29 April 2005 WO 02/36789 PCT/USQL/ 45375 METHODS OF MODI FYI NG EUKARYOTI C
CELLS This application clainms priority to U S. Patent Appl i29amriba00®.

, 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
publications are referenced. The disclosures of these publications in

their enti rve@bgg-,@re hereby incorporated by reference i 'Fc‘i”n}sm/c%,na
application. Field of the Invention .10 The field of this invention is a

method for engi neer i METANUDSIOF MODIFYNGEIRRRY(SEIOFEL{Q target, .via
honol ogous reconbi nati ons and nodify, 1n any desirable Ttashion, endogenous
genes and chronosonmal |oci in euKaryotic cells. These Iarge DNA targeting

vect ors fomeukaTakycitehd okt PVECAPPHERIARGLYBY IRzl AL T agTEn!
ally use

of cloned han t hose typ er appr oaches
i nt ended t %ﬁ%%éwﬂ‘géo%i’r?‘éﬁlﬁéﬁwmﬁﬁ%k& 6134466 B@ Octoberfiel d of
the i nvent mmo‘oor ThesughoavitiespPlRA SN Yafibuh RIHicEOONERE $Merer¥Bl Note O
detecting Eﬁﬁs Ié%tﬁel | s :L}n whi ch the LTVEC has correctly target ed and
modi fi ed t Cg‘é%‘i‘ FyblHerronsdn dhety enfiretionspbstalincgpastted The 20
field al sorefecswpans dss bpglicationof these cells to generate organi sms bearing
the genetic nodification, the organisns, thenselves, and nethods of use
thereof. Introduction 25 The use of LTVEGs provi des substantial advant ages

over current nethods. For exambtld ofshBtevdrlipge are derived from DNA
fragrreriés | arger than those currently used to generate targeting vectors,

LTVECs “Can be nore rapidly and conveniently generated from avail abl e
libraries @helfisldysf thisnavargioRda rridtH@dTRﬁIbﬁ éﬁdBﬁ\Efz@l BdaZA@1iibr ari es)
than targeti tor n nt hno). g| es.' In addition,

| arger nodi'f &gffﬁ ?@egé’%‘i’mo’;@ﬁ?} %&ﬁ% Ynift PRY getiralitioni c

regi ons cafesbivnyendogeaouepérestahy @m&&ﬁ@'&@d 162 aﬂeuka&y@@c Edll5! Ghese
technol ogi Fa%ge DNA targeting vectors for eukaryotic cells termed LTVECs, are derived
15  from fragments of cloned genomic 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 endogenouslgene(s) or chromosomal locue(loci). The
20  field also encompasses the use of these cells to generate organisms bearing the |
genetic modification, the organisms, themselves, and methods of use thereof.

Introduction

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

) conveniehtly generated from available libraries of large genomic DNA
fragments (such as BAC and PAC libraries) than tergeting vectors made using

30 current technologies. In addition, larger modifications as well as modifications

spanning larger genomic regions can be more conveniently g'enera—ted than
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using current technologies.
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29 April 2005 WO 02/ 36789 PCT/ USO1/ 45375 Furthernore, the present invention
t akes advantage of |ong regions of honology to increase tR8 Apsl2@25 ng

. 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 nvention thus provides for a rapid, convenient, and stream ined nethod
for, syste ' nodi fying virtually all the endogenous_genes and
chnbnosongﬁ&P§g+&% a given organism Background of the | I OVENTS 10 Gene
targeting b ans of- _honol ogous reconbi nati on bet ween honol ogous

exogenous Eﬁﬁﬂgﬁﬂngﬁd85ﬁﬁﬁﬂ§gHHWBHB%S#ﬁﬁ@d§éﬁ@€ﬁ@@§¥¥h§§mﬁﬁdﬁen to be an

extrenel y vhbmablgy wdﬁcfeébecth@%rgekﬁif% ebi@iEy Jf MRS ﬂ'ootréﬁget? chci,%drm%@t i ons,
maKe ot ner eneti C

correct gene nutations, intyoduce transgenes, or 21 g
nDdificatioa§n¥W§T§ﬂﬁﬂ%ﬁ@htﬁ¢¥@h?ﬁﬁ%?%Bﬁngﬁg%%@é“Ggﬁﬁémﬁﬁﬁﬁﬁﬁfﬂbﬁhrgeting
vectors, with regions of honplogy to endogenous DNA typically totaling

| ess tha 20 kb, to introduce.the desired genetic nodificatiaon into
nouse engriglﬂ? BresPRUny Edon %B‘F pEovi ‘Eﬁ@ﬁﬁé@?@y@l@“’tﬁﬁé{é‘@iwaﬁﬂmﬁﬁe altered
ES cel | s i nhetholife spstaimyBellyanodi mrtuangeaapmer&ﬁa A HaBehhdE

nodi ficatiofs inton#ﬂg)qﬁuse gernp?ﬁg‘zo (Sm thies e? alzfﬂﬁbture,

317: 230- 2345 P5¥8P ThQ" BIVER OTERMM 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 a]. 6: 847-850, 1990; Schwartzberg et
al ., Science, 246:799-803, 15595 Fomvention - Nature, 330:576-578,
1987;- Xhonson et al., Cell, 5:313-321;1989; DeChiara et al., Nature,

345: 78- 80, 0;..25.U.S. Patent, No., 5,789, 215, issued Augyst 4,1998 in the
name of CerPRe F%Sgﬁ*}&@ AR DR PIBP R 60 “ﬁ@tﬁ"f?églsi‘,""b‘éf’é%‘fﬁ.ng t he
raye ES cel dogenowdiDBIA akenddgendas chrofifogeinahgquentditashaveerc &f besh | y
targeted_aquﬂgghfbgg'éGe de ireq .gggo enous,. enags%nor chr onosonal

| ocus (| oci ) Vet ¥ SEUaRETERCR Gefe ARISHPEN KT deT8R PHYAH R0 OGBS
targeti ng sgaeencesionsintaoduee trinsfertest drembles gibiet penatd medifieatiofsimays f or

successful get | L nyol ve standard Soufhern blotti or.. long PCR
(Cheng, {Sgt rz‘a‘?{el %kl{alf'eglrt & e@%%s: BEAVE UToE E“E%IS‘? & gﬁ'ﬁ“@&%gr%ﬂﬁ}ﬁ\fﬁ}%‘g s
of homology to endogenous DNA typically totaling less than 10-20 kb, to '
introduce the desired genetic modification into mouse embryonic stem (ES)

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 vector. Assays for successful targeting involve standard Southern blotting or
long PCR (Cheng, et al., Natuire, 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 Shﬁzo Co., Ltd. ) 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



Appi, 3:S149-61, 1994; Ponce and Mcol, Nucleic Acids Res, 20:623,1992; U.S.
Patent No. 5,436,149 issued to Takara Shuzo Co., Ltd. ) fr@mApebRe0fces

. outside the targeting vector and spanning an entire honol ogy arm (see
Definitions); 35 thus, because of size considerations that Iimt these

met hods, the size of the 2 29 April 2005 WD 02/36789 PCT/ US01/ 45375

honol ogy arwe ¢3k&ss €stricted to less than 10-20 kb in tot I, The
Practical Approach Seri es, 293, 1999). The ability to ut‘?(%ﬁ/'gsé)?/txle?{?getl ng

vectors w t R8Il Qs esltﬁétggrtofeg H}aﬁlhbeE)kS' %Fag gnérurl'égg’%?cg}%%lggﬁz be

woul d be extrerrel va ua e. For exanple;- suc arg

more rapi dl 9PRW%§HV@%Q8$}t]J999)generat ed from available libraries
containing large genomc inserts (e.g. BAC or PAC libraries) than
targeting vectors nmade using current technol ogies, in which such genonic
i nserts havEhe il utdire toegefinglvertacs withiwanalogly amsdmglerpthamthdse use. In

10 addi t3 ONusdiAnaBFrePHCM GBI AR 1A Bl 5 B! FEALLAARE SRR "0 | 2 ger

genomi ¢ regions coul d be nore conven e gener at e Sher st eps
than usi ng fEgRtngtectass Fevalddes @gre lﬁpﬁdlﬁ@ndwpevememl)ageﬁamted(ﬁmgnr egi ons of

homol 0gy  cotallableMek £8&E-oh ﬂoﬁﬁ@ﬂg EA@&Y Bakoy %t ALas t" loci

in eukaryot%’é“]cel | s, since rgetin o ousS reco ion in
eukaryotic I%rgﬁ'ﬁ%&?%m’fsd“ﬁ@e E’Bng é‘P’Eﬁ@"dteﬂmCtl%e%m wthi¢hosush ggpomdnt ai ned

within the inaireetdvato bR kiR thaRAeri/e Dﬁ&ﬂ?ﬁm prigftd ufl Gh,  12: 3365 71,
n reque

1992) . n tlon t he increased targeti cy obtained using | ong
honol og ‘&%l 3¥BER momfsqqhamaqowelé As mdlﬁqaéms spannireg largen ghromisy | ved

from usi ng ﬂegr@gs@aqa%nbfb ddieRicha %%ﬁéﬂa%dvﬁmrféwe?& ngp&agr&m m of

engi neering preC|se nmodi fications | to very |l arge geno ragrents, such
as) t hose clowesRt fshpplesigsy Farthesmore ghe lasegéllsvnmmp@mfmmologyo@-gn the- use
of honol ogqu&eamQMrgeﬁm &e ﬁertl?@f@hm%l ¢ 1081 %luk f

20:123-8, 1998, Yan . el oty ok in Sular §9ge§%rand

Nucl ei BefRn OIE“? 0goys 1esom W‘éf‘se REYOHc cells\mme@rsCtoAm ds Res,

f27 15ﬁ5]'57 rafateOQ%he lbaalau@aalt&» Q:bnﬁ'mq[d FRAR E@% eBng48ctér é}?e?%] cﬁ: | owi tng
or the constru ct.or n |n|n arge reglons of "honol ogy to
eukaryoti.c @R&S‘g‘é«ﬁ@a‘s& Eﬁ’isu@?g% Rt c}f%go H’é? flision, thedn@oesed tyigeling nade,

t hese vect grequbmyeobwiltnea e8ihg 0AE Gbaldivgy et doul PHIMBRENH Aty 1htengiagenous
genes or cheR rﬁstﬁat can be dertved from using isogenic DNA in these targetmg 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

\ 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, 19995, 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 loci via

homologous recombination because of the difficulty in detecting rare correct

30 targeting events when homology arms are larger than 10-20 kb (]o}rner, 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 mak.es' possible the use of targeting vectors containing large



honol ogous reconbi nati on because of the difficulty in detecting rare
correct 30 targeting events when honol ogy arns are |arger 2AAPM&08H kb

. (Joyner, The Practical Approach Series, 293, 1999). Consequently, vectors
generated using bacterial honol ogous reconbinati on from BAC genoni c
fragnments nust still be extensively trimed prior to use as targeting
vectors (H Il et al., Genomcs, 64:111-3, 2000). Therefore, there is still
a need. for _a rapid and conveni ent 35 net hodql ogy that nakes possihle the
use Beionsphhemalges srtsde nebifiearoganguy grngeonchrempgamal lospgsukeyetellys

honol ogy so as to nodify endogenous genes or chronmosomal |oci in eukaryotic
cells. In accordance with the present invention, Applicants provide novel
met hbuascoidanceanitibthe prashet inwmtion, Appicerets prayideawivdrmsetbedstthatrinalpjed the gee oo gi ons
of honol.o o_as to.mdify endogenou enes, or .echrqnosomal loci in

eukal Yot §¥%°3?‘F SOV R oY }c/)e ouS orgggrgﬁ%rgg%? oR .mﬁéﬁznn%% AGasEBVePtone t he
abovendesedshilesti id sikkGbtioadls Ofa Houidletlus k@ohibirlatigh. Sach hiddaddobérbdme tHe
skilled artisan wil|l readily recognize that the nethods of _the_ invention

ar e teEpidgscabsptimyadese of sertiechapipeigedpafdtionabotkiled agisaupat seedilyc or gani sm
| Nl Hebdfize A0 lectddTLE B ihniBR WALl SUGHeA Ror TOLSE af oA Belent,  oF
s wel | or wh u

human, as plants such as soy, and eat . ry of the
| nvemtyi hatyotioergrda irstndiig, hut tng lipried eptaninmalesyich enmopgeptat,calmdr sodkaw,cor
deveLn?xHSQa?w@ﬁ’XsellamEQcihd’s gtr(e)rf}llmnidnelgle,t and efficient method for creating
and SCreeAing eukal yoti e &P 8"V ch*@ont ai n nodi fi ed endogenous genes or
chronmosomal | oci. This novel nethods conbine, for the first time: 1.
Bacterial honol ogous reconbinatign to precisely engineer a desired genetic
nodification wthin a |l c fragnent, thereby creating a

| ar g, 1R6QRhNGHY BE 1se ftQhvdhdibn] ApplRkite h¥RLdeCelGidd Sndvkll Vﬁf&ﬁl&ea%luﬂ%,r ect

i ntroduction of these LTVECs into eukaryotic cells to nodify the endogenous
c hr osmsbaffreibnt oethed Gt craatiag esd scragningeskarpatid ells whidh 8ontAin nambfiedsindogemous
determ ne thr}e rare ukalj\:%oti c, cel Ig in e)/vhi h,ﬁt!;‘h%ftt rgeted allele has been
modi $5 Sy OLABET R og AR LIvshREhods PRGN 805 on of allele (M) of
t he par ent.@BactdhEiRndlb@dus rétdabhimdbn € ftbcisely SHHRNS dediddll @eiaat intydifdtisn de of

t he .targeting sequence, such as, for exanple, quantitative PCR One

e b oIt FIi8F <loRe geRpBiit frammed, terrhy F5RHEGY large FERSURE FPSFORa P8 P ng an

' endogfaRdac BARFLPVECSHr onosomal | ocus in eukaryotic cells, conprising: a)
obtaining a |arge cloned genom c fragnent greater than 20 kb containing a
DNA sequefdairest titrpduetény of thyse dSiVIChiat erkagrbtihelte lomodidy the endogenous

chromosomal locus 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 an assay for modification of allele (MOA) of the parental allele that
does not reqliire 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 latge cloned genomic fragment of (a) to create a large

. targeting vector for use in the eukaryotic cells (LTVEC), such LTVEC having homology arms which
total greater than 20 kb; c) introducing the LTVEC of (b) into the | |



reconbi nation to genetically nodify the |arge cloned genomg fra nt of

(a) to create a large targeting vector for use in the euka%%?ri"%%‘éél s

. (LTVEC), such LTVEC havi ng honol ogy arnms which total greater than 20 kb;
c) introducing the LTVEC of (b) into the 4 29 April 2005 eukaryotic cells
to nodi fy by honol ogous reconbi nati on the endogenous gene or chronosonal

|l ocus in the cells; and d) using a quantitative assay to detect

m)difigation f allele (MOA) in the eukaryotic cells of (c) to identify
t hosé® %fk‘éﬁ“f&ﬁ? to redifydyhonytlogcs ferembiragigR hidgamous et s HENBHEMA ocus
has he&R igaRetisald ¥ L{mlglafqussi@mmomyrm arRadhomAtash of Beld @9\? iPhea Method
wherein the genetic nodification to the endogenous gene or chfonosonal

| ocuseubamprd slsolide) wetidanwfothos abdiyntc sdlgirewbish tyendogegmegene @r  regul atory
el errecrg%(;mgslo eai?)gnllsopasgfma S0 Claﬂg sqgugnce, gene segment, or regulatory

el ement; T NSertion of & new c I'ng sequence, gene segnment, or regulatory
el enment; creation of a conditional allele; or replacenent of a coding

sequence or gene segnent from one species with an honol ogous or

or t hdMRiBHe t gbHgaMeaten pcthad whesria tie gepels wedifisgiion todhfat  ve
enbodinBBEnohe ¢dnl®r LMEIOESAR 1bs @omgﬁ&g%eréla&; smc&ﬁ%& h&IR! defl s@meiy, 621 NY
sequence, gene segnent, or regulatory el enent conprises a substitution,
addi ttegatogyreldmeni;alieratipreeisd qpdingreqianse, gancegmens esregnlagpy tloment, mgertipn

bi fungtianal protein. Yet another e otdi ment f the i gvent '.gn% Z‘rret hod
wher el 1t TR GUERT T AT € 3888y COpr sed “Guant TPt 06 poag oo %l%f’erﬁfive
genortegladeyient of Z@idimpbequenod HEgenakedohihe a0R] bdd spatiesOith skl BOblogba/ér

hybri di zation to an I muobilized probe, Invader Probes(r), or MW assays(r),
and \Mﬁgﬁoé‘?gﬁuifféi‘“gcﬁﬁﬁ‘i‘ﬁ“ﬁ EpmadibeRntgsHes ses TagMan(r) Mol ecul ar Beacon, or
Ecli pse' probe technol ogy. Another preferred enbodi nent of the invention is
a nmet hod wherein the eukaryotic cell is a manmmalian enbryonic stem cell
and i4n gtarpitive eabodimenedfithe mremtiviyriy o methat whareialthe dleraionodseodingt ,  or

ot her_ rodent enbrvoni ¢ st cell. Another preferred e(_{%odi mept. of §he.
CnverenEnel oSl Tiehdil &t Rribs Qoment 1Ghates BeShBhidSh, S BF Bisichr whe€ins |

a manhehishn @aipeisannepliopaagsbbifdmetosal ppoteiher abl y a human gene or
chronmosomal | ocus or a nouse, rat, or other rodent gene or chronosonal
locus. 5 29 April 2005 An additional preferred enbodiment is one in which
the |IlYEfoths: &alIRhE O dRGEANEBA Al ﬁ%hé%@ﬁgeh%qﬁx&m%@a%sa l6@bgtest han 100

kb. Another preferred enbodinment is a genetically nodified éndogenous gene
or cuenttaared! CR,oeamparative genomic hybridization, isothermal DNA amplification, quantitative

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

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

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



"that is produced by the nethod of the invention. Yet another preferred
enbodi nent is a genetically nodified eukaryotic cell that ﬂ?’ﬁ?&@@@%d by

. the nmethod of the invention. A preferred enbodi ment of the invention is a
non- human or gani sm contai ning the genetically nodified endogenous gene or
chronmosomal | ocus produced by the nethod of the invention. Al so preferred
i n a non-human organi sm produced fromthe genetically nodified eukaryotic
cells or enmbryonic stemcells produced by the nethod of the invention. A
pr ef dppdditent) pastpised embodimeryris prgiarvhichydsild Eoicapablsrf sscqpmetatng large
"DdiEh@?ﬁ&@ﬂ@&@%&yérdﬁﬁﬂéoﬂﬁ chronosonal | ocus, produced by a nethod
conprising®“the Steps of a) obtaining a large cloned genom c fragnent
greater than 20 kb containing a DNA sequence of interest; b) using

bacterial h I nbi nat i t ticall dify the | I d
D2t by RO S50 2Ll 0 BTSSR R0 e LS L8 07,

in emusqﬂb@ucsaegmqh&tﬁédosuh@m:dew&c having honol ogy arms which total
greater than 20 kb c¢) introducing the LTVEC of (b) into the enbryonic stem

cells to nodify by honol ogous reconbi nati on the endogenous gene or

chro I i , ' ttat b ; ect
oct et pRTeq dpld i 4 Rencfilatl Hohed (kAR R4 UFLATHAc) By O
i dentiethod dfobeinepdgioponi ¢ stem cells in which the endogenous gene or
chronosomal | ocus has been genetically nodified; e) introducing the
enbryonic stemcell of (d) into a blastocyst; and f) introducing the
bl astaogyftre@mbinient 6f de Siveh@EAk @ ndBHIGanf@EanGabicAkiting tApeaetitally Onal
preferred enbodi nent of the invention is a non-human organi smcontaining a
garslifiedgndoganeus gane @r eraagsemeldogs peodyred by twessied °$ the ifyentiptoduced by a
met hod conprising the steps of a) obtaining’a large cloned 6 29 April 2005
genom c fragnent greater than 20 kb containing a DNA sequence of interest;
b) ugilsugprbfetd i ahon-hanml eganism peabirid frami the geretigdip etddifedd epkampaid gells be

| arge ¢l oned genqpuic fra t of o.create a |large targeting vector for
use ieﬁ‘%@%isfg? F@w@é?‘I ec?%@‘fthé(ﬁ%#’fﬁ‘/’ﬁ@%vi ng honol ogy arnms which
total greater than 20 kb; c¢) introducing the LTVEC of (b) into the
eukaryotic cells to genetically nodify by honolqgg S rggg i nati on the
endodepsirsreg embodimeaniarmosdimman BT FPRYiRes e gy eoglogERaei tati ve
asSayeh oAb ifbsofRioths gldcﬂ@ed.{;y Pink@ba cémmé ﬂxetsh:%s 1532 Iﬁ%lylﬁﬁﬁr% aQEtIgI: s of

(c) tfoidentify those eukaryoti'c cells in which the endogenous gene or

chr ordsmedrgéndnuc fregthery grdates thageXidibi coatainingrpBINA eqfuerce of énteresthly) uskg nucl eus

fromthe.eukaryotic cell. of (d): f) gntr i the .nucl g%%ﬁ fdanto an
ooy PAHE OB nbindian Besacd vl oA R At BB Trloeh e O
gest ab ifefite a large targeting vector (LTVEC) for use in embryonic stem cells;, such LTVEC having

homology arms which total greater than 20 kb c) introducing the LTVEC of (b) 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 icIentify 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 f) introducing the blastocyst of (e) 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 chromosomal locus, produced by a method comprising the

steps of: a) obtaining a large cloned



Yet another preferred enbodi ment is a non-human organisn1cggtaigg@gaa
genetically nodified endogenous gene or chronosonal | ocus,” 5?%' by a

. method conprising the steps of: a) obtaining a |large cloned genonic
fragnent greater than 20 kb containing a DNA sequence of interest; b)
usi ng bacterial honol ogous reconbination to genetically nodify the, |arge
cloned genomc fragnent of (a) to create a |large targeting vector for use
in eukaryotic cells (LTVEC), such LTVEC having honol ogy arnms which tota
greater than 20 kb; c) introducing the LTVEC of (b) into the eukaryotic
cel | $eddini@ #EhE&S eI 30/KDYodiaABL QINA LHEABDLNAL:QR B) RS BsQaRNOUS gene
or chronosomal locus in the cells; d) using a quantitative assay to detect
nmodi hicmeldgens wtombinatien to(ggmpicallympiidy thelatss goned geapinic gignficny of 63/ fdemate f y

s BABH by Feih o uTo MBIk O R OO, ey B e AR B 1

anot ldiichaontahgeait thag @0 kb; d) intrattuciog tivd HHVEReff(blaet the kaltaypiticeelisabl of (e)

into a surrogal. t her for gestati.on., In preferred enpodi nents, the

non- ﬁﬁ%&ﬁﬂfwﬁ%%gshﬁomowwéﬁw%Fheo%‘ﬂege%a&%;orf IPIERLEGE™ i s a
MDUS €he éeﬁ&;,dz Qfin®h GEIntEARE HsaPlAREQE Widifich fiSh SOM¥Ie IMICPA Ein TR A fkarybal cell

ot her rodent oocyte; and the surrogate nother is a nouse, rat, or other
r ode®f () pnisenely these feukarpaticantrod ivhigh the sndegsnpys grhe enchirhmosemal yemis bast em :
cell i i nRryoni. t | | 1Se....rat . or other
¢ odte oS PRT bl BB 0k R R RN R ELEEARE Yoo VO T B Bhip e
enboanatedn ofi(8) ihfveanuseyef ard @ igeidating thd gocprdif {(f)web 2ukapy@imahadbt s of t he
invention for the production of a non-human organism and in particul ar,
the GE¥*MW™ the genetically nodified enbryonic stemcell of the invention
for the production of a non-human organism A preferred enbodi nent of the

invention is a nethod for genetically nodifying an endogenous gene or

chr onéss epniher| psefggredembedimenisis 2 jnanhymnse osgAsisyorringaining ggerdtcally reerified si ng:  a)
obt ai_pj I I m kb ahi ch
cont ae?!rilgg%gaﬁ\%%gggaﬁ%ﬁ%ggo g?ﬁ%@’rpgg{h%%ah’gzg té?egﬁgc?%ogﬁff rgas?%gh %?tg%seo' f ragnment
i S hobplirogwabrdealdred gemsnigdngmenggageraharc A0 kinosoaning la dINA; setplenceisf ng

bact-eri al honol Qqgous .reconbi nati on,to .geneti cal ify the ] arge cl oned
o amoT i B A ipal ot EsOBbiafgh HoAmaral PGty e e orede | 't he
NDUS @eRsHhic ¥RAREn SRR t6 Rtdate 2 Thipe drﬁélﬂ@ vieatod &riuBdin GREAGic LY [INOVIIO) BBy

arns _which total greater than 20 kb wherein the genetic nodification is
del etiIoE@hadnghemolgssasarhier toid geeates girp 70 kbps) intsedyicingshy LEVEfef(b) ¢)
intr 1 . . [WpTe'D i . . iC
PS8, By o REERY R85 bl A ATMBG ST AN ¢
chr omosbrpaitospmellgcusnn theecelie d) ssingamguag)itaise agayatogletaat inpdificateon afsdldy t o

det e di f,j cation.of .al i in the use, enbr, ic stemcells of
(o) C ThacTBh LBl gRu Ol ok ) fo bl hdle NGBS WS 3l GG ecke OF
gene odkh@hiasmsidoals Haobeth deastichBemodified; €) fusing the eukaryotic cell of (d) with another

eukaryotic cell; f) introducing the fused eukaryotic cell of () into a surrogate mother for gestation.

In preferred embodiments, the non-human organism is a2 mouse, rat, or other rodent; the blastocyst
is a mouse, rat, or other rodent blastocyst; the oocyte is a mouse, rat, or other rodent oocyte; and the

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

- Another prefetred embodiment is one in which the embryonic stem cell is a mammalian embtyonic

* stem cell, preferably a mouse, rat, or other rodent embryonic stem cell



genetically nodified, wherein the quantitative assay is quantitative PCR
Also preferred is a genetically nodified nouse enbryonic <P Aprit#1QS
. produced by this method; a nouse containing a genetically nodified
endogenous gene or chronosonmal |ocus produced by this nethod; and a nouse
produced fromthe genetically nodified nouse enbryonic stemcell. Another
preferred enbodinent is a nouse containing a genetically nodified
endogenous gene or chronosomal |ocus of interest, produced by a nethod
conprising the steps of. a) obtaining a large cloned genoni c fragnent
gr eataqy o ddtdRaig e fRe ML B HdifRAT 18 HESus@ oPHR %%ﬁgi@ngc&oaifﬁea BhUIBERY ceMBTRE N the
| ar ge cl oned fragnment is honol ogous 10 the endogenous gene or
chr omsoner fdr dleasrodisdtion of i mgniiwertae argdnisio podl syparticulachaivsnaf tho genagically
genel] CAdNeRALLY (LASch B B2 8l AREH EHROM G AU N on BlmdeBlcehl S2L € 2
Iarge‘fargé??n Vector Tor use in ﬁe mouse" e ryonic s em cells, the | ar ge
targeting vector having honol ogy arns which total greater than 20 kb
wherei n the genetjc nodification is el etion of a codi.ng sequence, gene
seg N%Pt,ehﬁ‘ied caamst 99 e digntion sy *P?fg?% gif&ﬂ?j’“ﬁ’#e‘“?%?”g%g 20t AHG8ENG Bt or
of (R} _chﬂ?ﬁrﬂ)s&lﬁgl 15843 hﬁgﬁg{t}{ﬁ) Hio%séérﬁmygﬁl: k@nt &ngh%)ﬁsih% 32 gﬂw&ge
reconbination the 8 29 April 2005 WO 02/ 36789 PCI/ USOLT 45375 endogenous
gene cloned penoms faghent@eaater thpnt 9kbowhicls contaigs o PNS iseqyencapfantetestawibetein assay
to detect Lhi i-on of .all el T h e enbr voni m.cell's
of (c © %@e ir([’(%)e ﬁ{l :[ﬁ‘& tﬂ'ﬁ1 sgmr%soiﬁ%nem% lgé%\rﬁl %g}sctoggﬁmglg% ST \5\%‘?8??%%%)%871 %ggenous
gene usihg bhdtaiab hofBlogbetidSoribifatman ggadiehllyaabdify dve tirgd dohedifeasdidtrigheenb
guantitative as%ay is quantitative PCR e€) introducing %@f nggse enbryoni c
s & ) ExF1eats 1Ry targsiipe Xehprdst vieys the mpierermhr RN GUERIcAY- thid2Br HeadBEst of

(e) ivetdr Havh%ﬂdn?&%ﬁ_r&@mh bAl gast dhh 00 kb VRRiPARBAIRInbEGLEBN e Of
t he geneti cal nodi fi ed nouse enbryonic stem cell 0 described above for

t he pelstorof orodifg mqnangsgenpogmeny of tgnlatpraclemant Hddwodusingahalaggrout 1-5 fi g

of large.targeti vect,or  DNA i ntrodu i nt bou x 10" eukaryotic
cel | Sirkdea8} bER FE U ma Rl bl 4O SR Do Lidly BYRMnelotud 0 (P agram o
t he gedaitddaton tod emdlofanoue g¢nelol Vhfonmissbngl lobasah elid &lls;hadd) ogogis quantitative

;ﬁg; %iag ?(% tiét)(%gét géfh &Z:idcbr? o Jﬂg%y(Mté)AS ix]i;thehrtrjuz)us:e err]n nr?énqg Xtertleocéllszéf (S Eto?defn% triction
those mouse embryonic 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 embryonic 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 preferred 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 cmbryonic stem cells, the large targeting

. vector havihg homology arms which total greater than 20 kb wherein the genetic modification is
deletion of a coding sequence, gene segment, or regulatory element; c) ihtroducir_lg the large
targeting vector of (b) into the mouse embryonic stem cells to modify by homologous

" recombination the



Figure 2: Schematic diagram of donor fragment and LTVEC fo | O
(hbl= honol ogy box 1; lacZ =1 -gal actosi dase ORF; SV40 po??ﬁﬁgo%

. fragnment derived from Siman Virus 40, containing a polyadenylation site
and signal; PGKp = npuse phosphogl ycerate kinase (PGK) pronoter; EM/ = a
25 bacterial pronoter; neo = neonycin phosphotransferase; P& poI yA = 3
unt r ans| at e} Ov2g¢78h derived fromthe PGK gene and cont ai nPEEJUSP1/45375

pol yadenyl ation site and signal; hb2 = honol ogy box 2) Figure 3A-3D:
Sequence of emdt%emmger&alﬂraﬁbﬂhmﬂoﬁmisﬁgyh@@ﬂslaﬂ&&j )13 fompiage box 2

(hb2), and ]J. DI obes and pri ed,in a qua |ta1|ve assay
to detect rr%‘%g% ?t)s%t qué\ aﬂ-‘ﬁ@@@%ig‘gth@gp?gs STRYEORY St ﬁﬂgﬁh
NMOCR10 LTVEG (chiol 1deinaﬁyeth i moude drabbhicHiernledlls hawhidhahe endSdmote 1801 9 29
April 2005 PCTI USOI/4 375 Ta nd. ¢ rrespondl ng PCR
primer set deri vecgg!%gso%% 33’85 i gen %ﬁ%ﬁﬁcﬁﬁﬁdﬁﬁ ]ﬁ'UtBFeotl des 413 to
439 - up.‘perqwmmive BeaynisrquanBtafive PAR; epbitradegirgBe houbt@mbrygpier strand 5
Prinmer ex3-3 t| es, 445 t | o Ta robe and
cor r espondi ng F%E fl Ter %%%Stagfsg\félgﬂf? F%Efﬂ%%lﬂ&%‘ %E%S%Cyﬁggﬁsm%gr) pr obe:

nucl eot i deSSIB‘&%aIt@rr%Eer-fongpﬁaum.r and 10 Prinmer ex4-5': nucleotides 586 to
605 - upper strand Prinmer ex4-3':. nucleotides 642 to 662 - |ower strand
Definitions 15 A "targeting vector” is a DNA construct that contains
sequences "Abnpirefgued'is theoise nf tgegenuticallyrmodiiedahoumetmbryoniisters egliences

fl anki ngy a i catd o The fl anki ng honol ogy
sequencg)s @&?fééeﬁgg io%g}s&wﬁﬂggwuon& I@‘(Ouzn’ ‘direct the targeting vector to
a specific chronosormal | ocation W|th| n the genone by virtue of the

h(arml ogy tNagse ?ff&f@f‘r@d BEL WRADLISIPhHRIRIRYY 13 ;rz? oialggge targeting 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 = neomycih 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 (hb1l),
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



20 the correspondi ng endogenous sequence and i ntroduce the de5|red genetlc
nodi fi cation by a process referred to as "honol ogous r econt$® _

_ "Honol ogous” neans two or nore nucl eic acid sequences that are elther
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 endogeeouss7ghr onosonal | ocus by the insertion intopcgedoghsson of, or
repl acenent of the endogenous sequence via honol ogous reconbination using

a targeti nglag@dan® prabe 4nd genespondiigPCR prind sBeaGiYl ABS hDeatipon

resul ting fron1the di sruption of the genetlc i nformati on encoded in a
chrom)somal OBt 10 29 April 2005 WD 02/ 36789 PCT/ USOL/ 45375 A "gene

knocki n" ISTaml\ga@pwbdmdicido@ﬂtesm toe39L Lpper §tFe@ t he repl acenent of the
genetic informatign encoded in a chromosomal |ocus with a different DNA

sequence. 3 NME & pycleoBemif0datl0 suppersttgadi sm i n whi ch a significant

propor t ison FHmENGS-IT Gablesiiss 48lth A6N2IRR: shafigne knockout .., , A "knockin
~organisni' is an organismin which a signifi.cant perODtI on of t he

organisms cells harbor a gene knockin. 10 A "marker-" or a "sel ectable

marker" i s Tagdedre® birébe 40 l@fesﬁbﬁ&m@'ﬁ rifF sétferived W dth &ﬂﬁ(fiRﬁO rare

transfected cells expressing the mark rom the nmgjority o treated
cells in tr?éo‘bépul ation. Such marker's gene's include; but are not limted

to, neonycim m@ﬁmeam%aa&@a%wreﬁy&'s&aﬁdphosphotransferase or 15
quoreSC|n%,prote|ns such as GFP "ES cell"” 1s an enbryonic stem cel
}

This caPl Famepnty: aecleotdesBss e 6%uppﬁnétran®|| mass of a
bl ast ocyst r 5 I s a subpopul ation of cells
ySt Feindengme Mﬁd?f@d%%%ﬁﬁg%e Icel and pop

derived froma single ce , popul ation foll ow ng
idtroduction of DNA and subsequent selection. A "flanking DNA" is a segment
of DNA that is collinear with and ggi@ggdhst0 a partl cul ar point of

ref erence. :

15 A "targeting vector” is a DNA construct that contains sequences "homdldgous”
to endogenous chromosomal nudleic acid sequences flanking a desired genetic
modification(s). The flanking homology séquences, 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”.

“Homologous” means two or more nucleic acid sequences that are either
S 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 replacerrient 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



"25 "LTVECs" are large targeting vectors for eukaryotic cells that are
derived from fragnents of cloned genomic DNA | arger than £ ool 20})&] cally

. used by other approaches intended to perform honol ogous targeting in
eukaryotic cells. 30 A ."non-human organisn is an organismthat is not
normal |y accepted by the . public as being human. "Modification of allele"
(MOA) refer e nodification of the exact DNA sequence of one allele
of a gene(s‘?og;r/%g%;rqonosonal | ocus (loci) in a genone. 35 P%Tﬁﬁ?lé‘mh
modi fi cati on ,of lele (M) includes, but is not limted to, deletions, 11
29 April 2005 80%5 599 8§ arenetismpirtion sesyling emdhs replacemand ofi ons of. as

little as amhBigagétec itsin@MHontd codedil EdhrsshalBAYs with laQR#S@8: BR@ANI Ng a
gene(s). or chronmosomal |ocus (loci) of interest, as well as any and all

possi bl e no¥IPfR%Et i ons between these two extremes. 5 "Orthol ogous" sequence
refers to a sequence fromone species that is the -functional equival ent of
that sequenge,in .another speci es The description and exanpl es presented
infra are oWB@W“ﬁBrg‘ﬂW‘StE’E?PéPé’rgﬁgsméﬁwl’é&aﬁ HEPORTOPOREOTHPE RI || i n
the art wi ldrgariengnéetls Hallsdr 4 fiwsanewlesl es are 10 “provi ded by way of
illustration only and are not included for the purpose of Ilimting the
invention. Detail ed Description of the Invention 15 Applicants have.
devel oped aA rfkuedkin bagintm Sisraeangariad in andctef Sipaifraht batbd @thecr eati ng
and screeni ng eukaryaotic .cells i ch.contain nodified endogenous genes or
chr omosomal®* ?)I&:‘Pmﬁ%’ﬁﬁh‘@gbé’r@egepg, P nodi fi cati on may be gene(s)
knockout0s, knockins, point nutations, or |arge genomc insertions or

of non-li

del eti ons ._ot.her, nodi fications, By wa j ti exanmpl e, these
cells may Hg DD Y Bn g t?%%n&aéf‘?rs %?éﬁc%“‘ﬁgﬁgﬁ‘atfaggwéﬁ%g&eng knockout
on knocki n isdatjamobnse aadsfected aclis expapsingkhe ecekiér omitheeldjsrityiare, for the
pur pose of t 1ni t he,functd an_of. the gene t hat have been, al tered,
del et ed angfeg?ede{erq?g &t ?%eéé?opi%auf;ﬁlé Hg@g}aﬂﬁfgtsrﬁ?gg Sd‘é@%‘?‘f’ﬁ’@% aﬁé}(gihﬁmg i ne,
for the firstndonmecin phofdwtemsiarashand/hygoamyciadoplwsphvtransfemspraci sel y

ehgl neefs afﬂl%%gcﬁ% proteins such as GFP. '

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 to a
y 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 ehromosomal locus (loci) in a genome.
35 . This modification of allele (MOA) includes, but is not limited to, deletions,

11



genetic nmodification within a large cloned genomic DNA fragnent, thereb
creating a large targeting vector for use in eukaryotic ceIE%AWﬂ?QﬁQS);.Z.

. 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 ta@etad allele has been nodified as desired, | |,0g.a
guantitative assay for nodification of allele (MX) of thgy/ggo\rﬂé‘ﬁ al

allele. 35 A il . \ CT{ U 5375 .t shoul d be
enphasi zed %ﬁoésta %ﬁt@g\r‘?’: JE)rulé‘g %@P ﬁ%ﬁ@%{%ﬁ%%g%&%&%@s 1ot #&?ﬁﬂ%&gﬁ?ny
reconbi nat i kiohagesspaaning a gereéd)los chmmmesonisé lacus oz of imteresnpsiwetliasn - Wi t h

t he LTVECs i 1S j f, th ong, honol ogy, ar s
present in lméﬁﬁ%&a&%teil#@%ﬁ%doggI??’@ﬁ%ﬁtscge%eﬁ%%rdé% y nodi fy endogenous
5 genes or chronosomal |oci in eukaryotic cells via honol ogous

reconbi nat i ' ' ' j qf. an ‘assay to
determ n’g tﬁdgrﬁrlglro §@ﬁﬁ?§?‘%@8@%ﬁ %?ﬁ&\{}%f}ggﬂf&é %%r%jgtﬁéa %%l e has been
nmodi fi ed asfuhelprad @quivalant ofdeagequendd iviamgther gpegies.f at i ve assay for

modi fication of allele (MOA) of a parental allele, by enploying, for
exanpl e, quantitative PCR or other suitable 10 quantitative assays for.
MOA. The ab#h¢ d¢scxiption and gxampleg prasenfed dtftoare prpvided eorillustpptesthes | ar ger

than those syReinvBnfbi. ORk oFBLNAT ihe a3t fXl f%%ﬁ%ﬁé@t%&%x%ﬂés%e follow ng

reasons; 1. Targeting vectors are npre rapi conveni ently generat ed
from 18 avBiav Y way ef ilbstraben enlyiand are ngeingbidsdifer thequrpesqef. g. BAC or
PAC |i brari gsitingtthathveAtigRt i N9 vectors made using previous technol ogies, in
whi ch the genomic. inserts have to be extensively characterized and
“"trimmed" prior to use (explained in detail below). In addition, mninal

sequence information needq;ettgle(pge%ﬁgmrp(;p% IB?&&&PUS of interest, i.e.
it is only necessary to know the ppr oxi mat el'y -100 nucl eoti des t hat

are required to generate the homol ogy boxes (described in detail bel ow)
and to geneApplecaRtstes debalbop@R nBPell®@dl, sheamlined, and efficient method for

creating and screening eukaryotic cells which contain 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
genetic 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 locus(lodi) of interestin
these cells; and N '
3. Ananalysis 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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guantitative assays for MOA (described in detail below). 2. Larger

modi fi cati ons as well as nodifications spanning | arger gen@RiApril 2@f ons are
. nore conveniently generated and in fewer steps than using 25 previous
technol ogi es. For exanple, the nethod of the invention makes possible the
preci se nodification of large |loci that cannot be accommbdat ed by

traditional we @spisgl based targeting vectors because of thgifusiiASss
li'mitations. It also nakes possible the nodification of any given |ocus at

~mul tiple poi he iptroduction o ecific nmutatjons at different
exons of a t}loi“ﬁ‘g?%ﬁmaéﬁ%e&i‘a%r%%ms‘f‘ Oagfq P suAgseNE need to

engi neer mulkokfll d@rré@imﬁlgaﬁﬁﬁh%&aﬁﬂdnctc@lls Berodbaulilikéd B @rj@niitids of
ve of 1o a%%gz&@ﬁ&%&%a R RGO BrGES: S felonPERkeEY wes
use of |ong

targeting fpegianzythel.TViEDsd Utn]zt QETVECQ@ ideliPergtéipiitRtifyCertidbbRous

consi ste 35 wt revi o f| nd| t.hat t.ar et| g of honpl ogqus
r econbi ngt i GFSPT 15950,&5? G%GBE%@OBEF%W‘Q 1203 Q@G‘f/@%‘?@r‘ém‘éﬁ/ot ic

cells appeamdeq)daabreaihyam@dmw@l ztﬁ'tﬂmhﬁbxabf Aﬂom]lg Wd@t@ﬁ’hﬁleglﬁd rﬁ!ﬂe’([j hi n thle
targetlngve 4. The increased tar requ 0 aln umg ong
honol ogy' "{ﬁ?;ryﬁB%ﬁelnéﬁ?W§“ ﬁ\ E @ga?lﬁ{flﬁgﬁsﬁg‘ %f'(ggda?ﬁfgesfrfe i ng

i sogeni ¢ DNAssay m\’Eolfnlngsi 1ia&h§ﬁiﬂerigsa5ﬂ0f ﬁfoEllﬁdétlof[ beam@:(mmf ) ¢fra of I
quantitative a screenin ukar I C s for ogous

r econbi nat i B’ﬁr‘?ﬁ‘&l a@ﬁ@ Ef S‘fq‘i 6%&' ﬁf”é\? f?'r‘ﬂgar@%ct ors
(advant ageSunﬁﬂxtaﬁedaﬁb@/fe)mA aI so reduces the time for identifying
correctly nodified eukaryotic cells fromthe typical several days to a 10

few hours. In addi.tion, the application of quantitative MOA does not
require th&heabiliof tq)ﬂtﬁilizestai'gm&gedcm withehdrislogy dngekeyer henehsse or

chr onosomal __| peus Io i I S, bei s .obviating the need to

know. the sequeﬁ‘c ?ﬁﬁ?‘(ﬁ i3 ﬁéu?ﬁlﬁ?y%ag%%é%ﬁé%% EO&”“PBE&‘?(SPB% ). Thisis a

si gni ficant i nprbvEargating nectbﬂseuwawrb hapidbyr sehcoryehieatlyegenerted omed in the
| abor -1 nt ensi v

Cost - of facr fmabie aiE os P Radndthanit BTN BB THERATITRrE cvent s
i n ‘eukar yot Handetdeting vectors made using 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 necessafy 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
,' - regions are more coniveniently 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 hoﬁtologous
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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Met hods 20 Many of the techniques used to construct DNA ve%hg\rps %ﬁ&cri bed
herein are’ standard nol ecul ar bi ol ogy techni ques well kno skilled
. artisan (see e.g., Sanbrook, J., E. F. Fritsch And T. Maniatis. Ml ecular-
Cl oning: A Laboratory Manual, Second Edition, Vols 1, 2, and 3, 1989;
Current Protocols in Mol ecular Biology, Eds. Ausubel et al., G eene Publ.
Assoc., W/ avyo pasesysci ence, 25 NY). Al DNA sequenci ng i gctiase/43yrsst andard
t echni ques using an ABI 373A DNA sequencer and Taq Di deoxy Term nat or Cycle
Sequenci ng ep 1.
Obtain a | are gk&ggﬁggéns%ﬂﬁg}sqg%gggg?ﬁda‘%oﬁiﬁ% m@q%t'&ﬂﬂ %{ﬂ%m r onosonal
| ocus (I oci fhofargeting eestor. A Gene(s) or |ocus(l oci) of i nt erest can be

sel ect ed based og @p@ﬁ{c}éa%egurg@ﬁﬂg?‘fm \%H&}ro &ﬁﬁ@élﬁg%r@ﬂsucwg&t ai | ed

functional data, or it can be gel ecte in’t enc
i nf or mat i on 2SS APRAARILY Hitgividhes gre hpnehit, ifrangnbnmsusieg’isngerds DA ct,ed
t hrough the agdsh @aoatiRé vbéiBrvari ous genone sequenci ng projects. 14 29 April

2005 WO 02/ 36789 PCTI'USO /45375 Inportantly, it shoul d°be noted that it is
not necessary t oo-khaarMicationpf grantitaty assAYs fgésereening etikaryobit a
gene(s) of alsbeAbmbh AR r¥coliindlRG i weldy §RE Q! O
produce LTVEGCs. In 11‘enact recoon ly seq uenc ?gr rratilhg(r\#seoﬁi' |8C%paeqw red is

appr oxi mat eF%FSW&WtWM@%‘fq%S S’Gﬂa@dt?(boﬁﬁtlmfrﬂlﬂohedg@whe ¢ing fpone of

i nterest asjdukikyiAs cdi@ he
LTVEC (desch bﬁz@)éf ncde?(gl I Eg%f%\cflvtet&gn th%a%&ﬁm%gﬁ% Sé‘}t}ggecig b

quant i t &0 vEW Rewrs, Inadditionnthe agpb@p@pgf quantitavs M idpepnot iggeirest has

been sel ect ﬁde usd Jf Praisesd6aR8 sut%faedﬁ@%ﬁa&ge%ﬂ& gbr(Bb dhrSmISReLE) Or
| ocus(| OCI) gqbt dilned This ¢l one(s) can be “obtained in any one of
sever al flacidhalgs being medified fhus gbyiating theawstl ig knavyi tha seuamaa
i braries (ﬂaﬂcngﬁgmm@,ed\éaﬁe(spéueemb ’pmset@él fidant b firgahdian or PCR

t echni ques, ﬁ}/ any ot her. nethods famliar to skil F'ed artisan. 15
Step 2. Apptd'HoHSISEREBEGRas fe%ﬁarfer%iElthﬁmfaélétmek@dhésr@{%e‘aﬁwd

15  labor-intensive and much more cost-effective approach 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). AllDNA 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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generation of LTVEC. Honol ogy boxes mark the sites of bacterial honol ogous
reconbi nati on that 20 are used to generate LTVECs from | ar§é\nel 30R&

. genom c fragments (Figure 1). Honol ogy boxes are short segnents of DNA,
general |y doubl e-stranded and at |east 40 nucleotides in length, that are
honol ogous to regions within the large cloned genom c fragnment fl anking
the "regi onwoebesnodi fi ed The honol ogy boxes are appendgch/tsiaishs

nodi ficati on cassette, so that follow ng honol ogous 25 reconbination.in

bacteri a, &Pﬂ{tl %hblgﬂl I?&?&E&Eﬁat flglnt%?ﬁéce%éﬁg t \Qf ti‘rg cg legg dified

(Figure 1) ete hn gue of creatin vec usrn cterial
honol ogous %&@@WMg@ﬁ stiaxstiye Oﬁ)ergkm(ﬁ)ewfmter@t\tfaapptyythefmsthed@rfr&e( Yang et

Sy 15be. 7 SBEERRindoh BB Rl PYRCY MBI (68 ofty seqllbledfriblhigy "o
Nar ayanan ethakis requizaddis 3ppThemately A200mudegideyso asto abtain thegenhi¢ . Acad
Sci U SA QdnedFhfRiedast agml)as t@% efa et 'h%@la%ﬁ%%&@d&ﬁ%% 1998:

currently in use is ET clonin ang et

Nar ayanan &eT@EC (d @ﬁbedl'l@edd beapr) and t9ggike probasdbr e prguanstativei s

t echnol ogy Ni9h aghyal -, Proc Natl Acad Sci- U S A 97:5978-83, 2000). ET
refers to the recEy(HaII and Kol edner, Proc Natl Acad Sci USA, 91:3205-9,
1994) 35 and recT proteins (Kusano et al., Cene,- 138:17-25, 1994) t hat

carry out td?ﬁ‘ceja5 52\95 lclcu@@@é) M@nf&?és@ﬁé@? éDCQE{elc_‘h%qt, é?%% m%eﬂ&?{ﬁ’é ogous

reconbi nation re ctr RecE i's an exon ease one strand of

| i near Woumsianety) cangidnpils gerel®prilegusodinis oftained. RS tloagisbean bejescr i bed
infra)- 5 tdbtéined frhaksy ére@dﬂs@geﬂap%wu@ddurge%t At Rinerea it aldedi{d agment

with a 3" single- stranded over han his single-stranded Overhahg is coated

by 5-recT pritePNadibssries(s-gsP BAé?tr Y &¢d o8 coypid) by pmdasd ndi ng activity
(Koval | aﬂfi’bmﬂaﬁ@%rl’@l{%@ﬁﬁ uéd] br %Z%ﬂ %ﬂ&%&tho@fﬁﬂﬂia?@o&ﬁe per formed

using E. co t hat transientl y express’the E. coli sgene products of recE
and recT ( d&ﬁ%ﬁa“Kol odner, Proc Natl Acad Sci. USA, 91:3205-9,1994; dark
et al.,;sCol d Spri ng Har b Syrrp Quant Biol, 49:453-62,1984; Noirot and

Kol odner, J Bi ol 10 273:12274-80 1998 Thresher et at, J Mol Biol,
254: 364- 71, t%%EJAP ReMbhemelogy bexes L ang? tpiagragifigntion mssetamd 094: Hal | et
al ., J Bactgehération bf BTYEC. 87, 1993) and the bacteriophage |anbda (A)

protein Agam (Murphy, J Bacteriol, 173:5808-21, 1991,
Homology boxes mark the sites of bacterial homologous recombination that

20  are used to generate LTVECs from large cloned genomic fragments (Figure 1).
Ho_moiogy 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:¢16, 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



Poteete et al., J Bacteriol, 170:2012-21, 1988). The , gam gzr i
requited for protecting the donor DNA fragnment from degradat’i on y the

. recBC 15 exonucl ease system (Myers and Stahl, Annu Rev Cenet,
28:49-70,1994) and it is required for efficient ET-cloning in recBC+ hosts
such as the frequently used E. <coli strain DH1O0b. The region to be
modi fi ed anyO&@t78ted usi ng bacterial honol ogous 20 reconP{TEst@IB7Ean range
fromzero -nucleotides in length (creating an insertion into the original

locus) to molbgﬂﬁs @coiﬁbh%%%aétﬂne@écﬂgs Qn gebRldRe B tRinsPne! €PI acement

of the original u Dependi ng. on the nodi fication cassette, the

nodi fi cati osﬁfaé‘érPfi‘(%ﬁ‘I doyblesiranderd PM frgsentially dhe donerDBEA faginamt sequences,

gene segmendeéscrildd ﬁlﬁam'&b 8, ¥h&d REPIRE Behind Kibar AolBleithfied fra@indn@di NY
sequence, gene segpgpkss oy regul at o .el.enents including substitutions,
addi ti ons, andgd qysrhagige ge-stapded gredpng i qqamdt%nm

prot ei s suekT pﬁotéxﬁpﬁ'ﬂl&ﬂﬂéﬂ s%'?é—str&f&edlmw@émmfbu&ﬁﬂg%@&h KoRgilons, gene
segnent s, such t hgse fGIC s»el ect abl e mar ker

t |
genes or ré‘&é’ngFd‘a 0 egFeeg%”&W redy)- §3C6%FH%& Ermedduiienk g
transcript ltﬁé‘ﬂkarﬁ;@i‘lttl ng)rédé)ch&EQ@lzb@ﬂe ﬁfocﬁl@fkd:lftréé]!‘ﬁ'ld AlclrqHeR ang- 9. by

|ntroduct| g !gnklsdgthe region_to be exmsed by Cre
r ecombi nas ‘(1%‘?% ‘Iﬂc d U BLoR0THeNTPE Clatk qtzdo Cold S M) or FRT
s: tes o]; : ?nkm éﬁ@ﬁh@ﬂmﬂQ9%3%&C1%ﬂNb&oHJEK6%€P r!g%@Ar%ﬁm?r%gSe{m
al ., r- ri

02/ 36789 P@%g ﬁbi@%ﬁfﬁshsr%aﬂbl M?a?rﬁ C&z}éﬂf@%(:&199§9m?19¢n@oﬁtai984 Cox,
Proc Natl AdeldvEebbib5A1:2330, B223A eflASBBacte¥iol( €)5: ZWFB@@WE&M e codi ng
Seauences o RSV AR LS SR SRR SR Pre ST PR RN,

| ocus vmthHoln@t@éttdmoj Bg@uﬁolhmmmenﬂm |'Dl€@§ga¥rﬁp@6ﬁh{‘§&é @rd@fsse Where
that particul ar us_has been ' humani zed' . Any or al %hese

nodi fi cati &% eﬁ%ﬁ’ﬁ ARSI Aol agmemnit fsorg degyadtation %@@lfﬁﬂc non-limiting

exanpl &5i N enbiidleRB sPASRARBRLS a5 P FHaRD ASRIURBREGeh &, TUI-7E 1Yo Andel st ed and
Si rrultaneousll};r etpl Ped W t'h both_ a ree,orter gene as well as a
req or efficient ET-cloning in recBC* hosts stich as the frequently used E.

coli strain DH10b.

The region to be modified and replaced using bacterial homologous

20 recombination can range from zero nudleotides 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 confrol; . | .
(d) creation of conditional alleles, e.g. by introduction of loxP sites flanking the
region to be excised by Cre recombinase (Abremski and Hoess, J 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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sel ectabl e marker is provided belowin Exanple 1, as are the advant ages of

the method of the invention as conpared to previous technd? 68Med05step 3

. (optional). Verify that each LTVEC has been engi neered correctly. 15 Verify
that each LTVEC has been engineered correctly by: a. Diagnostic PCRto

verify the novel junctions created by the introduction of the donor

fragment i Ry@eldiess0ene(s) or chronosomal |ocus(loci) of i The PCR
fragnents thus obtained can be sequenced to further veri prtr{i[ﬁgﬁ}r?g\?el 20

junctions created by the introduction of the donor fragnent into the
gene(s) or SpringdtabSyaip QuaniRiplod?:797%804; H84r Gex, Proc Nakl dgad Sci WSAest ri cti on
enzyne di g@plihof-7t@ggyrgke sure that only the desired nodifications have
been int ro?ﬁce?r'nlt@o i’rﬁe LTVEC during the bacterial honol ogous,

r econbi nat (@nreplaseewat oPgrding Bquentessu@ean segrgents frome ohd saCiespaithi cul arl y

t he region i ; i A oy . . | ovel
it one CraBRGE Soding sBhnehol ol EaRtertsbE0R el fpliids Yriind P e
gene( s) Sor senetinigsehwithithe agthplogpys Bumpngenetictloag: teenginepyp piqusat i on, -

preparati Othe@é‘é\altgﬁﬁ&iﬂ&%&&r}la%eénpﬁﬁﬁxa%dfor 30 Ji'ntroduction into
eukaryotic cells. a. Preparation of LTVEC DNA: Prepare m ni prep DNA

(Sanmbrook, J., E. F. Fritsch And T. Maniatis. Mlecular dConing: A

Labor at OVYW’M%@S@%(E@EM&B@NBE &c&rp&ateﬁﬂﬁto%-ﬂ'ﬁ@@@. Niddeili, and 17 29
April 2005 02/ 36789 PCT/USQL/ 45375 Nei I"an,  Bi ot echni ques, ~24: 568- 70, 572/

1998; * ht t phop-limifing gragele inovhich e eatesearnariing Requeprkisientirelpl m 399. pdf)
of the16e! aefofeh dnbMiinMifleb &1y A Ut BONE Bh BitERdE B Gl YA N0 E. col |
Sanmb K E. F. Fritsc nd T. 5

usi ng el ectroporation ( r oo Mani ati s,

J., E. :
Vbl ecul ar Epleripilg matkenisgravises belemin Exasele Adsade thepdvapiages of e and 3,

-1989) . Thi gneshédPof treREQRIA 3 dothpdd fd She0fout B&hBbRII d, encoding the
reconbi nogenic proteins that are utilized for the bacterial honol ogous
reconbi nation step (Zhang et al., Nat CGenet, 20:123-8, 1998; Narayanan et

al .,  GeneSEped (opbioAdld- VerifPBAl eachtL TVEQRAS BHenledgiRbred drbtlyhi s plasmid
(a) be%guse it 1s a - :
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 obtdined 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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10. high copy nunber plasm d and may reduce the yields obtained in the

| arge- scale LTVEC preps; (b) to elimnate the possibilityzgﬂﬂﬁﬁaggﬁng

. expression of the reconbirogenic proteins; and (c) because it may obscure
physi cal mapping of the LTVEC. Before introducing the LTVEC into
eukaryotic cells, larger amounts of LTVEC DNA are prepared by standard

met hodol ogy wigegisbp: / / www. gi agen. com |'i terature /handbogksaiseisasszs
pl k/ pl kl ow. pdf; Sanbrook, J., E. F. Fritsch And T. Mani at?s. 0I\II{;‘ID:géuI ar

Cloning: A orat.ory NManual 0 jtion, Vols 1, 2, and 3, 1989;
Tillett andk%glaf" ﬁ?teél‘%ﬂléfi?h#ﬁ'ﬁq?g@'gg?nzl%- 70, 572, 1998). However, this
s': glpl can behttpp/dsmw.qiigm.da&wﬂmmairghmﬂb@gm@mmgmnat [ ?n met hod t hat
utilizes ar i C_Rr ed, i.e. ere nes

encodi ng thﬁéﬁ%‘%&%?e@eﬁg%ﬁg?ﬁ?ﬁ&ﬂﬁ%m%I?lﬁ‘t‘%"e? cterial
chronosone DA ired Eakoli usBigeeddrdporfitad(SaaibrédlG] AE. B Fritérh8ar@BT. 2000), is
used. b. LiMaarizi th gjfl/EC;rj . 25 To.prepare th .VEC‘Vf .-

i nt roduct i o A Q@}gg}@sﬂ%ﬂ%@@'@?bqrﬁ@rﬁr@fg\gpaﬁ&comﬁ?ﬁg& yOIIgiln%'ari zed in
a manner t hand Be@®)ys Thirestepitirdecedayndegeridus tigeplaghid craodidy heosomal

by 11 near 1 2FRg AR Geasbtesd b e IR RS BR e ek e0me Wi any
sui t abl e r estcoimbiriationetepy(@batg et aldiNpt Senep A0 23-8 BI98; NEreyaphe et aif, 30
suitable re L&t 10 : kel d, P . SEi L. S0 |, Fsel,
etc. The ¢ %llrl%:gﬁécff &?;gisl%%il c igﬂgé‘%‘gz@rr@o etflldgbgt%'gpiarsrrﬁuﬁ %)%é%‘é%r,\e?iﬁ%n% ally
(i.e. b0t ebighrmgpy sewbenpladinid and maycaddiedht gialdy ebteimedtinthsg ladge sdale t he
sequence of CnlvS. yzi he sequence choosing a
sui tabl e reré?{r)igﬁ%{% @33?/%1% aéstgg)bggﬁﬁir%;8fr:%'1d§/‘1§]in§.e(§ﬁﬁesglio uoggﬁ Dns where the
LTVEC has arecewbiwoghuic ippoteins 3 dc@hbedanseaiy mayr ebssutegshysimhmapplsdf si t es,
PCT/ UsCL/ 45370 Bk dieidhefie BRHAE el r AHC Bl b S gRc (S Brf 2l dounte, vy e

S
PCT/ USOL/ 45 recogni zi ng suc es, Tor exanp erm
al ., Proc NaftLTVEGQ®NA&are peparegddyssaddard ipghoddlegker and Gol d, Proc Nat |

Acad Scjs U 7 PiB i {h 9 FACK ] 7ol 4% ]g@% , 1985). 5
Step 5. 15I nﬁ?ggﬂ}z | on%%g E@%ﬁﬁaé‘ﬁgz %YF%/%O;O?(E:/@%(PIS ant ds‘f’ ecti og’qé’f cells
where succBdsfritsch Amdob dManiatis. doledwar|Glyring: Adsboritenry Manual, Second

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 prepareé the LTVEC for introduction into eukaryotic cells, the LTVEC is

' preferably linearized in a manner that leaves the modified endogendus 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 ekperimenfally (i.e. by testing

several different candidate rare cutfers) 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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LTVEC DNA can be introduced into eukaryotic cells using st 05

nmet hodol ogy, such as transfection nedi ated by cal ci um phosp ate PI pi ds, or
. 10 el ectroporation (Sanbrook, J., E. F. Fritsch And T. Maniatis. Ml ecul ar
Cloning: A Laboratory Mnual, Second Edition, Vols 1, 2, and 3,1989). The
cells where the LTVEC has been introduced successfully can be sel ected by
exposure toWeEY¥# on agents, depending on the sel ect abl eeararsessssgene t hat
has been engineered into the LTVEC. As a non-limting exanple, if the

sel ectabl e rf&td@ﬁzﬁh@su&\ §ihs, memgre Prespheb (SHishR ase., PRRANaWaRad ( Beck,

et al., Cene ﬁlg 327-36 1982) en cells that have taken up the LTVEC
can be sel ecteloPnSe3P4:7. 137 Brelen gneEldy, ProgNall AggiSciiiSAeTS: ﬁ]&?e'qu"he LTVEC

will die. V\helrgeaqz@{vhtge&aptger{@);@ﬁgag@qgg@ the LTVEC wi || survive
(Santerre, et-al., CGene, 30:147-56, 1984) O her suitable selectable

mar kers i nclude any drug that has act|V|ty in 20 eukaryotic cells (Joyner,"

The Practs caate PIrRsdtcBeh b BTVEEIntol@A@)yotiUehs asd s&l}é&{&{%‘dens RHemanterre,
7-56, 1984: Exp .Cel.b" Res, 158:237-43,

et al., Cene 4 er
1985; G or dé?HSC ﬁ%‘lW&q“FE?‘éPfgﬁﬁg}éj%gasz@ge%}ﬂaf%m “Blasticidin S
(lzum, et al., Exp Cell Res, 197:229-33, 1991) and ot her V\:hl ch are

famliar to il in the art Step.6. Screen, f honol ogous

r econbi natlt}r;li‘giﬁ)g\@f g‘fﬁ{m?%“ﬁ&e mUQPﬁﬁeusdﬁH}ﬁﬁtﬁ%‘#qI e assay for

nodi fi cat | omethoddlogy euewaé\hanﬁu&ﬁrymbdm@cmb m&lha{ ﬁ@ép@ta&?ﬁpxcﬁsu@ﬁe; sfully
erest can be

modi fi e etin ntothe sof
i denti fi L?iqc Paff\?%ﬁ(gw Eacbpgg: fﬁé%‘ht“ﬁéﬁ ﬁI"GE‘F MP}eﬁB]&Fﬂ%I&Fgon of
allele w t hiALatheatoog !>V£ar@1fal iSatRIEEditidRIVIBA] 2,3adH 1983 PTRE celRWASRAY S

ZP@”EL?%TE&%“&%& %ﬁu&e?%@s@x CPPSSRA P SR

Pe; r opoul os ,S/el@:ticrr} eﬂmge&hhelsele&amfﬁarkéﬁg&)e thlehZQbééw: I 2805 WO
02/ 36789 PCT/ USOL 537 |tat e I\/DA assay u cul ar beacons
Cran. ot o cnegeged Pha4 Rob e Rl b SriERep oftis

hybri di 4ati aﬂ‘lthEIr@bkr(yba‘epﬂm@hoa‘hnsfhm Gﬁm@gené)@eﬁlz}iet&ﬂ) Gene, 19:327-36,
1982), then cells that have taken up the LTVEC can be selected in G418-
containing media; 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), BIésticidin
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 successfully 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:
(a) quantitative PCR using TagMan® (Lie and Petropoulos, Curr Opin
35 Biotechnol, 9:43-8, 1998); |
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1995) or conparative genom ¢ hybridization (CG&H) (Fordzan, pfi‘ill 5'I'rends 5
CGenet-, 13:405-9, 1997; Thonpson and Gray, J Cell Biochem Suppﬁ _ZL@}%

. 1993; Houldsworth and Chaganti, Am J Pat hol, 145: 1253- 60, 1894); (d) :

i sothermic DNA anplification (Lizardi, et at, Nat Genet, 19:225-32,1998;
Mtra and Church, Nucleic Adds Res, 27:e34,1999); (e) quantitative

hybri di zat i 88 02/8678h | nmobi | i zed probe(s) (Southern, J. MPCT/USQ/M4BI76l . 98:
503, 1975; Kafatos FC, Jones CW Efstratiadis A Nucleic Acids Res
7(6):1541- ;]l fiv ggﬂ;a,gs- aResul Wave . |es) (g)
Ecl i pseTM g(%c)j N%I?tg%uléay%éah\é pr1 es Sya)rﬁtb%gﬁr% neegla%:e?némis

assays (Hi g‘T’llWr]&th Genomi cs) 15 Appl I cants provide herein an exarrpl e

i n which Tﬂg}\@ﬁl&&keﬁ@@ﬁ{ a&%ym&’%ﬂ BISHYB88h, [ef 2B OGRTGEQS:, sgsaagsful |y

targeted e iOtIC cells nthis non limting exanple, TagMan(fr) is used
to identifyl%a %WP@%@PB@WWWWM@@%@OIOW dgdeends |

r econbi rat '@éhéM"l%"@BfQ qurmb saﬂ aH&@rﬁ* jret] BiB&?eGEBQ}Pﬁl 3bsgbagoz0 in a

di pl oi d genI(_)Ime ‘has been r epl a anot’hér sequen contrast to

tradi t i onal HAgldawasth and hagamti aAéﬁl Pathah d€5:14p3 rﬁ%tl&?%t ion fragment |ength

spanni ng tr(a? ga&tefalmm 3@5&3&{1@%% étﬂﬂl m&eﬁn&th@ miBé i19g¢,i on of one
of two all ant ative met hod wi i1 detéct the

nodi ficati ()M“Eﬁa“ ﬁéﬁgﬁ?fzﬁﬁgljf H899r)educt ion in copy nunber (by
hal f) of tf(e ﬁnmmm &M@Aﬁ&{@mﬁaaﬁb&hﬁ@d bi,bbeme(sa{l%@nqeﬁmts the
550

unnodi fj ed th difi | el e, Therefore, the method is
i ndepe ent J el%gg{ %ﬁ?“estq%& kistratiadisid Ofucleig Asids Kesmited to the
sequence re;md;)alcsemgngd'g);crl bed in this exarrpl e. TagMan is used to quantify
t he nunber. npl at e genom ¢ DNA sanple, especially
by conpar i §§ %ﬁ%ﬁ@gﬁéﬂ&@y e derhn ﬁﬁd Pet r opoul os, Curr Opin
Bi ot echnol. (ngd{*ps&m&&ﬁMolmrB%E xﬁ@@aeg@s tHeﬁcGEA@BEﬂ)taﬁ{c?d in the sane
genomi c e tar e Iocus oci). Therefore, two TagMan(r)
anplificati® obe) are perforne e

i f UM asspy &fﬁfﬂ*\gﬁy PR obe) f d. On
TagMan(15) probe determ nes the " (Threshol d Cycle) of the. 'reference
gene, while, t ther e determn e re |0n fhe 35
targeted gdtR I]'sc?“t&p P F%%Ia?eWB “l‘ q}l%ﬁ%@éﬁﬂ@ QR‘tsargeu ng.
The & 20 wused to screen for successfully targeted eukaryotic cells. In thlS non lumtmg

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 méasuririg 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. TagMan is used to quantify the number of copies of a 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® ampliﬁcations (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



29 April 2005 WD 02/ 36789 PCT/ USOL/ 45375 is a quantity thaEzgrA%;il ftfdss t he
anount of starting DNA for each of the TagMan(r) probes, i.e’/ a 1€ss

. abundant sequence requires nore cycles of PCRto reach the threshold
cycle. Decreasing by half the nunber of copies of the tenplate sequence for
a TagMan(r) reaction will result in an increase of about one & unit. 5
TagMan(r) reaor/sasss in cells where one allele of the targetr/gonaiisy or

| ocus(l oci) has been replaced by honol ogous reconbination will result in
an increasgsQafquafis fhat f@lecls Taghant r Lo W th
increase in tr?élaCt%;‘or théeC :Hg él?lg%iéte()fgene %%%Acfgﬁ%gaéhe%twg&%@;m

non-t ar get eRFobey, i-6. a Ipas abuzidamisequenre regaidtes detre cydenofdPCRhe rematlithe cat i on of
one all el e @feshbRI GRIEGS - in. karyoti,c cel s using LTVECs.
As stated above, rr%g'l&? i c%%r?%nlﬂ%‘}fg@?Eel.feexn‘ﬂ‘)%%)&ggpe%ﬁffh}be Eceénﬂl‘ﬁtg use of any
met hod t hatsegeencetfar a FagMeu®freaciicnonillokswhin il ineteasé of alstertiont Ctungtel | s -
whi ch have TRea! . I reconhj pation, It is t_a regquiyJement
that thé 15 atl(l'lar ged'j g%%g{;ﬁ%e?le%ggﬁe% n?ﬁnggjée ¢ ?éhtgﬁf)alrgﬁtéfg)?&? 8* g’é:b‘ﬁ&%‘f%er , and
in fact, tHeybeeyreplacetidiythquoblpgouptecembinationivailltBeule B6en inkrdas09eny
resulting f in ifferent strains of mce. _In dition, one
speci al si tc{ﬁ%{&l tgépﬁﬁegﬁ%eéﬁgﬂg/%n ovarEd ¥ O‘K%i‘ gﬁeéléﬁfrha‘-eigafgﬁﬂgeeti ng of
genes whi chreferencagenaiihenpoageinéd REDNA SoROhdh-ta8@RYd icAllS eHiS allswsh as some
of the | oc t he..sex,.chro ones apd i 0 rticujar, on the Y

chr ormsorre.%lle%a? ﬂids?peccgﬁf’f 18 C’%’Tﬁ%ﬁ 05?461 arllfi“l %E‘?‘etﬁ%egsﬂﬁﬁf‘f‘?ré%&q‘on of the
si ngl e 0ar gekagotit kelsaysigpEVEEs.quant i t ati ve PCR, Sout hern bl otti ngs,
etc., can be used to detect the targeting event.. It is dear that the

met hod of the invention can be used to generate nodified eukaryotic cells
‘even when 4g stateé sbaves npmlificariopltif allele (MCA) dcheying i@ the asesftariyn a singl e

cukaryot i o el b BELER R nctin PR o pn e f AR o et Pev e at o
by the met hl@d_srgmedmmlbw tenorsbizption. Iths auphrequiremdre thagtheyed in any in
fesi rabre. o) penendte s iRRCeLRRIAD LR IRR AR gl o iPen by 1 ne
net hods deSentaisepblymerghismws, 4s is tracagh invprogenp kesnltives frordarbssiggpeoat e an
organi sm CaffetbAGtafG Fmice. In addition, one special situation that is also covered by

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 Wﬂl 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 polyﬁorpﬁc 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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29 April 2005 WO 02/36789 PCT/ USOL/ 45375 genetic nodificati B%HTE@P
genetical ly nodified organi sns .can be generated by sever & i %nt

. 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 standard bl astocyst

i nj ection twobnsyegy or aggregation techniques (Robertsqpp Ropshical
Approach Series, 254,1987; Wod, et all, Nature, 365:87-9, 1993; Joyner,

The Practical Apprqach . Serjes, 293, .199 etrapl oid bl astocys i nj ection
(Wang, et ﬁ@?%@ﬁﬁﬁg ?nﬁg.gig‘?’}%?llﬁg?%@e‘}o?r PE4An F&ﬁ’é‘?@%@d;%. Boni ng
(Wakayama, seteral diffeféno tedNaiquedratuding blk SotAimidéd 44984-9, 1999). ES cells 10
derived from ot heg,of.gani s such as bbi ts .(\Wang, et al. ch v,

62: 137- 45, 1997?‘ E%%@%%%@s ryQc %FIF‘,(Eﬁ)g?eaﬁéb%%‘?‘ﬁg\?eq&%%%e%aié’%) or

chi ckens ( Paguse ESetllal ES cdlisveah bpused to creie gaddicaBy iittfifiedratoblwicespeci es
shoul d al sg_bhe. _anenabl to gepetic di fication si ng t.he nmethods of

t he i nvént ?’gﬁsﬁgﬁﬂ/@&sﬁ%ﬁt IB%SB%?)F né)logglqrsggqué o7 gefb@%éﬁé%\t e genetically
modi fi ed 1¥Rpbextsbs, Pfaaticed dgprbachsSxeiek)/25p 4987 Wood 54 ab Sl atute B688Y9, pl ant s
and transgeph£ rZea . ant,s re r.at f ot ppl,asts or

pr ot opl ast %géef’ F%&f'clg?%ﬁzm,&%?ﬂépwﬁg‘%&ﬁ%ag?féggé,?&éfaf’%g‘&ﬁff‘é?"ﬁ flon of plants
from cul t uimjectpmgfarge et alp MeaydDes 62:137-45 199D er mudes ttamefeeianl. 3. Nucl ear
transfer fr 54 ukanryat | | Vhe a 0 cl oned
or gani sne V(;—IIB ﬂ%{é{%ﬁfi’g‘a‘eﬁagﬁa"ér gﬁom{t%xg%la%c?é{) é)%l’ 5@?%99%’{9? %%8%%Sci Uus

A, 96: 10984egved 608 otbay oigsinjsnat suah .as ralbektitsENGngs btred |, Merh436r, 62:13899;

Wl mut, et aliggy. i ; - 998; qd o1 € ..., Nature,
365 810- 3, 19077 0oy CLil HOTRaghPd B9 ool bl b By o et
al ., Nat ur et al3Qpvebpmerd, 1229389-4&i 1986)ar, otledr splecies Matuldalsetbe adderbd 10,

2000; Canp y s r ;6 . 4. Cell-fusion to
transfer tﬁié%zgfé %‘?(g&dﬁgﬁ%t@ ugglgatr?(%)t %ﬁg%seﬁélfl-t,ge %I%%?‘égf}'hg transfer of

engi neer ed chr ool protoplagis ean bf useddh gendrhafesgeneticalynmpdified or gani sns

Nat ' Bi aF echin e Efule yi3S BB SEREEY 4 HOREIAERA] ualtidit B 0 %t
al so amenaBlgs plardniegenerated Eppratipasts orprotplestisiesived sells"omd/¥6 t o be
di scover edpatent 5,508,189 “Regeneration of plants from cultured guard cell protoplasts”
and references therein). _ ‘
_ 3. Nuclear transfer from modified eukaryotic cells to oocytes to generate
20 cloned organisms with modified allele (W akayama, et al., Proc Natl Acad SciU S '
A, 96:14984-9, 1999; Baguisi, et al., Nat Biotechnol, 17:456-61, 1999; Wilmut, et al.,
Reprod Fertil Dev, 10:639-43, 19.98; Wilmut, et al., Nature, 385:810-3, 1997;
Wakayarha, 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, including
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). o
30 . 5. The method of the invention are also amenable to any other
approaches that have been used or yét 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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Wil e nany of the techniques used in practicing the individdy p @5@ of the
nmet hods of 'the invention are famliar to the skilled artisan, ,&pp cants
contend 35 that the novelty of the nmethod of the invention lies in the

uni que conbi nation 22 29 April 2005 WD 02/ 36789 PCT/ USOL/ 45375 of those
steps and techni ques coupled with the never-before-described nethod of

i nt'roduci ngwa oe38/BL directly into eukaryotic cells to noddiyysenrpnosonal
|l ocus, and the use of quanti tati ve MOA assays to identify eukaryoti c cells

whi.ch. have,RSa. 8RB RN Akl IRl ke bl hles OV ELoCOTELRL oty f epr esent

ab S|gn|f|ca ovenen RV ous
or gani snms. of mtermsg esIéWi@C ldndcﬂyr &t ewnsyatic elld egmodify agﬁ]!mmosnimal

ol oty on 'SP it GEEFRL BEQdRNATO A e S IERID LR BT e |

cont ai ni ng hﬂ@@mmappmaéelyahomﬁedfTblsabV@moadnmzlmr(eBMS)antslaone carrying a

| ar ge geno %f SUER i i f the nouse
OCR10 (%HEJCI%%N &‘zﬁe waIs‘ntE)(E'Zg PP&E&%;Q%{%}()E%?%%Q# g?“ g%ﬁ %ﬁlgse genom ¢
DNA BAC | i wﬁgﬁsmrmyd&c@ﬂwf@g Ogsthuggpmorﬁieop\nsmmalslompl .oyed to screen
this library were derived fromthe nOCR10 gene cDNA sequence. Two pri ner
pairs where used: 20 (a) OCR10. RAA (5' - AGCTACCAGCTGCAGATGCGEECAG -3') and
OCR10. PVIrc (5' - CTCCCCAGCCTGGGTCTGAXX@npIRACG- 3' ) which anplifies a 102 bp
DNA; and 25 (b) OCR10. TDY (5' - GACCTCACTTGCTACACTGACTAC-3') and OCR10. QETrc
(5" - ACTTGTGTAGGCTGCAGAAGGTCTCTTGS V\/mch arrpllfles a 1500 bp DNA Thi's
conpl ete mMOCR10 COdI ng sequence Thi s BAC done was used to generate an
LTVEC whi ch was subsequent|y used to delete a portion of the coding region
of MOCRLO \#h pelectigngef qlarﬁﬁtﬁmoyncm% digee pontainingmQ@1Gene whose initiation

A Bacterial Artificial Chromosome (BAC) clone carrying a large genomi¢ DNA
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 primers employed to screen this library
were derived from the mOCR10 gene cDNA sequence.

Two primer pairs where used:

20
(2) OCR10.RAA (5'-AGCTACCAGCTGCAGATGCGGGCAG -3') and
OCR10.PVIrc (5'-CTCCCCAGCCTGGGTCTGAAAGATGACG—S ) which
amphﬁes al1l02 bp DNA and

25 (b) OCR10.TDY (5-GACCTCACTT GCTACACTGACTAC—B') and OCR10.QETrc
(5-ACTTGTGTAGGCTGCAGAAGGTCTCTTG-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 subsequently used to delete a portion of the coding region
of mOCR10 while simultaneously introducing 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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codon precisely replaced the initiation codon of OCR10, as

i nsertion of a selectable marker gene useful for sel ectloné%%érh3605 . coli
. and mammalian cells 35 following the reporter gene (Figure 2). The reporter
gene (in this non-limting 23 29 April 2005 WO 02/36789 PCT/ USOL/ 45375
exanpl e LacZ, the sequence of which is readily available to the skilled
artisan), ®owgewythe E. coli 2-gal actosi dase enzyne. Beeewssni@bazshe
position of insertion of LacZ (its initiating codon is at the sane

i ti Z shoul d
¢ Chat St e SRR i, IR o daBL BABRE BB Bl 5"
simlar reptm@dmﬁteg? wili B-galacside seeenzyonef (ﬁmdsewflthgpmiﬁoh@ﬁmmm ogi es

Ge 1 [
Sgsﬁer 'rll'ﬁe racts(l%gﬁg%gﬁdaﬂ%ﬁ%%&%gggxi%% S’%lht?a@l ge%e glrl O\INQ for
a sinpl e anthQERWY thedexgmespivat of dacshapld mitpéc thpeof mOERILA, hahas:bmanr gveal its
expr essi on B%P%dq]ﬁ dtl‘{'erse'xEHm le'Wl?r oA ﬁen]x chﬁgg%fvﬁﬁfay t hat

reflects the normal express Pon pa erns 0 repja gene( s
chr onpsonal Péréenred wing preyiougdechnplogidsdseed fGateritap ftrategienin Eﬁ]del@éner at i on

f LTVEC. T ‘mpfﬂ f
ETVEC s theg 15 gﬂc&i@t ﬁ?iﬁywwfég%& ?)Q&I[l ?&{gg?ggt %5{95 erein
lacZ is a nirkbrcZ gyéﬁéﬂlasvsa@ts@rl arabate@da@\meyp@byﬁtsw taber agnent derived
f Sim |
romsima éﬁf&’r&?ed tﬂ9t<(ﬁ§ Y &TRY lefi’ﬁi‘es&(tm 35“‘*‘“5?’8?%@%&@%81%3 Mb

Bi ol , 19: 15 1976; pay 3-8, 1978;
Dhar, el0 aI surr%asmx thaAc@fgectssbce norr@l/equss@mpastemsmf thraeplpcedet al .

Sci ence, 04 0P Ok W%)n @M,ﬁgﬁ aining '20 a pol yadenylation si te and
si gnal (Sub arra&‘zloan etay Pr og Nucl eic Acid Res Mol Biol, 19:157- 64,

1976; Thi mmappaya, et. aI , f Biol Chem 253:1613-8, 1978; Dhar, et al.

Proc Natl Asaéoé%u&io%%dozér §Z nentlaheerBpitfbi ofiTREC, SCi ence, :
200: 494-502, 1978), PCKp is th use ph sphogl ycerate Ki nase %SGK prom)ter

(Adra, -et aihe m@r@éﬁh@ewesewwmhqw@ww Hhe mQGSRA0 y to 25

drive expr qa&-gw@faor}rAugck?ﬁmmes_@cn@g&Z &sé@m%hé@ﬁm ﬁ@t iPd mdee 1S a
strong bacterial promter that has th dvant age al | gw ng {ll_or positive

sel ection igfnepadesyibgdgboya&Vae rplydt i@ fragyment FIdeEQ
expr essi on @f(Shbaneomy et 41, PROINNAEC 28] REASR] B0 15762, 19Y89 IS a

sel ectabl e K payatet al, ] Biol Chem, 253:1613-8, 1978; Dhar, et al., Proc Natl Acad
S 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;
Dhar, 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)
L promoter (Adra, et al., Gene, 60:65-74, 1987) (which has been used extensively to
25  drive expression of drug résistance gehes in mammalian cells), EM7 is a strong
bacterial promoter that has the advantage of allowing for positivé selection in
bacteria of the completed LTVEC construct by driving expression of the
neomycin phosphotransferase (neo) gene; neo is a selectable marker that
confers Kahamycin 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 mOCR10 homology box 1 (hbl) attached upstream from the
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confers Kananycin resistance in prokaryotic cells and G4182§%§Jr;£%§%:e I n
30 eukaryotic cells (Beck, et al., Gene, 19:327-36, 1982), an pol yA is
. a3 untranslated region derived fromthe PG gene and containing a
pol yadenyl ati on site and signal (Boer, et al., Biochem CGenet, 28:299-308,
1990). To construct the nOCR10 LTVEC, first a donor fragment was generated
35 consi stiwgonis7ey NOCRLO honol ogy box 1 (hbl) attached upst/usgaasfzsom t he
24 29 April 2005 V\D 02/ 36789 PCT/ USOL/ 45375 LacZ gene in the nodi fication

tt I b hb f th
B N S
st andard rmmmmdmngmnoﬁﬂen@onﬁ@Klpm@fAeengytherhlodlﬂcag(ynbox 1 (hbl)

conet ot 5 OB Mol 4GRS IR PSSR B BB D 1

(Figure 3A- B@)\Ololgy ﬂnok dditbbocongis{swf 21¢ (blp&)fsmam\fslaltexMeqMﬁcd)mmeﬁlatddp mMOCR10

nombl ogous WFREeRRr IR ERIRTE GRS o fre'oomipSE BRI 3R] 10587

Angr and, et(H@CRIQ\@BF)Béf@glAeIS@SBIRESHOQWI@GI?@QEQ}bMWs of lsst 216 bp Nucl ei ¢

f/ﬁl dZt R:IS. , E’l}oc%@%O%fngyfﬂggfo%‘%%miﬁ,ggﬁ@%, '?hillgde)nor 1999-

fragnent was used to precisely replace the mOCRL0 codi ng region (from

R L s

this rr@@RlGS@EVE@H&-&ewmandwl ahgNselgicohdids Res 27epb 089 Myyxeh@

insertion %@ﬁﬁ%ﬁ&el&%&fa‘r&g %55@%%@? %&%@ﬁ aflethD é§+]ee’fh h&*%?he MOCR10
| ocus whi |l e [ €avi ng appr oxi mat el f St ream upst ream
harol ogy arlf§%; Aiee3d, Etpcdﬂaﬂ é@@ﬂh??@lr@ﬁn&l%’f’ﬁ??@rég 208nHds d@a@nlg@ﬁmﬁmgy arnm.

20 It is i I T conveniently
gener at ed %#g@g?#&bqg%ﬁé‘%% gka%{%ﬁ%ﬁh%{%{eﬁ ngtﬁgl?@gnade usi ng
previous t sesthioning testapeeasiond withl thednsertiep @asggttq,éq:ﬁu&mnmmr@gwgon
reconbiggat igheh Rl%L'I‘%FB@Qﬁgu rtg ﬁ‘ﬂﬁs‘?ﬂ'ﬂéﬁs HRTGQTV@@H%GEMO@QU”GO'

is 25 that neede ener honol og o €s. I'n contrast, previous
appr oaches coding sequence was replaced by the msertlon cassette creating an

approximately 20 kb deletion in the mOCR10 locus while leaving approximately
130 kb of upstream homology (upstream homology arm) and 32 kb of
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 réquired 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 “trilmmed” prior to their introduction in
ES cells (Hill et al., Genomics, 64:111-3, ZODO), 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 |

: disadvantége 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.

25



for generating targeting vectors using bacterl al honol ogouszgrﬁﬁfpggbgat I on
require that large targeting vectors be "trimmed" prior to th
~introduction in ES cells (Hill et al., Genomcs, 64:111-3, 2000). This
trimmng i s necessary because of the need to generate honol ogy arns short
enough to acconmmodate 30 the screening nethods utilized by previous

appr oaches.wOwersérey or di sadvant age of the nethod of Hi |l petrusdiasizs t hat
two additional honol ogous reconbination steps are required sinply for
trimmng (one to trimthe region upstreamof the nodified | ocus and one to
trimthe regi on dowmnmstreamof the nodified |locus). To do this,
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above exanpta® be easily Bamerateﬁem singlg etege lllemmtrass,p&mg prgvidues mOCR10 gene
(appr oxiyrat @lan AfgkB)o aEQn st RS lshohe 4ENCHEY § Jf-)al UeBs3hilin

contrast, using p eV|ous nologles t 0’ ac Sane %ask may
require sevievalvesnegiingthe regions |u|1wtrwa amdrdd Wigﬁttehen O@@ue@ndmgost r eam and

dounst I eam abhubRés Gt REP SRYULHRES WLIHPR r§& fifinke ff @lovednise the Cre

reconbi nase to renove the sequence ese sites ter
i nt roduct i ci¥q8enderflanksd by tbasq sifes sftexrmtredkenqrmﬁ the geddifed Rivug immy be

tt bl ft
unat t ai nabl &KaPydHe&efis.ePhis ]‘:i‘ﬁ';g; bRattBYaH1€ H'W)ﬂeest %nhOchBQ H\?\%’ ﬂég\t.llrg P! Two

targeting vect ors_using ent selection rs an equent i al
targetilfy epBakyction Efgvc%taprgemtm‘eect@s Uﬁ%ﬁ@@nt n@ecrtmnng#kees andtWe regjon

upst ream ofgel b&\t@ﬂ@dt%ﬂhﬁf%&ﬁ\ @@Qelfgn&wt%rmﬁgdh@ %&f@ th@xP site at

the region downstre of "t he codi ng sequence., urt her noted
that the criégOrdpstrameifhe gadiagiseguense aad a@et{fwrso mttqducg\ﬂl@kopql’csltgncy usi ng

the 15 pr e\ut%rég%rgabwagu&@rﬁma{@&cﬁﬁg béﬁxﬁﬂk@%@ﬁéﬁd%‘ fuSthePRGRMSE the
frequency onol ogous reconbi nati on may "be | ow when usi ng

(6] cni ev) ng
targeting \Fgé‘ifgﬁgea&@m%ﬂ%ﬁ& elelippeofien eequshwithdaweifiggneyensdng #ag y short
homol ogis aE:EEonB&rEé@xkg teRhhblobRE G e @RIrgbACELINShAuld e TRIfURACPDs the

I nvention bel o s due to . the. very_ |ogng honol gy arns present in the
LTVEC t hat w‘%‘ﬂt’gf"d? éECBWWWB&SG%Wr‘%QW%&ﬁ%ﬁW& VEHRET yot i c

cells .Esc . dentaliniaglige depitRpdflaaied by raRdvelRsheftitdhaogp hrECRAL high/EC DNA
'nto 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 eassette and the
25 homology sequence was verified by DNA sequencing. The size of the mOCR10
LTVEC was verified by restriction analysis followed by pulsed ﬁéld 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 done, 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
Serjes, 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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cells. The sequence surrounding the junction of the insertizgr)\quiggg@#te and
the 25 honol ogy sequence was verified by DNA sequencing. The size of the

. nOCR10 LTVEC was verified by restriction analysis followed by pul sed field
gel electrophoresis (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- scalwopk/agsi d preparation of the nOCR10 LTVEC was elomeseitsses pl asm d

DNA 30 was digested with the restriction enzyne Nod, which cuts in the

b | : I
Uhe. 1 noar o0k oA Al PRl palfeg bR EACRIO LERE whie BB T o

( Rober t son, foPiraC#1&edntAimimpeediaSesing stand44l sele@8dn rdashiods (Robegsder,act i cal

h | , ) asbe sGa Fritsch
and T nani et 4Bl Xses S8 10RA fov, e PPl aosch seles 2% i on

Vols 1, 2, ¥A&).3, 26 , 29 April 2005 WO 02/ 36789 PCT/ USO1145375 1989). ES
cells successfully transfected with the mOCRIO LTVEC wer€. sel ected for in
(418-contai ni ng nedi a using standard sel ection netjhods” (Robert son,
Practical Appdedifiraien pbtargered ES td¥rclonksmsing a Qimntivptiog inodificatigrpeloach
Series, 293¢ éa?" | dentification of targeted ES cells clones using
a quantitative no |}|ca ion of allele (MJA) assay. 'To identify ES cells

i n whi ch orfe iglentifycES eadlsén addenonsofthery0 egdogenduadanOGRAA geagsiaded by t he
nodi ficati : Ladi Vi 10. | ones was
anal yzed b?/ﬂzeﬁa ?‘lt;etgtq?}\s/%g ugﬁl1 ng stgsréen g?@géf‘%’%gﬁl réié.’m#g%vﬁo oIEggy as
descri b¥d (calslanesiwas englyeedBy queniitative FCRwsingrstan aqMan@r -M x, cat al og

nunber P/ N : . . . _ .
nt pe 1 1 v o 0B, 3¢ BeRrbRd (Applisd Biggysioms TaaMan® Universal FCR,
‘Taghan(r) pYiatesMirs edtatognesbeRONi4Bed3Y sefrlyor e 3A-3D. A total of 69 15
i ndependenty £S5, g€l )s 6l TA@]{gg ' ﬁ;bg wehe | I.flsed as posit
ive, i.e. hetl-g)'él ones'p:ééllB\ag‘issé Jr?%bg)@rog € g%%%g'é’ﬁ{?us ﬁ&gﬁ%%gég, ng sequence
had been rlagMer@iptnpes heechadiabidesribed it Higsee 84-Hsértotédf bove.
15  independent ES cells clones where screened and 3 were identified as positive, ie. =
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 t he sequence flanking the nodified |locus. (ii)
It requires very little tine to performconpared to conventional Southern
bl ot net hodol ogy whi ch has been the previous nethod of choice (Robertson,
Practi caWoR3B¢t8-ch Series, 254, 1987, Joyner, The Prac®PFEMSOMIHBoach
Series, 293, 25 1999), thus reduci ng the tine for identifying correctly
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di ffl53u|)|.\ bﬁ@n,ts hlsvdlg: @é&ﬁe}@%&l@&i&ﬁ@aﬂf@ﬂ%&hat lﬁ.asf‘f&&viaﬁs][y Iﬁbom Ithat for1
certain O nc (0] SucC ST.,U tar t.LNn m Oow as in
5000 1 s ISiHAOE L ERHETE Nihh oy bgReT s et s h dnd et 88769

PCT/ USOlﬂméWéixﬁoﬁy\Apphbﬁts\ba‘tzd@xdm{ thadttely Hake obtiiedt suanessApl | cant s have

d trat ficult | b much

e? PT) glse:l‘i%FéaF éq_u'sf\‘?gg%% ‘élk i %Ibersitug:‘:"h“ ﬁﬁlﬁg%ﬁg% gﬂarlrrgg‘ggr eat er

Ij han t Bogﬁrﬁﬂian%d ldbwf{mfoa;uloy)s?rﬁm@hdoh@gdmﬁga Mbtc:meutm?ligdtm ting exarrpl e
esc ed abov nonst r at es e ve ta e

oculd SRR, EFRA L Bleceott irenrBen ot S et E s io im0 g usi ng

convent i Prafical eqimodahgﬁenes 298 1§99 hesiges pdmid-basddweectarvweitlt i on, Applicants

have shown at t he ob el ing out of 69 ES
cells cl()%ne OIEXa\%’S%H”‘? mﬁﬁé@f@%%?c%n#ﬁ?&rﬁa%a%re ﬁ)g}l 160 kb of
honol ogythanité kband tangeteddaventsgw eredQentifiededreong mjort dehrl €00 integgamised, wher eas
usi ng pr c I : NG acti cal

Appr oac hgf\éhg:&g%t‘b? ggggel%%?%ﬂfﬁeg‘%%?%%%ﬂ (gg as eogﬁgég?%er m\-(/l;\n ¢ (Ef[mrml ogy
ar ms 15 hothednverttom a\@r peewibusecheolagies i nt roduci ng a del et on of less than
15 kb, no targeted events were identified among nore than 600 integrants

of the vector These data clearly dem)nstrate t he superiority of the nethod
anpple ?: Inoreasad tapgetinegdrequencyand abregation of the need to use

isogenic DNA when LTVECs 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,
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

on isogenicity.

28



Exanpl e 2: Increased targeting frequency and abrogation of Zbggmpgwgto use
i sogeni c DNA when LTVECs are used as the targeting vectors
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Example 3: Detailed description of the TagMan®-based MOA for
identification of targeted ES clones )

5  ES cell clones that have taken up the LTVEC and mcorporated it into'the
genome at the targeted locus by homologous recombination are identified by a
‘modification of allele (MOA) assay that uses real—tlrm_a quannta'ave 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
10 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 genémic DNA sample as a
template in 8 separate quantitative PCRs on two 384-well pléteé in which 2 of
15 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
20 - 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 proportionél to the amount of PCR
* product; (4) running the PCRs in a device that combines a thermecycdler with a
25  fluorescence detector (for example the ABI 7900HT) that quantifies the
accumulation of ampliﬁ'ca-ﬁon products during the PCR and determines the
_threshold cycle (CT), the point in the PCR at w}uch 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
30  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 of a

confidence score by use of a computer program that examines the eight ACT
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i dentification of targeted ES clones 5 ES cell clones that have taken up

. the LTVEC and incorporated,it into the genone at the targeted | ocus by
honol ogous reconbi nation are identified by a nodification of allele (MA)
assay that uses real-tine quantitative PCRto discern the difference

bet ween W&WB6%BY ES cell clones, in which one of the tWST/USBY{gatsed al | el es
is nodified, and non-targeted ES cell clones, in which both alleles 10
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oLher. enth Pl B0 L SR AOP i Al bl g Gfovmstream

referen celehﬁﬁtat(onrcﬁfcefxeanye taﬁ’@sd ES ca]h dloaaehmﬁaﬁ&es fuIni dﬁsn@ectidrumfr escent

probe (fgr Ie a Ta B r. Mol ecy acon probe
Psynt het fe EaRab B Erite e Ay Ritbdaraie 1B A e Bhad RafithiBle 408 Vhose
f1 uor@scedlae fed tﬁa a_.hndhaattl tm?étéd/cl@lﬁ@ﬁﬂlé tm&ﬂﬂb 58 1t eyctasnitbitethalRCR  product ;
(4) runnl n (Igi evi ce that .conbines a thernocyder with a 25
f1 uor escH¥ apae 6’F‘t(°f FefEtense, FIMPARISORS]  7900HT) that quantifies the’

“accunul ation of anplification products during the PCR and determ nes the
threshold cycle (CT),. .the int in.the PCR . at which the fl.uorescence signal
o ot b atiat AR R e P A RE P SHE B TR Ghe. Drla
sanpl e, rejaatelinat deeonddrytsafeetl) Wﬁeheaﬁmmsthblﬂ@ldﬁﬁn\gatm(lom of thet ween t he
upstrgam PCRs, d eac t he four a ween t he
down re%?ﬁ%ﬁﬁ%‘%&”‘&&é%‘@zfﬂ?ﬁ Slf‘é’ﬁtca?&d@{ :E%ceeuﬁ% %t gaf‘cée '8 tabl es of
96 ACT vahumber of(idgatine chomles, mﬁlfmm@enbhecDNAvwmsmhupmdmdﬁe val ues; (7)

cal cul at g?ﬂlﬂcettﬁgt w&q'e ?L‘At%g n?sedfftﬂg %‘%‘ﬁ&t OC%SF&Q?)%F conpari son

t able; erm nati‘on ence score use o conput er
pr ogr am dipdeidgenpineess templagesihi8 saparagquantitative 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 primers and a probe that are specific
for the 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 devicé, as in the primary screen; (3) calculaﬁbn, asinthe
primary screen, of the ACT values between the upstream PCR and each of the
two reference PCRs, between the downstream PCRs and éach 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 fhe ACT values to positive values; (5) calculation -
of the median value for each ACT table; (6) calculat:ion of confidence scores as in
the primary screen; and (7) plottmg the values and theu' medians for each of the
‘eight ACT tables as histograms.
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29 April 2005 WO 02/36789 PCT/ USOL/ 45375 tables and cal cul 395l Beogrunber
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3.0 and 0.25 to 3.0 cycles greater than the nedian ACT (exanples of
conput er programm ng | anguages suitable for creating or witing 5, such a
program i ncWQdeserssual basi cs, Java, or any ot her conput epérrugyiagszamm ng
| anguage famliar to the skilled artisan); (9) plotting the values and

their medi ggyf foft (10)
i dentifi cat| on ag‘; corr eoglt? tﬁ?ar get eﬁé\%résaﬂfﬁ\eﬁce{aé%&uﬁqa or ?&gm an
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exanple, t e fo canldteta te n within 0.5
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re ondary screen, iC on s e fo st eps:
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use of @%8 CISRAe FPPRTIESANY feam e go ¥el |

cl ones, fr@meané.ar ger nunber of negative clones, ancl from genom ¢ DNA
copy- nunber standards frommce that carry one or two copies of the LTVEC
LacZ-Neo cassette per diploid genone as tenplates in 8 separate
quantitati mseﬁashehuhmt%&éomeé of the ILANVEC pér dY lcﬁbgéndsle\aqﬁtm is an

upstream P n the prinmar creen) reaction is a downstream
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referenge bogie md&tarameémﬁlervem u{enwn ltémecéas@ﬂs hofe dofpard WIB theSCT een,

one reachg&T%a PCR wit rlners and probe that are speC|f|c for the
t

LacZ gene ugsforthe ﬁ%CQPé’a‘c‘ffi‘B?Fﬁt%“%IﬁEFg%ht #lidRtedsand a  probe
‘that are sSpepbd 'a§h£9fn t1he oN%Pea%QﬁafoZ cbpfes bf WEETYER. P qf\&ﬁ!ll FiefCRS |n a

25 quantltatlve PCR d&vice, “as in the Timary screen;- ation,
in the pri AHele pseipeteRS celt clones aneTorpen gevupeel D6 (Hata W@afhﬂn@ﬁsand each

of the t“@btaﬁfl&{e%%‘ﬁﬁn%neﬁ%é’&% CR;S&%&H%W}EE Wﬁ[‘a@&?%ﬂl%v%%%@@ the two

reference PCRs, between the LacZ PCR and eadach of the two reference PC-Rs

and betdeefoRnef ke d.apéRlemepsestienreidentiéiedwo ref erence PCRs to create ei ght
.30 ACT tables; (4) normalization of the ACT values to positive val ues; (5)
cal cul ati on of the nedl an val ue for each ACT tabl €. (6) calculation of
conf i denceExample b toyidentify cargeqtyntargated LEVECsdndiSeellshe val ues

and their nedians f or each of the
Using the LTVEC technology described herein, Applicants knocked out the
20 SM22alpha gene in ES cells. SM22alpha is a 22-kDa smooth muscdle 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 (ihs_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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From an i nspection of the confidence scores and the ACT hi sto I aite bot h
. the primary and secondary screens, correctly targeted ES cl one candi dates
are either confirmed or rejected. In a preferred exanple, the ACT val ue
for the candidate targeted clone falls wwthin 0.5 to 1.5 cycles greater
than the meWPA&R37H 5 12 out of 12 reference conparisons fPEMUSHEsTOMDI ned
pray and secondary screens. To score the nunber of copies of the LTVEC per

di pl oi d geRpE®, }gﬁm %Fﬁgw ' 2 t their ACT
val ues fromtheér?:g&rf%glrol ons dl% ﬁﬁétﬁ %Ye r%gﬁé %ﬁO%@%%?he
reference PaRsteskRS edlapacads wqadleiqﬁéfverA@iBO\ﬁblt@é@i dtghe séymelacZ- Neo copy
nunber sta h 2 or greater
than 2 coplngg&gfésot@qbd\%/éc ﬁléo?&hgﬁﬁldr%c‘fs? ﬁ%dﬁ & | gﬁfo?g}l@ct ES cel |
clones ar e lakelisgvegh the e N@OMO@GWQ%WP—?WIEMOfMﬁW@BB total clones)
unti | 3580%&%@%&&%@&5 Idéﬁhizﬂlomﬁ tﬁ@sg«xl TEM9ARK ?H& 1HRYXi SNAd!l e 15

copy of the LacZ-Neo cassette are identif Use of FISH to

Jidentify cépquancesatithatplleleol SMRRalpha 1E1$>0<§ ¥, noSMRgalphe or £9E€ t echnol ogy

descri bed %ﬁ%ﬁ“% sin ES
cells. Swggo%]églelsé@@dcﬁﬁwe gé&g%ﬁgﬁé e ceﬁt%g) | neage rest ricted
protein thi@dg ﬁif@iteaalmﬁsgrag%eﬁ Sid2alpha aertgﬂqumee@ad cadesatizaion gfrent

bundl es i nmm@cmm@mmmnrems&n@op@hbﬁm Fis subj ected to

standard fl uorescence in situ hybridization

chr onod8 na|S‘I§B$1§é&§g?%S thaticprreetifaggeting of baes t&p’ﬂﬁ@é ﬁh%@gﬁzgalﬁ’éﬁ geted. 25

The experi Iiﬂélias%&o@ﬁdslf)gbﬁ?&cwnbbtahwﬁhQHQJ%@&re&) an SM22al pha gene probe
consi sting of the unnodified SM22al pha BAC done used to generate the LTVEC

-and 2) a LacZ and Neomycin DNA probe which detects only the gene

nodi fi cat | GRamBUeEs: oW BEnE T J8h b8t SMONA (4dB5RIdlb@FbpdratedH ceidd Neo gene
cassettes)., I\/Et aphaselchr sorral spreads were prepared fromcells 30 and

hybri di zat Fof—w il t aneously with both probes which were
| abel edswi th d| fferent col ored fl uorophores to all ow detection of

Standard methods for targeted modification of genes in mouse embryonic stem
(ES) cells typically employ 20 to 40 pg of targeting vector in the electroporation
procedure. Applicants have discovered that with LTVECs, electroporation with
much lower amounts of DNA — in the range of about 1 to 5 pg per 1 x 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 knockout mice
to study muscle atrophy

30 ' _ :
' MAG1, also called MAFbx, is a recently discovered ubiquitin iigase 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 Applic:iﬁon
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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hybri di zati on of each probe within the same spread. A non-tﬁgétlga gs cel |l

| ine was anhal yzed in parallel as a control. As expected, | " eBR r.ol

. spreads, two alleles of SM22al pha were detected on honol ogous chronosonal
arnms, 32 29 April 2005 WO 02/ 36789 PCT/ USOLl/ 45375 but there was no

hybri di zati on of the LacZ-Neo probe. As in controls, in targeted ES cell

spreads two Ve PEI6@9 were al so detected at the sane chr onesareshissaeat i on

.and on honol ogous chronpbsones, but double |abeling with the LacZ-Neo probe

was apparen 0f1.t ' I, ndi i.ng, co-localization of
the Shbon pho anadares INE, LI Gl wIERINARIRR A hGR s GirB By
SVR2al pha. Fefsencantliofurther siptly trobiolngicad signift@ncNsithipegemese quesales  wer e

detected at akBBRPIGRIkALEIAGALE ARt tdd'bilE ROREANR of ha Ty QlR ! @

i ntegration of al pha gene sequences a “tocarizatron h(S’fwsLacZ- Neo

w th SM22al &HE’W&\ one chronosone of a honol ogous pair 10 strongly suggests
that corgect targeting of LacZ-Neo to one of the SM22al pha -alleles via
honol ogous reconbi nati on had occurred. Exanple 5: Lowering the amount of
DNA used t oFEFletq plipiy alasgeEdoned genomigfragmentcangitihgtheMAGd gameya 15

St andar d e BaGgSall QB T8k 6otk g%&g; KO bral BB W R i &EPT YONi ¢ stem

(ES) cells typically enploy 20 to targetrng vector inthe
el ect r opor afifBred spacibgdMatt s sagtence: s BAG clone ek obfainediwis LTVECS,

el ect r opor athedusehi ik éﬁ@@[‘gl%\éqr %é'pg%n@ 2l VEROR about |
to 5 ¢ ger ' x 10 cgrl s 20 - dgﬂ l e ;ﬁ_“ég‘;fﬁ’gg@e‘%?"?ﬂS@gS#recth;% ar get ed
honol ogdtis Bibi‘hEodificatien eptssttopentaininga b| Jomelagy bay/lahd nunber of

secondary, gg{y/&b@mm%rofn'&%r/Bé@ébecgyﬁ?ﬁ'%oﬁ&bg%?ﬁﬁt_wﬁs fVRERNL 1N

targeting efficiency is inportant ause It si I cant 1y reduces the
ndnber of EENE prelagydinxss wieas apranyleddolsearkdhe sbercef hagteriahlio s

positive clarembMatonanfiily @6 geNelafbARK Btk LBVEQ! G1E 2RYZ £a E@Sﬂ}riekcat ion. The
associ ated benefits are reduced cost and increased throughput. Exanple 6:
Use of the BEHBA GRS PeRtoRRdAvCh Shatils ipitiafing crien wra akihewame pasition
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 MAG61 LTVEC DNA rm'niﬁrep was prepared (Sambrook, J., E. F. Fritsch And T.
Mai_niaﬁs. Molecular Cloning: A Laboratory Manual, Second Edition, Vols 1, 2,
and 3, 1989; Tillett and Neilan, Biotechniques, 24:568-70, 572, 1998;
25 hitp://www.qiagen.com/literature/handbooks /plkmini/ _
plm_399.pdf) and re-transformed into E. coli using electroporation (Sambrook,
J., E. B, 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 ehcoding
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 methodology |,
- (http://www.giagen.com/literature/handbooks/plk/plklow.pdf; Sambrook, J., -
E. F. Fritsch And T. Maniatis. Molecular Cléning: A Laboratory Manual, Second,



to study muscle atrophy 30 MA61, also called MAFbx, is a regg é
di scovered ubiquitin ligase that is up- regulated in varlous con |9|ons 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 nunber not yet
known), fil®Q%E¢8ber 22, 2001, all assigned to Regener onPGBUSB/ALSI | 2005
WD 02/ 36789 PCT/ US01/ 45375 Phar maceuticals, Inc., each of which is

i ncor por at eBdiiengVelsiln2,iang 351989 Tiidettbyd N@Iaﬂrsm@)uu qlesfasgeben, stoudy the

bi ol ogi cal f? g{n ficance of "'this gene in nuscle at rophy, knockout ' m ce were
created usi 8 he nethod of the invention as follows. 5 First, to obtain
a large cloned genom c fragnent containing the MA61 gene, a Bact er i al

Artificial ro sQne A was . screened Wt rimer derived
fromthe ‘Eflfg %G#ﬂﬁé@ﬂwdﬂ‘ﬁﬁgﬁwﬂgﬁg’oﬂ%eﬁ%% used to
create & LaM@mIanmwnaghﬂma fTafs vrsertyplisheéddy digbdtingafith dke 10 fol | ous.
A nodi ficat] assette ai, n ' hom) Dx l“ac ne/ pol yA/ PGK
pr onot er / neljgf yWﬁZyIﬁ‘ﬁ%&%ﬁ’F%@g Wﬁzh% dhljé%f logegREs E%Fgﬁgd?jypboies wer e
appended to:hmmlosdzmel lscm.gE)chDIﬁAcﬂa&kedlmﬂomgQ@ﬁuﬂo gy &@nd1bi nati on during
the generation of the LTVEC. The LacZ is a reporter gene that was

positioned such that its initiating codon was at the same position 15 as
t he i niti atThegMéed g TVEC wasmmﬁnhbmedgnmﬁkh sellecsingspadaah in

CTvee v B b RO DR &%ﬁ’qﬁgﬁe@%‘i‘w 2 one vas
repl aced b)Moheulﬂnd‘ldmngtA ﬁabma&ﬁgmaelmh@ecmﬂminaﬁ Velsay2,ed Fupra. LTVEC
([a)tljlﬁ\a\rl\ﬁzt |t2 ce s as e@gs lrjrhgfad | QPLWMI %tef’%ﬁ%’?cﬁﬁ:&ﬁ% Od%ﬁt I O‘%ﬁ!sn;?eggr ed
( Sanbr ook, SslegteE byFexpBsutedoa sledtion agduinBedause tHédeketdble m@kloariusgd irf\
Laborat ory t%ﬂ%ﬁca%%ﬁoﬁgseﬁg WdsQfe n)a/gm?'cl;i ph%Sphotransferase (neo) gene
15 (Beck, et al., Gene, 19:327-36, 1982), the cells that had taken up the MA61 LTVEC

were selected in a medium containing G418; cells that do not have the MA61

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 created 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 mid-thigh 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 anteribr and gastrocnemius muscles, over a
- 35 1l4-day period. At7 and 14 days following the denervation, animals were
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and 3, 1989; Tillett and Neil an, Biotechniques, 24:568-70, é?@ri‘%%- 25
htt p: // ww. gi agen. coml | iterature/ handbooks/ pl knmini/ plm399.p ang

. re-transforned into E. coli using el ectroporation (Sanbrook, J., E F.
Fritsch and T. Maniatis, Mlecular Coning: A Laboratory Manual, Second
Edition, Vols 1, 2, and 3,1989) in order to get rid of the plasm d encodi ng
t he reconbi WOJ@Ré78Y proteins that are utilized for the bacreriséi/43amsol ogous
30 reconbi nation step (Zhang et al., Nat Genet, 20:123-8,1998; Narayanan et
al., GCene gﬁagﬁcecﬁéjﬂ&zbgndge%@- : i94.© Thih HAoSL EC into .
eukaryotic cells, | arger amun?lslg‘é%lgﬁmgi@%TVEC ﬁhggaeﬁtgﬁgg/gf%dar@; st andard
met hodol ogy8eSHRERGNILE (RN aeh) Wers Temaviediftnme tharigbb prated) dicdow, pdf ;

Sanbr ook,  Jieft (inkact)Fhind linic O T; bt At fi |&gg-]&\ o

Laborat ory I\/ar(lual ,) Second 34 e%ﬂgbﬁ%g%%%dt\?@ﬂggIIB ,8?%%%%%@375

Edi tion, Vofeoled isopensane. sTheygnoury; ofjastophyversnssesaed bpicomparingdhes .

24:568- 79, @éight ofiP8%\u SRaked i 1;%‘\’ ot 1 ction
into eikary tI%C cells, S'LCE%)ﬁOSnTtl\t/ﬁ%?éLTVE%d\t}\llaﬂg) M%gétg%%z Fﬁfﬁ%ﬁﬁv\\é@ﬁg

acconpl i sheomyhengadengyafrd Bmbhe restriction enzyne Notl which | eaves the
nodi fi ed endogenous gene(s) or chronosomal |ocus(loci) DNA flanked with

| ong honol %arm;. The MA61 LTVEC was _then introduced into eukaryotic

cell's usin fEEPREY W@S apsestedaidld davsielonas trppestinmet bekishy. | £ F.

Fritsch Andsclhtic Mam@mt@.w&&bagu{saff thd Aph#)dendivhRBGhAi P Wi Udghparagcond
Edition, Vol 89)). ,The cells in which the MA61 LTVEC was

s, 1, 2, and 3 ]
i nt r odut®ed @E@%E@E‘f"ﬁﬂ?ﬁs 9\felih€Jle%é}oé‘c‘ieé\?rwe@%’églﬁ?‘em%nﬁh§@ﬂécti on agent.
Because t hecogglagicbiaddre gifbdrki@rTapsesl in  the nodification cassette was the
neonyci n phosphotransferase (neo) gene 15 (Beck, et al., Gene,
~19: 327- 36, 1982), the cells that had taken up the MA61 LTVEC were selected

in a medi umdget ai ni GesttABmiaeCbimpidat do nobiahgwetddty MA6L LTVEC |
di ed" wher aas—cel that have taken un the MA61 LTVEC-survived (Santerre,

et al., Ger“é‘?“\%elﬁg%?i@éﬁ)*?‘nm Etfkar yot|iample sid Mear been
successf ulflwTnodr fjied by TjagggEti N 6.0 VAqE] CTVEG(GEE 0 tNEp 8$HT tocus were

identified-with tHe quantiltative HCR methdd TagMAn(r) (Li ‘and
Pet ropoul €O Curr |&in Bi dt®¥hnol ,| B923- 8,[2d9g) . |0.80 0015
15 14 days Gastrocnemius Complex Tibialis Anterior
Genotype | Sample si Mean SE | Samplesig Mean SE
’ WT 5 0.55 0.024 5 0.62 0.023
KO 5 080 - 10019 5 0.80 0.012

At 7 and 14 days, the muscles from the knock mice showed significantly (p<.601)
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 Idirectly using them as
ftargeting vectors combined with MOA screening for homologous

25 recombination events in ES cells creates a novel method for enéineering
genetically modified loci that is rapid, inexpensive and represehts a significant
improvement over the tedious, time-consuming methods previously in use. It
thus opens the possibility of a rapid large scale in vivo functional genomics
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Finally, the genetically nodified ES cells were used to crg ?%I cally
25 nodified, in this case knock out, mce by standard bl astocys I'njection
technol ogy. Thus created were the MA61 knock-outs, mce in which the MA61
gene had been deleted. Both these knock out mce and wld-type (W) mce
wer e exposed to atrophy- 30 inducing conditions, created by denervating the
m ce, and |WQIR36T8Y atrophy conpared. First, the sciatic RETAISOMESSI sol at ed
in the md-thigh region of the right hind linb and transected in mce.

Tr anschoraxmﬂyshM&Sﬂ:r&tall drgrand dl s irPan B8RRIk IgeRoMBGN a BRTi0R of OUr t een
daay perlockg_l ttmaatr[%go i n tg ﬁ:{) cl es, of th llower” | imb, specifically the
tibialis anterlora 4 %éffzersé HEFPYPrRYIOUP DX MP%S 35 14-day period. At 7
and 14 days followi ng the denervation, animals were 35 29 April 2005 WO

02/ 36789 P 75 sacrificed arb jde inhal ation.” Then the
tibialis a%rfer?%ﬁ #‘F ﬁwgﬁﬁs??%ﬁéﬁ?f@@%ﬁ%j‘?@wmea%@ eMdX et from
the ri gt (1Hesteemmtaed:b exantples, éf will beveadily appardnt fortisse (W&ir@hﬁdy skldnf rozen
at a fixed jengt Lquid nitrogen...cqol ed isopent.ané. e .anou of
atrophy was gsggtetggie% %’m %?c?fgﬂ%aq*ﬁé‘rsémy@?“faﬁ@m%{é@@?% t he
dener vat ed the iiventibh wmtmumiephturcg‘fnbﬂnethe‘spi@it @8 scdpenthé @ppaittededigimsat ed
limb. Muscle atrophy was assessed 7 and 14 days follow ng transecti on of
the right sciatic nerve. The wet weights of the right, denervated nuscles
were conpared 10 to the wet weights of the |eft, non-denervated nuscl es.
The right-left conparisons are given in TabI e 2. 7 days Gastrocnem us
Conmpl ex Tibialis Anterior CGenotypeSanple s"ManSESanpl e si MeanSE

WI'70. 760. 016110. 680. 033 KO60. 840. 022110. 800. 015 15 14 days Gastrocnem us .
Conpl ex Tibialis Anterior X
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Genot ypeSanpl es” MeanSESanpl e si MeanSE MW50.550.02450.620.0§§ .

KOB0. 800. 01950. 800. 012 At 7 and 14 days, the nuscles from £HEAhERY i ce

. showed significantly (p<.001) |less atrophy than the nuscles fromthe wld
type mce. The difference between the knock out-and wild type m ce was
greater at 14 days than at 7 days. While 20 the wild type mce continued to
atrophy between 7 and 14 days, the knock out mce showed no additi onal
atrophy. In sunmary, the approach of c&ﬁating LTVECs and directly using
themas targeting vectors conbined wi 2 screeni ng for honol ogous 25
reconbi nati on events in ES cells creates a novel nethod for engineering
genetically nodified loci that is rapid, inexpensive and represents a

signi ficant 1. idypetheddat gendticallpenbdity@usan éhdBluSs Yendd
previously in use. It thus opegs t_ﬁgypossi bi-clﬁi%y of lglaghr aé@@ﬁg%m§%a| ein
vivo functi doeHs @féﬁtﬂfﬁﬁsnmlqwﬁnddllszmﬁpm&h-@ﬂ 36789 PCT/ US01/ 45375

anal ysi s _of esser;bi(%ly.any and all genes in an organisnis genone in a
fractiondof the &)i9rlaliag adatgerrdorned peromit figgment greatemibitah @Aty es.

Al t hough th Legoi ng.i pvention s, been described in sone detail by way
of 5 iIIus;%roé%lﬁ'ﬁ‘gﬁgﬂ\z&éﬁ%?@%ﬁeqr}?mﬁr?ert be readily apparent to those of

di Kill iRyt ' d podi fi [ ) b
a6 the.t eachi Agep aefeel KRG R R R prrpte AR PR B e ¢ or

f t hdagerdoiellgehdniest; [ i . A had for.
;g(r)\gtei gal |y arr?gi fyi nggan endé%%ﬁgﬁgoggzgé 8%9%?? grnggg%ﬁ%hngg%éorggr f‘lg‘%g} est

i n eukar yot ithe eakanyoticeefls UsTVEQ;&uahM%bﬂ&g%éﬁabﬁ%féﬁﬂ@%fﬂ&{'ﬂﬁ  C
fragment,_greater than 20 kb containing a DNA sequence Of 1nterest,;
usi ng bd®t egreatenthan ks reconbination to genetically nodify the |arge

cl oned genomc fr nt, of (@) to create a large targeting vector for use
in the eukaryot icqu”EPFlélc’(‘lg]@EéﬁVEG@ﬁ (p)rivkethesukegy bticotlgo modifyy ch

total homologous recombination the endogenous gene or chromosomal locus in the
cells; and |
d) using a quantitative assay to detect modification of allele (MOA) in
15 the eukaryotic cells of () to identify those eukaryotic cells in which the

endogenous gene or chromosomal 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

20 chromosomal locus of interest.

3. The method of claim 1 or 2 wherein the éeneﬁc modification to the
endogenous gene or chromosomal locus comprises deletion of a coding
sequence, gene segment, or regulatory element_; alteration of a coding sequence,
25 gene segment, or regulatory element; insertion of a new coding sequence, gene
segment, or regulatory element; creation of a conditional allele; or 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.
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1o greater than 20 kb; c) introducing the LTVEC of (b) intogt i,%‘!ﬁg\ryotic
cells-to nodify by honol ogous reconbi nati on the endogenous gene or

. chronosonal locus in the cells; and d) using a quantitative assay to detect
nodification of allele (MOA) in 15 the eukaryotic cells of (c) to identify
those eukaryotic cells in which the endogenous gene or chronosomal | ocus
has been genetically nodified. 2. The nethod of claim1l wherein the |arge

cl oned genogi i’ﬁeiﬂéﬁﬂ&ﬁcla‘i&%’?’ﬁi}ﬁiaﬁtﬁe%a’iﬁﬂ%&diﬁg@%&ﬁé&%?@%o the

endogenous gene or. 20 chronosonal |ocus .of interesty 3. The od of
claim1l or segthaiteonrdgidaigey elentertadnipisisiadubstitich, atldives Uuasidane or
chronosonmal | ocus conprises deletion of a coding sequence, gene segnent,

or regulatory elenent; alteration of a coding sequence, 25 gene segnent, or
regul atory el nt;_inserfion of a ne odi ng sequence, gene segnent, or
regul atory §rl iﬁgm%theaéﬁﬁf%w 4whereinihe fugancogmprises angpitopsitagOfent  of a
codi ng sgqu e segnent from one species with an honol ogous or

ort hol og%ussgg‘ﬁ?tg@ﬁggﬁm'e fromthe same or a different species. 38 29
April 2005 4. The method of claim3 wherein the alteration of a coding
sequence, gene segment, or regulatory elenment conprises a substitution,
addi tion, 06, Themnwthod.of lg diRkidiatle et&écﬁh@tl‘éﬁﬁ@%@r@iﬂﬂ@ UATItRAH PO DI | Ses
an epitope tag or 5 bifuncCtional protein.”6. The nethod of any one of the
precedi ng chssayronipeisesuanétaivenPCRAFISEE, consppattioe gphosdshybddizationj ve

PCR, FISH, conparative genom c hybridization, isothermic DNA

anpl i fi cat i #ethersie QNA areplifigation quentitative hybridizaston foraniimmabilided,

| nvader Probes(r), O assays( 7. The nethod of claim6 wherein the
quant it & i Vg%ﬁmp&r%@w@ﬁm&g’?mwﬁ ecul ar Beacon, or EclipseTM probe
technol ogy. 15 8. The nethod of any one of the preceding clains wherein the
eukaryotic cell is a mammalian enbryonic stemcell. 9. The nethod of claim

8 wher ei n t he THRBLYMBUDAIAM 6 S Hlerkfh the it itak Al PCR conRpAiSds T4H Mo,

embryoni ¢ stem cel
Molecular Beacon, or Eclipse™ probe technology.

15 8. Themethod of any one of the preceding clajims wherein the eukaryotic cell is

a mamumalian embryonic stem cell.

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

20

10. The method of any one of the preceding claims wherein the endogenous

gene or chromosomal locus is a mammalian gene or chromosomal locus.

11. The method of claim 10 wherein the endogenous gene or chromosomal

25  locus is a human gene or chromosomal locus.

12. The method of claim 10 wherein the endogenous gene or chromosomal

locus is a mouse, rat, or other rodent gene or chromosomal locus.
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20 10. The nmethod of any one of the preceding clains wher ei%@”{h@ §8§Iogenous
gene or chronosonmal |ocus is a mammal i an gene or chronbsoma ) 8 .7 11. The
. method of claim 10 wherein the endogenous gene or chrompsomal 25 locus is
a human gene or chronosonal |ocus. 12. The nethod of claim 10 wherein the
endogenous gene or chronosomal |ocus is a nouse, rat, or other rodent gene
or chronmosomal |ocus. 39 29 April 2005 13. The nethod of any one of the
precedi ng cl&i fhesnethidhof drey oMe/Btiesprecadiag] daififs WheRIPRALITYEHC R g6 DNA
fragments greater than 100 kb. 14. A nethod for genetically nodifying an
endogenous &éﬁéb%ﬁf&ﬁﬁmngbrge)&NAdfag'mem@éatbﬂ&mmldnbr yoni c stem
cells, conprising: a) obtaining a | arge cloned genom c fragnent greater
than 20 kb which contains a DNA sequence of interest, wherein the | arge

cl oned DNA fja g honol us to.the endogenous gene or_  chronosomnal
| ocus; b) u%"*hg“ﬁ‘i%{‘ érll%% g‘?%&ﬁ%ﬁ@&&ﬂ%&%%rﬂﬂ QgsRons ggaaer chramysarpal f y
the 10. sl aﬂmmﬁeﬁﬂqﬁbﬁgﬂ%&ﬁﬁﬁ&ﬁcgknﬁ@é%s{,?gcrea e a large targeting

vector for use in the nouse IC stem<c TRER gzarge targeting

vector havi ng homa)l digginiag adar abné&gahoﬂke&hg@ehb atS tn 2008 ‘?/hpcht gre

genetic nodification is deletion of a coding gueHtce, gene segnent,

regul at ory &PBHIASa RINA sequedoe ohinterest, veiareirt ﬂfe@l@tg'eﬂﬂoﬂéﬂiMAqfna}(ﬁﬁﬂémi nt o
t he nouse enbégoni c 15 stemcells to nodify by honbl ogous reco nation
the endogendtBORIRENS tothe sRosrAPus gesusor ehuommosomidldoctmnd d) using a

titati ' tect. di fi ti f allel MOA) i th
dbryonic stem o 488 Batterial Romaigeys theombimasiantagenssnlly modify thve | s
in whi th : I h b ticall 20
o 11 o0’ WA AR e b EhE SLR0 8 Prealfs Iitae ReuesEnBoskeiorgor woin
method of anble aRSuselertbBio: dtekPce

targeting vector of ( c)@: s intr oducéwgf@b%ﬂéa%v%% g%ﬁ‘né}po%(l)@rggep\
U i ol o e L A
cel | producé&tlgion oka sedingdeqnenss genesegment, or regulatory element;
¢) introducing the large tatgeting vector of (b) into the mouse embryonic
15 stem cells to modify by homologous recombination the endogenous gene or
chromosomal locus it the cells; and
d) using a quantitative assay to detect modification of allele (MOA) in
the mouse embryonic stem cells of (¢) to identify those mouse embryonic stem
cells in which the endogenous gene or chromosomal locus has been genetically

20 modified, wherein the quantitative assay is quantitative PCR.

15. The method of any one of claims 1 to 14, wherein about 1-5 ng of the large
targeting vector of (c) is introduced to about 1 x 107 cells.

25 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-ene
of claims 1 to 13 or 15.
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of clains 1 to 13 or 15. 30 40 29 April 2005 18. A genethgiAM“@@gsfled

cel l accordlng to claim17 which is an enbryonic stem cel

. genetically nodified nouse enbryonic stemcell produced by the nethod 5 of
claim14. 20. A non-human organi smcontaining a genetically nodified
endogenous gene or chronmosomal | ocus produced by the nethod of any one of
cl ai ns Q. 21. no _eontai ni a genetically nodified
endogenous gene o% %?%ﬁ%’%‘&ﬁfecfs%acwamﬁ&c Byﬂtlﬁefvhgﬁhhsdncﬁmhlymm 14.
22. A non hydrRRefAr gani sm produced fromthe genetically nodified eukaryotic
15 cel |l of cIa|n117 or 18. 23. A nouse produced fromthe genetically
nodi fi ed nouse enbryonic stem cell of claim19. 20 24. A non-human
organi sm contai ning a genetically nodified endogenous gene or chronosonal
locus of i iflerfegenetiratiyunedifind moteRAEISORR! $teh{\If gﬁ)cg%fe e-l%l@hodn
obtalnlng a IE g cl oned genomi c fragnent greater th contarnihg a
DNA seq endd H-erest: 25 b) using bacterial honol ogous reconbination.to
genetically nodify the Iarge cl oned genom c fragnment of (a) to create a

| arge targeting vector (LTVEC) for use in enbryonic stemcells; such LTVEC

P 00 ke 0 s L bR ek Bodaganeye oy

honol ogous omal locus in the
ol s e B o R IANCHE e e N T e oBs 41 | & menon)
in . 1 to 15,

10

21. A mouse containing a genetically modified endogenous gene or

chromosomal locus produced by the method of claim 14.

22. A non-human organism produced from the genetlcally modifxed eukaryotic
15 cell of claim 17 or 18. : !

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

20 24. Anon-human organism containing a genetically modified endo'genous
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
containing a DNA sequence of interest;

25 b) using bacterial homologous recombination to genetically modify the

large cloned genomic fragment of (a) to create a large targeting vector (LTVEC)
for use in embryonic stem cells; such LTVEC having homology arms which
total greater than 20 kb; |
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5 the enbryonic stemcells of (c¢) to identify those enbryoqkﬁA&h%ﬁpgells I n
whi ch* the endogenous gene or chronosonmal | ocus has been genetically

. nmodified; e) introducing the enbryonic stemcell of (d) into a blastocyst;
and f) introducing the blastocyst of (e) into a surrogate nother for
gestation. 10 25. A nouse containing a genetically nodified endogenous gene
or chronosomal |ocus of interest, produced by a nethod conprising the

steps of: a) obicpiinirodueirgahed TVBGesd (bpieoithe &itayeiic stétaiehs 1b hasdiBp kb
whi ch contains z DNA sequence of int e(rest, wherein the | arge cl oned "DNA

fragment by hamologgus secambinationdbgendogenenggene ohclromsosmhal locusin 15 b)
usi ng bacteyial_ honol ogous reconbination to genetically nodify the |arge
cl oned gen Eelﬁsr'agmant of (a) to create a large targeting vector for use

in the nouse enfyryonic stem.cells, the rge targeting vecto Vi ng
honol ogy ar ms {mi@‘f‘g&%}a"g}#aﬁ‘{'%ﬁs%ﬁq Afge H%‘Oal‘fgﬁagpﬁ of egfe{MEﬂE)m

nodi ficati ' th | | at ory
ol erent 7 20755 ey SafstlR ol B (] ¥o B HORE e BFBRR IR B SR Mocs
enbryoni ¢ thé efiogéhcus gerdst dhrolbs6aTH 16A RS e BurochRP nidisgeadogenous
gene or chronosomal |locus in the cells; and d) usinhg a quantitative assay
to detect nodi fie)amtrodudhgaht ety stem celhef (o) irsto eblastorpsis antlem cel | s
of (c) to identify those nouse enbryonic stem 25 cells in which the
endogenous gene fhintepduning Sheblastaoyst obée) intora gomegateanpthembai gestatiomher ei n
the quantitative assay is quantitative PCR e) introducing the nouse
enbryonic stemcell of (d) into a blastocyst; and f) introducing the

2005 280" A ot RoHeh BrBudit £ BEhucTilyigod: (e ab g are endogenous
0o, e RERGc s o AGHUA et L TR i e YR,
DNA sequence of _a? nbistairiihy adafde d6hed gRAGIRE B rEARH ShAEIPRBvARIChON 1O
genetically nodify the arge cloned genom c Tragnent of (a) to create a
| ar ge t ar gerontrjng adWIA segjuenseof interest, wherein the large cloned DNA fragment

is homologous to the endogenous gene or chromosomal locus;

15 b) using bacterial homologous recémbina’cion to genetically modify the
large cloned genomic fragment of (a) to create a large targeting vector for use in
the mouse embryonic 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;

20 ¢) introducing the large targeting vector of (b) into the mouse exﬁbryonic
stem cells to modify by homologous recoinbixxation 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 (¢} to identify those mouse embryonic stem

25 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 (e) into a surrogate mother for gestation.
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eukaryotic cells (LTVEC); the LTVEC having honol ogy arns ich total
greater than 20 kb; c¢) introducing the LTVEC of (b) into t gﬁ@ﬁkgxybtic
.cells to genetically io nodify by homol ogous reconbi nati on the endogenous
gene or chronosomal locus in the cells; d) usi-ng a quantitative assay to
detect nodification of allele (MOA) in the eukaryotic cells of (c) to
Identify those eukaryotic cells in which' the endogenous gene or

chromosomal 46edb fiondsumnanrorganistr canthininp d dar@tical ifi ' nucl eus
fromthe eukaryotic cell of (d); f) in??ocgjci ng t g@ldu%l?g&g\u(%ge%éﬁsi nto an

oocyte; and &FF€iMcheamesamal op;ﬂ@mﬂwammhod@oﬁtﬁrﬁsiﬂ?ttﬁem bey: for
gestation. 27. A pon-hunman qrgani sm c¢ontaining a genetically nodified
endogenous 20 géHe® W@Hgéﬁﬁgﬁ%f”‘?éﬂﬁ@?%ﬁi Gagowit igyeatentharo?0 kbnpr i si ng
t he steps Ofmn%%QWR%eggL@égg cl oned genom c fragment greater than 20

kb containing a Sequen F€8% . "b) using bacterial homol ogous

esombl nat1 o {0 9eashgaklo NIy 1l A SRSE 5ROy e ©

(a) to create a | arge targeting vect

oreat, _ . .
(LTVEQ); t hdatgh\dienddgenambofaRent of ® utle’faé!rr%e 5%@.’& tﬁfﬁ%?%g%%ﬁ{‘@é?q{g% ¢)

i ntroducing the LTVEC of (b) into the tic

modi fy by héwshoypiscallsdbibER); ﬂmm%g%lagy%rﬁﬁ_&ﬁfcﬁ%mm'
| ocus in the cells; 45 ég April 2005 d) using a quantitative assay to
detect rodi EFEAErhan?0kbiele (MOA) in the eukaryotic cells of (c) to

identify those eukaryotic.cells ] I ch the endogenous gene or

chr onosomal | ocuscljlfggmﬁilélgﬁlggg}?jrt@gg]%f (E‘))H}tpitb@?ub?rymi@im s thgenetkanllyot i c
cell of 10d) Mba (%}ﬁ ryotig. cell; . and 5 f) introducing the fused
eukaryotic cel IH%? 52 e ?lr?gglﬁgréétjortP onifhe saflogsRoug geneer ehromasommale
non- human orgaty inthelfcepgly one of clains 24,26 or 27 wherein the non-hunan
organismis a nouse, rat, or other rodent. 10

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;

15 €) removing the nucleus from the eukaryotic cell of (4);

f) 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
20 geneor chromosomal locus, produced by a method compfiéing the stéps 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
25 eukaryotic cells (LTVEC); the LTVEC having homology arms which totat

greater than 20 kb; ' |

¢) introducing the LTVEC of (b) into the eukaryotic cells to genetically
modify by homologous recombination the endogenous gene or chromosomal
locus in the cells; |
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29. The non-human organi sm of any one of clains 24 to 28 99§6h39ﬁ oduced
by a nethod as further defined in any one of clains 2 to 15. . use of
. the genetically nodified cell of claim17 or 18 for the production 15 of a
non- human organi sm 31. The use of the genetically nodified nouse enbryonic
stemcell of claim19 for the production of a nouse. 20 32. A nethod
according to claim1l or 14 which is substantially as herei nbefore

described with rdf esmpcequantifayivenssay id deteéirhedificatioRcIaleRS(MOR) ift
genetically nodified endogenous gene or chronosonal |ocus according to
claim 16 mﬂ‘@rﬁﬂmﬁéhtdf&t)ltplgsntifyrﬁionbeﬁbwoﬁes:eﬂia rewhich the ef erence to
25 any one of ,the foregoing Exanples. 34. A genetically nodified cell

accor di ng t$'998eneHs sepe o1 ghigmesemal I%beﬁ%g?#%‘i?w Ianedified; or e

Aori 1 2005 35, MK PUsPENHRICRS (o it noihe pUkmRr bR Elledd 20 1o 27
whi ch i subst afgt:ia el ' W th reference.to.any one
of the %f or egoi ﬁg&@gﬁ%f%gtﬂg f@%ézp&%rgggg?%? 95&56}“8 £§"Fﬁ%§5at8rm§@%?rch i's
subst ant i al gastatsotaer ei nbefore described with reference to any one of the

f or egoi ng anpl es. 44a '

28. The non-human organism of any one of claims 24, 26 or 27 wherein the
~ non-human organism js a mouse, rat, or other rodent.

10

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 1015.

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

15 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.

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

described with reference to any one of the fbregoing Examples.

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

25  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.
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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.

44a



