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15 Reagents and methods that fac1htate irected genome modlﬁcatlorg ?n multicellular

organisms constitute a powerful toolbox for experimental genetics, human therapeutics and
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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Exper i nesitalandehpmeingoberesgmbination integrating element, is contacted with the multicellular
organism, e.g., via systemic or local administration, such that the target cell(s) of the
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
b
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including 100% sequence identity, between the homologous flanking sequences of the

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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transfer RNA, ribosomal RNA, ribozymes, cDNA, recombinant polynucleotides, branched
20  polynucleotides, 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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20  transcribed sequences can be present between the promoter sequence and the coding
sequence and the promoter sequence can still be considered "operably linked" to the coding
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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20  agap of six). From the data generated the “Match” value reflects “sequence identity.” Other

suitable programs for calculating the percent identity or similarity between sequences are
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



for the scoring table (for exanple, gap open penalty of 12, gap extension
penalty of one, and a gap of six). Fromthe data generated the "Match"

val ue refwew®Bm®digequence identity."” Qther suitable programsTiusn3/cakcul ating
the percent identity or simlarity between sequences are generally known in
t he art, piefiraledy anjehst, abamai0e05%, hxghnesttprq:fﬁmgbezmléam o BT %806 satjutfcedef aul t

par arreters For | e, BLASTN an ASTP can be used_ usi ng t he foI | ow ng
def aul t ;9&9%%@%%33@&%@% h ghthe mo deterpyingdgysing the methads pbeie- Avot h;

cut of f e
cort by SRR REpeniy HEdgbus al%% 7 u%ae@@ﬁ&&ﬂ%%ﬁg%ome%ﬁiﬁ@ﬁ%%% v
PDB + CetiBapkciRSDINA0Spallpapride seqhences WAtsequBnd‘esghaIFﬂﬂﬁﬁlﬁ)sthnﬁlR/ Det ai | s of

t hese_ prograns can he found at the follow ng.internet address:
htt p: 7 / whRiALBPUS M Bgddentidiedin A Sputham. hy}élrlfi@ﬁ%%t FXRErenhignAst.des S xamwln e

det er m gt Bon WUREChZ QL KOO PRIOINGLARY,HER, HIAESARLRNS Lhat form

st abl e dupl &xes bet vveén ogous ‘regi ons gestl on with

si ngl e- Shy’lﬁftﬁl@droﬁmeﬁdhhbﬁs i@bbﬁﬂﬁx&ﬂﬁ(sﬁi)l ofahelasi 8ee, @l Sambredk @l ofupkiteDNA
di gested fragnments. Two DNA, or two pol ypepti de sequences are
" subst anfIing sueiteNygsisstcid Hyadpatitmetrrdhen t he sequences exhibit at

| cast about oddieameleiCid Raghets B coEabeAR bty R ERLRAG R Y 2

i dent t yhereil ThedRbicaed s¢pidgédidedtity bawmh ecsthedeic asiddrsleduldsn@éctsshdg t he
met hods above. As used herein, substantially honol ogous also refers to

sequencesfiisiaay ped mﬁﬂﬂe‘tfélybaéﬁ@tilqryewe@tsmqéw@ééch mekecpin Srpapisllyidgnticale
sequence c%aﬁ%%g&aa%%g w1ﬁ]gttlgast gar§ M{rﬁr&{daa l:(!)rXP %ﬁ%d%’t cla? se%??nc%%r |dentified

|naSou ern ybr| Zat'ion rlngent

condi t i ORgbridsing €f 4 ﬂﬁ:gletfnwledumtlnm@rtidnwlhzbn@m&i&m tﬁEédrﬂplB@Iyﬁﬂéﬁtﬁar iate
hybri di zation conditions is within the skill of the art. See,

Sanbr ookseéwe@ge candg @msse@mngimmlqhgan@wﬁﬁaa/s thai ereawvell kegven inythe m |(Q &t i on,

supr ucl.ei.c d e S|de ctivel hybrldlze"
as descr 'étgelﬁeb & Ir\llar&fﬁg (Bogt lon hyéng]lzg nee of eqfklet §/eebeafn\e/\%%% Fb\% ’nucl ei ¢
acid nol mpécaﬁqradlbﬁmgs AtL'bﬂJo%tf)}r)CMBﬁMW S’d&@n&Eﬂmtﬁﬂ%@) Gy18ISpehg Makiiyr, event s
bet ween such nol ecules. A partially identical nucleic acid sequence wll at

| east paPtYal Sych aspysiqan de condyictedasipgivaming dedreesed sepettvityr oimexampledisiieng t o
cequence MR SoaEBuR hhR s T Rulh A PR B nown i n
the art t@plhyed, RI4BrehdE M@h,spé&ﬁé biatimgaRbe asebdetl uSing R¥KBEINdhE P rbBthaOr t he
| i ke, see Iéan‘or ook, et al.
20 lacksevena partlal degree of sequence identity (for example, a probe having less than about
30% sequence identity with the target molecule), such that, in the absence of non-specific
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



Mol ecul ar C oning: A Laboratory Mnual, Second Edition, (1989) Cold Spring
Harbor, N.Y.). Such assays can be conducted using varying degrees of

sel ecti viwg,030ms2exanpl e, using conditions varying from | @aTtusodiygim
stringency. If conditions of |ow stringency are enpl oyed, the absence of
non- spechiveta dpietific dggreanf fguaskeddarily, tan bg detesrinod asais knpwa e tHeluat (séeg dées
even a partlallgeoree of sequence |dent|t (for exanpl robe havi ng

| ess t haf<aimRieNughois . REDA Pmﬁ%FEEﬁpﬁfan%§€h t hat,
in the a ngre t he secondary probe w || not
hybridizgi%n%?ﬁ 8€gpQg§86@h&hﬁ p#pggi%g“ggﬁibrldlzatlon based detection
system a nUCthremcdtm@x@ntﬁc@m&m@ fottaytbridzatiomp ie vestitlaoyntin tize drar get

nucl ei ¢ aci d sequence, and then by selection of appropriate conditions the
pr obe> anthat pemergugyequivalenisprditionsstan beicpinigyeryo estaklish a'paarcu}!ﬂr SHINZERCYc h
other to, cligii&, capabl e of
hybr|d|2|n ﬁggﬁég¥¥§%@yﬁ¥kﬁﬁ)1§$ﬁépﬂgeéﬁénéﬁﬁ%ﬁ%ﬁﬂ&%?ﬁhﬁ#&?@?nhggrIngent
typi cal | yequyides thag€ oripshetioncebl Vartuus stdirhcad| tanvesiedions bbsaltobndother get
nucl ei ¢ acid sequence of at |east about 10-14 nucleotides in | ength having
at | east hypplieationaelation rowpenshise Hiewresgaes orrapsetice Wi bloekigg geamtin the t he

sel ected Ccilzauon uﬂoHs {%be ﬁﬁ&hf&@ Cdbly e QL 23k gpf}eﬁﬁ}{éﬂ%g y%&@ot ypi cal | y

allom/deP 16h of el'c aci d seguences ut 10-14

nucl ept i ﬂﬂ&ldlihdoﬁ rﬂ@tchoﬁn fthpegat dre A tiaRcaradasis] dywel agvagimy wishaonaibions.
90-95% wi th the sequence of the selected nucleic acid probe. Hybridization

condi t i olbe seledtion @rpamcel@éﬁctt@,f @&brldw%mncnozélttlpawsmlewéd foltowing plandaid

targethave a i ree_of. s ne Ui be . d as is
cnoun 1 n e FEfe st B SGulhls SMRRGR o AP bl o Eal SR LEEEY O5, L2
Appr oachMan@l, 5edohd @dﬁmrﬁ@l’%@) €61 Sprihg Hlirbet, NSY.)( AA&hmblf (rsttingéds hi ngt on,

DC, I RL Press) Wth respect to strlngency conditions for hybrldlzatlon it

is Yvel | dkmmzatwntcnedlapns rslhabrldilamncﬁu 0¥gar higherrand QolidiSG GfsnMeﬁQ jyen
For| o0t ngPaEFLBaMEnate Rl o omat GieavEy s Ple EprragioR o BT S,

base conmpaghichPhc@batioft ¥20 iQUSoRRIBHENE BsforBANRRNS KFIOASOMMNMCIS 18nd
ot her hybridization solution conponents, the presence or absence of

bl ocki ngné\éémoshunm Cttlme)kéﬁbml\/ﬂmﬁamm@homt@t(pﬂﬁé) (%% Penhardisyphition, 1Qfext r an
| f at d t hyl t t d
e par SRS e AT o B B tes ihieh i Prish BNATRN TR Fiitifs 2

parti cul gfe ks Bf0. h¥IIUAZ2BHIBFC OStEihé? nzbﬂlcﬁzzﬁﬁin%h@ﬁoﬁ@éﬂe%%Mz&i(ﬁﬂdar d
methods in the art (see, for exanple, rook, et al., Ml ecular doning:
A Labdr arendjtions that are at least as stringent as the above representative conditions, where

-

conditions are considered to be at least as stringent if they are at least about 80% as stringent,
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



Manual , Second Edition, (1989) Cold Spring Harbor, N Y.). An exanple of
stringent hybridization conditions is hybridization at 50C or higher and
0.1 xSSC wo93mdd4gndi um chloride/1 .5 mM sodiumcitrate). ARaotuses/1axanpl e of
stringent hybridization conditions is overnight incubation at 42Cin a

sol ut i onsutstntiallypurifiaddempon&GECofbiSe s3IVt ferabby 83%:185P& mtbrel prefératslatoe) , 50
nmv sodi um (phosphat e (pH7.6), 5 Denhardt's solution, 10% dextran sulfate,
and 20 md?1a of dassemile dlechridyes pr Parhiing RYEIIAIgINAes anst nodvisatigss aldmeiesly t he
filters i ' i . di i i td are
hybri di Lot ‘ger%ll'é‘gon i 1 |t§§1 %Rtgﬁgﬁmg‘rﬁg ’ %’? te{‘%“g‘gtg ’riga”s1 @sé?é%ng% éﬁ'{"h%gb 4 %@g’a fHilfiy

r epr esentiroimaegeaphstiahd eedimentato acontihg toafeasiay.e consi dered to be at | east
as stringent if they are at |east about 80%as stringent, typically at

| eastS about 98% g8denuecleasse desqibes Ay mplsgwle sppablg oloseyening gremal(sgainot #ins.

| east3 about 980K SBUBHEIcAgsescat AR v |
pe ompl oyS 1B Ay 75 PR PR B Rl (e A BN P Bl ™ 1 e

i nvent i oesulinkiifi 8dutdebtydtided beak sl d gartidddrise@ebnte ofd dautesemdedahateiiatidot i de
if it has the sane or substantially the same nucl eotide sequence as a

regi on ofubshateswhern dheparyenlen ssavsnge is temeedanNgndemiglasneitel’'s Aher eof , or i f
it displays, sequence identity. as descri-hed above,. fl. pol ypeptide is
"derived nrd ﬁ?&%asgeglg ge B(gm/%%ep? i .gar:é\{th%oqml < ?¥51C1eeér%8’olgé%ts%f?ca? q?i%rst

pol yngic! eqbinfbeadeleig/ adrahsfpias, £e610ad, PRlgyRECheatdsderc. or (ii) displays
sequence identity to the second pol ypeptides as described above.
"Subst anti al | Y ‘pestii¢tiancendgevdeast” safreember of pdundy pbenzymes thay mediatecsate

(conpound | ynucl ept i de r.ot el ol pteid I pt ide conmposition)
such thatspe[cﬁfgc %ng%ﬁfegcdoﬁfﬁg zjsﬁ%ﬁgqu%‘?eﬁroffflf/u lg_g%ﬁ‘{%gélfldfﬁeac@anpl ein

whi ch i t nfofsduft8 SR estiiRion@nti¥nicleadestRdtRkeo Bifitebst aRtthasd dalled i adtiggnponent
conprises 50% preferably 80% 85% nore preferably 90- 95% of the sanple.

Techni quesstriation gndarfugleasespwhigh aedogaize dedmadiaterdtaypepati speeifio DNA sesueneesar e
wel | -kno in art _and | nc e, for exampl e, i,on-exchange. .

ehr ok ot aifst SEr e kPSR 55 e AR spHERE TR fseyendig <o
density. [AMbePAdPMGIEREE 1 998433 1 DRESRARKIHRI & GH{NudaP ARIE Rk 199725 :5570-
internal (e.g., not at the 5 or 3' end of the chain), the coval ent

li nkage iBB) andDmpincHIROH Tednds Gishetod 2:3¢6-228)e Ot paitigylar intefesis tedtScalnded br eaks
the part cediupeaiRURRE Gl  BhEHTLA, ShicheRTEr RS et L bSO R EN B el once
may be asfNes®, afl chimefc 1884l uelcaR (BIWHVA €t 8B ol. TeRKBRE20®! Z1: 289.28])
20  and the HO endonuclease of Saccharomyces cerevisiae (encoded by NCBI accession 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
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reconbi nase, e.g. a transposase, resolvase, integrase, invertase etc. A
"restriction endonucl ease" is a nenber of a famly of enzynes that nediate
site specwbios/ogidenvage (i.e. at a specific DNA sequence) eCTtasobia4stranded
nucl eic acid nol ecul es. Restriction endonucl eases that are of interest are
the so cCaightiém, €.8); @iacybiemi@or 1o tadiniiiistedtioasich ticdt easeet sdli(Qloftlecogni ze and
medi ate cl eavage at specific DNA sequences of at | east 8 bases pairs in

| engt h. Ralticelylag prganismdeks wn the frasieiceioE ddedageing yactqrds aof At Banber et

| (Mt af . . X i 159- X | {. : i i 97;
25;2379?&g§?®5ﬁé%?§§#ﬁ%ﬂ%égggﬁ#ﬁgﬁ sﬂ%%§é§§bﬁépé%%&égg%@€%¢g%g$%%%h ar
i nt er est recémbinasd, which has hdanprolias e (hougrger, celiae THRGMe@Rtidg d8nenthi ch

recogni zes an 18 bp non-pal i ndrom c sequence, and chineric |-Scel nucleases
( Bi bikovkoraelogpusly 1gepmbiggs into the sargeicgil gonome fronpide Jingarired FESHMLAEEWRUC] ease
of Sacch revi si I ' e 957). A
"reconbi %!asgg'% g‘ﬁgecgﬁﬁgaﬁﬁéén%&eg{a%% gﬁﬁ%‘;}%@?ﬁzﬂ?ﬁﬁ%ﬁ %zg%%ﬁrcr@glqg Sélbigl%Pe- specific
r econbi ngkiheds.bet ween speci fi ¢ DNA sequences recogni zed by the reconbi nase
(Esposito, D., and Scocca, J. J., Nucleic Acids Research 25, 3605-3614
(1997); Nunes-Duby, S. E., et al., Nucleic Acids Research 26, 391-406

(1998); Stark %ﬁ%’sﬂﬁ%ﬁ%%@;}a%‘_ess%ii%d%H %r'hgzse t%’nbgﬁ;%ééer‘égé%dﬁﬂa?%@?

SadowsKki , 199%e F eco reésol vase,

i Nt egy asBwentiHEE hasEmasdid the paiiesiasembsdiaeiit BT tHNn (ntibhide Sribed btlow, as
EMBODI MENTS Met hods for honol ogously reconbi ni ng an exogenous nucl ei ¢ acid

into a twargeiongef the garigniar embedimghtsinaay heunade andgaHifalinvitingthe seapediitheal , are

provided, In,t subj ect t.hod t i vector that i.ngl udes a
 near ofRsRahHenTET LIEHs TR & irgerooudhatthe Rpir st eatedBien i s HiRuPosgng o
honol ogogsdds@snnR barditiaNehbédaaeRts] 4 i heMBRhded ® HeQthitiah Selstedd, fthel 28pe

mul ticellularorganism e.g., via systemc or |ocal admnistration, such

t hat t heof the gesserganvengipn wiill bp estaklished by thelappensied ghiimpnIn addition, many t ar get i ng
vectpor. The.targeting vector is one that is initially a cir.cular targeting
vect bt ¢ RAHIBATH AP pORAED At ey Bl St sk BB fifin B mifle?
reconbi NgRBessVtoedys bR op%ngs,% ﬁl‘é!%{%@tﬁé{ shi¥R ah@b@k of eel fr&kent ihkENtiOAL €T at i ng
el ement honol ogously reconbines into the target cell genone fromthe

| i near i zewhtnaedyBitdtiogs ersaniendedip bo vthaw ihdesdoper &f theelgiond made/keseior s, syst ens

and kits for Pnst%isi s%egﬁgzﬁ}gnca{ng%é app%er%]elgf- c?aﬁ}lls%te rs'f%%ﬁrar forms “a,” “an” and “the”
include plural reference unless the context clearly dictates otherwise. 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.
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Before the subject invention is described further, it is to be understood
that the invention is not limted to the particul ar enbodi nents of the

i nvent i oowdesiosidbed bel ow, as variations of the particul apCemsoslizaent s nay
be made and still fall within the scope of the appended clains. It is also
t o be under st dmikst Hefinetdhehdreise) albteolyyica mpl oyientificstefros used diepmin osaho§ame
describing particul ar enbodi nents, and is no%.i nt ended t .lﬁ | i.m ti.ng.

| nst ead, MARNEESpRMBPnbyHRdpisE0d P opnoberdimgr shill 12 e 2Edp ST RS HRtieRe
appended bsﬂoﬁgmuhbﬂ l‘?’ﬂ%‘arhétﬂgds, AB e Rdidteii QRS1aPBY cRPvAIBA & f8s@dapt a
particul ar sttuation, terral, conposition of matter, process, process
step or dewpbed hareinlvan bbusst invke prapticei dr testidg 9€ dpenwitivhghppesandd | nvent i on.
Al'l such nodifications are intended to be within the scope of the clains
made her @ethods fleyiges and materipls 8§ %WQFR‘JP“B% appended cl ai ns, the singular

f Or rrB n a, n n a n A . n n H . f e . eXt
clearly dict a?‘éls&g?wgr\{/}mﬁigglﬂ éﬂn\?gepgg%ﬂ?%lﬁi(géé g?é%g#ﬁgé&gﬁ’ﬁ?t tte cl ai ns
may be sapplicafibechnidhasidreide irmoypovgted by sdferehetendin iThs entxtgt dive ndfedenced

intended to serve as_antecedent basis for us (%f, such excl usi ve term nol ogy
as "sol elityms arepipyidecislely figr theig discloswis preE 19 19 filing daternd theaieseat i on of clai m
el enent s . S " e |.lmatati . I Sis

o ovt deq “Prljcatighsoingherd St beonhiBdiad h Amisloffadnd ARGR Blvelid €0 12,

uni t 10f hbeedtide@ o hritédate siich esferidl ®y e ftpriot #aehtyordi ct at es ot her wi se,
bet ween the upper and lower limt of that range, and any other stated or
intervening value in that stated range, is enconpassed within the

i ion. Th L i i
i nvention %éﬂf}lﬁ%‘rfég‘g%ﬂ? €, {hﬁ esh e&tﬁP\QefnnB ﬁ?o%léeg%%ﬁédsro?%?@gl%?%{%ﬁpasSed

i ndependent |y mal I'er ranges, and are a

Wi t hi n t hgohibygng o Ekxogshdjsaticleidacidiihts peegdticeigbyortxef Aidatickilulht organithge
stated range. Wiere the stated range .includes one or both of the |imts,
ranges exémgliapkiteandrstens poess ippractigiss theswpisgemethods. da futher dessybingdhaided

1 UHE, | BVGRUAnufh emlS SHRELEGL Bl ARV SOIRL SR GRPT he

I ons Cri erern may

i ndepend@ftiesubiett syktee Bhd RAE, ia® ivell ds BoMmPynedfethereoff@6eusefin phaetidiggther es

descri bed herein. Unl ess defined otherwi se, all technical and scientific
terms usedbipdmegthodsave the same neaning as commonly understood to one of
ordinary skill in the art to which this invention belongs. Al though any
nmet hods, devices and nmaterials simlar or equivalent to those described

herei n caetp@pd®e Using THisSurIect GERE DARGEI®YG Wgcrdrst he i nvention, the
pr ef S(r) red met hods, devices and materials are now descri bed.
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

11



Al'l existing subject matter nentioned herein (e.g., publications, patents,
patent applications and hardware) is incorporated by reference herein in
its entirwows/odiael ref erenced itens are provided sol ely forcrhuspi/idiscl osure
prior to the filing date of the present application. Nothing hereinis to
be const vewer iasakan uﬁdﬂirﬂ&h@lﬂlzeﬂhlytthé &edl. ﬁheﬁéﬁally' aixcahr ita)getirg weotor ssnpridd ed t o
ant edat e such mat eri al virtue of prior invention, %EEEr|zed above,

t he subj Sethomplegous geo @B§V%t%§2®raﬂﬂdm%@%ﬂ§}%ﬁ ¢raens b thei VeGLoa
exogenoug, Blic] i oCth@‘gErgc)dl@BPthgtirgét%@ﬂb bﬂno ngrpec%bﬁiaﬂyl“' cel lular

organi sm as we ts an stens e In practicing the subject
met hods. In further describing the subject |nvent|on the nmethods will be
described first in greater detail, followed by a revi ew of the subj ect

syst ehs AREekg ¥ectgs wel | as conponents thereof, for use in practicing the
subj ect nmethods. METHODS OF USI NG THE SUBJECT GENE TARGETI NG VECTCORS The
subj ect vectors as descri bed above find use in a variety of applications in
which it is dasindichtédabove)tatheting amﬂoxsbmblqyeﬂmmgrsabjectaﬂethaxdsgmamlarucl eic
acid into the genone of a target cell ., atarget cell present in a

mul ti cel VERLRES, asndgawwmmﬁ%lw cargular Souble- Strameﬁ'd?NAé/egtorS V&r Peppidselhe
I ncl udi ”leg?f‘ﬁi%c rc&%?tm%“ﬁ%mﬁﬁbg%asy ‘fag)égv re]c fh@%vpl‘afl beht ?eaktrh H? site

speC| ficTi egra Ion vi ogou I nation O exo enous nuc el c

aci dsp i 1100 bixe pgies)GoBstifks hitlegtbbar 1060 bise pairsrandsomdiizhasdit fegstiabseicd isb,
vertebrates, etc. In certain enbodinents, the animals with which the

s Eb j ect Wheredn seriity crbodimsingthe sigp @&yé’ﬁtaé Breat #3300 dhedregreateryhygeasrBldyi ment s
t
e ani n%{)gs o %q%gmclu% 310%[%?1218%?% ik H(&Eh %ce)dtrl%q(rbe?flver ﬂ&g%etmgm mal s,

enbodi rents 1S vectors targe

par ti cul aedtyrsam wtoriithatidciude tlaenfonabVﬁxg t&oGlemdi: qk)@ﬁneaﬁmgaﬁdcﬁiﬂclea@d t he
l'i ke; manmmal i an ani mal s, including nurine, ungul ate, porcine, ovine,

equi ne ﬁléﬁ andc(bba hemplogaunicegmbiahiemmteesimgrchamant da certginepbodimantideof t he
zgll?ljt e r%ﬁ ?‘tﬁl"gﬁ % tan??ude%ﬁe XF@%% ad%ct fjélglgeﬁtg ;:hl?assfllbéaﬁ%% invention is

cél cono rcren sucﬁ that the

targetlngmﬂmhgemk&oaa@@ewumcgieknternal|zed by the cell. The initially
circular targeting vector is, prior to the honol ogous reconbi nati on event,

i nearized and the integrating elenent of the vector is inserted into the
genone oil%he taﬁﬁgt CE|| gqéhonnlogous reconbi nati on. Targeting Vector As
i ndi cate ; ctors enployed in the subject nethods are
circul ar
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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vectors, and nore specifically circular, double-stranded DNA vectors, i.e.,
pl asm ds. The size of the circular targeting vectors may vary, where the
overal | swoe3snmgbe at | east about 100 base pairs, soneti FeS/UBO3/Idast about
1000 base pairs and sonetines at |east about 3 kb, where in certain

enbodi nent s t hecestaeemiBodihenta s fgataed ofahe SPedt heaorsds that ¢e linbarizigener al | y
does not exceed about 30 kb and often does not exceed_about 15 kb. The

subj ect @@g@@lﬁw@ sife & Rt elggtiveligesognizedibyian;chdorpgieassihat is epdagengus tdhe

el enent s; i j.zin I j

reconbi n%réeg)ﬁe]?r%%ggggﬂoﬁdgs’ eeg%g%trg.é ﬁlaﬁgig?t?ggﬁgégg é%p%lﬁlteg%?{?g%tg g‘?eélg%i ng
vect or s foryhé lindatidiag @ndormiclensy i@ isddhdmenss suehetie hhearizéngcdndasudlease aite izi ng
endonucl ease codi ng sequences, . etc. Linearizing Endonucl ease Site The '
subj ett 0BF Batispgrogaizedpya linearizng endopwdease Hah i @Hagﬁmw o Epegies that e

| i neari zj i I it i k | S
that 1o o Deraf A0M A SBaRT: tikoPodl Wiy Yo IR Bpdlopltit Sl Sied BXHES e

such t hadiffefent spstissifihense cbizifisadhs swhlusingrseaides taxchoutit caterianset as| eavage
at the site, and thereby linearizes the circular targeting vector, The

| i near i zthege emploned iocdeyalop thetaxenonpitaples prayidesiy the Nﬁaw%grrspﬂﬂmﬁ%qaltand is
often at ,| . I i -] ; 16
o et ALE8l PR b UBRIRE Aol SpRY I SRIHTE Sl BB ARSI

wher g0 t hendogBidul toehe thige@delll feRshichlitidide§iGnetly i @pfaind@sbalimbms g targbtidel]
typically does not exceed about 600 nucleotides in |length. The |linearizing
endonuc| walt Bavs heen engigessed @I nopethpless exaress shedinepuzing sndanyglease; as daseribesh get

el 0o el Pl ROk R0 A IR R S L PRI AEK i Pl r e

suc at no ad se CORAsequéences cel lul ar

site(s) lifedizaigamidetucl@sdthat RBpEidsuGitatpe: Silepidightah kiRntargetifig Vectéidy Bele
proteins, etc., so that practice of the subject nethods does not result in
si gni fi cHhat isglosfnpadean gre wikkbtype prganisaedfi theytangateclin certai n enbodi ments, a

feature of the,subj.ect vectars is that the.l]nearizing.endanucl ease site is
ot Lo ect i vergeHABUBE hr JEEHR) theifrab il <ot 1n 0 RAO R AR EERG e
target ceddds-ih'Naflelif soheim@sthe liR€ariAfgeidotigdltase eRSmAP be prréSEeIA&SIori NCl ude
a coding sei%_zence for the |linearizing endonucl ease 1n its genonme. As such,

t he | i neavisidend therdeaatng alsment, desaribed Hegrestar dqtajl badewgrinds@ubyang "ends-
From t he L pEer e SreRRee kpdte 1 SuRreORRIP At droud e e theoud SIS Ger e
to be of sgichdeq000) 2B8e2018201 8. AdMRh ahRekdiAsmbbiiaknastieUmBatiihgg st andard
taxonom cal criteria, such as
20  endonuclease site is present inside of the integrating element. In yet other embodiments, the
linearizing endonuclease site is present outside of the integrating element. In those
embodiments where 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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t hose enpl oyed to devel op the taxonony tables provided by the National
Institutes of Health. Although the linearizing endonucl ease is recogni zed
by a | i neapioziosag2endonucl ease that is not endogenous to treTtimogyetddcel | for
which it is designed, in certain enbodinments the target cell will have been
engi neer ¢d31 anspelaitbehesystempMédrse thoendomeknsezis age@nthinase hedde, as
described in greater detail below Another way of viewng this feature of

t he i nveRRdasycCleaseisiais a isEminahtepeat nasking derobpiwiangsofademnspasendht zes its

t t si [ t] ' j f dinth
w1 a typShrBEEREahd e iR BB A B Mo anf O MR BBln. UGt ing

vect or i srahpobble¢ipientebuch ag for @atpie) thic'h0db, copid $ypsy elémegesi Depssphitiye,
the linearizing endonucl ease site nay be gresent i nside of or outside of

t hedi ht ggwa‘iq/ﬁg_bév&qum Bpesteans Afaianit agy ekthe C&féﬁtnaﬁn_lts W sfgametbsT8ut ; and
rovi ewea“eRE” 03 FETRe Aand R Bot RSGS IgbsgloASRafily o

certain eahadonERhér euki§olck BRRANYZ 6B TAAANIBY eaSPosiblecléfens 66ENo/i Nsi de of
the integrating elenent. In yet other enbodinents, the l|inearizing .
endonucl e Hieteadompcinasssis pireenmbinee apd therradppiciense sithig ageeomtinnationgite hose
enbodi ments where Lt is desired that the |i [ zin clease site not
be incor {)%:Ip g?lé?iﬁ?yn{hg ¢ ﬁoenu_tcgéra %ee{é' t a%gtrﬁgﬁ%,a rg’m%ﬂeﬂno(!.’llss_-e g’ilje?l@g%%lrjb%lgh is

enpl oy ed enddhfiblehddaind eh@orduckasy dii dag be Aeividctt @A dhe 6 éetvetab bifsidphanedsuen t he
vector outside of the integrating elenent, i.e., either 5 or 3' to the

i nt egr at anthedl, phi€idtl, phbackeziopbageor! syflems) ¢/netansppsallegicments amses (sigt e may be

one that s recognized by restriction endonucl egse ere particul ar
endonuol BASBERSIT B etigr ures el i oy Segymey s RSB Sbve, o g. .
|- Sce- 1, qdfmabn &f arfdfdonuMBRE CorebrGRIItiAKE KRR FRBIP ideRBSIthE réstriétfmogni zed
by a reconbi nase, where a reconbi nase may be a resol vase, integrase,

i nver t asendimutieasesposasEnafes.angd/tessmwhasee twmisé mathes iavehtiona fiqoagsstes jat ens

of interest are, for exanple, t e- | syst from bacteri ophage PlI, the
P RIS oy Sran PPN eCIB R el Vs Sicsel Tt FReah Sy &ffr-gre Vel

ZygosaccRal ARULRthe 9H>6Marsh5ﬁ' @t S 71161992 RYBLeMoo Halachardnerbret MrEMdIe P

el enent transposase/ P foot system of Drosophila nel anogastar, thefC31 att

si t e/ i nt MicaRevioys? eh¥IN¥GF E/8; Redevaitoatad Fesdd 1,4993 7860bi’nase and t he
endonucl ease site is a termnal .repe mar Ki t he boundari e f
transposon, t HeABHYSRtLICESlT e@ﬁﬁm&n@ggﬁeﬁtj@@mo Wﬁgg& ‘Tr?ﬂ&?n any
one of S%K@,réi’tlhex?}ﬁ}mo bf 03 RASARIREHRIRS IR mAKEN AR orb Rfisre XBidAlRarizdae hobo,
copia, gypsy elenments of Drosophila,

20  vector is a key signaling event in the cell to initiate homologous recombination.

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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the Ac/Dc, En/ Spm Tarn systens of plants, any of the Tc elenents of C.

el egans, the TY elenent of S. cerevisiae the mariner and mariner-like (e.qg.
Sl eepi ng WBeasnyH2el enents of a variety of higher eukaryot esTarsds/aays of the
Tn and | SS transposable el enments of E. coli. Were the endonuclease is a

r econbi nasellgatlenstabewtdorh) sthemsie ceittia eitbodimatothbilenath isnt kastaboetciigkh ared by
t he endopucl ease (e.g. an att site, a.r gnhition.sequyence etc.),, th
endonuci BHgE: BRipoutiBif dpemat <Sreed 2baH DR D BRIF S oot Srccedybads
bacteri oppages, such as the |, phiC31, gd bacteriophage att systens, etc.,
transposabl e el ements, viruses (e.g. adeno-associated virus, retroviruses
etc.) or ot heFlaskat Bnthe s&ueacesttha peoadafanhesolaods ckebmbinhtiomisah an

endonucl ease, one of skill in ghe art could readily identify other . .

restri ot PECEARIGRG GRS tat fsde BRENSAASLIN e @epomnpssade SXpEnousRIGIFC  hj S

i nventiop.; i r : - l..: P

it os, pyds ANGRRAL BRI WhHERE mEREDRBEAFRAG e S enpusTiflicitny ot
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Reviews 2 1 1999 157-178; Sadowski et al FASEB J, 1993 7:760-767. In any
event, t Fashaewrlol00 i long, sorpetinaes 3bjeagtapoyt 1.PHR nblope.ciisss theFE825ReLHBEKEIST ~ t he

i ke, ei Ri.QF r ten. i 1.1l i } r
organi s mgagﬁped}lqe%g éér%zéeg(? 03% c(tﬁécr)ﬁ%teg’ bg&i Eaelgétgﬁégsﬁ&a e|9 ﬁ%tt ée;(\?éeérglteab:gw %’Rg@%{e]l%gt o]

i ni ti@t elhemlimngobslimentothe eadgenous Hustedgacd inctndes amrexpressionadsbetté,am t o t he

| i neari zi ng endonucl ease site, the subject targeting . vectors alsg contain a
honol 0go GXPTESIBPHEAPBINUCHIGYHG S thefapeuicesne. asxBIFssian disppting nyeleig,

o b il AR RS erdWE G el rdenchr o i et rillende 102,

provi de hasleib@sil ogous reconbination with the target cell genone for which

the vector is designed to be enployed. As discussed above, honol ogous

fl anki ng sequences di splay sequence identity to a target site in the target
genofe, Hofa%hlbbalgs homol ogous recombi nation between the integrating

el enent nd the target site to result in the insertion of the

i ntegrating elasn®ditateditve e bulj@e tveadtslmgedanmcludba nusibeit & @pliohste f 1 anki ng
honol ogous sequences may vary, where the |length is typically at | east about
500 basecpapenentsydengniling on thepasticyrapplisnmnes peotpeal fer valreh Hsitagsing | vy at

25t 200 BEIGA AL AED SRR GOk et 200
does not nRyeEEednabditibn o #b targeting vector, the endonuclease 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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Fl anked by the sequences that provide for honol ogous reconbination is an
exogenous nucleic acid that is to be inserted into the genone, where the
exogenouswpuwaslogisel acid is at | east about 1 nt |ong, wherePCH/USBNY3444
enbodi nents the exogenous nucleic acid is at |least two or nore nt |ong,
where in cert aisindcdaiiborat slindadziag egdsrmokaseunhyebea astrittion eadorluekate @mout
100 nt long, sonetinmes at |east about 1,000 nt |ong,.where the exogenous
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exceed anoihpids BPRcSHhbnnd!dhnRsh ! DAY QFInE R Are, KiEHARE IR & ©
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acid inc an expression casse an expression ofy nuclelc

aci d, a tyenafenibacteeiopleagedl, theHIPSBRORyshkis biifddchgramucketaredane thaReRS he

| i ke, where the nucleic acid fragnent_of interest nmay be a_trait_producing
nucl el ¢ 8Ysfen opigosHsaroBmseamtd the Ginraixsystern ofhststiophnge Mibjthel vect ors
may al so_j nclude n f ti 0 endjn .

parti cul gllre mggtgﬁge}ngggsla%enggrot%}r%%gg g@?%’lp %% ¢ Ea%? ‘%(ZSt?g?r%eWr]lg%{/g{cf}{%{r@ %3¢ been

desi gnedsyshsn dRE&E ittheshdbAudéRa i redeihBinhseddldaM¢ eridonfElaskisit Rt fehfinglIbj ect
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(e.g., preveatimarkingribebaindangsi of adranepisan, the endpanelpassrand gadenyis|eass sitgysayens i s

al so int oﬁ}ucegr into the.tar ﬁcgcelt such tgat tthe ndor}ucl eas 'hs pr esent
Lo nmedi aPeIoN HGIErY 8° 8f SR kagl mgoubls SfnensuPhas i aR e e vi
hono{ ®goyssd, @5&%@ 1eMentEBE Drb ARAIh ZhOAcANRABRSBHE Tam sHBYmMPSS plahts Oghyced

ce

into the target as a polypeptide or a nucleic acid that encodes a
product héihedy elementiedi ¢ @dgond dhe LY edeneens of S\detgpisigamthe measimer and mariner-

enbodi mepts, t nuclei c _acjd y Jbe i.ntraduced i.nto the . tar Il jin a
vector "okt STaeplinfniod Sefebfng et MEHEl riihididsaf B PR thg e
desired essﬂeﬂgﬁbs%&%léﬁédtybm JHBY WaRrdHhe SRMnueRadd 18 atr@loffihde aN@fieOr

itself. As such, in these latter enbodinents, the targeting vector further

i ncl udes erdooplaase sithita rpewbinstidositeancagnied by teogrslonhel ease €& gomi afiesitet he

| i neari zi ng endonucl ease site an the vector. Endonucl ease-encodi.ng nucl ei c
a6 A0 mafP BB HE M EEy sl e crdPaisdCast S GiapB]ERPate S eR M Ral FOMEMY he
nucl ei c GPée%lk&Ybé‘cf'?ﬁ}égﬁégeQ,nﬁ'ch a,@%mtz;pﬁmtl, IR RIDhh &S &Rieths, PR) YT ase
chain reaction, library screening étc.) and clonéd Tnto the targeting

vect or f aanspopablesdenents,|virusss (erpdedsibessbeidtiat visuse tetrowoheestera)as ottey be

nodified (e.g. to renove restrigtion sites,. to change codon, ysage, to
change. r SEEAT A5yufiud eiriain ¢ PedimeRs 1R @reclpg SFROTARIIISLRHE AR As

| nai cat el AR lrfkatififg BhddhuRRaS) FOMEHBRNDOVRY uPffieindi€ ekl enfibdiments
endonucl ease oOr a
20  may use a system where the endonuclease is already present in the genome of the

multicellular organism, either as a native gene or a genetically engineered organism.
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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reconbi nase, where a reconbi nase may be a resolvase, integrase, invertase
or transposase. Exanpl es of reconbi nase and transposase systens of interest
are, for weanpda21the Cre-/x system from bact eri ophage Pl pCThsSoHLR4ERr
system of Saccharomyces cerevisiae, the R RS system of Zygosaccharonyces
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reconbi nation site recogni zed by the endonuclease (e.g. an att site, a
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act eri ophage systens, etc. , ansposabl e el ements, viruses (€.Qg.
adenpy as stk ehuiret Hsr restatticvanduiRtioR hee. avaidibl@tdiemeRyflye(Be, B csdigfle, i N
certain enbodi ments the targeting vector includes a nucleic acid encoding a
| i near i zRn¥/wikdoMethedssia Engemglogy Y ole @8 srademioRressh B hold 879)c &y Mapigtis, E.
enbodi mept s.. a st e e e i A t in
The genohe ot MR SArPIER HelREF gainf ¢ ER PR b R B3R R,
genet i calhborgidgy Pesy, 1S srany HatboARdirt (1982); CaplloHONEH2- 8N MeanEiland Biolss! ai n
enbodi nents, a selectable marker is further included in the gene targeting
vect or abica Gapel 982383 BathesdaRascarch Liahpwtasips, InFhe sel ect abl e narker nmay
al | oYL selection of cells containing an integrated gene targeting vector
over tells that do not have an integrated vector. Vector construction The

vectors %rgtehggw@'bﬁgbmiaamem}mrrap@(@g produced by standard nethods of
restriction enzyne cl eavage, ligation and nol ecul ar cl oning. One protocol

for construct Asgumharigedplayve, nasacsicing the suldess methods 1 targkiing veatenef the r st |
purifi Edsu ljlé:clt ?rilv%n 1(():ri1 {js cf(){lf%gt% r\]xtnﬁl a target cell whose genome is to be modified, such that
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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tar 9F$ celI's ape g@oﬁﬁ%@%e{’}& Rll?crlél Q&d%ha[WJ ol g&ﬁéeﬂ'l Btﬂ%&?ﬁh Fi@suﬁicgznt 1

anindl, the targ ng vec yp| ca mnistere ., Injected
into, fegrdvﬁde fot the)detiterl 1m¢gfat1©ﬁ|oftHe&lXogér@&ﬁnﬁmicac@ intoah\beomeamisath, wher e
adm nistration may be systemc or localized, e.g., directly to specific

ti ssue( s fheamust oblagaeHe yeder Rusleiqagid ir&&dpﬁﬁda%hoblldg)&wléﬁforﬁh%‘fﬁ%?f@ £0PNg
vector TRHE 4L SAUERT 0%, 8L Tl LY R HORRACGRRYE Al
i nt r oducirit® theadnihhlevaries depending on the efficiency of the particular introduction or
20  transfection protocol that is employed.
As indicated above, the targeting vectors are introduced 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
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vector. In vivo protocols that find use in delivery of the subject vectors
include delivery via lipid based, e.g. |liposone vehicles, where the lipid
based vehwolog/ovayl be targeted to a specific cell type for pcElUSom13484 ssue
specific delivery of the vector. Patents disclosing suchnethods incl ude:

U. S. Pat emtodiMgghe &n&) of Be2ubfecB4B8tebGs ples@Bn hargeatwt!lFo 8RdjakOByeatilaation.

di scl osur of which are herein. incorporated by reference. her in vivo
del i ver yogilgfaé&i}l%‘g?cfgr% Bregtainng/fd ,mfergé?tﬁléi%edr.‘enct ﬂ?r‘?fgén%f%ep@fgﬂl ysi ne
based peptiarsidfomBldebfd fcoMBinalioBXs MdidiRed MBle, Mk HREaY 8 pld-LdbidRfdet | N9
nnieties? ﬁacré?n?ectﬁon, g?ec{%o%ora%?%h, and t%e Iike.a?BrgokggpA.l., et
al . 199810 ekpresn eherloearizinyyehduwmisledse, 8i0thp linedrZmgldhdoMicleaya trsay, be BdmimNstesedur a,

A, and HM Park 1998, Int. J. Mol. d. V. 1. p:. 55-62). In certain
embod? el e frestge r\é!g?r,e t[;‘i’ ineanizingendonp¢ledse agiiylly is Rrgy iPglPgRdr s are

not enpl . al t] - af __di s and
deIiverygégﬁngg%ﬁgﬁﬁvﬁh%%yﬁgﬂg%%#%gg§¥ﬁﬁﬁﬁ$g§@?%Q%?%ﬁﬂﬁg?gggX@ﬁggknunber
of di ff eiremtiuding fiestiondl pracine pte selistaa¢ el knowh és thefartadilternativebt a ancleiec| ude:

oral, topical, intraarterial, intravenous, intraperitoneal, intranuscular,
i nt r anas &fcodingithgendonycleasean bencluded dn gy exnression veriog asesito Agnstarma theat i on

depends. caf. dERbIACRAL NP RUAAE BBk HED LAnbRRaAP LR Y Shisblafeatfith &Y o

for the vectors. e vector or vectors

adm nd st ke darryihg eheanklédi@adiy by €orventidtial fsgbindiriaat DN AOprattivdes f g polyghetase

enpl oyi ng an aqueous based delivery vehicle, e.g. a saline solution. The
amount ofhajzesaefions librasy screenieg ¢fraand gloped g aProRttale Yastordpy srgression. It
sufficient r.QVd 0 i j rati . us. nucl ei ¢
Seid Lt B rHERETthaSuiPhud@RiabeRl BOmoliiRel @l Plefbrl ROAKAISARR 1UCL 8

i nt r oduc ehng& eotdd YhG it¢lChan@é reulatdrl ir€di@ tocaiyre Mo Ritroas efchdeforoganous
nucl ei ¢ acid. The anmpunt of vector nucleic acid that is introduced into the

ani mal vari esThepsH@idngssiesaribed abavectespe in igtegrationpdithe kamelpequst r oduct i on or
tr an§§ eC}e'c&%Pﬁ{aﬁ&? ?n?éegiat:;% %Erﬁﬁrgq{?tloqyee@:%@??ﬂ ngo ted above, the targeting

vectors are roduc arge sTunder conditions sufficient

that provi de Thé alfdvealéagibedintthativentobdatan breused @ostatsll dasgra@iat eide 0
linearize the initial circular targeting vector, i.e., vector linearization
condi t i omMarietypEgxogents npelsis acidsrstodrtargst eali daanany embadinpsats, gre spayance gher e

di 1 ONIEHACRO LS NoBlet i cnny cbnilimses. 8 _
vector 1 BuotpeEs PSR 1R b EheRRRIE AR e Rp R Bl ERPEETS,,

and si t ugf iheRergafeen €i.d iewilnbé héetbloYogous fithakargdcgittlndghey efibodinents, the
adm ni stered to the nmulticellular organismin its original circular format
and 2hensqquersgral thajexogeRqusauclsicgcid gy actually be one that is present in the target cell.

As indicated above, the subject systems can be used with a variety of target cells,
where target cells in many embodiments are non-bacterial 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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enpl oying a host that has been engineered to express the linearizing
endonucl ease in the target cell or co-admnistering the |inearizing
endonucl ese@3oe34at codi ng sequence therefore to the cell oPrcCasbs/cam ai ni ng
the sane, where co-adm nistration nmay occur either before, after or at the
sane ti nRessradddpplicatiomst i on of the vector. As such, in these latter

enbodi nent s ere |inearization of the initially circular. targeti vect or
occurs in vi \\I/\%,Xa‘pﬁ s oh e %Qpéléawm»@lﬁh%%ﬁ'ﬁ?ﬁmmﬁﬁnéws et

aci dencogp ne 166 d & chhliesidPh patichkS bE 1l SucRhfSifdliohd) i \RctRfget cel |
to nediatgaﬁ?ﬁeafgggg%on(g%ﬂﬁhé ta?%%?inggvectorcaggaﬁﬁfggfatioﬁ of the

i nt egr at employké pithdr: 1)terimeft ai gehe ot belih@segaenoget duteresti iatohmmpededly &) to

reconbi nati on. As . indicated above, the host nay be pre-engineered to
expreds HAE193 §RE8AR PATher Bkl O dhiqreplaee PhROT ‘Pﬂ@éf’?%ﬁﬁ@‘l‘gﬁ&kﬁiﬁﬁw@ase Ry

be adm nh&%&émuhg%ﬁ 8ih Qg?gana%é resw it %fé&%nlth@%ﬁfa?% ggen%%gggsﬁs%ﬁ%ﬁ.

activity I's provi s p6lypeptide, any convenient polypeptidelprotein
i nt r oductn this pasiepGaformayorbsboantile@eaes abitityatd thé nataterod dhecprodudt enatdednal
proteins into cells are well known in the art. Alternatively, a nucleic
encodi ngtherbysanbadeducsde can be included in an expression vector used to

transformthe I | - | i I ically
synt hesi zed o0 &ah SEDSPILY (FESRIERTRLbAT. BHEAEL ol B W AR, ABrSHEH

convent i dvhhdifieewsrdipiession Rhdop risskpassiof 6f g genpadf\inereas & produdad ireacéll and
library screening etc.) and cloned into an appropriate vector for

expr essi 8 effectsiod thip surant sxpressHt PAGENATA QBFEWRY: A SUsthPneAhIERIPY 88 (e.g. to

renove rest. . . ory

Fegi ons. Sngea a3l Empl SiGPERC SRR AT Ra hAKIRMIE SHEMACCY | e
above, r @sgified thnkgdngkasddkont, of kidukihaiimhRgaHRhices bebmpRlyedas mblegtata ng
element into the target cell genone. The above described integration

net hods ametyef diffesent sonditignsyas iskegwainthg aff de variety of exogenous nucl eic
acidzsinto a target cell. In many enbodi nents, the sequence of nucl eotides
present in the exogenous nucleic acid will be one that is not found in the

genone ofpolypeplicr Qathesidpplitatons it W11 be heterol ogous to the target
cell. In other enbodi nents, the sequence of the exogenous nucleic acid nmay

actual |y be oheadditien fodhpplayenesepichtapplicatiope thewibiect msthofgiprdarestPrapleve, the
subj ect %%é&lgﬁn rg%ggq/nl%ﬁes £ é)ow Ec]]gtrl](fets);% ) %t%in%fof tirggex;([gatl Cﬁ%lgﬂl g%pr%ggﬁér?ség ar get

cells in € ment's ar rral tar ce n

eukar yot ivectbathg€inclugéd Sgenk Rt the PoBptpiadechanictsl intcafbatatior Mith reQuidite
insect cells, vertebrate cells, particularly avian cells, e.g., chicken

cel 1 30 maneYar desired expressidnregulaiongsequenced €. $aramnefers, etc., (i.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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ungul ate, ovine, equine, rat, dog, cat, nonkey, and human cells; and the
like. UTILITY The subject nmethods find use in a variety of applications in
whi ch t heweioseorpeci fi c i ntegrati on of an exogenous nucl eiPCTAISIE134M O a
target cell is desired. Applications in which the subject vectors and

met hods fa Histo PrereimBhoddetion esear ch appli cations, pol ypeptide synthesis
applications and therapeutic applications. Each of these representative
categories of applications is described separately belowin greater

detai | . Resear R@c&mhamal@&ﬁh@g@mh%eﬁaoﬁ SRQALRN a@%Qbﬁl%ds%?ec’oﬂlb%?h the
subj ect methods find use include applications designed to characterize a

parti cul aell ipeseas porpubutlohs aimebmmblmxmmunarﬁer sesondary cdlserepbmymdntmloﬂaécell 1) to
i nsert a gene or codi n ence of in&erest into a target cell;

t
del et aSERRor lipepdpeo ing 5pgenoys,cel\Straigs OF Bpese and,arece m%v%S@ e
nucl eot Qﬁéaswbh@r gfefséﬁaﬁvrg celttsrﬁoﬁ%f g%ﬁxﬂnr@cegﬁ@%a?e%gn&m F&ﬁl’rﬂlﬁﬁﬁtcel?g fect

on the ani nal enotype 1's observe ormati on about
t he genepssatt Suchtcyllanﬂy bhasedbihurdeliodry systerp faduzting Ao adibddodievidhan can be

deduced. One can alsq enploy, the subject vectqrs to, produce nodels in
whi ch, eaposxal wndﬁﬂtaﬁl?oq%gltwaféme&%déw sltyes oA BespruicqIefichf a gene

of int er o dt h
expr esa1 Snictdy FRECELERE IR A6l @F; APt VD S Ml e BbARed
met hotls astativeaopeshdividual' ghysiofeiehdeds,i defdctiaa dr inafficiknoly @ ircippopriafely

specifically designed transgenjc, knockqut, or knockin animals, which can
be enpl oy@ezeés}n fhsdadiyvidugl aprotsm with neye! finctignse SEChasFAZYIMHFOr RESRAt known | n

th t
Fosear i USEVRTS) REECRHIEAROARIAPRGY EOL, RIEA LB AIb OB Qubid PO,
synt hesi it@hsipenzyprft actpdty) dnghe methbe bfithePresent iavasion olflprcﬁmhhg appl i cati ons,

a vector that includes avge ne .encodi ng the pol ypeptide of interest in
conbi nat ﬂ@rﬁpﬁpwprpafq@;psw i Agifl olecqrina prigasy edlls elanzleglistiziay 9r sequences,

€9 fi %n WS L8N strihs Sre AAMiRYRLEATS b ﬂldﬁ‘@%ﬁh%] 193 vs}h m 8 GOEhGEL nto the
é% I'S F

targe 0O Sserve as an expression or expression of the

pol ypept uﬁk&sxrﬂﬂb towditigh 1snb be tegted Oﬂpr&ﬂdﬁ&;hﬁﬁﬁﬂeﬂ&ht qiaatityenddiy@gr ati on into
the target cell genome, the tr%éag(et ed host cell is then maintai ned under
condi t i OARPTERAAE EJUERHO PXIrew:Q5 ks iaviable the Brqtein of £xEsaOARA ance t he

transfor BE&ATSQ Eal%@fe@gﬁt' 1814, Iﬁ%pf%g&tteﬁwg thesrapeutlc proteins of interest include, but

are not limited to: factor VIII, factor IX, B-globin, low-density lipoprotein receptor,

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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prepared, the protein is then purified to produce the desired protein
conpri sing conposition. Any convenient protein purification procedures nmay
be enpl oywed,030pBaee suitable protein purification nethodol egrasoxri4dd
described in Guide to Protein Purification, (Deuthser ed.) (Academ c Press,

1990) . FOSFghGUUIFe hurdahy-sadérferoR)or henpn@saifechnfbealrlivdred exspyneissliyoin Huasins
expressing the protein, and purified using HPLC, exclusion chromatography,
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del i verytr%nfg?gtmnf(%?}) @gé’%ﬁlerclt&t}éeﬁaﬁe%g? ?"Eﬁg%- wi th an abnormal or undesirable
condition which responds to delivery of a therapeutic product, which is
either: 1) a therapeutic protein (e.g., a protein which is absent,

under pr oftuigw Frefean Pvagluciion he i ndi vi dual ' s physi ol ogi ¢ needs, defective or

inefficiently,or i.napproprdately utilized in the individual: a protein with
novel  funct i oReorERREERGh Ruthel o pof ilmel sp<t s afeifipRag by Ay Phniean
t her gpeuils6 bOUSdSbEInaGirsl plofeil prodibioMTihe Rellg Ut idiftaidled Bndo¥ ROREEbY) aPdrehas
intrinsic enz%gatl c activi ;%/). In the nethod of the present invention of

&

provi di nknawn ethe pewvhich ras expoessipicifghecprateind Proteins gxprasaed uping ke y cel | s,

cl onal cel train r heterogenous cell strains are adm.ni sfered to an
oo dometnofs iEsBe el SRR oif p P B R RO i R E R o o
or preveiNeesirddprotefd. iPFdt@iRé mAd@Rddokdin@ifkhiRYmeRo R RRIUAR thetheuli® Bfteind O
express or nake avail able the protein or exogenous DNA at Ehym ol ogically

r el evant whishahs be Relpveessientadiiiman armendpsaniaoingl by epreengipnal utigat | ude,
but enot limted to:. factor VIJL, factor.|X b-globin, |pwdensity
| i p_og ot ¥ _Slaééselﬁio&m, lnél&ee?fg -%e?faieéfﬂf"ﬁs%%“,sj IBHMgu _ t’lné%g?sagorphosphor yl ase,
sphi ngony@)cL,AAeSR:s). Sublk ProddiRPineRIIE A&EL, hEPEX hid ﬁﬁrﬂirﬁ%btﬂjﬁoﬁt@?ﬁi@@ﬂ/[-@%,
conductance regulator, al-antitrypsin, CD-1 8, ornithine transcarbanyl ase,
ar gi ni noBGeCS &S feymi-intdrsen. Theengdlalcambe enmypdalived) primaryborsechraldrichai n

| ucose 6-

ket oact d ey cogngse, L acetonsel ol e e Lok USRS Br e
1 phos Egéé(lf\%ﬁgeg bflghlabARS KR 6Rin BRI IR Yot RRes FHLE e Y- miAE proRfiPis! des. and
20  therapeutically or commercially useful, for example, the use of cells derived from salmon for
the production 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

22



proteins are human proteins). Alternatively, a vector system as descri bed
above is admnistered directly to an organism e.g., via an appropriate
syst em orwbosadsseput e of adm ni stration, where the vector PCOMsonexdts ent er
one or nore target cells and nodul ate transcription of a targeted genomc
domai n, exmgessirgdhapiviteneand puhifiedpeng HPLEepdsgon ehrgmatagxgphgsgel on  of
therapeutic protejn that js not expressed .prior to practice of the subject
met hods. SIACRISTSISoRiTREY chromatogy § FI‘R% one which either approxi mates
the |l evel at which the product is normally produced in the body or results
in inprovenent of the abnormal or undesirable condition. For exanple, hGH,
hEPQO, hulbgrapaisisl Appbitapisn, hGMCSF, hG CSF, hunmana-interferon, or human
FSHb can be delivered systemcally in humans for therapeutic benefits. As
such,> t he subj BeBubjest Vertosplseding YsF HythGERCHEE AnpFliRDSt mevblaﬁpﬂhpeaqthqﬁ@s, in
which th r: . : ri.ption of a
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protei n production. § cePT'S are mal ntai ned under condi ions, as are known
in the agdnditfdtisGhReli@Stnks éfto@intgtRsRllowig probectf faded VIl Picdraixn 8-gueinessed
usi ng the nethods described may be purified fromcell |ysates or cell

super nat lvi-density dipdproteinreseptor, pdenesing deamingse; puting puclessieaihaspheondase,

accor di n%) to thif} matglgd in%l ud therta}ggﬁgjti.c r ot ei.ns é/\lhoi htcan be1t
del i ver POy BHCoMHORTIENS £XT et 1By LERVAT T EREs oS s ERi ey
routes ag)iAankPONR M8 G&nfkihe t@nQarbaliyBlse, drfihmAYRR MR syhthefaddruscul ar,

i ntranasal or Subcutaneous). Such protéins include hGH "hEPO, 'and human
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imortalized, prinmar or secondary cells. The use of cells from ot her
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derived from Faé aBdvellidt of fidteRisaefeas to@arvhalia proteitahd ihafdny, enibodim&ss of
cells derived frompigs for the_cgr oduction of porcine insulin, and the use
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20  via the subject vectors include: genes that enhance the antitumor activity of lymphocytes,

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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of interest. In such applications, a vector that includes a transcriptional
nodul atory unit for a pol ypeptide of interest is introduced into the target
cel | thatwOo93pgm4serve as an expressi on host for expressi ORCOIUSHIIEB444
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orni thine transcarbanyl ase, argi ni nosucci nate synt hetase, phenyl al ani ne
hydr oxy| &s@radsiemgdhesibigehinyentiote Thase iasteicHory Baebapesett ihtheypprbieet ldisdetat e
hydr ol ase, . gl ucgse_6-ph h . pas l-fu i b-gl u i

a-L- ﬁdur Béﬁfeg%gﬁf%’“&%ﬂ oélg toggfg)r%)ﬁglg B%%tatyebe %?S ??@r%genlél -e(?’ées@?‘%?ﬁ@?ﬁ%éﬁﬁﬁens,

cyt oki negstreé@ink nidg el pl@ent iaadpliked infkenatibh®nabmneble ingddivth opswbs@hse.gef er s
to manmmal i an proteins, and in many enbodi nents human proteins, where the
nucl eot i dpicgpar pigtasfRepa osavhiehhednformatinn igpevedpinghepapkaging of iddtalin y
known to_thgse of skill,in the art. r.therapeuti enes that may be
del i ver ed? 3‘%31‘%? H’ge@’ueﬁ?gcef[ AR r%%l%li]cg% a %%Iﬁ%@grtrﬁ;a‘%a%}a%ﬁg%gren’ fRe antit unor
acti vi t ydgkettey 0p)) ey, toasvhigeihRSnfohastorEhas &S catrdpd. Okt GhothBhAbB&RIhitheay

i mmunogeni city of tunmor cells, tunor ) _ ) _
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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suppressor genes, toxin genes, suicide genes, nultiple-drug resistance
genes, antisense sequences, and the like. Direct adm nistration of the

subj ect gEo@3pEigeti ng vector to aninmal s has nmany therapeRCirasod/id4id i es,
including the correction of the sequence of nutant genes linked to a

di sease for. Unhds indoratedasthérwadel partsaire partiodgeweight, gmies]ar svesghtti it weightof t oxi ¢
endogenous genes, i ntraoduction of ex.ogdenous enes, etc. One of skill in the
art woul BVeFRREARIFMUATYTIghty feneratiys 1% igydegises C %‘i‘\%ra‘?eafiﬁ‘ii’ieﬁ%“%%‘ﬁ Ehi*®a8YSTEMS
Al so proyjfeshice systens for use in performng the subject nethods. The
subj ect systens include, at a mininum a targeting vector as described
above. Were the targeting vect oVedeeonsttugioavi de for the |inearizing
endonucl ease activity, the subject systens al sotypically include a} source
of Iihearizi nghesadingsnatersals for the PN vestags siessrlb%{ Dedeparersadibiavatatln o
desired [ v r ej ' ' [ desired
endonucl @gééegfastgpll f\?llt%l gaﬂ &?%’S%@e%i %?ﬁ%%glgﬂgtrr%mg?%gyﬁg?ﬂgi\ééﬁlgjgg%?’acti cing

t he subj eedithifed hedsboxTige SODCY edt ghmdnsic N Adabthinablefiothe AT ACagEits websitect or
as described above and a correspopding'endonucLeagS%é)"or"

endonuc| kavirg amadsasss dormed) by Rlacieg gvwWinkheiedoregnd " 1org "tadier caleinbME’Y nay or may
not be a t fr t i . ject kits may
further ‘lé‘gsc i}'igilgrp ﬁegm%%%}%ﬁ?ga gy 3% bﬂlgﬁlg&%&;(got%ﬁﬁ&%lggmgﬁfec (lgnventi on,

e. g. 10 bufewsatccdrh), B&sepingdatly BN AGUaiveldis of VMlinesots) (saeee/US. Phtehto ki t
may be present in separate containers or certain conpatible conponents may
be” pr e- coABY-AS% fdraelevant seqvgnee infmmatiopthe disclaane pbwhichis begeintinessperatedhe

c avgres bl st . parelel
o act o o eRE BT Sl e Plsbe] MuosnEln BB ERERAUE ALY, 1% e

subj ect Khdperd doed n¥Binitiite @to HH d¥RomE BEnGE-DFGIOPhidA spidies it emybdBepaSRENt i N
the kit. One formin which these instructions may be present is as_printed
i nf or mat fosthegista fardiomtiogousenipgratia orsans dt foat ean ke deletedhfrpmdbe vestorgiseiges of

papef. on which the .information i s print in.th i f_ the Kiit, in
Do bk age e b tgpg R o b oy hE R RREI R e akalipl
medi um  fyréhe Sldépike Bty Slemeat, ShichdbewMit€dtateliftol anfadietyedfispetidsasnd RO must
recorded. Yet another neans that nay be present is a website address which

may be ubedeleted Aheachdeet(ansppspsarasegritionsequanes) praidpmiteal, either can be

removed. Then the P element vector, Sleeping Beauty vector, 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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at a renoved site. Any convenient neans nmay be present in the kits. The

follow ng exanples are offered by way of illustration and not by way of
limtati oMO oBE®HERI MNENTAL The fol |l owi ng exanpl es are put fecrhsssiiasto
provi de those of ordinary skill in the art with a conplete disclosure and

descri pt k@ps g WdMkrodvntaloae skitlediittht Aft apd Sseizymsy eqlirédfor addtkidiod andt
intended to limt the scope of what the inventors regard as their invention
nor are fliggon aie ayallalleccommesgseial e (Bee, dor examples Ko 8y, dshtMethadoiy Enzgmglogyor

h I [ f .
W th T eapart A ROnme PESL ALY e N R, R RAR S SR B

exper i meMaleculdr@lo8ing Al LdByratry Misual)ColdS fithgdtabor Lt Hory PiseSsldi ndi cat ed
ot herwi se, parts are parts by wei ?ht, nol ecul ar weight is wei giht aver age
ol echil aSpriae Herbor ¥ £l 3R Urathlsg /8418 5rmiss Ecslnd Biclahs, Intridapnles 498268 1.a. at
or near aft [ic. tor .Constiruction The starting materials for the DNA
vectors %géhf:é??‘%ge eggh!&ﬁcgﬁtgrﬂgx%g@?)l y available to those of skill in the art
(e.g., Casper4 and P el enment transposase plasm ds (Flybase), Onithine
Decar boxyl ase (ODC) rat genom c DNA (obtainable from ATCC and its website
havi ng an address formed by pl aci ng Example lhefore and ".org" after "atcc")
Whey Associ tga Perot %i (V\AP. muse genon ¢ DNA (ual SO obt ai nabl e f{.om t he
Licne targeting C Qriitiune.decarpoxyadac gene.of rat using a @repear gene targeting. |
e.g.10U. S. Patent No. 6,489,458 for rekgyant sequence information, the
di scl osure of which is herein incorporated by reference), and plasmd with
a singl e PI-S@eldegenstgite thi{ NeatedPris bunsessBilol eibrijar gepgtacgetipg vactobwss not

i nt te into th f - Dr hi i. it b d [
For the CoRTeoedr THERBTOGSGE T RONGTad Romels EREMYA oS gl RabL s r om
the vect gp faby) 4l Sfr £ Of A183Ed #a6 béfinid LIS PheaBfloral thidk A8cb bbese
(leaving a single P toot cleavage site). As for the Sl eeping Beauty

el ement , (adv) wias doessn beragsg it entire sesjuanceawdsging wafand pewaseeomroerciatlpevaifables  be

del etgd. .As each foaq transpo e recognition uence) is,identical,
i b hOWET Paahe IRt Heienpes SR ety B O or
or Pl - SCeEnShMAt fetstt TRE §Ralf QORI VAGe B BE 3P End)3S chd)@nd @R thRM1VMEAST t]DC
DNA clonéd into it as described bel ow usi ng standard nol ecul ar bi ol ogy

pr ocedur gene. Une coritdlorstootorithieed thisj /2 cbli i frgalattbodasemgndm place of the modified

odc gene was also made. This control vector contained no known sequences of significant
homology with the rat genome. Rats were co-injected with fifty micrograms of 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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produced by standard nethods of restriction enzynme cl eavage, ligation and
nol ecul ar cl oning. One protocol for constructing the subject vectors

i ncl udes wbesbmd4sbowi ng steps. First, purified nucl eic aci #CTnsgsreats
cont ai ni ng desired conponent nucl eoti de sequences as wel |l as extraneous
sequences ar eShowmuebiguie hisraesshematic adrihelmtanaed @K Evectarand ithe ndrmlal sour ces.

Fragnments contajning t esired nucl eoti de seque es a hen se ar at ed

f r om unwafho8Yyc M‘B ﬁ%ﬂﬁ 5. EB%Q)d: g?@r%%ﬁengi“feea &9 ﬁ%’ l@ﬁgflog%ﬂé 4P itSn

met hods, ci8nhoi tgxh@@@c%&t&%d%eesasleﬁmra@é k}ﬁywnﬁkgevaﬁéal 16k futhe ga{mcar e
exci sed ?romtﬁe gel and ligated together in the "appropriate configuration

so that @D garl Genorac| [ANA veasi isblated ﬁioasmnsdesaonatalthnt mgrd infectbdsvitlethe above
sequence sequences corre pondl ng to thgdﬂﬁ us ele ts of the

subj et m*frbﬁgé)c %t%eQ%‘PSH&P dlpagivathpryasre egeaeeicr A Wate
C' rCU' af te@?h%ﬁﬁh fpratdn ﬂ?et(BB@t\Fegﬁo%‘Pa LARRy ﬁm?ésh{:jé §fle P@:Rarega%adeyeefed% host,

e proce ures eavage, asm d construction
t r ansf or stedrigaibraabigeploasaOD(pgadbahd oflS(D(}bpoh Vength. RloWesse it mpsy af the visdues known
to one skilled in the art and the enzymes required for_ restriction_ and

| i gat i onoBlydromy Higcigd animalsiege o, ﬁeStléaSé’é‘rY faib héf?(rall'?“}ﬂge eagt, IjgptingFpleept hods

E
Fri toch e a Q0. ot SRR Sibrinl, v adihbfill bonltor BBQhyP il IEnecfryal
Spri ng Hastbaed (tAdsizabOIhE bR &5 theC©D¢ Hetar)) ghbm}m rsambleé(tha( 18 ; a Kaatlal og

1982- 83, New Engl and Bi ol abs, Inc.; Catal og 1982-83, Bet hesda Research
Labor at thaégldlan?@)the E@%P of the @l veatpgy?reﬁberbtest@ﬁéwwr B{R primerstbatar boxyl ase

gene of ﬁ%%hgﬂet%?ﬁhé Bl &bl@ﬁ“ﬁCk%ﬂ@&% Qgtel‘tt%% brek@ é%eorf‘?lfﬁ:sﬁ F HNAL S

strat egy iS suc circular Vector was constructed .

The cir cmharﬁma@@@gMau the OC sm@ﬂ @asmdnsmﬂbrdlyalrﬁbgeétﬁfgaﬂto thé e gpasmaise cut
site (P foot) and a fragnent of altered rat genom ¢ DNA. The rat ornithine

decar box %@t@eéwese(tbeg Rifaat sepvpnees wewd alse berdstegtabler Bingly RGrR 8siiis known
and ﬁ W? R mers 1Al f?;m‘['ilvdaérl f%? lsgmplegl dl‘? rv%%rt{x#ﬁnﬁ{sss%}ﬁ tl@?rc%n[ﬂh%q{:l%we? Dt ft 26

vect ree Sa 1 onNs were

smal | debethithisorte EzenBmid)@nd delered (OBIC @tthr) firhs ol ﬁlermndlgenaweaspreéent he
gene. One control vector contained the E. coli b-gal actosi dase gene in

pl ace of Thé @nlrmnyftp et tdaqé’C@emplvtép@tlam sbthgugletediarm of hetgene isibthed?Deont ai ned

no knownvesc & {%%Fa%ecp ntost'hg @ﬂé %9 nomic gene in a homologous manner.

20 Example 2

Gene targeting of the Whey Associated Protein (WAP) gene of mice using a circular 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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honol ogy with the rat genone. Rats were co-injected with fifty m crograns
of the circular odc/P foot gene targeting vector and ten m crograns of

pl asm d DM&oshsts2encodes the P el ement transposase and ci PCTtEn3/magat i ve
control plasmds. After three weeks, the rats were killed and genom c DNA

f r om t hebloatl sliweadupg, kixie g)d The DN A ivsibjeeted toPCR amlysss, spafficatll prifrieedithat
include, the liver and intestine. The DNA was subjected to PCR anal yses,
speci fi campyfyghe Rdpaet, Bigatactosidpser gene randmotinihe WA gsaeand Rreplacwsidass geney, and
controls. PCR Vil [:QUS | es of i f n rat ] i stered
control s usi ngeg%é‘t‘g‘gsrsaﬁ“ﬁ%"géﬁ %%T%ﬂg@s%omecgﬁnlsn%@d ‘g)gl\?;é)&n%sn 1gducts,

t her ef or goR@r B9hReiRIh&-GREFI Rinddé BIFE ab ippdtivefs, indRafiRgihafto deetaples had
occurred. PCR of various sanples of genomc DNA fromrats adm nistered the

gene % ar getonrig integratgen ofi théicarirol Nedpifsihas oonerede RERr df\waripesisanimdes aflgenomiti f i ed
ode gene d.integrated.intq t rat genone. Furthernore, no anpplification
coul 4" DeDREt euaits e mimeied eSS bort darggrelar an foes!s Sy et the -
suggest i B, &iBakiade BendYnEEARANAY the) L iDW AN AT WAPShSRTRINBA | O
mechani sﬁ] a%ﬁ?t%steeg rrl)r og? %s o@?a?n%ﬁg?%rﬁhémlcogous recon‘f)glenatl onh as

i |1 ustr athednouse lgegin€ FinaBlypampréssiohiof thieeB-alastosidsse lpenaisiexaminedlzad! i neari zed
ODC vector and the normal genom c ODC gene. The ODC gene was engineered to
have t hr @pressian is faundiin ah&spief.or to its cloning into the ODC vector and
thes:[=0 del etions are shown by vertical lines in the genom c ODC gene.
Genom ¢ DNA was isolated fromtissues in rats that were injected with the

above shown ODC vector. Using the PQRaaiphg Wi th prinmers 2 and 3, the
genom ¢ DNA was tested for integration of the ODC vector in a variety of

ti ssues. The PERWABedteris aeadsliedeas fallews: dhgyBgelantebidgtergsnt is emOvedrendind of

500bp in length. . Ho i f the ti f i nj ect i mal
(oo DASIEEh bt PURHEDL s BRI }s s, iR PHallhe et §8 CEien 1o
nane a f ¢wk vebtdf |sUtHeRSzcad B ubfectikeihe DNA $®fHeehtridbnaddbhuddiaé, fpndhef 200bp
in length was detected (the size of the band for the ODC vector). The DNA

sanpl®es tihear DIy weighjextedantd thérmicei andiapalyzedl simdary asdaserebeaglf intHxem@bC.videt or

were the ested with PCR priner specifically detect the P, foot, DNA
porR anal PNA igirats hemglgeuRby B eV AP sBRER AL ERe st e s koot s
t hat theasqaawﬁ%’zg{fg RS0 PRIzehPRARA KnétaRGERETEN AP he rat genomi ¢ DNA,
otherwi se the P oot sequences woul d also be detectable. Finally, PCR

using primers 1 and 3 performed on the sanples showed that in the sanples
fromthe injected rats both the normal enonmi c) and del eted (ODC vector)
forms of the ODC gene were present.rgla—m—(p(‘ie—‘1

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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The only way to get the PCR anplification of the deleted formof the gene
isif the ODC vector integrated into the ODC genom c gene in a honol ogous
manner . Bxarple3421 Gene targeting of the Whey Associ at ed Proraisn3/(3MP) gene
of mce using a circular gene targeting vector To denonstrate this strategy
i s al so ghaca@ssiyis homoldgoas 1raegrixticﬁw@nrrgxgnmttiaisg>etﬁrﬁgg\zﬁmighrto gbve a
constructed, The circular vector conta si ng Drosophi | a P el enent

t r anspos BRYIIpgIC §?Sl’8ns(ePF‘F161%ﬁ“)“°’§nﬂ“%1P%rP‘ég Siy geéletI%P"é'tS‘e ]%eeprﬁ@ﬁﬁ?ﬁ‘% DNA.
The nous 2) ecause its entire
sequenceﬂrgbﬁﬁdﬁﬂﬁgqﬁﬁ%}g%{%§%ﬁg§%g§9§ égfﬁkggégfpgﬁgngthe vector, two
smal | detlebughthe bloedragia banrieck.he WAP gene of the vector. The snmall deletions
are at the 5° end and the 3' end of the gene. The E. coli b- gal act osi dase
gene Nith a constitutively active nouse pronoter is cloned into the mddle
of the nodified WAP gene. Mce arg njected with ten micrograns of the
circul ar WAP gene targeting vector ang two m crograns of plasm d DNA that
encodes the P el endierdatiatispesbdemancbaséd wactaar negative control plasm ds.
After three nmonths, genomic DNA is prepared froma variety of tissues from
the inj ected éan%‘?ﬁ’IréVaé§0Wélful‘3te§§“ﬂHéF parpg fi%lﬁﬁeﬁﬁ’&AFéegebwd%&amnl%ﬁsew ung,

ki dney) . i) B ftl%e Bk olBnE CERANG ¥ SRBte PR {ﬁw@@%b@fegﬁrﬁgs that

anplify gaﬁ actosi dase gene,

b- gal@ct B&iud?-&ﬁb})ﬁﬁ& raRARNAf cuniiyl ca$me &1l PESOENgTa0 o s fof GeséDBRAs
adm ni stered controls using P foot or b-gal actosi dase-specific Frl ners give
no produdess injested @langiyith MatlA gaeadingibe suiwgsnvme (ane ghistogeam of DNdefor

cont rol I%%é@gr eaﬁt?ﬁggfﬁé%cg%@?%%y?ﬁnﬁy3{ﬁf‘g@k?ﬁol%fNe% BE‘a d B'\!ﬁ%b the

m ce adm ni Tar get’ing vec and contro

b- gal acimes nfles & f@e i ihfeclictisegfasédeawedl Betivben @RARECtAInG ﬁnﬂ@ﬁ ﬁﬁo@éddrés t he
WAP genomi c g ne in the nouse genorre Final ly, expression of t

b- gal act Osr tgéﬁfenlcg fencaeinaih. néb@pmétgsvmsacglﬁfc%mi individyal t | ssues.

|f| e Iact sida e gene
o By Berteottl VEGBllpdE AREUPRE% A Bt firel HRe R ARk AT .00 e
P foot DNg Bafegratich Wed eseded Gkin thé@@gt@rt &s, howewdrizesh Ay fFddRERSt | NY
t he DNA tonﬁﬁ?@est%rctl on endonﬁcl ea%e Sspl ?nghl s li rrléar DNAﬁlsdgl |1%9ect ed

into t heofiniegration fanksss thawithet ehsermefl forthe Belemens basedryeston Hhlisis probphly due
to the less efficient 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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DNA i ntegrates honol ogously into the WAP gene in all tested tissues in the
injected animals as well as giving rise to progeny with a genetically

al tered WxB ogessa21 Exanple 4 M ce nmutant for obesity were @oTiusp®ci4ed with
10 micrograns of an integration vector containing the normal form of the
cor r espopetiatic biobdsampjenwilhdeterining thad grediatoglobinegene arispos@pairdd\b thégemt al

often i n} ectjons vvere%?arri ed. out, pne i nj ect ioﬁn. ngh week. Alternatively,
S
R

a cont r ol "§REEIFCILE AT i g T el ey RPLgS cerleeea Wil Ot ant i ce.
At the epg.ffentdye five weeks the control mce showed an average increase in
wei ght of 15% (approximately an 8 gramincrease in weight/nmouse). The m ce
injected wwth the integration vector that contained the normal obese gene

ar am Hecr case HeARFGHOMhESByve Re i Reuthen Pt SLgh BT PR B AT
genom c : : kg ASanlidne [ 1 f.er
this reg %)l&lg? ﬁﬁgﬂgggfgg%@&s ene, onll}geﬂr]]%%otl() gg%ll}{ ?Htsg% E%{eﬁ)cﬁ%%ﬁlngnggcount
for curi agetdpenoalzasicicyc afd intea g eell ghmime of a imhRicolbulandrgamencBemnse the

fragnent coul d not rescue the phenotype if it were to randomy integrate
since it MeGRAMSTME homrajogous feombination; RRbISMS of gAngemdnieR RIS oiftednot er  and
has no s i i . i : Lo, e se is
enoun ¢ o aspertofE 1 prtde A BN @bro s of R3ieRHicAh! MEkcht ih e AREDFo B

honol ®gohsmblvigeay retomiinatiau Asisach, thaidubldet invemnuepiesgntemoigaificut gi ve a
physi ol ogi ¢ response. Furthernore, this particul ar obesity gene is needed
to be pr&enfERiqnotkeArhr ai n, so this denonstrates that the technol ogy is
capabl e of passing through the blood:brain barrier. Exanple 5 Alternatives
to a P el enent based vector A vector was constructed with the sanme del eted
WAP gene as i plpublipdtions ahd patcapphgationiitised innids bpeifi@cdbn ardimedhone
contained a single cut site for_either a) Sleeping Beauty or b) other rare
DNA cut t insgrRoFatschipy (edergnce apjif sacirandiviguy] pybligatign arRateRt apPRESHIODNLE wer e

i nj ecd ed it h. . ' t: ' i Cr m of
o For SRt inRFo SN0 EACAM Bk Bo-pulale b ERAHER TBF GToBLERAL T
New Engl palslidatioh &lfs) itd ditclostre prior¥btthe filignditapetiHoulbnot beaoasried week bet ween

each injection, no further procedures were done to the m ce for one nonth.
Then t heafmissiopdhas theqresept inxentionds natgnlitlgd i antedate such publication by virtue of

prior invention.

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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ti ssues/organs were coll ected and genom ¢ DNA was prepared from each
separate sanpl e. Honol ogous integrati on was observed using these

strategi espoboym@Yer it was at a frequency of integration Par/dsess4shan that
observed for the P el enent based vector. This is probably due to the |ess
ef fi ci enWrantls chgMep 18| eepi ng Beauty. Al so, for PI-SCElI the cutting could
be occurring during the injection or the protein's ability to enter into
cells is dimnished or perhaps not enough enzynme was used. Exanple 6 Gene

therapy of hurBRshyg l)f‘ﬂoxf}ollgg&fswhl%Eoﬂﬁfﬁﬁlgtéﬁf &%ﬁizﬂlﬁxs WEEER acilCinfCRRRE ' at &

this strategy iIs successful "I n humans, a circtlar gene targeting vector is
const r ucpambmeldta mulkticelhdsar orgation, saahiathnd camgtisig:e Drosophil a P el enent
transposase cut site (P foot) an fragnment of. the nornmal human b-gl obin
genom ¢ gene. a‘%‘ﬂ@‘%ﬁﬂ%%é@d“@‘%“ﬂl“?ﬁré’é%“% ap glfetiye sEoNNLRS anpategitipp e
sequencev%ﬁo}agﬁﬁﬁs dit is the cause of sickle cell anem a. Patients with
sickle ce anem a Caused by a nutation in the chosen b-gl obin gene are
adm ni stered 2) m hhogowhgsuofectibinatione inteprattderhat giedt cogprisstsaid Wi t h f our
mlligranms of a P el enment transposase-expressing plasm d. After three
weekl y doses &foschRusgricleicach flanked byseqausgcesthairrovide fardemalegods mor phol ogy

is exam ned tPecg%kifaﬁbﬁl@viﬂm@ﬁiﬁ&%@?%%%m%f ﬁ@r phol ogi call y nornmal bl ood

cells. Further, anal yses on~genom c i sol ated fronperiodic blood
sanpl®s wi || ¢det er Ailinearizigd eddosudbeisa rg@bghition gienthat, $n teipigehi@psfiahed by t he
gene targeting vector. Finally, the reduction of the symptons of sickle

cel | anefidoniifiepserfar the digpsivingendppuglease yiteidneleaved hytsaid capemusieasata t s and

di scussi g%dhpea& li{n&?‘iz«?&’%c‘? t invention provides efficient and highly
effective reagents and nethods to acconplish site specific integration of
an exogenous Ghddr ebadifiehsthol thitGaid ihREEibn &edtbr Yeran®d B said shtdonucleddeud ar
organi sm Because the mechani smis honpl ogous reconbi nati on, problens of
random i Brodyee lingarized vepsesi fane whithy sapcbintagratingtelangsit bamalogpushe FRePBIRINGS ovi des
for signifi. [ se in the efficiency of honol ogous reconbination.
As sg%h,g?%§h§§%%3§§&%ﬁ§ention represents a significant contribution to the
art. Al publications and patent applications cited in this specification

are herein incorporated by reference as if each individual Publj cation or
pat ent appl i cab¢ Bwthedrascording 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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specifically and individually indicated to be incorporated by reference.
The citation of any publication is for its disclosure prior to the filing
dat e and wboshes4zot be construed as an adm ssion that theprprasesitd4envention
is not entitled to antedate such publication by virtue of prior invention.
Al t hough the foregoing invention has been described in sone detail by way
of illustrati an xa Ie for s .of Iar understanding, it is
readi |y dppar EH‘F g“’g @Bt%rcé‘?pﬂ’aﬁwﬁ?ﬁ"i‘?a‘ IFPéiyféfF‘I’ TGO of the

t eachi ng i be
made the?%rg{cr)usr\}\né}% otB? Xlggl?)lgﬁgﬁlf#gﬁ gog%&q%lﬂgﬂgg??:a tg ﬂzcr %gglcs)g%ddoéfddt de ppgg?&

cl ai ms. VéAd ehd®nGhleheED |S: 1. A net hod of honol ogously reconblnlng an
exogenous nucleic acid into a target genone of a nulticellular organism
sai d +ret hod conprising: admnistering to said nulticellular organisman
effectiveggano r {?%gg us
reconblngtlon¥P%F§gP§QF%gB§%é§g%£HE%gﬁkgﬁﬂggggggﬁgg&%wgg%SZﬁo ﬁﬁg eic
aci d f| apdiédnteyrasiaguenices t hat provi de for honol ogous reconbination with
said target genone; and (b) a linearizing endonucl ease recognition site
that, in the presence of an endonucl ease for the Iinearizing endonucl ease
site, | ea i t under
condi t1 ohE so ! Thated ko g CTERs kR AT UERE YRR A ERGNREAL Chce
t o pr@duiiegratiigh@dtorzed vector from which said int egr atl ng el ement

honol ogously reconbi nes into said target genone. 2. The nethod according to
Claiml, wherein said integration vector is linearized by said endonucl ease
prior to, dm py i t hod
accordlngﬁto 2%5%%\ dg@ﬁ%@b%ﬁbg%ﬂgJ g%gp&gﬁ%hggﬁkﬁﬂps IPﬁgﬁ?gged by said
endonucl gageakkhilaély. adm ni stration to sald mul ticellular organism 4. The
nmet hod according to Caiml1, wherein the endonuclease is a restriction
enzynme. 5. The nmethod according to Claim4, wherein the restriction enzyne

s Sgg: 1 ge ThEe TRUNA%AGANGL 0k, FRkdTh Jaid WBE SIS FaRII W UCLGRSE 15 2

reco

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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7. The nethod according to Caim®6, wherein said reconbinase is a
transposase. 8. The nethod according to Caim, wherein said nethod further
conpri seswadnia4st ering to said nulticellular organi sm saipdTarsdom4ed ease or
a nucleic acid conprising a coding sequence therefore.9. The nethod
according to £ thatsadd cindudardhtegmtionl verodmhio dlehved besaid ardonidese salptodued &r i ng

to said nultjcellular organisma nuclei.c aci.d conprising a codin equence
for sai dlIBFRIGRY MtegIRloN vEgtor fiom wbw‘ﬁ&ﬁae@s%v&glwn@%ﬁ%@U%@f@Pﬁln&%i d
codi ng smgg%ﬁréégg%%ﬁr esent on said integrating vector. 11. The net hod
according to arm-9, lerei n said codi ng sequence is present on said

integrating vector. 12. The nethod according to Claim1l, wherein

integrating vector is adm nistered jntravascul arlér 13. The ne(lgl]pod .
accordi n§8t o Ehamethod ageerdmgdo Sdaen W Mheessr gl Aprtdrea AYRISES st lgsarizg 14,

The met hggdo;ﬂgglggsgﬁggog?a% %%ﬁmim%gi n said animal is an insect. 15. The

met hod accor ding erern said animal is a vertebrate. 16. The
met hod according to Caim 15, wherein said vertebrate is a manmmal . 17. A

met hod of honol ogously reconbini ng an exogenqQus nucleic acid into a target
genone of%a véhe asthedaccarding torblaaygl - Bsreins saidy method; fuithercompgiseso sai d

vertebra : tl: t.. of i I rati . r rising:
(3 & hotgn B Guleis syl ATRAR sl ol B bR cBioHSak Reol R,
exogemousequefideahérefgé.d fl anked by sequences that provide for honol ogous
reconbination with said target genome; and (b) an linearizing endonucl ease
recognition site that, upon contact with a linearizing endonucl ease which

recogni z said |Linearizi C I | tq ite, is cleaved by
Cai d”endgue: s RSl the 0 CRIHELE BB P ERO R S Gonlo s OTeF T Ui
l'i neari zhdgingsielaipue|seidsertebrairh RidiROaid eanpridilah coding séquenctoesads to said
vertebrate;so that said circular integration vector Is cleaved by said
endonuc| baersizing qpdeensdease | i neari zed i ntegration vector from which said
integgating el ement honol ogously reconbines into said target genone.

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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18. The met hod according to Caim 17, wherein said vertebrate expresses
said linearizing endonucl ease prior to said admnistration step. 19. The
met hod aoxomndoysg2zt o Claim 17, wherein said nmethod further PCOMSDI/ B4

adm nistering to said vertebrate said endonucl ease or a nucleic acid
conprising a coding sequence therefore. 20. The nethod according to Caim
19, wherejin sajd method further cogprises adnpinisterin 0 said yertebrate
& hucl o & ac: dhE SR LEHGIE 1 SarG S DN GEE B GRSt ALRp Py

endonucl gR§Rnt Rankposhte NMet hod according to O aim 20, wherein said coding
sequence IS not pPesent on said circular integrating vector. 22. The net hod
according to C aim 20, wherein said coding sequence is present on said
circular_integrating vector. .. T t hod .according to Claim1l7, wherein
sai d Ver 2Rbr atlhe vectdr aeorig o ﬁ?lmrgi WHEF OB 3714 SERPHIRGeR (orelrie s $9dingiher i n
sai d vectQr .l & BiMidtsbibedsd ntravascularly. 25. A circular nucleic acid
integration vector conprising: (a) a single reconbinase recogni zed site
that is cleaved by a reconbi nase; and (b) a honol ogous reconbi nati on
integrating element that conprises_an exqQgenqus nucleic acid flanked by
sequence$’t hatl hp VeRIPTASCordners fdrightt vherdo sf fading sequspce rymat Rrgtanbin
accordi ng,: i: erein said reconbinase is a transposase. 27. The
vect or a%g%%?l%a%g% 25, wherein said transposase is a Drosophila

Pel en@nt transposase. 28. The vector according to C aim 25, wherein said
vector further conprises a coding sequence for said reconbi nase. 29. The
vect or aélor diThg vedorgeserdinego Gl 23, hersin said intpgyaingclement GOEIDHISES 3 esent
in said Lpt %ﬁo@f‘éa@ wgl ement. 30. The vector according to Caim25, wherein
said integrating elenent conprises an expression cassette. 31. A systemfor
honol ogousl y reconbi ni ng an exogenous nucleic acid into a target cell

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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genone of a nulticellular organism, said systemconprising: (a) a

targeting vector conprising: (i) a single reconbinase recogni zed site that

i s cl eaventolg/om4eeconbi nase; and (ii) an integrating el enmeatr/ushai34aonpri ses

an exogenous nucl eic acid flanked by sequences that provide for honol ogous

recombi n3gi onA KAnfbr hbMoSobotsly e&onbimAg &n eXogandusahRicic Atd thte @ EREdtTeNy a

codi ng sequence thereof. 32. The system according to C aim 31, wherein said

syst em cesqpmeeis multigeldenrbimes e said kit cpmwrisiigt em according to O ai m 31,

wherein said i stem co%pri se g%r%%ﬁéc acid encodi ng said reconbi nase. 34.
e

The system accordi ﬁéartg Véeft%r ein said nucleic acid is present on

said targeting vectiyr. a%ecohibnasy sdcopnidetstethatds tiRakddadiym @ombiigdechii sai d
nucleic acid is present a vector separate fromsaid targeting vector.36. A
kit for honol ogousliy) r eednimiokigays weomRingtow iieaiatiigalement itlhatcamprigestaar get

cell genome of a nulticellular organis. aid kit co i.Sing;.ta) a
targeting vector conpri SO PUEF & lg]r%\n%%i@' ?e@(‘:'?fa:ﬁ?gé%f p§?‘gge f(ﬁat i's
cleaved by a reconbi nasgomaRgotd letorAbiAaiidr;@8@us reconbi nation integrating
el enent that conprises an exogenous nucleic acid flanked by seqguences that
provi de for hémol ogudsecosthinmst oma hewicic agid cohlprisingd codingrsbiusasethsreod nucl ei ¢
acid conprising a coding sequence thereof. 37. The kit according to Claim
36, wherein said kit conprises said reconbi nase. 38. The kit according to
d ai iy 3637 Whengt Ritsdédditblo COMRIES RheRindd Bit Gomprists SAAQEIADbisREd _
recombi nase. 39. The kit "according to C aim 38, wherein said nucleic acid
is present on said targeting vector. 40. The kit according to C aim 38,

wherein §§u d q.ggk(EI C a i'ngtéaldﬁ)rrﬁ%%,en a. vec&l(()iricse arate fromsaid targeting

vect or 1t accor wherein sai omprises 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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