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BACKGROUND OF THE INVENTION

The derivation of human embryonic stem cells (hESCs) has opened
15 new avenues for studies on human development and it also provides a potential source
of cells for replacement therapy. For example, the ability to genetically alter hESCs
offers unique opportunities to study the mechanisms regulating lineage commitment
during human development, establish new approaches to identify and screen drugs,
and develop in vitro models of human disease. The feasibility of this approach is
20  dependent on the identification of a locus in the genome that is easy to access through
targeting and one that will be permissive to expression of the introduced genetic
material in the undifferentiated ES cells as well as in a broad range of differentiated
cell types generated from these cells. A general review of this approach ts provided in
Yates et al., Gene Therapy (2006) vol. 13: 1431-1439.
25 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
30  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-
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US 2006/0205077 describes a method for targeted transgenesis using
25  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

30 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



SUMVARY OF THE | NVENTI ON 30The present invention is based on the
identification of the human Rosa26 (hRosa26) |ocus, which is capable
of preser viyvahohdiRsRgt 1 vity of heterol ogous pronoters ir@yﬁ@ shodseasgh
honol ogous reconbi nati on at the | ocus. Human Rosa26 is therefore

useful for the efficient generation of transgenic aninals, tissues
and cel | \Aol’%ﬂg%@é%‘g@ﬁ%#‘ﬁé GRPESOB B PIRAPAITBns with a

predi ctabl e transgene eXRERSS W hrERht iBléhtion provides a metHdBfof E&efatinkhAe
present invention provides a _nethod for generati ngp a transgenic

eukaryot i c cEPPsEpyparkArysts asH oy atiomiaying agaodifiedhirmosBae 26 tasys, which
whi ch net hod [ i I l i t he
uan Rosaoe S o Py ke iRl AN R G PR NAS, K 2g
t he functd onldcuPhistarting exiaeydtis callydnene xpbadisiennthe dsstibhal RNABEqEROY

a gene of interest operatively linked to a heterol ogou r ter;
o Dernati vel i 3 g cf e dhielte i Siing £ pdhe o8 infergu RStk Difesfio s
cassette comhétediopguapigaioter OdlterintiOelgsthe a0l DNA SqbifteS S8 dORC e
beconmes integrated into the | ogus by hgmzl os?ous reconbi nati on,

m C.

thereby i nsePTRFRFIOPIFESSEHF PNPPEURAREDE of HgenEhareia the Bérsegpence
expr ession Obedofifes IEbrRRAHRS AR 1bSus$) HefoldiBucialihiBthartln, Iefen HARARAMS

hRosa26 from)ter. _ e method of the present inhvention,
t he funct® onBN/Dsgquensqietn ke losus such Bdtiowdessinn of thia dNod kequpned is uoddrithe

by honol ogoWt@ggﬁghg@&%&ﬁﬁﬁﬁﬁﬁﬂg&kng vector conprising the

functi onal sedquences 15 honol ogous to the
human Rosa26 | ocus. Thiateerathpdtof theqetsest iaventisn|thefundtidmabDNAseqgerne s

consi sting of_  primr ells and i rtalized cells,, and in a .
Cortl cul n? ohRin Rt HrekaRans Al ey Rl R S b A arecingr,
(ES) cells. vector comprising fte: fagfteonal DNAlRf@Hte Miked By DWA Bhifhchi@guence.
A non-limting list of genes that may be used in t%e nmet hod of the

present Fhvehtmelgruide tedsmeaafnsitiases, Thorkpoptiesellyarslecteddigem dics,
si gnal i ng moLeeHk&Ristihg 3P eeﬁglamﬁrh@ggagiéésﬁﬂ&gg%a% h@éﬂﬁ'cmaﬁct' ve

proteins and peptides, “drug target ca I'sease Causing gene
product s andembodiment therebkarpodicicolisare hemamerhpnyanic stes (B3¢ celtst

I n one enbodi nent, th u i i ene. expressi.o
cassette conpri sing aegﬁeer%'%%f) ?ﬂﬁ%rg%%%%ﬁféﬁ?\ﬁ%@%cﬁh%e%ori-émgmg 13 of
het er ol ogousg@rstt may b bsedtie tied methtiofthe prbent inventia iacldel rkcanbihdves,
group copsisting of a constitutive ubiquitous pronoter, a._ .
Sonsti { L v erePPRE S EEFRPT HERABESOIeIFS: FRRHIRNER faira Ahepteceutically
pronot er andadive proddisd 81dSebtid&yBrugRAE dakdiBtey Bisedse cﬁlsﬂ%f%elnie Frddhag
list of suitable prompters_includes CAGGS, hCW, PG&K FABP, Lck,
CanKl |, CD 13d traipgangd mutgtionsped combinatios theraf. MCK, MyHC, WAP, Col12A,

Mk, tet and Trex prondhehe embodiment, the functional DNA sequence is a gene expression

cassette comprising a gene of interest operatively linked to a heterologous promoter,

25  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. 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.

30 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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The invention additionally provides an isolated DNA sequence
substantially homologous to a nucleotide sequence located between nucleotide
positions 9°415’082 and 9°414°043 on chromosome 3. Alternatively, the invention

25  provides an isolated DNA sequence substantially homologous to SEQ ID NO:2. Stilt
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.

30
BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1a-1f show the identification, expression and targeting of the
hRosa26 locus. Figure 1a shows the expression of sRosa26 in different adult tissues
and in 3 hESC lines (HI, HES2, HES3). Expression of ExonlIl was detected using



Al so provided is a transgenic non-human ani mal conprising a nodified
human Rosa26 | ocus. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS
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cells; phase contrast. Figure 2e shows the expression of tdRFP in /iRosa26 EBs
revealed by fluorescence microscopy and Figure 2f shows the flow cytometric
analysis of the targeted ARosa26 celis (shaded and without hatching), the parental
25  HES2 cells (hatched and shaded) and cells from day 17 ARosa26 EBs (bold line).
Teratoma derived from 4#Rosa26 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
30  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 2Rosa26 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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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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t he nouse, Rosa26 overlaps wth the ThunpD3 gene which is positioned
in the revwwpogosaksseit ati on downstream of the Rosa26 tr hisloB3ss
unit. To highlight the high degree WD 2008/ 088863PCT/ US2008/ 000666

of synteny betwe chr nosonal regi on nd t he nouse Rosa26
| ocus, exon g{@yﬂﬁ@x&:gﬂvgfzn ﬁ“ “ai’l“ggherréﬂ‘rlséé@ﬁ‘f?ésdc’%’

gray bars. exon structure ﬁltﬁ&h@ﬁmﬁaﬂﬁmmwaﬁb @éﬂr&ehﬂ%&%ﬂ iR, i n the
hRosa26 hESC. Figure 5a is a schematic drawi ng of the h 0sa26 | ocus

after Cre nediated tdRARuLgs 5a-vhEhey singlemegration indhiiResad¢ hESEi Bigure Sa
enzyme, Prob re
5b shows hRogg%%né%lgﬁf%v%%ﬁf %l%@# %“ggﬁhhﬁlre %gd %9? nf%gged
with a t dRFPEeqRICT EceR brestristios emayngeProbheRFih=Ridib th)FP idtd:m.@lﬂobthpﬂnuﬂot
DNA | adder (|n|t , LEL Br = hi di u omd show
the identifila ¥| oﬁﬁ%g'ﬁg?bc*gw%{egﬁﬂ%%’%w Pé\“?% ﬂe U‘tﬁ%gg]z@%cl one
(hRosa26. 2) . hybrigived vﬁm SURRB spEISEp0be (sand g6laRtin Plg, UHNTHY €1 kbus N &
digested w't ﬂ"é’ raME brl?‘g ed with a 900bp external genomc
probe reveal aﬂé}? s It 50113}% 3.5kb knock-in (I(1)
allele. Figure 6b ShOVﬁgﬁ'&@Q&@-@ﬁsl?ov@ﬂﬂ ibdnBacARheRl @ﬁarﬁ&!:ﬂz%tl}ﬁ\f%?a second

differenti ated under serum free conditions to nesoder m and
henat opot®t i #Rasal§ glonghResa2br2)d Higirefa thiops éRm26d‘tandr¢0EBQIcﬂsn¢m1@d)NA

C_el I's 15 wer er%%s‘ééﬁq'n{h% hﬁ?arﬁf}Wbﬁaf)e&)pmﬂ tgrggl %Qg 1c robe

Fi gures 7a-7 & histologl cal analysi s gf 0E a6 der i ved
t er at oma ES metdlingithy @t veidtd- typtaQWt’Il’)antﬁklb ktjpdkuﬂ ¢KB atieleNFIghis@bRBhawg e

Femat oxyl i i BBEFRL{ RRTESE RETRI AP aiers i GEORRIBR NS SRy fiagsonditions o

t er at omas d empsdbina bl mmépdwid st Afté! 17 By e diFéndi RIEB-d&iad c8lls
207a. {gllage (*). gure 7b. strjiated cardiac nuscle with

central [ | oYY%{PéBalM%F@If@T the £XPEHHOn HitdRFRamCDES. i at ed mucosal tissue
(*) with secretory GOtﬁlgﬁreQQ b@s}(&;ﬁ *Q@oio%da H{a‘fysﬂRos g&%sd ? ttes

(arrow). Figures 8a-8
Fi gure 8a i stemtasehBdraelisonicetsd infe mﬁa‘tuuﬂtfg mﬁscdehd NEDECID nizeend nestluugls

e S VSRS R PSRl 2L ISR,
exc hange of ttebimortstfRE_Ptlieme tprat@iidé dmﬂohst%ntﬁbdubﬁcb alt Bgagri mlagiasoﬁig&e
(he WL Yoe LokPsLbe i e, open L anales, Lhe TRl LO(ER2T
DNA (di gest &@rrow). Figure 7c¢. ciliated mucosal tissue (*) with secretory Goblet cells (arrow).
Figure 7d. neural rosettes (arrow), |
Figures 8a-8e show RMCE in hRosa26 ES cells. Figure 8aisa
schematic representation of the #Rosa26 genomic locus before targeting; Figure 8b
25  shows the locus after targeting and Cre mediated tdRFP inversion; and Figure 8¢
shows the locus following exchange of the tdRFP to puroTK with RMCE. 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
30  6.1kb. Figure 8e is a southern blot analysis of 2Rosa26 clones before and after
RMCE. Genomic DNA was digested with HindIII and subsequently hybridized with
a hRosa26 external probe (same probe as in Fig. 1e).
Figures 9a-9b show inducible expression from the human Rosa26

locus. Using RMCE, an inducible expression cassette was introduced into the human



wi th Xbal) hybridized with a puro specific probe revealing a single

I ntegration at 306. 1kb. Figure 8e is a southern blot analysis of
hRosa26 clgwaesisaséese and after RMCE. Genom ¢ DNA was dicq@sheo8dskd
Hindl 11 and subsequently hybridized with a hRosa26 external probe
(sane probe gs i.n.Fig._J.e). , Fi gures 9a-9h show i nduci bl e
expr essi on fg?ﬁ‘ll?? f uﬁ'uﬁ%’ﬁ ‘)%g%\%ta}l%l{?& th@é‘?t?gﬁ‘(jy ontgled fepnsgchy aor as
expressi on cagsas h ftraevclind téspohie @b dit. OntaR&itibh A BAns g can be introduced and
2008/ 088863PCT/ US2008/ 000666 Rosa26 | ocus. This vector contains both
t he tetracyclsicKecsssAmupon thedemeyal ohdexygxelive. Expraesion efghetrensgenecspa bene
response ele L 1] [+ 3L, T S
expressed upgﬁﬂﬁﬂg&?%ﬂ%%%%h%$°%8§@23%1|nefﬁgﬁﬁﬁggggoﬁgﬁgggﬁg%ﬂﬂﬁ

t r ansgened camtdomal mibnsdnpal edtrpyite IRESK phegwivarin Bigutd@n, ifethe prastnmeroéscent

protein expressed.fr an 5 Jg.nternal. ri bosonal .ent site (IRES). As
Bhoun i n P ofpwemet St VLS ieinun s g s eig Bueielry Todlie
protein can W@ndeneeded dby highduvelydfoRelidtesciR \Wpoeter cHadE deiFRddligfe
dox high levels of the fluorescent reporter can be detected (Figure
9b). 10 DETAT®ED DESCRI PTI ON OF THE | NVENTI ON The present
I nvention provides the human honol ogue of the nobuse Rosa26 | ocus and
nmet hods for site-specific integration of a transgene into the human
Rosa26 | HBtusDETAJEEIOHDE i ' INVENTIOMNN i sol at ed DNA
sequence substantial | y.honol ogous to a nucl.eatide . sequence .l.ocated
between nucl eoti de 15 BEST BBREVEHipRaTeidss shecipap BRmBISEYE of MR TEBE o
3. The i nvenRésands losit hed mpthous fbe SitaspecFiRlinttgratidINY Steaiggdneento the human
substantially h | ogous to SEQID NO 2. And al so provided is an

i sol at ed M@eégﬁwg T‘I‘%‘Ff%FFygFi‘HY?’é‘QH aryides &t Pl NASREPOFONs to
the nucl ei ¢ amkidnS@RURRAogus REEMRMNGE Sequdile 18 @lddbetwathHhuaRbid | Y
honol ogous™, "substantial 'y corresponds to", 20and "substanti al ]

i dent i t yI5 aspasgivas ReA18{082dad 8t e’ 3 oinashenmoaseing 8i dhefnvgntiercfusther pretides

sequence sucl, i&&%dg)rﬁ‘d&%ﬂeﬁc@ﬁﬁa& iy B 0B t@tasga'ggﬁgl 150 UL, (99

sequence identity, preterably at ast Yo sequence
i dentity as ponded sscntisplaed MNA ssynencedip dpleridizes med grestringgehiagpadidions to

i dentity is calcul at i Il deleti
2adi thons whTeReEar e PR BB RARED, 07 the v of erence sequence.

The reference The terms “substantially homologous”, “substantially corresponds to”,

20  and “substantial identity” as used herein denotes a characteristic of a nucleic acid
sequence such that a nucleic acid sequence has at least about 90% sequence identity,
and most preferably at least about 95% sequence identity as compared to a reference
sequence. The percentage of sequence identity is calculated excluding small deletions
or additions which total less than 25 percent of the reference sequence. The reference

20  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

30  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



25 sequence may be a subset of a | arger sequence, such as a portion
of a gene or flanking sequence, or a repetitive portion of a

chr onosonewoHossaness;: t he reference sequence is at | eastpchfus2008/000666
nucl eotides long, typically at |east about 30 nucleotides |ong, and

preferably at_|east out.-50 to 100 nucl eoti des l.ong. .” stantially
conpl enent ar éﬁneéai’%ﬁlggggn%eefﬁggﬁcyr 'EPRYmi wét?‘gié%‘ﬂfg s ésog?f’ét? B % ﬁ%momgy
conpl enent ar ylaings, alth@phenic eedobaized thestha presérlck Wi eatoue sqrombinats riay

ref erence sequence. .In general, targeting efficiency ingreases with
the I ength oftdiFrihe degjes shisiansn WsaRly rptied &y Fcient fequgAb8y. r egi on)

that is substantially GomHef®MHAONs e td &nBltBRE EndRP WURRGPRE RS BMrid
in the target DNA (i.e., crossover target sequence). In WO

2008/ 088863 PETruEdo SBneBBobngentsoatitionninglule aepdétidns shderavhihsnucleic
optimzed w . G ' , hoit
i g Irecégni ;Vleg 1(ti k%fe Cgﬁgh%{l%%%?(ggmgp 10% gg@@%%ﬁ%ﬁ%@@ /fr‘ﬁr;rn%gguce

t he degree oprefeahlipd, hybeidizetwitlr aghibtherd Alernaiveiyestengent ecmdiionsat i on.
"Stringent conditions",refer. to conditions unde i .specifi
nybri 0 51's £ GPaly el G flion Sy PR TEE i Toetler R EOH AR ons
under which sel £iaGalacorteneltion ¢bess bﬁd&h%q) diypleanedsBingPundition oESATRIE,
preferabl(i; 90% or nost, prefer_abl%}ﬁéSO/ ﬁbri dize with each other.

e

Al t er nat 1% el Pybridizanogd sy spgpdnatdndX a4 SOS ReplgerdEQ hESBE hE%

wher eby nucl gi§ Agpe:.mol ecul es hybridize with each other at a salt
concentration corresponding to a typical washing condition of

Sout hern 10 hybri di zatdmrmetho@ knovap iyt arvatag by used fosthe stie-specHiS,
preferably O, 9 et hod knowa in
Phe art may BiEton of s hébsdht usfle 8Tnmer Rorezs losms, PHiPEt Dhes it Binke
usi ng t he husrampReof 26ridus eusshodSihat afalyde ubed inromection tvith gheohitvegal o caf

various nethods t hat be used in_,connection w g\ g Qsaz2g. 1 ocus
15are degeri %saeﬁ“'ﬁf’l%@at%% et ﬁ‘s". (,c’ie’@grr{’é" P zg%g V‘El\é\%}{) )45 g f‘? 5 aw-white et
1431-1439; Shawralidnic Rés.;all):1 -ﬁgmg;_embﬁsoﬁ%s al., Prdo. Nhtl1Rcddl 9831JS A,
Bronson et al_. i Proc. Natl._ Acad. Sci._ USA, 93(17:9067-72 S 1996) ;
Hatada et al 9301 FO0GE B (1990 Batada stralg 3)Bighe ismn (PRI PAS A3 (9D Fang et
Cenesi s, 32(g) chA&i<L9 3829&%&:2‘ (20022 EI9A801 RR. B%gﬂHh Bt 4t b Dgl?&ics
Dynami cs 224: 245-251 02); K" A”Mses et al., nesi s 31:176-180
(2001); WO 0¥MAFAHG743;(2002); K. A. Moses et al., Genesis 31:176-180 (2001); WO 03/020743;
20  US 2006/0205077; and US Patent No. 6,461,864, the disclosures of which are
incorporated herein by reference in their entirety.
For example, a targeting vector may be engineered for the site-specific
integration of a transgene using the ARosa26 locus by methods known in the art. A
targeting vector generally comprises a first sequence homologous to a portion or a
25 region of a target gene sequence, i.e., the ARosa26 locus, and a second sequence
homologous to a second portion or region of a target gene sequence, i.e., 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
30 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.



20 US 2006/ 0205077; and US Patent No. 6,461, 864; the disclosures of
whi ch are incorporated herein by reference in their entirety.

For exanplwo »@osi38s@get i ng vector may be engi neered for tﬂ@qmsmogm(,“ﬁ
site-specific integration of a transgene using the hRosa26 | ocus by

met hods known in the art et| vect or g ral.l rises a
first sequence honol ogl&%eteﬁﬁ’ eweﬁl%ﬁ@m}ﬂxﬁﬁ?ﬁs‘}lﬁ&e
gene sequenCiyroluc®d intb A& A)@@é@@fécﬁsqg U%en@éi?re@mﬁl@@é%@&te&ﬁﬂ%@i‘ﬁg a gene of
horol ogous to a second portion or region a target gene sequence,

i.e., a secoWéPf%prFf@tW linked toy Rbetad gouE promotaie AB Aseftharei, thetarsr may

al so incl UdEu tabl e
mar ker gene. ra%%ma he el‘set gg?%ﬁzﬁsgyﬁaéﬁlzéf%gg% tg}géfgm%gistlﬁgi oned
in bet weén tctheectmg sind mndiamﬂmthsemmdpamquamleﬁﬁacmbmthxg:ougrmmtas may
regi on or por(#dLon @}f{ t he. tar 1@6”6 seguen sel ect abl e mar ker

cassette nay BiereyeEs ’tﬁ‘i’ﬁeawﬁsﬁ%ﬁl& OHAYERTs  or

nedi at es t r apdfiotepot amaﬁéertetmem | @Bichtas ifnfudacs thamﬂnﬁdﬂ@nbﬁfag@tl ng
vector also conprises a reqgulator that has the ability to control or

regul ate the expressi df 98¢ cohedigienkefithgpreseppiyention, gypjomoter may be used
2008/ 088863 Pﬂﬁ%@@%r@%@(ﬁp&sseﬁe (which is a HferORE oﬁgj?%b@fbtlat% tb AR

I nvention, the functional DNA sequence I ntroduc into the hRosa26

| ocus islth geRmsadsloces)dhasis fcdssl@tctue ortivspe spscifiy paorgeta eshericansitetive or
operatively ﬂnli{;‘é%ﬁg ‘rﬂls"i’:]bpﬁﬁt‘c?ﬁ%r%l%té? f%”%ﬁ?rg)p Oﬁﬁ;«ﬂér%?es*ieﬁ mt he

term " pronoter 0218 relono
capabl e of mhapbmmnt plgmoﬁersllpmfeﬁablygs apdyimdsaﬂlan@lltihpelﬁemrpsmnotpt I on of

a nucl eic acij n Pr o r addi ti conpri s
recognition @glaa'ggb@é noglippedyto, af}i‘ﬂ?ﬁé%%?ﬂ %IG%?@E# é@mogg

enhancer el effembter sdhi 48 T8RN Add wnﬂﬂq)rbﬂaetei ERRASS HIDA EIQQAr;ﬁ‘érﬁotef Ia 780e
enbodi nent of the present invention, a pronoter may be used in t he

gene expriessRYA Rramen.ee  HRNAPremotsr, [stst Svibiblrgrampls o BbigRitous| PpImQiers
to the 10NROZACHAOEHIIMUIAEK, Sndidipfiof Bt MeclcitifoRRAGE FaBp
pronoter, either constitutive’ or | qui t ous pronot er
i s sel ect ed SpamépOsdenr hdiel. Cherhl, 2&41%07I1+386&1)é1:9§@)ﬁ1 Lk (6ranegt 2., Proc.
Dt erebly hsaf AERRGSE o d hboB LRGeS S Bl
pronot er sucti988), 1% RitkAsteet Bl. RNAlg¢ Aokt Bles. 93c1|31a—s3l-&(1987))mlératin (Li
promot er20 a e7t %IT, Development, 128:675-88 (201)), Albumin (Postic & Magnuson, Genesis,
26:149-150 (2000)), aP2(Barlow et al., Nucleic Acids Res., 25 (1997)), Insulin (Ray
et al., Int. J. Pancreatol. 25:157-63 (1999)), MCK (Bruning et al., Molecular Cell
2:559-569 (1998)), MyHC (Agak et al., J. Clin. Invest., 100:169-179 (1997), WAP
(Utomo et al., Nat. Biotechnol. 17:1091-1096 (1999)), Col2A (Ovchinnikov et al.,

25  Genesis, 26:145-146 (2000)); examples of inducible promoter sites are Mx (Kuhn et
al. Scinence, 269: 1427-1429 (1995)), tet (Urlinger et al., Proc. 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, Gald4, lac, etc.

30 Altematively, 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

10



15 RNA pronoter, a 5 S rRNA pronoter, etc. Suitable exanples of

ubi qui tous pronoters are CAGGS, hCW, PCK, and exanples of tissue
speci fic pworbisaksssar € FABP (Saam & Gordon, J. Biol. Cfﬁﬁ%szoos/ooossﬁ
274:38071-38082 (1999)), Lck (Orban etal., Proc. Natl. Acad

USA, 89: 6861- 1992)) Tsien et al. 87: 1317-.132
(1996)) . Co18% REc lpe ond g Fasbetq)S pfinciiod Yys ikt oGFecibiiaetn
(1997)); Ker &bmﬂblﬁthe he f@ictiohal, DXD& \seduRREES blacddl&ider fre 88nttc @I )he,

Al bum n (Postic & MagEusog Genesi s, 26: 149 150 (2000)), aP2(Barl ow
et al., Nucl@eBmOPYIRee<0 projeoter do pyiculp, g axprepsign caseetigimay ipplpde g
Pancreatol . @515 ce 98Rlibwe Puﬂ\dnﬁ

2. 559- 569 (1998)Jj fo %Cf‘g& Blibwol b a (6 %%nﬁ’&/%'?smo%l%%%ég
(1997), AP gqmeowblcbts fallowed\bx an Elvettt@&hlffbvanamvcaimgmidmv@r RFB99}JdRFP),

Col 2A Q/ h 4
Co 2| Y Bl G 3y S OO g
1427- 1429 ( 189 ppsitiodedtsu¢ithbi aftpe CretxpressioRy the nedi@ytcin resisatce Gsdette 4SA,

10: 416-27) vl G N eroh RS it e ceelruien P St of

pronoters combahdugeﬁ,@mmw@r%oﬁggquence i ncluding, but not limted
to, tet, (Gal4, lac, etc. 30Alternatively, as described herei nabove,

the expri¥sion casset tEherapetipmrctasciupcinaalkDYA seaueareet 2R EXRIEHHAN

t t d
T R e b e S R R

sequence i s lumd@d tOdmqutahie)oﬂarkﬁegeeMagérﬁsw Ry eiaphpsphwtramsfera@gene

exanpl e, the pression cassette ncl ud nce f,l ank a
naonbt nase. Y RER TRk G BRT h ol Go8 SRS BRE Sl STE AR
| oxP, and t heariaassiedrécd, éts.),qoty Astmal (sidh s sndictit @blyaddnytation pitassor tha
of the rﬁonbl n@ﬁ% the fu t| onal se uenc ﬂ’i‘f’?l aced under the

cont r ol t LY B@é‘? B €5, £15-)p REAERSOT sqaygnces

expr essi on C@,ﬁaﬁistaesprf@e/adcaﬁbﬂ@keadenduxmleu,sphdtﬁ)ﬁs aggsq&t Poteid @iétvgd by
a | oxP-fl anked pronoter| ess neomycin resistance gene, which is

fol | owed by @¥angepepilecfiormmrkersidimt (a t andem di mer RFP or t dRFP),

flanked by nutant | ox ng%%f@fé&gﬁ‘%ﬁ‘ﬁat S Ht;ggéi! 8?%&81' ang';ﬁ-xslaé)%R}n%{;&hal

| oxP2272 sites are positione e expression
neomycin r esDbTﬂmqeencaﬁsldtedé)ylIEI\IAemﬂacbsamdlotdgeus mmﬂmman Rosel6 bdys.

t her eby t CasSs er the co endo enou
hRosaos Bt orblien Tor ™ Fienhu tHkGPe gPn 1 it s ndHEsRpeecton B
gene expr essi (ID)I‘baGtﬁp‘eﬁlettb &s finayy iasuradm; pRETEHly 8&chdRekipg fghentis gidated thah

sequences i ngl udj ng. but sel ect abl ) mar ker genes
(such as ¢ herbiiib ifﬁ @gaw&tpr%ftﬁ@uglérb&g‘é%géh@tdfan ab%llp r 963 on,
etc.), recormb&ap?@fefasmmén%owm a@&&lm | DGR %ef%agEBIts may
variants thereof, etc.), poly A signals (such as synthet
pol yadeny| atingisassithemumbsr of hemaelzens rymwmewt%mt%g eflishargen gr owt h
hor mones)s etg, émen?sq%l'llca?so%%&te%fﬁ%ﬁg ehg&s (such as a splice acceptor
of adenOV|rus etc ntrons, tags for protein detection, enhancers,
sel ecti on markers, etdnanother embodimém, themeétbélof&dlmrdnbdm mehid;as t he
targetingvctor conm 1%? ?fun &lﬁona DNAse effl nked. XW
sequences ho %%cﬁ‘g ‘i°8 HEHRD AR Sélgﬁﬁlqncéf% 15 1reé of a TranSeriptiénal 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)
30  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-

11



20 Although the size of each flanking region is not critical and can
range fromas few as 100 base pairs to as many as 100 kb, preferably

each flankiyaobgingee®nt is greater than about 1 kb in | egpetinroddRides
pref erably between about 1 and about 10 kb, and even nore preferably

bet ween about 1 and aboyt .5 kb. Although, |arger, fragnments may .
i ncrease t he™HSEF™EH OEQ%"I‘ BgY ﬂ‘%?a‘Péfé8%&%@?1%8510@%%@‘?%“@@"5@?% ,

l'arger 25fr agBBrd Srohdel RIA P pREciYRe Sthhdtdrfed| dr irltfodab&QIRto the transgenic
| n anot her enbodinent, the method of the invention includes

honol ogous  r eEaWEMNert it Byay alier thteoraabfumstioroef thaganseenic prganismis gehetic
transcriptioggfe stop signal 5' to the (heterologous) pronoter of the
cassette (i.e. is a non-protected cassette); and/or the exogenous
pronoter &s a ubi quit ollse geme 0§ intdrest incdudes anyngine iob DRJA SQupncedhstoral dihe

hRosa26 | ocus . be used for. the site-specific jntegqgration of
transgene, Mq‘g%ﬁof‘_ﬁ‘é“tﬁﬁ?fg @H@gilﬁépﬁ%eggs &atdﬁ%{’%‘fseﬁﬂﬂ @%elﬂ?c’dﬂgﬂl%ed
herein, a trpiRsgeifentisl ibdesctad BenehOtroanyf e SREMBRE S lebtibihass, been
introduced into a targeting vector and ultimately into a different

cel | popul at FBArteBeReyERFRIAS: FEpalingGipleculess trapscritighdsntorsfphpmpacaptically
retain its oLdQi :hi i i . i
in i Rdtik PRteiRd a{(%%?ﬁaés, B Qﬁ?%tec didfes, it ugggaﬁ}g ngeggpﬁghas

produce RNA or protein, ce transfe or 1ntro

t ransgent@ owtgAkios and mutatiogs gndiéqrebinatives theravhl Theteon ("wmtatibn't e
transgenic o i neti e. h n A nterest dJncludes
any gene or %%g%?t}éﬁ%gno yghaa%ggsdptrgihcgg%ﬁ%gﬁeﬁy%?%ﬁeﬂ?e° o teHSicE
non-1imtinggdnest of genes that may be used in the nethod of the

present invention is | ected fromth roup of genes gonsi sting of
reconbi nases, report erSI%é)é‘ﬁ(?g‘, Oélgl?_ébtﬂ?ﬁe]:sgceg# ‘_g H%PF’%@ %gtﬂe@cﬁf @él; ma?’_be
transcripti ogbthiaed &nSmerelhalK 50 &8 I4tddCRdrh Bladotystehyheth6d &odndn BRI des,
drug target candidates, disease causing %ene Broducts 10 and toxins,

and nmut &k ondesemRpddeneyanls BhY-S RatealNo Fistd 3 78PnTharnsan cbal: (1P88) Science
under st ood & PAR. [3aY; GRABAEH Nd 6/ 4BUGS eI AL & 41 %9@3’?«1&%&%&9?4#6-3
I he cell “i's"a hurtan

ref erence gene. n one’ enbodi nent, t
ES cel | . ES o4 Resbmaff dbel. ¢2A04) NethreBioteshcl839% Tie metidddaschitfed dwerein

bl ast ocyst s in.the art, as 15 described f | e
by U 9. Pac ey RS0 BEIGAI0 IR 3 blieeli byt S (1 G8GH e (L, AATRES
282: 1145- 114&lls g.iw&del;mr efﬁmlmle,. hefmaéfpdichié )Stenﬁaeﬂﬁlsboﬂé nﬁhor]v(si;?gﬁ%sgghbﬁl_ase
292: 154-156; an eubi,ng et al.. 000 ture Bjotech. : . The
met hod cr‘?dg%‘ife_ @F‘éﬁdﬁ‘dﬁéﬁteﬁ %Ehs’ﬁ’é%ﬁ@@ﬂa steat F‘?ﬁéfneé“‘inraéﬁ%éﬁ]és’ Blgnan
adul't, i.e. SGHREINS; andicen. Ault-stefflebils hatEMimfhd sbilit) Gk B8Qell§ Blgive rise to
exanpl e, hematopoietic stemcells, bone marrow stromal stemcells, 20

adi pose der i Waey ¢iffaront ealltipesebutdiavethe adyastage thiy fhey sew he havested from an
neuronal stem@ells, skin stemcells, and so on. Adult stemcells
have a simlar ability as ES cells to give rise to nmany different

cell types, but have tHe wdiffan¢craigedtBiacells heyprefamblyensiataired wederf r om an

adul t. 'Bke uc%%id%ctifogg 1 ziilﬁ)twe r%a%?en%gcl:el ot h%glﬁ'ly%%%cmeeg Eilrtl) |a1¥ ur%i’fltg}egtiiaqgcfj sté{Q.der
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,
30  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

12



+ 25condi tions that allow maintenance of healthy colonies in an
undi fferentiated state. For exanple, human ES cells may be nai ntai ned

on a feedewg Rysakswsich as irradi ated nouse enbryoni c figFPRa&kdoskd
the presence of serum or with serumreplacenent in the presence of

bFGF, or in nediumc [ rmus i.brobl asts, or
under serum FPEE I&"tﬁlrf 5&?@ glfgeirﬂé‘a ‘ﬁ\?’éﬂ}éﬁ# S\i’%rhéw’&grﬂi“‘v‘é‘@gfal‘%
for exanpl e, r@@geeanaietb %0 Bhsucly by Qbbasi ®ils Ahimpiamesdie epithelial
cells or foreskin. The met hod of the present invention

results in site-speci f$t§m9§¥léb¢‘a@8 pifansgencriptegrated Shpseia a3madpby HRosa2 6
| ocus of theynERo8 ek heIRR } ?,aa/ % N
transgene unlélerao nore% qumlfe}]@?g%%gfu %{é Jeve ﬁeqh{ﬁé g égﬁ%?or{l

t he capadi t yhumsariniels sfor pertceatingtdifferentialed|cellcaid tissygsdavingrpraasgeheon  of
thr oughout - aiee e or Y EerepioR ol R e Tor g el statepis

[ n][ egr fit efl t for nafg end effaditivt gene thfgetlﬁgm&t‘drﬁ yell‘s OandebetatietedaBerhSeudit gene
multiple lin

e Stemcel |'s having a transgene
i ntegrat ed tﬁ@’ggel"_nl\’%hoﬁlﬁé%" gsperptine HatB‘?"ftlQ%mﬂﬂ @E’@rﬂ:ﬂ? He&peyvpin the e
usefill, intgt Bhddodd QYstdif RIS bél'Hth?J‘nﬁE@x@hﬁatﬂ)ﬁris badell BHRE BAMARL DS

for generatl ng differentiated cells and tissues havi n&@a t ransgene

integrat®¥y tWeseddimensional srustireslgosinasembmroidibadirs (EBs)thetwontsin éc;vefoomg
eval uating s m
cells, and f%{lﬁ% ggfag;é%sf ﬁgﬁlﬁa%d%l]{ln%sggéﬁ P}rgengﬁ%% eiﬂ}&%?e%# ' Ia%f’ fOF edh
gener ati ng daf, ffexrmmphetlad[(dhzlrl(@%'b Gmrs?;mm&aﬁlBlel ar8624866Wn in the art.
The nodel system for FI§ cel | I| n V|tr %rg’spent Ifﬁ\f?fﬁgn i.S. baES n the
formati on of 10 three cﬂr%ﬂgP(‘iﬁ%f’nesffr? eh enigion, P §e¥af es
(EBs) that C@ﬂioaemfrdmvfeédépbélg pEek to dieBieh@dtio s sib@saAE tHRETIls ‘dﬁédt es
of all t nQermla yers and is disclosed in the art, for exanp g

Kel I er ( Oh 8F atu'(%;dncuh@éq vesggl ol wentydgur. tg 48 hours prior to the 1rp.‘|¢q:t1on of E
exanple in %eﬁﬂ&?@g@éﬂ% ard¥ak@zed i iNIDSL E@thﬁfog@ﬂ%I B3 @{:\llﬁlr@ﬁqmﬁe

renoved fromfeeder cells prior to differentiati y Su oni ng t
ES cel | s di rsedipg, elis archavestedand tapgferreiintodigidmedivm, (INWRMt 45% BAB, t o

46 hours P Bkl Dt BLOAN 4 FRAGROGHRHPih BOYGF bondlfoma
cell's are hanvdsnd) iaﬁ’dtﬁ-_gmdesﬂleharsedjndmtthedelcqnﬂlﬂomﬁﬁmails(airé\lﬂﬂ% t015%
bror ern AT ochicish AaTE A SR Siats Wil BRI OEBRer  Under t hese
conditions, ES cells a(mﬁuwabidmdn@m%&nadh%metaﬁ fbmcaaiffé‘raﬁﬁu@ﬁtd&&ﬁ
culture dISh and w |l generate ure conditions

are known int YP‘Ffefo‘érl‘qubé?Odt(ﬁ%‘kﬁleF P‘ef]@ﬁﬂ]%?‘iemﬂteﬁt I:]ell 959‘36519%13%@4@1“%
bl ood (W esegt. (£do3) MR dePaY 2l SRTERAscib kR oitwSiePdal. (1684) D&Ml Sev

164:87- 101), blood vessels (Yamashita et al. (2000) Nature 408:92-96), brain (Bain

25  etal (1995) Dev. Biol. 168:342), bone (Buttery et al. (2001) Tissue Eng. 7:89-99) and
reproductive system (Toyooka et al. (2003) 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
30  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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et. al. (1993) Mech. Dev. 44:41-50), nuscle (Rohwedel et al. (1994)
Dev. Biol. 164:87- 101), blood vessels (Yamashita et al. (2000)

Nat ure 408y9Zoiakssshrain (Bain 25et al. (1995) Dev. Bi glorakB§isdtoiss
bone (Buttery et al. (2001) Tissue Eng. 7:89-99) and reproductive

system ( Toyoo t al.. (2003) Proc. tl. Acad. Sci. USA 100; 11457-
11462) . & fie opheordisryes et b ettangplanted gﬂoaﬁ'a/aaamaé PE8sthode kvt #d
t heref rom majhehg | Nt roduced in an animal for therapeutic purposes.
Accordingly, in another 30 enbodi nent the present invention provides
an ani mal conpri si ng dFisrEesEat pyeEPndenetdo ggbmﬁgdalstwm@gtéﬂépemﬁc

I ntegrated i : IS r |S4 . LSSt
gener at ed fr%%?%%@ﬁmggﬁé gg% %&%ﬁélng%@bg@{r%ﬁg O'Ei ﬁ{é&q@ﬁsfsogrﬂgﬁ |é§ll[n(§g%§el I

i s a hendt opaiditiorctodiaisk deseritied hartinatill betdme appadhoyinsy skilled kethe tual
nmuscl e cell gr ngu onal %/D?‘@S%BI Oi 863PCT/ US20 IOOOSG%e‘H. The
Coll's or ti st loseidine desorinion apd e pEnE HEREF. ByHHBO NGO 8%
in the art. iheadpd el ivithiivbekéope of thelperided Blairhd. M ted in scope by

t he specific enbodi nents descri bed hereln., I ndeed, variou

s
modi fications of the i Bﬁf"i‘t&rf‘l’?h"@&%ﬂ’?bl&?ﬁ?% tenoRetherdss bieraderg: #6r ei n
will become gppahfBhalt SitddRagn akeielpd iﬁd&rﬁo?ﬁecﬂﬁéreiﬁ?:?%i’e&ﬁcg h&p' N9

description and the acconpanying figures.” Such nodifications are

i nt ended@ o ¢wir¢tiagi t hi n t he scope of the appended clains. All
patents, applications, publications, test nethods, literature, and
other materials cited herein are hereby incorporated herein by
reference in their 10entireties. EXABRAMPLES

Materials and Methods:
Human ES culture:

15 The human embryonic stem cell line HES 2 (ES Cell International)
was grown on irradiated Swiss Webster or DR4 mouse embryonic feeder cells (MEF,
The Jackson Laboratory) in DMEM/F12 supplemented with 20% (v/v) knockout
serum replacement, 5% (v/v) MEF conditioned medium, bFGF (5 to 20 ng/mL, R&D
Systems), 50 U/mL penicillin, 50 pg/mL streptomycin (P/S), 2 mM L-glutamine

20  (Glut), 0.1 mM non essential amino acids (all from Invitrogen), 0.1 mM Bmercapto-
ethanol (B -ME)29. MEF cells were generated and cultured as described in . Kennedy,
M. & Keller, G. M. Hematopoietic commitment of ES cells in
culture. Methods Enzymol 365, 39-59 (2003).

25  hRosa26 morphology:
hRosa26 hESCs were grown on either MEF cells or Matrigel (Becton
Dickinson). Alkaline phosphatase staining was performed as described by the
manufacturer (VectorLabs). tdRFP expression was detected using a LEICA DM
IRB inverted microscope.
30
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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Mat erd al s and Met hods: Human ES cul ture: 15The human enbryoni c stem
cell Iine HES 2 (ES Cell International) was grown on irradiated Sw ss

Webst er orwRdosiRsse enbryonic feeder cells (MEF, The Ja6K&96bs/000666
Laboratory) in DVEM F12 suppl enent ed with 20% (v/v) knockout serum

I t,, 5% nd t di um, bEFG- to 2
RRD Syot ens) bases Egafst fermiins e BSY 14ighent v @mfww TS Oging
L-gl utam ne &%mﬁ@%ﬂ!@val& Eﬁ%ﬂ@f] v&‘ié@%dl@l ah%%d‘%v%ﬁi ﬁh{fe b4

I nvi t rogen), 1 i nM Bner capt oet hanol s were
gener at ed an&owamgem%@casq@emsnmhefﬁhgn Rbnri@dﬁfwamfrmsmenmf&& G M

Hemat opoi et i I | zynol 365,
39-59 (2003) Ed‘g@%sa%a%épéﬁ“%% fhemisthafe! 364 o,%%%g %ESCS wer e
grown on &®i t BetendibE: laérdranzdymm quayetah(nBECRQqP(ER):dﬂdlmﬁR tAtakRNlAn&om
phosphat ase ta| ni n d as descr.i t he manuf ac

(Veck or Labe) oty RpS ask] P Sy R0 RErad 6 GO F A et P BRI R
inverted mi ccmmnam&@atkdiﬁaﬁﬂms:aéu mres efiqiakil) SIHSRAAESS rwtlsEBrcem
the human Rosa26 | ocu sol at e _hunman ESTs show ng

similaritiesiiemationa anhhRmedaeng %&Neaﬁnm{@%@xBﬁgerwetr@scnptwn was
identified DysgeiPeHetAOHNA! for1Ee %pﬁ €0f29§H26 transcripts to the

human ROSA26 genom ¢ sequence. Each individual exon was then WO
2008/ 0888B3PCT/ US2008/dweasp-4CTIN cDNA was detected using the following primers: fwd

5’ TTT GAA TGA TGA GCC TTC GTC CCC 3’ (SEQ ID NO: 3) and rv 5’ GGT
CTC AAG TCA GTG TAC AGG TAA GC 3’ (SEQ ID NO: 4). hRosa26 Exonlll
c¢DNA was detected by gPCR using the following primer set: fwd 5° TTA TCC GTT
GCG TAA GCA CAG AGA GG 3’ (SEQID NO: 5) and rv 5° TTA TTC TCA CGG
15 TGT GCA GAG GCT 3’ (SEQ ID NO: 6). ExonlI and Exonlll cDNA by RT-PCR
was detected using the following primer set: fwd 5° AGA ACT GGA AGT AAA
CGA TTG AAG A 3’ (SEQIDNO: 7) and rv 5 TTA TTC TCA CGG TGT GCA
GAG GCT 3’ (SEQ ID NO: 8). For gPCR analysis samples were analyzed on an ABI
7900HT thermocycler and amplification was detected using the SYBR green method

20 (BioRad, iQ SYBR green supermix). Linearity of amplification was tested on
genomic DNA samples. The amount 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.

25  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/loxP2272 flanked neomycin resistance cassette, an inverted loxP/loxP2272
flanked tdRFP and a diphtheria toxin negative selection cassette. The homology arms

30  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 GAG GG 3
(Pacl) (SEQ ID NO: 10), long arm fwd 5’ TAT GGC GCG CCC GTC ATC GCC

15



bl ast ed «agai nst the whol e human EST database using BlastN (NCBI).
ESTs showing a significant E value (E> 0,0001) were globally aligned

agai nst t hwopuisakésse human Rosa26 genonmi ¢ sequence usi RgritR8ooRlobdds
Plus 5 software from Scientific & Educational Software (Penalties for

gﬂuzgﬁt Cat 3J§@&@§ﬁ€"3ﬁ?ﬁ$&§ EeErSHEED N b ar}’abﬁ%&@?”

| ung, Ki dneyCAha\omCrm;xmgmG& nel £ GIIC T GTE MBE PYEEIRSHEEQDMNO:
Cl ont ech, is l.ated from HES cel lF@fLI nes H (W Cel I )....HES2, HES3
(both ES Oel 12 Sebspanenily e munned A rek kA én theiniaymyidipH RN syere gichanged to

(Q agen). Reighifah o brPtAQﬁ‘oek%&eEﬁﬁQ Ptaanmrg%h@ra&@wmagm&ei@éd pt
RT, Q agen). 10Human 0- Al DNA was detected using the foll ow ng

primers: &wdh@nolyarm which W@anr@lc@b@ Fintecrdingbe fatlowisg digmurieotidss:

Rosa36. Exont 11 CBAAG AfHH A5 5%y e TICR OERET G GE IR Ne;

set: fwd 5" T aa@6 OTTCCXGFAM GRGCAGAGEJACA GCSHQT TCRQG 3) (SiBqd

Eront 11 oA O P BNCE Areutes Vel ies Ay Tapng ahplifsolegidd

fwd 5' AGA Aﬁiﬁceﬁﬁﬁ«b&%ﬁﬁﬁp%&\mﬁﬁt 8289 site @SRl aPmMiipld dloAd sity S
TTA TTC TCA COG TOT GAG OCT 3' E %IDNOS For "qPCR anal ysi s

sanpl es fer e(Ma3) psocthe SaclfprAsitesad, PRlvpSEDL §K“'aﬁ$€¥a@ﬁ?ﬂeﬂ fIrl’él@ﬁ on
was det ect eds éﬂﬁéﬂ’ég id m?ﬁ?a@é?fgp %%TH%@?%%PT@'A%P?%TA e

superm x) . ear t ication was test enom ¢
sanpl es. TheAéﬁb'UﬁzB T(ﬁC E&IQJGTC A G A ceC GEMW@MGN ABANGOTAT

osul ting qreR AHASE A8 Latriohae B QAR Alas i aze

sequence. 25TAEARGG ARS QT TATACGMUES TTd TACIGIG F3E CATIAGUTRIGCA

Consyst oF of [AA GhhCoT AT A R TRI A A 500 €T (ShEa'
neonyci n r esNet d6)C rhiedsfddhsc-t13thidily RIna&A phXTRY) lcassERL FemipBRKpacb Tid RFP

and a diphtheria toxin negative selection cassette. The honology arns
30 were anpl Va5 igodiped Hﬁ@aleaM&@ sgeasiendarparlsculsriasganes ne HES2 using
PCR priners introducing the restriction sites indicated: short arm

fwd 5° ATG CGTI' CGA COG CTC CTC AGA GAG CCT COG CTA GOT AGO 03" (Ssall)
(SEQ I D NO Blpsmidgpreparstionlond @Z’TroﬁMIWFFA AAG ATC ACG CGA GGA GGA AAG

GAG 00 (Pad) (SEQ m_fwd TAT ,GGC C
ATC Gc:caz %o 2008/ 08886@15‘%%%]5%% 88%8% ”&?@W&é‘%@?g b °§T
(Ascl) (SEQ ¢rRyNONEB). eﬁddﬁWpﬁ:br tJ SlectESphratibn mpfemcaww@é\@ae@%nAAA
GIC TTT GIC ACC 3' (Eco ID NG, 1 sequ the nurine
SA and LA i n@ﬁbtlsapaeﬁfuae %P@at%%ri%ﬁ&@a G for DNA
count er part . c]&tp6iatiss heam ES c@lh@@lsﬁlgé"ﬁﬁ v&@ék?‘dll%&t%&i bwy?sﬁaatﬁfﬁtaﬁaded
5 5 homoly arm which was introduced as a |linker usin | owi ng

ol i gonucl eotdléﬁ@@ateﬂmownglmllﬂmtmtmm&rm@ wtmmlm@sm@m

2o (SR N il IS 0 S0 S Gl

ligating an mllseg(Bmtha,d!tSDUd S0 mkdi4 mfiOfquli MBS aedimdP3 Glhel Bhd)@hate

| oxP2272 sit S It| n|n |te e

sonl 1 e 1 Bl Sutine PRI stdhne fhed el ot et E Syl o

sequence i S dé&ctiopbrativeg thefcells ﬁrere/inaQedﬁﬁr DR@QME'F\&IMT2 GEAI 06 Eelld ATO ACG

AAG TTA TGC TAG CIC AT {f% AA CTT COT ATA AGO TAT CCT ATA
3@8?“ (&\3

CGA ACT TAT hegaty-teyr ho sr%ﬁ?awa%/a@iedﬁ@rs&e&e*mé@?wn;&edh

ATA CCT AT Rikartdbor £G4 ffowiitcrehst@ 1640 1 %@%c&l%x&r%e@%m
ATA GCA TAO NTT ATA CGA AGI TAT GIA C 3' {SEQ ID NO 16).

pur onyci n- t hshangedi averylangde vq gaisoThe resitingsealenies were p‘gsmdrooﬁw W& gor
I ntroduced i &El%clttgl‘age&@oﬂﬁé Mu?ﬂﬁﬂa%gra@éh%me%u&??Eﬁb HHSS the following

primer set: fwd 5* GAG AAG AGG CTG TGC TTC GG 3’ (SEQ ID NO: 17) and rv
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Plasm d preparation and el ectroporation: 20Forty gg of the targeting
plasm d was |inearized using Kpnl restriction enzyne (NEB). One day

prior to %%%(g;gﬁigygﬂti on DR4 feeder cells were plated %%%%ﬂa}gjgo%%

culture treate es coated with a thin layer of Matrig

el ectroporatio uman ES cel | s assage 16) were collected by

Cryps nhsati BTAARNGESEE AAQ A G SO0 TGP ol IENGY L8F Fepli bt b
Trypsin acti ghédifegpas i nhibited using 50% 25 (v/v) fetal calf serum
(Atlas). 5 x 106 cells were el ectroporated using a Bi oRad gene pul ser
(Bi oRad, 250V / 500 pFd14 in 500 gL HES nedia + 300 gL Phosphate

Buf fered Sal impe  LERS). eggﬁ&ﬁ%}g&@gﬁeﬁlts}gr M nearized targeting plasmd.

Fol | om ng el ectroporati‘on t vf/ergé pl ated on DR4 MEF cells at
2.5 x 106 cells / 10 mRosddeeldbye BDwas bxpanded atletecGdidiated mithtar@gen)

was added to the cul fure . The.30.concentrati on of . 041
was i ncreasefH G E§P ‘i‘lﬂﬂ_&’;ﬁ%ﬁ?fg %u“?ﬁq’%{s_g?@: %ﬂ’/ﬁ‘d‘i"’é‘g trpppapfipaeells
every one towki@ldeysn Miitrel Ssutdd plites MATENMRGHUNE OIS i @R M8Gs e day 12
for correct targeting of the |ocus by polynerase chain reaction (PCR)

usi ng the foflFSTAPALBR celtsrware harvesied wingingpsinaeD Adand Tesusrondedrig cgly 3

(SEQ I D NO . / g%o(g{ B MF@CC
GCG AAG AGT go%ﬁrlgl‘?g%agIM?\@Eﬁé@% }%%%ﬁgg%ﬁpﬁ yi ntgggﬁﬁgsgﬁjg ragnent .
Tr ansi ent0 Cr Ewe tmuesawli tdRFBh sorted| dells weteiplajed héolsyditic ftederccely indelBSC
expanded and_el.ectr [ ith a Cre. e SSi l asm.d ( pCRE- AC,
FOF unpubl | D InEBRE N e ek B R L e on
Matri gel coapipettedndterparided HES nedi um Forty-ei ght hours after

el ectroporation cells were harvested using trypsin- EDTA and
resuspended in cell sorting nedia (I MOM + 10% FCS) and sorted based
on the expressimin 8los LAiFs: 10 Two thousand tdRFP+ sorted cells were

pl ated on enbryonic feeder cells in hESC nedia. Individual tdRFP+
cl ones wWer e identifi ediRosedfctaeseting wes eondiraed by Sepwthera bl andxpaviiegia 5°

Sout hern Dl Oéxt&ﬂﬁlﬁféﬂesainpliﬁed from genomic DNA using the following primer pair: fwd 5’

GCC CAA GAA GTG AGA CAA GC3' (SEQID NO: 19), rv 5 GAC AAG GTA
AGG GTC CGA CA 3’ (SEQ ID NO: 20), generating a 900bp probe. Genomic DNA
was digested using the HindIII restriction enzyme. Expected band sizes are 6kb for

20  the wild type allele and 3.5kb for the targetea allele. For the internal probe a 1.4kb
tdRFP probe derived from the targeting vector was used that would detect one 4.1kb.
band (EcoRIdigest), if a single integration event has occurred. For RMCE Southern
blot analysis using an internal probe genomic DNA was digested using the restriction
enzyme Xbal and then hybridized with a 1.6kb puroTK probe derived from plasmid

25 pBSKpuroTK. 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
30 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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15hRosa26 targeting was confirmed by Southern blot analysis using a
5' external probe anplified fromgenom c DNA using the foll ow ng

primer pai GCC CAA GAA GTG AGA CAA GC 3' ( SEQ
B e hadvarittapa 2 WS (SEQ ID NO 20), generﬂéﬂ W % 3;1’8‘%96%

probe. Genom c DNA was digested using the Hndfil restriction enzyne.
Expect ed band sizes ar@elerbmmm@mquayp@a@dméu@datnéoral Eﬁﬂbbif or

Lhe tar get edyall ek ool bPEARRLIPT RO f ob-A6P I AEER RraRe

derived fro vector was use
4.1kb band (E‘emﬁihg) 1geh¢ b‘o,llowlin@nedlatQﬂO% (vm)é@dEM -Bh2,s0entv/Hasucabasal r ed.

For RMCE S th i i DNA
wes di gest od"USr it fem Beieeed) SRR RL A BIS Ta B BT A i zea
with a 1. %kbmpucstﬁﬂagly@é@bwm@glwdm Roiiend mmﬁﬁ mB{im&)lammﬁm (Bliffom
probe wi Il detect one 1kb singl e of the construct
was i nt egr at ¥gmak8-x Neaand 9t % BLaFup enéﬁ% ‘Pff‘ PuHPRY (JFTES). Atday 4

exper i ments M%reﬁ\ﬁitﬁnw »%é‘a%@ed)ék a%néénhﬁ%r%@fb dARLC QltlaSy '&elHES

media. Prior to the onset of the experinents cells were Essage once
on Matrigel Wergtteagsipired tosgelatinraodigd 6 webiplatesdndmestia Wapshpplementeld with

cyt oki nes we [ d.f . roec

Gt for onti arECASS B0 TR daNANET Oote BB ShBRGhMy changeg cpery
wer e harMest 24 days wsingpSF-ESzatdian sapsplerhénﬂemﬂl bBGF andrEGBsImypmiel at i ng
at a concentrati.on of 50,000 cells 100L cl uster,

pl at es (Cor n‘?"r?&S‘mFPFSPﬂ ‘f"c‘fFlgB‘?kﬁ"h%“ i °8"er316% W‘?%M Beiatin gepsip.
(v/v) Neur obggal wéredhayiddQiflr 51 @é’?s'nﬂ&‘dlﬁﬂ@%ﬂﬁboﬂgﬂﬁirﬁﬁ?ﬂh rRrinBd B S,
Aut, 4.5 x 10-4 M5 m)nothlolxécerol MIG mM ascorbic acid

(AA), 0. 1% (felloys:neBewere fogdiin PBSH @ﬁ»é’ﬁ@)fomlqbelwdm’%dims)a blockgrzwith
suppl ement  (Qath ik thélH\SlcﬁgQE?&@O)(aﬁE sﬁ:ﬁ}:%ue‘ﬁ‘ﬁ{/ G@ed with mon oflon lonal mousg ay

differentiation bF was a at “a conce 1on of 20 ng
6 cel | s Mer eantirfatwbirbin & dntitwdy €Tw2D Clynscand o appedirigtd motype amdrt)ﬂrédmamg

was suppl ene ral _growt h ECGE, .20 ng/nmi).. di um
has suboequenty i byt S5 ML RN K, colpdtea ooy ahivddy
suppl enent ed(BmiohrchFGﬁage”sdv&éSFakeh Dsifig eithee ap@ivenBhLdcLPM IRBWeT Beigh DMN

on glass coversli i |atin coatin. Cells were,
onalysed af A 2iBRrEe: f merred AP R 0 (TS Hg  Rer DR as
fol l ows: celbhapnebenddgeedih IMBReulir Bgb&3r a formal dehyde (PFA, EMS),

bl ocked with serumfree protein block ( AKO) and subsequently stained

with mor@dkl onal nouse 15anti -tubulin 11 anti body (Tu-20, Chem con)

or appropri agglisok y@greglgg%rgl . Staining
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).

25  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}

30 Ham’s Fi12 (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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was revealed with a donkey anti nouse |1gG FI TC conjugat ed secondary
anti body (Biosource). Inmages were taken using either an inverted
Lei ca DM I\gB -@és/ik@is§2 DM RA2 m croscope. |f indicated %(Pli BF@EG
count erstal ni ng vvas perforned usi ng DAPI nmount i ng nedi a ﬁ)l ecu

Probes). 20 Endod ifferent]at (%r endoderm di.fferentjation
hESC col oni cBSenayeRyJEmBRlNSIRs gl expatseion By ALEq Jarierest AFP,

treat ment w&dm%&éﬁﬂ@naws&&f%qqim)blé&édé:ﬁheeraﬁatf?& at 370C and
subsequent treatment with trypsin-EDTA f m nutes at 370C

(Cel | gro). 2Brotn blagh mgl &Uhii%luéﬁby&&ﬁmctwd}il sebbréa@u -mgtise pAeclerdl ASPyer e
scraped fro ﬁﬁ t

pi pette, yie rﬁ@ﬁ‘é’og@%r egat glié %’p%%?ﬁ%qféyﬁ e&%gggg}ékg?“%s\?\%‘{%lcd with
pl at Ied i bl ga\daddggEx/mmvéléﬁmﬂlngejggam&ﬁondnrﬁmﬂﬁdp(ljgdzsbh ﬂlmnhmo@;esﬁa:ch%
suppl enent ed, Wi t ut, O.. a X 10- ter
days EBs wer BU4€5F V&S etk e Lfv’wa%ﬁ%ﬁwymﬁ Q@ne@ﬁ% 30
Ham s F12 (| eotintert4lBing wiid pRfenmdatvibrariditaRl BMofdeilhAPioBEs). 4.5 x 10-4 M
MIG 0.5 nM AA, 0.5 thZ ?uppl enment, 0.5 x B27 suppl emar)lt wi t hout
Vitamn A and 0.1% al bum n (SF-D). Activin A was added at 100 ng/ niL.
On day 8 EBsWagr,pQ%%;imQ gelatin coated 6 well plates in SF-D,
suppl enented w th hurfan VE ‘5 nWil, bFGF 20 ng/nL and human BMP4 50
ng/mL. AfGer a total cﬁmachldmpSOfmdéﬂm:miaeqd hfSidsgverg\@nerated as described
2008/ 088863PGT/ US2008/ 0006 an noh h stry
for the expr gsrs?oﬁ%g?gs e8]$te &Rﬁﬂge 819?{‘1]‘ 'fg ?C?gﬁo E%' PBS +
4% PFA, bl ocd@ﬂlemehied&amwrs;‘tﬁm mm@mcbmtmmomgbﬁqumdny day

stained wit se po | onal , AFP tlb rkers)
or the apprg'b"[@lgt"éw Flp oo SasP L e g alineed B b o 5
donkey anti ¢olfhihg %&oﬁ%g@%ﬁ%&&ﬁmﬁ 30 Y/t ISEBPH el i‘é&lﬁs(@@ﬁ) TIU@ no
Resear ch Images were taken using an inverted Leica

mi crosc Wﬁﬂ?@metwﬁﬁ@ﬂé’g%pﬁnhgmﬁdﬁ ngénk.dLagh r\&ﬁ%ﬁoénd IL115

i ndi cated ( Mabies UhateRL006%0- i dBEONST Rk EE] BTMBI QPo1hER i

cl unps of u%‘?‘?’er en% I a? %ﬁ%{ ]é wer §' ge%ffgr g‘% eg as dqgg%rlﬂjbég@aﬁove

Cl unps were mihﬂnaedbnvnd bownd 8PS, Anueal Jigthnotaziad) $Yeproiam Seehyhrivlof,

supplenented one

oy brGE wasmSitdd PR fi Y B, B2 it et (U oo

medi a cont ai VEGY 10hg/thD) $ O 0@ngitil) EPOes00 VAGE, LG 1odghhL, Bi3e20 fgml

Fact or (2%0:) an]dq(lzll 5 ng/mL, TPO 40 ng/mL and IGF-1 25 ng/mL. Cells were cither grown in
this media for the remainder of the experiment by changing media every 5-7 days
(liquid expansion) or were switched to a methylcellulose based semi-solid media to

reveal their colony forming potential.

25  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

30  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-1I, VEGF 10 ng/mL, SCF 100 ng/mL, EPO 4000 U/mL, GM-CSF 2
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15 ng/ m., erythropoietin (EPO 4000 Ui, L6 10 ng/nm, 1L3 20 ng/nL
and 1L11 5 ng/nm.. Three days later the EBs were transferred to | MDM
suppl ement w@ 29sidsges asma derived serum (PDS, Ani mal Teq&m%sqgjsﬁ@“@%
protein free hybrl doma nmedium (PFHM 1 1) 5% (v/v) (I nV|trogen G ut,
0.5 MM AA, 3 x10-4 MMI'G VEG-. 10 ng/nl, SCEF 10Q ng/ rrLGm%_n%400
Ui 1 L. 100#EmiLe |4 B, ot P neoleatd 1T ng/mi 1RO e

and [G--1 25n%191/l_mﬂd 1S 0 WBH%. ChIbRIRS wafeQMRlyLdh atth]hfm‘sfﬂmemmeumb&
remai nder of the experiment by changing nmedra every 5-7 days (liquid
expansi on) ofultete switched to a methylcel |l ul ose based sem -solid
media to reveal their colony formng potential. 25 Methylcellul ose
assay: At day 16 to 18 of nmesodermdifferentiation, EBs
wer e sepdr at Edafomaryobrhaatn: ng cel | s by gravi ty settlenent. Both

popul ati ons were harv i ndi |dual to expose only the B13 .
fraction to coll agenaglgé E%é”ﬁfe o) OCW‘%P 2BEGER trfﬂsmegt with
trypsinizati ﬂﬂlaéﬁfasé’)tygel 14} 451k tes.. Fcﬂfd'vﬁﬁg th'is%?ﬁﬁﬁ@hd@ﬁdo@iéh&g thedells
fromthe EB fraction 30 were passed times through a 21G needl e

Bot h fracti oWeigér@PehiEpmptpia aaﬁ&erﬁafmdtsﬁrwwoa%eﬂml BIPEUS ryyfrldmg
Cells were c% t [gp‘ag

concentration Ofggga,%gg%\{%ie(ﬁ:e?h/ @ﬁ%e éﬁsgls(g Id;é%(ﬁ.réégﬁ#egﬁdg\%\gq L %
(mv) metthy| misiting|od Hd DMERck Metrigelians] isjested énto whethqnd%&@pu@lmofN@E%@w v)

acse 2 v bkt tadd Eanttnenting Wikl W MBS 2o
ng/ mL and | Lefat@masgiere haﬁ&f.ﬂamﬂkedgmniescdnfﬁcﬂare%&dﬂgfakbn asiggaMDM t O

100% Col oni es were anal élqngf nmet hyl cel | ul ose cul.ture. F
Ter at oma for%??‘B’r‘FroscoPe iy “% % itind Iggmuscly wasgised poyneaative Sonte

aggregat es bE’oﬁHo@%ﬂ&ﬂEthahilyﬁ@HeQ&%ﬁﬁ&vés)bﬁ@mlo iRl peceSuBiHg ﬁ§calpel
Fol | ow ]%thl S enzymatl c dissociation, the cells were scra rom

the plat deand sybspauend gregimeptiish Chllegsgnsed forS1miahdTee, é)a}liseﬂem thep
aggr egat es Ofacden s%@ergﬂlrﬁ@sl tfu%ugjg Re %ﬂﬁge&ﬁlaﬁ uﬁ%@(ﬁl}egtl? Q'QatQ(?Mtﬁ Tg?pé in-

resuspended in a 1:1 m xt u | VDM an I ge Inje
into the hi ndP&4 frm&ml éﬂcﬂf2 N@Déstblemehs were(aﬂfﬂezaﬁmmdrsﬂlaﬂowa;wtm}c)er

Mce were s f
har vest ed. gg%dd c{eﬁlg rq'ggeceé{% u\ﬁg(? h% ué %&'@\%\rg?ﬁgg tmdﬁgcattt%r ﬁ‘a:grggtgrSWOF histological
st ereom cr osmpexsomsumw@d)eﬂdaﬁumardﬂﬁﬂBldcﬂgaﬂﬂhihekeetlmmﬁ&ﬂwals a
negative, control or/ fl O\Hg@éﬁonetri c analysis the teratoma was cut
into snedd B?e&aé%x Yo GS1R ‘pel 15 bl ade and subsequent treat nent
wi th Coll agenase B for 45mat 370C. Cells were then passed several
times throu a 21 G needl e and subsequently treated with Trypsi nEDTA
for 5m Aft x@%éh@s‘mﬁﬁ@'ﬂ@épf@%?é anal yzed on an LSRII flow
cytonmeter. Dead cells cl 11

paranmeters. For hist ol%ﬁl@hl% aha “fs‘ff}s*ﬁ(%l{%gé%g&\%g%q%%@%ﬁj%eaéﬁ%mﬁo
paraffin bl Cﬂ?mhahﬂjEmsqmbbéaiaba@m@,sﬁ rizioe avithi seweralChi g praigoiichntrhomodepsésn
(H&E) .

25  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. 52). An electronic screen of the Ensembl gene expression database for this
genomic region revealed a large number of uncharacterized expressed sequence tags

30 (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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Exanple 1. Identificati,on of hRosa26 Usi ng the sequence of
nouse Rosa26 transcripts (1) as a tenplate to search the Ensenbl

dat abase (,ﬁb nofosg@s on Wi th several highly significant Jaqimbaglofisd®

on human ronosone 3 vvas Iocat ed. The hi ghest degree of sequence
simlarity (>85% was stretch of non-repetitive
corresponding to the 5 focfh?%aptl'@)ggﬁregmgmpétemlotgh%@%m%w
putative progpleRht ARH t@s@ueswvér@mmeé Cor MBS QSR byfduantita@e p nerase

el ectronic screen of the Ensenbl ‘gene expression data ase for
genoni ¢ regi guingeetionddPGR) wsingoligonneleotisies agaishthgsequengesdn Ebttph‘e% S ed

Gor vod 11 one X0 AS SRl BPARM DY Sas pHTRGRL KAIRAA Rl Tentod o

stem cel 15 | | welbas ihtSediffompt BESG peesi fThe lmlslotfemsSSmntlhladult hnﬁnaregssw of

ogon on hutiiriBRptsDs e wad THE EF hedtheRufiieietin & s, Fothle o
the mouse RO%%B&Slb@?u@era@de@hmb&rdedﬁ d oﬁﬁﬂ&iﬁﬁ@ahmpaﬁﬂﬂtwmctapsaZtS
(hRosa26) . 2008/ 088863PCT/ US2008/ 000666 ginto

define the epprbemgan faerlband Bronlihin ﬁmagenabﬁﬁgc&rﬁqce%fﬁlgaw the
tissues wer ed@f@éhb’l%@@ls bPEx %&g&f}%ﬁsmqﬂ%é@%rﬂ%hés%%ﬂﬁ ﬁekl}ye%ﬁ gs©

chain reaction usli onucl eot| des agal nst the sequences in
put at i vel(Exothe mouse&Bosﬁémus pls&slpwd vriabiResm26ionds adwptisssed i n al |
human tissues tested as 5 well as in 3 different hESC |ines. The

| evel s of expression in adult human tissue varied between -0.2x and

-1.4x of t heEtawst 8. dbhﬂﬁicﬁdnbfhhﬁoshmsgetﬁymmc&bl e expressi on
patterns were observed, using oli onu?Ieotl an the predlcted
i ntron between Exonl | AfIEENGYEFPr fRiogopy ‘i"lY"F ‘Fse Fesqdp vegior

(Fig. Ib). Thewds tdtantd (Myelcy. Phe %Wr%n&hi%‘a@b%t\/éﬁ dnd atah%%fg Aﬂﬁmn
ti ssues are not unexpected as 10 the nouse Rosa26 |ocus also s

vari abl el xphasradpgyh Whichdgegtherspasappsoximgighpl. bkip of g ﬁgwqa?étl@@ﬁ Eﬂ’le a
hRosa26 Tar g@écg)? gv%f?gs Qith s uences, of thé?%litﬁf&%ét%goﬁ aid t?lé éﬁ{bﬂlggﬂlﬁ? 5%

the wi dely use ROSa26 veetor was construct
The vector cihahiosmsododss. E‘h@hwmelpgmamdnaax@ sepavated by an edprésSiohcaskityy,
whi ch t oget he hRosa26 | ocus. . The
vector over | ik B RERE SR g fpbidlhel it SpR R e ol o AL
fol | owi ng i nbxPilatited piembidfles2Bomgeit Sesistiiee Q&[ﬂﬂmtﬁﬂémﬁdﬁmge@d’ i€ followed
separ at e% by an ex I’eSSI on cassette i ch c(?n5| sts of several

1

el ement 20 i el AdPKgted RAT variaah(S).d é Timep RFB{ISRER), fignked by mutant

| oxP-fl ankedloPPpﬁ!?tsﬁésl @&dﬂ?@@a%o’%al‘éﬁ‘@ ﬁfs@d"&iﬁle%f‘ﬁe gIﬁk%cQ §ifeg gene
is followed 20 by an inverted RFP variant (5), ternmed tandem di ner

R P (tdRFP) , mpnoamgescdRID: Hiis #as selepqdipezauss jttraaures fast tabmpt2 hwrsa (7), is not
Thi o vas sol SEFenMolEerSbalfis 8 Rsmitintly BRpht figh JRAGHRR ErPhiings
toxic in nouseh E:SnRélP[ls)@@)n@mty; ﬁausfagmtdtmganmi;gcnbdetgatttoarduhhgm vitro
frononer Ié;é RFCF R 1§wn and teratoma formation. The loxP and mutant loxP2272 sites are
positioned such that following expression of Cre recombinase (Cre) (9, 10), the
neomyecin resistance cassette is removed and the tdRFP inverted, placing it under
control of the endogenous ARosa26 promoter (Fig. 1d).
Two distinct intermediates can be generated during this process, as
30  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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such as nRFP(1) or nCherry, thus facilitating transgene detection
during in vitro 25 differentiation and teratoma formati on. The | oxP

and nmut ant whoseAsdsss i tes are positioned such that fol lyWwGosmoosss
expression of Cre reconbi nase (Cre) (9, 10), the neonycin resistance
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denonstr at ed Luche et al (8). This gene trap construct wl
function as Q“é‘:@)ﬁlﬁblum bl e fluorescent reporter after successful
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than a "foxed" stopper cassette (11), the possibility of low levels
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al | ows for tligeasiubtbRENEENE c@isﬁhatnme@&yrcmvhﬁ%?ctfb@sﬁﬁbﬁ Qeletfidh with
virtually any cDNA of interest at. the hRosa26 |ocus usin reconbl nase

medi at ed” casBemxcinesitiate{Gd 1 ErnesEnitinte. G Exenptang clonesgdefectah Qrd? fag
For gene tar getiNge pidied MdShal z@@bﬁﬁéﬁjfér M’&en@é Sﬁédh%l?ﬂ Mﬂnﬁ the

l i neari zed targetl ng construct One day follow ng el ectroporati on
sel ecti o wi mhcml@w@ witlsyl $xdensled é4h<81)101ma’ssregmtas awesitiveangol. cQutif 2t

cl ones,  det egled div1 H34e.d BLEL MBLEIRLGHSH AISABlIESd TR L8

for evidence o et ng Jusies e
extended 5' weseipagdedrand |elmtrapaorateqb a@thtal pl!z&nﬁ@ that é)lpresﬁkﬂ Ceftraddienttyones
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PPt el S A e S N (R R S A R LA e R
Cre transi enpdpilation) Jire Moléd BetISsohtagtind chiMRECatIew dehdl§. CRlldrites Whi Ch

conpri sed about 5% of the total population, were isolated by cell
sorting khd ewressingdRED, [idsntiiehBy flyoregssnesnisoseepye Wsreaigkied gnd grppded.

dentified b 1
identifie &fo&w@r@r’g&%@%n@@ LR Y5s rs%u Oﬁiﬁﬂ&k &Q.gyflg;ﬁaggqlﬁ@xtemal

Correctly targeted clFones were con ern al'ysi's
usi ng an ext gemulic prohe(fig. Is).olbke '(nreggatwhefa si‘n'gb dopy efjthatargetingfcoastruct

si ngl e copy séor}t%n%l eEhe % a?nsctég) i 508 t. (rarerec‘li PE{ 1Izhe ing a probe
appear ance of & singre BY §f)8 g7sY 8¢ FRGC 34praBe
specific for sﬁebﬁcﬁdﬂﬁ&’tmsie&e (]Figglf ahfl Fin ). FC@/loﬂ?—medlated deletion of the
Cre// oxP: pedi at ed. del eti on, of . the 20 ne r?/ iﬂﬂécassett

e
mai nt endAtte BOMYGH fasseye padmapignen actwarsa@ﬁrmedézi%ss of
resi stance aﬂdlmmmﬁl sahtr@ﬂabm'csmlﬁ églfgl ). o@mﬁmsbfmm

t dRFP subcl one (hRosa26 B7 2.12) was use nost of the subsequent
anal ysi s. Thyubclongfaseld Bha.12xay vssd fqrdn%séomswﬁsquent analysis. This clone

will be referred to as ARosa26.

From this first set of experiments screening of 40 more clones by

25  Southern blotting revealed no additional, correctly targeted clones (Maximum
targeting efficiency 1 in 64, ~1.5%). In a second experiment, one targeted clone was
identified (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 S observed
targeting frequencies are lower than reported for the mouse Rosa26 locus2, they

30  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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Fromthis first set of experisments screening of 40 nore clones by 25
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Example 4. Cell Differentiation. Experiments
To monitor tdRFP expression in differentiated progeny generated in
25  vitro, the targeted hESCs were induced to differentiate into cells representing
derivatives of the 3 embryonic germ layers ectoderm, endoderm and mesoderm as

well as the trophoblast lineage, an extraembryonic population.

Example 4a. Ectoderm Expression

30 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 stemn 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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EBs were transferred to gelatin coated 6-well plates in serum free medium containing
vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF) and
bone morphogenic protein 4 (BMP4). These factors have been shown to be important

20 fbr liver specification in the mouse embryo (19) and mouse embryonic stem cell
differentiation cultures (20). Clusters of albumin and alpha-fetoprotein (AFP)
positive cells could be detected following 16 days of culture. As shown in Fig. 3b,
the AFP-expressing cells generated from the Rosa26 targeted hESCs exhibited bright
red fluorescence whereas those from the parental cell line did not. These findings

25 indicate that the human Rosa26 locus is also expressed in endoderm derived cell

populations.

Example 4¢c. Mesoderm Expression
To evaluate expression in mesoderm derivatives, the Rosa26 targeted
30  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. 3¢, both types of colonies expressed tdRFP. CD45, a pan
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Exanpl e 4d. Exp essi N an extra ryoni c popul ation To
test the expression of tdRFP in an extraenbryonic population, wild 10
type and hR a26 hES@gWEe i nduced to differentiate to the
t r ophobl ast

The targeted insertion of loxP sites along with tdRFP introduced a

20  homing site for subsequent RMCE — a method that would allow the insertion of any
sequence of interest into the ~Rosa26 locus without the need of gene targeting or drug
selection. To test the feasibility of this approach in hESCs, an exchange vector was
engineered containing a promoterless puromycin resistance cassette (puro) flanked by
a5’ loxP and a 3° 10xP2272 site (Fig. 8b). This exchange vector, together with a Cre

25  expression plasmid was electroporated into one #Rosa26 clone. Forty eight 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

30  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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2. The nethod of claiml| wherein said functional DNA sequence is a
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ar e humansequdncy gnihodnt@nin(oES) hoehd ells b§ hombRgowt Bathbodatian withriea@btidghe
precedi ng c| ai ns, . wher ei he e of intere i el ected frogmthe
O oup. of iR eoBaRGRR P SRS sioetsR SSUEy TNA Seslfst ol
si gnal i ngthebhreaiR&s26 hewgnscri ption factors, pharmaceutically active
protei ns and peptides, drug target candi dates, di sease causi ng gene
products and toxins, and nutations and conbinations thereof 7. The

net hod of2.cl ai TReZnetdied Rl dimt N@h4REIR FBH FinckiSnat PINIC tREerdct MM EOR SpRbn
consisting of a constitutive ubiquitous pronoter, a constitutive

tissue sp@SERT EORSISREERe ofintersehoprBhiv! SR YIP &S PRIMOSAd an
i nduci bl e ti ssue specific pronoter. 8. The nmethod of any one of the
precedi ng cl ains wherein the functional DNA sequence or gene

expressi oh casdEthehed gfichim lowhgsein seid fecdonsd DAY eeqnenge i dAgMe expression

functi onalass3 80 UEAGRMeSLEEE (o8 thifQMhdIGin WLBRACRRRSS bdr8med m@%ﬁr into
genes, one or nore reconbi nase recognition sites which may bé the

same or dihe faspebit homplpgpupregpghiaption; fereby inserting) thed b sequernssntoties loets
9. The nmelBothaPlxpAl¥oR BEMRIDNASeRbREGE LitEr gleaaofﬁ%ol MRS &El1BochB& rRosaz6
expressi on cassette conprises one or nore functional sequénces

sel ect ed HP®BEE he group consisting of a viral splice acceptor, a

| oxP-fl anked pronoterl ess neonycin resistance gene, an inverted RFP
variant, nutant | oxP2272 sites, and conbi nations thereof 10. The
met hod of4-any Theandlfodtdfanp pag eliihe grectdingreaimpheheéin thehelle aprselested from
cassette i  f f | | ' equential order: (a) a
vi ral spltlﬁggg{éfé%g%ﬁﬁo ,Of(pgkrla%egggﬁllgﬁi%ﬁzﬁpgﬁt erl ess neonycin

resi stance gene, and (c) an inverted RFP variant (tdRFP), wherein
said inveyted -REP {apt _is flanked by.nutant 1oxP2272 sites. . 11.
The net hg% of ll;ﬁr?ym%tﬁged %F a %eongrogc%‘aipﬁﬁc\églf]%icr%m%‘grleer?lﬁ tﬁ%icaﬁse%gr ¥ %n
casset t e endmpmicswesn EDPMAIssequence coding for a Cre reconbi nase and
said | oxP and nutant | oxP2272 sites are positioned such that

foll owi ng expression of Cre reconbi nase, the neonycin resistance
cassette 4.s refpvadhahdf hheotdd BFRei proeding dtlaips, achdign ithe padesf aRRdksr @l

of the end%?teﬁ?%g)s &HROSA% ?rormt er.. . 12. . The met hod of any one of the
pr ecedi ng“Er&T MO [{ife# 81 Of BENSE 900t tingg ol SETBRASET (THROTtCL SHS BaePtors,
f unct i onadignalimp eniesles ataaskigdord Faord, Ntha@iRupPicElON adtbti pcteidl ah@Gepdides,
protein ddet ecti on,aﬁg{ihanc rs, selection markers, and conbi nati ons

t her eof . & Mg Ccanidpiey Gieash GausHE 8ner Fadysise aRelitoinse 1285 nutatighs r adn
t he transgebimatieidkiaroogti c cells are derived from human and t he DNA
sequences honol ogous to the human Rosa26 | ocus are derived fromthe
5 and 3' flanking armof the human Rosa26 |ocus. 14. A targeting

vector conpri SiheeheRdd@x aaﬁﬁg,imr&ﬁﬁé?}&neot&mrécﬁa RYnAhd oGS LARRN
sequence operably linked to a heterol ogous pronoter, wherein sai

expr essi GhCUEWHEYe abipitous prpEfelyyt ERQAiE By Hssae SPIsHifoPOEOIRS & dnsusible

human Rosa#fith®PiSmoter 2ha an dlMIRMis e khecBRMAEON conprising a
functi onal sequence inserted in the Rosa26 |ocus.
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16. An isol ated DNA sequence having at | east 90% honol ogy to a

nucl eoti de sequence | ocated between nucl eoti de positions 9' 415" 082
and 9'414' 043 on human chronosone 3. 17. An isol ated DNA sequence
having at | east 90% honology to SEQ ID NG 2. 18. An isolated DNA
sequence that is conplenentary to a nucleic acid sequence having at
| east 909%.honollggyethod SEQnY o0 the preceding claims wherein the functional DNA

sequence or gene expression cassette 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.

9. The method of any one of the preceding claims, wherein the expression cassette
comprises one or more functional sequences selected from the group consisting of a viral
splice acceptor, a loxP-flanked promoterless neomycin resistance gene, an inverted RFP

variant, mutant /oxP2272 sites, and combinations thereof.

10. The method of any one of the preceding claims, wherein the expression cassette
comprises the following elements in sequential order: (a) a viral splice acceptor, (b) a loxP-
flanked promoterless neomycin resistance gene, and (c) an inverted RFP variant (1dRFP),

wherein said inverted RFP variant is flanked by mutant /oxP2272 sites.

I1. The method of any one of the preceding claims wherein said expression cassette
comprises a DNA sequence coding for a Cre recombinase and said /oxP and mutant
loxP2272 sites are positioned such that following expression of Cre recombinase, the
neomycin resistance cassette is removed and the tdRFP inverted, placing it under control of

the endogenous #ROSA26 promoter.

12. The method of any one of the preceding claims, wherein the targeting vector further
comprises functional sequences selected from the group consisting of tags for protein

detection, enhancers, selection markers, and combinations thereof.

13. 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 Rosal6

locus are derived from the 5' and 3' flanking arm of the human Rosa26 locus.
14. A targeting vector comprising an expression cassette comprising a functional DNA

sequence operably linked to a heterologous promoter, wherein said expression cassette is

flanked by DNA sequences homologous with a human Rosa26 locus.
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15. A human cell population comprising a functional DNA sequence inserted in the

Rosa26 locus.

16. An isolated DNA sequence having at least 90% homology to a nucleotide sequence

located between nucleotide positions 9°415°082 and 9°414°043 on human chromosome 3.

17. An isolated DNA sequence having at least 90% homology to SEQ ID NO:2.

18.  An isolated DNA sequence that is complementary to a nucleic acid sequence having

at least 90% homology to SEQ ID NO:2.
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