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NON- | NBRED EMBRYONI C STEM CELLS HAVI NG GOOD

DEVELOPMENTAL POTENTI AL FI ELD OF THE | NVENTI ON The
woes@ss19i nventi on pertains to the producti on PaT/CA20e4/000998

wi th defined genetic propertiles, particularly the

production of transgenic m ce using enbryonic stem

cells. BACKGROUND I n the past, consi derabl e effort has

beNONWNBRED EMBRYONIC STIVE ILS‘"‘HHSWING GO

mammal s, suc n , a varie y

of methods hav@ib‘ggi‘iag%ﬁﬁéi HHEUe for

i ntroducing foreign genetic materi al | nto ani mals

makes use of the potential of enbryonic stemcells (ES
cells) to create FIBRID OF THEINVENTION/ONI C stem

cells are derived fromthe inner cell mass (I CM of

bl astt} sts; .they are totipotent cells which are
capabicePisPeTl RNt pn pgrtaing 4o A pradpetion pbAwess with defined genetic

I
P bg&%llﬁﬂ g@gfzg@f%&?&%u\gﬁ i gkx%%lgg ;‘:‘g;&gu%ré gma&oﬁm{éﬁ?cens
aggregation with norul ae (Robertson, (1987) in
Ter at ocar ci nomas and Ew Cells: A practical
approach, ed. Robertso Press, Oxford
Washi ngton D.C.), pp. 71-1 12; Bradl ey, (1987)
Ter dndbe pestnmsiembéb Effont \has beerStranstab it prodicipg afdnsmhc non-
roach, . ed. -Robertson | RL Press
B ARk Bt 5% ices a0 dUringd st (o \ERRURORBESgn have been
detd1B8&. Devel opment 105, 733-737; Nagy et al., (1990)
Devel opnent 110: 815-821). ES cells can be isol ated

from bl ast ocysts . and then established as permanent
cel 100¢ tgehniqyerfor wéssada@@g &rrign\egnelis matdeal inkel anirdels inrdes use of

ric her.ed to
thé H!}ttth(ﬁ:ag r??%%g}téne }gﬁe‘ﬁg rggg e‘Ceﬁ%) f ctn!:aX gl%{ﬂegﬁ, appmals, algrnbryomc
ste'mh) lcéllst @re deﬂnmﬁ fmmsthe: tnméEce&hmeisf (QCM)\Uf blR@lcyét®r they are totipotent

na and artlcul arly the nouse,
celfB b 55 RGO Oove RiEcRIGHT Aol insagas ibpligng@erm cells, when
in@6dHeEd nt& R i3S b9 NFjektibrEmtd aigl]ﬁ%;b%{oc%@ or bg atggregatlon with

subsequently transimtted into n rec
mgrulie f,Robgﬁsomdw&'b) pre it emuaaztznmmmsimdq&lmbybm Stdme €lls: A practical

o RS PSR L Do YA ey 112

Bradlky, 19818 iR TerRbdaroRbmGS bﬂ(ﬁE%t’}d?ii“ﬁSStew&Bdﬁ PVBSda? approach
mai ntain t he entire devel opnental . .

ed. Robertson, E. J. (IRL Press, Oxford Washmgton D.C.), 113-151; Beddington and

Robertson, (1989) Development 105, 733-737; Nagy et al., (1990) Development 110:

815-821). ES cells can be isolated from blastocysts and then established as permanent

cell lines, if they are cultivated under well defined culture conditions which are strictly
adhered to, and they can be genetically manipulated. In view of this ébility, they
constitute an effective tool for modifying the mammalian, and particularly the mouse,
genome by means of controlled mutations or other genetic modifications in ES cells that

are subsequently transmitted into animals.

In recent years, various experimental techniques have been developed for
producing animals derived from totipotent cells, such as ES cells. In the case of ES cells

the primary objective of these methods was to maintain the entire developmental
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potential of EScells in vitro and to use host cells
in the formation of chineras sel ected or mani pul ated
W0 onohawss1 estri ct ed devel opneptal potential aneCT/AINS004/000998
i ncrease the frequency of form ng chimeras capabl e of
pogential ofiES tellane mirasindrio (1halyst cells iAlthe fohBAIn dFhaha@psI®Mcted or

meyipflatfq 33 Faveoeapticied GhPIOpmERaH Pelenii) dhi G o6 he frequency
of foiging WRInSrAAGH 8818 b Gertil t%%ﬁﬁ?s@ﬁml@l gil lngb%? ?geldglgpment

foetuses which are derived conplete
11008 tab? ks Aauftan ansiWebttl 2203 IDevElopmerS idel 131 -arR).

herei nafter referred to as ES aninals, e.g. ES mce or

ES f however, ES foetuses obt aj ned
ar OR R By, TUEIES ool v kSRR Mikgmontaeh order t
pr&iﬁe 8Rtjuses whidhe hres derh s complertly tﬁtﬁﬁ E/S a&h@ (ofg%hishlsedenved
m ce derived exclusively fromES cells can

Coms’éeé?lx dtpm £S5 gellg are heseipgfierapfesred fto am ESzanimals, ‘pasE&gace or ES
fodtDRBY. neled il %%%Aenk'é C@rﬂ%l?{“ L a0 Bigfy, MAGL 2. (1990)

approac oyner ress
Dévelopmpnt 1 [ﬁ) 8 1532 ]].)8 Byirther sfulZesCsbblved ithivg Siablée datiRt EQ Emee derived

butsu 44, 205-210) are used for the
exé{aawééatfr 11%19?} rbaﬁpP‘bt?'dleﬁirdf mﬂaletyprét cells 0§ eanprides| passage

(Nla%ﬁ%‘igﬁéﬁ%@); iézV@gnef 7 ﬁgl n%%fzﬁa 65%&1)3%%@%#%? L. (IRL.

Presaf Ok fondh At ¥l Sipkstmé,epp déﬁﬂlSD):at @arz gl tlines (Iama dthaht (1998 Jikken-

* o, SO TR PP IER B o

and fetal | osses are aI so extrenely high, such that

t ypiMest Inyodse BS tdIRlinésYarefdetied TRt Mbréd BHusOBiy%Rs Wht luse of
give rise to live born animals. Recently, it has been

th‘ﬁ?z FotoRbs ingeacrating clgaerbmice Iwest unforgensatdly.ybeem compli@®d by the fact
t
g, g A0, 1y SRR BB
aﬁ&glgah Fméllbrabmc (A0 @dthl IBBsgg ard\ibllbcb e)étﬁémélycll]&;fh sudﬂ&ﬁa@@plcally less
nmoyse cells derjved fromF
tha 58 O B JhariRiliic SRUDGS "Gl eierasederive boTAR malshReeenty, it has
beérf"ﬂWl‘i‘é@uz@@Vtﬁit N "E'eteg%%ﬁa{ dﬁ# thePES IBéhE rgal)y g&ﬁﬂﬁute B their

conparison to romthe
devglopimental p?liteegel (QrowmolaPE&: Qélrd dctd\Sei. mma:sm 39%18Eggan,

ot 7 AP o0 Nl e ST PR Rl aiteR s smocttyderived

frofsl Bperdsﬁeﬁ; dfMihbrRE Uidiise htraths WE3 folNEGY havet mﬂJrovedP&é%lopmental
Nat|. Acad., Sci. USA 90: pp 8424-8428) the ES cell

potentiad, aehylgwawegurmm Rempaifonyte ESvcells desived fram thebinbted strains.
Thgﬁ%li" 11 B Eg ceﬂE'}{&U@ bgfrp seeiafjl (98t Ie&ﬁ%?hl ”gﬁuﬁ‘?ﬁ‘gn mice using

oni n experinmen
tetraploid blastocysts (U.S. Patent Application No. 20020078470).

Since its introduction in 1993, (Nagy, et al., Proc. Natl. Acad. Sci. USA 90: pp
8424-8428) the ES cell line designated R1 has enjoyed wide use as a robust cell line in
various gene targeting, chimera and cloning experiments. R1 cells were derived from a
blastocyst obtained from a cross between two 129 sub-strains, 129/Sv and 129/Sv-CP.
The original article by Nagy showed that R1 cells, if obtained from early passage, or

from one of five later passage sub-clones (passage 12), also had the ability to produce
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bl ast ocyst obtained froma cross between two 129
sub-strains, 129/ Sv and 129/ Sv-CP. The ori gi nal
waedsobw1hOy Nagy showed that _RI. cells, if obtarPeEdAtanw099s
early passa or fromone of five Iater passage
C%Imietg]yoﬁﬁ gelf1 @qg@dgmci hen aggregdteditd tegapbidl dntbrysd.Buch mice were
tely ES cell-derived mce when
fogé&g)?)g&a oé%viagr?a@?rf%rﬁ‘ 0oi d enbryo. Such mce were found
to be both viable and fertile. Subsequently, a
t horSubgéquendyli aathoesughf exadBinstitir ST BN sﬁ@s@ilhof&ﬁioﬂ%lps was
0\@3 conducted by two | aboratories (Sinpson, et al

ctesh RE two Jafipratpiss (Simpyon ot 27, Ié{deW eb&?@ Mey;16¢1)dP-27 and
I e e DI L ——

exlmntsm@ﬂ:nethedliﬁﬁemedoe)attrlmmeen fNot 129l sub-strlafhs EXNbRBLy, @le extent of

h er _su train dlf%g{)ences reveal ed by genone
t % estfam FeBRsssisuealed by gengrae praypeesatolymarphishis led to the

préi?o%élsblr&t el BigNS W@kl Sl%l(? B8 Gesdipd %§ aare nggﬁt 1%8%%0 strain

enic strain (129cX/ bei ng erl ve rom

' (1 an, bnlklgalmvgt framnl 298N amieanmnla;ommmsmuethg@mé | éxtensive

129, t Thi
el BBiin JE8 B nRER) HirioBttoaing, g b was apparently

~ intg@duicadr H}atgeﬂéhd)rcoﬁﬁmﬁ&ﬁioﬂuﬂ aﬁetr&ﬁ(ﬁﬁﬂ/ ORRdrbYy ;% %mi?'om various

vari ous backcrossing prograrrs This led to
bagkapossingpragramsmd i led to e complese rquanomggnmnmlaayretfne strain 129

ml% B'g'tlﬁzggﬁge%te f%gérﬁ}%rgﬁln netcn@omfg@gumjé) Ii\/%ce ?lgestlng et al.,

Mdahp8Fendade) 1999Ansg; 10(BR83@uUNnders of the R cell |ine,
129/ Sv and 129/ Sv- CP, beyond denonstrating obvious

di fferences oat earance (129/Sv nmice have a
chi CHP 1 cflsa?cfeas | arheuek] eceilzgjrr&} 2@fSvaeed algBy-CP, beyond:

deRdH&irating IS dfrbrehdes 1H'Jo£ﬁ5]§ﬂ:§ﬁﬁce g )9 mice have a chinchilla

experinmental advantage of t exten
cogfecdowyz yhie i 1t2>9/SVI-€vas qgosts) tHage teatensiae kallehc aliffsrenaes. Taking

0|n selectlon for
exﬁegﬁnon%n&agloﬁ@apglg& el H" eeﬁ‘gena‘ivg r E‘g?m ’efte Bigs gposgiple to track
ch@mosoMa segradifed wﬁKiﬁQil E’Brceli’s“rﬁl)er&ﬁ?g @ectlgﬁ‘ ?&%ﬁlotngous targeted

- extent of heterozygosity observed 1n
gengpoiisontionssLefebarpai al., Maﬁempmldﬂanw(g) 25:768) Because the extent

of %g&?dég&lt&b@e%%{i rlg ﬁﬁlspéi{ ﬁoaBFes c\)/r%,cllu% flhét gﬁpgcteg n F; cells

obmited dtoneimiatingbelrammedn tht @arsh @1 :felaeantypiasltlﬁb&a Istrainfldhd By¥rid R1
ce]i eature i s assuned to be _a major contributing fact or

SATE FERECteddo QF‘BBH%%%I%%%{E iheterasis andjthas feasureNpassbingd to be a
maﬁ&eé(fntr%ﬂtﬁl?pﬂaé’top% i n‘fe%%td g’?&fc\{oﬂl gLEL0 ﬁ]’o%a)oly, their

woul contribute to t EI r ermnstr
multiply heterozygous constitution (heterosis) would contribute to their demonstrated

ability to support the generation of 100% ES cell derived mice when introduced into
tetraploid preimplantation embryos to generate chimeras. Similarly, the nuclei of R1 ES
cells also were shown to direct development to term of cloned mice (Gao S, et al., Biol
Reprod. 2003 Feb;68(2):595-603) and to maturity (Wakayama T, et al., Proc. Natl. Acad.
Sci. USA 1999 Dec 21;96(26):14984-9).
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ability to support the generation of 100% ES cel |
derived m ce when introduced into tetraploid
w@e@sopeant at i on enbryos to ggnerate chi mer as. PCT/CA2004/000998
Simlarly, the nuclei of R ES cells also were shown
t O OTHeRE trerfl &S |0 REGINthowRvES B TS 64IRNBAVIAE GRaxifellOh&erosis and
et al., Biol Reprod. 2003 Feb; 68(2):595-603) and to
relagadu dpysjonnyeitaly aptgntial. Advantageqoslys . sukht ¢ells Awadld algo have the
.19 c 21 . : - ' [ i .an
cof MG bellgreatly AR 1 0 DhorUEHE, AR R Fshsgoncs
rel ated devel opnental potential. Advantageously, such
- cel |'Ehisviatkraisb idfarneationeiscprpataiet i foy thé poepasg cfambkiyg known
. dif.ieﬂ)&.o include a transgene, for cgtﬂ‘bin tion of
InfQraUen helieveh by Sc%’ﬁ‘&‘s%fﬁd O RF o rRPISHIE | IEleyRRsF; Hodhe present
in{@ftioh R oPinfSE6h RinePRKIrY idtARIMA, AdsREMBHE eané%leaﬁﬁﬁ%y of the
by the applicant to be of possible relevance to.the
prpcedingrinformation ¢anstitulds paidnart sgainstitlse presems Bwention.
i nt ended, nor should be construed, that any of the
preceding information constitutes prior art against
the present i nveSiiMMARSOPHFREGNVIEINTIONENTI ON An
obj ect of the present invention is to provide
non- | nbr ed bred) -muse. enbryoni c. stem cel |l.s havi ng
G0 PG ShhT areoh BTSN B BRioG A ot o dlgmouse
endbriy61A0 S&ED el RO inpdg sudt d%velbﬁnﬁﬁﬁpbﬁlt@ﬁ@aﬂ_a%tdbti@ﬂalﬁfs&ﬁl@iining a
of the present invention, there is provided a ) ,
transgenieriockiag e s dn @aenrdanse avith amrpgpES) olctie | psesebimnvertiang there is
A i 0 . j L -,
L Bof RO ol STl Bt (28 Pt (hFind IR Rerived rom
at tkaskiwagliffedeft inbhedmeduse Saifls stdesptioahll s coiapesigo tansgene docking
.devel opnmental potential. ln accordance w th anot her
sitgsWhereinspid; siem gelishane eped developmentahgptentidl. pr ovi ded a
non-i nbred nouse enbryonic stem (ES) cells conprising

al | ghegco@hndeedith aRGMat aég?ﬁi&fctgﬁ{g)?@segﬂ. il E5RIN tHeAbiEtovided a

- nouse strains and option rising a transgene
nogeipkied gnelse esmbaenieistens 8E%) etlle moowirismghalledesgdenited from at least

deveglopnent al, potential. In accqrdance with another .. .
g BB AbRY RRGEAlr R and ARty BRGGr e R doskine site
wheéEinRaiddUGh 88lsdAvESoSEddvedphieH@HpHBMEe. Conpri sing the

steps of introducing non-inbred nouse ES cells into a

nouse bl astocyst under conditions that result in -
pr odi@esaranse With angther agpset of the inyentigns thereais protadadiaeprocess for

g L8 . . ¢ .

bR WA RS SORNSRl kbl POnARIRERE Sefs of ThflautBle Wininbred

mbise EDedlBrintood hmusaibldstocyso ndddriconditivhaithat essulttin iproduction of at
devel o nt of |ive offslﬁr,i ng, wherein the ES ,celtls

legst ope §rgggro; transferring the resulting mbryo?s) 1nto an appropriate toster mother,

such as a pseudopregnant female mouse; and maintaining the foster mother under

conditions that result in development of live offspring, wherein the ES cells have good

developmental potential and optionally comprise a transgene docking site.

In accordance with another aspect of the invention, there is provided a process for
producing a transgenic mouse comprising the steps of introducing transfected construct
sequences into non-inbred mouse ES cells comprising a transgene docking site and
alleles derived from at least two different inbred mouse strains; maintaining the ES cells

under conditions that result in homologous recombination at the transgene docking site
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devel opnental potential and optionally conprise a
transgene docking site. In accordance with another

woempsasef the invention, therge is provided a ROTOCAZS4/000998

for producing a transgeni c nouse conprising the steps
su:dh thatt the dransfegied canssfuecicgderwon aicr incorpSRGIASIARE gbiirie of the ES

n I, nQr ed use ES ceII rising a tra ene
c%@?@“‘&f‘% cHqeplant gea H@Pﬁng%&elﬂsr'@ﬁﬁ Blestpewbe). upger conditions

tuat fefs@m BIrol BRHOA AP HAG SHel e hﬁig b
cells un%rgr condi ti ons that Hr}g% onD Qges'iﬁ}ﬁ] Fénbryo(s) into
an @pprepriatatfoser atothdn,esuqhamgmseuddmwgnmg &rrtaha andsmaihtaining the
R A R GRb eR OB 51 Siprn,whori e
Ef melthive igbed EhR]dpasentdl @afenﬁ,gconbl nant ES cells into

bl ast ocyst(s), under conditions that result in

producti on of at |east one enbryo; transferring the

r es ultt 3cherdangs: yyish another: aspegs Oé;ﬂm léimntmflethemlsexromdwm ES cell-

iRt ai.ni n

% ?e@éurrsgt‘ﬁ%rgﬂqg gﬁg%%%"{ i ons ?1&;‘?“ r 2% ait © lﬁ oqnprlsmg alleles

d&iwdlﬁxprrmd gem lthVdiftbfelhs piibred) ,m(yul’se rsehitstdmd &icpelly S tﬁansgene
00 evel o ntal potentia I n accordance w't

do‘f% g‘ Q?S%‘Btsa’&fpge?%lslhﬁ%&?qddkvelpﬁ’é‘@éta | Rotgtialii ded an

ES cel | derived nouse which is derived from non-inbred

MOUSK ﬁ&)@%deivlﬂpﬁmﬁlhe?'agﬂecﬁbf Bk Giver b, MGde i dﬁ’&f?lted a transgenic

| east two different inbred nouse strai’ns an
orgiptitaph glouge dem‘r@dnﬁg@n@ndmbtadnlgometﬁs celie lcempnsaag dllESs denved

ll.s &9 ment al potent, al. cor.da

i oAy ey S nrt bR TRER, B ovicTtinept BSCHRTRS good
dqvempnﬂﬁ«dlpotéﬁtﬁmsgem c or nutant nouse derived from

non-i nbr ed nouse ES cells conprising alleles derived

from at ast two different inbred nouse strains,

wher |aﬁ0%r ne path-another peRrst ofcibel IHeEemn phesn isaprovided a transgenic
mBO®eeRtivad fro!nrhcﬂlcfﬁefeqem&?segst &11@'}8{11 ﬁgmg%ﬂgﬁg dQlflvedhﬁom at least

I nvention, there I's provi tra
twoedifforedt fnbosth monsei sttanmsohmlmmen@&e:éd)dkmg:mm l‘Wlﬁ:ren@ said ES cells

aIIeI r|vegﬁ]] on{Ja[ st .two different inbred

hef 80 e Tipishiat a0 e iiieissd dentesns hibeepBreged into the
tréidgdhe ScIERE kige. ave good devel opnmental potential and

wherein a transgene has been introduced into the

transgene docking site. BRI EF DESCRI PTI ON OF THE

FI GURES Fi gUrBRIFEF PSR R tation of

a DNA const rtﬂ%n’p‘rm%ﬁ?ﬁe%{;ﬁ&@ﬁﬁﬁgene

pronoted by hsp68 pronoter which constitutes a

sendiigure d Ac ayrc @ schematic representation of a DNA construct comprising a

lacZ reporter gene promoted by hsp68 promoter which constitutes a sensitive enhancer
trap. Figure 1B depicts a lumbar spinal cord and attached roots from a mouse having the
above construct as a transgene at the HPRT docking site. This sample was subjected toa
sensitive histochemical staining technique to reveal those cells that express the lacZ
reporter gene. Except for the large central blood vessel, no other spinal cord or spinal

root cells are labelled demonstrating that the HPRT docking site is neutral.

Figure 2 depicts the pedigrees for BPES cell lines derived according to one

embodiment of the present invention.
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trap. Figure IB depicts a |unbar spinal cord and
attached roots froma nouse having the above construct

waeosotssensgene at the HPRT d@cking site. Thi secaaogdoed/000998

was subjected to a sensitive histochem cal staining

t echRiggies3 is@ g’r@p&ﬁﬁl répiexetatieh bftht padpoetigil @?cﬁ‘fsbi‘iﬁg,hﬁ@' st litters,
repaorter gene. Except for the |arge central

W§§efr°mn8"%tf%'ihz%dp|bb{aﬁ c%er”ddqs'rveépmap ?resthSJBﬂ/ﬁsdemf%d sperm
rés@i*ﬁﬁ% ﬁl%% defROSk g@g'snzg aﬁdﬁﬁ? E*Secdgl?ﬁﬁng 91‘{41% ?&g%éége\gigﬁ wild type

neut Fi gure epi cts e pedi gr eés
Cb7BkG fakelésved accordi ng to one enbodi nent of the
present invention.Figure 3 is a graphi cal

representation of .t ortlo of off R

[ POFRTE far & bty SeeeBfion 2P o5 R cifire? wetve BPES
c&Elies @ theV¥schP BivBh R M&le/nﬁmg@ateyﬁﬁt SIP e Bell§ HiHES HaVE a very
froma cross of BPES-2 and BPES-5 cont ai ni ng mal e
sighlangioash wite-h wild type C57B1/6 fenmales. Figure 4 is a
graphi cal representation of the growth in culture of

t vel P‘?P%P%Slscteah gPl)ljogfaf)P OLs ttgﬁféenf Seike gg&teldoQCCom}lé No one

dennn Fates he ce I nes ve a Vver

efbsdimant @itpesdnairventrorg UTIees® ESSransgenis mie aﬁhdcm‘ved from BPES-
transgeni ¢ m ce produced according to one enbodi nent
5 gelly gantgingnge ﬁtmyfﬂvle 2515 Rrotain MBS regulnted; bansgens dyeglpd into a

C99BI/Y Bﬁst%b%‘g]) BRfceof Elhé:ﬁklé FhiGORR1 J3hid9hat Y ﬁé)x’nﬁla%sd}pthe agouti

protein regul ated transgene 1 njected Into
ccﬁfo Emnﬁarbi @asthas pgoat tharieexdhisivélg agouxewmahe‘elbmmtsclm% ES cell-
are dom nated by the agouti coat col our and one
dff{ﬁ?dﬁo?:tcfg %Yhat is exclusively agouti which represents
100% ES cel | derived coat colour. Figure 6 show FACScan

anal yigufe bestomt FATSA MalysRereeully 8asedOosn Qhe %?&@smn of green
fluorescent protein (GFP) froma si ngl e co

finmpscsmrrotain (gGRhEomm ginglsjoepy #f @l B@Cﬂ? mrgganq:@l 3 ghimera

d%@%ggg&{? rﬂl@fgelf%y(a%g&ﬁi%ﬁd %?%%n@ig? S8l ?e%n%%:gpﬁi{RTfocked

ransgene an
trd&gém&davﬂldw‘pacssbl/aaéllscord and attached roots from a
chinera derived froma normal C57Bl/6 blastocyst

aneted th BPES- ceII bear| | acZ ort _
genelg EIE?tSra lof¥) %\rtsé’én d@?faﬁleﬁderp nera derived

frdfl & nEﬁﬁeﬂs(gﬂiﬁ/@’\ﬁﬁ C[\é@? ?ﬁj&ge& 9v1t‘ﬁX]§PE§% delis bearmg a lacZ reporter
ol i godendr ocyt es myel in form ng Schwann

gl doslst(im&l@gulm baIMBB q:troxgawgbmlmnc@m Bhis tragsgena svasregpected to
experlct:s% in otllgo& ndrocy es a(ICN%? angtmye)ff% %Icr’r%mtgh&htvs;a%rnxs g ?Pﬁg')d Dorsal
root ganglia contain neurons and satellite cells that do not express the transgene and
consequently do not label. In contrast, myelin forming Schwann cells in spinal roots and
oligodendrocytes in spinal cord are intensely labelled. The uniform staining of these
tissues demonstrates that the transgene-bearing BPES cells dominated in the
development of the chimera such that cells of the ES lineage comprise most, if not all, of

the Schwann cell and oligodendrocyte population in the chimera.

Figure 8 depicts a schedule, from DNA transfection to the birth of ES cell
dominated chimeras, using a method for producing transgenic mice according to one
embodiment of the present invention. The leftmost column lists the different constructs

that were transfected and subsequently inserted in the HPRT docking site as transgenes.
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consequently do not l|abel. In contrast, myelin formng
Schwann cells in spinal roots and oligodendrocytes in

woeposielsemord are intensely | ala)el | ed. The uni f AraN/CA2004/000998
staining of these tissues denonstrates that the

NFHans$ genecdigtidtnig Whick iafbhis sdqienced &dm thet MBuse NFH locus are
devel gpnent. of the chinera such that cells of the ES

added érthe bentes4 geélu%treprefemf& ingfigure Jf Thp gerpipingrtheenstructs are
I r
b0 o h AR UL SRS Bl by, Al BT Pomufat 8 Equences
ddmved Ifrom‘ thEfhonet mydhimbaxid poteimloves.as, using a net hod
f or producing transgenic mce accor di ng to one
.. nventi on e | eftnos

ft t ‘
Cob JFHEUTET ¢ 8, RIS it SRS 185 FOBLS Of RGORRATRON of transgenic

mbﬁ@rb?&ﬁfchSH fRROBRYLSE BIHY-5 ¥ellN F8E tedtd derhdiRtrhiBfiat the BPES-5
docking site as transgenes.NFH1 -1 is a construct in

celdhusuppqrhstrlmnu@/ﬂmt}g@ analysis withn 12080 abibs effartand expensarassociated

Wl?'ﬁ Shqqlé%?g?flt{}% E (51% & 5 dc folg E% bogr IZ@ S“/g%]a? {j "ﬁ 3 ch:l ratlonlsupports
it SR A EW POBEHRLrABUI0 @i faid HekbEhe it liest 3 daye).

regul at ory sequences der| ved fromthe m)use nyel in
basi ¢ protein |ocus. ]gure s a table

sunmRignsel) depicts asypical Biterof hirperas deRvesk ﬁ?ma]?\%%% §elds injected
infP L@ﬁlﬁf@ Bistd Btsf r@é@aﬁ&alﬁ@ﬂg&%@@g5bﬁ@ | Soats hd'@emonstratmg no

resul ts denonstrate that t S support
catritutipnr fémuthet ESnliagagky n coniradt, hd®evenf theh magxﬁritgrbf chimeras

adins b7 3 o o o g s apoein d B Bl PSeel efived
supports iteration (new born chineras: 30 days and

newbpibi® 11N dbpib8SdevIBpARNE) expre@itie ofl QuMaR iagl Schitken Module 4
typical litter of chinmeras derived from BPES cells

(Meg4a cA eHistephemslrsiainggnfspingt gayd Sromoransgpmn étlneSmTéle sequence of
M{&ﬁé %Fé‘g' f‘%orﬁ %}n%[n %S%H%kénax@é}%q%gged% %Eé/%?& }ej%ort&f %e'ﬁ]e @and used

nea n con

incmgawﬂ&am&t M4 dirbred Qg @gPreésiorc datspimal rédisisit P11 during
pear to_be 100% ES cel|l derived. Figure 11 depicts
ma@mﬁrle@ A eal cERisPLEsIBIsof hey ewﬁkpna?mlswtaeéﬁ nRbEYE gletpctable

){pM%%)l -dufing ﬁ&y%hﬁ&tl‘t%ﬁéﬁ? | bt g@ %bcdﬁ@‘ielﬂ_/alg tﬁ%P?iI f $00Rults. B:

ransgeni c i‘nes e sequen rom
Bpalaetosidasd adtivitl eassaye(mUlmg aifqn‘on‘em) hamclamc&ermoﬂto&rs that hM4
gene .and used in targeted transgenesis, r

drh\feg Hhighgsr le¥els of qwr@ﬁpﬁaqiu%owelmaﬂpn QP2é|L rth%gin adult mice. In
oGkl tﬁ@éﬂlé]%n%eﬂstﬁfd 'eker%é%gﬁ Gt gfleg 1884 &py1cThe chi cken

construct does not gi etec e expression during
nmyelination (Pl | ) but expresses specifically in the
PNS Bigurzd @At depidss SA-repedrter cosstruatsaxpeassion iint §chawmmycells throughout

de ng&%ntquagi %gqglleg 1oﬁ \%:nl g‘y b% SHrS sgrr\]/g in L:li]?% err]nwryo. Shown
here in spinal roots and sciatic nerve, and is maintained during development and in adult
mice. Figure 12B: B-galactosidase activity assay in sciatic nerves shows that SA reporter
construct is expressed at low level before myelination (P2) and highly induced during
myelination (P10, P21) and lowers in mature mice (3mo). Figure 12C: Expression of SA
construct after sciatic nerve injury. B-galactosidase activity was measured 1, and 2 weeks
after nerve crushes in the distal part of injury and compared to expression of the

uninjured counterpart.-
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drives higher | evels of expression during nyelination

(P21) than in adult mce. In contrast the chicken
w@omsnoises , expresses at higher |evel in adul t PCFHCy2008/000998

12A depicts SA reporter construct expression in

Schvkigute Cigl $iowishthet giffettint den@ira@melotks bAeEnRKRI i8sind different

driven by SA is first observed in El 5.5 enbryo. Shown
fupgsions aha%weﬁldqy P-galectosidesespinntificatina, Quantifigatiqnsof B-galactosidase

L N ERe ) o T—

Stmmm@nmlﬁdmtvalﬁé\frbﬁmf festfis gpuesfidduslien sigrifigunessed
at low | evel before nmyelination (P2) and highly

i nduced during nyelination (PIO_P21) and lowers in
mat ure mM ETAIDED HESCREPTEON OF IMEE INVENTIGHR
construct after sciatic nerve 1njury b-gal actosi dase
activity was nmeasured 1, and 2 weeks after nerve

cr ushes PreseRth dnyangen| pwrdes ofmultipler 9013H¥§>f% nPhraibred, mouse
TREREC SRR 5D, (I8 oD MR OO Bl PR hecrsts e

thapr(qmenall}d bérﬁpm&ena tlfansgehe @osking sis. SEI;(@(ESbgell lines described herein
b- gal act osi. aselguantlflca ion.. Quantjfjcation of
deﬁlog%rraé%t%&vfg%é kst o HdchigOHG Weiche@eqpmes many of the
prabthiaiRMtionk B?ﬁle‘-}fre\rfbl?s?y ailaBle c@fl IB%Q coxﬁﬁlhﬁf abl"i‘z{rﬁgene docking
represents Standard deviation. val ue froma
sitt-test is specified when S|gn|f|cant. DETAI LED
DESCRI PTI ON (]: THE I NVENTI ON The present invention
g:rg\rﬂy} gcgrl elmfé %Og’l-éi: Pé}{:’%@v 'ﬁnd rérjrlp E:gegfa/e pmental potential of

sub@qﬁér@m@%mmﬂ@t &okdealwere d&ﬁgﬂéd)&b Sntéditicé b blastocysts allelic
gptionally conprise a transgene docking site. The ES
diffeences thad gxigidhctveananultiplednbred spyse straile si gni fi cant
het erosi s or hybrid vigour, which overcones nany of
the IR aBCHrigRE Wil reAlhttimet: difife PF é’rt(t‘?h‘v?elnﬁoﬁvtﬂé h8fifbred ES
cell l'itnes containing a transgene §
celds bieve allelesdlriivadsfeorh rero Ideﬂfmfcr(tsnlsred solaing bfamm:l: at least one of which

devel o nt al ntial of s uent .ES cell S,
e osiant s i Fen 0a e o a0 et ket By Bigtes of such
ceBd bRl thesedidsiphRaIEPES-NABPERI S indBPRES) whHitH hiel ®sédRiqH more
nouse strains. In accordance with one embodi ment of

detaflein pthQaEéemlpl'psx vamplasof these celd hncmW¢@cdeE$lt9élw1§1 thg\laternational
De%o%ﬁ:"ar? Afuq L Veoq’ éan%cq% o\ﬂDJug 5658&% ﬁrtlc'{] ?15\% b% N, dce Isdeg accession

arn a

nugdels 390@41;01 02906014 0D befnﬂdZWtOSQ Ijés?}ﬁkgfdl’ymﬂfhesEXEmeﬂ§ were
of such cells are those designated BPES-1, BPES-2 and
depipgekirgm Hlastesysisrisceueresy follewingnmyHiple (5-6) generations of breeding (a

combination of crosses and backcrosses from the original mating between the C57Bl/6

female and the BK4 containing chimera (the breeding program was designed to maintain

heterosis in mice bearing the HPRT null allele).

Advantageously, the ES cells of the present invention are non-inbred ES cells
containing alleles derived from three different inbred strains of mice, at least one of
which may contain a transgene docking site on an inbred genetic background. Examples
of such cells are designated BPES-4, BPES-5, BPES-6, BPES-7, BPES-8, BPES-9,
BPES-10, BPES-11 and BPES-12 and are described in more detail in the Examples;
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detail in the Exanples. Sanples of these cell |ines
were deposited with the International Depositary
woashdiasstoy of Canada on June_g9, 2004 and havedieesr004/000998
accorded accession nunbers 290604-01, 290604-02 and
SaZQﬂ&Ddf th&e cel dipes ereadepositbliasiech hE Iﬁtehiaﬁ?m ll)lépdﬁféltylﬁdthonty of
m bl ast ogys vered followng nmultiple -
cy rodk ; %ﬂ?s%f 5@9%@8 M§VE ab%anztﬁCﬂwsaoq%%swer B‘§§E‘§S &9&604 -04,
2%@9&»@5 0§9?(%‘®4f660 TOOSHR-PF, 129D EH-04TBI90RE4-B6 ! YRR04. tl? 290604-11 and
C57B1/6 fenmal e and t he’ BK4 cont’ai ni'ng chi'nmer e
299684dR2mgspectyelpm was designed to maintain heterosis in
m ce beari ng the HPRT null allele). Advantageously,
the C of .the present invention.are, ngn-inbred
s ot SPtsfis SmbeEnl [31BE ARG Lty bp dge cross was made
bdﬂ\klée‘ned ﬁ'ﬁlﬁ tyIBKJCSViBl% Fethd) afd nfHl< GhimRas/RASAg BRY @PRT null) and
contain a transgene docking site on an

Cﬂﬁi@@“@eﬂ@t resulting 8§ d¥ndHIPRX arp fe@sllqsqugélhﬁnc@ckqomeé to wild

DBEESHEN BB OO o B T BT i

malati iHeetosis iAD rced deaing ItHe t HRREX ﬁ[ﬂ}lﬂ ﬁﬁele andsﬂ‘[midﬁ@e further
deposi ted wit

of these ce lines were
hefioaiRAnItn GRAToStS) B & ORicTosAI Terlb 3V B STERGRLIR strinef mice,
29, 2004 and have been accorded accessi on nunbers
2906f3ft- Qbn-i200 Ods 0115 280 GR4- &@sen@%ﬁ@&glé)g wefe) Wlded Eilsmg a
290604- 09, 290604- 10, 290604-1 1 an 04-12,
combirpmsion jof éh@kcrqsnesaHBgemsmscané mioposyesto avfive ktethp) bbsenysts used

fof BX SRILBRpON This Bis G pU T Ry S BURR T s deacribed hercin,
thérb‘@RIHth )foﬁiﬂﬂm@ﬁgeﬁﬁlﬁn ¢tk plabbat éﬁ:ﬁ%ehér@goﬁqifgsggiffers from

HPRT +/- tTemal es were then backcrossed
technques knoyen sthe prtawhsich refar @ Filblastosiysts ¢lat aretdesived ém@ntkygfrom a
A to maintain heterosis in mce
°r égglng t 3 rm.gﬂﬁ all el e and introduce further
heterozngS|ty (heterosis) by an outcross to the
129820(5%&([2&%1@[1‘8%611&&1’ nowinboed ES ddlle en@OmpaNIELaAnyESr all of the
re derived usin

hefeit e Riop S OB PR Gt, Sed: ESrels ne el nghgSiandadd dechniques,
wamﬁa@.ﬁmfee w%&lzéry Qaftbe A B} @%ﬁ& ggu%hqﬁl%gi ot Q6ciES

cell derivation. This was carr over nany
generations as descrl bed herein, thereby allow ng for
nat JReaivatien @f:ﬁlﬁcﬂ’s eedl lingkdrqpn sheenaaxinbredmeysn dines postocks can be

echnl r
sctigh 6yi3g Bangard STRBGEEE PHTES S0 WRL ol Tothose doPred in B
Ro%eﬂicﬁﬁ@l%%) Eﬁfbﬁyd—&ﬁweﬂbslt&ﬂ c8ll el dn Teratocarcinoma and embryonic
stem cells: a Practical Approach Ed. by E. J. Robertson. IRL Press, Oxford and S.J.
Abbondazo, 1. Gadi, C.L. Stewart (1993) Derivation of Embryonic Stem cell lines In

Methods in Enzymology v. 225 Guide to Techniques in Mouse Development, both of
which are incorporated herein by reference. An exemplary method for the production of
non-inbred mouse ES cells according to the present invention is described in more detail

in Example 1.

The non-inbred mouse ES cells of the present invention demonstrate heterosis, or
improved hybrid vigour, in comparison to the ES cells obtained from inbred strains.

Although the non-inbred ES cells derived according to the present invention are not
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As used herein, the termnon-inbred ES cells

enconpasses any or all of the herein described
wooensiondsied, or out bred, Es_ﬁgl_l s and cell | i NPGT/CA2004/000998

St andard techni ques, well known to skilled workers,
id&RiGalb &n Ugads f & Clahdg fic| EdifSosttionSt ek Sall exhibit good

Deri vati on of tt?g iE%écell |nes fromthe nongil nbr ed g
deyigloprmentpliotendial. Jihe dersn tepnd evalemmenfadotentialy’ as uned Aergin, refers

C n C m, t
o YREAHR T o BE Il pilibal 4 B Rk WX ety of pspimera
prédickd | frarSthen ESecéllsoCc aF @i b&rtdin adp@lieationy oidi mapt l@dndesnable that
cells: a Practical Approach Ed. by E. J. Robertson.

apprKimgtelysl 00gk phhs eella of the clmsﬁheraz%s ogll degivnd, heﬂever 90% or

R o SN0 S AR B s o

celVthased @aamitalpwmsisaysbsndh ad, bathinoh lmmieed rax;d?A:EScahedAs would be

her ei refer exenpl ary nethod for th
SDBEG R G OB B G 2B GRG0, SUFL A g ptshing the
de(rél@prﬁérﬁﬁ%ﬁ/dr R¥E Qﬁéc?f'iht'y%xﬁ%ﬁéﬁ Bﬁ&xo’tﬁ)e"gi’%ereﬂﬁ{e? bbnstrilet, of the
Exanpl e 1. The non-inbfed nouse ES cells of

chimaae mrociluwé nfromn thte Fn selist perbottages scmmdyrabilyrmedme d50% are

our ri.son.to,.the ES
sufbfeiat (PR erixf, SOMRE ESOHS S umeerd SvsRo SR DI exnivit
gréb@dr thad 50%%.CES diln gohteibhitieh. MES @B innhdilE fiid BS call Rontribution in the
notidentical in ternms of pedigree and genetic

changrpissator sear 0¥y al | exhi bit good devel opnent al
potential. The term "good devel opnental potential," as

useqrigh&iifbred %fSel:f’eﬁ?~I Bgth(e E)?es@ﬁ’t' ihldnfioRhabd ﬁ*1e Ea%ﬂﬁ? kd g’orﬁ;%te with

contribute at a h ntage to the
noahalmeipdoipr bldstoedt fqehsntb he cEgreeetyIpmallifoassc@atbalmth ES cells in

appl.i.cati.ons it y e desj rabl e t hat appr.oxi mately .
CORHEGH Y “t‘i%ete&réPngP 8?1 hy EWW%FBOIBr pytogyst fjeion). In
profRIMRNEhim S fimall GR6E tHeSndnl-lK@lleM 122 §é1fsf dfCthe %Yédnthh%htlon and

percentage for nost applications including in situ or
wilbtyipe K698 6 qliplnid blastpaystsaseyarad | chm&s per, littsnttypieally are found to

by et kiHS S et e and Aol o 2B B et st o be abou

109%CES a8l @siivall Bahildtgedults artebediAgi R thitheradgérived ®9 lakgregation.
specificity expression phenotype of a reporter

. construct, of the chinmeras produced fromthe ES c

per e%ﬁquggé@r%r@? geicampge B8 | sl oontibytian.sis rsed; @hﬁnalysm of the
ch@érﬁ'? ﬁﬁlugﬁf hé{ % fxfeﬁg‘ 1h€lgdlﬁg‘ c%gi l:oﬁoﬁ&f ﬁ%&%gtpg]?é%ﬁ%e ﬁnsmlsswn

|nven Ion typi eater f
and atidtribiticni mﬁ}traﬂdgerm evq:mmlgyceﬂllsl evilin ¢led chiawnd. rlt weuidbe readily
inth ch| mer.a i ne 1000%1 The, non- |

nbyed ES | |
aPREEPHIAJY § HETigr SEURS if Hedalrvan e Ywuamqtm{; top determining
ESSQIR&h&ivitibA may be used. The actual percentage of ES cell contribution observed
may vary somewhat depending on the sensitivity of the assay used to identify cells of

host cell or ES cell origin.

The ES cells of the present invention may be modified to include a transgene or
other genetic modification, which may be introduced using standard techniques. In one
embodiment of the present invention the ES cells are modified by targetted disruption of

a gene, or genes. Such cells are useful in the production of "knock-out" mice.
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normal diploid blastocyst cells to a degree typically
associated with ES cells in conpetition with

wo edosapend d cel ls (by either 1 ggregation or blBST/O8y®YH/000998
injection). In producing chi 3ric animals using the
non-1h RAdiAEN &G Rodstradig EGR d%"v@l%ﬁﬂfenﬂaﬂﬂ&@ﬁtia@ ceftBih d/F'théjhnes of
type C57B1/6 diploid blastocysts, several chineras pe

the nom-inbred, ﬁSc@ﬂlllswfathe pfr@ﬂ@ndntvgntm;ﬂ ate destgmed gowcésimltransgene

doglgngsggltnao?g %%uletnte tyea od@%ah@o\% 1Pc(::lh n% 3ﬁ1stag§ e(?irrc%r&bmatlon

of tfahspien&d The EShjelIE RRY cdatain/e domlina@e e0airagene’dockiRhite (with
herein, the percentage ES cell contribution, is based

or owithot| slacked transgens) nendathsr omutatians sntpdused t by j rgcombinant
tedhﬂgfuggl ng coat colour, percent germine transm ssion :
a I'stribution of transgene expressing cells within
the chinmera. It would be readily appreciated by a
wor ker'tratisigehee docking Iséte,f asemdtheaeih ishay ‘paﬁdieteusined site in the

nmet hods for, det er m ni ES ce ribution

geﬁ%faa O ST MR ey ape RSB SR PP ection of a

traR 58 h&mﬂ %@ﬁsy &S Ebn ARPSRAbA@r GBrh T enzyme-mediated or
senS|t|V|t the assay used to identify cellS of

asgigsed lnsetltllonoTheE@artsgeme dqquwgrsnem@ sa amitated of ntOIdeﬁed form of an

enﬁ RS ej %1 ome 1& 1&g bt onI n% us ,Se cg added to
RSB S %?“r?é?q% %eé} ?{o MY 8t 1o, g\"z\%i éﬁ MPpa

thd péHoRibIGRAk ebiBirdht tdBAidudse ThBivge ©S trahspeff @ocking sites provide
enbodl ment of the present invention the ES cells are

seyasel] afdeaggs QVeF srdpBdingagsationtaf htreisgency avhich typicgly esults in a

0

wigl Saiifin e i gl b SRNAEMET B coll B Ry biferen

trapsﬁ)ﬂﬂéd adlls. Farthe maralont hﬁegratrtESobhetbﬂwogoﬁm DxArieth S genome
ceI ls ofgi%e resent invention are es' ghed to inglude

may dismiR § KETIGS Fhich fi R bE Mafraiten, cidarptation
ath?'Bfj vidofial| d?rEhE Q:eIlé" of lé?%*an?srﬁ rIﬂ”@Qﬁ ﬁ@r?l; Hémédoﬂoﬂf random
ransgenes cont n conbi nati on of

intagratiomefje nansgonwgngpsabnmmmh amroﬁmtdaomi ty theditegtation of the

t d oth t

oA PR PSS AT A 143 ERUUENG 20EkiAtPEsnpEs DNA often
octiire tHeah&irilon dife. INXoMkRE %ttﬁfnﬁgdhé Qoskihg sitdlis-usEPtodRMAMEe single

of a non-human nmanmal that can be used for si ngl e copy

copyinseitign ©f afrapggene ity aiak g arpangrthitolass pefalisrupt endogenous genes.
reconbi nati on or any ot her form of -enzyne- nedi ated or

aS Si %g E@ﬁ s | Sl%g&t qfé\‘;éfl'tlglg cgh tcgmgmfe R&eletion

an endogenous
mﬁtamusf ithee mhxﬂmlnhmxanthme p’ﬁt}Spbmlmsymang‘enws{H@Rm) egene as a

added tq . the g usi ng reconbi nant techni ques. Th
traB%nB]doW% géeeg?;lggg eg pf é]s99,§b S0P atl. Acad. Sci. USA 83:9067-
9072). The HPRT deletion mutant is an effective transgene docking site, in part, for the

reasons outlined below:

— The HPRT docking site is not associated with strong enhancer activity. A
neutral reporter gene (lacZ) promoted by the 300 bp “enhancer-trap” hsp 68
promoter derived detectable lacZ expression only in endothelial and cardiac

cells of ex-utero mice (Figure 1).
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several advantages over randomintegration of a
transgene, which typically results in a wde variation

WO 2003/hs619evel of expression ofy, such heterol og@®EI/@e0eL000998

anong different transformed cells. Further, random

i nt egr dtheOHPRT duekivizodirgBUserbidiivieNFor eRempRNABerfid detectable
di srupt endogengus genes which are necessary for the
mat ur atkBEsSIYN o & lackt leRentes 2enn dryen by agiotably weak MMBP promoter

cells ' t i i : £ .
r andomglé%l?ggr gte ?Jg}r? e%? y g O?Jr?l Zaglg ;}i & ﬁ%?‘%@%ﬁ@ g rfg;f{(%gﬁ'»il? ?1;294890_
are of ¥8%7)aused by the integration of the transgene

and gross rearrangenents of the transgene and/ or
endogenous ften occur at the jpsertion site. In

contT _aggl,e g%aﬁgﬁl%ﬂ% e R‘?’hd_e‘éﬁaf eAIFfErCHE dyomgter S_trengths by a
faci | GaferkleNAlthe RN JfRSQIMIINRI Handeht S)P&gﬁf‘ean' ;ﬁ)ggoximately

such a manner that does not disrupt endogenous ge
Advant a§doldstapge thhe be® derhomsstrafed) (Earpadiset ral, J.iVems$di.o2003 and

can conprise a.deletion. ant aof the X-1inked
hypoxa@?ﬁaﬁlgr’ﬁﬁ%’:%ﬁ%@gﬁbﬂléﬁ@f erase (HPRT) gene as
a transgene docking site (S.K Bronson, et al. (1996)

Proc. Mak|HPRY @8cking isite AhAB: BQB#As SRRt reEt&eqW%ctions. In

del etion nutant is an effective transgene docking .
site, mltiple tindependently desinedMES olonty ffeansfestiony selectipe chimera

HPRT d ' [ §:S. i.at,e ith strong. . e
enhanc BBt bfiife fie 2 ROSUEN RSttt BHlaPE Bapiter qualicarive
pr onot enld byuattiatid® Gebts” e caibséquent’ thapecddft NNRIRARE been
deri vea det ect@zabl e |l acZ expression only in endothelial

and cafemgpstigied (unpylighed daty)o nice (Figure 1).. - The

HPRT docking site is perm ssive. For exanple, it

per nintss ﬂ@ﬁﬁﬁb@%lﬁocﬁﬁv\ggﬁ%g Brentdndefién HRPPAsEnid 88 ing site

_driven by a notably pronoter sequence
in¢afpergtedin dhdogenboreaaf theBSRetle coroprifet 988 pr tord\éuPastes.. The loxP

12 (12):4890- .4897): -..The HPRT dogki si.te can

it 35 SOEAREY BY 4fE SIS RFEifE et P Cre) KUK &F hdb99%) Proc

Nathe1daly 8is USH 85 7903L790% Chnld! R6IS HAAESiAAQ FWGS7) (Géhe 209:209-216).
approxi mately 25 fold range has been denonstrated

Thissite adlpwe tthe jinsegrionNef frarsgenesotiat saray (fRakiagi loxP sequemces. The

cld bm.tted) .~ The. CKI Si t .
tr%g%tﬁ%fﬁ F{t{er«?éef péoypt lBse ggaorﬁlg%erdug)t 145@93%' %?‘ oraﬁ&%lﬁw?ﬂx% oPSluelGs using
standhid rpéthodsidepartd etidsk wf skl iy fdombinahODNA technology.

(transfection, selection, chinera

In a related embodiment of the present invention the docking site the Cre-lox
system is used to incorporate into the ES cells a docking site that allows the introduction
of the transgene by homologous recombination (Zhao, et al. (2001) BMC Devel. Bio.
1:10). In this case a cassette containing neomycin phosphotransferase (Neo) coding
sequence that is expressed from a phosphoglycerate kinase-1 (pgk) promoter flanked by
loxP elements is targeted to a chosen locus by homologous recombination. The cells
containing the Neo cassette are resistant to the pharmacological inhibitor, G418 and can,
therefore, be selected by growth in the presence of G418. G418 sensitivity is restored by
removing the Pgk promoter by transient introduction of Cre recombinase, for example,
by transiently introducing a plasmid that expresses Cre recombinase. The resulting site is

suitable for use as a transgene docking site into which transgenes are introduced by
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production, germline passage) identical constructs
yielded simlar qualitative and quantitative results
W0 moshesesubsequent transgenicislines have been PCT/CA2004/000998
denmonstrated (unpublished data). In an alternative
hogrrleghiuseenombiination. Fihe deantgdney eretdnginetied sticlatiag thely Gre upstream

[ ] [ d.int of the ES
ol 5 L T 5 B S s o
P et 3 Byl A RGO o e

thggontaiyghe frausgeneand Kol b and Si ddel (1997) Gene
209: 209-216). This site allows the insertion of ]
tra .car flapking | oxP, sequences., The
{1 o R ey € Bhblainmeal S IR oot SREBEOT malsa;uien%f a 0C31
inepanksyagn s $ pHageBefbian sted1 A 2083 REG KPP9S -324) ¢
t_%lat hoyse of skill in rego%oin(%ant DNA t(echn)gl og’{/. In a ) to
CngEPEtAANSEIE FOREIAE Si6¢- t he present invention the
docking site the Cre-lox systemis used to incorporate
intqgd [F1RES CKi S| at_allpows_ the
|t rsdne B el aBoroRiuty vl Ko Bn s BEEs cells of the
presentoimentni @n dofipaie aay tensgeha2 AdtkinBMie RaatethciliBité site-specific
In this.case a cassette_containing neo [

inSE G PRSP 510 2he KSoe R S Sl The oleation of he docking sit

| wildep&aRiS ?ﬁ;?efd', ke fé’?él%g Hgﬂéé\éﬁ@foaﬁeeingé.r%ﬂ.sﬁ'ota%gég " nél facilitating

pr onot e | anked xP el enents 1s target
thec¢rmiroHed tnsergioh f Henednset sthe ehoomtimadnivironmatiteandedatticularly the

re b R At AR o emnaiRandiadint e b dopline i ar

relewine ab etle hoe oyt Budhnsitd)eF it 8aaiE BE ’RB$R26 WBLE provides for
sensitivity is restored by renmoving the Pgk pronoter

ublguitpysgxprespion iof & rerputer gone @ambrewice Efhtiaha¥ec NaokAcad Sci U S

le, ( ioghthy 4L ntroduci ng a plasm d that .
. S8TRE DA RDLAT Wl U 3 FEHR s s cvtvrin
thesaditivith| of detir spasific asgwlatoryn segencesdar kioddcasbs, eltilsSive sites that
whi_ch transgen$s are introduced by. - honol ogous
allow: foytranscrntion of thedransgene gesdesirable. engi neered such t hat |

they are upstream of a truncated Neo gene that |acks

PROSREAbAMIHCHBER BS LI &tnd BebefANnbenBH RpASRAN dohipse one
a Pgk pronoter. This design results 1n the _
or mg%m{i)fémab genstic GeBtipesosmatations (e.g. e additibs td thetincorporation
odi_ ment

in the transge Anot her, al ter pat.i e
of B sl ek e SROE Mrestete s sy ¥ Coalls red ghbe non
mu%ans$ (I fnlod Becht A1RRIA0 BFtEiethe P BROSHHAIRE], 16 kbntafila rﬁ,tié 2803%on or
Nat ure 21:321-324) to englneer a transgene docki ng.
mutgtiop). The additional genetic alterations or mutations that can be present in the non-
inbred ES cells include, but are not limited to, transgenes (cDNA, genes or portions
thereof), mutations (targeted or random), conditional mutations, targeted insertions of
foreign genes, YAC and BAC sized transgenes, all or part of a chromosome, which may
be from the same species as the embryo or another species, such as from a human. They
include physical knockout of all or a part of a gene, functional knockout of a gene,
introduction of a functional gene and introduction of DNA or a gene portion that changes
the function/level of expression of a gene present in the ES cell (e.g., a promoter,
enhancer, repressor or a gene portion that encodes antisense or interfering RNA that

interferes with post-transcriptional expression). The alterations made in genomic DNA of
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As woul d be readily appreciated by a worker skilled in
the art, the ES cells of the present invention can
wocongoselw any transgene dockipg. site that faciPdTi@2064/000998

site-specific insertion of a transgene into the genone
theﬁnoﬂ-lm@r&SES eklls canTHreec}meéretotprﬁﬂucefa phgotgipe thany sirhila to (mimics)

Wil in p on t eof sgene to be
2 Poqrelal S e speer utoi WISt A (HFCCBURRE BBl animals
e'gnﬁﬁ‘éet) ICQI'I] tH’Js EJ}@e M&BHM%P th%%nﬁﬁ{ nHtI n environnent

and particularly the regulatory influences that

emanate fromchromatin adj acent to the docking site

ar e Peg wthedesign pherossgs uged fof theyrddustior of ESrcekummpac@prdmg to

cus OVId for .ubi.qui t ous expression
o s R ARG, BT o YapSt B i st eous for
allSids thatSard. s}ﬁ%ﬂﬁoﬁﬂfffelfan%{g&) th3 7@t strXib | fRon 8AiERlthey were
sites_are advant ageous when eval uating the activity o

degiypd. Kqllopving @ dedqgtmingtion ofdbe distrétaion; of vasious eleles jn a panel of
r e h r of the

PR 33k bl Sk Shocttc Phhdee WARAEL R BBl Oy groviee
opq’»brtnﬂilee$)lt®srevﬁal iand egvialuate det effetad |oY Bodified $&i Qe tHY expression

nore additi enetic alteratlons or nutations (e.qg.
chARCIeries; Jrp O*FB"‘Q’%@ SORESMBReA tof dRsered fHamsgengs syeh dnteractions or
" (1]

T B e R Pl T BB P B ice R,

they are obtained, to contain a genetic alteration or
Ué@HfQB# Righ- Inép&, E\g(@g? jsonal genetic alterations or

present in the noninbred ES
cells include, but are not limted to,. transgenes
( c DN\Ihe gewes'om rdep@iheidohsrehlh durtieer) relatest abi anmethbdr gt tpestiucing

rando c9 |ona mut at.i ons arg d i.nsertions
e R g R dEE bR Rin A TS P ASUEL AU Ca be Gpduced
wigiardr @fthautc ero Emérﬁ{%mté’\ﬂte‘f)h oMBrodRidd Qﬁlntng?c %ﬁfﬁ%ls which are
species as the enbrgg or anot her species, such as fron1.

subselqu@mh/ brathyprpdiedeibiedgsitgd frandgeniasegoonal. of all or a
part of a gene, functlonal knockout of a gene,

'DthArIﬁdUI?J | AboRfméhtf lﬂlﬂec Changl%de@ﬁ% % né)éj uch egl\\;gcf mouse

or a gene portion t ion/
coofprisospmésducing &S ellgerf ethep pessettinyéntiohenfoSmoesdd blagtogysts, under
a..pronpt er enhan repressor or a gene portion that
copdiBigproEatissyIC Baedbttion f ap BTy (ARlgest sABYoNe T aneTe egnbryo) and
r r I e T [
il o FEANRRRRCLPN! nfBAC apbBPtare RGP AGHEL 8 o5 o
psmioprﬂgwn ﬁema]@r wdusse Tae gheeromyiher tihttenimaisiaimedamdeoconditions
ond i n other species

i Fe R a8t b Pt Stnues et tCnBieio A e Loy esulting
mdlis€ & d&ard ﬁrdﬁxl% Siff€ Yzohs (tﬁat'Wl‘ﬁ@ﬁ otigallP FhvE ARIId theTES cells).

Such mice are referred to herein as "ES mice" or "ES cell-derived mice".

Many of the chimeras appear to be at or near 100% ES cell-derived. This
conclusion is drawn on observations made: 1) in transgene expressing tissues revealed by
uniform labelling for a reporter construct; ii) in coat origin revealed by 100% agouti; and
1ii) in gamete origin revealed by 100% ES derived offspring. Although not all of the
chimeras prepared are dominated by the non-inbred ES cell lineage, litters typically

contain one or more chimeras that fit this description. Consequently, early access to
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Due to the design of crosses used for the production
of ES cell lines according to the present invention,

wosanetosémes wil | be variousl yjhonozygous and PCT/CA2004/000998

het er ozygous for alleles that are shared or differ
trasgenye micehis madetpossiblesvittaiun thef added diffichitieheproducing them using

derived, ..Fol | ow a determnation of the distribution
deyf {O\PQPP@& ah?’?‘@FegigeignteH a@ﬁﬂt By QS 38 HOREOLRANETS. s ng
strain specific genotype markers, this technique can
pr ovA dearRBP OF tmbithddsesant Be LSMER] iIu6Y ML BbLidR&I ES cells into
effects of nodifier loci on the expression
blasiegystst dngluding sdiploidymad detyatleidcblasteeystsn dé shasfbeensfontd dhat in

AP 68 030 M0 LSl G B s s ot o
présenemventionyefoeih in biaeanaér dppeoabbing tRdoBskrisd WRh bhed 8ls (e.g. F,

| nvention described herein further relates to a. metho

cels) PSR (ot PERue Aeneiasc deravad iéiht Ieaploihegrios. Therefore,
' RANES -0l C C ith or . .
o B pran oron A RS B Gl efthers s
noamecrabay forsucbessiut ESulel eiiraera Ipyoduceon.t RatheQdhe step BE generating
thd i red. transgenic narn%l. I n one enbodi nent, the
1B lﬁﬁﬁﬁﬂ&oﬁiﬁeibﬁgwﬁe atogether.ger i ved nouse conpri ses

introducing ES cells of the present invention into

MOUSIA die@nibRRIALL, the HIBLNKILAMIUSOTS ddM@lard fFtdlificedn blastocyts

production of an enbryo (at |east one/one or nore
byeHtiecfing thedonrisbred &S cellp inte thee blastocyrts, evbln yas (by) miierdimjection.

AR ARBLA Bl SO BR0Eh, SIS THRATERS R R-RERHPEIH RS Behs imo
blasastgsts camb idedns that result in devel opnent of live '

of fspring, thereby producing a nouse. The resulting
mouse j s derived froma single zygote (that which

or i g iaA a5e g teiraploid blastaeypts apsaised) the tii@Rloid blestapysts can be
prédﬂcc@(ﬂ ﬁﬁﬁgkﬂo@ﬁ bRkHb A8 SsuclEss maf:&é'scﬁﬁeci'lgﬁ{)aﬂ?éslahg CIWehrs. 1 ames,
m ce". ny of the chineras appear t e at or near
R.1M0%b #S(198R) Gemeti Rexd . CaFtli. S6(C bSTC ISes iatso Wang]rza@netan, Mech. Dev.,

0 e] made: 1) in Lransgene expressing tissues
62 Z%Q&g@ g@sth%fes%rf’?ﬁe%gﬁ%q {hle??én'?or a rgport er )
construct; ii) in coat origin reveal ed by 100% agouti ;
and Thidn) altétngaretRbedin@ht of eNE Fr@&EnbivAAR%, BRe 4% I8 can be
of fspring. Al though not all of the chineras prepared
aggregatgd in vire ity onehar mere Privinela@iare pibryop.cusyelly a morula, to
' L vpi C c [ 2 Qf re-.chineras tha
P réclh%gte{nés gig c‘?}lll%)l%?'o(ri:ﬂé %oh{r%ggc;(; Esen "1“3? anesgerrﬁq 0 gs%sef‘%(?'pr.egnam
mdusengleniacts rdsce fossernmdthenohs i dbireryd bifontingt BRamd@ave, in their

.difficulties of producing them usin
tissues, él%lérent numbers %f cells thatg originate from %w original embryo and from the

ES cells. Performing this method using the ES cells of the present invention has proven

effective in the production of mouse chimeras.

By way of example, BPES-5 clones bearing one of two different HPRT docked
lacZ reporter constructs (transgenes) (designated NFHi-4 and 131bp-5) both gave rise to
male chimeras with 100% agouti coat color following aggregation with C57B1/6 morula
and culture to blastocyst followed by transplantation to a pseudopregnant female. This
result demonstrates that BPES-5 cells can undergo transfection, homologous

recombination at the HPRT locus, subsequent selection in HAT media, co-culture with
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devel opnental |y attenuated (e.g. tetraploid) enbryos
as hosts or partners. A variety of nethods can be used

W eoosioseoduce the non-inbred S cells into bl aBCDCKSM08/000998
including diploid and tetraploid blastocysts. It has

mdreRNag@ygadionahd anleadtione faghdtalay i dufure ruitileblastocyst formation)
non-inbred ES cells _and diploid enbryos, the ES cells

prigf tq H@lsp}aggagﬁp apﬁ@%ma&ﬁa@&ufquﬂt |dﬁv opfasfialpotential to dominate
F
in @ﬁﬁ P%%ge}%tegse ?@§ S‘fﬂé gagigcgﬂ r as ng\%edevmgt h |

tetraploid enbryos. Therefore, although the ES cells
of tThe nuale HERT Wﬂ@&mﬁiﬁ&ceﬁdmeb BPlLiSctland BPE$-@thaspbathggiven rise

artners it, is,n nece ar fI I ] )
to BiAle IiiaBras Lol 9 Lne Ry @ ion, reug 48 270 ik o0%hseppi conts
Tlﬁsefeﬁlﬁphﬁh&lsﬁafeﬁ aRik ﬁo&ﬁ{br&?Eﬁ‘é@ﬂl (1110 aﬁ:'céx@ﬁ%t f3&he preBer® ivention,
enbodi nent, the non-inbred nouse ES cells are

witheut gheuHBBT delesions plsoymaintsin pxgelient d@gelonelen@h ppiebiialdsuch that

therE%nglac,: eI lﬂﬁlér% Itgr}] tﬁe C?#ﬂ?%él : VZJ'thChugﬁr;% ocf‘ ﬁve&/ L ln vztro Wﬁg%'ﬁgatlon

tedhﬁfdules Wwith @sortladrond thea@BTB1I6GAbred sfeincel |'s into
bl ast ocysts can be used. In the case where tetraploid

bl ast ocysts are used, the tetraploid blastocysts can
be 6{1 da {je{}@Pﬁl@‘lq{lﬁoRRﬁ lpﬁéqqtllgasls asmgﬂlogsof% Broducing a transgenic

md(;lf;s_g %g' @%ﬂtrgéfuc}%"rgﬁe ggﬁjg?eﬂgg’( Ii@g{és%ugté S »g‘mcege inty! th€ tESaéells (ii)

Cenet 'so Wang, Z-
meéntaimlmg the &1S. cellieunder@QndiﬁGﬂs thaiaeslt iadnbmdht@duefrmom’wmaon at the

cited rein. a | ternative enbqdi ment  of the
tafidsBt AocKINpe RIS GHEl (h BA6' DF 1 WRIF BeAqGrEgpiegeaunces are
maaqscrrgtew the %@ﬁ‘orﬁé offhe ESXefls,| (D RS Alci@nhé Péawaﬁ recombinant ES
usual I%/Sa norula, to produce a chinmeric enbr The
a

celbsrintg blaptecyst(sh undemeonditions thahmsula ip pradyetien e ammlbryo (at least
ong é‘“ eor\l\'{i]rllo(fp %ﬁﬁrﬁreﬁ Lgftt%{ n Flthe rlggulf; R%“cfrexg Irg%q%} into an

sprlng ob |r tlssues

appmizh@ueSfo@tfer eRIthes, billvht a0k i Bewdvpeeghthgtnfehiate. orhegre@alltmg female is
enory o and fromthe ES cells. Perform ng this nethod
mqs%tawsdtwemoe@mpgs Shatt esulp g sdevelapmeahtaf olivey é’ﬁsﬁlﬂ’é& efhereby

ek e bear i ng one of two i 1er ont

HPRT docked | acZ reporter constructs (transgenes)
( dedihgrransticNisHntrddwrd irit8 thopnrd)-inbotdhEg aelds of the presemtaiheention

th.100% aqgouti coat color.follo
us 5B TBAR JFOICE RO KB ror ) 4 S ELCRPAIRg of the presen
inv¥nfAsh @ty @insfeRtib®esbhidiell v slRétedPordtioRN The uSe of electroporation to
pseudopregnant fenmale. This
introduce DNA into non-inbred mouse ES cells according to the present invention, with
specific reference to production of mouse ES cells containing a lacZ reporter gene, is

described in more detail in Example 3.

Other methods of transfection exist, including calcium phosphate and various
lipid mediated techniques. In addition, a number of viral vectors are known to be
effective for introducing a transgene, or combination of transgenes. The actual insertion
event (either homologous recombination or random insertion) occurs without further

experimental intervention.
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result denonstrates that BPES-5 cells can undergo
transfection, honol ogous reconbi nati on at the HPRT
WO 2was)sesubsequent sel ection . HAT nmedi a, CcoO-BCI/CAZ0©4/000998
wi thnorul a (aggregation) and at |east one further day
i n dUsingithe nomrinbied HSacells eysirdihg tortitei ioventipnj ansgenic mice can be
transplantation and still .maintain sufficient .
repfoQsiBly anited b SR FapernCde Maebs boeti Agimal disease models,
fogefidlieat sfgeiei flctiti, Sfon @BABHL ?éﬁ(ﬁﬁicé RivAfds! @ Rt 8Guction of
The male HPRT wild type ES cell |ines BPES-7 and
prefems, efchBicenasoinkregi K aells ansl procesalaeccstingde sl inventionkyffers the

S i O n 4.,.2003) . with. 100% ut. i :
e R R T L L
aceask Ito Imnas factasysdind ginirfalb ehieh €8 @thajbN¥@inta@s fotdsEREH in the

eg(ge HPRT del etion, al so mai ntain excell ent
fidd obmammehambiolgyent i al such that they can dominate in
the conposition of chineras derived by in vitro
aggNRgRd tAR otf%%lml't Whidy, R &ty inventi '
C57B1/ 6i nbred str a{i‘;ﬁ?g%lnn anot he]?é gel S(rJ [ n%%t??seltlthlgvemmn can be
adapted i jaorenirslled fashivodtoahclpde dupitatiyearcpulatesy eequenemUisereporter
b ) i ntroduci.ng one or nore DNA constryct sequences
copbipis) iR 3E et Rty P o5 1R, AmbHes eecy | DetieRer e ol
mARBEHp: saiBite BRI THe8Is off BndQIXRIsREQ Use I%I%gﬂg@ bedW i Ex@mple 10.
the transgene docking site such that the one or nore
DNA construct sequences are incorporated in the genone
of tUYdessdefined atherwisq, yallj teehninalianch seienidficrtenny nsedtherein have the

GIhiant | ' I S) w.-Hnder : :
safnE PRI AR ooy gk By B0 E TRy sl 8 s g q b his
intentiot belorgsonAll aocuments estbirgtbo iarde héréjn intepsiatdd byn@ference in
ht.he resulting enbryo(s) into an appropriate foster
thei¢miEstiess ych as a pseudopregnant femal e. The resul ting

femal e is maintained under conditions that result in

dev gloopfi® atbebr hhdesstadisPbi ﬂﬂ’in{/é}ﬁi'bﬁ@é_scﬂ{&qgﬁké?ﬁ fite following

transgeni ¢ ES nouse. The construct Is Introduced into
exgrpples, r¢- sehifiprtd  ESheeld| bs widetshwdphatstbese ¢xamptsi ave forsillnggrative

t andar ransfection chni S. In pecifj.c . _
ol B E e A0 PBE PRl ETOL R onr R Pt g vy
is achieved via el ectroporation. The use of
el ectroporation to introduce DNA i nto non-inbred nouse
ES cells according to the present invention, with
specific reference to prExastpiges of nmouse ES cells
containing a lacZ reporter gene, is described in nore
detail in Exanple 3. O her nethods of transfection
EXAVIPLE 1 Plo¢dhite feaDekivaionef RS bR iad various |ipid
T nmedi ated technrques. In addition, a nunber of viral
vectors are known to be

Equipment and materials:

3.5 dpc pregnant mice

Dissecting microscope

M2 & M16 media

Pulled Pasteur pipettes, Gilson P200 tips

Tissue culture plates covered with MEF feeders (4-well, 96-well, 48-well, 24-well, 12-
well 6-well, 100 mm)

PBS without Ca and Mg
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effective for introducing a transgene, or conbination

of transgenes. The actual insertion event (either
whoersshaegous reconbi nati on or. ;gandom i nserti on) PODCA2E®4/000998

W t hout further experinental intervention.Using the ‘
0.28n tiypsiné@- I#6EDFIA s according to the invention,
Dlidﬁiﬁfmﬁriﬁ% g?iugoesec‘%lh@ggl{ﬁ%%%gdum bly created and these

ransgeni ce ha &4"%s ani mal di sease nodel s,
2000ES stllduslifiedfFRENe function, for regul atory genonics
studies, for the production of proteins, etc. The
104 4 npmregsgnital apdng acidnd process according to the
1 thiWEsihAPyvRlidaed S the possibility of producing mutant
m ce rapi dly and economi cally and of having quick
108 pdé $sn¢roaptothariol f oet uses and animals, which is a
Grm%lcpar.advantage for research in the field of mammali an
PGS, In the case of regulatory genomics, the ES
LIFebbGuphl t he present invention can be adapted in a
controlled fashion to include a putative regul atory
sequences in reporter constructs such that different
Preesdgra uct s can be conpared directly (Denarier, et al.
manuscri pt submtted). The results of one such study
— aDey frovi ded bel ow i n Exanple 10. Unl ess defined
otherwi se, all technical and scientific terns used
herej n. haye the.s nmeani ng as, commonl y under st ood by
one RSPIASTUTIER, T dpader Wells gora, 4-iel) Wiec ithrfreshly prepared ES
mddilY ePlubiA B8] ABESempilybs FRIH RBfife HobR! uSHe! M1 Tadidin. Rinsed
herein incorporated by reference in their~entireties.
blapigcysts reverad gimesr theougbrd adfithegerobrybh everestilhiat ororula stage, they
e i b hgrein, the foll.ow xanpl es.are set
wefEB{ikleoF Fo 6 hihirs oF et . ethen 0 bR gcbed pgtocyst
stag@rond blustbEyat parewell a9 Baasferndd usidd 8 PRI Pasté?PpefaOpiettrably
. hot lim¢t the scope of this invention in any way.
in the ARpreEsf thsomeb & disseqinggaiginseorfeovasgradedan thsrlaminag§ow hood or
| ik BAER hRNEIY d Laks: 3 dpc, pr ant :
ne)?tn'etlg eth%)i sse?:l?%]%ﬁm Creggc(f:h oﬁeq% kfg{ £ IQE@I Sﬁ%%f)raﬁ’fgb Iaf“z%[ﬁ consecutive
prdeaduresim sperjletombitionfsi | son P200 tips Tissue culture
pl ates covered with MEF feeders (4-well, 96-well,
48- el | 4-wel 1, 12- -
8 \g?asto’cygsts v\\llveere cultured undisturbed at 37°C, 5% CO, for the first 48-72 hours.

During that time blastocysts hatched from zona pellucida, attached and formed

outgrowths.
— Day 3-7

After 48-72 hours, the culture was observed daily to determine the right stage of
ICM outgrowth ready for the first disaggregation (usually 5™ — 7' day after plating). As
there was always variability in the size of ICM-derived clump between different
embryos, was sometimes necessary to disaggregate these clumps on different days. ICM
outgrowth ready for disaggregation should be big enough but not differentiated. 96-well

plates with fresh feeders were prepared 24 hours in advance.

Each well was treated separately and no more than 4 wells were done at one time.

This was done in order to avoid incubating too long in trypsin.



well -well, 100 nm) PBS wi thout Ca and My0. 25% trypsin

/ 0.1% EDTA DMEM wi t h hi gh glucose, with L-glutam ne
wQodsaecel | qual i fied FBS 188m\/l non- essent i aPCHITARD4/000998

acids 1mM Sodi um Pyruvate 1 mM b- mer capt oet hanol

Gengangiei dasdsl WheR0theUbniktoby e aelié late®Parh WeRephAk ededers, the

media in feeder wells from4-well plate with freshly
follpveipg pEaseduse wagiparformedshed 3.5 dpc enbryos from
uterine horns using M2 nedium Rinsed bl astocysts

sevegral ty i enbryos were still at
rmrgfa stpgsgggtegﬂ%%%?gganuﬁgﬁbﬁlsfor few hours or

overnight in M6 nmedia until they reached bl astocyst
st ade. ORensstasthoeslsvithéxS meébf PR&8s transferred using a
pul | ed Pasteur pipette, preferably in the centre of

the well A dissecti 1 Crosco ced. i he .
S aninar Prowsos- el TR e Cnancal R dihasrgno.1 %
a bench tgbqlg@s&g@&ﬁg&rwetl]@at and all consecutive
procedures in sterile conditions. Blastocysts were
cul tured undi sturbed at 370C, 5% CO2 for the first

48- #2 holdsing pullednipstennpipettenvitl fine eegilary, Bentbheitldd the ICM
ona pel lyucida,, attac and f.o t gr ot hs.. . - .
200 Pt e P B RGPS Bl RoftRhES cclld o Bt ini PRgsin

to determne the right stage of |ICM outgrowth ready
for 5t he fndubhtedias3griegtd mivutésysual |y 5th - 7th day
after plating). As there was always variability in the

size of | ived cl.u bet ween di fferent enbryos,
10 was 630%&%8%4%’2@8‘#‘? ?E{)%acgi SERIDPSIHEEEIY| unps
on different days. |CM :
7. ‘Using a 200 pl capacity pipette, the ICM was broken into smaller clumps

of cells (approximately 3-4 cells per clump);

8. Transfered the cell suspension into fresh. feeder well of a 96-well plate

containing ES media;
15 9. Repeated the procedure with the remaining embryos;
10. Changed the media after overnight incubation_T
— Day 8-14

The feeder wells were observed for the production of ES cell-like colonies. The
colonies were marked and their growth was monitored day by day. ES cell-like colonies

20  were trypsinized and placed onto fresh feeders according to the following procedure:
1. Aspirated the media from the well;
2. Rinsed with 50 ul of PBS;
3. Added 50 pl of trypsin, incubated at 37°C for 10 minutes;

4. Added 50 pl of media to each well to stop trypsin activity;
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outgrow h ready for disaggregation should be big

enough but not differentiated. 96-well plates with
woé c@shofeeeders were prepared,24 hours in advaneeT/CEawmh/000998

wel |l was treated separately”™and no nore than 4 wells

wer g, dpieciadp® BEcdlls B9 - weléboké@ep 8P PiettihgQipddid downavoi d

i ncubating too long In trypsin. II)n t he cases V\,here t he

bl astocysts were plated on wells with feeders,

f ol bowl 18gstprred theusnbirgaantenss pheapgvell intng pfrqsbtf%fdief Wéll of a 48-

rredla%ggmljhe 4 wells; 2. Rinsed each well with 0.5

m of , 3. Prepared a 96-well" U-bottom pl ate by

addi ng 30m of 0.25% trypsin/ 0. 1% EDTA sol uti on per

wel [7; @hangsd tig media efferRevstneght inmupatidng wi t h fi ne

capillary, gently circled the ICMclunp and renoved it

fh mb% gphobl ast cells and placed it into trypsin; 5.

#Uubaeed at 37C for 10 minutes; 6. Added 30 ni  of

media to each well to stop trypsin activity; 7. Using

a 20GQe rﬂboG@@%‘chﬁ‘re pvaﬁFép@atec‘l t&@ ey H@ss hg Qg&a@,sdr?t Qrogresswely

smal l er clunp hkisa roximately 3-4 cell
inqz¢aging) the gize nf éhﬁsweHeES © pd @gbtpmi@,m@h“fnthtsmorotlesmny edges

Iat .cont aining E

ang A fnaTons see S Bb el Ak RN R B P e Beggrecer of
theChalngFHert RS colicactiitreir @n@luen@ih alweilidat wadpassadddnto a fresh

8-14 The feeder wells were observed for the productjon
feader well 016 well RBICBROWrEeOnsHREdCBISSREcES - WBE ecllvat i dedsigryday
only, i oA, DS MR ToBfer hte, Bhcll e oo cfiflabiphbtfand frozen
in teediatsfodoemgdiandarl ES ¢edl fi@zingwirogdprescedur e: 1.

Aspirated the nedia fromthe well; 2. Rinsed with 50

m of PBS; 3. Added 50 ml of trypsin, incubated at 37C
EXAMPI(E 2i-éréition. of ERIE€ell bihes]l of nmedia to each wel |

to stop trypsin activity;5. The cl urrps of cells by

ken u

t .
Trateruitet dheoie e boRbsaRth foltdhaglopmentap pptental of
subde§edht fIELdaN 188, | cr@fse@ w8 designed to introduce into blastocysts, allelic

differences that exist between multiple inbred mouse strains. Specifically, 129 sub-

strains and the C57Bl/6 inbred stain. It has been recognised for several decades that not
all combinations of inter-strain alleles are viable accounting for the extensive loss
encountered when deriving recombinant inbred (RI) strains. Therefore, in order to select
for those combinations of alleles that might promote vs. attenuate developmental
potential of ES cells, several generations of breeding were conducted subsequent to
deriving blastocysts from which the BPES cell lines were established. By conducting
multiple generation crosses, multiple opp(;rtunities were introduced for biological
selection for viability and fitness at the level of gamete production and fertilizability,
subsequent embryo viability, ex utero growth and the subsequent fecundity of the mice

derived.
Recognising that:

1) ES cells can be derived with relative ease from "129" strain blastocysts and
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wel |l plate; 7. Changed the nedia after overni ght
i ncubation; - Day 15-21 The above procedure was

worepR@sed as nmany tines as neggessary, progres®oraiaz004/000998

increasing the size of the well. ES cells formed tight
c@) onigeserali propent of lRadipassagd FSscahtnendi Sitir niilitg hakdodtribute

cell It| uclei. They often fornmed at the
perlﬁngbn8nH When ES cel |'s reached near

confh aca/un@s |H16drﬂ@1§t£@ gegky Atal RRMAtial in th
feg e}}r&v\e T of Y@é IjI aete tﬁat Sg$V\)/gs coﬁg)ﬁ)gw S P &tﬁna in the
" pasepatpxt Qf blasrh@st: embcslomrr @ggregatemmhyrdays it dlpvltneln:e]ls and

88 a ed 0 Iar at.e i
ﬁge@%%gﬁezlg AR é delrri,?n Oé)psdefvgfqpmﬁg potentlal in the
st angatestt Eﬁalﬁﬂbdysf ﬁlﬂ@&ioﬁgbr aggegﬂwn%m&mh Eetraploid cells and
Derivation of ES Cell Lines In order to maxi m se the

hél elry(bglrisE%mH Aeated. del etuppert rdpaerlomcmnm. thk c@mext of nuclear

sub I eS| ned. t

"t rad B maP 6Bty LA s SEOTRET, JRLE) PR Mictot e e

eX|§Q9HMhMeen mul tiple inbred nouse stralns.

Specifically, 129 sub strains and the C57B1/6 inbred

stain. It has been recognised for several decades t hat
E@%ll@lwergod@l'vggtdoﬁj%lﬁ d B}e%gusﬁhé 'ﬂiti%lnl f 8% #PRT lopus from

vi abl e accounti ng he ext ensTve 1 0ss encountere
blagtenystdeini which QXefmer@I Ingerbzy gobite dhad Rickn sihtradutsd by breeding. By

deglymgﬁl-lgl{{”g éie eﬁeé][oﬁ%cél}év% grlﬁgrfotgeég eghlfnz%aaj&g?én?lglt Iaonréw level of
effla@velyopaeintratiudea e Hel @ntroficdstrt&dy & tra?@g’e%reﬁg rel:forted b% Bronson

generations of breedi ng were conduct ed Subse
et ale A PYe-HGrasisar oy GO86 ¥ Praw Natl.cAcadh8ciBPES 9<3é?067+90ﬁé)s With such

T G T i —

links b¢apigigHHR B db(fk@:ﬂ it@fsdeEs i¥ falrlahd Yesabgbehbivpess at the
| evel of ganete production and fertilizability,
b|||t ex utero growth and the

sub uent, enbr Vi
subsURRKIsitiag l}%ﬁlﬁp{fa etsted ﬁ " ggilcliney glepigarted Reh ghiassubglone of
| 1 r
19 (R AL 107V 1] 5 058 e
depveshérony thyf 18901y Sph§EalgeoE$2@ ahicel Biek celﬂ;s tweed lintroduced into
C537l%|1)6I lestocysPsot;]); chg‘gltnjeec ltOIrl %gg nXalte ochf:rrrl]elrgse rwae§e genved and mated to

C57Bl/6 females. Female offspring were derived from C57Bl/6 ova fertilized by ES

_lineage sperm. Such B6129F; mice were identified by their agouti coat colour and

backcrossed to male mice from the C57B1/6 or 129/J inbred stains. The mating scheme
that led to subsequent generations (and incorporating the HPRT deletion) is outlined in

Figure 2.

Five male ES lines bearing the HPRT deletion (designated BPES-4, -5, -8, -10
and -12) were recovered from ova fertilized by sperm from the different 129 sub-line
129SVPASLCOCRLBR. Consequently, these ES cell lines bear unique combinations of
alleles from 3 inbred lines (i.e. C57Bl/6, 129/0la and 129SVPASLCOCRLBR).
Subsequent investigation revealed that several of the lines derived in this fashion

demonstrate unprecedented developmental potential in the context of chimeras generated
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3) hybrid cell lines (e.g., R) denonstrate good
devel opmental potential in the context of blastocyst
WO npB@is6on or aggregation chiggeras wth di pl oiPEToeA2084/000998
and 4) hybrid cell lines (e.g., R) denonstrate good
eithey iy dpivetierabf pathesedis ahtoi wild hgpec GATBYXG bhitobyas bp by Hggregation

B R R APPSRt B ARGt when

B\cell 8d in"stdridBrdCnAi6eskt PifechbE bRREEL QMRS IFRL S imilar i
Surdobusﬁﬂs%t RGNkt Rleclt pRRbaes NafbpfBi Similar in ES

lingagg gorpposition, 1@ thabrepprteg Sorceingragmiesvetbfiomel ES cells aggregated

ST BB 5P B SR B RS T e
blbeedysisnsuchdhgiegndigsithe @Hingas &ﬁ&arahuiimsﬁg’ﬁ%, drd 88 <olour is

ES cells with i nproved devel opnent al ogote ial, a new
frequertly dpmatated: pie Aesjvedazxclusivebi fread theoES Hineagen (EIcbatdbution is

R Lt e -
orﬂ;SAfi.@ﬁiIonﬁﬁt 9&7{2@riveWﬁ’dm Hschinengt tsheny, Aled,Sthe 1BerSof transgene

cell.s, hoth the derivatjon of chinmeras and the
CXBETYUBY | THIRAT 18f SNPGRS %@élﬂlgnaan%mcsaméang rfnsabrmssa MBP

re%tﬂflt%é‘sl&cel ré}ﬁ?tleilf %|§1§esei)§ ROASish w-ﬁﬂetgﬁzl’%ﬁf;o‘ﬁglt bf gggffc&l;drocyte and

el eted ES'ce I ne, designate S a su one 0
Scawamepel! [irsgpetrespectitely) teirtgnleset09D0Meor chpldel$ N &l derived.

10)..292-5). . E14TQ2 derived fromthe | _
TR RN T .
C3mBliecdiplofTicd! 18 twathGbieRd)/ oF shbsd %&g@écﬁir@yor 12 %Egélﬁé)ﬂ@d for F,

and mal e chineras were derived and mated to C5
hypegeics usqh ipapembinatiqn with taamloidestnlugds {momlCe7 Blas®cysts). As
f L] i b N sper. Such B6129F] mice .
re&\/\%?eg %Eeé{#% S %yd%t% é46r0%3‘§§r&§i aéorggfnoggfaéﬁlcoaﬁn%}]lour chimerism,
exblasike ropsard td A00%| BS ndoagibutiontd kfirkérd Bikb&sok nbd Ybderved in all

I nb ins. Th ting schenme that led to
chEE i SH dePeled GRS 1ondh FAe OO FhecrpREencrated by

bl%?dc?{s.{ Qﬁ‘éctibﬁ, Qe tgsgl]%gta!r@fdﬁtlg W 8013ai{1 E@é%ﬁ@!e%oﬁﬁ'g%uiﬁgg rom the

‘beafi ng”the HPRT I on esl gna o> ,
tetrapfpid htistot g5t (Wang, at ek QLAX7e Mekh.dDeroG2: 18BN 15). i zed by
spermfromthe different 129 sub-1line

pear TR GIE COBINER AL Agpmhet of (6 Whisspafs wasashioved using o
brdedfigprégrak intSIVal/tfo &M%ﬁth@%r@%YEﬁW@m%P eS, 129/]

Subsec;uent I nvestigation reveal ed that several of '
angl (CadBl/gband myltiple geeeatipns pf bigeding. One parent of the blastocysts giving

rise to male BPES cell lines carrying the HPRT docking site (lines 4, 5, 8, 10 and 12)
was a male from the 129PAS inbred strain while the other parents were multiply
heterozygous females derived from multiple generations of crossing between C57B1/6
and 129/0la and their derivatives as outlined in Figure 2. Additional BPES cells derived
from breeding programs involving the 3 inbred strains are the wild type male lines 6, 7,
and 9. The female lines 1 and 3, heterozygous for the HPRT docking site, and the male
line # 2 that bears the docking site, were derived from blastocysts recovered from a
breeding program involving the 2 inbred strains, 129/0LA and C57Bl/6. Most

characterization of developmental potential described here has been done using lines 4
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denonstrat e unprecedented devel opnmental potential in
the context of chineras generated. - either by

woinpzmsélon of such cells intopyld type C57BLlPET/CA2004/000998

bl ast ocysts or by aggregation with wild type C57B1/6
thaeyall ). Adbeveivationof the BPRF glotkedHeansgénetheasing linads described above
h%q)veglltlggnev@ﬁﬂmslgg.h. cells are used in standard .
l'ast ocyst I nj ection procedure, some appear simlar in
ES i neage conposition, to that reported for chineras

daniued from Fi ES cells aggre ,th tetraploid
S arpaFaclerisg ang Use ol 1o €SES cel | s

injected into tetraploid blastocysts, such that

anonDiferéMES INBAASacdSrdinged AMbAiRURS "og G ﬁ‘ésdenE RSention were

coat colour is frequently dom nated or deriVve

degivetl psi daserjbed; ehaven eadhsbearing aguqyeEsombinationsuof ©37BE6 and 129

Uty ck.non- b from 7Bl/ 6 )
SRR s el BhEE e DBt LA BEESEI Dl onspugd rgpionl
devhlmpmental petentiat th fhe @onteSt ofl chaagas proaALESd By iﬁj%ctéérh&f ES cells into
cni ner as

Cg@éﬁqe n of transgene expression observed in .
ﬁlgst?waws EBenthyoihe resuiting imeras displayed/bp0% ES derived coat
&9kt | i | | i 1.0t
OISR, (B L RAL 4 SudPOhelS SO Gk dlifubd By the BS
llr(eﬁieﬁls pﬁé@d l‘liﬁ)mldBfEEéﬂ anyl ﬁ*f@éﬁ’ESeS ]:Gfil%nﬁ’ig cloimera) 8688 BRwborns or
e erd ved.. Thus, .the mul t.i et erozygous ES '
fofifi i il B A O T E S e Bfesud ETE g
Co57B1/6 diploid cells with a level of success _
approadeivigthese ESUedlls} _@toE]&a_EOIftﬁﬁfﬁ?t@ deib@bn o (Y X iifked HPRT
cells used in conbination with tetraplolid enbryos

logusowere slewrlopadaen eithes searegatingB/E2 el 1 28 inboadegd@PESbackgrounds.
' n ate.coat col.our .. - :

TP T ReNb SRt Ton POIRSHIR) o G3PiashEuni vhick p sanstructis

ingected i sipgla copp sukkndven oéntathsein\wgstedise RLationTh IR §%0 thd HPRT
ahould be noted that also in sone tetégflo[d-ES

CORMBNSARENCH REPISOB £ HA) b1 9%8) derge shadl.nflead i Ssh, USEn3:9067-9072).

Mk ' i i | Dyt
BRI METANG 1950018 D1 REELAR] R R o

12Ralples. DEhese beding BtrawBies arElsbowatieFignres? aehaussitibealtia Exaple 2.
a nunber of the BPES cells was achi eved using a

br eeqi regr.am, nvol.ving two.ar, three of the.inbhred
ook TR BEP AT BYR ORI U6 LI 8 ol Ll B0 e
4).MThet defls @redeapeatslaor Being @éliabfﬁ@ﬁisf&ted%ﬁirﬁﬁlﬁﬁ troBfst H&\%lopmental

bl astocysts giving rise to nmal e BPES cel i nes
potertiply | néllpWélmPRﬁe%eg(thqgng t ealid i nefert, Blond, 1@lawtidn in

h . ; i,nbred strain while the
d agpﬁtzeé?nént t@l\}éfé@ﬂ:ﬁgp}%l %—ﬁg’F ﬁg‘[eglrug} ﬁalaqﬁgu% ﬁglrggtoratlon of the
HRREF locesi(via homoltoLduspteontsingiont 4l sadihg & @&fpak RQEMSHNFigure
C57B1/6 and 129/ d a and their derivatives as outlined
5in Fi gure 2. Additional BPES cells derived

The application of these cells in transgenic production appears to offer multiple

practical advantages:

1) following a standard transfection protocol, multiple clones typically are
recovered. (Standard transfection conditions are: Feed exponentially growing culture of
ES cells (~80% confluent) 2-4 hours before harvesting. Wash the cells twice with PBS.
Trypsinize the cells for 8-10 minutes, add media to inhibit the action of trypsin, and
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from breeding progranms involving the 3 inbred strains
are the wild type nale lines 6, 7, and 9. The femal e

wd 100®e05819and 3, heterozygous. 40r the HPRT dockrargCsi0b£000998
and the male line # 2 that bears the docking site,

pipgitecthd eelis/eparid @Wrbtcapmdmgcsat single col suspdndion@entrifuge the cells at

P35 AP el i Dot oo Psibnedn 1B i in ot PBS
a deaxry op mam@hem&mﬂhﬂsaiumﬁcméa%t\b&hedd‘f@émbﬁsg HBRE the usual

using lines 4- - throu Al'l eval uation of
ylﬂF}Pisl'N%i 501196 Gels pon égéﬁédlbléeMlxr@ g hesar P64 to B8l ab odbsuspensmn

F i SEPRofon ki BRicy, BRSNS 08 @rerigeangiskgsuany

allosls! fot UniifferancelectropgrdtoneNisediHFEBioR 2@ {GenbPuIOS 23D V, 500 uF,
|nvent|on were derived as descri bed above, each

PlpreFUVRte I direeleciiappiption shambsr and zisliveg thegulseoAfter applymg the
I de
pills @e2cu e 160k 40 AERiesOPRRIIPL At SR o Bk e onto
onpdVemtdig with fd:dulersc(lsclbmeldbs pfeggi;té?}élga%llnph@ﬁbbeﬁéti: dMfeeders). Media
i 0 cells into ast ocysts.
onytPl R ot e Racfo o TamaRs RARSTREipe S IDOdES
derived coat color. Simlarly, the germline in such

chi myrtR&ir a%ﬁﬁ{s%vé@pllﬂgntg B@t&ﬂfa?@uﬁ%rﬁs% d%gelkfa%azgﬁ enhanced

from four ES-2 and two ES-5 contai ni ng chi ner
tragggenss predirdionschpduleet uses from first mating were
derived fromES lineage ganmetes. (Figure 3). To derive

th 95‘32 K §§ {g&%}? PU&B&C&S Chﬁg 91’1 Idr}g (?% &%gl%rg{elﬁ g$ OI'CICI' ttO Eave one or

ocuS were deve
mQre dfrat grahsnnig thBEESL&Shotype bggemnblmgdw@ SIBIES dhReK @p&HﬁdS
The HPRT del etion supports a controlled strategy of
in which a construct is inserted in

tra
51 b S0, SoriBaRSTol R Piah SHACE MoTITEM cuRBiRtive studics (e.c.
lad 20 epboiten gk ﬁﬁ‘h@ys@sz 4R Lib&tHRR aﬁQl%lQQe§QW§§@§%§Aanaly51s based

(Bronson et al 996) Proc.

upog ﬂg@@mmymmm ﬁmressmné dueatly fsom ahimgpre tissne (Bigusead).
to achieve blastocysts with a mx of C57B1/6 and 129
all el es. These breeding strategies are shown in Figure

2. The lines of "m xed"
Chgé‘%g%f%ﬁéﬁ%&gr ofﬁfg %B{:gg‘{ S all gr o:/v well in culture
g ool RSSO0 Gutbi O Rl S orsce
repoatee gehdland GhtrSUtlced inth &L HPRY thamimdovansdt afd gi4c EQ n&’Jlls were

sel ection i n hypoxant hi ne/ am nopterin/thym di ne
trapgdegten (Clonescigsistnt tooHAdssedgction anedid wteneerqqpmed @ndlsnjected into

C5§Bl/@ Bg%l:?s%sjert rggr?]e)gﬂp '( E@E{S?z{é aélrcé?n c 1merag wete transplanted to

transgene
pseudopregnant females and subsequently raised to maturity.

A chimera was sacrificed by lethal injection of the anaesthetic "avertin" and
perfused transcardially with a balanced salt solution. Subsequently, the nervous system
was recovered and the brain was subjected to tissue disruption and Percoll gradient
centrifugation to recover an oligodendrocyte enriched cell suspension. (procedure
described in Afshari et al. J. Neurosci Res. 2002 Jan 15;67(2):174-84). This suspension
was analysed using a FACScan apparatus that detects and records the light emission

from the eGFP protein. When compared to a similarly prepared cell suspension from a
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5). The application of these cells in transgenic
production appears to offer nultiple practical
wazhpanesages: 1) foll owi ng a sfandard transfectPOICA2004/000998
protocol, nmultiple clones typically are recovered.
widcﬁty@e tisude, th@B 3 £BiohdBxtendich bf B SightEto tﬁeaght indicating a specific
onenti aI I grow ng culture of ES cells 80%
SI@@ fi gre@rded 2 amphhgreCife eypiessing gelly imghe v@gﬁrét hd'rem| thg same
e t t
ch‘rﬁ%’ﬁ thg'I %ﬂ%ag%?rrﬁih$%%/ ?ﬁ?ﬂigé}& ?glagg fsilée tn?cf v%wlcg »mtl’i”e{ fAidorescent
misrqsedpiee capablecef Idstecm@th}b eImWslohofrpmoemEE ﬁlarlygllabelteell profiles
s.%pe siqn. Centrifuge the cells at 1100 gmfo g
yRiFs TRy I paAiRing 1o g% FasteanYera RSy gyl g noted that
thi‘&sledhllrﬁeﬂanwgsoﬂngdé:> BRhathe BESES E1 Rhe Sd%cﬂw&t |B%rf§'on et al 1996

hi s nunber varies between different |abs). th
(inyented inta @ﬂBlr’G;blaﬁousasO)ﬁn@ el onpution Oﬁthecﬁ%mll lmeﬂgeﬂf@) the coat

GuiRed bY e o AR oo PhiesenBrua TR Ublted Byt deauency of

ent&NeriHICAn SBIIN expirekRlngYol BloH & od Izgég Andinkf frﬁ'l‘ffne (as 2]udged by the

el ectroporations.) Set the Bio GenePul ser

faiige ofithe chimagera tetigasmitan B denivrd spPaet wasgowat i on chamber
and deliver the pulse. After applying the pul se, place
cuvette on ice for 20 mnutes. Transfer entire

Tr?ﬁ?s%%ﬁé‘f’?'(%n A)ze‘%yget te onto one 10cm dish with

f ers abs prefer to select in the absence of
t gegﬁ{ea\;\%?l?@gioz gggeflgg i Vgg%éegﬁ \%QS ?g}ﬁg%tg? Egnu%gﬁ%?cql 2003 in

whitlg o sehieduidevah Mﬁﬁﬁdfemﬁﬁleﬁmeﬂbmﬁwmrdeﬂ ddfhinated chimeras was
accel| erated and enhanced trans%enl c.production

aclie¥eshivm 32 dayy op frsy (Biewiel)1 BRENSESHS ffliner] Wekedtansseigd mth one of
thd PR S, eﬁg ' &ng{rﬁjcqg atsod%@/rfate(an QBe "Bhfe tel?ﬂt dﬁscgged above.

transmt the ES genot ype I zing ova Wt
Fodilewnn@dnsﬂmy mn ndymatSuttetel mdding thencdlsiweresubjectad to selection for

su rt.s fI ative studie .0., lacz -
thisegB i S BPRS ot Y deR et ving Ba'E iitp; 8%€ or cleven
dal@ f&lowﬁé\%@f&c@&ﬁb%ﬁéss weas Bdovied ahll UXp&Sde@Nind 12 or 14 days

report ers(%ene expression) directly fromchinera tissue

fol(lqugrt@n ctiqh dlagtorpsts wate iojectsti Twidn s@l@rfeorﬁxlm rsavened ¢glones to

VBE, &b bkl 1 at ed t
ner taencc?l%e encreerrélhry?ﬁ P&%r egrgzn an(i%d iNa seu c&yreggﬁlg 8mafes to complete

in lunztrb Gél‘k&(qﬁnéﬂﬁtwevabbﬂﬂlzﬁfsbﬁﬁg gbmiatedast tednsgm bBlﬁ‘inéESS cells were
cells were transfected. Clones resistant to
recoypEsdt besiesre 2oaaiePe favsolpllpwingaithe trapseqtion Pmltf« DNA HPRT

targeting constructs.

EXAMPLE 4 — Re-targeting of Transgene

The wild-type HPRT locus in BPES-6 cells was successfully re-targeted, which
lead to the recovery of one clone after 6 thio-guanine (6 T-G) selection against HPRT.
Mice born from C57BIl/6 blastocysts injected with derivatives of this clone were born on
May 26, 2003. Of 11 live born, 8 were black indicating an exclusive C57B1/6 origin. The
remaining 3 were chimeras: one was a female with a coat 50% agouti; one was a male
with a coat 95% agouti and one was a male with a coat 100% agouti. This result

demonstrates that the male BPES-6 cells that contain a wild type HPRT allele can be
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C57B1/6 bl astocysts to generate chineras. Such
chimeras were transplanted to pseudopregnant femnal es
woends/ensbeequent |y rai sed to mgturity. A chi merrCTWas2004/000998
sacrificed by lethal injection of the anaesthetic
seleated ubing'6 Pblcqnedihing enkdia fonsigalosd aff HPR Wiehyrativadcamitgdnd such

salt.  solution. Subsequently, the nervous system wa
2 BV vPE clRne APRINta S TPust Aeveiepmanty! peteatial g %@%ra%derwed from ES

lnjg&é({ntm{d@ﬁm(@b %B%rocgr adient centrifugation to

recover an o yte enriched cell suspension
(procedure descrl bed |n Afshari et al. J. Neurosci

EXEMPIAP2 VRPuthoA Shbationt /4~ 84) . This suspension was

arar ysed usi ng a apparatus that detects and
records the light em ssion fromthe eGP protein. Wen
conpiarseddely aaswsnat tihatrihj,ecmrepfaEfé deltsainto agpansiion niare affective

ild . d t f th
e b SRR s S ngoRTE pEa ieegs of dftiadupGe BS clls
mt()e&l%gﬁcéufﬂ'i A s @éﬁﬁﬁat@’iﬁ e §ib@ et Eﬁbr‘y@ atn|aepostnatal chimera.
chinera. Fromthé same chinera, e spinal cord

(Secoapplieatiasrofdeigipieid béasmwam@ctmr@wedag&mgatlan Mtbdcte@é@ﬁ tmorula

o Bk TEPRT ST i FleBrbieed IjElieRie igLbP foov Bs cat

defRéd it hag ofteh geRaN dh QBY bEEtoMesteinfdRE6k tedhniduk Sh@ulifl certain
be noted that this chinera was nade with the BK4 ES

cirgamptanges edegiving: Sush gies Wk i seliewableysing agygegatiap ichaigues.
into C57B1/6 bl astocysts) and the contribution of the
ES Cfﬁiﬁs 5' &% ebEeﬂ*lﬁgr%ng O b L@g@%npy%ﬂ@?t &RLE rl)ac}éml‘éporter
t he ollgoden rocytelineage udge requency
_consftn&m:(delsn gxmtedﬂgFHm4a@H3ébq}36)slscsh rggveohsegtodezid chimydras) with 100%

SR} FreAt oy CTLATOIE CORREHETRIT b adb LR A plslge o blastocyst
foll6REE 8§ rtﬁanEmﬂkuﬁ&ﬁ Oﬂu_e?»q&%ﬂua&no‘mtr%@ rtl?dt'BﬂiESlgfce‘Hg san undergo
principl e experinment was conducted January-March 2003

trammfevmrc thomnddegrad uleeormbinatiddNat theaHSRdc tdcosn ftttbsmléntbsqlcqﬁlon in
Hzgfl' me é% C?Tf'ugﬁli’e W { ?nccl) gléam{g;efag%go fsa Cart] Ileea\é€ c(>jneI Hll‘tﬁ c?a 1h culture

I ne

(uhtilabsdseetad fé‘lihiahoﬁ))’l @ridk  toherahE¥Rintataing ehtin gllC Oﬂﬁsf(n[alxhﬁ)t Sufficient
- as designated . in the figure and described above.-
depglppwantAlg pefsatialdp domingienial chimpragrasneratsdausing ghig gopdlastocyst
mj@%@‘?‘ uUphbgcted to selection for those in which the
ocus had been repaired using HAT nedia. N ne or
el even days follow ng transfection clones were
r ec Ohlerreale ARREwpldrigiedES el ]jﬁeSJBPE&JcmlylsBREﬂ-D@Wortg)th gave rise

o R DR OB e e GeAdieale DRy bt IOk orepyy coats
usmgathe \ﬁ/gg@gétfoméahﬁwee&s&&ea%sd@ PreoRamt dbeBRdi@testtRat multiple
BPES cell lines maintain excellent developmental potential such that they can dominate
in the composition of chimeras derived by in vitro aggregation techniques with morula
from the C57Bl/6 inbred strain and that the HPRT deletion (transgene docking site) is

not required for this developmental potential).
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in utero devel opnent. New born offspring dom nated by
transgene bearing ES cells were recovered between 29
woands/@Re6days foll owi ng the transfection of thedNAAIBRRAI0998
geting constructs. EXAMPLE 4 - Re-targeting of
AE HISEENE eSSIOPPRT | ocus in BPES-6 cells was

A By B () 3 q 2 eSS

successfully re-targeted, which lead to the recovery

of . ' jne (6 T- el ection
b T PR A B Dy AR AL By T BH8EL Bt vas
analyjsed frechimietds it il 0G| age6ti @batb.Tife Gls@IBRALYE O AN Bxpressing
live born, 8 were black indicatin

y 26,.2003.. O 11

Ceﬁg 1 RUIstpieny é‘”@%%fil@%ﬁﬂd@q%e, Bebwartheglhpnyngirogal wopulations of |
suekhi FIRE aso BEBRg WRSivad f ' i FoRAICHbLy (12N .
“as a mal e wth TV mg%g)ol \%{S’E? ?lkgﬁgg%c%gs{@m%g %g?rlafhg ES cel
lingageh Ehig s tonsiidont agiduthe. EShorgin efuthé costing tgerh et hidtsimilar
it her mal e BPES-6 cells that contain a wild type HPRT

4781 e can besel ected usi ng 6 T-G containing nedia for

the | oss of HPRT enzymatic activity and such a :

S Ur VHi¥ioBlerfic ANRtPRbA bR RS d ARiBEe 98 ing ES

potential in chineras 'g([;fah vCed fr%m é@yﬁﬁ@ﬁ%%snb?aﬁpg ES cells
witls FiBR/Todocked desss teportExaBUEcts HistohethmalAgginagataoperférmed as

LSaw,del y. assuped .t hat 1nj [.0 ES cells into .
depchioth CFCVORRT (PR et or (L BOD 0T, Nefrsairacon ey, mice were
anediiptegdt gl QerfiRdC efrdrsctitaly ML 2083, a LR 0

i nt roduci ng %ﬁé cells into chlymsrla such tﬁat ﬂ?ﬁ\eagfehyde, 2.5%

gh&ﬁﬁ_‘ﬂ‘ﬁhﬁ@ ith Oglhn M sﬁlﬁéﬁtﬁtﬁe huffertly o7 Andioblowingapast-fixation for an
odSLAR P VB BBE DL R so Rt SBretuPartof G e dp stining
sol€ibh \centAlitde ik ?olasﬁhlhn@frﬂ}%nidézhﬁﬂﬁﬁ %Bﬁssﬂuﬂ ff%‘rg@cy@ﬁﬁit:; 2 mm

generation of 100% ES cel | derived m cée has often
maeaesiwy droridee 025« Nowidst Pr4), eodi bh mgiuh BlaeGat iSsigeja).i Stained

tain. Ci n el I Vi such m.ce s _not .
W bl EUTERS 2GR o oD nF s on gdEcons 1 wilds Msa
stepmaricrogcopee of two di fferent HPRT docked | acZ reporter
constructs (designated NFH -4 and 131bp-5) both gave
rise to male chineras with 100% agouti coat col our
Mwm%ﬂth C57B1/6 norula and culture
to bl astocyst followed by transplantation. This result
de str?te that BPES-5 cells can undergo .
t rangf SROWIh k| 8o B SURERAHBS Higt TiegiHtsarf stwdiesipRWhich it was
10 S I ' .0 ja ~CHl turne
T A R T SoiSe, K aeakfic Mies TR e B b g e 7
construets linta tranggenicilinebbisisg BEESLS dadlsmat i on) prior to
transplantation and still naintain sufficient

In the case of the BK4 cells, in an effort to maximise the chances of obtaining
germ-line passage, on average three independent HAT resistant BK4 clones were used
per construct to generate chimeras. In contrast, when using the BPES-5 cells only one
construct-bearing clone was used per construct. Also, as many BK4 derived chimeras
were bred as possible, also in an attempt to maximise the chances of obtaining germ-line
passage. In contrast, it was recognised that one good chimera derived from the BPES
cells (based upon coat colour) was typically sufficient to pass on the transgene to

offspring (and usually in the first litter). In addition, 44% of the chimeras mated (not all
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devel opnental potential to dom nate in chineras

generated using this non-blastocyst injection nethod.
wortves/oebe HPRT wild type ES cg{l |ines BPES-7 BITICA2004/000998

BPES-9 al so both gave rise to nmale chineras (born by
seCetdr todre ﬁemttheriOO% ESi rleritel] cAOQBY) wdviehfiriOBferagiattwere derived

0 t usin e.a t echni que descri bed above.
en%‘ﬁ‘% ¥ 1ogLpe %‘h‘fg Pt @estg H8E285ul tipl e BPES cel | |ines

mai nt ai n excellent devel opnental potential such that

t heyA Gafeiletnaidh 6iNtht kQ1aGABASK (#4188 2Rl &P RSndicated below
derived by in vitro aggregati on techniques with norul a

the compensoncH 7Be twojtipaseefl esllp.aMhatthds doest nat heﬂeHPRme the additional

Lar gn s_.hot |red
Cﬁlgﬁltgé%eé}e? gﬁ?rg) eEéj? éeﬂr(lst Piafhy rﬁgg&R)P née%tlon i‘n%sg]élﬁedoaccess to
anakpisagshe¢himhbeas Iﬂaﬁthﬁllir’fg &fly et premaiifmtiyf ENVBRISEE thakeduction in
pronoted lacZ reporter constructs was analysed in
tlrewq‘aerrs%t%q #ﬁormdﬁ%é@a&&am&?@wlwe The distribution of
transgene expressing cells is consistent with the

ol i godendrocyte, Schwann cell and neuronal popul ations
Hﬂ&hﬁﬁdﬁlﬂﬂﬂﬁcﬂ&éﬁ%ﬁderi ved prinarily (more likely
exclusively) fromthe ES cell lineage. This is

consy 3Slt &RtreM El%néshff \Jésoe%ﬁ | @i0er® iﬁtp%ﬁoc%rﬁer?g] eef‘mo?stratmg the

germlines in simlar chinera: ochem ¢
higli EB- ogﬁllmeagesuodaﬂmtlantqhmnt:ms typicaltiy hed a80%egoun go£§(Flgure 10),

cells with HPRT do | acZ reparter construct
fewr&%?ﬂ%tm%ﬂaiﬂxp&sa? 3‘%}3@%@ Pgﬁ%&ﬁr&egechéelé PpBation (See, for

exﬁfn@}é' kY 6 Q)’I:‘F%ﬂﬁaﬁét A1 2@b3)(ﬁ%)osgren£\ée?§(§§f1@Qel)o223), germ-

Br i ef , M ce were anes het’i zed and per used
hrterteamsmsssl@n@lcwmﬁ koot %P/@fﬁ'aﬁ%ﬁttﬂrmcwdahy@eratlb BY%himeras predicts

e O SRLE R B iR R R e v6Ra Pour . ol e

mounts or tissue sections were inc’ubat ed at 37Cin

st ai THifbigh Htd Dinea@d tantFbigbrdfr 6 tRO EB%8114/16T the present invention
ferri cyanl de, 5 pm potassi um ferrocyani de,
haggalsoe BF NP RIST 54 @eprodu@m N@ﬂ‘i awerted 4y, Nalgiso 34\ rfg cammercial

traﬁls%@u&lrw@s#&mr uéﬁghﬁﬁg ede@ﬂ{eg hﬁgﬁ?' mens and

e Sections Were vi ewe on a
stereom croscope. EXAMPLE 7 - Conparison Study The

EX@MﬁéE I@.o—vﬁ()*%. %ldgoggk%cgnﬁﬁlgg% |?§ §§¥it(9§_1e¥‘ %‘?Ilfllgl tI-fPleI‘

constructs into transgenic |lines using the BK 4 cell
| i neBRESH6 7eells, lacking the HPRT deletion, were used to target a regulatory

module (Mod3) in the 5’ flanking sequence of the myelin basic protein (MBP) locus. The
Mod3 targeting vector had a 4.6Kb right arm and 3.7Kb left arm of homology.

Structure: Left Arm, LoxP-Module-LoxP, pgkNeoLoxP, Right Arm, pgkTK.

The vector was linearized for electroporation and 40 pg (0.45 pg/ul) of DNA was
electroporated using 240V; 500uF; 4mm cuvette and 8 x 10° cells. Selection began on
day 2 post transfection using G418 250 pg/ml + Gancyclovir 2 x 10°M. Thirty-five

clones were recovered on day 8 of selection.

Based on diagnostic Southern blot analysis, three clones were positive for the

anticipated targeting event. Chimeras bearing targeted ES clones have been derived.
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constructs into transgenic |lines using BPES-5 cells.
In the case of the BK4 cells, in an effort to maxim se
wa tves/eisersces of obt ai ni ng gerﬁl i ne passage, ACTAVANALH@0998
t hree i ndependent HAT resistant BK4 clones were used
per Tusstudyctemonstratesr thbe EShéstr af the presertt indentionnedn support
usi.ng the BPES-5 cells only one construct-be
R QPSSR S SDIREEDOUSAT o 1 Bl i BRAMBP 5' flanking
sefl@drc¥ed chimeras were bred as possible, also in an
attenpt to maxi m se the chances of obtaining germline
passage. In contrast, it was recogni sed that one good

EXKM‘FL? 1@QVA¥%aftfoﬁerﬁ_z§§$&FEs cell's (based upon coat
cient to pass on the
transgene to offspring (and usually in the first
Meihodssr) . In addition, 44% of the chineras mated (not

all sel ected to be fromthe 100% ES derived cat egory)

av irsf litters that erived entirel) 0
gpef‘(r;nE c%fﬁna?fb ° rcglr'n&{ 'ﬁcq égmﬁlﬁggd{é’ cx‘/‘fd F'&?Qﬁe@ﬁtﬁp‘é\lﬁ%ﬁ —9.5kb
andf-9t0x® dreldadctived Bf Fahidi Q0DBETIRNEbnSHRANDN8KD hab Bgénqﬁb@&ed by
bel ow t he _conpari son of the two types of cells
addings $blr PRBtpredyqt apstreameSachlesites @F clopp af. 9&b&mfmgb&) To clone

t
Iy P e,
claredyin Foo RV eitkoof piamitylly ve&Sr Stfakpead)d ICE subddishdigweR ligated

tlma r q |red to go fromDNA to a transgenic |ine.
PERGAVPIOE the hSeyireraper iR GeFErs BrieMalion|asoElia o ehdegsgous MBP.

Erﬂ@vveecﬁ)? afe glel| 'fé/ﬁB Qf@trd f&@mﬁl?l?itl&? 'BPRY DQEHBHJ?%@C@%O&' Bt include

the high ES c | i neage contri ut| on,

homobogyadrins ﬂoa&ileol)z&ag using Ld?omcembiﬁagon ecatd)n kit €Pathgane). The
strutse resse in the majority of the rgete

rrgE BN 1FotBY S EaBfef Aot isertnd Fodkiierdhy Al
25ab 48lig ale236Blo thansfiBUEDEglIsence 23(32): 10214-10223),

germ | ne transm ssion occurred in 89.4 %of first

litters and the sex ratio of chineras predicts gender

conReriyasion; of Gansgsniq miers plranteedict anmpls trarng sepgusts in the
HILT RoBE sEWER denbr RO RRLLTSE RGBTSR g e
HERIT pargetingt dassettaxinto BRE®Stcells. Worhbﬂeg%issr,ec@ﬂbmﬁtlon sslmultaneously
conme C|a |c serV|ce provi der usi ng BPE
regteres 4 "a§1°{‘i’ ?Iili%gd ces dn eellpentpngerts 2 sipgleicepyef the reporter

colf@RRMMHtH ahd BPrat SL%hkl% hegiod hREst5iRE: é } h BPEPRr %flgljes%mn confers

| acki ng the HPRT del et wer e use 0 target
resigtanee atooH Trseladtison( W@B})amlmd: henoptetian kiyngdmey (Bronson et al.

(1&66) tlll';]*gc Mz%ljcrc]zd%%? s &f; 99|087_(75/EP errlnl%cl:rlljgspos-{tri]\% selection for clones

derived from the desired homologous recombination event. Following selection and PCR

screening, cells were implanted into E3 CS57Bl/6 blastocysts, which were then
transplanted into the uterus of E2 B6C3F1 mice rendered pseudopregnant by mating with

vasectomized males. Chimeras were delivered naturally 16 d later.

Histochemical detection of B-galactosidase activity. Histochemical staining
was performed as described previously (Forghani et al. (2001) J Neurosci 21: 3780-7).
Briefly, mice were anesthetized and perfused transcardially with 0.5% paraformaldehyde

and 2.5% glutaraldehyde in 0.1 M phosphate buffer,pH 7.4. After postfixation for 1
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Mod3 targeting vector had a 4.6Kb right armand 3. 7Kb
| eft arm of honology. Structure: Left Arm

woLmRFBdSEOU| e- LoxP, pgkNeoLoxPy) Right Arm  pgk BCT/dAm804/000998
vector was linearized for electroporation and 40 ng

- add@ighal AalrMvholefméMNs ¥RGis@lRAtIrEARIRtRELEI SEABNEHEYE incubated at

500nF; Amm cuvette and 8 x 106 cells. Sel ection began
3Bk Wastaipingosalutiorapaiiapingon nNi pRiaHTB fersgyanidarS mM potassium

fegf}%l a¥1?de 'nliMZhaﬁa(%lijeguglfM xF el 63()2% N faglgﬁgﬁ, ! ;(g 40 é/rlné Bluo-Gal

over ection. ase
(S@ﬂi)mwmmg/ﬁﬂ ofNabyigbstissudse@dond. ones were positive for
the anticipated targeting event. Chineras bearing

targeted ES cl gnes have .heen derived.. - This study
deno E??‘éﬁaé‘gntoﬁa@' %%ﬁ'&%seo?“'tvﬁé gF‘éE%HFWieﬁ\Y@‘i? ﬁb*ﬁe“ed from

mSRMiRYE m@gﬁapmh@]gqaa&dnﬁﬁgggw A9ShABIS arAHLRRABRA Wy mixer
Si te, In this case I ng sequence.

mBXapfirEud (Qiageppmitbat iromutsf bES @e|2|5@ul|\,@ﬁ hoewsbuffer. Total protein

coppaigpns Ve Bt RSl e R n AR Bleah! e ARG Socedure
(BZ&@(%d) I&lﬁ%@m/x lski@tlard Ar8IRbgalRfoshREH aBhIYURAdA¥cted using the

addi ng PCR product upstream Sacl| sites of
G@lp@ﬁegtar ghg@ﬁurpg@@ceﬂt fshaB) .systeme |(Apeliggb daiosystems) according  to

mgﬁﬁ%étﬁl%gcﬁsﬂham\ﬁﬁ \I’lt]{ ?&%d%gn %re dedagn Eglge\é@%én @%ﬁlﬁl\fnometer

(D}E@i r'Pdcnyiegicqr C(]ﬁttﬂ]@/t a‘gﬁ)’]estan&ﬁﬂil cusuds- dermigasersived ewith serial
gat ed upstream of hsp pronoter in reverse
dlbmoamfal%wgehactaeé%%edRﬁalet%lagwa@% htstdonggipre, By dyliqats:
are used for in vitro reconbination in HPRT
rR&EgLI nation vector that include honology arnms for HPRT
~Tocus using LR reconbination reaction kit ,
(Stratagene). The final Destination vector is
Inganppedieseguasquenpedsoas rozs! mingplenveasarvahademéniewithinddod4
by Agel, 25 to 40ug are used to transfect ES cells.

Deripati pO e n n i

bear?}%’g l\ggnsgr uca?ﬂ&% Q H%ﬁp%‘?“%o?k?‘%‘g {évlg egpmsg?é ee%i modules - of
hgenenatetdayertdtansg>e00 bp fat oﬁ%DesﬁtitymHaﬂradc enalt (2008 5J Neurosci

bear i ngét he HPRT targeting cassette i nbo BPES-5 cel | s,

235081 i hisModelsnhi WACH RlosEstRs| YAMEBRISY roancsF égtwlﬁé lies 9kb
S RS OB SR P o P £ rions
were gixtmdedRes tap aad icbickaf sddRBiceexpd egiio thec4ll lgr of conserved Mod4
seQuence, the percent identity observed between mouse/rat, mouse/human and
mouse/chicken is respectively 91%, 76% and 56%. For the 3 mammalian species, 22
invariant motifs (M) of at least 6bp were encountered (M1 to M22 Fig 1B). These total
213bp. When this comparison was extended to the chicken, 7 invariant motifs totaling 54

bp are identified within the core 241 bp of conserved mammalian sequence.

To determine if the Mod 4 sequences from human and chicken could be
recognized productively by mouse transcription factors, such Mod4 sequences were
ligated to a hsp68 minimal promoter and a LacZ reporter gene. These constructs were
docked, in single copy and in a predetermined orientation, in the 5° flanking sequence of
the HPRT locus (Bronson et al. 1996; Farhadi et al. 2003). Despite their diversity, Mod4

sequences from both species drove reporter gene expression in Schwann cells (Figure
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resi stance to HAT sel ecti on (hypoxant hi ne,
am nopterin, thymdine; (Bronson et al. (1996) Proc
woNabs/ooserd Sci US A 93:. 9067-442), permitting m:svmmmmom%
sel ection for clones derive from t he desired
1 homaé eBRKen Medankpoaér @hs eNeéntduriii®|rhytinngatseht@st in0pre-weaning
and PCR screeni cells were inplanted into E3

ar@@alwl@nbboa%ﬁlafc;giog@q»ﬁil\éﬁ%% g manggnghmanscelofds reporters

P‘% F1 m ce rendered pseudopregnant
ar%g%?’{ﬁy &{% 5%20 om zed mal es. Chineras were
delivered naturally 16 d |ater. Hi stocheni cal

Deelguidnmi refuldrioyadndaboSH delemcact i vity. Hi st ocheni cal
staining was perfornmed as descri bed previously

Forghani et a 2001 %
(Br i e?‘l’ Vet {R&P é%“t ﬁ%{}b ‘E“é’g&%\?}@% ]FQ3 gléaec?“en"e of the Mod4
(design3sarsiA )l hniod édmﬁné%oﬂ@r Mmrtmg,@hmct&vala ing-rafée, fetuses at
gl ut ar al dehyde in 0.1 hosphat e buffer, L. After

Ebi)%taﬁd >Edt8i5owet€o$nabdﬁdllf9i Efﬁ@lact%lsﬂﬂse oDl ah@ geges and spinal
t
rog*fc?él Sn St 89'%1 el ustel on cont §8§ (ﬁgﬁgewn%; %)o]%igésdg@etﬁfnguﬁﬁg fetal

dd‘verophﬁ}{@ﬂhdﬁldu@ TSCMV@@I @a8K4 e fa%ob@téyiawnﬂemuﬁlpw/laxons, myelin
magnesi um chl ori de, 0.02% Noni det. P-40, and 0.4 nﬁ{m
el@%ﬂ@ahax 8oy hegunoand) MR/ va- reafﬂaxolezhas figt qepuerk Thus, the SA

re%C Gleli Oeporft ABrshrals gf%m%fnstpat & o&x@é&cﬁﬁﬁe d%%lb%{lﬂg@(tal pprogram

l'ati c nerves were dissecte e mce
suggetiep that ﬂegnjatody neduengsnocA@l Satsjole A dimeit MEBP gapiegedn in the

usi n atus(Qagen) Wth 2 mnute
eaplys e?ﬂ%(%’b‘ﬁpn(ﬁ?l?%rgl%ffer Total protein
concentrations were then neasured for all extracts in

tri phé edd1BatlpoktitaBeAHERIh M@@@M&@gﬂﬁe@r&e&r BSshectd whole

BSA standard curve b-gal act osi dase activit
mdemtezr@matms YFTe hbta@@ dearp n8ea At B%eRﬁq, A n mﬁhs aad yyear of

a%e Eﬁt& res§1AH Rvase gt }p %X%Etggl%) ataﬁf A% gfgtht i ggﬁ%{sﬁ% ﬁiﬁcreasmg

ons w readrl ngs on a

siphiRcdntlyl di@ngtthe pé@mﬁp(wﬁ]eﬁ Imyﬂhﬁgs eBibofaRan®P0Itb P10y (Pigure 12B).
St andard curves were generated with serial dilutions

Quantyatiys analysisi of fsealpgiopdase Briayholy fuaic negye exFagimicvealed a six
folack b Bl %?\}?g?lgﬁ§#h§s§ activiil o PR It ngﬁc[“ﬁ)n?(ﬁ owed by a

conparisons re tiple cohserve nts Wlt
ddvbgide ohmeMER] peakfdctnity lgeldsgoumooths oﬁmgee(Fn@ré ORB). Wi deI y
spaced nodul es of human/ nouse conservati on (>100 bp at

75% i d it Far hadi | . 2003) J i 23:
Rl Noskird b asiob afos sedeeatlos o] ot

enhancer activity, lies 9kb upstreamof the ATGin the
MO USEolMshing @ 1¥eiatiE drvielirgshi 163165, dx@a st @Rentd/Bad myelin sheaths distal

to%}?g'gr?lrs}ll gl?englsmtegrate in a process called Wallerian degeneration. Schwann cells in
the distal stump dissociate from their previously elaborated myelin sheaths, down-
regulate expression of myelin genes and dedifferentiate. When axonal contact is re-
established with axons ingrowing from the proximal stump, Schwann cells recapitulate
features of primary development by ensheathing and remyelinating the newly emerging
axons (Gupta et al. (1988) Brain Res 464: 133-41; Trapp et al. (1988) J Neurosci 8:
3515-21; Lamperth et al. (1990) J Neurocytol 19: 756-64; LeBlanc and Poduslo (1990) .
J Neurosci Res 26: 317-26; Stahl et al. (1990) Brain Res Mol Brain Res 8: 209-12). This

experimental paradigm was applied to interrogate SA function in remyelinating nerves.
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were extended to rat and chicken sequences and within
the 400 bp of conserved Mdd4 sequence, the percent

WOoiesioséty observed between nogise/ rat, nouse/ hiCarCA20e/000998

nouse/ chi cken is respectively 91% 76% and 56% For

Disisl ahdrpaoxialal 3&gri¢iRs be sciatdZndriigtain @ide b¥afihg she( A @hstaict were
| east 6bp were encountered (M to M2 Fig IB). These

apahyzgfl fgrl@tgﬁl.acmwéﬁset AFHIYILE Bhrbat Achh Wegks @]%’é’h%gelﬂ‘l‘%% (Figare 12C).
¢ hi ' isant, ot f [ 4 L

AT O P e R Rl FoppURB 170 if1ehB Bpffssed by uninjored

corarmrdraamerseq Tenceceks podieingnyj Shwahn tchBs ivbtlhe 4egment distal to the

ences f@lom human and chi cken l@oul d be recogni

seq ni zed
CIIB AR Te5erh e Hee ek AR APPEEYHeH £XPISFIon Yt RONBYRsl: Four
weBGUBDG LR WS! ByiendAlRerhforR ARG PREYAIRAIR 1P 1288 LR, the
a LacZ repofter gene. These constructs were docked, 1n
exyirergloa leophyn drstal isegraengs sdeirelistingedhai¢ Sotrawninmyed mervdseFigure
1%‘ fl anki ng sequence of the HPRT | ocus (Bronson et al.

@96; Farhadi et al. 2003). Despite their diversity,

Mbod4 sequences from both species drove reporter gene
ORARIIBESRI SHenbHp SCAWERRedaRtdugh MdddwiB-Hbinainkhe chi cken

Mbd4 reporter was silent during nyelin elaboration in

pre-weani ng. ani.mal s when both the endo%enous MBP | ocus
and HhAEISTRNE Thiledd clomentsrngb srquied fofehiagh gl targeting modulate

S '_ . 1-0n .
oSS RR e Bty SRR, BARERLALE KLl Alttes gf mice
be¢aning udjffemn? Moddprepegerecstrodts.t Flee hmtdss{abekiveginpliendtypes realized
"SA") .. Whi contains motifs MO, to 2, 1 n devel opi
RO SATPISG S 61 Stacts wigh gV g Byl s ePSescpopty Sehwann
cdlt SR rRGI RS I as@eastd Matife nfck atitte tHRER GRSt IS BE E?éalactosidase
roots | abeled robustly in fetuses of both ages (Figure
ackpmplatidovabsaved duydung ahiamals whew e¢togrmyelin forrdatiandhag/commenced
n.cell.s are a cia i t | tiple axons .
o 90 P hesP e RSk o e oh bk ehisB B A vaeaspred in

pRagamaf ntecwhs 8dold hiher tHahen Sfulf @il Thexd bindRRY dies for the factors
construct denonstrated a precocious devel opnent al

disHpgrdPE (AFHRS t Mg inaHaR fragy Inaediny masyeranee stk oBis@y in both

se%ﬂhr?‘deg Cre éd}lésgn & MRP. cgféﬁ{aﬁ%c" §n qhghtﬁﬁ?vee?nﬁdu}[e SragRs u%erlying

chwann Cell maturation. To evaluate postnat al

trenspripsei Gretafdiffien&A. Hegelat dd $Aponsteuct doAsblIdusiore active than
ol e mount preparations were obtained.frommce at

IP0PP #198F19821, 3 nmonths, and 1 year of age. Expression

was clearfy detectable at all ages with staining

| Nt emaé FapuiafGt 2egiROoSthe Mdd4CRBbdnéte WHatedS R RIRRYI th&tontains 9

in which nyelin is elaborated (POo PIO (Figure 12B).
of the 22 mammalian invariant motifs was valuated next. Three different constructs, all
bearing contiguous MBP 5’ flanking sequences but terminating at -9.5 kb, -9.08 kb and -
9.0 kb were analyzed. A marked increase in Schwann cells expression level was
observed when Mod4 sequences were extended from —9.0 kb to —9.08 kb (Figure 13A)
suggesting that important quantitative information is conferred through one or all of the
elements located in this 80 bps. While the expression levels conferred through the —9.08

kb and —9.4 kb sequences were similar in mature mice, significantly lower levels were

conferred by the 9.08 kb sequence during myelin formation.
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Quantitative analysis of b-gal actosi dase activity in
sciatic nerve extracts revealed a six fold
w@emanodead | on of b-gal act osi gse act ivity fronP@R2CA2004/000998
through Pl O foll owed by a décrease to one third peak
act iTHet studye&dcribyd bsmenédifortrargehd Theduf €S1&dBk. according to the
Regul ati on of SA transgene expression after transient
PresgBisinyendies i prden it Resformaupaitptig apabsispfiadegidator seauense.
| esion, axon segnments and nyelin sheaths distal to the
Cr usgy hlgl?cagbﬁé ?h@ﬂ{saatnﬁ @aﬂglf&ﬁ .ﬁ@ﬁtf&l@d%kﬂi? 'Sh&fication
degene ation. wann c he di stal stunp
ardiirsbativatod the dewel lo€iskilpoe those skifleé|intihe atteid Whiehithis invention

sheat h wnr egul at e ssion o eI|n ene
peiiis FROHE ETR SOmREAC b FEIR eEgods STeE Rertap shaard dividual
pu\ﬁdl&dﬂloﬁxﬁﬁént' &Q‘Sé%é!ﬂtrh?pﬁéa%%hé Bes Bﬁ&’fﬁdﬂﬁb anll liﬁfﬁwd§§1'i9"’ﬁﬁl‘ibated to
cells recapitulate features of prinmary devel opnent
beansimperated by refeeneamyel i nati ng the new y emnergi ng axons
(Gupta et al. (1988) Brain Res 464: 133-41; Trapp et

1938 Ur 0SCi L.
(1090 SRS P osodRh 1 M1l g TR 1l B e may be
vafid® ﬂﬂhany Wwap Bucts ¢drialess &6 noBﬁb%e%gar&d?dd a &palthire from the spirit
é1990 Brain Res Mol Brain Res 8: 209-12). This
and gpraei afdh aversianasnda sweh mgsiifiGagigns & Wwﬂé be @5&1938 tgppne skilled
I
in YL e BT el WP o U RO
construct were analyzed for b-gal actosi dase activity
at 1, 2 and 4 weeks following injury (Figure 12C). At
one week, b-gal actosidase activity dropped to 1/3 the
| evel expressed by uninjured contral ateral nerves. Two
weeks post injury, Schwann cells in the segnent distal
to the crush have reestablish axonal contact and
up-regul at ed expressi on was observed. Four weeks post
injury, when regeneration and renyelination is largely
conpl ete, the expression |level in distal segnments was
i ndi stingui shable fromuninjured nerves (Figure 12C).
Quanti tativephenotypes conferred through Md4
sub-domains. To determine if Md4 el ements not
required for Schwann cell targeting nodul ate
expression levels, b-galactosidase activity was
neasured in the sciatic nerves of mce bearing
different Mbd4 reporter constructs. The expression
| evel phenotypes realized fromthe SA and 135 bp
constructs was evaluated first. Both sequences confer
Schwann cell expression in young and mature mce with
t he hi ghest |evels of b-gal actosi dase accunul ati on
observed in young ani mal s when active nyelin formation
has commenced



and MBP expression peaks (Figure 13A). For both
constructs, activity neasured in preweaning mce was 3
wofobzlooséigher than in adult mce. Thus, bindi n@CIVtA2904/000998
for the factors distinguishing active nyelination from
TiFe | EMBRDIMENES c OFarEHPr ENVENTIONOANY WRIUENCAN EXCLUSIVE -

] ive or_quantitative nature
PRI PR R B S KNk B oke BN Apdasiaes's
However, the SA construct is 3 fold nore active than
1135 Bpre@aatiesT nol iforb@ st Qhdirydfit il f i
sequence | ocated 5' orf l\/bd4.thalgy cgﬁ%ﬁﬁg§6%¥$€ﬁ€°q@se
marmallsleglerived fromrt lepst thfes diffierentahbrat etbuse strains] whegin the ES
di ff t I earing contiguous MBP 5'
- fl an%lﬁglta‘ééé %b?n%eggﬁvér&lter?t@@%ﬁﬂ.i ng at -9.5 kb, -9.08
kb and - 9.0 kb were analyzed. A nmarked increase in

2.5c hmﬁlwmmeinbfeddi&)ceelsmbmati@w&bor\dﬂ% t8 R B VIE Gy neR eI e ells
sequepces re extended from- 9 kb to - 9.08 kb

(Fi giftddiopsily camprsest trangeencdockisgsite.ant quantitati ve

information is conferred through one or all of the

3el eng keaEdoh- ' Jﬁpo}gs ' ssion.
| evel gbg?gnf.er r edot hthﬂéiagﬁlot %e . (.)lﬁgkéls@ (?ﬁz c{?ﬁ&gh Rpprse
sequillelesdletieedefremmt least tivo diffieremtentried enousé gpriifis Amnt tkdhsgene

| one l.s re co rr by the 9.08 kb sequence
duri &nogc k%gft'fa’nv\ﬁ?e(g?lﬂglﬁn% .C?IF#F%X §?‘Efg93"8g§’8fe?‘% gotspliale
denonstrates the use of ES cells according to the
4.pr esBrtnanrivibret IBScelipréadttionta@cdi@iniz @6 BlafH 30r i3t hbNd6 the
anal ysis of a regulatory sequence. Al publications,
pat e%“égeélﬁ dopking pite 15 gslefetian inpriant o8 an Xotikedihypotrnghine
SpeGipbt -' .ndi [ f the level of skill of
t ho?élfog%a’lhr)g%d?{{g{éﬁ%géﬁ?k:%E\e/\lﬁel ch this invention
pertains and are herein incorporated by reference to
5.t he Brmendrbred ESasllipieparationianairding t@tlatin lok 8 advh&Bin the

pat ep or t.ent. applications was specifically and
i ndﬁ{/a:il%%egfs fi§a?"ﬁ%?1{:ea‘%é‘8’r{585 "’bg”‘?) 48 por at ed by
reference. The invention being thus described, it wll

6.be dirinobEntre@ESICER psepaRitioR YcddRdiM@ td & ddd JTRIYMYRYSS wherein
Such variations are not to be regarded as a departure
f r orfhipREassqsrived fraputhe ESrslle exhibie grentee Han$0% BS delhténtribution.
such nodi fications as would be obvious to one skilled

7.in t - ' : ' ded within .the.
ot oA AEPES L PadelGn BB KSR R e
| NVERFAYeONrdri theHE ke N x FlE duSitaFh RRIPEREYcelRoRRIbYLbIECE
IS CLAI MED ARE DEFI NED AS FOLLOWS: 1. A preparation of

non-d, nbr ed .no ryoni.c stem.(ES) cells that
8. c Onp"['rhle ggn—mbredj ES cgllirBr ara{lon accopau(ig to) claim 7, wherein chimeras
derived from the ES cells exhibit about 100% ES cell contribution.

9. A method for producing an ES cell-derived mouse comprising the steps of:

(a) introducing a non-inbred mouse ES cell preparation according to any one
of claims 1 - 7 into a mouse blastocyst under conditions that result in

production of at least one embryo;

(b) transferring the resulting embryo(s) into an appropriate foster mother; and



alleles derived fromat |least three different inbred
nmouse strains, wherein the ES cells have good
walewsioogsnent al potential. 2. The non-inbred ESPCEICA2004/000998
preparation according to cl3ai m 1, wherein the ES cells
addig¢y onahdiNtamMEhb $8sted nidtAAIRBREcRBRIGhS thabies@lt inddevBlopment
preparati on of non-inbred nouse enbryonic stem (ES)
cel | s thaflivepffepring. al | el es derived fromat |east two
different inbred nouse strains and a transgene docki ng

1051 ¢ & rioBHS oG 68t IS 000 HBNELORIBOL

according to claim2 or 3 wherein the transgene
docKang Smt@iulcmga)nd el aforomansgéra tequenaes infe nonlusdated mouse ES

hypoxant hi pe I bosyl.transferase (HPRT) gene,

The mon. iy eEpres eeifmrem%tb%%w&wgate@ay ans a} A B - 7
2 or 3, wherein the transgene docking site conprises a

| OXRb)Si  GnaiftainidPethd BR-deNPlkdEr Bshdifdrs tRAtGBAEA hBMologous
accordlng to any one of clainms 1 - 5, wherein chineras
derived frmwnlnmaéwEst th@lttaQSMh rimltm@mmueh thahaw B U B®TE
cell con I'rI ISC)Lét S r%eci dt 11

pr epar at i 6n 2L Eo reallleﬁléest age gfcgfpr% by é?rhon&%?%? kg cells;
derived fromthe ES cells exhibit greater than 90% ES
cel I(c)continitrducingrihe &sulﬂanerd&ombhﬂbfml cdlls ifillBlastocyst(s), under
preparation according to claim?7, wherein chinmeras

derived fPRdifienethpigesuli inpredusiion pf afllenst onermhrre; tramsferring the
contribu
cel | -derltr%/sgl in %@yﬁmﬁﬁﬂigr r{e?i%g%g 0 eﬁ%l)d
i ntroduci ng a non-i nbred nmouse ES cell preparation .
accdddi ngnaintaiming the fostdr mdthérmmddr condlitions thabreswltinedevelopment
blastocy und cond tion sul t roduct i.on
of at é’ié VSR yherey ‘?‘ ?Eafﬁg? ?Vre| Qd{&ﬁg lppraetelRogpential.
errbryo(s) into an approprl ate foster nother; and(c)

11mai Mmheinfethe AdeerdimgStoelaifist e, WheRin e faﬁﬁnbbﬁﬁté fédd@imother is,
result in devel opment of live offspring. 10. A method
f or aseiopreggant femalsdv@sec nouse conprising the steps
of : (a) introducing one or nore transgeni c sequences

12! Nt QAPPG4I BE%d'}gé{%@ tﬁ:aﬁls;;ﬁ- sePicc Hhﬂlr:ggtoctﬁé Inethod of claim 9 or
preparatlon according to one o alns 2 or 4 - 7/,
(b) ldai ntaining the ES cells under conditions that
result in honol ogous

13. A transgenic mouse that is prepared according to the method of claim 10 or 11.

14, A method for preparing mouse embryonic stem cells having good developmental

potential that comprises the steps of:

(a) mating a female mouse of a first inbred mouse strain with a male mouse
of a second inbred mouse strain, wherein the first and the second mouse

strains are different;

(b) performing multiple generations of breeding including a combination of
crosses and backcrosses from offspring obtained from the mating between

the female mouse and the male mouse in step (a);



reconmbi nation at the transgene docking site such that
the one or nore transgeni c sequences are incorporated

wo moshesegenonme of the ES cells; (c) introduci neCT/A&2004/000998
resultant reconbinant ES cébls into blastocyst(s),

undge) congidveARS blafidtysiListhla thouseloB it following e MERPle
one enbryo; transferring the resulting enbryo(s) into

an appr opgeneratorsqfbegedimgtnesiormedtn step) (byrai nt ai ni ng t he
foster nother under conditions that result in

eve t ' ' . j
15h e SRR ol brebas b o S B Fells hin o Elopmental
. accgiotkntigl that @ngrisethektepdof: wher ei n t he appropri ate
foster nother is, a pseudopregnant fenal e nouse. 12.
An cell -deriyed nouse th I.s _prepared according to
the'%%et hdBRtee afemaln mowse Oiﬁfr&tsl}br dt’{z’&FF‘sﬁ@ﬂﬁ tﬂthaag € mouse
that is RIraRaEGHM iRGEQ ifuSDsthdin, WiferdR tROGksCindth@bdtor@mouse
or 11. 14. A method for preparing nouse enbryonic stem

cel | s hawtmmsgoodiffdeut| opnent al potential that
conprises the steps of: (a) mating a fenale nouse of a

fi i nbr ed traij i th I f .
Lecsh T S T TButbe Phie hdgha b by P ublsdhra e
second nubsed stousd stfaigr e different; (b) performng

mul tiple generations of breeding including a

- conbi nation_of crosses and backcrosses from of fsprin
obt dFhed FeFfgrming anyiiple ggngationsl brasdingdpepdinga gembyigton of

the male M@%ﬁd&aﬁ%ﬁg?g$¥rbﬁgffsbﬁﬁ§Xﬁtuﬁint@? Sn{%é?ﬁl%?ﬁa)fﬁ%%eMeen

froma nouse oW ng-t
gener at i afstepf(blhr eedi ng perfornmed in step (b). 15. A
nmet hod for preparing nouse enbryonic stemcells having

00 evel opnent otential that oI, th t

S A A T g e R
strai n Wdeheratiol of bidpds pifoAms®iéh (cnbred nouse
strain, erein the first and the second npuse strains

.are different; ( mating an of fspring of the mating

b
16pf sthepmethyd chﬁiil)ég toiaim Lk oral 3, mihergin the madtipls gseerations of

str Yrfeding comprises a combination of 5 or 6 crosses and backcrosses.

17.  The method according to any one of claims 14 — 16, wherein at least one on the

inbred mouse strains contains a transgene docking site.

18.  The method according to claim 17, wherein the transgene docking site is a
deletion mutant of an X-linked hypoxanthine phosphoribosyltransferase (HPRT)

gene.

19.  The method according to claim 17, wherein the transgene docking site comprises

a loxP site.

20. A non-inbred embryonic stem (ES) cell preparation obtained by the method of

any one of claims 14 — 19.

21.  Use of the ES cell preparation according to any one of claims 1 — 8 or 20 for

producing an ES cell derived mouse.



(c) performng multiple generations of breeding
i ncl udi ng a conbi nati on of crosses and backcrosses

wo 2005006 f9spri ng obtai ned fromthe mati ng bet waET/QA®04£®0998
(b); (d) recovering bl astogysts froma nouse obtai ned

22 ol 1198 JT3hd BS cBl bichRfaBod) 88Fdhg Ahydne RF ERFHNY - 8 or 20 for
performed in step (c). 16. The nethod according to
cl aiprpdupingamBS celhderaied tlansgepi¢imoysee gener ati ons of
breedi ng conprises a conbination of 5 or 6 crosses and
backcrosses. 17. The nethod according to any one of
clainms 14 - 16, wherein at |east one on the inbred
nouse strains contains a transgene docking site. 18.
The nethod according to claim17, wherein the
transgene docking site is a deletion nutant of an
X-11inked hypoxant hi ne phosphori bosyl transferase (HPRT)
gene. 19. The nethod according to claim 17, wherein
the transgene docking site conprises a | oxP site. 20.
A non-inbred enbryonic stem (ES) cell preparation
obt ai ned by the nethod of any one of clains 14 - 19.
21. Use of the ES cell preparation according to any
one of clains 1 - 8 or 20 for producing an ES cel
derived nouse. 22. Use of the ES cell preparation
according to any one of clains 1- 8 or 20 for
produci ng an ES cell derived transgeni c nouse.



