vgltfg@grl gmpltyayasia@ibmmlgmdufactér(bw)raenﬂxcfmo@d@g@o\fdh factee vi r al
vector wi epend prinarily op fa 0 ng
treated, the Z%EGF)AHP‘W‘“&WW%&P{ @Eﬁ’ %f"ﬁgo"B %}lefm 3[@1?%&){ l?}Elljtglgﬂ\-/ar anong
pat i Ient s. t Her @egg,gpé@mhqaﬁtcf}@mmuhmmagﬂoyvtlethdt@fei anddl (l@ﬁhwdd%%@nbﬂe; e100
viral vector is ener a 0
m of soluti onﬂ!@@ﬁ'ﬁ%ﬁﬁl“ﬁ@’°"%‘bh&"8‘hﬁ“§? l%fudhg?n@:%gég%m%lx i Olt% ESPI x 1016
genones Virus wReGbAY morphopértd lﬁbﬁeﬁd(BWﬁBWsddsﬁagw onegf thee about I X 1013 to |

X 1016 AAV genones. The dos { rapeutic
benefit agai nsi‘eraﬁy‘“§F‘EI%g“§‘?/gg'§Atlgeu Jr\ res“h’% %é’gghﬁﬁ fan%»]of{* l%%h fg&g%\mlar‘{g upon

the therapeuti gronaplateNGF) biad)ﬂ-daﬂved:rhumohephucefmﬁﬁﬁ}, nm@@?mﬁ T-3a oyed.

25 The | evel s of ression of .t g -det erm ne
the frequenéy &T“U)é’cfélﬁ He PRl oRyS fhgorl(éﬁgiﬁ) QPP cﬁﬂ&o&r%gvmg{rael%gé@‘él%&AAv vectors

gont ai BI ggf the ﬁDNIFgaaeturm @ptin, alrbacbnleyf thdﬁa‘dgef&e@gihﬁW@OBQPﬁW gtri-baidhose
escribed for therapeutic. pu t LWkl takihon Usi ng
et of}ﬁ%% {}tﬁﬁfcfor @d@b{phnﬁé l*dg%ﬁesgmf: REd gt et 73

the conpositi oﬁ‘§t”6f erapeuti ¢ products and
i mrunogeni ¢ pr aguekgastor delivery by 30 the AAV-containing vectors of the

invention are provided bs‘:h%%sefght?a%?ge ﬁ:ﬁ’&d%ﬁ indide &@tem!}'ﬁx@t@ ule tRe itdfunet y of
t herapeutic or vaccinal reginens, escrib herein. Additionall, t hese

vectors mayzde sk metuédg,lmthoutmmmm eytpkine %d Wh@?‘“%‘f‘% apPHEPORA or s or

VAY 2006 o 031 oap DR ERIGT AT ThE AL é“‘??%ﬁ“;?é%éfmbﬂﬁ?m e

t herapeutic pr adoskge crooatabtasyprotsia, leykamiaduvRioryfaqiiean

colony stimulating factor, Fas ligand, tumor necrosis factors o, and B, interferons o, B, and v,
stem cell factor, flk-2/f1t3 ligand. Gene products produced by the immune system are also

55 useful in the invention. These include, without limitations, immunoglobulins 1gG, 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 I
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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grow h and differentiation factors including, without limtation, insulin,
gl ucagon, growth hornone (GH), parathyroid hornone (PTH), growth hornone
rel easing factor (CGRF), 5 follicle stinulating hornone (FSi)g Mgytoegeni zi ng
hor mrone (LH), ‘P@ ggt)ori oni ¢ gonadotropin (hCG, vascul arpcqﬂg%;f}gigl al
growt h factor % angi opoi etins, angiostatin, granulocyte colony
stinulating factor (GCSF), erythropoietin (EPO, connective tissue growth
factor (CTGF), phesiscTie 1bvmtﬁcbmtong:asmtrbpeﬁtamslfqnnhqlﬁﬁtdt)e,gulaﬁ,dndinelutﬁil&ﬁh@bl“ast

growt h factor a QE%DE f grow h
factor a (TGFa)dé qFé%agmgF dij‘@ig% rIa g{/svt ﬁp? g il b&%ﬁltﬁiﬁ){hﬁwgr owt h
factors | and Idd:ns(t)i Eﬁépﬂotear(deDG:mbdp)or, aatwle ssAvengsfr fccﬁm@ s h@nmmﬂlm growt h

factor a superfam | %stkeélg&% ?%?su%% nQeTb?rng Hd Boid 'hE'JEHoPé ﬂ§epto‘? Cup@itdmigf  the

bone nor phogeni®&BP any one of
her egl ui n/ neur dsgpmdmg,gl&R}cAﬁn@d rempttcfreanémtioamrmqptprac‘t’@rmr(lmucypwramdl afhepf growt h

factors, nerve, é},ﬁIf?gﬁ] Qédét(o%lq:lful & rsauekemcme@lnaawmsnrﬁ&m Such B4R

(BDNF), neur ot rop | ns Iary neurotrophic factor

(CNTF), glial ¢wlmai, mad saemureﬁewsm@ﬁprdSMbMé AR tngh, MypRpREEMyoRsRin B 15 i n,
agrin, any one . gf anEﬁngaﬂ%tLMs eFp S ePR AR, 'm/ZC@TE}SaR?FﬂZFS AT URQBEHNIF
netrin-2, hepat oc%é@)2 rowt h factor (HGF) ep hrins, ‘H’?fé 3% gedgehog
and tyrosine ¢ 4seCALTTIEF b‘ﬁ@%&‘ﬁi?‘“ﬂ%é‘r‘%@@ﬁé"gﬂ% g )uw ™3¢ ot ei ns
that regul aje ttmﬁor' W%TS%%dM%P&é‘H SN&T W TGboxMikd@iprotéingTe 5 AGATA,3, and

cyt oki nes and Ig/erz’rg o i nes_such as t.hr onbop0| etin (TPO, interleukins (IL)

IL-1 through I Ltherkhead &mily; ofeyingpd b xprofeing. || -12, and IL-18), nonocyte

chenpat tractant protein, olhguilser gand prbiubik tnolde, Eﬁl@ahﬁmsyﬂhaﬁal@mmmc macr ophage
colony stinulating factor, Fas Ilgand t unor, necrosi s factors a and (3,

interferons a, tRuScafmyjase, agipgsycciaptp synthetass, arzipqspechipteiyase, PRIAKY . Gene
products pr Oducﬁﬂa\?Mc&ala&atb Hmpm@e SpHelyREhas Eydaixﬂ@sezﬁpmaamﬂrypm dlivese-davent i on.

T e L S AR L) S by e 00 2

anti bodies, T &ﬂ{chedrcﬁﬁﬁpétwcm de@ahdomaxse @ibimieisdvaled-eqt dnhsdrogemasg,l reoptdmal n T
cell receptors, class and cl as neer ed

i munogl obul i ns %ﬁrWﬁ%‘Pﬁ@Glr‘é nyl Gg‘éf"ﬁ'fasegélﬁtéry?é?}gafﬁﬁrggeﬁss msu}l"é I%g%
conpl ement reg Uél@doﬁlﬂaée,wm/ae aﬁboayl@tb, hamucprmp,ihenyhm, phcmmb&atse)kryasb gh@inpr ot ei ns,
menbr ane cof act Qr a e t| n CR1, CF2
and CD59. Stilfey ‘H‘é S%gqu?ff’m Je?{gt“&%%%ctcfgmf Jii gmbrg“ rgé%llaQont'::%T}']Rg
receptors fag t&quentepuminindystrophin oNA stqertcar Still oiydzl (ukaﬂngme prodepthiokivdees

regul atory proteins and i nmu %;é 7

PCT/ US02/ 33629 BPETE; sw% ds [l b’ ur?é%ﬁb '%gmg%g‘géts es ?e“c’:léchﬁar S .%QQ,thy

chol est erol r egofi catditimsg rqswnmgfmlm@efplhlé adtiyity OfCHZymG For example, cnzymes tha‘ contain

mannose-6-phosphate may be utilized in therapies for lysosomal storage diseases (e.g., a

suitable gene includes that encoding B-glucuronidase (GUSB)).

25 Other useful gene products include non-naturally occurring polypeptides,
such as chimeric or hybrid polypeptides having a non-naturally occurring amino acid
sequence 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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density |ipoprotein (LDL) receptor, high density |ipoprotein (HDL)
receptor, the very low density |ipoprotein (VLDL) receptor, gmti@
scavenger receptor. The invention also enconpasses gene pr(;d ch as
menbers of theyghHE@isd hornone receptor superfamly 5 incl uskigso2s3ss29

gl ucocorticoid receptors and estrogen receptors, Vitamn D receptors and
other nuclear receptors. In addition, useful gene products include
transcription kecames asdipsoriasési Target pplypeptidesinclydg thosespolypentidessyiddisee f act or

(SRF), AP-1, AB HA sliferdtive € loRipEYed 8@k NS,
TFE3, E2F, ATF|p,?”d2\%?f°1%§f§%$’éf¥'q%%&'ﬁlI\?E’qu,% I%%E?éf ﬂﬁnazs-ad%!p ¢/ EBP, . SPL.
CCAAT- box bi ndicelty. Frmgsteintigens inpluderrolypentidesegendsd propnceasess siches meb. mye, fygl ns 10
tunor protein, g, ﬁ’e I&hrﬁ%cﬁﬂm@é&tb@l‘/eﬂl, ra3, 49, PSSR X BERE i IR Ad M AL bitSgens: O-
GATA- 3, and the rtorkhead famI}/ of wnged helix proteins. OQher useful
gene productss ipraducisies targetaptiasnsy farast ol ypeptidesfor antigpapget Framents pRApAEtpany| ase,
ar gi nosucci nat Q'C$MEHS%M&§ QariaBie SdgibAS HiGAIBAES ma¥EB celllBipRasi® and variable

fumaryl acet acet at e h¥drol ase, phenyl al ani ne h%/#qr,ox | ase, g#ﬁha- 1
antitrypsin, glregyse Ecalsreﬁﬁ@%é{tcs%{npg%?ﬁﬁw@ 1‘Pﬁ%’b‘eﬁ“@3 Tehegalsorused o
VITT, factor | g t#asinizhis@tauldRinAms Hisédie SBther titicrassbelstedfvhipsptided canéé Gked
decar boxyl ase, al bumn, i

i soval eryl - coA .dehydr ogenase,, . prqpi pnyl CoA
car boxyl ase, e kAjget PRIYRSAYACS %%\a%fﬂ?{yaﬁﬁdesg‘%&h?g ?O“@Eﬂ hﬁﬂﬁ%ﬁ%d‘éﬁ%’é‘fells
insulin, be{@- igluERshefdipeptidd rddvgiizd bambociohaltagtibobe AIA enddblespinding| ase,
phosphoryl ase ki nase,, gl ycine decarboxylase, Hprotein, T-protein, a
cystic fibrosi PoAWPEREFEbr ane regul ator (CFTR) 20 sequence, and a
dyst rophi n cDNA sequence Othet suithblothbregeutis pdlyteptiiesand provdhsdichude thobevddch reayzy nes
such as may be useful_ in enz repl acement therapy,.which,i.s useful in a
Vartety of corthierier el g R AR TERR LR AR oHR B ST o
exanpl e, enzyne@niehity abeditl disad prarttive fembreybapsish agansitaygetiibatuate dssozipdd mwith

t herapies for |ysqosonal .storaqge,disease O Ul L,nclpdes
that encodi . (SGRORTMIRT GLEEE) EAREFS SR st i segule g P LS Shhoule

i ncl ude non- nat tetladedipted @atvimmung diseabey pepide Beaymatogi acthritie{R &) imwBiplecsclerosiy br i d
pol ypepti des hayifge.a _Nnaon- UL ] | . e

cont ai ni ng i nseif\{I#}bﬂgg,re%seﬁygcﬁ%”#igér%)ér{dogfrgﬂ 'ﬂ%‘hgg%é%@gatb?tg gdﬂ?‘%trﬁlsgaﬂgglﬁ’ exanpl e,
si ngl e- chai n eagsimeenetyroiditireagtirathiitiss ankylobivg $pendybits selerodarmesepalgmyesitis,

i mmunoconprom sed patients. . L VD ' - . ! [.A0 gene
sequences i ncl ugﬂémgtﬂlfl?'ossgﬁ éorﬁog}s’g%%flltét}s/s’ gﬁé&%ﬁ%{‘ g%@%‘%‘bh&ég?g?%&%ﬁgds such
as ribozynegp whiceritive oclitd. Beehw§ thesetdiseaseis charasigrized kp T eelbrieesntons (TaRs)ttkat get .
Reducti on and/ of. napd i i : i i arly
desirable for T ggoteﬁé CH%P aﬁ%ﬁ%ﬁg‘? @ﬁ?*ecelﬁeal? f“b"@“ag%gﬁﬁszia?%%g‘ky‘%wé@t erized by
hyper prol i f er at aytgjmerih¢ diseages. 40 1 0 MAY 2006 WO 03/ 042397 PCT/ US02/ 33629

are cancers and psorasi mﬁg&g}cﬂ%ggﬁpti des include those pol ypeptides
whi ch are '

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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produced exclusively or at higher levels in hyperproliferative cells as
conpared to normal cells. Target antigens include polypeptgpgéyencoded by
oncogenes such as nmyb, nyc, fyn, and the translocation geﬂ , ras,
src, P53, neu EGRF. In addition to oncogene 5 pro ar get
anti gens, tara%é“%% ggeptldes for anti-cancer treatnents aggepro ective
regi nens include variable regions of antibodies nade by B cell |ynphonas

and variable rggipRsiu@sthk cmsibirusrfaﬁ@pmaﬁer@émﬁss@@dhb NoMHER BRSO Mhsed), 10

some enbodi nents, are al so used . as tarfg antigens for _autoi mmune di sease.
Qt her t unor - assWhiFk#Te & ITBPRATESSHHER8en: AT spidlem e gastrognteritis, St angtheryalfemibe s
such as pol ypepgdsgdt ﬁmls@ihtﬂg&nﬁ @Mx@&sﬁr 1d@lugﬁg?1hnﬂuﬁwéls;ﬁmsd§ il MifRahs aﬁ@'nbﬁi 10

i ncl udi ng the pol ypepti de cogni nonoc ant i

fol ate bi nding W?b‘g’ﬁ{sﬂsdé%‘ é?m‘g'u%’t"élb!“%lué éﬁ@m@a}s‘ﬁisyﬂ@ﬁw ¥ and

pr ]915 eins i PCk UdSinEhiOER s RABERIVERYirused gvsﬁzwlangperstein[)&westa@ Hqnfie uncép}aitl)ﬁss 4

suffering romatmrmune i s an or.der s c erring roa
based protecti v%“ TRR IS 1 ?"é@ﬂ’éﬁg‘ﬁgéd%‘snsﬂ‘ ?@Y‘b‘é‘fi? f?‘ﬁ‘&'t'“cg‘r'% S dengisey E{d with
15 aut oi nmuni tyfdvﬂpjaﬁaiesagn@miahusr ene:mﬁm&pmds arllticls bovhe enderhalaid wizgses. Other
"self'-directed anti es, .i,ncl ude

Rheunat oi d ar t P&t @P%%Tay ?nﬁe?er%?d frog] tﬂ%ﬁ%bgﬁtésadj?r%g)comgf‘ﬂﬁ? Zﬁ?‘a@ IR orre,
sar coi dosi s, i niwhiles aderplmdénvh-hinabetes swblab infeatioug bidbiHitis viraspoaltryline

thyroiditi Sio" €8GEhY an%jsg?gl% éast?denfgpw ugfﬂ séigpo%?n%rﬁ %%ﬁg u'tlﬁwg%nc%éh%%xenrymis

pol ymyositi s, ermato vasc
gr anul onat osi s, viGsdpip), &lluh igfectivas mﬁbn@G)Vlms(t@tsmfwlmeerttalc|ct>xosaqua€cat),@ammehese

di seases is Chagé}g&a@ﬁdsgﬁ‘&h?t{q %}ﬂ%ﬁi‘%ﬁ%ﬁaﬁ)ﬁﬁg&ﬁ\ﬁ{u@g%% 1E%eusemerlgm}§)§%801w th

endogenous antigens an ory casc assocl
aut oi mmune di seasias noiCA, B onGipgiéisi ¥ithimaesgenegruiatdly,agétaetigeys inuderthe

additon, the Vag ol Sl A O RENLCH IRY SRAS B AN G8P 3 RMSHRSIOT the

i nventi on and a ansgene enco pro el i ch
i nduces an ilsmu n@mggb@m@é;erp@) ely%)etoemt(e@i prasentiinal eorondvinsee)xenb(nesledcapsidhogens

may be sel ect edStlfll ot ﬂl\i}%&lg hlg}t e th%cté’d apthst 112 MlabdddRus @n‘mhﬁ: QJcluq tn{ abl e

viral famlies against e resF/onse wou esira
i ncl ude, the pi eenersavesienlnyirps(pizh Yesianfsr Stamptiie VirdDeand He genpeal bissvirdsi(asyi r uses,

Whi ch are respongidy. Gyitf th@m%h‘owﬁg%nﬁlfy fstESanBiend ABy ST o e G;pr?eéo

genera enteroviruses, which include polioviruses, coxsackieviruse
echovi ruses, an@r HeNgFotcip n'fférbe'rfﬁ%V@@a% ieh dnsludes hamprrhagic fever yitwses suahcst he

genera apt hoyi r WBR5urg IMAIEBH airrxﬁ il 3\?99&%@& &urck Bf anfifAl. ﬁmamymugg Ay ©S
primarily in non-human ani mals, pi cornavi r us 'y of V|ruses

target antigens lichdpsRasiniuenzapirus Nypol, PWﬂUWVIY%HMPW@VIWEWCW ral 41
10 MAY 2006 WO Qﬂ/u@@?p%%7rumrb%3ﬁﬁﬁ ﬁa&mﬂhéhz& VirhUEP8 2. farinBénzh VikdsUs

famly, which enconpasses t rou
y Type 4, Newcastle J] isease V|rL\1Na}chlck%l ns), rlgderpest mor%%hwrus 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 & 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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whi ch are an inportant causative agent of epidemc gastroenteritis. Still
another viral famly desirable for use in targeting antiggmsuapr286nduci ng
i mmune responses in humans and non- hunman animals is the togavirus famly,
whi ch i ncl ud%(;3}a@3g,enera al phavi rus, which include 5 Si nd:lmmsmmmes

RossRi ver virus, and Venezuel an, Eastern & Western Equi ne encephalitis,

and rubivirus, including Rubella virus. The flaviviridae famly i ncl udes
dengue, yellow fever, Tgraneies emdpephlatiesthiespb- ﬁtmilylgmdrisirmdmphal itis and
tick borne encg ner at ed
fromthe Hepat| ?J}@ %gg ﬁcmhé% gg?do\ﬁc%/@r dlséa%sg.?‘}'eh%ﬁl&ﬁnﬂ i n¢ 12%1 “i3 nunber of
non- human vi r USEsVIS leptivigieal (whx@Uﬂcrlwghm@nmmuqugﬁmnpwru(spﬂm)xsman 10 porcine
transm ssi bl e ; [

B L A A e s P L RN
feline entefi canewaﬁ@vawgumwtnﬁl) Beineandhe BIyrand STV, masy §uitel)y antigend htvenan
respiratory Cofanadbbds calihdify b%é(ec%uﬁﬁarﬁpm% of ITTROHEPA SIPRME non-A B
or C hepatitis. Wthin the coronavirus target antigens i1 nclude the
El (al so cal | eaclndeovithoyt limisation e g3gnpol, ‘Eﬁ V(pw \ZEB, @av,gl@aans Rey profsinkas pelbt ei n) |

E3 (also call egvﬁ%ulﬁag?ﬁenamglmtawﬁ&l aearrfa@%)fmghm%eﬁs%me& afiiehs ﬂ%@@sent in
al | coronaviruses), or N (nucl eocapsi ). Still other antigens may be

targeted agai nasen Haseribedh ABptiaklP ARtigers ARFithis purpgse g kﬂ(ﬁ'tﬂ tgdhose efiglill ”@fb‘h@? or

vesi cul ovi nys &@mele, ,oné/@.ay SeidcBd seqleRbdRhbdding tHd dagl pbl, Vﬁﬂéﬁdt\h’? FREQf A Rev,
| yssavirus (e.g thin the r bowru ui tabl e

es
anti gens may bﬁn%ﬁtPs@cPr?t%'B?n\geﬁé gGﬂFr"Eﬁ ga&ﬁm‘t"lﬂé"hl‘\"r%ﬁ%%ib?ﬁ in a‘leﬁtm' |y
fi IdO\éLr: dae, V\51912f,'596.nSdeyﬂﬁ>$thb@lN&ﬁ&ﬁglpﬁotélﬁ‘s}kﬁﬁcriﬁ#dlﬂm B_‘F.b&xbh &sl, 20vifvhS bur g
an ola viru ui S ce of antjgens. €_paranyxovi r us
family incl ud@%ﬁﬁfﬁ |<§law§§5)4ﬁm§ﬂ5iy§@arﬁ °‘B‘a$§?rﬁf’|28?ég9zaf @Mpir}sz’})pe 3,
bovi ne par ai nf Thegspatein¥/br subunity freredE, maybb délBrered bone| BRIAPSMbIhAtiLSvia feptrate Nf | uenza
Vi rus Type 2 ar ai nE{I uenza virus Type 4, Newcastle di sease virus
(chi ckens) 5 ri FaRFPLIP™ 238815 VEFY'i rus, which includes neasles and canine
di stenper, and pneunovi rItISpapVWHVB‘ﬁB fatﬁﬂ)l inclades tmsw-faaﬁlypmycﬁwvm}sbsi @KUvdngUs. 25
The influenza yirus i hin,t f am ort honyxovirus and is a
sui tabl e sour.cgdq)\m“s%fiﬂdﬁ Su%éa"&g' pa[’lh%nwuspéﬁf’%?rpﬁl, ‘x‘phcém‘f\elfsr%f“&]t'gé'ﬁ‘ﬁ) The
bunyavi r us farrj)ﬂoyrcs'sm bfishpflotmhae memerub&nylaWcmds \(uﬁals (EXyiAD7aARDc@BhHal i ti s,

La Crosse), phI Va'us(e;Jrgsp ra@op' dlS rus dz F%Xr?t )Th%:@w& tjaj.rgsye P%r?gr%\ggufious

p—

hemahagi n fever Wi ru
unassi gned 2bun(feline enterés), fﬁhepmeemmms fcamel parvpvios; auld poraing pnnvoweus.)ﬂ"he

anti gens again eyes  \ir r ir i ncl udes
the genera r eoﬁ‘&‘?é&'&pdls %aqrf gqu t?g%qb?%ﬁlyc%%hgg%p eggﬂ[[?ag’ W\ﬁerngim %II:E: tk' ¢ in
children), or bgwmumxvmdliém, Hﬁwlb,wsriqe@ﬂirw@mdﬁﬂw%, Yagivedla Zostel)ebd)ﬂlbo

(humans), equi §s’v§m J)LVHﬁh tngﬂ egcﬁ'g?]éeyt Jg’ﬂ{&?ﬁ%ﬁf@ 037042397

PCT/ US02/ 33629 he ret rovirus I nc oncori virinal
whi ch  enconpasyesegalpvirunandiie w’vdfaméx mmpawyeswg@awblsh mslumlthews@wraeukem a

virus, HTLMk a@ghphocryptovirus, 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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HTLVI T, lentivirinal (which includes human i nmunodeficiency virus (HN),
siman immunodeficiency virus (SIV), feline i nmunodefi ci enﬁ}S wm( FI V),
equi ne infectious 5 anem a virus, and spumavirinal). Betweeh"t and
SIV, many suitable antigens have been described and can readi

sel ected. ExanPPé308#97suitable H V and SIV antigens includ®&T ’9&‘/’?’
limtation the gag, pol, Vif, Vpx, VPR Env, Tat and Rev proteins, as wel |

as various fragnents theflﬁg)iesedtﬂv@rﬁﬁgﬁ fnbyP#lso eﬁco‘t‘@ﬁds%ﬂﬁu&ﬁenﬁﬁﬂlcﬁ bréaédfQhs to
t hese antigens have been describ Sui t abl e anti gens I S, pur pose are

known to those imfnusike 4 Huniap of tpa-hgman anjrasl aaaﬂlsté%%*&ﬁﬁ%t@ge‘tﬁﬁ@‘“ﬁ’&%hécﬁ‘écft‘“gée

sequence encodi o 1&@&10%%@1994 or antfcellu?dF Garéé%s wiEéWMnfectBlimandd fevhumagnONgst
ot her proteins. e.g. fied g protein Whlqigatl s described in

US Pat ent 5 9mn®%es, dom %ﬂawr ceéIWétumPveélnEX@P{?s Bt tgeteriahpathpgens ineidey i n D, H.

Bar ouch et -nostivk edccidfthre BdmoddVa] ftdph wac),,amaﬁﬁptﬁboem Amar a, et
al , Science, Zéétht%%én{c%am PR April 651001 eB Thgsec@fdgt)gl ns or Qs}u uni ts.t hereof

may be deliver éﬁthag@mrar@rﬁeﬁaﬁﬁveés%inﬂa%16%"‘3?% & §aRagpeEUs) BahRZERig PRI £ o o
single vector. Jfhen m\’d%&ilhﬂhkﬂudceQﬁfbljoyacteﬂﬁde&bd@s‘audohﬁnasLabmétaﬂﬁbﬂsxya and

pol yomavi r uses (BKU and, ,JCU viru fam.ly, | rus
(associ ated wi tikepellgmslioidgsis; samey ?frf%‘ 83@0"2?5?‘%@3 Wor&?e"ﬁ’%%a'{;@’ﬁg
adenovi rus fam daiseé EHahdishag bedlllaS}B'ﬁm.(eEa(tuld»\&}w (VAHRED, ca@zﬁuhrenwdjuyeﬂsmmaus e

tory di d/ tis. Th f
par vovi Tus 20 (erurREHEEe b ot Bpriaei R Lk kP el BB

parvovirus, andhsEHﬁﬁﬁioﬁ&yﬁﬁém‘éﬂ‘éty&xpﬂothrTMusxdp%iaeﬂobmdmctﬁzmm diyhthenicl udes t he
sub-famly al phaher

pesvi r i ¢ asse ener i nml exvi rus

(HSVI, HSVI 1), Y&%*Si 89 ‘fﬂ ap _5"6(37 §“°"“é{’r5$53%?“|“5’9‘%6“ ‘“a@ %ﬁd t he
?a lC):NI\/ am |y bet allsh%msm rDisases cmdcbly gat?ﬁgcmdamentohle b@memalu_dyt_btamm;gmtuhym{] us

mur onegal ovj r.u sub-fa r d ic
i ncl udes the gefh "r’élc’?gﬁ'l)afﬁ%eﬁ%l OW‘;}?‘)(W’IY Yu (r]no héé%%%gt?r%' '?? @/465/10 oﬁ%w
infecti oufs rlkl: nd)i'&d’aﬁblﬁ Imgluﬂe syphxlmmelbdnsmdmsssaw pimhambe,ndWﬁdsyplhiﬁﬂhlrdovi rus. The
poxvirus fam ly_ includes
enconpasses t hel® tQ?PérPﬂs o(Ptﬁ1 op%%@?srcgﬁs’gcé%’a@%% %ﬁ?g&%‘ﬂ tér& d%at%;@ acm%u a
(Cowpox)), par axmee/acnnmx;ycem pmmmllosts;@ryp@amcombdwmmoml hé?i@ﬂ*éispjwnﬂus
Sui poxvi rus, and t, gcos@rgakydlaefngsgggngg&}%{dh sp&gﬁmgl rus famly

i ncl udes the He °f°‘| io assi VI YUs which may be
sui tabl e sour cepnﬁcoemldlocgmysosnsspetrhéldH@lp)aombps;@s@mwﬁomﬁ ang ghrormymyjepsis; gcher

viral sour C&3 gg rpxgto?ha/ de Y8Rl i Efeaﬁﬁlé fﬂHﬁdebl‘%ﬁﬁlfevgl' ﬁ@&?ﬁ[o\iﬁtﬁh‘&oﬁw por ci ne

respiratory “a uctive syndrone Virus havi rus
i ncl udes equi ne faved Qrfc\ter,snd/meSlaln@k Bxemplesps HE?R@BW“F*P‘?@“W%‘ l!??é%OnMS 10

MAY 2006 VO 03/ @ag39 \kE {;SH§?%u§1§§igeq lyﬂbﬁog‘?irﬁ&ﬁﬁ%defé\a’ﬁrﬁslt\ﬁébsﬁ%)!d pdrgtal

enconpass i nmunogens i muni ze a human or non- human
ani mal agai nst @hlheydlqéatf%g@nsPthﬁ&qn&dP‘F?@’%E'icé?‘P"és Pathipgeytic protozoans and

helminths and infections produced thereby include: amebiasis; malaria; leishmaniasis;

25  trypanosomiasis; toxoplasmosis; Pneumocystis 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, USAJ, 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 (smalipox), Francisella

tularensis (tularemia), and viral hemorrhagic fever, all of which are currently classified as
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parasitic mcroorganisns or nmulticellular parasites which infect human and
non- human vertebrates, or froma cancer cell or tunor cell. u@s of
bacterial pathogens i ncl ude 5 pat hogeni ¢ gram positive coccit Qﬁp
pneunococci ; s#@p J&gpcm 3 and streptococci. Pathogenic gr %’ffu@&%&i

cocci include ni'-ngécoccus; gonococcus. Pathogenic enteric ~"gramnegative
bacilli include enterobacteriaceae; pseudononas, aci netobacteria and

ei kenella; neli oOdtagdrfSA agantsnOaxalih aurné‘th((g%vlar?t Brﬁtﬁﬂd@béﬂ'ﬂs'(bﬁccllgﬁﬁ%ﬁ}cﬂo rig
ducreyi (which cel.l a;  Franisel ful areénsi s (which

causes tul arem af® HVZ@ﬁ%ﬁ%nﬁ’fG”(%ﬂg’f"@ﬁ?@l ifs goxin @P‘F’&’rﬂ"@-lﬁ@e‘i’ﬂ’ﬂf’mp%ﬁmgmsfaw m s

and spirillum Gitawxin(Qqnsildn\taut);ﬂzaﬂhjdbcabm kpedies anldittfelr@duin (é"ﬂ?é?&ﬁ:}z‘lﬁ B?%gr%?g ich

erysipelothrix rh cterlum ht heri a

chol era; B. ant h?llaé%lhr(s?&?cya ?ﬁ?g z}cgaég%ga?ﬁ?ﬁﬁ > @nd @P%HJI“%‘WQ F%‘G’i“?fé’l‘@)mh %hd
bart onel | osi s5 Deweatipsassificss Cabogorpanpentye it aidaion etebirgankas] Whibiard #C! ude
tetanus; botulis . | eprosy; and ot her
mycobacteria. Pat %ﬂeglrjl?'g&g&%m?@hﬁésﬁi a? "f%% dé'gtgjkcg d?‘?ﬁ&}feg SUGAARUROSE in the
treponenat oses: fiue, It pilhseaeadifungersteor thatshppdnnﬂuestarsambthdrems@mdew,i)&i Ot her

fect t d path | ud
act i nomycosi o nacon i oergro Rt ARRS R &kt Bullint Phagie e Bhuschbei &

and cocci di oi donspdunts, whwh:wllcnrtﬂﬁlasndéqr tratpEfegioh boslies advaxlsdreawbﬂsrmtﬁsdes
sporotri chosig; b;gﬁ,rgggqg&&sdl odonycosis, petriellidiosis, torulopsosis,
mycetoma and chrononycosis; and 20 der mat ophytosis. Rickettsial infections
i ncl ude Typhus fever, RockAmiationofthsyestereef the ivestion tQdélveimmuacgtns against

Ri ckettsi al pox. @é&ﬁﬁ‘iﬂbﬁ?rcg@cfn ofthe TREBINB ANA R x@ﬂ%ﬁjﬁe%c dd g%ﬁrLE %r}:%la]mﬁ%c' ude:

nmycopl asma pneunoni ae; hogr anul oma vener euny psi t rinatal

chl amydi al i nf ecf@EFnE"e“F’alP ﬁ*&g’@ﬁ?lé agghiritia Rk @serelﬁmrfwazsmbpatmmg@ﬁmcu
protozoans and RgRdETRsARFch 2 lﬁﬁ)tl»'ee r}ﬂh@ WREKERfle bRRLR a\'(:tezlrlrz]C ;lﬁ%sg TCRs

anebi asis; malaria; |elshnaniasis; trypanosom asl s;
Pneunocysti s ar ingjule Vpy Y lfia¥rd7 a"ﬂdé@ok?l ei@‘,lﬁhd@tynldwfa nuctw;bnsllscmucm:p tigt encodessi s;

el chinosi si [1) anlbaednsor S6bL Ay RE0EL 3 ooy HOMRLAAES L HBIBIAHER 0Ly, || Ukes:

and cest ode (tapeworg} i_nf ec i ons anl sSne an SOXI ns
produced t her eby ™a\ed ip8én In pfiipe f"l‘fi‘%sé (W):ts??émtﬁm@?@“ﬁbh reBiosef FERSwMich ol

[ (CDC), Depart msm’e llﬁlf)lVHBl@.ttm daedde lrdwga@n ciacRRLl GRS T@&ﬁnclu@év %ﬁ&‘y& 1}2’“' ch
attacks. For exanple, sonme o

have potenti al 2{1 u%ﬁ |oI o%

bi ol ogi cal agent VRt 2 miglelciapi §°qélﬂl°ﬁﬂ‘étcﬁ“§°d(’saaﬁﬂqﬁ?t8&9Of“GSQ)qu)memdeﬁwlll
botul i num and i élil:lttaﬁmmu:(ebﬁpdllsd tRATIwill MEEST CullaROSIVddSn MB] A8 W&droderids, sl M Or
(smal | pox), Franci Se nd. viral henorr hagl C

fever, all of whifch ‘&Vaé'ai%‘ﬁfﬁgl&mﬁc& %’é’l‘ ‘i°é‘H°§)§d ip medisgasg pave bermhangsterized.
03/ 042397 PCT/ USORESIERS inCt 6/ Y- sAvagem\zu-lmm a-Tovsngtvd-14 Quiyver) ;

Brucella speci eSV&B%UC(FJ\’a 2 ! 'ﬁ‘lllé de 1very o?a nuclelc acid 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 selécted. See, e.g., WO 00/11140, published March 2, 2000,
incorporated by reference.

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

encoding such an antigen. In one embodiment, the invention provides a method of priming
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mal l ei (gl anders), Ricinus cornnunis and its toxin (ricin toxin),

Clostridiumperfiingens and its toxin (epsilon toxin), Stap ) us
species and their toxins (enterotoxin B), all of which 3@“%

classified as B agents; and Ni pan virus and hanta ich
are 5 currently cC a%é?/fl ed as Category C agents. In additi §E§M§@§362¥‘h
organi sms, which are so classified or differently classified, may be

i dent fied and/ end bwosilg hminmine fesporpito peEEtedAdgSy ddlerig s p fdmits Ror
readily understg%q,n Q% &t \folf L totrs and @t her constructs descri bed
herein are useful 1 G defi \? dnt’| %léy OF e B @ VBT LARtainee AdV seaverses athei r
toxins or other ttbynvezptrooducts which w || prevent and/or treat infection or

ot her adverse reaction i cal ents. Adm nistrati on of
the vectors of the |nv§n%grﬂbédgﬁ ?ﬂ‘ljegmgle WS'Q’éﬁg‘%%?ilﬂl‘Fs‘:t"Pmtsﬁé"f/arl abl e

regi on of thé Tmubiproeins|fiogthe prime andiortbe bastpelisle. $aacd. gl R ROAkaH; ScibRe,el | M nat e

those T cells RA veral ecific variable
regions of T celb?]2 69:@3(% g’rég)o?ir@%sh)&ck lbézst?r%urlté’ 9 ﬂ(‘/f)elg{}]@fi?r FERrEelonpiPete have

been char act er i sehynitsprefuldorpeprsating an imtune eespén, aghinst BIV MdISTVARG eManplela  Thus,
delivery of a nWAeﬂrﬁne%erl%ﬂfﬂ@ag pbiN¥le \?I;}g?rﬁ waqtﬁnvf'@dgfﬁe of these

pol ypeptides will elicit an immne reé ohse o fom g s
i nvol ved in RA. sipgle Wtrlpbllﬁteéml@l)oﬁte@‘(m ,Pobmd'Hi\&ll EapBdkelverdvari abl e

f h whi ch h b t d.
Thase TCRS ol yde V- 3 aniryhe Aievepiiod e e aTfey RS iRl Zb o *°

sequence that eAle¥st theseprigsns. Eﬁ'éﬂxaﬂplp.rmmgpwmem deliearingivlith a ikt éHitgi t  an

i mrune r esponse véckabf thé inventicd BREwel by Bbdstind W |.n.scl eroder ma,
several specific variable re onsbg l\Yi\iﬁls‘\é gf@m ectr é&'ct}‘ﬁ t he

di sease have befiPRORHILGOpInINE antlthé%eéf iTpRtsin; forgl. dnlene\brﬁxampﬂe&he Midsd and

Va- 16, Va-3C, Veooé, nléhn préRidd B proMéative hus,. del ivery
of a nucl e| aci d0 rrrgélms:ul gé&&gt grr?co esmgtlmesggnsgf)bﬂlew‘grfu}%%;;mor%tgﬁr pepti des

will elicit én P'ﬁ?ﬁj% B aptigsy isdprived.; napether tesired ¢nboiliment] tieptimen 25

scl eroder ma. Qpboostraditndn prvadds @ ierad Uit ffétt A&k ntion
may be delivered ua&gh;m rime- ragost re |rrecﬁﬂéﬁ%%?t&ig%@go&fvgn&lc'hasﬁaé@ffrens

have been descr fH&EH enge pf theepndition Bewhielhtereygy is bdingadministeBde, e.g., WO

00/ 11140, published Marc I'FthrtrZiQQQaccmé 1B&seRAn ARty v .%s%&é‘s%fﬁe btﬁ EPS“C h
pri me- boost regj | ve the adm nistration o

pl asmi d) based vég??F"%gtlﬁpﬂew}t‘%bdgpmﬂém%%‘ﬁw Whick the desifed impwng er |

admi ni st rat i20n respohse ivbeirgastdtedo ht indghtibe BMot 1R toAfe a’t‘noﬂﬁt‘%? Qlugoﬂﬂ e&wn
recombi nant virys gar ugnces epcodi ng such an ant d

ing th q
embodi nent, the i nveﬁﬁ%g?lcgf)t%&aﬁ‘& + RORIYPE Spichtampasses t@@%ﬁ%@ V\D
03/ 042397 PCT | Usbigh B86R3 single dose or dosage which is administered hourly, daily, weekly or

monthly, or yearly. As an example, the mammals may receive one or two priming injection
containing between about 10 pg to about 50 pg of plasmid in carrier. A desirable priming
25 amount or dosage of the priming DNA vaccine composition ranges between about 1 ng to
about 10,000 pg of the DNA vaccine. Dosages may vary from about 1 Mg 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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and boosting an i mmune response to a selected antigen by delivering a

pl asmi d DNA vector carrying said antigen, foll owed by bOOSti\ﬁ% g wth
a vector containing AAV sequences of the invention. In ond nt, the
prine- boost imen _invol ves the expression of 5 nmultiprot th

prime and/ or tﬁ QOYYEEY vehicle. See, e. g., RR Amara, Sci ?ﬁ:@'@(}so{@@f 69- 74
(6 April 2001) which describes a multiprotein reginmen for expression of
protein subunitg &Hsﬁi Uloeh®fn 19806 AL He B ﬁgm P | V and
SIV. For exanple, y DN,C{’e f Eﬁ% Br{}ﬁ‘;’/erelg @Sﬁﬁ:@ fﬁ%ﬁ&ﬁbﬂ%x‘éﬁr}d Vpr
and Env, Tat, amermevmﬁy bmdmmmrﬁéoe mamgpakacearding tometr@tendpacvb;ddybovphea5| v
Gag, Pol and H Vichifeeidase fgﬁrlu'la‘ﬁgﬁ es%g aﬂo%dté?maaésm }Tlasnb%; %eP%P orl gl MENs
are not limted to I munization H V or rver theeantlgens.
For exanple, pr ﬂﬁivarguﬁagm%%m‘iéaeﬂlnowmg W|th a first chinp vector of

the invention followed b)bﬂ@@@ail&'tﬁ@prﬂﬁlﬁékte? o?ﬁﬁmntﬁ)h'aHPle@@JsQEme{en th a
COITpOSl tion contai ni ng t he_anti gen | t sel protein form one O

exanpl e, the pr"Bthepgpng NG vacEine ‘EP&W“{S‘I‘%V’? sagabéc antouatoE an a\ﬂé’VF%‘f‘H‘ﬁ’eﬂs Bsponse
to the virus, baefired h&eigr ot her 15 organi sm from which the antigen is
derived. In another desir egbcr)?g)i rrent t he, pri me-  boost g%rren provi des a
therapeutic effect that caf“Bey: agﬁJP%‘E?“iﬁgﬁ‘tf?Q ‘P(S'H‘!R%ﬁtﬁ’?dd‘ﬁmﬁg gpgutf2gd weeks

dgt ection OL t hﬁﬁ@ra&ﬁﬁméﬁnme piirRing DNAI viadctne édc 1] mﬁﬁ‘irhﬂﬁtcli EubRELDNe ddfindSafich

adm ni stere T vacci ne na m ni sjered at varjous sites in
The body 1 n 18 " BEeRbeaamRts e b e s ah SR el ST BPROPGE AP uhi ch
the desired i nmgaapoition aﬁxmmge)rlca:ahebmlnte&ﬁgﬁé Qifhe arftipen dsRURMsteRN bly e Ot
limted to the am)untD Igfb i n:heCt' oni gr to t har naceut.i caI
carrier. Rather P'PHE& &ﬁm“ﬁ'& ST EPORNES IR ULAD may be pqmpge ng RRmpinant yigat |y

i ncl ude a si ngl ecdoseried ﬂdmsl&gaamu\/matbkburcs ok dothbiab@de. Ntefradivelyditie| Y, weekly
or nonthl y, or receive one. or two

e
primng injectio aténgr? aF ?ﬁtlﬁg ??gﬁaggoﬁﬂpgﬁ%%tcoﬁ&m‘%af Ba"é%ttﬁﬂ" BYPOERCH M e asni d
incarrier. i depsmmglﬂNA mcnme, bot i the fomo oHid prouemdop@gdb, which dvenppsifidh indhcéNA

vacci ne conposi ti t 10,000 . of the
DNA vacci ne. Dos“gl%énse ! \g/g?ﬁe %Alr%gﬁ%] a Olefterr%J %mﬁnq tggbfﬁg@g éaCBR&W"wg?ﬂ% of
subj ect body We"@hldﬂs aTdﬂmpwmmbntmmnga DEAGéquem erbiingnthé mtigesindalteomediect ed

based upon the h e vacci nated. The
dosage unit of tth%B g@g?\cggg%h{' Qx&%mto E‘ealmaa ver lhan h e%e 5%??5‘3 %o 30
the manmmal is de’@!iﬂm%ubah@rld|0nvlraWR9tOBNﬂhwmquuusmgnseqwree:dosrtmg vaccine

adm ni strati tically or
Physi o og cally SnpSldRRue BHERE Rifth e thaRELERAT ol B TRAEH GRS o5 1
sol ution or ot hatactivsrantigen;tas thatenpgvied by thé PNAyeccimpparent to those skilled in

such adm ni stration. The i M | . 0 e
Sho A S T o NAYS”&%%Q%@%% Giatle% lggerntlcm ard aldSvefl VHifdG By ulen AR

which use non-AAV vectors as well as proteins, peptides, and/or other biologically useful

q~

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

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

gene product in vitro. For in vitro production, a desired product (e.g., a protein) may be
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PCT/ US02/ 33629 art and will depend in |arge part upon the route of
adm ni stration. The conpositions of the invention may be adm nistered to a
manmal according to the routes described above, in a sustdihdAY r@ease

formul ation u odegr adabl e bi oconpati bl e pol yner,
delivery usi nge’fgf‘é‘%?“? gels and liposones. 5 Optionally, E)Fﬂésprl t?’r’"igng step
of this invention al so | ncl udes admnistering wth the primng DNA vacci ne

conposi tion, abfiteld abha desirediatitueifolbwirgdjansfetion ofdiogt kellawithp eAAY @theldg her ei n.

Preferably, a poosti [ Si {1 i i Nj 27
weeks after égﬁﬁ‘ﬁf’%‘[}%}‘fﬁ?@?‘hﬁ edte%r%? Hgn‘)?\‘bc‘%%ﬁ:&%%@g Fhﬁ gelf'% ﬂ“% utie &na\{??ggn

subj ect. The agiiihpemiir @pression] Thoéxptesed bodet magtherorepusiicdiaohisplgted@e onpl i shed
using an effecti.v . V, t ni ng or
capabl e of del V& I%ﬂéggﬁtéecg%ﬂesg& ??Q"Efgﬁ%g’s&gfﬁ?}ﬁﬁ{‘%? ere ydn? hl'gg&ﬁ%&? iﬁ%n ng DNA
vacci ne. The boownh kathose ofigkilkintlieant. nay be conposed of a reconbi nant viral
vector derived from t he sanme viral source or from another source.

Al ternatively, the "boosting conposition" can be a conposition containing
the same antigen asThefdlowing ckamplen dlustsitaseyersl ageatiend grbediments b the IpvinticRe f or m
of a protein or peptide, which conmposition induces an inmune response in
the host. In another enbodi nent, the boosting vacci ne conposition includes
a conposition containing a DNA sequence 5?‘6&8’“@ the antigen under the
control ofloa regul atory sequence di recti ng its expression in a manmalian

cell, e.g., Qr | A NG The
primary reqwr m%fg}f;&t(%%plooos{’| ng v CCI ne %ﬁéaugﬁgfsﬂo??on a(rg(]éa(ﬁtE 3t he
antigen of the vaccine dhnsmﬁpmmomhumsn priireatesanees sanq@neg@nAAé’rsewencreegsnga

reactive antiggas m%EIOéP @%gleamdsttpﬁl %1&&9&' rgé?ons %%@PMVSJ[ Re vectors
of the invention areasowe rg In reglnmens which use

non- AAV vect or sire&h of 8AV sawcme@paanm?%éé@%méwf%w QIPRY:6bvasisiegiedal | y
useful th apgut j i

par ti cul ar 15 w1 PG ST AR R RATRAEEG o HRIRS RALTROD Bifsmigue

i mruni zat i on, toeathikhiowg AlMdumt)mg, vpmqbtlsgtgmedéerem pisigriatuge. TCMHS flanksd by | | be
readi |l y apparent f the

i nvention provi ca‘ngér%d%@cg“eﬂcé ﬁlglrz#e arla 51§ lﬁfﬁs n%turcF géé idﬁssho@vv%f?gi lgiaéég del Pver a
sel ect ed transgeiweentcon%rvs@te@é\eeéépah@%&hY@@W”ablﬁfﬂsmé or ex vivo even where

the organi sm has ”emra'Ax?fnﬁiglﬁl%)lJ)}Q@z'nﬂr%ral&o&%aﬁ&mﬂ?@éﬁ:oﬂﬁ%aﬁﬁﬂ@&t&pes In
one 30 enbodi nent, the vector r AAV) and the, cel ?re m xed ex

vivo: the i%f ecpesiss ealed datFﬁabl“c%ﬁ\gB‘r"eﬂbﬁ‘é‘?fﬁ@‘“ﬁﬁﬁr\?@ﬁf’?ctﬁﬁ%ﬂc B0l ogi es;

and the transdyged 6edynsmalbgout &adaﬂ\feb'&ﬁﬁ’nphriﬁe& ahdRabodaHowRVer, thaté whemo t he
vectors of the invention may al so used for glrga?@%t Lon of a desi,red gene

product in vit gV fegrenees dﬁ‘ie‘ft?‘b'“ B?’%ftﬁfﬂ?f FRSfeS testey PREBERE ERcaErSSpiE o
protein) my beaifd md&qitt¥Xnd4d@Brel 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 seitings. The alignment for
30  AAV1-6, and including the information for the novel AAV7, is provided in Fig. 1. Sequence

similarities among AAVs were compared,
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WO 03/ 042397 PCT/ US02/ 33629 obtained froma desired culture follow ng
transfection of host cells with a rAAV containing the nolecule encoding
the desired product and culturing the cell culture under cpQoM&¥ ogag Which
permt expression. The expressed product may then be purifi b0l at ed,
as desired. $ff PP 7et echni ques for transfection, cell cu;‘)?ﬁ/rtj?dr%gs 2
purification, and isolation are 5 known to those of skill in the art. The

fol I owi ng exanpl es il ustrat ens@yBieadf siape o8 Popation AL TBEY th 198145185 of

i nvention. EXAMP é%@gﬁ%l T 1. PCR anpljfication, cloning and

char act eri zat i oMt} \ @B‘Eﬁﬁ‘_&ﬁ%’?ﬁ?md“ﬁ Eeg'%@ﬂ?er%mmféﬁﬁgﬁﬁﬂ-qcﬂﬂhm%s

vere screened f (See/Ay) 1} 9sIRBGIESd bisthe BivéntdrC I hEREGs Ras@dyifiRhe AAV capsid
conserved regi ons of known AAVs. A stretch of

ol i gonucl eotides_to highl ) , / _
AAV sequence spﬁﬂ‘r‘?ia?fghaggt?élytcﬁnsﬂ%ﬁe%‘ﬁ" APRPE o kot pd Niondsjandigselativel¥ct ed 15
as a PCR anpbi cesrisble ssyubrh inthdwyiiddiey Br ddainibe tHisi@sioconthint HBratid Rsthi6tioR efdyRieN
(Cap) that is uni h AAV ser.ot ype, ich is terned herein a
"signature regi 81%18%‘#&(% f i anksel"ﬁ?%\ﬂ co Sgﬁvg‘gxgéﬁ'ﬁ‘\éﬂlﬁ‘@g.ﬁqﬁ‘slrgt‘oé‘rse‘a?ﬁaffysi s,
this si gnﬁt ure segifi ngjngme _ﬁ)hg@mgknﬁvnbppe!ama;t\/du\mbmM&@Wom@,ﬁsﬁrwi@lct’m{ley (cjiuefs
spanni ng hyperv . [ egi i niti sur. of . periphera od of a
nunber of nonhu?ne;a’ﬁt%pf?ﬁﬁ%lgn 9’3‘6 %dB'éucr}llegsse S %hét\%éeaﬁpgcdﬁlcgéfaééFg‘mnégrﬂﬂ?/asiaﬁ‘s)@?subs et
of animal s fronekgophessissnaysisathisTbgousan teasaqo dfiniticginidemifpgmlisiedBNAGSES,
some ot hor - dBecr A o e RIEA R 45t ¥ ARt 8 Rec aques. pig- cailed
macaques and squirrel m)ni<eys Thoﬁprirmr&awmdefgsédvmliaamlayd;f’sRecﬁndit'ﬁﬁst fimized

. &

di stribution was, gg$qu } i e . nke of the University
of Pennsyl vani a%zlaﬂrll_ uf%&@%ﬁl@ %%{”@%l}é'eg‘h? r&née\?sé?%%bagé[a uﬁ%%tﬁ%ffgg}?mefﬁy’é‘x&g\/eal ed
AAV sequence t hP'ouigan d: be 286112894 0f A VBSEQ IDsNQ&sand A! prifren|1B4s pe@0pH a1 xfofan AA
V signature regisQR o ssaeAces of AAV I-6 and AAVs isolated from Goose
and Duck were aligned to each other using "Clustal W at default settings.
The alignmedf for 30 AAV 1-6, CeltderiDANAsUtpinrditferens tigsues inchuding biood, brair, heer,novel

compar ed. |45 vio 08/ DS Tins S see REh ST G R .
257 bp regi on speAYRi Hg remBererspled thatadAs fipm differepialssuds df S tddkey@gad]rise and t he
correspondi ng I edn® PCRAmplicalGROFRthetestAYn £7aB sl SPRER Sroducts 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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[See, Fig. 1], was identified by the inventors. This region is |located with
the AAV capsid gene and has highly conserved sequences anbng at both 5
and 3' ends and is relatively 5 variable sequence in the m ddj aay!208
addition, this region contains a Dralll restriction enzyme

( CACCACGTC, SE@Q%"I‘\@'&S) . The inventors have found that tﬁ%ihjg(gm%s'
serves as specific signature for each known type of AAV DNA. In other
words, followi ng PCR reactions, di qgﬂgqoge 'e{,&smgseases that are
specific to each known serotypes and electraophoresis analysis, this
regi ons can be used to definiti VJS'}’““F'F%’?;* ﬂﬁvéﬁﬁlﬂ_t__ﬁif_(m‘é\_as 10 being from
serotype 1, 2, 3, 4, 5, 6, or angther—sef ’M‘VI" 2%? wer e desi gned,
val i dated and PCR conditions optimirzed—v M'vzf"\""\“"' 1, aft controls.
The primers were based upon the SBQUENCES|RLYPAVZ: g‘g—prrn-er 1S by
2867- 2891 of AAV2 (SEQ ID NO 7) dmd 3~ priRkvV4 | 24gp 3095-3121 of AAV2
(SEQID NGO 7). 15 Cellular DNAs flsom difféaevd TiSshmss 1 ncl udj ng bl ood,
brain, liver, lung, testis, etc. 6of difféeAa¥d rheslzs8nonkeys| were studied
utilizing the strategy described | 7above Th&Vt esul t K258eveal ed] t hat DNAs
fromdifferent tissues of these 1 gl'myt gapbvio t 2355t rong PCR
anplifications. Further restrictig—anatys 597 X}é‘ PR BBoducts | ndi cat ed t hat
they were anplified from AAV sequences—di-ttefent—F bl i shed AAV
sequences. 20 PCR products (about 255 bp in size) fromDNAs of a variety of

nonkey tissues haﬁ'!Eleg*éﬁ“ cgsg andtﬁf%g{etggp%%d &ﬂgf};[mt' cs study of
LAl

S

agn (0

Q. T

t hese novel C AAV sequences of

capsi d gene and U StV TRAVS &S HRGgal | gnment
t he novel AAV si gnatur"éA‘; eg"lyo":ls W“ M/ (}Aﬁb fﬁE ‘ihf)v%( i}v% “1\)1% and 119,
respectivel y]. vipl® segencaeial 1[ganens7 anabysi Foswas |49 Pefgzored usi ng
the Custal W (1A3¥2 progriggh T pegrigentiage P90 sepesence o denfgaty | bet ween
t he signature redddas| of V 1-180and 7AAV | 30- 1P929enpIzes 1{92 pr opa2zded| bel ow.
49 WO 03/ 042397 |BAN# o 1 mmnp;eq fldé_Andl ys| & 1-082006 | 8PCT/ U802/ 33629
Sequence #AAV Sd !AANSIF\ Size (pr LA, \/12R$Z7bAA‘[ﬂ?r\r\ 79AA\/’1 a%s 4 V4246
SAAV5258 AdVe r o o ot

AAV7 ' 94 92 92

AAV10 95 93

AAVI1 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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6AAV6258 7AAV7258 10AAV10255 11AAV11258 12AAV 12255 5 Table 3. Pairw se

Al i gnnent (Percentage of ldentity) AAV2AAV3AAV4AAV5AAV6AAV£9A¥.OW11AAV12
AAV1909081769791939493 AAV29379789090939392 AAV38076909292979

AAVAT68184828179 AAVS7578797976 AAVE91929494 AAV7949292 AAYLCOSIZ AAV 1194
over 300 cl on¥Q ¥R ni ng novel AAV serotype sequences that spgn t he
sel ected 257 bp region were isolated and sequenced. Bioi nformatics anal ysis

of these 300+ ohQ, Gl &R BUGEIERefce UOR stolth 5 B67571p Fag@trabutivsloruid AL | n
serving as a g%) And nmar ker or signature se uencg, gfor qui I sol ati on and
i denti fi cati on3 BIR. Mwpeskts pfngwaaimstsyyses desigped ppd-PGy con @°‘Ei°§ﬂ3¥% & TFRYT BN for

PCR anplificat]on. - FrNefubtc8s drasveP AAWasrotypedMes specii€Ryahchor to
extend PCR an%felﬁ:l?rleggbﬁd%ﬁcga{?% 5'@ bt

of Tep and caphgéewiicador ¥t AVI N 0L TGEBTFAAECS kA TR [ ”' ©"
genome 10 0Bt a1 1d3949 4 ALY BBQID NOE] AFREE Prifi2AGE 1B, idenkiGELEbe, FSEQ | D
NG 6). PCR anpfi Ications were carried Qut . _USInN t £ traneq régltlons,
i ncl udi ng denathe Bl amplifigation; ghefSopringgr ggsllsn"ﬁ?{‘,“ﬁ%cﬁwg%’ ?‘}%‘3 afp 60- gxfg% (T}or ’0.5-1
mn and ext ensipRT#CAGTEARCTI TEGTCTEIGACnIMA3E-4462 afthatl V20 SERDEY NOFT].
2e described in At ap ot RFOPEPRFORHEREde AP shRTuE e PR PR CS
in the sequencg,dngCal fdd inarkar to gedrafoverppigeingments th cdhstruc atchraplSOcapd
O P ey o e b kP Sl bl ARt s o
were designed anskeRGh fardnt basisedapidsaitzdberéinr Moeponiculyly, ofeensrits thainigepsi d
and a part of r,fAPV7S(S.g lélceilg,c tﬁg th(r)efe aPz&YfﬁLtioﬁ%}éd&q{ @} t)w?eauenh@ lofthe BE:EM& 1@@“; y, for
(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
géne.
In this line of work, about 80 % of capsid sequences of AAV7 gnd
AAV 8 were isolated and analyzed. Another novel serotype, AAV09, was also discovered
from Monkey #2.
20 Using the PCR conditions described above, the remaining portion of
the rep gene sequence for AAV7 is isolated and cloned using the primers that amplify 108 bp
to 1461 bp of AAV genome (calculated based on the numbering of AAV2, SEQ ID NO:7).
This clone is sequenced for construction of a complete AAV7 genome without 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 (AVlns: §'
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 IDNO: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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the 5 anplification, the 5 primer, AVINs, was GCTGCGICAACTGGACCAATGAGAAC
5 [nt 1398-1423 of AAV1, SEQ ID NO 6] and the 3' prinmer was | 8as,
identified above. For the 3' anplification, the 5 priner vk NAYS 2095
identified abqve, and the 3' prinmer was AV2Las,

TCGTTTCAGTTGARYS PERETCTGOG [nt  4435- 4462 of AAV2, SEQ | D REFYIO23I62 ¢ hese
PCR anplifications, the 257 bp region was used as a PCR anchor and | and

mar ker to genegpg &g%ﬁﬁés"\‘gﬁhéi@en%ﬁ‘@g,mﬁmé WA) Witk i ltabdubdcy 8f Xx09%. et taerssi d 10
gene by fusion at the DraRl site in the signature region follqwn

. ; ] Wi ng
anpl i fication edpsid glones wesgigolateyl and ghagacterized. Amangiaem. 37 SrctWeefededd®ecr i bed

herein. Mre papdshih@iletissuePr0PDR1PH,S didhes frdhh EbmolbgOe madBud eyal - dyim, t hr ee
anplification Eroducts éa) tRbeb sequences of the signature region; (b) the
PRIRYO-

sequences of t Reloses feop bp2) andesloggsfrpanclimpyieh{ nghd)- ext ensi on

were cloneds into a pCRArIAR®uth 'Mim?m}seq&eammrmmmm@wmdﬁ ng to
manuf acturer's instructions, 15 rla eafter he .gtldasm ds. .vve[)e d|1 ested with
Dral || and rec&mlyiednetsn Foifas elthehiRadich ashCR-pediaed gone tipiae by 8T8 wor k,

about 80 % of eaBsicH bswediffasnt pirtidMIWA aimglatedWih Bomittdgeus ss@leadesdr tha cesult
anal yzed. Another n ser ot

vel. sel J AAV9, .was_al so discovered . from Monkey
B 50 Ui ng.t REPERIRLPISR 8 Ciruerd e oL Bkt e S Bt %
the rep gene seetittivaeiol ¥P1 AdMification iusiog @tabckilalacDNA D Fid, intsét A\ U head prAiviser s
that anplify 108 b to 1461 bp of Aﬁv e msd(cal ClII| ed sed pr&.thc?.
nunber | ho o ARG pes® sy eadi et rely BER A 53t B PSSHARIINEE o
of a conpl ete Adwireg@eensedas templates fof RSR afplifidaticaf 3 Akp VP ifreghdnauising 3. 1 kb
Cap fragment 25 To directly agnpli a 3.1 kb full-lengt fragnment from
NP 1 Seue. andnbrnarmme AR PR Bortn'Q et bR PalR Bnd R
identified in A&VvhetenayhsbridPCRigeduct wettieparptd. flhe afixtwe wead transfogeed imt@agnent s.
A prinmer wthi conserved, . | I 1 dal rep gene
was sel ected (Eﬁ"?&?{?:a“émla% ﬁ'&éf %@%ﬂ)&%&i&%@yﬁr&g%&M% of SEQ
| D NO 6) i ni530 recontbinatiini ppovessiitt bactetid cdls. pridifierent experinamit, e restristed dAVWoemd er ved
regi on downstre N P : SHRAACGA
3", SEQ ID NO %élasg‘g%p‘ﬁﬁwscpgt&gaﬁ(aﬁ%@% I \eNr}%lgEit; E&?Qpﬁ @é}}rEaﬁrgeéneﬁinﬂ@éi.e E‘%e PCR |
E)|r odu ft S we ; e Taiffawent pasitivgs, anrﬁ;tf ﬂl@!dﬁ@stionbinm.ifg[ﬁna@gbg@ﬁmj;;f %etﬂ"t}rgﬁs PCR

nvi trogen) a

03/ 042397 PCT/ %%t?ﬁﬁ%@@’%fe"&géﬁéﬁ%"ﬁ@?‘é@% g%@ﬁg%n%r‘ﬁ? s, thgrééa{.‘? £ gp%{\é/\%/t\pw th
an accuracy of conld be@er@faed through averigp segoenceentrnbian ef pariiabA A sequensed. lxasdthemd
characterizgd. Ampng.t BeRerd bf &l ARBRA $ATSIEAV VO frdgfihe and 3' 1.7 kb AAVS

VP1 fragment with overlap in the signature region was serially diluted and used for PCR

amplification in the presence and absence of 200 ng cellular DNA extracted from a monkey
cell line that was free of AAV sequences by TaqMan 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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Rhesus macaque tissues (rh.l - rh.37), 6 clones from cynonol ogous nacaques
(cy.1- cy.6), 2 clones from Baboons (bb.1 and bb.2) and 5 c om
Chinps (ch.1 - ch.5). 5 To rule out the possibility that se’q‘t% lversity
wi thin the no famly was not an artifact of the P

PCR- nedi at ed \é\ggg%\p{?gﬂci ng by overlap extension between él::%ﬁ er en%seéarti al
DNA tenpl ates wi th honol ogous sequences, or the result of reconbination
process in bactEkdniple 2 AdRhd-Associtee Mbsds Unkérgo Ssbsmntie Bl olutidoin Phgatesi dent i cal
conditions for VPl | i 5§£tion using total cellular DNAs. First, intact
AAV7 and AAVS 1@“?%&¥Q%W#§ HDS1i xed at an equal nolar ratio fol | owed by
serial dilutions. ThRqsstdaahlyss distlettedh A Wisalhtey reealé@diferpmesthRtgoentd at es for
PCR anplification of 3.1 kb VP1 f&gg\g‘\ents .L\?ﬁi ng u?' versgl (ﬁl’.l mers and

i dentical PCR c®Rame thaismpyoqnsera MY i R VY gﬁﬁﬂp P4 Mons to see
whet he[) any @ybEﬂ)igenEQE?iDﬂﬂﬁu@iba&e mfarae kg@ﬁaemwfi.are?(amnné wtpgfr@tgwalﬁohgiﬁnSf or ned
into bacteria and. isalate ransformant.s t0 r rid .clones

possi bly deri ve{ﬁ&?tt‘% ’i@‘ﬁ%&%ﬁﬁ?‘ﬁ%ﬁ%ﬁ%?&%@é‘f‘q}i‘%ﬁnégét\}g%‘ioﬁ‘l an&lélf“?g@af n a

di fferent exper swappbfhunn nEatsahdARYS AN 4 hameh coAdBnaplua sait.diNo viowia chfsipal | , Ava
| and Hael, all of \Mﬂi ch cut obgggvggg% f?xfeg%lnti ple times at different
positions, m x e 3PIHE DAY e 45 HREE W APPSR conbi nat i ons and used t hem for
PCR anplification dhavkfenprtadetenisiestaodthe binbgseeA \; amthiuman prémates wees t

whet her any I : alpel e
ext ensi on oflg)g?rl{%fi %H%&% ‘%@’3@@%’&%@?&%‘%2’%@@%&# rﬂ'@%ﬂ%{(}bg}éﬁfﬁ%ﬁ&\ﬁgﬂyﬁﬁ% ure of
gel purified 5' pimSesikerestkesnedfar AA\bspeantesaising Be PAR methd gfahdginvention basedagnent

i th lap in the si . ' ' ' PCR
anpli 1 cat on | SERuTsABRIN G ko e S gul Xa0l (B BR T B ot e
froma nonkey &AM sequicnes spinaing 8RS t6 B 13 bpfof AAV] EEQIDNQ:S] Was sTlauddas 2 RERI ysi S.

None of these ex i fof 1G] - edi ak

sequence. pr oduckToIoL e AERAF e of sohEH BYY el IR kAl R R RBP
anplification (thesaehlmowndiddasiotypAderaed bartimefsigmgwkiregimat’i on, 3 pairs of
prinmers were designegd, : Wi : i ; re
sequence specific tpﬂn{‘{i’i(;é!%g\/ﬁy"gi;{?gb%fﬁ E@%nggﬂg@g%?gﬁ%ﬁﬁmﬁgg%&%g F953,
in different coinsludiag rhses mopkeypnsynomplogausaronkays Chimgeraersand beepisaevenledr i ¢

| ynph node ( M-Nerbhiief £ 2fsxassef qu]gnmaf{alfm aﬂ's%@% A B9re WRERIVe AR IR veofd:

sequence variations identified in - | engt p clones were found in
these short fradissivtion s cerdyrded ia Aeswesof s monkexyof thedinéverity oFepusylygiia
PCTI USO02/ 336,89 EXATMnE c8lonid6039erbt A6drabs Ornlé rEveSIES A M dubiRe SRUBLARE Witle
Evolution in Primates During Natural Infections Sequence anal ysis of

sel ected AAV i sérgtddissuesyeal ed di vergence throughout the genome that is

nost concentrated i NTRYAIiAS ighBuR sEqencwerOfubbibifd GrdPSlhsthid 208 M Riuald

Epi dem ol ogi ¢ data indicate that ;all known s_ersEt,g/Pes %re endemc to
primtes, alt ho@r@ﬁsformants 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
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isolation of clinical isolates has been restricted to AAV2 and AAV3 from
anal and throat swabs of human infants and AAV5 from a hunman cond | omat ous
wart. No known clinical sequal ae have been associated witH cti on
In an attenpt to better understand the biology of AAV, nonhuman prinm

were 10 used ¥9MYA¥'s to characterize the sequl ae of nat uPGFvu ?‘ﬁ’?@&?l ons.
Ti ssues from nonhuman prinates were screened for AAV sequences using the

PCR net hod of tdmmguem&aQiaf&aﬁﬁﬂm@neemlapnmcﬂoﬁﬂwe%eto@arhﬂnﬂbhﬂos%oﬂoﬁﬁrVed
regi ons of kno Y/ésee Exanple 1 retch of AAV sequence g&%nm ng

2886 to 3143 bpY SIERARHES SeRPeS %ﬁe WpY ﬂeéﬁsd&’s*haﬁ@ewuclﬁ#pma sin
whi ch conser vemosmeﬁmeﬁnthafme Aharssqandendurdiyfeeied/iafo 0D bélls Wbk PRshiBal 1S

uni que 15 to each known ternged herein a _"signature region."
An initial sur v@?taﬁng&PfA%f3F§$en '?X'g%fd’“ gﬁﬂﬂfﬂ%ﬁ”'ﬁpeﬁéﬁﬁiﬂﬁ‘% obfielnsht e

speci es i ncd udﬁumglonhdhu&sﬂmgdwfe waspmaged Waelmk@ma the GYRhtORAIYe@REred AN
baboons reveal ed d anl mal E(df rom a species. A

nore extensive a&nﬁ?a ) 5}05?' 9@8%“8? %@?ﬂ ‘Hﬁtf"f'f)}‘?' Rgabroag E?&ugdnolyﬁlorgql ssues of
rhesus nonkeys atibddyéo Cipipraieiss angd faftheReaasy hvnbabusdands o DWATEqiIRARS f6h @RI €S

recover ed at neguohiteed K9 SNGEhSH G GSAYSAGE LT RUGIOLY 3 W de, array

of tissues. The a ghat'ure sequences
and i ndi vi dual restmqﬂtsliem EHAtasd the redensvibys beipe glatmid yietee high qanttiey 5T SAVI hi s

romd i1 or o s %%‘F“*@'“%;@“E*’ Bt ete A oMb ALY PRl 5 Rl 5508 o
noted in cl onespressrcgiofEY Adi\i8wertor Eedomsw@al%acﬂ rta(baes weresghestedfaonveRtged from
colon from opEbs PRpheAl R &y AR G, SRAFIRER MERECAR Th e L og by
expandi ng t he s@éﬂ?éﬁﬂ@fedeffwnﬁtateﬁ|2édmb§DS@©RaLM¢tgemmtgmkudﬂnmt fodiese 6fAAV ghl y
conser ved Sequeige 1! frahlticRol Gy tho SAONEL Fafth Bkhd A ngYIHOAY BRNREE

reconstructed for ‘'viral genones from t1'ssues as *Rerei n.
These provi Musegsnemyss aling qupsantandnagomas spuresws theasssusdi A4Vt he gr eat est

sequence di ver gence et éHﬁraEﬁﬂieQﬂbSthxf tﬁﬁ Rra Hlag\ﬁlﬂgtlon%?ﬂAV s g@ﬁbre

experinments were perfornmed to confirmt ences resident to the
nonhuman pri nat%qlﬁlgesiﬁéﬁc‘ieéﬁﬁfsé@mwwﬁ?t@ﬂﬁpP&iPﬂdgdaP@hﬁsampﬂlfMemfuaﬁapome Vi rus
that i s capabl e]e%g]fragleé\/AY 2006 WO 03/042397 PCT/ US02/ 33629 of being
rescued and formvirions. Genonmic DNA fromliver tissue of animal 98E056,
from which AAV8 si grafesy! B"gsféﬂﬁﬂﬁﬁéé’cr\ﬁ/&@“?ﬂéﬂféé?%lal rzsmidsiapdivdigiduali t h an

endonucl easegq t hadnsf@QSts Wé%ﬁs&'@é&ﬁhna fu.ﬁl'y E&‘;u!ﬂc@ch TRis Eﬁh@ys%woﬁ/%}ﬁi%@lﬁ a}@ L ome
g

transfected into 293 cells wt g cont ai ni
of human adenoViougiray E?F\i‘ﬁé“ss”"& eyé@@‘lﬁ'F’é’@%‘rGﬁ'@Feﬁe ulane/T612 — 7clones,

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 (THGT/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 diffeiences :
from one another. The non-redundant VP1 clones are numbered sequentially as they were

30  isolated, with a prefix indicating the species of non-human primate from \.vhich 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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5 functions. The resulting |ysate was passaged on 293 cells once and the
| ysate was recovered and analyzed for the presence of AAV C@p%%i ns
using a broadly reacting polyclonal antibody to Cap prot ei h r the
presence and abundance of DNA sequences fromthe PCR anplified AAV

provi rus fromWRi0¥H2HAVS was derived. Transfection of endonRfel/ERYas629
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to those of AAVto exbkibippRpiagenetic rlatiprshipeeven wheo they ardlisterted hoparallgkeverds.per al one
did not yield Aﬁ&eﬁ{@b%@%narc resarBONR BB Rquifeld il GHer B iucRRRIRME AR RAMoRS @
source of the rescued AAV. To further characterize the inter and | ntra

ani mal vari at i oWheseas figntentign Aere Py issegpuibedifferent slonesgs tojtheinseavenser e
subjected to extgpaad PCR to anplify entire Cap open reading frames. The
resulting fragnents were _cloned into bacterial plasnmids and individual 20
transfornmants were i Sbtoafienithatibe noyt! 1 seyensricws denkgddromyniestionsvirehy ol ved

qels ent /e rT |6(1: 2' y ”I;Eetﬁoﬁ‘l@é;] @cﬂlufafl_ g}mtﬁhrngg%wehe,ag Rig WU E4viGe c(fl?uil wm\&f B Jestricted sdgmnes ;
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rhesus nonkey ( Bemfdcionemdadencvirgsl DileR3ultedmasstud and® imslificatioh 6BALSY FBIYKRY

(1 HGT/ 98E046- | _cl nd ri pheral bl ood fromone 25 chinpanzee (New
| beria/ X133 - sfem ?f,a“sé‘fegg'e'@E‘&%&ﬁ@‘ﬁﬁ%‘mﬁﬁé‘%&d‘@?h?ﬁ?mI es River/Al378,

/(A\g g%g} 82?1 2 88, 2A3|442, Vﬁﬂﬁ%ﬂence%&?g\g novlemt’@ﬂﬁs fulr@érahgrachdfigedomtth rEi]?me’ﬂ:lLeS

- cl ones). t he . cl ones that, we uence ro
St for oot ani manaors gt Togadion ST a9 sEiyonts et AL I VARG (5 "EReRtTHI ng
of at |east 1§ adiffepfras bk dofhbrebygreaesthard 1% amiao ecidstqidies wereldlignddand scamdt fetant
VPl cl ones are nuther e;d Z‘e u nt'%‘alll %.tas ékc\le ver e 30 isol tedé wth a
prefix indicati NFaRLatSpdIrsidie A plgdithm dev oé i "REFEP BN PR ey wer e
derived. The st iveigencalyiclded & hypersdriapls ragnsuEVR)tolfiwbieh 3Qverignor aegarn déthé 4 cl ones
and the previouys| L : . r rm Si -t he
SplitsTree pr ogEg%%uﬁfﬁ%%hb?ggfréﬂéégﬁ’ﬁﬁ@%&r{’ggigd a\gﬁg%‘gﬁar%’ cggﬁé&gb\% iveglulaTFelgt%feﬁ'g
evol utionary datfdd-pBixtniampnknwmain3110.$mft®4'aﬂabmr(mﬁﬁ6|Omtﬁ&iwﬂthelbops .

CF;CT/ US02/ 33629 ?%a%e?’at(tﬂegzqa%kf Gl %h%&'irﬁ%@fla?ira{i&b% QL THEHIR P?rﬂ! Dol 1t
econposi tion. € anal ySsI's eprcts honoplasy between a set of sequences
in a tree-like rniethvweariinalgioltion of thewapsid priofeinrtbat isinotresolved i theTheayativcamt age is to
enabl e detectio i 1 ' to

@u%%ségg B O Rer Eoﬁﬁﬁvﬁﬂ&ﬁgﬁﬁ?ﬁéggos% onqg{%ﬁgogi%ggsvﬂ&q

exhi bit phyl ogene I onshi ps even are by parall el
events. 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 appeaf 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 AAYV, such as in heart of rhesus macaque 98E056, spleen of rhesus
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5 Extensive phylogenetic research will be required in order to elucidate
the AAV evolution, whereas the intention here only is to group the
different clones as to their sequence simlarity. To confiTmWam he
novel VPI sequences were derived frominfectious viral enaones, cel | ul ar
DNA from ti ssWE3MPBH hi gh abundance of viral DNA was rest PEIUSI?P R 10
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known AAVS. oi nt represents anal %SI s fromtissue DNA from an
i ndi vi dual ani vaduirhln§omeﬂfUhtrme@eﬂﬁ@ﬂ\ﬂf glwilgrtyge virus has bsen wplaggdby $equences,

al though the guantd dralhXs o Silhf Bvdilfelat @Fc@tgt JredpiEsRichtitiiad Audtions

i§
ani mal s. The solurce of ani ng(}s J’Eﬁ revi ous |stor%/‘yor treat rrents did not
appear to ilhf | indhreqeesctios bf selsctive pressure. Qpoaexsmplp isriefection by Hi\h adiieh evalvesdues. The

three differen p%ﬁgeﬁcﬁ_ﬁl{mtﬁﬁfoﬁg berd ;ﬁﬁ&&&@&@ﬁmﬁ&@ dSJv&aﬁH&H&den')é coriburoxiee! ded

consi stent resul level's V were found consistently in
nmesenteric | yhplhrawwdegtaa@nsanmezéme ‘Wf“dmgé?l" fidshty @ad lgey of prof sedingenone f or

13 animals that, X@&%f re%?&'trtahééﬁptasle'aH&ﬁon%ﬂon%E&ﬁGﬁH lﬁhﬁ%g@@ﬂ&c’bh‘ﬂﬂ%&hl gh
abundance of VIF

DNA. There were exa very. as in
heart of rhesus nac’%i’éﬂ?é"@ﬁ‘l‘:’b%@rm%‘ﬁl‘ glAvas e“r‘??é’ ﬁéVB’?PS fB‘ '%&Wg’%“‘&b
03/042397 BET/ H@%‘M% l&?pwé’nediﬁldwlfdl Kedments. InffaqLidenticat mumca@407

whi ch denonstrat ed |es uence er, di pl.oid genone
respectively. Fesidyot b“eﬁwnq ‘lb‘\W‘q waﬂgm T‘ clgpes i LFQQQ%RE&W%@ éﬁmiafﬁ #8ri pher al
bl ood mononucl @ffortadt kdeShaniSid GEats evolitibMef seiquierce iappetirs Rstise h&gheaua of homologous

recombination between a more limited number of parenteral viruses. The net result is
extensive swapping of hypervariable regions of the Cap protein leading to an array of

25  chimeras that could have different tropisms and serologic specificities (i.e., the ability to
escape 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 lytic infection leading to the

56



due to resident blood conponents (data not shown). It should be noted that
this nethod 5 woul d not necessarily capture all AAVs resident to the
nonhuman primates since detection requires high honol ogy to ﬂow%

ol i gonucl eoti des and the real tinme PCR probe. Tissues from};l th

hi gh abundance WO/BNA7 was further anal yzed for the nol ecul #CTSAYB6290f t he
DNA, by DNA hybridi zation techni ques and its cellular distribution, by in
situ hybridizati on, enevrla on_reveal i n. AAV
provi ral fragn‘eﬁ"‘i’@a 1q§1oq(%g?fh§an "ﬁf“‘&%?“f"é 10} S 51 Pr’ﬁf’éth & REFHaR i ¢ "g{ela@g’ues of

t he sanme ani mal 3equsnce ﬁﬁbﬂgbtﬁ:e,emthib@etd&plttoﬂ?lﬂlpllﬂsﬂrt&t\lrdshﬁﬂ\e q@eBpacies femainedany RNA
viruses during Rande en fecti individual. In
some situations ui cgw% u?f(‘)rert]mezj‘: l\ﬁs an%rn%er}n&tguoné sragge% §Ql%t gomp%{ltwle as‘%ec\/orbc');}a t he
exi stence of swairn®s wfth qluwstsfp\@cab@smﬂiaof finesd qmma@ewthmb!@tmfdynmsd
replication and nuta qsgSEh One
exanple is i %’f ecti ontdé(%gafl a'vé‘urWﬂga\tlxg s\‘?gg&%ﬁ] a?%%%@ﬁ@@y “}é‘??‘g‘fm%ﬁﬁez %’33 c and
phar macol ogi ¢ prcewptroérap@evmw eifolution Hermiedyrisougho be bpropertygestristed thRIgA vireses of
mutations in RNAs‘hélle l%{e £§31dérJHQ£ WA”\QNL&WVIM séx%a:ﬂymgbéea&hﬁgcfterﬁgaoogfser'éﬁ@lg' ng
capacity of reverse transcriptase and hon- gous an

reconbi nati on. EviapreHedll boimpprignt fMPfﬁ?ﬁmeﬁVOMFUSQQJa ¢velopéiness mmondqm:mg

| [lustrated in GtSihdtfabrrdint BiipRkh] GTRHERPEAN BRI 0E ashith P

f
cl oned proviral fragnen , |de§%| cal sequences a\aé not be found
within any el enﬂu@%ﬁ@ﬁé@lﬁééﬂ m@*@l fereiliopead pimdar siptyip ﬁldefhﬁqm epllegrplades. An

I mpor t ant ”echaryxtamtfvegu&égy% t@\smtmaéte@ategonﬁ&ma%h P@c@{o%e.rofag#agpe@lﬁbmgh
rate of honol ogous reconbinati on _between a nore nber of

parent eral vi r usad devyiqn criteria fop despribingoyvariangs vty %?@I%Whg of hypervari abl e
regions of the Cap protein leading to an array of 25 chineras that could
have different tropisns and serol ogic specificities (i.e., the ability to
escape i munol og‘ixampbs‘pé’iesmmlmrmémécambipmww genenag emipped withiArAM2i TRmg

ti bodi Mech b I i
320‘ egrI es&e 5pos"§fn%|n h"fr%’c agmfdﬁé"f’mimg%m%? éﬁéﬁo@%}ﬂ%& :‘cf‘%geé’ﬁf }oéfeﬁ‘a?%cal
stranded AAV gemmsnam%}stﬁwésmgxffmﬁmﬁmaﬁmdeas has been descrl bed

d hi gh I tipl t fecti
uncl 6ar i £ ot her  mechan CHECHOREFaELE Lt UHAEY BOBFDR RON2 T e

i nfections. The sequeﬁd,’eabf ndvaltﬁet\‘(bfserﬂt’gllbeat Tigzse ¢hinadric packafing ddudtﬂu&ganéﬁééd initially,
replication appe rs be re i

J ow and uggest, hi gh
frequencies of r fYPB‘ﬁ reé’f’?‘é‘r“@“ %V\E&V%IPCS °§r%'§tm QM%YETQﬁ EAYEHRNESs of
t he AAV genone meelbmmlﬁsmrpemnnﬂh.lrﬁhag pheptiotypetl méctors drotsed wathinge t 0 t he 56

10 MAY 2006 VO 03 %12193913 %rla? cltj§0% s%g’ ?ercg i aquBdl Sgll{ld C\)/f lugg e%%ttransﬁr ef%gngr[c];e” ng
particles. Irres‘b ety PhE EChanT s Chat Tead to - &8g
di ver gence, wit hoffnevel A)édleqatthpnsm d‘vfﬁlrensammdmdésmdﬁdms‘i‘él'lhan;bndqneoheme intact

remained i ntact, ildlouls Vik@IBHk v Ler ISR RBMY! ALT ONS suggesting that
conpetitive sel et
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 pSE18
plasmid was restricted with Xba 1 and Xho I in a complete digestion to remove the AAV?2
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viruses with the nost favorable profile of fitness contribute to the

popul ation dynam cs. 5 These studies have inplications in several areas of
bi ol ogy and nedi ci ne. The concept of rapid virus evol utiomn OfWrTMy
thought to be a &Ngerty restricted to RNA viruses, shoul Cp@ bdered
in DNA viruse¥O@RM2H ciassical y have been characterized &Pb orogic
assays. It will be inportant in terms of parvoviruses to develop a new

”f‘t hOf' for dgsgﬁﬂ hé‘&qué{nbe{dﬁa rdp&@édaﬁlﬁsalfelbﬁﬁp sbam% Fﬁagtrﬂ}ﬁtctﬁﬂtﬁiﬂin@mcgmw its
structure and biol ogy,. suc ich are categorized as
general fanmili &3 g&né¥high W%‘S@%ﬂ@%\@ gﬁ'ﬁgﬁ%ﬁm@al | ed O ades. An

al telrnatl ve st r?t egy is Tl%r%@lﬂﬁ masmlcto@ntﬁxamgmf VZ?pSéﬁQérﬂEsﬁ'Srthi%&’tﬁ&@&ﬁt hto
serol ogi c specifi evel op criter or desc ari s wi.thin
serol ogi ¢ gr ouﬁgmr@gyéh?pﬁ“gv HES F\/‘é‘&‘lt%’raﬁfj 8‘@2‘%& r?pesﬁ%%ﬁeﬁé’ﬁgep f‘/X %{‘]ﬁe

equi pped wi tsh AAWR AIARESP 1D Drdnsoten g TIRA ATET éa@sx@kaﬂ&éﬁbéi&rmﬂérahemoﬁtg)l Afti2Anep and
novel AAV cap es for ser.o] ogical . .and enetrans t udi.e i fferent
oot “ode . R Pl B GG MiHE A P SR o T Bt et Srity Anus
rep with cap ssﬁau;es'laﬁsemﬁomﬁvel AAV serotypes. These chineric packagi ng

constructs are used, ti SEu i ng reconbi nant AAV genones
carrying AAV2 | TRs by '?('I: f‘é‘}"ﬁ“mo e&'? %XPZO 293 cell using Ad5 hel per

pl asm d. These pseudot ypedTbteAAmpsmeiess(AlAs/éd'ecttm iekaAVd aswidpae gorratd oging n

transducti op- based sero o) S &Y nster.
efficiency ‘of M8 eé‘f’v’f&ﬁ\\feg &F¥ of’d Sé”eHY n (fg fp? er g?{?y‘g{rﬁ?}m Eﬁo%im?contalmfl%dl ng NHP
and rodents, bedAVZEITRSY, awtthe mdplasxm@pﬁlmw bt Ustomdiningths AAY@ved ander ot ypes
are isol ated. V GEP ] i i X | TRs
and green fl uor%@@ "‘“Sra 3‘%’ ‘zerrf’%')’(l@ﬁ\eégp {ngz’nru' ger M\?ﬂ{eénecog'%? ?ﬁr&g?&gaemé@dg
constitutitive gHonatatio of Thi2dy pdldempkbsplmtetpsicipitatione  f ol | owi ng el ements: the
AAV2 | TRs, a CW pronoter, i of
trans plasmd To constr uctF(ﬁlkrglhceé céﬁﬁ?r%%‘?)% edﬂéA%e%F&q%%gﬁTpBqu dﬁgt‘ﬁﬂon of

r econbi nant 15 30pupchesad frompéicrobiR(Taneday t b Rer]! fpgEd® conitaising L ahXiLawaedeleadd. , 1999,

3 73 309 00R 0SSN s GRIRRS AR, Bl tng | ze L e
ends were then donftiueted bynclenia ASP@QQ{S@H fiagradat witthd BmeltSafl ti¢letibnpsEi8e fpmasni d was

restricted W'thpa%o',;, %(a?wthLﬁ 12, CPARl8 WRrede 8RB i RO AR SFRME: the AAV2
57 1 0 MAY 2006 3 ¥, PCT/’USD2/ 33629 cap gene se uence and repl aced
with a 2267 bp ®ltionsokad.3kbNredimenent ensniuhscavanty eRe kRARwil/Nwhfegnene whi ch was
i sol ated frggn pgg@ﬁ}@h&pé Agnids d@?‘mrﬁi pABAES, 'ic%?édh@c‘lf'@‘h@hé!ﬁeikﬂsnﬁi@r}& as the

AAV2 rep sequen Re 78/6 under the con pr onot er,

and the AAV2 r epARSepjavidasdis eﬁwtlahéﬂdfazfumwamf@ﬂa B4 YHi6rngt provided by the E1-

expressing helper cell, but is deleted of adenoviral capsid proteins and functional E1

regions).
Typically, 50 pg of DNA (cisitrans:helper) was transfected onto a 150 mm
25  tissue culture dish. The 293 cells were harvested 72 hours post-transfection, sonicated and
treated with 0.5% sodium deoxycholate (37°C for 10 min.) Cell lysates were then subjected to

two rounds of a CsCl gradiént. Peak fractions containing rAAYV vector are collected, pooled and

dialyzed against PBS.
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5 of the AAV2 P19 pronoter. The AAV7 capsid sequences are under the control
of the AAV2 P40- pronoter, which is located within the Rep sequences. This
plasm d further contains a spacer 5 of the rep ORF. C Prqcbjmozmof
Pseudot yped rAA V The rAAV particles (AAV2 vector in AAVY ca Si d are
generat ed usi nYOBH*AY adenovirus-free method. Briefly, the CHESHH; d
(pAAV2.1 lacZ plasm d containing AAV2 ITRs), and the trans pI asm d pCRAAV7

654154 (cont aipifg. kNG ARNBS i ER AR onBNEVERLa kR ARS) RRTR 7Rty

respectively, were st nultaneously co-t I nto Iinaratio
of 1:1:2 by cal ofhmcphobgﬁmmmnemmapm@d celFlines ahdevabuation chptathoaen@ﬁs ohe

pAd hel per plasni d yéﬁ ed from M crobi x

Canada). A Rsr ragnmen cont ai ni ng an was del ete rom pBHGLO,
( da) ovef %;‘% i‘teé;’%mgl ﬁm‘s del eted f
resulting in the first he'lroraehlewslﬂasmabithe}smméwlkeﬁyamscbmmem obialn 5° and
constructed y ,oN
i sol ating from pt%ﬁ Sé?ﬁ%tz %Qﬁe‘ls“gw’g‘?&?%gm@“&@ 8§%§in ﬂ@gﬁﬁ é@et ed in
t he pAdAFI. Fur Adéfseratipeaeriomss of a 2.3 kb Nrul fragnent and, subsequently,

a 0.5 kb Rsrll/Nrul fr ag;ﬁﬁfﬂy %9113 oﬁaﬁrﬁ%nﬂ?h&%&bl@bﬁ%ﬂa@ée%ﬁ%@k&?m

pAdAF6, respectively. asmd, terned pAF6, provides the
essential hel pedctbutqzhﬂ,lgen@lw Ezﬁmarmnlsa tigyassar gelt lings batiacrddentified a3 @ogitive.

expr essing hel pel yf résenc@mm (el bte Bles SR O AoV PRSI NS and
functional El regi (¢is:trans; hel per) was
transfect ed ¥nt gn HE@@SW &teﬁ%é%@m%ﬁ?ﬁ@édamf’éw genere £ mgivisiupl Gengiae e
harvested 72 hOlwa‘ikeQbeEarkg @Wxtsgqxsmglmm&qmnp@m@aﬁaﬁpnatéseﬂh@d aW Adfacent5%

sodi um deoxychol ate (37C ) sates were then sug;cect ed to
two rounds of agesom'csjﬂ%apfémﬂlbqfecéwwﬁleq %ﬁh%aclearﬁlt%ﬂmwhwlwv@

col | ected, pool gdd @mﬁAvm;ﬁtmaﬁ%@gﬁﬂon@ﬁedlwsnes%am&ﬁgmexd%&%m\&@ﬂ@/?@ﬁw?
PCT/ US02/ 33629 Exanpl e 4: i on of @%GCII%US clo es c geln ] nt act

novel AAV ser ot fﬁ%gnq}BFAéV@&F‘”ﬁBP”‘B%{& e intarnglioths e i ved

cell lines apd el‘h@HddﬁF POR %@Humm@em&u ?CRfaledmvcﬁdnd%\/ao&ﬁ%&w@@cﬁlehd'thHp
and ot her ani nal o achieve this goal, the genone wal ker systemis

enpl oyed to obt &Py and 5 3' terninal sequences (1 TRs) and conpl ete
construction of clones coptmi mpagnénn&@carlnﬁ@\éwerlnfeﬁvzwwmex HRRQFES .

Briefly, utilizing a c m*rerc avai | abl Ki t
[0 ont Seh],  gendBBoBRAS FRF G, HRBYS piedsiider TR i Fosko BeT N
identified as pairicteddrom 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-135, a simian adenovirus purchased from ATCC, human AdS5 or transfected
with plasmid construct housing the human Ad genes that are responsibie 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 AAV2 vectors packaged with AAV1, AAVS and AAVS capsid proteins. Briefly,
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for the presence of AAV/7 sequence are digested with Dra |, EcoR YV, Pvu Il
and Stu | 10 endonucl eases and |igated to Genot ne Wal ker Adaptor to
generate 4 individual Genome Walker Libraries (GALs). Using(W&ks2006 om GALs
as tenpl ates, AAV7 and adjacent genom c sequences will be PCR-anplified by
t he adapt or pMHEYHBITAPI, provided in the kit) and an AAYET @%ﬂ%
primer 1, foll owed by a nested PCR using the adaptor prinmer 2 (AP2) and

t her AAV7 t : t t
of primere. 16 puoi B ViRherss el O AT fort BERALy e freditel (o
characterized lm;?Z%exqﬂmndl Q@lasmmhqesmsrus helpen plednii¢ arsherbmiarie packagifgcopstiunter s
CPeTend o pobe Ry PLIE R SNHRLUE o TRl S00EK G 0T

are used for P cel extrac uman and
Nl -1P derived ce;binierw paskagingsorstieqss, the Kha helteof pTEI8 plaprhid @t 3140 bpvayeiated@nd

sequences. The g Aenfiddil ?agnid%mhnéé&/wmwmd RhET I BLEH Bk hifBoA REeRGRI ti Ve
cell lines usi ngﬂAaden virus helpers of different species and strains. To

i sol ate infectit A%VP@FW%’WP%W%?@?PE@EF Iggho| L fagpens confpiniagthe ed cel |
line is obtai ne&!wg &Blgé%@%aaw S, qmﬂr byoz%agwmaémA.Marrctasm%é?atégp

anplicon, i.e., nat ure re i.on, of e i nvention CR pr oduct
i s cloned and s‘"éﬁs(% s gregtjonng ¢ @Ef%@iaﬁﬂgalﬁ%‘%f§A%ranﬁﬁ@s@’ | i nes

contai ning the ree%}@mm%@m@m bmﬁe%& {he s@fidrd Gs@fﬁ@éuﬁdxtéﬁoﬁ PhetR¥d éaéept?orS' i an
adenovirus purchased fromA hunman Ad5 or transfected wth plasmd

const r uct htﬁjsm@vyﬁéﬂ’h{mn’ﬁﬁp‘ﬁf eg By, Easle Heprhepgria chrampigereriyt e for AAV hel per

functions. At 48 ho'ﬁencﬂﬁbscto Mdcf;@a{ekscauwv kmmcfe%qetemneémaaﬁﬂaﬁ Snafikie
harvested and Hirt éare for cloni n%&&i genone fol | ow ng

Xiao et al., 19988 pnobesvsn# B‘I'me”i e SVAH 9Rly Adge! r‘?ﬁ%"@b%“ VSN 649 G Cof AV
Vectors A pseud@t@pm)gyus,taem myns,lzmgl .an. to that of Exanple 3 for AAV | /7
was enpl oyed to uce AAV2 vect ackage t h AAV1 .and AAVS
capsid proteins. Br RgFtPV,WGBCQ:C’T@'” ° ?5’%6560@996%‘7%&2@5"7 g@T"}t’[ﬁS‘f_’i‘ P840

recombi nant 1AAVshgi WIS dEfdiehiipaged cfaieeu&é\warehﬁsa@omd fntie k@gﬁdanby triple
transfection of “’?Pd“ cells with

- novi r us r plasmd and
a chimeric packBHMRARNAN WEE Pf°§)h°§? gorf?fg]sﬁgw heJeopRTTY of ¥ L{g%éego\% th cap
genes of novel #AdmS@PREYRmmarlzd (r Eibleet Heloey. Tigiahd3rof Ceca dkagiighdorcaactst r uct s,

the Xho | .sit f pbE]l | asmi d 316 b dified
T osma vas 1 osTrBEEn ot R oot Pegor SBRn i, B prddteain bE BB | ©

renove the AAvaremgepgeg@ﬁeco@y\yieIuewit}anmdhrﬂ denidtion & 1@26fmbpplSpredictidhiotslof 50
fragnent cont ai cap gene [ Xiao, W, et at., (1999) J Virol
73, 3994-408@ rl Shﬂ“é)rtrac?ffa i) strategy was used for creation of
chinmeric packagl ng plasmds of AAV2/1 and AAV2/5. All

Table 4. Production of Recombinant Vectors

AAV2/1 AAV2/2 AAV2/5 AAV2/7 AAV2/8
CMV 730+4.33 4,49 +2.89 5.194+5.19 342 0.87
LacZ (n=9) (n=6) (n=8) (n=1) (r=1)
CMV 6.43+2.42 339+2.42 5.55+6.49 298 +2.66 374 +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) @=1) (n=1) (v=1)
CB A1AT | 0.567 0.438 2.82 2.78 0816 +
(n=1) (n=1) (n=1) (n=1) 0.679 (n=2)

60




reconbi nant vectors were purified by the standard CsCl2 sedi nentation

nmet hod except for 10 AAV2/2, which was purified by single step heparin
chromat ogr aphy. Genone copy (GC) titers of AAV vectors wereydeif WW¥ed by
TagMan anal ysis using probes and priners targeting SvV40 poly A region as
descri bed prewOO¥M939f Gao, G, et al., (2000) Hum Gene TherCTIUS02/$629- 91 | .
Vectors were constructed for each serotype for a nunber of in vitro and in
vivo 15 studi gl Qcm’dﬂi fferent transgene cassettes were incorporated
into the vectors an recombi nant virions were produced for each serotype.
The recovery i ViTUSTARGHFETD ON| A@PIPTE COMATHs 1S [Rdwes T 2etidvigian) € 4
bel ow. The yi glTég of V&sitiaeswer €3.m gingt OF {6a8F3.855 € @5y PHoaM L[ @ g6pTsi st ent
di fferences bgtrie@en se@mehypes. Dot presened) in tljl@=ﬁ)ab| e, |ar@) average
genoi ne copy \ields with standagd deviati x_1013jof nultiple produgction

lots of 50 20 THCAFE ( k&g Y tra-l @¥ti ond. 747348l e | 405 Producltiv8n 159
Reconbi nant Veeters—ARIBRIAARL 20R)0) 5 Any 7RAV2/ g | (1=1) (n=5)

CW7. 30+4. 334. 492. 89. 5. 195. 193. 420. 87 LacZ(n=9) (n=6) (n=8) (n=1) ( n=1)
CMW6. 432. 423. 392. 425. 556. 492. 982. 663. 743. 88 EGFP(n=2) (n=2) (n=4) (n=2) (n=2)

TBG LacZ4. 180. %;Qm%fzgzg_ggfzg%é%%%ﬁgﬁf{%ﬁ%@ﬁ&%ﬂ)(n=1)(n=1) Alb ALAT4. 67

0. 754. 774. 095. 042. ( _
MATO. 5670. 4382. 822. Z&TBL#A Bice e inj¢oted Withrvectyrs pidiff@ers T@otypes 3) AGUCBAIARY 2006

WO 03/042397 PGLLbiSheldaeddyT@aRle! & '
ARV2) LAAV2] 28NS EARCATS AR G R S‘é%%%%@?szﬂ}vfso‘&%? FPgrbY dardateaT0 830, 98
r hCQ n=6) ( n=5) (esRppiralizing eprosgssRwatizngectivie-of seP00 e8B-sErot3Peld AV, Rerd 84s 0515. 8+
15. 0 n=3(n- - 6T ah{if¥ed if b tlaRAbEoR based iRl e Gntib ' alypl
Pseudot yped Ve(?t_ o#ig lC57I§L/ 6 m cee_vver e !Zﬁ}ge?:t' 8?%94?';1%02(@? ét ag’f(%%?% {erent
serotypes of® AKreEI), p9p4-43]. More specifically, the presence of neutralizing antibodies was

determined by assessing the ability of serum to inhibit transduction of 84-31 cells by reporter

viruses (AAVCMVEGFP) of different serotypes. Specifically, the reporter virus

AAVCMVEGFP of each serotype [at multiplicity of infection (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 B4 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 AAV], AAV2, AAVS and AAV8 neutralized transduction of the s.erotype.to
which the antiserum was generated (AAVS5 and AAVS to a lesser extent than AAV1 and
AAV?2) but not to the other serotype (i.e., there was no evidence of cross neutralization
suggesting that AAV 8 is a truly unique serotype).
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vectors intramuscularly (5 x 1011 GC) and serum sanples were collected 34
days later. To test neutralizing and cross-neutralizing activity of sera
to each serotype of AAV, sera was analyzed in a transduct ifof MAXS2006
neutralizing gp(il 200d3¥ assay [Gao, G P., et al., (1996) J 10 Virol 70,
8934-43]. Mor ?J’é Tcall y, the presence of neutralizing B6T/U8BEBESE was
determ ned by assessing the ability of serumto inhibit transduction of
84-31 cells by reporter viruses (AAVCWEG-P) of different serotypes.
Specifically, théaiepoPeralpgical AnalysinpfNew/Ad¥Besttyrsach ser ot ype [at

multiplicity of infection (M thatoled tg a_transduction of 90% of

i ndi cator cells] was pre-inculjated weitecenon Si-dhedls wiPAMOMEGTMViesom 15

animals that received di ffereHPtS Wz’ﬁf_ pciVaR A %A%f r%nﬁ&ﬂ/zne i BRV2IRf fer

1-hour in : t 37 ¢ vilse b Spu o} Setpm diivdlon41 Sepua iiljtian: il |Seg diptio: |

o ates o LE g T Rl e Lo
¥ = (I H { o] b L H 100;

|G:n,§ \gasqjﬁ 30 H‘Q. R V2lzl ”:-JL:E I_“ O,Q 1 Ic“]DT:IA i . ‘L ﬁﬁfo“qz Vj—ot :l' O D,Lpol N 4'p¢\\

i Cilip 3 =~ AAvals 7L TG0 fOUT 100 ¥ 100} F6.5T 6.1 100 “TH00 10 P b0

| ghest sefTgy, P S Y S R T M Il Rk T - rg%[ ARG AT e
avai | abi | i a5 P SRAvERST Y Feqt1eh Y o Pide | [0 H00 ] 26,37 60
assay for mmeEUtTarTzZrgant T bodrestitat—was—1r ot ot=rof—o1

C
transduction in a permissive cell line (i.e., 293 cells stably expressing

E4 from Rd5). SeFymamsesdfonea?nermalsubicsis dvelrarsengd fos neugalizationpeainshy

i ntramuscul aleddd) s%gbsanQEermMmun@wnewtmw@&yz/mwmﬂ/mﬁiieOn of AAV
transducti on b\y 20 and 1:80 dilutigns of the antisera was eval uated (See

1: . .

Tabl e 5 bel g7 2/Send At Y4 byestorsyveapnputralizediyy30% apd A)%:ef germ segpeciivstit Aal i zed

tr gnZdA{J/gt i orrraetlfontohmmwaau@gctrepres\zmAi\r}ghccmeaaoarm\s/mgmvma sﬂﬁﬂ%rdﬁéﬂ# ﬁ, AAV5
an to a SSe te n ut not to the other
serotype (i ."5‘.“?%“@“?‘85%%‘? &é’%ﬂﬂ&ﬁ&r&%ﬁ?/ﬁ P%@@“‘@hi"?‘@fsi“ﬁéﬁ’l%‘ﬁ‘mﬁ?@gesti ng
that AAVISS itisereoflsértin\equa iocJUI286 @daveAp adspediitel0 MAY 2006 WD 03/ 042397

PCT/ US02/ 33629 Table 5. Serol ogical Analysis of New AAV Serotypes. 5
% nfection on 84-31 cells wth AAVCWEG-P virus:

AAV2/ 1AAV2| ZAMRIETAAY 218 SAMABn SEDIfTarel: SerblypR:oBRAYWidkit | ON: Ser um

dilution: Serumdilution: Serumdilution: Sera:;lnmuni zation
Vect or 1/ 201/ 801/ ¥ofhis s J oerabinan ot Vgsaoms B BhaLp T, AAV2AIhALAT,

1AAV2/ 10010 AR EOAAN 106108, Ln B EMY A ALIEAAHPHQ0100100100100100
G oup 3AAV2£%§%%%8%O 10016k51g. 5%001%01960109di%r'(gr111£6r ‘
4AAV2/ 71801 YHO 81 <EEEO 1D erpep Proteins 0 otypes. Inall 7
constructs, minigene cassettes were flanked with AAV2 ITRs, ¢cDNAs of human a-
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) Mo! Ther
2, 657-9] canine factor IX [Wang, L., et al,, (1997) Proc Nat! Acad Sci U S 4 94, 11563-6]
25 and bacterial B-glactosidase (i.e., Lac Z) genes were used as reporter genes. For liver-
directed gene transfer, either mouse albumin gene promoter (Alb) [Xiao, W. (1999), cited
above] or human thyroid hormone 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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G oup 5AAV2/810010010010010010010010026. 360 10 Human sera from 52 nor mal
subj ects were screened for neutralization against selected s&&yﬁ
serum sanpl e was found to neutralize AAV2/ 7 and AAV2/ 8 whi | d and
AAV2/ 1 vectors were neutralized in 20% and 10% of sera, respectively. A
fraction of hul@P3P#s?%ed | gG representing a collection of 6PCTUUDL2B36E vi dual
sanples did not neutralize AAV2/7 and AAV2/ 8, whereas AAV2/2 and AAV2/1

vectors were neHitﬂrei%bt' tﬂ'x%%oms aker veltbrSHRinRbrafa M fcf% %ﬁlf\lkvext t?sSLEe/ é@r% Q\Fr%gsged]a/ 640,

respectively. Exa vivo Evaluation o er o o8 2of AAV
Vectors In thi sdéﬁemdvlmewomécfmommmmw Mbmdaemwmwoﬁrammals that

ARVZALERALAT, ARG RTREAT AR LAGERL. oAV g and 20

AAV2TBGE.acZ Were capsil roterns erent sero In
all 7 const rucI@GIV%M‘Q%hé/%%(évs?éMnég/gﬁéﬂéATN@mdtrmuswlm‘d@ folldwed faDNAs  of

human a- antist r pair %er{e%*ﬁ{.%loﬁ 1 a%e)&VAmﬁals @bre theh ’&'%%%)w ith AW\;%TB@FD% e

3994-4003] p-subunit of rhesus nonkey choriogonadotropic hornone
[ Zol tick, P. W ingapgripleapd stydiedfor g3 gepe exmessither 2, 657-9] canine factor IX

[Wang, L., et al., (A98&)badkd E)sﬁaykxla"&ﬂe péfo?ﬁecﬁ@'quéﬂ%s%m l&l@@%@Aﬁﬁl(ﬁﬂﬁd

bacterial (3-gl osi dase é %’é wer e u as_reporter genes.
For liver- dire rojeipses ¢ S&%@F@P‘”%‘Yn[ g %u%feale(|1%‘i§h~(ﬁ"fdéﬂé9g‘i MB&CK(AI b)
[ Xi ao, W 5199?}’ . We&tWitkon, aJMV(eiboopMommt dssgyrw%n@ s ﬂoﬂ’gocWaﬂgl'c&gSa@lb@A’l in
ene pronoter ci ted above3 was use rive liver
gpem 1? ic expl g’?&ﬁs%\/gf g‘ﬂfcﬁxi"’é\“}e@téW% compjetpd \when @nipppls wete seprifiggd for hapvastof er
experiments, el triagdle G lidFEgAbsTY DN et@Etion afd QURt&Ive éﬁm Ogenbihe SbRBof
[3-actin 30 pronoter with CW enhalgc'ﬁiﬂ?’légg was enpl oyed to di rect

expression of r fE Pt "?—'@Fgetrﬂ?%”(?f tepme feF simers andprebeasdn wer e
CB7BLI 6. ce (Taqom B e B et r anef er
studi es, vectors mrﬁ“ﬁﬂ%ﬁf@éﬁe oﬁnchf’}lpﬁeaﬂ“%? “FWIS?SC’WPCQWG\FS&“&? INOWINude or
C57BL/ 6b mc Ie1|5( Tamdeis Gfmt@ﬂé mntvexwrirpcté\h@/ene thsfemlggT &;wﬁggg /toé\?aéterscbgde? fS@ihed _
intraorbitally i nt time
points after veil(fl 1 se{? '%QP?‘A\(}? ‘f/ﬁg‘% %Sﬁri?fs Txlp(fésf"gtsF‘g?ﬂg%mt&ﬂ? 4rvest ed
at different tamirypss MISATD ard chorjonis@otadatriping Caldvedégatd th qsdnﬁﬁiaemm/al '
staining from ani ct or, For

re-administrati ?)lﬁgg&c%gé ‘%&e‘}megﬁfgﬁﬁﬂ g%e%m(:sé“m% 5 tﬁﬁ?ﬁ%ﬁl%@é}y%afs/ﬁﬂ@el 2/ 2,
2/5, 2/7 and 2/ Sﬁlmhlré;?tnbmrohoftsansdubtroanthmuham‘ggt osganiwhsevaloneihisingtacd ALAT gene
expression féar Vccﬁrs anglks&é}/@tocht hen treated with AAV2/ 8TBCGcFI X

i ntraportal Iy an’éprcstml RSB pressi on. ELI SA based assays were
performed to quanti fThes;grfmmahce\néAQVorfecthAmlsaaktalmhn@m »mdmal;mEﬂ mllpwmgairm as

ggls ﬂ Ictk)ed previ %Hé:ltlgn g’lg‘?ﬁ?e tlbﬁ']ls Emeno?ltnuﬁies Vécgogsgc%)ltaxﬂed\{f'xer s%me RQNZ%aseé genome

with the immediate early gene of CMV or a CMV enhanced B-actin promoter driving
expression of the transgene. Previous studies indicated that immune competent C57BL/6

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

In each strain, AAV2/] vector produced the.highest levels of A1AT 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
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P. W & Wlson, J. M (2000) Mol Ther 2, 657-9; Wang, L., et al., Proc
Nat| Acad Sci U S A 10 94, 11563-6]. The experinments were conpl eted when
animals were sacrificed for harvest pf nuscle and liver titskMi¥ 08 DNA
extraction a”d“}iﬂ’lﬁ@% tive anal ysis of genone copies of vectors present
in target tissues by TagMan using the sane set of priners aROTHFQE28S in
titration of vector preparations [Zhang, Y., et al., (2001) Ml Ther 3,

697-707] . The p&AN3fvactore imokelvtelningels iskasiRr @Mat biai iR A RIS
eval uated in ”“ﬁxbé?@fﬁci%rﬁiﬂggﬁl Sl m‘g%cl e an Iiv,elgze-g i“?ect e%ﬁﬂg‘%‘rfyfsttﬁeansfer
and conpared to vectors based Of ERA e RIRYRIF P RS e tyReMK a0V 989)d  AAVS.
Vect ors expr essfitg 2pwer@eedl.pt ot €005 MalTpha; 2130] EkBPEI ) af A%Odﬁir%la?@d-
chorioni c gonadgigtapi n (CG) were used to quantitate relative ra §’d?Ucti on
efficiencies_between different serotypes through ELI SA anal ysis of sera.
The cellulatl distriSaiargwried medelivedused oiavahiatehiver-dildeed @hO8insRl Jdhy it

eval uat ed usi ngdqds i tors.and X-gal histochem'stry ™ The
per f or nance of AA%/%%E%% 8??9‘? ﬁ%}gse}%e%égfés e CQ/\H@%%EP&WIZVGGS phhicothitrwgredi r ect
i nj ection into 1Y SERseavPRly foreaprssion whithe tremgend/eBdcRVébick 8 ASH ARG Same
AAV2 based genos¥ged geddni kid g'ggsg J v ear epe of CW or a | enhanced
[i-actin pronoter (ﬂéﬂ Vi ng Eg;?plr essqfé%)cﬁ'b%?m{e%sé’g? RUpre (-epalbyminws thyoiddi es

i ndi cat ed that TRt ENEBERBlbY oOsTBEPESG aftfeeramigti] Mokd SRR VRS
responses t o t hadTBORG nihipdneREQL R ressed from ‘AAV vedtors | Xi ao,
W, et al., (1999% J Vi rorlga-73, S%éggfr%%gf&éﬁlﬁ&%aggﬂvﬁtdl"é‘ft?ﬂgeA‘M”PZ’Ffi":vect or
produced the hi'gRELVeN-FHISOTHICRWRT deffngd Asaviaiive unisqRUSK 10 THeUME Sere Wt D
AAV2/ 7 and AAV2Qyneehol Sanplte vhiRGed ' | evel.s of * expression. Peak
| evel s of CG at_28. d fg]?)l oW ngec% jﬁjhg)rcit‘g?@rsl?‘;g?to'naﬁfnﬁugrﬁw #rrimasResned t he 30
hi ghest | evel s 9“8 Wiyinclable 811k impagt of capsicproteiAv/at e é‘ﬂﬂbibnoﬁﬁf@én@dtﬁﬁk%
AAV2/ 1 in bet WEANAT kEt®@SininGMu Qhd ; [7 ], tors vyielded
gene expression at th +n' ect i on&giﬁtye%ml?ﬂﬂgﬁé\%ﬂgréI"gé%iBéZq?@wW"?sh
substantial I’y %8 Fe"ﬁ(gi‘?z aﬁiﬁé&-ti ve fibers observed with AAV2/2 and AAV 2/8
vectors. These data indicate that the efficiency of transduction with 63 10
MAY 2006 WO 03/104@%3% PCT/ USQ2/ 33629 AAV2/7 vectors in skeletal nuscle is
simlar to thatl3BEOAFREeErsian ohB-mnitof RhesyhViomkey Chodinic Gasido@bjih ¢ihedh 1 n

skel etal nuscl &eabr t he previousl ypgdgscri bed serotypes | Xiao, W (1999),
cited above; C:‘ﬂ%,z/H., et al., gz Mol Ther 4, 21#%2; Chao, H., et al.,
(2000) Mol The 2/l §19- 23]. 5 & rkl&F nurine nodebsiware used to eval uate
liver-direcbedAgene transfer. Iglentigpl doses ofoyegtor based on genone
copies were infused into the portal veins of mce“th t %dere anal yzed
subsequent |y f #AVY&%pressi on of theNDFansgene. Eachgvechar contained an AAV2

AAV2/7 142 + 24
AAV2/8 40 + 0.7

* Not determined in this experiment.

82 % 43
760 + 22.8

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 thaﬁ AAV2/5,
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 AIAT

vectors were analyzed for abundance of vector DNA using real time PCR technology
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based genone using previously described |iver-specific pronoters (i.e.,

al bumn or thyroid hornone binding globulin) to drive expression of the
transgene. More particularly, CWGCG 10 and TBGCG ni ni gene cddbMAY 08ner e
used for rrusclﬁ,zngﬁ I3é7ver-di rected gene transfer, respectively. Levels of
rhCG were defi Ned 4%Vel ative units (RUs x 103). The data wWe¢EUSRQIHR9
assayi ng serum sanpl es coll ected at day 28, post vector admnistration (4
ani mal s per group) . THSanfRGVT vedlorT the | of. .capsid protejns on
the efficiency of transducti oryhagﬁ‘@%%ﬁsé%%g@%g%%?ﬁﬂ“ e 4 it ce
and CG vectors Mg levslspf fransgeneexprgssionsSeechable 5). cntr ti Somerhabites £) ofg;\/&ﬁtaga

AAV2/ 1 20 AAV2 o ARMRLE o 8. scleliver 4.5 2.11.6 1.0 0.5
0.10.7 0.3 ND*4°8°0. géﬁeﬁ'ﬁé}%{s}lém ?fglﬁi%&g"%&?‘?%@bg%{“% wes R %‘Hgta@Mﬁ'il ned in
this experi ment PCRnValugs showmare meansdf Shreecindividsal whielatiadth seadki abgslons ayg! S of

transgene expre ' ; e 16. to 110 greater than what was

obt ai ned with A%\@%%S_d\fg?éagﬁfgc;%@gtx%yfgégq es‘#‘ryﬁr SﬁUQg/ r% gctmaory Thessct or s

S S rayri it o

showed a correl ateitonc%g%e\?élgﬂ"%f“ﬁg?ﬁﬂ}%%@%"Patf’?yé%sduced cells and overall

| evel s of transgene expression. DNAs extracted fromlivers of C57BL/6 m ce

who recei ved th’EaHl&?ATRemmﬁ\emewx&{a@sﬁmmb&ﬁﬁhnfc%f_mW?&gx@‘?n Rl{/nly ?ﬁ’i‘&%r DINA
-unit o

usi ng real té neLiv@RrdllewngdhReton of 20108 RnokXO5R&Ds YBctsl. esus
Monkey Chorionic Gonadotropin (rhCG 64 10 . WAY 2006 WO 03/ 042397

PCT/ US02/ 33629 Ah¥ vattons/os®f vect or DNEehahd Copidd per €&f o0 days after
injection correlated with the |evels of transgene expression (See Table

7). For this exAs8VRMRIDAIAT set of probe andgg + 036

15
AAV2ADAIAT 0.003 £ 0.001
AAV2/5AIbATAT 0.83% 0.64
20  AAV2/7TAIbALAT 22+ 17
AAV2/8AIDAIAT 18 *+ 11
25 The serologic data described above suggest that AAV2/8 vector should not be

neutralized iz 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/] (31123 pg/ml, n=4), AAV2/2 (16
ng/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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priners targeting the SV40 pol yA regi on of the vector genome was used for
TagMan PCR Val ues shown are neans of three individual anl P

standard deviations. The 5 animals were sacrificed at day 56 1o arvest
liver tissues for DNA extraction. These studies indicate that AAV8 is the
nost ef fici en™UBHBP for liver-directed gene transfer dud@TEPHBEWased
nunbers of transduced hepatocytes. Table 7 - Real Tinme PCR Analysis for

Abundance of AéMeré‘COQl Sheichp 6Psh Fhlddlhé)ﬂ'&“n?es o@me H%ﬁhfp\lvérgé@ec@gng EUC%%BJL gn of

1x1011 Genone pi es ot Vector. V vectors es per
Cel | AAV2/ I Al bﬁhe)ﬁefcet 3 W@@SWAWM Wséh*d)e 6637 opAdY's cmmgwswmmrm 83

0. 64 AAV2/ 7Al bAkiAd #e 2rRshand M/
descri bed above, lﬁﬁigéesfis '? hgﬁM\%pﬁ%tagglﬁﬁgﬁéd tg&om%@g%fe)&u?%grﬁlvg%&ag

vivo fol | ow ng SPRAEIRRCS Yesiar gGnpme 1 flsntisekhsiwesr diffespms aactorcepBRYs6 Imfactethe

recei ved i ntsr agRidsaf rebomiahi v@0tors @éneARY Abifg Mﬁ@ﬁﬁBacﬁHﬁ%@?ﬁﬁ&%eﬁ@&l ne factor
I X (10, 1 genomne CO‘%' es) 56 days after they received I ntranusc

i nj ections of AfRPSect ors of different serotypes. High |evels of factor

| X expressi on were Ubdmrs baseli &A«M‘a’y&dfﬁo&l\ywﬁgwﬂ%ﬁrﬂﬁu%gﬁbﬁuy ARinbRVE! ey Nt O
nave ani mal s (%Zczo izﬁ% I ch wetr&?not n|f|c§ %I&/ di fferent that
what was observe ?‘} Y, PP AR PRSI RMRED FefOtyPSY)p Hurthegnoyp, serg fiom
AAV2/2 (16 g/ rlnhmarrs:dﬁ)wt rautckthziﬁédﬁct(oﬂlBy B/AV7,and ARV 8 vddiirs; whdRlid Aeb&ardial What
was observeg i at e infused with the AAV2/8
factor DC vfe60t %r N vﬁ% mman gf f\A&B 8"?"%3@’('8]‘]“ velepmepiforvlighe (< 0. 1
g/m, n=4). 35 s@uﬂgmnpmpmm d¢e hinnarcropsletiondds Fre-gkisting ifrhurlify@hat RRe@RNAngI d
anplify sequenigﬁmﬁl[lé)m cme@ rggnek,% t&gaﬁ@epresent ed uni que AAVs.

| dentical cap signaturé€ seqteée es Wer e in multiple tissues from
rhesus nonkeys derived f'Fl@moaxsmloéashnmmdr i&fa@ﬁ:@ﬂéfo@ﬂi%la@ﬁhcandﬁw | -1 ength

10" NAY 2006, VoD a8 e YRS el B A MR R AV, Wb P ng
frames of tHe nuope thayenforethe hmé@eb@oiylahsﬂuawahmmletal hisele bf hopanite al as

vectors becausgtA\/@sqgs%%Mg[&_}% %ﬁé ange @@\Aﬁ g)o?kga&eﬁ"roaﬁpgg (2@@0{3}0' usi ng

the I TRs and rep from
di fferent vect it abQYehc@PPﬁ@ﬂB(ft&u‘éﬂ/B Ive‘edq;ra sehstantinbadvantagd @méritiaitheb sdrotges

different vectgy teﬁﬁ'srd?EﬁﬁQE&y of Bent dsfer fo'lfer that until now has been relatively

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 AA Vs 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 AAV?7 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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3.5£1.7

AAV2/fth.21 (42.10)

3.1%2

2+1.4

4,32

15

20

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/mi, Day 28
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made for gene transfer studies targeting 3 different tissues,
for tissue tropismof a particular AAV construct.
AAV 1 R612006i n t he
AAV capsi d cl one,

and nuscle to screen
followi ng table sumarizes data generated from 4 novel
tissue tropi smstudi es (AAVCBAI AT),

from which a novel

liver,

44.2, was foutfPP¥E87 a very potent gene transfer vehicle PoTivsoxséze3
tissues with a big lead in the lung tissue particularly. Table 8 reports
(in g ALAT/ nmL serun) at day 14 of the study. Table 8

Vect or Target Ti ssue LungLi ver Muscl e AAV2/ INDND45111 AAV2/ 50. 60. 2NDND
AAV2/ 8ND84130ND AAV2/rh.2 (43.1)147257. 435Td6le $AV2/ rh. 10

dat a obt ai ned

(44.2) 2316531
(42.10) 3. 1221.

vect or

pseudot yped w

wi thout diluti
foll ow ng tabl

Nude,

PCT/ US02/ 33624
CGene inwith 5¢
rh.10 (cl one 4
2/ 53. 6x100. 651

46111 AAV?

rh. 13 (42.2)3.5220.83.51.7 AAV2/rh. 21

| ung

The

red

44, Yeeton5 A Cad|GC of jqtdfdnACAfIC] | fEoTA ATALE | ReEHy PRL1S0T
to confirmthe superior tfopi®m of | MKW50d4eddori N | WAKIEI0YSUG trabish, Sk, AAV
carried CCLOhAI AT pityilyesier for | ung speci fi Gect8XPr €3 ShREhrliElo®
th capsids pf novel ﬁAVs were giyen to | nmune gegphent
animals (NCR nude) in equal volunel (50 gl eachjof the origiggy preps
an) Wla ingr@xiGtheal | BfECY i ons av.00k@y deq 1 N GNE
e. | @2Tabl e| 95.560"Al | of each ori i nakodts PTed Per=FTpuUseE| NCR
detecti gn i@t > 0 036x10Fg/ | , 09a.88 67 10,0084 2005 pI7
TabR§ 9 Vect @z«lotal| CCgg+raf3 ATANT ToRa+@d] ALAT/ THggative
D|__veetsor wi t|h 1%410%t rlansfep+oas 50| pI oméﬁ"eim"ﬁ'&“d' edfto
142/2h.2(A81P2. 69R1E80. 09+0. Q2@7 2 2T ¥5. @.6@6.‘6@863 SVa 000714 6
-02/H60(40250. 0046k 15" 26421 0.56+0.46 13.7
2/th.10 (44.2) | 2.8x107 115438 4.1+1.4 100
2/th.13 (42.2) 6x10" 73108 0.12+0,01 2.9
2/rh.21 (42.10) | 2.4x107 9+0.9 0.38+0.04 93
2/th22 (42.11) | 2.6x107 6:0.4 0.2340.02 56
2/th24 (42.13) | L.1x10" 0.4+0.3 0.4+0.3 ]

10

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, CS7BL/6, day

14, detection limit

20.033 pg/ml)

Table 10
AAV Vector pg of A1AT/ml Relative Gene transfer as
with 1x10" vector compared to rh.10 (clone
44.2)
2/1 0.076x0.031 2.6
2/2 0.1+0.09 34
2/5 0.0840.033 2.9
2/7 0.33+0.01 11
2/8 1.92+1.3 2.9
2/ch.5 (A.3.1) 0.048+0.004 1.6
2/rh.8 (43.25) 1.7+0.7 58
2/rh.10 (44.2) 2.93£1.7 100
2/th.13 (42.2) 0.45+0.15 15
2/th.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

The data from both experiments confirmed the superb tropism of clone 44.2 in lung-
directed gene transfer.
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2/ 74. 2x101+_0. 530. 02+_0. 010. 5 2/87. 5x100. 9+0. 70. 12+0. 092.9 2/ch.5

(A 3.19x101+030. 01+0. 0080. 24 2/rh.8 (43.25)4.6x10 226+210. 560. 4613. 7
2/rh.10 (44.2)2.8x10 2115+384.1+1.4100 2/rh. 13 _

(42.2)6x107. 3+Q. 80. 12+0. 012. 9 2/rh. 21 42.102. 4x10129+0. 90. 3§+%‘.ﬁ92.[@

2/rh. 22 42, 112¥80¥888740. 23+0. 025. 6 2/rh. 24 (42.13) 1. 1x100. PEAUDL3%30. 31
The vectors were also adm nistered to i mmune conpetent animals (C57BL/6) in
equal 5 genone copies (1x10" GC) as shown in the Table 10. (1x10" GC per
animal, C57BL/6, day 14, detection |imt > 0.033 g/m) Table 10 g of

A1AT/ ml Rel ative GCerlaterestinglyf parfornsangedf civac4dc wilivér addkh@cledratdgemnpasiad t o

rh.10 (clone 44 / A 840, 0332. 9

2/70. 330. 0111 27’%&)15‘.1%5’%%%7”8&5@%&32}&(‘%}%%5%8‘.""8&@5&‘5%@?‘%’92?‘?%‘? %St muscle

(43. 25) 1. 70. 758trasduser /oA Y 4 sugzpstingthat tiig ayeA A Vi haszofd Rirgpilg bt 15 2/ rh. 21
(42.10) 0. 86053249 i@dahdy. 22 (42.11)0.380.1813 2/rh.24 (42.13)0.30.1910 10 The
data from both eXperinents confirnmed the superb tropismof clone 44.2 in

| ung- directed gene Torstidypwplogied propgties pHho20OG! MAVEOMOBST ARVIIRBSE&H833629

{ P;ﬁ; fez '; ingly, el CREBRRE fniinitiN VR rdbfitsnd [ vitkotEhsBifbn THELS el if, GGt €d gene
presence and absence of antisera against different capsids. The data are summarized below:

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

Serum 10° GC 10° GC 10° GC 10°° GC
from ra'bbit _ rin13 rh21 rh.22 rh.24
immunized with: | A Av2/42 2 [AAV2/42.10]AAV2/42.11|AAV2/42.13
AAV2/1 120 120 1/20 No NAB
AAV2/2 1/640 1/1280 1/5120 | NoNAB
AAV2/5 No NAB 1/40 1/160 | NoNAB
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
AAV2/43.25 1/20 1720 1/20 1/320
ri10
AAV2/442 | NoNAB | NoNAB | NoNAB | 1/5120
rh13
AAV2/42.2 1/5120 1/5120 1/5120 No NAB
ri.21
AAV2/42.10 | 1/5120 | 1/10240 | 1/5120 1220
rh.22
AAV2/42.11 | 1/20480 | 1/20480 | 1/40960 | NoNAB
rh.24 '
AAV2/42.13 | NoNAB 1120 1/20 1/5120
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| so outstanding, close to that of the best |liver transducer, AAV8 and
}tAﬁZ ge:t nmuscl e trgnsducer AAVI, suggesting that this novel AAV has sone
intriguing biological 5 significance. To study serol ogi cal Uownm_s of
t hose novel 0383 |7|dotyped AAVGFP vectors were created tor 1 I zation
of rabbits aﬁ@yl n w?ro transduction of 84-31 cells in the PQIfisexs6® and
absence of antisera against different capsids. The data are sunmari zed
bel ow. 10 Table Ha TuitdssriNER a9 BYsic) iBoBT ceﬁsunaA pg%ag\%agyv' rus (Adv) oo
coi nfection InfectlJ n |nﬁ§431 cells (coinfected wt with: Seru
GC109 GC109 GC1010 t’ﬁ“fol”d f%(tféll%(ﬁwnéefﬁﬁwzhﬂﬁv)mhh 24 i muni zed

Wi t h: AAV2/ 42. IAAVZT A2 TUARY Q%A‘l 2 e *é‘qn z¢¢;ﬁg§é%17' 20No NAB
AAV2/ 21/ 6401/ 12801/ 5420 AR ZAy2 R o468 =
AAV2/ 71/ 819201/ 882009 6647 E40tAk a8 ol 1 U811 b a 103001 k280 |on 5
AAV2/ A31/ 201/ 1604 OB 18R 034 0k 2&25 2l SNGh AR 25 1 10 Do
N o e AT VT fanap Tobisoll % 1 1584861/ WBsd1/ 40960NONAB
rh.21 1/51201/ 120129 ST %.. “ i 2baspaid
AAV2/ 42.11 rh BH-POH 20HHE LIS AADO NS g Hod4B
: : % No NAB | 4/320 | NoNAB | No NAB ND
AAV2/7 112560 | /640 | 11160 | 1/81920 ND
AAV2/8 1110240 1/2560 1/2560 1/81920 ND
ch.5 AAV2/A3 171280 1/10240 ND 1/5120 11320
rh.8 AAV?2/43.25 111280 ND 1/20400 1/56120 112560
rh. 10 AAV2/44.2 116120 ND ND 1/5120 1/5120
rh.13 AAV2/42.2 1/20 ND ND No NAB 11320
rh.21 AAV2/42.10] 1720 ND ND 1/40 1/80
ri.22 AAV2/42.11] NoNAB | 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 2 115,120 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 AAV2/42.13 115,120 ND

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

10° GC/well|10° GCiwell{10° GCiwell|10° GCwell]10° Geiwell[10° GClwell

ch.5
AAV2/1 | AAV2/2 AAV2/5 AAV2I7 AAV2/8 | AAV2/A3
128 >200 95 56 13 1
# GFUffield 83 >200 65 54 11 1
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WO 03/ 042397 Table 11b. Cross NAB assay in 8431 cells andAdv coi nfection
Infection in 8431 cells (coinfected with Adv) wth:

AAV2/ 42. 1BAAV§$&€%6@%%/ 43. 25AAV2/ 44. 2AAV2/ 42.8. 2 i muni zed with: AAV2/ 1No

b AAV2/ 21/ 20No NABNo NABNo NABND AAV2/PSREISKABES320No
NABNo NABND AAV2/ 71125601/ 6401/ 1601/ 81920ND
AAV2/ 81/ 102401/ 25601/ 25601/ 81920ND ch. 5 AAV2/ A31/ 12801/ 10240ND1/ 512011320
rh. 8 AAV2/43. 251/ 1280ND1/ 204001/ 51201/ 2560 r 1t . 10
AAV2/ 44, 21/5120NDND1F/ABl$2@)11/Ir5”qczlenrrr\8433c¢lh\mmfgqt®1wmmmm G¥B1/ 320 h. 21

NAB1/ 20480No

AAV2/ 42. 101/ 20l
AAV2/ 42. 131/ 511
VectorTiter d2
01/ 163, 840 r h.

rh.21 AAV2/ 42.
AAV2/ 42. 131/ 5,

Adv) with GFP

10

15

20

25

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.

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

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 TaqMan (Applied Biosystems) analysis was
performed using probes and primers targeting the SV40 poly(A) region of the vectors [Gao
GP, et al., Hum Gene Ther. 2000 Oct 10;11(15):2079-91). The resulting vectors express the

transgene under the control of the human thyroid hormone binding globulin gene promoter

(TBG).
B.

| Ahirﬁals

LDL receptor deficient mice on the C57BI/6 background were purchased
from the Jackson Laboratory (Bar Harbor, ME, USA) and maintained as a breeding colony.

Mice were given unrestricted access to water and obtained a high fat Western Diet thigh %

cholesterol) starting three weeks prior vector injection. At day ~7 as well at day 0, blood

was obtained via retroorbital bleeds and the lipid profile evaluated. The mice were randomly

divided into seven groups. The vector was injected via an intraportal injection as previously
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Infection in Wﬁso‘{%&s (coinfected with Adv) wth GFP 109
GC/ wel 1 109 GC/'we ( GO/ wel 1 10 GO/ wel 1 10 GO/ wel 1 109 GC/ wel RCT/US02/33629

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

AAV2/ 43. 25AAV2/ desciBRAYZheSI2ANN Ao Tho) / 13AAV2/42.1 B
313546210318 # fi.e.d212716014220 %ﬁ?%%@%éﬁgnﬁr@n@mm@ Model
ﬂ:a%%%hcl (=] w % H

?L Fi?vlz } :;u Hyp;rp chio mﬁ't gtém @ﬂf"ﬁamm 1&@;4?mngomxﬁefﬁmmedq@pﬁ{amﬁp t hat

e consexpaget. Wein g neddears dpBRpRs e.LDl receptor an
express LDL recg;gltc%[ipjad’m ! unt sgf?f |‘Dci e&gﬁégg’ﬁve&Pre%hggl&W@UHP&Sé\{ag of
pl asma chol egt ero fa 5T | E%%’F’iaﬂ@g‘ Pressarsivren Rppiiedieltis igfbetiba Sieltd @Hsure 3
hyper chol est &r oftemifhe bleadiAg. THe 1t tvokavids bidGhi vectors packaged with
AAVT or AAV8 cCagsiife <%eeitnﬁ uer e constru%thgg&@’gxﬁgﬂetgeﬁécéﬁﬂﬁfﬂlgypi ng
strategy [Hildinger E/? e fgflowingyday, Weeldy @Wﬂwerﬁﬁ@r&hﬁ&-s&aﬂﬁ]acdaylﬁqag&pptépant
AAV genones wi téreaedeene transfet ecndanireTbload ligiBPRA énlin(dl;r@ acher & &Iackag.ed y
triple transfqué%mmg@%k%ealmlis léh the cis-plasn d, tHePRGEsevifipedat
hel per plasmid and a 15 chineri 3@% kag@‘iWgordalﬁ@ﬁtomtﬂ:ﬁxamiueﬁth&bsalaroﬂé I

plh

capsids of the %&¢evellavecsportpmeston e temdlfing hﬁg“ﬂ%r}&r@ﬂe AAV2 g_he_ chineric
packagi ng ploasrplgqumédsg,g,géhn%&bc&e?e mastéogr ?w ously descri ed[ r’?—‘#‘lz if%ger et
at, cited above]. The reconbi nant VatPof Eaniganeexpassion. ed by the standard
Csd 2 sedinentation nmethod. To determine the yield Tagvan (Applied

Bi osystens) anal ysis was performed usi ng%ﬁ)robes and prinmers targeting the
SV40 pol y(A) region of the vectors [Gao edf}, et al., Hum Gene Ther. 2000

Cct 10; 11(15):2079-91]. |The resUlpetpgy vectors ok S the—tHansgene under

the control of the humarrhyrerg-hocmone hinding Gl‘obul i r} 'herfe pronot er
(TBG. B. Animals roup I | AAV2/7-TBG-hLDLr | ix10%gc |12

Group2 | AAV2/7-TBG-hLDLr | 3% 107 ge |12
Group3 | AAV2/7-TBG-hLDLr | Ix 10" ge |12
Group4 | AAV2/8-TBG-hLDLr | 1x 107 gc 12
Group5 | AAV2/8-TBG-hLDLr | 3x 10" ge |12
Group6 | AAV2/8-TBG-hLDLr | 1x 10" gc |12
Group7 | AAV2/7-TBG- LacZ 1x10"ge [16

C. Serum lipoprotein and liver Junction analysis

15 i
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 i :
LDL receptor expression was evaluated by immuno-fluorescence staining

and Western blotting. For Western Blot frozen liver tissue was homo
buffer (20 mM Tris, pH7.4, 130mM NaCl, 1%
EDTA-free, Roche, Mannheim,

genized with lysis
Triton X 100, proteinase inhibitor (complete,

Germany). Protein concentration was determined using the

Micro BCA Protein Assay Reagent Kit (Pierce, Rockford, IL). 40 pg of protein wag resolved

25 on4- 15% Tris-HCI Ready Gels (Biorad, Hercules, CA) and transferred to 3 nitrocellulose
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LDL receptor deficient mce on the C57B1/6 background were purchased 25
fromthe Jackson Laboratory (Bar Harbor, Mg, USA) and mai nt ?i n as a
breedi ng colony. Mce were given unrestricted access to wa & @008bt ai ned

a high fat Vbs&,srg%t%ggt (high % cholesterol) starting three weeks prior

vector inj ection.o ay -7 as well at day 0, blood was obPEI/H$d/38626

retroorbital bleeds and the lipid profile evaluated. The m ce were randonly

di vi ded into s&embrage GoyisogeTNeTogeadrme AmaﬁLDD}&gﬁcggge%ﬂo%%gg%‘&%% %ée%l

i njection as preyi a1l 1 Y 2006 \\O 03/

descri bed ([Ché’ﬁ'\é@@’y ‘z‘lﬁ‘.l?““h?@‘wﬁh%’?% §51°zo%§),-F%J(Sfff;lmia%i@@a_bpits@umafahy, t he
m ce were anaébined dnd wekd\fort Weskent Bioi, Aa:mod(ili(tidn%ﬂhgﬁermﬁ‘wgfﬂéd %ta%%ayp‘,’as
performed and thg [ exposed. i.n 309 needl e the "appropriate
dose of vector di Io.ﬂ)}?%g&iber?\bﬁé&%f%%ég&e sangisﬁ?qbg&ﬁ% 3pdiEGLeheraitpniinesaont he port al
vei n. Pressdr e d¢teesion@RSL Western BiohBeteatipeKit) AmerstianPA g ALiERs, 30 Stop of the

bl eedi ng. The skin wounds was .draped and the mce carefully
nonitored for the foll ow ng gg&'%@g%éz‘q&?eeds were perforned starting at

day 14 after liver directed Fg!edwrminaiiosbﬁLDL EecEPRR Silrebsibh AQFbzln lRf%xds%cti Lo
' ' k'6 and week

ani mal s of eackmfig Jod ol : t time points week
12 after vector inj g@? ‘},}gﬁﬁ%@ngaygér%vﬁegedpzfﬁtﬂ%?cgrs]@f’@rcﬁ'Pﬁ% setigRp reere eitherdixad imnel |

ig r Iecept or exffea%foph minptes, arendived Big:khigm?s oHifedSACd 1 hdus ﬁx@ukﬁ%{ion}f‘ﬁﬁ#ﬂ% f 22
Vechor Tdose . o iout sBAin, SR euBered P RIS Sk pvmryanitory at
AAV2/ 7- TBG- hLDIOPmISmpegeturey & rpbbit roiysiopal BntjbaNiPdrf-himen DDDBiohedichlechifoiogks & OUP

4 1 AAV2/ 8- TBGnb) SbiighforXMAY wiSusid-& v2/8-TBG hLDLr 3x 10" "gc 112
G oup 6 AAV2/ 8-TBG ALDLT M 10“3%%3"“%%%“2‘1@6'9%‘&&@? R themepyfagtyren g | gc

16 C. Serum | i PEFPEIR Werawashed vidh PBS, ard inenbatediavity 5160 dilteBRosebc SR BT £5i. Ver e

obt ai ned from fablsit Ile@(SigMA, Bt t.adis, IBXdhaci hour . fastipg period. The
serum was z par at elg :‘(f;g(m M}e 6? ascﬁa%ggllﬂ%ﬁeﬁ;err | ug%l?".aB‘H‘Fd Wtér ﬁ‘f?ﬁ‘iﬁ?ﬂ“%f
plasma |ip gr oPEIRLPEHOP Mierpphot-B}A diviath sasess edch intiteticnords ol ek Ebyidt gy d

usi ng an aut onedshiageith ERENpat ' A hi apparel | i
Bi osystens, Al pha %\aréggynan%) VB?“%E]{SS%{S?’S%%%g{;%lﬁ?ugﬁtgodé“ P§§p%§QWt@o LDL

receptor expr Erfagha eAd sthstitatipnipf the PmAD-efifiledy BemasePe-lathddi Hog-
immune control antibody. The three types of controls mentioned above were performed for
each experiment on the same day.
20 F. Gene transfer eﬁiciéncy
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 AAYV vectors in the liver tissue were evaluated using Taqman analysis using probes and
primers against the SV40 poly(A) tail as described above.
G. Atherosclerotic 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 flaton a
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and Western blotting. For Western Blot frozen l[iver tissue was honogeni zed
wth lysis buffer (20 MM Tris, pH7.4, 130nM NaCl, 1% Triton X 100,

protei nase inhibitor (conplete, EDTA-free, Roche, Mannhei m 1@:Mf¥12008.
Protein conce 695/649:{} was determ ned using the Mcro BCA Protein Assay
Reagent Kit (Pierce, Rockf ord, IL). 40 g of protein was resROTSsd2/R5290n 4-
15% Tri s-HCI Ready Cels (Biorad, Hercules, CA) and transferred to a

ni trocel | ul ose blek waxOsukdads, PIR0H2 8620 3RS < 9 rembr ane
(I'nvitrogen, ).y lo gener ﬁ} e Antéié@ﬁL i ece%ta(F)g?I %ﬁ?ﬁ%g?ﬁ%coaorrv%qu%s

injected intravengusly MERHSHFLAR s fompleigpogiveuteewS@etenatd usig Oksie | at er
the rabbit ser Jdrimagisg Systema(Meith BBenstegd for Western Blot. A 1:100 dilution
of the serum was used as%a pri mar# ?;};i body foll owed by a HRP-conj ugated
anti-rabbit 1gG and ECL Chem T efdemtPE detection (ECL Western Bl ot

Det ecti on Kist, Anmersham Arl mwgbﬂmaki@é@hﬁdﬁmeﬁtmgrouplv;vereltgs%quﬂ%g]xstcgfﬁh}?m- stry
For determ nat iléBQle@ﬁm':QE Jr&%gp;oglrde‘? engl?i on in frozen I1Ver Sections

i mrunohi stocheg"lst.ry a af‘yse PRETr 8 E@?‘f aﬁﬁdppi'ﬂﬁmﬂ%!ﬂ@wtsaxwl}sémgms wer e
either fixed i teil vaipeveyneerficiof 30 set (1LB0OD00 dunid BF ] 2 Qcki. bt ai ned
via a 1 hour i pggmHaQnAH%J od s\# th 0.1%0&/ of %OZEL%%_“&%& 1@2%0‘8',‘?%?{ ° wer e
then i ncubated for one hour A Er hdl Bt ?‘ryMHtﬁhil'Eﬁmyuagtionahmmmﬁpmerature.
A rabbit pol ycWanebtaingd vialtwdytroeorbital biecR. The Plasth By T8 a6 o RGN OL A Inc.,

i es
St ought on, 1yA) iluted accordingly to the instructions ¥ the
manuf act ur er . %“Z""ﬁgg ip%ﬁ’?%?%ﬁﬂé%ﬁ‘"\%‘%%@é‘&allhﬁhelfrhmiowbaat&bdlic/\dateh 1:100

di l uted fl uor e¥exdalsulged fromriteilipopratbib clearki@@ddtdi gma, St Louis, MO). Speci nens
were finally exam ned urilder %I &&r,escince 15 m croscope Ni kon M crophot - FXA.
In all cases, each incubati oi (84 BLIE eid BsFEwakansi ve washing with PBS,

Negative controls consisted Off Rt Shiniag bfkdzenive &aiﬁg‘%“b%?gﬁ%h?oan%miwe

primary anti boghg a@ Ltution of the primary antik ya
i sot ype- mat che n%n%l%%?hsfeﬂet(f:rgﬁef@&?r SEEHPRSYsER bricfiy Ensedhinalistitigdreaer dbllowedt r ol

ment i oned &bovey avemiautgénchimtionsid absolute peayylen I ThE &k ne_gday. 20 F.

CGene transfer gffdigiof 'W’Hn%gg leh‘j:n@scu’% wg%e%l tg}i ne%ktg)??\gyg?gg?timp?%f’ﬁﬂ t he

mce at the designated ti 50. LODfrd ohpws Hovgeby sprentstainiogwith i n | i qui d

ni trogen and sYByegghematoxgiisolutien for F0setdnes and Ro0RBE S \Oﬂme%e% xtracted
(QA ,

fromthe |iverglkigsue using a Q Aanp DNA M ni Kit Ger many)
according to the manufacturers protocol. Genone copies of 25 AAV vectors in

the liver tissue were eleilquetifictiorsofitite Wacialasterblahy fighcdtfie DGl RRes and
prinmers agz n%CtbhﬁN@H&n@%%g@gﬂiﬁ%Lm% cﬁllgrsogorr“r)nee%aabove. G

At horoscl orot he ol . meaSUr ; nol (2:1) overnight. After
adding 0f 0.05% H,SO, and centrifugation for 10 minutes, the lower layer of each sample

was collected, divided in two aliquots and dried under niti‘ogen. 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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For the quantification of the atherosclerotic plaques in the nouse aorta
the m ce were anaesthetized (10% ket am ne and xyl azine, ip), the chest
opened and the 30 artérial systemperfused with ice-cold pghposafaiss
buffered sal i gg fshiRyoh the left ventricle. The aorta was then carefully
harvested, slit down along the ventral nmidline fromthe aoPETES28362Hh down
to the fenoral arteries and fixed in formalin. The lipid-rich

at her oscl er ot i Blaqysiaeeq fiessheviek /8 eraii Avel/Mimide wasishashddVn frSid °e|:?§’)t’ ﬁ%g%;t and

the aorta -pi nnednéils), bhdh Y 2006 03/ 04239 33629
bl ack wax surfggg. he in%%%cﬁya%%gé&e%epﬁrs{ﬁ“vﬁyg 'spgl off e gimentis col or

vi deo canera. M™9HBDarea of the pl ague as well as of the conplete aortic
surface was determ ned using Phase 3 Imaging Systens (Media Cybernetics).
H d earance offamplsi t ..l er experinental group were tested.
A bol us of 1125 - 'l abel ﬂ%{%@ﬁeﬁ%&%&l% :EHEEFt‘BS)Ofﬁ?mmdBr, U Penn)
was i nfused sl owy &hrokgbck®e Micai | vein over a period of 30 sec

(1, 000, 000 counts of [I i]lu in 100] sterile PBS/ aninal). At
tinme points 3mn, 30 ni ﬁ%ﬁ?’%k@%é&?{“ féﬁ& CKRESSiop wataskessed dn Hsmoptdliasmnyl e

was obt ai ned ViU4et Yrstorewitheapridsiof AAWI&AVB,AMAW\@WA‘W%&%%S@ oOf T
er

fromthe whol egefi{er ) _ QL cou in the ganmma coun .
Finally the fract ir%rl?g?%g!?gbgﬁ'éﬁlrcgi?gl%m\ﬁggﬂ‘égf'é’ﬁ?‘&?%T‘f"iﬁ#ﬁ“ﬁ@hemtbbprot ein

cl earance tht POSTTeEURAY elemens (WBRE)-IAAN2 1iIBR d ‘The 96004 Wérk Bhsticled Red St @i ni ng

of frozen |i velessiBedih Wihe ¥F 2664, o det erm lipid accunul ati on.
The frozen liver cissecti on% wer e b?@%?;?% #hf’ﬁ%%qﬁﬁll%}ﬁg{sﬁngﬂ@@pwge f ol | oned

15 by a 2 m nfE®incubation in absol ute propyl ene glycol. The sections were

th tained i il d ' %, 1 I 1), f 16 h
owed by copnt ey st ai St oo Tk Ve bl R ARALER Pk i b Preariisy

fol |l oned by ﬁ%%gys ai ni ngi Wt _
seconds and ‘PRgYrh Mid feddl 1§66 CEhis modekdldsety mﬂcweipﬁehogygggrofgémmi“;i cation
of the liver diahesierol and triglyceride content |iver 0 sections were
honogeni zed and i ncubated in chl orof ornf net hanol (2:1) overnight. After
addi ng of 0.05% H2S04 ahELRfeifforanbetatpes (AdVILAAND MAS A AVYENE AWER) | ayer of
each sanple wes dxieredGh 86inglélinythsbad ihjbeti | ot d dried under
ni trogen. For the chol eﬂﬁ?g,ql X neasd}rljgcr?%}r{l\@m[athéem@?@aﬁﬂ?eﬂ%@l%ﬂﬁw first
al i quot were dI'€BP %A OF R Qo Fmeusmtoxthe e different beratyimt adone GaGereclirgol ved,
the sol ution wadAdRivedorangRivericsd, 2IRM.cALLEL. &l lving the 25 |ipigds i
ddH20 and ionc%@gg%fﬁtaég %’nut es at 37%%% hééunfrglft)gé?"pé’%ﬁf“éeé‘fiﬂé?"ﬁli‘ 1o
concentration Was 4 A ﬁb"h&r"Fétc@ltal@WolOe@deEﬁndIfeniﬁletmi(:él\&kiee were
Di agnosti cs) . bledbi-wivklyméeondoakinthisghtigsne dri ed

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 etal, 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-ggnine factor IX ((Enzyme Research Laboratories) was used as secondary antibody.

Beginning at two weeks following injection, increased plasma levels of ¢FIX were defected
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"y and
AAV2/7 constructs, with sustained superphysiology levels cFIX levels (ten-fold higher than
the normal level). Expression levels for AAV?2/8 (10" were approximately 10 fold higher
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|'i pids were dissolved in alcoholic KOH and i ncubated at 60C for 30 m nutes.
Then 1M Md 2 was added, foll owed by incubation on ice for 10 m nutes and
centrifugation at 14,000 rpmfor 30 minutes. The supernatantg Wy f@al |y
eval uated for tyi@ Kx@%p des (Wako 30 Di agnostics). Al of the vecto
pseudot yped in an /8 or AAV2/7 capsid |lowered total chdoratsersbye LDL
and triglycerides as conpared to the control. These test vectors also

corrected pheno fobERHRA ol B9 ,81ny adQgs endent manner. A
reduction in 74%%‘8&!?/%\?13200 %%?%%M%@P%@%@%?g ’%Teé‘dq.'i' evgFea for the
AAV2/ 8 and AAV2plthopghestill gbeyve disdkarapeeticirange, veseet abskrvddder AAV2/Be first test (2
nmonths), and the effect was O%?&X%"Jagﬁ@%’?!%0’19%,26‘{’5{"0"('"9'@B@g of the

experiment (6 nonths). 5 Exa uncti‘ona #8%si on and
Correction of Henophilia A ﬁh%kﬂaﬁaﬁtoﬂ\mtlﬁtrmplamaaiftmm lazﬁaclﬁ-axﬁtrﬂée I X

(FI'X) expressi Ofaivieee e capsi ds
of AAVL, AAV2, AA SRR e RARREN Ao o SRS AR TAATY sl lloBe0” 'S

o]
- liver-speci fi @A?ff%%leéwe'FEghfted frem #Hiemetrorqridtal plaxys it UE & vdtepadficitriats buff®.

post - r egul at or yTRd PTEREsay WEF et formeBAVdescibed dyRw V fifolr O fructed
as described in gﬁg‘g l?éé?alla 000, Mol éclulear Tﬁﬁégrkgglyﬁ%?’ﬁf&- f{oléi)ca ggl ng the
appropriate H ROut mice were generated as described in Wang et

al, 1997. Pr oc. Ratl.  Acad. OirgUheDH; ap 3 BradrkeARpled b4 o IR FiefeaORE ¥

mmc the pR&notX% of herm hilia 15
serotypes (AAVI in W (apreximately PO seib Whendesapuyestas thoaveeeks mobtng| e
intraportal inj mjbbﬂldhnaﬂd%hﬁalﬁéﬂ&ldtﬂ Ffﬁfneﬁi\ tiCHdbrhal Bleémﬁé?'tﬂah ﬂ&rm@f’%ﬁ% h§ou Enou ein
a dose of 1x10" G% usedégr th ive different serotypes gfr
received an AAYBS °fpd e WeekShwer dose, 1x1010 GO/ nobuse. Contr oI gr oup
was injected with 1x101 20 GCL&hesMMah&! cTcEﬁghﬁx?eZ%ere%ﬁé‘ereS 'in%é’anﬁr?a”st ains 5-10
mal e and fenal €, MG A‘gkgg ﬁ?re 8 sg/ 13 ?e! after vector
admi ni stration. (& 2am ARVET Br ¥ <ellift PAVEEAlsp nduged clagingémesl asna
was det er mi ied sibijardnthistel fRAA AVRAYNAREYT | Holiever, Gaowated ASHIRY tndobas RGT T OF Med
essentially as gle? fﬁ g e;ﬁ d, et Proc. Natl . Acad. Sci .
USA, 87:5173-51 a4 PR ¥’12|%§%'3t s ? Wéﬂé“égm%ﬁ’.‘ga °?°“&£mm7é(m the 2ot 44 sec( Enzy e
Research Labor altalmb werp obwesved Sar th AR/qoamid RV2/ Bbtiginkiagl it vavar twea b bi t
Immuno-histochemistry staining on the liver tissues harvested from
some of the treated mice is currently being performed. About 70-80% of hepatocytes are
20 stained positive for canine FIX in the mouse injected with AAV?2/8.cFIX vector.
B. Hemophilia B Dogs
Dogs that have a point mutation in the catalytic domain of the F.IX gene,
which, based on modeling studies, appears to render the protein unstable, suffer from
hemophilia B [Evans et al, 1989, Proc. Natl. Acad. Sci. USA, 86:10095-10099). A colony of
25 such dogs has been maintained for more than two decades at the University of North
Carolina, Chapel Hill. 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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anti-canine factor | X ((Enzynme Research Laboratories) was used as secondary
anti body. Beginning at two weeks followi ng injection, increased plasm
level s of cFIX were detected for all test vectors. The incil daM&6 2008vel s
wer e sust ai nestoas/odz2bper apeutic | evel s t hroughout the 30 Ien?th of the
experinent, i.e., to 12 weeks. Therapeutic |evels are consfHEVER3#B% pe 5%
of normal |evels, i.e.,dFat about 250 nghnL. The hi ghest |evels of
expressi on were observed'qupdogs hre indebtéd/iRrapartalid kil h ARG 2(.7 constructs,
wi th sustai ned saiemas S| RAIYo lENRLS, SELX | evel s (te%nJS fégﬁ\éﬁ‘!l?ﬁt&ﬁ‘@r t han
the nornal | ev%%iollﬁxpr essi on IPevel s 3 relednetion with drd/AeFi ampioseati mat el y
10 fol d higher " OBeRee RpE6(CAKE3AG t ose

g ( é&ﬁ%ﬁ%%@&ﬁ%@@&& Sﬂiﬁé@grc &

observed for A{K/8" 010).,.The | owest e essi
al t hough still above@t@ﬂ(e t glr“g%gu?%éégﬂddwa%'P"mhéAéfageF%@.skm”@mgyaa 2. In

Vitro Activated®PdfP Athiridos reowiyss asingln injécten waPAAY 2238y Eyncg gk factor
| X activity i nGEVl@Sﬂ‘HeféﬁnﬂMrfc'e%rmcgglé-tout mce WS o f EP5R 0 ‘{e‘ﬁ‘ §1y an in
vitro activated. partial thromboplastirotl gt (AP CFRs@ax NbGekglhoad

sanpl es were cg'fe[g'é%aéﬁﬁyf%QBPMltb R VREraFBX (ixibd’t alykgy. exus i nto 1/ 10 vol ume of

citrate buffer. The aPThe &Sy J¥as formed as described by Wang et al,
1997, Proc. Napl . Acad Sci USA 94?’%‘%6@5"1&1%%%‘?“"@664 surgjcally ppepedoyndaPTT on

pl asma sanpl es B nSirai pnsha singlednfgion off veaor id @imisisterediniothd bott e ORI T ange
(appr oxi mat@| yanggals@eprowbied ok Bémbradgeah W0 WESks post injection, “and
sustai ned clotffng tines in Ehe noy el or PaRoRE e e b irangnous ange
t hr oughout thé"Hs“ﬁS&‘(W"p‘gf‘P%‘H feaine plagmes ) The dogye sadated) st eh iGdRL éé gg times
yer e Quser ved e sdisnbionsf ST AREAR O AT AV T BY ek
ARV2/ 7. - Howevero el T aqtiatia ol civerignie veueis ks 20RERTIEELe BlacddA V2! 2
until week 12,erimalmSnﬁau\N&E#ﬁciﬁibﬁ)fnttB@%iﬁ.iﬂe%dlglsn the. 25 - 40 Sec range)
were obseryed fQr. A2/ 8 a'?r%g V2/ 7 begl nni ng {5 TRRidlY insgiged into the vein,
| mruno- hi st ochem’lst Fyespose ﬁéaA%FPW@UllaiiSaneaded B3 draAbsaSdafich ek, 39 SOME Of
the treated nipedalivein tucadet by inB@ichshsMGHA G, ut. 70-80% of hepat ocytes
are 20 stai n@,gm@s%jsgsg 'gd%éﬁﬁ‘??%ﬁe i|:| Xl@ﬁg}g%%‘n;&w&%{%&mﬁ h
AAV2/ 8. cFI X vector. B. o BRipen Doflpte t dpatoxinately 50 PdfRLdFUt ation in
the catal yticdd@rhin FBSfis infasedintb Me@6ing vein Whir § B miRASEE, 9N Hrode! i .ﬂcg st udi es,
appears to retﬁq@@e&m%m gkn: unlst g‘% e%‘ suffer from Vhe pHicier @iusiop Byans et
al, 1989, Proc. Natl’ Acad. "‘é‘c?f‘f’ BEK: 146 balloonis thea deBed, the @O AYhoodq

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: 154-15 8] , ’

Results showing correction or partial correction are anticipated for AAV?2/7

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 dep#rtfﬁg ﬁom
the spirit of the invention. Such modifications are intended to fal] within the scope of the
30  claims.
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25 such dogs has been naintained for nore than two decades at the
University of North Carolina, Chapel HIlI. The honeostatic paraneters of

t hese dogs are well described and include the absence of pI,aésmF@
antigen, whole blood clotting times in excess of 60 m nutes, Wher

normal dogs are 6-8 m nutes, and prolonged activated partial thronmboplastin
time of 50-80 seconds, whereas normal dogs are 13-28 seconds. These dogs

30 experi e@lgﬁMd.;current spont aneous henorrhages. Typically, significant

bl eedi ng epi sodes are successfully nanaged by the single intravenous

i nfusion of 10 m/kg of normal canine plasma; occasionally, repeat

i nfusions are requi CA‘ed bo ctQQtr_oI, bl eeding. 76 1 0 MAY 2006 WO 03/ 042397
PCT/ US02/ 33629 Four “uBg8°%h ddsntifies etknown adepontsadibiyd WirdsSTAAAY s&fokteaccor di ng
to the sdhesampe Sspeotwd ofcdritdisihe AQG/ Fr&RSINES i C%i n lﬁ [ nljl ection with
AAV2/ 2. cFIg¢ at. a dose of 3. 7x1%" genone copi es f’@%ﬁ“ Keft °A°§@96mg!djog
receives a first injection of AAV2/2.cFI X (2.8x10" GO kg), followed by a
second injection witds thd the k; 01 kg) ..at 5 day 1180. A third
dog receiyps a si ngJ6 li‘b;lﬁiéec%i orslérhv&ﬂ% ﬁonﬁ%}% éN%/Pﬁ%{' IStaBy@ potymerd 012

G/ kg. Thé T oUPT" §R)r‘é8‘§i3\f€§t setrefiprimecstvhigh spiditica y.%%gfyq‘ﬁﬁ 8x1012

GC/ kg) ancegan compiisind atQéhsiiso LR AAV2/ 7. cFl X (5x101 kg). | The
abdonen of]avkilerm\phi lI);;iéa dogs a(}g}é};ggﬁltél%g%{? P@CI%{ﬁﬁc"éﬁFﬂﬁ?rﬁaﬂl, Fajd Grseregwnunder
general anesthed'a>aMguencsflagfed by af lasst O basé pMQCdfmghiyscoﬁgmeﬂis&{uﬁﬂc%%ti nto the
portal veitny ehthendlf |k TS ,ﬁfrgopmgm%gnedv%d om henorrhage 1 n the
peri-opergtive neriod by intravenous 0TV SHYeRES ¥rits 3f endosaidibase paitsne

pl asma. The Y Eonsryeet iéltive wotan labigrawknt of dt reduqatm%?@mﬁgﬁﬁﬁgﬁg , and
t he abdonew stizved and prepped. After the abdomen is openéd,” th gl een is
noved into the ope(rsg)lt(;P\ée f;”i eld. The splenic vein is |ocated and a suture is
| cosely placed pr é%iaptipnally sabjenting theMsA & fubth&Hasi i e vein. A needle
i's rapi dlof ptimeRMHRG s%ggigcaqlpgmv nj n, 15 then the aﬁ‘}ﬁﬂ?d@uB gg%%%e(io'&irf&t as5F
cannul a i s threaded to an 1 ntPaverswad reionyhish snmmrisestibe fiporgiah ofei n

t hr eaded A0 &HIUPHES vlesnauencdsadudhi 05 e B irf) SedhRY L hhgA\PLIULCaL] on. Af ter
he”DStaSissqdeﬁcé%léB%gnﬁﬂ{lﬁ%gﬂ ecgtﬂgt gr bal l oon i nfla eé, apprRitht el y 5.0
m of vector diluted 1n i"89 PPt é&lﬁeﬂ‘feﬁcqsh@r’bﬁﬂtlalthvg&imﬂ@‘f&rthga 5

m nut e i AYBFEREN areTphsainesict or i nfusion is followed by a 5.0 m infusion of
saline. The ball OOQ)gﬁtio%:h n_def | at Fd the callula renoved 20 and venous
hermstasigg i's sheq(l:?ur;ﬁ Ae YBISEWE (he DNACA fyrthet anopdficatinnestignghivessgd s ar e
caut er i z8dMgiVMchepoyfaaty velifpauiiel desios Wa : ni;mal i s extubat ed

havi ng t QloRtRLEMLOR onYl igal roceglure \%gfé?ma-%%%@'ﬁ St FHBOTAAY anal yzed
as described. [Vang et al, 2600, © Ve [fet trzion. shhethapyAL:3 bhdnsld8] Resul ts
showi ng-Se@b‘f‘"ﬁ@c"t/hldnarmpalmambBaéndQﬁrtHee&AVQéhuéﬁc%s ?r%ﬁfﬁe'd%at ed for pavalT.

' y the primers for the
first region are obtained,

| each of said second and third regions being predetermined based upon
the alignment of the nucleic acid sequences of at least A4V, AAV2, AAV3, A4V 4 AAVS and
AAV6 and each of said regions comprising nucleic acid sequences which are high;y
conserved over at least 18 base 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 A4 V1, AAV2 A4V3
AAV4, AAVS and AA V6; and | |

each of the sets of primers consisting of a 5° primer and a 3° primer;
b

the presence of amplified sequences indicating the presence of an
AAV in the sample, and
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25 Al publications cited in this specification are incorporated herein by
reference. Wiile the invention has been described with reference to a
particularly preferred enbodinents, it will be appreciated §)aaY 2006

nodi fications can be made w thout departing from the spirit of the
invention. Such nodifications are intended to fall within the scope of the
30 clainms. 77 10 MAY 2006 CLAIMS 1 I. A nmethod of identifying unknown
adeno- associ ated virus (AAV) sequences in a sanple suspected of containing
AAV from a | atent infectic8mparisan of differarsgs basweanithd angplified sequtpSamiithe ()

subj ect i ngquehes sAARNE, AAVLAARNVIOA haveaidion,vi,2 pol ymerase chain
reaction %EC%%/SVW a first setg ng&pél?\r;grggé %:vgﬁédsw&ta'e?he@ FEeamify a
first AAVTIQ conprising at |east 250 bp of AAV capsid nucleic acid
sequences, said first region having a variable sequence flanked by at

| east 18 basezpai rs of hjghly conserved sequence at its 5 end and at

| east 18 base “pai r & Bthed Brering smeaim b avhsrsin thecwnmtison @niprissnik stpaird base
pai rs bebmgarhg@ériction BSS Mt ' ' nt. .of at |east AA Vi,
AAV2, AAV3 gaAAg4, AAVS '&g{ndﬁv@ré;ﬁ\SJ i%%!)hggrﬁk’?%%gf%h%gg‘}s "STFHY TAEONA to
further ZATIRSIANYLAANG A\, nAAMStand AV i ner's whi ch specifically
anplify a second region which conprises the first region of AAV sequences
and sequences_which are 5 to the first region, such that AAV 5 extension
sequences whi éh anfidggthadgceqidingto cdainh lofvheraim stp\a)pamplifiacas imtphdt | ed by the
primers tasididage. first region are obtained; (c) optionally subjecting the
DNA to further anplification using a third set of priners which
specifically anplify a third region which conprises the first region of AAV
sequences andgsequ i e, 3 to the first region, such that AAV 3
ext ensi on sezé]uen_cgg?e id\gﬁéog&r}ﬂég’l clging 1y yhergi tl?eerﬂ?’pg‘ﬁegf’ﬁg“%&?ﬁ EPHEhCes

anpl i fi ethe\AY prpsidigienseand theoAAlivep gdner st regi on are obtai ned, each of said
second and third regi ons being predeterm ned based upon the alignnment of
the nucleic acid sequences of at |least AA VI, AA V2, AA V3, AA V4, AA V5
and AA V6 andl eachheghetil agcordigp andaimongiciash DowRe/&ih 84i§ DR fhspeguences which
are high e .| east,. 18 base pairs at the 5 end, optionally
vari abl e%@%ﬁﬂﬁ@@\s“?"‘fj%&y%{é’"g%]“"é&?&?"Sa‘i?H B iU stISir Qilfurgy andihigjegisal conser ved
over at flédst 18 base pairs at the 3' end of the sequences of the region,
relative to the sequences of the at |east AA V1, AAV2, AAV3, AAV4, AAV5S
and AA V6; and

6. 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' end of the region, the 3' end of the region
or both.

1)

7. The method according to claim | or 2, wherein the first region is highly

conserved over at least about 30 base pairs at the 5' end of the region, the 3' end of the region
or both.

8. The method according to claim 1 or claim 2, wherein the highly conserved

sequences of the first region have at least 80% identity among the aligned AA Vs at the 5' end
of the region, the 3' end of the region, or both.
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each of the sets of priners consisting of a 5 prinmer and a 3' prinmer; the
presence of anplified sequences indicating the presence of an AAV in the
sanple, and 78 10 MAY 2006 a conparison of differences betvveelrhw
anplified sequences and the sequences of AAV 1, AAV2, AAV3, "AAVZ, M/S and
AAV6 indicating the presence of an unknown AAV. 2. A nethod according to
claim1, wherein the conparison conprises the step of conparing
restriction enzyme ? tterns for the anplified sequences to restriction
enzynme patterns of %ﬁﬂ}eﬂl‘?d%ﬁ\‘?ﬂ!"gm,& wbovein theAighlyaerosehdGeqinced offet hod

accor di nghé firsClegionhdve 28§ QDN 1848 hibhddS e th capsid
gene. 4. A .net hgld according to cl g’i@?%& eéldﬁé'?ﬁ%;&é% F?‘%@gﬁesequences
conpri se "§ifk A endgitheregiameor hetll- t he AAV rep gene. 5. The nethod according
to claiml or claim?2, wherein said DNA has been extracted fromthe group
consi sting of 8e| s, cell culture, tissue, tissue culture, and biol ogi cal
fluids. 6. Thd'net ﬂhﬁ“‘a@eéﬁﬁﬁofﬂg'&te claiml or ¢laioy 2, Whewdrethe variabkaeduencs 1 egi on

i s hi ghl yin the @{1861¢ ¥EHe AMEFe b, 25 irs.at, the 5 end of the
region, the 3 end of thegir%ggihgeﬂ,%gst%gqgétlﬁén%@q%%ﬁﬁgﬁj‘é‘égﬁ'r ding to
claiml or 2, wherein the first region is highly conserved over at |east
about 30 baseipai r $hén ' i ipn, the 3. end of the region,
or both. 8. The net hode%gg?fr%ﬁﬁdﬁ@q?g'a'éﬁ[‘ glgrn‘iq%g]oér?W(':’Freeﬁ"rﬁh%f,"rs{/\ﬁﬁ'logf’?i’"fhe hi ghl y
conserved O%‘Bﬁgg}%ééb%‘i‘ 33WfAANGH, FEQIDNOHawrd atrebpading 8¥phideintotfey among
the alignegdyPAVs at the 5° end of the region, the 3' end of the region, or
both. 79 10 MAY 2006 9. The nethod according claim8, wherein the highly
conserved sequences of the first region have at |east 90% identity anong

t he aligned S a ' -of fhe region, the 3' end of the region, or
both. 10. Th_éﬁrget h?a“'ﬁ?‘ég"r%f?ﬂg'“ Jo by | ’Tﬂgf‘“élleaﬁt?’ﬁﬁ "SEIORKLIEIPA the vari abl e
sequencesPanning bn@8&hitdabat 3143t dfAAV I SSEQ HYNOKS, Bav@riegfondh Bk pR% hdent ity
anong thgthg,lélgogd AAVs. 11. The nethod according to claiml or claim 2,
wherein the first region spans about bp 2800 to about 3200 of AAV 1, SEQ
I D NO 6, and correspondi ng base pairs in other

13. The method according to claim 1, wherein the primers are AV 1ns, having the

sequence of nucleotides 1398 to 1423 of SEQ ID NO:6, and AV2cas, having the sequence of
SEQ ID NO:7.

14, The method according to claim 1, wherein the first set of primers allows
isolation of full-length adeno-associated virus capsid sequences from a sample,
wherein the first set of primers comprises a 5° primer directed to a region
located in the middle of an AAV rep gene, based on a predetermined conserved region, and a

3’ primer directed to a region downstream of an AAV cap gene, based on a predetermined
conserved region of AAV.

15. The method according to claim 1, wherein the sample comprises AAV
integrated into the chromosome.

16. The method according to claim 1, wherein the samples comprise human
tissue.
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AAVs. 12. The nmethod according to claim11l, wherein the first region is 257
bp spanning bp 2886 to about 3143 of AAV 1, SEQ ID NGO 6, and correspondi ng
base pairs in other AAVs. 13. The nmethod according to claim 1, wherein the
primers are AVins, having the sequence of nucleotides 1398 td 0LME8 2006 SEQ
I D NO 6, and AV2cas, having the sequence of SEQ ID NO 7. 14. The net hod
according to claiml, wherein the first set of priners allows isolation of
full-length aquno- ssotﬁida\t ed virus capsid sequences froma sanple, wherein
the first set of EtPed agarginedeslain b whereingajd sgmplecontding prosiraldgh on

| ocat ed isaquehesm ddl e of an AAV rep gene, based on a predeterm ned
conserved region, and a 3' prinmer directed to a regi on downstream of an
AAV cap gene, based on a predeterm ned conserved region of AAV. 15. The
met hod accor dilRg t @ méthbdactordMaes St . e | i Lntegrated
into the chronmosone. 16. The ﬁ%thod accor%?ﬁgkﬁgﬁgggéhé%ﬁ%Qﬁgﬁﬁ?%oThe

sanpl es conprise human tissue. 80 1 0 A'"Y 20MIT A nethod according to
claim1, wheredn sametharmt&dmRS @hirs1, WhEMin \V/ es.. 18. A met hod
according to claim1, wherein gaid firstg¥g§?@ﬁﬁ§§m§§gﬁ§ﬁ§F§wﬁ region. 19. A
met hod agS'EF’dF SFarEnces aie ghly camssrved relasiag & dncatignmpenit o§AANVsda2,8, I suhldy

conser vedaaegmmqwt@{@om%%ggynd%g@r ved relative to an alignnent of AAVs
1, 2, 3, 4, 5 and 6 and Vs isolated from geese and ducks. 20. A nethod
according to claim1, wherein said variable sequence is a hypervariable
sequence. 21.2¢ mehheihcacesyrgin TN (1 et n _said first region
conpri Seﬁ%#g to 10 kil obase pgﬁrﬂgwﬁ%%ﬁﬁam’g’gﬁﬁk Sﬁé‘fer%%lsﬁccor ding to

claim1, Yagiphie segbencei rst regi on conprises a 3.1 kil obase pair fragment
conprising the full-length cap sequence. 81
21. A method according to claim 1, wherein said first region comprises up to 10

kilobase pairs in length.

22. A method according to claim 1, wherein said first region comprises a 3.1

kilobase pair fragment comprising the full-length cap sequence.
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