STEM CELL GENE TARGETI NG CROSS REFERENCE TO RELATED
APPLI CATI ON This application clains priority of U S
wWae\REBi0gsRs3 on Serial No. 60/881, 226 fil ed JanuaPgT/1S2008/000666

2007, the disclosure of which is incorporated herein

by reference. G| P [ f this work
wer e supported byEgﬁ%ﬁyﬁﬁﬁﬁé§ﬁ§£Qﬁ%&%@@ﬂéﬁg P20GVD7501

9 awarded by the National Institutes of Health. The
United States governnent may have certain rights in
tOROSSREFERENCBACOGREOLNT KD AFFLIOVEIGNON The

derivation of human enbryonic stemcells (hESCs) has

opened new @i APFiScakioh ciliMs bASHS bW RBApHIR4ELA BFEEL No.
and it also provides a potential source of cells for

ra@$ el feiited ! arranp |9, 308y, g sigslasuretafevhigh isiingorperated herein by
q?ﬂ§&h%ally alter hESCs offers unique opportunities to
st'udy the nechani sns regul ating |ineage comm t ment

during human devel opnent, establish new approaches to

identify and screen drugs, and develop in vitro nodels
dﬂgﬂﬂﬂﬂéhﬂﬁﬂﬁﬁﬁﬁgzﬂmﬁifeasibiIity of this approach is
dependent. he identificatiaon of locus in.th

genone. t hat Portiogs B bl s b gl s HEs0627 and
APHCNIAT 5019 ahw dbde A8 thie Dedt\oRalt IAstaxRE 8 Hiedlfth. 0Thd Uaited States

i ntroduced genetic material in the undifferentiated ES
HOVERImEnt @ay|haye certaip rightsda thia Hyendn. di f f er ent i at ed

cell types generated fromthese cells. A genera

review of this approach is provided in Yates et al,
BACKGROUND (QRAREIYNVENBIO&431- 1439. Previ ous

studi es al ned at_ expressing genes in hESCs and

derivative ThodagasonalBumanamenonis ste sellsAhEgCs) has opened
V « X

YR8 A1l 1t (OURASATR LSO AT RU o
aff ceBafoneplacentpnt therapn doreyamplesthe abiiy wegdnetica bralter hESCs
activate or suppress expressi on of endogenous genes
tﬁ%quﬁ SRRQTTUGHASS torstudy Shicmpchanishs T6@Ap A 1agAge GpTEHtment
RivERE Hurdah dEWLbhRleft, CORbIEH: @J&ﬂ; tuehEs ©XBERTT afi sdréen d
sdlgjﬁlgct tao Si {eeh{l}l ng. Hom)lnggo g r ecoS [ natlﬁgﬁ éli]?} e CTUgS,
randsievelnp vy eivioomeda@sroLirirhan diasasbe€he (meibiility op thoslapproach is

j ce carrvyi.ng.a single ¢o of the tran ne
depensieat o terldenticafan of 8 IR syhE 2eRomBe BRAL IS Gaan tyaecess through
(t&%%tiﬁglgnd o Wt Wi b&€p&nistive to Bk BREAEMbEthBEStraduced genetic
(1):12-13 (1993); Bronson et al., Proc. Natl. Acad.

Soateriggp the@(di éxgg@'eyted BS(cel9ay wellias tmbroad range of differentiated
cell types generated from these cells. A general review of this approach is provided in

Yates et al., Gene Therapy (2006) vol. 13: 1431-1439.

Previous studies aimed at expressing genes in hESCs and derivative
lineages have used either lentiviral vectors or transgenes that integrate randomly into
the genome. These approaches are problematic for a number of reasons, e.g., a
randomly integrated vector can activate or suppress expression of endogenous genes
through insertional mutagenesis, the vectors are often present in multiple copies, and
their expression is subject to silencing.

Homologous recombination in mouse embryonic stem cells has been
used to produce mice carrying a single copy of the transgene integrated into a

predetermined site of the genome (see e.g., Shaw-White et al., Transgenic Res.; (1):1-



10

15

20

25

30

et al., J . Biol., Chem, 274(2):948-55 (1999); Tang
et al., Genesis, 32(3): 199-202 (2002)). In these

wa taodiogsss3 t he ubi quitous Hprt | ocus was used weeTUS2008/000666

limted and unpredictable success. It would be

e to de S I NS I
S URIB% Reb Bt A0S0 LRI BSR oA h0R1090) s
i gbak) L @olt, T 2 THIPRO 4RI S5 61 996%, T Rkl @Benebig] 33(8):199-202
difficult t0|dent|f chronmosomal loci that fulfill

t(R8QD)-c ki theyq dudigse élgfe\ama%ltqqs dHgtlosaswanysedorith Hpmtgd and
n%ré?ﬂct&glg S cecgkge nl? %‘@ S thdle %]ge dzIr{ ﬁ,{tg%%nafl (l)écus that allows
er regu (0] ranscr i ptl on an

bs];erong fahdi pfﬁd&lﬂaﬁly eﬂpﬁm@uéfatmgelmb en;e{(téd‘. thnaagh lidmolsgtes

(0] | nsertl on a oCcus as

| 1§eQIRbIAg b Ph’éé’éftf@i“lttt‘é rqseaﬁ{ye%e@esqm jlQct éb@ﬁ fgp)gliletgewntem

o@@h&g @@9 ARE Yn I 6ok Habby 811 bt %lggﬁwgieésfhéce Uiy 4R RPfkient
| VO an %ewge etic materla eeasﬁy
[ fnt pogacegulation of tranderiptighnadtbme) Gwpoefore cinflipemasedibyrris-

9/ 53017 descri tﬂgs a process for making transgenic
fhestiep

ﬁoy?ﬁ%’ﬁnﬁmeah mé?éfb‘f’gss a heterol ogous gene,
Wher ei n t herhgé RIoRkOUABSusIGRK N 55 RIBESE 10ciSnfeeRth&k cAteria
a ubi quitously expr essed endogenous pronoter, e.g.
tlnaausoflt is lewpressedan E@s@ﬂ@ ahdrwasy dénvaya/cqusues dotein, vitro and in

224. 245 02
ars AT ERaE TG 0B SRS TR S O MR ER eifnprqmons
PoLIRbiRAGH. W@S@@I'ﬁdd@@ﬁibé&%cﬁbéfés@@ortrﬁa 91‘1 Rik Animals that

for the expression of heterol ogous genes. /098217
abi@ioyely express hbeterrlogaws gene. vgheprin fin leqtenob)g@us gene is under the

f.e ranscr V.
506t SODIRERFRL Bk MR bR YRGS P e pouse
tAB a & [cas. SRODadfuih €641 wesyhﬁnitb 204:045231 ¢2002)@nd K. A.
pr ot ect ed trans%ene cassettes into predeterm ned | qci

(Moggs et flo Gnsain 11 déukd0, (290btiiga the tnsgenis syse strain R26R
(eI ARGk © RPOORN REDGRI 53506 el iRk f Mg WO

2y 0032 17 describeg e trexthddr efitaigetins pometerdgss detectiBo saéttes into
| ocus, US Patent No. 6,461 864 al so de [ use.
SR P oRBLE e eRts SYCh a5 he lg?sggé 1935n WGP @Z@% gpicpibes the
T e e R R R0 e Bt casseldpie
mrweermmm/lent (e thesRaragé tbous), seh thalight irtragcédtissug specific
t he hunman ich is capabl e of

pﬂ"8§%¥}°\‘/‘ﬁ Rb"r’P‘l’]tSr %Sté}ti?aﬁésoé‘% "I’FéP%FQﬁcﬁh VY orot er s

i nserted t hygRobeR0R)TTARYE B8 caqmthmfdr%g&tedttﬁﬁsgenesxs using
| ocus. Hunman RosaZ26
the mRosa26 locus. US Patent No. 6,461,864 also describes the use of the mRosa26

locus in the production of genetically engineered non-human animals that express a

heterologous DNA segment.

SUMMARY OF THE INVENTION

The present invention is based on the identification of the human
Rosa26 (hRosa26) locus, which is capable of preserving the activity of heterologous
promoters inserted through homologous recombination at the locus. Human Rosa26

is therefore useful for the efficient generation of transgenic animals, tissues and cell



10

15

20

25

30

is therefore useful for the efficient generation of
transgenic aninmals, tissues and cell popul ations with a

w@ra@diogssabl e t ransgene expressi on pattern. ThePel/Os®08/000666

the present invention provides a nethod for generating

R RRAC R o PRSIl Fasfficle RBRBA BRI o s s
I nt r oduci ngThertfone tthe@pberDhifyention procRies Atmethbd fdi PeBerating a

Rosa26 | ocus of starting eukaryotic cells. In one )
drsarie fitkaryafic qelipopulaian hewing g aepdifiedhvrgan Rgeds locus, which
GHEthEE ebiPrisdin i lefi! ' Odm

O PR A Ry GOIRINE R0 D ASBfhchle ot Healman Rosa2s
dbtwrofatartieg yykaryic eetist Iroored erbbddlimentythiedendtional Ddidesequence
expressi on cassette conprising a %ﬁne of intere

t,
Vi @188 A I ESSINUCAS G SREP IS Shgege t%@fp%&ogar%tws@ linkgd to a

| 1R4418102%ud YHORI RGO hiferh AR it Fun et ' Gl
the DN 1éequence’into the’Iﬂgfﬂu?e%ngﬁbﬁg?ngfgﬁéé%&%e

ofxprdssioMiiAssste cemprsing ageneof intesest,omharein thd DiNAe sequence

d Rosa2 . In th thod.of the . .
R e F i o oo Do o b SRR AL T, chefoy inserting the
| DNAOGtY G e iftbAhd RS Mk i Stidxpre3fibh of ¢ INOARIQEHES is under the

reconbination with a targetl ng vector conprising the
fepntrol ofthe cmigResewiiese 26 pramketer- by DNA sequences

honol ogous f%g%?-gegb#f%hgﬁf%%gnq i e%HES))ﬁ tﬁgﬁm%ﬁgrg%l)@ﬁkcsequence is

cells are sel romthe group consisting

Pihiroduiced Gib ltise aldryotitvellabi AesholopbliSrecambinatiod with a targeting
particul ar, enbodi ment the eukaryotic cells are human

eYastoy sAmerising g fogptieral DINA pequegesBanked byt [N Assequencen e

Li miti '
IR R BRRTIA 1 Lol oBRIES sk om e
i giohpj fl@sisltiag l(mfr‘p'rilrmsﬁ sellsrafmﬂdﬂﬁmrrtagmifaa:lls; aclaptaqyasticular
signal.in ecul es, transcription factors
ﬁﬂ%@&esﬁttggmaymm & s RN R branis Sjs B9, celifug
target candiQal &3, orhRRRAEMaE BY ShPHNIE O&uRAQIUL hdnAhting list of

toxi ns, and rm%atl ons and conbi nati ons thereof. I n one
egenedihaemby bt meed urthe mettald dhitle prespnt moentien sncheles recombinases,

expressi on cassette. conpri si ng, a .gene. of interest .
SRR R, ooty i il S BnaCtom PuPrs Rhamacrutically
tdREvOPpRIELEEN SeptiRles Ur@ital §e0 Buikdiatey, @Lé@aéé%ﬁéiﬁ% g8t SYoducts

a cons_t Itutive l_,lbl qul tOUS_ pr_om)t er, a constituti ve

tanddonding, ad imutatignsamdtcombinationstherdobl e ubi qui t ous

promot er anlgl qanlré Seitmrbg ci:lilslgr!lteg%: Rotton pI?ﬁ'Af sieﬁu r}rcgggé%ﬁe é%‘(pression

non-limtin uit ronoters I"nc

ASHctie cbfabMsinP@gent ABMteresthopefativllyllinkedto &hetéd@gdul promoter,
Al bumi n, aP2, Insulin, WAP, Col 2A, M, tet

amergindhe progiaserds selypted %ﬁ%ﬂ’ﬁw@iﬁp Emeisiag ok eensyiutiysne

W&\ﬁﬁﬁlk 8&)&?&%& aldofisttifde tifkub Igﬁeciﬁc promoter, an inducible ubiquitous
promoter and an inducible tissue specific promoter. A non-limiting list of suitable
promoters includes CAGGS, hCMV, PGK, FABP, Lck, CamKII, CD19, Keratin,
Albumin, aP2, Insulin, MCK, MyHC, WAP, Col2A, Mx, tet and Trex promoter.

The functional DNA sequence or gene expression cassette used in the

method of the present invention further comprises one or more additional functional
sequences selected from the group consisting of marker genes, one or more
recombinase recognition sites which may be the same or different, poly A signal,

introns, and combinations thereof. For example, the expression cassette comprises
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met hod of the present invention further conprises one
or nore additional functional sequences selected from

w0 b@s@gsssap consi sting of marker genes, one or POT/@S2008/000666

reconbi nase recognition sites which may be the sane or
[ ffer | ' ' : omhi.nat i . :
0 Rt HIE L AR BB UIR U il spiic

cRogstbs adexms flaikedgprembteniets Ksval ychesiRnes g&d, ag iddrted RFP
fromthe group caonsjsting of a viral splice acceptor,

IR e I3 & FHe%e ARG sambisatgnsithereak i &t anadicydhe,
( \ o ¢ .
?gn%dmrﬁéﬁteﬂle%gﬁre‘éﬁf)# @%etté;?:{%ng_r&%seg 91% f%ﬁéﬁ'g? Cﬁl@rﬁent? ﬂ?%eguentlal

I'nati ons thereof. In Icular ment,
erpere 65iaovirat gplivetaceeptam(ly)iaslesPflaekddprloawiteriese heoreydis resistance

o BT i o AR, ERrepSaRERRReS) ek hrant i
aMAkes by MuthRVEIAEY2 Eﬁé’s.vwe'bﬁmtau%ttﬂ@%@ress CRbdheBhbprises a

inverted RFP variant is flanked by nutant | oxP2272
PNasseq@peeichbdinglfbrya Craescempimessiminsachbs Etand nooangloe’y? 72

a.DNA sequence codj or.a Cre r.econhi nase and sai d .
Risebate o otanan e oP kA TolSWink SbTestian ELrT reoRulnag e neomyein
trogibtah@ daoyittegs RXIIVRE 2h@ thedREPEnvRe@MMaBiAg § uddeBcontrol of the
neonyci n resi stance cassette is renoved and the tdRFP

i ardegenoys ABORdRAgramotghder control of the endogenous
hROSA26 t,i . '
used i Lo Blmerhé faredink ebror bRB IR L Mon SN

saeizeefingtded kafheht@PelebRd grom! theG@osp Sdrisidin@fof tapgFor protein
for protein detection, enhancers, selection nmarkers,
dlstecigmAnhansesh selestiqnoparkens, and sopbigations themak yot i ¢

cells are ' . ]@Eg&ﬂc NA _
honol ogousdf}?)é ?ﬁ‘ggﬁlﬁrgramrll saZ?%gggéJ(ge are f@%?ﬁ@@gﬁ??%tr%e DNA
tsequénceshain8logbhsatokhe BuragmRosa 26 ecus and derRagleZdn Itloec) and 3

I ne enbodj nent, the targeting vector. conpfises a
HARKINEATR Of%k&‘ﬁ%%@ﬁi%? paik 4B 0B cmRAdisgdhe rgeting vector

.. . ; _
SRR DN o B N LA v
hurodi Rased6 lnemen Rosa26 | ocus. The invention

addi ti onal | rovides .an isolated DNA se nce. .. -
Subst ant | al 13 MEFRISRTocamprseh & ereyo il bopRation comprising a
lipsdated rhpbieek. Jsueteot | de positions 9' 415' 082 and

9'414' 043 on chronosone 3. Alternatively, the

i nvent i on pFlsinyenticaraddiisinally gravigessadsmatied DNA sequence
S i.al | | SEOQ | D NO, 2. ..Stjl] .
PPFAEPRHoai IR TS bt isfod Bhpgqupucleotide

SRGIfRAS 8°41152082Mmndra’ 411 4643 oif Sleronfls6ind Ge M Iteda4tiliel y, GitsSinténtion
the nucleic acid sequence of SEQ I

provides an isolated DNA sequence substantially l}Dlor|>1|(g102g'ous to SEQ ID NO:2. Still
further, the invention provides an isolated DNA sequence that hybridizes under
stringent conditions to the nucleic acid sequence of SEQ ID NO:2.

Also provided is a transgenic non-human animal comprising a

modified Auman Rosa26 locus.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1a-1f show the identification, expression and targeting of the

hRosa26 locus. Figure 1a shows the expression of ARosa26 in different adult tissues

and in 3 hESC lines (HI, HES2, HES3). Expression of ExonllI was detected using
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Al so provided is a transgeni ¢ non- human ani nal
conprising a nodified human Rosa26 | ocus. BRI EF

WORHEREEREE ON OF THE DRAW NGS Figures la-I1f shorCT/bi82008/000666

identification, expression and targeting of the

@ Qégvé P@RS H @qgﬁeé feﬁ Qe évt%?a ?35?6%5?8 %%&2 ltcl) ﬁ eirédividual

in d| erent i SSU€es
(RT/qPEHRS2actldnS3h 1gutEx][h' shosisalie @fprésxionldfIExonH andtExondd evaluated

usgégi$g$t Ztsg»’i[ g‘fdo‘%? Qtp?eéélffieroﬁ Q}g%sﬁgg g?gqbé%?sa}séﬁscrlptase This
a}%?@ %‘%nl |ef Ehe prlloguét Mnﬁg#; %égtﬁ/%?ht%h @i r 9Bkd a schematic

uat ed u I'n RT i ndi cat es
trhprepmtaimnmf tbé taa@mgoecmf andeaf segheent pltiearempy adoatifidth heman

P [ifi 26 d t

R ockp ey SIS oo R 1P P e B st

tl@i@ﬁ?‘ﬂk&ey A efspfipél aéi:eﬁt%mﬁé b&f witR eRRM Baﬂs (iIﬁdlEétgd @€ region
&

human Rosa26 | ocus. Grey triangles denote wild-type
|af>hﬁglmblseqmnce homcdegy (é§5%,)tbatvteehmmgmd sit es ( SA =

splice acc The box ert cal bars i "
the regi on ?ﬂ?&’ Lalive SEOR? 8&8’1 BEPS ?%S%d‘ ao@é%ﬂosmons

Wtr@ﬁféany peRAL £ Ed ESthNﬁnﬁ%x?&S Figu 0d howey e MBRRB Rosa26
according to the positions of electronically

|lgemtafwer gencetaneeting and eranpdiatedracivation of WRERs Fighee heiigen
SRR bR OE pRENALHER gl MR MR A8 IS KB FE WD) and

Rt Tk@eliated taRcB‘Ptlﬂmabﬁ WTR b RIREF PG EWIT + iwiRIstyp€,fI0F € knock-in.
(WI/KlI) and after. Cre nedi ated tdRFP inversion (W/KI
thigpe)lf Sww&hﬁmae?tftgyp@mq@NA hosidiesd it gREP specidicgigbe

ﬁ@-@ﬁ% %Almp"‘{ i zed with a tdRFP specific
robe |§ent| yin

single integration event. Figures
2a 2i show Filgeres2ua#i cshowg yheamndrptibfoigg raad i fidrentiation of ARosa26 ES

(ol B S tiomsdho moriaten <f (b BHFtih ROUZE By afien on
frﬁ‘&gs% nﬁf’%rﬁc T’e%'d@lgcélfsgﬁfngm gﬁl[ %&Q%E%FF%H&QZ%O%CM@ expression

t he expression of RosaZ26 I'l's reveal ed
wf tARER iresBesacé BS QEﬂISSC,\CﬂaLCd bl’?lfglwr@c@mesrhwmcolbw Figure 2¢ shows

b Sl e BB RSP BusToBh R Bie el i AR AT fllsbrown on
Ri18HpR] R 4353@%@& 'P\{?\rr@ ausﬁws ERs dskebidveds ievedRae #26sa26 ES

ES cells; phase contrast. Figure Ze shows the
exps; @@swmﬁasft Hizore 2o sherocthe GXIE%IQIEQ/feth@B leosa% EBs

fl d h
TP GG REPoRR tpd PR Ear sheBTBE bR phoRitic
(ambBERGDf mai/getéWOSQ% Qéllsf’ﬁghadeﬂ laad Mﬁh@ﬁt l@dtcﬁﬂE@Z tieqddréntal

(hat ched and shaded) and cells fromday 17 hRosa26 EBs
(hBP2cells{bytched and shaded) and cells from day 17" h2Rosa26 EBs (bold line).

Teratoma derived from ARosa26 ES cells shown under bright (Figure 2g) and

epifluorescent light (Figure 2h). The inserts show single cells from a different
hRosa26 subclone (phase contrast and fluorescence microscopy, Figure 2g and Figure
2h, respectively). Figure 2i shows the flow cytometric analysis showing tdRFP
expression in a large majority (>96%) of the teratoma cells. Live cells (> 60%) were
gated based on forward and side scatter parameters.

Figures 3a-3e show multilineage differentiation of ARosa26 targeted
hESCs in vitro. Figure 3a shows developing neurons expressing B-Tubulin III (green)

and tdRFP (red). Total population is visualized by nuclear DAPI staining (blue).
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Teratoma derived from hRosa26 ES cells shown under
bright (Figure 2g) and epifluorescent light (Figure

w@h(os/od4se3 i nserts show single cells froma di f P€T/®82008/000666

hRosa26 subcl one (phase contrast and fl uorescence

Engcrrp %Q/%@é/ %é:mgf%% %tlgg F@@Q % tﬁﬁFP a@eﬁgbu\f |I¥I) Fi 9gure 3b

I gure rIC anal ysi s s

t SHERE t SRR e;s;ﬁessibn in AFP aelg;egeﬂaqamdl ftom GROGA6 (ofapérhﬁnel) and wild
teratoma cells. Live cell sat(> 60% were gated based on

ftawﬁi%s%)r?ell% (lav_vegeaﬁeﬂ)e rThsiratrolwpg represgiis@a oygtiapof an IgG
S0 ée'n? tiR PP Ené IARY effel s@Edrf&”t}f?xfdl HEISARE REFRHEY

hESCs tro. ure 3a shows devel opi ng neurons
argivabal dgmhel&"lﬁdmAFR slaiﬂmg @refm))tdaﬁﬂ (taleEﬁH Dadd)(blue),

;{géﬂ%lﬁﬁl%? Eﬁ‘:{thllé%) #g)é%lsltn%l;' 91@5@&,&\% ?}g}e{l—l Qf.ﬂﬁnatopmetlc colonies

C%o@ﬁ FfoF? aéspﬂs Eﬁs RrEtedTbnk th-EstﬂS eils: Thk gllrge?t sBBws tdRFP

ows tdRFP exp I‘eSSI on in AFP cel generated from
heRpsEfen émb@thrtymramé Icploaes. \Expdsurg p/eth(thEGF)’ fdter lisincluded to

el B e dhirs e ERR° FRpe i HaEaflyss
t feinfohs@dtthef 008 S Bnd RIRIMex§e8iond uxy&m&ndmalﬂrm-aeﬁ%d cells
AFP stai ni naR(gree red) and DAPI (bl ue),

rgsnprated; fyan ommlzﬁ@t(rgd)cﬂwﬂmypghﬂscwlwd Flgure 3¢ shows the

& é‘r:qulﬁg ngﬁd?aﬂhllpo 0| t ! %wCOng eciqeo%l H%Sé 1ve n%eglls %atjég from

t/d%EEzcewrsE(Eeﬂ GéhtbtnleﬁQﬁhH ctelthEﬁgm afdHBBD @arenkd RO IrEeht). The
with the GFP filter is included to control for auto

fhERSr wereehHereptiatedyn sqrpgy free TBGIdIQ Mothdhigh eppcentrginns of human

AT SR e AR phet o B e /83" U clls were
hRasaP®ith ESastifadytipecificfod lmmatpdlohﬁﬁﬁ%o@hcﬂoiﬁjmn FitgmiteB (hCG)

3e shows the eg&res& %g of thFP i n human chori onic
B RBARNYRSFORtBbLentey 828k I18Q)- gener at ed fr om hRosa26

cells (lef tFl?gl%? UgI4p) sﬁB@v tﬁ@ gh%ﬁﬁ@n@ bf fﬂegﬁél)se%ﬂg hifak Rosa26

parental cel right) C were differenti ated
[ s&qwmrfdrraeltupmjalegmndnh ph)lt ofisalentakimimat ESTs Kigutedmeshows the

100ng/ m d ce traqphect oderm
cleneait e Mohs® S BimEnRoiB SEHPE s thehighfshdogresof
%nﬁﬂé%?%%% B8& it vdrRtal bdFEA Fak! ARintou3e Bétﬁféhé@&’éﬁ?cted in
subuni or an isotype control (center rig

|Fgg;)4a IFS@Q B NE i dSho ot segupgmmctexf lntlhe 4698EQ ID NO:

uman. Rosaz6 .s C rrult
3 B TR iR Ao RS SR e T R0uE 2B el B Bottom
QlrroNd1EaLES ehediskt BB MG SA REMER GHERERS fdMnti lin ERgembl database
hest degree of honol ogy (>85% box with verti cal

&Iﬁﬁ%gBPIﬂ( GRp24633). t Fhe hmaresequense shewn éploeated| betivern gucleotide
éﬁafﬂ}g??ﬁlé@é@%dﬁo@m OJ@ 6n Qmsgﬁg lﬂ?ﬁﬁ?en% H{LﬁﬁﬁgBlzﬂt View
v37). Figure 4b shows the multiple alignment plot of selected human ESTs showing
local similarities to the genomic sequence of the putative ARosa26 locus. Areas of
significant similarities (>60%) are boxed. Each EST is labeled with its GenBank
accession number and the tissue source. Predicted exons are indicated as black bars
on a genomic DNA representation and numbered using Roman numerals. In the
mouse, Rosa26 overlaps with the ThumpD3 gene which is positioned in the reverse

orientation downstream of the Rosa26 transcription unit. To highlight the high degree
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2). The top arrow denotes the 5 start of the nouse
Rosa26 transcript 1, the bottomarrow indicates the

wa@snssshs t he nost 5° human transcript found i PCEOSBO®D00666

dat abase (GenBank: CR624523). The human sequence shown

e B R R F BB lonHAR bl P ocus,

Vekoh strittgty &f tHO hemanTHUNPDA! it higb epirbdcftvdRiRtord) Bdrs.of
sel ected human ESTs _showing local simlarities to the

genoni ¢ seqtigHEsS 585t %ﬁ‘@wp%@%? injegrafreisintbe pBesa? 6 hiSEa sFigure Sa
qu a?g%%gﬁ%h@ df'tfl@fzk%' 95 168 Al AfEmbR nét%g tdlggg ?ﬁﬁ/%?on

accessi on nu
tERle= Eole: eestriRtiedient e, d%oblﬂ{PEH € 114kdi tdRFP dntamabl atkern blot

TR0y Rt e s FBanREn DOk warg Eesisd 0y B Feggd and
V}Nbpidfi%ﬁ vﬂmﬁiwﬁ% f‘\%ﬁﬁ@& dsﬁmpgé 1%1 1% 1kB€1kb plus DNA

reverse orientati stream o
tlnddes {Inivptdgen), UitBt = eftodimingbroigde. t he h| gh degreeof

s Rosadbeiths 04 obesRO Bt fFanha eBreng KoAEHTERRton of  second

THRIVEEB clofic BlRRaPEPY. EBIg A sBOWS hRYsdIRT Band o %enomlc DNA
5a-5b show single int e%ratl on in the hRosa26 hE

Pyvera digested |V9t1aHmﬂiH mad hybridized with @f900bp extRowh gendnaic psobe

Heulinkife FEONThtoe QUERER Kk Rn CERM I, 5RG 00 shows

SRéshes. D ahd BIE&V talldeDéveradifeabted BagadenaR feBc6nditions to
DNA was glié(?este with EcoR and hybridized with a

taRPpepard hermatopeibic edlkneh il 7alsys af diffgrentiption ERderived cells
SRaBhEed I ABR S B HAOEM el B = et Dl ol uim

owthe| ification and

C har acteri ZIatgume 79f7dash6®0ﬁﬁ§kotbgﬁfaaaxﬁal?dls)ﬁﬁhRosaZ&denved
(hRosa26 2). Figure 6a shows hRosa26 and contr

Jentnma Ebllseyested @&@eamﬁl%mwcﬂﬁm Nom Wmlp@mﬂe@sultmg

o s AP Ry YRR ROy R SR R i ffin
Goctidns isonh Rese &atdmas dethbB2rapaconttimitionad laH 3vgarm 20 layers Figure
rosSery mfree co dlt ons t

ggﬁéﬁg% I&%O ﬁ:ggl]lrg e§tp§te ApRdlac mysc Spntralf)y locatgcsj nuclei
Qhirb %Y. SPfeliA 7@ ellﬁ%d%ﬁédémléé,ﬁé g; WiR{ &c%metf&rls tifow).

expressi on of igures d show a
Hiigure[7dghaal rasﬁleyéarsom)f hRosa26 de ved teratoma ES

i ce and T oSaNEe Ay e aPav MG El S B el iggeda s

|s@h&ﬁatid‘i%?&béﬁta‘t|xdrﬂﬂf&ﬁ§ hRodd38genstht 1066k eFbrfthigeting; Figure 8b
sections fromthese teratomas denonstrate contribution

tshowp thedogusrafiep tarpetinerand (ﬁﬁgnﬁdeatvétd% invergipa; and Figure 8c
shg&% th 711&3u ftoilbafgnegdex%ﬁgxggeacﬁ’ tl%"lt%m thRlpo"lCIs wl{hME Filled
triangles denotes the wild-type loxP site and the open triangles the mutant loxP2272
site. SA = splice acceptor. Figure 8d is a Southern blot of genomic DNA (digested
with Xbal) hybridized with a puro specific probe revealing a single integration at
6.1kb. Figure 8e is a southern blot analysis of ARosa26 clones before and after
RMCE. Genomic DNA was digested with HindIII and subsequently hybridized with
a hRosa26 external probe (same probe as in Fig. le).

Figures 9a-9b show inducible expression from the human Rosa26

locus. Using RMCE, an inducible expression cassette was introduced into the human
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(arrow). Figure 7c. ciliated nucosal tissue (*) with
secretory Goblet cells (arrow). Figure 7d. neural

WO o®sgsss3 (arrow). Figures 8a-8e show RMCE i n PEROESBS/000666

ES cells. Figure 8a is a schematic representation of

q2ERRIR LT o b B kA R oo o

I\ﬂ&lBﬁs’Sa Rfracydlike Ee@uhsb éiemsﬂitows aﬂdiﬁolh e ¢tafsgdeak lc@bé thtroduced and
exchange of the tdRFP to puroTK with RMCE. Fill ed

tip pEprgFsed ugemHegsmonal ofidogyexshiae. Expressionobifg tltan&ge@s &pn be
hoRRFLEBy eCePlsBich, o M YatS thloh Sportproteaptised from

(idieges tibdsoshdl lenlyaity (IRAS)I disatowniit Figureda,on spemrefance of
%Lo%p?éyciy%ézabhﬁ)?@pay%é%‘sgérﬁéui‘éq:&eié#ﬁ%&di%ﬁe“‘b a5tk Bpwever
e O T O ot L

piybe (sane probe as in Fig. le). Figures 9a-9b show
i nduci bl e expression fromthe human Rosa26 | ocus.
Usi ng RMCE, an induci bl e expressi on cassette was

DETAHESIDESCRIPAGN I FRRERGVERGDN Thi s vect or
transacti v aTlmsr prasenmah\tenﬁsn provetes deyloimarehameslpgusef the mouse

253 s B ot Ry Y ErBOSNE GToRBYL YLt Feseene to B human
ERQBE:?& &ca8 ?ﬁe&ﬁﬁ‘re Htha INERH6h FRVideE a0l A& B A¥equbsice
BTGSSIOH of the Venus fluorescent protein expressed

m@tmllyrhoemiagowtb egwrigbtiénseqyensietlecated sy cenraucientige

I\Pg’ﬁgljé) E,Pe‘{lga% dggl égiggg O%{?S?II%)S( ylf}}legﬁ%exﬁvr%l)ther provides

h@visslgted IROA sequEa¢abutistantiaily Rb@blolgBi€loSSED) IDN€O: 2. And also
fluorescent reporter can be detected (Figure 9b).

DEPYiReED apastrRieh FINON seruenos thaklyEidizes under siriaseconditions to

onol ogue of the nouse
ﬁgég‘g‘géﬁgggﬁé&gﬁ% rré{f%oég k?ort gl te-specific integration
of a transgeheterns Osubiantialiplorhbiegals”] ‘Gabstantidlr@iesgonds to”,
the invention provides an isol ated DNA sequence

s suitantia] igepdiyoas yerdshargin depries esl@%%tee%w@mdew acid
l s,%ﬁ%m%g ig&t t‘ﬁﬁ@ mi&ik S0k s%&u#lﬁé hid 8418asPats ;b]u? 98&%@9&10&: identity,

on C ronosone e Inventio
pmdm abé praferablslcdt did:asdaws%q;aqmmee almhﬂtyaasmoaipayed to a reference
honol ogoys to SEQ | D.NO. 2.

aveteq  BRaCcER e CES ahgtCer GBS Rl bR bRl JBaY deletions
Cd?régﬂlttl'oﬁﬁ‘ Vhi@ the 18I RedLt SPHE 8EeRNEE sédfahdd The reference

sequence may be a subset of a larger sequence, such as a portion of a gene or flanking
sequence, or a repetitive portion of a chromosome. However, the reference sequence
is at least 18 nucleotides long, typically at least about 30 nucleotides long, and
preferably at least about 50 to 100 nucleotides long.

"Substantially complementary" as used herein refers to a sequence that
is complementary to a sequence that substantially corresponds to a reference
sequence. In general, targeting efficiency increases with the length of the targeting
transgene portion (i.e., homology region) that is substantially complementary to a

reference sequence present in the target DNA (i.e., crossover target sequence). In
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The ternms "substantially honol ogous”, "substantially
corresponds to", and "substantial identity" as used

woersiosssdenot es a characteri stic of a nucl ei ¢ PCT/AWS2008/000666

sequence such that a nucleic acid sequence has at

east bout 90% s nce. i.denti and nost pr
AP g RO BTG E rdhins 4 TR BB UR B poey
rdeps; AkBoRgURTeCognTAE thatEepesdRe ef va@cﬂis&eé‘(ﬁnbmases may
identity is calcul ated _excluding snmall deletions or
deduacitbddegips ehseasenge dendidy regaired borsdficieptreggmbpination.

reference S’%ﬂfﬁ? £ condifiod @ rEle £SO RS ﬂﬁ riq%lﬁclgg sgeciﬁc hybrid

subset of a er sequence, such as a
gelﬁanmﬂ Genpkillygstaipgent kcrditions iaclude e«bndmm mellet whithafucleic
is at

h f
ECmoleguieh Birip PrEbdiamRlgey. g %3 pEFTeNBRES0%A0E MOS80
%Qfe%q' 9685, fé&}ﬂilzeawgh QE&L &hab! Mtdhat ‘Egsn‘p i confitioRs

0 nuc eot| [ ong stanti a ntary" as
adrabg imilunder einditons av}ar@qqune}weadldl atolec&las dnlybﬁéize mtithreach

to, a se ence t t substantjally corr nds to,.a

Bhd 2 A e s Rlor St Bmidih 103 GPical VAT sorilGngf Southern
| HYBriaAaRS, Wel, fa &Rﬁlﬂl@egl X 8KCt D894 SD8EhichIaBly DS, 0.1%
portion (i.e onol ogy region) that Is subs antlally

cdaplat ABHE. ary to a reference sequence present in the

target DNA gssover, t ar

| ngener al .y Gisthot PR Bl 86 WY IR B siswperifi
Liﬁt%gﬁifnoh%@ g @RhSgdRblitsingTid RPN aL RAsAZS lodls! ISQitable] But lnSn limiting
recogni zed that the presence of various reconbi nase

rﬁ}?mPE‘é o varipus raethpdethat map e usrddnicgangction withythe fl@gsa% locus

t
08 45 B S AL WDy OO U 1 AL 0TS Wit
faby TehsgésaRes] (1y.1- KX (1998 Brossondt hi.,Arsc.i Matl. ux:tmd Sci. USA,

R AT AL RN T AT LR

% fegr%ﬁ%jt?% é%@%’% Do 8hBe wih 9b/5888N 1@@&@ et al., Dev (Pynamlcs

stringent”’ conditions generally Inhcl
(224&%&2&19(2@035 EbyA. Miadee etcal a CedesinB Ed @i6-4 80 I30)1i);dW£r03/020743;

8 BB IS R o RART I Tt e ESP R
N} &rpSratedtHefdin bgr@feren@ml{ girmtifky, 1X SSC, 0. 1% SDS,
preferably 0.1XSSC, 0.1% SDS, at '600C. Any met hod

known in th@rwmamnbyam@g@tmefcmr mayebesﬁm@n@p@cﬁm the site-specific

i.nteqgr.ati gn,of transgene, usi 0Sa26
BieE BBk PR sBhadink [ERIRE FrofieR focdul By MTRESTRR R sheart. A
NRigBOsIS védia geiBial D othpeided Nfif0BR@EATHOMGLbFousNe a portion or a
hRosa26 | ocus are described in Yates et al., Gene

TREiPRRY 2 (Fetiaeng spquengs, i.e4 e Alipsg26 Eyeutv-angiarsecqnd sgpuence

y ‘gﬁiﬁs 0 BE a‘d (pé)'tlc;]n %%&él%g%§h’tafg&oééﬁ8 Qedfendd, ie., a second

portion of the ARosa26 locus. The targeting vector may also include a selectable
marker cassette that comprises a selectable marker gene. Preferably, the selectable
marker cassette is positioned in between the first and the second sequence
homologous to a region or portion of the target gene sequence. The selectable marker
cassette may further comprise a sequence that initiates, directs, or mediates
transcription of the selectable marker and the targeting vector also comprises a
regulator that has the ability to control or regulate the expression of the selectable

marker.
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93(17:9067-72 (1996); Hatada et al., J. Biol., Chem,
274(2):948-55 (1999); Tang et al., Cenesis,

WG2¢08)0ss889- 202 (2002); WD 99/53017; R Dacqui nper/Us2008/000666

Dev. Dynami cs 224:245-251 (2002); K. A Mses et al.,

Genesi s 31:176-18Q (2001) . MO 03/ 020743,
2006/ |0205o7’?1 Ong ]t)é)ﬁfh%l}ve%w&s% %B%CZJS 1onp} PNA sequence

dhe6d RSy RS t1f 7 RBNL0B 1S 14 NEQHeRRPAISiOn bESseitdicditprising a gene of
reference in their entlreté)Ig For exanple, a targeting

Jslerest oprstivedy linkgdieer keterplogousproniotes. Asaised herein, the term

.nt ratJd on of. a sgene S|n

OB RO NP RS PR P By DS Pl B,
Qﬁi@ﬁh@ﬁﬁi elliatifif tl&&%ﬁ&@lﬁldﬂnm| rﬁ@ﬂiﬂ@adl@ sequeacé. i Proniters may
a region of a target gene sequence, i.e., the hRosa26

|aggifi®nally; @@P@%@ﬁ%@%%@%&rﬁ?% HURSUIEAMLrdopp§Heam
gy%lrnb%P of E a‘ﬁgér lﬁ%ntg,h\gﬂglgg‘%ymﬁg%qp&@cn tid rate?

econd por |on 'ocus e targeting
vect or may lalme dmhddudenta)f sted redeabinyentiork earprcms&ema@/ be used
ene. Prefer

t conprises a selectahle rker hl
R PR CRBBR BoR RN (oagbic ehetefolggers Pt Riative to the
Wo‘ﬁ‘@%lo‘cﬂﬁ thtiSh uﬁﬂﬂut%ﬂ@oxst g;)e%ﬁﬂ:%[?ﬁﬁ%t& O4BleP 8 Situtive or

to a region or portion of et ‘gene sequence.
Tfhducsldlee Fhishibéquitmk @romatssmtselecmdfrohuptvlhmerasoﬂb I sred HI

s ce that initjat directs, dj ate

leFRAER promiers{ el g st peligmerae s T degendgt promoter
tlﬁélﬁ@itng NGt B E lifite@ S, Qd CRIPHloRRTerda CAANGS pPmbRATa MRNA
the abrlity to control or regulate the expression of

tmems@lr sacthads 86, rreR Wéise PrRRISAgrembisd suabras IbF, attRNA promoter a7SL

ntlon th nce i tro ced

RhyBass 15 5 A b Gters o, S Eprbled & GO0 bfomorers
ca@anm@(w thGMYE 'PGI‘Qfantlrék%ﬁfeE oﬂﬁ@hétspé@ﬁcypfdnﬁﬂta@ atOFABP
heterologous r onot er . used herein, the t

"(Bhasndt Erordong @pbl%ﬁm e37é1r BA7d- 3§03%@Lﬂ9§0bwk K@{:}?aﬁrﬁt g¥., Proc.
[V, 2R3 & G5 Al B ka1 '5399921}: cﬁ?ﬁs Tﬁ@ﬁ’ d'@e‘il‘é‘ﬁ 15021326

transcrlp ion~of “a nucl eq ence. Fonnters

99N D1 D(Rakkatt ety Nuskeid Acidg Riek.i 3501 BFGLEI8q@897)3;UCratin (Li
as upstream or domnstreaWIﬁronDter or enhancer

at éhselﬂ?‘é?loﬁmﬁnéhl 236875738 (404 We & leumaind(Pagticck iMagryson. finesis,
g 531;@360)2&!1{] 2(Bhr1bD et B §RRMic IARYRH dsO ns (? Vﬁ)ghrrﬂ%lg{n (Ray

€ gene expr essl on casset e
ot hbtlat J| Pyousatqlr D6 R63(£9959)), \MCKc(Blrdlmngl Boala Moleadars(ell

DBl DB Dol ST P L R BRR B 99m, wae

gw&m& @f all, N3 eBREdRHof 1 P0PR: meu@@eﬁ tolzlA (@mldnlﬂkov etal.,
ependent pronoters, preferably Is a polynerase or

|Genesliepdm ti‘bﬁﬂl 44 (261060 examples off induciblgtpromoter smnswed M)O(Kuhn et
al.%/n&ce,%.ehlﬁl %9%’), tnp&?rlilhger & af.\),'\léroc. Natl. Acad. Sci. USA,
97:7963-8 (2000)), Trex (Feng and Erikson, Human Gene Therapy, 10:419-27).
Suitable inducible promoters are the above-mentioned promoters containing an
operator sequence including, but not limited to, tet, Gal4, lac, etc.

Alternatively, as described hereinabove, the expression cassette may
comprise a gene of interest and other integration elements such that when the DNA
sequence is integrated into the locus by homologous recombination, expression of the
DNA sequence is under control of the endogenous ARosa26 promoter. For example,

the expression cassette may include a sequence flanked by a recombinase recognition
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pronoter such as U6, a RNAse P RNA pronoter such as
H, a tRNA pronoter, a 7SL RNA pronoter, a 5 S rRNA

w@rasnssss etc. Suitabl e exanpl es of ubi qui t OUBCT/US2008/000666

pronoters are CAGGS, hCW, PGK, and exanples of tissue

FEe b G’ SRR SBHE 1 BRI iR f Y ing cxprélsRin of the
Recambihiade] theAaacionat DNASueB@: 6 Bﬁﬂ:edﬁux(dkﬁ? 993) do,ntrﬁhﬁf@hle

(Tsien et al., Cell 87: 1317-1326 (1996)),
qudegenops ARosd26 pragretesi In partigyarzihe expresiion ?z@sﬁ%may include a

(
(v’]ixgaT% ce Kllégé 1J fol dvélede{y Aloxp-ARXEd ﬁﬁg(ﬂéﬂes} %gorﬁ}énggslstance

mn (Postic¢ & Magnuson
end APhith s fol000) by aaRP@ydBsed RRP edriaat (a tandem-dimerARFRI sr tdRFP),

A B tuten d3422 78 3Me g tostrifpd o s Parcioxp2272 stes

'\Qécﬁgéﬂléﬁed@%lll that 3RS CR%x g?ﬂe%gg}n) the Mty difgRlst fice Rhssettd is
. I nvest 100: 169-179 (1997) P (U ono et

abmovechand B GARER froinverted, llwd)yllﬂ%ng theagyseite QodezAhe control of
(.©vchi nni kov nesis, 26: 145-146 (2000));

et%/\ oe;ggn%‘i‘s }1@(562‘% 81‘0‘?1(% Pomoter sites are Mk (Kuhn et

al . SC' NeNCEhe #&BRting42¢tol 488ct{ochOONN sehfiénce \dr | bﬁ‘@@)fpr@stslon
al., Proc. Natl. Acad. Sci. USA, 97:7963-8 (200

Taassette Feayfusther qniREssone i e @idiorph seaugyces mcludmg but not

%gmﬂétp tnéZ%lect%’lg)t I%Qh(%r Qrgelé%&ll'leas R En‘yc?n o@{o%g{uﬂ?ansferase gene

I‘OﬂD ers contaln I ng

SHRIROE @rahi}ﬁ)lsbhﬁildf@) rbcuimb’iﬁdsehedﬂghﬂﬂmtsﬁes tvtlich {mluwlle loxP, FRT,
lac, etc. Alternatively, as described. herei nabove t he

esapiaais sheseo e aisepely Avaignals fch ae synthpticepobyad F’M’ latignssites, or the
?E)g){] %Hﬁ&uér{‘&l?e%ﬁ{dn?aﬂa Oﬁb%ﬁ?ﬂérﬁmoﬂgg Red ﬁgéh ﬁtglese ces

ence Is Integrated®into dgcus” ogou
r(euchndsi asplico acceptop o€ ad¢rviras, etdlg 1Ms,stagmﬁm Peoteih detsbeion,
contr ol of the e rgggenous hRosa26 pronoter. For
SRAAMICES, SEIRLIODMRESE: B¢ cassette may incl ude a

sequence T |@ankedrhiidnRafibinGs %arg&ﬁ%g\mc{dr @0 Iﬁ)fr@cs a functional

e.g., loxP, and the cassette 1s engineered suc
fIDNlAqum@ce)ﬂanb&hby)b)l\bﬁ s¢quencesdhomoilogase to theduman Rosa26 locus.

f Iace und he control of
Al fesigrier Fied 0k g nBn B oteHt ajrael?&alﬁ mngetff?én a few as
eP(]@rlﬁ§§beﬁfh t6%§ ?@c{n s"Tey ldbnﬁllePéi@o@ eXdH Adnk ent is greater than
accept or, by a | oxP-fl anked promo er ess

rebonty Lk iny l@ggtélt m%p@&t@bly\bmwnuabomoll m/@@ubw kb, and even
! R EP F
AT okl AR ke85 B s

tiherehstRe AielbéidATH 0 Sdus @coniting vl dvies e@I ES wells,tl@er
after Cre expreSS| on, the neomycin resistance cassette

i tsagmagmts will alpribe more diifieult © GleRker t ed, thereby pl aci ng
the casset B alﬁ'aﬂ%'f efflﬁgdfth%%, m%{hotdrb? tﬁ&qg&ﬁ{b%uiﬁclufies

hRosa. 26 pronoter. vect or uncti ona
Didénd egpin e ntbingttoncaneixhe esmes:slbn cassette is free of a transcriptional stop

signal 5' to the (heterologous) promoter of the cassette (i.e. is a non-protected
cassette); and/or the exogenous promoter is a ubiquitous (constitutive or inducible)
promoter.

The hRosa26 locus may be used for the site-specific integration of a
transgene, wherein the transgene includes a gene of interest. As used herein, a
transgene includes a gene or any DNA sequence that has been introduced into a

targeting vector and ultimately into a different cell population or organism. This non-
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cassette may further conprise one or nore additional
sequences including but not limted to (sel ectable)

worookesssgenes (such as the neomyci n phosphot r arsT/@sEBE000666

gene of E. coli transposon, etc.), reconbinase

n|t|on which inclu xP, FRT [l a

g‘?g 3¢ gmeé}t 8%;)&@% 8§ I ta1n 1t%on%g%lsbdcglﬁg1§gl %roﬁe% &% ingﬁ %unctlons

rmé yR4ebHRIRIOA oFipk&sin, @ﬁcettkwlsfwﬂeuml @rﬁkﬂd@té@ﬁlt@ tHe@ra@bgenic

human growt h hor nones, , . splice acceptor

SHEYEHB O if Biglaltersthy ngpnalcfen%t@@éﬁtﬂm trejfsgeie QeRANSIS 'S genetic
e), introns, tags for protein detection, enhancers

sel ection narkers, etc. In a preferred embodi nent , t he

targeting VEkd gdneadimeteseinckadésmint genoak mse@mnem@felatural or

fl anked hy DNA sequences honol ogous to the huma
Ryathstc pag@s AP@‘%HUB’&% ﬁé)feeae that maay-he F$e§ﬁR|ﬂFf‘gmeth°d of the

1;58% gf‘m'véntﬂ%tls Giette§ BonPiid g&!lbo oiﬁ%%,gs &H& gbrﬁé%ﬂl%hnases,

ase palrs to as nmany pre er y eac

frlemrker@nésg m&ptms sgngln@m‘lefecu]lea,nrambm‘i{ttioh fattorsnpharmaceutically
g nor e gifaé% bet ween bout 1 and about 10
I&St‘ %H?Pt‘é{}%?f‘ pé‘ B? arge) coutidales, dispaigicaysing gengRygducts

Ehnh%mﬁé tahﬁ %ﬁaﬂlcﬁ{s%ﬂ HIBHFRBLStHRRY L] ThE RAHE miullftion" is
unber of honol ogous reconbi nation events in ES cells,

| 1mdget00ﬂrtagmnta9y whariges ingtodbeechintethdiDN Aseduence of 4 oaference
I n_anot her enbodi nent, the nethod of the invention
i§8Fudes honol ogous reconbi nation and the expression

cassette i SinfdmRentfodanédtae BY ¢l 198 Aumah BB &Y E&'ceﬁs may be
to the (heterol ogous) prormter of the cassette (i.

@ta;n%wmemce%kyecu i3adafed from blagipeysty bt néthe%bmmm the art, as
p(feg ﬁrfof' %}ha%l;h%bg g)lz% OI-]u %ergt Nk %@4% %bvﬁagrbgéo d l %1 ka @8) Science

pronD er. ocus 1wy Dbe "us

SAer1spelail7| ©.9. Pargt Nol 6492678 E\raamsgain(a98‘l\mﬁmetm292h954 156;
transgene i ncl udes aaglene of interest. As used herein,

and Revbyoficetioh dPUDNRugdigtesh. 93P oxlhesnethied descrihgd herein
hﬁéy S T: [543 %%ﬁ@%_ a'ft?f;ng%éhe t8 aﬁ%ﬁhl@q g&x{l%c th cell. Adult stem
mat e | er e

y into a nt ¢ popu ation’or
are@amofhn:ie fdriezamplenh¢matepsieteretain ceils,dAe mearrave steomalistesn cells,

orjgin bi ol o |caI operties a d fun i ons,
eaerms! gt iR g, Ofactersiadilistess Pl Bt el skin
| SR c@flike ahd 8968, eA](!hﬁt ﬁérﬂ%@ll?ﬁ&veoi sitnflaf B 1i8) 4s&FS LR to give rise to
normal function of e transgeni ¢ organi sSms geneti €
aoay. diftkeeng eelbtypts, ibut baveghe adwantage shad theygmndedarsigd from an
f?glﬂﬂence of natural or synthetic origin. A
limting list of genes that may be used in the

met hod of tige wideErerehtiatby ERtdeRS alerotBef Adirtdined tktRr
group of genes consisting of reconbinases,
conditions that allow maintenance of healthy colonies in an undifferentiated state.
For example, human ES cells may be maintained on a feeder layer such as irradiated
mouse embryonic fibroblasts in the presence of serum, or with serum replacement in
the presence of bFGF, or in medium conditioned by mouse embryonic fibroblasts, or
under serum free conditions using human feeder layers derived from, for example,
human embryonic fibroblasts, fallopian tube epithelial cells or foreskin.

The method of the present invention results in site-specific integration
of the transgene at the ARosa26 locus of the ES cell genome. The ES cells having the

integrated transgene undergo normal embryoid body (EB) development and retain the

capacity to differentiate into multiple cell types. Expression of the transgene is
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reporter genes, receptors, signaling nolecules,
transcription factors, pharmaceutically active

w@r@sesssss and peptides, drug target candi dat espCTUSHAS800666

cau5|ng gene products and toxins, and nutations and

SRR RY AR bR R ey Hoan e T, B eking o ioveppeed

smmegamenaﬁtaal thefcapitgao geieate lcollPoEmeNpdineges. t he
ES cell is a human ES cell. ES cells nag be obt ai ned

conmer ci al | Stereells brwng @ transgang inegigteddhereinasaadedusthe

éﬂ?{ﬁctl bﬂ%ltel})g s%a{ lmfg%t oql_[eﬁ‘g ﬁ&ég%lgzrit%v al{%?< ?cg%gggﬁllgg tr§ns(’gé:mc non-

ARitnah ahdihals, fbd gendratthg dﬁﬁfe&mtlaﬂéb celfs a@ﬁl&;éﬁﬁ&. havirgstrarisgene
angd Reubi f et a

al . (1981) Nature 292:154-156
(19295%5‘ ‘ﬁé?’iﬂfé feg Hy ghféﬂe@@hmrﬂ Stﬁ%‘:‘l‘? & freéew@fl%eg strategies
f}g{ ﬁf@ all‘i@é’f.fé’étﬁzg ﬁe te m%% gﬂﬂ Qs iy d'fof ngeggkf HefapBltic gene

son| t ste
|tranb&deMdﬂmds efmagmiemtmgehﬁﬂemmt@i ¢cadlsstamstesd d:eil,s ab@ktmwn in the

R D LN R NN AN B

Qﬁllek%m&j@lé’ha? Lotk kfiowA S ex%Br}@'IH bR (BB e @@ﬁthﬁl developing
have a simlar ability as ES s to give'rise t

rmH;pogul@flem%pmsememg dﬁyp@sres bﬁall Hmfegetrhelamv and asgd;sctlh@d in the
the can b hay v

e for Rl ST o QiR ek limial 1$62:869 i ne

under condiFdr@Ramphtdin chlklemibotmuhdht qﬁmwdﬁ?eraﬁﬁlnbhyes cells are
colonies in an undifferenti ated state. For exa

emaredRomdieeder walls prioriaidifferpritaionhysubdeniag the: §rcells directly
Sollll?&a gg‘laﬁl[n%gcﬁj El?lhﬁg VQE;H]S ﬁﬁgﬁ%y t8 4% h%{lps rér?(?‘ttg tﬂeqH}tﬂ‘ta’lon of EB
prese or In the

Serum
rgeﬁsxeﬁﬁl@, ES cdikGre passaged 1ﬁIbCIMIIIM;ES le dllds‘»ﬂﬁg lb’&dz{mlﬂ:ﬁ&ure in this
C{‘yonl ¢, fibroblasts, or under, serumfree condition

edigmpncrlisrare banyested andbiransfrsrad iale liquidnedigim EMIAM, éS% FBS,
?ﬁ??& r?ém-?bf L at [

S of esE adcf Ea@rrlgt ﬁSH&ﬁL‘JgWS%S ¢ }elgl ﬁ%ta?n%%m)}b fldoma
meedibmdl)iin P@td-gr&dpelmhks cUnd¢rehesatconditiofis, tHiecdls ansgebée to
at, t he hRosa | pcus of t ES, c eno The ES
aehre o el fcaBrm e erRaherBaRaE g0 nor mal
enbryoi d bo@ﬂltﬁr@@)n(ﬂﬁ&% A WROWN D fhe 28 RRF thel diFefRARAG % cell
to differentiate into nultiple cell types. Expression

dypestfeund midgehEVilssreli ait(elf)ﬁ@dltwlam@ﬁmwll :259-67), heart (Maltsev

oo, B RbchoRey HEASON e RafEeded of B U394} B, Bl

cellsy- ab1)yBldodplesseld gt Bita &taﬁff(TZO@(b)'Nath@WUwQLa%) brain (Bain
trans?ene integrated therein as nmade by the met hod of

tehal. pF¥Se Revi BiodnkG8ott 23 kong4Battery ef ak: £004) Tissue Bpg. 7:89-99) and
JENEHA VAL SeANTISELE AURYGE Proc. Natl. Acad. Sci. USA 100:11457-

11462).

The differentiated cells and/or tissue generated therefrom may be
introduced in an animal for therapeutic purposes. Accordingly, in another
embodiment the present invention provides an animal comprising differentiated cells
having a transgene integrated into the ARosa26 locus thereof, or comprising a tissue
generated from such cells. In one embodiment the differentiated cell is a

hemotopoietic cell, endothelial cell, cardiomyocyte, skeletal muscle cell or neuronal
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animals, for generating differentiated cells and
ti ssues having a transgene integrated therein, for

wabtadpsssgs di fferentiation of stemcells, for epel/usti08g0666

strategies for safe and effective gene targeting in

| d f .
Renaigieets pisut e 8§ Bt af il R apint Prasnady mpwn in
fth@mt,stem cells are known in the art. The nodel system

for ES cell in vitro differentiation is based on the
formati on ofhq preasnt iveatan ot tabe limited ésaepe i thesspecific

SO i u(%ﬁ?,#-lgnt? Qdl EBed ?% tIxE}?etre L,k thod c%# ?ﬁ)i[ (Eigthg ?A\Jentlon in

I ONS presen I ves O

| sbdétfom tamlmbslesle@bmti chsmh will bds@naaratp afet toethasmdkelldaMn the art
el ler (1995) .Qpin. Cell Biol, 7:862-869. For
loregosie "éﬁ%‘é‘? L the a?qoesrrpamsma.ff@lé?s@ rtuch maskifications are

prior to
TR & B Rl SLobd prive AESeE Balrie Pl O [ Oet 1y
onto a gel aAllmataatis appltoanmwpelﬂédatioﬂ'sg\mt mefhods, literatiffe, and
r 1o, the ini i on of EB, generatiaqn, ES .
ety cha hetfin dte herphimeedorsied PEam Ay e ofensae their
Cdpkitdifeg i N this medium cells are harvested and

transferred into liquid nmedium (I MDM 15% FBS,
glutam ne, transferrin, ascorbic acid,

nonot hi ogl ycerol and prot mybri doma nedium 1)
in Petri-grade dishes. Un condi tions, ES
Chiesiatyt &idMatbgs-t 0 adhere to the surface of the
culture dish, and wll generate EBs. Culture

cl@’wawzﬁ@ﬁyltmee known in the art for the

2l (1601 “EhMh Rbro bt R n KRR s O GhN bEhaGbnan
avas gré@adh ilvediated [Faviss Webster HODR4 ﬁmﬁ&b em%m@eféehelﬁiells (MEF,

1994) Dev. Biol. 164:87- 101), bl oad v%sse
(Mﬁkﬁwéa@m&rw w@UEﬁMﬁé@@PEplmsn@é Vgt 20% (yivhknockout

9 , L
eI agBipent 2P0RIPBER hBliongihodfil brean ke dshY, RaD
Systears),( SO0y ook aewtilkmh,. S(X@ﬁx&)stlﬁptmmychla(cﬂ/S) AcaMl L-ghitamine
00; 1 .1457- 11462 The, di f at ed c [
Arihrbnt | ol g Bt ing gk (AL RP e OB P oMb amersapto-
ath 01 (TPJMEQ'@ Mrsr 8dIRUbdrE gBhrites and chia&ed ad AGHbed . Kennedy,
anot her enbodi nent the préesent invention provides an

aMl el elbemnpr Ms Hegativrfoi esreesoninaitwdntod|BSscetlavi ng a

RS R Lo Need B0k T om Locus araot,

one enbodi nent the differentiated cell is a
henot opoi etic cell, endothelial cell, cardionmyocyte,
Jilissed @momivddsy: cel | or neuronalcell. The cells or

Ui ssues may, be bk AASEL AU Egowadh difkr RHTRSHY MEHRA Becton

known in the
Dickinson). Alkaline phosphatase staining was performed as described by the

manufacturer (VectorLabs). tdRFP expression was detected using a LEICA DM

IRB inverted microscope.

Identification of putative transcripts from the human Rosa26 locus:
To isolate human ESTs showing similarities to the human Rosa26
locus, putative exons were identified by comparing published mouse Rosa26

transcripts to the human ROSA26 genomic sequence. Each individual exon was then
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The present invention is not to be limted in scope by
the specific enbodi nents descri bed herein. |ndeed,

wo arogosssesodi fi cati ons of the invention in addP¢T/OR2008000666

those described herein will becone apparent to those

Hiadeds L”ghve\ﬁlg&t? p”o”ga"s'ieé}% LS nPRESAY MUCRI RsH Showing a

| sndrefieRd Etvalie(B > 0id00il Pw&ﬂ%eg,l@&a%}?%h@ﬁed Aiese By siR4tive human

clainms. Al pat ents, applications, publications, test

n’éctshé@l genamicseqrenee Using theoh gy Plya spftaeze romdSeinsifiei
Rl S S e e

c&ﬂtéw@ 17 eor hdamsis ebmmmna@vesmcem(qu) hARTHECR 20t(11E18\IA from

Cell International) was grown on irradjated Sw ss
RSt BANCERES DRBS 0% AR parew and skielptabmupde wogpurchgged from

{
(PHRER, raRaie fokl iR SNENEL IE (HEBHP TR et (odPES cen
datethdtionaly dndréRosuA6 Uskigihé RNeasyZKit (Qiagén). R&DeiSy staesmsiption was
50 nmL [ 1 t [ P/I'S), 2 nM
L“-SEJHE& &‘?ﬁ%{??gé gb‘;“ﬁ Omﬁlsir% aé‘ggeg?iyg: na$ri no) aci-ds
(all from I gyinkh ‘B%@TIN DN AMADLIREEAP ﬁ'l%rigilov(l*?lg primers: fwd

-ME)29. MEF cells were generated and cultured
B IAT 6 THIA TGy TTUIGEC K€IC 31 (SEQ IIMNO: 3) and rv 5’ GGT

TR AR ETA SO TAS KE8: 184 G505 ERrNER i st gonit

fb%m%@dsmé%& %’(gm Q¥R g PRe f%!llbliﬂl PhifelcRt:| fvd” TTA TCC GTT

cki nsonéE Al kaI I ne phos hat ase

Mat r | é\gect on

s@@G 4 GABTAEAAGERE (BQdP MdShind yed” TTA TTC TCA CGG
IlP@f {3 Rl i

d ec({aé% %‘g‘?r%é/g%ﬁ@qm?@ Enver (g%rin %I?IoéiglgA by RT-PCR

I\d&rudtédtédaisl@theffomw@tglmdr e Sed spAs:fA Ao Ge;;rh AGNAAA
Rosa26 | ocus: To isolate human ESTs s

GFHNBIG ARG A4 87 (HQ RN Rewd 76 51 EEE@STTGJ%%& (GHE dpheCA
SAE GEFN éétgcithﬁedoﬁ ggﬂﬂgg&%ﬁ@%ﬁ%&&ﬁg&% op an ABI

transcri pt enom C¢ sequence
| 7900HTthedmayoler aad ambhﬁtzitmﬁtvm damtedsisntghhe AR green method

human EST base us ast STs show

S 2 s e st LGSy eI ieanar h PG
aQabmid DN2EsApIal.| Tie ztlﬂ&?rﬁ of target, normalized to the B-ACTIN reference
and relative to the H1 hESC line was calculated by: 2 —~AACT. The resulting qPCR

product was confirmed by sequencing and showed ARosa26 sequence.

Vector design:

The targeting vector was constructed using the backbone of pHL-HH,
a murine Rosa26 targeting vector8. It consisted of 5’ and 3’ arms of homology, a
loxP/1oxP2272 flanked neomycin resistance cassette, an inverted loxP/loxP2272
flanked tdRFP and a diphtheria toxin negative selection cassette. The homology arms
were amplified by long range genomic PCR from hESC line HES2 using PCR
primers introducing the restriction sites indicated: short arm fwd 5> ATG CGT CGA
CGG CTC CTC AGA GAG CCT CGG CTA GGT AGG G 3’ (Sall) (SEQ ID NO: 9)
and rv 5> TAG GGT TAA TTA AAG ATC ACG CGA GGA GGA AAG GAGGG ¥
(Pacl) (SEQ ID NO: 10), long arm fwd 5’ TAT GGC GCG CCC GTC ATC GCC
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Rosa26 genom c sequence using the Align Plus 5
software from Scientific & Educati onal Software

w@ Besagssses for Msmatch: 2, Gap Opening: 4, GQ1/US2008/000666

Extension: 1). For analysis by quantitative PCR (qPCR)

ofEc RrFeRd Qi c%‘rgo?ﬁg I)Z(itsgiQ ﬁnggl?::ﬁ%an& WN§» TAG CGA TAT

ki dney, bone marrow an S purchased
fCAN ATONRGAIGACIAGAOCA ARG TCDTIT BAE A€ld 3’ ({HeeRVH(SEQ ID NO:

%Scsilﬁilegq}gﬁg %herg‘%;ﬁ% gSatn!ai ItEAS(rgfllglg)éa:ﬂq}lc? agl\?%i{glg\%lel)e e?(glqanged to

t j S . ' i )
GEREFALELIRE IS g o ARIERRL A OB cxndet 5
floimadyamgy whicneasintfoddeds ashETlinkeAvsiTgyhe Talo @D oligon@ieptides:

T RS TARGAGR AGASBE Teér G T GEsCECE  tShpup No:
a3 aHEHeSt BAGONGEPER A6 GRICEACA G AeW GEAPTCTEICEEG 3’ (SEQ
fwd 5" TTA TCC GIT GCG TAA GCA CAG AGA GG 3' (SE(%_ID _
ND N©) 14hdThe/REICH G¥changs TCiorGas cT@leddnaligrimgamplgzonucleotide

(5RO Rl el 07 o B Bl iR s
é(@f(%%ﬁ#g@ %ﬁ%&@g@f Cg/z\}ghgg é;iéluésiﬁg II@I{‘QSt?a)tag’iaﬁg). M¥nker

_ CCT 3" (SEQ 1D NO 8).
refuerPeR asrfallgws:sinbhpt BA ALEF ECENBAY AN T ST AT GBITAT ACG

AT RGIRG IS AT AT PR AT A SRR R GFaIh Aca TaT

SOPEATA CGAIAGRTAT AGC TBP(SEQ NN S)asd rest RTACT TCG
gﬁgom' c DNA sa The anount of tar normal i zed
t

ARG RO G BTAoAEE A TERaAG G e CAT TreshCTa Goa
"PAR (PP et Alabed e ATT APKTGANGT a9 BraocaP@Eo b

product was confirned by sequenci ng and owed
MQuksic Ehe\rmedraycidabygitinefkinaseaipyetlik)gassett drommpBSKpuroTK

constructed.using hackbone  of pH_.-HH, a nurine
REASHD0 %ﬂeaé?tpﬁge WY g “ppdir ma i nging "5
arnms of honol ogy, a | oxP/ | oxP2272 fl anked neonycin

resi stance cassette, an inverted | oxP/ | oxP2272 fl anked
tIIRFR dameparatiop hud elecrop@wtionnegat i ve sel ection

SR | A TR TN N —
S D! a0 e Sl AL Lt o
deongisuesttyeteaed dishexreated witnatimnlgyer f MattgelyFor DNA
E’?‘e%tr%%raﬁéﬁ h-lli;lrm%n %%Gcéﬁ-g((;pé%g:a%eq% w%c%e%@ t%%in%tl%n and
dissociated into single cells by trituration. Trypsin activity was inhibited using 50%
(v/v) fetal calf serum (Atlas). 5 x 106 cells were electroporated using a BioRad gene
pulser (BioRad, 250V / 500 pFd14 in 500 pLL HES media + 300 pL Phosphate
Buffered Saline (PBS) containing the linearized targeting plasmid. Following
electroporation the cells were plated on DR4 MEF cells at 2.5 x 106 cells / 10 ml.
Twenty-four hours later G418 (Invitrogen) was added to the culture at 25 pg/mL. The
concentration of G418 was increased to 50 ug/mL at day 4 of culture. Media was
changed every one to two days. The resulting colonies were screened on day 12 for

correct targeting of the locus by polymerase chain reaction (PCR) using the following
primer set: fwd 5° GAG AAG AGG CTG TGC TTC GG 3’ (SEQ ID NO: 17) and rv
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(Pad) (SEQ ID NO 10), long armfwd 5 TAT GEC GCG CCC
GIC ATC GCCTCC ATG TCG AGT CGC TT 3" (Ascl) (SEQ ID

woenoshagsemnd rv 5° TAG CGA TAT CAA ATC AGA GACPATHBSZAAA000666

GTC TTT GIC ACC 3' (EcoRV) (SEQ ID NO 12).

u I j ' .l i P
PR REE Ch AT TR Es GO M s algyinga 1 3k0
seagasmt.ng pl asm d was generated with an extended 5'
honol y arm whi ch was introduced as a |inker using the

foll owi ng oligonucleotides: fwd 5 TCG ACG AGA AGA GCC
Tbhnds @@%%ﬂ%g%cﬁko&ﬁ Q1D NO 13) and rv 5
TCG AGG GAG CEA ACA TCT TCT CG 3' (SEQ ID
NO 14). TheRd3NEEcloxne Bingas expahdad andlertopomttdoyith a Cre
ligati.n n ol i cl j.de linker h oriing.a | oxP .

Aot InR Aok BT AG el SutiRey Holomatice ceapprgion cels
Sére pldedn Mhtn@%él Reated pMRNh HES Si8diRdin. PE&8/1Eight hours after

pBluéescript Il SK+ (Stratagene). Linker sé€quence is as
fed¢dtroperatibngells werEhanGHtelQSINPATYpRINTERTA ardGeiyspeied in cell

AN ZURRE STl seded Pesty GRsefpiggion B R,

ando mm@ém%ﬁpé%ﬂ@d%&ﬁ%&@?w@é&%&&% fic/febdoMOEHSTAAESC
TAC GOG TTC CAT GAG CTA GCA TAA CTT ATA GCA TAC

ATqiATmdoddud GIRFAT clongs wew idergimd) picked using a glase
0 {g/a%id%bm({gddi ne- ki nase (puroTK) cassette from
p‘gé%pur 0 i

was i ntroduced into the MCS using standard
nol ecul ar techni ques. Pl asm dpreparation and
el ectroporation: Forty ng of the targeting plasmd was
Iﬁ%&ﬂ”‘l’f@daﬂ@lﬂ’ﬁ@’ Kpnl restriction enzynme (NEB). One
day prior t I i S ’
ol 4t od on 10ReE6 M BAREIAboed BFSBUIERLUS HEN Rl wing.a
vdxtdmal prébenarhplyfeed fodbm dehomgeDN ARing iNA fell @eing gpinteatpamwnfwd 5°

R M ARG b SR8 G O ERIE PR Tred] $4GHAC GTA
LAGEUEREI @BA JA BPEEQABING! bY) g@rﬁeratm%i Md(ﬁg BN GRKIc DNA
(viv) fetal calf sSerum (Atiasj. 5 x I06 cells were

eV ssodi gespal wsiregithe §ingl/lAreBircRan egzymee. fixpseted pBidofkeeas,are 6kb for

Ao Sare Bl G R B eeisds RIRE o o g i gel probea 1.4k

ltHRERpr AR A riRed %hﬂ&eﬁﬁ%@ﬁﬂﬁvec‘?&' W#&WsBd that would detect one 4.1kb
el ectroporation the cell's were plated on DR4A MEF cells '

drang (BeoR Iigssbeiflassinglg ttegrationestenyhgsqgeutied; r Bon RVIGE Southern
8 nvitrogen ded -1 C A —
RGBT RS B S MR ogiin

negzPine abad ayd thepfhydridized evitietliskb pa® Tkhpiobe devel fyora pasmid
to two days. The resulting colonies were screened _gn
dSkpurpBK. This probe will detect one 6.1kb band if a single copy of the construct

was integrated.

ES Differentiation:

For all differentiation experiments hESCs were maintained on
irradiated MEF cells in HES media. Prior to the onset of the experiments cells were
passaged once on Matrigel coated plates to reduce the number of feeders. All

cytokines were purchased from R&D Systems.

Neuroectoderm differentiation:
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correct targeting of the |ocus by polynerase chain
reaction (PCR) using the following prinmer set: fwd 5

WEABSASEB6ACGC CTG TGC TTC GG 3' (SEQ ID NGO  17) pandSzoe&000666

AAG ACC GOG AAG AGT TTG TCC 3' (SEQ ID NO 18)

anmpl i fying 3kb.fra nt . Tr ns'. nt XPlEessi

and cel | ¢f'1%sh eremaveg%g b&lt én‘%{gj&ﬁ%‘%’ %ﬁﬂcﬁhs by
qﬂaﬁigrara%a&&ﬂra%h laf 30,008 cell@mle)ﬂﬁl mg)dotvan ol c(Ltsi?aR!ﬁiae@
HIJF, .unpubli shed). Follomnng electrggoratlon cel

v(&oémpg)améhle Enloweing mgeia: 86 (ue) IMEMSFI 2, S5 (itiNawobasal
F |
hEdiY gf&% Iﬁlonpﬂl%t? %‘12 glﬁ)p%ﬁ%tt%cfg\gﬁfé gggugﬁgﬁg 3% IW

harve usin

Sﬂoﬁotm@gmdﬂoa(MHWM) 5 MPasE6zb)c andl(SAY, K)ek% héﬁﬁ‘E)Chlbmnini(all from
\ég@esm on_of tdRFP. Two thousapd .t dRFP+ sorted

ah Vgt 2 Q2mddhd x\RBAT wpplsasat (both ggm. ﬁvmesep)n@ FaS) At day 4
'd”f%ﬁffér@H@Au&%%ﬁ%@L QARG 8 gsnéeqﬁagag{r g@%(? Dbk fh 45 §8ells

l'ass pipette and expanded. Sout al ysi’s:
hﬂzrs a2bsteaed &t gelgtimemtaim el pladesmndSoedih eran stpdemented with

ana '&‘ls USIE% S(FQS:X%@ %@Pﬁaﬁﬁ‘ﬁ}l%wl NS ggqufpaﬁy ghanged every

#‘Sﬁ@ A ApenntddSE BﬁGNQndTE%F Th¥ome
GACAAG A AGG GTC CGA 3" (SEQ ID NO 20),

generiaeitsgells SetmopnobealasssnvamslipsDhnbeddsddn gresgedatin coatin.

U G e T P R o

tORowar @8BS Qlretik&l @ PBOH 40 RaraTo@hid1déhyde QPEAEMSAKBlocked with
t dRFP probe derived fromthe targeting vector was used

tSErm s pepteiathdeck GHKR) ardsubseqheptiy sfaimed; widls monoglpng] mouse
ougiﬁﬁlbupél 1 lax{lf)c? y eﬂf dix%ﬁngo%g B{: %@%n 1{1:8 %control Staining

ern ana s using an genom

BINA reacalel g&h Ta%nldsy mgl inbese lgst IFIrIu:I ¢<ﬁij1u@ﬂétwseoﬁétwy aﬂﬂfbdy
then hybrldl zed with a 1,6kb _puroTK probe derived fr
cHBBRBET YT Al lssnwr ther o iveried Leica g T8 Byga-cica DM

Egﬁ%ln# {:ro@c F‘H*ﬁdx%&@ Itrfﬁglg:ﬁg s Eéﬁ&ﬁln“?gswhyﬁé%rﬁ;e@%smg

erentiatlion: entation
d&AEImnﬁmgimE&ﬁs(Mtﬁemlar&!mbex) ).ned on irradi ated MEF
cells in HES nedia. Prior to the onset of the
experinments cells were passaged once on Matri gel

OB PRSP educe the nunber of feeders. All
cyt oki nes“were purchased from R&D Syst ens.

For endoderm differentiation, hESC colonies were dissociated to small
aggregates by sequential treatment with collagenase B (Roche) for 45 minutes at
370C and subsequent treatment with trypsin-EDTA for 3 minutes at 370C (Cellgro).
Following this enzymatic dissociation, the cells were scraped from the plate and
gently passed 5 times through a 2 ml pipette, yielding aggregates of 5-10 cells. The
aggregates were plated in low adherence culture dishes in StemPro 34 (Invitrogen),
supplemented with P/S, Glut, 0.5 mM AA and 4.5 x 10-4 M MTG. After 3 days EBs
were harvested and cultured in 75% (v/v) IMDM, 25% (v/v)

Ham’s F12 (Invitrogen) supplemented with P/S, Glutamine, 4.5 x 10-4 M MTG, 0.5
mM AA, 0.5 x N2 supplement, 0.5 x B27 supplement without Vitamin A and 0.1%
albumin (SF-D). Activin A was added at 100 ng/mL. On day 8 EBs were plated on
gelatin coated 6 well plates in SF-D, supplemented with human VEGF 5 ng/mL,

~ bFGF 20 ng/mL and human BMP4 50 ng/mL. After a total of 16 days in culture, cells
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Neur oectoderm differentiation: Cells were harvested by
trypsinization and i nduced to formEBs by plating at a

wa@aonsasgssant i on of 50,000 cells / 100OM in 96-wedT/USTING/000666

cluster plates (Corning) in the follow ng nmedia: 50%

LBV e R PRS0 L e,
raello tveteofik edcia P8BS ¢ MYSPF AOblackdd ‘aﬁn @érbmcfr@ecl d ( AA)

0.1% (mv) albumn (all fromSig
YOTeisIn @9%1‘%%6((%6%1)'5 sqarr@ﬁwflﬁwab% g@tﬁ}nquésylonp& AP

%@ﬁgé rf{l\é%;ngafrrﬁéo Fﬂ%ﬂ L L“?@EBE% %@ 2:% P agtal%ng was revealed with

tar donkEy ante chbbit Qe @iﬂ]wgaoadadeed)(ﬁry\aitiboﬂy &aeksomrlchmedh Research).
S su plerrented wi th epidermal growt h factor , 20

ﬁgyaﬁfﬁ ew@akwmarswgﬁiﬂcjkm P@F&%@@amé%}ey ﬁaﬁ?

%hﬂ&rs@fm’ﬁgmm el F@%@féﬁﬁ&%ﬁe&wml&ﬁ%ﬁdﬁ G. In

some exper were grown on glass coversli ps,
enbedded in the gelatin coatin. Cells were anal yzed

fter, 2 é,ﬁpla s.in culture. Antibody staining was

3‘@?‘?08@% KEENGI0Bws: cells were fixed in PBS + 4%

Para for mal gighy dRin{ i3 unbiyietentiatcAARBE W B o8 REHIB fak @Bscribed
protein bl ock (DAKO) and subsequently stained with

rAbnwe | Chiapsivsers @laed in lowradbetenee ¢ulturedishdsad S t¢mbiropin,

UG Bt B s Sl AR Bl R o AR B ey
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roatayyeg e, followingugyéelines: MESIF Hag/ady, Stam rﬁeélrléatcmr@ﬁa) 100
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RhAtRiA o BV ASHEIS B¢ ﬁleCé*IpEHﬁl@ntCB}Saﬁﬁcle? ngd%&’m 347 days
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tiduid. B pansi@n) Hr Mem-@vxtmerieo asne;tbxlselEﬂ;sse\h@s@i seariveebid eaedia to

and tur 9% v),IMDM 25% (v/v) Hamis F12
rFYﬁ??ﬂ} brgcé)%nys%?f 'b%‘éo\rﬁ rg%?lvvl th P/S, Qutanine, 4.5 x
104MMTG, 0.5 MM AA, 0.5 x N2 supplenent, 0.5 x B27

suppl enent without Vitamn A and 0.1%
Methylcellulose assay:

At day 16 to 18 of mesoderm differentiation, EBs were separated from
floating cells by gravity settlement. Both populations were harvested individually to
expose only the EB fraction to collagenase type I for 60 minutes, followed by
trypsinization for 3 to 10 minutes. After vigorous vortexing cells from the EB fraction
were passed 5 times through a 21G needle. Both fraction were then pooled and
passed through a cell strainer. Cells were counted and were either analyzed by FACS
or plated at a concentration of 50,000 cells / ml of semi-solid media as follows: 1%
(m/v) methylcellulose (Fluka), supplemented with P/S, Glut, 15% (v/v) PDS, 5%
(v/v) PFHM-I], VEGF 10 ng/mL, SCF 100 ng/mL, EPO 4000 U/mL, GM-CSF 2
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albumn (SF-D). Activin A was added at 100 ng/nL. On
day 8 EBs were plated on gelatin coated 6 well plates

WO 200868€363 suppl emented with human VEGF 5 ng/ nLpChBE&002000666

ng/ mL and human BMP4 50 ng/nL. After a total of 16

days; i ture, re a zed
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with serumfree protein block and subsequently stained

ViutHre: abbit anti - nouse pol ycl onal AFP anti body
(Neomar kers) or the appropriate isotype control.
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froice 6lhetpcksandrberetory \ViMFe weramacrificedst-éfmeeks largand the

S 100 ng/ ni rythropoietin (EPO 4000 Lvnl, |1L6
il overt raPatref o R SRCEH Rt lor ke il oy o
| sedredmicRsscERSoy\Biifex ddrtansdse IHifd 1dgambddRMyvas geldeRRRHegstive control.
with plasma derived serum (PDS, Animal Technol ogi es)

gy flemoexsemeticanalyyis theltsriona tas shi int-imal]l pieses ysingA scalpel
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ng/nkL. Cells were ejther own in this nedia for the
rEg?f'é‘i" faermofifiche Wéﬁ‘?%rth‘?ré%{s Wsre analieRdRy %Pe’dfﬁgﬂé{fé\‘ gytometer.
DeAALRUS piotq AR EBRBTORMMr And B So itk bAGRIGS, For histological
anhkysiy tissuemv agerplodddad iretd patdffitnilockd and the secdmaaytaindt] with

ay 16 t.o 18 of odermdifferentiation, EBs were

é’é‘l‘(’&‘ty B/FPﬁf’n(H@ti ng cells by gravity settlenent.
Bot h popul ati ons were harvested individually to expose
only the EB fraction to coll agenase type | for 60

hixanpdes . 1dentibeattbriyf #Royedi ni zation for 3 to 10

T e TR OU LSRR A LT e
Beirdh tHeEidefib] WBGBask18)) apegbe vitne@veral highly significant homologies
on human chromosome 3 was located. The highest degree of sequence similarity
(>85%) was found in a stretch of non-repetitive DNA corresponding to the 5’ portion
of exon 1 plus ~1.0 kb of the putative promoter region in the mouse Rosa26 locus
(Fig. 5a). An electronic screen of the Ensembl gene expression database for this
genomic region revealed a large number of uncharacterized expressed sequence tags
(ESTs) and transcripts. These transcripts are derived from a broad spectrum of adult
cell types and 3 embryonic stem cell lines. They map to specific positions within the
region of Rosa26-synteny, most likely demarcating exons (Fig. 5b). Thus, the region
on human chromosome 3 identified represents the equivalent of the mouse Rosa26

locus and should thus be referred to as human Rosa26 (hRosa26).
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passed through a cell strainer. Cells were counted and
were either analyzed by FACS or plated at a

waonsasgssnt i on of 50,000 cells / mM of seni - soPCTUREAS/M0666

as follows: 1% (nfv) nethylcellul ose (Fluka),
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hAgE #RBEER0sd380odusid e /RtvaRiNIE BXREssTH @ ddakeRswsi ng a
stereom croscope on unfixed tissues. Hind | eg nuscle

vvas used as a negative control For fl ow cytometric

e terato pi eces using
ot 2 QP BhS TR AR R W o
C0| | agenas eABaxfgeﬂinélﬁé'ﬂt@{analz)@@as foahé &videdy Bsddnabuedesads vector
several tines throu%h a 2 1 Gneedl e and subsequent!ly

t(Ebwaeeonsrupted (Figs i ¢). Thomactos comains Adf shorpaigy apda 3 }p@g arm of
%%HO&}O% Rﬁna{]@l thlgldsp%ﬂ aﬁgro%(%tglly d4 PRY 8¥[h rﬁo“?a ? B%ﬁg The
cells ed er

re exc usi or wa and SI sca
pacwietalds widl sdqusices oftheagiutaivalfirstiexoh laﬁds te fotlswing intron of
e dded into raffln bl ocks and the gctions st.ai ned
ERWéﬁ‘?ﬁt M' i %e hopyd PO AEES are mpé Y an expression cassette

GBS ESdsSd bORvEal Bl ﬂ%@n&:’ﬁidﬂ%paf Bl ﬂé@ﬁ&@p@f' fﬁg&@@d bya

Rosa26 transcripts as a ate o search
Ensléﬂbhkedhtrabmﬁleesyle;omymm gistanee genes Ebterredonhyicghgene is followed

T LN R I TR, T S M

(158287 2%hss {) WaRFPNs & c§€r£l@x{tlf3hfugéd dieHer Bﬁfh‘%t gehbt\{&ll dified
corresponding to the 5 portion of exon plus ~1.0 kb

ahonomeeripuRER .| "vfblsmatsmsteetedrb@gausn itimattites faﬁb (RourRd $1226) (7), is not
JeRE o B R o AT B S S Py 7 BB e fhee g R vriants
rsaviead R FR (1 adrgRChetiRehusofacilifdihgtass@he aefécﬁef@ AeSSLH vitro
Sd?f gr%rr:t(l:aetwtnaa%d teratoma formation. The loxP and mutant JoxP2272 sites are
positioned such that following expression of Cre recombinase (Cre) (9, 10), the
neomycin resistance cassette is removed and the tdRFP inverted, placing it under
control of the endogenous #Rosa26 promoter (Fig. 1d).

Two distinct intermediates can be generated during this process, as
recently demonstrated by Luche et al (8). This gene trap construct will function as a
Cre inducible fluorescent reporter after successful targeting of the locus. By using an
inverted tdRFP cassette rather than a “floxed” stopper cassette (11), the possibility of
low levels of “leaky” tdRFP expression detected in previous studies using a similar

construct in mouse ES cells was eliminated (8). Furthermore the use of heterotypic
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(ESTs) and transcripts. These transcripts are derived
froma broad spectrumof adult cell types and 3

werinmsyessse stemcell lines. They map to speci f PCT/US2008/000666
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fOsacedistiREe Md $ORERMESH andlysi (FRdE).] Be RRRARRRLSo FBHERFP
This was sel ected because 1t matures fast (about 2

rubelohe (ABosa? @Bl Gt 12) oxdsaised faroasst o Ebesubieq@)t analysiss This clone
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e J.ec L hase . e 9~ 10 t [N '
4 R BRAARRT 1711550, ) e R e v
ubeélgified (Southern blot) out of 24 clones tested (1 in 24, ~4.2%. overall 2 in 88, ~

2.3%). This clone is referred to as ARosa26.2 (Fig. 6a). While the 5 observed

targeting frequencies are lower than reported for the mouse Rosa26 locus2, they
appear to be in a range well acceptable for multiple targeting experiments. Whether
the lower targeting frequency is due to locus-specific species differences with regard
to homologous recombination or to more trivial, technical issues, such as suboptimal
DNA delivery and selection mechanisms, needs to be investigated in a systematic

manner. With only one previous report of gene targeting in hESCs (14) critical
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control of the endogenous hRosa26 pronoter (Fig. 1d).
Two di stinct internedi ates can be generated during
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well as the trophoblast lineage, an extraembryonic population.

Example 4a. Ectoderm Expression

To evaluate expression of tdRFP in ectoderm, both wild type and
hRosa26 ES cells were induced to differentiate to the neuronal lineage. For this
differentiation, the hESCs were removed from the stem cell conditions and
differentiated as EBs in serum free media. Basic fibroblast growth factor (bFGF) was
added to the EB cultures at day 4 of differentiation and at day 6 the EBs were
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Example 4c. Mesoderm Expression

To evaluate expression in mesoderm derivatives, the Rosa26 targeted
hESCs were differentiated to the hematopoietic lineage by induction with BMP4 in
serum free medium (21, 22). At day 18, EBs were dissociated and replated into
methylcellulose containing a broad spectrum of hematopoietic cytokines, conditions
that will support the development of both erythroid and myeloid hematopoietic
colonies. As shown in Fig. 3c, both types of colonies expressed tdRFP. CD45, a pan
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é@\%rnﬁggrum ree conditions in the presence of

-activin A Tlod tlafgm'temlgnserdalysf tmﬁ(PisnehJaibh@wimhéRﬂ?ss?ntmjueed a

transferr el at | oat ed 6 ates in serum
éfén%ré’é‘? WS as%me%hodé ‘ﬁ’éﬁ? ?ﬁ OiRegrtion of any

s@ é?l'i:e (;VE&%:Lﬁ iRBShE ARLLIB tﬂ)ﬁﬁtwﬂfo‘ﬂ\!\m% rle88 bPEedetEEling or drug

and bone nor phogenic protein 4 (B . These factors

tsalestitre e o sdsbthe feasithbtyi priblstaapxtoaleom lhES,@s an exchange vector was
ecifigation.in the se enbr and nous

SRSl SoRBIRG & ProTe PrE SRTATSD FE St aReli5 fjuro) flanked by

@ 3196 2P andh 38l ﬁ&ﬁ(F% B3- Tﬁis‘éﬂélﬁin@é ﬂe&t@tc'?a ether w1th aCre

positive cells could be detected follow ng dga s of

cxpragsien psmidhwag eleptrpagated jinto one hRosa26 clone Forty elght hours
later, tdRFP negative cells (those that lost the tdRFP insert) were isolated by cell

sorting and cultured on MEF cells in the absence of any drug selection.
Approximately 20 clones grew from 10.000 tdRFP- sorted cells within 14 day of
culture. Four of these 20 clones were tdRFP negative as determined by epifluorescent
microscopy and of these, 2 were resistant to puromycin. It is unclear why the
majority of the clones generated from the tdRFP- cells consistently regained tdRFP
expression. One possibility is that the tdRFP coding sequence re-inserted into the site
following Cre excision, and in doing so, established the original confirmation of the

locus. The physical organization of the targeted locus was analyzed in the 4 tdRFP
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t he AFP-expressing cells generated fromthe Rosa26
targeted hESCs exhi bited bright red fluorescence

wob@sesset hose fromthe parental cell |ine di dpaDUS2008/000666

These findings indicate that the human Rosa26 |ocus is

R RhER el RART AT SR eI GolRRRU @IRS: e o

S on O eva e expressi

I pursR $EA eEsmtatard ok l(ll&%aZli_hﬁxrcRﬁSaX Badhagog il m&sﬁshcted band
were differentiated to the hematopoietic |ineage

|ln@9@twemf afiingle BNEgration ebihg proNECIHESEHA @E@Wl@l}ﬁmﬁ!ﬂaﬂon
e dg@n
by P FRr R e BB AR R rtcd e
heen‘atieweeﬂee tfbl%wmgoiybﬂ&&anmowdh tah erterriah ptohm (Fi g Su)p e 2 tdRFP-
t he developnent of both ergthr0|d and

&lﬁ%qsggp PUref%53) dhat weze sansifivete, ppqogr}/ycgbfosbtap targeted allele,
I?f@s%?na%i &3 BHo oI 68! ?é&%ﬁ&ﬁ%ﬁ’ne&;&%& refAify BBSHId | C

emat Opol etic mar i's expressed on henatopoietic
chidsosimedafies tHACanidd@eet doﬁblEBtrdnd beakniNeitherof théseglones

3d At t ts b 45- 5 Ils, .
Rahisifsed I T BUEER SRDEE £ euCem By s 8)
Dﬁﬁ@ébtﬁhng! indhé ¥P&p Qx%%@%uﬁ?&dlt‘{\%dcl&%shﬁasw ﬁrﬁ/éﬂﬂ]_) 3 selection

negative. The second targeted cell |ine, hRosa26
avithhanfineticst byt rabebwas é¢pegdmﬁ@n thjose o 1RGN iliustrating the

t dR d
8te§1§)§[)?% tingswtggt%&i g? g&&%%PSHMtrr?tegt 0 aeé%an%e t(ﬁ@ P vx}r:tﬁ%'ﬁ?ér@lse

BRIt déhek.eStibdeljeryPtvasaddatioral eiaﬁﬁge vw@@ were designed,
ext raenbryoni c popul ation, wld type and hRosa. 26 hESC

e piessieg BGES andithe pther LEXR2¢ o Preluninapimghysissvith these vectors
[

rﬂé@iggt %ﬂ%?ﬁa@%gi%gﬂé%yotfq 1H 9ga:ﬁd 3'3}{%' gféﬁét KL Vggones reﬁﬁectlvely.

Haiphotilg DA delivdry idbmfitibns gl yaryging thehetlb af gedhadge plasmid to Cre

hRosa26 (| eft) hESCs, were abl e ner ate cells that

SEPFASBION Rl H@mfeﬁh%r lgwﬁ%v&db? g’ﬁPFF Qteame. hbegether these

%ﬁ‘lgﬁﬂ L iy IR tyr atte"i‘ﬁ gﬁio&ﬁﬁgtd inﬂ%dﬁ%ﬁpéﬁﬁﬁegohﬁ%: Fést into the
akerr together, ese ngs clearly denonstrate

tmmazml@ohﬂoﬁmﬁﬁtolsmmﬂsESG tlexpgleBRMECE.i n deri vatives of

all three germlayers as well as in trophoblast cells -

generated in culture. Exanple . RMCE The targeted

insertion of |oxP sites along with tdRFP i ntroduced a

hom ng site for subsequent RMCE - a nethod that woul d

all ow the insertion of any sequence of interest into

t he hRosa26 | ocus w thout the need of gene targeting

or drug selection. To test the feasibility of this

approach in hESCs, an exchange vector was
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engi neered containing a pronoterless puronycin
resi stance cassette (puro) flanked by a 5 |oxP and a

w@200808888272 site (Fig. 8b). This exchange vecPOT/IS2008/000666

together with a Cre expression plasmd was

el ectroporated into one mﬁéﬁ@ﬁe Forty eight

hours later, tdRFP negati hose that |ost the
tdRalbroser B. vest al. iDisuplied oDyvetlapping drahsorigptLimcthe ROSA
cultured on MEF cells in the absence of, an)é dr ugl )
B8 Bheengimpskiatleads tooyidespaerd cxgression pbhetagalagpsidase

t: - Iyl L. bl
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ese es were negative as determ ne
gpP$T)uor escent m croscopy and of these, 2 were

resj stant t ur.o in. It i.s uncle y. the majority.
oF Sorael ﬁ%&%&ﬁ@/ e @ xpresion wgﬁtth%ks%é <Fr§ reporter strain. Nat
C@5}§it§],e7”¢ﬂng'9©?ai ned t dRFP expression. One

possibility is that the tdRFP codi ng sequence
r-Bimsgs E.ed al. dAnsemnbk266 dutlesid Aowdsn BeCB 4, [2%-61 @006and

[ oi.n ,, est.ablished the ori.gi nal confirnmation of .
PhETRch 0 SR RGR TS Bromp B R B ruting HetGh et et

| RfdeR toVRRenBRAANGZAH atd ddvRR phchIREENRIAMIYE Gene§PRv 65, 1513-23
? 25 5 puro#l-4). Southern blot analysis reveal ed t hat
tB&9D. puronyci n resi stant clones (hRosa26_put o#\ +4)

2 cont al d.the predict.ed nd i ndicative of a.

SO BRR R E bl BRSNS fed AeAcIR iBlel BriXeeflings af the
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Sout heF(g %f)ot analysis (Fig. 8d). This exchange in the
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selection with tibiotics,.but_rather, was dependant

3 st puiehbred eesmest i oiein t KNG ie QIoTenmile Fg ideally
tdited PRRURELAfacdin g LIRS Sl JInALRYY 7 1A pRess lpgows, t dRFP

wi th ot herw se non-sel ectabl e genes. Subsequently, two

R Schinusgen, Fegtcdl apgliregtionad siategy for dewiitgniad Cromeediated
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ShoThesg8Bed g dph@ein il tonetiek BRI HE G N Bresps mypression
aabdeftB %Gﬁﬁﬁ@ing lagaw of irffere&t] WhareRithaDNA sBdiehB&bétomes integrated
nodi fi ed human Rosa26 | ocus, which nethod conpri ses

iintorthe lasum §y Homelngous reeonbiprtioaghersby insartingtthe DiNAragquence

R S starti t] ell.s. 2. .The

TBRABE 5P Kttt Rrisb i T KA e s ondGn i fpmugL e e

| chdBg @RS hREW2ETEbMBtegasset t e conprising a gene of

interest operatively linked to a heterol ogous

pronoter. 3. The nmethod of claim 1l wherein said

f [ j r '

R P ey PO R LR ARRSE DR
Ssequezice ¢s ineodued intotthg ealtaggbtiondetls bi@omobugoubyecombination with a

honol ogous reconbi nati on, therehy inserting .t
SRERGHAE ¥eqiof @r@m@ln&)@e@ﬁ%ewﬂ PRA é%}e@g%ﬁa.*egﬁm A
éﬁwﬁ&ﬁ&ogﬁmﬁﬁé 1%&1;1%1 RBGIEAbaR! the endogenous

hRosa26 prono he net hod of any one of the
precedi ng clai ns, wherein the functional DNA sequence

SIS AR S TR
feaneteddanh tHRoas aaiiRgldrprkiey Bailsihia imatbianesscells.
honol ogous to the hunan Rosa26 1ocus. 5. The nethod of

any one of the preceding clains, wherein the

SR S TSR R, B Blbapp oot

human embryonic stem (ES) cells.

7. The method of any one of the preceding claims, wherein the gene of interest is
selected from the group of genes consisting of recombinases, reporter genes,
receptors, signaling molecules, transcription factors, pharmaceutically active proteins
and peptides, drug target candidates, disease causing gene products and toxins, and

mutations and combinations thereof.

8. The method of claim 2, wherein the promoter is selected from the group consisting
of a constitutive ubiquitous promoter, a constitutive tissue specific promoter, an

inducible ubiquitous promoter and an inducible tissue specific promoter.
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6. The nethod of any one of the preceding clains,
wherein the eukaryotic cells are human enbryonic stem

w@ Efp/ogssbs s. 7. The net hod of any one of the prer/edi008/000666

claims, wherein the gene of interest is selected from
t he group of genes consisting of reconbi nases,
reporter genes, receptors, signaling nol ecules,
t9. dihs cuetipid afarfyantemf she preeadirer daimscwhdryinabe furetional DNA

protei ns and egtides, drug target candi dates, di case
SSHSRE Op B CRPERICNSasHE fsSen ompriees pe &f e additions
RARidmal ddiendeb 8818&kd im thE §rdBt d?)ﬂgisﬁ’xfl% ﬁf MhfRef genes, one or more

wherein the pronoter is selected fromthe group
gecsnsnasegeaignitiaontes vthich mey hothgusameuws dpffamat pely Asignal,

constitutive tissue,specific pronoter, an inducible
dﬂ{%&lﬁﬁ’?g‘ﬁjgo‘ﬁplgﬁé?@rthgﬁafan i nduci bl e tissue specific
pronoter.9. The nethod of any one of the preceding

clainms wherein the functional DNA sequence or gene
ebbprhegnethod af awx ere ¢fithe precedingrpleims svhenein dhe eipression cassette
addi tional functi na}l sequences s1el eé:h,ed tﬁ%om the . " £
gromEELR St TG {pctianpl ¥ UGS EICGRRTBM g SLoUP consisting of a
Ne&P Bli s Cept &G @ Jou H-flank edipr&f otdhle st edBiy chifretibRNS@ 8@ ePdin

di fferent oly A signal, introns, and conbinations

! PC : . CO
tipesreedfRFP) parianhempantionP 537 2zsifps, @ie combingsions tieeaeitng

cl ai ms, wherein the expression cassette conprises one

or nore functional sequences selected fromthe group
clansitstmegod bf anywonedf thppiecading cjthg wheteih tixdefpressionctassette
pronot erl ess_neonycin resi stance, gene, an jinverted RFP
VRAPAIES thinfeleiving insyeqeentiaborder: din Yigalisplige acceptor, (b) a

gp@.mmmB@&l&?BM&ﬁ rRWan@P ggg{, fa%@ &) %‘?ﬁ&‘éﬁeﬁt@i}fg variant

ai s, el n the expression ca npri ses
f(alRER) whereiresadhinyerted RER wvensntas flemlcbdrby rhafant/owPR2AT2 sites.
splice acceptor, (b) a | oxP-flanked pronoterless
neonyci n resi stance gene, and (c) an inverted RFP

V3! B méth86Pany ¥ES8hE g%é(ﬁng BMEhe RHefdisai@EkfBisidrScassette
flanked by nutant | oxP2272 sites. 12. The net hod of
aoynpoises ©DNA eequeacedidmg ol aiGrs redosrbanase gnd daid oxP and mutant

X i on cassette conpri a DNA sequence -codi nq, .
ABFP L7751 W2 FitioRed St dha JPUCY g SxBIESSIRR Oh e recombinase, the
| ¥ LN eSiktafiSe @sSetfRas kdrh@REAnd HedtdRIFRtin{ &tddOPlabihg it under
expressi| on of Cre reconbi nase, t he neonyci n resi st ance

castet efethp sndagenges BAS IGerom9EP i nverted, placing it
under control of the endogenous hROSA26 pronoter. 13.

The nmet hod of any one of the preceding clains, wherein

t13e Tha h@tidd6f ang@ine lof the prbedirpodiBifiss @hefeitnthicitagading vector
se&uences selected fromthe group consisting of . tags
figrthercomariseyBinetional sequenersselerted framp thergrewp rensisting of tags for

fi&?&'teﬁ%@?éd?i%hl gﬁﬁnE&grs@f&tion markers, and combinations thereof.

14. The method of any one of the preceding claims, wherein the transgenic eukaryotic
cells are derived from human and the DNA sequences homologous to the human

Rosa26 locus are derived from the S' and 3' flanking arm of the Auman Rosa26 locus.

15. A targeting vector comprising a functional DNA sequence flanked by DNA

sequence homologous with a human Rosa26 locus.

31



10

14. The nmethod of any one of the preceding cl ains,
wherein the transgeni c eukaryotic cells are derived

wo e@aiosssomn and the DNA sequences honol ogous tBCT/H82008/000666

human Rosa26 | ocus are derived fromthe 5 and 3

feankd i

targefﬂ%r v%k?gp%ggagr I SI ngp§ﬁgunct|onal&%mk §€2ggﬁ€8
flanked by DNA sequence honnlogous with a human Rosa26

l acu aryotic c ation conprisin

i s Bt B ek Sharandelfy ool Sty 46 Barugieaiad seauence

Sl@@é!@d“ﬁ&w%b‘l?ﬁﬁﬁ%ﬂ&l PositiASO AGEIES 4nQ 924 PG4T bR mosome 3.
sequence | ocated bet'ween nucl eoti de positions

9 415' 082 and 9' 414' 043 on chronosone 3. 18. An

B8 501a 2 DG G SRR oo i SR PP 2o
under stringent conditions to the nucleic acid

sequence of SEQ ID NO 2. 20. A transgeni c non-human
akfl- Al iselated DN Arsgquenee that hubridizessmdrRoyangent gendjtions to the

nucleic acid sequence of SEQ ID NO:2.

20. A transgenic non-human animal comprising a modified human Rosa26 locus.
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