WO 03/ 031629 PCT/ AU02/ 01367 1 METHODS OF PREPARI NG A TARGETI NG VECTOR AND
USES THEREOF The present invention relates to providing nethods for
prepari ngwe wasmeti ng construct for use in a targeting vecrowvokoidsgene
targeting or honol ogous 5 reconbination., The invention al so provides
targeting vectors, and cells, plants ﬂd animal s (including yeast)
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further provides plants and aninmals nodified by the targeting vectors. 10
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het er ol ogous genes anon erent transformed cells. Further, random

i nt egr at i on meadificationsi ohoe dnsationriusthen eroades piants Aag anisialsmegified dous
genes whi ch or the maturation, differentiation and/or
viability 011'% Eaé'agﬁ'ﬁg%r&%rgam sm One approach to overcone problens
associated with randomintegration involves the use of gene targeting.
Thi s nmet hod invol ves the sel ection I us reconbination events
bet ween1®NA sequences residing in tw a cell 25 or organi sm and
new y i ntroduced DNA sequences. This provides neans for systematically

altering the genone of the cell or organism A significant problem
encount er ed The iiegrationofaheterclopaus MINBeintes ceﬁmcamdagrgamsmal is apotentialiy ant

cells, wherein_honol ogous reco eve 3 cC l,i,es in
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of integration of the heterologous gene into the genome of cells derived from

multicellular organisms such as mammalian cells. This often results in a wide

variation in the level of expression of such heterologous genes among different

transformed cells. Further, random integration of heterologous DNA into the

20 genome may disrupt endogenous genes which are necessary for the

maturation, differentiation and/or viability of the cells or organism. One

approach to overcome problems associated with random integration involves

* the use of gene targeting. This method involves the selection for homologous

recombination events between DNA sequences residing in the genome of a cell

25 or organism and newly introduced DNA sequences. This provides means for
systematically altering the genome of the cell or organism.

A significant problem encountered in detecting and isolating cells, such as
mammalian and plant cells, wherein homologous recombination events have
30 occurred lies in the greater propensity for such cells to mediate non-

homologous recombination.

The relative inefficiency of homologous recombination is even more problematic
when working with cells that are not easily reproduced in vitro and for which the



2 aforenmenti oned sel ection and screening protocols may be inpractical, if
not inpossible. For exanple, there are a |arge variety of cell types,

i ncl udi ngwoenw3lezt em cel | types, which are difficult or i moesgioRibeero
clonally reproduce in vitro. If the rebative frequency of honol ogous
reconbi nation itself could be inproved, 5 then it mght be feasible to
target a vaafoseyeptioned |seledtionhand sonegningrniatsicels: mayspedmarasticali Eonedt i on
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tar get ed i ngpédistidedisolztioa tgetmiques.a cel | or an organism The technol ogy
relies on the replacenent of the wild type gene on a chronosone (the

target gene) by an inactivated gene on a targeting vector by 20 honol ogous
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is the high trequency of randominsertion of the whole vector (non-
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General |y t Beledfioh BnEIstréenikg pastecdlEK) gene from herpes sinplex virus is
used as the negative selection marker. Wiile this systemis routinely

used, there are a nunber of drawbacks associated with the system First,

posi t | ve/ negaidiBad SRddbindfid Ol FANSIYCLSERAT fors AB! [ iARSINAIOh of
unst abl e. Second,nultiple cloning steps are rnvolved I n constructing a
knockout vehetsrologbus hsdqieasespbuhshi8echsigeednay aleeks iusedooeelimitadeces.

Third, the method descr.i bed herein Ie%dst itself to sem -aut omat ed
appr oaches fRoyeer nactivgie sequensey MththE98NS s,  which is not currently
avail abl e for existing technol ogies. WO 03/031629 PCT/ AU0O2/ 01367 3

A “gene knockout" refers to the targeted inactivation of a gene in a cell or an
organism. The technology relies on the replacement of the wild type gene on a
chromosome (the target gene) by an inactivated gene on a targeting vector by
20 homologous recombination. A general problem encountered in gene knockout
experiments is the high frequency of random insertion of the whole vector (non-
homologous recombination) in animal cells, rather than gene replacement
(homologous recombination). A positive/negative selection procedure has
traditionally been used to counter-select random insertion events. Generally the
25 thymidine kinase (TK) gene from herpes simplex virus is used as the negative
selection marker. While this system is routinely used, there are a number of
drawbacks associated with the system. First, positive/negative selection
vectors constructed are sometimes very unstable. Second, multiple cloning
steps are involved in constructing a knockout vector, which takes months
30 instead of weeks in some instances. Third, the method described herein leads
itself to semi-automated approaches for the assembly of targeting vectors,

which is not currently available for existing technologies.



Thus, there remains a further need for systens for the devel opnent of gene
targeting vectors and for gene targeting systens in which honol ogous
reconbi nawpD3mars2oe routinely and efficiently obtai ned angcro®eowsred at a
hi gh enough frequency to obviate the ngcessity of special selection and
screening 5 protocols. It is an objectYherein to provide nethods whereby

stabl e geneThgs, gmte'rélqemém.@éSfurtﬁéﬂ nBed qen sy stemisetbrahecdévelemdent 6f geast | y
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const ruct f@ﬁo@?efnequantﬁltgeiblvraﬂje\tlaetrtelcessvtyeofespets;ai seleetigeendgoreeniog i s
capabl e of nod y| ng a target DNA sequence, said nethod conprising the
steps ofS oPI#PeRIBg a copy of the target DNA sequence in vitro; inserting a
DNA sequence conprising a transposon sequence and a 20 DNA recombi nation
sequence at one site in the copy of the target DNA sequence; inserting
anot her DNAltSeaneshjectderpini toi prgvuetmaﬂr@;ieslmergbn Stahle gene taegeing vectors

reconbi nati on guence t ano th of

sequence; aﬁ%"‘% CRABRY Sdacw'@lg dnﬁﬁ%ﬁ?“é’v%ﬁﬁ@ﬁ%é’%@@é% 36 @8%& i on
sequences hfé Phifed tB etiregiofif oft the g&mm@foffeheen or oedari®ih srefludiesein The
present net escri be erern, provides a tacgetl ng construct that may

be i nsetQ edsich madifiest ellsi 6apn beselectadandhanfichedir get DNA sequences in the
30 genone of cells capable of honol ogous reconbi nation. This transposon
medi ated procedure is particularly useful for generating deletions in
target DNA sequences and celSUMMARY OFTHEINVENTIQON?2/ 01367 4 I n anot her
aspect of the present invention, there is provided a pre-targeting
construct for use in creating deletions in a target DNA sequence, said

construct . 4 first aspect of the present invention there is provided a method of preparing

15  a targeting construct for use in a targeting vector, wherein said targeting vector
is capable of modifying a target DNA sequence, said method comprising the
steps of:

obtaining a copy of the target DNA sequence in vitro;
inserting a DNA sequence comprising a transposon sequence and a

20 DNA recombination sequence at one site in the copy of the target DNA

sequence;

inserting another DNA sequence comprising a transposon sequence and
a DNA recombination sequence at another site in the copy of the target DNA
sequence; and

25 inducing a recombination event between said recombination sequences

to delete a portion of the copy of the target DNA sequence.

The present method described herein, provides a targeting construct that may
be inserted into a targeting vector to modify target DNA sequences in the
30 genome of cells capable of homologous recombination. This transposon-
mediated procedure is particularly useful for generating deletions in target DNA

sequences and cells.



conprising: a copy of a target DNA sequence; and 5 at |east two transposon
units each conprising a reconbination sequence; and wherein said

t ransposowouwdioss2are i nserted and positioned within the eomawRotise target
DNA so that upon reconbi nati on between {he reconbinati on sequences, a
portion of the copy of target DNA is deleted. 10 This pre-targeting

construct iy andtheespett of thé préesemeahvagiortbéreuist prvidezk aspre-tapgeting t o
i nducti on of reconbination. This construct for{ré t he basi s of, the
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the process Oiggwée of the transposon units enables and facilitates

del etion of fromthe target DNA upon honvol ogous reconbi nati on and/ or
fromthe copy o4 cbpyoéa tahdet DNA sequérce; adect of the present invention,

there is provi ded tar eti n’?ﬂ construct pregared by. t he net hod de cri bed
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horol ogous g&fiRiAes 24 igdition BEtheadcytdfiarged DNA iscdelsted. be isol ated from the
original cloning vector and reinserted and cloned into a targeting vector.

I n anotMkr aspect of the present invention there is provr ded a doubl e
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honol ogous 0 anot her portion of a WO 03/031629 PCT/ AUQ2/ 01367 5

DNA from the target DNA upon homologous recombination and/or from the

copy of target DNA.

In another aspect of the present invention, there is provided a targeting
construct prepared by the methods described herein. The targeting construct

20 results from the recombination between the recombination sequences and lacks
a portion of the copy of the target DNA and further contains DNA sequences
that are homologous or substantially homologous to the target DNA. in this
form the targeting construct is ideal for removal from its cloning vector and
insertion into a targeting vector for use in modifying target DNA sequences by

25 homologous recombination. The targeting construct may be isolated from the
original cloning vector and reinserted and cloned into a targeting vector.

In another aspect of the present invention there is provided a double positive
(DP) vector for modifying a target DNA sequence contained in the genome of a
30 target cell capable of homologous recombination. The vector comprises a first
DNA sequence which contains at least one sequence portion which is
substantially homologous to a portion of a first region of a target DNA
sequence. The vector also includes a second DNA sequence containing at least

one sequence portion which is substantially. homologous to another portion of a



second region of a target DNA sequence. A third DNA sequence is preferably
positioned between the first and second DNA sequences and encodes a
positive welmaosicen mar ker whi ch when expressed is functi orali/Atv2nies7t ar get
cell in which the vector is used. 5 Wgthin the third DNA sequence, there
I's provided anot her DNA sequence t hat upports high-efficiency DNA
reconmbi nat i egcand teygop oé setacgetddNA sequenspedi third DNAcsemienceds prefanablybl e
sequence is a | oxP,sequence, or .a FRT sequenc i i.s_under the

i nfluence oPogitigned eepi the; g&%nﬁ?ﬂa%%‘g‘gcﬁj%v%og‘régngL@(?ﬁPmdes a
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hi gh-ef fi ci ency reconbi nation in the presence of a site-specific

r econbi nasewhiuth the vectordsusedl in the target cell, is positioned 5 to the
first and/or 3" to the second 15 DNA sequence and is substantially
I ncapabl*® of honol ogous reconbination wth the target DNA sequence. This

sequence IMaWiHif thd thir OINIR seh 08ics  theredls proviiednaiestheh®NAsegaenee dhata
site-specific reconbi nase such as Cre or FLP. Preferabl é,oan addi ti gnal
r
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ends of the v [ . ' h [ R

respectivel gﬁc%@ﬁ%%%veﬁﬁg'teg%t %?q%ég‘ﬁt%atlgn% Agﬁv%btq%ﬁ%?o%gous p-I(-)r%t%lagﬁgeg’nd a
positive s isaindertheinfuemcbeofus site spetifie rexrbidasefsuchesi Greeat FOR t o
nodi fy target 25 DNA sequences. In this nmethod, cells are first

t r ansf etQ edrefPeStY®l¥ above vector. During this transformation, the DP
vector is nost frequently randomy integrated into the genone of the cell.
In this case, substantially all of the DP vector containing the first,
second, thi Adfcauntih Dbidr seqDprces thaids @iso assequancedhat isHppofts digiegHiaiency

However, so f the,DP.vector, is | ed I. . Vi :
honol ogous rfﬁf:ﬂ'glpf'@ﬁpn\/\"bﬁh%o%%gg‘%géfrgc%nfgﬁlg%%@ﬁ%%gggﬁﬁ}%geblg \C/%/eg'n t he
honol ogous ﬁmdtibﬁarsmometﬂae?éti ¢ell, ispdsitionedd' Bthe Grpteamciéor 87 tot the séddndect or

and the correspondi ng honol ggous portjons of the_endogenous target DNA of
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the cell? | .
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FRT under the influence of a site-specific recombinase such as Cre or FLP.

Preferably, an additional DNA sequence which acts as a primer may be added
20 either at the 5’ or 3’ ends of the vector or is 5" or 3’ to the first or second DNA

sequence respectively.

The above DP vector containing two homologous portions and a positive
selection marker can be used in the methods of the invention to modify target
25 DNA sequences. In this method, cells are first transfected with the above
vector. During this transformation, the DP vector is most frequently randomly
integrated into the genome of the cell. In this case, substantially all of the DP
vector containing the first, second, third and fourth DNA sequences is inserted
into the genome. However, some of the DP vector is integrated into the genome
30 via homologous recombination. When homologous recombination occurs
between the homologous portions of the first and second DNA sequences of the
DP vector and the corresponding homologous portions of the endogenous
target DNA of the cell, the fourth DNA sequence containing the sequence that

supports high-efficiency DNA recombination in the presence of a site specific



6 reconbinase is not incorporated into the genone. This is because the
sequence lies outside of the regions of honology in the endogenous target
DNA sequw0ma/03662As a consequence, at |east two cell populpaTiaAang/omce
formed. There is a cell popul ation whegein randomintegration of the
vector has occurred which can be selected for by way of the sequence that
supports hi geoaitiinasesnisy nBNAncorpooated nirto othe rgenemer déésmde becauss tthe
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cel |l popul agé(mbﬁ/géerei n gene targeting has occurred by honol ogous
reconbi nation are positively selected by way of the positive selection
mar ker contained in the third DNA sequence of the vector. Activation of a

reconbi nase,such a t4 hii ti r i f
the fouri e Seletieh s 828 WELE pIBRABhE 6 BEREE PRere i dRel' |
vector fl ankggulatien whakéy rapdoheintapritiore gfithecesctoMhas ocelrreg hithacambedoes
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positive s8elestedodor My WX Qff the (sesuense s Nals SYPRITS d1aREr et is to
subst anti al | I trakHr SBsHthi i et
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Wi thin an upiarkési tHeefburbgDNA séqueneede poesent by .deactivating thadportian ofthen a

cxons. atel overtey Irakes praiatatinBy Tos ot SeaUatigs: | fue col PorHiRRIe B or
del etion of ,onGiPEhdYRItVECSABEISH MmdR¥r BRINRAUS dbddABE survive the positive
selection. The net effect of this positive selection method is to substantially
enrich for transformed cells containing a modified target DNA sequence and
hence homologous recombination.
20
" If in the above DP vector, the third DNA sequence containing the positive
selection marker is positioned between first and second DNA sequences
corresponding to DNA sequences encoding a portion of a polypeptide (e.g.
within the exon of a eukaryotic organism) or within a regulatory region
25 necessary for gene expression, homologous recombinaﬁon allows for the
selection of cells wherein the gene containing such target DNA sequences is

modified such that it is non-functional.

If, however, the positive selection marker contained in the third DNA sequence
30 of the DP vector is positioned within an untranslated region of the genome, (e.g.
within an intron in a eukaryotic gene), modifications of the surrounding target
sequence (e.g. exons and/or regulatory regions) by way of substitution,
insertion and/or deletion of one or more nucleotides may be made without

eliminating the functional character of the target gene.



elimnating the functional character of the target gene. WO 03/031629

PCT/ AU02/ 01367 7 The invention also includes transforned cells containing
at | east woas/opreedet er mi ned nodi fication of a target DNA fegudnemiisont ai ned
in the genonme of the cell. 5 In additiegn, the invention includes organi sns
such as non-human transgenic aninmals and plants which contain cells having
predeterm ned nodifications of a target DNA sequence in the genone of the

organi sm 1Q Var.i ous. ot her aspects Qf the inventd.o 1.1, he ap nt. from
the fol I o The” dafeifiosy Hea e c&#ean?ragbsﬁ%rmé R batitinipdC 4! @S?F%)@SRE_S
15 Fi gure 1lnshfuerrhinedGReGtiEatEn 6Ma eirgat DNAMeduehtemostdined ftHdgeriomee in
t he generaP| on of deletions. Mni-Mi transposon-1 nmay be constructed

cont ai ni ng aftheoegll.e (bacterial and eukaryotic) pronoter (P/P) separated by
a LoxP site (open triangle) froma chl oranphenicol resistance gene (Cam),
t he whol structure being flanked by transposon ends. In this transposon,

both the 20bagldiidnaltheriovaitn methdeseoryantsnysuch pasonohdtuncam tidmisgeniche
expression of the Canp gene. Mni-M transposon-2 may be cofstr.ucte

cont ai ni ng anmlémmlag% whigh qagttaig F%%ﬁ\ge%rﬁg?%@%’ediﬂpd?*s?@lﬂpnw R a
bacterial p seduérehin tSE 4BRBAR of the Rr@aMERr - | ess (3-geo gene, the
whol e strucgaﬁgg{ g?a\%]ae@f ankeI tb§g transposgnrge){]fgs. 25 Structure of mni-M
transposons and their use in the generation of deletions. P/P,

prokaryotic{eukaryotic double pronoter: .tri e, S ; rr),
chlora enV@BPUF egl%hgf aqﬁpeﬁg‘ng?vgﬁ? hISMFh%?rbr@F g*? ant%?gntt gr? Hﬁ?@%l@@“ﬁ
resistant gepfliew ddscribiomappendbadigarésanderimser; R-geo, neonycin

resi stance-LacZ fusion 30 gene without pronoter; thick |line, cloned target
gene; thine |line, vector backbone. Figure 2 shows a flowchart show ng the

procedure for the generation of deletgpgyrieg @ cl oned ani mal gene.

15  Figure 1 shows the construction of mini-Mu transposons and their use in the
generation of deletions. Mini-Mu transposon-1 may be constructed containing a
double (bacterial and eukaryotic) promoter (P/P) separated by a LoxP site
(open triangle) from a chloramphenicol resistance gene (Cam"), the whole
structure being flanked by transposon ends. In this transposon, both the

20 bacterial promoter and the eukaryotic promoter can drive the expression of the
Cam' gene. Mini-Mu transposon-2 may be constructed containing the following:
the tetracycline resistance gene (Tet" with a bacterial promoter) - a LoxP
sequence — a promoter-less B-geo gene, the whole structure being flanked by
transposon ends.

25
Structure of mini-Mu transposons and their use in the generation of deletions.

P/P, prokaryotic/eukaryotic double promoter; triangle, LoxP sequence; Cam',
chloramphenicol resistant gene withour promoter; Tet', tetracycline resistant
gene with its native bacterial promoter; B-geo, neomycin resistance-LacZ fusion
30 gene without promoter; thick line, cloned target gene; thine line, vector

backbone.

Figure 2 shows a flowchart showing the procedure for the generation of deletion
in a cloned animal gene.
35



35 WD 03/031629 PCT/ AU02/ 01367 8 Figure 3 shows the principle of the DP
vector. A The design of the double positive vector. The triangles

repr esentwbes@3reronbi nati on sites which are activated byCrhaoeecsnbi nase:
Cre. B. After expression of the Cre recgnbinase, the cells with a
gene-targeted event will be still resistant to neonycin (the 5 second
positive seFigtre dnphoas tmaepringliple afi the @PrmgmAﬂ%?tqQﬁ*QWq fIthgedeithie

woul d ol i PR Septer T YiREs sBPisRERRESRp Réo bR sd Shic Arg

both. D. Exaiited bf thé eectpibinasst CleaB. ¢dter éxpressibreof the Crenecomblinasd)P
vector system 10 Figure 4 shows an alternate DP vector with tWOG\!BO?htlve

sel ect abl e ther rellss withra; gepedardetry eyeat vk bes stilkb gesigiant la BeQRy
constru g???cfnot pgsﬁ’\?&ts@fedﬁg%o ¢af l‘ié/ Wllw a rand?1 ai'ﬁ%@ AWt bdcorhikgur e
estThg of mni-mu tra

6 shows sposon |gure 7 shows t e construction of
the vector géigitivecty ngomycin rcmestpaiHIerrIVbéhNdamanyZMd:Lgxl? sites,swbich woigd

construction_of vect COo25 carr nsposon Mi2- EGEP. Fi re,9

shows t he c%\*fﬁt’\aﬁf%ﬁ‘g‘ﬁrghev%@me% qgec PTG 6L son kel FPoq§5%geo.
Figure 10 sgougmpfe efihR afippbad M%Bhld%‘ia%bﬁ'tﬂ@:oﬁ@fr&ctcé DEX@SttSr Syilexons
4-9 of the rat HPRT gene and the mni-nmu transposon 1 insertions on this

cloned fragnent. 30 Figure 11 shows the DP vector with a pronoter driving

E)g/e oo b S;%ﬁn of ';\sﬁ%g%fn gﬂgfn%té?pﬁhfé‘é'?ort\ﬁﬁﬁ Y SdsitVe® sERcHBTE FharkdhR.

Triangles indicate loxP sites.

Figure 5 shows the construction of the vector pCO10 carrying mini-mu

transposon 1.

15
Figure 6 shows testing of mini-mu transposon 1.
Figure 7 shows the construction of the vector pCO20 carrying transposon Mu2-
Neo.
20
Figure 8 shows the construction of vector pCO25 carrying transposon Muz2-
HygEGFP.
Figure 9 shows the construction of vector pCO43 carrying transposon Mu2--
25 geo.
Figure 10 shows a 24kb Xhol fragment containing part of exon 3 and exons 4-9
of the rat HPRT gene and the mini-mu transposon 1 insertions on this cloned
fragment.
30

Figure 11 shows the DP vector with a promoter driving the expression of Neo'.

Figure 12 shows testing of the DP vector.



Figure 13 shows a DP vector with two positive selectable markers. Figure 14
shows these targeting constructs for knockout vectors for the rat HPRT
gene. 5 AWQuWB@31629 shows the construction of a vector w thPCroM®do(3srr) - geo.
Figure 16 shows a design of a southern gtrategy to verify HPRT knockouts.

10 DESCRI PTI.ON OF.THE | NV, ION In.a first aspect,of the present invention
there is pr%QPE%&3§ﬂﬁW§rﬁ)EHI‘fe°&?ré%'§?WF@;W%'“Y%E‘@%PP%Emggﬁsuct for use in a
targeting vector, wherein said targeting vector is capable of nodifying a
target DNA sequence, said nethod conprising the 15 steps of: obtaining a
copy of theFigarggde Bhipws dhaeadardetingi constructss &1t kpeckpubectergiondbe rat
conpri si ngejg| n%s#)oson sequence and a DNA reconbi nati on sequence at one
site in th E’&Lﬁg ©the target DNA sequence; 20 inserting another DNA
sequence conprising a transposon sequence and a DNA reconbi nati on sequence
at another site in the copy of the target DNA sequence; and inducing a

r econbi nat i biguesy 4 shpws\ibe gossirdctioncefimbyertor withfloxad Bc@@0. to del ete a

portion of the copy of the target DNA sequence. 25 The present nethod
descri bed herein, provides a targeting construct that may be inserted into

a targetingrigagd 96 shewstsliésigh af aeioutnsstategicrsverify HRRT gaookautef cel |'s
capabl e of honol ogous reconbination. This transposon- nedi ated procedure is

particularly useful for generating deletions in target DNA 30 sequences

and cel1los. The reconbi nat i GHe8rRIBTION G THE IMVERRIOR! the target DNA into
a targeting construct conprrm—ng—ﬁcmm—ogws—w—su‘crmm i al 'y honol ogous
portions of the target DNA but having a portion of the target DNA del eted

fromthe targeting WO 03/031629 PCT/ AU02/.01367 10 cqnstruct ssent.ially
two transpo ﬁfstgéeﬁ"tc‘?fﬁgsipﬁ?wté“‘f @Hﬂﬁﬁ%ﬂﬁsdﬁw'de Fetfd of Brepating

a targeting construct for use in a targeting vector, wherein said targeting vector
is capable of modifying a target DNA sequence, said method comprising the

15 steps of:

obtaining a copy of the target DNA sequence in vitro,

inserting a DNA sequence comprising a transposon sequence and a
DNA recombination sequence at one site in the copy of the target DNA
sequence;

20 inserting another DNA sequence comprising a transposon sequence and
a DNA recombination sequence at another site in the copy of the target DNA
sequence; and

inducing a recombination event between said recombination sequences
to delete a portion of the copy of the target DNA sequence.

25
The present method described herein, provides a targeting construct that may
be inserted into a targeting vector to modify target DNA sequences in the
genome of cells capable of homologous recombination. This transposon-
mediated procedure is particularly useful for generating deletions in target DNA

30 sequences and cells.

The recombination event converts the copy of the target DNA into a targeting
construct comprising homologous or substantially homologous portions of the
target DNA but having a portion of the target DNA deleted from the targeting



sequence nmay be inserted in the copy of the target gene at different

| ocati ons. Reconbi nation between the reconbi nati on sequences on the two
t ransposowe 0381629 enabl e t he del eti on of the sequence bet wegmuobe1367
transposons. It is 5 preferred that a sgehectable marker is left at the
del etion site for positive selection in animal cells. This will be
parti cul ar | gonstrfctil iBsseatialiyudwaetrensposonsn eadii \wortaipiage aarecerabinatign

10" Thr oughotRa e 2 BaY A, EeENEd in ¥ BPAL oB e fardSt gine B dlferer BERHOAETCS
"conprise” Rapémpatdtiohi suiweeh theeevombinativasegaehcesmpnithertyd teavisposons
"conprises", is not intended tq exclude other addltlveﬁéngg onent s,

i ntegers orwil epgbleathe daletinn &f nthe, sequenea bstwesr dhen ops.  It'is

pr edet ergni n | 1 Ll | cidpd ' 8d for
nodi fi ca5{ni oﬁ'%l%ﬁ%g{%t\gr %%%?tr?gré\e/ggg%rggo ttﬁé di%}\é\}gr?tslltgrr?i;?gﬁg\é% %%EI%&;SH
sequences iinchnides calls. sThisowillrizé padiomtarhnusefof if prioss deletions INa giwgnences

di I tides .i ncludj. in, the. f K .es, int d
xons) | r ogUbtR G dexinhdaciiGypn the BisRanvenane @ aRhBlER o BHiERs no
the like an gions within the genone of 20 interest. A target DNA

909%2?&6@.

sequence may a be a sequence which, when targeted by a vector has no
effect on the function of the host genone. Each target DNA seguence

containg, a nmol 0go S i F GhL ] . 10 el .
targeti Vﬂﬁrgodpﬁ%ﬁ'ﬁ*e ?‘%%C?{b%@%?}doﬂ.gﬂ%%% %%?érnﬁ&ggﬁaytlﬁﬂoﬁg (%Japt‘(r?%ré DA
sequence” agndSestidtionsi of ithe| woels slehmalsogenrapisinge ands tdhpridesd] liy not
honol ogous copies or nodified copies of the target DNA. Honol ogous copies
of the tar giatemies @r@(Q"éféﬁﬁﬂ@é?d@B'V?ﬁecqrﬁi?%'@?“tsd%ﬁ?%%Obétfe(ﬂscul arly useful
where a clear deletion of a portion of the target DNA is desired.
"Substantially honol ogous" copies are those DNA sequences that 30 are
nearly i denAkasledbhirein, ld "tatget IDN seiqdenee’'lisde predetergierd regiodi witbinsthe

"Modi fied" copie re those seguences, that ,.are."sub tially h I "
but 1 ncYidegSBOMenaliR Geb GRS TRIGRI oY Hapdir GatRrt Y 3bS tBIStRY AT Pt o
the targeti ﬂ'ﬁal Vi bnaf@rgét! D:NmtsghﬁehéééJ indIGd & RANBtr@dtuid ecarepbnents esie  DNA

sequences w econe nodi fying sequences for use in the targetin
vector. |n geeesnddés iRNADUENCES RTDLHID PRiYReRtides gndeding1in the case o

eukaryotes, introns and exons), regulatory sequences such as enhancers
sequences, promoters and the like and other regions within the genome of
20 interest. A target DNA sequence may also be a sequence which, when targeted
by a vector has no effect on the function of the host genome. Each target DNA
sequence contains a homologous sequence portion which is used to design the

targeting vector(s) of the invention.

25 The term “copy of the target DNA sequence” as used herein includes
homologous copies, substantially homologous copies or modified copies of the

" target DNA. Homologous copies of the target DNA are identical to the target
and are particularly useful where a clear deletion of a portion of the target DNA

is desired. “Substantially homologous” copies are those DNA sequences that

30 are nearly identical but will still hybridise under stringent conditions. "Modified”
copies are those sequences that are “substantially homologous” but includes a
change or modification that is desired for insertion into the targeting vector and
ultimately into the genome of the cell. These DNA sequences will become
modifying DNA sequences for use in the targeting vector. In the modified DNA,



it is preferred that the nodification be |ocated outside of the sites of
the reconbination sequences such that upon reconbi nation, these nodified
sequenceswpaamBe29 n the targeting construct. 5 The copy ofPCraxt®en13oNA
sequence may be obtai ned from any sour q and are generally obtained from
commercial libraries. CGenerally, the tdrget DNA sequences are known

sequences ﬁriskaéWerraanfrﬁat theZWg\aificatibs havesdtednousidenaf thensitesd dfothienown
sequences. Portions of DNA can be identified for nodjfi c%i on %@(gj.
provi di ng eeaxoplination haequrmaesosushnthad wpae Eegarabingljono thesg  Adifigd

natural ly, or by syntheti. it Jd ithin the scope of this
I nventi on. S%g%%ﬁ'ﬁh%éé’i@%@@%ﬁ? (lgénnvéé'?i'tcwon, t he sequences are used in

vitro for manipulation and del etion of desired sequences. They may be

cloned in any vector or cloning vector that, K enables a stable ca ct
conpr i s ng Theecary gbtargeNANdn ge ‘dﬁ”qeeﬁ@iyvt?%&bfmﬁeﬁd ﬁ'?é‘? Ay Wcé(?gﬁétées

conpri si ngPéhg%Qo%Bﬁi‘g%‘? flom' B6RIFRrERI | Iasedue & rally, efrey aliget DNA

construct any’ava e construct obtained through conmercial sources.
However, tlkequentes apNEBA®B sesiehees or koowd geness liolaver, benaveniieritide

N e T e

vectors. are for rnsertion into
targeting \Lﬁ&iiﬁéaﬁ'on Hia prRiViGiHg desedpybed that giottiemaddre beefiads ezither eopval

of a portion o the copy of t%e target DNA sequence_.in vitro which, .

r epr es#0t s extractiers,i naturaliy, e@ni by sythetia agibedainitnigl WG‘%‘He?heTﬁng%o‘ﬁng? ent
procedure narkedly si 1 ] I ' i in a
target cel I".Wq"?'oar eg?'lng’ler ég@%gégt fém%g@z&gkﬁf’ éﬁ%rseegg gﬁgﬁg@gﬁgétj?ﬁc‘??mm ch
require acqgr afipulatianamnd deletibhbf desiesd sequersdasdi Theypmeybiestiored inangs,

I ti k d h I t t ' t ' t
ensur e aCcUREa MloRBNBGONECPORHA ARG D AsS D ORI TP I e gt
incl ude at A GaASId ¥ 18 iSEICINR e R RAIEEE G pHBIRP TRnsSo st and

rat
t ransposon sequence angaglh%i{ﬁer econbi nati on sequence. However, multiple
i nsert ¢g Diécombirnationsseruenbes.ufredferablynthe: eonsteuct e @aAvRaPEnCRAIUA t o

?fé'Tf EAED ‘3 / 8%&&&%2@ %rot ug% cco%)%e(r)gialts%% réé¥. 98bwBLEY, t5E LERP ?)NE\MMQSQ’QQQR
found to be useful. Others include pUC based vectors in general, cosmid-

based, PAC/BAC based or YAC based vectors.

20 The targeting constructs are so constructed for insertion into targeting vectors.
The method described herein enables efficient removal of a portion of the copy
of the target DNA sequence in vitro which represents the desired deletion in a
target animal gene. This convenient procedure markedly simplifies the
procedures for generating deletions in a target cell. It greatly reduces the need
25 to create gene constructs which require accurate placement of DNA inserts
including promoter sequences, selection markers and homologous target

sequences in targeting vectors to ensure accurate homologous recombinations.

The targeting constructs include at least two separate inserted DNA sequences
30 comprising a transposon sequence and a DNA recombination sequence.
However, multiple inserted DNA sequences may be used to induce the
recombination events to delete a portion of the copy of the target DNA

sequence.



The transposon sequences are discrete DNA segnents able to insert into new
sites on DNA nol ecules, a process referred to as transposition. Such

el enent s wearog/oprsesent i n bot h prokaryotes and eukaryot es. PCA/ATRCHE36T a,

t here exist several classes of such el nts containing many different
transposons, sone of which 5 have been studied in detail and used to insert
i nt o eukar ythé ¢rapspesomsenuencessarehdisceate INAsegments ableetpinspddatonew

AR L e s e R
sequenci ng. afprE’eniBCHEtAi T okargbtbsattbeukdryblesnd pdsicteria) theveyeXistrsedierdler ent
transposons. Generally, transposition involves the recognition of the

transposon easgeHyf syl elemanis 6NN FrY diffareanb YansROSANNS, SRR plwhich

nbi ti ; ' | Mbst
Lt ansposhs el 8 LB Retdifind LABFRPAABARES cBRaryolE defblts fiphas 10°
t r ansposonshadtetiabgeres fdothe uirposd eSinsbrimal aiutagenadiee Tramsposeas dayenes.

Oten, accessory protein and cofactors are required fqr .in yivo
transposi t i BORREL YRR S BRakE gqr ¢lening #p ?oqlﬁﬂdﬂ§q|¥1prlmer

preventing ghea; 5@0@%&' @8n&Ghgt he same transposons to the DNA nol ecul es
cont ai ni ng %Iﬂggﬁdg A nunber ofgi n vitro transposon systens have been

devel oped, where only two conponents are required, a mni-transposon or

The ondt of T08rmaredsPatspid dnedh &F oHsfbbfichoPay AL rdt Harsp0R0RE V.

transposi ti gangfalfy, #aRgpodifion sad@s the cogeitbnicinhe Bdhspobert ehds byntheuch
systens, generally, the transposase alone Is 25 sufficient and no accessory
protei n andtrangpessmencndedstranspegaseetplloweg, by derpmbinatioa, gvends nhetween

L anseeel ) AP Bk T AN/ DRSROSEpea BEns AU b L1

same DNA nol ec e mni-transposons nmay b romthe group
i ncl udi ng Mols; Catalysi§ th ZravspositioB - ¢fylyampasons doMie Zagen DNAaenolesalesed
DNA sequences further jnclude a recong:'bf{?ation se uencte?.&réThg recopbi.nati on
sequenchs. aSoRtaIINg MQItrARSRASASEAeNERy S ehACCRSTONY RIPKRL and AINA §OfaGtPts, of

the portion iPhivd Rankp6sIEdn BN seRRaRSSosdnsicnfatvandpdaiidh3 1629
PCT/ AU02/ oﬁ%ré%@ea%y' iv6 HBnSposifon Bhd's
immunity, preventing the transposition of the same transposons to the DNA

molecules containing them.

20 A number of in vitro transposon systems have been developed, where only two
components are required, a mini-transposon or mini-mu transposon containing
an antibiotic resistance marker flanked by the ends of various transposons and
a purified transposase catalysing the transposition of a donor transposon to a
recipient DNA molecule. In such systems, generally, the transposase alone is

25 sufficient and no accessory protein and DNA cofactors are required.
Furthermore, there is no transposition immunity and more than one transposon

can be inserted to the same DNA molecule.

Suitable mini-transposons may be selected from the group including Mu1-Cam,
30 Mu2-Neo, Mu2-Hyg EGFP and Mu2-B-geo.

The inserted DNA sequences further include a recombination sequence. The
recombination sequences as described herein are important in the process of
deletion of the portion of the copy .of the target DNA sequences or for any



sequences that the reconbination sequences flank. These sequences support
hi gh efficient reconbination in the presence of a site specific

reconbi nawe.03M3wa¢ t abl e sequence i ncludes those of the | oreTOYURNWBIT ed
repeat sequences 5 (FRTs) which are undgr the influence of reconbinases
such as Cre or FLP respectively. OQher nenbers of the Intergrase famly of
r econbi naseseq@neestihat the eceomisatjorasequansesifiadkudeiesensegqtiences seippprti on.
Q her enzy hCadkL: i - hi | Cl - | | nts can
ot ent 1 ai |y igtds meienfTetoRitifiain mtBhpEsed el Gac¥is ShadR, RGdtnGler ¢
nost preferred. However, the FLP-FRT system may al so be used. The Lox P is
a 34 bp stretch of DNA which recopbines wt not her .Lgx P sequence where
the pr ocessA SUtaRlg seaHense é{‘c"ﬂ‘g%%%sﬁa%fet\:wecj,;é.ﬁ qfh'é“’?gﬁgrfﬁpﬁ%& PERHRNES
cyclzes { NG-RR) AL BHS Bhdbhhe dRfBcB"op feddifhikbles AKANSS dig! gRppt he

Lox P sites I nportant feature 15 o I's systemis t reconbi nati on
bet ween t herdspecfivalgqOtheraseinhetshef thartetergnaise family ofi reddrbideses éGinh &limNA
bet ween the se ne,.co

uences eavin : of .Lox . P. The systemfupctions in
bot h_pr okar W0GSEaR AlsHrBHOACS s BeatinR Reber St el e dietec oo e
herein is upghffitidhcptdcdi@bihafioi8fentd Handidiantigshedialdthid systeapnbi nati on
sequences of the inserted DNA-sequences nust be “conpatible in so far as

t hey must be able to reconbi ne. Therefore, for exanple, if the

reconbi pati e ' R he
o hor O saleSroe oL 8pal P i REHEF B e HoaBSUREIRF FLEPRT (e
removal or gpdtein emayofalstedecnsed. t The Love)P fis ank34 Bp Atretonugh OINAT whickd,
t he transposon sequence may al so contai n other DNA secggen_ces )rovi di ng
sel ect abl e FREORRIEERMANORRRIBER FOX & emience WHEE: thevaro auérm@a}ﬂdobyae

abl'e PR f . S . t
Teans 0. IRIingUECORS ! Yhe tEERRRRSNGN IS bl GRokhg MR arfPRARES fed®

DNA sequence. ectabl e markers nay be use Inatton wth
t he transpodeletiopqidime ONASsequbhee hetvaarnsthenoduPesitast | Bnetimportasi fetaduree
s, chl or anphenj col , tetragcycline, or

mar kers, or e ne hased rkers .such ,
neormyc 1o 1 o8l CHBRESREKERL e dh BENaRE kBIEONE SsaERs &F e same
PCT/ AU02/ 018figntalién will delete the DNA between the sequences, leaving one copy of Lox

P. The system functions in both prokaryotes and in higher organisms and

hence this method described herein is useful for all cell types including yeasts.

20 The recombination sequences of the inserted DNA-sequences must be
compatible in so far as they must be able to recombine. Therefore, for
example, if the recombination sequence of one DNA sequence is a Lox P
sequence, then the other DNA sequence must include a Lox P sequence
thereby facilitating the removal or deletion of sequences that they flank.

25
Although preferred, the transposon sequence may also contain other DNA
sequences providing selectable markers and promoter sequences. These DNA
sequences provide means to identify successful transposon insertion into the
copied target DNA sequence. Any selectable markers may be used in

30 combination with the transposon sequence.

Suitable markers include antibiotic resistance markers or enzyme based -
markers such as chloramphenicol, tetracycline, or neomycin resistance markers

or the B-geo marker.



The DNA sequences that are inserted into the copy of the target DNA
sequence nmy be inserted to ensure that the transposons are in the sane
ori ent at iwn,03/081sey eby ensuring the reconbi nati on sequence®Caraobs®w7in t he
same orientation. 5 The positioning of {yhe reconbi nati on sequence within
the inserted DNA sequence may be p05|t|oned In any spatial order relative
to the transposon or addltlonal sel ecti on markers and pronnters provi di ng

t hey fl ank n r r n
sequences myoiavAgeahStes il ot TREHEd iBind Eepl ohhe Gl ORATRARNGET .o
upon del et i giayobe dnsérted It@ren@hré Itleatcmaytrmﬂs;idssensaargah bisAsareq ueriertatio,t hout
being limted bq;)/ht heory, one inserted DNA seguence nprise, transposon

sequences ftheiR gnaurmgathﬁ@COWL?éwaeswe@ﬁeaPr%é@deth%§?m61@'%néﬁté%@ -abl e
marker sgich as Cam and a reconbination sequence is inserted between the
pronot er  sequence and the sel ectable marker. Another inserted DNA sequence
may conpri s&hér positioning saéqthencresorhbmakibngsaqueme' wdthisethectimtﬂr&edrdBNAr

such as Tetr and a non-active sel,ecta é qr} eo and
o nat | SRR RIS. A B PoRBioRERd i, shatel REer TR edhe Ao en v
sel ect abl e gEgKBAS se6dtiorinamkerefand ProfBTsFoVRIMEIR fdHk SRRIRNCES that

reconbi nati on sequences causes a deletion of the first sel ectabl e marker
and the acaresetargetast afire deletien. r esthe i recambination atsesivesees hanayonbget i ve

msert clf o GaiAGRebe Bigcest® aBldte Rl FiSREE sebBERER DRbh et AR oy
t he processpégftion’¢fithe @dby o theataigetDNAddguencef transposon ends in the DNA
sequence by a transposon encoded transposase. |ldeally, each DNA sequence

is inserted separately to ensure sequential integration into the copy of

the target \\pMA 4 %ﬁgﬁﬁd@d b ttﬁ%&% SHe RS Dﬂ@ﬂ%bﬁh@ﬁc@haﬁ?'c@ﬁ%dr%

mar kers. However I nse sequences may be I nsert
si mul taneoutrbyspd&dmcaeghenoes ﬂa:l‘rka1g at mremmrhﬁdqualyce)ewfembl dlymjs @ dirstdi ng

o SRR P SRS A g B SR BERSRR il
del etion. VQLAWSHR2BrddteAded(i8Acs andthe selectable marker. Another inserted
DNA sequence may comprise transposon sequences flanking an active

selectable marker such as Tet" and a non-active selectable marker such as $-

geo and a recombination sequence is inserted between the active and non-

20 active selectable markers. Activation of a recombination event between the
recombination sequences causes a deletion of the first selectable marker and

the active selectable marker resulting in activation of the non-active marker for

further identification of successful recombination.

25 The inserted DNA sequences may be inserted into the copy of the target DNA
by the process of transposition and recognition of transposon ends in the DNA
sequence by a transposon encoded transposase. ldeally, each DNA sequence
is inserted separately to ensure sequential integration into the copy of the target
DNA. Successful integration may be identified by selection markers. However,

30 the inserted DNA sequences may be inserted simultaneously. Although not
ideal, this method may be employed providing matching recombination
sequences are introduced into the copy of the target DNA and that they flank
the portion of DNA that is intended for deletion.



Integration of the transposon is random Determ nation of site and
orientation of transposons nay be achi eved by PCR screening or by the use
of restriwDioan316e® gest mappi ng. 5 I nduction of a reconmbi n®CITNURNEGT
between the reconbinati on sequences may gbe achi eved preferably by
Introducing Cre into the cell. The cre reconbi nase gene nmay be expressed,
pref erabl y Injegration of thaltrarspason igkhandien - eteyainationof siteand dyientation of

oquire ot BhoRrae BRYARE AehRyA RCH Rerr i B b wes Y aefetofon: o

and knockouaigggpﬁfaP s, chronmosomally integrated plasm d DNA nay cause
undesirable side eftfects. To overcone this problem transient expression
of the Cre reconbinase is nost desirable to renove DNA segnents flanked by

LoXP si tees. 1 ii2iaf R QViekBpi ol vt Behied eI EfhnfliRtidf? Seddedddlpbant
expression of the reconbl nase. hese vectors Trtare y tntegratre 1 nto e
chronosone bedchizegdgoefesably ylinttadwecing Crelintaltheekll. | i nes, because they

are replication-defective and can only be propagated in special cell lines
provi di ng the necessary replication functions. Furthernore, the

transfecti fdd od il | I I | ' s 20
(appr oachi nS Gb I GHAtinaSe GRS (AP DS exbhithed PROTCHN Pl RehhoMy fiddris:
expr essi on Veetlet-on. systemorithe ecdysine irgddaible tsyatesh ean bexpsesktoi iaducé crdnve Cre

gene arg nost preferred. The Adenovir.us,expr.essing t Cre reconbj nase
AxCanar D ( RptRrRESiota hhesd SR Feapiene, HBO & R0t FeSaa B gt fmy
be used to gidhdstnidie enprRmBeRicofantih&nGERolite @Xperiffies, DYhidRbSoMally
blotting. 25 Were other reconbinati on sequences are used such as the

FLP- FRT sysintegratad plageyd PiNoaray eguseHindesirablesside effectsy 1o overcems Hises
the corresp i [ Ay, [ LR I In
anot her asp’g@t Io ' tt%g‘g%ﬁgségﬁt?g%ﬁ%rﬂfﬁﬁﬁ, a?%grggor:ng'%rsgv{yd@%%rggs %?r geti ng
construct f@emonee DNA cegatentg fiimket i pndoxP sitdsar Jaie Bliéncwnisevectorss arel

gg—?—}s;\[)g ;Oléro rrré Ifc:?lg ﬁsg ir(1: ?lp%s%fnt aex%a?ésgs%n %es er g()enqgﬁl;asg.ndﬂ\l/é\%eo%gt%%g 29
rarely integrate into the chromosome and they do not replicate in normal cell
lines, because they are replication-defective and can only be propagated in
special cell lines providing the necessary replication functions. Furthermore,
the transfection efficiency is much higher than plasmid expression vectors

20 (approaching 100% for adenoviruses compared with ~20% for plasmid
expression vectors). Adenovirus vectors for transient expression of the Cre
gene are most preferred. The Adenovirus expressing the Cre recombinase
AxCANCre (RIKEN, Japan) is preferred. An anti-Cre antibody (Novagen) may
be used to confirm the expression of the Cre recombinase by Western blotting.

25
Where other recombination sequences are used such as the FLP-FRT .system
or other members of the integrase family of recombinases the corresponding

recombinases may be induced in a similar manner.

30 In another aspect of the present invention, there is provided a pre-targeting
construct for use in creating deletions in a target DNA sequence, said construct
comprising:

a copy of a target DNA sequence; and



at least two transposon units each conprising a reconbinati on sequence;
and wherein said transposon units are inserted and positioned within the
copy of tweosasged DNA so that upon reconbi nati on bet weenPChAUIROGSHI nat i on
5 sequences, a portion of the copy of tg§ §get DNA is deleted. This
pre-targeting construct is a precursor of the targeting construct and

exi sts prior toatnigastitwo ofanspesedi naits oeaciThicempsising: (Rt recemiginatien basi s
of the trans(;ioson meal ated gene del etion process and is an essenti al
conponent t 88 ocess. The use of the transposon units enabl es and

facilitates del GWh@Felﬁfsal@NParfsfmﬁbhhmtsaé@a?ﬁndaﬁ%duand powitidragiowsthin the
reconbi nation and/or fromthe copy of target DNA. In a preferred

enmbodi ment , copieof t%@m%tdﬁN&rﬁQ thaé U§°ﬁ1"ﬁ¢°'ﬁ’9'"@ﬁ'8ﬁ§&9§6ﬁ” @?ﬁ‘ fecombjnatian
Kk d d bl
SRR o e S SRR S oS and e b1y

are preferably di fferent so that upon reconbination, a different sel ection
mar ker or gene is activated to facilitate se{ﬁ‘ctlon of rec? nants.

targeting &bissRredi@rgetingoconsiruchis 8 #resurse ebinedargmingesns %“Cgén reé‘v? Bus
descri bed. Eﬂ o ORGP OF tr 89% ﬂBF\eseﬁPﬁs icBMERhtOfdrmsh e basisPbp\thded a

targeting onstruct prepare e net hods descri bed herein. The
targeti ng ctraasmsnn -mefiated lgetns delemn heogessarisi isaan essertialeompanent to

reconbi enc and rtion.of A% DNA
nd forther HReaese e 188 p/3he fuPsBRidH B knamiEs SiaBlidor dbREBR g
honol OQOUS DNA hﬁ:rﬁ&hsetbrdé“ﬂﬁc)NAnubbm shorh@lbgblid eetahbriation amdiet frovh the
ideal for renoval fromits cloning vector and insertion into a targeting

vector for aepy ohtargel E)W\ng target DNA sequences by 30 honol ogous

reconbi nati on. The targeting construct may be isolated fromthe original
cloning vector and reinserted and cloned into a targeting vector. A
preferred fqf e preférred emtaelimant, tbedtanspbsomainitdesa aniniambi tvanspeiseot urgh

mar ker so forned foIIovmn a reco H]ttlon event and rein the acti,ve
el ecti B WHNE3IBRER0 THOFPAERD) AlbgHrihgy Comprises & selection 'marker " and

desirably a promoter for expression of the selection marker. The transposon
units are preferably different so that upon recombination, a different selection
marker or gene is activated to facilitate selection of recombinants and targeting
constructs.

20
The choice of selection markers is as previous described.

In another aspect of the present invention, there is provided a targeting
construct prepared by the methods described herein. The targeting construct

25 results from the recombination between the recombination sequences and lacks
a portion of the copy of the target DNA and further contains DNA sequences
that are homologous or substantially homologous to the target DNA. In this
form the targeting construct is ideal for removal from its cloning vector and
insertion into a targeting vector for use in modifying target DNA sequences by

30 homologous recombination. The targeting construct may be isolated from the
original cloning vector and reinserted and cloned into a targeting vector.

A preferred form of the targeting construct includes an active selection marker

so formed following a recombination event and wherein the active selection



mar ker results froma conbi nati on of pronoter and sel ection markers
deriving separately fromthe inserted DNA sequences. Preferably the active
sel ecti orwormankees i s fl anked by DNA sequences that are hororagoaeisr
substantially honol ogous to the target 4$NA. This sel ection marker aids in
positive selection 5 both in the cloni ng vector and in cells that will have
used the tamgetérngsults from iancormbingtion of premgtariang selgstien dmarkersiderivped.

and to epoctPAPlRL o Aparite] BNA Sedibels b RIBRAN IRERENT, SoRAEN 0"

the 10 tramapesor fasksd luynDNA @bquéhééseﬂmeam hemoogars @ﬂdsdﬂwrﬁlalls' nO
sequence preference for the mn t ransposons, del etions nay be generated

at any desh@f@QIC{ﬂ@yﬁttPéhg tﬁﬁgleh&!ﬂ/\f Thisneslectioshmagkestaids "T BPS‘E‘&% getestieni on.
This fa Bm BP 094}1 ﬁQR/QB@FQHH |H%@ﬁ% ﬂjidét%"(i’ﬁfavg%’s%'t g@ﬁhg{be’&or in

potenti a Iy Sem - aut oma roduction o vect ors.
15 A pref erwhithttaegetgetigg\censtructiis deplﬂ?edDoubI e Positi ve) vector as herein
descri bed. I n another aspect of the present invention there is provided a
doubl e positive 20 (DP) vector for nodifying a target DNA sequence

contai ned i *Ph&h?ar%frﬁ rﬁéd@teocsidcedéﬁé HaP'Be\éﬁCdé%ﬁgrfé?ﬁ’tU hEhEGite Aeldtions
honol ogous vect or sequence capabl e honol ogous reconbination with a

first regi oandto speed wr\mormqmsyeqtmmee SOanrﬁisa gene is elonedi dpeqausedheDNA

e ool <. Faruraste ESANERLA" e TRRIe s Faifrf el R R et 1"

reconbi nat i greférencBefor nﬁ&&ﬂrm-mmftra@spoém§pm!etﬁorcs rr&;:pbblgmaawmdawfarwh IS
contained wthin the positive selection nmarker ous vect or

h
DNA sequencdeﬁéiﬂ?;ﬁblép@t'%s WBH@PB@HD@V CloningisRif Wa??%gﬁhef'ﬁn qg'g% tate§i on

of said targ FFI}'éy S Ne [ [
specific rec I'na gﬁgﬂvﬁg rtaﬂ tcﬁl a&gﬁéﬁ%u@ﬁc‘b@ & wrglaggbirﬁgﬁ??lg ’]toea

i ncapabl e o$embantongated predmttmnmithrmckwt%@a‘sd target DNA sequence, WO
03/ 03161259 PCT/ AU02/ 01367

A preferred targeting vector is a DP (Double Positive) vector as herein

described.

In another aspect of the present invention there is provided a double positive
20 (DP) vector for modifying a target DNA sequence contained in the genome of a
cell, said DP vector comprising:

a first homologous vector DNA sequence capable of homologous
recombination with a first region of said target DNA sequence;

a positive selection marker DNA sequence capable of conferring a

25 positive selection characteristic in said cells;

a third sequence that supports high-efficiency DNA recombination in the
presence of a site specific recombinase and which is contained within the
positive selection marker;

a second homologous vector DNA sequence capable of homologous

30 recombination with a second region of said target DNA sequence; and
- a fourth sequence which directs site specific recombination with the third
sequence, but is substantially incapable of homologous recombination with said

target DNA sequence,



18 wherein the spatial order of said sequences in said DP vector is: said
first honol ogous vector DNA sequence, said positive selection marker DNA
sequence wonBasweng the third sequence, said second honol @gawgiogecidor DNA
sequence and said fourth sequence; 5 whegein the vector is capable of

modi fying said target DNA sequence by honol ogous reconbi nation of said
first honol ogouswheommth@spat‘laiqm@ero@ said sequariagsfin seid DBgﬂe@tpros S@d(ﬁr&tar get

sequence and of  said sec us vec S

second regi BAMBIOIONS, Vleﬁ epa% 8%% %‘Iahtel? el | Bn

(" DP") met hgdquerd a&%w&; fHe ﬂﬁﬁgﬁqu&céegélar@c@hd Hdmolbguesltleomr@reAuSEd
to nodify target DNA sequences in the genone of cells capable of

honol ogous  sequensienand said faurk FRAYENGS. di agram of a DP vector of the

i nventi is sho Fi |
shown i $]Fi gure %eﬁn té%kll gto? 'sagg%%bﬁrié)ralfggésm& Lq%é:t@ttafgte D’% QE ﬁggl?:)
The first apSmoefsoid ebdnmbitplionasfsaid ficsh I"mrtilagousmmtoDﬁB\IAnlsthhermeawnh

substantial ly hom)l ogous_t o correspondi ng go ﬁous portions in F
second regi &g fsst kagion gf @@fiéarmequga%?am &P ghwme%@zféé@&%;

bet ween t hepﬁpggé%&svbg iftn 658 s@%owe%gronaaqa?@tar 61 $udflceDNA to i nsur e

targeting o tor to the app opriate region of the genorre As
used herein the term "honol ogous" subst ant ially honol ogous™

55 dertd calhadaubi P%%lav%ﬁ%s%@ﬁ“ﬁ@ﬁ odind SetPET f%ﬁé&t“‘t%%@éﬁu?ﬁf:'ei
are honol Ogﬂiésm‘vénflmfaré '&%d%'rﬁodwbtérgfétZBNN ddyuemels 0 ey geremelnfiedlist he

nost stringent hybridization conditions; and preferably w I | not exhibit
sequence pgagahjemﬁmnw@gm@ recREVPIRGAN. not have different sites for
cl eavage by restriction endonucleases). 30 The term "substantially
honol ogous” as used herein refers to DNA that is at |east about 97-99%

i denti cal WNébﬁdmtkﬁﬂegeam&)fIE\BPswnmnofetheainNeptiem és abcbwn intFigerasd amldout
99. 5-99. 9% i denti cal WI h the @f \elr ence uses

ta
100% i dEnt i Eiguray ‘f'hAtrhé‘tPE?aé?e BRAT & 'éqinl lﬂué%t j ongnhFhﬁzﬁ VEctor

comprises at least four DNA sequences. The first and second DNA sequences
each contain portions which are substantially homologous to corresponding
homologous portions in first and second regions of the targeted DNA.
Substantial homology is necessary between these portions in the DP vector and
20 the target DNA to insure targeting of the DP vector to the appropriate region of

the genome.

As used herein the term “homologous” or “substantially homologous”™ DNA
sequence as used herein is a DNA sequence that is identical with or nearly

25 identical with a reference DNA sequence. Indications that two sequences are
homologous is that they will hybridize with each other even under the most
stringent hybridization conditions; and preferably will not exhibit sequence
polymorphisms (i.e. they will not have different sites for cleavage by restriction
endonucleases).

30
The term "substantially homologous" as used herein refers to DNA that is at

least about 97-99% identical with the reference DNA sequence, and preferably
at least about 99.5-99.9% identical with the reference DNA sequence, and in

certain uses 100% identical with the reference DNA sequence. Indications that



WO 03/ 031629 PCT/ AU02/ 01367 19 two sequences are substantially honol ogous

is that they will still hybridize with each other under the nobst stringent
condi ti orwoand3tehey will only rarely exhibit RFLPs or se@quemim2/01367

pol ynor phi sms (relative to the nunber thgt would be statistically expected

for sequences of their particular length which share at 5 |east about
97- 99% sequbvz eefjdencds: gie. substentially Jemelggoes iscthah theyawillestilr hydkdidizgec withn t he

ability to sel.ect,ivel ni pul.at [l cel | S US| ' o

t echni que, SaﬂéPH‘%{uﬁ"idre’gﬁﬁ\ rﬁg%?ﬁ]@p@@tc Hd@gqsa:?rgd;ﬁ{e@? Vé"rlulég ﬂgg?%wegxmp'ta

si t e- speci f RFLP_doprReueAcaBpdIgmorpiisik f (reratiné toy fies mimddAteR awedle secan
be targeted for nodification, i1ncluding regul ator¥ regi ons, coding regions

and r egi onsstatistipallypexneaied fenseauenses pf dkelpParigiariengh el sharacatude:

pr onot erg r egi 18661 ' m nator regions and introns. By
nodi fyi nsg t ggaP%gu a?g%yséégérgﬁi?e?ﬂg timng and | evel of expression of

a gene can be altered. Coding regions can be 15 nodified to alter, enhance
or el i m nat genkokargeting! feprebentspaciniajor tatvaincaniranthegabilityrtoasklidatidgly t he
activity of an_enzyne, the conposition of a food &’[r’o_tei n, the,K sensitivity
of protein M@nipHAtE BRIMah cellngereres: iWningrthis Jeehriade. & RaicyauPNG of " a
protein wthi e ; 1 el = e LPns,
e sui t ablyheECkan pearRBa AR FERTRg % SR SPEmL AR R NG eR e
conbi nat0 onDiffaren2 fypesconbNAaseguaences can bestaigeted Hoo mesdificationn gncladingng
(Ramrez-Solis R Liu .P, Bradl ey A.(1995 Chr onos ngi neering in mce.
Nt ur e 575 FREHEON TRAIST S0, CTARG LGSy - JRGGTRe! opNAnHEIEHY oHiBaSHe
rearrangenmepiampies ob feg@lidty @8gions iNBIdUE! pRdheRS rehidANA enbaHEaC REgieRs, be
of several types, including insertions, deletions, substitutions, or any
conbi nat i ontesminater pegioagi apd intrepec By odifyigpthessr regulatary i iegiansa the t he
I nactivatio Lle-snecd fi i | . |
sequence t nar s EpdRE! S skblEsRRFE}A bhne sah ¥ he/Sh, Eodfhd HEIGHE 4 be
techni q1& t modifieacto altdr! emharesecoslintinatge formexample, e pbciitityrof bheartigen
associated wth the use of antisense RNA to disrupt. functiongl expressi on
of a gene pPbantibody:dheactiviy of Ahenzypeothe, compgstion ph adoa tpé?Efé"th ene

using the pLes&fiity HrBdiR T WRKdidathsh, e SBERIbNBf HEHREIALbLHERGRRg gt t he
protein within a cell. Introns and exons, as well as inter-genic regions, are
suitable targets for modification. The technology when uséd in combination with
20 recombinases also allows for chromosomal engineering (Ramirez-Solis R, Liu
P, Bradley A (1995). Chromosome engineering in mice. Nature 378:720-4.)
whereby large inter-chromosomes or intra-chromosome rearrangements may

~ be achieved.

25 Modifications of DNA sequences can be of several types, including insertions,
deletions, substitutions, or any combination of the preceding. A specific
example of a maodification is the inactivation of a gene by site-specific
integration of a nucleotide sequence that disrupts expression of the gene
product. Using such a technique to "knock out" a gene by targeting will avoid

30 problems associated with the use of antisense RNA to disrupt functional
expression of a gene product. For example, one approach to disrupting a target
gene using the present invention would be to insert a selectable marker into the
targeting DNA such that homologous recombination between the targeting DNA



targeting DNA such that honol ogous reconbi nati on between the targeti ng DNA
WO 03/031629 PCT/ AU02/ 01367 20 and the target DNA will result in insertion
of the sewewBablées mar ker into the coding region of the tacgatvogemss7 Al so
included in the DP vector is a DNA sequ?@ce whi ch encodes a positive 5

sel ection marker. Preferred positive selection markers as used herein the
descri pt i onand rtbeutdegetbDNA wilhsesult i insertien ofithg salestablenmaremido (tbg

neomnyci n- resi.stan r | p-resistance etc), fluorescent or
bi ol um nesCgﬂ?'”ﬂﬁ?é@‘s&){ﬁ%%%%ﬁ%| uorescent protein (GFP), yellow
fluorescent protein (YFP), etc) or any other marker that can be used to

di stinguish cells carrying the inserted DNA 10 fromcells | acking such
DNA. The DNAlssetnhistes inthedPRgvedier [fodi PNdeseqence; WRICh#eades 2 @%éftwﬁam y
positi oned i n e :

| ocat i on@of Q@ ‘éﬁﬁ@r’i‘gﬁ‘%m@ﬁeﬁ%ﬁg@pge | ngﬁ@gz@tgﬁﬁiﬁ a\%"ﬁs@ epgﬁﬁﬁgtrr\]et he

ai m of 15 t Hesgiption; inchede, gyt isoot déterite, didy tdsistance gsnes (eg seomydar get

O oD ot o b ESan o, v BPabe BSUIRebl R BB ™
the aimis g}égagwr?ﬂéofé“s_cgﬁ{ bﬁftéﬁhi ﬁ%%ll&%dregcémg?ﬁteigG(WP),Sécd) &s a

protein wt am no aci Subst n, then the codi ng sequence can be
modi fi ed t oanpetheéranatkes s cantka vsed todistingidsh rellsearsyingdithe inserteerDNAn be

pl aced ﬁgts' (le)g1 ﬁéﬁg@?@ﬁ%@ﬁ@"mgi on, in a nearby intron for exanple. If
ta ]

t he sel epend on their own pronoters for expression
and the marker gene is derived froma very different organismthan the

organi sm 25 being targeted (e.g.. prokaryotijic mafker genes used i
targeting mahfaPNMh tJyence ?ﬂcgg'"grgﬁerééftyq 33[9&3P8c€‘_3{ﬁ%r_ it i@'ﬁ?%f?b!y _
promoter W bBsiibAAS Cheideidhe MREMRLISEckAVDNA dedfifented. Thel pefebEd ent
cells. A lafge nunber o transcriptional 1nitiation regions are avail able

for such pulqeation df ibé mkrkgr géne in theatangetingreonstrust wilb depeng cortbeaiay of
t hym di ne ki naserb‘]gr onot.ers,. bet a- ters ohul in

ctin 30.pro i noal .
promot e}, Hi8epF LRIGEERS %Wa‘?’@?@ﬁeﬁgﬁ‘%\?frﬁﬁ 0 B\SBthgFgf 9K\ AHG>U8Ra
exanpl e is i theVsclReRbR Afkéer ¥dH BB digised o thaeting IBNANRRREspbAding to
phosphot ranst erase gene under control of the Sv40 early

coding sequence in the target DNA. Alternatively, if the ‘aim is to express an
altered product from the target gene, such as a protein with an amino acid
substitution, then the coding sequence can be modified to code for the
20 substitution, and the selectable marker can be placed outside of the coding

region, in a nearby intron for example.

If the selectable markers will depend on their own promoters for expression and
the marker gene is derived from a very different organism than the organism
25 being targeted (e.g. prokaryotic marker genes used in targeting mammalian
cells), it is preferable to replace the original promoter with transcriptional
machinery known to function in the recipient cells. A large number of
transcriptional initiation regions are available for such purposes including, for
example, metallothionein promoters, thymidine kinase promoters, beta-actin
30 promoters, immunoglobulin promoters, SV40 promoters and cytomegalovirus
promoters. A widely used example is the pSV2-neo plasmid which has the
bacterial neomycin phosphotransferase gene under control of the SV40 early
promoter and confers in mammalian cells resistance to G418 (an antibiotic

related to neomycin).



pronoter and confers in manmmalian cells resistance to (418 (an antibiotic
related to neomycin). WD 03/031629 PCT/ AU02/ 01367 21 A feature of the

mar ker i rwohg/oB82vector is that within the codi ng sequencecafaAutthe6positive
mar ker there is a third sequence which guypports high efficiency

reconbi nation in the presence of a site specific reconbinase. A suitable 5
sequence includes those of the IoxP or inverted repeat sequences (FRTs)

whi ch are Uﬂdl%‘étdr@eof'tﬂé r{ﬂ&l‘?&? u?ihé W@étﬂ?‘ﬁ@&a? Wﬁhlﬁiﬂ'lé:&@dm fédﬂence of

respectively ers of the Intergrase famly of reco | nases (d
Hin, resol vﬁ@eposmve raad@nthelieudiea thirdt sequeneecwhighi suppatishbigheaffigieatdycal I y

rredl ated or_hi effici cy r econbi t| o even nti all late
this syster’r{ cf%’rbl'ﬂ% “ﬂ))ﬁb gq%eﬁ,ggge a3§1t%asso§ H?i f&&nﬁgpsﬁ%s &gbﬁﬁd\m ch
flank Seswegé@ﬁendmirﬁimc%setmebaf dRE ebRR. of tinvestedn esiiall| seqifences OfRRTE)L i on
wi thout the involvenent of the Cre protein. 15 The ERT sequence IS the

target of Fwhichnaresnder fhe hfiuensg Obmomiqn@m&ucw &e eafLberegpeetivaly.i n
o PresnrDyflr, aflere YO AREGTEe thinil RREEARBIBES tBin K, 1lidiPase

sequence whirch™'supports RALON i ence
of a site-saecidlsc incedediimabs da;zcrlt;ﬁnoinns@ﬂieedenmammhpuhedlasewpirl hight he
expression of the positjve selectjon marker ge \g,gen t he onot er seqguence
i s activat e@ffi WWVﬁe‘éorEb!”Iat'o'Tlﬁ@”Ese"cﬁfbﬂ%ténf'@'%b 8BNS SYSIRr t ed bet ween
the propgpter and the coding region of the selection marker gene. However,
alternate strategies may be devised, such as the strategy utilised in the
Bl ue/ Wi t e ThedaxP saquencesege Ithbaedpairtsirdgtehey ofjBINAc whithdfiank seqlienpes2s

sequence is_disrupte Posj tive markers are upct i y i.ntr sf rred
cells if th\yﬂlﬁi‘ e Eo be, 45188, o By % TSl Qﬁéﬁ%@k’m&é’&i ok the
sel ecti on nvisRemértt of 8RALKE pratbinconferring a positive sel ecti on
characterl stic for the cell expreSS| ng that DNA 30 sequence. Thus,

"positive selection" conprises introducing cells transfected with a DP

Vert o 14 TR ERPIARIALE IR ok Chr KL Andiwif 1S Ha BRASEquedtiR! Nt

cells no ni'ntegrated positive Sel'Ee i on
which can be deleted in the presence of the recombinase FLP.

It is preferred that the third sequence which supports high-efficiency DNA
recombination in the presence of a site-specific recombinase may be inserted
20 without disrupting the expression of the positive selection marker gene when
the promoter sequence is activated within a cell. This sequence is preferably
inserted between the promoter and the coding region of the selection marker
gene. However, alternate strategies may be devised, such as the strategy

utilised in the Blue/White selection strategy whereby the -galactosidase coding

25 sequence is disrupted.

Positive markers are "functional" in transformed cells if the phenotype
expressed by the DNA sequences encoding such selection markers is capable
of conferring a positive selection characteristic for the cell expressing that DNA
30 sequence. Thus, "positive selection" comprises introducing cells transfected
with a DP vector with an appropriate agent which kills or otherwise selects

against cells not containing an integrated positive selection marker.



WO 03/ 031629 PCT/ AU02/ 01367 22 Other positive selection markers used
herein include DNA sequences encodi ng nenbrane bound pol ypeptides. Such
pol ypept iwod3asw2vel | known to those skilled in the art acd/AdopveEen a
secretory sequence, an extracellular doggin, a transnmenbrane domain and an
I ntracel l ul ar domain. When expressed as a 5 positive selection marker, such
pol ypept i deStherymsitiveesaiection markers gisedderein inelage MNA seduenees enevging

i na 11 uor COEBTERE RS SavpaRrots, SOFh (RifkgPlEs afy TR (Prposs 1eec
expr essi ng §hifedHTHBR HB6ntAMN HRiRiétdr: séf\iehceelavcéxtratelluRy doeain, hef ore
or after negative selection. 10 The fourth sequence ip the DP vector

supports hi ansmembrane ydamain are FHbinfeacedrlar (HeMainy WEeR c@xrsessed;iasea

specifigre i ' S SAH € LEL C [ [ | t

third sequorcaive iedied) FREL Paiirt BonRRERHPE “aisteptl Rk 8 MBI i on
wi th the targetbrBhé sEgomsscentlyPrlabelladl antibediase specifice forhithel extpacslictari s a
| oxP sequence, the fourth sequence i§ also a |IoxP sequence,, t

facilitati nGOMaE I"@M)\%}éﬁn &¢ 3%&%@3%'@39%?9 taf?g\}atﬁsaﬁ?jrsog?rrn?ﬁéé%,mmher e
the third s ! BURA polpEpiee. IFACSUseecionFRT
sequence, tﬁée@ggf;&f%eg'?f?{djg?ﬁggﬁﬁgﬁee%@é gf tﬁe sequence t hat theyn

fl ank. The maypmcurbefarecsafiennegativer selegtiorand FLP. Ot her reconbi nases 20

whi ch ¢ produce the sane effect are within the scope of this application.
A key feature of this invention is that under the influence of a

site-speci fTRe FOG@TDEBgEENdLTINCriBE MHRONBLIGRL isEppwits | higreffickericye dDNAhe

| oxP sites resulting in the loss in function _of the positive-selectjon

mar ker . Acctacgimiynation iethepresenge0f aigite SPerlicsraMbiARe RS SHECIsadit®n i s
to occur mnu L I | i bl f
oeCor al't Spedfie Fecstfbia il WHR thB 'l SahoncBLASE SBstantaf Pespable e
enbodi ment  hbmoloyoushredbimbieaticenwith dhattaiget RDINAtSezuendd. sReferabgiveineref DNA

Chat st winen R RETUBEF 15, @ OFLSBRUEMSfar By Tou SeHG s ARted 37
ei ther end olqidifd |thetei thitatiy thBV RSl tFethe sequence that they flank.
Similarly, where the third sequence is a FRT sequence, the fourth sequence is
also an FRT sequence, thereby facilitating the removal of the sequence that
they flank. The respective recombinases are Cre and FLP. Other recombinases

20  which can produce the same effect are within the scope of this application.

A key feature of this invention is that under the influence of a site-specific
recombinase (eg Cre) recombination will occur between the loxP sites resulting
in the loss in function of the positive-selection marker. Accordingly, the cells in
25 which the homologous recombination is to occur must have their genome

altered to express an inducible form of Cre (or alternate recombinase such as

FLP).

In a further preferred embodiment the fourth DNA sequence contains another
30 short region of DNA which may act as a PCR primer site or an alternative
recombination site to that used within the positive selection marker. This may

be added to either end of the first and second DNA sequence.



WO 03/ 031629 PCT/ AU02/ 01367 23 The positive selection marker, however, nmay
be constructed so that it is independently expressed (eg. when contai ned

i n an i ntwon3osieehe target DNA) or constructed so that hecolaAayensse?
recombination will place it under contrgh of regulatory sequences in the
target DNA sequence. 5 The positioning of the various DNA sequences within
the DP vect®he positiverselectimns marker, eooweeen haay ke reapstruptedDsa thajuidnises be

transcriptignally an transl ation al i ylel he DP
veeror . Thuddepghadfly srerSSeflag i ofaEREnat ol el i HEE R e
5' to 3' oriemétAidted soRsdtShemblogouwi fedofribindtiont wilBplaeei & niraier agoritfol r fgi ons
1 and 2 in the target DNA sequence. \Wen so aligned, the DP vector is a

"r epl acenentegoiatept sequenagsdn the taraelbiAssedensBi nat i on the repl acenent DP
vect or r5epl aces the genom c DNA sequence between the honol ogous portions
of the target DNA with the DNA sequences between the honol ogous portion of
the first aTHegrsitiwhindNaf tie sedows DA sequércasPwitbint the. DBevpotorc lowever,

repl acenent vectors are eferred | ticing the, invention.
A ternat | vetlges 1R teshiPobE LAt of dhe ToRA AEayeices b ransscplanajy and
sequence | “tréh@la%néﬂﬁ/:égqnég&%\n Resingiesirand ofltké iDFe vb@to?.a‘figug,ltfbsm !ég(ﬁﬁﬂit}ﬁ,et hat

t he honol ogous porti on sequence 1 corresponds 5' _ _
horol ogous e fiisb @andfsecegd dPNA ssfquenees amajehavNa % do e peentation censistent20

uni cn 105 Blh' 68"5clo harRiRUER SR, e Toae FrbRL bR, PR sbR0k e g

second regigerPfsd Niighatigehe DR segusmie. a Theplatement edPoveetet'at | Upon
provides for an "insertion DP vector". Wen an insertion DP vector is
honol ogous| hometegausdredombinatinn the geplaprmest Lz yestorirrplacssithe genemBit or

Is insertedn 1 'l;%\l/ﬁ | u g ;

honol ogous Blgjr)% %ghggp%@tb%gh?%fée Bﬁﬁgbj&% pr%tg;lhfg i %fd{h'%g{ragg%p%mkhgvgho hteai ned
necessari | yDiNAsafusnddsebetweencthei lmmologats poetien of thes irsh amd| sepons PN i ons
of the target DNAwhif ed in th Dg t he

posi ti v sePERYSRHPIE H’lﬁab tﬁg&t@?g GRS FERIRGR @\éﬁﬁ&%&t@g%ﬁ%p?@leﬁreldym
: ;2222; : BE : Eﬁ%ti'cﬁhg‘ theeinbeftide| AtdrHatively efehhérhBRIgoas pdriiond 8f the first and
second DNA sequence in the DP vector may be inverted relative to each other

such that the homologous portion of DNA sequence 1 corresponds 5' to 3' with

the homologous portion of region 1 of the target DNA sequence whereas the

20 homologous portion of DNA sequence 2 in the DP vector has an orientation

which is 3' to 5' for the homologous portion of the second region of the second

region of the target DNA sequence. This inverted orientation provides for an

"insertion DP vector". When an insertion DP vector is homologously inserted

into the target DNA sequence, the entire DP vector is inserted into the target

25 DNA sequence without replacing the homologous portions in the target DNA.

The modified target DNA so obtained necessarily contains the duplication of at

least those homologous portions of the target DNA which are contained in the

DP vector.

30 Similarly, the positive selection marker, third and fourth DNA sequences may be
transcriptionally inverted relative to each other and to the transcriptional
orientation of the target DNA sequence. This is only the case, however, when
expression of the positive selection marker in the third DNA sequence is

independently controlled by appropriate regulatory sequences. When, for



orientation of the target DNA sequence. This is only the case, however,
when expression of the positive selection marker in the third DNA sequence
I's 1 ndep®odansiey9 control |l ed by appropriate regul atory seqa@Endamg/olddhen, for
WO 03/ 031629 PCT/ AU02/ 01367 24 exanpl e & pronot erl ess positive selection
marker is used as a third sequence such that its expression is to be

pl aced undeéxattﬂpibra)Ipr@rhownlese(mgsﬁwelselectmutrarkﬁrys usgdoas adhisdd %qweocer

oS S ISadRhE. LB RSl D BB PR 7 erkl

transcripti r%g;%'latB RAYiH,| Qehea deeRAUBHGReP thdttRe GrdnEensBIscticy Haaker e
region. l'ection requires that the fourth sequence be substantially

i ncapabl e pésitioms sgdbet it de dirpronari dignmam (Phie 3a@@iepr% radinghffamelo | n

rar ker B ncVIRGEE sanertP Gl GFERIar AR, boarel g thp, ARRRRLE TSR o

by site spegidd.c reconbl nati on sequences which are under the influence of
reconbi nases as descri bed above for |1oxP and FRTs. The sel ection markers 15
contained in such a DP vector may either be the sanme or different sel ection

mar kers. V\hége%‘{lgé(t i & (ﬁqjl %%Slnfhesl’éﬁnhtq?ﬁkst ntE P §l?0§t5€tlél§ﬁneépé%

di fferent agal nst cellTs contai ning such such
sel ection Wﬁﬁ'hdnﬁolog@uslrecbmbmaSquﬂntﬂwelthggemrDM sefuemesus|y with
appropriate agents for the selection marker. The positioning of two

sel ectih markers at the 5 and 3' end 20 of a DP vector further enhances

sel ection f’igfa)(ésl ndtREOSIpcelof theBresnb #RntibA RNera! iy andtiedr sdlestion@akier

vector. Thi ecause random I ntegration sonetimes results in the
r ear r angeneinclugfedt he ube vedtoor Pigsenablynthe mdgitisingl snarker isflanked phy tsitgf ¢ he

sel ection marker prior -and ' at | u [

random y i nBREH ﬁcacqrntéln r\\,e%?%g@%mwh@ é\rbgcyhgé;gfa}f%s n?ﬂ' n\%g eé:f 25
the pr esenc%coﬁiblﬁaﬁﬁg@e%@ﬁl@@d iabbVEHOK foxPoand IRRTP Teet selectidrs ramkers! | y
enhances the likelihood that random i nt eﬁr ation wll resuchéf in

th .
i nsertitéh otonfainedetissudha BF YERIOE fAK Eltaett Poiharares O diferest éﬁf%ﬁt'c’f‘he
Invention i pel MdeS\WHLAHeG dra dif&eheShét thatth&? fedUid theSudd 8MtRsidifferent

agents to select against cells containing such markers, such selection may be-
‘carried out sequentially or simultaneously with appropriate agents for the
selection marker. The positioning of two selection markers at the 5' and 3' end
20 of a DP vector further enhances selection against target cells: which have
randomly integrated the DP vector. This is because random integration
sometimes resdults in the rearrangement of the DP vector resulting in excision of
all or part of the selection marker prior to random integration. When this occurs,
cells randomly integrating the DP vector cannot be selected against. However,
25 the presence of a second selection marker on the DP vector substantially
enhances the likelihood that random integration will result in the insertion of at

least one of the two selection markers.

Preferably, the invention includes an alternate selection marker that is flanked
30 by loxP sites that can be used to exclude cells in which the Cre is non-functional
during the DP selection process. This marker may be any marker as described
above, preferably a herpes simplex thymidine kinase or a fluorescent protein
etc. The inducible Cre would be activated after a period of time and would allow

for homologous recombination to occur in most cells. This would vary between



30 by loxP sites that can be used to exclude cells in which the Cre is
non-functional during the DP selection process. This marker may be any

mar ker aswoOasosicked above, preferably a herpes sinplex tirgmiadion@1deér nase or
a fluorescent protein etc. The inducibbg Cre would be activated after a
period of tinme and would allow for honologous reconbination to occur in

nost cel Ihs. calhtypesouThe selegtior forcibs satednopadey wetid Reoipitigtet somsstiveg) |
W Per i nauctfigh Tiseoh °%r, ChE. B SR S0 Kot b8y WHibh TrBhuag ot ™

not. funct fumetiogingfdfficieaty.l y. 5 In a further preferred enbodiment of this
aspect, there is provided a DP vector wth at |east two sel ectable markers
wherein one of the markers is a pronoter- |ess marker and the ot her narker

i s underg t hg, E%HHEPE%erfrﬁgrePrzﬂl_&'ing}m)éht cifgthliéﬁéﬁé’&! ﬁ\é?é%hﬁﬁdéc?ﬁ%lﬁﬁfé&ﬁdr is a

hygromyci n resi stance mar n a systemthat relies on the
expr essi on withtdtde@stdwoesalatiablesmarkers 0derein onre aof the r@okersfis @gpriosnater-t hat

Il cells wth dom it i t . itive t f |
el ccti on nigskemaa AancBerahgt Sy ¥ Lndgt 06 iR pY % hibriatetc: Pon,
there can bgifsble Promotdiabssmankir i§ avgtoRieiplbbitateymarkdritayyh se the

sel ecti on procedure produces background carrying random 15 integrations.
Accordingly, to reduce the incidence of the randomintegration, a form of

the DP ctor i Vil ' S, | ' | ' [ t .l east
two positi vﬁ" 95@2%@&@%%'!%&?@ ﬂ?%iegéf%gw Ofl'ﬁfés %\%%%%P!sﬂétgkgqsm%aosﬂ t he
DP vector dpsany ned% s \celiexoethat bhaellamwittharranddmlLimtdyrative exedt become

pronoter-| ess sel ectabl e marker resi st anc& generp\grkih?ge presea} after, the

first sel ecBPRMtivRIK & figbreeleqtnn BiaskRs ¥d NEBGe JeRAeseqpnd rand ofe
expr essed bﬁ{éa%%ﬁ’eétfb‘?\,fﬂh'é?% ER1 Y EENRISCIEISd8Sndt vl f1e0% SeiERfes”

bet ween the pronoter and the pronoter-less gene. This vector wll e’ used

to transfecOtoeiwise stbiee selastjof oprocedure ryodusesk drackgeiudaeaeyingf trandams

w1 D el e e ierafioRe: PisBiBhy b rech-ts RE REHRAGE o M it SNSRI %, e
pronot er - | egsinpeNthe DPNedtdr i8Provided @ tis Miventiohf ssidarictaraaciatinacat lehst a

random integration event with the two outside LoxP sites present,
expr essi on B¥o pesitive selectable markers (Figure 4).

This vector is the same as the DP vector described above except that another
20 LoxP site and a promoter-less selectable marker resistance gene will be
present after the first selection marker gene. The promoter-less marker gene
will not be expressed because the first marker gene serves as a “stuffer
sequence” between the promoter and the promoter-less gene. This vector will
be used to transfect cells selecting for the first marker resistance. After a
25 targeted event, expression of the Cre recombinase using the adenovirus-Cre
will delete the first section marker gene, allowing the expression of the
promoter-less gene, conferring the cells or a different resistance. In a random
integration event with the two outside LoxP sites present, expression of Cre
recombinase will delete the promoter or the promoter-less gene (or both).
30 Therefore, using promoter-less the second selection, the survivors should only
be those cells resulting from a targeted event. Inefficient expression of the Cre
recombinase is not a problem here because the promoter-less gene will not be
expressed without LoxP recombination. This modification represents a



reconbi nase will delete the pronoter or the pronoter-|ess gene (or both).
30 Therefore, using pronoter-|less the second sel ection, the survivors
shoul d orWwg o3logieehose cells resulting froma targeted everCI/Atvehiioti ent
expression of the Cre reconbinase is n a probl em here because the
pronoter-less gene will not be expresséd wthout LoxP reconbination. This
modi fi cat i osupenoregen¢ dametiBg03/add] 7 WilTiradoee Gl sBich averulexel of ngene
targeting vecto tha}% wi |l produce a nuch |ower |evel of non- targeted

cel I's. The @i8€¥€4%S"St non- honol ogy between the fourth DNA sequence of the
DP 5 vector and the target DNA creates a discontinuity in sequence

honol ogy at or near the juncture of the fourth DNA sequence. Thus, when
the vector The suhsiantial awn-hemolagy belwsen the authoPNAserurpre gbtbe DP

reconbi nat i ' f i !
{r ansf erd edvPriph ae; aydet DU Ertes, 4 Rt I SeqeésTimbbal dtor,
DNA sequencgegtithegjuhCturensl egodsurtiecONBI satuenceanThid)ewhehi that iveotoof isa

reconbi nase which fornms the basis of the DP net hEd OE the invention. As
used her ei nintegratedii Yo ntheongerABRchR¥eWays of B 589 ScIREATRIRLOR ¢ he

first, second ABion Rkt LUIP el BRRhOANRBEKECRNS A8 raffieid thigkades

15 the substitution, 1nserfidn an of one or nore nucleoyldes
in the targeirgBNDNAqUerisethaf hen-imtegratiogon$ thiss dourtrorDNA sequeites attring i nt o

the targeted region of the genone, , \Wen the vect or. cont ai. nl v,.t he

nsert B BPMOROBRAECRNE AL e AHop SLp R RRSR AT At e
DINA Soauengs isOfTREEIP ARthéEbethearvémiors a "first nodifying DNA sequence”.
When 20 in a gltlon to the DNA sequence which encodes the sel ection marker,

the DP vector also encodes the further substitution, insertion and/or
el et 0 o1 A%Es ] e o HBLRGDS 199 seiBen0e” ' SDASEHD O Ui e
sequence”. THefigEvdnaaHdon pasitis selsetpmemaekeTd)NA seguesee hicheendadesf i r st
fhe entise fie SUDEHUIGH SBSHIRN BRAIOSRBLAE S TS o ATPEr NLBES1RGS: Bae,
Cector mfgﬁartrqgf @gg%e etngegﬁgegrre Hlt)ﬁgaglib%usgﬁ&%rtioﬁw oh&RE POPal&stof Mte theDP
targeted region of the genome. When the DP vector contains only the insertion
of the DNA sequence encoding the positive selection marker, the DNA
sequence is sometimes referred to as a "first modifying DNA sequence”. When
20 in addition to the DNA sequence which encodes the selection marker, the DP
vector also encodes the further substitution, insertion and/or deletion of one or
more nucleotides, that portion encoding such further modification is sometimes
referred to as a "second modifying DNA sequence". The second modifying DNA
sequence may comprise the entire first and/or second DNA sequence or in
25 some instances may comprise less than the entire first and/or second DNA
sequence. The latter case typically arises when, for example, a heterologous
' gene is incorporated into a DP vector which is designed to place that
heterologous gene under the regulatory control of endogenous regulatory
sequences. In such a case, the homologous portion of, for example, the first
30 DNA sequence may comprise all or part of the targeted endogenous regulatory
sequence and the modifying DNA sequence comprises that portion of the first
DNA sequence (and in some cases a part of the second DNA sequence as
well) which encodes the heterologous DNA sequence. An appropriate

homologous portion in the second DNA sequence will be included to complete



het er ol ogous gene under the regulatory control of endogenous regul atory
sequences. In such a case, the honol ogous portion of, for exanple, the
first 30 ONA3gegaence may conprise all or part of the tar@eradoenthogenous
regul atory sequence and the nodifying PNA sequence conprises that portion
of the first DNA sequence (and in sone cases a part of the second DNA
sequence astheviargstinghofctheddie veetort Go thetather aysl SheRAtir:tist aod/or Aecond

appropriate onbl ogous portion.in the second,.Ph RGN 1] i pcl uded

to conpl et eDV@ ég%%’i%ezgpﬁyc??mﬁﬁ?ﬂéé‘im fn?%@hlfgar get iegn%%gwc% h\%ﬁ%ﬁ’ &ict or.

On the ot hegydiApR, ither 8nbbtheofithesé DNIsequsRsEsEhcdds os el eosectitry of a

conpri se a second m)dtls’f éhng@gNA sequence when, for exanple, either or both
indhe

of these DN\perefindefes efest DNAese@taneet i on of a genetic defect in
the targeted DNA sequence. 5 In a further preferred enbodi ment, the present
I nventi provi des a DP vector conprising a targeting construct prepared
by a transppsafuAréi picferrad idhtishdiment, dhegtresehtdnventiosi ppvides s Ripvectar
obt ai ning a copy of the target DNA sequence in \{itro; 10 inserting,a
sequence coBPNPESIAG %t?rﬂgﬂﬁﬂd:@@ﬁtrg%ﬁ'%ﬁ@éedgﬁd CY ralﬂﬁﬂ"?%&ﬁ?ff‘ﬁ@@i '6‘%" uence
at one siteginp rﬁ@ﬁoﬁ%@fnﬂfsiﬁ%ﬁwéﬁéé?bﬁm sequence; inserting another DNA
sequence conprising a transposon sequence and a DNA reconbi nati on sequence
at anot her site obtdidieg acppyadf théréargat DA Stepuence iBgift@nce; i nduci ng a

reconbi hati on event betwe aid reconbi nation ence t | et
porti oln1 Bt | t he XE‘S?”B\Q ?h@@ﬁlﬁgyemCglglﬁj@m.asﬁgﬁf%ﬁqs{b s?ﬁ\ég'}?%ete:&%gﬁﬁat i on
step, it isppefises@Biddtioh sEGudriedat i dite GRBSIH URé éspy ¥ thecaugee®NAd

i solated for Insertion into the DP vector. Recovering may be achi eved by
any nethod séquwenogol ates the construct fromits cloning vector.

Restriction digest re | \ : | i
facilitates i nsiﬁs?@? ?%‘ﬁcﬁ)é{ ﬁgl%ge@%% C%P&rﬁgﬁhé gﬁt}%@%ﬁgfﬂﬁéﬁg%n%@gﬁgr red
enbodi ment , gthNAt @coeibimgionoseduence atcapotheesite in the copy of the target DNA
15 sequence;
inducing a recombination event between said recombination sequences

to delete a portion of the copy of the target DNA sequence.

Following the recombination step, it is preferred that the targeting construct is
20 recovered and isolated for insertion into the DP vector. Recovering may be
achieved by any method that isolates the construct from its cloning vector.
Restriction digests are desired to cut the construct in a manner which facilitates

insertion into the DP vector.

25 In an even further preferred embodiment, the targeting construct comprises:

a first homologous vector DNA sequence capable of homologous
recombination with a first region of said target DNA sequence;

a positive selection marker DNA sequence capable of conferring a

positive selection characteristic in said cells;

30 a third sequence that supports high-efficiency DNA recombination in the
presence of a site specific recombinase and which is contained within the
positive selection marker,

a second homologous vector DNA sequence capable of homologous

recombination with a second region of said target DNA sequence; and



a first honol ogous vector DNA sequence capabl e of honol ogous reconbi nation
with a first region of said target DNA sequence; a positive selection

mar ker DNWOIgqswere capable of conferring a positive sel @CTIAIN2/01367
characteristic in said cells; 30 a thirggsequence that supports

hi gh-efficiency DNA reconbination in the presence of a site specific
reconbi nase and atoutthisequencenivhind diradis site specifie sgearobinatipa svithothenthirder ; a

W ih s secoRtNiATEELRILE SRy IReaR L AN EnlosddTaeaanlhayaRaggrLan' ' o
PCT/ AUO2/ Ol?a@@et_ BRAesdqudric; sequence which directs site specific
reconbination"wth the third sequence, but is substantially incapable of

horol ogous r econWhgEgin dhe weeter darapakle of aodifying s2jddatast SeAHenae byect or
is capald e pf A I r : BNR! .
reconbi r?l’at [ ﬁﬂmgfocasogéﬁ ? Pﬁ@t‘%t@o ogac')%\@?w 8%%%%@&(:(; vS\nggﬁélﬁcs%Wét hfi rst
regi on of sgaid firetr @fiors efjssiddarget deqliesce dnd of saill Hevuvidoigomslogets aectdNA
sequence with said second region of sajd target sequence. As used herein,
"nodi fi ed t%tsewgee\aﬁ%ﬁeg*swgr@gpa ogsgﬂqﬁtagga NCR- 10 the genome
of a targeted cell which has been nodified by a DP vector. Mdified DNA
sequences contain the substitution, insertion and/or deletion of one or

mor e nucl eoAsdesedi mergirf,i"mudifiechtargel DA sequgncet geleraito addpidr sequencehiv
cells fyrom which such transforned. target l.s e L , ases,
nodi fi e taﬂ’&e?en%ﬂﬁog 3&3@?@%@ Cgﬁghllcg'f 'g‘?sr %%g'% Epogi’ﬁedf Efgtdﬁgﬁaéog'rﬁggﬁ'(?@nd
modi fied tapygt sBjfenbes eAHEINS ahé - subsERioAOINRENON diridiort HeldibA sfeanense
found in the transforned target cell when a DP vector contai nlgéla first

or second nbowre yiuslpotides dmadirpktrangipsnedtarget celhag spapaed i the srlls; Hemet
DNA sequencg,.: .. T. y [ f d ; e f A LSt
transt of nea WPiepuf G el tghL 68l Sre, GATEY) IFSofe GipS mioli tagee
vector has D&BYsbquehagoard yefeiret dgrast Hilst' ranal/ohsecandanodifiel tgegetrBNAA
"transformed cel " t he other hand  r rs to a cell wherein the DP has
non- hont? ogéﬂ%‘l‘%ﬂqeﬁge tﬂ%%? PR %sqq{g{]@ettl;\gﬁ[éﬁﬁ saqﬂ}mcy_tjouqq A dhe Frﬁ‘ﬁa‘%trﬁ}e&et
cel I s” genefRhbycPivhahh BPRRSSH d6htaiRInRCA iRdt or second modifying sequence is
homologously integrated into the target DNA sequence.

"Transformed target cells" sometimes referred to as "first transformed target
20 cells" refers to those target cells wherein the DP vector has been homologously
integrated into the target cell genome. A “transformed cell" on the other hand
refers to a cell wherein the DP has non-homologously inserted into the genome
randomly. "Transformed target cells" generally contain a positive selection
marker within the modified target DNA sequence. When the object of the
25 genomic modification is to disrupt the expression of a particular gene, the
positive selection marker is generally contained within an exon which effectively
disrupts transcription and/or translation of the targeted endogenous gene.
When, however, the object of the genomic modification is to insert an
exogenous gene or correct an endogenous gene defect, the modified target
30 DNA sequence in the first transformed target cell will in addition contain
exogenous DNA sequences or endogenous DNA sequences corresponding to

those found in the normal, i.e., nondefective, endogenous gene.



marker within the nodified target DNA sequence. \Wen the object of the 25
genom c nodification is to disrupt the expression of a particular gene, the
posi tive woloaosicen marker is generally contained within alCeExdm20i86ch
effectively disrupts transcription andégr translation of the targeted
endogenous gene. \Wen, however, the object of the genom c nodification is
to insert dlSecenddearmisrnuehtarget cells’ geferaito dinstdiansdornesk targatcells whoke

nodi fied target 30 DNA seguence in the. first tran . arget _cell wll
in additi o_ngécg"b?{ﬂﬁi?‘ﬁs Reed EQPBNLY qedifisdina B@Sﬁ%ﬁﬁﬂﬁgﬁéy i F XMl es
corr espondi { %&iti@é‘%%fécftieH NRaiker tdotAiRedsh. the- enornersies drétl transferdegenous
gene. WO 03/031629 PCT/ AU02/ 01367 29 "Second transfornmed target cells”

refers to fiarget celbean berextises by homalogous eraemijaaiin th REodicena second

subsequent | dified,in ned r y r.e - L he | Live
sel ecti gn n%?'ﬁ%f’"ﬂ%ﬁt Eﬁrﬂgﬁ ‘%ll'et ﬁégggﬁgﬂ@ \c,)é? guﬁiﬁ)r & )bﬁé@ér\%{né"rntr?gd &t@r@ét
cel | can bemgxfiuiatibrowillsy@ésgibed in ecoretigtail hereitaftgrr oduce a second 5
transforned target cell. The details of such a predeterm ned genonm c

mani pul ation will be described in nore detail hereinafter. As used herein,

"het er ol ogops [PNA He‘?%@f S‘hhgéétéllogﬁﬁssﬁﬂ%@”@e&h%% | INAdEE GE Y \A‘/r'iiellﬂnf if%hat

sequence conprising t tar sequence. Het erol ogous DNA differs
from tar getdifdferty frdre sthbtt sequémce cosprisingn thed/ targetel BNAn sefjuenee.or

"t o 5 1 veetaspionnus IAIFRE R aRae A R Y ek st Toslfich BRG

region of t{geAsNeFBneioriMhereSABReAdERNTANS, diendBgeddRIgdNsEQUBIRCAaFO
obtained is a heterol ogous DNA sequence. Heterol ggous sequences al so 15

i ncl ude endbgémsuporated inte @sDRvestPrHaarass ds ingrifien éforapdifierentdegylatory

I ntroduce gene d 0 n ' | gL ffule t he
endogenous r(gﬁ%q %F:?ﬁ% %gﬁan}t?e?ﬁﬁ'%l %gg“gég&gﬁlﬁlsggqﬂg‘%g%s mc%ggggggg%% DNA
sequences Wbbtihed i¢ a1 beterelogbas DNA sedagroeudeteenjogous HNA sequesezpialsoes

derived froma different species. Such "exqgenous DNA seguences” 20, include
t hose vl ch'néh@@d@"éii?sg@ﬂ@gss%{ey”ﬁéﬁt W&i‘é‘g‘ g%véxgﬁgﬁoﬂéo‘ﬁ@%cﬁﬁﬁ_t Gpyrect or
hto muri e oo T ARG e P R SZauERDe ehcbRbt By e
manmar y endogenous gene. Further, heterologous DNA sequences include exogenous
DNA sequences which are not related to endogenous sequences, e.g.
sequences derived from a different species. Such "exogenous DNA sequences"
20 include those which encode exogenous polypeptides or exogenous regulatory
sequences. For example, exogenous DNA sequences which can be introduced
into murine or bovine ES cells for tissue specific expression (e.g. in mammary
secretory cells) include human blood factors such as t-PA, Factor VIiII, serum
albumin and the like. DNA sequences encoding positive selection markers are

25 further examples of heterologous DNA sequences.

In yet another aspect of the present ihvention there is provided a method for

enriching for a transformed cell containing a modification in a target DNA
sequence in the genome of said cell comprising:

30 (a) transfecting cells capable of mediating homologous recombination
with a DP selection vector said vector comprising

a first homologous vector DNA sequence capable of homologous

recombination with a first region of said target DNA sequence;



secretory cells) include human bl ood factors such as t-PA, Factor VIII,
serum albumn and the |ike. DNA sequences encodi ng positive selection

mar ker s awe 03@3%16kurt her exanpl es of het erol ogous DNA sequeaTadio2hrs6yet
anot her aspect of the present inventiongghere is provided a nethod for
enriching for a transforned cell containing a nodification in a target DNA
sequence in the yeprsitiverfselegtioncmarkero VA ssemyiense capableankfcopferAgdcal |'s

capabl e of nmedi at| I ' | ; ith a DP sel ection vector
said vector con%ﬁ‘%’@ﬁh%g%gﬁ&g#ﬁ%%%?%g%ﬂﬁ%@c e(l)l?é‘f' DNA sequence capabl e of
honol ogous reconbi naai tHirdvi $eyuenter shatr agbportet DINA dreécangsinatidwh imeghence;

WO 03/031629 PCT/ AU02/01367. 30 a_positive selection narker DNA sequence
capabl e of conf ePiesRACR Of siiespesifisdeermbinase RRdNRISh s containedwittindbe| s: 4
third sgquence that.. . E{%( conbination in the presence of a site
speci fi g)qrecomiﬁgétéﬁjaggg\%g&c | sérgont ained within the 5 positive

sel ection nmarker; a sacaedohdmhiooysogouse cvectoDNBNLegeeguenaempatpablef of

honol ogous reconpi nation with a.second.region of, sai.d t et ence,
and a fourth seq@ne Q\QHFCWCBF%%?@%W@ gp%%‘qudc r?%%rfgtir gaidi %ﬂ tﬁ‘ﬁklo
the third seque udhék: hagsubstantial l'y incapabl e of honol ogous

reconbi nati on with' said target DNA sequence, wherein the spatial order of
sai d sequences in saia fomth seguence whighidirerts site iIspreifiegegombination with

sequenc said p@sitiy | ection Kk . nt.ai ni t third
sequenc1 , said stg‘ or%h"glggwg%% eoﬁﬂ@%é@%@@ﬂﬂ%éﬁ%ﬁzbggahg @%’ﬂglqdéglrst h
sequence; and whgiceirbihdtorvwith eaid targetiAseqlienceli f yi ng sai d target DNA
sequence by honol ogous reconbi nation of said first honmol ogous vector . DNA

sequence with said fiWwberaiedhespatialserdar c4sgik sSeRancREdn sl S ¥&F9T 'Second
Qgg‘agggg% Vect og,iNisB GRHROBGoUS LGS DINACHIRE! Whi@ posiive® 3ktbdtidhdet
marker DNA sequence containing the third sequence, said second
15 homologous vector DNA sequence and said fourth sequence; and
wherein the vector is capable of modifying said target DNA
sequence by homologous recombination of said first homologous vector
DNA sequence with said first region of said target sequence and of said
second homologous vector DNA sequence with said second region of
20 said target sequence.

(b) selecting for transformed cells in which said DP selection vector has
integrated into said target DNA sequence by homologous recombination by
sequentially or simultaneously selecting for transformed cells containing the
positive selection marker in the presence of the recombinase; and

25 (c) analysing the DNA of transformed cells surviving the selecting step to

identify a cell containing the modification.

The selection of desired homologous recombination events is based on
distinguishing between targeted and random events. In a targeted event
30 recombination occurs with the target DNA sequence and the first and second
DNA sequences, resulting in the exclusion of the /oxP sites or FRT sites at
either end of the vector. Therefore, in the presence of Cre (or alternate
recombinase such as FLP) recombination events will not take place and the

positive selection marker will remain intact and functional. Hence ongoing



(b) selecting for transformed cells in which said DP sel ection vector has
Integrated into said target DNA sequence by honol ogous reconbi nati on by
sequent i aWby308163¢% mul t aneously sel ecting for transfornmed @eriaroeomsai ni ng
the positive selection marker in the presence of the reconbi nase; and 25
(c) analysing the DNA of transformed cell's surviving the selecting step to
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result in the ﬁ_SI t ﬁel ection marker becom ng non-functional. Hence,
the ongf ng® #ﬁ'ﬁcﬁ? RAHAOERTS s  under positive-sel ection conditions
Will result in the death or exclusion of such 10 cells fromthe sel ection
process. In sone circunstances the reconbination event will be inefficient
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maintained under Cre allowing for ongoing but infrequent rates of recombination
to occur — which can be detected by a PCR reaction using primers specific to
the Primer Sequence and the First or Second DNA sequence.
20
The DP vector is used in the DP method to select for transformed target cells
containing the positive selection marker. Such positive selection procedures
substantially enrich for those transformed target cells wherein homologous
recombination has occurred. As used herein, "substantial enrichment" refers to
25 at least a two-fold enrichment of transformed target cells as compared to the
ratio of homologous transformants versus non-homologous transformants,
preferably a 10-fold enrichment, more preferably a 1000-fold enrichment, most
preferably a 10,000-fold enrichment, i.e., the ratio of transformed target cells to
transformed cells. In some instances, the frequency of homologous
30 recombination versus random integration is of the order of 1 in 1000 and in
some cases as low as 1 in 10,000 transformed cells. The substantial
enrichment obtained by the DP vectors and methods of the invention often
result in cell populations wherein about 1%, and more preferably about 20%,

and most preferably about 95% of the resultant cell population contains



20 The DP vector is used in the DP nethod to select for transfornmed target
cells <containing the positive selection marker. Such positive sel ection
procedur e80 osbseanti al |y enrich for those transforned targetAtwedizs7wherein
honol ogous reconbi nati on has occurred. used herein, "substantial
enrichment” refers to 25 at least a two-told enrichment of transforned
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cell popul a n t her ter be used for subsequent genetic
mani pul ation, for cell culture experinments or for the production of
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construct pgglpﬁféﬁgrga btyhﬁetrﬁémgagaggcm pdreth.met hod as herein descri bed.
10 In yet anot her aspeCt of the present invention, there is provided a

transforned cell prepared by the nmethods descri bed herein. The cells may

be any prok of J aL yot | ; | foral bMikNge t he
0P vort or  anieoet e MRGLF 2 BrBKETRLE ot edtbripfic SBHE Whch arel Eapabne:
aspect of t hscaiingené DMvestdi and begembdifipd avithothe targedtA. of i nduci ng a
nodi fication in genone of a cell, said nethod conprising: transfecting

cel I s cHpabl e of nediating honol ogous reconbination -
In an even further aspect of the present invention there is provided a method of

inducing a modification in genome of a cell, said method comprising:
transfecting cells capable of mediating homologous recombination
with a DP selection vector said vector comprising
20 a first homologous vector DNA sequence capable of homologous
recombination with a first region of said target DNA sequence;
a positive selection marker DNA sequence capable of conferring a
positive selection characteristic in said cells;

a third sequence that supports DNA recombination in the

25 presence of a site specific recombinase and which is contained within the
positive selection marker,

a second homologous vector DNA sequence capable of
homologous recombination with a second region of said target DNA
sequence; and

30 a fourth sequence which directs site specific recombination with
the third sequence, but is substantially incapable of homologous
recombination with said target DNA sequence,

wherein the spatial order of said sequences in said DP vector is:

said first homologous vector DNA sequence, said positive selection



with a DP selection vector said vector conprising 20 a first honol ogous
vector DNA sequence capabl e of honol ogous reconbination with a first

regi on ofweaBa3teay get DNA sequence; a positive sel ection maTkdan2mDNe7
sequence capable of conferring a positihye selection characteristic in said
cells; a third sequence that supports reconbi nation in the 25 presence
of a site specif hmarkec ®NAnsspuente chitaining thenthirchestqnenhen saktk sqeosidt i ve

sel ection marker; a second h ous vector ,.DNA, sequence capabl e of
horol ogous reconBPﬂﬁquqng%@g&?H&EPeﬁi%ﬂ S@I'dioéi ?eaor'“beé‘[ceDNA sequence;
and 30 a fourth sequeqp@raii fe dekcRFt & Thp8bRPOEI mbaIfyiAGOSHUNRIrgeN DNAD

the third sequence, but is substantially iIncapable of honol ogous
reconbi nati on wi seqeence byhgmolopoussegoprhirationhet said firslchepalogars oegar of

sai d sequences i id DP ve rok$: [.dfer 000

sequence; said p@ﬁ@ F‘ggug%(fee@ﬁtﬁgﬁ '%Sbg%hgﬂgi&%yc%qg%ﬁ(uﬁgé%ﬁaﬁa%er
DNA sequence congatsndGofitfoddus dester INK esequi@nde seittoisdid Beoarid gegisnvefct or
DNA sequence and said fourth sequence; wherein the vector is capable of
nodi fyi ng sai d t 8Rigdarggigeasene’nce by honol ogous reconbi nation of said
first honol ogous vector 5 DNA sequence wth said first region of said
target sequence and of said second honol ogous vector DNA sequence with said
second regi im afprefeaied eetpelimeet)ubacBP belesatipn efentore dompivisds rertargeting DP

sel ecti gon vector conprise tagrgetin 10,.construct, prepared t he
transpotdn RROSEHFHPN ?rﬁgg’yg@ecréélﬁppﬁg@l mfediate _mekhq‘g %ﬁ%qrﬁ)&pi Py
I ncl ude the deletion of a gene or replacenent of a gene sequence. The

nmodi fication may be a predeterm ned nodification of target DNA sequence.
15 I n many dheevoiificationsay msluge thedielelign ofargeneyr friiacemanthef agene

positive sequence. The modification may be a predetermined modification of target

DNA sequence.
15
In many cases it is desirable to disrupt genes by positioning the positive
selection marker in an exon of a gene to be disrupted or modified. For example,
specific proto-oncogenes can be mutated by this method to produce transgenic
animals. Such transgenic animals containing selectively inactivated proto-
20 oncogenes are useful in dissecting the genetic contribution of such a gene to

oncogenesis and in some cases normal development.

Another potential use for gene inactivation is disruption of proteinaceous
receptors on cell surfaces. For example, cell lines or organisms wherein the
25 expression of a putative viral receptor has been disrupted using an appropriate
DP vector can be assayed with virus to confirm that the receptor is, in fact,
involved in viral infection. Further, appropriate DP vectors may be used to
produce transgenic animal models for specific genetic defects. For example,
many gene defects have been characterized by the failure of specific genes to
30 express functional gene product, e.g. a and B thalassemia, hemophilia,
Gaucher's disease and defects affecting the production of a-1-antitrypsin, ADA,
PNP, phenylketonuria, familial hypercholesterolemia and retinoblastoma.
Transgenic animals containing disruption of one or both alleles associated with

such disease states or modification to encode the specific gene defect can be



sel ection marker in an exon of a gene to be disrupted or nodified. For
exanpl e, specific proto-oncogenes can be nutated by this nethod to produce
transgeniwo oanswed s. Such transgenic ani mal s contai ni ng seCecktogelip7

i nactivated proto 20 oncogenes are usefy} in dissecting the genetic
contribution of such a gene to oncogenesis and in sonme cases nor nal
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sel ection is not functional in the target cell until suc tlne as it
S promoter. The only limitation in using such an approach is the requirement that
the targeted gene be actively expressed in the cell type used. Otherwise, the
positive selection marker will not be expressed to confer a positive selection

20 characteristic on the cell.

In many instances, the disruption of an endogenous gene is undesirable, e.g.,
for some gene therapy applications. In such situations, the positive selection
marker of the DP vector may be positioned within an untranslated sequence,
25 e.g. an intron of the target DNA or 5' or 3' untranslated regions. The positive
selection marker is positioned between the first and second sequences. The
fourth DNA sequence is positioned outside of the region of homology. When the
DP vector is integrated into the target DNA by way of homologous
recombination the positive selection marker is located in the intron of the
30 targeted gene. The selection marker sequence is constructed such that it is
capable of being expressed and translated independently of the targeted gene.
Thus, it contains an independent functional promoter, translation initiation
sequence, translation termination sequence, and in some cases a

polyadenylation sequence and/or one or more enhancer sequences, each



honol ogously integrated into the pronoter region of gene X. Wen so 15

I ntegrated, gene X is disrupted and such cells may be sel ected by way of
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functional pdultfesgehetexpeessiamsfected with the DP vector. In this manner,

cells incorporating the DP vector by way of honol ogous reconbi nati on can
be selected by way of the positive selection marker w thout disruption of
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to 5 control The expression o e positive selection marker when it is
posi tioned sequéricesdn the @enodie obthesegll whivhrcarebalabtaingd dyygtherdBsveotgrshe
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gul atory sequence, e.g. enhancers and pronoters fromdifferent sources
may be conb$eguenogspséch s promoters and/or enhancers which actively express a
particular gene in a specific cell type in an organism, i.e., tissue-specific
regulatory sequences. In this manner, the expression of a proto-oncogene in a
20 particular cell type, for example in a transgenic animal, can be controlled to
determine the effect of oncogene expression in a cell type which does not
normally express the proto-oncogene. Alternatively, known viral oncogenes can
be inserted into specific sites of the target genome to bring about tissue-specific
expression of the viral oncogene.
25
As indicated, the DP selection methods and vectors of the invention are used to
modify target DNA sequences in the genome of target cells capable of
homologous recombination. Accordingly, the invention may be practiced with
any cell type which is capable of homologous recombination. Examples of such
30 target cells include cells derived from vertebrates including mammals such as
humans, bovine species, ovine species, murine species, simian species, and
other eukaryotic organisms such as filamentous fungi, and higher multicellular
organisms such as plants. The invention may also be practiced with lower

organisms such as gram positive and gram negative bacteria capable of



nodul at ed gene expression. There are, of course, nunerous other exanples of
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be obt ai @0 oby3tehe DP vectors 15 and net hods of the i nveRCIovu02Bme?

exanpl e, endogenous regul atory sequenceggcontrolling the expression of

prot o-oncogenes can be replaced wth regulatory sequences such as

pronot ers @pg@nﬁaﬂ@@ngmﬁpehmm&veel guchylgmies Prganisars asunel pegfesedn a

specific ¢ e ni le € ' - £ r r
equences. HpebkBe el ey 381 nbt Sdembliirale MARRfcaf  nofAbBhYys
particul ar reebinbingtien, i.er, randomlistegration. raceglingly, thereds littleasr e needttool | ed
to determne the effect of oncogene expression in a cell type which does
not  nor nal38/e& st NORhYPBIogOHR apeiEManis er nat i vel y, known vir al
oncogengs can be inserted into specific sites of the target genone to
bring about tissue-specific expression of the viral oncogene. 25 As

i ndi cat ed, IhhthoBE eas$es: whare ntbehullisnatedgealcisothe pirodueticnnvéra inon-fureansed

to nodify target.DNA sequences .in.the n of target ce|ls capabl e of
ool ogous FAURDIcANIOR: CRATHHP P coReltrnviie RO TaL s ERIR dew «
any cel | tynefslictargst 6aRalEEcHfs MAYHOIENSEROMp Ak antaisA BT 08f
such 30 target cells include cells derived fromvertebrates includin

manmal s suctultysed fruniies, DFbveeters pae ibeseffigienty intpeduces intethe &S pells by,

and i dRer SiErrRRlfriofR St MiRdRl 6 AR bR o b BT e e Yalso
be practi cesleglrdforatioer Suehgeamsiomned @S aellgraam fresehftee bancorobmedn@dht | ve

bacteria capabl e of WO 03/031629 PCT/ AU02/ %39367 36 honol oggous . .
r econbi nat i RIAStogswEVEPM durenhyman antRdi & CRbt thewwalier colonize dbse

t hey gener.aéﬁmﬁrﬁoaﬁlf’tzaﬂ%gﬂﬂ?&fté‘tt@tr% gahﬁiliﬁ@rﬁf tgé"?é fmé QA ftHeric animal, In
reconbi nation, i.e., randomintegratfon. Accordingly, there is little or no
need to setheqtreagai imventiom- BEmeabersumay rentergetedntosa dpekifict prartien caftbe

et 8 T b AR Bt P R o

standard techniques.

When the ultimate goal is gene therapy to correct a genetic defect in an
organism such as a human being, the cell type will be determined by the
20» aetiology of the particular disease and how it is manifested. For example,
hemopoietic stem cells are a preferred cells for correcting genetic defects in cell
types which differentiate from such stem cells, e.g. erythrocytes and leukocytes.
Thus, genetic defects in globin chain synthesis in erythrocytes such as sickle
cell anaemia, B-thalassemia and the like may be corrected by using the DP
25 vectors and methods of the invention with hematopoietic stem cells isolated
from an affected patient. For example, if the target DNA is the sickle-cell B-
globin gene contained in a hematopoietic stem cell and the DP vector is
targeted for this gene, transformed hematopoietic stem cells can be obtained
wherein a normal B-globin will be expressed upon differentiation. After
30 correction of the defect, the hematopoietic stem cells may be returned to the
bone marrow or systemic circulation of the patient to form a subpopulation of
erythrocytes containing normal haemoglobin. Alternatively, hematopoietic stem

cells may be destroyed in the patient by way of irradiation and/or chemotherapy



preferred target cells. ES cells may be obtained frompre-inplantation
enbryos cultured in vitro. DP vectors can be efficiently introduced into
the ES ceWb3ly1629 el ectroporati on or mcroinjection or oPREAU02/01367
transformati on nethods, preferably el eg:(roporation. Such transformed ES
cells can thereafter be conbined with astocysts froma non-human ani mal .
The ES cel | priothter rerfttaatuctioh @fithze mduifiede hbmatopaietiacstent oell thereby réctifying ger m
line of the regL*It' ng chimeric aninmal. In the present invention, DP
vectors rrayﬂl?e ?SP{get ed to a specific portion of the 15 ES cell genone and
thereafter used to generate chineric transgenic animals by standard

techni ques. Wen the ultimate goal is gene therapy to correct a genetic
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endot hel i al orgapssanc hpiide endotheliabells form an integral part of the graft, such
transformed cells can be used to produce proteins to be secreted into the
circulatory system and thus serve as therapeutic agents in the treatment of
20 genetic disorders affecting circulating factors. Examples of such diseases
include insulin-deficient diabetes, a-1-antitrypsin deficiency, and haemophilia.
Epithelial cells provide a particular advantage in the treatment of factor VIli-
deficient haemophilia. These cells naturally produce von Willebrand factor
(VWF) and it has been shown that production of active factor VIll is dependént

25 upon the autonomous synthesis of VWF.

Other diseases of the immune and/or the circulatory system are candidates for
human gene therapy. The target tissue, bone marrow, is readily accessible by
current technology, and advances are being madé in culturing stem cells in
30 vitro. The immune deficiency diseases caused by mutations in the enzymes
adenosine deaminase (ADA) and purine nucleotide phosphorylase (PNP), are
of particular interest. Not only have the genes been cloned, but cells corrected
by DP gene therapy are likely to have a selective advantage over their mutant



bone stemcells. Alternatively, certain disease states can be treated by
nodi fying the genone of 10 cells in a way that does not correct a genetic
def ect pewoO8/0Buse9 provi des for the supplenmentation of thecgam2prwduct of
a defective gene. For exanple, endothehkal cells are preferred as targets
for human gene therapy to treat disorders affecting factors normally
present in thenteysartstiThusj ablation pbthe bhonenodeiow intredipient patiegtsbvap nddde and
pi gs endothelial cells have been shown to form 15 prinmary cultures, to be
t ransf or mabM"€CTHSAYDNA in culture, and to be capable of ~expressing a
transgene upon re-inplantation in arterial grafts into the host organism
Since endothelial cells forman integral part of the graft, such )
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produce von Wl lebrand factor (vW) and it has been shown that production
of active factor VIII is dependant 25 upon the autononous synthesis of
VWF. O her dssaatieatedf gemeticndefestsamdayrbe heoregated| it spgcidigs telin linas by
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élthough not necessary;, to remove the residual positive selection marker which

remains after correction of the genetic defect by homologous recombination.

20 The DP vectors and methods of the invention are also applicable to the
manipulation of plant cells and ultimately the genome of the entire plant. A wide
variety of transgenic plants have been reported, including herbaceous dicots,
woody dicots and monocots. A number of different gene transfer techniques
have been developed for producing such transgenic plants and transformed

25 plant cells. One technique used Agrobacterium tumefaciens as a gene transfer
system. Rogers, et al. (1986), Methods Enzymol., 118, 627-640. A closely
related transformation utilizes the bacterium Agrobacterium rhizogenes. In each
of these systems a Ti or Ri plant transformation vector can be constructed
containing border regions which define the DNA sequence to be inserted into

30 the plant genome. These systems previously have been used to randomly
integrate exogenous DNA to plant genomes. In the present invention, an
appropriate DP vector may be inserted into the plant transformation vector
between the border sequences defining the DNA sequences transferred into the

plant cell by the Agrobacterium transformation vector.



appropriate cell nust be available. As indicated, genetic defects may be
corrected in specific cell lines by 10 positioning the positive selection
mar ker i rwan3osteeans! ated regi on such as an intron near wh#/Adiogelsf the
genetic defect together with flanking sggnents to correct the defect. In
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cells. One tec ue used Agrobacter tunefaciens as a gene tra
system Rogway, ofea high velm%ﬁmcmw;edtdemmnwuth tttBBDPG\’Zé'ctﬁnanal@golJestel y

related transformatjon utilizes the cterium Agrobact rlumrhl In
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construct edbeG@é@Q(bPég&é?@fe%fekﬁﬁlb@%ﬂ%scébr@&d& the DNA sequence to be
inserted into 30 the plant genone. These systens previously have been used

to randomy integrate exogenous DNA to plant genones. In the present
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transformation-vec er sequences

sequences tmettsfds! Mdlogmé hecorpbiaation %ﬂgehyth&é)%geabamb ¢heé Wppropriate
transfor mat i.on, v&@; WO 03/ 0 629 PCT/ AU02$0136 39 Preferably, the DP
vector 1& tsite imthenpiagh 9egonls: N HRPRAPRANEHOPPINY usadbivBRraskest by

way of et hoolg tuiﬁlﬁégt R nsél‘écflmtls We%hﬂéé'd/n HESGe RIthirds Wﬂf&etrahﬁﬁﬂﬁ%nes

into protoplasts atively, the DP vector 1s contained hin a

| i posone whprotoptast dreplantsezll. i samsi laatanpeetcgilsmeoableiodhsseetcuuunmmyt ed

to plant be excised from a transformed plant either from the Fy or a subsequent

generation.

20
The DP vectors and method of the invention are used to precisely modify the
plant genome in a predetermined way. Thus, for example, herbicide, insect and
disease resistance may be predictably engineered into a specific plant species
to provide, for example, tissue specific resistance, e.g., insect resistance in leaf

25 and bark. Alternatively, the expression levels of various components within a
plant may be modified by substituting appropriate regulatory elements to
change the fatty acid and/or oil content in seed, the starch content within the
plant and the elimination of components contributing to undesirable flavours in
food. Alternatively, heterologous genes may be introduced into plants ﬁnder the

30 predetermined regulatory control in the plant to produce various hydrocarbons

including waxes and hydrocarbons used in the production of rubber.

The amino acid composition of various storage proteins in wheat and corn, for

example, which are known to be deficient in lysine and tryptophan may also be



protopl ast by way of intranuclear mcroinjection. Mcroinjection is the
preferred nethod for transfecting protoplasts. DP vectors may al so be

m croi nj ew0aed/oswed neristematic inflorenscences. FinallypcriAd®ae13sxpl ants
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tissue cultures of the transformed protoplast or plant cell. In sone
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to be modified and the type of modification which is desired.

Preferably, the DP vector is a linear double stranded DNA sequence. However,

20 circular closed DP vectors may also be used. Linear vectors are preferred since
they enhance the frequency of homologous integration into the target DNA
sequence. (Thomas, et al. (1986), Cell, 44, 49).

In general, the DP vector has a total length of between 2.5 kb (2500 base pairs)
25 and 1000 kb. The lower size limit is set by two criteria. The first of these is the
minimum necessary length of homology between the first and second
sequences of the DP vector and the target locus. This minimum is
approximately 500 bp (DNA sequence 1 plus DNA sequence 2). The second
criterion is the need for functional genes in the third. Finally a small additional
30 length is required for targeted recombination sites (eg LoxP sites are 34 bp in
length). For practical reasons, this lower limit is approximately 1000 bp for each
sequence. This is because the smallest DNA sequences encoding known

positive and negative selection markers are about 1.0-1.5 kb in length.
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I S appr oxi mat 00 bp each sequéence. This is because the snallest
DNA sequencsaquancedhomologywean fiss used doapractieg)dbe visventiarct Thus, reequensear e

about 1.0-1.5 kb in |ength, 031629 PCT/ 2/01367 1.The upper limt
o the Toangiimsayihs BASEapelt s R pied A b aRaCler fit s diRfoe

t echnol ogy m&EIdgy 6@mibeUldafite@NONEiIGEIRNAS that aliteme dff B@wBIRIgy Whith if
propagated as bacterial plasmds, a practical upper | en?t h limt is about

25 kb; if fortbgrirduced.doesBat mediatehomalpgoyssiniggration®t e DR veetopimat ed
as YACs (Ye@g!genome. Although as few as 25 bp of 100% homology are required for
homologous recombination in mammalian cells (Ayares, et al. (1986), Genetics,
20 83, 5199-5203), longer regions are preferred, e.g., 500 bp, more preferably,
5000 bp, and most preferably, 25000 bp for each homologous portion. These
numbers define the limits of the individual lengths of the first and second
sequences. Preferably, the homologous portions of the DP vector will be 100%
homologous to the target DNA sequence, as increasing the amount of non-
25 homology will result in a corresponding decrease in the frequency of gene
targeting. If non-homology does exist between the homologous portion of the
DP vector and the appropriate region of the target DNA, it is preferred that the
non-homology not be spread throughout the homologous portion but rather in
discrete areas of the homologous portion. It is also preferred that the
30 homologous portion of the DP vector adjacent to the fourth sequence be 100%
homologous to the corresponding region in the target DNA. This is to ensure
maximum discontinuity between homologous and non-homologous sequences

in the DP vector.
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as a probe ina Southern blot analysis of the genomic DNA of the target cell. If
little or no signal is detected under intermediate stringency conditions such as
3XSSC when hybridized at about 55°C., that fourth sequence should be

20 functional in a DP vector designed for homologous recombination in that cell
type. However, even if a signal is detected, it is not necessarily indicative that
particular fourth sequence cannot be used in a DP vector targeted for that
genome. This is because the sequence may be hybridizing with a region of the
genome which is not in proximity with the target DNA sequence.

25
It is also possible that high stringency hybridization can be used to ascertain
whether genes from one species can be targeted into related genes in a
different species. For example, preliminary gene therapy experiments may
require that human genomic sequences replace the corresponding related

30 genomic sequence in mouse cells. High stringency hybridization conditions
such as 0.1 XSSC at about 68 degree C. can be used to correlate hybridization
signal under such conditions with the ability of such sequences to act as
homologous portions in the first and second DNA sequence of the DP vector.

Such experiments can be routinely performed with various genomic sequences



the first and second DNA sequence are increased. 5 As previously indicated,
the fourth DNA shoul d have sufficient non-honology to the target DNA
sequence WO ophgnsent honol ogous reconbi nati on bet ween t he PCowtok/oDISA
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WO 03/ 031629 PCT/ AU02/ 01367
a positive selectton marker DNA sequence capable of conferring a
positive selection characteristic in said cells;
a third sequence that supports DNA recombination in the presence of a
20 site specific recombinase and which is contained within the positive selection
marker;
a second homologous vector DNA sequence capable of homologous
recombination with a second region of said target DNA sequence; and
a fourth sequence which directs site specific recombination with the third
25 sequence, but is substantially incapable of homologous recombination with said
target DNA sequence,
wherein the spatial order of said sequences in said DP vector is: said first
homologous vector DNA sequence, said positive selection marker DNA
sequence containing the third sequence, said second homologous-vector DNA
30 sequence and said fourth sequence;
wherein the vector is capable of modifying said target DNA sequence by
homologous recombination of said first homologous vector DNA sequence with
said first region of said target sequence and of said second homologous vector

DNA sequence with said second region of said target sequence.



havi ng known di fferences in honol ogy. The neasure of hybridization may
therefore correlate with the ability of such sequences to bring about
accept ablwo oBoegeenci es of reconbi nation. 5 I n anot her aspertAto®IB7i S
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reconbi nation in the presence of a 20 site specific reconbinase and which

is contained within the positive selection marker; a second honol ogous

vector DNA Smgttsﬁ%cﬁﬁeaabégr@fteréméaae&%edss&@i nation with a second

regi on of said target DNA sequence; and a fourth sequence which directs
site specific reconbination with the third 25 sequence, but is

equenced “wibBiEeRMEpLe e o 1 ispe Rt uo B et o a8k kit 1 .
sai d first JRaABI GALAt prephrsd BNthepruRtsdestibed Meseini ve sel ection marker
DNA sequence containing the third sequence, said second honol ogous vector

DNA 30 sequence and said fourth sequence; wherein the vector is capable of
nmodi fyi ng sgf [ : : n . i L f {
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15  the description following is illustrative only and should not be taken in any way

as a restriction of the generality of the invention described.
EXAMPLES

20 Example 1: Development of a transposon-mediated procedure to

generate deletions.

For the generation of deletions in cloned genes, two mini-Mu transposons may
be constructed using the procedure previously developed (Haapa et al., 1999
25 Nucleic Acid Res. 27:2777-2784). The construction of suitable transposons and
their use in the generation of deletions are shown in Figure 1. The B-geo
marker is used here only as an example and other markers are equally suitable.
The use of Mini-Mu transposons have also been illustrated, however other
transposons may be equally useful.
30
Mini-Mu transposon 1 may be constructed as follows. The
prokaryotic/eukaryotic double promoter (P/P) may be amplified from a Clontech
vector such as pEGFP-N1, incorporating the transposon end at the 5'-end and a
LoxP sequence at the 3-end. The chloramphenicol resistance gene (Cam’)
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ot epared by PIBIRERISEA ke el T e ek BrALERT M beBRBH sitbiRRcw be
nore fully [dgeFahlene Wohipdsitbasopiratict 6lohbe intacthensiyiiikeg of pUT] ®S IR sls
figures. It should be understood, however, that 15 the description

fol | owi ng itansnaseny the kacteralprametenwillidivedhe sxpressian eithgdyamagenas a
restri ct5i on of the generality of the invention described. EXAMPLES 20
Exanpl e 1: Devel opnent of a transposon-nedi ated procedure to generate
del eti ons. Mni-Minetrgesposani @n nody due etorstrsicted @sorfeltbvgeneJhet wetracyulindL

(Haapa ot - esitangss 0638 st ooy e Falfed 355 27 padfiil SG a6 PEIT 4! o
apa et > | . : . 'l on
of suitabl %Eé?&‘{ﬂﬂ?ﬁg@( fALs PN ertP 8t tHe 5Ten P8R8 ALOED slﬁhuéﬁééffa't e 3ar e

shown in Figur err)y-geo marker is used here only as an exanple
and ot her nenderiheaperecteridsg Bgeoagenre mashbe anaplifiedvirain Myvectemsyes ass

uset ur 1050 iy BREC IpeBhLne e onBio . bt BB S BT ioHErorE PeR
prokar yot i cprediiar salyi tse igateties’ no aneligtter(&HdPihe eymbesitenebhétrest dlomed anto
Clontech vector such as ES%‘ZP— N1, incorporatin he transBoson end at the

5 -end and the RAWinkeeqliBHEL 9at!Inithis tsanspegoniThie. Bl 8paspianPe XPressestiance
gone (o PRSP A8 o sdi s B | om 2 vecto

15 A general schematic of application of this technology is presented in Figure 2.
The target gene may be cloned into pNEB193 and the two transposons inserted
at the desired positions with the right orientation. Mini-Mu transposon 1 may be
inserted into the cloned gene by in vitro transposition, the transposition mixture
transformed into E. coli cells selecting for Cam'. The transposon insertions may

20 be mapped physically and the one at the first desired deletion point selected
(this need to be in the orientation shown in the Figure 1). Mini-Mu transposon 2
may then be inserted into the clone, selecting for Tet' in E. coli. The transposon
insertions may be mapped and the one at the second desired deletion point
selected (this needs to be in the orientation shown in the Figure 1).

25
The selected clone may be transformed into the E. coli strain EAK133
expressing the cre recombinase. This will generate a deletion between the two
LoxP sites, eliminating the Cam’ and Tet' genes as well as the part of the target
animal gene between the two transposons. These cells can be selected by

30 Kan' and the blue colour in the presence of X-Gal because the promoter on
mini-Mu transposon 1 will now drive the expression of the p-geo gene. The
deletion events can be confirmed by the loss of Cam’ and Tet', and by
restriction digestion or PCR.



transposon end at the 3'-end. The fornmer PCR product nmay be ligated 5 to
the latter and the conposite construct cloned into the polylinker of
pUC19. | nwohiz®31629 ansposon, the bacterial pronoter wil | dmCTeAULe1367
expression of the Canp gene. 5 Mni-Mi ygansposon 2 nmay be constructed as
follows. The tetracycline resistance gene (Tetr) may be anplified froma
pl asni d suchhesggereReamstrudt moay berexdisey from theaneplos @ndeplgned hetwesn-thed and

anpl 1 1 od 1 PBRPabIRiS o Lir Pveckd eI 2 TS PR R BBty fe
transposon gaskeMe. t ke 8-b @dtterben PNEERII3PEEH berusedcior My dlﬁpésaaésetﬂ\e?] to

the latter and the conposite construct cloned into the polylinker of
pUCL9. In tat%ccvmaablﬁ@st@rthow@nm rDPgéﬂetorth@ecl‘é&'pta&%ré&anrbe madg&asyand

the (3-geo t S r I
schemt 15 oY 2Py, 18 e BifABRAHS, Bty oy 8" ERAorrids AYR ol Rghe! 1, |
tﬁrggt gengm@@m betwéemedar?tm'ﬁp thi!iEEé&Bnbmdtlbnebemg tatamambmys ai ckarased at
the desired positions with the right. orientation t rans e
be |nserteGR?-Yﬁ‘6 e ﬂﬁl'%ﬁﬁatoéé?ﬁﬁg '%SXﬁt?md“?Yé’ﬁs‘&%q {/anﬁ%gﬁl%%qgﬁ g
transpositi a'Hdﬁb\’”’v@cto? G RRiner tRB datdgdh ‘énﬁnalcg?éde CS|n|1|$arI§ﬁ|tI?éDP”Qeét8F may

Cam(err). The transposon I nsertions may 20 mapped physically and the one
at the fi rsbectmrweetedctel etdashnptwmwes@lréotéme spbplogingeetl the) gepei afternthe
orientajion shown i transposon 2 may then be

i nsert et i n8§" ?rﬁe'OEIoéﬁe elgféc?rggnhﬁgdqn&r Ve&l in E col |, The t ransposon

I nsertions may be napped and the one at the second desired del etion point
selected (this needs to be in the orientation shown in the Figure 1). 25
The sel ect eAltbpugle theyn wéra Fransaesomesystemomendesinitially; usad, 4 yivonrysisms

expressi ng ggﬁ S8 Heﬁq‘ﬁ%g?bﬁ 'ég%aﬁ?er <§sﬂ&rﬂ¢§r%ﬂ|e%eﬁeb§t5£%rﬁqt%ﬁﬂ%t he

two LoxP si and Tetr genes as we
part of theSUahgs\]stemBI rezduugaenttm Hellowiag tbmpbmentst ah)spbeoasginThE pdasreid s
can be selected

because! het rﬁf‘éfﬁbt(@P.?bﬂr?%? ?{ggﬁhg} ﬁﬂgo"ég’] ia'WHrPV'HBWp S&‘Bﬁ Wg‘fSQ)Q(-BPBsm on
O ot SoOEEfpite e o pamauerirsisns b aians g eser o
PCT/ AU02/ 01p&ismids contalnlng oriT. The vector containing the target gene will be first
transformed into this strain which may be mated to a recipient strain selecting
for the antibiotic resistance marker carried by the transposon. Such a system
20 has been developed to mutagenise bacterial genes by Tn5 insertion (Zhang et
al, 1993 FEMS Microbiol. Lett, 108:303-310). This can be adapted for the
purpose of this invention by two modifications. First, mutant transposase which
works in trans need to be generated. Second, two different transposons may
be required to eliminate the phenomenon of transposition immunity.
25
Example 2: Modification using the DP Vector System

Method for the assembly of the generic DP knockout vector may be performed
by any methods available to the skilled addressee when applied in the manner

30 and combination described. Similarly assembly of an inducible Cre (or FLP)
system with the concomitant generation of cell lines stably expressing this
inducible recombinase is available to a person familiar to the art (A detailed
description of this procedure is generally provided by Bujard at



46 The gene construct may be excised fromthe vector and cl oned between the
two polylinkers of the DP vector constructed as in Exanple 2, replacing the
neor caswetim3iecIhe 8-bp cutters on pNEB193 can be used f ®CTiAli0g/0@4r pose,
as they are conpatible to those on the4pP vector. This cloning step can be
made easy 5 by adapting the reconbination site (aft) of the bacteriophage \
to nove genbttmlmwwz nhefldelbﬂque/BlugandLHamgmgsL!am&m ng catal ysed by
a clonase enzynme mx. This vector conversion system nmay be used to change
pPNEB193 to a donor vector to clone the target aninmal gene. Simlarly, the
DP vector nhlye baectlmveasﬂ elésired ahomsidgoaki eeconstminatiori ogverite sulba@sedi ng of
the gene after the eneratlongéidS a deletion in. the donaor v%cto

Al t hough th@St'WW?'ﬁ"Pe Hyeen, damgetsrs e FANAYB eYRMtFal 1) Ridardeted qyen
Systens g Sﬁ%ﬁ%hﬁﬁn%rﬂ%@ur@%@h wﬁ@rtérgte& TNRSEquEARe 'ﬁ@@NA@%Sﬂu@Hcé’%ﬁbe“ al

mat i ng. systens require the foll ow ng corrponents origin of
pl asmi d 15 amchrtebe(Figare BA; cNBtthe tmeogtas rep;esentEloxEoslitesét resuiting oni theng
the mni-tran poson he, t % nd t nsfer, fungtions to drive

the con] ugeerNEpnT PhARF doxEr = REC shiaehithE “usiter. " ThiengES phgoins

cont ai ni Ng famtbAaREE ogermepmsnh{/ebgeléctr@i of teekreaBihgl theOmbkey BRAANN
which may be mated to a recipient strain selectin for the antibiotic

resi st ance iasukdn supdvalad thg celle indystipn obthe meem n%%%(@l@ 20dmhencedss

d I t T t

1993 FERE Ml 8B8IiP8, AELEH TysRERAT fikie o SSLon dst EhBRihd lqveht:

%r pﬁse of kAlﬁéma'ttmyenta mncclimtyn te\bmennuﬁgﬁne;:ag) Nei)e:S) oFlbbﬂ‘{ endgtoﬁrthetwe?ttsrmmase
I C WOrKS I n rans nee 0 nerate €CO WO eren

transposons(geagrallys teseiny Eﬁa‘fto?e@%ﬁ?ﬂ ﬁypeofhé eﬁﬂﬁ%‘?ﬁ'ﬂ{ 29{th Is§ﬁ§pB§IIn9I on

munt LY. 2ncBiiRiBted fito Yhe! ddisadd rfa?n@s'ﬂ&.aaﬁﬁsnf& M%cwucﬁrétrsew@mm for

the assenbly the generic ockout vector be perforned y any

net hods ava(Craplvethio ﬂhleecslkuwlll gesiltidn e3 s@n mmehonaqumaeklen (1ntth(§ cas@cthe 30
and co nation desc barlél aﬁgsrrblél Bf an. |tndu 3 éf} FLP)
system ther%OtEBr\% a&gn PRes WM die et B maln §H‘§ |9/n Qﬁr%% Y this

| nduci bl e r@élé@ﬁbméér%ltlénéimldiléllir%et&cmdaTﬁ@m tharseléctiontgrotdss.art (A
detailed description of this procedure is generally provided by Bujard at

In some circumstances the recombination event will be inefficient resulting in a
relatively low rate of exclusion on non-homologous recombination events. The

20 primer sequence will function in these cases to enable detection of relatively
rare events that would be detectable by PCR reactions. Hence at the end of the
DP selection process a cell or cells would be continued to be maintained under
Cre allowing for ongoing but infrequent rates of recombination to occur — which
can be detected by a PCR reaction using primers specific to the Primer

25 Sequencein the exreme left and right regions outside of the /loxP site in Figure
3A) and the First or Second DNA sequence.

Example 3: Construction of DP vector and insertion of a target gene.

30 A double positive selection (DP) is illustrated in Figure 3. The fact that the
whole vector is usually integrated into the chromosome in a non-homologous
insertion (random integration) forms the basis of this DP vector. The neo'
marker is used here only as an example and other markers are equally suitable

including B-geo, hygromycin resistance, zeomycin resistance, HPRT gene and
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http://ww. znbh. uni - hei del ber g. de/ Bunar d/ Honepage. ht M ). The sel ecti on of
desi red hwowBogwes reconbi nati on events i s based on di stiPogW@kBY7bet ween
targeted and randomevents. In a targetgd event 5 reconbination occurs with
the target DNA sequence and DNA sequence one and two §:Fi ure 3A; NB the
triangl es rE&pResdiso] oftlersietempinatiosusystenysi suchhas FLRIFRIi ean dfe used|toxP
sites at either e@%e foDhe vector. Hence ongoi ng nmintenance of the

positive- sEIPRERES cells expressing the marker DNA will result in
survival of the cells. Induction of the reconbinase (Cre) and hence the 10
second positive selection event will have no effect on the targeting event.

Al t er nat el yThe final seastiveteantaipinggihectangst genremay hrventhe,tpllowing Rederedt or
il | . i t ' f [ P sit
wll o gfneg,@hgggbé@ﬁg;sgq;ughég L +g%§b‘até Wap@lsHo! &ifn (0H13& hHRE JeAKE. 5 t es

being inco e cel enome. Activation he "I nducibl e
r econmbi naseprdroote) twvidrike thé heotgene widrothersLibxP site & themdal geniecnthie tomgker

(in this case the 15 pronoter is .déal et g%lt&and hence wil |l .tg.e cengpe

mai nt ai ned 8Ntaidhedaidet genesep dbif 69"% i T ABRMERANMeEY; RingingRitea(Fig Wge d
fromthe sehpeti - (e NS '!,oégrg if<CERIM ' nt
w il be i ne??ﬁ'c?'gmlgpggﬁ ,ftpﬁa'éionﬁgﬁe ﬁ‘e ati véé‘?éJQFeonwﬁ§§t|{ese€f e;gfggﬁrﬁ]ﬁgﬁ
non- honol ogofisox@c tibiknawindhattherseparation of2beprometersangithecgene by afeomyt i on

in these cas t nabl e, det iqn of relatively rare,gvent h woul d be
detect alfl e Bﬁiﬁéé ‘f%eascf‘?toﬂg‘?&ﬁbﬁgéa'ﬁcnf)ﬁ%n é’ﬁ:ﬂh%%éepﬁe Aﬁg g’@ﬁ?f@f’ﬁéﬂ’ f)‘?q cess
a cell or cgithspy¥muhdaRfeté@tivent'efdt & rARdOM Nsaitied evasiewill Beereglistant g for
ongoi ng but infrequent rates of reconbination to occur - which _can be

det ect ed byneomgriry &hetfirshpositivey selgatieny dpewevere aftgr exeression of 4ge Cre

Sequencei n {he ex d i ght | _QutS) of lLAX RS I n
Figure 3A) Feaq?ﬁhgga(@{lé%ﬁ%sgégﬁ ?;l’\ﬁ%lségéteﬁﬂegsggnplcgggt:%%nts@ r %‘%H on
of DP vect owitAngl demeetargeted adveat (Rigges 3@3neill 30 sl desiblaat o gieonvyeirs ¢thect i on
(DP) is illustrated in Figure ?3 Té;ye fact that th ol e vector.is usually
i nt egr at®d saENd W%Wﬁoﬁ%@@ﬂ%ﬂ in r?@ﬁirﬁéhnq?‘@gﬁﬁis W & {FaREP ISaeian

I ntegratl OnéFiQBFérﬁC?rpml BéédJﬁe Qenbitive tOReYVRRCH dud 6 dBRsion BEWVEBR dry twred
here only a n exahple and other nmarkers are equally suitable incl udrl ng
p- geo, hygr bayPi sitese svlichneeyld =jionipaten eitbel thexmcemolPRIT Haestragtural neo

gene or both.

20 A DP vector for general use may be constructed from pNEB193 (New England
Biolabs) which is a pUC19 derivative carrying single sites for three 8-bp cutters
in the polylinker. The construction of the DP vector will be achieved by the
following procedures (Figure 3D). A LoxP sequence may be cloned between
the EcoR1 and Kpn1 sites at the left side of the polylinker using annealed

25 oligonucleotides, with a Not1 site introduced. Another LoxP sequence may be
cloned between the Pst1 and Hindlll sites at the right side of the polylinker
using annealed oligonucleotides, with the introduction of an Fse1 site. The
restriction sites for the 8-bp cutters Not1 and Fse1 will facilitate linearisation of
the vector before transfection to animal cells. The neo’ gene (without promoter)

30 may then be amplified by PCR from pCl-noe (Promega) and cloned between
the BamH1 and Pac1 sites in the middle of the polylinker. Finally, the CMV
enhancer/promoter may be amplified from pCl-neo (incorporate LoxP site at the
3-end) and cloned 5’ to the neo’ gene. There are other promoters that are

potentially useful including PGK, or B-actin; alternately tissue of cell specific



WO 03/ 031629 PCT/ AU02/ 01367 48 GFP. Al so, other reconbination systens such
as FLP/ FRT can be used to replace Cre/LoxP. The final construct containing
t he t ar gewogamnaiepmy have the follow ng order: a 5 prinmer poirndiongisequence
- a LoxP site - the short armof the tapget gene - a pronoter to drive the
neor geneé - another LoxP site - the neor gene - the long armof the target
gene - a thprambfexd nsay beutlasenﬁmtvmuldmonfarmd(pr@ﬁsmnm spegiic cell s elgn

Loxp. Tt i SPIGHBTUN AERIOIRE 18 QWA ool « MeoabRise PoAe et B 7%

copy 10 of hﬁ?ay%éi%%rwhtémﬁﬁé diienticiastdds. pti on of the gene. After
transfection, "cells ‘with both a targeted event and a randominsertion

event will be resistant to neonycin (the flrst positive sel ection).

Tt on’ Sy PRSP DECacior iR corriofie TRe BaRirkeely Hiay B8 SRR ol "¢

3B) will betH?é NIEBm pblgnﬁkéroSepmeu by(théenebs caes@ttml o filsy €osetsettts on) .
By contrast, e cells th a random i nserti on (F| e 3C Wltbé beco
S

sensitive tbem@@rfWﬂnKﬂ@b tPoB@’é’Hét WER et Sebenculisr f\ pagithgsseciicch
woul d_elim gié: ShkNRlgid! peRI&égFPSD%rm Und Pt Wik ltwa's BE% i TPaeS 4t h.
e Por geﬁera EB1 ?

20 A DP vec use nmay be constructed from

Engl and Bi @nedt) WnésthG palyﬂ:bkﬁr@ may ibeatseck ta alongi thg shiongaed :hwn@arms;r

t hree 8 bp cutter in % Folyl i nker. The construction of the DP vector
will be %chf%if@éi’“lﬁ?‘yt ﬂfet et8I988\@eRG pr ocedures (Figure 3D). A LoxP sequence
may be cl oned between the EcoR and Kpnl sites at the left side of the
pol yl i nker using anneal ed 25 ol i gonucl eotides, with a Notl site introduced.
Anot her LoxFosdm;eec@dTastIbee selestien imanimealrcelln dtorablptesReomyeinl IEpistanGss at

th ht d ft h d th
ntrotoct i ol BpteidefSuy pUSHE] in BRSNS USBIec N pRULTRR iithdd) ("
Not| and Fsef @id lexpreddion akeirhporeaiti saThmnccmitrollbkieOrecemprelserbor enay be
transfection to animal cells. The neo vmthoatdp ng 30, ma then
be anpl 1%i e@chipvedr By oW CMaRSS- (Pr'@ne‘g%i) 9&‘%’&’ cPBReXNRE 9\3éte XF’(er'i\é“

and Pact si tcﬁ rﬁ&sorﬁg gﬂ%ﬁefﬁla h’ﬁﬁNNH useFuﬁHiéélﬁéblé 5ite Eflcts, To

enhancer/ pro er om pCl -'neo (incorporate LoxP site at
t he overcome thls problem transient expression of the Cre recombinase has been

used to remove DNA segments flanked by LoxP sites. Of particular interest is
the use of adenovirus vectors expressing Cre (Kanegae et al, 1995; Kaartinen &
20 - Nagy, 2001). These vectors rarely integrate into the chromosome and they do
not replicate in normal cell lines, because they are replication-defective and can
only be propagated in special cell lines providing the replication functions.
Furthermore, the transfection efficiency is much higher than plasmid expression
vectors (nearly 100% for adenoviruses compared with ~20% for plasmid
25 expression vectors). NB any method may be utilised to express Cre including

transfection of protein or cDNA, microinjection of protein or cDNA.

Example 4: Construction of a double positive selection vector with two
positive selectable markers.

30
This vector is the same as the DP vector-in Figure 3A except that another LoxP
site and a promoter-less hygromycin resistance (Hyg") gene will be present after
the Neo" gene. The vector will be used to transfect rat cells selecting for

neomycin resistance. After a targeted event, expression of the Cre



3'-end) and cloned 5 to the neo” gene. There are other pronoters that are
potentially useful including PG, or li-actin; alternately tissue of cell
speci fi c WO088303941629 PCT/ AU02/ 01367 49 pronoters may be PamiAtogeter hat
woul d confer expression in specific celkglines eg protamne pronoter in
male germcells. In each step, suitable restriction sites nmay be

i ncor por at eredombihase|usiyan the adem@ews GreOwill deletectheDNepegene, allawing the

cepar at ed bo*REsRn! 11 Suf; SNerforyeiriot B, 58 oSN AR e
BarHl with thRichn li’rﬁe?k&tfdﬁre\/é?ﬁ lvwﬂ’hﬁéﬁtﬁé ddﬁ@déemndslteeqsremnﬂ Brpreegiodrof

bet ween Pact and Pnel with two 8-bp cutters (Pacl and . These two
pol yl i nker sCnayetembinasetwill slelgie the@remetar C&ﬁﬁeI% Qéﬂﬁs(or b?ﬂi‘)r Epiesingvel v,

of the targ e osi e n (to
bl ate rongs AoleaetE e FRRBleRE s isCasShy ey sl Wil bBokRfefed By

devel oped i mhsehirg &tLosP-Hydferdgmentat th)é P@cbslm@ﬁtersthedﬂeo sgenepmﬁgure 30Thi s
controlled Cre exi)resm on ma%:ﬂbe 15 achi eved by two nmeans. In transgenic

and knockouThewgstarisshewn igiig#efonal |y integrated plasnid DNA may cause
undesirable site effects. To overcone this problem transient expression
of the Cre reconbi nase has been wused to renove DNA segnents fl anked by
LoxP sites. Eampslets:c Devel opments tofi esoii-mediated 1 srogeduse s to
expressing Cre (Kanegae et al, 1995; Kaartinen & 20 Nagy, 2001). These
vect ors19arﬂ@££ﬁ£a\iﬁ&ﬁnto the chronosone and they do not replicate in
normal cell |ines, because they are replication-defective and can only be
propagated in speC|aI cell lines providing the replication functions.

Fur t her nor e@) t he Qligangtieotide wrigiers.ci ency is nuch hi gher than plasm d
expressi on ect or. a USES g o for
pl asm d 25 8?8&%'28&86 é '%Fgoﬁéhgegrﬁqﬁéﬁhdo% ﬁg tI[?I se 96“%)?%%53
Cre incl udi BQnstTrucﬁftﬁé%htJOQtrahsmsﬁrmare(srhomm\welom croi njection of protein
or cDNA. Exanple 4: Construction of a double positive selection vector with
t wo po§5t|ve sel ectabl e markers. 30 This vector is the sanme as the DP
vector in Fhaprg. 3A except that another LoxP

CTGGGTACCAGATCTGAAGCGGCGCACGAAAAACGCGAAAGCGTTTCACG
ATAAATGCGAAAACATTCAAATATGTATCCGCTC (SEQ ID NO:1)

20 Mu1i-2:
CTGCCCGGGATAACTTCGTATAATGTATGCTATACGAAGTTATCCTG

TCTCTTGATCGATCTTTGC (SEQ ID NO:2)

Mu1-3: CTGGTCGACGCTAAGGAAGCTAAAATGGAG (SEQ ID NO:3)
25
Mu1-4:
CTGAAGCTTAGATCTGAAGCGGCGCACGAAAAACGCGAAAGCGTTTCACG
ATAAATGCGAAAACGTCAATTATTACCTCCACG (SEQ ID NO:4)
30 Mu2-1:

CTGGGTACCAGATCTGAAGCGGCGCACGAAAAACGCGAAAGCGTTTCACG
ATAAATGCGAAAACTTCTCATGTTTGACAGCTTATC (SEQ ID NO:95)

Mu2-2: CTGCTCGAGCCGCAAGAATTGATTGGCTCC (SEQ ID NO:6)



site and a pronoter-less hygronycin resistance (Hygr) gene will be present
after the Neor gene. The vector will be used to transfect rat cells

sel ect i ngwbms/o3weomyci n resi stance. After a targeted evenPCTeMpees®sion of
the Cre WO 03/031629 PCT/ AU02/ 01367 50gyeconbi nase using the
adenovirus-Cre will delete the Neor gene, allowing the expression of the
Hygr gene, conferring the cells hygronycin resistance. In a random
integrati onwﬁ_éqﬂ%f)vxﬂth the two outside LoxP sites present, expression of
Cre reconbi del ete the pronoter or the Hygr gene (or both),

rendering 5 the c:eﬂG@T@@MATAACWOWBAMG@AWA@&WM’A@GAAMAMGGADe
constructed b |nsert|n a_Lox nent at the Pacl site after the
Neor gene ifP %ﬁHQMQ&AgQ%TQﬁ%\/WQQ (BESUHR NO:7xanpl e 5:

Devel opr&nt of a transposon medi ated procedure to 10 generate deletions a)

A igonucleotide primers. Aigonucleotide priners for PCR reactions to
anplify DNAMEL%NEUIZS to construct the various transposons are shown bel ow

15 Mul-1: CTGGGIACGAGATCT cG
ATAAATGOGAAAACAT FaARIAT e WﬁgmGCGWCAC

Cr GCCCGGGAT@%?JA g{ A AR AAREIKE A Q@ﬁ? TTGC SE
D NO 2) Ml MM&A@M&?@G(S EQ | él%-i El o
CTGAAGCTTAGAT CTGAAGCGGECGCACGAAAAACGCGAAAGCGT TTCACG

ATAAATm JTTACCTCCACG (SEQ | D NO 4) 30 Mu2-1:

GGGTA CGAAAAACGCGAAAGCGT TTCACG

ATAAATCCGAAAACT TETET TE EAGANATTATG TAFAGOATEE AT TATACGAAGTTATAGGA
GCCGCCACCATGAAAAAGCCTGAACTCACCGCG (SEQ ID NO:9)

Mu2-HygGFP-2: CTGAGATCTTACTTGTACAGCTCGTCCATG (SEQ ID
15  NO:10)

Mu2-geo-1:
CTGCTCGAGATAACTTCGTATAGCATACATTATACGAAGTTATAGGA
GCCGCCACCATGGAAGATCCCGTCGTTTTACAACGTCG (SEQ ID NO:11)

20

GeoSacBglXba:
CTGTCTAGAGAGAGATCTTCTGAGCTCGTTATCGCTATGAC (SEQ ID
NO:12)

25 SacGeo: CTGGAGCTCCTGCACTGGATGGTG (SEQ ID NO:13)
Mu2-geo-2: CTGAGATCTCAGAAGAACTCGTCAAGAAGG (SEQ ID
NO:14)

30 Mu2-polyA1: CTGGGATCCGAGCAGACATGATAAGATAC (SEQ ID
NO:15)

Mu2-polyA-2:



Mi2-2: CTGCTCGAGCCGCAAGAATTGATTGGECTCC (SEQ | D NGO 6) WO 03/031629
PCT/ AU02/ 01367 51 Mi2-Neo-1

CTGCTCGAGKOABQITHBGT ATAGCATACATTATACGAAGT TATAGGA PCT/AU02/01367
GCCGCCACCATGATTGAACAAGATGGATTGC ( SEQ | 1 7) 5 Mu2- Neo- 2
CTGICTAGATCT GAAGCGGCGCACGAAAAACGCGAAA TTCAC

RN g g feEn 1 Moo
CTGAGATCTTACTTGTACAGCTCGTCCATG (SEQ I D 15 NO 10) Mi2- geo- 1:
CTGCTCGAGATAACTTCGTATAGCATACATTATACGAAGT TATAGGA
GCCGCCACCATIAGASEMERTEETd TTACREIG@ACGTHAA TAANECAG G (86 Q) B4 Bg) Xba:
CTGTCTAGAGAGAGATCTTCTGAGCTCGTTATCGCTATGAC (SEQ ID NO 12) 25 SacGeo:
CTGGA&CFGCACTGGATGGTG (SEQ | D NO 13) Mi2- geo- 2:

CTGAGATCT CAGARGRACHAST CAAGAAGG CHEQUAT TOIRCTAGGCAMGE {SELAID NO:18)
CTGRGATCCGAGCAGACATGATAAGATAC (SEQ I D NO 15) Mu2- pol yA-2: WO 03/ 031629
PCT/ AU02/ 01367 52 CTGTCTAGATCTGAAGCGRCGCACGAAAAACGOGAAAGOGT TTCACGATA

AATCOCAAAAGT BFTAGREET CTAGAGCT TEEXICEFTCTRAGPTEPAIAAGC  (SEQ  ID

NO:19)

10
HPRTexon6F: CCACTGCTTGCTTAGAACCAG (SEQ ID NO:20)
HPRTexon7-9F: GTTGCATTTCAGTGTGGGTG (SEQ ID NO:21)

15 b) PCR.
PCR was carried out using a GeneAmp PCR System 2700 (Applied Biosystem).
Template DNA (10-100 ng) was amplified in 50 pl reaction mixture containing
200 puM of each dNTP, 20 pmol of each primer, 1.25 U of Taq DNA polymerase
in 1X PCR buffer containing MgCl, (Fischer Biotech). The reaction was carried

20 out for 30 cycles under the following conditions: denaturation, 30 s at 94°C;
primer annealing, 30 s at 55°C; primer extension, 150 s at 72 °C. The
denaturation step in the initial cycle was extended to 150 s and the primer

extension step in the final cycie was extended to 570 s.

25 o) DNA cloning.
Because of the relatively low efficiency of cloning PCR products with restriction
sites introduced by incorporating such sites at the 5’-end of the primers (Jung et
al. Nucleic Acids Res. 18: 6156, 1990), the PCR products were first cloned to a
vector by blunt ligation (Zhang et al. Biochem. Biophys. Res. Commun. 242:

30 390-395, 1998). To do this, the PCR product was treated with Klelow fragment
as described by Obermaier-Kusser et al (Biochem. Biophys. Res. Commun.
169: 1007-1015, 1990) to eliminate artifactually polymeraised deoxyadenylic
acid at the 3’-end. The product was then gel purified using the Gel Purification

Kit (Qiagen) and cloned to the plasmid vector digested with a blunt end
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CTTGCACTCACTAGGCAAGC (SEQ I D NO 18) HPRTexon5F: GGACCCTTCTGAGITCTAATAAGC
(SEQ | D Wm032%1)6290 HPRTexon6F: CCACTGCTTGCTTAGAACCAG ( SE®CIrAuN®npIsy
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vectors by digestion with conpatible restriction enzymes and |igation.

15 1. Construction of Mini-Mu transposon 1
The prokaryotic/eukaryotic double promoter (P/P) was amplified by PCR from
the Clontech vector pEGFP-N1 using primers Mu1-1 and Mu1-2, incorporating
the Mu transposon end at the 5-end and a LoxP sequence at the 3'-end. A
Kpnl site and a Bglll site were introduced at the 5'-end and a Smal site at the 3'-
20 end. This product was cloned at the Smal site of pUC9 to form pCO6. The
chloramphenicol resistance gene (Cam') was amplified by PCR from
pACYC184 using primers Mu1-3 and Mu1-4, incorporating the Mu transposon
end at the 3™-end. A Hincll site were introduced at the 5’-end, and a Bglll site
and a Hindlll site at the 3’-end. This product was cloned between the Hinll sites
25 of pUCT7 to form pCO7. The Cam' insert was released from pCO7 by digesting
with Hincll and Hindlll and cloned between the Hincll and Hindlil sites of pUC19
to form pCO9. The P/P insert was released from pCO6 by digesting with Kpnl
and Smal and cloned between the Kpnl and Hincll sites of pCO9. This
completes the construction of Mini-Mu transposon 1 which contains the double
30 promoter P/P and Cam' separated by a LoxP sequence, the whole gene
construct flanked by transposon ends. The vector carrying this transposon was
designated as pCO10 (Figure 5). Digestion with Bglll would release the

transposon from the vector.
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PCT/ AU02/ 0 4 2. Testing of -Mu transposon 1 Mni-Mi transposon 1
(Mul -Cadhwas tested for its ablllty to transpose in vitro,
3. Construction of Mini-Mu transposon 2:

Three different versions of Mini-Mu transposon 2 were constructed. The 5-end
was the same for all three versions which was the transposon end and the
bacterial tetracycline resistance gene (Tet'). This was constructed as follows.

20 The Tet" gene was amplified by PCR from pBR322 with primers Mu2-1 and
Mu2-2, incorporating Kpni-Bglll-transposon end at the 5’ side and a Xhol site at
the 3'-end. This product was cloned at the Hincll site of pNEB193 to form
pCO19. The completion of the three versions of Mini-Mu transposon 2 was as
follows.

25
a) Mu2-Neo. This transposon has the neomycin resistance gene (Neo')

downstream of the Tet” gene. The Neo' gene was amplified from pCl-neo
(Promega) with primers Mu2-Neo-1 and Mu2-Noe-2, incorporating Xhol-LoxP at
the 5' end and the transposon end-Bglll-Xbal at the 3’-end. This product was

30 cloned at the Hincll site of pNEB193 in such a way that the Xhol site on the
insert was toward the Kpnl site on the vector to form pCO18. The insert of
pCO19 was excised using Kpnl and Xhol, and cloned between the Kpnl and
Xhol sites of pCO18. This vector carrying the transposon Mu2-Neo was
designated as pCO20 (Figure 7).
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(Figure 7).

c) Mu-2-B-geo.  This transposon has the p-galactosidase-neomycin
resistance fusion gene (B-geo) downstream of the Tet” gene. Because the
coding region of the B-geo gene is about 4 kb and could not be amplified

20 efficiently under our PCR conditions, the gene was amplified as two fragments
and subsequently joined together taking advantage of the Sacl site in the
middle of the gene. The 5’ half of the gene was amplified from pHBAcIBgeo (E.
Stanley, Pers. Commun.) with primers Mu2-geo-1 and GeoSacBglXba,
incorporating Xhol-LoxP at the 5’ end and a Bglll-Xbal sites at the 3’-end after

25 the natural Sacl site. This product was cloned at the Hincll site of pPNEB193 by
blunt end ligation (to form pC022) and subsequently to pCO4 (this vector does
not have Sacl sites, see below) using Pacl and Pmel (to form pCO40). The 3’
half of the B-geo gene was amplified with primers SacGeo and Mu2-geo-2, with
the natural Sacl site at the 5’ end and incorporating a Bglll site at the 3’-end.

30 This product was cloned at the Hincll iste of pUC7 to form pCO13. The BamHI-
Bglll fragment containing the polyA signal from pCO16 was then cloned at the
Bglll site of pCO13 to form pCO41. The geo2::PolyA part was released by
digesting with Sacl and Bglll and cloned between the Sacl and Bgill sites on
pCO40 to form pCO42. This resulted in a complete B-geo gene with the polyA
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was rel ease@7bp plasmid (including the vector) is 2%. Considering the small number of

" colonies screened, the obtained percentage is acceptable. One such colony for

each PCR was selected. They represented transposon insertions whose

20 approximate locations are shown by the triangles in the figure 10, with the

direction of Cam' gene transcription indicated by an arrow. They have the

desirable orientation of the transposon inserts and transposition of mini-Mu2-

Neo into them may be conducted similarly.
25 Example 7: Construction of DP vector and insertion of a target gene.
a) Oligonucleotides:

Oligo1:
30 AATTGCGGCCGCATAACTTCGTATAGCATACATTATACGAAGTTATG
GTAC (SEQ ID NO:22)
Oligo2:
CATAACTTCGTATAATGTATGCTATACGAAGTTATGCGGCCGC (SEQ
ID NO:23)



digesting with Sacl and Bglll and cl oned between the Sacl and Bglll sites
on pCHO0 to formpCHA2. This resulted in a conplete (3-geo gene with the
pol yA WO W8/0881829 PCT/ AU02/ 01367 56 signal foll owed by &cCrradngposdon end.
This construct was excised wth Xhol ang Xbal and cl oned between the Xhol
and Xbal sites of pCOLl9. This vector ¢ ?r'yi ng the transposon Mi2-p-geo was
desi gnated as pCO43 (Figure 9). 5 Exanple 6: Transposon nutagenesis of the
rat HPRT gene. A 24 kb Xhol fragment containing part of exon 3 and exons
4-9 (see FigMig@310) of the rat HPRT gene was cloned froma PAC clone into

the Sall site ofg PP AL BCRAFRATTATACCANGTTATGEAGTCENGR@T get

for transposition 10 by mni-M transposon 1 with the sel ection of

chl or anphenilzdlO:24¥5i st ance. The ol i gonucl eoti de Mul CanEndQut ward, which is
| ocat ed 5at bhe %{)ld of Mni-Mi transposon 1 with the 3'-end pointing

out war d,2 wa®"88%bi ned with each of four priners for PCR They were

HPRTexon4F, HPRTRGUTEEGHEBECONBAAC THIRTEATARTSTATGETATACBAACITIATC es
were screened, 1 to 3 colonies gave 15 a PCR product within 1 kb for each

PCR reacti oMGGA SEQ IBNOTE®) predicted probability of the transposon to
insert in any 1 kb region at one orientation on a 27 kb plasm d (i ncluding
the vector) is 2% Considering the small nunber of colonies screened, the
obt ai ned peQtigoNage: i STEEEHTHLECABRCACSATCAITBAACAAEHKTCOOR TREE
selected. T represented transposon insertions whose 20 approxi mate

he
| ocat i oHd a(é@ﬂ@\/\m %Pk he triangles in the figure 10, with the direction
of Cam gengyhpARSS! | BTCTTARTTARCHEAAARPACOAATRTAGAE ! RgEGIesiiDabl e

orientation 0 e transposon inserts and transposition of mni-M2- Neo
into them nblD:Bé) conducted simlarly. 25 Exanple 7: Construction of DP

vector and insertion of a target gene. a) Aigonucleotides: Aigol: 30
AATTG C G G C C G CATAACTTC G TATAG CATACATTATAC GAAGTITATG GTIAC (SEQ ID

NG 22) Qi 9eRigoCRHVPRATTCCOABATATEIITAMBISETEPIIAECCC ($8RQ 1D

15 NO:28)
OligoCMVProma2:
CTGAGATCTATAACTTCGTATAATGTATGCTATACGAAGTTATGATCT

GACGGTTCACTAAACG (SEQ ID NO:29)

20 OligoPGKProm1: CTGGGATCCTACCGGGTAGGGGAGGCG (SEQ ID
NO:30)
OligoPGKProm2:

CTGAGATCTATAACTTCGTATAATGTATGCTATACGAAGTTATGTCG

AAAAGGCCCGGAGATGAG (SEQ ID NO:31)

25
b) PCR and cloning.
These were carried out the same as described above in Example 5 with the
following addition. When two oligonucleotides were to be annealed and cloned,
50 pmol of each primer were mixed in a final volume of 10 pl and incubated at

30 95°C for 5 min in a heating block. The heating block was then turned off and
the sample allowed to cool down slowly to room temperature in the heating
block. The vector was digested with two enzymes without compatible ends and

the annealed oligonucleotides cloned into the vector.



| D NO: 23) WO 03/031629 PCT/ AU02/ 01367 57 O i go3:
GATAACTTCGTATAGCATACATTATACGAAGTTATGGCCGGCC (SEQ |1D NO 24) 5 O i go4:

AGCT GGCCOBO0ATARET TCGTATAATGTATGCTATACGAAGTTATC  TGCA ( SE@CITAUNDIREB)Y

O i goNeol : CTGGGATCCGCCGCCACCATGATTGAACAAGATGGATTGC 10 ( SEQ | D NO: 26)

O i goNe02: CTGTTAATTAACACACAAAAAACCAACACACAG (SEQ ID NO 27) O i goCWPr on :
CTGGGATCCTCAATATECOSIAMtInGTDP SEGtar® 15 NO 28) O i goCM/Pr ong:

N0 29 50 O NGOIREBA D NEk N A ek T8 RV Oy e |

O i gOPGKPY ofif: othet GHEAHET ABABTorRoteT AT AR TISMTEStHET AXAE SERAGITREST COligo1
AAAGGCCCGGAGATGAG (SEQ I D NG 31) 25 b) PCR and ch_l Eg% Thes&p re carried
out the.san@ndPligedcweie@nasaied and clonas Bewvegn Rl andy V\gsgﬁﬂqul on.

When t ol t e é%im each
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for 5 mn iat shehwmmgmmé odkstrd;mi Mtﬁm@lb&lmk Qligo3 bed oligodewvesé fthand

the sanple allo ooI t i,n.the i ng

bl ock. The @%@ ?@%%ggg‘n’q%’Iﬁ‘ @Hggﬁ@gﬁl\/\ﬂ) %tplté(‘é%%tfqr@ BEZ:%S and

the anneal egpgl irﬂv%l’d‘éé&oé ildeP sbQuette BhA AMFERGiter and, at the same time,
destroyed the Hindlll site. The neomycin resistance gene (Neo") was amplified

10 from pCl-neo with primers OligoNeo1 and OligoNeo2 and cloned between the
Hincll sites of pUC7 to form pCO2. The Neo' gene was then released with
BamHI| and Pacl and cloned between the BamHI and Pacl sites of pCO4 to
form pCO5. The CMV promoter was amplified from pCl-neo with primers
OligoCMVProm1 and OligoCMVProm2 and cloned between the Hincll sites of

15 pUC7 to form pCO1. Similarly, the PGK promoter was amplified from pKO
Scrambler NTKY-1906 with primers OligoPGKProm1 and OligoPGKProm2 and
cloned between the Hincll sites of pUC7 to form pCO12. These two promoters
were released from the respective vectors with BamHI and Bglll and cloned at
the BamHl site of pCO5 to form the two versions of the DP vector, respectively.

20 The DP vector with the CMV promoter was designated as pCO8 and the one
with the PGK promoter as pCO14 (Figure 11).

2. Testing the DP vectors in E. coli.

The two DP vectors, pCO8 and pCO14, were transformed into an E. coli strain
25 expressing the Cre recombinase. Plasmid DNA was extracted and linearised

by Not1 digestion. In Figure 12, Lanes 1 and 2 are pCO8 whereas Lanes 3

and 4 are pCO14. As judged by the size of the plasmid (2.7 kb), both the

neomycin resistance gene and the promoter were deleted. This indicates that

the sequences flanked by LoxP sites on these vectors could be efficiently

30 removed by recombination.

Example 8: Construction of a double positive selection vector with two

positive selectable markers.



WO 03/ 031629 PCT/ AU02/ 01367 58 1. Construction of DP vectors. Two
versions of DP vector were constructed, one with the CW pronoter and the
ot her wi twotobe32K pronoter, both driving the expressi on ®@CTMawe/01367i gol
and oligo2 were anneal ed and cl oned betwygen the EcoR and Kpnl sites of 5
pPNEB193 to form pCO3. This introduced a Notl site and a LoxP sequence and,
at the sanea} i neQligestclegtite ptmeEcoR site. A igo3 and oligo4 were then
anneal ed and cl oned between the Pstl and HindlIl sites of pCO8 to form
pCo4. This introduced a LoxP sequence and an Fsel site and, at the sane
time, destpg ﬁi@xH‘?@ H ndl Il site. The neonycin resistance gene (Neor) was
|

anplified 10 frompU -neo wt rimers O igoNeol and_O i goNeg2 and cl oned
between the Hi nGW@GA@@%TMEﬂQﬁT'%TAG CAFEAN@&C? eRén

rel ease en t he BarrHI and Pacl sites
of pCO4q5t b&&ﬁwémggﬁgf@?ﬁ&gﬁ anplified frompCl-neo with
primers digoCWProm and di goCM/Proer and cl oned between the Hincll
sites of 15 pUC7 to form pCOL. Slmlar t_he

from pkO SHygRerkr NTKY- 1906 THAAT A TsCU\ngK %&J&O(%%G@r on?
and cl onedmgjaég\fen the Hncll sites of pUC7 to form pCOL2. These two
pronot ers ' el eased fromthe respective vectors with BanH and Bgll|
and cloned at the BanH site of pCO6 to formthe two versions of the DP

vector, res ectlvw mﬁ%ﬁhe DP vector with the CW pronoter was designated
as pCc8!Gindd} he B C®A8- PGK pronoter as pCOl4 (Figure 11). 2. Testing

the DP vect gfssd (e cﬁFHéd odttBe lsifhd s Westibed inESdmpled o4kd 4, were

transforned Into an E. coli strain 25 expressing the Cre reconbi nase.
Pl asmi d DNA was extracted and |linearised by Notl digestion. In Figure 12,

Lanes 1 and 2 ar ﬁgo&C%BCV\her{)et%Zb[&gH%?WE F@ﬂpe%fre pCOL4. As judged by the

size of the] pl as eonyci'n resi stance gene and the

pronot er weTRe dBydroftcinl hesistandecgerns (Hyat) mbeamptqﬁM(fasnfmaGKHygbyvmhoxP
sites on t hese vectors could be efficientl 30. reno reconbi nat
Exanpl €1%8: pomers Ryylbaxidyg aa%dﬁv/@l’%su'@??yfeogaémecﬁ X’ e%teoraf\f& £h

sequence at the 5’-end and a Pacl site at the 3-end. The product was cloned
at the Hincll site of pNEB193 to form pCO17. The Hyg' gene was released by
complete digestion with Pacl followed by partial digestion with Pvul (because
there is an internal Pvul site on the gene) and cloned at the Pacl site of both

20 versions of the DP vector (pCO8 and pCO14) to form pCO26 (CMV promoter)
and pCO27 (PGK promoter).

Example 9: Construction of knockout vectors for the rat HPRT gene.

25 a) Oligonucleotide primers:
HPRTexon7-9F:  GTTGCATTTCAGTGTGGGTG (SEQ ID NO:34)
HPRTexon7-9R: AGGCTGCCTACAGGCTCATA (SEQ ID NO:35)

In order to validate the DP vectors, the rat HPRT gene was selected as the
30 target to be knocked out. The short arm was a PCR product amplified from the
a PAC clone using primers HPRTexon7-9F and HPRTexon7-SR. This product
was cloned between the Hincll sites of pUC7 to form pCO30. The insert was
released with BamHI and cloned at the BamH]I site of two DP vectors pCO14
and pC0O27 to form pCO33 and pCO34, respectively. To compare the targeting



positive sel ectable markers. WD 03/031629 PCT/ AU02/ 01367 59 a)

A i gonucl eotide priners: Pvul LoxHyg:

CTGCGAT COROAAGITREGT ATAGCATACATTATACGAAGTI TATGCCG 5 CCACCAPGRAWAABOGTG ( SEQ
| D NG 32) HygPacl: CTGITAATTAAGATCTATAGRICATGAGTGG (SEQ I D NG 33) 10 b)
PCR and C oning. These were carried out tThe sane as described in Exanples 5
and 6. 1. éiﬁinkancyomtmm@ftradﬁtbdaPpoettiUeme@Etig&useleE:Hpn VEtohtbe einpet arm

ot ; . ’
vl Loxtyq UA8 fgidete At dhBdamihse s, AR Bt MIBYRIOE R dree o
the 5'-end ﬁ@@)a@ P@ﬁé I6thd rdtsdib&ed’ w@dﬂﬂn 8T8€kprﬁ©|IUi?égm@ﬁt ﬁbﬁf‘ﬁ‘ﬂrorﬁﬂ tbhe
Hincll site of pNEB193 to form pCOL7. quﬁe e was rel eased

t

conpl ete di gmn BonTMBtWﬂS?‘abheﬁldrqfﬁvﬁeBA@yC‘paﬁ falesite 6HPHQAIF @Olfpfm

(becaus S..an I e ) i@ t e
bacl i b obChaeh 258 REPIE rat oS o, i hie R s R6r BODIY (8 b
pC26 (CW pcoua)erhe thinge pArgeting IBGKsmn@tsmrers):heEvaao@IlelastréieuSElgu:é flan of
knockout vectors for the rat HPRT ?ene 25 a) digonucl eotide priners:
HPRTexon7- ofthe Gywteoamoet dseyyestessesle) ( SEQ | D NO 34)  HPRTexon7- 9R:
AGGCTGCCTACAGECTCATA (SEQ ID NO 35) In order to validate the DP vectors,
the rat HPRT gene was selected as the 30 target to be knocked out. The
short ar m wExampheROpr@onstruetiphidfiacdectonwitthBoxedBAg@eol one using priners
HPRTexon7- 9F and HPRTexon7-9R. This product was cloned between the Hincil
sites ofd pUC7 to form pCO30. The insert was released with BanH and cl oned
at the Banth) sitprigferwo DP vectors pCOL4 and pC27 to form pCOB3 and
pCQC34, respectl ve[y To conpare the targeting WO 03/031629 PCT/ AU02/ 01367
60

Kpn-geo-1:
CTGGGTACCGCCGCCACCATGGAAGATCCCGTCGTTTTACAACGTC
15 G (SEQ ID NO:36)

GeoSacBgiXba
CTGTCTAGAGAGAGATCTTCTGAGCTCGTTATCGCTATGAC (SEQ ID

NO:37)

20
Kpn-PGK-1: CTGGGTACCACCGGGTAGGGGAGGCG (SEQ ID NO:38)
MuEndEcoSwaPGK-2: CTGGGTACCGTCGAAAGGCCCGGAGATGAG
(SEQ ID NO:39)

25
Mu2-polyA1: CTGGGATCCGAGCAGACATGATAAGATAC (SEQ ID
NO:40)
PolyA-R:

30 CTGAGATCTGGTACCTTACCACATTTGTAGAGGTTTTACTTGC (SEQ
ID NO:41)

In order to test the efficiency of LoxP recombination in mammalian cells, a

vector containing B-geo flanked by LoxP sites was constructed. The vector is



efficiency wwth the traditional positive/negative selection vector, the
short arm was also clone a at the BanH site of pKO Scranbl er NTKY-1906 to
form pCD.030829 ong arm sel ected was an 8.8 kb Xhol fra@geeEmuokomsri ntron
1 to exon 3. This was cloned froma PAgqclone to the Sail site of pCO33
(to form5 pCaB88) and pCB4 (to formp 9), and at the Xhol site of pCO32
(to form poOtegratedrie the genomeyefi ra eeltss twhieh swillr thesc henamfested py an

illustrated r.

Constr uat | oRIRTsvketo! Ofng Y SalrBelifh 1fE Y8 debrififage. THEHEREnE,
CTGGGTACCCCeEeeheaAfichARET T65CIHEGRIJd\GNeGERE déterBinedEQy! R-Gi&Y 36ining
GeoSacBgl Xba CTGICTAGAGAGAGATCTTCTGAGCTCGTTATCGCTATGAC (SEQ ID  NO 37) 20
Kpn- PGK- 1: teneesanteiheetisenqeciéemediated) oxy regofabinaificn d Ec o SwaPGK- 2:
CTGGGTA CGAAAGGCCCGGAGATGAG (SEQ I D NG 39) 25 Mu2-pol yAl :

CTGGGAT GCAGACATGATAAGATAC (SEQ ID NO 40) PolyA-R 30
CFGAGATCFCISTACCFWGEWTIT@‘M@A%EW@A@EU&BC (SEQ ID NO41) In order to

test the eff | | t
cont ai i ng. ASdeb e sopstiveier 6 RS IE2 Ghed dsefibat il Eemiia dnsr Sedo
03/ 031629 élﬁé\%’d Qﬂr%ﬁﬁed @% tW@t RAGALAR 59d SOBsEQEHTE Jefnerdafog@mér&amlgch

wll then b& infected adenovi rus vector transiently expressingthe
Cre reconbi aawtagae)frjbeo%am@gg in the middle of the gene. The 5" half of the gene

10 was amplified with primers Kpn-geo-1 and GeoSacBglXba, incorporating Kpnl

at the 5’ end and a Bglll-Xbal sites at the 3’-end after the natural Sacl site. This
product was cloned at the Hincll site of pPNEB193 by blunt end ligation (to form
pC045) and subsequently to ppCO4 (this vector has LoxP flanking the
polylinkers) using Kpnl and Xbal (to form pCO46). The PGK promoter was
15 amplified with primers Kpn-PGK-1 and MuEndEcoSwaPGK-2, introducing a
Kpnl site at each end of the promoter. This product was cloned at the Hincll
site of pPNEB193 by blint end ligation to form pCO47. The insert was released
with Kpnl and cloned at the Kpnl site of pCO46 to form pC0O48. The sequence
containing the polyA signal was amplified from pHygEGFP using primers Mu2-
20 PolyA-1 and PolyA-R, incorporating a BamHI site at the 5’ end and Kpnl-Bglll
sites at the 3'-end. This product was cloned at the Hincll site on pNEB193 to
form pCO49. The polyA insert was excised with BamHI| and Bglll and cloned at
the Bglll site of pCO13 to form pCO50. The geo2::PolyA part was released
from pCO50 by digesting with Sacl and Bglll and cloned between the Sacl and
25 Bglll sites on pCO48 to form pCO51 (Figure 15).

Example 11: Design of a Southern strategy to verify HPRT knockout.
a) Primers
30

HPRTSouthern1  GTACTCTGTAGTCCAGGCTG (SEQ ID NO:42)

HPRTSouthern2  CAAGTCTTTCAGTCCTGCAG (SEQ ID NO:43)



of cells which have |ost the R-geo gene as determ ned by X-Gal staining
represents the efficiency of Cre-nedi ated LoxP reconbination. 5 1.

Const ructwon3msieehe targeti ng vector. As for the construcPComwR/01367

M ni - Mu2- R-geo described in Exanple 5, ghpe R-geo gene was anplified as two

fragnents and subsequently oined_to et her takin (g ga e of the Sacl
site in theHRFdRUtBendhe” GAMIAGHRET. GQTfCA &S ‘RA5 anplified

with primers Kpn-geo-1 and GeoSacBgl Xba, incorporating Kpnl at the 5 end
and a Bglll-Xbal sites at the 3'-end after the natural Sacl site. This

product wasHPRIr&xutherndhe GOTAAGAGAAAGCLNEEIDBCTHC (SHM1D déN@:45) gati on (to
form pCOM5) and subsequently to ppCH (this vector has LoxP flanking the
pol yli nkers) using Kpnl and Xbal (to form pCO46). The PGK pronoter was 15

anpl i fi egl ‘é‘ﬁé@ecﬂ’bhrfﬁé%trﬁeﬂmg%fﬂae%%émm éioré HEIPBEai AR, Kp“'

site at ea ronoter. This product was cloned at the Hi nt¢
site of pNEBaothepy rmhrndtzaénd strajegy omas cdefsmnaqocmmnfymbemmoumm the

| d |oned f
Ceauence  cHRIST Bty ihis wERGRY & ahelfin BRw i ol e i ol Bt e, |
primers Mi2to2€be With-the @b I3y 6n the biganheet éithedoriy Badlshofidrmsyt the 5

end and Kpnl-Bglll sites at the 3'-end. This product was cloned at the
Hincll site on pNEB193 to form pCX49. The pol yA insert was excised with

gooz: : A y ot BRCISRAPRE of the HI Pieris BihctellocBibl ds rBp{RRMA B dney T
aEd cl onig blatkhesgqudreeaiSdisd lefty w?&aaﬁgﬂélif![eﬁsmm :)(rzgqgQOfIBRtT(Seo;ulbl?empC@ﬁﬂ
knookout . HPRI e s aietad Brafineh thorBroriraer ERISHES famtp o R 42)

HPRTSout her ywheriseld-ad CCTKARH (9BRYISE ANa K35 Hﬁ@?h%%@%?n wild type
PCT/ AUD2/ 01367 62 HORTSOULMET N3 CAATAGT CTAAGUCRTCAG TSEG | D NG 44)

HPRTSout her gen@urtAARAGARreszes Of tier Tagsrents byb@lized will be 2.4 kb, 3.8 kb and
15 2 kb, respectively, for knockouts generated with PD-Neo, PD-Neo-Hyg and

pKO.

A 414 bp fragment of the HPRT gene (whose location is represented by the
black- square at the right) was amplified with primers Southern3 and
20 HPRTSouthern4 and cloned between the BamHI sites of pUC7 to form pCO52.
When used as a probe, this will hybridise a 5.5 kb Pstl fragment from wild type
genomic DNA. The sizes of the fragments hybridized will be 2.7 kb, 2.7 kb and
2.5 kb, respectively, for knockouts generated with PD-Neo, PD-Neo-Hyg and
pKO.
25
Finally it is to be understood that various other modifications and/or alterations
may be made without departing from the spirit of the present invention as

outlined herein.

30



5 Based on the structures of the three HPRT targeting vectors descri bed
above, a Southern hybridization strategy was designed to verify the
knockout wbD oBha162HPRT gene. This strategy i s shown bel ow iPeT(ARi0g013716 t he
figure is not drawn to scale with thenggphasis on the alignnment of the

| ong and short arnms). 10 A 404 bp frag t of the HPRT gene (whose | ocation
is represenCeAIMS:t he black square at the left) was anplified wth priners
HPRTSout hernl and HPRTSout hern2 and cl oned between the BamH sites of pUC7
to formpCOb1l. Wen used as a probe, this will hybridise a 3 kb Sphl

fragment frem w Ndmbyie o%@?miﬁg BNArgetit® SorsticefortUde ihraergeting hebiordi zed
will be 2.4 kb, 3. 8" kb and 15 2" kb, Tespectively, for knockouts" generated
wi t h PD- NeowhBiRiNs@idjargating verlor is capablepof megifeing atanget DNARBegusscewhose

| ocation.is _represented by .th bl ack .square at the right) was anplified
with pritersa dﬂ?ﬁ‘é’tdn%orﬁ?l '“%g"ﬁﬁﬁ%%&ﬁt hern4 and cl oned between the BanH

sites of pUC7 toobhfimihg@Echy oifthe target DMNA sefii@is intWiirs; wi I | hybridi se a
5.5 kb Pstl fragment fromw |d type genom ¢ DNA. The sizes of the
fragnents hybri dinseding @ DNA segurpce ZompisiBgh@ transpPREPN [Segyenee \aNd, a f or
knockouts g Lt PD; - 0 Fi htnihg tO
be understo@@% ﬂlae? 9’&‘?#’?%1?5 g{éﬁﬁe’?“%aﬂ\f'f?%%'{.gtgﬁgﬁ atrr?cglfg%r)p%ﬁ?tfe{rr{g:t% seIt %@ be
made W t houseglepaad;i ng fromthe spirit of the present invention as

outlined herein. 30 WO 03/ 31@?\? PCT/ AU02/ 01367. 63 CLAIMS: 1. A net Qﬁd of
prepari My a t ar gE1SERYLBRRNELONA SPAYRRES COMPIEPG& T ATSRASANGEAUSRGE )

sai d target hnINKefdcBmBisaticiP by fertle H0FhbtHeRGita ihahe HopPNdF HEAPGEIEDNAD
said nethod conprising the steps of: obtaining a copy of the target DNA

sequence i nsequenge;ianderti ng a DNA sequence conprising a transposon

sequence and a DA reconti nati o R SIS B2 tbe P Wi ldBritinkfih S88Yeled N

target DNA
to delete a portion of the copy of the target DNA sequence.

15
2. A method according to claim 1 wherein the inserted DNA sequence

includes a mini-transposon.

3. A method according to claim 2 wherein the transposon is selected from
20 the group including Mu1-Cam, Mu2-Neo, Mu2-Hyg EGFP and Mu2-B-geo.

4, A method according to any one of claims 1 to 3 wherein the
recombination sequence is selected from the group including /oxP, and inverted
repeat sequences (FRT’s) under the influence of a recombinase.

25
5. A method according to claim 4 wherein the recombinase is selected from

the group including Cre, FLP or the Intergrase family of recombinases.

6. A method according to claim 5 wherein the integrase family of
30 recombinases is selected from the group including Gin, Hin or resolvase.

7. A method according to any one of claims 1 to § wherein the

recombination event is mediated by a Cre-loxP recombinase system.



sequence; 10 inserting another DNA sequence conprising a transposon
sequence and a DNA reconbi nati on sequence at another site in the copy of
t he tar gewobBd316gequence; and inducing a reconbi nati on evect/Aisemssn sai d
reconbi nati on sequences to delete a poFai on of the copy of the target DNA
sequence. 15 2. A nmethod according to cllaim 1l wherein the inserted DNA
sequence i 8cl udAsmathudnacdardingdosanny. oe of\ckaims ddtoat whedeingthedransposon

wherein the transposon is selected from 20 the i ncl udi ng Mul - Cam
Mi2- Neo, MiSEHYRIEARPUGRY Sﬁf?ﬁ%‘@@b?’i‘ﬁfsﬂ‘ E%?fgég%glt‘%&to any one of
claims 1 to 3 wherein the reconbination sequence is selected fromthe

group including | oxP, and inverted _;Fggeat s_eguences (FRT' s) under the
i nfl uence of. a rAdvatiodaascorgingso climed nhereip doe gelegtakle anarkar b seleetedn t he

reconbi nase, i . e Lpel.udli LP or the

| nt er gr dse Frgﬁ% ?@‘bg&cr%csgsrﬁ%i neaé%&&%%%n%g@ﬁ%%gc'%ﬁﬁeﬁg to claim5 wherein
the integrase famly of 30 reconbinases is selected fromthe group
including Gn, Hn resol vase. net hod, a@cordj ng.to an%n one of clains

7. A f
1 'to 5 wher dbn t AdnethascasRarARg e FlaigL AiaeiaeANpdlF esistangemarkers
reconbi nase, ay SLaEHNORH O Lol UBRAG 1 Bbralingnic TR RECTSH 1O

to any one 0 alns 1 to 7 the transposon sequence i ncl udes

sel ect abl e neokgcin residtgroenpadersequences. 9. A nethod according to claim8
wherein the selectable marker is selected 5 fromantibiotic resistance

mar ker s'*or enzyne based markers. 10. A nethod according to claim9 wherein

the antibi ojhc r AShBiHYACECIBRANE D clARtISMaeirethel srdynid Baged® uiarkaE Isutieng
chl oranpheni col, tetracycline, or neonycin resistance markers. 10 11. A

met hod accofdjeegmnatker] ai m 9 wherein the enzyne based marker is the

12. A method according to any one of claims 1 to 11 wherein the DNA
15 sequences comprising the transposon are inserted sequentially into the target
DNA.

13. A method according to any one of claims 1 to 12 wherein the induction of
the recombination event is by a Tet-on system or ecdysine inducible system.
20
14. A pre-targeting construct for use in creating deletions in a target DNA
sequence, said construct comprising:
a copy of a target DNA sequence; and
at least two transposon units each comprising a recombination
25 sequence; and
wherein said transposon units are inserted and positioned within the
copy of the target DNA so that upon recombination between the recombination

sequences, a portion of the copy of target DNA is deleted.

30 15. A pre-targeting construct according to claim 14 wherein the transposon

unit is a mini-mu transposon unit.



3-geo marker 12. A nethod according to any one of clains 1 to 11 wherein
the DNA 15 sequences conprising the transposon are inserted sequentially
into the warges162DNA. 13. A nethod according to any one ofCalAdioe®1367to 12
wherein the induction of the reconbinaggon event is by a Tet-on system or
ecdysi ne induci bl e system 20 14. A pre-targeting construct for use in
creating del®ti ofsprevtaigeting ezomkinct asgaetiog, tos glaimc dfs oF utd \@fwgm dhg: a

SRy DL 8 BafSios B EEGEa Hiin e GRS intiRirld MRADCARN M NS RATY.

conpri sing wherein sard’ transpoéon units
are insertegd grgi;rpp%nﬁlmugrg yes.hin the copy of the target DNA so that upon
reconbi nati on between the reconbi nati on sequences, a portion of the copy
of target . DNA is deleted. 30 15. A pre-targeting construct according to

claim1l e| n,th r

03/ 0316 / Alﬁi?rgfé'@%t'ﬁg§%%gtm%rcgl@ ?gg%ﬂkgﬁ%o(ﬁs@ﬁ%?ﬁ g@cgér] éﬁﬁo
claim14 0rth1=,5 reduphisinatibmesequenss o seledtad tfrora thel gun.ipdlrfdluﬂmg Hex-@r anﬂ

or - Lar got .”“w&eé‘é‘a*‘strg“aéat“z%@é&a%@ ERER) ity 58 S ang, idice: oy
the reconbi paligi ence is selected fromthe group including | ox-P and

i nverted repeat sequences (FRT's) which are under the influence of
reconbi nases. 10 18. A pre- targetl ng construct according to claim 17

wherein the reconbi ngse se d fromthe ne P or
the Tnitdgr d8e  AEgBtetBRTEHEeRS G BT & wrtipl e R BPiEsE Lo
A pre-targefg leeﬁtelﬁtffdﬂﬁtthécgﬁﬁdb rm;l@dxngl 8ten EﬁPV\/Gertﬁenlrﬁé}graS’é égmilgeof 15
famly is selected fromthe group inclu @n, Hn or resolvase. 20. A

pre-targeti r&;,om@ea$eﬁ:mcm @'md'"f‘@fdﬂW'W of claims 14 to 19 wherein

19. A pre-targeting construct according to claim 18 wherein the integrase

15  family is selected from the group including GIn, Hin or resoivase.

20. A pre-targeting construct according to any one of claims 14 to 19 wherein

the recombination event is mediated by a Cre-loxP recombinase system.

20 21. A pre-targeting construct according to any one of claims 14 to 20 wherein

the transposon unit comprises a selection marker.

22. A pre-targeting construct according to claim 21 wherein the selection
marker is selected from the group including antibiotic resistance markers or

25 enzyme based markers.

23. A pre-targeting construct according to claim 22 wherein the maker is
selected from the group including chloramphenicol, tetracycline, neomycin
resistance markers or the f-geo marker.

30
24. A targeting construct prepared by a method according to any one of

claims 1 to 13.



t he reconbination event is nediated by a Cre-1 oxP reconbi nase system 20
21. A pre-targeting construct according to any one of clains 14 to 20
wherein wbaspsmasposon unit conprises a sel ection marker PCZAUA01367
pre-targeting construct according to cl sﬁm 21 wherein the selection marker
I's selected fromthe group including antrbiotic resistance markers or 25
enzyne base®s. rrar,kedeublé3po$§tlm e(DtParWtd)m@rcmmlﬁfyimgt aatrgetd DNA tsequiemicen 22

wherein the maker sel ect ed t he oup.incl udi ng chl oranpheni col ,
tetracycl i ngen ﬁ%@W@. he gegemg rﬁ:@g)m"?ﬂegé Yﬁ%t?hcé) %’%j'g% marker. 30 24. A
targeting constryckrir RBRIRG NS JebRi NONAACERYLRNBE ESpablE @PendtholdgorisMs 1

to 13. WD 03/031629 PCT/ AU02/ 01367 66 25. A double positive (DP) vVector
for nodi fy|mg:ombnaatymwmfyeqmmofwdﬁ@!‘g@é@NAlsem@Wone of a cell,

T e e b el

sequence; SpEsifias sEletfor eharictaristiaan kaid ddis; sequence capabl e of conferring
a positi ve sel ection characteristic in said cells; a third se(iuence t hat

supports hi gh- ef aitbiré seguenge that spPAKS inigh-efiiciensy’ %’Né\s@ﬁ@@bﬂﬂa pnsing the
speciTic @ egRLBheass: ang.téMy oeBifb SR IeH ai Bhibn! 1 cofiihdd WftR! et | on

mar ker ; second honol o us vector equence capa honol ogous
r econbi natlpdsslﬂwé be&cﬂenmutkelegl on of said target DNA sequence; and a

fourth sequence whi ch dj ect te r econbi nat th the third
seguenc@) qgut i sa‘sI In pg]chgsci%cgl% (ﬁ% %nglsog@aﬁfﬂ%y%h%pﬁg?% th

sai d targefodMbiRSGIEARA a ée':co\H@I%ﬁldh 4Rid RAHEBDNA s8duciicesahd sequences

in said DP vector is: said first Romol ogous vector DNA sequence, said
posi tive sel ecti arfoutin usequemze whighudirests @ttmsaewﬁﬁgewmbmtlpa V@’é‘qtﬁ\@wtt‘@rd sai d

second homol odous & 8ot & sUl¥antiif tskpanhl 8f ﬁ&lnglog s BeSABIHERGR with said

target DNA sequence,

16 wherein the spatial order of said sequences in said DP vector is: said first
homologous vector DNA sequence, said positive selection marker DNA
sequence containing the third sequence, said second homologous vector DNA
sequence and said fourth sequence;

wherein the vector is capable of modifying said target DNA sequence by

20 homologous recombination of said first homologous vector DNA sequence with

said first region of said target sequence and of said second homologous vector

DNA sequence with said second region of said target sequence.

26. A DP vector according to claim 25 wherein the first and second DNA

25 homologous vector DNA sequences comprise portions of DNA which are
substantially homologous to a corresponding portion in a first and second region
of the target DNA.

27. A DP vector according to claim 25 or 26 wherein the first and second
30 homologous vector DNA sequences hybridise under stringent hybridisation

conditions to a first and second region of the target DNA.



wherein the vector is capable of nodifying said target DNA sequence by 20
honol ogous reconbi nati on of said first honol ogous vector DNA sequence with
said firsworegswr of said target sequence and of said sececd/Ala0IdBYHOUS
vector DNA sequence with said second rggion of said target sequence. 26. A
DP vector according to claim25 wherein the first and second DNA 25

horol ogous 28ct oA Ww@moeﬁn@m@ny soepfclaims 2500 2MWhergia thefiest and

egion of PREThy amoluRsS, JeERIRAT SateRes A, " st g

wher ei n t hepbiyhsdrphig¢hssecond 30 honol ogous vector DNA sequences hybridi se
under strlngent hybri di sation conditions to a first and second regi on of
the target DNA. WD 03/031629 PCT/ AU02/ 01367 67 28. A DP vector according

to any ape gb cl Al P é%é&&&%ﬁ&ghﬁf&ﬁ% éf'cﬂ-s«rn to 26 SHMAIND!BAMS

vect or Sequences WI not ex sequence pol ynorp

vect or accosedleetioh anarker ds1eelgicted fioms S glmuﬂ&ndb@ngldrughesmnae genes,
selection marker is selected fromth oup including drug resistance
genes, f| uHeEssrit @rbiglugnnaseRid ? &‘ar kers. 30. A DP vector according to
any one of clains 25 to 29 wherein the positive 10 selection marker is
positioned between the first and second DNA sequence. 31. A DP vector

accor di ng t 80any Ao wsictar] atcesding te ang®@nenefralaims: 2zta BB whereithernasitive

(FRT s i BReGHEn TR bkesieR nebesh iné METHBSdeBRETMASSHERER" . (o,

accordi ng to claim 31 wherein the reconbi nase is selected fromthe group

including Cre, FLP or the Intergrase famly recqonbi nases including Gn,
Hn or resoPfaseA BF E%CtO'AaQFOT\‘ﬂé& ta aaxmedphelatfas Qoatam @ vhgieinethe thic

i nt egr ase f%ghb%n .ss§{al%8{e%d fd; mﬁé‘e%r%hﬁ“'ﬂwdll%hgdyw %r tr%“dgggﬁﬁerei 0

r esol vase. vect or accor ing t0 ahy one of clains
the third sequemses (FRT sisehichdraiundenthalinfiuapce ngatreesorelmaeesi on of the

positive sel ection
15
32. A DP vector according to claim 31 wherein the recombinase is selected
from the group including Cre, FLP or the Intergrase family of recombinases

including Gin, Hin or resolvase.

20 33. A DP vector according to claim 32 wherein the integrase family is

selected from the group including Gin, Hin and resolvase.

34. A DP vector according to any one of claims 25 to 33 wherein the third
sequence is inserted without disrupting the expression of the positive selection

25 marker gene when the promoter sequence is activated within a cell.

35. A DP vector according to claim 34 wherein the third sequence is inserted

between the promoter and the coding region of the selection marker gene.

30 36. A DP vector according to any one of claims 25 to 35 wherein the fourth

sequence is a recombination sequence.



25 marker gene when the pronoter sequence is activated within a cell. 35. A
DP vector according to claim34 wherein the third sequence is inserted

bet ween twe opiawet er and the coding regi on of the sel ecti @aTnakerdcgene. 30
36. A DP vector according to any one of gl ainms 25 to 35 wherein the fourth

sequence i s a reconbi nati on sequence. V\?) 03/ 031629 PCT/ AU02/ 01367 68 37. A
DP vect or aggor dAnQPt\veatbracocddingterctaim 86 evhezeiarthemacombirstipneserpience

selected from | oxP or FRT n t hird sequenge is | oxP.or, F

respectivel §. S§|Q§é¢é)pfffzfp t & Ege{)t”‘ﬂler‘ﬂg%t‘% ‘gf@i R A 39 (Rﬁg-rr@f nFRie

fourth SeqUF‘éEEJ%ctN'/éI?' udes an additional region of DNA as a PCR priner site
a

or an alternative econbi nation site. 39. A DP vector according to any one
of clainms 25 to 38 including a further 10 selection nmarker that is the

sanme or diffgren th ositive sel [ i vect or
accordi ré tggcl amg’gv%ﬁBFéPﬁmthkg ?%Fﬁ%r%&%*%‘ﬁ rer%ﬁgpgf’fo:agh ?‘?éﬂ%@éz& by
site speci f ifeliR@OaR! aRdificHnl Tegionn6EBNMiagha FER Wiriteer tite orndn witeatativef
reconbi nases. 15 41. A DP vector according to claim40 wherein the

recombi nat i tacosekjnatieesite.s | oxP or FRT. 42. A DP vector according to claim
39 conprising at |east two selectable 20 markers wherein one of the
markers is a pronoter-less nmarker and the other marker is under the

i nfl uence oB9a pAODBtwctortdccording toeartyoonaof ataiins R to 8Bdncludidgvd durther t he

pronoter-|ess marker |s hygromyci n resi stance marker ‘). 25 44, A DP
vector Thel ﬁﬁ'ﬁﬁﬁo'&"f%{l‘%re&iaﬁbg @‘8%"&8[ dﬁ%&%?tg?iﬁe pgs! Y%iSH%ﬁf)?’ﬁ?&ﬁr'rret hod
for enriching for a transfornmed cell containing a nodification in a target
DNA sequence in the genone of said cell conprising: 30 (a) transfecting
cel | s capabH8. of AneBivectorqadeoring doakim igdn thenfurihier electipn srarket ison
vector sal dﬂgr?l%cf) [)y%ﬂtg%rp'e%fﬂrc}%combination sequences which are under the influence

of recombinases.

15
41. A DP vector according to claim 40 wherein the recombination sequence

is loxP or FRT.

42. A DP vector according to claim 39 comprising at least two selectable
20 markers wherein one of the markers is a promoter-less marker and the other

marker is under the influence of a promoter.

43. A DP vector according to claim 42 wherein the promoter-less marker is a

hygromycin resistance marker (Hyg').

25
44. A DP vector including a targeting construct according to claim 24.
45. A method for enriching for a transformed cell containing a modification in
a target DNA sequence in the genome of said cell comprising:

30 (a) transfecting cells capable of mediating homologous recombination

with a DP selection vector said vector comprising
a first homologous vector DNA sequence capable of homologous
recombination with a first region of said target DNA sequence;



a first honol ogous vector DNA sequence capabl e of honol ogous reconbi nation
with a first region of said target DNA sequence; WD 03/031629

PCT/ AU02/W038/P31689 a positive sel ection marker DNA sequen®eTodpaiblis? of
conferring a positive selection characggristic in said cells; a third
sequence that supports DNA reconbination in the presence of a site

speci fi ¢ reconbi Aapesitivel seiection snaskar INAdseduence capable ehganfering a

sel ection marker; a.second.. S 4! . sequence capabl e of

honol ogous recorTBPﬁ'QY?8ﬁ%'€'ﬁg§£§agzg%%&%ﬁ@ég@n%’sai d target DNA sequence;
and a fourth sequenceawthieh skdustice thae supportsi ©MACoadbmiination wirt hthel0
the third sequence, but is substantially incapable of honb|ogous.. . .

reconbi nati on w PFESSACE qfarsgt@tsnaqglcs@&amw@,s whi t'ﬁé"ogtﬂ'{‘:’?&;}"”ttﬂm@? of
sai d segglences igoéiﬁ{/gsgoec |8ﬁ‘h?érké|5,3 said first honol ogous vector DNA

sequence, said positive selection marker DNA sequence containing the third
sequence, said seconda Ifechodolhmyooisgoest sectoNA BNYuseguenoel sapdbleouoft h

sequence; and wherein the vector. is capabl e of difying,said.tar
sequence by homﬁBﬂ@d@%cBerP&"ﬁgf‘?@W (ﬁ'ﬁkzﬁ ae??rﬁ@treﬂ%)ﬁogf)gs@ﬂfg t@'@@??ﬁ"‘%
sequence with sagg%ﬁﬁ; ahggi on of said target sequence and of said second

honol ogous vect or sequence with said second region of 20 said target
sequence. (b) sel ecti Agfough sequencerwhighcdiracts isitevipesificsegcenbenation: #ithon

vect or S integrat [ | t n onpl
r econbi {Et I on by%%etg'ﬂ’gn{glgﬁ}’%@é%r tb?{i grr'%l tSQﬁQ@E@?W S@%@#@g’&?oﬁ%@o&u& med
cel I's cont ai ni ngrédnbipaton with sl exyeoDNMesdience, t he presence of the

reconbi nase; and 25 (c) analysing. the DNA of transfornmed cells_surviving
the sel ecting step towmﬁ%ﬂttﬁﬁfpét'ébﬂd%c%tsﬁ'%ﬁﬁ@“?'?ﬁ?%d‘f’?'?c[gﬁiV8ﬁ?°r48-. A

T aree oy 2R, I, RIS Lt NA Sebided GaiAOSIK e |
marker DNA sequence containing the third sequence, said second
15 homologous vector DNA sequence and said fourth sequence; and
wherein the vector is capable of modifying said target DNA
sequence by homologous recombination of said first homologous vector
DNA sequence with said first region of said target sequence and of said
second homologous vector DNA sequence with said second region of
20 said target sequence.

(b) selecting for transformed cells in which said DP selection vector has
integrated into said target DNA sequence by homologous recombination by
sequentially or simultaneously selecting for transformed cells containing the
positive selection marker in the presence of the recombinase; and

25 (c) analysing the DNA of transformed cells surviving the selecting step to

identify a cell containing the modification.

46. A method according to claim 45 wherein the selection for transformed
cells is mediated by a Cre-loxP recombinase system.

30
47. A transformed cell prepared by the method according to claim 45 or 46.

48. A method of inducing a modification in genome of a cell, said method

comprising:



30 47. A transforned cell prepared by the nmethod according to claim45 or
46. 48. A nethod of inducing a nodification in genone of a cell, said
met hod cwopsiosieay: WO 03/ 031629 PCT/ AUO2/ 01367 70 transPeatAtegocsslh| s
capabl e of medi ating honol ogous reconbifgtion wth a DP selection vector
sai d vector conprising a first honol ogous vector DNA sequence caBabI e of
honol ogous r econbi natransfeeiing cells ¢apable efjmediatingsheraologoyatremnbinadiosnce:;

5 a positive selegtion-nmarker DNA seguence ¢ e of conferring a

posi tive sel ectiWﬁﬁ&QPﬁ%ﬁO&‘{e@t?rrfg‘é‘gy %E?&@P’hg{r‘gm rd sequence t hat
supports DNA reconbi natﬂr_@trhc_brﬁofoE@us REEER DA Geqlienté eapRbRi bf ormeysiusnase
and which is contained within the positive selection marker; 10 a second

horol ogous vect ofecoRRiBatinewil afiphisgionef said f#eh BINA PeeveMi%iati on with a
Sreond 10, On O o “pbdlif e dtctIN mARAL UK, sdilferite’ RHPLBIS SR’ 6"

directs'site spe%i I'C reconbi nati on w I Td sequence
substanti al Iy i npegitiéd eelettito chhegtaristic b saidamiis| nati on with said target
DNA sequence, wherein the,gcfpat i al order of said iﬁ{ﬂ ences | n@tslai d. DP vect or

is: said first homol Bgdusd vRRIUSNCENANEe RYPROHS FRRATPIpRNIQR Kt then
mar ker  DNA Seq”eﬁfé"seﬁ%to%%it%% fictrBE6AbHRIBAUHEWhER IS cOREMEN witAIFPthegous

vector DNA sequence and said fourth sequence; 20 wherein the vector 1Is
capabl e of nodi f positive seléctiam getrk®NA sequence by honol ogous reconbi nati on

cai d t et sequence AndespndaipaRediRl HBAGI oGl SearEhEENAEEEh et
with said secondhg@@idjoual recomtsinatisird liths a0YeaeRd rdgiofdof Aalteténget auNar di ng
to claima48 wherein the positive selection nmarker is
sequence; and
a fourth sequence which directs site specific recombination with
the third sequence, but is substantially incapable of homologous
15 recombination with said target DNA sequence,
wherein the spatial order of said sequences in said DP vector is:
said first homologous vector DNA sequence, said positive selection
marker DNA sequence containing the third sequence, said second
homologous vector DNA sequence and said fourth sequence;
20 wherein the vector is capable of modifying said target DNA
sequence by homologous recombination of said first homologous vector
DNA sequence with said first region of said target sequence and of said
second homologous vector DNA sequence with said second region of
said target sequence.
25
49. A method according to claim 48 wherein the positive selection marker is

positioned in an exon of the gene to be disrupted or modified.
50. A method according to claim 48 or 49 wherein the cell is selected from
30 the group including cells derived from vertebrates including mammals

filamentous fungi, and plants.

51. A method according to claim 50 wherein the cell is a mammalian cell.



positioned in an exon of the gene to be disrupted or nodified. 50. A nethod
according to claim48 or 49 wherein the cell is selected from 30 the group
i ncl udi ngwoeBlosieeer i ved from vertebrates includi ng mamral $CTIAUOEGT OUS
fungi, and plants. 51. A nethod accordifpg to claim50 wherein the cell is a
manmal i an cell. WD 03/031629 PCT/ AU02/01367 71 52. A nmethod according to
clai m 51 wHi.ei rAtmethedl acqosdingl tec claims 5 biwhesein theoel! isselasted feom the

rosenchyrra SEHPJosluTRpiAlf ephyorit iffural KBl PHIRET, b, Shaeinepl
clai ns 48 tmebenoHyenalior bone sthvewtit or  is transfected by el ectroporation or

m croi njection. 54. A nethod of producing a transgenic plant or ani mal
havi ng a genone conprising a nodification of a target DNA sequence, said

met hod 3 Si ng m%}éggtdf'ceaﬁfu?éa ﬁY %n@%‘éleﬂﬁis?@ &f 52 WHeYOR tﬁe%lﬁn\eﬁf’drl S

with a vector yI ng having said genonme by selecting f

cells cont asnnarrgfecsed byBIIéotmptowtmndr moicxbigaatignDNA from cel | s survi vi ng
selection for the presence of the nodification; inserting the cell into an
enbryo; 15 propagating a plant or animal fromthe enbryo; wherein the DP

vector conmgj sesp AefiodSéf bﬂjwcﬂ@ou&rmﬁéwc Bt SR oataRER HARRP Beg&home
honol ogous reconbi nation W th first region of said target sequence;

a positive cunpisinga maditieationgf gé@f@@h@@ﬁham@eosawmd pRMArising:
D or D DS e SR ARNRG = popipfion Br SARRHL bim Zelidbifl SEPIRRRG, | h ot

support DNA r ech resenc 2 'SpEErTi ¢ T &conbi nase

and which is Conﬁéhf\ffymgvvatdsnllnhahagpmdtgetmmellﬁcseleotmgmokeeus gonatining
honol ogous vect or DNA sequence c Eabé&é\gf honol ogous . .25 reconbi nation with

a second regfi@nDbr veaiay @%ﬁ’ - EL A Bl§ SURGIPE nSeegiRmMdRr hrch
directs $I t;‘fre%BﬁEé[)fg]errﬁﬁgﬁJeéﬁ@ﬁ' on with the third sequence, but is
e

substanti alTy I ncapa honol'ogous reconbi nation with said
inserting the cell into an embryo;
15 propagating a plant or animal from the embryo;

wherein the DP vector comprises:

a first homologous vector DNA sequence capable of homologous
recombination with a first region of said target DNA sequence;

a positive selection marker DNA sequence capable of conferring a

20 positive selection characteristic in said cells;

a third sequence that supports DNA recombination in the presence of a
site specific recombinase and which is contained within the positive selection
marker,

a second homologous vector DNA sequence capable of homologous

25 recombination with a second region of said target DNA sequence; and

a fourth sequence which directs site specific recombination with the third
sequence, but is substantially incapable of homologous recombination with said
target DNA sequence,

wherein the spatial order of said sequences in said DP vector is: said first

30 homologous vector DNA sequence, said positive selection marker DNA
sequence containing the third sequence, said second homologous vector DNA
sequence and said fourth sequence; '

wherein the vector is capable of modifying said target DNA sequence by

homologous recombination of said first homologous vector DNA sequence with



target DNA sequence, wherein the spatial order of said sequences in said DP
vector is: said first 30 honol ogous vector DNA sequence, said positive

sel ecti onwoaskare2DNA sequence containing the third sequemcad/A®abtB6ésecond
honol ogous vector DNA sequence and sai gfourth sequence; wherein the
vector is capable of nodifying said target DNA sequence by honol ogous

r econbi nat i eaidofirst sggion iof seidhiangetepouence endrof Bl seeprchbemalagousector

03/ 031629 PCI/ AU02/01367..72.said first region,of id target sequence and
of said sec ﬁgﬂﬁ?r&%%wgh\;g&qs%écomggoéhﬁfgﬁﬂ%tz%g{eﬁgécﬁf%l econd regi on of
said target sequence. 55. ‘An animal prepared by the nethod according to

claim54. 5 56. A plant prepared by the nethod according to claim5b54. 10
55 An animal prepared by thé method according to claim 54.

56. A plant prepared by the method according to claim 54.

10



