WD 03/ 093421 PCT/ US03/ 13444 METHODS AND COWVPOSI TI ONS FOR USE | N HOMOLOGOUS
RECOVBI NATI ON 5 CROSS- REFERENCE TO RELATED APPLI CATI ONS Pursuant to 35
US. C MOose)s2this application clainms priority to the Prhiusgsy/dase of
the United States Provisional Patent Application Serial No. 60/377,026
filed April 30, 2002 and to the filing date of United States Provisional
Pat ent Application Serial No. 60/396,992 filed July 18, 2002; the

di scl osur eSVIETHOBS AND'EOMPOSITIONS FORUSE TN HOMOROGHRIOUCTI ON
Field of the Invention The field of this invention is nucleic acid
integration, and nore specifi cCRECOMBINATI®ONeconbi nati on. Background of
the I nvention 15 Reagents and nethods that facilitate directed genone

nodi fication in multicellular organisns constitute a powerful tool box for
experinmental genetics, human therapeutics and agriculture. One strategy
for dgenom ¢ nodi fi cERIOSS-REFERENGE T@eREIsAt'ﬂFd) APPEJCAITONSit | on of

homol ogous. s BaneTASes BB TD1E: id amblb e s AT GHBL 488 Tupg gt A 5
target cglelunifd@Ratb@PRetsididl ﬁgeﬁt%@f&m @érlammeséxbw 850y aRlaggitbasodhe

i ntroduced gene resides at 1ts nor chromosomal ~| ocus and,” as such, the
maj or pr eyl @ithe éligg datgefiEnged Btatis RyovisiosaMateanh Aipphuitiagsees] No @A  gene

expre55| k of s ilit ssoci ated with alternative nethods for
gene ? &8&&&1%%09%%6 ‘E:‘é‘ﬁ?%‘re%‘?fé"aiﬁ%?rﬁgﬂre‘%%p? S%an cel l's,

only (yery | ow frequencies of honqh%% lkafﬂjﬁﬁ' ng 25 events have been
achleved usually in the range o . I'n addition, honol ogous

t ar get i nHiebdcfiths liagaiimst a background of non- hom)l ogous events that are
100- to 1000-fol mor e conmmmpn (Capecchi ., 1989 Science 244: 12 1292) . Many
procedures haV8e gs@mf ﬂefém%m 1§ nyglercacigintegzat @@nal?ddmlter?@e?lﬁeﬁﬁyo

successfyl ta Qﬁstx'e@&nfﬁh but the | ow absolute frequency of favorable
events renal n a serious |mtat| on. As such, current gene targeting 30

t echnol oBaelgzrowtd dfehsinvémionnanal i an cells, rely on the administration of
Ilnearlzed vectors to_ isolated cells or ceIIs grown in tissue culture

Suchltel I's majkepgentiand m%h%é%ﬁtéaqlk@%bmeé geneineiodificatian ponlicelpy, nay
be used fg%nfsﬁl%faﬁmtﬁ&e laltppgv@g@vmﬁmaﬁ fs'ree%eﬁ%népg&feaég mﬂaﬁa{egapeam%d

greatly ut'i I's gene“targeting appr
agriculture. One strategy for genomic modification that finds use is the direct alteration of

cellular genomes by gene targeting, in which an exogenous DNA undergoes homologous
recombination with its corresponding chromosomal site in a target cell. Gene targeting
20  technologies have the advantage that the introduced gene resides at its normal chromosomal
locus and, as such, the major problems e.g., gene silencing, insertional mutagenesis, ectopic
gene expression and lack of stability, associated with alternative methods for gene
introduction into cells, are avoided.
However in mammalian cells, only very low frequencies of homologous targeting
25  events have been achieved, usually in the range of 10°® per cell. In addition, homologous
targeting occurs against a background of non-homologous events that are 100- to 1000-fold
more common (Capecchi 1989 Science 244: 1288-1292). Many procedures have been
devised to select or screen for the rate of successful targeting products, but the low absolute
frequency of favorable events remains a serious limitation. As such, current gene targeting
30 technologies, at least for mammalian cells, rely on the administration of linearized vectors to
isolated cells or cells grown in tissue culture. Such cells may be used to create transgenic
animals, and potentially may be used for transplant therapy. The need for specialized cell
types greatly limits the utility of this gene targeting approach.
1
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multicellular organism take up the targeting vector. The targeting vector is originally a
20  circular targeting vector that is linearized by a linearizing endonuclease, e.g., a recombinase,
either prior to administration (e.g., in vitro treatment with an endonuclease) or upon entry
into the multicellular organism by endonucleases in the extracellular or intracellular fluids
that can be introduced to or already present in the muticellular organism. The integrating
element homologously recombines into the target cell genome from the linearized targeting
25  vector. Also provided are targeting vectors, systems and kits for use in practicing the subject
methods.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic of the linearized ODC vector and the normal genomic ODC
gene employed in the Experimental Section, below.
30
DEFINITIONS

A “vector” is a double-stranded extrachromosomal nucleic acid that includes cloning

and expression vehicles, as well as viral vectors. A “vector” is capable of transferring gene
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20  integration element and the target site of the target genome. Homologous recombination
results in the insertion into the target genomic site of the integration element that includes the
homologous flanking sequences of the integration element.

“Gene targeting” describes the site specific integration of an exogenous nucleic acid
into a specific target site of a target genome by homologous recombination.

25 By "nucleic acid fragment of interest" it is meant any nucleic acid fragment adapted
for insertion into a genome. Suitable examples of nucleic acid fragments of interest include
promoter elements, therapeutic genes, marker genes, control regions, trait-producing
fragments, nucleic acid elements to accomplish gene disruption, and the like. A nucleic acid
fragment of interest may additionally be an "expression cassette", where an “expression

30 cassette” comprises any nucleic acid construct capable of directing the expression of a
gene/coding sequence of interest. A nucleic acid fragment of interest may also be a

“disrupting” nucleic acid, where the disrupting nucleic acid, once integrated into a target site,

will disrupt the expression of a gene in the vicinity of the target site e.g. the disrupting
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pol yg 5P Ip(c)ileynuclzlesotfj:les plasmids, vectors, isolated DNA of any sequence, isolated RNA of any
sequence, nucleic acid probes, and primers. The nucleic acid molecule may be linear or
circular.
A polynucleotide is typically composed of a specific sequence of four nucleotide
bases: adenine (A); cytosine (C); guanine (G); and thymine (T) (uracil (U) for thymine (T)
25  when the polynucleotide is RNA). Thus, the term polynucleotide sequence is the
alphabetical representation of a polynucleotide molecule. This alphabetical representation
can be input into databases in a computer having a central processing unit and used for
bioinformatics applications such as functional genomics and homology searching.
A "coding sequence" or a sequence which "encodes" a selected polypeptide, is a
30  nucleic acid molecule which is transcribed (in the case of DNA) and translated (in the case of
mRNA) into a polypeptide, for example, in vivo when placed under the control of

appropriate regulatory sequences (or “control elements”). The boundaries of the coding

sequence are typically determined by a start codon at the 5' (amino) terminus and a
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sequence.
By "nucleic acid construct” it is meant a nucleic acid sequence that has been
constructed to comprise one or more functional units not found together in nature. Examples
25  include circular, linear, double-stranded, extrachromosomal DNA molecules (plasmids),
cosmids (plasmids containing COS sequences from lambda phage), viral genomes
comprising non-native nucleic acid sequences, and the like.
Techniques for determining nucleic acid and amino acid “sequence identity” also are
known in the art. Typically, such techniques include determining the nucleotide sequence of
30 the mRNA for a gene and/or determining the amino acid sequence encoded thereby, and
comparing these sequences to a second nucleotide or amino acid sequence. In general,
“identity” refers to an exact nucleotide-to-nucleotide or amino acid-to-amino acid

correspondence of two polynucleotides or polypeptide sequences, respectively. Two or more
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25 = 107 MBI X0l SRR 1acRESRY OB HRAHR) B8R iecR L fuehles 3 O

generally known in the art, for example, another alignment program is BLAST, used with
default parameters. For example, BLASTN and BLASTP can be used using the following
default parameters: genetic code = standard; filter = none; strand = both; cutoff = 60; expect
25  =10; Matrix = BLOSUMG62; Descriptions = 50 sequences; sort by = HIGH SCORE;
Databases = non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank CDS
translations + Swiss protein + Spupdate + PIR. Details of these programs can be found at the
following internet address: http://www.ncbi.nlm.gov/cgi-bin/BLAST.
Alternatively, homology can be determined by hybridization of polynucleotides under
30  conditions that form stable duplexes between homologous regions, followed by digestion
with single-stranded-specific nuclease(s), and size determination of the digested fragments.
Two DNA, or two polypeptide sequences are "substantially homologous" to each other when

the sequences exhibit at least about 80%-85%, preferably at least about 85%-90%, more



Dat abases = non-redundant, GenBank + EMBL + DDBJ + PDB + GenBank CDS
translations + Sw ss protein + Spupdate + PIR Details of these prograns
can be fosodsme34ehe follow ng internet address: PCT/US03/13444

htt p: // www. ncbi . nl m gov/ cgi - bi n/ BLAST. Alternatively, honol ogy can be

det er m nprtfdryblipyubieastiabait 99%-05 % ad/must preferabibsat lerdeabouBI5%8eh sdquiascet hat
form stab) e dupl exes_bet ween honol Qqgous regi ons, followed by digestion

with si nfleBigqvahy gaﬁ%fﬁelemsth of fhgendl 5§S detrguagdsingsthe methiode ABpveofAT he

di gest ed t j : : Janti

"subst antia e rsarakihy Adfhol Glout WS, Py Bich oS SRR SO Bl idemity 1

| east abdutsp8ifieBDWA pr plepepbilly sajfuehcea IN ABoguen8&%h A6 sutstaatidy\D 03/ 093421
PCT/ US03/ 13444 preferably at |east about 90% 95% and nost preferably at

| east? abBemolYgoyIHILbeddenditicd 1n p dapherhySydizatonetnerawnt wilgt. Hosxample,

mol ecul e&rip?élt ‘18£cﬁf18h§‘ &d d%ﬁﬂ-eHth tpgt ﬂﬁﬁ&?ﬂ%aﬂpﬂv %effsﬁﬁl&l\#ﬁgo%rigﬁr ein,

subst antial'fy honol ogous SO refers to seguences conplete identity

to the apsitdiZdtiod cONAtiofs Rlithietheisklidtl cfaheiamnc Bee, PIYA S@thiesic& .| igha;aDBA
substanti ally 5 honol ogous can be identified in a Southern hybridization
exper i nehtoning srpra; Yuclgicataid Hybridieqtiong&racondi ti ons, as defined for that

particul ar sy | i riat. w 1.l i di ti 2 1s wWthin
Phe sii 11 of Ehg Dyl agl A BR RRCRliGere MY sty BILRRAT WRERtd
supr 80 Nuerei TG egrehoiiséqlicAdd idertity Betean tWoVBudleie laeidGnéleduleslfRGIFRAE S ar e

considered to "selectively hybridize" as described 10 herein, The degree
of sequepidsiangeand @tyenlgéwcéy rigizetignevenisdetvges sHeh welsculss.affnagtiadlytigentical

efficien n t rengt bridi.zati .event ween such nolecul es. A
part 1 ai | JocIOE e R R P AU pAPA riC P8 MR PSRRI ST o ol

a conpl eh@ridizifg 0 4 Gdfet HRALRNS AnhibRivn JTNPbiidiz oo fitRe eorhplE@Blidemicarul e.
I nhi bition of hybridization of the conpletely identical sequence can be
assessedsegiprey a9 e iagiessedivemgdybrdigationaassays éhajerd welhkwawn in thpart 4.8, (e. g. |

15 Sout hern, bl gt .t hern bl ot ol ution hybri di,zat i or .,the . like, see
sanbi ok S @pmbior, NEEhAR o s BionRbHaiaRRoior I e e e 8ol it ¢+ on,
(1989) CofofecaRiriA1gniRr DIOLaborddor: Mamiall Cecdhd BMEioa (1989 CHESpeihe HartsorNg
varyi ng degrees of selectivity, for exanple, usiq& condi tions varying from
| ow t o hNgh.)sBr¢hessaxsycan b cersuglediugimg veryingdggseasiol gelaetivityy for examppleyusing t he
absence of non-specific hindi can bhe asgess usi a,_secondary probe
that 20 Pondihs3BRne bribHito By ihesfel 3f SaRBLoI I AT BF Y Bt o, a
probe havinpytdIBe ABxenccadTHoh-speifie si@ahhgrtﬁﬁ bk deyekdet Yisitv talked M@ artydri8d that
nnlecule%7 such that, in the absence of non-specific binding events, the

secoldar lacky ensn apartial degrep phdquence identitheon exagude, aitiebe having lessihansabout
hybri di zgtd.0R; RARE el 3G B2 SYS Mt S Thet, A% aflelR%orf on%BeS Al
binding events, the secondary probe will not hybridize to the target.
When utilizing a hybridization-based detection system, a nucleic acid probe is chosen
that is complementary to a target nucleic acid sequence, and then by selection of appropriate
25  conditions the probe and the target sequence “selectively hybridize,” or bind, to each other to
form a hybrid molecule. A nucleic acid molecule that is capable of hybridizing selectively to
a target sequence under “moderately stringent” typically hybridizes under conditions that
allow detection of a target nucleic acid sequence of at least about 10-14 nucleotides in length
having at least approximately 70% sequence identity with the sequence of the selected
30  nucleic acid probe. Stringent hybridization conditions typically allow detection of target
nucleic acid sequences of at least about 10-14 nucleotides in length having a sequence
identity of greater than about 90-95% with the sequence of the selected nucleic acid probe.

Hybridization conditions useful for probe/target hybridization where the probe and target



that is conplenmentary to a target nucleic acid sequence, and then by

sel ection of appropriate 25 conditions the probe and the target sequence
"sel ecti weby3k9daei di ze," or bind, to each other to form apaoyhrsosiizamd ecul e.
A nucleic acid nolecule that is capable of hybridizing selectively to a
target shaneengecifiodegree obsteuaiceliflersity,icagbatiétetryiped ad is\knbwhiin diezets(ses) dar
conditions that _ allow detection of a target nuc]ei¢ acid sequence_of at

| east ab&XAmpl-Nuclg KOy Qricdzat Snbragtical Approachieditgsdd. Dy Klamss ARaSet y 70%
sequenceq i i t el ected 30 nucl eic acid probe.
Stri ngenﬂl%&g%’ k%(%gzsgpl&g)r{h’?@ﬁ |?${oﬁgﬁg%%gﬁ§ al |l ow detection of target

nucl ei ¢ aci d Mguessestoodftrigdent eaaidittdigfor Hybritidationlitietwetldamotn ih egdrh havi ng
a sequence identity of greater than about 90-95% wi th the sequence of the
sel ect edthatppragreugequavalen senditipgsysan de2mnlened e fHiaklish apapticaiay strmgency by
probe/ta hybr. | di zat J P t / 421

T/ Uso 3y H R O kiR, GRTMRRRE el R G AR ot brotP el C

det er m negudsicek Shaksé eomipsitidn st the Var(e 8equicites, €oteittionNofatts and\oihdr

Hybridi zation: A Practical Approach, editors B.D. Hanmes and S,J. Higgins,
(1985) Ohvlyidizatipasplutigh epmpexents, the pppsenes or appense pf Bloeking pgends i thgency
conditio for hybri di i 0 it i i t nunerous
equi val eﬁ?br%:%znaéllo isgfrlllgoﬁs:%‘ ‘e%gnn%T f(51§§’/’e %Ijgn g@?%%l#gﬁgg’g%ﬁeﬁg%gﬁ’ stringency
by  y@ryhitgidizdtion @&atibh mpef@uie@nt i yshriraat 8] & wilhss, hegiidwandonditivhe of
probe and target sequences, base conposition of the various sequences,
concent r h¢ sglectioh of alpagficaled setofh by bridigasiondopditionnisselected dpllavanp siaadard, t he
presence_Q bsence of blocking agents in ridjizatio i ons

e o T BRlnoR BERE e Thocni St Pl SairRol i binvipMiflat €]l IR 1 360

hybri di zafdnQ#l, Secat iBatide (IBORCUIdES pridg HeArb®r, NaY 3nMBheikempRsofWiidgeas, varying
wash conditions. The selection of a particular set of ﬁ bridi zation

condi t i ohgbridizationsenditionsos hybiidigationaat §87 or higheraad 0i IxSSke(1amM(sodaim f or

exanpl e, Sanbroqgk . et .al . equl ar Ol oniing: A Laboratory. nual . .Second
it P, <Pa0ae) Seaiodfin HytRar A AesSRHOH s AR RS REatiop Mg fns

hybri di zgtdraipht RRGhdionns42°€ iRukoldioaasd Mfoahalie, & IH@NB0 nINATIL15SSC (15
MM sodi um 15 chl oride/1.5 nM sodi um citrat eﬁ. Anot her exanpl e of stringent
hybr i di zatN ¢risoglaum citiatmsSA mM sndeymniphhsphatedpbHa©).onx Benbrds's seluionol Ofi on: 50

Pnosphar doxipuifsie gid ARRe Y difeuted hopf s DN A ol o4 BOvAlRE 50
nmy/ M deqtfliedin (§hQ@Stdat%%ﬁm{?@p&fiﬂ%%ybxﬁdlkétmn@fﬁoﬂ@;ﬁ’@ ihpBriditieorf i | ters
in 0.1 x SSC at about 65C. Stringent hybridization conditions are

hybr 2@i zsenditiora0ha arclatil¢ashas stiegenhasthgaboveaspresgntaiiveicagdiionsadvherge above
representatj.ve conditions, e conditiqns are considere be .at | east
s st T neo PheyPEe Y B e S5 Ebaaf wl Gl RguPottadl adSirfhent

typically at least about 90% as stringent as the above specific stringent conditions. Other

stringent hybridization conditions are known in the art and may also be employed to identify
nucleic acids of this particular embodiment of the invention.

25 A first polynucleotide is "derived from" a second polynucleotide if it has the same or
substantially the same nucleotide sequence as a region of the second polynucleotide, its
cDNA, complements thereof, or if it displays sequence identity as described above.

A first polypeptide is "derived from" a second polypeptide if it is (i) encoded by a
first polynucleotide derived from a second polynucleotide, or (ii) displays sequence identity

30 to the second polypeptides as described above.

“Substantially purified” general refers to isolation of a substance (compound,
polynucleotide, protein, polypeptide, polypeptide composition) such that the substance

comprises the majority percent of the sample in which it resides. Typically in a sample a



typically at |east about 90% as stringent as the above specific stringent
conditions. O her stringent hybridization conditions are known in the art
and may awem3jegs4enpl oyed to identify nucleic acids of thipsTa®oY iz ar
enbodi nent of the invention. 25 A first polynucleotide is "derived from' a
second pehbstanchidppuritted domponb@otripeis&ad 08, prefembhsd 1618584, Inyore peefaalste 90-

nucl eoti de sequence as_a_ region of the second pal ynucl eotide, its CcDNA

conpl emef?% afils wgiple. gFeghpiques tor pyritiing rRAWIRS o8 dpganst palypeptdesed antersely

above. A_first RJ"? ' i SaoT AR - ?]% [ LW, it is
(i) enco éid‘{’%ilhg ?‘ftg% 5‘3%P§§‘§%‘f§bt°¥gg“%@?%8§x r o%ggh@g{(%%?dﬂ}h Iy’daefﬁhfty
pol ynucl ebohfdegraphy @hd pedimspladys aceglienwalensiegnt ity 30 to the second
pol ypepti des as descri bed_above. "Substantially purified' general refers to

i sol alion of Ansgpdanyslease’dspestbehany melseyla gapabes plreverngp intehal §&1 bk i de,

por Lont G 1 RESSaM pAENAERh) Ble LIRGRIRRR IS PROTRL S SEnlBal o1

03/ 09342 feshiahg WSASUbLS $tfhde 8 bRrak Quitta plioulfpgedidnedo Lo dRibiesttandedmiclsie acid0%
preferably 80% 85% nore preferably 90- 95% of the sanple. Techniques for
puri f yi nguhstrignwbere dhe pREtCuaBCpwIngp ssgemeskanofendepusieasg sitear Anpel | - known i n
the art and inglude. for | e, i.0n-.execha C .qgraphy, affinity
chr omat og?nac%ﬁli}cq%aﬁa ?@&?%mt |60§‘géi(?crgsrt %&hotg}l %}gigg%anésagg’g{.lggsgﬁp&'/’eoﬁ%onucI ease"

descl§ beseconbinte, @GU b eraboaitcereadlvaRy Ritdofge, indéreisdalc. (€. 9., not at the &
or 3 end of the DNA chain), the coval ent Imkage in a DNA chain of

nucl eot i des, Ar‘gettietiongendanydense’eis atnembrs @f Bianily ohenzames that mgiliate siéquence
of a doubl e.stranded .nucl ei ¢ .aci substrat e, ere t rticul ar sequence
"5 ter nogP i ABRBRC A AL BEINATRRLEG SR 0ot Sl B pRRE ARG e
a restri gidiQnles R onapdoniticake@sRat 283 6f inte@dst @rekRe SCEARD - NASEuttiSy’'y. A
transposase, resol vase, integrase, invertase etc. A "restriction

endonuc| esstrection sndonvelepseas, which réceghizg and mediaiatienvagaat speeifia DNA pagaences

specific ¢l eav i.e. at, a cific DNA sequenge f doubl.e stranded

Dot o g Patepies PleBe B S R R0 R S R e BB ot ar e
the so Chin®er ethPMuGtRE. 199945 2$59-68); BeFfoRId ANQChEaS A%ids\WHs Ah97,2539M92€
and nedi ate cl eavage at specific DNA sequences 15 of at |east 8 bases pairs

i n | engt B8) Ralrlesiout3d6r(drends Genett 1 3A4EAFIN0E pediselar iteregiisthadSeedl in  Lanber

t al (Mitat . 1999; 433: 159: 68) :.Belford et. al | ej i ds Res 1997;
55 357, Cduiieae (R0 G 198 PRL I hikBrecohinBh ot LB ROEpatfidRimicey o
i nterest siquehfatd SHhfkric £3dONHE]aRSeBbREVAR: alCaVI61. E3AIBR220019)1: 28hngH)

recogni zes an 18 bp non-pal i ndronic sequence, and chineric |-Scel
nucl 8&sesnd BieH® endoraclease, of Sebthar@uydes cBievisiap (@icodad bpNEBIgFgession number

X90957).
A “recombinase” is a member of a family of enzymes that mediate site-specific
recombination between specific DNA sequences recognized by the recombinase (Esposito,
D., and Scocca, J. J., Nucleic Acids Research 25, 3605-3614 (1997); Nunes-Duby, S. E., et
25  al., Nucleic Acids Research 26, 391-406 (1998); Stark, W. M., et al., Trends in Genetics &,
432-439 (1992); Sadowski, 1993 FASEB J 7: 760-767). A recombinase may be a resolvase,

integrase, invertase and transposase.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

30 Methods for homologously recombining an exogenous nucleic acid into a target cell
genome of a multicellular organism, e.g., an animal, are provided. In the subject methods, a
targeting vector that includes a linearizing endonuclease site, e.g., a recombinase recognition

site, and a homologous recombination integrating element, is contacted with the multicellular

9



20 and the HO endonucl ease of Saccharonyces cerevisiae (encoded by NCBI
accessi on nunber X90957). A "reconbinase" is a nenber of a famly of
enzynmes twatosnedeat e site-specific reconbinati on bet weenPempasns/ida4ONA
sequences recogni zed by the reconbi nase (Esposito, D., and Scocca, J. J.,
Nucl ei ¢ &ghsismRege aiacdystemic GO0Eal A0hdhi §t1d9i01) suchitlnee sheldalpgt cel(s)bf theet 25 al .,
Nucl ei ¢ Aci ds Research 26, 391-406 (1998); Stark, W M, et al., Trends in
Genet i csmglticeljulor organismdaie up e ipsariing ver'9n 3l eAagating vectordpontthpt is

DESCR! PR B Rl e RER et RffFaRas RLANEEERRE, ARthidassharare
reconbi nicd@mBinas OGEIHOWES betiChvided o theitirper ll{sar itie inteflatingelement of a

mul ticellular organism e.g., an animal, are provided. In the, subject
met hods, hemolpgeushy feaembiass tyo thedargetrelliggaame flomybg lingarizgd exadingcieese site,

b egr at g HpaRgsfe SRR LR, sPifs AR o P AR PEHE L SBB) 003421

PCT/ USO3mifidd4 organism e.g., via systemc or |ocal admnistration, such
that the target cell(s) of the nulticellular organismtake up the
targeting vector. The targeting vector is one that is initially a circular

targeting vector that Ji.s l.inearized b ear.i- Zi I e, e.g., a
r econbi nase, &fﬁoﬁ%&]ﬁ ggﬁjﬁcete"rllveﬁl oV ?Sd‘geac%t())e%tfh}etﬂ?ralrtéettorbgeq%pgrggbgﬁ?ﬁagﬁfent egrating

el empnt  HivB@ig 9 a6tishited ROBEParfiCSlat &hBodifents f gRline@ition desteited belew, hdhe
i nearized targeting vector. Also provided are targeting vectors, systens

and ki t svarstionsef the pprtigelar emnhedimigatssumy] keanadenandistitl Sall pathey e seppeiidheect

invention is.described further it i e _understood,that the 10

| nvent i ofPReBesERmsnfivlt 5 EpdstaideR bt b cHBBRI R s b siessi
descri begf R8LMing particHidF embodimentf arldNe nddhieh8ed RIbeaRiGiAb MBKES, MRYscbpe Made
and still fall within the scope of the appended clains. It is also to be
under st oofthe peasenthevensionivilh be gstallisbedhr theiappensied chemp Jn pddidion.ghardescr i bi ng
partjgcul ar odi nent and i ot _intended to be limting...Instead, the
Ceopb " oog TR s dEt b4 moS eGP reriayiagpatst BisbyroiReogph 3k Eafer. | ar .
I'n addi t hRRess"FroYesd StepRekiehs; 86 D dXBYe, RBirTRAE séoPe ¥ BRI préseRBINYEidNATALL
situation, material, conposition of matter, process, process step or

st eps, tsuchimodififasions aws, intspdad to barvdthie eescere afithe plaimeemads keyeint i on. Al |

h nodi ficaf e int d to be within th t. t.he .cl aiys smad
her oi 1 I I OSIBET UM B o ePPERGE aineist SR BRR T Bre SERGHRRY or me

"a," "anjncRAd plurireferddes LHISs Bk Ubbxt GBI @Bl BiheSHsd. MRneaRdIext isc! early
di ctates otherw se. Conversely, it is
20  contemplated that the claims may be so-drafted to exclude any optional element. This

statement is intended to serve as antecedent basis for use of such exclusive terminology as

% &

“solely,” “only” and the like in connection with the recttation of claim elements or by use of

a “negative” limitation.
Where a range of values is provided, it is understood that each intervening value, to

25  the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range, and any other stated or intervening value in that
stated range, is encompassed within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller ranges, and are also
encompassed within the invention, subject to any specifically excluded limit in the stated

30 range. Where the stated range includes one or both of the limits, ranges excluding either or
both of those included limits are also included in the invention. Also, it is contemplated that

any optional feature of the inventive variations described herein may be set forth and claimed

independently, or in combination with any one or more of the features described herein.

10



20 contenplated that the clains may be so-drafted to exclude any opti onal
element. This statenment is intended to serve as antecedent basis for use
of such exoloas9mel t erm nol ogy as "solely,” "only" and theciiuses/i3a44
connection with the recitation of claimelenents or by use of a "negative"
limtation. Wimless defireedgeherfviseatllieshiisal pndseicedic tetm$ wsed hedmirshadedhd semte each

intervening value, to 25 the tenth of the unit.of the | r.li.mt unless
the cont 8pnigeaaFePymankrundersiagpdie off géwda@mg%ﬁ\ mn {hﬁéﬂaﬁ 5@\1“55% IGRED i i t
of that : j ji 41 d stated
range, | E agggsd#quggg%}gynﬁ %?é\dst?Eg\;l?%v%gtdll%éngl#ﬁgh%gBl\é?iug‘%élér{l?g%/\glr%g? imts of
t hese sdedchibed hanipean baysédidahpepdetidel o tésting of thedekentiont the peafieatdder r anges,

and are al so , enconpassed within the inyention, subject to any specifically
excl udled Methads. 4%‘“@%%“@@3@@6153’@?%‘?46%3."“ re the stated range includes one

or both of th 1L S, o | L: : kncl uded
Mimits are sl oh SRR sulRRMRREHEOh AR Pl  BibiARbR, Breh IR 1 ha
any opt i apglicafiest anddhanfwdréds invegiirated by seférahdedieseid ésits eliaetyh&heireferenyedoe
set forth and clainmed _independent|ly, or in on‘?_i nation with any one or
more of {RESpErAYided sk forasir Hiselotvre Prior (sho Biing 94t ol Hreprersnl] 13444

Unl ess def | t 1 all. trechni.cal E i41 -herein
nave. ¢ he EaiREHaE Mol o REARARY 22 RSl hind ot HRREUAER S |
the aot ot eMtitled td Mitcdatsienmaddtial b viragsof phot iwagliorany net hods, devi ces and
materials simlar or equivalent to those described herein can be used in
the practice or testing of the invention, the preferred 5 nethods, devices

and materials ,ar i.bed. ALl .ex]sti ] iLoned
nerein (o g, AuBrPREAEREe Y sufleh iRenlh BRVIUBIEGITH HEROTRBMIPITE) 1
i ncor por @éd@ﬁhtﬁhdn% & excpensushRcRidadidiintd & tgdtice® g¥nonldief 4 muRicedadorghniens are
provided solely for their disclosure prior to the filing date of the

pL es en':] agpiellias kits end syNsmsitpiussan prasticias thy whicsomethede dn Authsndesgribiagithm
e LA AR DLSPE B s A BLER SR G R 0

virtue o or 1nve I on

provi des offiehaBigctalysttmeah® Bl sk Wellras compomenfdthareo £ X080 dnipradticihgthe aci d
into a target cell genone of a nulticellular organism as well as kits and
systens fuedgeethofdspracticing the subject methods. In further describing

t he 15 subject invention, the methods will be described first in greater
detail, followed by a review of the subject systens and kits, as well as

conponenieHoek ©8 UsNOTHESBIECT GERETARGITONG WecTersbj ect net hods. METHODS OF
uUsSlI N%SO THE SUBJECT GENE TARGETI NG VECTORS
The subject vectors as described above find use in a variety of applications in which
it is desired to introduce and stably integrate an exogenous nucleic acid into the genome of a
target cell, e.g., a target cell present in a multicellular organism, such as a plant, animal, e.g.,
vertebrate, including mammal, etc. The subject vectors find particular use in the site specific
25  integration via homologous recombination of exogenous nucleic acids into the genomes of
target cells of animals, including insects, vertebrates, etc. In certain embodiments, the
animals with which the subject vectors may be employed are vertebrates, where in many
embodiments the animals are mammals. As such, of particular interest in many embodiments
is the use of the subject vectors to target vertebrate animals, particularly avian and marine
30  animals, e.g., chickens, zebrafish, and the like; mammalian animals, including murine,
ungulate, porcine, ovine, equine, rat, dog, cat, monkey, humans, and the like.
In the methods of the subject invention, a targeting vector according to the subject

invention is contacted with the target cell under conditions sufficient such that the targeting
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20 The subject vectors as described above find use in a variety of
applications in which it is desired to introduce and stably integrate an
exogenouswowshesdelr acid into the genone of a target cell, PeTgiSp3/m484ar get
cell present in a nulticellular organism such as a plant, animal, e.g.,
vert ebr avegtor incdkemlup @r imeralizedeéiyahe ddile Thelbjiedtly aimotaptagdtingdveptar is, pribmato  use
inthe site specific 25 integration via ho ogous recqnbi nation of .
exogenou@GM&OZ?W&&C&@WW@WM@@@W&%@ %‘H%? &?f‘g%é%tlrtgeq?@gerw} HhsiVeglos Is

i ncl udi ng, | t ' ' ts, the animals

W th mhicskﬁﬁgﬁgﬁ:f §@£€£§?§§§“ﬁ§;g%392%%?£ egggggggg%te'rates, where in
many enbodi nents the animals are manmal s. As such, of particular interest
in many enbodi nents is the use of the subject vectors to target vertebrate
ani mat s, T@E8etir& PPy avi an and narine 30 animals, e.g., chickens,
zebrafish, and the |ike; manmmalian animals, including nurine, ungulate,
porci ne, ovine, equine, rat, dog, cat, nonkey, humans, and the like. In the
met hods of t hassadigeed abovestaideting vectdraempldyad invéetsabjeatanethodsige tieculdre
subject invention is contacted with the target cell under condjtions

suf fi ci eMecterscandimere speratigably garcnlag doublesgpprgdddiArveciorsi-gisplasmulsghhe vect or
I's taken 5128 oPthe ICH‘%&E eﬁﬁg V. %ogsqga l Wr%t?beth% B Edaftsl ¥ n?d}}’ el ast ALHEL ! NY
vector IS, prior to nol ogous reconbl nati on event, | neari zed and t he
i nt egy at i1 0@ bk paRs)soMktimdeatesst @bout 9000 bse phdand$cdndtintesge aseboit 3 kis

target cell by honol ogous reconbination. 5 Targeting Vector As indjcated
above, t Athgeetin gertaip embpdimsnfs thy side maytbeas 8ies} asci00d oreatesy Butgenerallyr
vectors, r i, hihcal l ' | £- st d rs, i.e.,
o1 asm ds 0o RiGis T Rl 3R i8 e ofeh 0k<on kB Lo 1B Bhc MRS/ BRIRE. ;.2

overal | skatérsiByvdetorathat Rakide aRofdllowthgt00 elatentP @) Slincafifipp ichdshudlcadecast
about 1000 base pairs and sonetines at |east about 3 kb, where in certain

enbodi nesiteand{(b) s hemolegpupiecambigaten infegraling ckament. Iy cerain embydimegisatheal | y
does,not . exceed about 30 n ften e e t .15 kb. The
aub; bEt RN <G OR hayneliag BC oLib B o PG ST PR Ae g ¢ o

el ement senddhlicleaseicagimpiséuitic@neenucl ease site and (b) a honol ogous
reconbi nation integrating elenent. In certain enbodi nents, the 15
targeting vectors may include one or nore additional elenments, such as

| i neari zing_endonucl ease ¢ ging sequences, etc. Linearizing Endonucl ease
. arizl onucle S1LE . . .
Site 20 vectors include a linearizing endonucl ease

site. The linearizing endonuclease site is a site or domain of nucleotide

residues that is recognized by an . ) o
20 The subject targeting vectors include a linearizing endonuclease site. The linearizing

endonuclease site is a site or domain of nucleotide residues that is recognized by an
endonuclease, i.e., is cleaved by an endonuclease, such that the endonuclease enzymatically
creates a double-stranded cleavage at the site, and thereby linearizes the circular targeting
vector. The linearizing endonuclease site can be palindromic or non-palindromic, and is

25  often at least about 4 nucleotides in length, sometimes at least about 16 nucleotides in length,
sometimes at least about 24 nucleotides in length, where the length may be at least about 50
nucleotides or longer, but typically does not exceed about 600 nucleotides in length. The
linearizing endonuclease site is generally one that is either not found in the target cell
genome, exists in few copies so that when cleaved they are repaired within the cell such that

30 no adverse consequences occur, or the cellular site(s) is protected, e.g., DNA structure
(methylation, etc.), bound proteins, etc., so that practice of the subject methods does not

result in significant cleavage of the target cell genome.
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endonucl ease, i.e., is cleaved by an endonucl ease, such that the

endonucl ease enzymatically creates a doubl e-stranded cl eavage at the site,
and t her e oBoysaar i zes the circular targeting vector. Thecriuseariszd ng
endonucl ease site can be palindromc or non-palindromc, and is 25 often at
| east about 4Imcectagodmisteldments, efegiubs ofsbermibjene secdrsliethat tha bimedriZifg

nucl eotides in length, sonetines at |east abqut 24 nucleotides in |ength,
wher e t hBJOBHEIERCFHE 190t seleqtvght reogmigeddyy ansidomisieasithatis endoggapus 1 the
typicall ' j : [ rizing
endonucl%% e%§9?gbyg¥g§§§fg@?%ggﬁgﬂfﬂgfhﬁg%gﬁgﬁggﬂ%g?ﬂg%gﬁﬁﬁﬁﬁSF]ggggrget
cel | gefurnke liseariging endorfuelvasoipiiBeaome nad sushethe tihemisieh dideyudese sepai r ed
within the cel] such that 30 no adverse consequences occur, or, the cellular
site(3) PR habsseqogpizedbyja linggyring endepygiease thap s RAAagsNHS togd peyies gL

d
pr ot ei NS, - r ' ] g : r It in
G ani 11 odifn SoBE kBt BfcPlell Pvasih fBRIRuT BRidgR iR
PCT/ USO34iffedtt spdciesifihbpime chibifidd a® mich, usthef seaiduidaaxinohtical stitri@cduckiast ors is
that the linearizing endonucl ease site i s not selectivet%grecognized by an

endonucl Bwseemplgyed © deyelgp dreasonagny tables prpvidad hydhe Natippap {nsiifuteiofdicalthhe
target cgl e ndogan L | . r

R e T R e
endonuicl emdgesdds@o it thrgen&1itfBaivhich if i degphatie th deytath dnhiadhbdts (@ teipdodelic] ease
that is endogenous to a species that is different fromthe species of the
tar get cwill hayerfheen gpeigespechtodiogethrlsasexpress thsrlinegaziag crdpnyelease, agidaserbasint
species if the r. | assif.ied as - USH r A } criteria,
such as meaE gl RS e RS st P BB du BB s e

Nat i onal |ih@izirdglindsn@fieabetthat Rcogniddsigugraet site prdsedh it taggeting Ogdied isape i S
recogni zed by a Iineariqug endonucl ease that is not 10 endogenous to the
target ciafisfnot fonmidam therwilcstype srggnisen ofi the tasgat 4¢lh enbodi nents the tar get

cell..will ha been engingered.to nonet hel.e expnress, .t he.lineari zi ng
endohlic] ease. PoigEe P oLare e eePar A DS TR DRI Veni ng
this featdnds-iRftafdeBng Boheie! BB linsartAhdd eriddfuclédsB €7 nay BE prRIEQANMEIESER t hat
recogni zes 1ts target site present In t he taé(?etl ng vector is one that is

not f oundutsidetofghevintedratippelemeghdispmbed int greaterdagail bedew| "Engds-opepadderds- on

whet her the targeting vector i Qo _be |l oyed in.an."ends-Qut" of~ ;.
Mendeci nin faepiti i A BRSO wh b ISntr RO IOHE ReoPus SRA T Rt arlf ot
present RKpich&e2000)88: 220 P8 Af subhanicBitas edbbaithedtsetRNincaigsgr i bed in
greater detail below "Ends-out" and "ends- in" targeting schenes are known
t o t PoseendongRleade sitp it preseat insidged theanicarntios elenRoh §n metdtieslembodingwise thee
2000) 288:. 20132018. As such, in cert ai nmbodi_nent t he. linearizing 20

endonucl bacuzasdpaicyRe SHEC presPy St LA PSR Fem el Bs] 17 ot

ot her enbgdbdBih& widl€it is desired that the linearizing endonuclease site not be incorporated

into the targeted genome, and ends-out approach is employed, such that the linearizing
endonuclease site is positioned on the vector outside of the integrating element, i.e., either 5’
25  or 3’ to the integrating element on the vector.

The linearizing endonuclease site may be one that is recognized by restriction
endonuclease, where particular endonucleases of interest are rare-cutter enzymes as
described above, e.g., I-Sce-1, I-Ssp-1, etc., where in certain embodiments the site is
recognized by a recombinase, where a recombinase may be a resolvase, integrase, invertase

30  ortransposase. Examples of recombinase and transposase systems of interest are, for
example, the Cre-/ox system from bacteriophage P1, the FLP-FRT system of Saccharomyces
cerevisiae, the R-RS system of Zygosaccharomyces rouxii, the Gin-gix system of

bacteriophage Mu, the P element transposase/P foot system of Drosophila melanogastar, the
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| i neari zi ng endonucl ease site is present outside of the integrating
elenment. In those enbodinents where it is desired that the linearizing
endonucl| exe®3sdiel not be incorporated into the targeted gemarse3/1zmd
ends-out approach is enployed, such that the linearizing endonuclease site
I s posi t paBedrehe/itepriesyatmo Wikrdlhe ehddrivelehsttie gredomtgnase endthe, i .e.,

either 5 25 or 3 to the |ntegrat|ng el enent on Rge vector. The

| i near i zEPPIBRIGeSTHE dnderminabrepgast s ’@ﬂéhec‘}’f&‘tndf‘réesr é‘d&ﬁﬁ%ﬁn gherestriction
endonucl eaRhcithe! dgaa@u%té'agﬂers@f}g sf?oﬁ?g%y bid 6 E3braPhfir ! € UL L et
enzymes as deSCri above, e.( 1 ere in certain

enbodi meprafspoleblstle@ents, suck agQdod e'é@dlplby tl&, iroeopmpmd] @ypsy eMmdfrﬁs of begsophid)ase
may be a resolvase, integrase, invertase 30 or transposase. Exanpl es of

r econdi néseldRe k/Simpaasstansialantsany af be derelomants gl el%’%ﬁﬁﬁh"eTYt he

Cre-1ox t b t nyces
cer evi i ST S 2PeVBEl Tt PRRRG Balharidfube (e Slechl BIRG) RRERIIAT OO
of  bact @ai@p bﬁmghédaukaﬂyeteﬁ’aﬁd eiesr thé Tansd IBHe&isBodb eleni&dtest Bf colx osophi | a
mel anogastar, the 13 WD 03/093421 PCT/US03/ 13444 401 att sitel/integrase
system W@rethewed@nmﬂawseawm@n@eraeémnﬁa@e@ﬁesmw a reqpanntionsEe site
is a termnal.

endonucl éecg%“%% yeﬁ'agnﬁcr}ugi;egseé(ge gr?lrdmyﬁ%l ef%%o%ént?ofnt e%QQ%t%ﬂeth%P eseveral

knowno t eaduiReRaR|8d @h@sRidicase $itéWan B8 defivd fRora BRE Bf serBﬁl bahaiophaiisasuclBy PSY
el ements of Drosophila, 5 the Ac/Dc, En/Spm Tam systens of plants, any of

the Tc ehethent phiéB1Cyd @lcmgmmbagetatesywmsectten’eranSpmabS clementy, \iiuses (elge nari ner

and mariner-|ike. Sl ee el enent rie of. hi gher
Gikar y ot BRIy TR Faon b STUSan e Dt Peiioseid, o)
Were t h%eﬁﬂﬁ@ﬂHFérﬁéh%l%nhéea%er&féqmékﬂlﬂﬁ@h@éir@'cédl'&re%ﬂﬂ?[Héﬁhi%ao?tﬁer%skﬁctlo% a
reconbination site recognized by the endonucl ease an att site, a

recogn | t endpmselgesenaecaningses,tand tthfspnakes furlueasethxfnd\'@md»on Gi¢awagmesites far can

bed ved fro e of seyer ct rlo uch .as the X phiC3 1, y8
pact SEERICIEy et - SerLand 1Y TSRO Bl BRe Al HES. el ttel e g

adeno as%l@é?:hﬁ&@fﬁ t}ﬁ: hM$Maf<hbll %Vélr]q@els)9Qt8%3b 39, eiahier an%lsikﬁﬂi’é et 48, ¥YEMS hese
exanpl es, and definition of an endonucl ease, one of in the art could

readily MenRa:xﬁwsﬂhbﬁP%rﬁ@t—ﬂ&ﬁa«h&ws&n@ﬁ@&%&d@% r767<66f?67nases and
transposases use in this invent.io vage. sites for

d
endonucl eas esfIn %“ygevept S{CCLOR &P Hnsap2 yeasflye th ?ff’renl_e?ﬁgnedaff‘?tﬁg‘ast‘gé Cetec.
are vel | des@E, ﬁ}ﬁﬁl t Br Eflf@ @raﬁnﬁﬂ\@&a?ﬁﬂlte t}?ctmﬁltlcé_ [ arlo? @i Sn 487 1R rizddal | et

and Sherratt et al . Reviews 21 157-178; Sadowski et al
FASER0J, vé@6sisa kéﬁ@l-gﬂﬁl?ng dwn‘amyhcecmkm,mntlhe hoamﬂazgous mcbnrbamltmned by any of
t he aforementi oned net hods or the

Integrating Element

In addition to the linearizing endonuclease site, the subject targeting vectors also

25  contain a homologous recombination integrating element, which is made up of an exogenous
nucleotide or nucleic acid (i.e., a nucleic acid that is desired to be integrated into the target
cell genome) flanked by sequences that provide for homologous recombination with the
target cell genome for which the vector is designed to be employed. As discussed above,
homologous flanking sequences display sequence identity to a target site in the target

30 genome, and facilitate homologous recombination between the integrating element of the
vector and the target site to result in the insertion of the integrating element into the target
cell genome. The length of the flanking homologous sequences may vary, where the length

is typically at least about 500 base pairs, usually at least about 500 base pairs and more
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i ke, either prior to or after its admnistration to the nmulticellular
organism The linearized 20 vector is a key signaling event in the cell to
i nitiate womshmgous reconbi nation. Integrating El enent | Rcaawsnd/izam to the
| i neari zi ng endonucl ease site, the subject targeting vectors also 25

cont ai n astalipet bgsjtaboutelcldnbﬂnmih@nrtainteagxodhimg}s thk dengtit is anteiasthabowst Ielkdeorup of
an exogepous nucleotldg nucl ei,c aC|$ %%Eﬁ' a.nucleic acid %hb i.S
desired 19¥eHe bHROBSIGES O?Srﬁ%ef“f‘?@dlagﬁ"&el K |SOFEHBES fogsnoh R¥§eH §OW duences
that proyjde for honol ogous reconbination with the target cell genone for
whi ch the vector is designed to be enployed. As discussed above,

honol ogous f | Ahikkedybysthg seqeasesdha pirawids fog hemod goderdcombinhiomistaar get site in

the target 30 genope, and facilitate honol ogous reconbinati on between the
i nt egt at F’ng%eg‘i’%ﬁ[m Co?“‘? ﬂ@t ISJ%E‘F mseﬁ?fgmf%@etg&w@? vilierethe sxpeengps nygleie he

insertio CIQIEI étpf‘ag oud Ho’ﬁ &B&Q‘?ﬁ‘hmah?E&b&&”&ﬁxeﬁ%ﬁﬂ@&xog&ﬁdds rﬁ@lﬁ id EQE

l ength o I ng onn ogous sequences nmy vary, ere t engt

typi cal | jeastttwoea sitorahlohg 506rb aserfaai embodiments the exogémas huelbioatidafat base
pairs and nore 14 WD 03/093421 PCT/U803/13444 usual | y at | east about 1 kb,
wher e i nle@gabapi! Qs denessomelimesat leasiabiout LUGY ny léag,twla%me e30298up pucleignger |

but SO”E%E%& ﬁdkl asHHIB5H | Ptbu%Qc%rﬁg%rﬂ%?doo\%?gEﬁéﬂggédh%%ﬁ iy n%ﬁged

about 3 y the sequerices dgous

recon®i nii ¢edraid Emboilinesx ahe axugensnsaiveleic @udd thetudas an expression dasssgetand i nt o
the genone, where the exogenous nucleic acid is at least about 1 nt |ong,
wher e i nCHURSFIGABOMH peRt RuCleieacid. SBrfapRItiS eN® % exBregsipr digtupting au¢leicyo or

oast bt B0 s bhere Al SRR of A B RSB R e e

exogenougudleic lagidc aC|d may be as long as 30 kb or |onger, but sonetines
does not exceed about 3,000 nt long. 10 In certain enbodi nents, the
exogenous nucleic acid includes an expression cassette, an expression

”Dd“i§t0§%nQ§QE8h@o@%. a therapeutic gene, an expression disrupting

nucl ei c i ke, where the nucleic acid fragnment of interest

may be a trai iAsprdicited zﬂg)ve,rtue khject aettdrs Mdy ADad inohidk aombeneiipsioAsl | ndi cat ed
above, the subject vectors nmay al so include a nunber of optional
conponentempeRepisndenegdias onrke prsteylanApatication ar pratPe faurwivelthsdengeting  whi ch

i 2" S5 1AL 18, RES: 65 405 B OREEL TR e S
vector, hiehods, dﬁ I&d@lh@ﬂ&ﬁth@@if@ﬁﬁ%ﬁ&(@, tHe endUnQtiehse component (e.g., protein or
20  nucleic acid encoding the same) of the subject systems is also introduced into the target cell,
such that the endonuclease is present to mediate integration of the targeting vector into the
target genome via homologous recombination. The linearizing endonuclease may be
introduced into the target cell as a polypeptide or a nucleic acid that encodes a product
having the desired endonuclease activity. In these latter embodiments, the nucleic acid may
25  be introduced into the target cell in a vector separate from the targeting vector, or the nucleic
acid encoding the desired endonuclease activity may be present on the targeting vector itself.
As such, in these latter embodiments, the targeting vector further includes a domain that
encodes for an endonuclease that recgonizes the linearizing endonuclease site on the vector.
Endonuclease-encoding nucleic acids may be chemically synthesized or isolated from a host
30  carrying the nucleic acid by conventional recombinant DNA practices (e.g. polymerase chain
reaction, library screening efc.) and cloned into the targeting vector for expression. It is
understood that such nucleotides may be modified (e.g. to remove restriction sites, to change

codon usage, to change regulatory regions, to add/remove introns etc.) before use.
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20 nucleic acid encoding the sane) of the subject systens is al so
introduced into the target cell, such that the endonucl ease is present to
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En/ Spm Tam syst ens plants, any of the Tc el ements of C. el égans, the
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by the endonucl ease %e.g. an att site, a 15 recognition sequence etc.), the
endo2iuc| emsasandystmdohae thaselonutlease analieady ereseredn theqgenome of dfe sever al
bact eri ophages,, such as the X, phi.C3 1, y8 bacteri ophage att systens, etc.,
t ranspos %ﬂ‘é‘:e@}‘@ﬁﬁ%?%{smv?‘&i’é 8% a Patyy geqy @hgg%{?gs%l;yaqr&glegmdtggary TOovi ruses

etc.) or other

Additional Optional Components

25 In certain embodiments, a selectable marker is further included in the gene targeting
vector as a nucleic acid fragment of interest. The selectable marker may allow selection of
cells containing an integrated gene targeting vector over cells that do not have an integrated
vector.

Vector construction

30 The vectors of the subject invention may be produced by standard methods of
restriction enzyme cleavage, ligation and molecular cloning. One protocol for constructing
the subject vectors includes the following steps. First, purified nucleic acid fragments

containing desired component nucleotide sequences as well as extraneous sequences are
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systens. As such, in certain enbodinents the targeting vector includes a
nucl eic acid encoding a linearizing endonucl ease, as described above.

Fur t her nowe,030extai N enbodi nents 20 may use a system wher eCrhisogmdenucl ease
is already present in the genone of the nulticellular organism either as
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cormigci ally. (See, for exanple, R W, Ed., Methods in Enzynol ogy, Vol.
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the targeting vector is internalized by the cell. Upon internalization of the targeting vector,
20  (where at some point the targeting vector is linearized by an appropriate linearizing
endonuclease), the integrating element is permitted to homologously recombine into the
target cell genome.
Contact of the targeting vector with the target cell(s) may be accomplished using any
convenient protocol. In those embodiments where the target cells are present as part of a
25  multicellular organism, e.g., an animal, the targeting vector is typically administered to (e.g.,
injected into, fed to, etc.) the multicellular organism, e.g., a whole animal, where
administration may be systemic or localized, e.g., directly to specific tissue(s) and/or
organ(s) of the multicellular organism.
The targeting vector may be introduced into the animal cells using any convenient
30  protocol, where the protocol may provide for in vivo, in vitro, or ex vivo introduction of the
vector. In vivo protocols that find use in delivery of the subject vectors include delivery via
lipid based, e.g. liposome vehicles, where the lipid based vehicle may be targeted to a

specific cell type for cell or tissue specific delivery of the vector. Patents disclosing such
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subj ect invention is contacted wwth a target cell whose genone is to be
nodi fi ed, such that the targeting vector is internalized by the cell. Upon
i nt er nal iwatos/oys4of the targeting vector, 20 (where at SORETABDIIL341he
targeting vector is linearized by an appropriate |linearizing endonucl ease),
t he i nt egredtadagnadhdmehi.Si BatpmrNbsté,ﬂTi 80 anB4BHGElSY, §3 0,430 rnd e82 1103, tthe

target celJl. geno nt aof .the targeting vect wth the target cell(s)
rmy “be aCtHRBIFS REFHIN G B IBOHRRIED FHoFoEo e Wi BelFEoaI W s
where theg,f aarlsq)ese Eﬁgio?e@rlﬁclﬁﬁﬁéeﬁ{e &2 dAdly Wsm% b%@eﬂkﬁtlcfé@'ak leh&rersorvaﬁen sm

e.g., ana argeting vector is typically admnistered to (e.g.,
i nj ect edmaytoo,mdyembt bomodtfmd)wm}hmrgmin'glrn@btlm icromgganips,rleatrogoratian vind| the

ani nal mnjstra be sys caI e dir ctIy
to specifl W rg@ﬁe(ﬁsk stnai 0#09@83393ﬁ1(r§§ Wﬁf@ i % as 151 ‘g? Mugaa\?ﬂ The
targeti nglalfﬁ"ﬁi%ﬁr Anﬁ){d P}IGM v\%&Q@gg eght IINRR1 tl‘h@d a\ﬂ'l |559§2.|a| 53} déﬁhl'ﬂ%n?d&hmems
conveni ent prét oco ere the protocol may provide for in vivo,

Vi tro, oof éxeresty @iralnbasednadleioracaf irttoductiactvetors lare mt\/ﬂnnﬂomdacﬁebanse hxitthef i nd

use in delivery of e subj ect vectors |n | ude dellver Vi a i pi d_based,
e.g. |ipBYEiEdE i ‘éuffggemme°€ v&cioryead pigdivaryy ¥eftigled thaly may {J%treﬁ%ﬁ@é?to a

A A A e A e A e A

U. S. 10Pat edinatiob iftfude302], topi8AlDintrhfxtertal ddtlavkniOus, amchp'énﬁﬁaalﬂﬁ&anﬁlhmlar

di scl osures of which are herein_i ncorp r at ed by reference. Qther in vivo
del i ver yinipapshsintragep uard ! 15éc- &mrﬁ%@ arj tpede,of Aminisyation deprndpAtyeast i ne
based pe S S

Car get | nEN oy P pafi b fiecuciifl ﬁ%ﬁllé’@f-‘m@{w%ﬁ%&?? seEtofiC i ghbbiimens,

( Brooks, ths. ‘ifectoredr wctord 9R8adndinisteaed disteavasdbiriodg. Vatrddftegiallyl 3r7 idravenously,
I\/Urarratsu . Nakamura, A., and HM Park 1998, Int. J. Mol. Med. V. 1 p:
55-62). PWPI%Fanﬂnrﬁqé%@dﬁaFFé‘rdeéwvevehmeeP@s{* Salmersalutleased nucl ei ¢ acid

| ntrpduction MRELALG S el] nfTE A48 tha FEGRUTfeel b2 allil IsSHARIAN 1o
different types of vectors an rvery ve that may be errp oyed

adm ni st ?ﬁivhdkffoﬂﬂbé desirddyineegrutiohef tiefexdpéroas ﬁﬂctlelb(atﬂdeﬁt,o thbgér&;rﬁeewseaant ative
routes of 10 administration include: oral, topical, intraarterial,

i nt r aven8igsamquat phigeseting Hester nuclail agiddxindused shppldrpiavida for 3 syfficensspenct i val
etc. Then&%§ %h@%f(&@?&%s%ﬁc@%”acfﬁe%% %fx{oﬁﬂt ﬁﬁ%@ﬁ?ﬁml@i‘é {cﬁ%ﬁét 1% {htroﬁé‘ée on

the nature o Ivery ve nmpl oye e vectors

embodi megts the dnfrdalMecitodependivig ohalisefficRnadsf the paciceldr intdodastmci| arI y, e.g.
intraarterially or intravenously, enploying an aqueous based delivery
vehi 20 e, trangfectipngzotperd thasisgmplayedts The amount of vector nucleic acid that

I's introduced As%&c&t@cﬁ a r\]/'e,n@ila t&@etﬁl%fJeE$¥seﬂE ift®duced into the target cells under

conditions sufficient that provide for cleavage of the vector at the endonuclease site to

linearize the initial circular targeting vector, i.e., vector linearization conditions, where such
conditions are provided in a number of ways, where such conditions include situations where
25  the initially circular targeting vector is linearized prior to administration to the multicellular
organism and situations where the initially circular targeting vector is administered to the
multicellular organism in its original circular format and then linearized in vivo, e.g., by
employing a host that has been engineered to express the linearizing endonuclease in the
target cell or co-administering the linearizing endonuclease or a coding sequence therefore to
30 the cell or host containing the same, where co-administration may occur either before, after
or at the same time as administration of the vector.
As such, in these latter embodiments where linearization of the initially circular

targeting vector occurs in vivo, the endonuclease component (e.g., protein or nucleic acid

18



provide for the desired integration of the exogenous nucleic acid into the
genone. As such, the anobunt of targeting vector nucleic acid introduced
shoul d prwoiodeddser a sufficient copy nunber of the exogemowassnuci4ei c aci d.
The ampbunt of vector nucleic acid that is introduced into the aninal

vari es depeditignie samd)foé thef fubjeicesystensfis pieserp ar thedargetrcellno nediatt fimmarieatic0
transfectjon protocol that.is enployed, As indicate the targeting
vectors 8# 'ge i eF B EEteT é B‘t?g’i%“ct“a‘?fd]é‘? inegrting fiemagnt %'&S?fg “[‘tioél?f's ARt £ i ci ent
that pr Ogéxﬁi)ﬁn Ak h&lns%‘é@%reg{)mﬁﬂﬁm‘ﬁ?CAand?cIatetd%oeé‘qm iy Be ?ﬁet -Endlifered

| i neari z e initral "circular targeting vector, i.e., vetto eari zation
condi t i otisexprdsethe 1mgatizing endbruclenas, ar the ﬂmeanzni@endnnmlema‘nmy befadmdnyisteredher e

such conditions include sjtuations where 25 the initially circul ar
targeli nip thetaregst cFll VWhets L‘? sz’é’aafb%l%?nqo&}“%la?#ﬁF"é‘f‘FYa‘FIPH?Y“iQSi W@f 44 el | ul ar

organi s n%ﬁle&ﬁ;d %ﬁ%}’t. i {Dﬁufoﬁhétloiﬂrb!to‘éblrnﬁ%l @Jerhaag@q MhoRGFor 1S

adm nistered to t ar organi'smin i1ts ori circular format
and t henidtiodedng fiedtiomal \pmtans mtg cellshye weltknown iy the alntosftltctrhaitvehas nbelere

engi neered to express the linearizing, endonuclease in the target cell or
co- adni nfRgeding e ?rrﬁjé’n}l?lﬁ%%ﬁrcﬁlz?ﬁ&célﬁegﬁh@} pyuession veclop ypaddo dansfarm the

t heref or gelt % nﬁagas%eelnl:oaﬁg %10 G EE ?-lo 'b@gh%rnﬁaﬁﬂggﬁuﬂé%?ﬂ Gr 1solated from a

co-adm nr's I on nmay occur e| ter e sane tine as

adm nd st hést b@ﬂylﬁé tHehicleicdcid by éenvetitidhal retoinbamat DAIA practied g . peiyreradeer e
| i nearization of the initially circular targeting vector occurs in vivo,
t he endofif EASEOTs HRFEN sHecHiRS ¢fc.) apd BloBschingt ahappreRriataYscipr farexprssoionolh3421

PCT/ US034 13444 008 M6 10 6380 by BE ol BECre 5L £Bickn BEESENT 110 the

target ce |near| Za targeti nhg vector an

i ntegrat bmg@f:oddma;sag& €9 Elenig © 6 ol BoTR R gi drire toefd /e b Oe int@nt afc)defor@aOME Vi a
honol ogous reconbi nation. As indicated above, the host nay be
pr e- engi neer edhe msthodprasdlesaribed phonearesylt ﬁglné%a%mcgfél&s@rnqipg%e | i neari zi ng

endopucl ?e%&%bf*%%ﬁo@%tgpa r[kda%rﬁélﬁqnt% thé ta}% C]?%e%%hl gcell. Vhere the

l'inearizing en Vit as pol ypeptide, any

conveni ent pofk@epyviediRsdrtRY @ntbgratién mdun@as Odh @k establpyntbga rphidyed.
Met hods of introducing functional proteins into cells are well known in
t he art. vaieatephenogergus nugle acidsiipto adprggtisally Ip meany sabedienends hesgauasse of

i nc| UdEdnucrfeoqqieg é% een§ %n 81% e&ggén%'{ls g&&gc ta(?lgtWIﬂ Rl QL g%‘ﬁtt he not ?4} d'in the enome

Endonucl easeé-en hem ¢ esl ze

i sol at edof themrget el hmtn Gl bcyhéteroﬂdg@u@mhete@ga@em Ihy)tlib@ emealmmesl the
reconbi nant DNA practices (e.g. polynerase chain reaction, library

scr edhi neeauerce)of Ahriexoizen@ nuglels agkl may agpallyecongdbatay pregant xthe dareetssll. | ¢
|'s under st ood tgg&c{t@a"{bq@‘éc&g%ﬁdg %ysrt%El y Qan 1%' @1»\% (varfém tf(farggtrr%\ﬂg

restriction s V' Fedi ons, to
add/r em%eﬂeﬂ&ﬂg@ﬁ&ll@ﬁ&nﬁn@%%ﬁrﬂéﬁ@ -are non- bacterlal target cells, and often eukaryotic

target cells, including plant and animal target cells, e.g., insect cells, vertebrate cells,

particularly avian cells, e.g., chicken cells; mammalian cells, including murine, porcine,

25  ungulate, ovine, equine, rat, dog, cat, monkey, and human cells; and the like.

UTiLiTy
The subject methods find use in a variety of applications in which the site specific
integration of an exogenous nucleic acid into a target cell is desired. Applications in which
30 the subject vectors and methods find use include: research applications, polypeptide
synthesis applications and therapeutic applications. Each of these representative categories of

applications is described separately below in greater detail.
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The net hods, as described above, result in integration of the honol ogous

15 reconbination integrating elenment into the target cell genone. The above
descri bedvonsegrat i on nmet hods can be used to stably integPrarasas/visgde

vari ety of exogenous nucleic acids into a target cell. In many enbodi nents,
t he sequasmrof Appiicatient | des present in the exogenous nucleic acid will be
one that is not found_.in the genone .of the target cell, j.e.,. it wll be
het er ol ogous aWHESPQFﬁ@IC @H?l.catl“ﬁlsd’c‘ mdnchdhe, Eﬁg?ﬁmeél}"d’tsfﬁé‘d%e% nce of
the exogenansphileRiohedf dhafReride b Yatlohial Sefr fRAGLpHRcaBbAS B¥ vdclbr e
t ar get ceﬂ?. 1As |n§ﬁgaté%w§§o5e, #ﬁgcsﬁgﬁgct systeﬁg @an be dgegnmﬁth a
vari ety efmptayedeitharel) s inseitfagieae bacabhg sgheceiof intereyt ietolzodrgetctlls 2atoe

non- bacterial target cells, and qQften eukaryotic target cells, including
pl ant> andelgis hgane iypYEer Bayhole; og 3yto replaseere ergnpie speific pprertides «‘éVl“Bs,

parti cul ﬁﬁ%éferﬁ‘ﬁh@lg §&lslict n gbnclhind (HOFSHRAN EREL SN tH@EﬁHJal’é‘@h&l%b{%’i binehwdi ng
muri ne, porclne, g ungu?ﬁte, ovi ne, equine, rat, dog, Cat, niey, and
human celid tis masherhefdrinkon abdlit tHe Béndb actswity adttherdtiveds thd prdducs endaded
variety of applications _ in which the site specific integration of an
exogenoudherehyiapbededusednt o a target cell is desired. Applications in which
30 the subjec i | : C | .cations,
pol ypopt i de. s\ntnas i3 sBbyIEE HE: vhQtis3 Brddicy HeBels SPARRA SRR EL

t heseo r e pichsding atdraxpression @ad o fiskkpressiph bf apémens ihtsrede fcproedd depacibaml vy
below in greater detail. 19 WD 03/093421 PCT/ US03/ 13444 Research

Appl i cat Hhsreftecispiphis suugnt pxpressianpaiisp 476 absesyed. A suph. ORe eaeeapipy 8t et hods
find use el s RRRk ot bl RS 5P IaeHLiLA LB RLAFhENLARAMBLARGIH,T gone.

I n such ap i'cat i ons, the-vector s enpl oye a1 1 her . 3 o'Irnsert a gene
or codi ngesigidanmegdic, knbekoas br kiddkirfarimageivhiv@lcha b@mblyed semedes forgene in
part or in whole; or 3) to replace one or nore specific nucleotides wth

di f f er entvangly oé ekfeguy confitiongesrals kaewn ithedstul t ant ef fect on the aninal's
phen%ype is observed. In this manner, information about the gene's
activity and the nature of the product encoded thereby can be deduced. One

can al sop@v;pleptydetmt}@w@j@pﬁcmmxors to produce nodels in which, expression,
10 includi ng overexpression and/or m sexpression of a g’gne of interest, is

produced in aleedditiemty the provefressatch appliqatipns, i sbiccbmsthedsanshvastars elsay ar e
oo v e 0 AR B B TERL

pi n ecifica ransgenic,
knockout yegbr thaoiakiudessidigleficodif ©8 peBpefiadetsTahtepetinadsmbaabs witrequisite

20  and/or desired expression regulatory sequences, e.g. promoters, etc., (1.e. an expression
module) is introduced into the target cell that is to serve as an expression host for expression
of the polypeptide. Following introduction and subsequent stable integration into the target
cell genome, the targeted host cell is then maintained under conditions sufficient for
expression of the integrated gene. Once the transformed host expressing the protein is

25  prepared, the protein is then purified to produce the desired protein comprising composition.
Any convenient protein purification procedures may be employed, where suitable protein
purification methodologies are described in Guide to Protein Purification, (Deuthser ed.)
(Academic Press, 1990). For example, a lysate may be prepared from the expression host
expressing the protein, and purified using HPLC, exclusion chromatography, gel

30 electrophoresis, affinity chromatography, and the like.
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variety of different conditions, as is known in the art. 15 Pol ypeptide
Synthesis Applications In addition to the above research applications, the
subj ect rwOhoedss4and vectors also find use in the synt hesiPeTafS03/13444

pol ypeptides, e.g. proteins of interest. In such applications, a vector

t hat i ncliubizs Progénkrogncratti ng t he pol ypeptide of interest in conbination
with requisite 20 and/or desired expression regul atory sequences, e.qg.
pronoters, etc., (i.e. an expression nodule) is introduced into the target

cell that is R@coﬁﬁéiﬁ&xt%ﬁll%‘ft‘ﬁégfe_%&ﬁiiﬁ%nh%Srefdaéﬁl%agsﬁlﬁbt%hs oPtedofifbinant
pol ypeptide. Follow ng introduction and subsequent stable integration into

t he t ar gedll lims| 4s mpenbutiens dfrectembigattediniapg br ssebhdary c¢llserecombmbuati adexch] veltler
condi%ions,sufficient for eégression oh t he i nt.egrated %ﬁneﬁ Once t.he
t r ans? or AEINT IS {negLFruRRingy hefeeogspeseiel] sirains gr b?%*pa? 26 cellRIXBet B WIER ¢ hen

purified,f Festity AR FDnP LPIHE B GRERM Ry At EABPATEL] to8Ys i
convenieﬁ%g%?g?%#ﬁ 8ur???%§ﬂhé§$nprocgéufgg naféLe gﬁp%ﬁyedfh&ﬂg?éégd%?able
prot ei n preseritf Siwhtcebsnmap bh askal iagi delivary sydas dor theating an (hdiddudl ovify ot ei n
Purificatjon, (Deuthser ed.) Academi c Pres For exanple, a lysate

.. ... 1990) .
may be pRESERakordgsiTakls Cé&lswélswfaw 1geRqNds é‘&é‘?llé@@i wff therPEtsEPHCband

purified } [ ' t | I si s,
DTt £y "ARnI0eHiert) Eelal MG A 8RR 98 i s BRFRERISHISa0s 1
Vi vo1(r otetativelfs daliadivituaRepiosivlopnheeds | defectte bhimeffickaelytor innppivpriatlyar e
useful , as popul ations of reconbinant cell Iines, as popul ati ons of

r econbi n4Wkzedrin theipdiypdual agnetgiywitlepevel fyunctons, suedias cOPYRaIC rdranspast st r aj ns

m xt ur o5 R EGRTEE S e Rk ORENAL R EL L RNCURRAphip e R on s

pr ecedi nintisdiegaymasic aétivigg.dabhenasthod ef the pr&sentiheariob.of prwfidiaghl S may be
used in a delivery systemfor treating an jndividual with an abnormal or
undesi r aBlcEaPsBliRIPIOfedh onIcdeic peidgsprmabipant pemapy esllspelopalicgl sEgBUeT ¢ product ,

whi chei sy el : - - I i n ; ' ' i s absent,
undep%roaﬁgégg%ﬁm%évg?%gg&?%aﬁﬁgg?ﬁﬂ?é?%Hg#ﬁg&%ﬁ§gégﬁﬁggéﬁﬁ%@'g@.defective
or i neff ugdesirhbly corditioraizno dptre@tbe biyprewdnitéd, zesuffidiehh@uantigi anddytah, a protein
wi th novel functions, such as enzymatic or transport functions) or 2) a
t her apeuBPRIOPFiLE EQUEe, 4@ Pxpress. o makerpailahlecthe prtginior sxepsaeuseNAK si on or  has

I ntrinsi gh}%’{‘o%%(%%ﬂ Crefé%ﬁt‘ﬁé&eﬁf% Reh&sén?eﬁid%‘%ﬁé}g ik Ml%n%ﬁ@?é?ést %&Y&d&t bgtn of
provi di nga erabeutlc protein or nuclel aC|3, reconbi nant” prihary
cell's, chemat lifgkl t&iEabMBIIDfactsr IXEPailsIBOUSI®SitY lipdprateliSreddptorad ni st er ed

to an individual in whomthe abnormal or

20  adenosine deaminase, purine nucleoside phosphorylase, sphingomyelinase,
glucocerebrosidase, cystic fibrosis transmembrane conductance regulator, o1-antitrypsin,
CD-18, ornithine transcarbamylase, argininosuccinate synthetase, phenylalanine hydroxylase,
branched-chain a-ketoacid dehydrogenase, fumarylacetoacetate hydrolase, glucose 6-
phosphatase, a-L-fucosidase, B-glucuronidase, a-L-iduronidase, galactose 1-phosphate

25  uridyltransferase, interleukins, cytokines, small peptides, and the like (where the above
proteins are human proteins). Alternatively, a vector system as described above is
administered directly to an organism, e.g., via an appropriate system or local route of
administration, where the vector components enter one or more target cells and modulate
transcription of a targeted genomic domain, e.g., to achieve a therapeutic purpose, e.g.,

30  expression of therapeutic protein that is not expressed prior to practice of the subject
methods. A physiologically relevant level is one which either approximates the level at
which the product is normally produced in the body or results in improvement of the

abnormal or undesirable condition. For example, hGH, hEPO, human insulinotropin, hGM-
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undesirable condition is to be treated or prevented, in sufficient quantity
and by an appropriate route, to express or nake avail able the protein or
exogenouswON&oga421 physi ol ogi cal ly rel evant | evel s. RepreseqratSiy/e444

t herapeutic proteins of interest include, but are not limted to: factor
VI, faCc8ByhG-XSF3haghaf-ihterdf@vn,de hairiay HSHBoghdeaielivéred eytamically?id hadeneosi ne
deam nase, purine nucl eoside phosphor¥lase, sphi ngonyel i nase,

gl ucocer BBikssaneytie benefiss: As speth thsssubiact ¥eedorssiemp 804 ypriincherap@iticegul at or

al-antity AT . 1.4 i o , I Nj

aynt het s, il e SR I50NC ARG BRENAER, Bl AUy BERUBELERL s
dehydr oggetasfic dbmiaRl &k a6sd dacaical® hmerpt@Rerogln)ons earfet cpllasphatasebe

a- L-fucosi dase, (3-glucuroni dase, a-L-iduronidase, gal actose 1-phosphate 25
uri dyd t r perEdrmed dbgenethesapyeanpligationsy Flsksuiest vestarp mapjgswﬁ%@,m@dmatﬁ he |ike
(where tpe above P 1oL ns). Alternatively, a vector

roteins are hunman
system agancfgrsfg??%%cf‘gdg\ygn?tgtheé%pn@luﬁfg ered directly to an organism e.g.,

via an appropriate systemor |local route of admnistration, where the

vect or conponents enter one or nore target cells and nodul ate

t ranscri ft Yigne Ryptein Peadyei@d genonic domain, e.g., to achieve a therapeutic
purpose, e.d.,. 30 .expression of therapeutic protein that is.not expressed
prior to pr aCBF%Oén%? tﬁglfss 6%?3‘8[““%?&%&13@%9%%% 26 Oécélingé? ?hﬁplrn é’Frgt{/oglnct%gl evel
i's ofte WAIk& Be BidITBF indRR6 ProtdIRpRsduLlieh. TR  blIPdre nyditSiRed hEdaRIcORMIGibng, 8s are
normal |y produced in the body or results in inprovement of the abnormal or

undesi r abhawrciorthé aitomhiciFmsule yaesriressionGi thenprpwin. Roeteins exprassedvsingthen, hGM 21
WO 03/093421 PCT/ US03/ 13444 . hG CSF, . humana-interferon.,  or human FSH(3
can be dRtTod: dereubet may papyram selDsues prenicrRpeaers ol 4 B¥IS cucn,
t he subj ggtdeVitdt RbtefY PrRéhs flalé adtoRlihH td tRATARRYA inklude BiRdrageaitit Psteing N Whi ch
the nmethods and 'vectors are enployed to nodul ated transcription of a

genoni ¢ wbivhican be deliverasite athwmanan eoddwmantanisna ba gonvenppnal @harmaseutical ar get

cell, e.qg.. as. be erfornmed, i ene thera licatipons. The bj ect
vectbi o figesa i{Rorttio Ttk ook irEER T, oAt R E ey, o 1
t her apeufiigeuRh&hR). Bhich prdtethd nelube AGET, REPOO St hirdh iRsvopAN hGLOSF, f rom

human or non- hunman species according to this invention can 10 al so be used
for in vhGrCSHIFSHS or inetlron.drhesdbdisceh be immertatideds primany, omsteondagndi ti ons,

o 20 IR DS B SR r e L sxpneselon el Lhe proleln
Yoot es, Sl Lo Mg aRa AL AL D sy dolsaspstaln
can Xk dtberapeuntimlly or eorhmamialkyrusefoh-fhuerampds itheaibse loy catsndegined foad salmon for
phar mac ey};[eip(;c%uction of salmon calcitonin, the use of cells derived from pigs for the production of
porcine insulin, and the use of bovine cells for the production of bovine growth hormone.
As such, the subject methods find use in the synthesis of polypeptides, e.g. proteins
of interest. In such applications, a vector that includes a transcriptional modulatory unit for a
25  polypeptide of interest is introduced into the target cell that is to serve as an expression host
for expression of the polypeptide. Following introduction and subsequent stable integration
into the target cell genome, the targeted host cell is then maintained under conditions
sufficient for expression of the gene that is now operably linked to the newly integrated
transcriptional modulatory unit. Once the transformed host expressing the protein is
30  prepared, the protein is then purified to produce the desired protein comprising composition.
Any convenient protein purification procedures may be employed, where suitable protein

purification methodologies are described in Guide to Protein Purification, (Deuthser ed.)

(Academic Press, 1990). For example, a lysate may be prepared from the expression host
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15 routes as is known in the art (e.g., oral, intravenous, intranuscular,

i ntranasal or subcutaneous). Such proteins include hGH hEPO and human

i nsul i notwopBn934bGMVt CSF, hG CSF, FSHP or a-interferon. TireIaSogidsss can be
imortalized, primary, or secondary cells. The use of cells from other
sgeci ;as asqyeds?lgdhspmad:ii_l,amﬁrpugﬁs@gsimgéﬁ%(l,-hsclnﬁzn blnmmgtogmjhbrﬁgeﬁre o
advant ageous for protein producti gn puyposes ere the non-human protein is
20 t her afféeHqrbaresis, IHEXH’E@F@F%W@‘YU%‘EF?‘E‘FW exanpl e, the use of cells
derived fromsalnon for the production of salnon calcitonin, the use of
cells derived frompigs for the production of porcine insulin, and the use
of bovi n€harabdisiciApplitdveonpr oduct i on of bovine growth hornone. As such, the
subj ect nethods find use in the synthesis of polypeptides, e.g. proteins

of interest. IhesHueEt Xpprisakooitargise ip 6’@%’8’1‘“"( Ipplicatinsigehich E@%ﬁ?‘{spti onal
nmodul at o [ r ' j S, Aty od into the

t ar get cgel?q w?h%? g@sen&éoy%grtggdaggqggﬁh%% pé)glsefsa? %ﬁhﬁ%}sc%é“fs%drl&e{%%’r %@g%n of the
pol ypept pesin/Fatdrasoting seqiehocthetdofrintartbe setlonecpferthrgst eddl, ec.| géneghatpyon into
the target cell genone, the targeted host cell is then majntained under
condi t i oprplicatigs; Ehesibigchyectars maydedisedio dehiverwide egety; of thesapegpe PEBIRiy

i nked tg. .0t t riptd i & ce the
transf or%%%i]ﬁgg‘ﬁ%ex&lﬁlrr%seg%gé r{%ggorﬁ{sgpgﬁﬁ tﬁéﬂn@é&?lﬁﬁ pgﬁéeg%@§t%hgy%r%§%% is then
puri fo edcdrlitirRduiedd fedefoing thy R1IBIWINLCHRERS TG0 CYITR F&dtér IX) 3-gl6biM,
conveni ent protein purification procedures may be enployed, where suitable
prot ei n loyudérsity dipppretavi tasepiot, agenesingdeaniges, ipbane huclasidgeohpsphorydassi n

Purificati th d. dem c..P 1990). F | |
. be’ pIpE o P EesSiobrosl BE6 9 Mscitro S Tpsismhand Spa B Rcbufon s ©
expr essi Re.hhigy D@18, dRfhiRY iahdcafbalSAd8, dihinos®tflaktSdyRthefalé, OMat ogr aphy,

gel electrophoresis, affinity chromatography, and the Tike. Therapeutic
Appl i cat plemylabanitchysindyg ydst, rathed-shaih sokdtoavid dewydragehdses fapmutlacetoacetate
applications, in which the nethods and vectors are enployed to stably

i nt el at Bydiolap ghysest ¢-phoipbatases cdeifeposidase, B-gusisonidasepdridurmidase.or codi ng
sequence eof .11 0 e -

ool 1 cat PR endshe vy IRl BRI ey, o pent¥ERGAORT Y,

t her apeuti ¢ nUgaé gbdve IREOOGrotebRacfefs 16 nidigmhaRaiprotigenebinfminyustbodiméhe
treatnment of genetic defect based disease 10 conditions include genes
encodi nghemen pwidignivhgrarhe sudeetidefand mprinaqqid sequgpges of the abpveprgksing are

L ove densi tv L \ ) Y : i
phosphor Sl KBS ok 8F AR 34 e BEERRSP el FRIERER WPl B B GRE' °°
t r anzore nhiaaRes\ et Vedtam Gcliidg déritk GHat enlfante &fetdntitunisyiadtiviGbf 1#@phedytdst hi ne

transcar banyl ase, argi ni nosucci nate synt het ase,
genes whose expression product enhances the immunogenicity of tumor cells, tumor
suppressor genes, toxin genes, suicide genes, multiple-drug resistance genes, antisense
sequences, and the like.
Direct administration of the subject gene targeting vector to animals has many
25  therapeutic utilities, including the correction of the sequence of mutant genes linked to a
disease or condition, activation of endogenous genes, disruption of toxic endogenous genes,

introduction of exogenous genes, etc. One of skill in the art would recognize many utilities

for this gene targeting system.

30  SYSTEMS
Also provided are systems for use in performing the subject methods. The subject
systems include, at a minimum, a targeting vector as described above. Where the targeting

vector does not provide for the linearizing endonuclease activity, the subject systems also
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phenyl al ani ne hydr oxyl ase, branched-chai n a-ketoaci d dehydrogenase,
fumaryl acet oacetate 15 hydrol ase, gl ucose 6-phosphatase, a-L-fucosidase,

( 3- gl ucurwoiodagxd?1 a- L- i duroni dase, gal actose 1-phosphat e PCT/US03/13444

uridyl transferase, interleukins, cytokines, small peptides, and the I|ike.
The abovgpldally ireluderacdoeicef tiaéaizing endoamdiedse activityoe.gi, apolypeptiderhaviryythe
enbodi nent s Qunan protei ns, where the nucl epti.de and anm no, aci d sequences
of the aBoVed AribHE K nirlsic yihercading ARTONF Pvips Bselesrecbandonislens ne ar
Cancer tggﬁ@geutic genes that may be delivered 20 via the subject vectors
i ncl ude: genes that enhance the antitunor activity of |ynphocytes, genes
whose expression product enhances the inmunogenicity of tunor cells, tunor
suppressQr genes, toxin genes, suicide genes, multiple-drug resistance
genes§ akiiSsense sequences, and the like. Direct adm nistration of the
subj ect gene I: 3 i mal : ;G
utilities, i n%?‘fﬁ’g?%ﬁ?‘?%@g‘g??%i‘gf ﬁ*’%?‘!@ﬂ%ﬁ%@ﬁ@?ﬁ%“é&ﬁ?&ﬁ‘gﬁ%ﬁ?fét% i nked
to a di kastdaclode £anghtihg @8ctoad degaibedrabote anidogereopsndig@rlonaklsdse@) bon of

t oxi ¢ endogenous genes, introduction of exogenous ?enes, etc. One of skil
in the aptdopgcipesercaseding necleig agidywherteithis datter gompaneat mayer may get by system
30 SYSTE ' N hng: ject

ot hods. PR bt 5t MRl The PR Pl MBI PRIANBE LRSI CE
descr( bedorapsneats thitdind usb én tharsgsieétrigvenviont «g., Bidtss, delivery ovhidesfea¢. t he

| i neari zi ng endonucl ease activity, the subject systens also 23 WO

03/ 093421 PCTIhSyioMs £4QmpoRsss @fzﬁ;? kitimay| hegaesgnisig serasats CoORtaHEEy QT LeHgin
endonucl tivity, e.g. . I Vi esl activity or
el of SRR AT boien pfy s hrBRoRBERL B AR Corkelfer SERIIFE 22

activity. 5 Kinl&ldfsisiooplioatodedompendsitd, $hef sabjedsiditsi willfuahér iaclade ifdgudiohpsect
met hods. The subject kits at |east include a targeting vector as described
above antprarachieingdhosibiaslinvaatinnu dhesesiagtaictigns may, b pigesrs it thesHblseh ity inac| ei ¢
acid,.where .this latter co 1 r by 2 . C onent
ook eSOt Py FREPSR PR R 5% BF e RERPR SHRPRIRS

conponentstrhétdins imdytbelps&@ehtts b pristed ifeimationentd witable nkdiu ot fistatedell very
vehicles, etc. The various conponents of the kit nmay be present in separate

cont ai nef piege orpiceesiof papsswpavhieh thednfopoieai is pratpdbia the packegipe wétheikit i a
singl e cont ai_ner s.desire | n addition t he aboye, conponents, the
Suby oot APRQUGFfisest R afftnsny e Nebl i | Gorbfe 1RSI RERRAC DL
diskette, CD, etc., on which the information has been recorded. Yet another means that may
20  be present is a website address which may be used via the internet to access the information

at a removed site. Any convenient means may be present in the kits.

The following examples are offered by way of illustration and not by way of
limitation.
25
EXPERIMENTAL

The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the present invention,
30  and are not intended to limit the scope of what the inventors regard as their invention nor are
they intended to represent that the experiments below are all or the only experiments
performed. Efforts have been made to ensure accuracy with respect to numbers used (e.g.

amounts, temperature, etc.) but some experimental errors and deviations should be accounted
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for practicing the subject invention. These instructions may be present in
the subject kits in a 15 variety of forns, one or nore of which nay be
present iwotBedket. One formin which these instructions may/uses/miesent is
as printed information on a suitable nmediumor substrate, e.g., a piece or
pi eces oforpbjpbsss ordicatddodthdrivisel pdreramapartrbyi weighi, ntodetular weidhe ipaeikhigi ng of
the kit, in a package .insert, etc. .Ye%gano her. ans woul d pbe a conputer

r eadabl edYERBEIMRIeQUYy Weighf; termerature N qegrees CERURIRIG ANY REESTUF Bravlt PG has
been recaﬁggﬂnxget anot her nmeans that may 20 be present is a website

addr ess Ich may be used via the internet to access the information at a
renoved site. Any conveni ent neaifzctoayobstrprtieaent in the kits. The

foll owi ng exanples are offered by way of illustration and not by of
li mitation. 2%%@@%%@5 for s PYA m%@d%%aﬁiﬂa@ma@ée rﬁefiﬂw:atlﬁb\qg as to

provi de ﬁ@ges@fs%gg glvrtgg aa&g?ﬁ%@ anf]ﬂ%leﬁfeht trilishBsae ﬁﬁ%ld@t(glgg%s% losure and

description of use the present I nventlon, are not
I nt endedOfithingDécatthoxykee (@D ravgatiorhicN AV ebthinable frgaad Cisandied websiteent i on
nor are they intended to represent that the experinents below are all or

t he onl yhawingan addaess formadryrmlecang 'Brwwr'tkeforgpad hoeh atigheates) dhstire accur acy

with respect. L. ¢ e €~ but some
oxper i menrariaet BERENE A BbusE uhomiSERK diso ORARANIE B BICE ) 065450
PCT/ 1450 3(vhad4rcc.dr), Slddping Beautydd N A(Ehi RIS oMM BIneodd) ((See( &, PA! PatehyNwei ght ,

nol ecul ar weight I's welght average nolecular weight, tenperature is in
degr ees GA82:#9% Eaclevan seruseninformation, thy diselgsure g whisphshgrein inearpeyated

Conet 1 Ueh) Bl P0 8 BB ohf BN Y50 et el o

are readi1y av those 5

el ement gﬁ?@ﬁp&&@mt Plkepsate dfio (e pehame of noDRbddphilespeiaribeaiieased 6ORC) r at
genom c (obtai nable from ATCC and its website having an address forned
by pl aci frg thesigsts fordemmlegoan integratiqpr orggnedt foopeanche) delgted fromd B vecaerasingy ot ei n

g R G E
158 By eSS il i g e sl byt iyse
site (Nebe @igueé.n@s Bich|fedsjransppgase @bgg@tiqr? sopenee is identicgh gitkericgndet he genone
of non- qe%so%g.i "f‘haenﬁgg f‘ieFe%ien% gec &?sf%‘épi‘ﬂé %%'a&? vie(?tor, or PI-SCEI single cut site
containing plasmid has the desired WAP or ODC DNA cloned into it as described below
20  using standard molecular biology procedures. The vectors of the subject invention may be
produced by standard methods of restriction enzyme cleavage, ligation and molecular
cloning.
One protocol for constructing the subject vectors includes the following steps. First,
purified nucleic acid fragments containing desired component nucleotide sequences as well
25  as extraneous sequences are cleaved with restriction endonucleases from initial sources.
Fragments containing the desired nucleotide sequences are then separated from unwanted
fragments of different size using conventional separation methods, e.g., by agarose gel
electrophoresis. The desired fragments are excised from the gel and ligated
together in the appropriate configuration so that a circular nucleic acid or plasmid
30  containing the desired sequences, e.g. sequences corresponding to the various elements of the
subject vectors, as described above is produced. Where desired, the circular molecules so

constructed are then amplified in a prokaryotic host, e.g. E. coli. The procedures of

cleavage, plasmid construction, cell transformation and plasmid production involved in these
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for the tests for honol ogous integration or one P foot can be deleted from
the vector using 15 standard restriction digests and cloning procedures

(1 eavi ng wo®Bmgg4zt P f oot cl eavage site). As for the Sl eepCmysSBEesdtdy

el enent, which does integrate into a variety of species, one foot must be
del et ed. sWps ga6Hefl@Rivn(th bad SNl GEthe afegdild aiyihestqiz€) for Sestriltivhiagal |
either can be renoved. Then the P el enent vector, Sleeping Beauty vector
or Pl - SCHeatignye availgblesiomanergighy.4Ser. Aoy prapie, &- DTS Ecdhéwetégﬁ?&@diwomywc
o eouior S/ ¢ Rchderfig pASS SRR AS) £adilatio BB, ISHAIAGY, SRk ar bl of ooy

[
pr ocedur es. ($he vec ors of th ect 1rnventi ced by

standard mémﬁscmﬁmFe Uabsratoey mamrre:oml aﬁmg@rbdm Igaaiom@y&m@hs,rmblec uI ar
cl oni ng. rotocol for constructlng t he sug{ect vectors includes the

f ol | oW n§psngperboriN St (1983hirGataleg 1A8-F2iNevaEngland Biplabs Incodratalosi HE-8bsi r ed

conmponen U # tid uences mell 25 as extraneous sequences are
cl eaved eﬂﬁgEEQEE?g?igﬁn'%%%ﬁ Yeases frominitial sources. Fragnment s

cont ai ning the desired nucleotlde sequences are then separated from
unwanted fragnments of different size using conventional separation
Eﬁﬁmﬂ£25|s The desired fragnments are

nmet hods, e.g., by agarose gel elect

exci sed frgﬂjtge gel zﬂd Iig hede
so that a &t ot

sequemces, e.d. sequences correspondlmgabp t he varlous elenents of the
subj ect vectors, as described above is produced. Were desired, the
circul ar nol e(ﬂqlcbmogetrat@mmtratmesismcessftﬂemmmgﬂngﬁn@mrgquna Vpﬂ@k‘e{a%/ot ic

host Th d d tructi N
Fanst o RET3REEn g1 PR E RO SRR g sthe o b SR bl atn
PCT/ USO3/(1 stftYrandsd BRSmek Bf M¥Riréd b 9¥ibntie DN, e ot &flithide Td@@ar@dxtyla%é‘ dedehe

enzynes reqU|red for restriction and ligation are avail able commercially.
(See, f o(ocmmbbqseﬁebem,se igdentirg/bduonis Wwas kBorprant digyas cownercesy apgbditeni ¢
Pres 1979 T.. Maniati F. Fritsch an . | ecul ar
Q@ onfhg: IR e o ohgvesiin fere SRR B PRSP IRe S g &
Spring ERO6E thdettod TREhall FAE@RAVEOZ2hE3? eNEW ERY 88 %&hﬂd@ﬁeas' d¥¢he
Cat al og I982-83, Bethesda Research Laboratories, Inc). Example 1 Gene

t ar get i ngewd. (nkeontrali vieblioneordaioed HexE. lcoly eﬁ}galaétomdase@nen@ Aac afchd modidiede
targeting 10 vect nponstrate this strat i s successfu

ci rcul ar OgeAeneHas @iiq Iﬁ@fe\/&&scffontx@sveemﬁg?l?ta@%ao ﬁ%@n SoiERFe ! siggifigant
cont ai negoa o fehHifh fE AR R RarEheRBlinfel RASRASARFmMELbgrahis 8f the circular

20  odc/P foot gene targeting vector and ten micrograms of plasmid DNA that encodes the P

element transposase and circular negative control plasmids. After three weeks, the rats were
killed and genomic DNA from the rats was prepared from a variety of tissues, some of which
include, the liver and intestine. The DNA was subjected to PCR analyses, specifically
primers that amplify the P foot and odc middle deficiency, and controls.

25 PCR of various samples of genomic DNA from rats administered controls using P
foot or B-galactosidase-specific primers gave no products, therefore no detectable genomic
integration of the control vectors had occurred. PCR of various samples of genomic DNA
from rats administered the gene targeting vector with the modified odc gene revealed that the
modified odc gene had integrated into the rat genome. Furthermore, no amplification could

30  be detected using P foot specific primers in these samples, suggesting that the odc gene had
integrated by a homologous recombination mechanism. Further proof was obtained for

homologous recombination as illustrated in Figure 1.
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(P foot) and a fragnment of altered rat genom c DNA. The rat ornithine

decar boxyl ase gene (odc) was chosen because its entire sequence was known

and it wasomenyaeci al |y available. 15 In order to assay tReTiusb®gad i on of

the vector, three small deletions were made in the odc gene of the vector.
The smal | del 8howmn E'gn&:]isatshherﬂaticelfdhe Bneaeincﬂ Oﬁ)ﬁdv&cltr&anﬂdlmblrmrmlabas of the

gene. One cont vect cont ai ned t he. aI ac dase ene.in
pl ace of g?ﬂ‘i’é‘“ﬁ@ﬁq %89%@&%‘1%%5 eé1|gg18e La”gf"ﬁ et‘f)’é%]?r r'to its
cont ai negj R KRGWAe & BERLED gfthe%b 8lkfibsaé shd eaﬁcmlh@s inhﬁe gaiongenom
Rats were co- |njecte ty m crograns tHe circular dc/ P foot

gene tar Q&G g@evéenmde‘dAtm isolated froantsssoés 1p|rats ohadl WA nfdosed \aﬂcthdebovdﬁe P

el errent trans gsase and circul ative.control plasmds, After three
weeks> Winp DGsctor. Hﬁmgé&f%ﬁf@ G@gm%wtms%aaﬂq tﬂ@aea?@lwﬁ@f\pwpar ed

froma V?ersfeﬁtf Bteg} @ﬁ%‘?ﬁ'ﬁ: C(%B@Eve?tfor W %:hetfy B!fa 1§§gﬁ TEE'@CIR e&dtiof %r&téc{gd%St I ne.
The DNA was sub anal yses, specifica priners that anplif
the P f Ost'tor%ﬂﬂ)rmdbgemodﬂ& oDdegéneiband pf SGdY mdnﬁgtlolH?.)we%r RGRaof of/tae tiesiss

sanpl es of genom c DNA fromrats adm nistered controls umgg E foot or
SUR

(3- gal acPB¥TEss BUeGRLATMAlSIEe ErBradn.deflis. GrgTp a3l tiels lungnbeagt & BEcBet abl e
Sl s ishEOL R Ofhcfsing WnfeU it oG & DRHREPUIIST 20M b B a2

wi t h10 hederected (thélsiaelof geband eireled @D Vgtor). The DNWishinplds dic sigevee dignd
integrated into the rat genome. Furthernore, no anplification could 30 be
det ect edthasmqlgcaredftb@pr%%épf rhs: QJPE viseter Wﬁretth@rs@%éwﬁthe%c ggwEshring t hat

t he odc

ooy SPABAAL sk SRS RORIMLOIOUSLESRILIRL PRIBRIGENA, o,

Fi gure 1ThidGindaglso0eeskAat tH@UDQSQ&ftdrM%ot Shidemly ﬂltd_gr@lﬂganfb thé raa gesdigignt i C
of the linearized ODC vector and the nornmal genom ¢ ODC gene. The ODC gene

vvas engi POFkatharyisedhePER feet sawancedwpeld iabadesietestableo FinaBy, RGRHSIAG i nto the
coc Bener rBRCH ERa it Qs oy B3 W Bingles el L BiREAERET O

Wi t h t heb&h@h@n&n&m@moﬁmaue@a@fed (OB ctdiP fdrfaR of RMOD B defie pretofresen? and
3, the genomc DNA was tested for |ntegléat|on of the ODC vector in a

vari ety &he pnlymsto geHide PER araplifiqaian gb @@k@eﬁdafongpf ggepsisththedddeni ¢ obC
gene band r 1nP§Pa?ed 1?1t0 t%n%[;b g ? ene 1nr£1 m&i?g q?m%tl ssues only from

i nj ect ed 4 rain iver, lung, heart,
i ntestine, spleen to nane a fevv) i ncI udl ng some of their of fspring, an
addi ti onal band of 200bp in length was 10 detected (the size of the band

for 2he ODC vector). The DNA sanpl esExample showed a band that indicated the
presence (Eene tar,qeq:)% oﬁﬁé{ Whe&@\rs(saoctiaqéaci1 P%o?esirtl ?ﬂ’A\%)tgre]neP ng m[Jc'élurs]%':qsen é[iljgﬁfar gene

targeting vector

To demonstrate this strategy is also successful in mice, a circular gene targeting
vector is constructed. The circular vector contains a single Drosophila P element transposase
25  cut site (P foot) and a fragment of altered mouse genomic DNA. The mouse Whey
Associated Protein gene (WAP) is chosen because its entire sequence is known. In order to
assay the integration of the vector, two small deletions are made in the WAP gene of the
vector. The small deletions are at the 5’ end and the 3’ end of the gene. The E. coli j-
galactosidase gene with a constitutively active mouse promoter is cloned into the middle of
30 the modified WAP gene. Mice are co-injected with ten micrograms of the circular WAP gene
targeting vector and two micrograms of plasmid DNA that encodes the P element
transposase and circular negative control plasmids. After three months, genomic DNA is

prepared from a variety of tissues from the injected animals as well as their offspring (e.g.
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specifically detect the P foot DNA. PCR anal ysis detected no presence of
the P foot DNA. This finding suggests that the ODC vector was not randomy
i nt egr at iwQ o3/93@2t he rat genonmic DNA, otherw se the PCR footUuss®dences
woul d al so be detectable. Finally, PCR using 15 priners 1 and 3 perforned
on the shiopddsivesHongkidneg) The DNWe isaitjdces tb POR drabysed) speh fchlly primerdthah t he
normal (genom c) and del eted (ODC vector) forns_of the ODC gene were

pr esent . amphgy the P oqlal-calgcigsidasergenpemdhiol) theiVAPigsne and Bzalagopidaseensr m of

pr Tng Rt . HrItee . B
horot ogous bR S00s A of AGHNR Ad Bl R JET AR IRIR R ©
Protein f34AB) E@gara@to@fdamﬁﬁgmip@m@s §ive abIpRsduBRNRdich A PRI UYRELY TO

denonstrate this strategy is al so successful in mce, a circular gene

t ar get i ngenongc ingegratgorcafitbe eandtodyectdisdas peacsuredr PCRforricensaminles of gehomice

Dr osophi P_el enent .transpqsas 5 cut si.te (P foot) and a fra t of
al tered b&ﬁé@g@ﬁmaémmﬁ?r%%@e M%ﬂ%@ﬁ%&@%@ﬁ Céﬁtmqé?w@@ﬁgg(%%p) i s
chosen b ' Is j ; t : :
nt egr at PaiiafidkeRtl ice LRI, paokiatis lotabl SEfhs WaPIRRH G R n . o1
the vecthermoukbgesorhd. [Firchlly péxpdessioarof tiat f-ghlactdsidasegeanid exhmindd awdd of t he

gene. The E. coli (3- galactosidase gene with a constitutively active nouse
prom)tere’il%fe%?l@ﬁéﬁoqnﬁtl@alﬂﬁﬁq‘ﬁ-ddl e of 30 the nodified WAP gene. Mce are

co-iwected with ten mcrograns of the circular WAP gene targeting vector
and two mcrograns of plasm d DNA that encodes the P el enent transposase
and circul ar negative control plasmg@ampMser three nonths, genomc DNA is
prepared froma variety of tissues fromthe injected animals as well as

their of f spri hhe WAR vedar inm@iEfiabssoliowctie Baslagraidase gene duremovedia smaling,
ki d . . Ih I S.subj PCR I ifi.call i h
o 9ne) - (B0 AL S SRR GO IRR PO AR BN

(3- gal actrpRieReisdfieerizcd®F sabjeviiid M DISAMPHRTedictiRNAdbudRMe, fIspMTRiC €

adm ni stered controls using P foot or (3-gal actosidase-specific priners

gi velho pnesd VYA js injagtedantoribe micetand agelyeest aiilerl pagydasonbed indixemplet 2.dheof t he
control tors has, occurred.. arious .sa s of. genom DNA from

i ce. adnPRA (eIt RESRE GOt Be Ll Hne BEw AT % i BF Shediesmimal Cne
f 3- gal agd Qel dasRifane tb progeheaitRagdnétitaly biGe@dWOPRemNd is | ocated in the
WAP genomic gene in the nouse genone. Fihally, expression of the

(3-gal act osi dase gene is exam ned and expression is found in all tissues.

. Example 4

20 Mice mutant for obesity were co-injected with 10 micrograms of an integration
vector containing the normal form of the corresponding mutant gene and 1 microgram of the
transposase DNA. A total of ten injections were carried out, one injection each week.
Alternatively, a control vector containing no gene was also injected into the mutant mice. At
the end of the five weeks the control mice showed an average increase in weight of 15%

25  (approximately an 8 gram increase in weight/mouse). The mice injected with the integration
vector that contained the normal obese gene sequences showed an average
decrease in weight of 10% (approximately a 5 gram decrease in weight/mouse). As the
integration vector carried the genomic DNA corresponding to exons 14 - 17 (and the introns
as well for this region) of the obesity gene, only homologous integration would account for

30  curing the obesity of the mouse. That is, the normal obese gene fragment could not rescue the
phenotype if it were to randomly integrate since it contains
only a small fraction of the gene and has no promoter and has no start site of translation, etc.

The mutation in the obese mouse is known to occur between exons 15 and 16. This shows
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Exanpl e 3 The WAP vector is nodified as follows: the (3-gal actosi dase gene
is renoved, a small deletion in the mddle of the WAP gene is nade, and
the P foowoDBldomenuences are del eted. This vector is |ineariusesiiiays
subjecting the DNA to the restriction endonucl ease, Sspl. This 15 |linear
DNA i s i thjaendtenhly isthontohepois reegatbnaoveliyingdbdiinisloacirying snalgghao ighed i n
Exanple 2, The . DNA i ntegrates hqnol ogouysly into the WAP gene in all tested
tissues pwseﬂ%gw FseeRE gt remaps, thispapylar EGHN BTG 19 P%f‘éle@gi’?ﬁﬂ@éwdv\ﬁlt h a
geneti ca t . . for obesity were
co-injec?% raktﬁﬁﬁgc%ﬁgpggggwgﬁgﬁggﬁﬁ?ﬁ?%8§atP%%@H@%%%gé cont ai ning the
nor mal f diroaghfthe bboddraiebpeiedi ng nut ant gene and 1 m crogram of the
transposase DNA. A total of ten injections were carried out, one injection
each ek. Alternatively, a control vector containing no gene was al so
injected into the nutant m ce. AtEx&Qﬁk?ﬁd of the five weeks the control

m ce showed an average increase in welght of 15% 25 (approxinmately an 8
gram i ncrease in walghiatinestsa)P eldfentbasel veejeect ed Wi th the integration
vector that contained the normal obese gene sequences showed an_average
decrease in wéi Yf§tor 3fas coustiusise Mt thasang deletsd JY Afhggae peiadixample 3 (see

Caht ] ' ' . . it :

o So paBE) a8 QLT RGPRIAHTRS PG AP SN g o1y

of the oBesityyr Gesther rard PNAGTRIRGAREmE (8. PRBCED). Ten!hnicragrams o tHees DBAs

curing the obesity of the nmouse. That is, the normal obese gene fragnent

coul d notveredigiegtedialng wikethstBNh ep¢oding e catting epavaod(Ang migtogimeeDMiAs | t
tai ) 1l _f i .1

ctare o oRophe el b8 Eld f-ihlah SEAT: 8PN BOuIQTRhE g AR

t 0 _occur ife e Afex esinfkotiGiRfsphbed al esk Bdi@ven eadB iMELHbH, RO dthtr procedures
PCT/ US03/ 13444 that not only is honol ogous integration occurring, but it

i s occur Merfdangde e mise donaneanonth. gihesiths wigevare sasoifised arbingdividusbre, this
partigcul ar it eneql eede r ced | t he, hrai sQ this
ookt r Bu8 5Rh pRE Buk el FEESRo bR BRAD M HERS Sl Brogt B SBiefle st

bl ood: br glomhddstoiub &tegratorExadFlserved uéihg eed@btrat@sied, Bowever &l WAL G fRASEtkyvect or
A vector was constructed with the sane del eted WAP gene as in Exar’rPI e 3
(see abelayegratinndar lepretham thay elseried Bercthe Brederawm based eigetar. sihigis @rehablysduee f or
ei t her a}

0 ﬂglle &8 e fitient cutting by Sleeping Beauty. Also, for PI-SCEI the cutting could be
occurring during the injection or the protein's ability to enter into cells is diminished or

20  perhaps not enough enzyme was used.

Example 6
Gene therapy of humans using a circular gene targeting vector
To demonstrate this strategy is successful in humans, a circular gene targeting vector
25  is constructed. The circular vector contains a single Drosophila P element transposase cut
site (P foot) and a fragment of the normal human B-globin genomic gene. The human Beta
Globin gene is chosen because its entire sequence is known and it is the cause of sickle cell
anemia.
Patients with sickle cell anemia caused by a mutation in the chosen B-globin gene are
30  administered 20 milligrams of the circular gene targeting vector with four milligrams of a P
element transposase-expressing plasmid. After three weekly doses of the Beta Globin
targeting construct, the blood morphology is examined to determine the presence of

morphologically normal blood cells. Further, DNA analyses on genomic DNA isolated from
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10 Beauty or b) other rare DNA cutting enzynme (e.g., PI-SCEl). Ten

m crograns of these DNAs were injected along with the DNA encoding the
cutting eweya®Isene m crogram of DNA for Sl eepi ng Beautypemaysn®1zamd
approximately 5 Units of PI-SCElI from New Engl and Biolabs) into mce.

Aft er t eperigjieblobdsamplepwdbdetermiee khabdievidetnglebinrgena jsdmtingrepainal Hyutht lgeme
procedures were done to the mce for one nonth.. Then the m ce were

Soor i 11 GRS Hal i hesediciene S YRRY sickly SUERLNH Fenom ¢ DNA
was prepgbgfindntym each separate sanple. Honol ogous integration was
observed using these strategies, however it was at a frequency of
integration far | ess than that observed for the P el enent based vector.

This is probablly dye .to the less efficient cutting by Sleeping Beaufy.
Al'so,>for Pl- B&Fw?mﬁ from {heﬁeo‘é%wﬁt%@% dircusion tﬁ?@t fg‘aﬁgmscttwnpg? B or

t he prot e i 1l J i oWt : not
enough eﬁfzﬂ&}fc@t \?\%ﬂllgg%(ﬁfg%&?ﬁ%@e ngkt%gﬁgét%ﬁdgrtgsgdog}ﬂﬁﬁ Egﬁs Slsf?cﬁa{%glta???%I ar
gene t ar getxagnyeaiwleiclavidmma sirpettcell ghnansofi ameliicelldasorgamsaf Bécause themans,

a circular gene targeting vector 25 is constructed. The circul ar vector
cont ai nsMECRInN & QSIS FepopibptatioprRrople RN Oh Fdem Iptreratione Peidedot ) and a
f ragnment - L \ . A obin
gene is gﬁ%}ééerﬁl%ﬁéé}%géﬁéesepﬁgggﬁﬁ rlgbgigg{)lfeoggg%las& noa/ﬁr eg%gﬁitl?é‘%@&[eﬁéf @fause of
si cki® chbinologoastcaomibiahticantas sueh, hhssubkdceinvehtionaepebantcasigaidictyt a nut ati on
in the chosen (3-globin gene are 30 adm nistered 20 mlligranms of the

ci r cul ar CyurBugoRt§dbs ay vector with four nmilligrams of a P el enent
transposase- expressing plasmd. After three weekly doses of the Beta G obin
targeting construct, the bl ood norphology is examined to determ ne the
presence of milrpibtitadns ahd pateirapplicdiioaocitekh ltisis spatifidacion afdreinal yses on
genom ¢ DNA isolated from 29 WD 03/093421 PCT/US03/ 13444 periodic bl ood
sanpl es Wicprpogedbyiciacnasss i gash mdividual pybhcagien er patepapplicatioparsted by t he
gene,z ta ' -1 Fi . I j f y . of -s]ckle
cell I%ne%ﬁ%?%gﬁ?’ X%ghﬁ%%dé#g?illfde%amg%ﬁe 1:3%%1%2# r?ée%%cghgﬂ% lg%lé)grogghuf ts and
di scussi poblidatidn istfer Budiselosuré priendoi thafifgditelesd stohifd Kt daiconanthebiagbh y
effective reagents and nethods to acconplish site specific integration of
an exogeAdnissian thasthe presert inpersion is apigatitled 1q aniedatsyaich publiGatipn by airtug ofr

or gani th igxei%%ﬁ"h%nt he mechani smis honol ogous reconbi nati on, probl ens of
random i ¥egra I'on are avoided. Furthernore, the present invention provides
for a significant increase in the efficiency of

20 Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.
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10 honol ogous reconbi nation. As such, the subject invention represents a
significant contribution to the art. Al publications and patent

appl i catiwoe3odued in this specification are herein i ncoPposiEB4ipy
reference as if each individual publication or patent application were 15
speci fi cWNHAr1acdaiMEDIIS:i dual | y i ndicated to be incorporated by reference.
The citation of any publication is for its disclosure prior to the filing
date and shoul d not be construed as an adm ssion that the present
invention is [ ﬁ{écg}] ' LOB: Y Vil prior
inventiogl ZOR' ?ﬁgﬂSﬁhﬁﬂ%mggggg%?%gswhvenﬁﬁgg&ﬁgghgggﬁg%gg%ﬁéiﬁgé%n sone
detai | bygenvmy affa multiceldil aradrpamsmarsdidemathpd eofmprisipgr poses of clarity of
understanding, it . is.readily a} parent to, those of ordinary skill in the
art ih light sfmiperingfeipidgay bellulareorganing ah sReqths AmouRt 47 18i5arAges  and
nodi fi cat he.made thereto without departing fromthe spirit or
scope ofg%%g%mgg%gggéd clainms. 30 WD 03/093421 PCT/ US03/ 13444 WHAT IS
CLAI MED | S: 1(a)A mehbodiogbuhreomhbigatish integeattngial¢rhery tian cexpresanial nucl ei ¢
acid into a target genone of a nulticellular organism said nethod

conpri sing: SCRENPMSSHUSGRrd Banked bypaauenees thal pipvige I homplegouss f ect i ve

anount of an r&gﬁgpﬁgihﬁglith\’sﬁﬁtt%re é’éﬁBH ’siaﬂg: (a) a honol ogous reconbi nati on
a

i ntegrating elenen conpri ses” sal exogenous nucleic acid flanked by
sequemces t hatb)pr ouililearfzg diclomhadgRe secopmitionvitthat, dmtheiprdsefic ¢f dnar get
genone; and 10 (b)_ a lineari zing endonuc| ease recognition site that, in the
pr esencecrsfonggleass faihg dineizing endoppdesse siddiis deaigd dydaidsafenusteass toe, s

cl eaved i di: se to produce a linearized vector; under
conditiOE%M§%!¥H§¥9%§?3&$%fegration vector is cleaved by said endonucl ease
to produce auhddreandidess seabit@hidfihRpratibh &bcteiisdldanédly diid agionhelemtto

honol ogously reconmbines 15 into said target genone. 2. The nethod,

accor di nrodgca Hnearized yigrdordiom sdich saifl intpesatingrelayesnt Bpmplogpusie sacpmbinepy

sai d,end . ri to admnistration to said nulticellular organism
20 3!§Thgﬂﬁféﬁg%§%2%%$ ?ng to Caim1, wherein said integration vector is

| ineari zed by said endonucl ease after admnistration to said nmulticellular
organisn&

The method according to Claim 1, wherein said integration vector is linearized by

said endonuclease prior to administration to said multicellular organism.

20 3. The method according to Claim 1, wherein said integration vector is linearized by

said endonuclease after administration to said multicellular organism.

4. The method according to Claim 1, wherein the endonuclease is a restriction enzyme.
25 5. The method according to Claim 4, wherein the restriction enzyme is Sspl.

6. The method according to Claim 1, wherein said endonuclease is a recombinase.

7. The method according to Claim 6, wherein said recombinase is a transposase.
30

8. The method according to Claim 1, wherein said method further comprises

administering to said multicellular organism said endonuclease or a nucleic acid comprising

a coding sequence therefore.
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4. The nmethod according to Caim1l1, wherein the endonuclease is a
restriction enzyne. 25 5. The nethod according to Claim4, wherein the
restrictiwooenzgee is Sspl. 6. The nethod according to C acmubps3/viaer ei n

sai d endonucl ease is a reconbinase. 7. The method according to C aim®6,
wherein said reconbi nase is a transposase. 30 8. The nethod according to
Caim1, V\/ner odf onprises .admnjstering to said

mul ti cel Pul ar ﬁ\ gr?‘F%‘g ’dilgéﬁ ’{é?@?gp%ﬁalgn}ﬁglﬂd&ughﬁrc‘ioépm fibrising a
coding s ,?,@414 d
accordi ngﬁjr}ﬁﬁ%ﬁél mggjﬁhaﬁhlg%%%ﬂés@f%éé&?%ggég lgrgtyr(ligr% gg!cr)%}prl sceosd 9“ S'Eﬁ] rﬁgggt(g?l ng
to sai d said tndelutlghsar or gani sm a nucleic acid conprising a codi ng sequence
for said endonuclease. 5 10. The nethod according to Claim$9, wherein said
codi nﬁg sequence i s not present on said integrating vector. 11. The nethod
accordinggto d 10
ot egr at g vang ity gt Rlelo TR & Hichn SE0LERGE st RueREARRD! pidfnt B

i nt egr at sdid imeegiating vecteaedm ni stered intravascularly. 15 13. The net hod
according to Caim1, wherein said nmulticecullar organismis an aninal.

14. The met hod according to Caim13, wherein said animal is an insect. 15.
The neth ac I I 20
o, The ot hod adiegpdsBediBle b Elatl VRISl BRIl fed pRbRIARR 2V
17. 1 neidagatidg Vet ogousl y reconbi ni ng an exogenous nucleic acid into a
target genonme of a vertebrate, said nethod conprising: 25 adm nistering to
said vertebrate an effective anount of a circular integration vector

compri s fe: ( he hroIRAROAAHS b RIAHD R ig%&g{ﬁacr& iEhEfRNertd !
conpri ses sai exogenous nucl el ¢ adl an sequences a provi de
for honoim@eagulaFigconbi nation with said target genone; and 30 (b) an

| i neari zi ng endonucl ease recognition site that, upon contact with a

15 13. The method according to Claim 1, wherein said multicecullar organism is an animal.
14. The method according to Claim 13, wherein said animal is an insect.
15. The method according to Claim 1, wherein said animal is a vertebrate.
20
16. The method according to Claim 15, wherein said vertebrate is a mammal.
17. A method of homologously recombining an exogenous nucleic acid into a target

genome of a vertebrate, said method comprising:
25 administering to said vertebrate an effective amount of a circular integration vector
comprising:
(a) a homologous recombination integrating element that comprises said
exogenous nucleic acid flanked by sequences that provide for homologous
recombination with said target genome; and
30 (b) an linearizing endonuclease recognition site that, upon contact with a
linearizing endonuclease which recognizes said linearizing endonuclease recognition site, is
cleaved by said endonuclease to produce a linearized integrating vector, wherein said

linearizing endonuclease is an endonuclease that is not endogenous to said vertebrate;
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| i neari zi ng endonucl ease whi ch recogni zes said |linearizing endonucl ease
recognition site, is cleaved by said endonucl ease to produce a linearized
i nt egr at iwQ ogeerer, wherein said |inearizing endonucl eas@Crasasi3444
endonucl ease that is not endogenous to said vertebrate; 32 WO 03/093421
PCT/ US03/ 13444o thaosdidaitrcidari idtegiation veator istkegvat byosaid esloanclesse ¢d pandeck by sai d

endonucl ease, to. produce a |linearized integration vector fromwhich said

i nt egr at HAGRTEFE HETETAHINECERS S981 VthéBWBPWg%a“ngﬁ Blegahqan?lagagﬂly IGEPBREES 5 18.
The nmeth 6 Gl fed aim 17, wherein said vertebrate expresses said
Iineariz?ﬂ%aﬁe é%%gg?%a%e prior to said adm nistration step. 19. The net hod
according to Caim1l7, wherein said nethod further conprises adm nistering

to said vertebrate said endonuc] ease or a.nucleic acid conprising a, coding
10 sejuehde t hog BrEI08 acogrdingie CGhaiimbly Whekedh saidh yertebrate SXRFESSSS Saifh HPeArizIngs; d

net hod fg&&%ﬁ&egggp%;ﬁgéﬂdQ@ﬁ%g%ﬁﬁgﬁ%@& to said vertebrate a nucleic acid

conprising a co g sequenc sal | i neari zi ng endonucl ease. 15 21. The
nmet hod according to Caim20, wherein said coding sequence i s not present
on said circular integratin% vector. 22. The method according to C aim 20,
wherei n $%i d dbamsthodagerrding tp Slamekls Mehersin sad methmg further goRPISSH egr at i ng

a0 ARG AR RAEGRE A0 ool b niRE B RLAGNERIBRNE ¢ 1°

adm no st edeencedhereftiré.avascul arly. 25. A circular nucleic acid integration
vector conprising: (a) a single reconbinase recognized site that is cleaved
by a reconbi nase; and (b) a honol ogous reconbi nation integrating el enent

that conpyi sesyan 302xeqaneus Al &1 Giaghd il Aed dinastuences that

provide for hombl'ogous ~ Teconbina vector acc Ing to Claim
25, wher giflinsaérthg 16 GRIABIcAaB@te aSni1di¢ &118 POBPESIng a 3SdiMDsEReA@IdL daid
PCT/ US03/ 13444 27. The vector according to Claim 25, wherein said
t r ans pos HBearizingendpriscdgase-| a P-
15
21.  The method according to Claim 20, wherein said coding sequence is not present on

said circular integrating vector.

22.  The method according to Claim 20, wherein said coding sequence is present on said

20  circular integrating vector.
23.  The method according to Claim 17, wherein said vertebrate is a mammal.

24.  The method according to Claim 17, wherein said vector is administered

25  intravascularly.

25. A circular nucleic acid integration vector comprising:
(a) a single recombinase recognized site that is cleaved by a recombinase; and
(b) a homologous recombination integrating element that comprises an
30 exogenous nucleic acid flanked by sequences that provide for homologous

recombination.

26.  The vector according to Claim 25, wherein said recombinase is a transposase.
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el ement transposase. 5 28. The vector according to C aim 25, wherein said
vector further conprises a coding sequence for said reconbinase. 29. The
vect or acwondbesg2t o Cl ai m 28, wherein said codi ng sequenceCraSnat34pr esent
in said integrating elenment. 10 30. The vector according to C aim 25,
wherein said integrating el ement conprises an expression cassette. 31. A
system f honpl ogousl y recombi ni ng_an exogenous. nucl eic _acid into a target
cell 1583eno eéfgd%f ar%‘i’rflf“(,géf’l ot g%r"gé?ﬁ‘?lgg?‘ggépﬂ’oﬂlsgt‘%ﬁp&@??ﬁml%th: (a) a
targetinglgﬁﬁ{g&mggggiising: (i) a single reconbinase recognized site that
IS cleaveg by a reconbinase; and (ii) an integrating el ement that

conpri ses an exogenous nucleic acid 20 fl anked by sequences that provide
for honol ggous. reconbi nat,i on; and b). sai d.reconbjnase or a nucleic acid
conpri si %8- a i&aw%orsaéa‘arémséoecﬁ@% >.‘3@§lnwévsg}glf SCCBRRIISAY2 £RA1EE ai m 31,
wherein i { sai d reconbi nase. 25 33. The system
accordingé#%négg%%g%%gaaﬁgégﬁn said system conprises a nucleic acid
encodi ng sai d reconbi nase. 34. The system according to C aim33, wherein
said nucleic acid is present on sajd targeting vector. 30 35. The, system
accor di ng%t o dhavestarsiccoidinedp £-1aig €8, rhersdn said pding seqiienesais nobproesat By
separ at e f:f gﬁg%ag5gﬁying vector. 34 WO 03/093421 PCT/US03/13444 36. A
kit for Romplogou y reconbi ni ng an exogenous nucleic acid into a target
cell 10 genone of a multicellular organism said kit conprising: (a) a
targeting vector conprising: %@) a_recombhi nase recogni zed site that is

cl eaved B} a rbesesiorpseerdingig Claimy 23, whereip said gnjegratingelempntrampsises an
integrat%Q@7§§§Hga¥énéhat conprises an exogenous nucleic acid flanked by
sequences i) provide for honol ogous reconbination; and

31. A system for homologously recombining an exogenous nucleic acid into a target cell
15  genome of a multicellular organism , said system comprising;:

(a) a targeting vector comprising:

1) a single recombinase recognized site that is cleaved by a recombinase;
and
(i)  an integrating element that comprises an exogenous nucleic acid
20 flanked by sequences that provide for homologous recombination; and

(b) said recombinase or a nucleic acid comprising a coding sequence thereof.

32.  The system according to Claim 31, wherein said system comprises said recombinase.

25  33.  The system according to Claim 31, wherein said system comprises a nucleic acid

encoding said recombinase.

34.  The system according to Claim 33, wherein said nucleic acid is present on said
targeting vector.

30
35.  The system according to Claim 33, wherein said nucleic acid is present a vector

separate from said targeting vector.
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(b) said reconmbi nase or a nucleic acid conprising a coding seqguence
thereof. 10 37. The kit according to Claim 36, wherein said kit conprises
sai d recowbiosas®a21 38. The kit according to C aim 36, wher ecn/sas/ 4k t
conprises a nucleic acid encoding said reconbinase. 15 39. The kit

accordi nget o @ iat for B8moVdpeusY Fecoibthingieh exdpeAdisthuckiddcdd it a tirgaakl
targeting vector. 40. The kit according to Caim38, wherein said nucleic
acid i s peresemel amybicelbrlasepanisn e said ki eO8Wrigingar get i ng vector. 20 35
(a) a targeting vector comprising:
6)) a recombinase recognized site that is cleaved by a recombinase; and
5 (i1)  ahomologous recombination integrating element that comprises an
exogenous nucleic acid flanked by sequences that provide for

homologous recombination; and

(b)  said recombinase or a nucleic acid comprising a coding sequence thereof.

10 37.  Thekit according to Claim 36, wherein said kit comprises said recombinase.

38.  The kit according to Claim 36, wherein said kit comprises a nucleic acid encoding

said recombinase.

15 39. The kit according to Claim 38, wherein said nucleic acid is present on said targeting
vector.
40. The kit according to Claim 38, wherein said nucleic acid is present a vector separate

from said targeting vector.

20
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