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CELLS This appli.cation clains priority to U S. Patent Application No.

09/ 732,234, filed Decenber 7, 2000 and U.S. Provisional Application No.
60/ 244,665, filed Cctober 5 31, 2000. Throughout this application various
- publi cations are reférenced. The disclosures of these publications in
their entir&0%3¢78 e, hereby i ncorporated by reference i|REBUIRKZ?S

application. Field o;[%@_ VE t|n,10 The fleld of this invention is a
net hod for engineeri S YINGEURMRYOQIEC LIS target, via

. honol ogous reconbi nati on> and nDdlfy, in any'desfrable fashi on, endogenous
genes and chro ci in euka IIs These DNA targeting
vectors for%ﬁ@? P’Edgwgnmt‘f@ Pré%é)% %ﬁaeoaéﬁq 9%673?%3@@1%% ragment s
of cl gned gBacemler mmoo an@ers tPh@ﬁmbhﬂS@pﬂMﬂi&ﬁNkbyéGlQ@%@/ﬁllél?.ltd)@cb%@p]l?r o?g hefs
intended. to or, Qus targetin aryotlc cells.' The field o
t he mvgsntl%ﬁ%[i?r tTIIE?e %%Hggﬂ%gpﬁlﬁf‘ & VR4 P g referencask Ho8 o

det ecting edilsdbsyﬁés of thede farilinatidtisah tmdzxeeﬂuﬁf@@ab@ﬁeze‘eyﬁ%hbofaie@r@et ed and -
nodi fied th e%dea r.ed ndogﬁn us gene(s) or chronosonal |ocus(loci). The 20

e f?%@

field al so ‘SHEONFARS Tof these cells to generate organi sms bearing
the genetic nodification, the organisns, thenselves, and nethods of use

t hereof. Introduction 25 The u LtTV Cs ovi des substantial advantages
over current mnethods. For exaMe are derived from DNA
fragmentds | arger than those «currently used to generate targeting vectors,
LTVECs can pi and__convepi ent.l ner d.f abl.e
libraries oﬁﬁlﬁ;‘r?&ggf %‘%ﬁ%nﬁ/ﬂ Uﬁ(ﬁi hESe gﬁfg}g aé'sda‘gi@ %‘rgﬁa—éﬁébrari es)
t han t ar getvVenprymdtuages mﬂemok:gogs B@oﬁﬁtﬂa&bﬁ, drecimodifpginesy ddsirabldi ti on,
I"ar ger nodid di ficat an ar ger genom o
regi ons canE‘én}'ggﬁr‘rf;"ir:{gu§ %‘%\9‘% f:leer?t (?115?83{1?21 qch%‘ne‘ﬁﬁﬂjé)f gcéjd‘? glﬁ
t echnol ogi derge INApmigetiafQctors for eukaryotic cells, termed LTVECS, are derived

‘ 15 from fragments of cloned genomic DNA larger than fhose 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 whichthe LTVEC has correctly targeted -

and modified the desired endogenous@ene(s) or chromosomal locus(loci). -The _
20 field also encompasses the use of these cells to generate organisms bearing the

genetic modification, the organisms, themselves, and methods of 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

- convenienﬂy generated from available libraries of large genomic DNA

fragments (such as BAC and PAC ljbraries) than tergeting vectors made using

30 ° current technologies. In addition, larger modifications as well as modifications
spanning larger genomic regions can be more conveniently genera{ed than
using current technologies.




© 254:707-710, 1991: Thomas et Backgrow

WD 02/ 36789 PCT/ USO01/ 45375 Furthernore, the present inventignpm@bgg
advant age of long regions of honology to increase the targeting frequency
of "hard to target" loci, and also dimnishes the benefit, if any, of
using isogenic DNA in these targeting vectors. 5 The present invention thus
provides for_a rapid, convenient, and streamined nethod for
sysvenaticawﬁyuﬁﬁg?fying virtually all the endogenous ger&3/USH#S3T5
chronmosomal | oci of a given organism Background of the Invention 10 CGene
targeting byurdensos, topissayduention taliss ndvinngdef Wegnregionsbdgous |
exogenous : que S_proven be an
D%n@dlgéf RARGRAQUS @Qg&g%sgt&iueniﬁ AHeNE8S, Qgrsgep 488 i %‘ﬁ

extrenmely val uabl & way to creat ons; I nsertiong, Pations,
correct ge ﬁé‘lwléﬁsitbﬁbéneiﬁhtlf PYuetusngisegurie DN M fheketapgdtmg vgetved.i C
nmodi fications in 15 mce. Current nethods involve using standard targeting
vectars, mﬁ%%.regions of honol ogy to endogenous DNA typically-totaling
| ess than 1Ghe@reisnt ingention iwapeeidesdoriesiniddogueamient anddiréanbnddon i nt o
nouse enbryeftRodt : s f k,ﬁ%(ﬁpl,t%y F0lECt | f__t.he altered
ES cells int Qgﬁggmgﬁbﬁ%ggﬁ?gh§?péﬁgﬂlt t eééﬁgﬁﬁﬁﬁégﬁgégégﬁe I'c
modi f i cat i oR3I9RRse™ahoFBl SivgRPrEaREN.20 (Snithies et al., Nature,
317:230- 234, 1985; Thomas et al., Cell, 51:503-512, 1987; Koller et at,
Proc Natl Acad Sri USA, 86:8927-8931, 1989; Kuhn et al., Science,

lgile IEN8eR- 850, 1990; Schwart zberg et
at, Scijgnce, 246:799-803, 1989; Doetsclm an et al.; Nature, 330:576-578,

- 1987; Thonpon et at, Cell, 5:313-321;1989; DeChiara et at, Nature,

345: 78- 80, 1560° 1FECUELY prashpf hggnolggrgorezombinationchetmagubernalopogs in the
name of GenBhsgefbud DNBY BAd bAdGHehotd HrBES okl sreﬁﬁéhc%%ﬁg’g?oveﬂ% Belahng the

rafe ES cells |n1v\,hi h the standard targeting vectors have correctly
target ed antFHEEY vatraPlevyklo geade delgense HBELIOgENdssian wiutationamestashl

| ocus(| oci ) gdrequuf6®ns SaLENER &aﬁhﬁ%érfé@,tdr(?ﬁak%é@ ek AdErLeFRkL ggous
ined within the targetihg 30 vector. Assays for

targeti?% se uegfes cont _ [ :
successfll THFg &R PRrBedeanee xn Haing seadarh RReeing: Yackrys orith FegensPCR
(Cheng, et afthoohslbyy € erdfedehSh INAIficalip it dn s R006, 10B9RpVRS hods  Appl

3:S149- 61, 1994: Po%;e and. M col , Bul_gl: ei ¢ Aci ds’ Res, 20:623, 1992; U.S.

Patent No. BuwdEcs e Jesielbgenesc G tigp intg negrse qmtyyoyicstean{ERquences

- out si de 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, 346:8_47—850, 1990; Schwartzberg etal.,
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., Nattire, 369:684-5, 1994; Foord and Rose, PCR Methods
Appl, 3:5149-61, 1994; Pénce and Micol, Nucleic Acids Res, 20:623, 1992; U S.
Patent No. 5,436,149 issued to Takara Shuzo 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



the targeting vector and spanning an entire homol ogy arm (segpfebbsi tions);
35 thus, because of size considerations that limt these nmethods, the size
of the 29 April 2005 WO 02/ 36789 PCT/ USOL/ 45375 honol ogy arns are

restricted to | ess than 10-20 kb in total (Joyner, The Practical Approach

Series, 293 (%9??%_28. The ability to utilize targeting vectors with honol ogy
arns | arger ¥hE*P®hose 5 used in current methods woul d BETERYY4HE| v
and

val uabl e.” For _exanpl e: such targetjng_.vectaors could be nore rapidl

conveni ent | 3“%’?‘%&%‘8& ?Fa?ﬁﬁl%‘gf‘? %ﬁ? tan; 728/ kbas telghtaymfrnthe %ﬁa@’éc%enom c

i nserts (e.iprBodchdlerfQoBi 908 i es) than targeting vectors nade using
current technol ogies, in which such genomc inserts have to be extensively
characterized and trimred prior to use. In 10 addition, |arger

nodi f i cat i offfeabilityetd udlzenelicting dttoRSwERA MM G| AnQhr e RO thosd €gi ons

coul d be:nor nveni ent | enerated and jn fewer steps than using current
t echnol oai eg.geé%‘r eernﬁg}eél?{o hvgmb@ € gﬁ%ﬁb"faé@? ﬁsﬁﬁfe’ﬁﬁﬁkﬁ’éﬂi'@&ﬁhcoul d
i ncrease t hmrgellirgge‘tédtrgsfcomyrsﬁafafdlﬁraﬂdfcaniﬁﬁﬁﬁff gdrefdied froftlikaryotic

ogous recomnbi nation | kar

cells, since,._: rgeting.of hono n. e tic cell
appezr sSIt 0 g‘ém%‘@%rﬁeﬁgﬁgsdcl Qtnga]f%gq?r&f’ el deela (Eﬁng‘éf:rfgajl Al ﬁl:f?F‘i‘“F“%gﬁel' >
targeting véendargeiogyeent mGapesng currdd te@elologiéspin whﬁh%ﬁ@’éziﬂomﬁ%@ . In

ddition, t ' | f bt ai ned usi h I
Carm coul o Ara e EE SRR e SRR AR B BB T om st g

from using

i sogeni ¢0 DNaddiifion Hexger trandifitatings aseetibasmodfficIiensypabhmlabecpgionger i ng

- preci se nodificatl] ' l arge géenonmi c . .fragnents, . such_as those
cloned in gfgé @gpgﬁalsbeés?&g%és@\%?l&g{lg gﬁlg%ﬁ%g‘cﬂn\‘}éﬂ Wt SeRHIE R ESREe of

honol ogous - swtenitiedhavlogiesi FubthetreoieatheAneng lorgs regions dlabmolagyetoul®0: 123- 8,

1998; Yang,:..ei: Bl | cl5:859-65.,,1997; Angrand.et . al .,

Nucl ei ¢ Aci ﬁgfe&gés?l? 5%%%%% %gggm Oyflr%arr , OZ%J?_gg{ .IPCI&ﬂEEQ"i‘I O&%‘F - RRE

27.1555- 7, the targetng sbhayalegnys scombinatiGerie elikanypti6cdlb2pped@30be al | owi ng

for thejgo ' ~cont ai ni [ r.egi ons of honmgl ogy to :

eukary o%ff c q%%ag%tégn{% stm(af %%%gfo%&%gﬁ%r@ s%nrrtg']?l 41%&%%6%?%?{ (Bgﬂg émnﬁ'ad e, these

vect or s haVeanss HMQhC&IgBWéfr]@tBB?S-ﬁbéﬂﬁa). fwadditidhf e hgresddegetirg genes or

chr onosonal b oV b1 ai ' [ ause of the difficulty in

detecting r%‘lf@%%???%gltﬂggg %’%982{5 Pégl%g@n@vﬁﬁg#) %%r“rlo"}sgéi)r/‘y gf’%%m re | arger

t han 10- 20 hepefigbpiran berdryived from using isogenic DNA in these targeting vectors,

20  The problem of engineering precise modifications into very large genomic
fragments, such as those cloned in BAC libraries, has largely been solved
through the-use of homologous recombination in bacteria (Zhang, et al., Nat
Genet, 20:123-8, 1998; Yang, et al., Nat Biotechnol, 15:859-65, 1997; Angrand, et

-) al., Nucleic Adds Res, 27:e16, 1999; Muyrers, et al.., Nucleic Acids Res, 27:1555-7,
’ 25  1999; Narayanan, et al., Gene Ther, 6:442-7, 1999), allowing for the construction
of vectors containing large regions of homology to eukaryotic eridogenous
genes or chromosomal loci. However, once made, fhese 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 (Joyner, The
Practical Approach Series, 293, 1999). Consequently, vectors generated using
‘bacterial homologous recombination from BAC genomic fragmenits 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 fora rapid and convenient
35 methodology that makes possible the use of targeting vectors containing large




Practical Approach Series, 293, 1999). Consequently, vectopgagaingist ed
using bacterial honol ogous reconbi nation from BAC genom c fragnents nust
still be extensively trinmed prior to use as targeting vectors (H Il et
al ., Genomcs, 64:111-3, 2000). Therefore, there is still a need for a
rapi d and conveni ent 35 net hodol ogy that makes possible the use of
targeting vectors containing |arge 29 April 2005 regi ons of honol ogy so as
t o nodiibiys efiagRGHUSs af RNASIIGT cndBEIFAS STt of @GbmbIdAUKAT MRlkey®RIckE. | n.
accordance with the present invention, Applicants provide novel nethods

t hat enabl es the use of targeting vectors containing |arge regions of
honol 1R0¥cciaRE Wil (:Hpﬁlege}/lt ﬁ@%ﬁpﬂ ic3&s Eﬁ)vﬂfe oS QRSR e ch Qs thuse of
eukaryotic cells via honol ogous reconbi nation. Such nethods overcone the
abov eaigetrg Veywes ¢antaining lagegegidnsof hpawlogy ee ol rogliFendégenagdienesorr, t he

skill tis i1l readi |y .recognize that.the gethod f the inyention
are caLobluaRRet e ARl v RERIOER b BisSn PR Bk ar S Gant sm
i ncl uibongdesbtiliedrbfitakibe dfetrrte, techitblpales. I8 uaditas tEMkiRd afiddn wiitieRlilyr odent, or
human, as.well as plants such as soy, corn and wheat. Summary of the

| nverfEFWAF i tredpaaatsetie v aen pregehdimee i venvidng scoamcaPNA
devel Qpegkaaydie blanishARiEding bheANH IR 1o, ARChiEkEA & rﬁaasemag etk t@fentbEat i NG
and screening eukaryotic cells which contain nodified endogenous genes or
chr orivssmess Yellais plafhisychnavsey, coet sndldshesbnbi ne, for the first time: 1.
Bacterial honol ogous reconbination to precisely engineer a desired genetic
- nodification wthin a large cloned genom c fragnent, thereby creating a

| arge targeting vector foguniseryiof theclkaitpati c cells (LTVECs); 2. Direct
intrﬁgucti n of .these LTVECs into eukargotiCacells to nodi fy the endogenous
chr ortB&65EI2CD PIERPERERIoR A pRlisarts Bare developsd anozel, mpdgiggapdiped.t o

det er Al REcABmEeHoA FOUBANO LhE &&Lﬁr% caRarPlicClind Dt} 85285 B afli@hgodiasysoeen
nodiﬁied as dggifed, anq?vina an ssaiﬁ?%r nndi%iqation ofﬁhlkéF% (ﬁkﬁo of
t he maresmtghromdsemal lp¢iathis gormbmndiods egubine feeta e menf or mat i on out si de of
t he targeti eguenc such as, for exanple, . quantitative PCR e

enbod mont” SRRl R G R baBisadoflo BERTH: Srindt PG EbcnEr Modrseti
endogathins laggerioned gedunnabsgnalt, theebs cleitirpukagy eidetng edd, foE@RA | Si Ng a)

obtainjng a | r&ﬁﬁﬁggqed genom ¢ fragnent greater than 20 kb containing a
DNA $ pheee i &st:; b) using bacterial honol ogous reconbination to
genet i cal lypyediihifodfod 8 BisseahoNEd GeNQfhGofid MRN8k :%@Lna fi&Rat € a

| arge targeting vector for use in the eukaryotic cells (LTVEC), such LTVEC
havi shramsemeycusofintedestah thepextelly; agdeat er than 20 kb; c) introducing the

LTVEC of (b), iaH&l}%isttg%etermine 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 tequire sequence information outside of the targéﬁng 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 eukatyotic cells, comprising: a) obtaining a large cloned genomic fragment
greater than 20 kb containing a DNA sequence of interest; b) using bactetial homologous
recombination to genetically modify the large cloned genomic ﬁagrnent 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 ‘ | |



4 29 April 2005 eukaryotic cells to nodify by honol ogous regaphianesi on the
endogenous gene or chronosomal locus in the cells; and d) using a
guantitative assay to detect nodification of allele (MJA) in the
eukaryotic cells of (c) to identify those eukaryotic cells in which the
endogenous gene or chronosomal | ocus has been genetically nodified.

Anot her enbodi nent of the invention a nethod wherein the genetic

nmodi f edatyioancdle td MedifeRdagasloiss geBmbihteihe FBGQIRbus| R84S GRERbISRE
deletggn of a oding sequence, gene segnent, or_  regul atory el ement;

al t er REPUR o cels epddhyngadirantativeseme (S errs modifisptionsef liele (A inthent :

i nser LiiQAoti@felld oNRY 'S Qgidﬂygdl%@éﬁ%&‘;‘vgﬁc S804 vﬁﬁ&{@gtend&gen&ﬁ%%@&ror y elenent;
creation'of a conditional” allele; or replacenent of” a cddi ng sequence or
gene dugmesnmdl lons bndespgoeesiiyinptified honol ogous or  ort hol ogous codi ng
sequence froma different species. An alternative enbodi nent of the
invention is a nmethod wherein the alteration of a coding sequence, gene
segneAhother crileglithéit OF }heGh@HBH 2 GRIFAIVIREiRhS hgdtc intdifAtdo@e@aht i on, or
fusion, wherein the fusion conprises an epitope tag or bifunctional

pr ot eFHOSONS RSt ShroBtcBo et copPBfe deleipsiiiacAding Sevsatchgrne RFEIEHRT t he
quant jebahoieel ' dir%l!; hE ALt Sed2idRi, ' )
hybrid%?at%%ﬁ%§?%%ﬁﬁggﬁé?ﬁfﬁﬁ n%?%?%% %%%ﬁ, qd&ﬁ?? atf@%kﬁﬁﬁggggﬁggtion to
an i nPigoidw caskthgsegisese, peneadamerrasyesiat)ry clomei/Reassegfsyqonditiend alideerei n t he
guant | ive PCR ¢ rises Taghvan(r | ecul ar Beacon, .or Eclipse'""' probe
ochrisP AR HEPTARESs R Benb RS e Fhes™ ROBAL S TEo Y St hod

wher edgthdlbpue tiidig/atjheic€ fibin 4 diffrenddpbdidl i an enbryonic stemcell and in
particul ar wherein the enbryonic stemcell is a nouse, rat, or other
rodent enbryonic stemcell. Another preferred enbodi nent of the invention
IS a ARGIRGH W emBbAnlcRCoRRIRIENRUSs JRIG A WhefiH REARAIRIN bOCHI,S @
manmal i an gene or chronosonal |ocus, preferably a hunman gene of

chr orsgemet, gheciysmont, o mpuaery dement oymprishes substttetion, gddidom or Giviconwbonml

| ocus rid 2005 An .addit.ronal preferred enbodinent is one in which
the LT %Eﬁ%?éggﬁgﬁﬁge OB R At ?%EPP%%ﬁ% DNA fragments greater than 100
kb. Anot her preferred enbodinment is a genetically nodified endogenous gene
or chronosomal | ocus that. is,produc&ﬁ by the nethod of the invention. Yet
anot hEFt 2pPRrLrrRafiashs of thedfventian i agaethed wheplp thoananfiegvetrarcpspPreescel | t hat

[ S P r@ﬂﬁﬁﬁﬁvaﬁ%ﬁ,h&mﬂ%@@ gerQ)fmlé Hﬁ)ﬂd&\.{@&ﬂ isBfrermal DNA 'ampliﬁcdtion, quantitative
hybridization to an immobilized probe, Invader Probes®, or MMP assays®, and wherein the

quantitative PCR comprises TagMan® Molecular Beacon, or Eclipse™ probe technology.

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

- other rodent embtyonic stem cell:

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

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




A preferred enbodi ment of the invention is a non-hunman or gagaagst 2008t ai ni ng
the genetically nodified endogenous gene or chronpsomal | ocus produced by
the nethod of the invention. Al so preferred in a non-human organi sm
produced fromthe genetically nodified eukaryotic cells or enbryonic stem
cells produced by the nethod of the invention. A preferred enbodinment is a
non- human or gani sm contai ning a genetically nodified endogenous gene or
chr ombs edditiodabpeserref eodiadietnbig one mevicdthe INPIH(S is Ripableerf st@psndfatinglhrge

obt ai qi a large .clopne nom c¢ fragnment greater than 20 kb containing a
DNA §@hﬁgﬁ%%n?ﬁs$ﬁ@%ﬁé§ﬁfb¢¥%‘using bacterial honpl ogous recombi nation to
genetically nodify the |large cloned genonmc fragnent of (a) to create a .
| arge targeting vector (LTVEC) for use in enbryonic stemcells;, such LTVEC
havi ngrotherstisgyd embedipantcnha genettallymedified endpgan@e ks ar)chiamaesonpaldbeny t he
LTVE . L it r I mcells to nodify by honol ogous
recog%?%%%?%%&%H§¢%€ggggﬁéﬁggﬁgﬁgﬁgg chronmosomal locus in the cells; d)
using a quantitative assay to detect nodification of allele (MJA) in the
enbrygnic stem .cells,of. (c).to identify_ those enpryonic stemcells in

whi chigiEeREHRs RS Smharie B o sl maioef oo Hac b Bar g Ry

nodi fiellod ef thedveadstci Ng the enbryonic stemcell of (d) into a blastocyst;
and f) introducing the blastocyst of (e) into a surrogate nother for
gestation. An additional preferred enbodiment of the inventionis a

non- hynm; Jg@gi ' A ticall ifiﬁg.e enous _gene or
‘ chronng%%g? ocG§@£%$§%§%gﬁﬁ%§&%5%§@ﬁ§' C%ﬁ%??%?ﬁﬁﬂ egﬁ%?%%gg% y a)
obt ai mbdifedicddapgmue pared cbrodthsdpililbcuz pBRlugelionihe nfethag ot fie iavadber t han 20

kb contai ning a DNA sequence of interest; b):using bacterial honol ogous
reconbi nation to genetically nodify the |arge cl oned genom c fragnent of

(@) tHIs6pRErRd ia hof BEmhA 6@3&5&@@&@&@&@% YStidally RIBHALY Blka&oGE LIS or
(LTVEC), such LTVEC havin onology arns which total greater than 20 kb;

c) i rmRsEeRds viemicalls nradreed By thelyethor of thtvimventioar yotic cells to genetically
nmodi fy by honol ogous reconbi nati on the endogenous gene or chronosonmal | ocus
in the cells; d) using a quantitative assay to detect nodification of

al | el & ptdffded emboidhaere iskaropditinmngegdnim @intdiihg & gerededly ifodified esdogendar yot i c

cells in i ch the,endogenpus,.gene or .chronosomal | oc as . been

C o P e B PR e R R SRt hF B Hod PRISHR Fecel | of
(d); JRnel BEACIEIY Elafi@erttheatdd deAnDOKbLonhaRIng DN AR GRAGCY bEintedlE bPhsidgt r oduci ng
t he OOCé%ﬁ of (P)into a surrogate nother for gestation. Yet another

pr ef ief srehtecombigatipsrogeraiisally mepdily she leaclened srpomigiement af
Compr o R s O B e O S o e PR e
gr eathemdléganra@whkigh ¢comlt gréatdrtigane20DA) seaderiog tlef.TVEC of (b) into the embtyonic
stem cells to i:nodify by homologous recombination the eﬁdogenous gene or chromosomal locus in
| the cells; d) using a quantitative assay to detect modification of allele (MOA) in the embryonic stem
cells of (¢} to identify those embryonic stem cells in which the endogenous gene or chromosomal

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

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

An additional preferred embodiment of the invention is a non-human organism contaiﬁingé
- genetically modified endogenous gene or chromosomal locus, produced by a method compsising the

‘'steps of: a) obtaining a large cloned




interest; b) using bacterial honol ogous reconbination to gemapiticabby nodify
the large cloned genomc fragnent of (a) to create a |large targeting
vector for use in eukaryotic cells (LTVEC), such LTVEC havi ng honol ogy
arms which total greater than 20 kb; c) introducing the LTVEC of (b) into
the eukaryotic cells to genetically nodify by honol ogous reconbi nation the
endogenous gene or chronosonal locus in the cells; d) using a quantitative
assay to detect nDdification of allele (MJA) in the eukaryotic cells of
(c) toidentify those 26got|c cells in which the endogenouys gene or

chr on8 TG e5ans sraler R Aetpine p PG drqueass ofdyterss Prineiecetiflar yot i ¢
cel | %m&l@éodé‘r&é&nﬁﬁﬁhgﬁ ko %&@K&[@/ &BH&Y 8-l n%e Hndd ﬁ&gféc}}a eﬁﬂﬁtﬁ ; Usetate

eukaryotic cell of (e) 0 a surrogate t her for gest ation. In preferred
enbodi egsttargetingeeptonton @mn eskegmeg s ETY Emasd, LFEEC haringhdreelogpaent ; t he

bl aSt&'ﬁl\éﬁEotalé?ea%r @alﬂ% (?é%tmlxooc{u Qk?r Wﬁﬁgtf (b?llgtStth %’uizir“){l ce]lsOPCyt eis a

nouse ot her oocy urrogate 'S a nouse,

rat, gemenxtah;emodxﬁﬁlbphomﬁngcsda eecombefaabﬁ eld: dhﬂbglﬂbﬁ@gbhe bs d&ﬁﬁokd’inz\Mbcﬁhmt he
enbr stemcell is a manmal i an e oni c temcell, referabl a
rmusﬁ&e Fé’ﬁ" ‘5 dﬁsmgtaﬁié‘ﬁn‘#ﬂﬁféﬁﬁs%%‘?%ﬁf‘i? AN ﬂﬁel? @éé p ‘%&r‘fy ells

addi t 0EAb inEfEhbRAERIDOGH AR WiscH e chdfeMbus &%E%dl@s%lﬂay 1obfR.E 1 ed

eukaryotic cell's of the  invention for the production of a non-hunan
or ganbesmgenatigallyimqstifiad; ©urmeying He nysleunfromithe gagpiicedliof (nb dittddedng thsr yoni ¢

stem gel I nvention [dhe-production of a non- huna anism A
' preferre&]‘ 8%7%5)%%0 er ?OC(X% ?lhdeg)?thvéln nthel TERE #ﬁmtﬁ fsg?oﬁléenlg |caﬁ%y nodi fyi ng
an englegaswus gene or chronosonal | ocus of interest in nouse enbryonic

stemcells, conprising: a) obtaining a |large: cloned genom c fragnent
greater than 20 kb which contains a DNA sequence of interest, wherein the

| ar gey&l.ap@e: Il;mnfeg @%eas}neh&s Q%p |hQHﬁH %tgaﬁlsm%nenﬂ%gﬁggaeéca@,%%dﬁ@d
chronopsonal | ocus; u5|n3 bact eri al honol ogous reconbi nation to

genet indagdnpungstiefo Cltnﬁelqsemgl oggh,rediicgé hp W@ﬂfqda@n@mmg dfe stepy of:@) create a

| arg [ gl in.ihe oo n|c mcells the | ar ge
tar gerieaRHE s Ltk USRIl MRl (R A £ DN A Pefifack s

wher enterdst &) gﬂm@baccmmmmalc@m ﬁﬂ&oinbuﬂ&d)le{d ga:neutfau;amodudy thg lag@qilarde, gene

segnent, or.requl a el ement; c) introducing the Iarge t ng .vect or
of ( BPRiY R g2 OEHBI RIS B R aatishid o @T%%Ebrswch

r eConbivIBE ih@¥in hememgpmmcmwgem@maeaueem?hnddaaaﬁ o A IHERGBE Iy, and d)
using a quantifative assay to defect modification of allele (MO in the

nous entrihe gdrets cdinte e¢qe§<=@? mogdify bp hpaelegpisyrecanthisationhsedeptiopogine st em
[
ce Serc MSSH] 1 ?mﬁﬂ‘&%%ﬂé’ ldﬁ sﬂ%a L%EU%H{O a?qgﬁeteét%&ﬁﬁgggn ?F ?.g‘ i ve PCR

genet|ca 'y no wher éi duan I've assay is quantl
Al so (M@A)emrtbdeul@ryam gdlnef (g el idyntifp dické edkatyotis eclle nrbwkuoh ite eatlegmoed dene

Cndog B BIR s BT CHY B PSR Suea My b &sarel HEBD “haahbuse

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

In preferred embodiments, the non-human organism is a'mouse, rat, or other rodent; the blastocyst
is a mouse, rat, or other rodent blastocyst; the oocyte is 2 mouse, rat, ot other rodent oocyte; and the

surrogate mother 1s a mouse, rat, or other rodent.

. Another pteferred embodiment is one in which the embtyonic stem cell is 2 mammalian embryonic

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



produced fromthe genetically nodified nouse enbryoni c st ez ggiil2008\not her
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 genonm c fragnent
greater than 20 kb which contains a DNA sequence of interest, wherein the
| arge cl oned DNA fragnent i s honol ogous to the endogenous gene or
chronosomal | ocus; using bacterial honol ogous reconblnatlon to

genet | cal he | ar ge cl oned nom c, fragnent (a) reate a

| ar ge’*® a@%%qq% fFéfE%‘ sFbpdmtpiis et B ecalfgrys %?dceug?@ thFhe | ar ge
t ar gehidiion ¥5GhO roﬁﬁé’ddﬁ%f'ﬁ%@ﬁlhgﬁn\ﬁn%&%sﬂp b Gdint aartﬁéas%romr@gknz&amb
wherein the genetic nodification del étion of a codi ng sequénce, ‘gene

segnen9¢ﬁGimﬁb@ﬁ@&ﬁ@ﬂyﬁ%béﬂemvwnuylﬁmt@n@ndwngnmﬁenbaﬁgemnpapgénlng vect or
of (b) into the nouse enbryonic stemcells to nodify by honol ogous

reconbi nation the 8 29 April 2005 WO 02/ 36789 PCT/ USOL/ 45375 endogenous
gene Mprefaianmstaidithedt Of the inventitieis a@hdtbod b Gerblically inR@liffingua Rhddg@hbwsgendssay
to detect nodifjcatiaon of allele (MOA) .in the_nouse enbr onlc stiglcells

of (¢ PERUTere lpgsi duerestir BRu B BrRIE setaille sppRrisng: #dogenous

gene @ncaRERIRS @BihnerhiQediter AAS 2ABNINANEdtAd 4 HNLGhiRE of M&Eﬁ,‘ Whde1E
quantitative assay is quantitative PCR e) introducing the nouse enbryonic

st emthelatgesioned PNA fogmen inkepelpgeus tarbkt efn)dogmorlbghme iofy ghnon@sbmalslpmy@t of
( e) I n}ll bactelﬁzii r?lgg)tlggus@goh rlﬂf;.fﬂ%l;l etsil'ge e(ﬁ%y @[gﬂf 1‘1 dCI{OS t g[e US% Of

"~ the gen€tl ca nouse e yon| C S Ccri e %BOVG for

t he p:l’fQi}ltﬁ tieate adirgamega;uﬁgvec&lra”er kel tefishsaembaRhlRetsn mﬂie rige Rrgehongtink- 5 pg
of larg Largetl vect or ls |ntroduced i nt o about eukaryotic

cel | Vectfs SHATHE Mhirh ety srertes i €L eE eg@eﬁ“emﬂjﬁeﬂ%ﬁ%r am of
the Qﬁ[&%ﬁlt)m@oc?iﬁ%éqﬁéﬁ% Gahe dedMES:, %feg&togﬁa&ﬁéd@é) uﬂfy@e&ﬁg%ﬁarge

reconbi nati on = horol ogy box 1; = honol ogy b RE™=
r est rtisgetingveetor phih) gite 8. mege Fmgmoeicz%tensgdrﬂe mtamOdifﬂb)algwramogﬁUSdonor f ragnment

R, i TR Dot penc b ShiomedORGH 1D B s 18P Sl GBS g
a p0|ayﬁ¢ edﬂgld:tait Inm’dhﬁi:laﬁtﬁ'l afilele (MOA) in the mouse embryomc stem cells of (¢} to identify
those mouse embryonic stem cells in which the endogenous gene or chromosomal locus has been
genetically modified, wherein the quantitative assay is quantitative PCR. Also preferred is a
genetically modified mouse embryonic stem cell produced by this method; a mouse containing a
genetically modified endogenous gene ot chromosomal locus produced by this method; and a mouse

produced from the genetically modified mouse embtyonic stem cell.

Another preferred embodiment is a mouse containing a genetically modified endogenous gene or
- chromosomal locus of interest, produced by a method comptising the steps of: a) obtaining a large
cloned genomic fragment greater than 20 kb which contains 2 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 (2) to create a large targeting vector for use in the mouse emﬁryénic stem cells, the Iargé targeting
- vector having homology arms which total greater than 20 kb wherein the genetic modification 1s
deletion of a coding sequence, gene segment, or regulatory element; c) introducing the large
targeting vector of (b) into the mouse embryonic stem cells to modify by homologous

" tecombination the




signal; PGKp = nouse phosphogl ycerate kinase (PGK) pronotezg ApiRogsa 25
bacterial pronoter; neo = neonycin phosphotransferase; P& pol yA = 3"
untransl ated regi on derived fromthe PG gene and containing a

pol yadenyl ation site and signal; hb2 = honol ogy box 2) Figure 3A-3D.

Sequence of se OCR10 cDNA, honol ogy box 1 (hbl), | ogy box 2
(hb2), and T‘%%ﬁ?‘?) probes and priners used in a quanti ?%Fﬂgg&s assay
t o detect m)didfication of allele ( ) in ES célls targeted using the
mOCR10 LTVEC “RBTOUS G5 Pafiremesqrpalzadus im thapells)sadd) paging 2 g9wtitedve 801 29
April 2005 \Aay26 3628AnBATcMBN6ABRBEAMTATNMRE Mot eRBr AR S8k @8pondi ng.
PCR pri ner %ﬁc q‘?{de\éﬁg tfﬁlrom.rrOCRlO exon 3. TagMan(r) probe: nucl eoti des
413 to 439 - upper THRG5E BPEAETRSYSIS sterp Gelfsdgrideh thigmdogenay - upper
strand 5 Prigese opdBedlosomaldbastlisg@sert géndtoadphodifieiihesdih @pd Taghan(r)
probe and c ndi ng_PCR pr.[ ner t derived from nOCR10. .exon 4:
Tagl\/an(rg p%éﬁ&gﬁﬂ%ﬁg%fﬁdﬁ?ﬁ%@vfg@ﬁ@ inttodpeing the meyse ePbIoNifer ex4-5' -
nucl eot i des s&86cdlloof §@finto Aplpstocyad) infFddteingakébRsiochter R idas 642 to
662 - | ower ‘ittrrgag I%e%i nf'ti%%s.w A "targeting vector" is a DNA construct
gruérhc & L0

that contai RS 8 hé& f‘%%fbus" t o endogenous chronosomal nucleic

aci d sequences flanking a desired genetic nodification(s). The fl anking
honol ogy segye I rred as "honpl ogy.. arns",- direct the targeting
vector to a Spg%?%lrrgdg @§%§8kg1e3688€?aﬁgﬁn%ﬁﬁ‘?mquﬁ%e EYBRESBY Hlr t ue of
t he homdf ogyleachibed elxivetior hetpredactidreofromoliggy arns and 20 the correspondi ng
endogenous sequence and introduce the desired genetic nodification by a

process referred to as "honol ogous reconbination". "Honol ogous" means two
or) nor e nuchioprefeidd seguettoels whmatinabeuel Shgrof ligeniigethg o&ctsi ni | ar enough

that ¢ hey apgehl o b dba8 1 9163 ShleLafy 25 Undergo i nter ol ecul ar

exhange. ;
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 = homoalogy box 1; lacZ = B-galactosidase ORF; SV40 polyA = a DNA

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

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

25 bacterial promoter; neo = neomycin phosphotransferase; PGK polyA = 3/

untranslated regﬁo‘n derived from the PGK gene and containing a

polyadenylation site and signal; hb2 = homology box 2)

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

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



!

“CGene targeting” is the nodification of an endogenous chroppagmaloobocus by
the insertion into, deletion of, or replacenent of the endogenous sequence
via honol ogous reconbination using a targeting vector. 30 A "gene
knockout™ is a genetic nodification resulting fromthe disruption of the

genetic Im;:%k@élfﬁ'g encoded in a chronosonmal |ocus. 10 29 April 2005 WO
02/ 36789 PCTI 5375 A "gene knockin" is a genetic nmo&FFUEHHFBR

resulting fr repl acenent of .t enetic ipformation encoded in a.
chr omosomal Ilgg}é%ag%vﬁ’ E‘ﬁegngicﬁfrgﬂ@ﬁ@ﬂ}ﬁﬁ%jgggaﬁéﬁ%téi_erlge@\frq@]mw or gani sn

is an organksen 8n which a significant propotion of the  organisms cells
har bor a ge ockout. , A ":knocki rgani sm is an organismin which a
si gni fi cant ri%%%%ﬂ@tﬁ’%he‘o?uqlwdkeﬁgbgatﬂi_ PREIStanfar bor a gene khockin. 10 A
“mar ker " ohimé‘r&ﬁ(k-ﬁﬁ&ﬁi@la@ﬁﬁ@éé%&&41@-@9@?%&&&&0” marker that allows for

t he iso%at' an of %gr_e tC[an,sfect ed cell's expressing the 'nmarker from the
maj ori ty>of * FIEEED - BIdeotAR Hado febulrwer sandSuch -marker' § gene' s i ncl ude,

but are not lim-ted to, neonycin phosphot r'ansfera*s‘e;énd hygronycin B
phosphot ransf er,ase, or 15 fl uorescin roteins such as GFP. An "ES cell" is
an enbryoni ?acPéP{"?aﬁ%F%m’c“BP’f‘ E&E‘P’Wx Wb devieed froBymOSR10i nner cel |
mass of a bbastscyst-stage enbryo. 20 An "ES cell done" is a subpopul ation
of cells derived froma .single cell of the ES cell population follow ng

i ntroduct i gﬁa‘%ﬁ‘“&lﬂr W@@Bg@%ﬁ?@ ta 6% cnpshsttand f | anki ng DNA" is a segnent

of DNA IhatPiimerolddnaaticotidd s80th 483080l st particul ar point of
reference.elgS "LTVECs" are |arge targeting vectors for eukaryotic cells

that are deriPEPHronTuleakitasdts tofb2lotedtygodoni ¢ DNA | arger than those
typically used by other approaches intended: to perform honol ogous
targeting in eukaryotic cells. 30 A "non-hunan organisnf is an organism
that is not normally accepted by t Aefinitions . :

15 A “targeting vector” is a DNA construct that contains sequences ”homdlo'gous”
to endogenous chromosomal nucleic 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 homolo gy arms and

20  the corresponding endogenous sequence and introduce the desired genetic '

modification by a process referred to as “hornologous recombination”.

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

- "Gene targeting” is the modification of an endogenous chromosomat locus by
the insertion into, deletion of, or replacement 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




public as being human. "Mdification of allele” (MOA) refepsapf ids

nodi fication of the exact DNA sequence of one allele of a gene(s) or:
chromosomal | ocus (loci) in a genone. 35 This nodification of allele (MJ)

i ncludes, but is not limted to, deletions, 11 29 April 2005 10 WD 02/ 36789
PCT/ USOL/ 45375 substitutions, or insertions of as little as a single

nucl eoti de o¥OHEPEEY ons of nmany kil obases spanning a gerrefajsemss37s
chronosomal |ocus (loci) of interest, as well as any and all possible

modi fi cati ond “igetevemockidfes e genaicenddifamivon BsulShf helhogRUspl&RYMaREe Tefers

to a sequencg. fr one species that is the functional equival ent of that
sequence in %ﬁ&eﬁeerc 15%"581%@8’.‘@“@9&83&&% ORasermabitgue vaRR ‘gg@ﬁﬂépé\m ed infra

are provi dedsejoenidel ustrate the subject invention. One of skill-in the art
wi |l recognize that these exanples are provided by way of illustration
only and are not included for the purpose of Ilimting the invent. on.

Det ai | ed Deskikpedkont ofgahism”linweotganRifh Whigh heaftfichepsopdens] opad a novel ,
rapid, stre i p ficient, method for creating-and screening
eukaryotic %@%ﬁ%ﬁggﬁpggﬁm laﬁl(fc?(gldgendogenous genes or chronmosomal
loci. I'n these cells, the nodification may be gene(s) knockouts, knockins,
poi nt mutatipn L ¢ _inserti.ons or |l efions .or her

~ nodi fications. g/&%\n/aéléog%ﬁgﬁg | e IRg ExX A 3,51511‘%@%%3@1395&% B 20

enbryoni ¢ stosgardehisselihhahons genedefodkinf or creating knockout or knockin

organi snig and in particular, knockout or knockin mce, for the purpose of

~determning the function of the gene(s) that have been altered, deleted
and/ or i nséy¥ {ragrkep5omh &salartablle metldedtis adekctivhatrkertkitlivestonge for the

first tine:; ter 0. [ pnation to eci sel ngi neer a
Hedired geier A & R Bl O AT gt
t hereby cr &gttedgels indhgpopuletien. i Sughveaker's gane sisduile bet k@mpo fimdtedel | s

LTVEGS) : 240 BiebRSird f EGs_| Nl ¢ iccells t
o Ty L e G O e kIS Wond e h o BN F o cis i ot )

of i nt efést flixgrescing proteins such as GFF.

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
) 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 Afnon-human organism” is an organism that is not normally accepted by the.
- public as being human. |

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

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

1



these cells; and 3. An analysis to determine the rare eukapyq Fh@g@gl s in
which the targeted allele has been nodified as desired, involving a
guantitative assay for nodification of allele (MJA) of the parental

allele. 35 12 29 April 2005 WO 02/36789 PCT/USO /45375 It should be

enphasi zed that previous nethods to detect successful honol ogous

recombi nat i oWOPH¥E¥Kar yotic cells cannot be utilized in oenjusmetstsn  with
the LTVECs of Applicants' invention because of the |ong honol ogy arns
present in tHESTITHETS or Wiseitions nhpsditdd M’E&ZSMQledeiclduedabedgiemcffynaenrdogenous
5 genes or %Jm

reconbi nat i gﬁfogésg%§ ﬁ%ggeﬁ@%g %3‘588%‘6‘3 8?5& %{}Rglr%esg?ag ﬁeﬂaasssay to
det er m ne t H@yradall pogibleyo @@éc@@nb@ewwmese tWI@eextran‘get ed allete has been
nodi fied as desired, such assay involving a quantitative assay for

modi fication of allele (MA) of a parental allele, by enploying; for

exanpl e, Jquakirtholgops” Fmorepee rsfdre o %@ﬁquam@eﬁom@nqwgmw&iéuatlﬁéhassays for
MOA. The abigdhdidn horol ogy arns | arger

t han t hose useﬁc? %%%*%ﬁ?fhn%{tﬁ%{eﬂgesﬁgﬁ?% J\%al Uable for the foll ow ng
reasons: 1. Targeting vectors are nore rap| dI y and conveni ently generated
from 15 avahkaeldipkibRbafleRsmBRObASBY kAl A€ pASAGH & NBSELE fud © 0- BAC or

PAC |ibraries than targetin ctors I'ng _previous technol ogies, in
whi ch the géf ifstanvenHeRy e %Wé@b@?@ww@hﬁw&@w@wgnd
"trimmedy PRk /idéDbyifay 6@!&915%&&%1\1 2dat3 honﬁbﬁw)edfdrr%h@gefﬁdseef m ni nal
~ sequence in natlon needs to own about the |ocus Interest, i.e.
it is only %“F@bQHOM/the 20 approxi mately 80-100 nucl eoti des t hat
are required to generate t he honol ogy boxes: (described in detail bel ow)
and to generate probes that can be used in quantltatlve assays for MOA
(described in detail bel ovletaited Dgscriptiomofithe Invandien -as wel | as '
nDdlflcatlons spannlng Iarger genomic regions are nor e convenlently

han usi ng, 25 previ ous technol ogi For

gi grer{)?te QPRE‘E%?@ ffeﬁ BRPVentaRik skeamlined, and efficient me 0d for

creating and screening eukaryotic cells which contain modified endogencus

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 | '
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 (MIOA) of the pareﬁtal allele. -

.35
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. past and nakes it a nuc

- quantitative MOA assay

- chronmosomal ~ | ocus(
know, the sequence flanking the nodified gene(s) or locus(loci). This is a

- . - - - L] O
vel | kndwn f8iiabie depriesepriginingdarge gepomis igserts Sath H6ior BAC
CAnd T Mani @idrStardditn GE@fs (£h@LBiflg pRevious technologies, in which the genomic

possi bl e the precise nodification of large loci that cannogg Rgriizpg9modat ed
by traditional plasm d-based targeting vectors because of their size
limtations. It also nakes possible the nodifi-cation of any given |ocus at
mul tiple points (e.g. the introduction of specific nmutations at different

exons of a |-exon gene) in 30 one step, alleviating the need to
engi neer nu{%?ﬁ”’eﬁ @argeti ng vectors and to perform nultifHTaSPBHEAEs of

targeting and screening for honpl ogous recombination in ES cells. 3. The
use of |ong ¥egeddbeomphesivedthat prammpsimethbdryy detars judcasfdase t he

targeting fr "hard.to.tar “.loei in eukaryoti.c cells, -
consrstont  SEHEBEHuTecoriBhdb il AIdB qtc o cpBafie Bl seFb i
r econbi nat i owithrhd BTPECS\pr AppROBE’ WDeARHBBaB8scREThe/ROg HaRdbgeakas yot i ¢
cel | s appear : Iﬁ;ﬁ%ﬂ ihe tp honnl,0 ontai.ned,.w thin the
targeting v cte%)ér}l.t@[g#{e?he mi:it&a]t}szérég%g?gjggit%g&breg ﬁé’ﬁ’é?g%F%‘%ot%&oﬁ%i ng | ong
honol ogy'?  agamss appapenstyaldpdiinieshayotihells eididrmelogbummgorbiratiouss ng
| sogeni ¢ DNAy, r ' T Yo] N L.on of

S PobDRty [ KA sl o ARBBRLWEBLDD D1 o
r econbi nat i ofitagotigatlls immpuctethe tatgetedsdiclethag TarRGeodified tadgsitddaguakect or s

advant ages | . aho : I L | Lgentifyin
E:or rectl 3 noég%gf)}l %gagﬁ%%r%h%&%f%?ffpgﬁggﬁgﬁ *%?%dé{@es@@%‘ﬁ*&fj%ays %/o g 10

- few hours. |rentdl aliclnby etnelopng, ifeaeNaomple fquanintive BERwe ok sudteblenot

require yot heqdéﬁgtagﬁ,?g%lg?ﬂ?ﬁg{f@gt ed outside the endogenous gene(s) or

I'S being nodified, thus obviating the need to

20 Lo MG Rl TR IR i 0 1 (he

cost - ef f ect jed Hpprresat methrdsds edremely ehuabledabthsdeliewingsrtsingat i on event s
in eukaryotic cef] ?argh@ﬁg%’éo%%&/%[b\ée 9%;&}12%&%9%@1&?%;{ gi&%‘e@aﬁaa RSt ruct

DNA vectors descri bed herein are stan mol ecul ar %/]Ert e_ch)nl ques
prares; Fritsch

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 necessai‘y 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
y regions are more coriveniently generated and in fewer steps than using
- 25 previous technologies. For example, the method of the invention makes
possible the precise modification of large loci that cannot be accommodated by
traditional plasmid-based targeting vectors because of their size limitations. It
also makes possible the modification of any given locus at multiple poihts (e.g.
the infroduction 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 hoﬁologous
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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Laboratory Manual, Second Edition, Vols 1, 2, and 3, 1989;2dpd12065
Protocols in Molecular Biology, Eds. Ausubel et al., Geene Publ. Assoc.,

Wley Interscience, 25 NY). Al DNA sequencing is done by standard
techni ques using an ABI 373A DNA sequencer and Taq D deoxy Term nat or

Cycl e Sequengj it (Applied Biosystens, Inc., Foster Ct CA). Step 1.
Obtdin a |a:%lérag’3é‘gr?%9m c DNA done containing the gene(s) orpc%ﬁsoy?%?)’rmsonal
l ocus (loci) of interest. A CGene(s) or locus(loci) of interest can be

sel ect ed basadanietisgelld dnnsacy totberélatedga tie totd hoethdgyeebnsdined tithah  or

functional dgia,, Qt'inré{rerﬁ@ﬂj be selected in the absence of such detailed
i nformati on as pgte I al genes or gene fragnents becone 35 predicted

t hrough the ef f oft $hefinarepsed frrigeting fequeney selgiredoising ongjheatadogyid 29 Apri |
2005 WO 02/ 36483 pPathis@ikhdn : ) e ed that it is
not necessar tﬁ topﬁnqwﬁ?he co%%?gie(ragéﬁé%%géh%’efr%%&ﬁ {g}%;{%é%?%uc_ ,u‘d‘rlg-l of a
gene(s) of itAeseraageting vagprsy t he net hod of the subject invention to

produce LTVEGCs. kn : fOaHe i ¥ . [ equired is
approxi mately 80!-5 1%%@ dhe%?i&cligg#%ag?as tgﬁ gﬁt%%ﬁrsgﬁl{%&g%‘rrl#rﬁh ‘g&l?lri%%:e of
i nterest as SR for Aemolpggus spcpmbdinafionratonbysmpoxes the ssk oML TR e t he

LTVEC (desc&&ﬂg@m@&@m@@%@%u%@ﬁo@me %8?1?&&3 e 5k

_quantitative assays. ce a gene(s l'ocus(lToci) of "interest has
been sel ect &, & rcgundisied gubrnietsyelle dirathe trpiceldesegbdaysstp aor
| ocus(1ad) e Abiual BesiaiiBh e hoPRERhn 6 AR ARIAOIEdods A BRE Of
several ways incluyding, .but pnot"l1imted to, screening swtac}e DNA
libraries (&'gesAerotpadocaietyutsidedhemdngepgusseanetaod chuppmsomiatat i on or PCR
techni ques, Idus@i)ant i9blag iEdiNedshhPdBails the nbhfig BidW Hebaghbigan. 15
Step 2. Appgggﬂhogtg 0g ,,b&xes 1l and 2 to a I%D.dl fication cassette -and
generation B8/ .mﬂ%‘ﬁ‘ﬁ 889 rdecurdosd)- t Res isiarsignititan oprverienhisiol ogous
reconbi nat i gie wiithe séReAing Has Beerd Per@iiRkiah ehd-JEGRd WAL Lial 96 ¢ leped
genom c_fr nt% Figure 1). Honol og¥ boxes are_short segnents of DNA,
gener al ﬂé Z%EETEL %r%;v;rﬂﬂéﬁmgﬁlawe cost-etfective 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 Manﬂal, 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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| east 40 nucleotides in length, that are honol ogous to regp®apriviohgi n t he
| arge cloned genom c fragnent flanking the "region to be nodified". The
honol ogy boxes are appended to the nodification cassette, so that

fol |l owi ng honol ogous 25 reconbi nation in bacteria, the nodification

cassette reRl@gozdsne region to be nodified (Figure 1). i que of
creating a targeting vector using bacterial honol ogous rpyé@ﬁg]?%g{;i on can

be performag@i n a ar,ig{ty of system;'_(_Yancg et al., Nat Biotechnol,
15: 859- 65, 198POTRAYY-dF romd he notediizatdf is naE neresrey to byow sk completeg9o;

Angrand et abquenbl6he icne¥leseriRRDf a%@hﬁgﬁ@f]ia%%ést %@E@lgr’cﬁ@nﬁtth(ﬁi of ffene 30
Ther, 6:442-7,1999; Yu, et al., Proc Nati Acad Sd A, 97:5978-83, 2000).
ne  exanpl EUFFCLANYERHORAD Produsa MIYES-sc iR fashiths only sageerics ifprmpétii ng ( Zzhang

s P S B A TR
and v | at I.ONs 0] S ecnnol ogy u, et, at, roc Najl Cca
A, 97:5978- T‘eé’éb‘gﬁ’FESfEaF WQL%&O&P%W% e hopolegyabexes Higekst Bakee, ther oc Nat |

Acad Sci USRTVBL (d265ib8d il 984l ba5uf;raﬁldrt@ﬁﬁk@@9&ﬂ5srf§£zﬁﬁféuﬁ aeni@hibas, Gene,
138: 17- 25, %@iﬁ) that carry out the 15 29 April 2005 WD 02/ 36789

PCT/ US01/ 45 ﬁﬁWfs‘ogous reconbi.nation reaction. RecE is an exonucl ease
that trins one strand of |inear double-stranded DNA (essentially the donor

DNA fragnen described.,infra), 5. to 3., thus |eaving behind a |inear

doubl 6. ot a0BEE gﬁﬂ%ftbaﬁhf’%\) o ‘%te’f%%§ hei ‘té‘%%‘tSPJ;fﬁE?@da s BEHICThi 5

- si ng: e- 301 addee(smontdining this gg@é(é)_ﬁbd I@ms@qcﬁ)_ei@BbﬁﬁKﬁcEii[ms axbi&é(ﬁza daﬂrf?e

singl e-stra \ Ss inding activit ova n tt hews,

ol oo’ HoRHEIE b RN sedetf itk B¥fudlnd bl RN Emired R SRSBE, ™ ¢ ha

transi ent | ysuiteptedIblAt lierafies (@@ BAGeRACPYAdl ot Sosehidy bg Etasdakdr ecT (Hal | and

Kol odner ,- : c 1. USA 91:3205-9, 1994, rk..et Col d Spring

Harb Synp Q aﬁ’td%%ﬂ“,%fﬁlig’%?%ﬁ%%ﬁwww er %h%gsfl %ﬂﬂlé?’f to}f‘%i ol Chem 10

273: 12274- stkilke@OBfisafhr esher et at, j Ml Biol, 254:364-71,1995; Kol odner et

at, MlsMcrobiol, 11:23-30,1994; Hall et al., j Bacteriol,

175:277-87, 1993) and the bacteriophage | anbda (A) protein Agam (Murphy, J

Bact eri ol , 15tgp 3889paad besblogyRekest end? tala. modlifidattdretdsadtte ahd0: 2012- 21,

1988). The &g{g&&gp&f iﬁ/ﬂ(‘f required for protecting the donor DNA fragment
y t

from degr aogoltl on e TEcBC 15 exonucl ease system (Myers and Stahl, Annu
Rev Cenet, 28:49-70, 1994) and it is required-for efficient ET-Boning in

recBC  hostigoufdlydRnkdfati BRUHRL bYbdle& i Fomologous recombination that
20  are used to generate LTVECs from large cloned genomic fragments (Figure 1). -
Homoiogy boxes are short segments of DNA, generally double-stranded and at
least 40 nucleotides in length, that are homologous to regions within the lange
o 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; Muyrérs 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 SciU 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
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coli strain DH10b. The regr on to be nodified and repI aced psiapel mterr al
honol ogous 20 reconbi nation can range from zero nucleotides in |length
(creating an insertion into the original locus) to many tens of kil obases
(creating a deletion and/or a replacenent of the original |ocus).
Dependi ng ony ppdi fication cassette, the nodification can result in the
fol.l ow ng: é d3eI etion of codi ng sequences, gene segrrentpg “@?”“F’@@ul atory

- el enments; 25 (b). alteration(s) of coding sequence, gene segnments, or
regul atory &p arbrgoss rppethitithg satism. tRecE oy oadickhsmnibat ink dasi ons (e. g

epi tope tagspQhd Bfﬁ?éak%uﬁﬂ‘ -sufah&é’&‘ﬁ\r& Laﬁaﬁ@e?&onsolﬁﬁi\fﬁ%rt hos? W th GFP)

(c) insertion of new coding regions, regu ory el enent s,

such as t hos€sgbed &4 6t o éhﬁaieﬂémg@ehreﬁ admaaedomblerstrgedmbfmgmmtt ting new
30

condt 1 onal o) EPaRURgStinq AR, (I APBkERIed SRR AR BY

region t6 b&ehRIpEay Vﬂ}lgfdi@ siegefbied ONALEB N R) bradmgﬂmgy (IQOWBIHOI Chem
259: 1509- 14 84 d by Fl

r econbi nasem(l%\ndr e\ﬁsw@rGS{(Eéa?{Ee,SZﬁ@?Mj %%&29}8‘3%%?% GPLLE%%IC% al y1 Ogl d
16 29 Apri |-EEEnsedipegsesdheBmoligens El@@?ls’fsgéredligmldlaﬁﬁf Siacl}par@ant Bi ol ,
49:797- 804, k%ﬁf&inelc?i‘@c ReQa Nkl 16R2%1 380543804, @%}&%3}3 dol&%Eﬁ% or (e)

repI acerrent Odl ng seguences or ene sed ment romone s es wt

ort hol ogous 5&54%455162 fl;fl‘ﬂ@rfétrwldslﬁé@fﬂlé@;] BiohChemsp| aci ng a
murine 1§ gzﬂ'B&Im%—B@qg% "I"I]E&h%f‘&a@%ﬂ%i%?‘ﬁéaé&'ﬁf‘@@?ﬁ ddnel QCHS O

- engi neer a &})Om V\:P rticu [ odus Been "humani zed”. Any or
all of thes 7o @é{tlrlgﬁ?()c diddall efady pérciared, 178267871199 endAbe peci f i c,
non- | i mi t i ngacexApRkge s (er ﬁﬁeﬁﬂ% qmughﬁqehaa&rﬁ?qw@m Jsgtirely 10

del et ed and%gr nmul t gneousl y g aced wt a reporter gene’as Wwell as a
sel ect abl e FiFRERt #ls] ﬁﬁ%tﬂlﬁleé Bl 8wl WS&MJ@W pegteinieregnsed fvant ages of

the met hodyfechis tha SR 19N ARG PG ol ogi es. Step 3
(opti onal )deerr fg t hat erach LT &g aen8¥llﬁg r%%%jﬁ%ggr ectly. 15
exonuclease system (Myers and Stahl Annu Rev Genet 28:49-70, 1994) and it is
required for efficient ET-cloning in recBC* hosts such as the frequently used E.

coli str:am DHI10b.

The region to be modified and replaced using bacterial homologous
20 recombina’dqn can range from zero nucleotides in length (creating an insertion
into the original locus) to many tens of kilobases (creating a deletion and /or a
. replacement of the original locus). Depending on the modification cassette, the
7 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);

(c) 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 controf; |

{d) creation of conditional alleles, e. g. by introduction of oni’ sites flanking the
region to be excised by Cre recombinase (Abremski and Hoess, | Biol Chem,

- 259:1509-14, 1984), or FRT sites flanking the region to be excised by Flp
recombinase (Andrews et al., Cell, 40:795-803, 1985; Meyer-Leon et al.,, Cold
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Verify that each LTVEC has been engineered correctly by: apgRhagaestic PCR
to verify the novel junctions created by the introduction of "the donor
fragnent into the gene(s) or chronosonmal |ocus(loci) of interest. The PCR
fragments thus obtained can be sequenced to further verify the novel 20
junctions created by the introduction of the donor fragnent into the
gene(s) or YERYBEonal |ocus(loci) of interest. b. Di agmoswbe/szstriction
enzyme di gestion to make sure that only the desired nodifications have

been i ntrodggady H&E@S}xﬂ% 9&5}4?@10@‘4@‘79?18@4‘?9@3@&? &hr\]laﬁ%g& T icularly

reconbi nati Qn.process Dir'ect “sequenci ng o
the regi onsSQ;ﬁ 14883{*@ site of the nodifi catl on to verify the novel

junctions crgalpthcbMetity bh (glosgg&%rlc%‘op enEQ@ ‘Pfonfl Qﬁ@%ﬁ@ ?I Catl the

gene(s) or chronosomal | ocus ere tep on,
pr epar at i onOrtAalegPrsrosting saquences fropT: Wé@fmspeﬁie&%@ replacigicmiveinei nt o

eukaryot5c getdts lochs WiHERR! b glﬂ@e
( Sanbr ook, g OFS Frltsccﬁ¥H Og.g'hhl\/i@rélﬁgtls lﬁ/‘g&s:c'gm %g{no:%lﬁ% A

Labor at ory Wﬁ’i?ati‘a @é‘eeﬁaﬂeav&herbeelv&%n@meﬂ and 3,71989; Tillett and 17 29
April 2005 WD 02/ 36789 PCT/US01/45375 Neilan, Biotechniques, 24: 568- 70,

572,1998; nhttp:/ n.comliterature/ handbooks | knai nd/

pl m 399. pdf%ﬂgPrﬂ{%%P%’E‘%gélcewaagza 11%@@9!%@%%%%&% Aispedlc L TVEC

DNA i nt o E. n@®liinititsd &@ng Iﬁﬁ{%ﬁ&ﬁraﬁtehﬁﬂgéxﬁam %se qlencdis ehtirely | t SCh and T.
Second E tion, Vols 1,

5 Mani afi s, cuI ar oni n A Labor at or

2, andiél ng%tgg angfin §’-“Pfé%‘"é’§l§‘<§’tﬂir ? %@POYFWB@B}?— ap piel Gﬁ&sm d encodi ng
the reconhielwgai @aﬂfeeﬁsepmﬁeﬂaﬁelcﬁ»ﬁﬁmﬂdnhplé Bhel208 e 101,BAGEES btheNOMOI 0gous
reconbi nation stde 5& ang et al., CGenet , 123-8, 1998; Narayanan et
al ., Gene FH&P Bve “‘i@%"mﬂﬁre £ RESEIOUP te(‘%n@}é?ﬁleﬁ d of this plasnid

( a) because'it-is a 10. h| gh copy nunber plasm d and:may reduce the yields
of Thidect no bl (RPER® Skt OO ek RaPer RS Ral ) Phecause. |1
may obsiiur e physical mapping of the LTVEC. Before introducing the LTVEC
~into eukar y\ot ﬂ%ﬁ' ach Lll“ejii&el{’ rergrlljgrggmeered correctly by: :
a. Diagnostic PCR to verify the novel junctions created by the introduction of
the donor fragment into the gene(s) or chromosomal locus(loci) of interest. The
PCR fragments thus obtained can be sequenced to further verify the novel
20 junctions created by the introduction of the donor fragment into the gene(s) or
chromosomal locus(loci) of interest.
b. Diagnostic restriction enzyme digestion to make sure that only the desired
modifications have been introduced into the LTVEC during the bacterial
) : homologous recombination process.
+25 ¢ Direct sequencing of the LTVEC, particularly the regions spanning the site of
the modification to verify the novel junctions created by the introduction of the
donor fragment into the gene(s) or chromosomal locus(loci) of interest.

Step 4. Purification, preparation, and linearization 6f 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
 (loning: A Laboratory Manual, Second Edition, Vols 1, 2, and 3, 1989; Tillett and
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of LTVEC DNA are prepared by standard net hodol ogy 15 29 April 2005
(http://ww. gi agen. cont | i t erature/handbooks/ pl k/ pl kl ow. pdf; Sanbr ook, J.,

E. F. Fritsch And T. Maniatis. Ml ecular Coning: A Laboratory Manual,
Second Edition, Vols 1, 2, and 3,1989; Tillett and Neilan, Bi otechniques,
24:568-70, 572, 1998). However, this step can be bypassed if a bacteri al
horol ogous r¥@8HH7Hati on method that utilizes a reconbi nd§dHISe45878phage i s
used, i.e. 20 where the genes encodi ng the reconbi nogenic proteins are

i nt egr at ed iMeilany Biotechnigties, Rab68TT, 673208 (Yu, et al., Proc Natl Acad Sci U

S A 97:597§; S%?gp é@ t%gf uB L nea | Zi the LTVEC DNA: 25 To
prepare the Ltgf’\s/{E/ or'alfL TF O L@t ron %}%%1 eu %-Fg%‘%“gel |s, the LTVEC is
preferably |nmeddipdof the seleciedhBY VEQand Irednapsfotiahendhibredl EVBGgenous
gene(s) or . i) f e i.ih.] ong honol ogy armns.
This can bemg%g%%p%??@L%Ag?%@%p%eé%%%%ﬁ%goe%gﬂ\g ¥ ?%%ﬁgl? g?%gl y-in the
vect or backBdamats, WaldrudemClening s Labaratoty Manhiialh Semonst RelitidraiVoli g@st s onl y
rarely. Exa S S tri Gt - .AC Nod, Pad, Sfil,
Srfl, Swal, @gg’f 1%2)[21%%%13 992#3?%%?5{5 g%%ﬂé@?f&@ﬁ%%%ﬁéﬁ, {/‘Fr%&.gngf/hebe det erm ned
exper i ment alFesprghinegenksyproteins that arg enibired fodithd baaterial bandiapmue rare cutters)

or, 11 the saqueRcaihlulorblYECI Mot k8RN DY £TBHY RS LR gQuence and

choosing.a suitable res n enzyne based orl thé analysis.

" situations WifBeéhemEHIrUEBONa Ll ia uselisk togebrid kb BreplBsmishia heneryitise e sit es

such as 160s NisH W R lakmé ' L s ; : L.k, 2005 WO
02/ 367853L PCT/ 868??25375%%3%%%%%#%5&2% gﬁé{ %ISQI,&%%@%%a#p%e éggédra?ﬁ nase
(Shi zuya et -AVEC prepss (de plimiwte theposalglily @andagng axpregston @dbker and Gol d,

Proc Natl A ;5[3@{-_\ : ' - ' - ,
40: 259- 66, %ggé?do St gsgtgnéﬁ%(gg%gﬁ%eﬁgg?yﬁ\%%Fﬁ%’%&é?&%ﬁ% cells and
sel ection of? wWhelpre ingpdecdag thel LTVRG e ewlaspiotif cellndatgpvE®@okats t aken

pl ace. LTVEG DIVECBNRGrd pep@lHaRbria0d SHESHAbEF Cel|s using standard
met hodol ogy su;:ﬁ as transfection nedi ated by cal‘ci um phosphate, |ipids, or

10 el ect? opBHEt 4 GHVPHAgRooR: h{f‘?’ﬂatlE?/ andpppksy ek /mildow-pdfadiarabrogk, ol ecul ar
doning: AgElmipaksah ind TViMiBts. PREQAR: Eldih®m LMY Stoty Manu@8ednd989) . The

cell's where,... —
Edition, Vols 1, 2, and 3, 198%; 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 preparé the LTVEC for introduction into eukaryotic cells, the LTVEC is

' preferably linearized in a manner that leaves the modified endogenous gene(s)
or chromosomal locus(loci) DNA. flanked with long homology arms. This can .
be accomplished by linearizing the LTVEC, preferably in the vector backbone,
with any suitable restriction enzyme that digests only rarely. Examples of

30  suitable restriction enzymes include Nofl, Pacl, Sfil, Srfl, Swal, Fsel, etc. The

. choice of restriction enzyme may be determined eXperimenfaIly (i.e. by testing

several different candidate rare cutters) or, if the sequence of the LTVEC is
known, by analyzing the sequence and choosing a suitable restriction enzyme
based on the analysis. In situations where the LTVEC has a vector backbone

35  confaining rare sites such as CosN sites, then it can be cleaved with enzymes
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t he LTVEC has been introduced successfully can be sel ect etdbdyn@oppgure to
sel ecti on agents, depending on the sel ectable nmarker gene tha? has been
engi neered into the LTVEC. As a non-limting exanple, if the selectable
mar ker 15 is the neonycin phosphotransferase (neo) gene (Beck, et at, Gene,

19: 327- 36, %@8%{%’ then cells that have taken up the LTVEC can be sel ected
in-G418- con W & media; cells that do not have the LTVECI/UFOHSIE e

whereas cells that have taken up the LTVEC wil| survive (Santerre, et at,
Gene, 30: 147 8egnizdgmuch site®, ferexaupledbleembebe Ghihiye efralr, PeosNaticlade any

Approach Sor PR b BeEGa% SR Lt Frdnd AFSarIE BT cone,
30: 147- 56, 198%¢; Beckvatakt abt Gerte, 4ERf9-GR1985)Res, 158: 237-43, 1985;" G or dano
and McAllister, Gene, 88:285-8,1990), Blasticidin & (lztuni, et al., Exp

Cell Res, 197: 229- 33, 1991), and other which are famliar to those
skilled. #n bliep 5aﬂmﬁ0il5:bsn@éLEVESan®eamkfaqrotiu@aﬁﬂ agoekctier offdlsathan event s

in eukaryoti g, &gl hﬁgﬁé&%ﬁaﬁ%ﬂﬁ%lﬁ%dﬁaﬁgﬁgy I%Qﬁrl Aodi<fi cation of allele

(MXA). Eukaryotic c e been Succesd y nodified by targeting
the LTVEC 30 into the locus of interest can be identified using a variety

of appr 0ach By HeoNARa E6ko Al L6 8bi DRl MLLELE ENID. he | 0cus of

interest and that do not ays spanni ng ire honol ogy arm
or arms. Suclﬁleﬁ}?ﬂpbgakmgh@ariifana?fﬁ@iqndaedbatedahyecalmmwhWBPMe,ﬂmds(, ay

o ol v toreh 0, SRR K B0 RO SO SN er LR )
quantitati veAII@i@\m@m Margiah$eeasideleditian, Walad.chend 3a198%%k Thelcells @herd stry,

6: 2107- 11, @)I'v@@) I ToTne Al t al.,
Hum Genet , 5%9275 50, JSHfgﬁ 95) or-gg%%r%hggéastl ﬁgyﬁg’%ﬁgﬁﬁ%&&ﬁl za%:t%ﬁn(cg-i)a

(Fordzan, etselfction ypasigisleperuting on thaselesalge roaler gene ﬁhﬁié‘ﬁs heeh Gray, J Cell

Bi ochem S ; I t t
N e .

Genet, 19 238 _k@z\e_pgg@m phosphotransferase (neo) gene (Beck et al., Gene, 19:327-36,
S 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
hygromyciﬁ B (Santerre, et al., Gene, 30:147-56, 1984; Bernard, et al., Exp Cell
Res, 158:237-43, 1985; Giordano and McAllister, Gene, 88:285-8, 1990), Blasticidin

_ $ (Tzumi, 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 sﬁccessfully 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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Mtra and Church, Nucleic Adds Res, 27:e34, 1999) (e) quanjggA@{;lg‘qj%

hybri di zation to an i nmobili zed probe(s) (Sout hern, J. 98:
503, 1975; Kafatos FC;, Jones CW Efstratiadis A, Nucl ei ¢ ACIdS Res '

7(6):1541-52,1979); (f) Invader Probes(r) (Third Wave Technol ogies); (9)

Ecl i pseTM a ul ar Beacon probes (Synthetic Cenetic and MVP
assays (H g%&ﬁ%ﬁghput Genoni cs) 15 Applicants provide H‘)éjFéiSPﬂ"‘é?\bexarrpl e

in which TagMan(r) quantitative PCRis used to screen for successfully
targeted eukbrywniitntveNIOA. dssajt triisg notechiarbeidags (Bxasplie Chéaehan(r) is used
to identi fyﬁ%@ﬁy@?b@ celI's whi ch have undergone honol ogous reconbi nation
wherein a portion o ne of two endogenous alleles 20 in a diploid genone

has WEeeE reM)éh@CESb@}icamsmehylsetmﬁrm@ISHrﬁLmnwastmGehéf;ldé ETSJ%Iﬁl rTEE hods,
in which a s e entire
homol ogy ar %9%!f)%g‘?%ﬁ?fngweg?}éé&{chﬂé%%dgag g‘;{j&gﬁg OF3H © ggfm]‘trsﬁdsal 1eles, the
quant i t afi v&eTnelgVu#lory, 108% Abdmpisbh anl:éGea;&,]ClaHBumﬂeﬁu&qipﬂd@&B 19982 all el e
by neasuri ngidd&w of the 25 unnodified
allele. Spe%Il fi cg\IFI %%éﬂ%éﬁb Rﬁﬁﬁc s’ %S(eﬁé%%gaﬁ;f‘}éd allele and not the
modi fi ed al (Gliothermae BN empiificativet (hzdrdiset shd¥peGetent1 905 B %9act nat ure

of the md%ﬁﬁ%&@ﬂuﬁ%@l\ﬂﬁm&k %ﬁgs Efzegﬁfwgfquence repl acenent descri bed

in this exarrpl e nis use 0 qua ‘he nunber of copies of a DNA

tenplate iff QUWBWV%TIM%M’@ anesmbulmewrbbe(ebfﬁmnthaon] Miola reference
gene (Lie SBioand: di! 1980 WhRtas FUTonddRD, EALEEANR! Ny g #908) - The

- reference gene is uantitate e sane genomt Starget
gene(s) or 7@: 158(: %79), Therefore, two TagMan(r) anplifications (each with

its respect Vgaé}tﬁ),b@s@nmrw% S gvan(r) probe determ nes the
ar (Thr.esgéiﬂd Q/cl e) t he %T?renéﬁé’%%ﬁe whil e the other probe

det erm nes Edmseo”rartdq@fde@gla@ﬁemommeb@s jtnih@@t@eh@eﬂe@m@ or locus(loci)

which is rep EFI%?[ g8l TheCt 20 29 April 2005 WO
02/ 36789 PCT/ USOl/ 45§7 I's a q tity t reflects t he amount of starting
DNA forteach of the TagMan(r) probes, i. . a | ess abundant sequence

requires NoAgplisfits@oitie RefRit oh £8AGHe il Which TagMan® quantitative PCR is
used {o screen for successfully targeted eukaryotic cells. In this non limiting
example, TagMan® is used to identify eukaryotic cells which have undergone’
homologous recombination wherein a portion of one of two endogenous alleles ‘
20  inadiploid genome has been replaced by another sequence. In contrast to
traditional methods, in which a difference in restriction fragment length
spanning the entire homology arm or arms indicates the modification of one of
. two alleles, the quantitative TagMan® method will detect the modification of
Jo oneallele by measuring the reduction in copy numiber (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 fo 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,r 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
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t hreshol d cycle. Decreasing by half the nunber of copies ofgap@2oespl ate
sequence for a TagMan(r) reaction will result in an increase of about one
Ct unit. 5 TagMan(r) reactions in cells where one allele of the target
gene(s) or locus(loci) has been replaced by honol ogous reconbi nation will
result in an increase of one G for the target TagMan(r) reaction w thout
an.increase TA%¥B°ct for the reference gene when conparf§d/Ustr4MA from
non-targeted cells. -This allows for ready detection of the nodification of
one al | el e dfaghentipie(tsiflafs ihetatonst of fartihg DKoy eichored TaMmsi@g LTVECs.

As stated a nodi-ficatign of allele (MOA) screening is the use of any
met hod t hat %gét?éé"c’fes' Alge8 aﬁﬁﬂgi‘ﬁ"‘éﬁ‘ﬁ%‘ﬁ%ﬁﬂ & %}’&eswf e ttierch &gl | s whi ch
have under glreshdldrptlagDesrensing b halthomumbdr df Sopiel oftHeabmblR&ENt that the
15 target edsgtkde%lcg% g%ig/gzﬁ_\t@%calﬁ ho Iolﬂous to each other, and in fact,
they may contain polyrid i S qEﬁsep?fc%é’H;Q eSt¥RiEng from
cr ossi ng 5t wiadMiah@rreadtios ifdils vierdbi@alleldoAHE ldrE & enfBPoSBESd(RI) S| t uat i on
that is al ng Cﬁvered]gbé} I\/EA screening-is targeting of genes which are
normal |y pr 88eRTIdEPRced Ry hgmo Fesopbinadion 3il pepdt wavdngrasarf | ocat ed on
the sex chr onoSefrshandgtTayM P kdabikhthithORt 8 crbaSOFOMRER W kN thi's
case, net hodsf that will detect the nodification of the single targeted

al l el e, suchr8ETERBETNEI TR srrrpreed P nEprn nast-grgaterd sellse (This allswrs be used to

detect the fcerrgaiyaae@mraf.théhmaa&nof&%akﬁ%fm@g&?&sﬁfiﬁﬂa? s yention
can be ed t.o generate nodified eukaryotic cells eVen en a?le es are
- pol ym)rg ice‘bl?argﬁgri: hESE sent in a single copy in the 25 targeted

cells. Step 8. Uses of genetically nodified eukaryotic cells. (a) The
nerat ed, by the nmet hods 30 descri bed

?ﬁngt LS?' Hy#ﬁ"?%&{s"ﬁ%%‘f%%ﬁ? ' g%*il‘ﬁ%] ‘%;eﬁ@lalséiﬂgfi%éwqq@mgﬂ? thegiseigfagyvo assay,
wher e changinethotithaihwened feenedifitdtonee bhe hifeldRSidEAR Seellf Whidgavgenet i cal Iy
nodi fi ed eutlgﬂ nmet hods déscribed in steps 1

otic cell generated by the )
through 7 can eég%lbeclb@‘?}%gustﬁc Bypbpr dis priprraieset iatidhe he 21 29 April
2005 WOLD2/ 26841 REHUBGHAAEAT hopeieide) fRdich baak| £iF infhe, sepekdycal |y

nodi fied or i.sns, can _be gener at ed sever al i fferent techni"ques
i ncl udi ng b%?@aﬁ%pqymrggﬁ 35 18 ecaseanrogeny resulting from crossing twoq

_ different strains of mice. 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 will detect the
modification of the single targeted allele, such as quantitative PCR, Southern
blottings, etc., can be used to detect the targeting event. It is clear that the
method of the invention can be used to generate modified eukafyotic cells even
J _ when alleles are polymorphic or when they are present in a single copy in the
25 targeted cells.

Step 8. Uses of genetically modified eukaryotic cells.
(a) The genetically modified eukaryotic cells generated by the methods
30 described in steps 1 through 7 can be employed in any in vitro or i 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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1. Modified enbryonl c stem (ES) cells such as the frequent thk;ﬁ,%ogaf and
nouse ES cells. ES cells can be used to create genetically nodified rats or
m ce 5 by standard bl astocyst injection technol ogy or aggregation

techni ques (Robertson, Practical Approach Series, 254,1987; Wod, et all,
Nature, 365:87-9, 1993; Joyner, The Practical Approach Series, 293, 1999),
tetrapl oi d BYQ&H&Ist injection (Wang, et al., Mech Dev PCBRSWBFA5, 1997),
or nuclear transfer and . cloning (Wakayama, et at, Proc Natl Acad Sci Us

A, 96: 14984 gonekRINYJifiESice | e ﬁe@tan &iﬁt@lﬁé@ ﬁ{scaﬁga@aﬁ&ﬁtea%gh
rabbits (V\an% rf{?@)&l it C ‘gfiilﬁl 97; SChOOI’l] ans, et al. Nbl
Reprod Dev, °245 bk ’i’%@quﬁsﬂeﬂ}l ‘E‘g é””@ . Devel opnent ,

122: 2339- 48, 1996)Modifirdherbryprie s Epedld satiss tlhe gz b} @sed trlk HRNEt i €

di ficat ds of th { di fied protopl ast
can be' s EsbRETR E%gcsﬁ%ﬁr@vasqsgd RHF S el SRR TR 6 see US

patent 55358y Sﬁﬁdﬁ.@daﬂ‘amt pljediiba taﬂhﬂologjifdﬁ Qggtfeﬁaitﬁate &esp| ants

g ol AL IO Gy S e g e e S0, o005

and ref er ent®s; ﬁobraexeﬂihaz Pr&ncﬂtﬂqj;eaa&t%ﬁ@ﬁfze:s 1"999)[Tﬁeﬁﬁ loid BRistotjedr yotic cells

ot ol pr o NP CAALE <aP. 1ed 5 AP IR, 40 d'f'edfg?éﬂ e

Bi ot echnol , dgniag 6%kaﬁeﬁﬁ8 et 3, Poart Nath cad Sqi U ;mpmmgsw; 1999). ES cells

Dev, 10: 639- e 1 a ama et
Dov. 10: 85 48183 Ry Mgl DU (0 B0, Rid8 s ey

1998; Ri deokh 19%t Scloopjanatet Ghrdol Réptod Dav, U5; 4390001996 pomtiétiens (airg! . .
Nat ure, 25 6 u5| n to t.ransf rmdlfled allele
t'6 anot her é%ﬂ@é[&cq&lggt hz#'?%n ng?g glﬁ |538‘8?S% @ﬁ‘iﬁﬁ%gﬁ 1®and uses
of such ceIﬂO(gS’-yleflcangéﬁ@a’a@rds) wingpthesnathody sfytha ghvehdomodi f i ed aI lele or

engi neered chro t t echno

18: 1086. 1090, 2080 $%§%pg#ﬁéﬂét¥\?%%e&ﬁeatﬂgener & BRI adified anenabl e to
any ot hEr Fipws fat mempleate HS petentsA50,689d0 Zoa nyag’spiamﬂmctﬁrmmgemr@da Wii | e
many of th { t he

et hods of THEauaERriAt K SRS AR P BL IR A 102
cont end 35 R 9P 18D \Regeyeration pEplarts fiom ofltured guﬂlsﬁbtmﬂhpmtdpil&sﬁ in the

uni que  coMuAdkeRihcé therein).

3. Nuclear transfer from modified eukaryotic cells to oocytes to generate
20 cloned organisms with modified allele (Wakayama, et al., Proc Natl Acad SciUS
A, 96:14984-9, 1999; Baguisi, et al., Nat Biotechnol, 17:456-61, 1999; Wilmut, et al.,
Reprod Fertil Dev, 10:639-43, 1998; Wilmut, et al., Nature, 385:810-3, 1997;
-. Wakayaﬁw, 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) fo generate

organisms carrying the modified allele or engineered chromosome(s) (Kurciwa,
et al., Nat Biotechnol, 18:1086-1090, 2000). '
30 - 5. The method of the invention are also amenable to any other

approaches that have been used or yef to be discovered.
While many of the techniques used in practicing the individual steps of the
methods of the invention are familiar to the skilled artisan, Applicants contend

35 that the novelty of the method of the invention lies in the unique combination
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29 April 2005 WO 02/36789 PCT/USQJ/ 45375 of those steps angh Agfipopgues
coupl ed with the never-before-described method of introducing a LTVEC
directly into eukaryotic cells to nodify a chronosonal |ocus, and the use
of quantitative MOA assays to identify eukaryotic cells which have been
appropriately nodified. This novel conbination represents a 5 significant

i nprovenent ‘fvﬁﬁ)&?’“iﬁyevi ous technol ogies for creating orgaRCEWN801/4587§sessi ng
nodi ficati ons of endogenous genes or chronosomal |oci. Exanple 10 Exanple
é : | En?! neer :comg:hml &sEdCebins 15&@@6111151% a«dd@it}@_tﬂe_e.@p@éé%ﬁ&mi%%%hA gnglt%a al-

el ection of .a e ge I cl'one cont ai nj.n R10. acteria
Sl oot on obe AL SETALE A CLone contel Doy nEHIC A Rere el
t hat cont ai hegstdne &Qdiga@fq&mmmbmﬁgaﬁw%feﬁ&@& &0d whikh gene was
obt ai ned by scrgeni ng._an -a,H %e‘%ﬁ u_fe, ggnolrri c.DNA BAC1library (Incyte
Genonmi cs) udPRY %@F%p%fﬂ@n Y g%p 95 BEvelcoRtRAPNIRPISSETiBR ar y - wer e
deri ved Sro@ghﬁ&miﬁﬂi&vgﬁﬁﬁt@@hlﬁr@aﬂu&@@&ologﬂ&%fhﬁﬁﬁn atdahiswirer e used:
20 (a) OCRI O.RAA. 5'-M%AGAT G,-3')- andg . | O PVIrc

(5' - CTCOOCA &l BN BERSS ArfRiYPFPEIna 1982 bp DNA; and 25
(b) OCR10. TDY (5' - GACCTCACTTGCTACACTGACTAC-3') and OCRI O QETrc A

(5" - ACTTGTGTAGGCTGCAGAAGGTCTCTTG 3 %v\/ni Eh anplifies a 1500 bp- DNA. This

nOCR10 BAC cont ai ned approxi mately Sof genonmic DNA including 30 the
conpl ete nOCR10O codi ng sequence. This BAC done was used to generate an

LTVEC whj che W bseauently used fo0 delete a portion of e _codi ng region
- of mﬁ}#iﬁell%—iﬁmﬁ%% o v *'a';='~ elion of fhe HoSELEni ti ati on

codon precisely replaced the initiation codon of OCRLO, as well as

i nsertion o b mar ke e usefut .for ction both in E coli
and manal i %r?%%% (?ljé ggé@éfg%W%bpﬁga%%SWW%Wﬁgﬁgur e 2). The reporter
gene (in thhdagenal Antifidad IR8mASompEAC)208E carrying a large genomitc 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
(a) OCR10.RAA (5'-AGCTACCAGCTGCAGATGCGGGCAG -3') and
OCR10.PVIrc (5-CTCCCCAGCCTGGGTCTGAAAGATGACG-3") which
ampliﬁes a 102 bp DNA; and -

25 (b) OCR10.TDY (5'—GACCTCACTTGCTACACTGACTAC—B') and OCR10.QETrc
(5'-AC‘I‘TGTGTAGGCTGCAGAAGGTCTC'ITG—B’) which amplifies a 1500 bp
DNA. -

This mOCR10 BAC contained approximately 180 kb of genomic DNA including
30 the complete mOCR10 coding sequence. This BAC clone was used to generate
-an LTVEC which was subsequenﬂy used to delete a portion of the coding region
of mOCR10 while simultaneously ihtroducing a reporter gene whosde 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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WO 02/ 36789 PCT/ USO /45375 exanpl e LacZ, the sequence of whg@brili®oseadi |y
available to the skilled artisan), encodes the E. coli fs-gal actosi dase
enzyme. Because of the position of insertion of LacZ (its initiating codon
is at the same position as the initiation codon of nOCR10) the expression
of lacz shoq&g m mc that of nOCR10, as has been 5 observed in other

exanpl es whe? 8%1%4% ar repl acenents with LacZ were perfd’rcr?@@“k@?’ﬁ

previ ous technol ogies (see "Cene trap strategies in ES cells” by W Wir st
and A Gossleeampiataﬂ:ﬂyﬁhelsequ'lélnee Hrvelaith dsakadippavadalble Se&leﬁcﬂlea%néa&%) ~ The

LacZ gene al | QvﬁestﬁeE 65152'%&&5;?5 éstandaqr egﬁ[\‘{z%n? i C ast?%%;?fto be erfor med

that can reveal Tts €Xx
surrogat e asgdwc? Gatinitiefihe cddontihet thesaraé pesmdnesssuheﬁruﬂaﬁbzetclstﬁanwf the

replaced g chronpso | oci i on of donor
f r agment angﬁggn)e@a S)ﬁPrS?Slqﬁ‘%E@i%%lf%Wﬁ)%ﬁwf&ﬂ%@é Eg‘?ﬂj in the
const r ucti ombsdrvedin wtﬁERélzﬁmpTééEﬂxers sinhitar rdfHateneeftSMHD LacZ were ‘
pol yA- PGKp se er. acz Aene as
descri bed ag%{gfg%w @?4")@5& Cgmfw?e ?@P?\% sFra%'l%leﬁl%%g Wit us 40
gl‘ ﬁ_ubr amani aby WtWeaitst aIT]cFApﬁlomm mlfcyrted,oﬂmé&aémﬁlgggpiqshﬂz@s&ﬁé’&{m 1%5)96; ]
i mrappayaj; ar roc
Acad Sci . Ehgi/i&ﬂ“ ?@%fi%&%ﬁg %‘diy ‘? ENZyTRaticareay & S hoa. 502, 1978)
and cont ai npﬁlgfommi @apcﬁrylad@iytbaxpmmmpatmﬂzmtgn’ﬁius@@uhdawl an, et ?t
B of cnan w8kl S35 s Rl e Rodnd RBresf B Bl AIRERBIRed S
71: 371- 5, 19pane(Red¢hromasoaial jocgilasiice,  200: 494- 502, 1978) PGKp |s the
mouse phosphogl ycerate kinase (PGK) pronoter (Adra, et al., Cene,

60: 65- 74, 1987) (which has been used extensively to 25 drive expression of
drug resi st Bn&engewioniaf denanirkgraentoeld generaivg of $ TYEEL.r ong  bacteri aI '

promoter thghe Hﬁ%ﬁcﬁﬁoﬁ@éﬁé&%&%@d e ﬂé'c’oﬂé’ﬁﬁtgmﬁgﬁ‘f ARASICRD ISRIRE LS R

bacteria of_ the_conpleted LTVEC construct riving expression o the

neonyci A° phissAoEe RplePake- ﬁM%@pOQ’%polﬁé@aﬁsgﬁaw@nﬂ@@ is apazrier t hat

cukar yot | o Bty depaRRgpeg svid Eeﬁjﬁ%%%%ﬂz&i@h%%gg s VA 1
3 untr ans-‘1LQa(t5€Bfaiﬂe9§il%‘h etrly PragdNeelemAcisbResddolfiink 13AoV-669%ini ng a
00y T o 2R 101818 7, D S R e ener at edl
Sci U S A, 71:371-5, 1974; Reddy, et al., Science, 200 494-502, 1978) and containing
20  apolyadenylation site and signal (Subramanian, et al., Prog Nudeic Acid Res '
Mol Biol, 19:157-64, 1976; Thimmappaya, et al., ] Biol Chem, 253:1613-8, 1978;
Dhar, et al., Proc Natl Acad Sci US A, 71:371-5,1974; Reddy, et al,, Science,
200:494-502, 1978), PGKp is the mouse phosphoglycerate kinase (PGK)
) : promoter (Adra, et al., Gene, 60:65-74, 1987) (which has been used extensively to

25 drive expression of drug resistance geﬁes in mammalian cells), EM7 is a strong

bacterial promoter that has the advantage of allowing for positive selection in
bacteria of the completed LTVEC construct by driving expression of the
neomycin phosphotransferase (neo) gene, neo is a selectable marker that
confers Kaﬁamycin resistance in prokaryotic cells and G418 resistance in.
30 eukaryotic cells (Beck, et al., Gene, 19:327-36, 1982), and PGK polyAisa3’
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 homelogy box 1 (hbl) attached upstream from the
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35 consisting of a nOCRlO honol ogy box 1 (th) attached umA@ﬂqDMomthe

24 29 April 2005 WO 02/ 36789 PCT/ USOL/ 45375 LacZ gene in the nodification
cassette and a mOCR10 honol ogy box 2 (hb2) attached downstream of the
neo- PX pol yA sequence in the nodification cassette (Figure 2), using
standard reconbi nant genetic engineering technology. Honology box 1 (hbl)
consi sts of WA%SEE? of untransl ated sequence i mediately PGBSS#IEESOf the
initiating nethionine of the nOCRLO open reading frame - (mOCRL0 ORF)

(Figure 3A-BRYZ éﬂ@rmlﬂwmaﬁzeaﬁm{ Bhincansi siccrefo Ecﬁﬁélo%{l@oi’@(h@ the mOCR10

ORF, ending sto cod ure 3A73D Subsegue usi ng bacteri al
honol ogous P@%%‘ﬁ%%ﬁ gﬁg“ GK jpot Y%ﬁqﬂue&@@h%%'no@ afiog. 8 1998;
Angrand, et cakette ( eﬁp uéﬂ@%tdﬁﬂ&rd ?e?:oﬁﬂ;ﬁnai@g&ietﬂyléﬁﬁfr‘{eﬁnmgﬁecﬁhologwuc| eic

Adds Res, , 19 rayan Gene T 67 442 1999; Vu,
et at, Pr ocﬁ%ﬂoi ]S@‘lbn,\\&?s% ‘%ﬂ%gPS’?%&%@@? sequyfnge HBH@FhaF%ngrrent
was usedst oupsteaihsef e Eﬁﬁhﬁegenfeﬂﬁom&e%@mgﬁb &h@éﬁdﬁﬁ RaEreni tiation

met hi oni ne Wit i nsertion e‘t*teﬂ uIt| in
construct i Ohﬂ?é“@@fi%ﬂ@ﬁ’%ﬂbﬂ&é Eq %;gf)ﬂ?ﬁ‘é‘s t5; %g]gﬁx:RlO
LTVEC, the of#BRHOCRIOORY, Memdoa@hﬁﬁgdre%BD? lnsertlon cassette
creating an approximately 20 kb deletion in the nOCRLO | ocus while |eaving
approximately 130 kb of upstream honol ogy (upstream honology arm and 32

kb of dowﬁuhse@mﬁymﬂmgbac(tmm 1 @EaInttgNa e ZharB, dital.j Nat mportant to

va | abl BB aT s ﬁéﬁsr%ﬁﬁg%eh@ e E a0 e, BB o

t echnol ogi e@abdﬁaﬂ&e.ﬂmdsﬁa , 18G5, MGINﬁﬂaﬁhnd]oﬁDdloghgéThace?I-ﬂat ion Zt Sp

isyrequire o en | t neede
to geﬂer at 219??}%{"0%%], gﬁélc lﬁ%ggga&sﬂ [?%%‘ gyé%%rg& E@MIL@ QBB%%%‘EE“ f or |

gener at i ng wasuped Itmgremetyu'epiausthmgn@@memdihgl‘nw ﬁg@umﬁeﬁoﬂﬂbl nation

i oduct | apeh B UG VERE fioBton e ceslihgin tdbiiblily 1 o

trimm N i of ecmOCR1P LTB@ﬁé(Ysymﬂ)t’ﬂmm&e&ﬁmO@ﬁérHﬂE@mhmﬁ@SRm ms short

enough to %gﬁ?%@?ér&e %s&gbqaée%rbeye@ BRI ICR etc'nlee{tlznegd by previous

appr oaches
appro:omately 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 onljr a single bacterial homologous '
) . recombination stép is required and the only sequence information required is
25  that needed to generate the homology boxes. In contrast, previous approaches
for generating targeting vectors using bacterial homologous recémbination
require that large targeting vectors be “trimmed” 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
o disadvantége of the method of Hill et al. is that two additional homologous
recombination steps are required simply for rimming (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 trimuming.
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di sadvantage of the method of H Il et al. is that two addi ¢ apglogfgmol ogous

reconbi nation steps are required sinply for trimmng (one to trimthe
region wupstreamof the nodified | ocus and one to trimthe region
downstream of the nodified locus). To do this, substantially nore sequence
information is needed, 35 including sequence information spanning the sites
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anot her to introduge tw%P site, at the region downstream of the coding
sequence. | PeLIOGT BAnleediRy: s stigd plter Infrpdpctioneof themorifieddpcusdige del et i ons

- of ten occur subuirybtit celiseThisaheybyuhidtaghbldR dke sBépS ¥he Wud REPRIGUAG the

t echnol ggi ego‘i n e kar%{g&i ?ﬁcel.l s, because the frequency of” achieving
- honol ogots relkgg}%ﬁﬂ%f)' © FRIGETNS YesioraHERs Gdiergnt GEPT AT pBFdwo .
ﬁpn':]atn}?_g fsequgaﬁa{ethgaﬁngefréx&@ifeEiShbaﬂsf(ﬁ{ﬁ&bimfed;d&ﬁ&fmﬂoxb@ﬂehp?ﬁ argsl. T;’]e

i g efficjency ohtained.using the nethod of the invention ee below) is
~due to the £eéiec'rryufl’ %ﬁeﬁnhg 885‘9‘%5%‘1%\‘—‘%%% grothey WemE“PS’E@? ’g‘ﬁé‘?’gﬁ it ease t he
rate of 20 hiotelregion slonestaim vl thadbding @dkanosott shoe@d-bs funther YOHdd | cat i on,
preparation i.nt.roduGti o .'ﬁfIE?lOL VEC info ES cells. The
sequence su?}ag%%dj‘lr %ag{%nhogq?r@ﬁgfﬁgﬂn%‘? EHRFHRIER 15 EY PEMEHRC t he 25

homol 0g¥s5 s epresinee tangetiug tichheldgiey iDMAS petitadells M@catBaehsiraguatyioie MOCR O
ol cot  ophor a1 rpd Rl el B e B e BBt om
containing large deletion flanked by relatively short homology arms. The high
efficiency obtained using the method of the invention (see below) is due to the
 verylong homology arms present in the LTVEC that increase the rate of
20 homologous recombination in eukaryotic cells.

cells, '

) . The sequence surrounding the junction of the insertion cassette and the

¢. Verification, preparation, and introduction of mOCR10 LTVEC DNA into ES

25  homology sequence was verified by DNA sequencing. The size of the mOCR10
LTVEC was verified by restriction analysis followed by pulsed field gel
electrophoresis (PEGE) (Cantor, et al,, Annu Rev Biophys Biophys Chem,
17:287-304, 1988; Schwartz and Cantor, Cell, 37:67-75, 1984). A standard large-

- scale plasmid preparation of the mOCR10 LTVEC was dorie, the plasmid DNA

30 was digested with the restriction enzyme Notl, which cuts in the vector

 backbone of the mOCR10 LTVEC, to generate linear DNA. Subsequently the
linearized DNA was introduced into mouse ES cells by electraporation
(Robertson, Practical Approach Series, 254, 1987; Joyner, The Practical Approach
Series, 293, 1999; Sambrook, et al., Sambrook, J., E. F. Fritsch and T. Maniatis.
35 Molecular Cloning: A Laboratory Manual, Second Edition, Vols 1,2, and 3,
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17:287-304,1988; Schwartz and Cantor, Cell, 37:67-75,1984)29 Ap&taangdard
" large- scale plasm d preparation of the mOCRLO LTVEC was done, the plasmd
DNA 30 was digested with the restriction enzyme Nod, which cuts in the
vector backbone of the nmOCR1O LTVEC, to generate |inear DNA. Subsequently
the linearized DNA was introduced into nouse ES cells by el ectroporation
(Robert son, Y& %78al Approach Series, 254,1987; Joyner, PER&SEYQESi cal
Approach - Series, 293, 1999; Sanbrook, et al., Sanbrook, J., E. F. Fritsch
and T. Mani avgy. E82cMrheedibmlly HafbieR8d witHARA@ERIYL M0 ere &0 Edi tion,
Vols 1, 2, 3nd, 3...26 , 29 Apri]. 2005 WD 02/ 36789 PCT/11S01/45375 1989). ES
cel I's succed%F i F4 Sronidniagimadianiing sradacariestioyEtads(BokatseBt ed  for in
G418- cont ai FragicAlabrodei S&ics Badass Jg)eﬂe@prﬂmam@&mg?;&a& BekdsSun, _
Practi cal Aﬁi% ach Series, 254,1987; Joyner, The Practical Approach Seri es,
2.93, 1999)7°d ldentification of targeted ES cells clones using a
quantitatsive nodification of allele (MOA) assay. To identify ES cells in

whi ch one of e .t.wg. en eno 0 genes had .been repl.aced hy the

modi fi cat i of %@é@ﬁ?@é’%ﬁ%&ﬁ%@%%‘% USH 4 AL lEe ma@gleaton %] ones was
anal yzed by ali¢laiiOgtabaeg. PCR usi ng standard TagMan(r) nethodol ogy as _
ey e B30 e RSk en SAOMARL Do RS i i ad! o catal 00
Taghan( Ly PLabes gl 206 BS. G6Ser beg. L b e T ap b LA of 69 15
i ndependént C‘%%ﬁg% SI"?%@SE@@W&P@“@@@@% uﬁ?q]'& ?%P?ﬂ@ﬁ?(gf i'ed as
positive, i methodasogyl @rscribedibphedOBRsRterhl)TagMREEUANSrAORRL0 coding -

seguence had_ been . replaced nodificatj on cassette descri bed above.
Sever al advgﬁ?ﬁﬁggxdﬁﬁ# “WEE% &§¥%3Eﬁ@eé%ﬁarent: 20 (i) It does not
require thehisg /ofw pRbRId6 s pebiddaes /0a504D8EN I TR Piihiesnd hus

i the nodified locus. (ii)

obvi ating the .need tq know,t he sequence f| ankin
It requi ?esﬂ@%{?‘%ﬁ&l’e@ uspdareas %FE’S&HE%%@%%Q-&%M&% onal Southern
bl ot metfodeidegindit BS cARIIRRE WHeNE:RBYH NS 3WRPRnatied BOp&BLkpbeT t son,

Practi cal roach Seri.es, 254,1987, Joyner, The Practi cal roach Seri es,
293, @sp clonest}n which one of the endogenousymOCRlﬂ coding sequence hﬁ\g%een

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 ime 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. Usmg

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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effici ents%g/ }gﬁsdi%ﬁés) LTVECs t hat c%%)ltagi%ne Fgﬁggﬁ%ﬁ%f‘%%&g‘?%% |S'frrgi?€egr eat er

than tho IpBREdVBArprted FRRISCREG IasHBIRdgruedhat has pegidondlyi PFeveRt i ng exanpl e

descri bedeab@nentonRRsliALSRg chRferBioARRbHGRIS h?s\lﬁ‘% hasgethed dehe OCR10
| ocus, a ] ocus that hg,smﬁ)r vioysly proven_ recCalcitrant to targeting using

convent i ¢R&FVEREHGY FRshaven tet Hisy heve obmed siuserssfoh, Appl i cant s
have showsrgttiag il Doy d1#9 ESQBLAHARG is WIEASEEHOCREN DEVEQYcditaidir@ut of 69 ES
cells clones .in 1:@ %hh ft he 10 LTVEC (éﬁﬁ)ntal nl(glg re than 160 kb of
honol ogy “SFfe b iy §5¢% PEGAYS AN n YU Kadertionhtadyr at ed, wher eas
x; i nglOpEeﬂiiegimsed,&ﬂ{Hﬂédz% sﬁggwigflﬁiéyiﬁﬁs e&hhl olbgyg@?gv@g(ta@égaguo}?ﬁn Tﬁé aclt i cal
roach_Seri es [ a pl as - ed vect or onol ogy arns
shgr ter H%WC%&%OQ@%FF' gfl @g% ?F%?%%gi@f%gﬁasaérféﬁ‘?ﬁm less t hagy15

kb, no t&ogeles) averhsriaetaniidentidbiveite dspigotacagtd@de@ilofladsegr ant s of
the vector. .these data, dearly demonstr.ate the superi or.l of the method of
15 the i %I\l/aéln g|11§e)br1 s %?gebe%:‘?}’ieﬁ%sw?rééﬁ?fgff@&i aé‘%ongﬁlﬁ%pﬁi‘@nf()b %H(e,g’@&?ed targeting
f r equency! tiroveatoro Jatdeqintotleulie dagedstidie isesupegiogBnofcchPifetbe of LTVECS ar e

used ,as e targeting. vector 0 ,As. noted above, the increased targeting
freqt}gncgﬂeolg%’%l%ogrboﬂsipﬁawﬁ%%%cg‘ﬁ%}ﬂ@le%gy arns shoul d di mni sh the benefit,

if any, derived fromusing genomic DNA in constructing LTVECs that is

i sogeni c E%Ble(i 'I?fcreiage?dﬂ'f}aié:e%fngi frl]egsu%%ugye 0% aﬁroo)gation 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 sequencé to)
the DNA of the eukaryotic cell being targeted. To test this hypothesis,
Applicants have constructed several LTVECs using genorhié 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  LTVECSs 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.
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Example 3: Detailed description of the TagMan®-based MOA for

identification of targeted ES clones

5 EScell clones that have taken up the LTVEC and mcorporated itinto'the
genome at the targeted locus by homologous recombination are identified by a
‘modification of allele (MOA) assay that uses real-time quantitative PCR to
discern the difference between targeted ES cell cloneé, in which one of the two
_ targeted alleles is modified, and non-targeted ES cell clones, in which both atleles
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 geno-mic 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
- ta 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 proportional to the amount of PCR

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

25  fluorescence detector (for example thé ABI 7900HT) that quantifies the
: accur_nulatidn of amplification products during the PCR and determines the
threshold cycle (CT), the point in the PCR at which the fluorescence signal is

detectable above background noise; (5) fdr 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

30
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value for the candidate targeted clone falls within 0.5 to 1.5 cycles greater than

_the median in 8 out of 8 reference comparisons.

Candidate clones identified by the MOA assay primary screen ate confirmed or
rejected in a secondary screen, which contains the following steps: (1) use of the
genomic DNA from each of the positive candidate ES cell clones, from a larger
number of negative clones, and from genomic DNA copy-number standards
from mice that carry one or two copies of the LTVEC LacZ-Neo cassette per
diploid genome as templates in 8 separate quantitative PCRs on two 384-well
plates in which 1 reaction is an upstream PCR (as in the primary screen), one
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) rurming the PCRS ina
quantitative PCR devicé,‘ as in the primary screen; (3) calculation, as in the
primary screen, of the ACT values between the upstream PCR and each of the
two reference PCRs, between the downstream PCRs and éach of the two
reference PCRs, between the La¢Z PCR and each of the two reference PCRS,

- and between the Neo PCR and each of the two reference PCRs to create eight
ACT tables; (4) normalization of the ACT values to positive values; (5) calculation

30

of the median value for each ACT table; (6) calculation of confidence scores as in
the primary screen; and (7) plotting the values and their medians for each of the

-eight ACT tables as histograms.

3
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sequence and whose fluorescence signal is directly proportional to the
anount of PCR product; (4) running the PCRs in a device that conbines a

t her mocycl ePV@¥378 25 f| uorescence detector (for exanpl edrhsedBbis7900HT)
that quantifies the accumulation of anplification products during the PCR

and det er m BRSn b Shspehi@SHohE EXEdicé Shres értaechgﬁid’[thiisﬂalgéiﬁs %g)go ~which the

fluorescence signal "is detectable above background no or each ES
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conput er preageann t hat exami nes the eight ACT 30 29 April 2005 WD 02/ 36789
PCT/ USCOL/ 45375 tabl es and cal cul ates the nunber of tinmes a given ES cell
done DNA sanple produces a ACT value within the tol erance ranges 0.5 to
1.5, 0.25 tBodcose @ Buloer of cOpieDohe LT VEOper@iploidgdiddnaindhd. 25 to 3.0

cycles gre [ n i 10] ut.er progr i ng
| anguages S%J%%ﬁgg %@%ﬁ%@%ﬁ%@o&gﬁﬁﬁ%A sf’%g:lh?%%r%%%%er%dpﬂﬁ %%:Sﬁﬁge vi sual
basi cs, 10 avef, theLacihyndNee POR3RH e twd rRGH-aiBNIRsl 20 goiageretiamith bar to the

the ei ght A AP0 I e O ol MBS oAt Rk PG e b1 corroct

th
faf get ed EScerllasHa0ff Gangizdak@Shik 90bRs bGR eI R caliliBioa@td dence
rams. In a preferred exanple, the ACT 10 val ue for

scores and the ACT histo ) ,
t he candi daa{u@ﬁ"t%ff’ﬁétf Eg C@Eﬁ@“?%ﬂriz scrgpriadi R gpoupsh 94 (Upually feveergham?®® than t he
tmre]di an in SoRUtlofés) Bntied abﬁwﬁa%ﬂﬁq%dsﬁﬁfégn m}g@ds?ygh@!’tﬁ% &@kﬂgteijf i-ed by
e ssay prLi.mar reen are copfir. or rejected in a secondary
scregﬁﬁﬁmi%ﬁyeéh@r%@iﬁ%@&?ﬂw “Qﬁg‘g‘s: (1) use of the 15 genoni c DNA

fromeach of the positive candidate ES cell clones, froma larger nunber

of negat Ve, o 20es vaRor HAIPRRNES corecny todpeled TRECL ANHSLIR.,
Using the LTVEC technology described herein, Applicants knocked out the
20 SM22alpha gene in ES cells. SM22alpha is a 22-kDa smooth muscle 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 gené was appropriately targeted.

: 25  The experiment was performed with two probes: 1) an SM22alpha gene
probe consisting of the unmodified SM22alpha BAC done used to generate
the LTVEC and 2) a LacZ and Neomycin DINA probe which detects only the
gene modification made by the targeting event (in.s.ertion of LacZ and Neo
gene cassettes). Metaphase chromosomal spreads were prepared from cells

.30 and hybridization was performed simultaneously with both probes which
‘were labeled with different colored fluorophores to allow detection_ of
hybridization of each probe within the same spread. A non-targeted ES cell
line was analyzed in paraliel as a control. As expected, in the control spreads,
‘two alleles of SMZ2alpha were detected on homologous chromosomal arms,
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the LacZz PCIE B2 eto\ﬂf V8T BRAECBEROTe e f8Pween the Neo PCR
and eiachSOf chmﬁ}usmﬁemfdmam'geomzamnmf&adme% lﬁaﬁﬂiﬁé&%\]@bm (4) -
normal i zat i t va tive valu ca tion of the
nedi an val ue ?Cegg ET ggl\e’]ﬁa?%]? POLiRR Y’&PM%]F “scores as in
t Pet Erl mar yI\hoAugemmstqu:adce(swerpﬁeﬁetuedgt mlapsrf@ié—igeilpoambl rtshﬁlthe gazc%nZ?g gr each
o e eig abl es ri

PCT] Uso 4 S e Pt TieE5eatn B SURBHINT sondsoivention i o he ACT

hi st ogr ans LanZ-Net m&ltmmlphahwmmﬂrc&ﬂmn@dsﬁa B&heb@sus paiEr ect ly targeted
oxanpl 010t net B Syl o BRec Rk aRl Lz bR hnsh e RR b 0.5 10
1.5 cycles @l@tv@rh@malmgbhermdﬂommontﬁdbzcmd of 12 reference conparisons
frpmthe conbi ned ‘primary and secondary screens. To score the nunber of

copi es of the LTVEC per di pI oid genorre in the confl rmed, correctly
target ed ESRE eringdie yE

Neo PORS v iyt MALEIEERS, O e compar e w (h the ACT vl ues for
1, 2 orlyjyreater than 2 copies of the LTVEC. For each nodified allele
Dr of ect,  ESstgildrd ShAGS: R Sarf el RS kil Y0Rehy ABude MR NGt han
(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 ug per 1 x 10 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

_7 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 ‘
000 ' .

' .MAG61, also called MAFbx, is a recently discovered ubiquitin ﬁgase that is up-
regulated in various conditions of muscle atrophy (See U.S. Provisional
Application No. 60/264,926, filed January 30, 2001, U.S. Provisional Application
No. 60/311,697, filed August 10, 2001, and U.S. Provisional Application (serial

35 number not yet known), filed October 22, 2001, all assigned to Regeneron
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total clones) until 3 clones that score positive in the MJgaggapognd have
a single 15 copy of the LacZ-Neo cassette are identified. Exanple 4: Use of
FISH to identify correctly targeted LTVECs in ES cells. Using the LTVEC

t echnol ogy descri bed herein, Applicants knocked out the 20 SM22al pha gene

in ES cells. gl%?é%)s ha is a 22-kDa snmooth nuscle cell (SM)
i neage-rest‘r’vl C %rot ein that physically associates w t BCEH$0d/45E3 et al

actin filament bundles in contractile SMCs. The targeted ES cells were
then subj ecPlunaeuicalsdied eddudmeteeriredrpoiddhdiifnh o 2atiiegpbk FI SH) on

nmet aphase spread o verify. that. the ne was, appropriately
targeted. 2 %%%E@fuﬁ%ﬁf%gg%@?? S’W"rﬁ?@‘iﬁt&&“@ﬁ@%‘?”‘l‘)‘u S\e2al pha
gene probe auipdiysknousoof mideevernreditdd ednSNeakbpbd BAG Beestinssed to
generate theyl TVEC and 2) a LacZ and Neonycin DNA probe which detects only

the gene - -nodification nade by the targeting event (insertion of LacZ and
Neo gené cassettes). Metaphase ehronosomal spreads.were priepared from

cells 30 ands; Il ' erformed simultanedusldy w.th both probes
whi ch  wer edﬁl%%g? 8@%&1\%? % kﬂ-g? %ﬁ?cg ?“%%‘E@i%ﬁ‘l%‘gﬁ%ﬁa‘aﬁzﬁ’%@ %GEE?%adét ection
of hybri di Becievial &ftifecidClpowbsomé (BAQ) lilrersanessameddvittipagird ar get ed ES
cell line : i | el a-cont.rol,. expect e in the
. control .spr%@f@%%%@@@?%@Eg‘gﬁ%r@e%@%ﬁ%éﬁ?ﬁ“ﬂ%’m ogous

chr onosonml themuseddp cogtewp Latge Fa0geting O @EFEBURETAHISCAIAGIVEMUs there was
no hybr i@ zati o) . - I . AS LR coptrols, 41 targeted ES
cel | sprlgad?gl"t[%'ﬁ éﬁ%&%@ﬁg%&é@mﬁggﬁ%ﬁé 3\0‘?‘1'1%%52%%1&‘ r onosonal
| ocati on an&en# Hebivbl BGK oot inenipetyA R hodultyyeb c havas _ia_mgnw'rgdil. t he
LagZ- Neo pr e 5 chr sones i ndi cating
c‘"cfl ocal i za?{iR grk\lﬁﬁci)?ﬂ _tgﬁe g’%ﬁ?gﬁ%@%ﬁ%&f@%&é@e THGR o §g"§ﬁré%1§rgogncglegwat allele
of SMR2al phaecopthiratioarunng the gaMEREbP hatherl TNVZ- Tiebadfene repai@nces Wer e
det ect ed at ghhadpR badiBolRGAl don t.he ) of extra
I nt egrat i ongof SI\/E%E% gﬁ%ﬁgﬂéne %gﬁﬁ%%&hgﬁ%ﬁ%@%ﬁ%ﬁ E}tlztg{%%(agr‘\e %?Slttl hcZ- Neo
with SMB2al Bﬁﬁ"eilﬂlt’éﬁég e anednbl oFoliowingdiooydegousaerondifinatioroingl y suggest s
that correcpadt@igehd Iﬁgdﬁfcaﬁﬁ?éfsmrrg@lag&?th%fmafgé{@%%h@,haaMAaéll eles via

honol ogous reconbi nati on_had occur .
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 MA6L LTVEC DNA mim'j:rep was prepared (Sambrook, J., E. F. Fritsch And T.
| Maniatis. Molecular Cloning: A Laboratory Manual, Second Edition, Vols 1, 2,
) and3,1989; 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. F. Fritsch and T. Maniatis, Molecular Cloning: A Laboratory Manual,
Second Edition, Vols 1, 2, and 3, 1989) in order to get rid of the plasmid encoding
the recombinogenic proteins that are utilized for the bacterial hoinologous
30 recombination step (Zhang et al,, Nat Genet, 20:123-8, 1998; Narayanan et al.,
- Gene Ther, 6:442-7, 1999). Before mtroducing the MA61 LTVEC into eukaryotic
cells, larger amounts of MA61 LTVEC were prepared By standard methodology |
(hitp:/ /www.qgiagen.com/literature /handbooks/plk/ plklow.pdf; Sambrook, J., -
E. F. Fritsch And T. Maniatis. Molecular .Cléning: A Laboratory Manual, Second ™~
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Exarrpl e 5. Lowering the anmpbunt of DNA used to el ectropor at 29 Rpricaioss

i nproves targeting efficiency: 15 Standard nethods for targeted

nodi fication of genes in nouse enbryonic stem (ES) cells typically enploy
20 to 40 jig of targeting vector in the electroporation procedure.
Applicants W&{ﬂ covered that with LTVEGCs, el ectroporatl on with nuch

| ower anount's o _in the range of about 1 to 5g per PETUSY#S3%el s 20 -

doubl es the frequency of correctly targeted honol ogous reconbination
events whi | &dgfiaatiols 1 Eoand hd98% Eillettpd Nedlan sBiotmliainyes, BoBEHENEYDgOUS
insertion evesys. This dear inprovenent in targeting efficiency is

i npor t ant because it si gnificantly reduces the nunber of ES cells clones
that need to be screened to find several positive clones with a correctly

Lar geted. bt dopamhre 80 VB LGB 0incTiReaS08) AU BREl tpear e T educed

cost and_in sed throu p
i nvent i on tg%g %wﬁwaduﬂ"mﬁt@@m@nmwmseséngmﬁpm 30 MA61,
al so cal | edré%h‘aibn sy &erw&@wm&ﬂa%%@%ﬁgaﬁw%%ﬁbds'@&gé@owat I's up-

regul ated in various conditions of nuscle atro rovi si onal
Appl i cat i on“NgMEereblocsipcifPINASlankad #ih I9ng hQD@iOgYUIQS Provi si onal
Application No. 60/311,697, filed August 10, 2001, and U.S. Provisional

. Application umber not et known filed October 22, 2001, all
assi gned to%%loﬁ&% thegyipfro WW@ PESTig gelbapingStmdesd 75

Phar mac et i 61@&@9391:51@@11 rr@afdao@cfo h@Brdok, 1. Y6 ¥ PREh Ahd e Midlafid) 11S entirety
significance of this gene

f he he bi ol |
T et o BNl CRHOB b bebb ey Bl SagreUSRg ot ek of ¢ he

i nventi on asas9f)olrh@walsﬁm&m@m@ﬁmcam}aamﬁocﬁic@@g&c% nfé}ﬁefer agnent
cont ai ni ng cterial Artificial Chronoso (BAC) library

61
was scr eenest?‘t[]‘?ﬁet%}b‘? F%e tod‘e‘"ﬁe\%ﬁ’éﬂ‘ 1§55 Beraunmibe selesableanukecusedine BAC
done thus olbkahadificatith cabfieR WiBatle heomyea Hhodphoasterae $Rid)Ranyect or for

Eukaryopd ¢ @Rl % 41 BES) 165736, 1982), the cells that had taken up the MAS1 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, Cuzr Opin Biotechnol, 9:43-8, 1998).

N ) 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 nﬁd-tlﬁgh 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
A lower limb, specifically the tibialis anterior and gastrocnemius muscles, over a
35 14-day period. At7 and 14 days following the denervation, animals were
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10 follows. A nodification cassette containing a 5 honol ogyaApargdoscZ
gene/ pol yA/ PGK pronot er/ neo/ pol yA/ 3' honol ogy box was engi neered. The
honol ogy boxes were appended to mark the sites of bacterial honol ogous
reconbi nation during the generation of the LTVEC. The LacZ is a reporter
gene t hat \N&\i Rositi oned such that its initiating codon was at the sane
posi'tion 15 LYY niti ati ng codon of MA61. Fol | owi ng hddIESgB4a7s

reconbi nation in bacteria, the nodification cassette replaced the MA61
gene. Thus, sacrhised by caWEC dimddeinbalatich WTate e HbidisMAGLiqiingnéequences. in

doscri bed i B nErOR LR (A Ty ionRariot B SenaRad] fibar | zed f or

i.nt roduct i ofeff @tt’c@ct?bindllkahwmaighededtrldsfra&mheamé@&dg&nhr]%lm&nfﬂ%g%nLTVEC DNA
And T. .M

m ni prep wa rook, j.. E..FE. Fritsc iatis.

Mol ecul ar G%%%F%gn’:%%qﬁé‘go’ %M%%ﬁq?héév@éﬁé“ﬁﬁgt%ﬁn‘%% € 2, and 3,
1989; Ti Pl eeighicf N thastlesBrahehd derdausd lizd: wbiB theOwep hR ol @@ Ghustles
http://ww. gi Lcom | iter r e/ handbooks/ pl km ni.J- p¥m 399. pdf) and
re-transfor %gtgﬁ%tr%ggéﬂg%) altg‘%gfrﬁ)g el ectroporation (Sanbrook, ., E F.
Fritsch and T. Maniatis, Mlecular Coning: A Laboratory Mnual, Second
Edition, Vohgsh j der et _rid of. the.plasnid encoding
t he reconbi nqggﬁiac%oggg'grea?ﬁ%%?%)gtﬁ %lrdgﬁu alyfl%‘gzheogw?%FaPﬁ%BB%@?g%réghr?honol ogous
30 reconbi né@atinnesye piezaheingeightsaf the figit, Goetate@ frubdas SetdQinpMadayanan et

at, Gepg Thfhe vis fore intr ci,ng -t he. S LTVEC into
- eukaryotic celelugtévl T&%ﬁ%ﬁ%ﬁfﬁ?@n&!@w&e M‘gr@% Eith"ed by standard
met hodol ogyCOPATISENS Agngiv eyl gl | i t er at ur e/ handbooks/ pl k/ pl kI ow. pdf ;
Sanbrook, T, E. F. Fritsch And T. Maniatis.:Mlecular Coning. A

Laboratory Manual, Second: 34 29 April 2005 WD 02/ 36789 PCT/ USQOL/ 45375
Edition, Vofdays 2 Gasramegdes Coirplextt and THealisshnteBoot echni ques,

24:568- 70, 5 oINeEt L Prepare—theMAG- PAEC-fof—int+roduct i on
into eukarE%ti ci%el i S t'\lﬁ% MgéIK/AGl Frvec JaEPSAMSEY. THEs was
Wby di

acconpl i sh dgesting MiTéh thd a:@astri ¢tion enygse Nod| glisgh [ eaves the
nodi fi ed engggenous—gerets)—or—ehHragppsorpl—oecustloci)—DNAflanked with
| ong horol 0%'63 i 0.84 0022 11 0.80 | 0.015
15 ld4days Gastrocnemius Complex Tibialis Anterior
Genotype | Sample sif Mean SE ' | Samplesiqd Mean SE
t WT 5 0.55 0.024 5 0.62 0.023
KO 5 080 - [0.019 5 0.80 0.012

At7 and 14 days, the muscles from the knock mice showed significantly (p<.ﬁ01)
less atrophy than the muscles from the wild type mice. The difference between
the knock out and wild type mice was greater at 14 days than at 7 days. While

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

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

25 'recombination events in ES ceus creates a novel method for engineeﬂng
genetically modified lodi that is rapid, inexpensive and represents a éignifican’c
improvement over the tedious, time-consuming methods previously in use. It
thus opens the possibility of a rapid large scale iz vivo functional genomics
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The MA61 LTVEC was then introduced into eukaryotic cells uggne_nmbggdard 10 -
el ectroporati on net hodol ogy (Sanmbrook, J., E. F. Fritsch And Mani ati s.

Mol ecul ar C oning: A Laboratory Manual, Second Edition, Vols 1, 2, and 3,
1989)). The cells in which the MA61 LTVEC was introduced successfully were
sel ected by \%B%@?ge to a selection agent. Because the sel ectabl e marker
used in the nodification cassette was the neonycin phospfHdtYRHEPE ase
(neo) gene 15 Beck et al., Gene, 19:327-36,1982), the cells that had
taken up th 66 of pepertialipany ans dbgents imamorgadisus gemime i nfja@t8Y cel | s
that do not th@ﬁ&e@i‘ﬂd&@ﬂeceésﬂ(é@tsﬂ M%e Qfg,@(%%%that have taken up the
MA61 LTVEC survived (Santerre 56, 1984). 20 Eukaryotic
cells that have been successfully m)dl fied by targeting the MA6T LTVEC

into the MAGUHRGUIhWRIrEzdif ; i t hod
TagMan(r). (Lie and Pe rrg%ougm‘}eﬁaggpﬂg%bﬁl%%ot ec nSB&IeIdI %é#

Fi nal |y, 7t h&l4#R8pn ag |e§arﬁﬁk?ﬁzflfwal@eeéﬂ}’épméﬁretta#wetoéozdlé@zxyeskgbmet| cally
25 nodi fi ed thd &ttt Set@8 kARG N8 Yo difk AR l?élﬁé&@t&jhé%% oyl ection

t echnol ogy. ., Thus created were the MA61 knock-outs, mce In MAG 1
gene had be&?’é‘g?‘étﬂ%m Beirlemeing & ﬁ@dhegmﬂfﬂma@pa@éth@iamglgéd@m m ce
were exposed to atrophy- 30 inducing conditions, created by denervating the
m ce, and |l evels of atrophy conpared. First, the sciatic nerve was isol at ed
in the md-thigh region of the right hind linb and transected in mce.
Transection of- the sciatic nerve |eads to denervation and, over a fourteen
- daay period, to atrophy in the nmuscles of the lower linb, specifically the
tibialis anterior and gastrocnem us nuscles, over a 35.14-day period. At- 7
and 14 days foll owi ng the denervati on, anlnals were 35 29 April 2005 WO

02/ 36789 PCT/ USQr | 45375 sacrificed by carbon di oxi de inhalation. Then the
tibialis anterior (TA) and gastrocnem us conplex (GA) were renoved from
the right (denervated) and |left (intact) hind |Iinbs, weighed, and frozen
at a fixed length-in liquid nitrogen cooled isopentane. The anmount of
atrophy was assessed by conparing the 5 weight of the nuscles fromthe
denervated linb with the weight of the nuscles
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fromthe non-denervated linb. Miscle atrophy was assessedadagicotd days
follow ng transection of the right sciatic nerve. The wet wel ghts of the
right, denervated nuscles were conpared 10 to the wet weights of the left,
non- denervated nuscles. The right:left conparisons are given in Table 2. 7
days Gastrocnem us Conplex Tibialis Anterior GenotypeSanpl e si MeanSESanpl e
| MeanSE WI'70. 760. 016110. 680. 033 KO60. 840. 022110. 800. 015 15 14 days
Gastrocnem us Conplex Tibialis AnteriorCigapet ypeSanpl e s" MeanSESanpl e

si MeanSE WI50. 550. 02450. 620. 023 KC60. 800.01950. 800. 012 At 7 and 14 days,

t he nmuscles fromthe knock m ce showed significantly (p<.001) |ess atrophy
than the nusglags f[,0 he wil d type nmice. The difference between the knock
out and wil dit %@efhoiaef%ﬂa?@élﬂ’&wéﬁym agestslagennus geife daglsronWsioheal 20 t he

wld type m | Lfo.atrophy . petween .7 and 14 days, the knock out
m ce showed ﬁgugggﬁt%ﬁgﬁ’“g‘%%ﬂ%@ﬁ%qm%ﬁ"ﬂy\gfthe approach of creating
LTVECs angl directiy oHgiimiget rgeting vectors conmbi ned wth MOA
screening for hono)l)/ogous gj‘?@@n%?%‘%é%boﬁ%meﬁﬁéteﬁ gl?:]fV\JEat es a

novel met hodcdrdnirdgh DINA RGueS@\GHlinabdyy modified loci that is rapid,
I nexpensi ve and represents a significant inprovenent over the tedious,

ti me- consuni ng nelhusingihaetirial Soyndlogetsarecdibirdton @%%ﬂ@ﬁ&ﬂﬁ;z@%gﬁyﬁ‘éi ty of

a rapid larg scalle in vivo functional genom cs 36 29 April
02/ 36789 P dpned gsnamis fragment oble} tmerieatd y/laagy t:apeting be@enRs ush g

organi sm s ggno In.a fractl f he tinme and cost necessitated by
previ ous net’ 8&5‘?‘8@(%. ceils?ﬂﬁﬁc?; sucfx LYVEC having homology arms which total
10 greater than 20 kb; -

¢) introducing the LTVEC of (b) into the eukaryotic cells to modify by
homologous recombination the endogenous gene or chromosomal loets in the
cells; and |
d) using a quantitative assay to detect modification of allele (MOA) in
15 the eukaryotic cells of (c) 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 frégment

containing a DNA sequence is homologous to the endogenous gene or

20 chromosomal Iocus of interest

3. The method of claim 1 or 2 whegein the éenetic 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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Although the foregoing invention has been described in son@gﬂﬁﬁgagidosby way
of 5 illustration and exanples, it wll be readily apparent to those of
ordinary skill in the art that certain changes and nodi fications may be
made to the teachings of the invention w thout departing fromthe spirit
or scope of the appended clainms. 37 29 April 2005 Cains 1. A nethod for
genetlcally nodi fyi ng an endogenous gene or chronobsomal | ocus of interest
i n" eukar yot ide Tdelinsthodorfmlaisi figrhetein)the hiterationgfa dodigesejuenes) ggagoni ¢
fragment greater than 20 kb containing a DNA sequence of int erest b)
usi ng bact eﬁ?&‘iﬂeﬁﬁr%lr%élﬂ?fﬁ’@mtﬁ&mweﬁ@ sybatdiitioal addition oyfusien. | ar ge
cl oned genomic fragnent of (a) to create a large targeting vector for use
in the eukaryotic cells (LTVEC); such LTVEC havi ng honol ogy arns which

total 10 gmie bRl the LTVEC of (b) into the
eukaryotic cel ttca) md&%@”%&%tggﬂgl&&%‘ﬁﬁ’mﬁ?%HPF 3 genous gene
or chronssomu{cﬁ@ﬂgpﬂa,t@ﬁe cells; and d) usi'ng a quantitative assay to
detect nodification of allele (I\/DA) in 15 the eukaryotic cells of (c) to

identify those eukaryotic cells in which the endogenous gene or
chronmosomal | gcus has been genetlcally nodi fied. 2. The method of claiml

wher ei n t he & dhgamethoskef aw B@gﬁmdmgdannawmer@nah@qmmtmace is
honol ogous to the endo e% 20_chronmosonmal | ocus of |nterest 3.
The met hod &F%3 SHHPHS ébﬁem@r%w gwam':ciw islization,

Coquence, - glraneBhic NSRBI Ran dTy RRke Ry bridFeBbadp oh immabie

sequencqy 2%reBEAnTEIEEMobel, (;l.q‘qw;i&%g @l enent; insertion of a new coding
sequence, géne segnent, or regulatory P'enent; creation of a conditional

allele; or replacenment of a coding sequence or gene segnent from one
speci es with an honol ogous or orthol ogous coding sequence fromthe sane or

a di ff erent 7s g rmsthasBofa%aiApé whe2di@Ghe quantitative PCR comprises TaqMan@
Molecular Beacon, or Eclipse™ probe technology

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

a mamunalian embryonic stem cefl.

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 mamumalian gene or chromosomal locus.

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

25 locus is a human gene or chromosomal focus.

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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4. The method of claim3 wherein the alteration of a codi nggpgausinse, gene

segnent, or reqgulatory elenent conprises a substitution, addition, or
fusion. 5. The nethod of claim4 wherein the fusion conprises an epitope
tag or S bifunctional protein. 6. The nmethod of any one of the preceding
clainms wherein the quantitative assay conprises quantitative PCR, FISH,

conparative NG bri di zati on isothermc DNA anplification
quantitative ygfrul: %}9%&{»@8 ALY, o8 of hippiecediag claimsprhirein thedaFeECEs obes, or

MWP assays. danabl€ofElc 1 i m P\S@Sr ein the quantjtative PCR conprises
TagMan(r), Koiecular Egggg‘?\é}&égalaﬁg? ﬁﬂ%?%@ﬁ%ﬁﬁbﬁﬁ&@gi% 8. The
met hod of any one of the preceding clainms wherein the eukaryotic cell is a
mammal i an enbryonic stemcell. 9. The nethod of claim8 wherein the

enbryoni ¢ st #.nAaatthodson gﬁmt&ﬁl]?r&ﬁbdjfﬁhg Efﬂn %ﬁ%ﬂgreﬂgﬁga%m M@S@f{% g}gcel | .

20 10. The npthod of any one of the preced al s ereint enous
gene or c,5nrol%%ﬁéﬂ@@@t@ﬁlguseembnmﬂﬁaate@eaals;&omﬁifi@{ﬁgsoml | ocus. 11. The
met hod of claim1l V\ﬂer,e,i n the endogenous gene or Chrorosonal 25 locus is
a human gene or cM8 Ialﬁ&qﬁwlﬁigeﬁmlmagmdnbgreataithaﬂmWh@ﬂﬁi:m t he

endogenous sonal pGUS IS .a npuse, rat, or other rodent gene

or cgr om)soma| f’%%&?ﬂfq%gg CRbY P* Brest, Fﬁ?er?iﬁ’e&lﬁhII%GlQﬁEddﬁNPoﬁeguﬁnt heg

precedi ng clgi } i apahl e of acconmodati ng | arge DNA

fragments gr eatﬂmérrm?ggﬁ* %0@%&@E¥§Eog§ﬁ%f$%f%8p°§8ﬂ@fFQ‘P&P?I y nodi fying an
endogenous gene di abing e Rl J Lk f, | entyt ic stem

- .cel | g -corrp?i sin :) a) obt ai ni ngoglc%lgg%% %Eg%@g%@ot%wgﬂﬁ%ﬁp% ter

than 20 Mo vier onenhgahmﬁcafrﬁgsbﬁeaeqﬂ@?@@cﬁtaté a{lIa%%@?Jré%tﬁlx‘g{rSétBﬁfd}%sE%ﬁrgle

cl oned DNA fﬁrl_%grrerit i s honol ogous to the endogenous or chronoso

locus; b) usHignoBeembyionivsteoudlasthedargetongitreiveceordenehy ﬁaido‘lo%pd! fy
the 10 | argaerg?ql Oﬂfc?}@fﬂ% c fragnment of (a) to create a |afge targeting
vector for USEHYW eater atydhicle whereinctiel genetib enddifigetidraisget | ng
tor havi Podi |
vector havi ngelBRaRbPY¥oding sequence, gene segment, or regulatory element;
¢} introducing the large targeting vector of (b) into the mouse embryonic
15 stem cells to modify by homologous recombination the endogenous- geng or
chromosomal locus int the cells; and
d) using a quantitative assay to detect modification of allele (MOA) in
the mouse embryonic stem cells of (c) to identify those mouse embryonic stem
cells in which the endogenous gene or chromosomal locus has been genetically

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 (¢} 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 modifjecl eukaryotic cell produced by the method of-any-epe
of claims 1 to 13 or 15. | |
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arms which total greater than 20 kb, -wherein the genetic npgdiablicaigson is

del etion of a coding sequence, gene segnent, or regul atory el enent; c¢)
introducing the large targeting vector of (b) into the nouse enbryonic 15
- stemcells to nodify by honol egous reconbi nati on the endogenous gene or
chronosomal locus in the cells; and d) using a quantitative assay to detect
nmodi ficationqgf alal { I N Lhe,mouse, enbryonic_stemcells of (c) to
identify thogg m)u}!&s@:l r%r%%@#f%ﬁg?‘gﬁgn@%‘?qr&mW igm 17 mehiely ageerobryagéne or
chronosomal kgeevselpas been genetically 20 nodified, wherein the
guantitative assay is quantitative PCR 15. The nethod of any one of clains
1 to 14, wherein about 1-5 jig of the large targeting vector of (c) is
introduced to about 1 x 107 cells. 25 16. A genetically nodified endogenous
gene or chrohdsdrienetisdls mudified etbuseyenigonkidiad cefl PBMu@é@bﬁfﬂh&ﬁ@LH@ 1to
15. 17. Asgenfticatlly nodi fied eul caryotic cell produced by the netho
ofd-one of HYPHRI4 10 13 or 15. 30 40 29 April 2005, 18, A genetically.
nodi fied cell according to claim17 which is an enbryonic stemcell. 19. A
genetically nodified nouse enbryonic stemcell produced by the nmethod 5 of

claim 14. 2020 AAMU-hUYSBR | t.alning a genetical nmodi fi ed
endogenous Vgeneri‘gjri]l chromﬁgﬁﬁﬁﬁgmaﬁgﬁﬁ@ﬁ%d éﬂiQﬁEﬂQﬁ@ ni ce of
clai,;, ~o génedfchddmodofd : IR ' %{gﬁ%&%genous
gene or chr%m)somal Tnocus p?%éﬁ?ggaggé@ﬁ%%ﬁgﬁﬁgﬁaé% ' : ; non

human or-gani m produced fromthe geneti cally nodified eukaryotic 15 cell
of claim17 or 18. 23. A nouse produced fromthe genetically nodified nouse
enbryoni ¢ stem cell of claim19. 20 24. A non-human organi smcontaining a
genetically ﬂ)dAf i ed endogenous .

+ 4 mouse contaning a genetically modified endogenous gene or

chromosomal locus produced by the method of claim 14.

22. A non-human organism produced from the geneti:cally modified 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 cdntailﬁng a genetically modified endo'geﬁmxs
-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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gene or chronosonal |ocus of interest, produced by a nethogdgagppigosi ng the
steps of. a) obtaining a | arge cl oned genom c fragnent greater than 20 kb
contai ning a DNA sequence of interest; 25 b) using bacterial honol ogous
reconbination to genetically nodify the |[|arge cloned genom c fragnent of
(a)y to create a large targeting vector (LTVEC) for use in enbryonic stem
cells; such LTVEC havi ng honol ogy arnms which total greater than 20 kb; 41
29 April 2005 c)c)i mtrashsing the BEVETWB(h)dhtq Hhe emboydriiesenbealbromasdiém cel | s
to nodify ﬁ% _homfl ogous regonbj nation the endogenous gene or_ chronosonal
locus in tREhemalegoyp regembination s endagenausgangondurepwosemahlogs irat i on
of allele (m Ih 5 the enbryonic stemcells of (c) to identify those
enbryonic s e@%ﬂ l.s in which the endogenous gene or chronosonal | ocus has

Thto SThr ast ooyl iy $huariialifk SAQU LA RATRARO, fr MG A (O
surrogate nit@nbiyoniaashaddisns (GQo Q@ent#y{{HHMBP)F&{i@H&\ @emﬁ%&mgg' 'bg .

" modi fi ed endogenous gene or chronosonal “| ocus of “i nterest, produc

met hod conptliesindpgeheus gemsonthroa)osontadigiushes bean genelieligdnoditd c
fragment greater than 20 kb which contains a DNA sequence of interest,
wherei n the | ar g® iBtrodaging\herambyyonic stero aeliref I(dyinte athtdastoeystradgenous gene

or chronosomal | gQcus; ,15 b).using bactgerjal honol ogous reconbi nation to
genetical |y nodi Wéﬂ@“‘c@%@%’tﬁs&fwt %&ﬁiﬂﬂt@ arsuRERERte mitherfpr gestabiont e a
| arge targeting vector for use in the nouse enbryonic stemcells, the

- large targeting vector having honology arns which total greater than 20

et S SR ot e L,

gene segment, or regulatory _ e l'arge targeting
vector of (&hrobiisonidldocmustanerbitypiidiced b9A @ty écﬁngﬂgﬁr@%h@ﬁt gl ogous
In

reconbi nati on the endogenous gene or chrohosomal | ocu the cells; and
d) using a quanté) abtaimingsslayge doded genomixdirhitent greatdr thah @0&b(Whith i n
t he nouse enbryonic_stemcells of (c) to identify those nouse enbryonic
stem contains a DNA sequence of interest, wherein the large cloned DNA fragment

ts homologous to the endogenous gene or chromosomal locus; |

13 b) using bacterjal homologous recombination to geneﬁcaily modify the
Jarge 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 erﬁbryonic
stem cells to modify by .homologous recoinbinatic)n 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 cellsin which the endogenous gene or chromosomal locus has been genetically
modified, wherein the quantitative assay is quantitative PCR;

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

and

f) introducing the blastocyst of (€) into a surrogate mother for gestation.
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25 cell's in which the endogenous gene or chronmpsomal | ocusydAgil2@es
genetically nodified, wherein the quantitative assay is quantitative -PCR
e) introducing the nouse enbryonic stemcell of (d) into a blastocyst; and
f) introducing the blastocyst of (e) into a surrogate nother for gestation.
30 42 29 April 2005 26. A non-human organi sm containing a genetically

nodi fi ed endege ne or chronosomal | ocus, produced by a nethod
conpri si ng tﬁ% S eps hq’?nﬁé?r%lﬂfsﬁ'i‘ ﬁ?ﬂ@%ﬂgé‘rgj‘@ew@héﬂl%ﬁ%ﬁﬂdﬁg@mnt

greater than LA nce i,nt erest ; usi ng
bact eri al hong%?lglgggs reé%ﬁélrlg%&bﬂ}@%&% Ef% dﬁﬁmwm&a‘e stepeed: cI oned

genom c fragnent af £10885 Blohel se in
eukaryotic cells (LTVEQ), [% %%’VEC h%@%&hﬁ%ﬁgégﬁé W‘?P%Qlfot al
greater than CQUfﬂmlng@)DNﬁsemmelgftrhereb’EFVEC of (b) into the eukaryotic
cells to genetically .10 nDdlfy by honvol ogous reconbi nati on the endogenous

gene or chronoso u§ing hacteral thmnabgbusretbmhnaﬂoﬁhﬂgém\éﬂcbﬁyltﬁ@d &?é’ to
det ect m)diflacl%%g aIIeI in_ the eukaryotic cells of (c

i dentify thoseosd %ﬂe@oﬁeﬂfm&‘@ a@%"m (@Hotcreate e lenggdargetingaretarfor usem

chr onosonal difi S e) renopving the nucl eus
fromthe eukaryot iC cgﬁfa‘w%em ﬁ&?g\qjlﬁﬁynuaﬁ@dycbtot@b) into an
oocyte; and gredtst fHRAWEKY the oocyfe of (f) into a surrogate nother for
gestation. 27. A non hunman or gani smcontaining a genetically nodified

“endogenous 20 gen otrodiding B . od c i sing

- the steps of. ogt al ni ng a Iarge cl oneziugégg%gc ég%éﬁég)g%’t g‘rcnglﬂiﬁan 20
kb cont &% ni ﬁ@f) mtombirmtmtthefehdg g?éi{eq;rl Eplgpous
reconbi natio to e aI ly nmodify the |arge I oned” genom c ragnent of
(a) to creat |ug§l§eecql fgeting vector for use in 25 eukaryotic cells

LTVEC) ;: the LTVE avin horm arns which total greater than 20 kb;
( ) 8) hllsmg” Shttaton assay to detect modlﬁcagon 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 e) removing the nucleus from the eukaryotic cell of (d);
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 genehcally modified endogenous
20 gene or chromosomal locus, produced by a method comprising the steps of:

a) obtaining a large cloned genomic fra gment greater than 20 kb
contanung 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 total

greater than 20 kb;

¢) introducing the LTVEC of (b) into the eukaryohc cells to genetlcally

modify by homolo gous recombmahon the endogenous gene or chromosomal
locus in the cells;
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‘cell of (d) with

c) introducing the LTVEC of (b) into the eukaryotic cells p@agangipscal |y

nodi fy by honbl ogous reconbi nati on the endogenous gene or chronosonal

|l ocus in the cells; 43 29 April 2005 d) using 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

chr onosomal Iocu%ahas been genetically nodified; e) fusi;&dthe eukaryotic

] | ASUMER quaRBRAfyE assasetd detmtml@?iﬁ)caﬁim pballde Gy QG Akinf lﬁls ed
i i ' 28. T
rone human_ orServ By BR sl & @ BHAERER Bosa s yait safbinorbich thae  non- human
h . , 9 - i f
oy oneof *craBpeRs el U b OBEH hadbecttuenbhEe olAR, 017" oM °
defined in any oeymingcﬁ@'émcaﬁéﬁbéeﬁ%fg(az)ﬂg&ﬂaﬁaoéuﬁaﬁg?gfsﬁf-i gy

modi fied cell ofé)clai m 17 or for t roduction 15 a nén hunman
organi sns 31. Thé) mtdakitgthedasst éwlelryptioedl 6 @Yinto usarfipaty fivitkaIbem cel |
of claim19 for the production of a nbuse. 20 (32 A nmet hod according to
claim1 or E45%@HPBh is substantially as hereinbefore described with
reference to any one of the foregoing Exanples. 25 33. A genetically

nodi fi ed endogenous gene or chronosonal |ocus according to claim 16 which

[ b ingl ' fore d i bed wit.h ref ) f
the for eqol ro. AhS AR oRuRal AR e il oS me 265t Zoutreinileto ol ai m
17 or 19 Whirg ugmas b 1i8hlXe r%g%g;%ﬁ&gescrl bed with reference

to any one of the for®going anpl és.” Til 2005 35. A non-human
organi smpaccording to any one of clains 20 to 27 which is

29. The non-human organism of any one of claims 24 to 28 which is produced

by a method as further defined in any one of claims 2 to 15

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

31. The use of the genetically modified mouse embryonic stem cell of clajm 19
for the production of a mouse.

20 32, Amethod according to claim 1 or 14 which is substantially as hereinbefore

described with reference to any one of the foregoing Examples.

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

25  any one of the foregoing Examples.

34. A genetically modified cell according to claim 17 ox 19 which is
substantially as hereinbefere described with reference to any one of the
foregoing Examples,
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substantially as hereinbefore described with reference to ng\pglng)ogf t he
foregoing Exanples. s 36. Use according to claim30 or 31 which. is -
substantially as herei nbefore described with reference to any one of the

f oregoi ng Exanpl es. 44a

35. A non-human organism according to any one of claims 20 to 27 which is
substantially as heteinbefore described with reference to any one of the

foregoing Examples.

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

described with reference to any one of the foregoing Examples-

44a



