; e3el RB6xT @ WO 03/ 0060087PCT/ US03/ 01260 RAPID METHOD OF SELECTI NG CELLS }(D
FOR GENE DI SRUPTI ON BY HOMOLOGOUS RECOVBI NATI ON BACKGROUND OF THE | NVENTI S

FI ELD OF |J | ON [0001] The present invention rela lly to
t he naniﬁﬁpﬁ?bgwggg cells for t f nodi fying g%ﬁg@@@ﬂﬁégf and
more specifically, the inventioqmmmuﬁmmﬂmmMerctors and net hods for
generating genetic nodifications |n*&ﬁ%gs. BACKGROUND | NFORVATI ON [ 0002]
Stabl e i ntroduction of foreign genetic material into the genones of both
prokaryotic and eukaryotic organi snms has been successfully acconplished in

a variety of RASIPNMEFHOY O¥SEOBETINGPCEES.STOR GENEBISRYPEEBNBY of an
exogenous gene or the disruption of nous | ocus. It is acconplished

] an endoge
primarily through either rEOMMNQGOWMSREER INATEONS t e- specific
honol ogous reconbi nati on. Random i ntegration involves the insertion of a

. linearized DNA fragnent i A%k@(ﬂ@ﬂgﬁFelfHﬁliﬁle(fﬁl | at | ocations which
are, for the nost part, nom- = T : T tions tend to exi st
as nultiners or concateners and nost often do not result in the disruption

and inactivation of a parti cuI&bﬁMMi lity ammnﬂmmmwmﬂmgat
endogenous | oci may be di srupt L ertion ften
maki ng anal ysis of the exogenous gene's effects on the cell o¥spgani sm

derived fromthe transforned cell difficult. In addition, a significant
range of R0QHnoUEhepresent imventivnirelatey gemgralhetoshs manipulatiep efekllsdoniben t he

region of inteqgration..[0003].lnsertion of into.the.ho n Vi a
si te- specifHS %H%FQ?@&%’E"&%B %ﬁoﬁ%d%orglsp%%%pg:&f ng.ﬁ%?rblzehtﬁgo gzggtors
parti cul araieRétReSs fof pdeeating Pend@RNAGE IEQonS in@lle. copy integration of the
exogenous DNA. Honol ogous reconbi nation involves the exchange of

significantly simlar nucl eotide sequences through the function of specific
reconbi nase enzynes. Early experinents designed to mani pul ate cellul ar
endogenous genom ¢ DNA sequepGe X AGE in a site-specific
manner focused on yeast OO TGOI 18 PCT7 USO37 01260 as a nodel

system Rejpo0t} nasgtable inesiudesmoioreigregenetit waesnial into thegshomesufibettand an
exogenous plasm d introduced via,t rigs ormati o t th%}pﬁ;jeue%é sup .l ocus

(Hi nnen et Prakaryptioash eukpryghc oxgapisms kas heensupcesifily accompiisheflgn gyvarigfy 0
recently t I el ' ' f Pl nati on
capaci ti esﬁﬁtggééglfﬂ)%ﬁa&kﬁggg?lfpg %gggdn%?g% ?@g&%}iﬁgﬁ?@{%ﬁ%&%’fﬁnﬁg DNA sequences
Wi t hi n t hediseiption ef areersiogenos $ocyenbng accoiplished phingailynthodugheitber rendamd

| oss-of functiagn, alleles have ?e;n ner at ed ibn ﬁt en#ceA | s. ?nd %ni mal s
gener at ed $TGMIS HISEUOR Of &1iq-ghegtlis OHW%%T%C&HH Magan Rndonhiygelatitton of

posi ti venegabiy¥etheShReidndT Mifeh@rcdl BINA fRhathtdae as6Aat 6f b BdstichR at
generation and study of cells and aninals containing nutated DNA sequences
(Capecchi locatigns wWhigipary, for the mregt part, nenssitgspecifyz) Thepp inggetions fngd i existast wo
types of vectors have b des j . ] aAsbecific
regi on of P’Hg"ﬁgﬁ8ﬁ%°nr°3tr%%r%resp$§cngér1rsg§#mc:¢&g%%%%ﬁe%\r,\ygﬁlgé %El@hﬂ@(%ﬂé%ﬁ%ﬁ%
sequences. ofliipgEticmachois ThR\ossibiliviealsd exilte tiatiéidogeieos 1éah maytve dipmatediby on of

a variety of targeted alleles in nunber of different cell type
Y the rando?n insertion event, thus often marlrlgng analysis off tﬁe exogenous geng B &frects on

the cell or organism derived from the transformed cell difficult. In addition, a significant
range of exogenous promoter activity may be observed depending upon the region of

integration.

[0003] Insertion of DNA into the host genome via site-specific homologous
recombination allows for the targeting of particular regions of the host genome for single
copy integration of the exogenous DNA. Homologous recombination involves the
exchange of significantly similar nucleotide sequences through the function of specific
recombinase enzymes. Early experiments designed to manipulate cellular endogenous

genomic DNA sequences with exogenous DNA in a site-specific manner focused on yeast



[0004] Insertion vectors contain two regions of honol ogy fl anking an

i nternal nucl eotide sequence encodi ng a sel ectable marker. The vector is

l'i neari zegoWshbiygy one of the regions of honology. A singl Cﬁ%@&%ﬂ¥&f event
and honol ogous reconbi nation results in a partial duplication of genornic
sequences. I ntrachronosonal reconbination often results in exclusion of the
endogenous duplicated sequences. A disadvantage to this type of targeting
vector is the lack of a negative selectgble mar ker whi ch would al |l ow for
significant enrichment for correctly targeted events through elimnation of

cells which contain backbone .or.vector sequences. |n_ addition,
. lineari zat qscfrrneﬁs@? AYSiers: F\@fﬁ%bfn@fonhwea@yaraé febwesnthe yrest Rendge dam
sequence auabbaRk ?lafsﬁﬁd HAIRL QIS AR ERIRIARA (RO el g% fo%%ée’ﬁ[iﬁﬂef Qe

)
opportunity for strand exchange (Thomas et al. (19 e[, 44, 49).
Final |y, i{078chrosnsibridadr 8¢iothiii.Aaf/b.ok92R) sMoteecantlyithdritlizatiomdf ned r egi on

or regeneration..of t i | d-type _argani zation .of the.loc occuyr.
o005 Reptaeaing oy B Souoidaer b aRE-AaL thebe: Miasren o B aRibanki ng
a positi veofspb@fit atttAedPNEEEequente wihint the caRNA cflcRAbNIzdMeRYDNA. Both
phosphot ransferase. A negative sel ectable naker is often | ocated external

but adj acegrinobfmstionpnd loss-pEfinetien dlclasdane bepp geperpicdvn slenfestls ard | chnent  of
Lo X A | 97 it :
o 1o cont TR gBRoEEH ol Car iR iR A AAHPor MLHBRA R BRUPE. ©

03/ 060087 geghftld dolofidh 0468 ahé plettaesnd ac¢elefatyd the\pénetat] dnsantl Gluldo\WE dellyy
si mul t aneous. or stepw se positive and negative selection results in the

i sol ati on &id aEnils coppamgTaveted MMA sequeAcssi(GRRecEd ot wkl(VE 7 B1-Y Esfnt Ened
probabi | it d ' i1ec £l Ak to
Dol 1 cati o6k HHIC TR hrahily ARPEEH S etR: RAR Sl ER R AR PR} for
successf ul taggetieg bia gedciffigregiop @i threegeneme formepiaedmeanof @ldogendBapathchi et al .
have denonstratedggﬁr%gting of .t he mpuse HPRT andbint-Z.Iogglvia thg use of
r epl acementXAEERAUS LN CoPIRET: [Wpseyectory ayg provep iabe piffigisnt s thsgengmlon ~ o

pl et hora offd PfleteMBrodlcaGRcRE & SHAGE F Hiffdroht b §pked, sonme by insertion
vectors and the rmajority by replacenent vectors. Many of these have

i ncl uded a negative sel ect abl e marker positioned external to either or both
of the reglt¥4] of Insemioh ggstorswhhiein wforegiopeefihomplogy Bankingansateanaln t he
efficiency _of targeted allele i Lfi.cation nunher A, vant ages
oxi st ui ¢ i ERe e p et s ) T Thesly HEBRE R Rl BN A

posi ti ve- nggatdives sftloarlodn. A binpleiczakdvan egdnt andbisthelogols reegabihattonsel ect abl e
cassettes such as HSV thym di ne_ki nase requires the addition of an,

ant i bi ot i creshltssialagartia}l dupkiagien ofgeneyEs sranenges Indaghrgmesompl re¢pnpRipation,se
undo stres . : r : £ fer Latl :

addi 1 on, - SpEepE R RO AR o TR Mo o

mar ker t akgpeobssgaimpabtter tsithelati ofibh hepatif oseledidblematier hicheramléallewifah have

resi stance to, the dr, due, to absence of the selectable.marker. As.well,
the enri chﬁ’@ﬁ‘tﬁ"?r&@ﬂlﬁg}gm?‘iyEP%%qeﬁﬁ%@f%qtmeBS? t]frﬁ}‘él HEpmaHH hﬁ?"’é’l‘g’t nost

between ei ghiih @abiRhY 8z {Qlt6h seqfent®. lin aHJlgoﬁ,rlﬁéﬁﬂii{&ﬂoQﬂzvimﬁﬂl¥égi€§%1‘dlegat ive

selection vectors Is often strategically difficult and time-consum ng.

[000b] Al t bomelogy ecdvoss the wmoyni of N Arseqicnen avgilatle Fenhontndegoud eesogrbitinni ch

include ¢ ngpta b pERLaly el T B R TG AR o &

dom nant S@krﬁ‘l&éﬁhﬁ@dﬂ&hgﬁm@Yec\éhibiﬂaﬁoﬂfnuislrbcfcﬁﬁwmliﬁfaﬂﬁﬁha@ repiondrt h t he
target gene. Ilizing the resistance marker neomyci n phosphotransferase
Sedi vy et a¢gengraiernet thewild-typrergarizafiongd tie loahsyBey erFUBf t he pol yona i ddl e
T antigen (peat) locus (Sedivy et al. (1989), Proc. Natl. Acad. Sci., 86,
" 227). The i me [ ; hstigfecs marker
for the det[gq:qsfonﬁtg? fagéq{t}een ??%@éggnﬁg;n%@ olg%ggs ﬁ%?@aﬁ%ﬁ? gvent sgi S
_invasi ve ampdsitioxsatedtabl¢ markeelsheh astte gerei engoding eetniymn phdsphoteankfecdseg
~described in the present invention cjrcumenis these issue WO

113/ 0GDO87 RE4Y Slepabls ToakeT F@%‘Sﬁ?ocﬂteﬂﬁﬁ%\é?a?%‘ﬁt AR 2 SRG ORhg Fegionl,
created fr %%r%mggx@?k&vi&tﬁ%&fdhh&nmf ShrebRY BarpAsd édlihahe loof ipoplth@dsed

t hrough site-speCific honol ogous reconbi nati on. These include mce which
are deri vedhongnelohinatioraef ¢eile doeidingythe nggative selectabldiassetise yriradugiiemot a
enbryonic stemcells targeted through honol ogous reconbi nati on at

particul ar Loci. Sonme exanples include the p53 and paraxis | oci (Donehower
et al. (1992), Nature, 356, 215; Burgess et al. (1996), Nature, 384, S70).
Pi gs have al so been derived fromenbryonic stemcells nodified by

honol ogous reconbi nati on include pigs {Butler et al. (2002), Nature, 415,
103) . SUMVARY OF THE | NVENTI ON [ 0008] Met hods are provided for the

RN I A o o " o o o o o Y - Y

1)



into the genone of the host cell will occur in an essentially random
manner, wth no preference for particular regions of the genone. It is

r easonabl y, ed, however, that a certain percentage P gene
targetindx9§§@%§§aﬁll integrate into the genong of theghog T@E@%ﬁyﬁa ’
site-specific honol ogous reconbi nati on. Subsequent selection of the cells
will allow for the isolation and identification of cells which have
successful |y undergone site-specific hogol ogous reconbination (FIG 4). The
sel ection is based upon the organization and conposition of the AVFP

repl acenent vector. [0009] The vector is conposed of .a first sequence
_which is §F@1ﬁ¢eme@émq[t9r RIS wefi%ygﬂ%%ﬁ?@ ‘&SeorﬁFeQ%ﬁ?tP(Wt’tvﬁiaﬁyﬁ?ﬂé‘“ﬂBst

cel | g.enorEaecﬂi(ﬂn% tslih R is&lgﬁo%%&% whild! ﬁé@@%ﬁﬁﬁ%}ﬂw ﬁg%t\%ﬁ%'fdl&e whi ch is
significantly honol ogous to ot her sequences thint host cell genone
downst r eamanechadysbbabalityaff uhdergding site-spegiferimemol Jgmis verotrinationtdat ts  bet ween
these two regions a _second sequence which is_riot signifijcantly

honol ogoysappgcaé@aﬁgfﬁeé?gﬁ?@ssﬁ taSﬂa PHECTH o8PC H%Pﬁ? ﬁﬁéuﬁ%ﬁ@r%enfhe ability
to identifyroe@hd SxpshifelishaHBnHBATAIceRE CABBG AP et ANtIRYE aéMOndifted tHiabihgdsMone.
It is the utilization of the second DNA sequence that allows for the

i denti fi cahe ovwusf HEBIN andwiii Zlecheie theusd of ippiasemenyyeo®i0(Eepesrhi #i@t4 US03/ 01260

addi 1 on WAL B RERBh T RLh (s adFneRLordba Pyt R Run SRR Bt ¢

Wi th specidohfe WEARKH6n MHAE ahd @h@&n%m%ugheﬁlh&mmbmm Blangmof fee hige Of
provi ded procedures and vectors. 01 In a first enbodi nent, the

. . [ )]. : .
i nvent i on ipelsdecdienesative selemiatileo markes positignodgxterpal sneithsy ppbotB of theipgiens has
under gone st e- Cl.hl s | nat, i I 2 P gene
targeting ;‘S/flehé)g1 @?&ﬁngﬁcﬁe{%gggﬁﬁgﬁzgggz‘g&?@dﬁ# g‘%#&%@%ﬁtﬂg H?grl s wth an
AMFP thggene ftlaxﬁtg\%atimg Yetci oumiste Dif Qhe@a?&gamd&stq?tlsﬁeﬁ;&ets@ethé friethod and Iuti]jtﬁzus
reconbi nati on erein the vector includes: a first. DNA sequence ichis
subst ant i a®fiTpPIReRmANG Yeriars@pd aﬁ%YRjB‘g?@HE%?l@%‘HBmiﬁﬁ‘é@Eﬁj’e?f@g‘%?%é eﬁ’? Wi t hin
the host ?ﬁe{égﬁ%er sefoBdFO s AN FIOP ¢ nicigi ehcﬁﬁgfrleaﬁi%él 1Rt QdditiGd SMRNT S

sufficien Ive Its expression and es a orescent protein
sel ect abl eantibidtieror keledtiverpgants oy cldeir Seuremples whindi may dause wmlo striess tattheg

met hionine in said cells and | s nonhono].o s .to. cellul.ar en enous

genoni ¢ setfli8AR En‘é{ﬂ&e‘h AEPIER3fEe 5’2@5@&‘ {1%‘98]1% a&ﬂﬁ‘é’f’g‘?’?’%kjog Pf‘ée?]gg(érci fic

honol ogouseRERRRI WAk h Y8 gative sBlebtab|PNArREAMER eOnsMbrable tihe3d BBEW RS tRE | Y

honol ogous to an endogenous genom ¢ sequence present within the host genone

and is diféadlsemtechyawhiblehdverrssistmnea te shpuding due (orrbseica of Hie splseteble magkerapabl e

of undergoi,n ite-specific honbl ogous.rec j.nat ' ough
strand excﬁé%’ﬁz’ @5F3§§W?%gaq?rﬁn&p1% Og éag%ecé)i%etﬂ% %H%dr?goo%’:"lr{%%s&g%nom C
target sequg&weaseightdotielveoldd AdNGels dg@aaRnWihbsitnsngnot selgtionvectotsar get
DNA sequences; wherein the organi zation of the DNA sequences in the AVFP

vect or i s: istafienpirptsgicagindidisenliemddingrensumings ubst ant i al | y honol ogous t o
target DNA sequences, the second DNA second which | acks regul atory el enents

R
include the utilization of positive-negative selection. These include the application of
strategies for the conditional expression of a dominant selectable marker by virtue of in-
frame gene fusion with the target gene. Utilizing the resistance marker neomycin
phosphotransferase Sedivy et al. demonstrated successful gene targeting of the polyoma
middle T antigen (pm#) locus (Sedivy et al. (1989), Proc. Natl. Acad. Sci., 86, 227). The
implementation, however, of a drug selectable resistance marker for the detection of site-

directed homologous recombination events is invasive and toxic to the cells undergoing

selection. The technology described in the present invention circumvents these issues.



VWO 03/0G0087 b PCT/ US03/ 0120 sequences coding for an initiating
nmet hi onine and the third DNA sequence which is substantially honol ogous to
t ar get es; [0012] b) propagating cells to sele enrich
forgthoggwaﬂﬁgﬁﬁﬁgve been successfully transfornmed with sgﬁdﬁng@E$ECtor
and have successfully undergone sitedirected honol ogous reconbi nati on by
selecting for the presence of the functional fluorescent protein selectable
mar ker gene product of said second DNA sgquence, and [0013] c) separating
cell s which have said second DNA sequence encodi ng a fluorescent protein
tran ted to produce a functional protein

| ect abl S
B?ogﬁc? f?é@gil I é lgso 81“ s Rayhe P e%?raatsgﬁrewwoeea@wgs Bhicho not

~ effectivel fa@XpHB&Sardod i@ [ t hod
may further al n}?{ udemé10 llliﬁlj%c?) @%hgérﬂaéé?es??glﬁﬁBO@BQ%S%%S%&@&Dﬁﬁ oﬁ%gﬁ cells

_ carrying t iechidegoied %edge‘mdefrcm chigieray reodusad by onjedtiohlofiblastecystt with ot ei n

sel ect abl e f the SI onol 0 S _reconbi nat events
whi ch al | owﬁq?b% R Sd%‘l SRR te) ft E%@PP@&%HS rfagqré%patwt PPIGY ]IS %&h obj ect
of the presSenie cxavplet imllude&hé psaomad@a@lowcmﬁeﬁévbé&t bp(rw%g%%m 356,
reconbi nation nethods for the targetin specific regions of eukaryotic

genones f okl @ahguiﬂ%%sﬂes(l%%)fﬁéfmﬁyﬁ% 52%6@%@3’9 ah@cbleelbdttrd@dsf@mlences

[0016] It f Nt on, t I‘OVI e, no

et nods. 1 or tEPRPCGm REbalieq b BoRb RGN el MFRM Aok RaBHE REFSE R

si t e- speci (2002havatnegdlss 10Econbi nat i on [0017] It is a further Obj ect of
the present invention to provide novel vectors for the application of the

descri bed nethods. [0018] It ob ect of the present
i nvention to provide cells DNy site-specific

gorml ogous [ﬁ(ﬁ}B?”bWBé&rhrk}a fﬁqﬁ@ﬁfogﬁgauon M%eg BNG sefielckSzkh2 1 O

homologous recombination of vector DNA with target DNA. in eukaryotic cells. The

methods entail first the transformation of a cell capable of undergoing homologous
recombination with a vector, referred to herein as a ATG-minus fluorescent protein gene
targeting vector (AMFP) containing sequences substantially similar to sequences present
within the genome of the cell (FIG. 1, 2 and 3). The majority of the vector integration
into the genome of the host cell will occur in an essentially random manner, with no
preference for particular regions of the genome. It is reasonably suggested, however, that
a certain percentage of the AMFP gene targeting vector will integrate into the genome of
the host cell via site-specific homologous recombination. Subsequent selection of the
cells will allow for the isolation and identification of cells which have successfully
undergone site-specific homologous recombination (FIG 4). The selection is based upon

the organization and composition of the AMFP replacement vector.

[0009]  The vector is composed of a first DNA sequence which is significantly
homologous to a sequence present within the host cell genome. In addition, the vector
includes a third DNA sequence which is significantly homologous to other sequences
within the host cell genome downstream or upstream of the first sequence. The vector
contains between these two regions a second DNA sequence which is not significantly
homologous to sequences present in the host genome and confers the ability to identify
"cells which have vector sequences integrated into said genome. It is the utilization of the

second DNA sequence that allows for the identification of cells which have undergone



(0019] It is yet another enbodi nent of the present invention to provide
transgeni c animals and plants which have been nodified by the site-specific

honol ogo r j nati on and detection methods descri bed. gg Eg PESCRI PTION
OF FI GJRégO[O%gW FIG 1 is a diagrammatic illustration o? (Il)]u 3\/e Crossover
honol ogous reconbi nati on repl acenment AMFP targeting of a theoretical

genom c locus utilizing target exonic sequences 5 of the internal

fluorescent protein selectable marker with GFP enconpassed in the sane
exon. (0021] FIG 2 is a diagrammatic illustration of double crossover

honol ogoug reconbi nati on repl acenment AVFP targeting of a _theor.etical
 genoni o | GEHGIEF FEPREPREE b HEron M SaAEEH o oguengrs. dhadt HoRr ha
posi tive SelB6HAMBudTREER andrfinfdhlk RAGAMAFRRE deligvith JRUIRILRAIR exon.
(0022] FIG 3 1s a diagrammatiC 1llustration of double crossover honol ogous

r econbi natalteratioagpthawghdhe indNeRentatiqueindnge of pravided prasedwras angeveotors | ocus
utilizing target intronic and exoni c sequences 5 and 3' of the internal

positive tahkl e rker wit P _encaonpas int.er,nal i fhin an intron
o conb nddP Gl viteh (oS adlibbd FF e GIRBE RS, pR g IR e o

[ 0023] FI GrandforBedicdl] wiiehans ulidpsons eié-gpdcific Ifmdlbgous resd@sthination ueiliginged f or
achi eving site-directed honol ogous reconbi nati on via AMFP gene targeting.
[0024] FI @0 AMEE ggnejtasgatimgvgetior The methedinchulest doubl e crossover honol ogous
reconbi nation repl acenment AMFP targeting of the ptch 2 genom c | ocus.

[ 0025] FI IS i 4 HCurl I I gﬁéav I | ogous
reconbi nati gﬁl]r epﬁgggﬁgﬁﬁl%%gﬂrl égt% M\? g@ttﬁggeﬁp%%"géf?ogqgg on‘itgulng%gg. ° WO
03/ 00087 siteREACIUShRMbIb266s PEFMbih&idDERTENFTd Giitainclies! NVENTI ON

a first DNA sequence which is substantially homologous to an endogenous

genomic sequence present within the host genome;

a second DNA sequence which lacks regulatory elements sufficient to
drive its expression and encodes a fluorescent protein selectable marker lacking
nucleotide sequences coding for an initiating methionine in said cells and is non-
homologous to cellular endogenous genomic sequences and therefore incapable of

undergoing site-specific homologous recombination;

a third DNA sequence which is substantially homologous to an
endogenous genomic sequence present within the host genome and is different

from the first DNA sequence;

wherein the vector is capable of undergoing site-specific homologous
recombination in cells through strand exchange between the first DNA sequence
with endogenous genomic target sequences and the third DNA sequence with

endogenous genomic target DNA sequences;

wherein the organization of the DNA sequences in the AMFP vector is: the first
DNA sequence which is substantially homologous to target DNA sequences, the
second DNA second which lacks regulatory elements sufficient to drive its

expression and encodes a fluorescent protein selectable marker lacking nucleotide



[ 0026] The net hods and vectors described in the present invention are
utilized for the purpose of introducing nodifications into cellular

endogenoug, .c target DNA sequences via site-specific S
reconbingipgﬁﬁ&ﬁ%627] The term "cel | ul ar endogenous genonr§9@§hﬂ®g§hence"

is defined herein as nucl eoti de sequences present wthin the cellul ar
genone whi ch are capabl e of undergoing site-specific honol ogous

reconbi nati on and may be utilized as a %arget for nodification by the AMF
gene targeting vectors described herein.” Sequences included within this

definition may re resent,any codi.ng, or noncodi ng regi ons_of specific genes
present withi n SCARCHCES Feding fogan gHatingapsthionine 3ad ty thid P stasepcevhighct s as

~ structural pr ot gt [ @ﬁﬁc receptors, enzynes,
transcription fggtor%ﬁgggﬁﬁﬁgvﬁggasfﬁgggﬁgAgg |n|?%on. These sequences may
. also represent regulatory elenent identity such as pronoters, enhancers or
repressor nts. The organjzation of the cellular endpgenous genom c
target DNA[%b uen epqoga%aéﬁg _t"g]:kl tp selef t?”él?r ?n&}‘c_g E@éﬁ?qecw@glhﬁ%ﬁré@gn present
wi thin t heg,AMsER a6 RansREAGE WiE s:18 ANIFP vddidtandhavé bucOREdly HhdSREHENRSS Whi ch
are substantial |l y"honol ogous to sequences present within“the P gene
t ar get i ng dieastedrhontrdegaas resanbirration by selpesinigifocthh prastmgefsha octidsiahat i on t o
occur. [0028] The term"site:-directed honpl ogous, rec i-nation" refers to
orrand sxchreenSel i btE e dr i R er TR A e ey
simlar in nucleotide conposition. These crossover events nmay take place

bet ween seOE3IC eSc)Csupaniting dellshwitibie hARi doeBehd PNA&eijidhc eadodingand cel [ ul ar
endogenous _genom ¢ DNA sequences. In addition, it is possible that nore

than one sfliQresggridirpiein sedpetablsgparker epsrsprdraditirslated fe Predycot Bmetional ween DNA
sequences | . I dogenous
genon o sl piodilt ol AN hiBE BF phloHEL S8 KEEhE DN CeoiB et B0 oL IR
sequences ¢ffsttiaelyedpsd hHfunctidrel AvbRs@angrotedr pretiictg The atetiiodramefurdpt aced
speci fic sequences present within the cellul ar endogenous genomn c
sequences.“@&mﬁell, a single site-specific honol ogous reconbi nati on event
may occur between DNA sequences present in the AVFP gene targeting vector
and cel | ul ﬂ)ﬁ)l@ﬁdog)eﬁl%&ﬁct&_%ﬁﬂlﬁ_géﬁﬁﬁi%mﬁ_of sH@ OB c(alq‘?ﬁ%&_ﬁe QedBhd DREY3/ 012Q0
which would result” in an insertion event in which the majority or the
entire AVFRquente eneoding i functional dinotescenhpmoteimselentatde gyt fardhe siteagpecificwi t hi n

Seauence’ PPEPESETCRTBTROH EnS SARELRY t Ao o BBy Blarter s ng

vect or whiplare substantially honol ogous to cellul ar endogenous genonic
sequences. It is these sequences which are predicted to undergo

site-specific_honol ogous reconbi nation upon their .intrqoduction into cells
capabl e of [(l?ﬁé]ergéprﬁ’gﬂ@é?f&h? B%%F%Vépfl%lsmpwlmépwlg? ﬁema ge¥quences.
[0030] The afi fthoBNARIUBRARS of HeBHR b AoRAANARESSH ERERMRTorth
quorescen?kgﬁg?g?n gg ectarle nggﬁegomﬁ%gﬁ f&%ﬁs nuc %gf?d S sequenc%s
codi ng f or paposasiof nedifiymgrentdgennuineickotidekdqobnatees not contain a pronoter
or regulatory elenents driving the expression of said fluorescent protein

sel ectabl e rker. .The sel ect ab mar ket i s.positianed betwee he, first
and thi o UREE cqlidnaauiiuebent shie BRRSE amenafit § mRor Sott Rtos S Y ar
endogenous sgedtidniafd Bbitci@tsfRRIEe hich heve i ®Redonb kite-BRickRy hdngolpgsgonol ogous to
cel l ul ar endogenous genom ¢ DNA sequences and therefore incapable of

si t e- speci fecembBmbPbgous reconbi nati on with these sequences. [0031] The
term"third DNA sequence" refers to DNA sequences present within the AVFP
gene targetq vegton s ; ]yeb@.g i I
endogenousidgeiﬁl)m glgéqueﬁggg%@)ﬁar %ﬂ”@l}:@ﬁnﬁ@&?&ﬁ%@@g} gecgﬁ%gdgetﬁét or

wi t hi n r easgpimhiien of theidesctiped methodse of the first DNA sequence. It is these
sequences which are predicted to undergo site-specific honol ogous

 recombinaty gnsipon  Nekr il aductiqn LaLo, Sell % G8RaRS Qhs WAt Rkno Said

reconbi nat
been modified by site-specific homologous recombination methods described.



[0032] In a replacenment AMFP gene targeting vector, the first, second and
third DNA sequences are organi zed such that the second DNA sequence, which
encodes | yorescent protein sel ectable marker |acking n j
sequencegwb3§$ﬂ8§?or an initiating nethionine, is positioHéh%gé#@g%h t he
first and third DNA sequences. Figures 1, 2 and 3 illustrate the

organi zation of three different types of AMFP gene targeting vectors
utilized for site-specific honol ogous reconbi nati on. WO 03/ 0G11087

PCT/ US03/ 1112f >0 10 [0033] Upstreamgenerally refers to 5 and downstream
generally refers to 3' of the first and third DNA sequences in a vector

whi ch has 8191 t héis yet aeotherembadppentAthedyersIBEEIONAR PERVICRASEINC si i | ar
to that of_g j 2 i clarified
that 5 are Al B R A R e e o e vel y.

. Thi s or ganiezéhbinatisrepidedetattion anetleyds desenbed. vector. In addition, it is
possi bl e that portions of the first and third sequences in the AMFP gene
targeting vector are inverted with respect to one another in conparison to
simlar sequences in the cellular target DNA. This type of organization
represents an insertion veGRIEF DRSERIPPIONOFFISTIEWSr al |y incorporate the
majority of the vector sequence into the cellular genone upon sitespecific
honol ogous reconbi nation. [0034] In an insertion AMFP gene targeting
vector, th hy st cond,.and 1t hj. [ t hat the
Uhird sequitell naBiGa P AuRdyhdte fySERENER e AL AR REROIBUE | 0% he
first sequeRebiHRAGN tdpirRambRBAMER tafgefifeofatheaeticabgbbmic\esus @dliping earpett i on
allows for the insertion of the vector at a site-specific Ioikaé# n upon

si t especi f pxoni¢ spapetsgs o ofthaimtmnal ARPEICHE PIRLan selpctablgmries yat éet i ng
vector and I I genom ¢ DNA sequences. In the majority of

t he cases f?icg’njg)%%%%géﬁ\%%?%rg%\#?'l be inserted and portions of the
substantially honol ogous DNA sequences duplicated. [0035] The length of the
AVFP gene {0024kt i REGV2istaatiagrammatiailjusttepuenefidogbleporssoves hotolageusnf
fluorescent protein selectab) rker,. th engt.h.of the .first...an hj.rd
DNA sequen é"é@m?’&j‘ﬂf’? Eeplacsmen rt?%egn%?)ﬁ%{h%%h%al CERYHIS ]ﬂ%lfsi%%l%l,%mg ﬁ‘liergéstl ze
of the basewafd Quéds SN tikdiBiepl pbafive &l@edblOmaer iith GHRR&Itbthpuged ar i n
bacteria such as anpicillin resistance and the size of the origin of
replicati ondownstréaen ptasm d backbone. It is reasonably estimted, however,
based upon the sizes of known plasm ds and positive sel ectable nmarkers,
that the enti % of . wl.l " . i i i,h | ength.
10036]  The 02Rh, ~ Fisicd sk diperd e AR GEUAIRbIen RBAG BRIy, | N3 Do
protei n sehaghihfioHREKN detens AMIH @fdeting of i theateticaltgenomiciacisartsizing tadgeow

for the detection and isolation_of cel contajnin encodi ng the
f 1 uor escentintpmet BidEroBICCEARIIES redKet © _”ftﬁmgj ?%&ngﬁefﬁgﬁdﬁrp%r%ﬂ& i ation
Of these CRltSedcbilh&eh irteiits Wi Hnhloint biRBichiwie Eeths fIREE! N
sel ect abl e ‘Warker oF a uorescent protein selectable marker which is

uni que i n @ocgpiuriandsplice doner fitesst fl uorescent protein selectable marker. In
the presently WO | 13/0(0087 11 PCT/ US03/ 01260 descri bed invention

fl uorescent tein.sel.ectabl.e marker re ' - ' if the
corres pondim@ﬁ odiFﬁS" %Eﬁ:‘f v rhiet rggrﬁﬁ%ﬁ%g@ q@‘%@é@%%éﬂ%@%@%ﬁ ?%dcﬁ %?{ngn
initiating geidieti B6moldgohSrebdthbinkievia 2IFP o targetingt h endogenous

genom c target sequences that the acquisition of nucleotide sequences

coding for an initiating nethionine and ,acg i,Si Hi on of requlatory el enments
sufficient [0024)r i VEG: Ads ediseusunalic 1Hadrafien gfl‘?}t'% %Woﬁqov%l%‘g??l%ﬂ“éspent
protein sel,eel Al TR AGH Wk s odisiotthd f1Eh b LuRIARAGA, Pr ot ei n

et Ional. Ta e%. | uor

sel ect abl e “mar unc scent Protein Sel ectable

" Markers Uilized in AMFP Vectors Fluorescent Protein MarkerMethod for

Det ect i onGABBR3]or eBICe Bde CRfaEtanunascilingeyiprel sivglestesseeRbPmOlNgPYs cenc e Ds REDF

| uor escenceH REDFI uor escence . . .
' recoRrrlfbinatlilon repl(:écement AMFP targeting of the paraxis genomic locus.



[ 0037] The AMFP gene targeting vector includes two regions of honol ogy, DNA

sequences one and three, which are substantially honol ogous to regi ons of

t he host Typically, the vector has |engths of ho f t he

first an&ggﬁggﬁm%NA sequences whi ch are between about 50”@§§g§€£ﬁ?? an

50, 000 base pairs. It also includes DNA sequence two, which encodes a

fluorescent protein selectable marker that allows for the identification of

t he presence or absence of the AVFP vectgor integrant and portions thereof

wi thin the host genome. The second DNA sequence encodes a fl uorescent

protein sel ectabl e marker |acking sequences coding for an initiating

~ nmet hionine, such as, but not Iimted to, cyan fluorescent protein (CFP) for
exanpl e, and is posi t DEEAILEDBESCRIETION ORTHEBENVENTION ogy, thus it

will be included in the host genone integrant should sitespecific

. honol ogous reconbi nati on occur. The sel ection process involves sorting of

cells eith d j1 : . SOrti at us

whi ch wi |1 CSE D 1 mERRNPRRERELR alechiOAn o Seben: AR Ik NG R08rHE W o

cont ai n t hpurpesearidntbidicmequedifieions iNd ¢ABRIAVBAAGENOESTEIGMT AIREDNI2 encodi ng

a functional fluorescent ﬁéoﬂei sel ect ahl.e marker fromcells which do not

contai n sar‘GUHHFREPR SE-SReR U RYPRINZPUSIEFPRRIR3HONCe| | s may subsequent |y be

propagated in tissue culture and genotyped for correct site-specific

honol ogousjaegpnbTheicharcaang dnasgabidsbneMeNbNA Fofencd? is @J‘hc%r@ﬁ_as

noni nvasi ve nature of the described AMFP gene targeting nethodol ogies, the

utilizati ofRcdotide sequeneasresshiovighin thatetulan ptnomeawkich srefaapatiltef irgletgingn of

| I's whi ' i i honol i nat i, | |
For o subchishearReRLANRG, ReboRRAG) WdmifBThAREH s b FReg ERbyBRuon ©°
t argeti ng. by MRIOMFFipendidbRtiag WectbRdgsdribed harelit Feguetickd ingRded WithanRr esent |y

descri bed ir}venti on are organi zed such that the second DNA sequence which
encodes a $4HPSHUILERNFeDEFsERIANY coding O agncedingrraipny ef sREGfC gerps prasert vithii ng

for an inigLaky I.0MH i ner at (o ween. the two
regi ons of{hﬁgﬁgﬂ%g%% E{Hte' :Gseﬂgsoés@f)@@g S?‘%Haé{' g{eﬁneﬁ gg%%ér\%p%%g%d’ﬂ%ﬁ@% may be
posi t i onedsecreta&lrhteinsf hainongs, asceptors]ieszyups, anstit chcRctorwané heRided Ackhizg
sequences (ci)f the dogenous regi on of the genone atf which site-specific
honol ogous erf%t(‘)%ieﬂ'ﬁ'f BYIUFREPS 8}%5! @sofpRigsentirarlaiony elementidanis sehas| ocus

i nactive apdnioiss enRAICERAUIrir@R&dsof fbierk).- Tﬁ@&?%z&tfbn%@@e‘?ﬁﬁfr en&cfé?}n&ﬁcond
DNA sequence may be positioned such that it replaces or inserts into

regi ons of gaggnig Nvhisequetes in genaralhyf emilextorspecific sapeinaey psseptavithiss such
as introns transl at ed .regi gns .Qf , exons or reqgul atory el enent regi ons
such as pr %lﬁ%p\é[?gge?%tafgﬁugg gﬁ%ﬁar gL Rﬁ‘&%}alﬂé S‘ffg’gg‘?eﬁ I“@X‘Eboarg g‘lﬁﬁ@ﬁmf‘ cells

whi ch havehsthelegeens sa}]deﬁce%rpe@sbﬁd ﬁitﬁ]ﬁ'ﬁﬁﬂ&lﬂl@?%eh@?a?%@in?%&t@f‘th@f allo¥Pfdr OCUS
wi t hout inactivating that particular locus (FIG 3). [0040] The presently

descri bed $ifevPseifis hogolegonseacombinatien tosoopi. ch have under gone site-specific
honol ogous reconbi nati on in accordance with the AMFP gene targeting vectors
and met hodgob i i.f iecat i Qﬁ? i rehe.. .. i.tl,on, the
presently @esgl:i bggpfeh%egl?% %lﬁ&lt nc Eﬁddelgg%q‘rs g%é’g{é’%aé‘t’ﬁg%} #a%%ﬂgﬁf%agg%i ch
have been dessoverkvenisibetedch DNvhisequeheosaubstahtinlp sienikir iremsgkatidé i ¢ honol ogous

reconbi nation utili élélng ANFEWgrene tar geti r%g%?v ctors and net hods descri bed
herein. SRBRPSMBo 8759140 Clrdhy aaker &%ﬁ“ﬁegéeq%&%@atameé in the
{ ransgeni CABIRIdhe wisSlind eteor AR Bel i Bk ohb A I SDNN &hubigue winder gone

site-specific honol ogous™ reconbi nation utilizihg AMFP gene targeting
vect ors andiditiarh 8ds pekside thetatoteshai ene sitesinecifihhormolvgens rechlyinftemrevent

d trat d ife- i fj | nbi nat i N
gone ¢ ar getthg S BTSSR EVA S BRI o Sam R RecROUR £5F BB e dPe Mihrenabl -t o
the AVFP gediluldrandsiehpgs 06 SqaditedWhith doultbrsilt RefrepRE&heht eRbRpert et

al. (2002), Plant Cell, 14, 1121; Hanin et al. (2001), Plant J., 28, 671,
_ Xi aohui et Which S sequeneesrontagmed withim fhe AER BpneNargaibe veesor ave repdadede

sequences i r £ i e bl rkers exist
For the s ratool Eeaht fiuk el AREEhaBlRbE RSB RGeEs R EBLG T on
of cells csinglyisitgspdeifid hamslegms mécoptbination cselt aiyajeonr tobwder DNA sef@ptes O

di stinguish said cell %romthos.e whi ch do nat C@I’I’é the fl uorescent
protein seP&EEhH t@e ﬁé\iE BCRIT AEESHNG VEHPIARd ¢8I 1Hak endPBEROLS genapnie SeueRass o
functional version of the fluorescent sel ectable marker protein product.
Per haps the nost widely utilized fluorescent protein selectable marker
utilized as the second DNA sequence encodes the green fluorescent protein
gene product (Prascher et al. ( 1992), Cene, 15, 229). O her fluorescent
protein selectable markers appropriate for the second DNA sequence incl ude,
but are not Iimted to, those which code for red fluorescent protein (RFP),

- o T . Pre——— n o o o " o,

d



sequence. [0045] A "mutated DNA sequence"” is herein referred to as any
cel I ul ar endogenous genom ¢ DNA sequence whi ch has undergone alteration

t hrough t ilLzation of AMFP gene targeting vectors. |}, ally
anticipaﬂggogﬁg®kﬁutated DNA sequences wi |l be WO 03/|)%5B@§&ﬁﬂﬁ%

PCT/ LTS031012G11 14 generated upon site-specific honol ogous reconbination
bet ween the AMFP gene targeting vector and cellul ar endogenous genom ¢ DNA
sequences. [0046] "Miutated target cellsy are cells capabl e of undergoing
site-specific honol ogous reconbi nati on whi ch have a nutated DNA sequence

established.within the.cellul ar genonme through the applicati f nmutating

- DNA sequeWw ‘ﬁ?‘l&lgé‘fﬁ‘fﬁi“ﬁa‘? H’éerﬂfﬁ V‘@’él‘féwiﬂéﬁlé]éetmﬁlé’“\%%{)tgi: §méfééw?§§8“%erei n.
[0047] Th @ar%&fr{)g%e'ét%k' Rshanfchat 4 ¥pe@ﬁ’f&h@é@ﬂoﬁ GRSy PRelmIat &fd%g&rﬁ)u%o%ﬂg uences
whi ch do not contain nucl eoti de sequences simlar enough o target DNA

. sequences s¢quentdsow for the process of site-specific honol ogous

reconbi nation to occur. Dissimlar sequences of this capacity fail to

under go siteaspechiic honml ' [ j t ences

due t o« ndO@T radtn ip BBITNR ol BB T T KPR A el el PG OO

[ 0048] TheyMFRpenctatpetihg veqdr wipiph heanbfamBlighbagesotiotcallaht exdvgagusut at ed

DNA sequences within a cellular genone. X-l1nked genes, for exanple, nay be
anal yzed feeRomigsequeaas It isithesa seanicnges pwhich are pradiqiedetojyndenge sienspsesin ar cel |

anal 2 Feifeapener NS RIS R
a1 on. ThERIRG REoRV AT LR Rl B TR oo op B ImBlep g i

vect or s nmagcoaitigatioh evhittheontdie sitiitan safueroesmal nodel s for the study of human
di sorders. The p53 locus, for exanple, has been successfully inactivated

i itiye- i | ect. t echnol i nb i t |
and  hose NG0T e e it poriid 1B Bty gitast R aFaEotaes HEPERE STHOMBE r ot of n
product ' engadBdeR¥tablRimarkCKSEicl IREARIRNIAES sedhenced SRting foNah iHifatingd6, 215) .

These mice are devel opnental |y normal but susceptible to spontaneous
tunors. AwEthigaine andmdiichi dags velcootain apmoserton s¢gdptory) diemertpdricingthgener at i on

of simlar _genetic.nmodifications in oni ¢ stem cel an ni mal s

created freéﬁgegs&?rbo%sg#@goracmﬁpr&tg&seﬁq% K‘}#B@%S e °§Fg°8{a|%¥$gm%5§rt18r s and
t echnol ogyyokichsttlifetivbeh @6 fiedt ahd HirddDNgXefuddbes Which b suBsth@iialy whi ch may
allow for the study of a variety of cellular and physiol ogi ¢c. phenonena.

Many pr ot dosredesgemEscalialas epdassnesAepomis INAgavenses. f Thecoelestablel markerds

i ncl udi ng ¢c- l.i r hB- . i 1 al .
(2000)  CrieaBERobYE Bt fe TP RO Ak S S ML ARl
met hods desgelte-bpatificicthdlogdsiredoitiihationwithihéserselpnbed. oss- and gai n- of
function studies in enbryonic stemcells as well as transgenic ani mals

derived f h | | . U3/ 87.PCT/ 3/01260 15 [ 0049 M-P
Car get i ng [DEHor <the e it R AEIGE (olstr PO ETBIFPOLREnOP LR | g and
i denti fyi ngnvgeldesie %‘é&fhﬁh@b’t@r WARR8ORM s hii Aty b ddus hO 884 @HEogenous

reconbi nation between the vector and cellul ar endogenous genom c target
sequences. geThmiossquances yetlast diffeieat but pessibly diaeent ohwithineisesonplla Praximsy cel | s

i 1ty t GodRGREP ARy NAeREEES 1l Se Rl AR Pt b bRl O

whi ch si t esigppedifit BomelvRbegrismbiasiipdathaninaetvapn ihtoecllecipableafd cel |
DNA sequences. The signifjcant increase in |ikelihood is at |east twofold
of honol ogéngsrgoingoist iseembimatiqreyhish gpRiAn SR SeUANECS onspeci fi c i nserti on
or integration events, preferably at |east 10-fold, nore preferably at

| east 100- a t 08 tially
enriched ¢ Olg#'ﬁpogﬁ la:r%é oﬁim%]g %ﬁ%%‘%@hﬁeﬁ%g tﬁ&b%h%%ﬁpgégﬁiﬁdaﬁggﬁ}ﬁg

vect ors i neequelresnare wnghnizedsuctothet the edcond PINA $@enandhihemcodsse pr ef er abl y

99% of cel ] s isol at ed, haye der gone Site- ci fic honol Qqgo reconbi nati on
bet ween AMEPPIGERY Hraﬁeab%ex‘??&%&ée?%ﬁé%‘aﬁ%ﬂ@gﬁﬁﬁae%}’e@fl?iilCaﬁ%gﬁsaro nous

. genom c t afgeking GHABRIAS, is bORRMd Dervetivii B8N dtBir@ BINA GeqiRAdR! Fighhdt .
met hodol ogy descri bed herein may be utilized for the purposes of correcting

speci fi c ghbrleandd dlesteate thei mganignasinn of thred diffprsatiypeseof AMIFP Beapiargeting o
generate a_nutate u i ; s through sitespecific
honDIogousvgﬁgﬁﬁ%ﬁﬁé?ﬁ%1§%%§§g§%Ogﬁn%%ﬁgmgéﬁghﬁgégeting vector and cell ul ar
endogenous genom ¢ DNA sequences and subsequently transplant those cells
into patients for the correction of a specific genetic disorder or

suppl ementation of a particular gene product. Another potential use for
gene inactivation is disruption of proteinaceous receptors on cel

surfaces. For exanple cell lines or organi sns wherein the expression of a
putative viral receptor has been disrupted using an appropriate AMFP gene
targeting vector can be assayed with virus to confirmthat the receptor is,

Y e Y - . AR B~~~



[ 0053] For the purposes of targeting different alleles, it nmay be necessary
to utilize different fluorescent protein selectable markers. By

mani pul atyj; jdentity of the fluorescent protein sele kers
differenpxg?F%F@g’nay be targeted successfully either sinﬁ%ﬁggg%ﬂgﬁy or
sequentially. [0054] The length of the AMFP gene targeting vector required
for successful sitespecific honol ogous reconbination is a critical
paraneter that is often dependent upon jjhe particular gene targeted for
creating a nmutated DNA sequence. Vector length is dependent upon several

fact : hoi f th di the fl tei
sol ect abl A0 corB3PIT Eor el toh GO AP WU SED B 040 SoO HE VIO,
03/ 0C0087 iR bnl/dAR] DNACR qldncé@in fYdct wHicSRAURAL Be HRMRAS MiitdmNaor di fferent

markers. In addition, in‘a replacenent vector the |engths of DNA sequences
_ one and t lsequenceshe an woerietieresingler torthattof selinlan dedogamoisngénpniio sauenmsssItt o

|l ul ] t i al t
Chat ‘st b PRITFART AR 4 led g et RCRd SRR B A e sials ploecieRTT ' °
general, O éregHifationlrefesmtatepiBim&R vastos Maladdition AP RihosabR 19 peitioRb -

(1986), Cenetics, 83, 5199), although it is recommended that significantly
| arger regi Siestirsfanddhisd sespienses in theiAMEP gepe taegeting weqter ave invieiedhiwithn i ncr ease

inth i Do !
| ncr easos THBbedp ohE R BORNIHGH «f SmbP (EicSETNRC LREAA BB BRRL DT |,
2404) . | n Tdstype af@atibstichintpresenveat ipserfi@nodcforwilhderthd vectrdgcibimlof | kb and

usual ly wi.ll not exceed a maxi mnum of SOCkb, althqugh vector length is also
dependent R§0EPPIRE ENG BRIOHEY Blgiie Yesiy seavence It Mg Gellular genomedpoBsite ¢ j s

possi bl e, . 55%? SabsiEdict a AMFP gene targeting vector with a
cosm d, BAS\ ?Hlig?HYA Oggustrﬁce pr g%/t?(glgr of the two regions of substanti al

honol ogy thus generating a significantly |arge vector (Ananvoranich et al.

( 1997), BG4 chin quasertdd AMEIP;getotcgeting ectat, the {120 8@pnd hutthedc Aci ds

Res., 28, E81). Vector |engt I i ngl udes pJ] asm.d backbong sequences such
nsthose CREGHFTATT HERBIFG PIFdRot RO AF T GRo S BACBRR Al R (BREOPS L ance
product s speredfecafithé fikdt !sé‘tﬂieﬁcélﬁtfbmin%&zaﬂeﬁ of @RRE&Er. Wdi@inveAed
transformatjion of cells with the vector. [005S] AMFP gene targeting vector
DNA sequerteiatalipn abowy for hetisseatien of thy verteroit egerspacificloratisnaipos ategenous
genomi ¢ er go - i on
Por the puPpagtEReER R NRRRE A i B AN sl TRreBER) TrelF SRR o
preferred éndogenves géroniié DM EdgueRdeghItheedapetity o thelates|tied ertivedotsrvaillt S .

Hi gh honol ogy allows for efficient base palring during the crgssover and
strand exd¥aitpated pad partiops okthe substratially homolageusJIN4 seducanes dunticated. Any

m smat ch base pairing between AMFP gene targeting vector and cellul ar DNA
sequences [gpsgiav 1k LGRMNIARL ' 1 4 : for
i e Y e R BRI R

r epl acenenthoiceof Gnomsent MO%ihssledtajomsrien thelehgthaf thenfimgardisd HPNroni ¢ DNA

SeonCCS s LR SR Ste S S OB A R

f 1 uor escenidRrORIdes 6 RIcabh 6f B hlaSihid FecBRRE badiéia Meh Ao RMpbRIRAS t O
cel lul ar endogenous genom c DNA _se(%uences and therefore does not undergo

si t e- speciksistanescadiingizs ofthoptiging seplicationion teplasmig/pagbony. ot in087 18

PCT/ US03/ Q [ 050 i it . renove
DA sequeneae iy Siied el bkl B3P kALY MARAP R SedRe 20
been i ncorgeicabRdnarken, thiwethg entiresrectbr will bsatupnsevtiabkidgtacedairs irhlengthogous
reconbi nati on between AMFP gene targeting vectors and cel |l ul ar endogenous

genom ¢ t sequepces. This Ls due.to.the potential negative effects
expr essi o?lrogfélt mq tﬁ'cgﬂl g_ﬁ’%‘ﬁ@%&é@@ﬁf* et ISSpt‘?ﬁtrthinFFéQ}e“ﬁ E(Péelg n
cel lul'ar of RrG R8s a¥ eaitelr Wh@aﬂu@ttrmafgérs tol f1fow ﬁﬁ‘?ﬂﬁlet&fﬂoﬁ%ﬁ&'ences

_encoding fluorescent protein selectabl’e markers i s possible by a nunber of
met hodol ogis@gtioibfecells eontainingddNAcinoedingithe fhoresoent petéinlstlgctaplpmagkerfand t he

removal of, specifi eguences i nt.rodu into cel.l.ular .en enous genom c
o v o aemtg ot fos PERGE G On of S ST S bels Rl R RO ER on & oo Lox
see Rydi ngfh@irestbnt préféfhlselecthbindfket R fluordsédnt ploteinfselecRBRTRARer WiEER RNCES
encodi ng a fluorescent protein selectable narker may be flanked w th LoxP

r econbi nat ¥duesincemparisante thavirst Jeerescertrnyeteinglogtablegnarkes. dn thepresentlyi| ar
transformation. After introduction of these sequences into the genone of
the host cell a transient or stable expression of the Cre reconbi nase wl|
allow for renoval of one LoxP site and all sequences positioned between the
LoxP sites. Many exanples of the application of Cre-lox technol ogy for
sequence renoval exist. Kaartinen et al. have denonstrated renoval of a

" Y T T T T ey




[ 0058]

I ntroduction of the AMFP gene targeting vector into plant cells may

be acconplished by a variety of nethods including those previously

devel ope i nsertion of exogenous DNA into protopl pn et al
(1985), 3%{’%5’82’?% Genet., 199, 161; Negrutiu et al. (1987?&@?%%5@“
Bio., 8, 363; Paszkowski et al. (1984), EMBO J., 3, 2717). Mcroinjection

may al so allow for the successful

Crossway et al.
ieedbs

Upon succegshdibortdipsRitiCdddpil Micldobifle Sd¥ubn

possi bl e
| i posone-

i ntroduction of the AMFP gene targeting
vector into plant cells (De |a Pena et gf. (1987), Nature, 325, 274,

(1986), Mdl. Gen. Genet., 202, 179). In addition, it is
duce. t AVMFP gene target.ing vector into plant cells via
Y aicbriorsvgen Pradon soease MY dgieontogBapt furkGong 51

@8 %kts@cﬁt&lﬁéés%dﬂl%%ﬂ{n infinp| ant
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DNA sequence two, which encodes a fluorescent protein selectable marker that allows for

the identification of the presence or absence of the AMFP vector integrant and portions

thereof within the host genome. The second DNA sequence encodes a fluorescent protein

selectable marker lacking sequences coding for an initiating methionine, such as, but not

limited to, cyan fluorescent protein (CFP) for example, and is positioned between the two

regions of homology, thus it will be included in the host genome integrant should site-

specific homologous recombination occur. The selection process involves sorting of cells

either under a microscope or through a FACS cell sorting apparatus which will allow for

the simultaneous and separate isolation of cells which contain the second DNA sequences



EXAMPLE 1 Inactivation of the ptch2 | ocus throuEh the utilization of AVFP
vectors and nethods in ES cells 1. ptch2 Targeting Vector Construction

[ 0062] pt i t ransmenbr ane domai n receptor specul ate rol e
in the nn\gtt}l%g}toiéog% of hedgehog signaling during enbryonic gg?/@??ﬁ%ﬁ? and
postnatally (Mdtoyama, J. et al. (1998), Nat. GCenet., 18, 104; Carpenter,
D. et al., PNAS, 95, 13630). The ptcla2 targeting vector nmay be constructed
froma | anbda phage nouse genomic DNA |iprary utilizing a phage clone

cont ai ni ng genom ¢ sequences spanni ng exons 5 through 11, which contain

t ransnmenbr ane,domai ns. 2 through 8 of. th | a2, recept Fl.G. S), Briefly,
2 1 Tkb 3 SRR TR e pr iR T R R BB o 't o
fromthe piophde sl aekeio B euRYioRERapHstyl Cankedy witisBqiatly be propadiatd ih Sites.
The fragnment may subsequently be subcloned into the pPolylinker plasm d and
. the pl asnitifsehetlBirnand ganotyne dorrcodreetsitgspeatit homelaeys recombimationgenen of
honol ogy cQnt.ai ni e S 4D, _ ' regl o be
renoved frtg%ep hgég%ﬁsoﬁgé' ‘éfo(r}llgelgmﬁ}%ﬁtcg ﬁlg ggr?zé;sltla??rgto?%%e ({eérsléz%gbﬁg)sﬁbﬂggE and Ncol ,
filled in ttdeinKhetmdologhgnbautibidiopalf Yivercasat protkib beledtatdeimatkerefdr thet o an
Hpal site of pPolylinkerl.7. A E)NA fragment, .encodj ng the green fl uorescent
protein (dspptpnefeells vaueh haye da qgg@?e,ﬁtgefng01gﬁﬂprhggqq PR AR Shay be
inserted : ' @rgéf% of BRQQ¥; EeRb&gs coding

regi ons fgﬁgﬁgg%éﬁﬁﬁkﬁﬁﬁo%&%éiogs , %ganeéﬁb%, tgﬁdtjso,it%gc?#\h/a&i%ng t he
receptor (FIG 5). 2. Transformation of ES Cells with ptcla2 Targeting
Vect or [ 00B®BSJA Nbbd AMERgemedsgetingatectdigutdlized mnlthefpresently desgabddrigvensionor

j ust downstream of .th ' region onol o nmay be .utilized fox .
e ons s St BanS Seoha LA Sebienet/w iR Bodet # Bho=Sosbliosin « ne
AVFP gene {adgdld Markée ficRing ¥BuchBes! doB R fbZACinitRERE Metiibhias Rfopemioyyr act ed,
et hanol precipitated and resuspended in sterile frltered water at a

concent r at pasitiaed beigyegh thwr twerregioneabharaeipgy. Sit tsrhasaible thatdhessesenPNdn. St em

cells are VWO 031010087. PCT/ US03/ Q1260 7 . 5% C02
on gel ati nFBECIN q%&s&ong llb%lﬁﬁgg?sf%rlg ne?%éo @&&)&ggg%ﬁ%g%g%&}l%gﬁ%gm%dl a
cont ai ni ngseladadesSf the.ehtidfanots RERANIT A geroine at whictisite-5pddifioitimistopyusuvat e,
10M B- ner capt oet hanol , 2nmM L- gl ut am ne, SQug/ m ;i)eni cillin, SCug/m

st r ept ony crasombmabien meyioerur thisendsameshe endogeneys locus maetiva anddhisuim ( DVEM) .
Cells are S t rrhnsed in nedia-free DMEM and Bug |inearized vector
per | Qcm %@Fgafé?%xgelp'l s introduced via |lipofection techniques with

Li pof ect am ne Reagent according to the manufacturer's specifications
(l'iivitrogf939] ncly one2abpdd, thesecong BNA seqpmsdeanty bapasitidnsd wesh that ihar vest ed
for separation in a FACStar .Plus gell sortﬁ.r dOel* h?rvest.i ng i(gcl udes two
rinses in SPHACET & PSFrisdPOFeginBEYHAE 8onates Whish 42 20} GAnierSERNIC AR LOdNR | by
trypsi ni zatd RRnded sd¢HlasdhtrOnOafdns MRl B4k 6f dxehs bidepulplod) Elemest réfiond nut es.
Excess trypsin is renoved and cells resuspended in cell sortin uf fer
cont ai ni ngsuakvs BOTAgterss vithiE Fregari g i nfaytbearagsibisstel selps) farreHewhich pgs at 4

Core 1y g RS A R AR,

cel I's tranghgietiadloshd (FIG18).AM-P gene targeting vector may be sel ected for
10- 12 days, harvested as descri bed above and bulk sorted in a FACStar Pl us

cell sorter to separate cells expr.essin P fromthose which do not
express it [QH0&, %)h? PIgSER d%%‘lﬂ?edﬂﬁﬁﬂt@giaggénql?@ﬁ ﬁ@?%‘ﬁﬁe#wg%@ BP%t ed at
a density 10 I : diigency for
cubsequent TSR R A ne e

Conf i r mat i enctofs apt eie?hddstfat identifinatiGh tescubethdréin. Honol ogous Reconbi nat i on
[ 0065] Genonmic DNA is isolated fromsorted ES cell popul ations by the

" follown col.. s . are gr in.1.0cmplat 0 ' 80%

conf | uenge%‘ﬁ‘{)‘?l i aﬁ%e)b?’%’t %Prfgqn%\é\/glﬁfcﬂbﬁfl%e @ﬂ’rﬁ{}? %g%% %%Bg%q?%#%é%% i
Tris-HC, phinfalPwhicRHavk 5EMAerred BoRoeHo dihivinAoe enddracidlsitatspecifiDS) added
directly to the plates. Cells are incubated for 15 mnutes a

room .
t enper at ur domolegoys econainagion LEHAINEADART SensHanSEliRE VegS ARERS P%geét’n@? deg.
C overni ghthe}’gi h gentl e shaking. Lysates are extracted two tinmes with an
equal volunme o1 1:1 phenol/chloroformand one tine with chloroform Genom c
DNA is precipitated with an equal volune of isopropanol. After
centrifugation at 15000XG genom ¢ DNA pellets are resuspended in 300ul
sterile filtered water. WO 03/ 060087 PCT/ US(13/012G0 23 [0066] Genom c
DNA from each sanple nay be genotyped by PCR utilizing an oligonucl eoti de
prinmer specific for sequences in the coding region of G-P and an
ol i gonucl eoti de specific for sequences just downstream of the 3' region of
honol ogy (FIG 5). 20pnoles of each oligonucl eotide are m xed with 100ng

S NSNS R o o . - 4




reconbi nati on. EXAMPLE 2 Inactivation of the narcrxis |ocus through the
utilization of AMFP vectors and nethods in ES cells 1. paraxis Targeting
Vect or tr LONn [0067] paraxis is a basic helix-I|oop- I ¥

transcr icg\glﬁé'ﬁ}d&g!éfor inplicated in the control of somte ngﬂrgé ‘il/oolﬁwduri ng
manmal i an enbryogenesis (Burgess, R et al., (1995), 168, 296; Burgess, R
et al., (1996), Nature, 384, 570; Barnes, G L. et al. (1997), Dev. Biol.,
189, 95). The construction of the paraxi$ targeting vector has been

previ ously described (Burgess, R et al., (1996), Nature, 384, S70). The
paraxi s ge . O ni i.0n consi s X separ at a_Skb

i ntron. Th@ﬁﬁ]r st‘[\gg(’l %C%]g%ﬁltaéﬁ tﬁ%nsé?fgé Elﬁ?{si‘%@?nn]gw%? il g%fvﬁg fgoglag%hsg‘r’]%c% he
basi ¢ hel i pavk aageriehd site(spttifl ho@BRigbuY RERABISAtreutflioingDNNHP gt Ggeaiig

di meri zation. Geen fluorescent protein (G-P) | acking sequences coding for
. an ini ti atvestpraeadimsthipdedasaybaseerring Plant bave pisplonsly beeipderpustiated tof exon 1

as well as, 5 j . i 0 . 4 o
AT usua o Bt HeHpEaal nbMbioBRuc'vekdrfinyfin as weffds Léﬁ%) g*’?geg%fésv%‘ﬁ%"r%“e‘ﬁ ng
Vect or [ OOGsghtivadeigonion and aretherefolsargemble tb theapPiF® denatazgotinpOleoesddduency
are transfected with 20ug .of ANEP t

Transfect i ®A 0%‘3555’313%6%5!@%- negtrﬁgl-is‘?qzﬁo?lé‘?}t&{yg?&ﬁgégg'f;él?“;%@br@@q{é’ to
manuf acturgl%tsl’sg?gﬂ.i Rﬁghﬁrﬁzgi‘\%ﬁb@lz’g@gﬁ%\nj g9)) - 10-12 days

post-transfecti’on’cel’l s are harvest bulk 'sorted in a FACStar Plus
cell sorter to separate cells not expressing G-P fromthose which express
it. Sorted{0843] papwider ofisickopidessjumresERiing orpegbaediueres@nidenteiny of 10*

DR and gertr Rt e AR PI: segteatki T i B ofitest SoupdSh B4 o o1
by Site- Spﬁﬁ%él&&idﬂ%kg?fﬂg%rir%&@ miabﬁaéano?mm@@a%ct@@mmr NGrdeeyy be

isolated fromeither s cell popul ations or unsorted negative

control ceflisgnguibrioid eslipfgant thow which dg antrasryithe Huorssopptirotyn sebtalle | i zi ng
D O IO AR ORI o RAGL Sl PRI U ARl ot bRl P
and an ol i §8RTcPedt Pde Specific Tor 'sequences | us Jownst ream and out si de

of the 3' saghadle mﬁrmﬁniteiﬂprddﬁthPeﬁiaps Beansst onidelplitilies fangescangidteinns ar e
as descri bed above with the exception of the prinmer, annealing tenperature
whi ch was Saecirhie markepugligedsn dheasesond BN sspace seeedphths grean TRIOTGHEEH | kb

| adder nol . l ~ 8% -, st ai ned
w th et dPo L pgiaRor SRR 3 Aoy ol B 2P gh n e MASSite e °. Cutict
det ect ed usdlddtablermaiess dppeopriseentol thepopunid DNAsqueact exlude, hutateuhd liGHERd

Genc. ¢ ar geld HigsE PORPPORE G Dt DERer A uper P eI TEn(CHEE the
present i nyeMNdiRRy ﬂﬁsrey&ehﬂpraﬂeﬁﬁgﬂw).os&mg%f@ded& Nasrebdbnbiotdistlédtatibie art
that various nodifications may be nade to the disclosed enbodi nents, and

that such madiers may alsebe applicdite diedise of AMIEP genefargetingevastaspor site-spesilig esent
i nvention h the, .inventi ﬁm has been described with reference to the

. Al tl%ou bRy en:
above exanpPBlogpys [eobigatiop BDIanty 4 t hat nodifications and variations are

enconpassed within the spirit and scope of the invention. Accordingly, the
invention [e044] M etnaaling DWA sequénee? B\lierdn edfarstito as any sequence which

changes the nucleotide composition of cellular endogenous genomic DNA sequences.
Said change may result in an inactivation of the functional capacity of the cellular DNA
sequence. Said change may also enhance the functional capacity of the cellular DNA
sequence or it may have no effect on the functional capacity of the cellular DNA

sequence.

[0045] A “mutated DNA sequence” is herein referred to as any cellular endogenous
genomic DNA sequence which has undergone alteration through the utilization of AMFP

gene targeting vectors. It is generally anticipated that mutated DNA sequences will be



WO 03/ 030087 25 WHAT | S CLAIMED ISt PCT/US03/012G¢(1 1. A nethod for
i dentifying a transfornmed cell which has undergone site specific honol ogous

r econbi n@&b%m&{"y i zing a AMFP vector conprising: a) tran?epmg&mz&el S
vec

with a A or designed to undergo site specific honol ogous

/ reconbi nati on wherein the vector conprises: a first DNA sequence which is
substanti ally honol ogous to an endogenous genom ¢ sequence present within

t he host genone; a second DNA sequence pi ch encodes a fluorescent protein
sel ection characteristic |acking regulatory el enents and sequences codi ng

for an inigjatl t hiQni ne | ' - | - m%llgig to
cel lular e%%%%ag%gu@ gsgﬁgpré ('gﬁcs%éhﬁéﬁgglsscr%dﬁ?lﬁ%go&%@&ggggpa eg of" under goi ng
si t e- speci fargeting Medtogaidscellelap siiogatdu genémicDNA sBijdnsequence which is
substantially honol ogous to an endogenous genomi c sequence present within

. the host genone and is different fromthe first DNA sequence, .and_ b
propagat i nfP04€l | s Yiytated tagget ‘feg]mst e c@ﬂ% faPRbIe S UpdEgRIng A %FPer?g\FéJOHé‘g‘Pgous

transfor m%‘féfg nbida@Hh @/hi%'i‘{'?ﬁvé’E%ﬂtf@bﬁ@%éﬁﬁ&ﬁd&%ﬂﬁgﬁsh@&%vi@x’ir?ﬁx%QE@ul&f the

functi onal uorescent proteln selectable narker gene product of said
second DNAgsemeshoagh dhrechppicatmpanf anitatingddNAsseqinces praseat guthd AMED geheDNA
sequence encodi ng{ at fu ctioa%lg fl uorescent protein selectable marker from
cel | s whi cRT&FHPRSECHBASSEIRCE "§¥bnd DNA sequence.

[0047] The term “substantially nonhomologous DNA” refers to DNA sequences which
do not contain nucleotide sequences similar enough to target DNA sequences to allow for

the process of site-specific homologous recombination to occur. Dissimilar sequences of

this capacity fail to undergo site-specific homologous recombination with target DNA

sequences due to the mismatch of base pair composition between the two sequences.

[0048] There are a number of applicable advantages to establishing mutated DNA
sequences within a cellular genome. X-linked genes, for example, may be analyzed for
functional relevance in tissue culture if the particular cell type targeted by the AMFP gene
targeting vector is of male origin. In addition, manipulation of embryonic stem cells via
AMFP gene targeting vectors may allow for the creation of animal models for the study
of human disorders. The p53 locus, for example, has been successfully inactivated via
positive-negative selection technology in mouse embryonic stem cells and those cells
utilized for the creation of mice deficient in the protein product encoded by this locus
(Donehower et al. (1992), Nature, 356, 215). These mice are developmentally normal but
susceptible to spontaneous tumors. AMFP gene targeting vectors and technology allow
for the generation of similar genetic modifications in embryonic stem cells and animals
created from said cells. Other uses of AMFP gene targeting vectors and technology
include the generation of gain-of-function alleles which may allow for the study of a
variety of cellular and physiologic phenomena. Many proto-oncogenes have been
analyzed as gain-of-function alleles including c-myc, cyclin D1 and ErbB-2 (for review
see Hutchinson et al. (2000), Oncogene, 19, 130). Use of the AMFP gene targeting
vectors and methods described herein efficiently allow for both loss- and gain-of-function

studies in embryonic stem cells as well as transgenic animals derived from these cells.



WO 03/ 060087 26 PCT/US03/01210 2. The nethod of claim11, further conprising
d) characterizing the genom c DNA of said cells carrying the second DNA
seqguence i a functional fluorescent protein select for
t he si te-@%@gﬂlﬁ@% honol ogous reconbi nati on events which a??t@vsg%é&&f
nodi fication of the cellular target DNA. 3. The nmethod of claim 1l wherein
said AMFP vector includes selectable markers which may be detected by
fluorescence light emssion. 4. The nmetfpod of claim1 wherein said
fluorescent protein selectable markers allow for the separation of cells
contai nin en | one rker. fromcells containing, DNA encodi ng
~anot her o?loh)%h Mgp%peg}rg. %Vﬁﬁpﬁo@@ﬁ&iﬂ%iaﬁ? 111:11\1,6{?@'1‘%1?%633@8%@@?' s are
capabl e ofcr&amglaragm_tifﬁﬁgBéusmaswlpﬁwe@ndérﬂganmtet@eciﬁ& hemdidgoids Wher ei n sai d
cells are froma nulticelTular organism 7. The nethod of claim1 wherein
. sai d cel | sregemabinhption psteipensthe gectarandpellvlatensiogencas genonyk dareptfequangescel | s
have under.gone | tipl.e.. ) Lte- ifi . ' i on
for the pufBoCsltohtRisRirey 8 Ragen e LEnaRERSH AR PSR RAR, EREashE bl

genone. 9. prob&sMEb absahtislypénich” véfes € thesblldy endigsficmylytincredseltheed t o
Create a

o

likelihood of identifying cells for which site-specific homologous recombination between
the vector and cell DNA sequences. The significant increase in likelihood is at least two-
fold of homologous recombination events when compared to nonspecific insertion or
integration events, preferably at least 10-fold, more preferably at least 100-fold and even
more preferably at least 10,000-fold. Substantially enriched cell populations derived
from the use of AMFP gene targeting vectors include around 1%, more preferably 10%,
and even more preferably 99% of cells isolated have undergone site-specific homologous
recombination between AMFP gene targeting vector sequences and cellular endogenous

genomic target sequences.

[0050] The AMFP gene targeting vectors and methodology described herein may be
utilized for the purposes of correcting specific genetic defects in humans. It is possible,
for example, to generate a mutated DNA sequence in human stem cells through site-
specific homologous recombination between an AMFP gene targeting vector and cellular
endogenous genomic DNA sequences and subsequently transplant those cells into
patients for the correction of a specific genetic disorder or supplementation of a particular
gene product. Another potential use for gene inactivation is disruption of proteinaceous
receptors on cell surfaces. For example cell lines or organisms wherein the expression of
a putative viral receptor has been disrupted using an appropriate AMFP gene targeting
vector can be assayed with virus to confirm that the receptor is, in fact, involved in viral
infection. Further, appropriate AMFP gene targeting vectors may be used to produce
transgenic animal models for specific genetic defects. For example, many gene defects
have been characterized by the failure of specific genes to express functional gene
product, e.g. .alpha. and .beta. thalassema, hemophilia, Gaucher's disease and defects
affecting the production of .alpha.-1-antitrypsin, ADA, PNP, phenylketonurea, familial
hypercholesterolemia and retinoblastemia. Transgenic animals containing disruption of

one or both alleles associated with such disease states or modification to encode the



mul ticellular organism 10. The nethod of claim1 wherein said cells are
enbryoni c stemcells. WO 03/060(187 27 PCT/US03/012G0 11. An isolated
AMFP genqwg%gﬂgﬁkpg vector for site-specific honmol ogous rgeprRiHALECN 1N
cel |l s capabl e of undergoi ng honol ogous reconbi nati on, the vector
conprising: a first DNA sequence which is substantially honol ogous to
cel I ul ar endogenous genom ¢ sequences and i s capabl e of undergoing

honol ogous reconbination in said cells, (@ second DNA sequence which is
nonhonol ogous to cel |l ul ar endogenous genom ¢ sequences, is not capable of

under goi ng_h | 9go e L.nation j | I s, es. n optain

regul at or ys Pg ?lgﬁ&%?% %fgfggr%c? %‘gegg u%le%f P o(?dé3 gs cfgﬁthgrﬁlﬁgt %qrghgsglagwﬁ%wélcﬁgﬁ er

| acki ng s egiubip aebirthoehpeeinfental Girapichn bé hpdiedEWhen oW var theqrpabefectof
allowing for the identification of cells contajning said positive

. sel ect abl eaffgetsaiFvival, ahannomiate seagrasiqe ée- it 1) of wanseensgenigna] anberdsedgous
to cellul ' s and i s capabl e of undergoing
honol ogou?Orsg'g%ﬁg?ﬁ’gt{?%h%ﬁ%%msﬂogigggég{‘eﬁl%ﬁgﬁ wherein the organi zation of said
AVFP gene targeting vector in 5 to 3 orientation conprises: the first DNA
sequence WO0SH i sAMHERgaettargbting weotons agdusgial foethespenifiepapgensofis genom ¢
DNA sequences,. t econd DNA seqyence which.d npt _contain regulatory
el enont's. aACEAE A SERRRUB B CHTOLLPFOTHS DUl e FarRdle Hhi ch | acks
sequences Gi-fnd Qfe-BRcifRiHbhRIdgads FRbRbRALNE TROEbniehts of theXWIFPQEHENCE
whi ch is substantially honol ogous to cellul ar e.nd_ogenous.a?enom c
sequences; tavgeting ivectohclude ableadt one sggain o INAuwhieh seubsjangially hopetigbicto

horol 0g0us 4500 AL A0 85 BIFsdledfBSihld SADAR RhuGiEh biledng o

fluorescent protein selectable marker lacking regulatory elements or nucleotide sequences
coding for an initiating methionine but capable of conferring the ability to identify cells
containing the fluorescent protein selectable marker from cells which do not contain
sequences encoding the fluorescent protein selectable marker upon site-specific

homologous recombination with endogenous genomic target sequences (FIG 1).

[0052] In addition, it is preferable that the AMFP gene targeting vector be linearized
prior to its introduction into cells for the purposes of mutating cellular endogenous
genomic DNA sequences as linear vectors exhibit significantly higher targeting
frequencies than those circular (Thomas et al. (1986), Cell, 44, 49). It is, however,
possible to successfully utilize AMFP gene targeting vectors for these purposes without

linearization.

[0053] For the purposes of targeting different alleles, it may be necessary to utilize
different fluorescent protein selectable markers. By manipulating the identity of the
fluorescent protein selectable markers different alleles may be targeted successfully either

simultaneously or sequentially.

[0054] The length of the AMFP gene targeting vector required for successful site-
specific homologous recombination is a critical parameter that is often dependent upon
the particular gene targeted for creating a mutated DNA sequence. Vector length is
dependent upon several factors. The choice of the DNA sequences encoding the

fluorescent protein selectable markers will affect the overall vector length due to the



endogenous target genom ¢ DNA sequences. w0 03/01 0087 28 PCT/US03/ 01210
12. The AMFP gene targeting vector of claim1ll wherein said cellular
endogeno L+ target DNA is conprised of exons and i : . The
AMFP gen§§9§§ggﬁkﬁg vector of claim1 | wherein said vectgéhggﬁwg%%s all or
portions of exons and introns which are substantially honol ogous to
cellul ar target genom c DNA sequences. 14. The AMFP gene targeting vector
of claiml 1 wherein said vector contaips portions of regulatory elenents
whi ch are substantially honol ogous to cellular target genom c DNA

sequences. 15. The AMFP gene targgting vectaor of._claim 1l wherein said
vector contaRfien ol searsnce SREPpsitrbl gt priars. S Qe B R ol ogous
to cellul ?«rccfoaﬂ&qtm@;ﬁ@é)mm%&ﬁ%ﬁ%a thre6; [ thhvtscdfeRes MARh are _
substitutions, additions or point nutations. 16. The AMFP gene targeting

. vector of sebsthntially hetnolegons tngediular aadogsemsigenemicdangesbNAcseghensesrareker
encoded by_sai.d _second .DNA sequence..i s | ected from,DNA sequences encodi ng
1 uor escorFuay SERER: il uRrl Bl gt Bl Qoo R AR BT 37 “The
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honol ogy for said first and third DNA sequences which are between about
Soop and 58, 66%)peldwugh jtrigrecommended that significantly larger regions of homology be

utilized. Up to a certain length, an increase in the amount of homology provided in the

AMFP gene targeting vector increases targeting efficiency (Zhang et al. (1994), Mol. Cell
Biol., 14, 2404). In most cases the entire vector length will be a minimum of 1kb and
usually will not exceed a maximum of 500kb, although vector length is also dependent
upon the technology utilized to construct the vector. It is possible, for example, to
construct a AMFP gene targeting vector with a cosmid, BAC, or YAC as the provider of
the two regions of substantial homology thus generating a significantly large vector
(Ananvoranich et al. (1997), Biotechniques, 23, 812; Cocchia et al., (2000), Nucleic
Acids Res., 28, E81). Vector length also includes plasmid backbone sequences such as
those encoding the origin of replication and bacterial drug resistance products such as

ampicillin if these are not removed prior to transformation of cells with the vector.

[0055]) AMEFP gene targeting vector DNA sequences which are substantially
homologous to cellular endogenous genomic DNA sequences and undergo site-specific
homologous recombination for the purpose of creating mutated DNA sequences in
cellular targets are preferred to have significantly high homology to cellular counterparts.
High homology allows for efficient base pairing during the crossover and strand exchange
process of site-specific homologous recombination. Any mismatch base pairing between
AMFP gene targeting vector and cellular DNA sequences disfavors the recombination
reaction. It is preferable, for example, that DNA sequences one and three in a AMFP
gene targeting replacement vector are 100% homologous to cellular endogenous genomic
DNA sequences, less preferable that they are 80% homologous and even less preferable
that they are 50% homologous. The second which encodes a fluorescent protein
selectable marker is generally nonhomologous to cellular endogenous genomic DNA
sequences and therefore does not undergo site-specific recombination with these

sequences.
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negative effects expression of the fluorescent protein selectable marker may have on
cellular or organismal viability and survival. The removal of sequences encoding
fluorescent protein selectable markers is possible by a number of methodologies. The
Cre-Lox technology may be successfully applied for the removal of specific sequences
introduced into cellular endogenous genomic DNA via AMFP gene targeting vectors and
technology (for review on Cre-Lox see Ryding et al. (2001), J Endocrinol,, 171, 1). For
example, sequences encoding a fluorescent protein selectable marker may be flanked with
LoxP recombination sites in the AMFP gene targeting vector prior to cellular
transformation. After introduction of these sequences into the genome of the host cell a
transient or stable expression of the Cre recombinase will allow for removal of one LoxP
site and all sequences positioned between the LoxP sites. Many examples of the
application of Cre-lox technology for sequence removal exist. Kaartinen et al. have
demonstrated removal of a neomycin phosphotransferase cassette flanked by lox P site
through the transient expression of Cre via adenoviral infection of 16-cell-stage morulae
(Kaartinen et al. (2001), Genesis, 31, 126). Xu et al. successfully removed a lox P
flanked neomycin phosphotransferase cassette through both a cross with mice expressing
Cre under the control of the Ella promoter as well as pronuclear injection of cells
containing the cassette with a Cre-expressing plasmid (Xu et al. (2001), Genesis, 30, 1).
Thus, if the AMFP gene targeting vector is configured to replace or correct cellular
exonic sequences which are defective, such as may be the case for human gene therapy,
the fluorescent protein selectable marker may be removed after completion of site-
specific homologous recombination between the AMFP gene targeting vector and host
DNA.

[0057] The AMFP gene targeting vectors and methodology described herein may also
be utilized for the purposes of mutating DNA sequences in plants. Indeed, several
examples of homologous recombination in plant lineages exist (Siebert, et al. (2002),
Plant Cell, 14, 1121 and for review see Schaefer, D.G. (2002), Annu. Rev Plant Physiol.
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[0058] Introduction of the AMFP gene targeting vector into plant cells may be
accomplished by a variety of methods including those previously developed for the
insertion of exogenous DNA into protoplasts (Hain et al. (1985), Mol. Gen. Genet., 199,
161; Negrutiu et al. (1987), Plant Mol. Bio., 8, 363; Paszkowski et al. (1984), EMBO J.,
3, 2717). Microinjection may also allow for the successful introduction of the AMFP
gene targeting vector into plant cells (De la Pena et al. (1987), Nature, 325, 274;
Crossway et al. (1986), Mol. Gen. Genet., 202, 179). In addition, it is possible to
introduce the AMFP gene targeting vector into plant cells via liposome-mediated
transfection (Deshayes et al. (1985), EMBO J., 4,2731). Upon successful introduction of
the AMFP gene targeting vector into plant cells site-specific homologous recombination
may allow for the mutation of cellular endogenous genomic DNA sequences according to

the construction and organization of the AMFP gene targeting vector.

[0059] The cell separation strategies described in the present invention include cell
sorting through the utilization of a FACStar Plus cell sorter as well as manual separation

techniques, but the invention is not limited to this apparatus or to these separation
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techniques. Other cell sorting apparatuses may also be implemented for the effective
separation of cells which express one selectable marker verses another selectable marker
or no selectable marker. These include, but are not limited to, the FACS Vantage SE I,
and FACS Vantage SE II or any apparatus capable of sorting cells based upon raethods

described in the present invention.

[0060] The AMFP gene targeting vector is used in the AMFP gene targeting method to
select for transformed target cells containing the positive selection marker. Such ATG-
minus fluorescent protein gene targeting procedures substantially enrich for those
transformed target cells wherein homologous recombination has occurred. As used
herein, "substantial enrichment" refers to at least a two-fold enrichment of transformed
target cells as compared to the ratio of homologous transformants versus non-homologous
transformants, preferably a 10-fold enrichment, more preferably a 1000-fold enrichment,
most preferably a 10,000-fold enrichment, i.e., the ratio of transformed target cells to
transformed cells. In some instances, the frequency of homologous recombination versus
random integration is of the order of 1 in 1000 and in some cases as low as 1 in 10,000
transformed cells. The substantial enrichment obtained by the AMFP gene targeting
vectors and methods of the invention often result in cell populations wherein about 1%,
and more preferably about 20%, and most preferably about 95% of the resultant cell
population contains transformed target cells wherein the AMFP gene targeting vector has
been homologously integrated. Such substantially enriched transformed target cell
populations may thereafter be used for subsequent genetic manipulation, for cell culture
experiments or for the production of transgenic organisms such as trans genic animals or

plants.

[0061]  The following Examples are presented by way of example and is not to be

construed as a limitation on the scope of the invention.
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EXAMPLES

EXAMPLE 1

Inactivation of the ptch2 locus through the utilization of AMFP vectors and methods
in ES cells

1. ptch2 Targeting Vector Construction
[0062] ptch2 is a transmembrane domain receptor speculated to play a role in the
modulation of hedgehog signaling during embryonic development and postnatally
(Motoyama, J. et al. (1998), Nat. Genet., 18, 104; Carpenter, D. et al., PNAS, 95, 13630).
The ptch2 targeting vector may be constructed from a lambda phage mouse genomic
DNA library utilizing a phage clone containing genomic sequences spanning exons 5
through 11, which contain transmembrane domains 2 through 8 of the ptch2 receptor
(FIG. 5). Briefly, a 1.7kb 3’ region of homology may be amplified from genomic DNA
isolated from the pzch2 phage clone by PCR and flanked with Kpnl and Not1 sites. The
fragment may subsequently be subcloned into the pPolylinker plasmid and the plasmid
therein after referred to as pPolylinkerl.7. A 5° region of homology containing exons 5,
6 and the most 5’ region of exon 7 may be removed from the genomic clone with the
restriction enzymes BamH1 and Ncol, filled in with Klenow fragment DNA. polymerase
and blunt subcloned into an Hpal site of pPolylinkerl.7. A DNA fragment encoding the
green fluorescent protein (GFP) lacking sequences coding for an initiating methionine
may be inserted between the 5’ and 3’ regions of homology to replace coding regions for

transmembrane domains 2, 3 and 4, thus inactivating the receptor (FIG. 5).

2. Transformation of ES Cells with ptch2 Targeting Vector
[0063] A Notl site present at the 3’ end of the targeting vector just downstream of the
3° region of homology may be utilized for linearization prior to embryonic stem cell
transformation. 100ug of the AMFP gene targeting vector may be linearized,
phenol/chloroform extracted, ethanol precipitated and resuspended in sterile filtered water

at a concentration of lug/ul prior to embryonic stem cell transformation. Stem cells are
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propagated at 37 deg. C, 5% CO, on gelatinized 10cm plates to approximately 50%
confluency in M15 media containing 15% FCS, 0.1mM non-essential amino acids, 1mM
sodium pyruvate, 10™*M B-mercaptoethanol, 2mM L-glutamine, 50ug/m] penicillin,
50ug/ml streptomycin, 1000U/ml LIF in Dulbecco’s minimal essential medium (DMEM).
Cells are subsequently rinsed in media-free DMEM and 8ug linearized vector per 10cm
plate of ES cells introducéd via lipofection techniques with Lipofectamine Reagent
according to the manufacturer’s specifications (Invitrogen, Inc.). 24-48 hours post
transfection cells may be harvested for separation in a FACStar Plus cell sorter. Cell
harvesting includes two rinses in sterile filtered phosphate buffered saline (PBS) followed
by trypsinization in 1m] of 0.05% trypsin/EDTA per 10cm plate for 15 minutes. Excess
trypsin is removed and cells resuspended in cell sorting buffer containing imM EDTA,
25mM HEPES, pH 7.0 and 1% dialyzed FCS in PBS at a density of 10* 108 cells/ml.

Cells were kept on ice in 5% CO; prior to sorting.

3. Separation of ptch2 Targeted and Nontargeted ES Cells
[0064]  ES cells transfected with the AMFP gene targeting vector may be selected for
10-12 days, harvested as described above and bulk sorted in a FACStar Plus cell sorter to
separate cells expressing GFP from those which do not express it (FIG. 4). Sorted cell
populations including GFP are replated at a density of 10%10° cells/10cm plate and
propagated to 80% confluency for subsequent isolation of DNA and genotyping (FIG. 4).

4. Genotyping Confirmation of ptch2 Mutation by Site-specific Homologous
Recombination

[0065] Genomic DNA is isolated from sorted ES cell populations by the following
protocol. Cells are grown in 10cm plates to approximately 80% confluence and 1ml lysis
buffer containing 100mM sodium chloride, 50mM Tris-HCI, pH 7.5, 10mM EDTA and
0.5% sodium dodecyl sulfate (SDS) added directly to the plates. Cells are incubated for
15 minutes at room temperature, transferred to 1.5m1 Eppendorph tubes and incubated at
55 deg. C overnight with gentle shaking. Lysates are extracted two times with an equal
volume of 1:1 phenol/chloroform and one time with chloroform. Genomic DNA is
precipitated with an equal volume of isopropanol. After centrifugation at 15000XG

genomic DNA pellets are resuspended in 300ul sterile filtered water.
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10% & () - ﬁ*‘IG g‘)o%Opmc)les ofI each Ol(i/go%luél}eot%eﬁre %11xéd%v1£k} 100ng genomic DNA in the
presence of 200uM final concentration of each ANTP, 2.5mM MgCl,, 1X PCR buffer
and 1U Taq DNA polymerase (Invitrogen, Inc.). Amplification is performed through
application of the following cycling parameters: 94.0 deg. C for 2 minutes followed by
35 cycles of 96 deg. C for 30 seconds, 58 deg. C for 30 seconds and 72 deg. Cfor2.5
minutes. Reactions are electrophoresed in parallel with 1kb ladder molecular weight
standards on a 0.8% agarose gel and the gel stained with ethidium bromide for UV
detection of PCR products. A 1.7kb PCR product will be detected utilizing DNA from
sample populations sorted to include GFP upon successful site-directed homologous

recombination.

EXAMPLE 2

Inactivation of the pargxis locus through the utilization of
AMPFP vectors and methods in ES cells

1. paraxis Targeting Vector Construction
[0067] paraxis is a basic helix-loop-helix transcription factor implicated in the control
of somite formation during mammalian embryogenesis (Burgess, R. et al., (1995), 168,
296; Burgess, R. et al., (1996), Nature, 384, 570; Barnes, G.L. et al. (1997), Dev. Biol,,
189, 95). The construction of the paraxis targeting vector has been previously described
(Burgess, R. et al., (1996), Nature, 384, 570). The paraxis genomic organization consists
of two exons separated by a 5kb intron. The first exon contains the initiating methionine
codon and the basic helix-loop-helix (bHLH) domain responsible for DNA binding and
dimerization. Green fluorescent protein (GFP) lacking sequences coding for an initiating
methionine may be utilized to replace the majority of exon 1 as well as 5’ regions of

intron 1 (FIG. 6).
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lipofection protocols according to manufacturer’s specifications (Invitrogen, Inc.). 10-12
days post-transfection cells are harvested and bulk sorted in a FACStar Plus cell sorter to
separate cells not expressing GFP from those which express it. Sorted cell populations
expressing GFP are replated at a density of 10* 106 cells/10cm plate and propagated to
80% confluency for isolation and DNA and genotyping (FIG. 4).

3. Genotyping Confirmation of paraxis Mutation by Site-specific Homologous
Recombination

[0069] Genomic DNA may be isolated from either sorted ES cell populations or
unsorted negative control cells. Genomic DNA from each sample is genotyped by PCR
utilizing an oligonucleotide primer specific for sequences in the 3' region of GFP and an
oligonucleotide specific for sequences just downstream and outside of the 3’ region of
homology (FIG. 6). Reaction volumes and conditions are as described above with the
exception of the primer annealing temperature which was 55 deg. C. Reactions are
electrophoresed in parallel with 1kb ladder molecular weight standards on a 0.8% agarose
gel and the gel stained with ethidium bromide for UV detection of PCR products. A
1.5kb PCR product detected utilizing DNA from sample populations sorted to include
GFP expression indicates site-specific homologous recombination and successful gene

targeting.

[0070] Having described the preferred embodiments of the present invention, it will
appear to those ordinarily skilled in the art that various modifications may be made to the
disclosed embodiments, and that such modifications are intended to be within the scope
of the present invention. Although the invention has been described with reference to the
above examples, it will be understood that modifications and variations are encompassed
within the spirit and scope of the invention. Accordingly, the invention is limited only by

the following claims.
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WHAT IS CLAIMED IS:
1. A method for identifying a transformed cell which has undergone site-

specific homologous recombination utilizing a AMFP vector comprising:

a) transforming cells with a AMFP vector designed to undergo site-

specific homologous /recombination wherein the vector comprises:

a first DNA sequence which is substantially homologous to an

endogenous genomic sequence present within the host genome;

a second DNA sequence which encodes a fluorescent protein
selection characteristic lacking regulatory elements and sequences coding
for an initiating methionine in said cells and is non-homologous to cellular
endogenous genomic sequences and therefore incapable of undergoing

site-specific homologous recombination;

a third DNA sequence which is substantially homologous to an
endogenous genomic sequence present within the host genome and is

different from the first DNA sequence; and

b) propagating cells to select for or enrich for those which have been
transformed with said AMFP vector by selecting for the presence of the functional
fluorescent protein selectable marker gene product of said second DNA sequence;

and

¢) separating cells which have said second DNA sequence encoding a
functional fluorescent protein selectable marker from cells which do not have said

second DNA sequence.
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2. The method of claim 1, further comprising d) characterizing the genomic
DNA of said cells carrying the second DNA sequence encoding a functional fluorescent
protein selectable marker for the site-specific homologous recombination events which

allow for modification of the cellular target DNA.

3. The method of claim 1 wherein said AMFP vector includes selectable

markers which may be detected by fluorescence light emission.

4, The method of claim 1 wherein said fluorescent protein selectable markers
allow for the separation of cells containing DNA encoding one matker from cells

containing DNA encoding another or both markers.

5. The method of claim 1 wherein said cells are capable of homologous
recombination.

6. The method of claim 1 wherein said cells are from a multicellular
organism.

7. The method of claim 1 wherein said cells are from plants.

8. The method of claim 1 wherein said cells have undergone multiple rounds

of site-specific homologous recombination for the purposes of multiple modifications of

the endogenous cellular genome.

9. The method of claim 1 wherein said cells may be utilized to create a

multicellular organism.

10.  The method of claim 1 wherein said cells are embryonic stem cells.
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11.  Anisolated AMFP gene targeting vector for site-specific homologous
recombination in cells capable of undergoing homologous recombination, the vector

comprising:

a first DNA sequence which is substantially homologous to cellular
endogenous genomic sequences and is capable of undergoing homologous

recombination in said cells,

a second DNA sequence which is nonhomologous to cellular endogenous
genomic sequences, is not capable of undergoing homologous recombination in
said cells, does not contain regulatory elements, encodes a fluorescent protein
selectable marker lacking sequences coding for an initiating methionine and
capable of allowing for the identification of cells containing said positive

selectable marker,

a third DNA sequence which is substantially homologous to cellular
endogenous genomic sequences and is capable of undergoing homologous

recombination in said cells,

wherein the organization of said AMFP gene targeting vector in 5’
to 3’ orientation comprises: the first DNA sequence which is substantially
homologous to cellular endogenous genomic DNA sequences, the second
DNA sequence which does not contain regulatory elements and encodes a
fluorescent protein selectable marker which lacks sequences coding for an
initiating methionine, and the third DNA sequence which is substantially

homologous to cellular endogenous genomic DNA sequences;

wherein the vector is capable of undergoing site-specific
homologous recombination resulting in modification of cellular

endogenous target genomic DNA sequences.
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endogenous genomic target DNA is comprised of exons and introns.

13. The AMFP gene targeting vector of claim 11 wherein said vector contains
all or portions of exons and introns which are substantially homologous to cellular target

genomic DNA sequences.

14. The AMFP gene targeting vector of claim 11 wherein said vector contains

portions of regulatory elements which are substantially homologous to cellular target

genomic DNA sequences.

15. The AMFP gene targeting vector of claim 11 wherein said vector contains
alterations in sequences which are substantially homologous to cellular target genomic

DNA sequences including deletions, substitutions, additions or point mutations.

16.  The AMFP gene targeting vector of claim 11 wherein said fluorescent
protein selectable marker encoded by said second DNA sequence is selected from DNA
sequences encoding fluorescent proteins including GFP, CFP, YFP, RFP, dsRED or
HcRED.

17.  The AMFP gene targeting vector of claim 11 wherein said vector has
lengths of homology for said first and third DNA sequences which are between about
50bp and 50,000 base pairs.

18.  The AMFP gene targeting vector of claim 11 wherein said vector results in

the modification of cellular endogenous genomic target DNA sequences.

19.  The AMFP gene targeting vector of claim 11 wherein said vector

introduces exogenous regulatory elements into the cellular endogenous genomic target

DNA sequences.
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20.  An enriched population of cells generated through a method according to

claim 1 wherein said cells have undergone site-specific homologous recombination.

21. A non-human transgenic animal generated by the method of claim 1
wherein said animal has been generated from cells which have undergone site-specific

homologous recombination.

22. A transgenic plant generated by the method of claim 1 wherein said plant
has been generated from cells which have undergone site-specific homologous

recombination.



