29 April 2005 WD 02/36789 PCT/US01/45375 METHODS OF MoDI FYPMSERRIRYOTI C
CELLS This application clains priority to U S. Patent Application No.

09/ 732,234, filed Decenber 7, 2000 and U.S. Provisional Application No.
60/ 244,665, filed Cctober 5 31, 2000. Throughout this application various
publ i cat i onwoamesmef er enced. The discl osures of these pubidragbi/ss in their
entireties are hereby incorporated by reference into this application.

Fiel d of the |nventi METHODEMOFMODIFYINGHEKARYETICOCELESa et hod for

engi neeri-ng and utilizing large DNA vectors to target, via honol ogous
reconbi nation; and nodify, in any desirable fashion, endogenous genes and
chr onosonal This epplicatien kkuime piiorityetol (XS, Peberss A ppligitiim X0S/Z87234, Atkdvect or s

for eukaryop] e JTVECS e der.iv rom.fra nts of

cl oned gengf?nb‘gen%ﬁkbfz 2P 8%& t %nli)rf’m%oga?é%?]&%ﬁ?ﬂ}g{j?sé@/i%'é%t@@iq%aches

i nt ended t 031p@0000 Thrérghuiug s spplicatioh ivadouspublicatigret dre refepdrcsd. The fiel d of
the i nventi ovi,des,.for. r.api . d and conveni,;ent net hod of
detecting eu %%%%gl]g{tgg{ﬁ %ubﬁlr?g %l?sclﬁ%%gihf ﬂﬁg‘%‘%ﬁ' rBEYPYTatet B8t ed  and
nmodi fi ed t Hefatederintd thisdpglicadios. gene(s) or chronosomal | ocusood). -The 20

field al so enconpasses the use of these cells to generate organi sns bearing
the genetic nodification, the organi sns, thenselves, and nethods of use

thereof. Introduction 25 The uEieldéf theVgamtimovi des substanti al advant ages
over cufyent nethods. For exanple, since these are derived fromDNA -
fragnents |arger than those currently used to generate targeting vectors,
LTVECs can e fiekd ef thiginuenticarid a roethod firengingenmnandtitiizigdanga\RiVAabl e

libraries gf L G NS i uch, a C.and RAG libraries)
t han tar get ieﬁﬁ/g’?ta'%‘eg'%gg usﬁ?&fg?gg chlsart{é)n' 2{'%8%”0 oyt 3Ry desiiable 't i on,
I'ar ger nodifeshéen iendegensousgenessandmbdompamnal dors in eyanpotigcdllar Jhesgenoni ¢
regi ons can ' I aouer at ] -gg-~cur.rent..
t oohnol ot 2t VTR TNE Pt br PRRRIIRH Hifned BFPRCE Ak Fthveq.
LLEET 130T | fronp fragmendsiof thoned igenemic DNA larger than those typically used by

’ other approaches intended to perform homologous targeting in eukaryotic

cells. The field of the invention further provides for a rapid and convenient
method of detecting eukaryotic cells in which the LTVEC has correctly targeted -
and modified the desired endogenous'gene(s) or chromosomal locus(loci). The
20  field also encompasses the use of these cells to generate organisms bearing the |
genetic modification, the organisms, themselves, and methods of us;e thereof.

Introduction

3 |
AN

25  The use of LTVECs provides substantial advantages over current methods. For
example, since these are derived from DNA ffagments larger than those
currently used to generate targeting vectors, LTVECs can be more rapidly and

: conveniéntly generated from available libraries of large genomic DNA
fragments (such as BAC and PAC libraries) than térgeting vectors made using
30 current technologies.” In addition, larger modifications as well as modifications
spanning larger genomic regions can be more conveniently_g'enera;ced than
using current technologies.
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*C100002* 29 April 2005 WD 02/36789 PCT/USOL/ 45375 Furt héPirib20Q5e
present invention takes advantage of |ong regi ons of honology to increase
the targeting frequency of "hard to target” loci, and also dimnishes the
benefit, if any, of using isogenic DNA in these targeting vectors. 5 The
present i nvexddz@ersyhus provides for a rapid, convenient, gRgyshsigd i ned
method for systematically nodifying virtually all the entlogenous genes and
chr onosonal ' erel GRANERT 1 BAC the Lnvention 10 Gene
targeting bmngiaeﬁlggf)e?ﬂﬁéo IEéﬁ%rgous @?g%génﬁagﬁggé)ﬂ%%r%?ﬁ gous

exogenous mMUOEEIdagreata khe dangeting feghenmyqiiéherbtdtasggt oo rndalée an

extremely vaimabifesWRYbdReE; ' L1 1 rti:ons. design nutations,
correct gene nut atsi ons,&flﬁtlf%{ﬁgg%@g%% g‘h‘é?ﬁ’gﬁnﬁ%‘f?& t%rtgﬁé?gﬁ'é%‘g’isl o :
nodi fications in 15 mice. Current methods involve using standard targeting
vect ors, sW tThe h8&HeAfks I n t ypi ]

e?ﬁan 10V&Qt§?<rgf’?l'?§ g?gﬁd&sofo? quﬁtahedﬁﬁe%t (?f\ o

totaling-1ess - 20~ I ntroduc esired:genetic dification

7

into nouse SRy Iareysematicatlyymodifying virtedllyabcthelentigendusjgeaes amd of t he

al tered ES gRidnfosofalld@ssse wngﬁdglﬂ' transmt these engi neered genetic
nodi fications into the nouse gernfine 20 (Smthies et al., Nature,

317: 230- 234, 1985; Thomas et al., Cell, 51:503-512, 1987; Koller et at,

Proc Natl Acad Sci USA, 86:8 < d HMRIn £t at, Science,

254:707- 710, 1991; Thomas et al., ure; . -850, 1990; Schwartzberg et

al ., -’ st ence, 246:799-803, 1989; Doetschnman et at, Nature,

330: 576- 578GaASEr eﬂ_rg,ol?ﬁ{baﬁéoﬁhomo bs e%oﬁ%&/%%ﬁx %ta% '8?@1 et al.,

Nat ure, 345: 78-80§. 90; 25 U. S Pa%ht No. 0, , l_?L ?'Is\shue %c;gl%st 4,1998

ig) the name®$BeRRFHbind prdqasaenpAaomosameltsguencasten pravehiodss ardet ect i ng

the rare ESoaidy ivilubletbay Rredit BBRAbH, Wé&%ﬂsn&e('s\f?ﬁrﬂ{tﬁ 1Y o ect !y
en sy or C

targeted and nodified the desire ogenous gehe r-ofmsona

| ocus( | oci )BFREJORAEENS anegenes eranakexther genagic modificatiansdgous

targetilly SeiteeCi@fent ibdatvilvh h&iﬂgts%dta.?& %&éﬁ}% PR Chvah regRBaYS for

{Chong, ot LHoRaRtain s ioh Arygisalip ssingieee MACIl-RTRb Nt hods. App

3: S149- 61, LfiRédutnihe desifell hrietit mdNiGLion iAGIHSURINbRRINGReh 0 U S.
cells, followed by the injection of the altered ES cells into mouse embryos to
transmit these engineered genetic modifications into the mouse germline

20  (Smithies et al., Nature, 317:230-234, 1985; Thomas et al., Cell, 51:503-512, 1987;
Koller et al., Proc Natl Acad Sci USA, 86:8927-8931, 1989; Kuhn et al., Science,
254:707-710, 1991; Thomas et al., Nature, 346:847-850, 1990; Schwartzberg et al.,
Science, 246:799-803, 1989; Doetschman et al., Nature, 330:576-578, 1987;

) Thomson et al., Cell, 5:313-321; 1989; DeChiara et al., Nature, 345:78-80, 1990;

) 25 U.S. Patent No. 5,789,215, issued August 4, 1998 in the name of GenPharm
International) In these current methods, detecting the rare ES cells in which the
standard targeting vectors have correctly targeted and modified the desired
endogenous gene(s) or chromosomal locus(loci) réquires sequence information
outside of the homologous targeting sequences contained within the targeting

30 wvector. Assays for successful targeting involve standard Southern blotting or
long PCR (Cheng, et al., Natiire, 369:684-5, 1994; Foord and Rose, PCR Methods
Appl, 3:5149-61, 1994; Ponce and Micol, Nucleic Acids Res, 20:623, 1992; U S.
Patent No. 5,436,149 issued to Takara Shuzo Co., Lid. ) from sequences outside

. the targeting vector-and spanning an entire homology arm (see Definitions);
35 thus, because of size considerations that limit these methods, the size of the



‘Patent No. 5,436,149 issued to Takara Shuzo Co., Ltd. ) fr@hAR2@es
outside the targeting vector and spanning an entire honol ogy arm (see
Definitions); 35 thus, because of size considerations that Iimt these
nmet hods, the size of the 2 29 April 2005 WD 02/36789 PCT/ USOL/ 45375

honol ogy arw® @pessestricted to [ ess than 10-20 kb in totpdr{shanses, The
Practical Approach Series, 293, 1999). The ability to utilize targeting

vectors wt hohmmyy@;nsa’rﬁﬁedtﬂﬂgdrto 138 thalnh@S R kiPin4e &4 (]'o?n&u The PradiRhinods
woul d be extremslcgl al uag}?{elig or exanpl e, such targetfng vectors could be
nore rapidly PEAY gﬁ EHi 9 )generat ed from available libraries
containing large genomc inserts (e.g. BAC or PAC |ibraries) than

targeting.v d ~uUsing current technol ogies, in which such genomc
i nserts havgﬁ% %1§ t@%e&ngmﬁfzfé’&ﬁ Wit ;{W‘gﬂw prpsasgerhap th 958 use. In
10 addit$ onpsddang:errenbdlemcnistwaﬁla hesextretiel poaliatsle f F@ﬁéﬂa@zgﬁeﬁﬂ?&ﬂ' ng | arger
genomi ¢ re conveni.ently gene ewer steps
t han usi ng %g &%%toq‘g %lggqu ggre ’f—aﬁf‘%‘ﬁépﬂﬁpg"af‘ %?teﬂg’ifg“‘r egi ons of
honol Egy comailab]erlr]::rmesecmtearmugrh lgqelgagoﬁﬁ@mgm %QB Ad’@:fldACOhn‘tiS)@hGQt | oci
i n eukaryot e t.ar etl reconbi nation in
eukaryotic %:bgfl ghénp%g%éslgfsom% 3 ‘i%ng 'g {C:)lg\o[l%es(, ﬁm%%%ﬁﬁy%w ai ned
within the m&@amqohwm@mmrmﬁctﬁmmé@ pricekd use. In
Bi ol , 36 | O sed targetin freguency
obt ai nedogus?dndg&? dng %:ormp'ggc 557%5‘38% léFﬂ%Fﬁﬁn efit
t hat can beregions vesddfheanouscmgen&ngy rgener@[’éﬁ anal mifewer §tapganngiyectors. 20
Re pr obl erng; ﬁﬁg{ %h%er di f| c il ons i ntof ery | arg ﬂenom c
Jagment s, Such as t FErRgtdrey ?rl"%’éeglq{‘asso Q4R sol ved
t hr ough t hdncrgass the t&rgﬁlMg)g'qu@en cotﬁt‘fhamhﬁoltanget”rlohaﬁteeka oﬁZhalﬂkg sireé al .
Nat Genet Nat . Bi 0 15 85 65 1997
Angr and, g%r% }éi Py c gi‘%sgmtb%o@fg erkigo R/ﬁ?? aRpeargtofie ' nycl ei ¢
Aci ds F\‘és rglateﬁssahe tOtZBhC!;ﬁ@@gy Idenimyreadonyi thizt thaltargeﬁ‘ﬁgl Qe&bﬁ(Derfg #aR- 7, 1999) ,
al | ow ng f r .ons of
honol ogy to g‘ag@?%ﬁagﬁ %3238@%71/32%@3 F&E"ﬁ? %ﬁ%?ﬁi? %ﬁé g% ver,
once. made fraqyeney %médwh@\lenghbntmk!gy axgsmeuh:l diiynmhshfaﬂy[ianénﬂmldl fying
endogenous g cURR QAT hOgRIACHAHS, S combinat j on because
of the diffi c%rlﬁfty i r?ﬁgiat ecting rdaltr eingo%o%e&c A these targeting Vectors
20  The problem of engineering precise modifications into very large genomic
fragments, such as those cloned in BAC libraries, has largely been solved
through the use of homologous recombination in bacteria (Zhang, et al., Nat
Genet, 20:123-8, 1998; Yang, et al., Nat Biotechnol, 15:859-65, 1997; Angrand, et
: j al., Nucleic Acids Res, 27:e16, 1999; Muyrers, et al., Nucleic Acids Res, 27:1555-7,
25  1999; Narayanan, et al., Gene Ther, 6:442-7, 1999), allowing for the construction
of vectors.containing large regions of homology to eukaryotic endogenous
genes or chromosomal loci. However, once. made, these vectors have not been
generally useful for modifying endogenous genes or chromosomal lodi via
homologous recombination because of the difficulty in detecting rare correct
30  targeting events when homology arms are larger than 10-20 kb (Joyner, The
Practical Approach Series, 293, 1999). Consequently, vectors generated using
“bacterial homologous recombination from BAC genomic fragments must still
be extensively trimmed prior to use as targeting vectors (Hill et al., Genomics,
64:111-3,2000). Therefore, there is still a need for a rapid and convenient
35 methodology that makes possible the use of targeting vectors containing large



30 targeting events when honol ogy arns are | arger than 10- 209 pri( 2Ja06ner ,
The Practical Approach Series, 293, 1999). Consequently, vectors generated
usi ng bacterial honol ogous reconbi nati on from BAC genonm ¢ fragnments nust
still be extensively trinmed prior to use as targeting vectors (H Il et

al ., Genomcs, 64:111-3, 2000). Therefore, there is still a need for a
rapi d and conveni ent 35 net hodol ogy that nmakes possi ble the use of

t ar gety VEELSH t.akni ng. 29 Apri]. 2005 regi.ons of .honpl ogy so
e Lo oBan PRI AOEAREL B0 B ol SRl prstrepmalli i Spoct e -
accordance wth the present invention, Applicants provide novel nethods
t hat %%QL& ark he S of tﬁtra@net.i ng, vectors containin Iartge regi ons of
horol 0gy SO a5 t0 rdPfFeE r&&ﬂﬂu@@éﬁ&l”_ﬁ?ﬁdeeﬁl’% that 6agblesithe use of
eukar yatgedngoadctass wn&j:hﬂglﬁigég%lﬁnd’mwﬁtéogg to mbAify SRS GRS OP trrﬁ the

0 e

above-described |jmtations current technol ogi es. | n~addi I on,
ski | | Sqrgresomanlog) ip leukaszaticicplls vizhemalogeus thenmbitpsioneSucb daetbédstdvercomeehnt i on
are eapbl-dldadAaaAgn;t j i f .. eukar.yoti,c organi sm
i ncl uglgg{éydéb%gt not 'aﬁéﬁléfbgg%},lﬂg% GRS %mggﬁ%ﬁglgﬁe%?aﬂfmﬂé? Yodent, or
human recegnize that de méthordsof shichvagionaye efily sdaprd fWhsatvith A Baiomie DNASf
Inv_enta'hon Ino%(c:cordance .t h. the present invgnti on, Applicants have
devel 6ped lam)novgfg,mltslgdﬁ“a",' ’rbBEl?r?‘Jilﬁ%‘be, to ARt fickppMousss tatrthetgedentenst i ng
and shofen) BGvelluk phi@kich £8by, tohiddwkant ai n nodi fied endogenous genes or
chronosomal |oci. This novel nethods conbine, for the first tinme: 1.
Bact eri al honol ogous reconbi nation to precisely engineer a desired genetic
dification within a largg ﬁl o) nomi ¢ fragment, thereby creating a
ldrge targeting vector fo e Rl ic cells (LTVEGs); 2. Direct
i nt r ouatcoslaned withee @rdstEirenkion 0A gplicadty hivedct@bped o dbveD dipid] sirhignlprgogenous
chrom)scﬁ | . Iocutﬁ S&HI nterest. in these cells; and 3. An anal_gsi s to
det er it %Eﬁf‘ﬁ%t Tpefped fagcrspteg and sexepingienkagoticrpeliynehich eopisia dnagifies endpgenopeen
modi f péds 35 clil6fiobdihl ldci) his\idvel ALHBAS BMIBL, (IRHL Bt Bkdeo Of allel e (M) of
the parental_allele that does not require’sequence | nformation outside of
t he t ar get i pctasial hamelogoys tdsombination teprenistle engimpuandésirad puretiPGRdifidaton
enbod] t i ion is nmet hod for .genetically nodifying an
endog{g{lm(;%sa lgtf Flte:ﬂag?d & \éﬁir;%cn%%atb%% CHEHINg KBS BEgTEng g%/qt%r, OLYidPi'si ng: a)
obt ai eukagyotic kddk GETVEQs)ed genomi ¢ fragnment greater than 20 kb containing a
DNA sequen b) using bacterial honol ogous reconbination to

of [nterest; !
geneti cal | %W@P@Opéﬂf daese sqateovkarydticasietot modify thy epdogenewt e a

| ar g&hromosomal locus of intetest in these cells; and

3. An analysis to determine the rare eukaryotic cells in which the targeted allele has been
modified as desired, involving an assay for modification of allele (MOA) of the parental allele that

| ) does not require sequence information outside of the targeting sequence, such as, for example,

quantitative PCR.

One embodiment of the invention is a method for genetically modifying an endogenous gene or
chromosomal locus in eukaryotic cells, comprising: a) obtaining a large cloned genomic fragment
greater than 20 kb containing a DNA sequence of interest; b) using bacterial homologous
recombination to genetically modify the large cloned genomic fragment of (a) to create a large
targeting vector for use in the eukaryotic cells (LTVEQ), such LTVEC having homology arms which
total greater than 20 kb; ¢) introducing the LTVEC of (b) into the

4



targeting vector for use in the eukaryotic cells (LTVEC), sBelphidE havi ng
honol ogy arns which total greater than 20 kb; c) introducing the LTVEC of
(b) into the 4 29 April 2005 eukaryotic cells to nodify by honol ogous
reconbi nati on the endogenous gene or chronosomal |ocus in the cells; and
d) using a quantitative assay to detect nodification of allele (M) in the
eukaryotic cells of (c) to identify those eukaryotic cells in which the

endogengus genﬁ%or ;hronosomal | ocus has been genetically nodified.
Anot h eHeiemertyibydomelagany weombinationabie endogarions gene ogelreiosomal

nodi fi is t ol o [=TpTeIN - ro | | r.i ges

del et ilgﬁkolggg cg%%?ﬁigd)gﬁﬂgﬁce, Sgggs%?s’é%rf%%ﬁ odrgjﬁcarl réﬁf%@%r@%éﬂé?ﬁ ;

al ter agukworaﬁceﬂs @fd@itngiesemmwﬁceukzgmm celisgmwhich tierendegenbad geny oel enent ;

i nser;dhg&n?gmlog%y}(taggggn%gn lgg&enrlloc%qiecgene segnent, or regulatory el enent;
ndi ere;

creation of a co I onal® a repl acenent of a codi ng sequence or
gene segnent from one species with an honol ogous or orthol ogous codi ng

sequengce from,a di fferent. species. An ternative, enbadi nent of the

i nven t‘ig%orlt{’frse"éb°r‘?ﬁ‘?{'5 8 E &ﬁé‘?"é"ﬁﬁmf ) E‘Cé}f‘_lde‘i‘a’ié?% Eﬁ“(ﬁenaucc'Bﬁ‘?Q‘ﬁﬁamgéﬂ 6l_éen ce, gene
S egedndogdnoe fifle dk EhrpnidkGHENbcus QORISR HeRtisH 851 Edditlg seHuendél Gehd SdmeRY, or

f usi on, erein the fusion conprises an epitope tag or bifunctional

pr ot eitfgulatety elsteantaltetationef arodingrquance, igaresseont. prregulaterhelementrinadrion he

guant i j i t] j . Ve i.C

ybri O i o amB R oR SR e b bl e cx BURG LU BBNRor 0 1
an i mrepladeimestiofw @iding skqueacteor dgene begsien) fronr onlel¥Pedics sdthsnrjomalagowsteer ei n t he
guantitative PCR.conprises TagMan(r) Ml ecul ar Beacon, or Eclipse"m probe
tlejghné’F%ﬁ’ gou%‘f%gﬂge"?g‘ﬁp‘éefé??’é‘cfh@?%ﬁgﬁpﬁ‘é‘ﬁ of the invention is a method
wherein the eukaryotic cell is a mammalian enbryonic stemcell and in

particular wherein the enbryonic stemcell is a nouse, rat, or other
r odent\neHliseagFe embedipenrtaf|the inpentionris pmethadrvdetremtieaitamtion of 2 toding nvent i on

is a rej h n enpus gene or chr somgl,...l ocus.i.s a .

mrmra otk B SEb ek, 1 SRS R OEB R o ST OABRE Raicg R gpidn. oherein

chr omdsofusibn lcompsises an apitapd 3£y ortdfunclidnabpidedin.r odent gene or chronosomal

| ocus. 5 29 April 2005 An additional preferred enbodinment is one in which

the LTVEC is capabl e of acconmodating |arge DNA fragnents greater than 100

kb. Aggf hedthdeaibalngs IvaB&dn i Loal bl 2QUS gene

~or chronobsomal | ocus ttﬁﬂgﬁ?@%v?ﬁ%%négégﬁﬁﬂ%@%h%&n%%/ﬂ%%ﬁ%%b?Esg@f%\%lﬁ%?gn'
quantitative PCR,. comparative genomic hybridization, isothermal DNA amplification, quantitative

hybridization to an immobilized probe, Invader Probes®, or MMP assays®, and wherein the
quantitative PCR comprises TagMan® Molecular Beacon, or Eclipse™ probe technology.

) Another preferred embodiment of the invention is 2 method wherein the eukaryotic cell is a
mammalian embryonic stem cell and in particular wherein the embryonic stem cell is a mouse, rat, or

other rodent embryonic stem cell.

Another preferred embodiment of the invention is 2 method wherein the endogenous gene or
chromosomal locus is 2 mammalian gene or chromosomal locus, preferably a human gene ot

chromosomal locus or a mouse, rat, or other rodent gene or chromosomal locus.



Yet another preferred enbodinent is a genetically nodified sakpfiyosc cel

. that is produced by the nethod of the invention. A preferred enbodi nent of
the invention is a non-hunman organi smcontaining the genetically nodified
endogenous gene or chronosonal | ocus produced by the nmethod of the
invention. Also preferred in a non-human organi sm produced fromthe
genetically nDdified eukaryotic cells or enbryonic stemcells produced by

the ne ho he invention. A preferred enbodinent is a non-hunman organi sm
" cont ai n@fwdpm;wmmm ede @rﬂu@e&ho&ﬂ’VE@neapabletbﬁa@ﬁﬁm&mglﬁg

pr oducpﬂy SRIPIdoIbLNY the steps of: a) obtaining a large cl oned

genomc fra reater than 20kb containing a DNA sequence of interest;

b) using bact er| al honol ogous reconbi nation to genetically nodify the

l'arge ghomedhefeRe baAGTE u(;ﬁk {or
(LTVEC) fofad%se |g]eglr?br yoni I§t3§ T&Bﬁg%g[ﬁé %ﬁﬁo@%ﬁgﬁavﬁrﬁg c;os?m ol\éggsar ns
whi ch tﬂl@@&P“giﬂ@ﬂih;r@MWcﬁnvenﬁmodum ng the LTVEC of (b) into the

enbryonic stemcells to nodify by honol ogous reconbi nati on t he endogenous
gene or chronmosonal locus in the cells; d) using a quantitative assay to

det ectYeradbthit piefepred@inbatiin@dn@is(a chﬂ}rxhﬁ&ﬂ@&‘@ﬁ]&?ﬂh@ 8 iR is fRIdLSedHy dhe) 1O

identify those enbryonic stemcells in which the ‘endogenous” gene or

chr ondegihat of thsdnreniga peen genetically nodified; e) introducing the
enbryonic stemcell -of (d) into a blastocyst; and f) introducing the

bl astocyst of (e) into a surrogate nother for gestation. An additional

pr ef er/k pteferddoaibrirhenyfof tivdnvemion isi aaron-Burfamemgadisireoninhgrhsganedallai ni ng a

etlc i fi ed endogenous e or chro sonal ogu prodyced by a
hod’[1 c%rhr% A VR B S PEY SPg‘élzlmé‘l?tP&Pﬂ‘i“i‘? O‘E Pgﬁé dpvgngen-Apy j |

2005 genomi c fragnent greater than 20 kb cont a| n| ng a DNA sequence of
i nterest; % usi.ng bacterial honol g?ous reconbi nation to genetically nodify

the | A¥spprefesisd in g apahuman prggpismpr uc@éfro:mdm@mteallyanmAﬁgbet&awgm fellg or

vect or, cel | EC uch LTVEC havi ng honol ogy arns
oy e "&%sr%ee‘ié?%'rf‘%ﬁ ‘ycg%gﬁb ‘§ o s ven Rt he LTVEC of (b) into the

.eukaryotic cells to genetically nDdlfy by honDIogous reconblnatlon t he

endogﬁ{lou?‘%‘/_fgﬁne or,, chrormsorral | ocus in the cells; usi ng
quant mbodiment i4 aoorhyrpas; qrganisn e?ptetrmm@p@l 9>dlﬁ¢d errf@geWr yotic

cel | > ke dhediiod Aitldchy prddiOaf RN bihyhBbh thd ShatE Gl obURGIRRENOLS

gene oOr chronosonal ocu has b€en genetic no g the
nucl eglonéd mmhhefmgmﬁt gxeiteuhmeidkb%méﬁlng afD)NWHe qRALCHMBretele b wegeus of (e)

into and .. nt.r oduci n of (f |nto surro e
ot her 2#} O'P? éé lﬁ?‘?‘ﬁﬁe HAbtoREPeY Pﬁ?‘g)’d};%ﬁf% ﬁ)ingeqo§“%1 gﬁh
or ganksecrese alagetapstig x@etae(HMd:))foﬂBé hid érﬁBryoﬁBSi@&%@ﬂHJ HEVIEC hivgonosonal
| ocus l%rpduced vtv)l}ic Qt hod ri;]anng k\)s he ste%

homology arms which total greater 0 5 mtroducmg the TVEC of ) into the embryonic

stem cells to modify by homologous recombination the endogenous gene or chromosomal locus in

the cells; d) using a quantitative assay to detect modification of allele (MOA) in the embryonic stem

cells of (c) to identify those embryonic stem cells in which the endogenous gene or chromosomal

locus has been genetically modified; €) introducing the embryonic stem cell of (d) into a blastocyst;

and ) introducing the blastocyst of (€) into a surrogate mother for gestation.

An additional preferred embodiment of the invention is a non-human organism containing a
genetically modified endogenous gene or chtomosomal locus, produced by a method comprising the
 steps of: a) obtaining a large cloned



“obtaining a large cl oned genom c fragnent greater than 20 kip £&i18psi ng a
DNA sequence of interest; b) using bacterial honol ogous reconbination to
genetically nodify the Iarge cloned genonmic fragnment of (a) to create a
| arge targeting vector for use in eukaryotic cells (LTVEC), such LTVEC
havi ng honmol ogy arns which total greater than 20 kb; c) introducing the
LTVEC of (b) into the eukaryotic cells to genetically nodify by honol ogous
reconbi nati on the endogenous gene or chronpsomal |ocus in the cells; d)
using a quantitative assay to detect nodification of allele (M) in the
euk arBRCiragment gregigr thap 90 lfttfomerenuWAtsmeec efinteres b ysing besteriel | n whi ch t he

endogg oBEREomBhatfli B fg@;%&@%y d‘%\&ﬁfﬁ:hp E%Qﬁﬁﬂd g6 e a'c NI ntrm )fto gl%atee)

fusing the eukaryotic cel ryotic cel
i nt r adlerge ugemfgevewstedusemkaw@mcccenseddrvaé), )) ervtso havife KonidRa) emﬁvt her for

est efle n < I man, organi smMmi1s a nouse,
?at %cg%mlgll 4 rQ‘%ﬁE@M %ﬁ f 9% ocyst °tf§$5“ n‘g“ueél aryqtig pells to gepgtically 1 odent
bl ast®edifxby °t"ﬁ'eg°abewenmonahem9seousrgane or grongisdraat lorwdrethe celod)tsizg and t he

surr Qgﬁﬁxﬂtat‘mi Bay td detedt rﬁ&lﬁc@uonro@-ﬁllele(XM(ﬂ’l)hﬁfhe reﬁlgf'ygttxc ce&“&{(b)% iha, er r ed
~enbogl, &lc c@fr‘s %nwhlcht gh e enbra/onl §{ stem cel | s a manmal f an enbryoni c

stem ce % Cidggenqug gere or hromasomal,fgashag hesp epeticallkt em cel | 7
29 Agiopified glygm ovma g hieies mnepplefyemmwoﬁmommmgm nbdi@s ol® i t he
genelh 6athtbNandB)dinbiR g @1 baHUQE (£int6 & binBedd mdlEror baR¥GAL i ON for the production
of a non-human organism and I n particular, the use of the genetically
nodi fi ed enbryonic stemcell of the |nvent| on for the production of a

non- fmanothergaefeged entbaligikest is @ dof KaRdh BRAhisAf cohBnih gy BéHetiOllly nfodiicdet hod f or
genet | éa”\éﬁmdl f%l ng an endogenous gene or chronmosonal | ocus of interest

i n nSUSeSEREY8rEn Pichepmpseraal lecus, psedsced bygmethodsiomprkingshestepsrafes) cl oned
genorsbining @ GFER Blondd BRI frak A ch cant a DNA sequence of

i nterest, wherein the | a%ggpyé%ﬁgg %ﬁk%mﬁmm %¢ﬁ$§mﬂﬁﬁﬂf ogous to the

e ndogefn@atsb)gemg baetexgs] thonmm recombimatidn) to gaamcgllybmotiéy thellaroctohagous

reconbi nation to Zgnetlcally nodi fy the large cloned genonic fragment of
(a) tEenutiefitement 9f &) gpecreatrajenst targetingcveeser fhiorse insgkaryptit hells (IBTEEC)eswids yoni ¢ st em
cel | $TViBthalifg Biindicay ARis wiich t¥RIGQfer tﬂgﬁl 30Y6; t)qm%ld{?&%g s bf@) total greater

t han 20 kb wherein the genetic nodification 1s deletion a codi ng
sequdtie e °E}@H’8“"s‘i§ﬂ?r‘€r$f’“e telly modify @tmloep‘emmbme)onﬁhﬂepm@quﬁgm he Iarge
targ ( { i Gesl M di fy. by
honog%)bl%ggn\b%{el{g(i)ng% lrlllat?l): Slnlﬁt H‘?& enou'gVe ao o(raa?: ?f%@ Swap © ?8‘!:‘%5 in the

cel | QVIQ;Mch the eubry@caeﬁpﬁfr(t) tbaddnugr theseakir9o @lﬂteﬂﬁin mdh theCaldogunots genk | €l e
nthe see onlcs mcells of (c to identify se npuse
jnbr 5?1*%’8’“8? (ﬂ‘?’%" W‘E’HC é’éﬁék’ﬁyo%ﬁ%ﬁé@ﬁwl agthes has

beeneul@eyatit cqih e sHRging 'tﬂéjﬁJsMS{kgigg? mogi@% taashh\sgaté‘% erlfS: gl@RLA tat i ve

PCR Also preferred is a genet nous oni c sten1ce|
produced by this nethod; a nouse containing a

In prefetred embodiments, the non-human otganism is 2 mouse, rat, or othet rodent; the blastocyst
- is a mouse, rat, or other rodent blastocyst; the oocyte is 2 mouse, rat, or other rodent oocyte; and the

sutrogate mother is a mouse, rat, or other rodent.

Another preferred embodiment is one in which the embryonic stem cell is a mammalian embryonic

stem cell, preferably a mouse, rat, ot other rodent embryonic stem cell



genetically nodified endogenous gene or chronosonal | ocus p2odpdeadoby t his
. method; and a nouse produced fromthe genetically nodified nouse enbryonic
stemcell. Another preferred enbodi nent is a nouse containing a genetically
nodi fi ed endogenous gene or chronosomal | ocus of interest, produced by a
met hod conprising the steps of: a) obtaining a large cloned genomc
fragnment greater than 20 kb which contains a DNA sequence of interest,
wherein the large cloned DNA fragnent is honol ogous to the endogenous gene
or chronmosomal |ocus; b) wusing bacterial honol ogous reconbination to

genet i ool dddidui frifeiB@ eBE el BRECh SR 0 endd R Tt lukdlibud UELERLS 2

| arge targeting vector for use in the nou yonic stem'ce

t ar get ARG &9t ke pradugtignies mbodmnmgmhm hnd intpatticgle aheusetdf e gefetcally

wher ei [ | tion,of. a odln seqguence, gene
segrns\ntlill,l(;dcife regu %I?%%qepje%%f%‘mfaon % efyrteng f‘&?’bg‘“mf"éf’w vect or

of (b) into the m)use enbryonl c stemcells to nodify by honol ogous
r econbi nat;on th Qg&) 2005 . WO 02/ 36789 PCT/ USOL/ 45375 endogenous
gerie of* 1§ %‘n8§ °8& f Ipvepionis pmsthodfor goneticaly; grodifpiog ar erdagenens gors ay

to det efthidRfbisbislabdus Bf Rterék kfhBu &ﬂc&ﬂﬁcgﬂ%“ﬁ?s ;fdgﬂf\%hy %%ﬁhgemﬁ'ggﬁous

of (c) to |dent|f t hose nouse enbryonic stemcel
gene ofloasd g g@@éa@afﬁaﬂmbé@rkbg'dm@tqomwdsy DNAI seipgthce vhinreedsn vileseid

guant i jat at| ve i,nt roduci ng the nouse. enbryonic
stem Cgﬁ&:‘gf:@g?@ENAZ&% L Is o s?gouéﬁ%d\c)enfl‘?ﬁ"?%‘tﬁ%?ﬁ ¢hremgporl ipcygd) of
(e) |num@bammtmgmlegdmtétembirﬁﬁo@%géﬁ:h&ﬂl meuﬁptm. NREEELRE dehomilErrippienP]
Eﬁ 8 i:call %?B.ggefled nouse enbryonic stem cel | O descri bed above for

(YELS VEFSh fcﬁl"é? Brthe moareeemmvmgemuae ithe larkrctargeting 5

err I roduced into ut 1 x 10
faukaz 35%%11?2%&@[0%%8%3? %Ee iakeits ofklbt grefg;thf gengtic PT°6 I0RiS Schemat i ¢

di agr agsl ‘%ﬁm‘t @ cgding ﬁ%qumm, @fne aegnyqnt,(m Iregulatbi elafieieg c) mﬁﬁdlﬁingahe h@g&)l ogous
recomby B? 1;. hb2 = honol ogy box 2; RE =
restrictio g?\c%/rr?g (I%) "tltg) 8¥eﬁnaif7‘é°"'25te’§c°ﬁ'é‘rfﬁf‘?@‘fgrbé@%ﬁlpsﬁus donor fragnent
and LTME&h‘imnoMeleﬁom @ene of birdmosBREMdAYHN RQ¥IIs! and B Sdngal qratalifet OSi dase
ORF; SV40 pal DNA
assay to de ect modlﬁcatlon of allele (MOA) in the mouse embryonic stem cells of (c) to identify
those mouse embtyonic stem cells in which the endogenous gene or chromosomal locus has been
genetically modified, wherein the quantitative assay is quantitative PCR. Also preferred is a
genetically modified mouse embtyonic stem cell produced by this method; 2 mouse containing a
genetically modified endogenous gene or chromosomal locus produced by this method; and a mouse

produced from the genetically modified mouse embryonic stem cell.

Another prefetred embodiment is 2 mouse containing a genetically modified endogenous gene or
chromosomal locus of interest, produced by a method comprising the steps of: a) obtaining a large

'~ cloned genomic fragment greater than 20 kb which contains a DNA sequence of interest, wherein
the large cloned DNA fragment is homologous to the endogenous gene or chromosomal locus; b)
using bacterial homologous recombination to genetically modify the large cloned genomic fragment

~ of (a) to create a large targeting vector for use in the mouse embzyonic stem cells, the large targeting
vector having homology arms which total greater than 20 kb wherein the genetic modification is
deletion of a coding sequence, gene segment, or regulatory element; c) introducing the latge -

| ta.rgetmg vector of (b) into the mouse embf:yom'c stem cells to modify by homologous

recombination the



fragnent derived from Siman Virus 40, containing a pol yadenylation site
and signal; PGKp = nouse phosphogl ycerate kinase (PGKigpA%Ppieﬁ oEM/ = a
25 bacterial pronoter; neo = neonycin phosphotransferase; P& poﬁa A=73
untransl ated region derived fromthe PGK gene and containing a

pol yadenyl atW@pe/3s78%e and si gnal; hb2 = honol ogy box 2) Fi gotesahsap:
Sequence of the nobuse OCR10 cDNA honol ogy box 1(hbl), 30 honvol ogy box 2
(hb2), and. ehdapMeaitius)geRs 6P&FoR}omA] 1 assay
o det ect oot ant B o I LR CaA P R ) Wkl Bhodiaid

f
MOCRLO LTVEGSWHP%GIEF%EE‘%&&%O&O{ %ﬁ%@ﬂ%)ﬁazhe Bayee grabryonicsganicells| 801 9 29

AT 2005 ORG)GaIcESp (e bidSl LSaynic JRehBM il WM ADBRRRoEaIGESPONd NG,
eot 1 aes

PCR pri ner set der.i ve ro xon 3: TagMan r obe:
to 439 - up®EP Flgﬁﬁ‘os?ﬁ“?ﬁé’mo@engﬁ’%ﬂ‘%b’m@@ s@mh@eun@\e- upper strand
5 Pri mrSexquanumﬁuda@ayw%a thve PAER; e)uh@&@diaﬁé f@House émbxé R:gl\/l_an(r)

probe and cojres rimer set derived f xon
TagMan(r) proBe ﬁﬁ%&#ﬁ%‘[’?

SW&%}I%@QR*IO%%% ﬂzec':ﬂaﬁelcysmf €} inten éx4 5

nucl eot i des shfibgite rhiéther fo#[pRetatish and Priner ex4-3': nucl eotides 642 to
662 - | ower strand Deflnltlons 15 A "targeting vector I's a DNA construct

t hat contai ns sequences "honol ogous"” to endogenous chronpbsonmal nucleic
aci d sequenddm prefarkddis tiee whesif Hedlg, @ﬁﬁeau)emo@ﬂwci Gatd @ﬂslgbmc%fcbmn ki ng

honol ogy, se e referred t “honol ogy arms”, diréct the targeting
vector t9 aagpeg’ 3“%@ (% Hb%%‘%?@r*c %8? thin the genome by virtue of
the honol ogy that exists between the hom)l ogy arns and 20 the correspondi ng
iryjogenous ' i?s%upergfé?re%na(%e me oéj erexr}xealgjoeustllrf ig o? P ?éel tCargeting vector

DNA is introduced into about 1 x 107 eukaryotic cells.

15 Brief Description of the Figures

Figure 1: Schematic diagram of the generation of a typical LTVEC using
bacterial homologous recombination.
(hb1 = homology box 1; hb2 = homology box 2; RE = restriction eniyme site).
20 .

Figure 2: Schematic diagram of donor fragment and LTVEC for mouse OCR10.
(hbl = homology box 1; lacZ = 8-galactosidase ORF; SV40 polyA = a DNA

‘ fragment derived from Simian Virus 40, containing a polyadenylation site and

) signal; PGKp = mouse phosphoglycerate kinase (PGK) promoter; EM7 = a

25  bacterial promoter; neo = neomycin phosphotransferase; PGK polyA = 3’
untranslated regio‘n derived from the PGK gene and containing a
polyadenylation site and signal; hb2 = homology box 2)

Figure 3A-3D: Sequence of the mouse OCR10 cDNA, homology box 1 (hb1),
30 homology box 2 (hb2), and TagMan® probes and primers used in a quantitative
| ' PCR assay to detect modification of allele (MOA) in ES cells targeted using the
. mOCR10 LTVEC.

hbl: base pairs 1 to 211
35 hb2: base pairs 1586 to 1801



nmodi fication by a process referred to as "honol ogous recqnbi nation".

"Honol ogous” neans two or nore nudei ¢ acid sequences thatlaPgréit REPS
identical or simlar enough that they are able to hybridize to each other
or 25 undergo internol ecul ar exhange. "Gene targeting” is the nodification

of an endogd&v@eegezdyr onosomal | ocus by the insertion intopcgesrisspyn of, or
repl acenent of the endogenous sequence via honol ogous reconbi nation using
a targeti ng TagMan® patheandgenespotaliig PCR promar 4@ detivéd FBR dhiokatioon
resulting fr cr)nnt\,},he di sruption of the genetic information encoded in a
chronosomal Tocuds. 10 29 April 2005 WD 02/36789 PCT/ US01/ 45375 A "gene

knocki n" i s Taqlybm@ probepdiiélestidds@n3 k439 -Lipper ket t he replacenent of the
genetic i nf?,rmat i ogﬁgncocged, in ;H chronosonal |ocus with a different DNA
sequence. 5 AMFfSERGUTY ‘?‘6’&*‘?1@ 104405 HPBELMFANEm i n "whi ch a si gni f.i cant
proportisn @rinidrex3-3:0Radéstdes a4 o4l AdRér straggne knockout . A "knockin

organi smf is an organismin which a significant progportion of the
organi snm’s cells harbor a gene knockin. 10 A "nmarker - or "sel ectabl e

a
mar ker" s TaqklanGiprobe and kefredpdatii lb@m’?:rﬁﬁrsfeh&e ivedQtdth; rare
transfected cel|s expressing trggarra“ﬁer rom the r%natj or%ﬁg?ﬁﬁ?reat ed
cells in thﬁ’“ﬁb ul ation. Such marker's gene's include, but are not limted

to, neonyci'maqmﬁﬁ@p&bb@r&&i&é@ﬂesewsiofmgtaggéﬂé&aﬁdphosphotransferase, or 15
fl uoresﬂ n_gglprot.ei ns, such as GEP. An "ES Cell"” 1s an enbryonic stemcell.
i

This ce IREL8X4y  duiclepsides 3861ip 6%~ uppersitandl | nass of * a

bl ast ocyst - BfiR@eeRBdt ¥RdedRddN642ES64L! lowd@BRand S @ subpopul ation of cells
den{i ved froma single cell of the ES. cell population follow ng

imtroduction of DNA and subsequent selection.” A "flanking DNA" is a segment
of DNA that is collinear with and agggﬁgﬁﬁt 0 a particular point of
reference. 25 :
15 A "targeting vector” is a DNA construct that contains sequences ”homdlogous”
to endogenous chromosomal nucleic acid sequences ﬂanking a desired genetic
modification(s). The flanking homology sequences, referred to as “homology
arms”, direct the targeting vector to a specific chromosomal location within the
genome by virtue of the homology that exists between the homology arms and
20  the corresponding endogenous sequence and introduce the desired genetic |
modification by a process referred to as “homologous recombination”.

o “Homologous” means two or more nudcleic acid sequences that are either
) identical or similar enough that they are able to hybridize to each other or
25 undergo intermolecular exhange.

"Gene targeting” is the modification of an endogenous chromosomal locus by
the insertion into, deletion of, or replacerﬁent of the endogenous sequence via
homologous recombination using a targeting vector.

30 .
A “gene knockout” is a genetic modification resulting from the disrupﬁoﬁ of the
genetic information encoded in a chromosomal locus.

10



"LTVECs" are large targeting vectors for eukaryotic cells that are derived

from fragnments of cloned genom c DNA | arger than thosezéygﬁ)ggilioé@ed by
ot her approaches intended to perform honol ogous targeting Tn eukaryotic
cells. 30 A "non-human organisnf is an organismthat is not normally

accept ed by wd@sspidbl i ¢ as bei ng human. "Modification of y %\/[)A)
refers. to the nodification of the exact DNA sequence ofﬁ#r?zgog/l“?sg e of a

gene(s) or ch . 1.Qcus (loci),kn.a gen . . 35.. This nodjfication of
allele ( |\/DA)“b i ﬁé‘%ﬁ‘ﬁ{é‘ék%ﬁ a S@WSE“‘%"?%@&‘%&‘?‘%& 90 Giereplprementofy i | 2005
WO 02/ 36789 tREgéndB infbodidbons ahodied it 4 elmaonia kel watksa diffetdnt/DXAl € as a
singl e nuclgg%ide or deletions of many kil obases spanning a gene(s) or

uernge. . . .
chr onosonal Cus (loci) of interest, as well as any and all possible

modi fi cations between these two extremes. 5 "Othol ogous” sequence refers

Sequence’ n oS epaCgRRER 98 e ifenisin i Bhich kA B EBR AR IR o

are provi de@rganisthisicells harbot hgenskigokotit.i nventi on.” Oae of skill in the art
wi |l recognize that these exanples are 10 provided by way of illustration
only and are not included for the purpose of |imting the invention.

Det ai | ed. Dedctkrmickisrorganisiné i arvenganism in whish Asigriificant praporiomeftieoped a
novel , rapi : i fd1cient method for creating and screening
et R o P e Rl

eukaryotic c cont a d endogenous genes or chronosonal

| oci. |1 A0these cells, the nodification.my be gene(s) knockouts, knockins,
poi nt mut at iyo " 1 ¢ o nsertd r . i 0, er

rm%i ficati ofr?s Qﬁark%{/ é\%/g%}&%ﬁ- : I rr%e [ %ga geegéé}ﬁﬁﬁér} a(}g %urgtélgp%gqvfssgoﬁ%pbe 20
erfbryoni ¢ siselationldf sangtrasisfested ageexpressing thegnaikey flomothecnsjoxity &hocki n

organi sns apg.. i ckai e 6 ce, . our pose of

determ ni ngj&tg %ﬂgafcglg:%ﬁtgﬁb g]?ulta ﬁ%ggene?g £ ﬁgg&}?&{}g@%*ggnb‘%%%%ﬁ?}@%é et ed

and/ or i nsk eamygm nhc@ph@wwfmermijnxgxgmﬂcbea phespiatransfetrisesor f or t he

first thfm:ﬂﬁoregaﬁggfé@ﬁwgﬂ@isc@ﬁ“.s reconmbi nation to precisely engineer a
[

desired genetic ication wthin a large cloned genonic DNA fragnent,
t her.eby

An “ES cell” is an embryonic stem cell. This cell is usually derived from the
inner cell mass of a blastocyst-stage embryo.

20 An “ES cell clone” is a subpopulation of cells derived from a single cell of the ES
cell population following introduction of DNA and subsequent selection.

A“ flanking DNA” is a segment of DNA that is collinear with and adjacent t6 a

: ) particular point of reference. |

. 25
“LTVECs” are large targeting vectors for eukaryotic cells that are derived from
fragments of cloned genomic DNA larger than those typically used by other
approaches intended to perform homologous targeting in eukaryotic cells.

30 A “non-human organism” is an organism that is not normally accepted by the
public as being human. ' |

“Modification of allele” (MOA) refers to the modification of the exact DNA

sequence of one allele of a gene(s) or chromosomal locus (loci) in a genome.
35 . This modification of allele (MOA) includes, but is not limited to, deletions,

u



creating a large targeting vector for use in eukaryotic celd%ApHR0Ts): 2.
Direct introduction of these LTVECs into eukaryotic cells to nodify the 30
correspondi ng endogenous gene(s) or chronmosomal |ocus(loci) of interest in
these cells; and 3. An analysis to determne the rare eukaryotic cells in

which the tgpgsiash allele has been nodified as desired, hg,}( gv"‘n 3
quantitative assay for nodification of allele (MOA) of t ’§‘P

allele. 35 14y 307 P USl/4375 Itshuldbe

enphasi zed thalgt%blﬁgé% lgﬂgr%ms %ng\gfgﬁlé@ g %n%{ucc g%tl‘ g

recombi nat i d#loppses granmying pgenelb) ar aharmotonhal ladus! (Iaddf mterest)pmwceﬂlaen Wi th

the LTVECs qfvARRIGRIRESL M§ 4 9ng honol ogy, ar s

present in th LTVEggJg 1Utﬁzllllﬂle ngﬁ%&L %&f&eg‘;w%eram%y nodi fy endogenous

5 genes or chronmosomal |oci in eukaryotic cells via- honnlogous

reconbi ngti eyl gg@,g asSay to

determ ne the raro euka yo%:%:e?%lg?‘ EQS%JES&‘“&S Oﬂgﬁﬁé%& g réel e has been

nmodi fi ed as f%mékﬁq%Y@WfQiMyeqmémn@mewauestat ive assay for

nodi fication of allele (MOA) of a parental allele, by enploying, for

exanpl e, quantitative PCR or other suitable 10 quantitative assays for.

MOA. The abilhedgseiptigniand sxampleg presegteddnfonte piovidetisoblwstyptethes | ar ger

than those siied ivertioh! Site JTRKIGH thd Sre Wil r&BBh YAk AR GL b1 Ige T O1 | OW NG
conveni en

reasons: 1. Targeting vectors are npre rapi fy gener at ed
from 180avRF9 ‘8‘% YWBV&W@@“@BQ@QPB’W@QWQ&W@M@HMWPQSG(@ g. BAC or
PAC librari ﬂﬁrhungﬂﬁﬁnﬁé{tﬂﬂl ng vectors made using previous technologies, in
vvh) ch the genomc - inserts have to be extensively characterized and

tti mmed" prior to use (explained in detail bBelow). In addition, nmininal

sequence i nformation needpiile®Pek e ThDEntigUs of interest, i.e.
it is only necessary to know the 20 approxrnmately =100 nucl eotldes t hat
are required to generate the honol ogy boxes (described in detail below)

and to genepppBcaMPhAR ddvalo eaBnBe u BA, drfdl Cigaliee fegr  MOA

(descri bed |g det%H bel ow) . a(rag g‘. |cat?o&rlllgléaffsigi HDd il

modi fi cati off€a W%@ a@igﬁqﬁe w. c'hcontam modified endogenous

genes or chromosomal loci. In these cells, the modification may be gene(s)

)

knockouts, knockins, point mutations, or large genomic insertions or deletions
or other modifications.- By way of non-limiting example, these cells may be |

20  embryonic stem cells which are useful for creating knockout or knockin
organisms and in particular, knockout or knockin mice, for the purpose of
determining the function of the gene(s) that have been altered, deleted and /or
inserted.

25  The novel methods described herein combine, for the first time:

1. Bacterial homologous recombination to precisely engineer a desired
genehc modification within a large cloned genomic DNA fragment, thereby
creating a large targeting vector for use in eukaryotic cells (LTVECs);

2. Direct introduction of these LTVECs into eukaryotic cells to modify the

30  corresponding endogenous gene(s) or chromosomal locu.s(loc1) of interest in
these cells; and

3. An analysis to determine the rare eukaryotic cells in which the
targeted allele has been modified as desired, involving a quantitative assay for

_ modification of allele (MOA) of the parental allele.
.35
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regions are more conveniently generated and in fewer steps 43Apfilg80hg 25
previ ous technol ogi es. For exanple, the nethod of the invention nakes

possi bl e the precise nodification of large loci that cannot be accommopdat ed
by traditional plasm d-based targeting vectors because of their size
l'imtations.WPW023&@Bs0 makes possi ble the nodification of agy@bivassl ocus at
multiple points (e.g. the introduction of specific nutations at different

exons of a | shbu R ' e Il evjating t need to

engi neer rruInFis%Pe tar ggél n}gze\gerh&%gjrrgﬁgﬁghle@ﬁocgé?%{eﬁ%‘ﬂﬁg‘ﬁsgﬁe rounds of
targeting anbomelagens regofrbindtionsh egbaryotic edbrdannatttieattilizad EScaglihaior3. The
use of |ong i I Q omgl o ar I ncrease the
targeting f r%%e’ﬁ%% T?PCB%% &’?’? é#t%%ﬁg@q%qc%sg °£3“E%‘r°§}‘§§1°8‘°§%$¥ EE“S

consi stent BBsettin thy Y EUs Wiilizihg g TVEE td delibetdtely noddifyoernlopgaoss
reconbi nag i ' ' 5 54 01/ 45375, eukar.yotic
cel | s appear te?) oég}.mr%zﬂldz%teg{éi %%p‘tg‘h%ﬂi\ggfogﬁ‘jcéggngﬂ%gg’y ‘%ﬁ?‘%fﬁ"%}“@r& P 19It he
targeting ve@gde possiblyhg thenevel applicadiogea angssaydqétemninbtteirasd usi ng | ong
homol ogy' | Wil i fit, ik 1 i ng
cogent e DNA L arf BRTCEL ! Winch Bd¥asguts je RERehimodibed A dpal ST 1
quant it at i veastpnyslyinga guantitatiyeassay forentdifigastonof atlelel(MP4) ofronol ogous

reconbi nat i St f 3 targetin ectors
(advant a es%%nﬁga%ggveﬂ Eﬁt gh@?S%@%b%%%eﬁceRPng‘e%5"e‘%?llylleyi ng
correct | ) noianfitativearsayy 61iMOdel | s from the typical several days to a 10
few hours. In addition, the application of quantitative MOA does not
r.epui re the_use of probes |ocated outside the endogenous gene(s) or

cht onosonal Theqbilify te utilize taageting Yastarg withdhdrielogy afms laged thanthosehe need to
know the SeGuen¢eurrdd:aidhots fsutRdly VAL HIE AR rloniREYSILALL ). ThIS TS @

significant inprovenent in ‘the way the screening has en perforned in the
past and nmkes it 22FRFHRAB VESars are mhergrapidlpard venvenientiygenerated from

cost - ef figct iaveﬂz?dl@ﬁl@@ﬁ@s&&ﬁﬁh%m drdfni 1ightieq events

I n eukaryotic cells, Methods _V\%%no?mfﬁg%%%%gpg‘gg} {0 construct
DNA vect or s (R argeing westoss mage gising previous technologies, in which the genomic

inserts have to be extensively characterized and “trimmed” prior to use
(explained in detail below). In addition, minimal sequence information needs to
be known about the locus of interest, i.e. it is only necessary to know the
20  approximately 80-100 nucleotides that are required to generate the homology
boxes (described in detail below) and to generate probes that can be used in
quantitative assays for MOA (described in detail below).
2. Larger modifications as well as modifications spanning larger genomic
: } o regions are more coriveniently generated and in fewer steps than using
25  previous technologies. For example, the method of the invention makes
possible the precise modification of large loci that cannot be accommodated by
traditional plasmid-based targeting vectors because of their size limitations. It
also makes possible the modification of any given locus at multiple points (e.g.
the introduction of specific mutations at different exons of a multi-exon gene) in
30  one step, alleviating the need to engineer multiple targeting vectors and to
perform multiple rounds of targeting and screening for hofnologous
recombination in ES cells.
3. The use of long regions of homology (long homology arms) increase
the targeting frequency of “hard to target” loci in eukaryotic cells, consistent
' 35  with previous findings that targeting of homologous recombination in
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standard nol ecul ar bi ol ogy techni ques well known to the ski29Axdil 20@% san
(see e.g., Sanbrook, J., E. F. Fritsch And T. Maniatis. Mol ecular C oning:
A Laboratory Manual, Second Edition, Vols 1, 2, and 3, 1989; Current
Protocols in Ml ecul ar Biology, Eds. Ausubel et al., Geene Publ. Assoc.,

Wl ey Interswoemsasy 25 NY). Al DNA sequencing is done bycghaodasd
techni ques using an ABI 373A DNA sequencer and Tag D deoxy Term nator Cycle

Sequenci ng Kl b, f/A801d osyste C Foster City, CA.. St . Qbtain
a large genom ¢ c%?%??e‘% 85%%9338#%684 {‘]?ethﬁé‘ht gmelogy §6nt€iﬂ\'%eér?ﬁ§g1%al | ocus
(loci) of ithetasgeting\wvedore(s) or |ocus(loci) of interest can be sel ected
based on specifi Lterl . et al | .Structural or functional
data, or it can %'eq%g e%%%‘éd?#%?‘ﬁ“ega grﬁglé%l%cg Og’gm%cgjﬁﬂnﬁi?llﬂ W‘%‘B#Wor mation as
potential g@n®s appargaty dimingshes the aelilif 8%, froedusihgibogariomMAtihe efforts

of the vari eNSe35020R cing projects. 14 29 April 2005 WD 02/ 36789
PCT/ US01/ 45375e I rﬁz’ﬁﬁdgy it should be noted thatl i} is not necessary to

0
knoYv t[]ﬁ conplltggéé Bb@qmelm' onnfiquantita &qumassapégd'sgémg)eukﬁr}idm?ertesttL 0
apply the mtoiﬂ% Teig roduce act, e
only sequeggée iggr&tatlt?ﬁlf%?at éﬁ@%;ﬁ&%ﬁ%ﬁ%&ﬁ%é%ﬁﬁo
nucl eot i des t&ygeirg vertestadvantdges gotioredaboveldng aldo dedtiessathe tiase foel | as to
gener at e t i dAAhg Qe BANAROUTRE o RaiTRLAI O I WEC | dSseripsg 4 detal
bel ow) and to neke qulobe_. or use In-quantitative 5%se5ys.ay6§%$_ a
genegsg 19 ghswso égd@ﬂong;ﬂléﬂwhclmoﬁqaanmhpcw&gex daes aotgrilgqgknolm c (10)
one(s) con , is clone(s
can be obt inlgygqﬁ an‘% 1%%{3 0 tgfey\(/aergﬁﬂaéé%%}l%lgﬁ%%n%%%goﬁ%%a imted to,

scteeni ng ‘OgpslasHdhaNgbeingmagdified,(thug obBating BrGeeACknow the sequBncby
standard hygbiify aaddes ' : . by_.anw r s fam|iar
To the ski Lo et eoed Bl e i i B e Eley TR

modi f i cat i ofecREeseresnig hye heemperformed inThiEQastidodinhalgs ibarascniask t he
sites ofs bagbgirdénsRRIEPRRUR nd2E CHRARLEP g f1Bhch to screening for |

homologous recombination events in eukaryotic cells.
Methods

20  Many of the techniques used to construct DNA vectors described herein are

standard molecular biology techniques well known to the skilled artisan (see

e.g., Sambrook, J., E. F. Fritsch And T. Maniatis. Molecular Cloning: A '
_ Laboratory Manual, Second Edition, Vols 1, 2, and 3, 1989; Current Protocols in
.) Molecular Biology, Eds. Ausubel et al., Greene Publ. Assoc., Wiley Interscience,

25 NY). All DNA sequencing is done by standard techniques using an ABI 373A

DNA sequencer and Taq Dideoxy Terminator Cycle Sequencing Kit (Applied

Biosystems, Inc., Foster City, CA).

- Step 1. Obtain a large genomic DNA clone containing the gene(s) or
30  chromosomal locus (loci) of interest.

A Gene(s) or locus(loci) of interest can be selected based on specific criteria, such
as detailed structural or functional data, or it can be'selected in the absence of
such detailed information as potential genes or gene fragments become

35  predicted through the efforts of the various genome sequencing projects.
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20 are used to generate LTVECs fromlarge cloned genonic friMihe809Figure
1). Honol ogy boxes are short segnents of DNA, generally doubl e-stranded
and at |east 40 nucleotides in length, that are honol ogous to regi ons
within the large cloned genomc fragnent flanking the "region to be
modi fi ed". TRIHHEAN ogy boxes are appended to- the nodif PcBUs@nsIassett e,
so that follow ng honol ogous 25 reconbination in bacteria, the nodification

cassette remﬁ@%ﬁt&nﬂ?m§@ﬁﬂ@®eh@te@%af@@éﬁdt%c§]s§%%)w &E%ﬁgﬁ&ﬂa“' que of

creating a targeting vector using bacteral ouUS Fecondl nation can
be perf or medeqyenge ¢id gens stanctuteqtagene(s afirderestyo, apphathesne&xedmféhe

15: 859- 65, 188Hfjecthyérttion 8lpratiuce INMGECE, qn/fsdtd&l %ﬂ& Gt Q@R matiba®d;
Angrand et %h)a'] Nucl ei. ¢ AC| ds, Res, 27:el6 S ra gnan rmﬁ Gene 30

Ther, 6: 442tAtigeeguired is approximately §6- %WdA@'a@eS% as|p sbwndm SUPHIE3,
(23(;0). Oe clexamplreebt & Wal as &@%@%%Nghg&%&éé’uéeﬁ @%ﬁawﬁee ﬁTeTﬁl oni ng
ang et a ravanan et a , e er,

6: 442-7, 1953“%@%&%”3&’1‘6‘!%@ 0‘3@@ togpalseroRgs foviyse iy quantitatiyerc Nat |
Acad Sci U M(AAags?a 978-83, 2000). ET refers to the reckE (Hall and

Kol odner, Proc Natl Acad. Sci USA,- 91:3205-9, 1994) 35 and recT proteins
(Kusano et al., Gene, 138:17-25, 1994) that carry out the 15 29 April 2005

WO 02/ 367890RET 4 @aes(é)aoraa&lsabayref mwaﬁ Ha%@é?osa@&é&ra k82 dnBfhic ReCE i s an
ar doubl e- st randed DNA

exonucl ease ;that, trins, on str n
(essentf | 1§ ’E‘%é) is t°C‘kFQ§E‘$¥9d?§’(ﬂalF‘ﬁ¢r SGOI‘LGG)Sanb? hus
| eavi ng behobtdmdlmaﬁymndaﬂwverasm B getudih gmmothmteﬂta Fere | e- st randed

s oingi e SURLRARAT ‘a%l‘éé‘%w%e%ﬂ%%q%&8%$¢>%§mﬁr%n8 et theve
Sci ence, 27HybirBHdationl QIR téchniywes, vy byangesther methodsithgilfar t6ehd - t hat

transi ently S the E. coli gene products of recE and recT (Hall and
Kol odner F§roc AMacad Sci USA, 91:3205-9,1994; Clark et al., Cold Spring
Harb Syifp Quant Biol, 49:453- 62 1984 N0| rot and Kol odner, J Biol Chem 10

273: 12274 9 es Bi 254: 364- 71 1995; Kol odner
et al. %fqefl\/% ?@E’P‘B& ho T'f? %&] 2 ar ation cagsgite ang ol ,

175: 277- 87 @ﬂﬁ&)ﬁo&mﬂl’mﬂmbacterl ophage | anbda (X) protein ,gam (Mrphy, J
Bacteriol, 173:5808-21, 1991; Poteete et al., j Bacteriol, 170:2012-21,
1988). The (err)gamprotein is required for protecting the donor DNA
fragment f idomdkgydaats narkyhe dites béb&sterial homologous recombination that

20  are used to generate LTVECs from large cloned genomic fragments (Figure 1).
Homoiogy boxes are short segments of DNA, generally double-stranded and at
least 40 nucleotides in length, that are homologous to regions within the large

] cloned genomic fragment flanking the “region to be modified”. The homology
) boxes are appended to the modification cassette, so that following homologous

25  recombination in bacteria, the modification cassette replaces the region to be
modified (Figure 1).. The technique of creating a targeting vector using bacterial
homologous recombination can be performed in a variety of systems (Yang et
al., Nat Biotechnol, 15:859-65, 1997; Muyrers et al., Nucleic Acids Res, 27:1555-7,
1999; Angrand et al., Nucleic Acids Res, 27:e16, 1999; Narayanan et al., Gene

30 Ther, 6:442-7, 1999; Yu, et al., Proc Natl Acad Sci U S A, 97:5978-83, 2000). One _
example of a favored technology currently in use is ET cloning (Zhang et al., Nat
Genet, 20:123-8, 1998; Narayanan et al., Gene Ther, 6:442-7, 1999) and variations -
of this technology (Yu, et al., Proc Natl Acad Sci U S A, 97:5978-83, 2000). ET
refers to the recE (Hall and Kolodner, Proc Natl Acad Sci USA, 91:3205-9, 1994) -

35 and recT proteins (Kusano et al., Gene, 138:17-25, 1994) that carry out the

15



15 exonucl ease system (Myers and Stahl, Annu Rev Genet, 28:2Ard20094) and
it is required for efficient ET-Boning in recBC+ hosts such as the
frequently used E. coli strain DHLOb. The region to be nodified and

repl aced using bacterial honol ogous 20 reconbi nati on can range from zero
nucl eoti des Wyt h (creating an insertion into the orpgiogssmnsus) to
many tens of kilobases (creating a deletion and/or a replacenent of the

|| t th dificati
oot oaul ¢ FebloR R ng E‘z‘{ RREGIRE, M aROERIIELE Batfifhs ol | %' "
segment s, oftrargof lamwsdoelb rsranded W((@)&‘elaiatlb'rthe don¢sPNGt fregmiienty sequence,
gene segrrenaas,ecrﬂaad Eygﬂﬂgsa{ooé Yengh Fe'&‘éi}%so ph{l OH’AH#?&A? BPeS%&aHﬁte{i%%n}e%?d' tions,

and fusions ( pe tags or c unc ona ei'ns such

as those wi WAthGP)singleptr oveghang Mmg&r&@rﬂegbaeﬂxangm&w;ents or
regul at o5y ?A&FB&&I wrﬁa?ﬂa@anglgggmé%r gﬂp ugaﬁg vefi reporter

genes or putthg new genes® under Zha oge control
(d) creati orndMatibawis: $aence, H17118247%,1987)g Elhyjoning n&z@m‘ﬁirmed usfngl BxPlisites

flank| ng th @,(l}p‘gs S jj and Hoess,
j Biol nﬁl %ggél%gﬂg %gé%%ép{%%ﬁml{ﬁg}%@%l ng t reg| on to be
-eXCI sed byKplogner, Eseniat dsad Sards Ay :3205-9) 1994rlark et @9@3{6‘3\31985

Ve -L e 4ol in 45375
SoY gt b oo G BRI BB L e T PR a0 ci s,

t Bi
oo 159316 %7%1557 55, 1085, Thevsbar et o] VoA Bink R 5490604, 1896 d6olodnesestals sment o
[rom ane: Pt Bicibbiol, 19IIPL 0L 01, 1BoSERUERTLSA0NY fd i ont

speci es, repI aci ng a nuri ne enet I C 1 OCUS e ort ogous

hdman genet?ﬁfitﬂ%‘ég? langhdy %EFO’CQIHRISGQ‘E(MW@J Bacierigla}13:2508-31, 198@;113 has
been ' humanpggde et ﬁ”B‘ B‘&Eteﬁ'oi 1% eﬁ?léﬂ%z F%Arﬁﬁ;?c\)l\%ﬁ{‘lﬁ% JifPiopor at ed
xanp

into a LTVEC. A specif non- | mtin endogenous
codi ng sequeRtasting tbmdbn@n ?Nfofra@hemﬁdomgsadaﬂomb}eﬂusbgBG epl aced with

both a fsep%cbﬁﬁdgé‘éé%g% rirer?ﬁn(iis 'AG&RP&?%&G tkﬁ{t)ﬁd%nve Fﬂawe' ow in

Exanpl e 1, are ages 0 on as
conpar ed t deawised fgygfftl@@rmﬁiﬂ -dgiiag in recBC+ hosts such as the frequently used E.

coli strain DH10b.

The region to be modified and replaced using bacterial homologous
20  recombination can range from zero nucleotides in length (creating an insertion
into the original locus) to many tens of kilobases (creating a deletion and /or a
_ replacement of the original locus). Depending on the modification cassette, the
modification can result in the following: ‘
' ) (a) deletion of coding sequences, gene segments, or regulatory elements;

25 (b) alteration(s) of coding sequence, gene segments, or regulatory elements
including substitutions, additions, and fusions (e.g. epitope tags or creation of
bifunctional proteins such as those with GFP);

() insertion of new coding regions, gene segments, or regulatory elements,
such as those for selectable marker genes or reporter genes or putting new

30 genes under endogenous transcriptional control;

(d) creation of conditional alleles, e. g by introduction of loxf sites flanking the
region to be excised by Cre recombinase (Abremski and Hoess, ] Biol Chem,
259:1509-14, 1984), or FRT sites flanking the region to be excised by Flp
recombinase (Andrews et al., Cell, 40:795-803, 1985; Meyer-Leon et al., Cold
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Step 3 (optional). Verify that each LTVEC has been engi nee?@&%%??%tly.

15 Verify that each LTVEC has been engi neered correctly by: a. D agnostic
PCR to verify the novel junctions created by the introduction of the donor
fragnent into the gene(s) or chronosomal |ocus(loci) of interest. The PCR

fragments tRwsomeisai ned can be sequenced to further verifp g, ngyel 20
junctions created by the |ntroduct|on of the donor fragrrent into the
gene(s) or _chro o] Iocus ci)_of interest. nostic restriction
enzyne di gegPﬁ"%ﬂthb %RE 19h A0 7G84 (LARL: Gioxi ?@GN ¢a4d| €aPBéns have
been int rodg@@z:tgmtlggg)k& LTVEC during the bacterial honol ogous

r econbi natl&g process. 25 ¢, Direct sequencing of the LTVEC, particularly
t he regions ﬁ&ﬁlﬁ‘i‘:‘?@e‘f‘qﬂf cofing seAuenqeE OR RN SeFREN TS aperspesies Withnovel

junctions cogRbleg o@cddﬁeg reﬁéad%drﬂa cﬁiffeﬂahﬁs egi@QQ:rg fréfﬂgélﬁ Pk rhidiRe t he
tere Puri fication,

gene(s) qor chro somal g}?

pr epar atd on8enEhg ‘Pq“ﬁé‘él#P Fous WeF%]focu%tP W?@%Gé’f‘?'ﬁﬁ? i nto
eukaryotic w&bie&ha%;arﬁaﬂaﬁroaﬁsm&%nhwﬁ&uw Prepar’e mini prep DNA

( Sambr ook, J Fritsch And T. Maniatis. Mlecular doning: A

Laboratory Manual , Second Edition, Vols 1, 2, and 3,1989; Tillett and 17
29 April 208Ry o OPR6T BOARCESNGIIRIR Borpdaiddinto BLIVECH

§peefic,
24:568-70, 572,.1998; http-.// en. corﬂl i terature/handbo oks/pl km ni /
pl m 399. pdfY fb’f‘mfthég%’@F‘Hg Mgeq@ﬁggww%@séﬁw% isgtirel¥ep LTVEC DNA
:\/gt o E 1m0|delét§dﬁﬁd@i:ﬁﬁl‘tixﬁbﬁﬁl tré;ﬂﬂce(d&&ﬁhb@ﬂkar lortegged'_e agﬁ%egl &£ ane/ ;I' i
ni atis, ar or at ua con itiqgn, Vols 1,

2,. and 3, 1S§l§§faléel*ﬁ‘lag fe%‘% é‘ﬁ éﬁ‘g %l‘BP’\% a§ arg ?a@Y?é‘?ﬁeﬁﬁ%ﬁbe encodi ng
t He r ecomhnaibgenif thpinveatios as Rahpaes toiprdviiddediaioldgdies. bact eri al honol ogous
reconbi nati on step (Zhang et al., Nat Genet, 20:123-8, 1998; Narayanan et

al . Gene Ther, 6:442-7,1999). It is useful to get rid of this plasmd (a)

because it Step a(dlihodal)ghf@rﬁpmalwm’rﬂn'r‘mﬁ@hﬁs Becshgireseradecbieetlyyhe yi el ds
obtain in the large scale LTVEC preps; (b) to elimnate the possibility

of 1 nducing expression of the
' : Verify that each LTVEC has been engineered correctly by:

a. Diagnostic PCR to verify the novel junctions created by the introduction of
the donor fragment into the gene(s) or chromosomal locus(loci) of interest. The

_ PCR fragments thus obtained can be sequenced to further verify the novel

20 junctions created by the introduction of the donor fragment into the gene(s) or
chromosomal locus(loci) of interest.
b. Diagnostic restriction enzyme digestion to make sure that only the desired
modifications have been introduced into the LTVEC during the bacterial

) homologous recombination process.
25 ¢ Direct sequencing of the LTVEC, particularly the regions spanning the site of

the modification to verify the novel junctions created by the introduction of the

donor fragment into the gene(s) or chromosomal locus(loci) of interest. -

Step 4. Purification, preparation, and linearization of LTVEC DNA for
30 introduction into eukaryotic cells.

a. Preparation of LTVEC DNA:

Prepare miniprep DNA (Sambrook, J., E. F. Fritsch And T. Maniatis. Molecular
+ Cloning: A Laboratory Manual, Second Edition, Vols 1, 2, and 3, 1989; Tillett and
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reconbi nogeni ¢ proteins; and (c) because it nay obscure phy&iAsdil 20@ppi ng of
the LTVEC. Before introducing the LTVEC into eukaryotic cells, |arger
anounts of LTVEC DNA are prepared by standard net hodol ogy 15

(http://ww. gi agen. conl | i t erat ure/ handbooks/ pl k/ pl kl ow. pdf ; Sanbr- ook J.,

E. F. Fritsohotssksde. Maniatis. Ml ecular Coning: A Laborg&p,g E
Second Edition, Vols 1, 2, and 3,1989; Tillett and Neil an I ot echni ques

24:568- 70, I;;)[ p can be bypassed if a bacteri al
~honol ogous ?ﬁ%ﬂ %1%2 | O,ﬁﬂ%‘?égéﬁ ?@gkiﬁpgl zes a reconbi nogeni ¢ prophage is
used, i. mwmgm/mmemgmmmmmwgem c proteins are

0013150 oshin LS U OGO Ll iy AL, foat i

prepar e t he IDNUEQof & col mmgaeﬂnctmpmtanm (Samlkacly,c}t, EcF &iwmaﬂdm LTVEC is
preferablky | | e genous
gene(s) Bor I\g%ﬁgﬁr%goqe gﬁ%{g |L)aQ%QK’ q\ém%?ﬁ% Gnhg%q gy arns.
This can b@ndéetﬂﬂﬁ)|'Bhestepgsnace&sarymgagrﬂtét]hél'pﬁﬁiucbémfodmg)ﬂm in the
vect or back ] Cli enzyne that di gests only
rarely. Exalr?rp ?nbm %@% é@%{l& rlc%ll“f%rnén aCtﬁ% %[y ﬁﬁgu%d Pad, Sfil,
Srfl, Swal, r@@}bm@m st%@haogotdeNﬁt G@et,ﬂﬁdﬂii-énl%ﬁzblmyanyn bealdet er mi ned

experi ment atjeﬁe([hep(,g?yyt@gg)l ﬁﬁgﬁmﬁféﬂgﬁ%ﬁm%ﬁiﬁﬁ@g@dﬁc@%ﬁE cutters)

or, if the sequence the LTV equence and

choosi nd0a big %V@mplaéwéméwmdutm&eqldds obteingd ah yisd lergd stale
t uat It
Such as CosNTeEegropy KNG HiER ek Githabutg R L ERILAL A Ge L 01 %) ° 08
02/ 36789r@mm51¥wmrgci)@hbmange Buody chscers, pffysrcabnmppimg dof t er mi nase

broc Nat| AL RaoOR g B LG 440 il foft I pBBF AT 1 &

40: 259- 66, @ WEC@P@@FEIEPHQﬁb}b@BB@HdWQﬂdeEﬁ into eukaryotic cells

and sel ecti Qiph S oM QIS /15 f has

t aken pl ace, L VEC DI\& § /I ntr g%dl nt o%engryot ?’c élﬁﬂsﬂ;ggﬁﬁg
standard nEth&asBANd T lMﬁ“%FSS M@?@@c@pmghﬂédra@@@wgami} Seropdosphat e,
l'ipids, or Edition, Vols 1,2, and 3, 1989; Tillett and Neilan, Biotechniques, 24:568-70, 572,

1998). However, this step can be bypassed if a bacterial homologous
recombination method that utilizes a recombinogenic prophage is used, i.e.

20  where the genes encoding the recombinogenic proteins are integrated into the
bacterial chromosome (Yu, et al., Proc Natl Acad Sci U S A, 97:5978-83, 2000), is

used.

) b. Linearizing the LTVEC DNA: .
25 To prepare the LTVEC for introduction into eukaryotic cells, the LTVEC is
' preferably linearized in a manner that leaves the modified endogenous gene(s)
or chromosomal locus(loci) DNA flanked with long homology arms. This can
be accomplished by linearizing the LTVEC, preferably in the vector backbone,
with any suitable restriction enzyme that digests only rarely. Examples of
30 suitable restriction enzymes include Notl, Pacl, Sfil, Srfl, Swal, Fsel, etc. The
- choice of restriction enzyme may be determined eXperimenfally (i.e. by testing
several different candidate rare cutters) or, if the sequence of the LTVEC is
known, by analyzing the sequence and choosing a suitable restriction enzyme
based on the analysis. In situations where the LTVEC has a vector backbone
35 containing rare sites such as CosN sites, then it can be cleaved with enzymes
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10 el ectroporation (Sanbrook, J., E. F. Fritsch And T. ManiZxMR1208% ecul ar
Cl oning: A Laboratory Manual, Second Edition, Vols 1,2, and 3,1989). The

cells where the LTVEC has been introduced successfully can be sel ected by
exposure to selection agents, depending on the sel ectable marker gene that

has ‘been engoesssd into the LTVEC. As a non-limting exgaeoidhsid he
sel ectabl e marker 15 is the neomycin phosphotransferase (neo) gene (Beck,

et al., Gene, Y a e he LTVEC
can be sel ectS gcis &%ﬁ;ﬁ;ﬁg?@eﬁa n ‘fé"x?ﬁi- Rgﬁu{;ﬁaa%%() ng(;ctl\l]l%a he LTVEC
will die V\he f 92 Reckertamda@old) ﬂohNatI‘%ﬁSmUBAsmmg\@eZOB
(Santerre, clgﬁ'?zeeta"foc% %45959-%83@39) | nCI her -suitable selectable

mar ker s |ncI u e’ an t'hat” Has actrX 20 eukaryotic cells (Joyner,
The Practi cal Approach Serl es, 293, 1999), such as hygromycin B (Santerre,

T085: G of dansPandt REATyich Ul vkt B8 ot e A stfpdon ol e (- 0
et al., Exp wegsshdsnuqmmamtmmms takdn pldrer ‘Wwhi'ch are familiar to

those skilled in the art. 25 Step 6. Screen for honol ogous reconbi nation
events in eukaréot ic cells using quantitative assay for nodification of

al | el e (MO LTEEK I Atcap be éntreduded intozvbatyotin cellsastwsstandardnodi f i ed by
targeting th&e&%ﬁ%ﬁ#&&%%&@@cﬁ%ﬁﬁﬂﬁte&% ?. Cg;%n gﬁ&gpﬁtér ﬁg{&fs b ed using

a vari et- Yq of ~approaches th can tect W thin the

| ocus of 19 nt deezaposafipn (fambaenkn bt E&MWEM@%MQRCWWB&U re
homol ogy ar NAQlabafaiSry NEslhl HRe6AE th% C9BIs 1, g%{;.etm%égl #hed éc%‘l ted tO

(a) quanti ta‘_g ve PCR usi ng Taghan Ll e ah n
Bi ot echnol hegeheen jrgrody ﬁucceaﬁgsym@@lm Emdsu&m 45375 (b)

quantitatives M@&o- I&p&q emstry,
6:1107- 11, 2000) 1? é}?tlsu gg?: ce |%%élle?ﬁﬂﬁqg&k§;g&t‘ﬁ%%t%swe Laan, et al.,

Hum Genet, SWB\EIYEST mndmur@ggaecm@ﬂez ifithe selactableiroarketGH)
(Fordzamns etjs@he meo-ﬁ'i hésgwﬁ’o‘ﬁ%}wfega%ef'ﬂe%) Tend BiR6, ERORSR) 19897952y, I Cel

Bi ochem Suppl 139-
1982), then ceﬂs that have taken up the LTVEC can be selected in G418-
containing medla, cells that do not have the LTVEC will die whereas cells that
have taken up the LTVEC will survive (Santerre, et al., Gene, 30:147-56, 1984)..
Other suitable selectable markers include any drug that has activity in
20 eukaryotic cells (Joyner, The Practical Approach Series, 293, 1999), such as
hygromycin B (Santerre, et al., Gene, 30:147-56, 1984; Bernard, et al., Exp Cell
Res, 158:237-43, 1985; Giordano and McAllister, Gene, 88:285-8, 1990), Blasticidin
‘ S (Izumi, et al., Exp Cell Res, 197:229-33, 1991), and other which are familiar to
) those skilled in the art.
25
Step 6. Screen for homologous recombination events in eukaryotic cells using

quantitative assay for modification of allele (MOA).

Eukaryotic cells that have been sﬁccessfu]ly modified by targeting the LTVEC
30  into the locus of interest can be identified using a variety of approaches that can
detect modification of allele within the locus of interest and that do not depend
on assays spanning the entire homology arm or arms. Such approaches can
include but are not limited to:
, (2) quantitative PCR using TagMan® (Lie and Petropoulos, Curr Opin
35 Biotechnol, 9:43-8, 1998); |
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Houl dsworth and Chaganti, Am J Pat hol, 145: 1253- 60, 194) ; (d)zgiPéRS'f %% ¢ DNA
anplification (Lizardi, et al., Nat CGenet, 19:225-32, 1998; Mtra and
Church, Nucleic Acids Res, 27:e34,1999); (e) quantitative hybridization to
an immobi | i zed probe(s) (Southern, J. MIl. 10 Biol. 98: 503,1975; Kafatos
FC, Jones CWO®fswi8pati adis A, Nucleic Acids Res 7(6): 154pechosodR9H3; (f)

| nvader Probes(r) (Third Wave Technol ogies); (g) Ecli pseTM and Mol ecul ar

seacon b obgs) AALERKMORENEL Gk by MR @seas (gh T oughout

Genom cs) 1
quantitati vE&:1pgRIL s?-OOQ)sed to screen for successfully targeted eukaryotlc

cells. Int r us t t
eukaryotic geeﬂugwmgﬁ%dccglﬁgl\?gh&&g%rgg%%eﬁﬁp@g%g%%Sfriecg(g% ‘%a % %her ein a
portion of &%) er cempaxative genomic hyhiridizationd GGH)Fdiqzanj et ajefoereishas been

[ Rt aceds by GRReY eloseauan ol leR AR Ay Jickn Bbal SBHR 158Adqd8,, | 1 v of

a difference.in restriciio i spanni~ng J nol ogy
arm or ar s Howddswarthsandh€hagants, ﬂ’@hhobfl45$h253€ﬁ0 1994% al l el es, the

quantitati vey)laeid Hﬁ,qgﬁ e ne allele
by neasuri n€dthe rggﬁgl\??%rﬁ co%%/n@% ell(% N%g?ifeﬁlé ?é%‘%qsggg%zgrmdlfled
al l el e. SpeMitpand Churey adeRe%t2§e34aé9 m)dl fied allele and not the

modi fied al{ ﬁmﬁﬁaﬁ@f\%ﬁdmiﬁtﬁ\ gsgrtso‘% Gpct nature
of the rmd catlon and_not limte tot erep descri bed
in thisl ex%’ﬁL VB Kefatepsle 9@€ScﬁHnEfSWﬁe¢iéAqmﬁ$éﬂm6hd§d@ses of a DNA

tenpl ate |7(6;31@:Q15Qn1g79PNA sanpl e, especially by conparison to a reference
nd_ Petrop oul os, Curr Opi n_Bi ot echnol 9:43-8, 1998). The

ene (Lie 3

? er(ence g&n‘g"ﬁéﬂ d’GBﬁﬁl@@Wé’dWaﬁeiTﬁ@\r@éQ@e senoni c DNA as the target

gene(s) Or. (gPEHfIskDCind MoT&%Ia%fBéﬁ&njl‘UBes (Sg%{\é/&&%}e?é‘ﬂ?és%fahﬁat ions (each with
ag

Its respects(h probe) are erfornme be determ nes the
(Thre ) ags (Figh HwoughputGanemigdne, while the other probe

det er m rges the Ct of the region of the 35 targeted gene(s) or 'l ocus(loci)
which is re ced b suc essful targetin The Ct 20 29 April 2005 WO
02/ 36789 P @g‘@q QVvicl eremanexampemw ich TagMan® quantitative PCR is

used to screen for successfully targeted eukaryotic cells. In this non limiting
example, TagMan® is used to identify eukaryotic cells which have undergone
homologous recombination wherein a portion of one of two endogenous alleles
20  inadiploid genome has been replaced by another sequence. In contrast to |
traditional methods, in which a difference in restriction fragment length
spanning the entire homology arm or arms indicates the modification of one of
' two alleles, the quantitative TagMan® method will detect the madification of
. ) ' one allele by measuririg the reduction in copy number (by half) of the
25  unmodified allele. Specifically, the probe detects the unmodified allele and not
the modified allele. Therefore, the method is independent of the exact nature of
the modification and not limited to the sequence replacement described in this
example. TaqMan is used to quantify the number of copies of 2 DNA template
-in a genomic DNA sample, especially by comparison to a reference gene (Lie
30  and Petropoulos, Curr Opin Biotechnol, 9:43-8, 1998). The reference gene is
quantitated in the same genomic DNA as the target gene(s) or locus(loci).
Therefore, two TagMan® ampliﬁcétions (each with its respective probe) are
performed. One TagMan® probe determines the “Ct” (Threshold Cycle) of the
reference gene, while the other probe determines the Ct of the region of the |
35  targeted gene(s) or locus(loci) which is replaced by successful targeting. The Ct

20



: : il 2 05
Is a quantity that reflects the anount of starting DNA for eagﬁI q

TagMan(r) probes, i.e. a | ess abundant sequence requires nore cycles of
PCR to reach the threshold cycle. Decreasing by half the nunber of copies
of the tenplate sequence for a TagMan(r) reaction will result in an

i ncrease of wabetrsene &t unit. 5 TagMan(r) reactions in peirusimséses e one
al'lele of the target gene(s) or locus(loci) has been replaced by

honol ogous p t he

t ar get .Tagki;%ﬂ%}m}gg%??%%w\s\% ?ﬁ%ﬁéﬁ%‘ﬁb?ﬁcr e%ﬁﬂ%ﬁ%&gﬂ?@'{%ﬁ/faﬂ reference
gene when cpngleseick. hdesBbunhdamh sequertcaremptired matelcycledhf BCRItb oewsch ther r eady
10 eukaryor FEeaRFEsA; Baticatngly ¥ B hitnhete Copfesif fhaflhes " ) ol €
(MOA) scr eemqlg!ncesfquaél‘aqmreamtyonWdlmdltmanudmea@epéabmqmdlﬁumht|on of
one allele t I a Q

reconbi ngt | ;I‘% ®|IJ§3Ilér§10 gjlgeelwl}llﬁeﬁg %'(g]tl‘ﬂgpp&ﬁggr%gt fjg&lgtoggy&ﬁ e‘fl es be

i dlent i calh (hasmé@g@phkedbyhanfmlagdwteco&ﬂﬂnaﬁbrT\&ﬂI res?]lﬂﬁyarmycreasermf ain

pol ynor phi sns ro ti rom.c |

di fferent SPP%\C%IEOI&?‘ %ﬁxg‘étcﬁﬁq‘iwﬁg%%aicg %dﬁ'é’ g (g?asgl mLfll'é @gfrs? Eﬁ i's al so
cover ed bly r&&%n&@g@emn@cdrﬁpixﬁdchNwﬁQﬁngm dczjagar'ﬂusanﬁwisl y present
as a single such..as . so cated, Qn .t he sex

chr onpsomes foér{ag‘?%délﬁéi}%‘r% the mgdi *Ef‘ﬁl%”g I8 °ge é]hﬁ'tlf) Ht sﬁ of mq?eé%%g‘e

met hods 10 hatulsirkdtidellgasing BAVBGsdi fi cation of the S|.ngl e targeted allele,
such as quantitative RPCR, Southern blottings, etc., can be used to detect

thg targeting event. It is dear that the nethod of the invention can be
d to genAsatatednaldiviej mddifickony of allele@IDA) ectemmgvtseuheaisé efasy ar e

us
pol ynor phi c_g sent i | otargeted
cells. St ep%%q\&tggt %‘?}}e‘é@ﬁh&t?@g C§7tl %in%ee% %3& éﬁli}‘gﬁ; 8eﬁ|s ‘%’th h%’l?a) The
geneti cal | ym‘rdni-gbnehomukgbumtedondﬁhdtmrg dn isrraitadel;wemenhﬁiahﬂt&s 30 descri bed
in step an LN Viiro ' say,
where. oRangl BRI dRERTB eI RAOHE R sbty W bagladph aRa%h o SRERARRSTY ot 1
modi fi ed eusmtyiatgolymetphigms) b & thd chse mlpeogmtyhesiﬂhd $romn kegsingrtwst eps 1
through 7 ¢ a be ed t rate an org | 9 April
5005 WD 02&%%’7%@ 8?’6’?? %ﬁ i jg%?@fbon, one spec1 pua% LGRLY ¥ Y cBbgreajoyz

MOA screening is targeting of genes which are normally present as a single

copy in cells, such as some of the located on the sex chromosomes and in

20 particular, on the Y chromosome. In this case, methods that will detect the

modification of the single targeted allele, such as quantitative PCR, Southern

blottings, etc., can be used to detect the targeting event. It is clear that the

method of the invention can be used to generate modified eukaryotic cells even

) when alleles are polymorphic or when they are present in a single copy in the

25 targeted cells.
Step 8. Uses of genetically modified eukaryotic cells.
(a) The genetically modified eukaryotic cells generated by the methods
30 described in steps 1 through 7 can be employed in any in vitro or in vivo assay,

where changing the phenotype of the cell is desirable.

(b) The genetically modified eukaryotic cell generated by the methods described
in steps 1 through 7 can also be used to generate an organism carrying the
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genetic nodification. The genetically nodified organi sns. ca?r?%"&@%rat ed
by several different techniques including but not limted to: 1. Mdified
enbryonic stem (ES) cells such as the frequently used raf and nouse ES

cells. ES cells can be used to create genetically nodified rats or mce 5

by standardwi eskmeyst injection technol ogy or aggregati opcf6857R4:941€S
(Robertson, Practical Approach Series, 254, 1987, Wod, et at., Nature,

365: 87-9, 993. Joyper,. The Practi cal roach Series, 293, 19 :
t et rapl oi d %f%%tcé%?f}éﬁcat}%‘ & %He'(‘?@ﬂ [ﬁ‘?ggfg&fgaf“ﬁ‘%%%%i%@@?ti%g%%,
1997), or nswveeddifferamisteehiniquet includirgiiutgof Mbkagtagra, et al ., Proc Natl Acad
2s rabbits (Wang AP Shryrigm Bust Bk 88 e bl
g/tz)lz zRggg ogabm@uﬁe iSchQE&&gna@ﬁﬂ?e medﬁ@tﬁegﬁl“ﬁgnéﬁlgﬂlymodiﬁg?lrats E)D&\id 0|to_rrent ,
; r ] al so _be _.anenable ; to genetic
rodi £1 cat i on)% gﬁg‘quas‘?anbglg‘%tﬁgsﬁe sctiot techBlogy: of Agreafion "z”%%‘%f fied
pr ot opl ast s(Rekartsm, PsaaticaloA pproacks Serigse2hidf 1987aWopdperdtil] Naturk5365:874,s (f or
exanpl e se . ) 89 " yS nd _tr. nic, Zea nmays
plants r egg_lndg?%gte &P?%%Pgarcg{b agﬁt? pfsrggé‘oérgar%?’oﬁ g’fﬁ%@t’ %&&Pﬁ?}ggﬁ%@‘w&t , and US
pat ent 5, 508jeton (Wengret abtMech Dev,H2487-45f 1997), otthtideadrapséercinde! |
pr ot opl ast Sijqni L A)a Nugl.eat, f rem.nodified
cukaryol e Cé%‘r’?ét’wé oﬁ%gfﬂﬁé"’éﬁ%’%%ﬁé%%g S B R P B o £ e
allele kegrivied fraan other orgargsmisudh asaabbiBoiWangSet 4, M&h268 62937-1999;
Fort i1 Dev, LA paalh G An Mol Rprod Dy 45:408 198e) BbbauchinTpatpg g O
Wakayans, et ab D?Vd@ﬁm&iﬂﬁﬁﬂﬁﬂﬁ%) Q0gber Spiekizy sinauild edsodbe ameédable €
20 S B e Gl s W AR 2000 S
al Idel e to ?not hér Ngfflfl?ipmtbnldﬂﬁganbt Mterg_enéram@mﬁ_edbdnvdﬁiﬂd)_soneés) ,
anad uses Olplals (Yof %%‘y t%ﬁ? ed
allele or é’ngi nggremrg%gg‘%%?g?&%%?\%? e S‘Qﬂr{txh‘g‘? | o%%gﬂ%%% ,
18: 1086- 1090aYsTias regenesitedrfyenyproteplasss or protoplesirterived aells"admbUSnenabl e t o
any ot her R 8308 & ‘lﬁ%ﬁn ) St ' | d. VWile
many. of t ﬁ% t ec'hglglqﬁges .se%f%?{ﬁn g?glgf#m nggﬁ%ﬁﬁmﬁgﬁg*)?@%%égof t he
met hods of apfaefergnses thereinle familiar to the skilled artisan, Applicants
contend 3. Nudlear transfer from modified eukaryotic cells to oocytes to generate
20  cloned organisms with modified allele (Wakayama, et al., Proc Natl Acad SciUS

A, 96:14984-9, 1999; Baguisi, et al., Nat Biotechnol, 17:456-61, 1999; Wilmut, et al.,

Reprod Fertil Dev, 10:639-43, 1998; Wilmut, et al., Nature, 385:810-3, 1997;

Wakayama, et al., Nat Genet, 24:108-9, 2000; Wakayama, et al., Nature, 394:369-
) 74, 1998; Rideout, et al., Nat Genet, 24:109-10, 2000; Campbell, et al., Nature,

25 380:64-6, 1996). '
4. Cell-fusion to transfer the modified allele to another cell, incdluding
transfer of engineered chromosome(s), and uses of such cell(s) to generate

organisms carrying the modified allele or engineered chromosome(s) (Kuroiwa,
et al., Nat Biotechnol, 18:1086-1090, 2000).

30 - 5. The method of the invention are also amenable to any other
-approaches that have been used or yef to be discovered.

While many of the techniques used in practicing the individual steps of the
methods of the invention are familiar to the skilled artisan, Applicants contend

35 that the novelty of the method of the invention lies in the unique combination
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35 that the novelty of the nethod of the invention lies in%’lﬁﬁp%e
conbination 22 29 April 2005 WD 02/36789 PCT/ US01/ 45375 of those steps
and techni ques coupled with the never-before-described nmethod of
introducing a LTVEC directly into eukaryotic cells to nodify a chronosomnal
locus, and tWw@egeseof quantitative MOA assays to identifypepbqiyabic cells
which have been. appropriately m)dl fied. This novel conbl nation represents

a5 signifi c?% rove nt. ogver i,ous, technol es for_creatjn :
or gani'sns " 0S55EH C]WB&P?% &P eér?glﬂbfhee?ﬁi’ﬁa' &-dgemibed grethed onosomal
| oci . - Exarrpfﬁltrotﬁcﬁ)gmeVE(t difeRgy ﬂﬂ@éhﬁbﬁyﬁ@@&@s%@ ifySa Rf8Mo8Emal del etion

of the OCRL ne .1 Sel ect i on I ar om ¢ done co ni ng
mOCR10. A Bg"&g@raf‘gl thE ysBof Ghan tﬁw eﬁqe%fff&fﬁék%ré’PFyFﬂ “g}“?]ér ge
genoni c DNAhaxf-dla@ﬁEaptprb temﬁbmﬁé&dmmo&@ﬁdd%ﬁmﬂﬁﬁeé&tstahe nouse OCR10
( MOCR10) ne was obtain screenl an a ed. nouse enomc DNA
BAC | i brir yS REOY f 5v1ga;1e OHFF f?ér%eaém%@& 8. screen
this |ibrar possessirey shexdifieiohs oﬁeﬁdmgeﬂm%’eﬁeg&ﬂ&u@%eﬁﬁﬂwce Two pri ner
pairs where used: 20 (a) OCRI O RAA (5' - AGCTACCAGCTGCAGATGCGGECAG -3') and
OCR10. PVIrc (5' - CTCCCCAGCCTGGGTCTGAAAGATGACG 3') which anplifies a 102 bp
DNA; and 25 (b) OCRI O TDY (5' - GACCT(RampGETACACTGACTAC-3') and OCRI O QETrc
(5' - ACTTGTGTAGECTGCAGAAGGTCTCTTG 3') which anplifies a 1500 bp DNA. This
nOCR10 BAC cont ai ned appr OXI matel y 180 kb of genom c DNA including 30 t he
conpl et ¥ mERDIpled i ES celBAGaring 30 REDS

LTVEC whi ch vvas subsequently used to delete a portion of the codi ng region
of nOCR10 while si-nmul taneously introducing a reporter gene whose initiation
codon pr eci s Selecti@pbie baige gmomcDMAEMeconirahungn@ERm as well as

| nsertion of B%ctef’ ?fsﬁfﬁﬁ%led{}% mg?é]fcycﬁg;\eucar;ﬁagg allr%gtgenonu%%lbf /n E soli

and manmmal i'an ce
fragment that contained the coding sequence of the mouse OCR10 (mOCR10)

15 gene was obtained .by screening an arrayed mouse genomic DNA BAC library

(Incyte Genomics) using PCR. The primérs employed to screen this library
were derived from the mOCR10 gene cDNA sequence.

Two primer pairs where used:

20
(a) OCR10.RAA (5'-AGCTACCAGCTGCAGATGCGGGCAG -3') and
OCR10.PVIrc (5-CTCCCCAGCCTGGGTCTGAAAGATGACG-3') which
amplifiesa 102bp DNA;and

- 25 (b) OCR10.TDY (5'-GACCTCACTT GCTACACTGACTAC—S') and OCR10.QETrc
(5'-ACTTGTGTAGGCTGCAGAAGGTCTC'ITG-3') which amplifies a 1500 bp
DNA.

This mOCR10 BAC contained approximately 180 kb of genomic DNA including
30 the complete mOCR10 coding sequence. This BAC clone was used to generate
-an LTVEC which was subsequenﬂy used to delete a portion of the coding region
of mOCR10 while simultaneously ihtroduc:ing a reporter gene whose initiation
codon precisely replaced the initiation codon of OCR10, as well as insertion of a
selectable marker gene useful for selection both in E. coli and mammalian cells
'35 following the reporter gene (Figure 2). The reporter gene (in this non-limiting
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35 following the reporter gene (Figure 2). The reporter gen £ 200Ps
non-limting 23 29 April 2005 WD 02/36789 PCT/USOL/ 45375 exanple LacZ,
t he sequence of which is readily available to the skilled artisan),
encodes the E. coli (err)-gal actosi dase enzyne. Because of the position of

insertion oWobamZsy(its initiating codon is at the sanme pesrigknsss t he
initiation codon of mOCR10) the expression of lacZ should mmc that of

nMOCR10, as bserved i t S l.ar .repl acenent s
WTh 1 Lacz SEFEE fe?y B ae A BIur sRely Berimiog e skt Sesshb 11 ap
strat egi és mncdi’&sctbé Eséolz B- wadfdémusste nayile ABecanssdfthe poBitibayui @isertidie
Practi cal Seu 3,19 ne. al.l ows for a.sinple and
st andar d eﬁ%%&%@mass 550 @ﬁ@?%ﬁﬁ@&ﬁoﬁ @gﬁhgg\}%%ﬁoqgog oB%r essi on
patterns |nmOCRlO)tthasxymesmonioﬁlchshdlﬂdsmrmogﬁﬂtefﬁf@@mm laghas Bédrect s t he
nor mal egpr%%gérgg% ég;ngr ;algflthg ced en%@) g%ormsomal
| ocus(l oCi) ruc 6t W ?Iarﬁ %m "6t of LTVEC. The
modi ficati orpecfagssi uging geevions tehinalagies (seet Gare tip StratepleCRIBS LAEC i s t he
15 laczZ- Sv4 E 0 ttewh | 0 a marker
gene as des%lyl bed a %%A g\@ﬁ%g %&S&%AF ﬁé 58?&*/%?‘75?%%@ an Virus
#2 (Subrannﬂﬂ@é:@fge@ﬂialg{vﬁzl %‘ lgegndigggagm%% %ﬁma tb;a;;?? 24 19K§“

i Mappaya eﬁ d ol E% 0 rop
Acad Sd U 8 tha cali reyg o gyt Wy, S proyading o 1978)
and contlfli nswgogate @ssay pbatyrafleats thatrioomakexpeessith sdttunas of Belreplaaed an et al.,
Prog Nucl ei - 157-64, 1976; Thi nmappaya, et at, J Biol

Chpm 253: 133‘@%%5%"%{% Al%“"‘%a%‘f}f , Proc Natl Acad Sci U S A

1. 371-5,1974; Reddy,.et at, Science, 200: 494 502 1978) PCKp is the nouse

phosphogl chr@oﬁsgﬁglﬁeof((Pg& WIE@SQ‘%% cCene, 60: 65-74, 1987)

(whi ch has been used extensive 've expreSSIOn of drug reS|stance

genes in makhapodificatipn syssetmpseddn sheseansiryctidrof tbe maDCBAO LEVEC isHae  has the
advant age OfaﬁlM%ggA ‘?’CIQ?EM?' ﬁ’e%—ﬁk%?fﬁﬁ&ské&e WRGLH |279 2 bleK&ONP! et ed

LTVEC construct b i ving Mresm on € neonycln phosphotr ansf er ase
(neo) gene, genensideseribed) ahov \@:Olml)réelsahagmemdﬂrmm&wanm&stance

[ prokar yg&o ﬁ?@ﬁuﬂggﬁﬁ%ﬁ@g@@&%m&%@%%@ forge! |'s (Beck, et
Thimmappaya, et al., ] Biol Chem, 253:1613-8, 1978; Dhar, et al., Proc Natl Acad
Sci US A, 71:371-5, 1974; Reddy, et al., Science, 200:494-502, 1978) and containing
20  apolyadenylation site and signal (Subramanian, et al., Prog Nucleic Acid Res
Mol Biol, 19:157-64, 1976; Thimmappaya, et al., ] Biol Chem, 253:1613-8, 1978;
Dhaz, et al., Proc Natl Acad Sci U S A, 71:371-5, 1974; Reddy, et al., Science,
200:494-502, 1978), PGKp is the mouse phosphoglycerate kinase (PGK)
- ) promoter (Adra, et al., Gene, 60:65-74, 1987) (which has been used extensively to
25  drive expression of drug resistance gehes in mammalian cells), EM7 is a strong

bacterial promoter that has the advantage of allowing for positive selection in
bacteria of the completed LTVEC construct by driving expression of the
neomycin phosphotransferase (neo) gene', neo is a selectable marker that
confers Kahaxnydn resistance in prokaryotic cells and G418 resistance in

30  eukaryotic cells (Beck, et al., Gene, 19:327-36, 1982), and PGK polyA is a 3"
untranslated region derived from the PGK gene and containing a
polyadenylation site and signal (Boer, et al., Biochem Genet, 28:299-308, 1990).

To construct the mOCR10 LTVEC, first a donor fragment was generated
35 - consisting of a mOQCR10 homology box 1 (hb1) attached upstream from the

24



untransl ated regi on derived fromthe PG gene and cont ai ni 38'625’”' 2005

pol yadenyl ation site and signal (Boer, et al., Biochem Genet, 28:299-308,
1990). To construct the mOCR10 LTVEC, first a donor fragnent was generated
35. consisting of a mMOCR10 honol ogy box 1(hbl) attached upstreamfromthe
24 29 April wiPdBne7syO 02/ 36789 PCT/ USOL/ 45375 LacZ gene iﬁbi,bg,lngdgficat i on
cassette and a nmOCR10 honol ogy box 2 (hb2) attached downstream of the

neo- PGK pol equen in the nodificati Fi gur e usi ng
st andar d re%@?@g‘%ﬁ %ﬁf‘e rt&]aélﬂﬂlcﬁﬁsgft? ﬁﬁgﬁéﬁﬁﬁ){lﬁ@ﬁjﬂ? E%%i’ﬁ @ba)x 1 (hbl)
consi sts of afdche poefnsttoimal shah & PSEpINA SewarRd imtied odfficapst r eam of the
(Fi gure 34 SORSleBe gy BEE Sd %%%ﬂ? flgeBlis é&qﬁﬁ%%ﬁ%w%e TOCRLO
ORF, endi ngfhmdldf@rlﬁmb(hboﬁ@dmsiﬁ gf21a bpo SHdeiehbe/immediaglpact eri al
honol 0goyls lrlgtf églgm é‘&%an e&lgx?eloéfl%e 5;;#& GenetE 20 123 8, 1998;
Angr and,” et ., Nucleic
Aci ds Res, aﬁom&mwgmmawanmmdb boxz(Iﬁm‘;“cJﬂﬁﬁts oBIaé#!Zlé'b 1999;
Yu, et al. o A, 97 : 83 0, this donor
fragment wls gé’é@&‘@é@ C@f‘%a!‘g‘tﬁ%%%? iy a%%ng region (from-
initiation methionine to stop codon) with the i nsertlon cassette, resulting
in construc 0 LTVEC ( Fi Th this
MOCRLO LTVE@b%F%“&‘mgt" %}Sﬁ A PnlgeeEs eﬁ% "ﬁég%ia‘b%/ YNk ort o
casset t 80 cr Genet 2: H&SalﬂﬂBDAngm\dL gt Z2ONdaleiteh eitls Ras,|2ﬁ el 6, 98DBRiPrekpcus whi l e
| eavi ng app y > honnl o st logy arm
0"52b of BB Aside et S o A ot L R BT 7Y
Dpor tant tP9oXw et ddaﬂ’rdlérNEﬂ:sfuﬂd 1Scbl S, r97:598$83 2ﬁ0®)nﬂus;dom&rfr@mér5t _
generat ed f&g&r‘%@g%i gg %fé?lace%gmﬁlﬁ?hci tar Vﬁﬁﬁ ESh made usi ng

previous tec gi yoa sl oDl 0goUS
r econbi nat i mathigrdme ﬂosstcp}ecpdat'édvmnthetimmm yassﬁtﬂ,leeW&nglﬁmomalrudmrr equi red

Is 25 that Vi ous
appr oaches fo(sf;i g)eéhlee)lra i Ng @F&%t I'hg VEC gl?ug%{tﬁ?ngéggg? P-?elsfhﬁormgogous

r econbi nat i @dingrsequénce Wamplaae@bytﬂmge@rhng cssettecreating ‘anr i mmed" prior to
their int r%‘:‘&hﬂﬁt&l}fﬂzo kb deletion in the mOCR10 locus while leaving approximately

130 kb of upstream homology (upstream homology arm) and 32 kb of

,.1

downstream homology (downstream homology arm).

20
It is important to note that LTVECs can be more rapidly and conveniently
generated from available BAC libraries than targeting vectors made using
previous technologies because only a single bacterial homologous '

) recombination step is required and the only sequence information required is

25 that needed to generate the homology boxes. In contrast, previous approaches
for generating targeting vectors using bacterial homologous recombination
require that large targeting vectors be “trimmed” prior to their introduction in
ES cells (Hill et al., Genomics, 64:111-3, 2000), This trimming is necessary
because of the need to generate homology arms short enough to accommodate

30 the screening methods utilized by previous approaches. One major
disadvanfage of the method of Hill et al. is that two additional homologous
recombination steps are required simply for trimming (one to trim the region
upstream of the modified locus and one to trim the region downstream of the
modified locus). To do this, substantially more sequence information is needed,

.35  including sequence information spanning the sites of trimming.
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ES cells (Hill et al., Genomics, 64:111-3, 2000). This tri AM7RE 7995
necessary because of the need to generate honol ogy arns short enough to
accomopdat e 30 the screening nmethods utilized by previous approaches. One
maj or di sadvantage of the nmethod of HilIl et al. is that two additional

honol ogous wigRBgAERL Nation steps are required sinply for tgimpdengsseone to
trimthe region upstreamof the nodified |locus and one to trimthe region

downstream of the nodified locus). To do this, substantially nore sequence
i nformation is needed, .35 including sequence |nfornat|on spanni ng the
sites of trIﬁmddlgon,a&&tR&o%ﬁﬁdadsaZl&aﬁta &)@1&:&&&6&'8 R B dvekadpEl % | N

addi tion her obv dvant age, ted t he, abaqv nmple, is
that a veryﬂl‘%ﬁd@%%" H‘Blﬁﬁg'b&ﬂ @eﬁﬁz%’f’(r%‘ﬁaéglyﬁgﬁéﬁy 20 kb)
can be easi tah lgeestl tgedenatecansusitgles@pemcdrttrawﬁi;sﬁ%sprevmsng pr.evious 5
R et LR RN TR T T B
sequences Wrivolveaniigng &sezregmrs tré&lnla&ddd‘m'tsﬁfeﬁrxfﬁaﬁﬁbbmge to renove the
sequence fl anked b h? a rin uction of the nodif,jed |ocus in
cukaryot i o PR HAR T s ¥ piler 7 HEbIHE SR T69AuRess SIREOPR RS nay
require t hese]qﬁenm’tﬁrﬂdedth}uhesﬁs1ihmfté1ﬁﬁg'eﬂuﬂgm\/(ﬁah@hﬁ)dﬂﬁech@c(k fif er ent
sel ection ﬁf‘ ent bE e“g‘%ﬂ P’@ﬁ%ln ES cellﬁ1 one to
i ntroduce t. "E‘We e’fué 3691 pELPE UL BRY A EEyUEnce and
anot her1@ o ccmstrudlumeoftveo targétirgy vatorausmg@ﬁagnbselmmmaﬁdm codi ng
sequence. | t the.cr e del etions
o ten occur SRR Fesheary bt alf St bnle maSaRRs 18R S gh g
IF]e‘chlnoI 0gi eegiom mﬂh&;a;moﬂthecedixhg,sedpmmaandlahe&ufer ecqimm:mt cothe ltaxﬁsﬂeu ng
- honol ogous 0 | ow when usi | cto

cont ai i ng T IR FREF abP AR A s Sl FeaBo Bt SR R SRS B s e
hi gh effi cthehihy codsttiminrd dangs idelgptibheoftet ctm:drmuhhevwelﬁfmencyomu(gée bel ow) is
due to e n.he LTVEC t rease the
rate ofHSO R{\éﬁfoo?é‘g%ggbﬁé Ch{q) |one‘|9kar§§tk r;l/lg‘t 'C léseelt?-/k %eg gi)"(ti}Jr(:;chl cation,
pr epar at i orgchievihg Inomolhgous mcouﬂ)ma{fmﬁh@aja'wﬂi@v Diten wiing ESgetived VectorBhe
sequence SUL Lol ddid:R0a B bhRvEPIRLH IhGBEF Sl PREnighe

efficiency obtained using the method of the invention (see below) is due to the
very long homology arms present in the LTVEC that increase the rate of
20 homologous recombination in eukaryotic cells.

c. Verification, preparation, and introduction of mOCR10 LTVEC DNA into ES
) . The sequence surrounding the junction of the insertion cassette and the
25  homology sequence was verified by DNA sequencing. The size of the mOCR10
LTVEC was verified by restriction analysis followed by pulsed field gel
electrophoresis (PFGE) (Cantor, et al., Annu Rev Biophys Biophys Chem,
17:287-304, 1988; Schwartz and Cantor, Cell, 37:67-75, 1984). A standard large-
scale plasmid preparation of the mOCR10 LTVEC was dorie, the plasmid DNA
30 was digested with the restriction enzyme Notl, which cuts in the vector
" backbone of the mOCR10 LTVEC, to generate linear DNA. Subsequently the
linearized DNA was introduced into mouse ES cells by electroporation
(Robertson, Practical Approach Series, 254, 1987; Joyner, The Practical Approach
Series, 293, 1999; Sambrook, et al., Sambrook, J., E. F. Fritsch and T. Maniatis.
35 Molecular Cloning: A Laboratory Manual, Second Edition, Vols 1,2, and 3,
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25 honol ogy sequence was verified by DNA sequenci ng. The s?sz;é\p"%zqqr?e nmOCR10
LTVEC was verified by restriction analysis followed by pul sed field gel

el ectrophoresis (PFGE) (Cantor, et al., Annu Rev Bi ophys Bi ophys Chem
17:287-304, 1988; Schwartz and Cantor, Cell, 37:67-75, 1984). A standard

| ar ge- scal wqlzaspd preparation of the nOCRLO0 LTVEC was elwmeso14sdes pl asm d
DNA 30 was digested with the restriction enzyrre Nod, which cuts in the

vector bac e.@f -1 he 0,LTVEC .tq ner equently
the |linear @@3‘ Bﬁﬁd\{ﬁégcﬁ“ﬁf ] e&ﬁil @éﬁ&mﬂ[}% ?Ieéﬁlﬁg%%or ation
( Robert son, fd?rlamwabnﬁﬁmhgmfdxﬁesmgsmna% se®&fion haogtheds (Robertéémact i cal
Approach Series,, 293 r.Qok Fritsch
and T. Mani ECdl ?(]el'b%’fdéﬁs S%Hb#%ngy%r'_g%%}; %ﬁ% Wﬁg%ﬁ]‘ Segg%gg% Edi tion,
Vols 1, 2, W)B 26 29 April 2005 WD 02/36789 PCT/USOL/ 45375 ~1989). ES
cells sugcessful ly transfected with the nOCR10 LTVEC were€. sel ected for in
(418-contai ning nedi a usi ng standard sel ecti on net hods« (Robert son,

Practi cal AdpideatificaBeniod $arg2ﬁd ESkeBsclodesyusiang a Eﬁmmtﬁaiam modificAiqrr afach

Series, 293 I@? %%1 . ldentification of targeted ES cells clones
using a quaﬁltl‘?? 2\ fification of allele (MOA) assay. 'To identify ES
cel I's in whilekdemtify BS celteintwinick nde gtthe teroeOdRgénaypeme©CRAA getwsdadr epl aced by

the nmodific cl ones
was anal yzegéérx)‘%a%g%fﬁihg%gg%%%&u& %s?tsgﬁg&{r gdﬂ?jﬁ'ﬁ\gé#,)ﬁﬁ d@atlﬁgdol ogy as
descri béel (MlmlmrmdV\Easmb_}{zedbyqﬁaqﬂlﬂan('eFClesu@simdMaqm&r M x, cat al og
nunber P/ N 43 4 S8¢ aI ‘
ht p: /1w, pe f)égc?)cgga@o é@ggg%&goaua@spT(fﬂMan,@Ryrg‘ﬁrﬁ%}’gRand

Man(r) pmb«esl\/ﬁsmdtaiognambdﬁBﬁNlmeﬁWrseEag;ore 3A-3D. Atotal of 69 15
|ndependent S,cells coeswh e identifi,ed as
posi tive, h& /?Mgﬁ © oﬁs Wﬁ‘@?%?ﬁé%ﬂ@éﬁ?@%@& AeeRtd codi ng
sequence haT;h ﬂt@pt&ﬁsaﬂedahyast&eemmdlﬁlﬂi@treemmaabt&koﬂ&cr| bed above.
Sever aI roach are par en (i) does not
requi rel Bglﬁﬁemé\ﬁ% Fg'gséﬁ/m e sqreened e b‘@?’i‘?d&?ﬂféf‘ﬂ aéd’os

' as clones in which one of the endogenous mOCR10 coding sequence had been

replaced by the modification cassette described above.

Several advantages of the MOA approach are apparent:
20 (i) It does not require the use of a probe outside the locus being modified, thus
obviating the need to know the sequence flanking the modified locus.
(ii) It requires very little time to perform compared to conventional Southern
. blot methodology which has been the previous method of choice (Robertson,
) Practical Approach Series, 254, 1987, Joyner, The Practical Approach Series, 293,
25 1999), thus reducing the time for identifying correctly modified cells from the
typical several days to just a few hours.

This is a significant improvement in the way screening has been performed in
the past and makes it a much less labor-intensive and more cost-effective
30 approach to screening for homologous recombination events in eukaryotic cells.

Yet another advantage of the method of the invention is that it is also superior

to previous technologies because of its ability to target difficult loci. Using |

previous technologies, it has been shown that for certain loci the frequency of
35 successful targeting may by as low as 1 in 2000 integration events, perhaps even
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obviating the need to know the sequence flanking the rmdlf|2§d‘\9"6391%5 (ii)
It requires very little time to performconpared to conventional Southern
bl ot net hodol ogy whi ch has been the previous nethod of choice (Robertson,
Practical Approach Series, 254, 1987, Joyner, The Practical Approach
Series, 29302/3%3891999), thus reducing the tinme for identechryisogussarrect!y
nodified cells-fromthe typical several days to just a few hours. This is

a sioni fIGHAL hdiRg BuARiod &t i Bk UAANLAA TS RERMRELLGHIEI 11 Lhe

past and nekes it much | ess nor e ective 30

appr oach stgh @’éﬁ@éhlloﬁlgcaﬂd?e targesadoguds mose eflsiently ﬂlélml"év'léfﬁ@s that eukar yot i ¢
cells. ¥8ﬁtaﬁ{1f&1§q{0n§&¥%5ﬁ9§ (Y gf for r%ﬁmmsgmédi}gd by\sﬁﬁ@%bﬁg ks that it is

al so superi or revi s techn Ogl es because o Ity to target

di fficul teghpel Oglq%u fytherenligiting eximple dgsaibediabovia demoasirainpuiiet hat for

cer t aisn Iﬁggjhc&ktgh&{r@&yga@atﬁéo&mgw&gsaﬂws {hat B! pragid 159\%&5 yas lowas 1in
2000 i ntegration event per haps even - April” 2005 02/ 36789

PCT/ US01F8e3iFitmanttg fgrgeting uaig gV eRtimabiesiinalagy.i Heidgithe methgshpf cant s have
deronst r g@hekhvbmidn, %Lﬁl&cghtfsfﬂagéléﬁovl/ﬂﬁ{atﬁ?é} Igl%etoﬁfﬁﬁéc?g.l&%hﬂmr e efficiently

usi ng LTVEGCs t hat cont ain Iong onol ogy “ar ns reater than those
€8

al | oned BRFEpHREN QUL of 68 FSsely 95mW}A§hﬁl¢én | Ghisontaimpge descri bed

above de@mmﬁz@tm}kHckIEho‘in&Bgyhﬁﬁ@ta&ldhﬁ&sdﬁaﬁgatze%tJ{tﬁe@;&mdl ocus, a locus
reviously proven recalcitrant to tar etl ng. using conventlonal

t hat _has
t echrBl ob‘ﬁeﬁam Wgleris usigrgvious teghaologydor Epeell tappetingalfesesalhe shown t hat
t hey haver@htalpquom&@fm , 1998 @thd 8 9ldsmhidbasdd ﬂafct&%@ cells clones in

ich th nt al re than 160 kb o gy arnms, and
W;}troducﬁﬂ’é‘g @Iﬁﬁsgeﬁéi&@ﬁ‘ %&gg’l‘ﬁ ?@@F&f@é‘%%fi@ °U§ Sprevi ous
t echnol Oﬂ)énfm’kﬂiﬁoct@ﬂgbtédaé@md Were(idOifaid anlbeg nfdraeidcado itRpEaash Seri es,
d vector with onoj.o arns _s ter than

293, 1999 SI n bas r
10- 20 kb eIV g@rsg{‘?ﬁﬁ %ﬂlﬁ@?‘ﬁljd&n@é‘?@’l‘tﬁ empqrgggty #éfhmig“’%tff no targeted

eventis Wetedinvéletiini dve hravivng tadhnelogiesn 600 integrants of the vector. These
data clearly denmonstrate the superiority of the method of 15 the invention
over. previous technol ogi es. Exanple 2: Increased targeting frequency and
abr ogat i ErampletZrdnoeased & fir y anDBrodationlof YEEaead & tseed as t he

targetin oveet(%itcgﬁA when L'TVECs are used as the targeting vectors.

20 . Asnoted above, the increased targeting frequency obtained using long
homology arms should diminish the benefit, if any, derived from using genomic
DNA in constructing LTVECs that is isogenic with (i.e. identical in' sequence to)
the DNA of the eukaryotic cell being targeted. To test this hypothesis,

i ) Applicants have constructed several LTVECs using genomic DNA derived from

25  the same mouse substrain as the eukaryotic cell to be targeted (presumably
isogenic), and a large number of other LTVECs using genomic DNA derived
from mouse substrains differing from that of the eukaryotic cell to be targeted
(presumably non-isogenic). The non-isogenic LTVECs exhibited an average

: targeting frequency of 6% (ranging from 1-20%, Table 1), while the isogenic

30 LTVECs exhibited as average targeting frequency of 3% (ranging from 2-5%),
indicating that the rate of successful targeting using LTVECs does not depend |
onisogenicity. - .
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identification of targeted ES clones

ES cell clones that have taken up the LTVEC and mcorp05§te(:/1;.if into'the
genome at the targeted locus by homologous recombination are identified by a
‘modification of alléle.(MOA) assay that uses reél-ﬁrﬁg quaﬁtitaﬁve PCR to
discern the difference between targeted ES cell clones, in which one of the two
targeted alleles is modified, and non-targeted ES cell clones, in which both alleles
‘remain unmodified. The MOA assay consists of a primary and a secondary
screen. The primary screen contains the following steps: (1) growth.of LTVEC-
transfected ES cell clones on gelatin-coated 96-well plates; (2) isolation of
genomic DNA from each ES cell clone; (3) use of each genc;mic DNA sample as a
template in 8 separate quantitative PCRs on two 384-well plétesj in which 2 of
the PCRs employ a target-locus-specific primer set that hybridyzes to DNA
sequences at one end of the genomic fragment targeted for deletion (‘upstream
PCR’), 2 of the PCRs employ a target-locus-specific primer set that hybridyzes
to DNA sequences at the other end of the genomic fragment targeted for
deletion ("downstream PCR’), 4 of the PCRs employ primer sets that recognize

- four non-targeted reference loci (‘reference PCRs’), and each PCR includes a

fluorescent probe (for example a TagMan® [ABI], Eclipse™, or Molecular
Beacon probe [Synthetic Genetics]) that recognizes the amplified sequence and
whose fluorescence signal is directly proportional to the amount of PCR

* product; (4) running the PCRs in a device that combines a thermocycler with a

fluorescence detector (for example the ABI 7900HT) that quantifies the
accumulat_:idn of ampliﬁ'caﬁon products during the PCR and determines the
threshold cycle (CT), the point in the PCR at which the fluorescence signal is
detectable above background noise; (5) for each ES cell clone DNA sample,
calculation of the difference in the CT values (ACT) between the upstream PCRs

and each of the four reference PCRs and between the downstream PCRs and
each of the four reference PCRs to create 8 tables of 96 ACT values; (6)

normalization of the ACT values to positive values; (7) calculation of the median
ACT value for each target-reference comparison table; (8) determination ofa

confidence score by use of a computer program that examines the eight ACT

30
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5 ES cell clones that have taken up the LTVEC and incorpora?é’@"',%qosi nt ol he

genone at the targeted | ocus by honol ogous reconbination are identified by

a nodification of allele. (MJA) assay that uses real-tine quantitative PCR
to discern the difference between targeted ES cell clones, in which one of
the two wavpsted alleles is nodified, and non-target egckEgseisizscl ones, in

whi ch both alleles 10 remain unnodified. The MOA assay consists of a

O epo. ”  HHletbBAGRRAARY reRRRD of (B RV S AR R 8e) At v cot ed
96- wel | plr@ilessa@g)rvdoeantm&mftolegamrrmgd@mitorloﬁnO%cﬂo1E55015ebl clone; (3)
pors on. 960 SBRE A9 S 2P aB R P e e PRl

tar get-lwta&qﬂwlcbmptnéﬂ &ﬁinu‘i Bin Xé&'sdﬁéﬂ%fbﬁcﬂ@&% Sewrignges at one
or del etion upstream PCR ), 2 of

end o he genom c fr
t he EPgaarE‘a‘F‘ag‘HE E@cﬁt’?'@rﬁt‘yﬁél?erﬁff‘ﬁtﬁ%tt hybridyzes to DNA
Sequencepr@grairtmn 1&gsu gecﬂarﬁthatttﬁtt@@mmuerﬁgaﬁme Iol"t!?l{ kedldesr del etion

d t PCRs ts t 20 f
onot o B fheismettiags £O4 oA of wa%°¥¢%%és”$ﬁst§§a%ae# BER T oc udes a
f 1 uor escefintige QR ¢f RBFrebit Eﬁi\g&eé‘ﬁ%@%@%& LarddBhtks frE&L%rPg@n%?&foPgtg' ecul ar

Beacon pr.obe Synthetlc i cs recogni zes sequence
and whoske preccsspres asddha NG histngrams @@Pb?f@qf@démpteofhet%:ﬁrmunt of

ro t her nocyder
i 18" 545 fol ARSI AR fll SN0 e A8 RO TRERE |
qgant i fi e madian i 8ot PAS refarente eompparisorat i on products during the PCR and
termines the threshold cycle (CT), the point in the PCR at which the

fluorescence signal is detectabl e above background noise; (5) for each ES
cel | . donfanyidateghones id ere%fmh)aitxﬁéﬁoéfasemprdmaﬂemmeanemonhm oxal ues (ACT)

bet ween t '€ and
bet ween %%téda.e%nastrea @%ﬁ%@gﬁ»ﬁcﬁgcﬁtﬁ%ﬁgf’o our %e gr ejr}‘g%&;% to create

8 t abb esg@yonsic DR from gach of thy Poﬁéﬁﬁm@éﬂﬁ(ﬁﬁ? gl clames Amadpiges to positive
val ues; ﬁ&&tbe%m&gahkr@ Blofibs, A8 fHﬁH a#dpg -hhbeAGEndatget reference

corrpari son table; (8) determ nat|o ence score by use of a

conput er TEROFIE I RHRITYRa RaD Wéesafgm L:&Eiﬁcéec%@l\m@fzaase%w WO 02/ 36789
PCT/ USOL4#pdsidgenome as templates in 8 separate quantitative PCRs on two 384-well

plates in which 1 reaction is an upstream PCR (as in the primary screen), one
20 reaction is a downstream PCR (as in the primary screen), 4 reactions are
reference PCRs with two reference loci that are different from those used in the
primary screen, one reaction is a PCR with pnmers and a probe that are specific
_ . forthe LacZ gene of the LTVEC, and one reaction is a PCR with primers and a |
“ ) . probe that are specific for the Neo gene of the LTVEC; (2) running the PCRsin a
- 25 quantitative PCR device,' as in the primary screen; (3) calculation, as in the
primary screen, of the ACT values between the upstream PCR and each of the
two reference PCRs, between the downstream PCRs and each of the two
reference PCRs, between the LacZ PCR and each of the two reference PCRS,
- and between the Neo PCR and each of the two reference PCRs to create eight
_ 30 ACT tables; (4) normalization of the ACT values to positive values; (5) calculation -
of the median value for each ACT table; (6) calculation of confidence scores as in
the primary screen; and (7) plottmg the values and thelr medians for each of the
‘eight ACT tables as histograms.
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tabl es and cal cul ates the nunber of tines a given ES cell agﬁﬁg'gmxisanple
produces a ACT value within the tolerance ranges 0.5 to 1.5, 0.25 to 1.5,
0.5to0 2.0, 0.25to 2.0, 0.5to0 3.0 and 0.25 to 3.0 cycles greater than the
medi an ACT (exanples of conputer programm ng | anguages suitable for

creating or wobide® 5 such a programinclude visual basi or any
ot her conputer” progranm ng | anguage famliar to the skil Fg?{l’zsior]l?‘lg%gn); (9)

plotting the_val ues d their i ans for each o he ei ght ACT_ tables as
hi st ogr ars; %’éoﬁﬁ a{‘t‘b?egﬁ‘a%ﬂfﬁﬁcegﬁawe&@%f*?@?ﬁ 19&11‘2,15@@@@5@; kP ¢l one
candi dat es fHeQFiraRry mbhegzgﬁreghé)t%ﬁg@%r & RS o8 caitf;k]gdsﬂas CT

hi stograns. | n a péff eqired_e npl e, igg%&val ue r e cangdi date
targeted dofitherLendrmed r rejecter. : Iy aipsfaryed eempledhe ACTHealue fontheredi an in 8

out of 8 refB{ELRGE E‘ﬂéﬁﬂrﬁ%@ﬁﬂs@%ﬂg{! e Syl L Oy dne MOA
- assay pri mar% screengare confirme or&§§°e}'§??%%%rﬁgtgpg{§aot§%éﬂy sc"r%een,
whi ch coht alheut efd2freferenderngmyasigens fram the combinedeprimariymmbseconddiik f r om
each of thegpasisti ve candidate ES cell clones, froma’larger nunber of
negative clones, and from genom ¢ DNA copy-nunber. standards from m ce that
carry one or two copies of the LTVEC LacZ-Neo cassette per diploid genone
as tenpl at €po bddrd tHRARRhBECofHoBRs Iof e IVAVEERS: 8ip14i X plates in
which 1 reaction i s an upstregm IgCR (as_1n tlhe%[l)éll e}?lgﬁl]se\(?fr?gﬁeen),_ one 20
reaction i sCORfigmGAscorreshy irzgetedES donesethsinAGT yalyes em thegompadisonms ar e
referen FSfRe M @é?%ﬁ | [fferent from,those used
in the Rf)ri mr?wé%?%}é%e%% reac idéégai'%{‘%g{sﬁgl\?mcﬁ%arpeﬁowageéwghla&%robe t hat
\e&r)}te speci f | &CT values for thebacZdee copy nhmbeistat]ardndEameES edicddrenisi s a PCR

h [ d t hat ific,f Ll LTVEC,
(2) v Onni ng P RS ssdarRient2 oiyrdt R BEbpise SptR hVEC e Fon Eehngigedr | mary
screen; ( 3)alleld projeat, ESrell alonenarelserepnédiiar grosps 696 (ustiallyfewdEthanaigges

P

bet ween th _ ) nd gach of the t rence bet ween t he
downst r eaqu @%égsg%gﬁ C%Pef ﬁ?g%e PPRYET ‘é‘ﬁg%%s"ﬁ' A ScZ PCR
and eacl§ ofcoppef thedlacZiNee nassetRCRe iderdifiddbet ween t he Neo PCR and each of
the two reference PCRs to create eight .30 ACT tables; (4) nornalization of
the ACT values to positive values; (5) calculation of the nedian value for
each ACT t dixamplé &) Use of FISH ito ideitife cofredbnia PO EVECS in(ES deltle, pri mary
screen; and (7) plotting the values and their nedians for .each of the
ei ght ACT tables as histograns. 31

Using the LTVEC technology described herein, Applicants knocked out the

20 SM22alpha gene in ES cells. SM22alpha is a 22-kDa smooth musdle cell (SMC)
lineage-restricted protein that physically associates with cytoskeletal actin
filament bundles in contractile SMCs. The targeted ES cells were then

) subjected to standard fluorescence in situ hybridization (FISH) on metaphase
chromosomal spreads to verify that the gene was appropriately targeted.
25 The experiment was performed with two probes: 1) an SM22alpha gene
| probe consisting of the unmodified SM22alpha BAC clone used to generate
the LTVEC and 2) a LacZ and Neomycin DNA probe which detects only the
gene modification made by the targeting event (in.s_ertion of LacZ and Neo
gene cassettes). Metaphase chromosomal spreads were prepared from cells
30 and hybridization was performed simultaneously with both probes which
‘were labeled with different colored fluorophores to allow detection_ of
hybridization of each probe within the same spread. A non-targeted ES cell
line was analyzed in parallel as a control. As expected, in the control spreads,
two alleles of SM22alpha were detected on homologous chromosomal arms,
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29 April 2005 WO 02/36789 PCT/USOL/ 45375 From an i nspect i $hApil 2082
confidence scores and the ACT histograns for both the primary and
secondary screens, correctly targeted ES done candidates are either
confirmed or rejected. In a preferred exanple, the ACT value for the
candi date t aW@e¥¥@89cl one falls within 0.5 to 1.5 cycl es grpeghiidshan t he
median in 5 12 out of 12 reference conparisons fromthe conbi ned primary

and seconda re t opi es, of the LTVEC per -
di pl oi d geno%)r(rléﬂ}segé %ﬁgﬁo h&%f'l%?zr?gan Oggr}errtgag?%e‘? B’FC& &F IBSORIBIe! their ACT
val ues fr omtargeted &iSpellispoaasls two atléles Werdﬂsidaadewaaﬂﬁ%é/\ﬂ th the two
reference P Al ues for La Neo. copy
nunber stan%&fggi?mﬂqﬁsgd%o PGS %;&\H% %IZ 2 or greater
t han 2 copi ¢3Peang Wi In§ P awasmppafe:nednonlel tee pv®] ect, , ES cel |

cl ones ake aqﬂgz Kt ot " cl ones)
until 3 (S:I o%@gﬁﬁﬁglglegglocgé oggﬁ:/ag&?é]g ﬁ%m\é\@waﬁﬁ}% Bbﬁhgl e 15
copy of theSQ%ZCqSJ@bfh?égﬂekmswéalph&nhnpm&hﬂﬁnam haldgd.aef- FI SH t o
identify co ES. ce e LTVEC technol ogy
descri bed hg{eg%yéﬁ%ﬂg{fﬁt@%ﬂe@%@c edaaq ouﬁpﬂrﬂ%ngtféoqg%ﬁﬁgflbﬁﬁ in ES

cel |t s. StI\/E 2&@%& extra antpgration Céﬁbwhlpﬂmgehesa:pkhce(s?kilﬂ)cokl?aﬁmgfﬁeili ebt rlt cted
protei n that e al _actin i | amen

bundl es in c%ntra%%ﬁ%ﬁﬁ#ﬁ{g%a&:é% gg %Fa:hf’g‘v\%ge YSH,  subj ected to
st andar 0 f | #emedaiggesisihay qanenymmnganﬁmnz@uaoad)omﬂme ahiaskpha

chr onosonal ;158348 xtnBl fe¥eo appropriately targeted. 25
The experinent was %erf meécvvl t%qba?g(%gg%% an SM22al pha gene probe

co)n3| sting of the unm)dlfled SMe2al pha BAC done used to generate the LTVEC

and 2) a Laﬁ?ﬁ%ﬂ#ﬁ{ﬂ%%ﬂ?ﬁfﬂ@&ﬁs&ﬂ e%&roCE'HrXtetﬁEc 1RENe

nmodi fication nmade by t] argetrng event sertron - Atz and Neo gene
cassettes) .1\ getingreffisiengy spreads were prepar ed fromcells 30 and

hybri di gation was perfor med sinul taneously with both probes which were

| abel ed w tlg %a;rf erent coI ored fluorophores to allow detection of
hybrii di zat i G# i dasgetedi modificatiomef games iimotise embryorgesteth ES cel |

1 g o S S

ar s, proce ure Applicants have discovered that with LTVECs, elech'oporahon W1th

much lower amounts of DNA — in the range of about 1 to 5 ug per 1x 107 cells

20 — doubles the frequency of correctly targeted homologous recombination '

events while greatly reducing the number of secondary, non-homologous

insertion events. This clear improvement in targeting efficiency is important

because it significantly reduces the number of ES cells clones that need to be
) screened to find several positive clones with a correctly targeted, single-copy

- 25 modification. The associated benefits are reduced cost and increased .
throughput. |

. Example 6: Use of the method of the invention to create MA61 Imockout mice
to study muscle atrophy

0 ' .
' MA61, also called MAFbx, is a recently discovered ubiquitin Hgase that is up-
regulated in various conditions of muscle atrophy (See U.S. Provisional
Application No. 60/264,926, filed January 30, 2001, U.S. Provisional Application
No. 60/311,697, filed August 10, 2001, and U.S. Provisional Application (serial
35 number not yet known), filed October 22, 2001, all assigned to Regeneron
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32 29 April 2005 WD 02/36789 PCTI USOL/ 45375 but there waseHoPil2005
hybri di zati on of the LacZ-Neo probe. As in controls, in targeted ES cell
spreads two alleles were also detected at the sanme chronosonal | ocation
and on honol ggous chronosones, but double- |abeling with the LacZ-Neo probe .
was appar ent 23678 of the two 5 chronpsones indicating caedmsaiisaati on of
‘the SMR2al pha and .LacZ-Neo DNA sequences at that allele of SM22al pha.

|mportant|y,P NEnQlealid i d at
mpor t ant | y, Pharm@h@aadap)] &@a&ﬁ@fzvvm*&%%i%l_ gﬁﬁ%?ﬁ%lg%%tﬂ‘gﬁfn ed a

i nappropriate.l ocatifns i.n the spreads.. ack egrati‘on of
SWp2al pha geﬁ?&er?écﬁileﬁ%g‘gﬂéﬁﬁdh@df-@‘égéﬂﬁ’&lﬁﬁlistgi“@anctattbiﬂwe\mmaﬂw2a| pha in
one chr onosateophly, knduisat agedkvefdrbatd® usihbRe cgrrect
targeting o&ﬂhggg Neo to one of thea SWZaFgﬁahyeéﬁ(?{g?g%E\%% gﬁogogous

reconbi nat.i P& occurred. Exanpl e 5: Lowering the amount of DNA wused to
el ectropdrate ES cells inproves-targeting efficient; 15 Standard nethods

for target edF.rrB?;i f%cati n ofl?%eaes i n_npuse enbryontc ,Stem (ES) cells
typical ly emplPoy®2 2 jyeg cored geynicfipgmeentsoniainingthe Mafilrgeper at | on

procedure. AapleriabAttifidia\Chrdireome (BAC) hBdaryhal skrlMddwithl2ih&QPor ati on
with nuch ?%\qgffdﬁgou@t f. - in the range of about 1°to 59 per 1 x 107
~cells 20 - doubles Ih e?\dgﬂagﬁl&f‘ﬁquéﬁ?‘?é%ﬁ ¢ slageths oliaived yoass
recombi nat i éhen esedrto sresthé h EagpechirgatinigtViattb By EoRaroRb €lello (L BEEC LT V.
j.nprovenent in_targeting

non- homyj,ogqQL insertj.on events, This, dear
efficiglr%(t:)y ?ésiqur%gfm cHhiop £assette containing a 6 hamelogrhoxdacZne nunber of ES
cel | s cl onegend/golyreARGKpromot&ghes AP3'fHdFRQI§§$/BbI_ﬁ'waB%ﬁ HelfedC! Ones with

a porrectly eted, .single-copy 25 nodificatio e assocl ated benefits
are r educed%gégmgﬁoﬁ l?ﬁfﬁegé‘?éﬁag A FArk the siten of bactepgbhomolageuset hod of
the i nv;ant i vombiratieatduridthelganedstibh omg@mmc.s g'HQ %a@&%{ &p?hfepp hy ﬁo
MAG61, al so 1 S r t]ly di scovered ubiquitin’ligase that is
up- regul at g%le: tﬁgtv‘g%:% ssm%%ﬁggﬁ“tcﬁg%l%f‘“ﬁtﬁﬁgeg Eo‘gﬁpr Bphit thesamgpgsitivRoyi si onal
* 15 as the initiating codon of MA61. Following homologous recombination in

bacteria, the modification cassette replaced the MA61 gene. Thus, a MA61

LTVEC was created wherein the MA61 coding sequences in the BAC clone was

replaced by the modification cassette engineered as described supra. LTVEC

DNA was then prepared, purified, and linearized for introduction into

20  eukaryotic cells as described infra.

A MA61 LTVEC DNA miniprep was prepared (Sambrook, ., E. F. Fritsch And T.
_ Ma;tiaﬁs. Molecular Cloning: A Laboratory Manual, Second Edition, Vols 1, 2,
) and 3, 1989; Tillett and Neilan, Biotechniques, 24:568-70, 572, 1998;
- 25 http:/ /www.qiagen.com/literature/handbooks /plkmini/
plm_399.pdf) and re-transformed into E. coli using electroporation (Sambrook,
J., E. R. Fritsch and T. Maniatis, Molecular Cloning: A Laboratory Manual,
Second Edition, Vols 1, 2, and 3, 1989) in order to get rid of the plasmid encoding
the recombinogenic proteins that are utilized for the bacterial hoinologous
30 | recombination step (Zhang et al., Nat Genet, 20:123-8, 1998; Narayanan et al.,
- Gene Ther, 6:442-7, 1999). Before introducing the MA61 LTVEC into eukaryotic
cells, larger amounts of MA61 LTVEC were prepared By standard methodoibgy
(http:/ /www.giagen.com/literature /handbooks /plk/plklow.pdf; Sambrook, J., -
E. F. Fritsch And T. Maniatis. Molecular Cldning: A Laboratory Manual, Second,



Appl i cation No. 60/264,926, filed January 30, 2001, U S. Provf@ils99p
Application No. 60/311,697, filed August 10, 2001, and U.S. Provisional
Application (serial 35 nunber not yet known), filed Cctober 22, 2001, all
assigned to Regeneron 33 29 April 2005 WO 02/36789 PCT/ USQOL/ 45375
Pharmaceut i ChP 3823678, . each of which is incorporated hereiP@Tiusotidsssent i rety
by reference). To further study the biological significance of this gene’

in nuscle diditehWolkh@s kndiB, 1088 Tl andNEkE Bidteiiiqldierdisharsaf the

i nvention as 9é)ol lows. 5 ~1' First, to obtain a large cloned genonic

f ragnment confc)al hi ng-the MA61 gene, a Bacterial Artificial Chronosone (BAC)
|ibrary was screened with prinmers .derived fromthe MA61 cDNA sequence.

The BAC don L ne used to create a Large Targeting

Vect or fgr %%gﬁégg%ﬁ%‘ﬁd%%ﬁ?é@%%@%ﬂm&o%eiﬁammcela%i% .cassette
cont ai ni Ag 1 hitVBCowas lireatibed: ZThigeas dqomplisiéabp pieaies witheheo! YA 3'
honol ogy box MBS %n%{z&geerlgd I;LI'IES honol o%?fﬁgé‘gs_agr—e,éppended to mark the
sites of bacteri ol REroroygHwhich leayes the FRACESACNS §enlE)et on of t he
LTVEC. The thwomassmal iepsfioety DNgefienkiedavithbmglashslogpagmsuch that its .
initiating codon was at the same position 15 as the initiating codon of

MA61. Fol | ow ng honol ogous reconbination in bacteria, the nodification
cassette repha hmmasqhaemuﬁﬂusedimd\&ﬁéhryd&\éﬁﬂsmé@fﬁﬁbﬁﬂ wher ei n

cacsot 1 ongrnaa gt alBETodbpRf RO T e retsR S6ET MomieiReparea,

purified, - aM@leculps&loning: AdabpratoryddatialSecoidEditionWalspRismd®| | s as
depcri bed i : : I A R was. prepared (Sambrook, J., E
F:)S Fritsch %gﬁﬁ'?{ﬁb k@%ﬂ‘%ﬂ%@@@p@éﬁ 2?9563%%8“85&“{%%3%6@? MEftGal , Second
Edi tion, Voielected by expasurestologdaction hiettt Bacuhisblehd sehectdbiloipekerivgeé n
24:568- 70, - . . :
http:// W.éi%%ﬁﬁ%ﬁﬁ ﬁsséertget‘ﬁ’?seshﬁé‘ﬁaglggﬁlsghoﬁpk?ﬁrmsferﬁﬁﬁr@gbg% ) and
re-trank¥or s iehtle GenecH1:327:36, h9p2} |the tells ploatdiad ankdrSaprtheduid61 LIVEE. F.
Fritsch an @bl S, . R 1A,Labor at or I Second
Edi ti on, Vg?’%iefmgﬂea%gﬁé@gggfh%g%@% &”@8}3%5?&955?"“%%@%3*@% d encodi ng
LTVEC died whereas cells that have taken up the MA61 LTVEC survived
(Santerre, et al., Gene, 30:147-56, 1984).

20  Eukaryotic cells that have been successfully modified by targeting the MA61
LTVEC into the MA61 locus were identified with the quantitative PCR method
TagMan® (Lie and Petropoulos, Curr Opin Biotechnol, 9:43-8, 1998).

. ) Finally, the genetically ' modified ES cells were used to create genetically
25 modified, in this case knock out, mice by standard blastocyst injection

~ technology. Thus créated were the MA61 knock-outs, mice in which the MA61
gene had been deleted.

Both these knock out mice and wild-type (WT) mice were exposed to atrophy-
30  inducing conditions, created by denervating the mice, and levels of atrophy
-compared. First, the sciatic nerve was isolated in the nﬁd-&ﬁgh région of the
right hind limb and transected in mice. Transection of the sciatic nerve leads to
denervation and, over a fourteen daay period, to atrophy in the muscles of the
_ lower limb, specifically the tibialis anterior and gastrocnemius muscles, over a
- 35 14-day period. At7and 14 days following the denervation, animals were
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t he reconbi nogenic proteins that are utilized for the bact et 4P23%8 ogous
30 reconbi nation step (Zhang et al., Nat Genet, 20:123-8, 1998; Narayanan et
al., Gene Ther, 6:442-7,1999). Before introducing the MA61 LTVEC into
eukaryotic cells, larger anobunts of MA61 LTVEC were prepared by standard
met hodol ogy WPHY338% / www. gi agen. cond | i t er at ur e/ handbooks/ ploithbidsen. pdf :
Sanbrook, J., E. F. Fritsch And T. Maniatis. Ml ecular d oning.

A
Laboratory leacrifided b$ReMMe diddidR (Hon. 2 ~ 2 USOL/ 45375
£ 1 on, Volg.d 2. 7and Sddee T o e it dele iR il 7"
24: 568-70, HEFTOMEFYES CO (GA ware prmevedhgomiiBe right/fderieovated)taraduct i on
i nto eukaryadéft (in@aed) hind 1idBs, weih&dl akd HBS; fi ' 1. Thi s..was
acconpl i shed blé dieﬂ)esti ng S'tﬁ t he rglsét%_l ctl%*ﬁag%ﬁz%quﬁgyamﬁuﬁgeﬁleaves t he
modi fi ed en§BYER SRR BRE( !ﬂeamouehpfﬁﬁfﬂ&%was weessed byicpnipainglthaked Wi t h
| ong hondl ogyeight theasMB ot tHEGNES. L LWiQneukaryotic
cells usi_ngfst?%%ard 10 el quiiré&poreatig%%ﬁ?%}%%ﬁﬁéﬁ%%ﬂ%%%& ., E. F.
Fritsch And ™ MgfioRrdenervag ‘ar Coning: A Laboratory Manual, Second
Edition, Vols 1, 2, and 3, 1989)). The cells in which the MA61 LTVEC was
I nt roduced ssfully were selected by exposure to a selection agent.
Because t heﬁé%ﬁgéﬁgﬂ*‘%%raﬁ%qssﬁfgéﬁ“ﬁ H daysdoliewing teansediorceftheright was- t he
neonyci n phesgtinaterensThey weeweiphe) ofIROFighD d@ﬁ’&e,&ed%uﬂefﬁgg%\wared

19: 327- 36, 19€ he.cel | s that -had taken up the MAGL re sel ected
in a medl um%%g\%\fw fft mefé'ﬁfﬁﬁg‘,e%@ nn-genervated wsclenyEhe rightlefl  LTVEC di ed
wher eas cel ¢tanpdrisonhaveggiverkisTahe phe MA61 LTVEC survived (Santerre, et

al}, Gene, 30:147-56, 1984). 20 Eukaryotic cells that have been
'sduccessfully nodified by targeting the MA61 LTVEC into the MA61 | ocus were

i dentified “ays t he Guastnodrietiiuy CoRgRexet hod TidiaRdAR{dHor(Li € and
Pet rOpOUl H+—EBR—Bi-at-echnol - 43- 83 1998) Ei nal | V. t he

genetica||°Gn%‘ct‘ﬂ’ee8¢a&§’lﬁé’12|¥ée%re d to |Cepplesiddvean calllSE 25 dodifi ed,
in this cgsWTknocK Dut, MaE7@Y ST[AHGRF 0 Qi@astocyigdgmect 3 tey hnol ogy.
Thus cr eat ; %g Magdl_knock- dut s mde in whilchthe N&6?E gene had
been del et §$ Bot H & hese Krft¥& out| B822e addliwi | d-{P@6 (W) 00iSe wWgr e

exposed to atropny

15 1l4days Gastrocnemius Complex Tibialis Anterior
Genotype| Sample sid Mean SE | Samplesi{ Mean SE
! WT 5 0.55 0024 |5 0.62 0.023
KO 5 0.80 0.019 5 0.80 0.012
) At 7 and 14 days, the muscles from the knock mice showed significantly (p<.001)

less atrophy than the muscles from the wild type mice. The difference between
the knock out'and wild type mice was greater at 14 days than at 7 days. While

20  the wild type mice continued to atrophy between 7 and 14 days, the knock out
mice showed no additional atrophy.

In summary, the approach of creating LTVECs and 'directly using them as
targeting vectors combined with MOA screening for homologous

25 recombination events in ES cells creates a novel method for ,engineering
genetically modified loci that is rapid, inexpensive and represents a éignificant
improvement over the tedious, time-consuming methods previously in use. It
thus opens the possibility of a rapid large scale in vivo functional genomics

.36



30 inducing conditions, created by denervating the mce, an%gf\gﬁ'}&ogsof
atrophy conpared. First, the sciatic nerve was isolated in the m d-thigh
region of the right hind Iinb and transected in mce. Transection of the
sciatic nerVﬁ, I°§§%§ to denervation and, over a fourteen daay period, to
atrophy int Q es of the lower linb, specifically themisoi/adsis
anterior and gastrocnem us nuscles, over a 35 14-day period. At 7 and 14
days f ol | owi #glysireofirsentiallyiany andallgehes itereorgaRis2ds flonhe 200BactiR 2/ 36789

PCT/ USUi / 45348 ting@&hd Ed - on di.oxi de inhalation.' Then the tibialis
anterior (TA) and gads%‘?sg?g%%ylaaggigﬁﬁf%‘Qo‘fwﬂwngo@%ved fromthe right

(denervated) and left (intact) hind |inbs, weighed, and frozen at a fixed

length in |iguh¢lidh . . i sopent ane. The anount, of atrophy was
assessed by . orrpag_rHi %gqig%go%g}g%%ﬁ{&‘}a%ﬁ%naﬁ%gég‘-'F‘P%‘FPFtdﬁ-éaﬂc}@hWPYﬁed limb
wi th t he weiljitrasionamd eramplessit will beweduilynpmacken €5 dalse Of bidibry MEIGHe

atrophy was ths &@38a¢ertafil\d fqllow ng transeelign of the right
sciatic nerve.. The 'V\Begt_V\Bl ga?}?s o%é?ﬁglﬁrcfénﬂ?‘gmﬁgﬁgrr@ee@ the tachingaef e
conpared 16h% Bvendonutthauf depasting fromre tHeedpirit m@n?@ﬂ%\é&?ﬁ&d&ﬁ&hﬁ%. The
right:left conparisons are given in Table 2. 7 days Gasirocnem us Conpl ex
Tibialis Anterior GCenotype Sanple s' Mean SE Sanple s' Mean SE W 7 0.76
0.016 11 0.68 0.033 KO 6 0.84 0.022 11 0.80 0.015 15 14 days Gastrocnem us
Compl ex ‘Tibialis Anterior Genotype Sanple s' Mean SE Sanple si Mean SE W
5 0.55 0.024 5 0.62 0.023 KOS5 0.80 0.019 5 0.80 0.012 At 7 and 14 days,
t he muscles fromthe knock m ce showed significantly (p<.001) |ess atrophy
than the muscl es fromthe wild type mce. The difference between the knock
out and wild type mce was greater at 14 days than at 7 days. Wiile 20 the
wild type mce continued to atrophy between 7.and 14 .days, the knock out

m ce showed no additional atrophy. In summary, the approach of creating
LTVECs and directly using them as- _
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targeting vectors conbined with MOA screeni ng for honol ogoug9 2pril 2005
reconbi nation events in ES cells creates a novel nethod for engineering
genetically nodified loci that is rapid, inexpensive and represents a
significant inprovenent over the tedious, tinme-consum ng nethods
previously in use. It thus opens the possibility of a rapid large scale in
vivo functional genomcs 36 29 April 2005 WD 02/36789 PCT/USA /45375
anal ysis of essentially any and all genes in an organisms genone in a
fraction of the tine and cost necessitated by previ ous nethodol ogi es.

Al t hough the foregoing i nventi onQagmsbeen described in sone detail by way
of 5 illustration and exanples, it wll be readily apparent to those of
ordinary skill in the art that certain changes and nodifications may be

made to {hg tLRsdy d t .t hout d rtin romgthe spirit
or scopet.itognﬁl he aﬁgg";"ég%f“ﬁ% ﬁg ﬁg eé%@’ | Tozzcg% os(ﬂ’%li%cuic.’hﬂ&ﬁeﬁfhod
fo[ gen?nlpdmbpﬁﬂuﬂafwmpgma? endogenous gene orbchyonnsona: Iocuslof .
interest in eukaryotic cells, conprising. a) o ning.a |large clone
genomi ¢ frag f’gtﬁ‘x‘é&f‘ getcl?ﬁ?fi EHOR f’&%ﬁet“gFFﬁt%éhaﬁE%cmggﬂ@ér@‘g“ of interest;

b) usi ngsdyaedRIof alterbtyTol Ogous reconbi nation to geneticalty nodify the |arge
cloned genonic fragnent of (a) to create a large targeting vector for use
in the eukar ybtysingdartesal ho s resqmbinafVEG geastically iwodify dgylarge denedhi ch

total gr . :¢) . lntroduci the LTVEC. o b) into the

eukar yot %tbg{é? | % é c’)]grgrgéﬁoya A AT %%@%vefﬁ)ék%sﬁéﬁ‘i&%%%% “ttdogenous
gene or EAVBOYS@HETVEQGng Honiohgy eflsiviichadisl gebhietihad T 1®; quanti tative assay
tgq detect nodif.icajion of,g%kele(&&(ﬁo in the eukaryotic cells of (c) to
i gent ify thos® ’%%W&ﬂr@ f-ofi(h) insei thp eplayotin adly ém meslify dhydomelogdus onps omal
| ocus hasechBiRatidf NAL bfd éﬂou@%gﬁé b@guotﬁosoMBgﬁginqge Qs Gy m 1 wherein the

| arge cl oned genomic frggnen contalning a sequence i s honol ogous to
t he endogenoud ugiege quantititivemsmp hatettammlifthtiomoedlelt(MCRA) ifihke eakatyotlc of

laim1 or 2 er.ei n.t he genetic dification to the endogenous gene or
cha &is 65 (4'% 1§enufy ttﬂosegeu otic ge?ls%nwﬁl?:h the endogenous gene o% chromosgmal

locus has been genetically modified.

2. The method of claim 1 wherein the large cloned genomic fragment containing a DNA

sequence is homologous to the endogenous gene or chromosomal locus of intetest.

3. The method of claim 1 or 2 wherein the genetic modification to the endogenous gene or
chromosomal locus comprises deletion of a coding sequence, gene segment, or regulatory

) ) element; alteration of a coding sequence, gene segment, or regulatory element; insertion of 2
new coding sequence, gene segment, or regulatory element; creation of a conditional allele;
ot replacement of a coding sequence or gene segment from one species with an homologous

or orthologous coding sequence from the same or a different species.

4. The method of claim 3 wherein the alteration of a coding sequence, gene segment, or
regulatory element comprises a_subst;itution, addition, or fusion.
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chronpsonal |ocus conprises deletion of a coding sequence, S@RgrSRPEENt, OF
regul atory elenent; alteration of a coding sequence, gene segnent, or

regul atory elenent; insertion of a new coding sequence, gene segnment, or
regul atory elenent; creation of a conditional allele; or replacenent of a
codi ng sequence or gene segnent from one species with an honol ogous or

ort hol ogous codi ng sequence fromthe sane or a different species. 4. The
met hod of claim 3 wherein the alteration of a coding sequence, gene
segnent, or regulatory elenent conprises a substitution, addition, or

fusi on. Idl of 2060 ) . of .claim.4 erein the fusion

conpr i se?gﬁ?ggﬁdgﬁg tag%‘?‘ef)l g‘ﬁcﬁ%‘%g%fmp%sf%?ne"pﬁt.op%. g‘f‘ﬁ(?ﬂtﬁﬁf'?‘i’(? of any one
of the pmpeeted ng cl ai s wherein the quantitative assay conprises
gquantitative PCR, FISH, conparative genom c hybridization, isotherm c DNA
anplification, quantitative hybridization to an imobilized probe, |nvader
Pr obes( r )6, The mMWBd R adysdel Of thd zeI&Eng@mQ%Qfeir%@ Bt L&a c+xH§nise$,
quantitative PCR _conprises Taghan(r)- Mol ecular eacon, or tclipse

t echnol o@yantiatve RCREISH sonpartiyegemontic yteididtion isothetmic DINAr ahplificktion,

eukar yot igGarftfldve hSb i TRINE) nbrvonic st e Il.-9. The nethad of claim
8 wher ei ﬁ t he eﬁ%‘??/onl c st e%ﬁ?%gf&“zse\éé’ RS V,a‘g%rﬁ?becs)@’ BH‘@& ?ﬁ%&f
enbryonic stemcell. 10. The nmethod of any one of the preceding clains
wherein end npys gene oy _chronpsonal |ocus is a manmal i an gene or
chronos ok’ahfhel ’B‘E:‘Bg& °€M\§ﬁ%‘t‘1ﬁb€l qezntigtise RCRsoppasesiTagMaa®s Mukesshous gene

or chr onBeRBR| orl RiPst™ SroBe BitHRAogPeNE or chronpsomal |ocus. 12. The nethod

of, claim 10 whereih the endogenots gene or chronobsomal |ocus is a nouse,
rat, or other rodent gene or chronmosomal |ocus. 13. The nmet hod of any one

of the pgegedin | ai 16 wherein,.the LTVEC i,;s capabl e, of  accommodati ng
| ar ge eﬁlﬁdﬁ?fgﬂfgﬁﬂ\y@é‘f’@ PWW&&WW&‘WQ@C rypticesds 2 mamnmligiet hod f or
genet i cabhbryBRidisteri ¢dfl. an endogenous gene or chronpsomal |ocus of interest

in nouse enbryonic stemcells, conprising: a) obtaining a | arge cl oned
genom ¢ fragnent greater than 20 kb which contains a

9. The method of claim 8 whetein the embryonic stem cell is 2 mouse, rat, or other rodent

pr obe

embryonic stem cell.

10. The method of any one of the preceding claims whetein the endogenous gene or
chromosomal locus is a mammalian gene ot chromosomal locus.

11. The method of claim 10 wherein the endogenous gene or chromosomal locus is a human

) gene or chromosomal locus.

12. The method of claim 10 whetein the endogenous gene or chromosomal locus is 2 mouse

>

rat, or other rodent gene or chromosomal locus.

13. The method of any one of the preceding claims wherein the LTVEC is capable of
accommodating large DNA fragments greater than 100 kb.
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DNA sequence of interest, wherein the large cloned DNA fragp®aprii 2005

honol ogous to the endogenous gene or chronpbsomal |ocus; b) using bacterial
honol ogous reconbi nation to genetically nodify the | arge cloned genomc
fragment of (a) to create a large targeting vector for use in the nouse
enbryonic stemcells, the large targeting vector having honol ogy arns
which total greater than 20 kb wherein the genetic nodification is

del etion of a coding sequence, gene segnent, or regulatory elenent; c)
introducing the large targeting vector of (b) into the nouse enbryonic stem

cells t | @gou reconb nation the en eno e or

chr ormso%gilw?n g%g%rrgep h Caﬂ)}g@? geﬂ%‘fsﬁﬁneaorcfﬁﬁ ﬁg%‘gé’ say to

det ect nmduénmmﬁbm&aﬁbqﬁdﬁ&@né&ﬁﬁmni infie nouse enbryonic stemcells of
(c) to identify.those S n tem cel | i ¢h the . endogenous
gene or chro ohtaifiin 56@@§‘ﬁ§§gggéﬁu &ﬁﬁ?‘%&?ﬂ?riﬁﬂgbpg chReIPH2 { he

quant i t alDNA séfueié df Sntéred/Wrhedrélh théqa &l&edJISNAFP@nﬁthlbﬁslm%g&ﬁx&&fé of claims
1 to 14, erel n about K 1-5 (err)g the large targeting vector of (c) is

i nt r oduc&BAqgsnals geRe oF chrompsomallpais; 16, A genetical ly nodified endogenous
gene or chrongp bal:@ﬁé:l%oﬂfo?%b’&s%‘éc&?%xﬁﬂi%n@@ L Betally &og%y@ cléilegi M 1 to

15. 17. A genetlca l'y nodified eukaryotic ce pr oduc e net hod of
any one @fnaspg rmm@tpf)(a) tocrepte 4 emezggxmtwfozmsn dmsnouec grehteromeal |y

nodi fiedg 1. 19. A
geneti cal 54 Ar?on%ﬁ&%ergé %hgg %r%?drr%‘?\llz Kﬂ}b&%ﬂcﬁvﬁ gg%%%éage&*aﬁg qur%t hod of
claim 14vherin thégenstic moddinationgadelesion 0 a teding scguemcggerﬁsegmd:ﬂt,yorrmdl fied
endogenousggg%}g 190 e chrormsorral | ocus produced by the nethod of anyone of
claims 1'% "™ mouse containing a genetically nodified endogenous

genehor chrondbmna&mhgghshgpfnﬂmmgﬁahmwﬁm@1mBF?Qﬂomke?i § ck&mn&ms A .
non- numan or roauce om.t etl ca | e aryo ic ce
of ¢l ai mio Hody by orolagous recombination e Eadbepai gt oThrmAS IR IDE | e

mouse englgoni ¢ stem cel | of clalm

and

d) using a quantitative assay to detect modification of allele (MOA) in the mouse
embryonic stem cells of (c) to identify those mouse embryonic stem cells in which the
endogenous gene or chromosomal locus has been genetically modified, wherein the

quantitative assay is quantitative PCR.

15. The method of any one of claims 1 to 14, wherein about 1-5 pg of the large targeting

vector of (c) is introduced to about 1 x 10’ cells.

16. A genetically modified endogenous gene or chromosomal locus produced by the method

of any one of claims 1 to 15.

17. A genetically modified eukaryotic cell produced by the method of any one of claims 1 to
13 or 15.
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19. 24. A non-human organi smcontaining a genetically nodi fjgedngpgenous
gene or chrompsomal [ocus of interest, produced by a method conpr|5|ng t he
steps of: a) obtaining a | arge cl oned genom c fragnment greater than 20kb
containing a DNA sequence of interest; b) using bacterial honol ogous
reconbi nation to genetically nodify the | arge cloned genom c fragnent of
(a) to create a large targeting vector (LTVEC) for use in enbryonic stem
cells; such LVTEC havi ng honol ogy arns which total greater than 20kb, c)

i ntroducing the LTVEC of (b) into the enbryonic stemcells to nodify by
honol ogous reconbi nati on the endogenous gene or chronosonel |ocus in the
cells; 41 29 April 2005 d) using a quantitative assay to detect

modi f i ca$. onAggneticallyineodifiddapll accotdueg te wlainy dhiwbich isem eatbiryomicosterg cgll. t o i dent i fy
those enbryonic stemcells in which the endogenous gene or chronosoma

| ocus has been genetically nodified; e) introducing the enbryonic stem cel
of (d) it9.0 A gbhasilyayslifiedanshsé )!mbfybm@dudﬁi deli ptodecdd lyshemyhbd of claiy into a
surrogat? not her for gestation. 25. A nouse containing a genetically

nodi fi ed %ndogenous gene or chronosonmal |ocus of interest, produced by a
met hod conprising the steps of: a) obtaining a |large cloned genom ¢

f ragnment ter .,than 20 kb which contaj equence of interest,

wher ei n t"ﬁ %@é%ﬁ%@%@}%@#ﬂ%%dﬁ%%@%@%ﬂe g@hdogenous gene
or chrorra%makmhgtrdéﬁspﬂahu&albp%&ﬁ&hsdb lopEet QgRK' 1§ g5.0Mbi nation to
genetically nodify the | arge’cl oned gengnlc fragnent of (a) to create a

| arge targeting vector for use in the nouse enbryonic stemcells, the

large tap get A%&@E&&%ﬁgxgggfl%gmsgg%ﬁ&sgnw 6ol 09 Rlon@Gakigbed han 20 kb

wher ei n t le genetic no & cod I'ng sequence, gene
segnent , peducedduyithe methodbbclm 4. ¢) i ntroducing the large targeting vector
of (b) into the nouse enbryonic stemcells to nodify by honol ogous

reconbi nati on the endogenous gene or chronosomal locus in the «cells; and
d) usi ng2a Anemhirhat orgaisas pyuded frbei the igemandilllyinealified Rultiryotic lcell 6f AifA) in the
nouse T€ﬂ¥ﬁﬂlc stemcells of (c) to identify those nouse enbryonic stem
cells in t he

23. A mouse produced from the genetically modified mouse embryonic stem cell of claim
19.

24, A non-human organism containing a genetically modified endogenous gene or
chromosomal locus of interest, produced by a method comprising the steps of:

a) obtaining a large cloned genomic fragment greater than 20kb containing a DNA
sequence of interest;

b) using bacterial homologous recombination to genetically modify the large cloned
genomic fragment of (a) to create a large targeting vector (LTVEQ)
for use in embryonic stem cells; such LVTEC having homology arms which total greater
than 20kb,

¢) introducing the LTVEC of (b) into the embryonic stem cells to modify by

homologous recombination the endogenous gene or chromosomal locus in the cells;
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endogenous gene or chronosonal |ocus has been genetical ly nmedidgriegoossher ein
the quantitative assay is quantitative PC R, e) introducing the nouse
enbryonic stemcell of (d) into a blastocyst; and f) introducing the

bl astocyst of (e) into a surrogate nother for gestation. 26. Anon-hunan
organi sm contai ning a genetically nodified endogenous gene or chronosonal
| ocus, produced by a nethod conprising the steps of: a) obtaining a |large
cloned genom c fragnment greater than 20 kb containing a DNA sequence of
interest; 42 Q)gusmgraiqumms'eab)ly@sierﬂgtmdlfleatbalofhllﬂnﬂ\’g@bmthmmm‘ati on to
geneti ca if Al : omji £ f of reate a

| ar ge ta%%%ltdlg}ri]%gdf\%é{) ghr% n@}&%g g@ﬁgglﬁgg{r}ly%}kf%l ce '@QE? Vv @%?érf%r?g LTVEC
havi ng holoimogymal lares kdsibeén gentudallymedified; t han 20 kb ¢) introducing the

LTVEC of (b) iynto the gukanyoti.c cells t.a .genaticall dify b honol ogous
r econbi nagi Z)net'ﬂtéocg'ﬁﬁ @E’n"’ u%yod]é%sée%Felg?fr@rfﬁ?oaﬁﬂ?&?%sé{@g?n t%e Zel l's; d) ’
usi ng a quant f)tigtddueing dredylastoayst of @F intodslirfogma imotlier 6br gadthidne (MOA) in the

eukaryotic <cells of (c) to identify those eukaryotic cells in which the

endogenous gene or chronosomal | ocus has been genetically nodified; e)

r emdvi ng24. embise BHGiningQ Beh&tRalB K eHified dndogeBblis gehe bFdhirombdontallob@dfCi Ng t he

nucl eus of (e) |(i1to gn oo&%/)itie; and g) introducing the oocyte of (f) into a

sur r ogat Eterpttirseduced by megiod samposmg the fePs.Hunan or gani sm cont ai ni ng a

genetically ikkdie ; Lipduced by a

met hod conpr @?ﬁg@%@f&g%@gﬁm&ﬁﬁ% eﬁ?%&ﬁ%&ﬂcﬁg}z?@enom C

f r agment DiYA saquence lofinterest iphemaimthailangengioned fegmertrivhoroslogaws ¢o tet ;  b)

usi ng baSﬁdWér@usE%r%ﬂx{%ﬂﬁ)& %’gag,nati on to genetically nodify the | arge
it noeors

cloned gen ragmen ) t0 create a large targeting vector for use
i n eukar yot i cblosingbactétis i@BplogouseedombiiiGtibmvd gegetivalipinodify the begevdined t ot al

greater than.20 kb, c), {ntroducing. the. LTVEC of (B).into the eukaryotic
cel I's t oBYEREL Wqﬁo%h{éf?eagv Lﬁgm%‘&%%“ refgf)‘r‘?%i%g]tei%%’s? ?@b%ﬂ‘égenous
gene or sBin@eilksheddrgd RRgetng vecioh Bavirg] hosnoleky auds #Hich wetalgdater Han\20 kBssay to

detect nogifjcation,of dele,( ) iFth eukaryotic cells of (c) to
i denti f y VRHEELNEEAANS HPFIECAOR SAcieHOR [ %W‘f‘%ﬁé%‘ﬁ&ﬁ"gé%&%g%é’ror chr onosonal
regulatory element;

¢) introducing the large targeting vector of (b) into the mouse embryonic stem cells
to modify by homologous recombination the endogenous gene or chromosomal locus in the
cells; and

d) using a quantitative assay to detect modification of allele (MOA) in the mouse
embryonic stem cells of (c) to identify those mouse embryonic stem cells in which the
endogenous gene or chromosomal locus has been genetically modified, wherein the
quantitative assay is quantitative PCR;

e) introducing the mouse embryonic stem cell of (d) into a blastocyst;
and

f) introducing the blastocyst of (€) into a surrogate mother for gestation.

26. Anon-human organism containing a genetically modified endogenous gene or
chromosomal locus, produced by a method comprising the steps of:
a) obtaining a large cloned genomic fragment greater than 20 kb containing a DNA
sequence of interest;
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| ocus has been genetically nodified; e) fusing the eukaryot2gApsidoosf (d)
wi th anot her eukaryotic cell; and f) introducing the fused eukaryotic cell
of (e) into a surrogate nother for gestation. 28. The non-human organi sm
of any one of clains 24, 26 or 27 wherein the non-human organismis a
nouse, rat, or other rodent. 43 29 April 2005 29. The non-human organi sm
of anyone of clains 24 to 28 which is produced by a nmethod as further
defined in anyone of clains 2 to 15. 30. The use of the tgenetically

modi fi ed cel | blossing|bagtesial homplogepstreqombinatipn tagenetically wedity the hrgeiclongd
organi s . ;;ktg? t | . g | id”&ﬂ% onic stem cell
of gcI ai e:Lré)i’qrflcofrél ééll%fpgi)t yc?éilt on %tg&%%g%éﬁ&g dnz‘gagtgfdgé([%rdi ng to claim
1 or 14 (@AIGEC) the JIBFGhaving Homnalogyhunsewhi gredes Ul with reference to
any one of th i}‘u%q%gﬁi %ﬁ%@%?fo m%%me%@%%‘%“aﬁ't' ke e h%gjfegd"genous
gene or chrondsona BcUs accord pmg o HE M TS VRBET s Y SNSSY %tially as
her ei nbehomelogas aedobihavion theread speancgenoorahymssontl [bhs i theeglis ngh Exanpl es.
34. A geneticglly nodified cell agcording to clai r. 19 ich.is
Subst ant | al |y DasheRaRare Gy wabiett Bofifikbn o Al GA i HedBdmie of «he
f or egoi ngellsfi(gptoidentidpthode @ﬂlﬁkrtbtlﬁ’&ms 18 Fghiohi threriog&ods pdhe 0@ clabiPienhf cl ai ns

i as

20 to 27, which,is substant ) her ei nbef ore described wth reference
to anyonlé’cb?hﬁqil?éenfﬁfflgé’ﬁf Ogé?igrpl es. 36. Use according to claim30 or 31

whi ch is subsaaibdhg thedtclB@ fRim BRicakysiRzel 6@ Wi th reference to any one
of the foregoing Exanpl es 44 .
introducing the nucleus of (e) into an oocyte; and

g) introducing the oocyte of (f) into a surrogate mother for gestation.

27. A non-human organism containing a genetically modified endogenous gene or
chromosomal locus, produced by a method comprising the steps of:

a) obtaining a large cloned genomic fragment greater than 20 kb containing a DNA
sequence of interest;

b) using bacterial homologous recombination to genetically modify the large cloned
genomic fragment of (a) to create a large targeting vector for use in eukaryotic cells
(LTVEQ); the LTVEC having homology arms which total greater than 20 kb,

c) introducing the LTVEC of (b) into the eukaryotic cells to genetically modify by
homologous recombination the endogenous gene or chromosomal locus in the cells;

d) using a quantitative assay to detect modification of allele (MOA) in the eukaryotic
cells of (c) to identify those eukaryotic cells in which the endogenous gene or chromosomal
locus has been genetically modified;

e) fusing the eukaryotic cell of (d) with another eukaryotic cell; and

f) introducing the fused eukaryotic cell of (¢) into a surrogate mother for

gestation.

28. The non-human organism of any one of claims 24, 26 or 27 wherein the non-human

organism is a mouse, rat, or other rodent.
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29. The non-human organism of any one of claims 24 to 28 which is produced by a method
as further defined in any one of claims 2 to 15.

30. The use of the genetically modified cell of claim 17 or 18 for the production of a non-

human organism.

31. The use of the genetically modified mouse embryonic stem cell of claim 19 for the

production of a mouse.

32. A method according to claim 1 or 14 which is substantially as hereinbefore described

with reference to any one of the foregoing Examples.

33. A genetically modified endogenous gene or chromosomal locus according to claim 16
which is substantially as hereinbefore described with reference to any one of the foregoing

Examples.

34. A genetically modified cell according to claim 17 or 19 which is substantially as

hereinbefore described with reference to any one of the foregoing Examples.

35. A non-human organism according to any one of claims 20 to 27 which is substantially as

hereinbefore described with reference to any one of the foregoing Examples.

36. Use according to claim 30 or 31 which is substantially as hereinbefore described with

reference to any one of the foregoing Examples
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