;[\]"e3ed 6T , QU ESCENT CELL POPULATI ONS FOR NUCLEAR TRANSFER 5 Thi s

i nvention reummlmmlulmmumlm generation of non-human animal s including but not

being limte |1y selected and/ or nodified non-hunman ani mal s.

The reconstructi ogg;&f non-human manmal i an enbryos by the transfer of a

nucl eus froma donor enbryo to an enucl eated oocyte or one I . e
A& Porf 8085

allows 10 t y@n of genetically identical individu :
cl ear advarmmm&l m["mth research (i.e, as biological controls) and also
in conmercia 3pRlbcations (i.e. multi p1l i cation of genetically val uable

| i vestock, uniformty of nmeat products, aninmal managenent). One problem
with the use of early enbryos as nucl ear donors is that the nunber of

of f spri ng whi chQUISGENTT Gt ROPUMATIONSIEOR NYGHEARTRANSFER ed bot h by
t he nunber of cells (enbryos at the 32-64 cell stage are the nost w dely
used in farm ani mal species) and the efficiency of the nuclear transfer
protocgl . ¥Hs faintieftrelafed Rﬁth@sg%dgraﬁ‘é’ﬂ?wﬁén%rﬁwfbﬁ?dalgmcﬁng bengpi I ity
to produce live 20 offspring by nuclear transfer fromcells whfch can be
mai nt ai nedae&ing tioitedte gepeticallygaiected andforanodified mearhwoam aninhals. sone ti ne
by ani mal breeders. The ability to produce cloned offspring froma cul tured
cell line would offer a | arge nunber of advantages over the use of early
enbryos. Thesgetdnstidtiont dfenon-bduvdr earaimalian dsmbrjoeeby thé travesier ofla

of fspring over a long tinme period (cultured cells can 25 be frozen and

stored) artoens Bem F dpnere@bryaala §n epudsated,oemyis oF oseicelizygete allows

opul atyi 0 : 1S CpU : B0 '

Fegonabr ual? gnoaRor ek RoHRY Rt di AR T, e b SlBekBges 0T s 1 e

Enbr yoni ¢ IithmeseMOhq7 6036 AsolagieaT ORBGIL) 208%I26 iMOMmated dppfiatiold . ES

cells have, been |solated_ 1 n tne nouse wever as .yet t re are no reports

of devel ogfh@nmwttﬁlpem PBpﬁBw‘i'q?&vmaMb'%ﬁ\éestﬁ%m am'tvpimqaéyproav?tﬁhg

present Ul dffintal Bidhdgerfert).Ghe dr8bRI whth the Lde8f €8y erhblyasPidntifiesh have
to deve ol | he Dbl

contribute opnen ow ng injection into astocoele cavity
of in vivagrarslus dbatothes homper ©f (ANspehgrwhibh prasdbe Rerodiuted Bom 6 sihgh 568

11994),). but _no reports, of, . chigerismin other farmliyvest peci es and no
epor 115 oreBe Siuls Bonyiak He: bIber ohrls rbios 4t SRkt RRN 5od
mammal i an grpegieemdst ARdelyaiyed $t Fain difithat @bkcieshand THRY effitiéhcyeur ki
alternatives to the use of ES cell lines; one of these is to search for

ot her cel INuckeFJRANSSEN QLG ch are ably to pronote devel opnent when used
for nuclear transfer. Several reports have suggested that Prinordial Germ
Cells offer a suitable candi date; however no devel opnment to term has yet
been reporihesbnt@slt ko thenase ef eatirysiad rfuctearatonoys,ehibrability ta\peoduce live

20 offspring by nuclear transfer from cells which can be maintained in culture is an

objective which has been sought for some time by animal breeders. The ability
to produce cloned offspring from a cultured cell line would offer a large number
of advantages over the use of early embryos. These include: the production of
large numbers of identical offspring over a long time period (cultured cells can

25 be frozen and stored) and the ability genetically to modify and/or select cell
populations of the required genotype (e.g. sex) prior to embryo reconstruction.
One potential cell type for use in these procedures is the Embryonic Stem



20 been suggested; although devel opnment has been reported fromearly
"passage cells in the sheep (Canpbell et al., Therio 43 181 (1995)) on

pr ol ongeqvﬁgJ(/B%gfz) no devel oprment was obtai ned usi hg converdT/GBV02009C| ear
.transfer protocols (Canpbell et a3., J. Abstract Series 25 (5) 31 (1995)).
In order to obtain devel opnent to term after nucl ear transfﬁippt?ﬁez

devel opnental clock of the transferre@d nucl eus nust be reseT. 9%3 to
occur transcription 30 nust be arrested and then restarted in a

devel opnmental |y regul ated pattern. Previous reports have shown that

devel opmrentES)o ¢l bl afiSocssilst havecheeme inlstest inomhe wialse.ange of
cell typegduaddie h i r akbiteid e i 11 of

t hese repglrdtdsé no §%8§I %GrQéJS&I:DeCT?% écthG/ 020%86124d Urgﬁﬁﬁg%é% H:ec{;lel oprent
to term h&STHectr} EPBERSd LhPAE BISa hihf NuRYearafFRE 8w ndtnddiar

tr?nz}‘ er hf{:l(’jr‘é]'c@d?fd {E&rme %%'e'rel !i@.eg_ k4l 1%) aegokacd:gd&srglmémé)iﬁymi gh wer e
estanl 1 sne rom, e ryoni c | SC 0 a oVl ne e ryos, nas

pr evi ousl flﬁeeﬁwﬁé’gorgéﬂe( Cﬁ%BET"guE EaI to #Fe‘??*?gf@eri%l f;gﬁm:)rgg However ,
on subs_eqtia:jteduﬂdmrmtmtﬂfevbll.apﬁaabene az:avntwasfdﬁg}m&d-pfddu(;:ed bl |
conventio rotr L._pro a an ell et
ool Rt Ee | (HBETerh] REEPRd. | BT I00ey; "G B TR Y o 1 s

can be i ntl@9®datied but angunipepovtswa9$; ¢himetriysmt imn dichemostiidmm ed t hat

all of theiddudatherids o ahgehefubtl0ofalbleBEhds Yo llrire are

able to pronote el"opnent . wever, - on p onged ture during

esifbl i shiedlowing andlfax tansiqndn mnyk magmad iem ERarjesarfira® e t hus
unabl e t 0 xg@NtdsRlarig\ e Pradtl Whig{ke Used as nucl ear donors for nucl ear
transfer into the "Universal Recipient's referred to in the above papers .
Alternatively it may be postulated that during the early culture period a
sub- popul ghieae Odreecldsesrarailai adrétmafivesdi ltict ytheo peenwf H8vVealgldrent and
that this | d expl ai h ductj on of i of fsprin ol | owisng nucl ear
transfer &%ér?g tﬁ’gls?e e%afﬁl %r%;sgesa;leés. r]:I5’revgl‘a(ia\uégcnstufcsi:?lores a{{/eelle lg’si sed the
rolé of celdpwdpdlieonsoovrhieat Ave @bliehctelopvemote| devedopmens riwmpi ent 25

cyt opl asm,j h % o] S rec te I ransf er
( Canpbel | I'lle'ﬂ"rta!dtal efcg% %@ﬁ%ﬁ%od?rﬁgpgégéﬂ %%g%?agndq‘ I olz{%l%eg?a{)v. 50

1395- 1393 SugEeEdbed Thhapofsimardiidler faFmyvEeddsataffies Bo sHHakke rel yi ng
on 30 the dagdiddt@} Ghowee€t| nbi develicphent ¥ | P@ERNhaboetuderd transfer
usi ng published nucl gar tﬁ'ansfer rgioc&la gre: Zfl ril 20Q2 4 (1) to
modi fy exiFSBHgSHrcl S8t éﬂ&serB?‘ &8APESETOP LY FTRIHNIS A chromati n
of 20he domeerceshggpesnedt oadthbagh tdearslfapmerit fhast bpehentepratdedan direct
t he devel t nj (whe o] cty Lyos. by, nucl ear
transfer %aeag%lﬁgrg\%%$g?n{:gﬁgsrggi glhgn?i%é#l (dég‘l?%rgg'g' aént ea/nlu'c'l eat ed
oocyte, itTHeriche #dicl 83 of (1H2SHbnoencelprodpnged s codtpdeent )NO Thi s

i ncl udes darratddikide iy el BrBite®f @dHR- BN ol | imeanas, i e the

| acenta. In thi's definition, fertjlise ygote and in sone species
Pt vi cual et et er el GarBhehbt 85t alte ConBRItRGCITTIE® &

pl @ei pot engs)orzyru{tagmitlent cell (i.e. an enbryonic stemcell) type has been
defined as one which can formall tissues in the conceptus/offspring after
injection into the blastocoele cavity. 15

In order to obtain development to term after nuclear

transfer the developmental clock of the transferred
nucleus must be reset. For this to occur transcription
30 must be arrested and then restarted in a developmentally
regulated pattern. Previous reports have shown that
development to the blastocyst stage can be obtained from
a wide range of cell types in the cow, sheep, pig, rabbit
and mouse. However, in all of these reports no



In both the nuclear transfer strategies (1 ) and (2) outlined above, a
“method is required which will allow the reprogranmi ng of gene expression of
the transfgosbesuc! eus: such a nethod would then allow t hECTEB622099
_drfferentrated or partially differentiated cells as nucl ear donors and
‘woul d "bring out" their 20 inherent totipotency. It has mm%$)§ d t hat
gui escent cells, that is to say cells3hich are not actively p 05 erating
by neans of the cell cycle, can advantageously be used as nucl ear donors in
the reconstitution of a non-human ani mal enbryo. Such 25 enbryos may then
be al | oneddeelien®enh t@ termnhas beemyenenteshandds bartheofohdvenucl eus
uhi ch ar e oimcs Ves PbShg SRBE Yoat CCPARLELE £ PImAPEL AT Nl g MﬂaFred for

efficient nuclear transfer can be 1 nduced nucl el 2002 5
of ceIIsrﬁ?ﬁthoaPﬁeHRQkﬁgkﬁSrEE?%%SedéﬁoM?HQP(%ﬁﬁﬁnﬁsFﬂEﬁ%PBeénter t he

XUI esgent ff@ﬁe?hgh$ﬁbf?§h%5381§@eﬂmp|dﬁ tdﬁirlmté\hﬁa@rﬁt&l@ﬁ?oépﬁhhcag I gn 5
ccaording to a fir aspect o ese ntion ere i vided a
% d of PERHHYS %t??é% r?EﬁFE%ﬁaﬁ& ﬁﬁ}i ﬁg % 'tﬁéeﬁéphﬁg géﬁprrsrng
transferrrtmpsﬁb)nucHewevet aoqummMEEQuehqﬂcnktutﬁmmocéévelapmentsurtable

reci pi ent €§'éefﬂfb4§ u % d{ﬁ& & Qﬁéf i$ 388#é§?bkg hgfgran

non- human ani ma ' Nc nestrc
speci es artdrwml;%)eci%ts H&s-’;ﬂ%t ikce and)wé\lér (Camnbleﬂ-lbeewo adn, hunan
ani mal s, egpegiglby, (@PEPP”‘%@.BQ%%’FF'% _p@gt(lsqulﬁr l{ 9B53GENt fhegpmmal s,

that the greatést commerci al 15 applicability is presently
enilsaged. re$ul &S yFap bﬁg&rpéﬁé@reﬁéﬂt |1éh|aar1'}’-y‘%ri2ﬁn‘e%}’$y fipeEivnt
ungul at es s#iIchaAs peatddsuEdead. taaet%anwﬁﬁrthefhw<aefivE&Scenﬂsplgs t hat

the invention js eI, t 0o be post use ot h .as nmeans f cl oni ng
ani mal s arRPLR1ae ‘%re ing; %%ﬁg?atﬂerﬁq nggerﬁ“(,ltd’rregeﬁﬁﬁ OlIe'y RBdi fi ed

ani mal s. Ipromote d déweldpment ed t Haiweve | nmantpﬁalbageHSOchlLkai:g to be 20
appl i cabl oylou g1 Nege SCONOMERL ¥e | APOLIB0LATLATL PRE ERRRUCTEs O

exanpl e, rses anas tsT(€e The
i ndént i on q:lsamaansl apel iuis eumhblhetpr ewhnicdn dﬁvelmgmmr uheas wel | as

non- {1 ansogilg AaN-MEPYaANiRlcks TEAES RN LeaION IiiBReEN 1HAlS ERY be 25

pr oduced fronrgenetlca y altere donor e overall proce ure has a
nunber of HRENRESRL BeERPESAGE mﬁQﬁﬁﬂrﬁﬁck%d&ﬂe§h%nahqﬁﬁpPBBﬁEFron of

transgeni gAittel]?nTrlgwely cat Mayvrdalefgggtumaael?u?nat agupehg ﬂhtécéa

sunmari se Ol | OWS e ecl plents

required; %ﬁt%?t Pﬁré'c’aln@e%bc R‘?ﬁ}%ae?’sé %Jeié #&? Wbi"ﬁl onal
dorz@r 5 ce&}b:sl:.tfz;) rsmrbtp:mr@met |dewel1tapmnu)naﬂmﬂ gehatt achési ngouidd
permtted, &i??{;' A4 895:'8§d BEO'H? rVQEfQﬁPﬂée‘jf?%lw?n nvention

shoul d tra he Tel énetic nodification i ne as
each ani narlmq:‘se@lrerr:venstﬁz;miarsnSglréxemﬁzlea;sly ippssages. Prevmus

studies have emphasised the role of cell cycle co-
{ =
25 cytoplasm in the development of embryos reconstructed by
nuclear transfer (Campbell et al., Biol. Reprod. 49 933-

942 (1993) and Biol. Reprod. 50 1385-1393 (1994)).

ordination of the donor nucleus and the recipient

Two possible alternative strategies to that of relying on

30 the isolation of a cell line which is totipotent for
nuclear transfer using published nuclear transfer
protocols are:



10 contrast, production of transgenic animals by pronucl ear injection or
chinmerismafter inclusion of nodified stemcell popul ations by bl ast ocyst

i njection, or other procedures, produces a proportion of nmpbsaic animals in
which all cells do not contain the nodification and the resultant ani nal
may not transmt the nodification 15 through the germli ne;zg?@rﬁ§ OQeI S
can be selected for the site of genetic nodification (e.g. rntegratron)
prior to the generation of the whole aninmal. It should be noted that the
term"transgenic", in relation to ani mft s, shoul d not 20 be taken to be
limted to referring to animals containing in their germline one or nore
genes from anot her species, although many transgenic animals will contain
such a gene or (d¢nedo radifieexistingenteear trafifes provedubesyadl y t o any ani nal
whose germ | ine_has been the subject of technical intervention b

r econbi nant DNAZFecHHdT‘B%' .%&%fématﬂa@ﬁw gdongr ?ﬁlwrmﬁﬁd‘t‘&ﬁﬁ%Ta%F?rV\hose 25
germ ligne an endogenous gene has been del eted, duplicated, activated or
nodified is a transgenic aninmal for the purposes of this invention as nuch
as an ani Ml tatipotends eelyecan | dirext athee xdayelopsemNAf saqwole drimabe@vhaerdded.

24 ril 2002,.7 lLn enhodi ments of the iLnvention in jch the non-h n

ani el 15 canairlglite BTETHES By ucEan Reteh o eh Benetal, i a1 B BLENEHRY: donor
nucl eus mey;choRS e ePlBledted Jeyte, tit 96 RRIERT of Re AfSHr! GelMidr st i on
may take place prior to nuclear transfer and enmbryo reconstitution.

Al t hough riotipetent)j e€hisorincludes odisacting thej edavelopmenty ofheextia-embryanigral e

Phe't noendirgnoPs” Hy U alsate M i SRafiho PofhyfiissCraahs ARG st o;
transf ect i gpeciedc ndigideal dsiastahrPedearsetlse . otipdene! et contradistirdtionyid al

transfection or lipofection. In the method of the invention described
above, a rRlefiRetent orimyKipotanteeelt (igtn angembaasig stRMorelbetyper Hag begn pi ent
cell. The f i ; j | i : cel |
fype. AL SINeS bVt TR LA AN ACHEIG HE 8 SoRpliathanEpaner 1o
adul t sonshjectiorlite thevblagtososte bavitynduced to enter qui escence or exist in a
qui escent state in vivo may prove totipotent using this technology. The

i nvent'i“on therefore contenplates the use of an at |east partially

di ffer ent i gtigsthaRE nucld! tksHsher ﬁrété?ie\é @) fahar thlﬁ‘lhﬁ@ §6bve, @H{Hﬁ%&ﬁ’é I's may
be, but do not have to be, In culture. Cultured bovine primary fibroblasts,
an enbryo r2quitedi wbithowithealtay | thiei mepropramminginob\deme rexpressjorepdft bag i al

cell deriy, lin ( ro ol d, adul t . f.ibr ast
col| 1 ne Gahsieiuen phEuboRich & 50t Brolif Il te uSaBERefetaled 8 °71 e
cel I |ine siatiamMedifférentiated- dals @lsd nableap doAbry OafdELbIIdarsirex &gl itheied
below. A class of enbryo-derived cell lines useful in the invention which
i ncl udds tinBeraNtiotipotenayi ne are al so the 25 subject of co-pending PCT
Pat ent Application No. PCT/ @95/ 02095, published as W96/ 07732. WO
97/ 07669

It has now been found that quiescent cells, that is to say cells which are not

actively proliferating by means of the cell cycle, can advantageously be used as
nuclear donors in the reconstitution of a non-human animal embryo. Such

25 embryos may then be allowed to develop to term. It seems that changes in the
donor nucleus which are observed after embryo reconstruction and which are
required for efficient nuclear transfer can be induced in the nuclei



8 PCT/ (3B96102099 24 April 2002 To be useful in the invention, donor cells
are qui escent, which is to say that they are not actively proliferating by
means of the mtotic cell cycle. The mtotic cell cycle has four distinct
phases, Gl, S, & and M The 5 beginning event in the cell cycle, called
start, takes place in the GL phase and has a uni que functi 0@4Agh]132@@§i si on
or commtnent to undergo another cell cycle is nade at start. ce a cell
has passed through start, it passes through the remai nder of the Gl phase,
which is 10 the pre-DNA synthesis phase5. The second stage, the S phase, is
when DNA synthesis takes place. This is followed by the G phase, which is
the period between DNA synthesis and mtosis . Mtosis itself occurs at the
M phase. @fi esiseptiocéd Itheif wisec lasi natlede doabtss biyncadmsind themqto estemtlee has
been i nduced as we| |l those cells which are natural|l ui escent, such as
certain flﬂq'?s%”ﬁé‘%%ﬁi“ép%qﬁ@éleb%ﬂn %@0@@@PIW9?%§/RP383%"-not being in
any of sthese four phases of the cycle;, they are usually described as being

in a G state, so as to 20 indicate that they would not normally progress
t hr ough t hcaoyding.to Enfirshaspedt afithguiresertrinvedtiore ithereriapsovided @ wiethaoNA
content. O*I tured getl | s can be induced taieent er tt}ﬁ qui elgc nt 25 state by
various met h(Sﬁ%orfSﬁ' YOI rfb BR]HUREN  PR'T ﬁf@t}ry?rut Pedi® 8§r iCPHRTHY grow h
i nhi bi ti Oftré?fs_féﬁiﬁgﬂﬁé AucRUsYf LQNEsEMIdRSIsIddbndricen aitbl &/ stifiblé psisiehen of
serumlevels in the culture nmedium has been used successfully to i1nduce

qui escencecelln both ovine and bovine cell lines. 30 In this. situation, the
cells 16xi t the growth cycle during the GL phase and arrest, as expl ai ned
above, "in the socalled GO stage. Such cells can remain in this state for
several ddpsprimesie] the iheagion eppplicatde upoall tiom-lehbh aviiidls, ' chiding!| at ed
when they re-enter the growth cycle. =~ WD 97/07669 PCT/ G B96/ 02099 24 April
2002 9 Quikitise §HCh @ dorestis fowl, amRhiliasPeciascang fishispesies: ITREaicest at e
is the poi LWt e s ¥l ; ]| i tiate.
On qui esceﬂrpc\"éé\}a?h'r’nESrNblg?Aéott&)rfr'v%)ltn 2%% ??%&%ﬁ%@bﬁgvgqggﬁr@ r@%g%tghﬁgﬁl "t hese
5 i ncl ude:particupiiys planeytalt edamnzdlsr i that the | gresdeste ntommieesially edseful on or

I ation i 11 t el t [,S,. | d t eol ysi
decr edSe (APRIEAPLDY | Bt | IFSBRY | FOYSAGSH. 1 I 1oy aNirbr ORAMSISSs LIRATTARY o

reducti 0”_édbnbﬁ’iiééllyci?ﬂléor@\%ur@u‘l‘aﬁ@grﬁ&ﬁtéé)ﬁaﬂlfe, LPeB ! Méé@?%\ﬁﬂ@ﬁbuﬁalo,
accumul ati on of inactive 80S ribosones and ' chronati n condensati on

(revi ened camelsiasidopigs that thedoventian istlikely iealbe qrast usefuli bethzas armeans31- 365

Fol | ou ng 'OF Sl HiRals Bhd e athBahe 370 otk il fagfdetic Hddheteaficy” e
GO stat e irpodifiedCiriinals. W showule ldisalbéfrsted thatt therinvargtitssissals b dikelyhtosberay
provide a nucl ear/chromatin structure which is nore anenable to either

renodePl | RPPARARIS: to eptheGr SRANGIHIGRY ¢ iNaPerEANt  ABKPal SPEEIES SYEBPPESHTPT | n
this way, Lkt C i 1 he qui escent
state, t he%hﬁ%%’a’t’lf&r?gé'f ﬁét}ﬁ%él;@gﬁ@{s %?ﬁ]?ﬁtes ﬁjo'#l@rengrgga l(Ig,*'itér'mdi fied before
enbryo reconstitution or reconstruction such that the nuclei are able to

direct devel opnment.. This differs fromall 25 previously reported t hods of
Ul ear ¢ riaHoRBENiA i sEuale apRReARIE T 157 RIBHARIG0LPT Calisoarion 75 YIRS or to
the use ofphdfgaf€ddriic HONONGMEAT arlRTHN. STrahlgeARChOH-BlMaFE bhink s Wak§ hbd he
nucl eus fromthe donor 30 cell is transferred may be an oocyte or” anot her

sui t al?5e qupHucew drqm eganetisally atered donioetogllas Thief peeralitprocadwre bas a

devel oprrenr%unr]rggr %‘? é’d?/%qltagjerso'gvgp C%%%anﬁénarreﬁr%%gaal%sl for Wg. %%&)Jc%:% of
transgenic (i.e. genetically modified) non-human animals which may be
summarised as follows:



to PCT/ G B96/-02099 24 April 2002 through netaphase Il, to zygotes and
two-cell enbryos. Each has its advantages and di sadvant ages. The use of
fertilized eggs ensures efficient activation whereas parthenogenetic
activation is required with oocytes (see 5 below). Another nechani smthat
may favour the use of cleavage-stage. enmbryos in sone speC|Q§4 [ngfxtent
to which reprogramm ng of gene expression is required. Transcrrption
initiated during the second cell cycle in the nouse and no maj or changes
in the nature of the 10 proteins beingf%ynthesised are reveal ed by twoj

di nrensi onal el ectrophoresis until the blastocyst stage (Howl ett & Bolton J.
Enbryol . Exp. Morphol. 87 175-206 (1985)). I n nost cases, though, the

reci pient cell {1y | Ifewer reuipieats. wm?od lteqiuiredr eferred that the recipient be
enucl eate. Wile it has peen gener assuned that enucl eatjon of

reci pi ent oocyt(g)s i MAIRleBNIeNgICs é'F‘ rsovay neyaledsesipg glonal AePer i s no
publ i sged experi menta)s20 conflrnatlon of this judgenent. The ori gi nal
procedure described tor ungul ates involved splitting the cell into two

hal ves, one of (8hi ctsubde geiriedibyaltecatlm ngehe targeting\isl perdutted;Nat ure 320 (6)

63- 65 (1986 has the di sadyant age that the oth Kk
hal f V\,i(ll zé)s@?l > 'I/g?‘e S aﬁﬁ%@&‘%{b;%’?‘ NRS Brepatad: bY Hee  B¥eRYbn i n

vol une of the cytoplgypmd %ré?f%'rﬁlﬁ\tﬁé Fél’e\i’afrﬁeb@ﬁéﬂce rﬁ&ﬁflé&?dnertlﬁ‘roﬂph the
differentiation of the new enbryo (Eviskov et al., Devel opnent 09 322-328

(1990)). 30 More re@sfm jine ¥ eackranimabde derivedhtion aesngl@seuclens,am enpt s

(rst Horar body andenieshisoeion.of PR AREYY pietBeledtateedn ' "
net aphase |1 appar atdiscHitmefighp Qﬂeﬁh@lﬂ%uﬂﬂ@if hestlifiesten &er?w ationé®y
971 07669 11 PCT1GB96/ 02099 246% 2002 Biol. Reprod. 40 1027-1035

(1989)). Only with tM@StQ@éStd'ﬂJ Heathes Bfmﬁdﬁﬁ%ﬁfwe§%éml%9ﬁ2) was
a met hod provided by a Wit i rmm
reduction in cytopl asm d vo ula% Mﬂﬁ\oqodé" gel dg%tad}% e rocrho%£I r{"

173 (1988)). In |ivewmiddkespssiiliaat arinmali mayr ababiransrhig thBt hnddlﬁéaﬂdrutl ne
use at _present (PratBrou irst J Reprod Fertil. Suppl. 41 125 (1990),

West hdSin et al ., Pcﬂfmwl?pan) 42 176 (1990) ) . 10 ( ' There
have been very (pw r@grésn de 88RCIAY A5 MR IRB! GREBASHC MR

manmal s, wher ea(s?l n anph (lt;%n ar?s l|érrad| at ngan vmetﬂagPtréw % '(é)gs used
as a routine procedunteg(@mdmmo@to the géneration ofthe whole ammaLS 311 (1960)).
There are no detailed reports of the use of this approach in nmanmal s)

al t hough during the use of DNAspecific fluorochrome it was noted that

exposure qf shewdohedAbEdethat the! terirtraisglenid” gitt rélation® nihitag) sHoukeaends
reduced the devel opnent al %tentl al of the cell (Tsunoda 20 et al., J.

Repr o@0 Feq fakendo beinitadisieferring tp annatsegardainingain theiigerarinereng okel | s
to which t -
7 ooyt o a1 SEenc bl AEHRIPohRibs SARAISE by PRI aRe AP ace

preacti vatc&xhtmncwm aAgeneastgenest Rdther, rtheitprmntefers more hinchdinttedany
nmet aphase || i

activatiaon take | ace at the tine of transfer.
ALt or nat i RN SHNGSe, S6rTibie RasobEeR; Brcatbipet of teRtRiceLtarERloR Mt od
net aphase bEboRBMEM: Dmttéé’l?ﬁdl 3@0 Y eka lé"é‘ﬁ%n S 3RHAYiIn \ﬁﬁose

descri bed above enucl eation may be ‘achi eved physically, by actual renoval

of t h&5nucderos linpran rendogenoks mmMebwratdeI@edthn@ﬁedn actieatedcopi ent

grel ;)n ot ﬁ;ré\éaiftghE%%éﬁ/qsgéHﬁ:pﬁqa}ﬁ\@E{oé tpe pu ls'ecsacgf'tﬁlrs] lr(?\];enLHotnrgsV}n?chﬁ asrzs‘lanOII ation
animal to whose germ line an exogenous DNA sequence has been added.



WO 97107669 12 PCT/ GB96/ 02099 24 April 2002 Three suitable cytopl ast
(enucl eated oocyte) recipients are: 1. The "MAG C Recipient" (Mtaphase
Arrested GL/ GO 5 Accepting Cytoplast) described in our co-pendi ng PCT

pat ent application No. PCT/GH96/ 02098 filed today (claimng priority from
GB 9517779.6). 2. The "GOAT" (GO GL Activation and Transferq-apsi Ybb2

(met aphase 11) oocyte at the tine of activation 10 (Canpbell et al., Biol.
Reprod. 49 933-942 (1993). 3. The "Universal Recipient" (Canpbell et al.,
Biol. r Reprod. 649 933-942 (1993), Bi of . Reprod. 50 13851393 (1994) . 15
All three of these recipients would result in normal ploidy when using
donor nuclei in G in the reconstructed enbryo. However, recent reports
have suggelatadbd:dhaterﬂs of mmrrt\neotronﬁn wiichnthd aonfhuomarganiesalds transgénicar e

bl h | d ph
B i b DOl P SR o Riar B o
Munshi 5 J. orcﬁ{dreB!rQh?geWeé( %d5ﬂ=ﬂa géﬁ@ﬁé)moaﬂﬁ@éﬁ’é rRay %R@%!QBe%rﬁHrORP”' on

of enbryos w deve when usin Uni ver sa ReC| pi ent’
post ul at edhudbear transfensmrd)emuryo reonstitutioonAlthoughy nhcrghn@trbe,vahaiomusva

h f i f |
oel o ont SoaREtio a8 b, SoiSAG RTPRI QRS of & A0S chalibe %aacﬁsﬁi%, of
devel opnenhethdd @mewm@&h@am%e rmrénrueﬁn@h@ﬂﬁmﬂéa ks ther\RetP@BBIogy

identified, it is necessary for the nucleus of former to be transferred
to the | atmess iassfospatiomi @htrrgnsfﬁqmrEahectmran%ecansalaorehﬁe@sesy é.dsi on.

Tir ce ot AUFFLRSISHRONIRL ORp R DL BEBRR o (o 1 nauce rusi on arer (1)

exposure of cells to fusion-pronmoting 5 chenicals, such as polyethylene

gl ycol; (2) the use of inactivated virus, such as Sendai Vi rus ;_and (3)
the use offndhedspethed ofdhe r'ﬂMe&‘ﬁ'PBr?eSQUb@(BBQ’M‘Pea Bﬂc@éﬁl'%trﬁash'@dofﬁorﬁr%rmtr ng

cheni cal s ?qgr t%}g o%‘ﬁb)’%&h!{ |é(r?t0ée||0"I'h8td§‘”er ereﬁrdosrsanét%gfrg:??y used

procedure usi on o tic cel as not been w
wi t h enbr ytos a mmmllaretdqrioeneelgltypel Alb detisi ofrmomsalnkawsia,quey inclushimpse t he
per i od

|1 f dth b bl h
Chem dB" SnBihiertostalbahd il Solticorli  Waeh, fan e nGEHd, g Eekanka
et al., MyuieSHcetor &83t inZPq @rbg,céﬂ@stéﬂeqﬁrl%)/o n|1£'¥ BYRRY {0fBBleht Usiry fﬂi’é’se

enbryos i hacti vated Sendai VI rus provides an I cient neans for the
fusi on of teehnelogy.ohhemventian theprefareagontaraplatas therusexoh av at least mntlalIySyrrp

Voo o el BB e B Y HrBh R BB R TRL BB oy (e
sanme el ectridtChaves ttb rbd,aini edlitirBAICUIRIred asbvire ipithirg fitkbblages nai ignifgbi vat i on
(Wi acCj)senderlved ovine cell line (TNT4), an ovine mammary epithelial cell derived cell line
(OME) from a 6 year old adult sheep, a fibroblast cell line derived from foetal
ovine tissue (BLWF1) and an epithelial-like cell line derived from a 9-day old
sheep embryo (SECL) are exemplified below. A class of embryo-derived cell
lines useful in the invention which includes the TNT4 cell line are also the
25  subject of co-pending PCT Patent Application No. PCT/GB95/02095, published

as W096/07732.



25 Nature 320 (6) 63-65 (1986), Prather et al., Hol. Reprod. 37 859-866
*(1987)). In these species, Sendai virus induces fusion in a proportion of
cases, buyoiesnorged sufficiently reliable for routine appli RET/GBINOMNIY adsen
. Nature 320 (61 63-65 (19B6) ) . 30 Wiile cell-cell fusion is a preferred
‘method of effecting nuclear transfer) it is not the only ”%hRHnItMZ can be
used. O her suitable techniques i ncl ude m croi njection (R tchie and
Campbel |, J. Reproduction and Fertility 35 Abstract Series No. 15, p60).

W O 97/ 07669 g 10 12 go 25 30 14 PCT/GBQG 02099 April 2002 Before or
(pref erabl 35’ PrBFERBE| LR TR ATV IRR, 4P FoRe it AZFcGB158CPBEst |

concom t anwhyich i ktb) sait thatgeheyalairys neceaeaﬁ,yeﬂg prbltifatracihg reci pi e

t Il intg dev t th i t t th |

s an oocy Py, MeREh BE, sB¥ MR v ERG. ' o ERE et rer -

par t hogenetyclecthamt four adésrbnet c pinplsiesat 62l £ 8N ﬁad amgierM | rrag‘haed | t

nad gen 2BUGEnBSl ARklelold opnbs ALl onp PlengREREN Bdikbal the
a uc

Iarge nunber 0 tments a olin 0 ‘ation pronucleus were all
causi ng " aPLAg¢at iigh' thﬂo%v@haséxriﬁilrléa%f ar aptiiquep oiynesion. r BBt ed el ect

ical pul seaeegseéhe@rt hdmrHnente s irtde o a&h@@ﬂé@péeﬁiec%iéessof pul ses
and contr ol ﬁﬁ he Ca2* was able to Erom)te dev% rrent of di pl oi di zed
§- §& r §§e

oocytes toM s S4AFEn (PRFE BeGELophRAES: PR f?‘i‘gﬁ F§§6)’) iBuring fe
tilizati onphbses atrowrcaiing, rématmdent ofneheass pitase [ rekechuliar cal ci um

trat { Cobbo Nat 16 541-542 985
clokbri cal i B8 -3 SPPaPhotE hass o aP it onBCPRE: SRR 1 iR B um
3oncent r at pbaseTheige ivhesvi O¥Acesymtheshe patkess npdhceal ci (Thirsanseent s

Al es, W ! BoaREgRRPLANEnk! o nkfe AN SR Ye Lt e by BRCLERL, BRALCTI Of

el ectrical ses w ween pul
es in the ﬁmbhﬁs|l§ @5&@4%%@ 4Mh1=ﬁ§ﬁ-§s iceslf megurimHndht theoM117- 127

(1990)), agﬁabe taﬁuﬂ@gé&néoc%Ql%p TURULRS (GRS 80118 Cabbghdchiat ure 316
541 542

?} e are eI i m na%ﬁ observati ons P?e w t hat

t hel?nt er v5F1F§CEB'EFo gL 39duGesoag Wetlds a8 5HPSE Caitl: s W 1§§rrp05| um
on C oni ngawammStvbra%myear Eraaawﬂtg,lnt atﬁueln (Sesdelceattagin CotEnu.ag}o State
niversity, Q9 . st _publ i shed. exper s Activalion was
Mduced i R TEeEeRET R, cERraY AR SerSERELF FEARREN Bl B B eBHs " ha

t he proportnomany mofconbeseutirianphpeest haf ddeel opcle ;i mhesasadeby
exposur t oy, I 0 p es (&9l | Ro (O] oReprod.

43 877-884 %%538? degérfﬂéa (?%8 elfﬁgcaqslz %r oﬁ‘ﬁ nsg:%% ustgrbre%s may be nmade
to ®Pti ni sénfihé’aﬁﬁrrﬁ'é?afof Wsyguldh@c’m NQETRLYY eﬁ@@ﬁraﬂa §hrakedn of the

pul ses andthie &péTé UM CHHE eRLEALIOHOT quie sHairtunto Acednd Ngav® a second
aspect of th%ﬁ%ﬁasﬁ’%l nvention, there is provided a nmethod of nuclear

transfer, FERSER%sfer of the nucl eus of a 10 qui escent dipl oid
donor cell of a non-human animal into a suitable reci pient cell of a

non- human %ﬁil

{ Tlred cells can be induced to enter the quiescent

25 state by various methods including chemical treatments,
nutrient deprivation, growth inhibition or manipulation
of gene expression. Presently the reduction of serum
levels in the culture medium has been used successfully
to induce quiescence in both ovine and bovine cell lines.

30 In this situation, the cells exit the growth cycle during
the Gl phase and arrest, as explained above, in the so-
called GO stage. Such cells can remain in this state for
several days (possibly longer depending upon the cell)
until re-stimulated when they re-enter the growth cycle.



According to-a third aspect of the present invention) there is provided a
‘et hod for preparing a non-human ani mal, the nethod conprising: 15 (a)
reconst it wc ogor@esnon- human ani mal enbryo as descri bed abov@®CT({dHI6o2098i ng a
.hon-human animal to develop to termfromthe enbryo; and (c) optionally,
breeding fromthe non-human ani mal so fornmed. 20 Step (a) @ﬁAEﬁPﬂ)OZ
descri bed in depth above. The second sep, step (b) in the nethod of this
aspect of the invention is to cause a non-human aninmal to develop to term
fromthe enbryo. This may be 25 done directly or indirectly. In direct
devel opnentQuidscerronelilsutarreydad/oifir alvestGp évates avienmdipPdidwed to
devel op wit t~fU i.nt envent i beyvo a h e necessary to
al l ow t he oiggéjel%{))nékgggo l%a%gqep{gaézlfe}& I%){iﬁ ?rgégidg&gﬁ%%ﬁw ‘%b*/@?/er, t he
enbryo may ¢elisirarerabdei polditieratiate ul |0nlensl egrance takuspeace. For

exanpl e, t e be Ide @ e S | xp@;@;@, for
t he purpos?fof fﬁgﬁ%%)&\?%% 'y?%?‘l‘dé.és gga‘k%ri%%ozg%& ternag%fve' y or
addi i onal 13nclydeny bemMPpBEBhBFEhPEY lat@kasecdiFtanes of vicHdlidtefryos to

be achi evedbdie ESTSs Of #&@ud¥ BHENtor NVESHP DS Y SdSHE i Sxpafysi omp of
donors and/or if, use I s made of  the gro ess of °§S{|'al (nucl ear) transfer. A
S

limitati on BAPYHHER pSYERES) SachiRTEG2FEH e RIOHS t ARGFRBBRONay be
due to the fnisdinpt Pombgmd i incrdadd® tutiovsr AOF IRNA "reguDgimgiid al t hough
an acceptabale pupber . o).ilf &h%s is tegg o , thgn the rate rray%oé
enhanced as* f ot TOUE-+BAch BrnbF§52thaf S ddes el Y9388 %9%R4Phe ed as a
nucl®ar dorprlydibesohess,adamebatnipie oft inBetdweub S arilB@sédes &nd st age;

| ternativ ap.pﬁ; c S . se . bl ocyst stage.
grrbr yos de%%réocfh rom tﬁ%é%gggﬁgggéent&;g?é%gfgr s%ggtﬁlfégt&ﬁerrse ve%fh'l so be
used as pot@RFEPL ek | Avtmabrce bl tRrolfferations dasefI6Ti GFRBB) I § these
enbryos do indeed reflect those which have reprogramred gene expression and
those nuclei are %n %{aot #.E)ﬁ reprogramed (as seens likely), then each

devel opi ng Mam¥f yof nkieBe heatURSSeRES thpee wihieh are FEquinaftcdf the
gucuegr t r asher f)aszlmzeesngThf:aelegéeedf_f ae_nzhradare‘gslntol iaJne!%alm@lé&ﬁhi evggo/
epends upon_the cel |, type. she it.is_readily possi.ble 1o pghtain 0
bl ast ocyst | e’enb#&&s%e&?tt &ét‘r?gf gﬁa‘l%fé% §Fﬂ§?elﬁl 5@%5&%# o"ﬁf 16 cell
enbryo to xerkadifferedtitiver saigfstecthaentthisooyde. pSoviide sa
reasonabl e i a rywo: gevel.o r hnale. cel |
could give %%lrgét)%}%?fgﬂtﬁgg%ﬁt Egi’?éggg’ | s a%g. g_%\l 'Bﬁ)%%hgﬁhg‘sagugj gtﬁ? es are
just a roufiiEhexicrenedekl @ And/RE XEPYQAEAMMNG | kipfhin AeSIRERRE t he

ext et of hesef i tyvepldsdepent hildardffisyepeyel bie diePGasS1Sdr t hat
stage. 25 It is a Sf cogte | ated that 'a new cell |line to act as a source
of nucl ear ‘iﬁ)‘iﬁﬁ ¢ BiPd BB HRSJIGREESCRTN FERYRundReFHRE™RAR vos

formed accasflittie trmudlesl wiceded dgndeschmapt benmodi f bed rissfibte ngmibowd uses or
adul ts.

(l

reconstitution or reconstruction such that the nuclei are
able to direct development. This differs from all
25 previously reported methods of nuclear transfer in that
the chromatin of donor cells is modified prior to the use
of the cells as nuclear donors.

The recipient cell to which the nucleus from the donor
30 cell is transferred may be an oocyte or another suitable
cell.

Recipient cells at a variety of different stages of
development may be used, from oocytes at metaphase I



24 April 2002 17 In certain instances, where there may be restrictions in
*the devel opnment of a reconstructed enbryo to termit may be preferable to
gener at epgy giAj7g&y i ¢ non 5 human aninmal formed from cel | s ®€ETIGR6/02099M a
.haturally formed enbryo and an enbryo reconstructed by nucl ear transfer.
‘Such a chinmera can be fornmed by taki ng a proportion of cellz gpritdppznat ural
enbryo and a proportion of the cells§f the reconstructed enbryo at any
stage up to the blastocyst stage and form ng a new enbryo by aggregation or
i njection.. The ortion of _cells may be in the 10 ra Lg of 50:50 or

ro I
anot her sGPESHE |d%QQPQ§§%m%fevE°tﬁ IP5ETatdHh BYCAREeHbAPRTXRECh devel ops
to term Eaehphesenies oddvanvagesehbhd idisadeancageaunst peeases ofhought to

i st i R th d br. l.|. oW, f ul
ovel opmeAEILGLEEbh agaos I TRRUEFe e H Yl Sl ShBEERS’
yi el d- 1 npparthgnegeseitésciaesivatdonedsnsequited withy ooryyelse (selet ured, in
Vi V? or I'BeYblhQ tOAQé@i?%PC)ﬁﬁEhFE&%“tﬂ{Eﬁe rﬁ%%ﬁ%u&haéhee Lyoggderived by
e | rmal e

nucl ear transfer are d erent fromno bryos and sonetT nmes benefit
fromor eféRAVAFEI-EEATE CMRTYES cdhFAMDEPEFLES vbS oEher exkgntt K6se in

whi ch enbgneshar eepgogrhiimetbt Ubed datie | RBgrddbibn/Oks Thaqugsean for this
I S not kn&%p. In.routine multiplicafipn of bovine enbryos, reconstituted
enbryos ( HQSSFlPﬁéﬁPaﬁ%mﬁﬂ%tHﬁﬁégté&ﬁ?QHHEQﬁeﬂe?ﬂnghgéﬁlo§VH&8ts for 5
to 6 daysifashdesenisedathy M| hagsenchangkminl ittie BggedransfetheAdans, E.
E.,.ed.) RC_Pr 0oC . 25 Florida_(198 . Lo th ractice of
t h%opr eseé?gli:%?gﬁt i ggngix?fougﬁ,ﬁgf‘%g&laagr t%repr oFéXFaiké en}ﬂ‘ yoglwg'shoul d

r ef er abl dipeneibaddeciertrqphresiscuntdl umheudhl astagpst betage t r ansf er

h : .
1 L0 et S 15 TSRS T ] g

t he agar er recovery fromth en unction of the
protecti vd18§80 ) or BRHBPSHeCRSAS i Shawshyl dhef resipientaced leswaldt r uct ur al
aid for the esb{yashy holding the zona pellucida together; and

15 -
It is preferred that the recipient be enucleate. While
it has been generally assumed that enucleation of
recipient oocytes in nuclear transfer procedures is
essential, there is no published experimental
20 confirmation of this judgement. The original procedure
described for ungulates involved splitting the cell into
two halves, one of which was likely to be enucleated
(Willadsen Nature 320 (6) 63-65 (1986)). This procedure
{ has the disadvantage that the other unknown half will
25 still have the metaphase apparatus and that the reduction
in volume of the cytoplasm is believed to accelerate the
pattern of differentiation of the new embryo (Eviskov et
al., Development 109 322-328 (19%0)).

30 More recently, different procedures have been used in
attempts to remove the chromosomes with a minimum of
cytoplasm. Aspiration of the first polar body and
neighbouring cytoplasm was found to remove the metaphase
Il apparatus in 67% of sheep oocytes (Smith & Wilmut



5 secondly it acts as barrier to cells of the recipient animal's immune

" system Although this approach increases the proportion of enbryos that
form bl as{yerysmbéey there is the disadvantage that a nunber PET/eBbe/§20%9 may be
.lost. 10 If in vitro conditions are used, those routinely enployed 1 : in
the art are quite acceptable. At the bl astocyst stage, the ZQIWRMIOZG@/ be
screened for suitability for devel opnent to term Typically, is 15 w |
be done where the enbryo is transgenic and screening and sel ection for
stable integrants has been carried out. Screening for non--transgenic
genetic nepkels Reyredsosbel 2y 1¢3I5 oulsesd) )t hi orilagechHewevaese gecause the
met hod of LN | qws . for scr.eeni.ng o rs_at an_20 earlier

st age, a]%ﬁ&l ?nggrﬁ%raﬁy‘%@cﬁfé’ﬂ&r@% %e £§€$€gm"’ﬁ5 ?fmgﬁ?ggni ng has
t aken pI acprovhded| byt othisth eeugbeasian | worddt bedesE ranteed ewtithThis
will gener [ vel op 5 oc t aken

pl ace in vé‘*’ nﬁ‘?-hérnﬂm%’r‘g%g cﬁ;:.l g‘t o}“? Woﬁ%s‘r@.&? ?’g’gtﬁﬁ{gm Xa%u'{%gées pl ace
at this stagealif P} aBeprodt Be-Vé#épnﬁatlﬁ&s(l&&%E) pl ate lhvesvogkal t hough
in princi péﬁeéi‘@sm RREQCHE HAbA L puetet Rodeye! %@ﬁ&fﬁé” the

pre-bl ast ocyst ractl ce the 30 bl astocyst w | sua e removed

fromthe (Péﬂﬁ)ﬁﬂ‘ﬁr @?rﬁ‘-}é Bl adtigSst + KaRiadht FeFEilar 68PPdi- sQéc%?%n from

the protect{iyeonpdwasthuklih ke wIansiEygled négaﬁdrae (PsupBDENtd2 176

post - bl ast?ﬁ%% Lem pi ent . 24 April 2002 In optional step (c) of this
aspect of % éntion, aninmals nmay be bred fromthe non-human ani nmal
preégared by the precedi ng steps.. In this way, an animal nay 5 be used to

stablish | o f | Vi desire e

har act erl % B'EIKI%n &Erergln g’% s%%?o ed‘h:gsy tcffanstgog g’?{’ %:Y%l froma
source of W?@hﬁy ﬁ@entq@mlwﬂ@ shane mammedse nodiexesas buinare not
strictly iggohisdhnas iP?é/dféLeléiQ W \(ﬁctzfawal@:f fl%.rg‘fﬁt J.Qoﬁﬁfsésas-rhe

significance of this rent ori gl nis not clear, %0 ect

CONMET Ci alat%'%‘l"{'%ne R%E%‘ﬁ? Ra| {EeEdgr ?heJmQ‘bG-ﬁBﬁGrlﬁ?c 3 2%8rry cattle
i nyshe | ovea £t &t ®6dN) vermé:ye arx@dw@elﬁerﬂerdembedsawoehat adew:ih m |k

and reprod clive erf mance eena Be| t l.n osiuma on| ng
Manmal s byuli\b% “&? (arsieﬁ éuréngJPY.ﬁ% t8€e 8
Col or ado Sspeeific vélmrqqhmh@rwovialmp)d thiatr expoaareooﬁemouaél r rred

that siml ﬁéé&c‘t% AAfe tt'ﬂgﬂgh% & 2thh RHsa”d to

consi der I'S POSSI e or cessar n Speci IC SI |ons
consi der tﬁ%d’é‘éqi@cf—hé ndeye beppertal | mt‘-ﬁ@taabao’éf tbat ekl bﬁ'éé’dn‘h@at he

abidg ty toeprgducesl apggraunbeescoh  cghryos fiogsspnors of high genetic
merit may have 20 consi derabl e potential value in dissemnating genetic

i nprovenent through the national herd. The scale of application wll depend
upon the cnstmf p&@cﬂe:&@a yxhwdrédsnfppenpohbbanceﬂ.ltsremsfvauiad enbryos abl e

tghgrer;elsgt%&g YCX@&Z%I plrlci:g:tg %tnlsv\ﬁr% S%%ﬁén %’P‘g‘ﬁigélﬁg@‘ and

on- human m@haphaas géﬁl coayiteml 3n nagucbe@t epaunact Ivatedocesyteanrbe

regay ded agni puokYeAYedC\eatt8R%ted oocyte. At least where the
recipient 1is an enucleated metaphase II oocyte,
activation may take place at the time of transfer.
Alternatively, at least where the recipient is an

enucleated unactivated metaphase II oocyte, activation
30 may take place subsequently. As described above

enucleation may be achieved physically, by actual removal

of the nucleus, pro-nuclei or metaphase plate (depending

on the recipient cell), or functionally, such as by the

application of ultraviolet radiation or another
35 enucleating influence.



24 Apri 12002 WD 97107669 PCTI GB96/ 02099 20 (1) selection and isolation of
“suitabl e donor cells, which may include assessment of , karyotype,

i nduct i onyweyombg@scence (arrest in GO and/or induction of pdeecBbemwent; 5
-(2) application of suitable nolecular biological techniques for the
production of genetically nodified celp popul ations. Such teghpi-f9ggo My

i ncl ude gene additions, gene knock-outs, gene knock-ins, and other gene
nodi fications. ZO Optionally, transgenesis, nay al so be enpl oyed by
transfectipiradt Busuabakl @ yedpitasect enudidhtdd Wobpeé) sebecpabhesnar kers;
-(3) optionally screen and select nodified cell popul ations or clones for
the requi r@® 7.5 genotype/ phenotype (i.e. stable integrants); (4) induction
of quiescence in nodified cell population; (5) enbryo reconstitution by

nucl ear transfeg, (6) ur. in Vivp in_vitro, l.ast o - 20 (6a)
optionall yfl’scre %eanméﬁéctﬁfcolrp lse[r};{:bl eo(lilnettgéjylgrﬁes _AE%%Q{_ |%f g%Zéoat (3) -
or @ her desirekicceépringeCysephbast | deagmiddrin owrecospenging PCHal

reci pient. Acc ; t f5 QUAN-ts ct i i of e LS provided
el hod of prooher g SERAPATHerE e PE/Cabe/04Bas DI ESAY Bt he
nucl eus of a qui@t@iRingi BFéPELEBnEFoBePR 8F127A8nShuman aninal into a

suitabl e rgci piehé eebhATof (goren- AetaRratiiorelardredpgedry exgapding cells
t herefrom Prefgrred eatLW£§§ for each aspect of‘thechgventlon are as for
each ot her aspetTetaABRasEs taﬂBFé’FeBCFt'Thé%& eSHRt AveRFFO¥ARAPR now be

desiar i bed by re{eampbelloethalaccBipanyReprbodambes3shioel gie9pnqvi ded for

the purposes ofillystr.ation.,a are nat, to.be constryed as begi,ng limting
gn‘the pregént ?%%enpp note lﬁ%ﬁ*ﬂﬁﬁé}EDJ&#TE@Fg@TF%BQ%?OQO§§Og4 Apri |
002 21 Exanpl eRépreodi ué&Pon933- 8RR eét2hsE, i BiDdnoRefrbds %Ar 138S-net hods
have been shown, $g;i ngdygg) qui escence in 5 cultured cell |ines, including;
contact inhibition or serumstarvation (reviewed Witfield et al., Control
of Animal Cell Proliferation, 1 331-365 (1985)). The nmethod of induction of
qumclelnceaijﬁ lt@xtﬁete?g@ﬁhttriéﬁeber?éibﬂ@ﬁtéamld heebaper tiant ﬂat_-ﬁag_liis _tgatDNA
the cells exit.t rowt h. cycle rrest in a state w a_di,pl oi
cont ent arL LG PR A 18 (APSE, HneE S L, 70 IncEbE FEfaPSEerBReE bovine
primary fidémbbyast s Howewen neremsdnt | repoessabaveheahdgesnddethatnea cel
mass of d i LVo_pr C S SLS. n y el ovi ne 15
cel | Iinea%ﬁ%ﬁ% Eyags°§sg§gt§gfg%gc£9§ﬁ'%@%Egggngnﬁgg?%egfgtﬁggggF|s in the
GO phase ofot@Bter| theyONA ssathetdcaphaseovhen plasedrigtasand Bo i nduce

quigscencepphgé heydiladht! LSt HESE" WiRibidbiRAMBi BaBsesBl MM €Né
| sol ati on of ~vies apd Nuglear Transferr OoC e obtalﬂed by (i) in

0o ' yt es.can
vitro mat URF1BAT oPP¥ELAER AFABASE Nﬁ?ﬁPFalg'opei4oﬁFP§an%33é? aP-follicle
puncture; 14i)1994y)vo Thevesibren abdhoughi aapkypoecavar gf embgyos) any

ot her sultgbl e RLASSAN Sncll loARd Tud VALY 861 dpcut srestioul ¢ b

har vest ed ashrng he ™0 u incalcli uim g S|un1frge phosphat e
buifered sposrelaPel) tham dile need. 0% M3dt loaytlds seomra{®0gy . highvitro
matiy ed 0ofy{efsabg MR CEloSnasd bEﬁﬁl&E?hb?cfat&&aI&UﬂhEﬁ%St% -
(Wartti ngham and Wales 30 Aust. J."Biol. SCi. 22 1065-1068 1969?)

cont ai ni ngPIOWOL FB3. HIELPEL AT FPNRRIPTT TERIPIENES | PYan8iERBEl eated as

previ ousl ymgepeai hedotrCanpell &lestllt) Bhola Heeaedr 4rRAwerd4? 6£993) and
Bi ol . Repr§g¥8§88%§§§11393 (1994)) with the exception that calciumfree

medi umi s

* 30 Once suitable donor and recipient <cells have been
identified, it is necessary for the nucleus of the former
to be transferred to the latter. Most conveniently,
nuclear transfer is effected by fusion.

SUBSTITUTE SHEET (RULE 26)



WO 97/ 07669 22 PCT/ GB96/ 02099 24 April 2002 all procedures. Fusion

* procedures are nodifications of those previously reported (Canpbell et al.,
1993, 199%o0l9aw7659t) and are as described in the rel evant sREF/GBPEAREPDOW,

. alternatively the nucleus may ~be introduced by 5 injection of the donor
cell into the enucleated oocyte (Ritchie & Canpbell, J. Repuomprilf202 | .
Abstract Series (5) 60 (1995)). The ti&Ai ng of these events is dependent
upon the species, the followi ng two protocols outline the use of in vivo
mat ured ovine and in vitro matured bovine ~y 10 oocytes . Example 3 Ovine
Nucl ear Tr&hEeerestabgisses: manhadrowhdrhdbaye bRes uAEdr eodapucef 15
oocvtes SgpkibghaBkackface ewes were synchronised with progestagen sponges
for 14 days (Veram x~, Upjohn, UK) and induced to superovulate with single
injections of 3.0mg/day (total 6.0rg) ovine follicle-stinulating 20 hornone
(FSH) (CNag§n~,(tggupapeb&&bcald@wthfraitd téEM/Zﬁﬂié?dbgOﬁotW?

successi ve days ulation S ced wi Si e.dose of a
gona'?ejotropl n-rel easi ﬁgeF\%F ¢ 3HS oaﬁep(o ﬁﬁﬁhﬁ?@ﬁt Ilig’ °I;|0echst UK) 24
hours after the(8&contei mgwctcnﬁ)n:.nacESHatéa Whifreust, i Sl amt SBhdaé I
oocytes were recoverg Eihrpé ahl ng fromthe oviduct at 24-29 hours after
GnRH i nj ection using écco hosphate buffered saline containing 1.0%
foetal calf sertﬁﬁ‘)(FGB? Haenesi ﬁggcamsels}selmmlnaltloge 3.2 Qocvte

nmani pul ation Recovered oocytes were maintained at 37C washed in PHS 1.0%
FCS and transferred to calciumfree M2 nmedium 4 April_2002 WD 9T107669
Fxnt%Bga/o§§9989§eceﬁtae%%&;%RN%WﬁkRQﬂptgwqtenatﬁ#%mxssls aPughcasTo renove

he chronnﬁgggethyeaneleguyeal oeeytefhéeregm geed IﬂnghClﬁﬁh?g?&FgQ ]

ont al ni ng 0 tOC aSI an echst
33342 (Si ghh d&Fes‘% Bﬁeg%“ Sk | egﬂ‘i, ?ygé | B8 f r om
directly bbeeathldebyltsseqbokmh tﬁsmbdyyms tNaepoaypltmrledeugn.ygoa 28xM gl ass
pi pette. atio tgéqﬁgp S aLe on of
cyt opl asmEFHQ%I\?I E'lc rl %%e Tor S&rlg%e%%lgl%fPH- & Qlﬁgé‘ghpl ate. 10
3. 3l%¥nbryopesied, aadrtﬁa:lw oneedo@ps b 4bleoteoc;3ﬂwq/vesd@e enbemeeaéd and
pl aced i nt&u@@k%ﬁt&?%é’ée@ﬂ@%&@ EEESrdfiovRdidiMedle §Eﬁa5p’ei1@acstader

mneral oil_ (S foll] om ng three 15 protocols a& (b) and

(c) Were uskanksr eérrﬁ yo MedondePaed: offeViafd" khBr&te (1991)).

(th?nhané&peﬁiﬁehtb|GttﬁemoﬂQeAémBQ9BsaS1ﬂa&&tbheedfSéhdamuvheﬁblOn a
single ce

o pot te toPFPEAGPE: afngtesrrobh: BBARY: FEhoRe BREOFBUSEySRAdE FA%Rhe zona
pel2Qci da. cTeavageepkage/ enabryoaummhmsh'is_mwrmtsfébn@d Monogthe fusion
chamber i ng20Q '?‘1&%9;? thg'VtﬁanQag%hb adl E%cbébgﬂeﬁ’e&?r gngsgua"y

al i gned betmeen t éctro pul se o was app 3 seconds
fol [owed b{hatpacpivasdons 1. SkVABARFEA - solnseesulqrﬁe%oﬁpﬁéee Ww8r e t hen

washed in eghmbHTyf a6R1Med BPa i Sate 21ectid dalckkamad ationhehagne medi um
- is used to induce parthogenetic activation (Willadsen
25 Nature 320 (6) 63-65 (1986), Prather et al., Biol.
Reprod. 37 859-866 (1987)). In these species, Sendai
virus induces fusion in a proportion of cases, but is not
sufficiently reliable for routine application (Willadsen
Nature 320 (6) 63-65 (1986)).
30
While cell-cell fusion is a preferred method of effecting
nuclear transfer, it is not the only method that can be
used. Other suitable techniques include microinjection
(Ritchie and Campbell, J. Reproduction and Fertility
35 Abstract Series No. 15, pé60).



30 under oil "at 37C 5% COZ. 30 m nutes~prior to activat
“were transferred to calciumfree M2 nmedi um 10% FCS cont
nocodazol wo $e766sat i on was i nduced at 32-34 hours post
-descri bed bel ow. Follow ng activation the reconstructe
97/ 07669 24 PCT/ GB96/ 02099 24 April 2002 incubated in
10% FCS at 37C 5% C02 for a further 3%ours. They were
for 5 mnutes at 37C in the sane nmedi um v~ithout nocod:
for a further 12-15 hours_ priqr to transfer 5 to tenpo
(b) " GOAT'BH48H%10Rct (RFRESHREING TRERRF cPRCAR AT, ek
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25 Cad 2 in distilled water (WI | adsen, Nature 3a0 63-65 (1986)).
Activation was induced by application of 1 DC pulse of 1.25kV/cm for 80s.
For fusion, manipul ated enbryos were treated in a simlar manner with the
addition that the contact surface between the enucl eated oocyte and the
cell was arranged parallel to the electrodes. Fusion was i ngdyaegi bpo2
application of an AC current of 3V for 5 seconds foll owed by 3 DC pul ses of
1.25kV/cmfor 80.s . 3.5 Ego culture aag assessnment (all groups) After the
culture period fused couplets were doubFe enbedded in |la and 1.2~ agar
(DTFCO in PBS and transferred to the ligated oviduct of unsynchroni sed
ewes. The couplet is enbedded in agar to prevent or reduce i mrune rejection

of the enbpyleeh(Cokas &ddofliBiot Repcodir B B86/-884i(d090)). hoany inglividealcase), et
together. Aft.er 6.days recipignt e wer.e.sagrificed and the r

Ferri eved By iistiRris R 68 qodk Ie CRUMIES BissnubE e puiier B8 A o

di ssectged étfériqth hgnd®Qfirafiéh RS the Pailsdsnand! 82 aBRIARYVedRidNEtionssrpised by
m croscopy. Al enbryos which had devel oped to the norul a/ bl ast ocyst stage
were transhedidd as soon as possible to the uterine horn of synchronised
final recipient ewes. In vi tro techniques nmay al so be suitable in place of
a tenporary recipient ewe to achi eve devel opnent of the enbryo to the

bl ast ocyst Aséargig & aExecpnd abpBol ofiehdysresant hventdberthérel is iprovitled aocvte
mat ration Ovaries were obtained froma | ocal abattoir and nmai ntai ned at 28

- 32C dur i Mgthad i pBR¢lean transter, vgoropiigngcthe dransiercaheineadvislens ghrd1 2002
| abor [V J : ki : icles
5] O Ui B or b S R i rar i i RIS oL €l L)
and pl acedofianhondiuenan anipdalsti ¢ uni versal contai ners. The universal 5
containers were placed into a warnmed chanber (35C) and the follicular
material allowed to settle for 10 - 15 m nutes before pouring off three
quarters OAcéd}Gin?;UtBeé ﬂﬁFoa_QépechbﬁF tﬁ@ﬁ?ésférﬁ%\fé?ﬁibhﬁhlé@ is"rofidedl a Wrsthdd | ut ed
wi th an equal vol'ume of dissection nmedium (TCM 7.0 199 with Earles salts

(G bco), 7lroneparingaanndiumarseniom theppsthagi-comprnisiognol arity 280n0snol s/ Kg
H20) spyppl enmented with 10% bovi ne serum transferred into an 85nm petri

di sh and searched for COC s under a dissecting mcroscope. Conplexes with

at least 2-3 cog@act rdcayistitating alforchomansarigll smbeycas aesciissll abolgd t hree
times in dissection nmediumand transferred into maturati on nedium (TC

medi um 199 wi t h(tBar | eausing aqnehwPgn animahio devaiape term omdhe ‘TJEBB@

7. 69mMM NaHC03, pH 7.%‘ osnol arity 280n0snol s/ Kg H20) suppl enented with 10%
bovi ne serum and 20 xciOG granul osa cells/m and cultured until required on
a rocki ng tabl e(cat 38ftionallgnbredigpiiemehenobdbu@daniamirmakso formed4. 2 Coc, ~rte
mani pu% ation Matured oocytes were stripped of cunmulus cells 18 hours 25
after 4he onset of maturation. Denuded oocytes were then washed in cal cium

free M2 @Qiéﬂa%%@%%é@n%s%ﬂ%&%&é thG@dveSer um (FCS) and naintained in
this mediumat 37C. To renove the chronosones (enucleation) oocytes were

pl aced in calciumfree M2 containing 10% FCS, 7.5ug/m 30 cytochalasin B

amount of | LOE SpLAChte8-ae: GX e areBPR ofibis Sfondl of M lpfn shaq™

aspi rat ed gsusegamotPMimbasimiaped develbpuel teahi fismwhe ambiyiol Mhis Mayel@osi ng
the aspirated portion of cytoplasmto WIight 35 and checking for the

prese ofiore gieathhasiBdieaie In dirgel deyelorpent thecaganshitited eaebrya frigm i |

2002 step (a) is simply allowed to develop without further intervention beyond any
that may be necessary to allow the development to take place. In indirect
development, however, the embryo may be further manipulated before full
development takes place. For example, the embryo may be split and the cells

30 clonally expanded, for the purpose of improving yield.



4.3 Em~o reconstruction Enucl eated oocytes were then used for each of the
three net hods of reconstruction (a), (b) and (c) as detailed below. 5 (a)
"MAG C' (Metaphase Arrested Gl/ GO Enucl eated oocytes were nmintained in
calciumfree M2 10% FCS at 39C as soon as possible after enucleation, a 10
single cell was placed into contact with the oocyte by usi ”349\&1@%@2

pi pette to transfer the cell through the hole previously made I'n e zona
pel lucida. The cytopl ast/cell coupl et vvas then transferred into the fusion
chanmber in 200al of 0.3M mannitol in dilStilled 15 water. The coupl et was
manual |y aligned between the el ectrodes. An AC pul se of 3V was applied for
5 seconds followed by 3 DC pul ses of 1.25kV/cm for 80~secs. The couplets
wer e t hen Alterhativeln aradldriltlmneﬂiyeéi May he poseiblafodinCreased pieldsabediable t he

same nedi um 5nder ;qee arﬁ 37C 20 5% CO 30 m te r|or @g gctivation t he

coupl et s vRIPRYOSIADEACTIGVEG LY Means e sé’rﬁ&e O[3y ¢ ABRAIFOhg SsuM

nocodazol epf d‘&ﬁdr&aédo?& Wafse RNEAE @fstrféeéﬁfcle%cbfbﬁr%‘f"{nuéléé rAKEfECtA vat i on

t he reconstructed e% gotes were I ncubated in medium T 10% FCS at 37C 5%
e

Co02 for 2dimitatipn incthepresently athieyedwsate ohblﬂsmyabtormattlomay@e duertaut es

12- 15 nourtSptbrngh 4 iAiohb} 7 heCBRBYEF fdies: BHblodidt BiipBubl b ess
expensi ve @ddeptarmé inuenisisr do)t EMBRY i%rther@ééeplﬂ@éﬁ tﬁ@rattehﬁa%er efivdtfdeduas ed
enbryo). ? S gcoiei! Actl vation and Transfer) Enucl eated oocytes were

e
r et ur ned th lowe Raghembrge thaldaas develop itself ganheubsedas @ pulear denor,

|1
ol aced nisthar dof kAR atthe buta t 3484 Lo Stadl ulerndliey BRGF oBF: ., /o3
to the fusnass celisican e eseticdtane b|as’rba§bstlsta§e0EHMryB$Hdeh0éd fforh rtheddy S04,

Oo0lmMMCaCl 2 in distilled wat Fusi on and activation were induced by
appl i cat i &P@Pqﬁﬁn%%%}%ﬁ gqulg\,thpmse\})veosemief sseduwas pRtentiglcnyeleaks of

1. 25kV/ cm , CRLHeS T
i ncubat ed %c?{oﬁ%ogé/f@%rynf or 15é§8mﬁggrgh? pm g o%g° gél@%d igﬂ%g??ofﬂ%pm

group) [ Thehigbbhave aepoogrammed i gered eaapmﬂimm dnet thhmlrmiqdmsaremnufaa:ti on").

t UNI VERSAL RECI PJENT" _E t d bed
bel o)1530 SPIOBIAINY (350 eBMed kb ) maidlh 4400 AR STPSG oBly a5 °
TC199 10% mhiftiphéd 3 th%%n@ﬁb)f QRe %fﬁéleh@*l o theOhdiear GeRsfePp récésshcnﬁé

(42hpm group). A single céll was then aced into contact W|th the oocyte
and fusi ordegfeadéoerﬁsart@@mﬂtd@elybt@ Be. achr@/eﬂbdpp@m@&s weeB thaeselctypeuld in

45 hours TERpI S feelly SoSiBaPalah oB% pSiddf tiich alphe L doakE)

oocyt es weasfeapdsmgledbtastcmene from paﬂﬁl tell erhioyor tudes preactiatet Uinledl
manni t gl VbS04,

01 Cad diistilled t |1
ot ur 050 eaP Ty DOSHE SAC 1 rPEsPTARIS | 190 vRatS e et SHEAn SRS b
pul se of lyQRiofedMion BRitgle EN chial Give F@@'t@%lgh?%tqmr?@%#&% o eat ed

inasimlar manner with the addition that th tact surface bet en the
enucl eat edAlﬂmugbcyhesmrfaguras ar Ijusbaa aouginggdidearitilisetleao thiab at éa:terodes.

o one SRRl B 2 BB Ehy BRpSfoUA Bloda BY hE'oBEr
the process at that stage.
25
It is also contemplated that a new cell line to act as a source of nuclear donor
cells could be produced from non-human animal embryos formed according to
the preceding description or the resulting foetuses or adults.



WO 97107669 29 PCT/ G B96/ 02099 24 April 2002 4.5 Enbrvo culture and
assessnent (all arou,,ps) After the culture period fused couplets were
doubl e enbedded in 1% and 1.2% agar (DIFCO in PBS and transferred to the

| i gat ed ovi duct of unsynchroni sed ewes 5 (ewes are a | ess expensive
alternative as a tenporary recipient for the reconstructed 92@&%&&0 Jhe
couplet is enbedded in agar to prevent or reduce inmune rejection oP th
enbryo by the recipient ewe and to assi st in holding the couplet together.
After 6 days recipient ewes were i 10 ddcrificed and the enbryos retrieved
by flushing fromthe oviduct using PBS 10% FCS. Enbryos were dissected from
t he agar chips using 2 needl es and devel opnent assessed by m croscopy. 15
In vi tro lhecdriainuestaness,avierebtheseiimabbe restrigtians infthe deesiopnaent ofesti pi ent
ewe to achi eve devel o nt .of the enbryo tqg t bl ast ocyst stage. Results
o Exarnpl JSGONBHIEY GRS 13 (BMEImEY e PIERIP R 098 TRl & SRMAR G 60t
techni guesh %k HHRAB) AP HohPcOR § Wéd;fro?rﬂg .%léiwélg f%ﬁhéu%mbrsyo and
reconstruction. At the present tine ? ~ bl astocyst stage enbryos have been
obt ai ned ian eattry@ redonstrveted byonucleastransfenfSudiea ehindnayean be férimexd by

reci pi ents,_have en perforned...In sheep 7 .recipiLent ewes b me _pregnant
Fosult i ng PRIGRBERAE, PP &R orahP SRl §aP s ARt B RroBARonomian caft &

bi rth). Thperresonétrudté®Bhites at axpetdgeris fo tHeeblasttesi stagde iandfehhmg 4-3. 30
Table 1 shows the results of devel opnent to bl astocyst stage of ovine

enbryos r RMEMRYPRY adgregation @5 deigctionnTihe: propostipn o celis sraynbie an e f er ent

| e . . . q
ovi ducls o o6, & 8858 or BANES SUEMTE (Sfb Y RRpeCin &ttt gt il B ©
PCT/ GB96/ O#high develypsi to t@fiN2TRE presameetafuninmancellsid thesellcirsumstareepliessed

as the pﬁ{)@enta e of norul a/hl astoc%/Fst sta%g1 enbryos in relation to the
total nunbBPUGhTiONBSjIdnfeseiag die reécopsirgcted embeyo anghatiownagngugeeasithssace

NUMBERNUVEER ek Afto tBHARHA RISHiHAT AL

15  Aside from the issue of yield-improving expediencies, the reconstituted embryo

may be cultured, in vivo or in vitro to blastocyst.

Experience suggests that embryos derived by nuclear transfer are different
from normal embryos and sometimes benefit from or even require culture

20 conditions in vivo other than those in which embryos are usually cultured (at
least in vivo). The reason for this is not known. In routine multiplication of
bovine embryos, reconstituted embryos (many of them at once) have been
cultured in sheep oviducts for 5 to 6 days (as described by Willadsen, In
Mammalian Egg Transfer (Adams, E. E., ed.) 185 CRC Press, Boca Raton,

25 Florida (1982)). In the practice of the present invention, though, in order to
protect the embryo it should preferably be embedded in a protective medium
such as agar before transfer and then



NUVBER OF COUPLETS RECOVEREDTRANSFER " GOAT" " MAQ C'

“ "UNI VERSAL" 17. 1. 95661 324/ 2819. 1. 95711 26t/ 1031. 1. 95130/ 22/ 142. 2. 95130/ 110/ 14
7.2. 95111, Y29668- 95119/ 291 /214. 2. 95126/ 4516. 2. 95133/ 13 TCHEL/GBHOE®R099

.(16.39% 10/ 78 (12.8%8/68 (11.7% Table 2 shows the results of induction of
pregnancy follow ng transfer of all norul a/bl ast ocyst stage24gﬁﬁrggg?cted
enbryos to the uterine horn of synchrihised 25 final recipient ackrt ace
ewes. The Tabl e shows the total nunber of enbryos from each group
transferred and the frequency of pregnancy in terns of ewes and embryos (in
t he naj oridisescred &rom &hn AERTWBLE el r HASPERFEILFOM et WRMPOYREY ngl e twi n

pr egnancy :‘!\@éi%ﬁﬁ@! | shigdl fighdEidR dhechdddee i P fpdr or WR Y 07669 31
TABLE 2 5 10_ 15 PCT/ GB961.02099 24 April 2002 PASSAGE

NUVBER' MACR&S ¢y “H%q A FYEFe0 P E1 26BF1280R130H 8RR TRHFAL Lo
NOR/ BL101687&TémbiMAYBER MR REGALBnEVES1Lcid6. ithderhe®;l and

(25.0) FOETUSES/ .. TOTAL TRANSFERRED (9% _2I1_10 . 0) 5/ (31.25).1/8 (12.5)
20 Tabl e f%ﬁ%\gIY hé%o&céﬁmagfg?ﬁ%{%Feé’#anc? eg?a%' Sl‘Fé%F:f%Jﬁ%RNi ng
transfer canimalls/inmsiocystest.agdlebbugbsthds fapptoachimearsasews. 25
the proportion of embryos that form blastocysts, there is
the disadvantage that a number of embryos may be lost.

10 If in vitro conditions are used, those routinely employed
L in the art are quite acceptable.

At the blastocyst stage, the embryo may be screened for

suitability for development to term. Typically, this
15 will be done where the embryo is transgenic and screening

and selection for stable integrants has been carried out.

Screening for non-transgenic genetic markers may also be

carried out at this stage. However, because the method

of the invention allows for screening of donors at an
20 earlier stage, that will generally be preferred.

After screening, if screening has taken place, the
blastocyst embryo is allowed to develop to term. This
will generally be in vivo. If development up to

25 blastocyst has taken place in vitro, then transfer into
the final recipient animal takes place at this stage. If
blastocyst development has taken place in vivo, although
in principle the blastocyst can be allowed to develop to
term in the pre-blastocyst host, in practice the

30 blastocyst will usually be removed from the (temporary)
pre-blastocyst recipient and, after dissection from the
protecﬁive medium, will be transferred to the (permanent)
post-blastocyst recipient.



30 EVEMet hodPassageResul t 4E468GOAT6LI VE LAMBA4E302GOAT7FCETUS DI ED ( APPROX
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PCTI GB96/ 02099 24 April 2002 Exanple 5: Ovine nucl ear transﬁfrﬁfﬁxﬁgoggbryo
reconstruction using OVE. BLW1 and SECL cells Nuclear transfe as been
conducted using three new cell 5 types, designated OVE, BLWI and SECL. OVE

(ovine manmary epithelial) cells are aﬂgepithelial cell line established
froma biopsy renoved fromthe mammary gl and of an adult 6 year old
Fi n-Dorset ewe, follow ng the procedure of Finch et al., (Biochem Soc.
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15 according to Robertson, E. J., in Teratocarci nomas and enbryonic stem
cel I s: A phacactersticdpbr oach, 71-112, IRL Press Oxford (1987). SEC1 (Sheep
enbryonic Cell) are an epithelial-like cell line derived froma day 9
enbryo obtained froma super ovul ated and mated Pol - Dorset ewe 20 to a

Pol - Dor setNénshumereairfals priducedrisy fandfenef niiclenfrémea $dlirceadfl gerdsigany bed in
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Table 3 it et Biale ODRENE (S8 radh, FEePh YL SRR I R <
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enbryos reconstructed, devel opnment to the bl astocyst stage and nunmber of
pr egnanci €9 qopsidessvheiher ibis passielecan neaepgary. inApeciis situaons e songider

kar yot ype rd i e keC . i o Th |1 1ines
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enbryos large numbers of embryos from donors of high genetic merit may have

20 considerable potential value in disseminating genetic improvement through the
national herd. The scale of application will depend upon the cost of each
embryo and the proportion of transferred embryos able to develop to term.

By way of illustration and summary, the following scheme sets out a typical

25 process by which non-human transgenic and non-human non-transgenic
animals may be prepared. The process can be regarded as involving seven
steps:



were transferred to each synchroni sed final recipient ewe. Reconstructed
enbryos which were cultured in vitro 15 were placed into 12 é&%rl(ﬁ)o
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days. SOFM nedi um 20 was prepared according to Gdrdner et al., Biology of
Reproduction 50 390-400 (1994) and Thonpson et al., Biology of Reproduction
53 1385-13QYobdSi8) - I Table 5 shows the identification péri&heoseei pi ent
ewes 25 renal ni ng pregnant at 24 June 1996, the ce7,,1 type used for enbryo
reconstruction and the outconme o~ pregnancy Pregnancies were established by
the transfer of 1 to 3 norul a/bl astocyst stage enbryos (on day 7 after
reconstruction) to synchronised final recipient ewes. 30 Details of the
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N 24 April 2002 35 &%i“ﬁo&t BeTBLOAN Linab-geppsti tuting a non-human
ani mal enbryo, Zg met hod c?er Ising tran ferrlng t he, .nycl eus %fz a
qui escent di pl oi §>HorREIWMALLynt SeLeely ARG FederEcifi ede|Fel A net hod

as clained in clai mlpopulagiions t e andimmies s fommantpled i anecstpamdeé 3. A

nethag as clainmed in §ézﬁit@p7e/ h@nw (tlh@ nBBQBie'zﬁht%gQQﬂth bull, pig, 10

goat, sheep, cam?b or, vt ﬁonufo %A ﬁ%%%s%ence q% a%‘agkgle cI aim2, in
en

which the mammal 'I's a'ro as claine alcrﬁl}, in Wmch
the rodent is a nousePRLlptdgn; 15

(5) embryo reconstitution by nuclear transfer;
(6) culture, in vivo or in vitro, to blastocyst;
20 (6a) optionally screen and select for stable
integrants - omit if dome at (3) - or
other desired characteristics;
(7) transfer if necessary to final recipient.

According to a fourth aspect of the invention, there is provided a method of
producing a cell or cell line, comprising the transfer of the nucleus of a
quiescent diploid donor cell of a non-human animal into a suitable recipient
cell of a non-human animal and clonally expanding cells therefrom.
Preferred features for each aspect of the invention are
as for each other aspect, mutatis mutandis.

30
The present invention will now be described by reference
to the accompanying Examples which are provided for the
purposes of illustration and are not to be construed as
being limiting on the present invention.



6. A nethod as clainmed in any one of clains 1 to 5, in which the nucleus of
" the donor cell is genetically nodified. 7. A nethod as clainmed in claim 6,

i n which w¢ofegkseus of the donor cell is 20 genetically nmpdTiGEsdopsgor to
-enbryo reconstitution. 8 A nethod as clained in any one of clains 1to 7,

in which the recipient cell is an oocyte. 25 9. A nethod as

claim8, in which oocyte is an enucl eagtied oocyte. 10. A net as cPalned
in any one of clains 1 to 9, in which the donor cell is a dlfferentlated
cell. 24 April 2002 36 11. A nethod as clained in any one of clains 1 to
9, in whiclxpvpigsior cell is an adult somatic cell. 5 12. A nethod as
claimed in any one of clains 1 to 9, in which the donor cell is an enbryo
cell. 13. A nethod as clalned in cIa|n112 in mhlch the enbryo cell is

obt ai ned anum ) ‘ gEdyg BonE glXsains 1 to 9.
10 14. A e I t;he donor
cell is a oet al "sgot?riacé?% ﬁ&ﬁawﬁgﬂ iﬂéw{ihgg‘séédﬁee %1&'&'5\#&;1% onrhe of

claifs 1 t@uM)meﬁi vwReth tidesnbrjaciydingp woatastysinBibieienboyo. 16. A
met hod of @,@cflua\arscta&aﬁwﬂfn tf@vi@&é@dwmﬁf&émnett Be .1 r }eyt@po10fof he

nucl eus of .a gqui.escent danor ) n- human ani nal

suitabl e ré&‘%lae}np gg IPIBa ?eﬁéﬁlﬁﬂwaﬁ AT n%tfg g’fﬁ 8%)) A rﬁ't té’é’%cl ai med

i In cl aijm 16:)5I | Dnd?(;chohh\?\%f e(r?lﬂhmem | ibS ramf ?)(tcwug_ ht gtolA pet kdd as

cl ai med in.claim in ch _the_re e i,s_ an uc e oocyt e.
55710, A mimeng LAnFey Sob iiloktRsheRERRITE Fhas tia 8 RN

24 Bpril 2@@2wih (eyckecoasresut iimy @ GOnstaten wdrtihea dipipmdaﬁ&kﬁlned in
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starvation of bovine primary fibroblasts, a bovine cell
line established from the inner cell mass of day 7 in
vivo produced blastocysts, and an embryo derived ovine

15 cell line (TNT4), was used to induce quiescence and
arrest the cells in the GO0 phase of the cell cycle.
Serum starvation was similarly used to induce quiescence
of the donor cells described in Example 5. '

20 Example 2 : Isolatio d N Trxa
Oocytes can be obtained by (i) in vitro maturation of
slaughterhouse material, or from transvaginal follicle

( puncture; (ii) in vivo maturation and surgically
/ recovery; or (iii) any other suitable procedure. All
25 in vivo matured oocytes should be harvested by flushing

from the oviduct in calcium magnesium £free phosphate
buffered saline (PBS) containing 1.0% foetal calf serum
(FCS) . In vitro matured oocytes are harvested and
transferred to calcium free M2 (Whittingham and Wales
30 Aust. J. Biol. Sci. 22 1065-1068 (1969)) containing 1.0%
FCS. Oocytes are denuded of cumulus cells and enucleated
as previously described (Campbell et al., Biol. Reprod.
49 933-942 (1993) and Biol. Reprod. 50 1385-1393 (1994))
with the exception that calcium free medium is used for



and 5 (c) optionally, breeding fromthe non-human animal so fornmed. 20. A
nmethod as clainmed in claim19, in which the non-human ani nal enbryo is
further rwaigwd%%;ed prior to full devel opment of the enbrymcT/689622099A
. method as cl’arnmed in claim19, wherein nore than one non-human animal is
deri.ved fromthe enbryo. 22. A nethod as clainmed in any one)®ncit 04 l1to
18, in which the nucleus of the quiesgent donor cell is tr:%gf%f¢gg@?nto
the recipient cell by cell fusion. 15 23. A nethod as clainmed in any one of
clainms 1 to 18, in which the nucleus of the quiescent donor cell is
tragsf erredl rpltszdehmn‘e&@j loi lEt_iL'iﬁﬁ| brbp:eaiﬁegei afrecmcdif it ibmetddd of
pr oduci ng cell _or a ce ine__the net (o] i sk ng ec ituting a
non- human %&upﬁﬁ%ﬁ9%5£¥c6FEPﬁéeBo gﬁwggﬁﬁé'gggc?%rheggPé’aﬁgﬁ%he of
clains 1 tlwd5¢iahdaodormatd yagxgdesdrigedelins thenrehevenbr yaedwiq oduce a
cell or c | ne 1 d L Qg c li,ne, the
nmet hod coqn#r%ég’n_ga%ﬁgraétﬁéggf et(r%feml?Irl ?ﬁg&ﬁﬁc gh’s%o gﬁagf’gg%%ﬁt k;(}iﬁpl oid
don8r cel lingfect imsn-ekinhheadoner iarld alrte t Bhecenuclpased @AyLH a
non- human @niveliand eAmpisely, ezfpangg%dqelp@t&he.r%maéé-s&f@é hod_of
reconstituting a non-hunman ani mal enbryo substantially as 24 ril 2002
38 her ei nb@f)o%é) ded3hed Vit trle?flé’r‘-’er%‘e 88 SHARES- IS fAspenglen; A
(rjret hoquf grugmﬁmfe} Bpecieen- btéxaaﬂoiambwghgzub@t%mwdédéys aﬁutkHz&a rtn?f or ed
escribed wit ef erence t es 3, or_ 5.5 A net hod .of produci ng
2Ccel | or S S e P Bihe ar i ok ATNERE s enor yo
subs$t ant i aldgytaess .her ei nbefore described with reference to Exanples 3, 4 or
§. 10 29. A nethod of nuclear transfer substantially as hereinbefore
described with reference to Exanples 3, 4 or 5. 30. A nethod of producing a
cell or aszXs Sl ddNVIARS] NUGLRS ARMALRL reci pient cell of a non-hunman
animal into which the nucleus of a quiescent diploid donor cell 15 of a
non- human _ani nal has be ansferred substanti al as herei nbefore
descri bed 3wl h SM . 1latieon o denox _ewes a ecoveny .. of
15 Qocytes -

Scottish  Blackface ewes were synchronised with

progestagen sponges for 14 days (Veramix , Upjohn, UK) and
induced to superovulate with single injections of
3.0mg/day (total 6.0mg) ovine follicle-stimulating
20 hormone (FSH) (Ovagen", Immuno-chemical Products Ltd, New
Zealand) on two successive days. Ovulation was induced
with an 8mg single dose of a gonadotropin-releasing
¢ hormone analogue (GnRH Receptal", Hoechst, UK) 24 hours
after the second injection of FSH.
25
Unfertilised metaphase 1I oocytes were recovered by
flushing from the oviduct at 24-29 hours after GnRH
injection using Dulbecco’s phosphate buffered saline
containing 1.0% foetal calf serum (FCS) maintained at
30 37°C until use.

3.2 Qoc¢cyte manjipulation
Recovered oocytes were maintained at 37°C, washed in PBS
1.0% FCS and transferred to calcium free M2 medium



.A(f.AS. ANl . A99. ANY. A3( 3. AF3, . A;, . A3Y. A@ .Af .Af9. AF
. Af% AFuy. ALL. AL. Aay, . A3(3. A Al . A(. A :

Ay, A(S.A(". A9 AF_A. | (. AH A@. Ay. AdEQL~ 24 April 2002
~yt oje [V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] c"a] c:aU]c: a] cTa! CDP Kr};
G Ygh6uwx| %9 *| vpj e*W-ytoje [V] WV]ca
UV] ca] cal] caV] caV] caV] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] cal] ca] caV] ca] cal] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca*012AL"
1wy 8} xsni d_ZU~vyt oj e ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca caj ca
c\g{//] E:a\/] ca\/] ? ‘é?Jf@a][ ?:/Ja] c!a] c!aU] La {J\/] Lau} ca{J] c!aU] La beal Q%ﬁ&)&&,@w Joald
W] ca8@ eWR: +- ! ####SESSYEIM &h&&&{ vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajgal ca] ca] ca]ca] ca] ca]c”™a] ca]cnhal &' ' (
(O)))z+++F, ,/ --0b0ON0p000445677778888{uoj e [V]]ca] ca] ca] ca] caU] cal] ca] ca] ca
] ca] ca] ca] cal] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
8999990999: I : @ontalg;vg —10%—Foetal Calf Serum (FCS), at 37°C. To

>91>4>D>R>>x b9k Ut ehibhd esders] cdmheel&:&%&a}@aéﬂv@%]aw&%hcal ca] ca] ca]

ca] ca] ca] ca C a ca ' ! ’> ? (@il A- AOAXAZ
AALAALBB]BBB]B%%]CC%%E%»&?L g}%{i}] C‘% c%ca %’g{ﬂ%!ac@]gli Lagtt ] al calcalcalc
a] ca] ca] ca] caaYéaFEa}wlrb&] Eehged VpRd g - Q4B ln) éiske ftaqséépcasm&EE#aE%E E-E
kEl EEEEEEEEFREFBFFG FedxEBFhiviudes” Xi xi sK:HhE\éthaaaﬁadﬁ@bgaLﬁaM&a] ca] ca] caV]
caV]caV]calc o caj ca
crrrtrrerreat eSS SSSER iR PR AR B drels e?ca] 2] cal cal
] caV] caV] ca\/]“‘(’f"‘a’f}"gaﬁl L PLaPE BiRaYFLa) %%l-]‘?,l&]aé ?’ée{'ﬁsa]cé’&fé’&]‘ E¥aU] caV] caV] c
aV] caV] ca exposing the aspirated portion of cytoplasm to UV light

HHHI Ul VI gkl Ehéétink) 503 did h-Beknyt op€ ' Welaghesd ¢akea] ca] cal cal ca] ca] ¢
a] ca] caf ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca

wj caUFtlcal KKKK LL7L8LBLCLPLULLLL" Ma Nzt ni b\ U~ytoje [V

W] caU ca 3.3 Embryo reconstyuction

WV] ca] caV] ca\dreaph cof Cﬂdﬂm%bﬁﬁﬂﬁabéﬁa]eﬁa]:wd@ eakcplsadLaldrea] ca] ca] calc
2 cal cal cay) ealsablal CaNoM N .M YOREHEVEMERR 370¢ 5% co, under

RR- Rr RRR+SSS

UW] ca] ca] caf‘&&FEé}cé]‘ga] ¢31¥%ca) cHach) caf cdbea) trlowdpga)diegal ca] ca] cal
a] ca] c¥§ ca] c@roapcalza) U] cdbY TTand T (dYUUwkid ) UWdddaVb Fayy \edbBAydV/V~yt ni d_YS{
vgl gV] caV] C&]ﬁ@bﬁg&g@éﬂﬁﬁﬂ ca] ca] ca] ca] caV] caV] caV] caV] caV] caV] caV] caV] caV] c

a]J ca] ca] cal] caV]ca W] ca

~

(a) " e e c
Cvtoplast)
20 As soon as possible after enucleation a single cell was

placed into contact with the oocyte by using a glass
pipette to transfer the cell through the hole previously
made in the zona pellucida. The cytoplast/cell couplet
was then transferred into the fusion chamber in 200uxl of
25  0.3M mannitol in distilled water and manually aligned
between the electrodes. An AC pulse of SV was applied for
3 seconds followed by 3 DC pulses of 1.25kV/cm for
80usecs. The couplets were then washed in calcium free
M2, ‘10% FCS at 37°C and incubated in the same medium
30 under oil at 37°C 5% CO,. 30 minuteétprior to activation
the couplets were transferred to calcium free M2 medium
10% FCS containing 5uM nocodazole. Activation was induced
at 32-34 hours post hCG injection as described below.
Following activation the recongtructed zygotes were
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incubated in TC199 10% FCS 7.5ug cytochalasin B for 1

hour at 37°C 5% CO,. Couplets were then washed and

cultured in TC199 10% FCS at 37°C 5% CO, for a further

30 8-11 hours.

3.4 Fusjon and activation
For activation, oocytes were placed between two parallel

electrodes in 200ul of 0.3M manniteol, 0.1mM MgSO,, 0.001mM
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After the culture per:.od fused couplets were double

embedded in 1% and 1.2% agar (DIFCO) in PBS and

transferred to the ligated oviduct of unsynchronised

15 ewes. The couplet is embedded in agar to prevent or

reduce immune rejection of the embryo by the recipient

ewe and to assist in holding the couplet together. After

6 days recipient ewes were sacrificed and the embryos

retrieved by flushing from the oviduct using PBS 10% FCS.

20 Embryos were dissected from the agar chips using 2

needles and development assessed by microscopy. All

embryos which had developed to the morula/blastocyst

{ = stage were transferred as soon as possible to the uterine
horn of synchronised final recipient ewes.

25
In vitro techniques may also be suitable in place of a
temporary recipient ewe to achieve development of the
embryo to the blastocyst stage.

30 Exa 4 : Bovine Nuclear Transfe

4.1 vi o) e ma
Ovaries were obtained from a 1local abattoir and
maintained at 28 - 32°C during transport to the
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the follicular material allowed to settle for 10 - 1§
minutes before pouring off three quarters of the

supernatant. The remaining follicular material was
diluted with an equal volume of dissection medium (TCM
.0 199 with Earles salts (Gibco), 75.0mg/l kanamycin, 30.0mM

Hepes, pH 7.4, osmolarity 280mOsmols/Kg H,0) supplemented
with 10% bovine serum, transferred into an 85mm petri
dish and searched for COC’'s under a dissecting
microscope. Complexes with at least 2-3 compact layers of
15 cumulus cells were selécted washed three times in
dissection medium and transferred into maturation medium
(TC medium 199 —with Earles salts (Gibco), 75mg/l
kanamycin, 30.0mM Hepes, 7.69mM NaHCO,, pH 7.8, osmolarity
280mOsmols/Kg H,0) supplemented with 10% bovine serum and
20 1x10° granulosa cells/ml and cultured until required on
a rocking table at 39°C in an atmosphere of 5% CO, in air.

C 4.2 Qocyte mapipulation

Matured oocytes were stripped of cumulus cells 18 hours

25 after the onset of maturation. Denuded oocytes were then
washed in calcium free M2 medium containing 10% Foetal
Calf Serum (FCS) and maintained in this medium at 37°C.
To remove the chromosomes (enucleation) oocytes were
placed in calcium free M2 containing 10% FCS, 7.5ug/ml

30 cytochalasin B (Sigma) and 5.0ug/ml Hoechst 33342 (Sigma)
at 37°C for 20 minutes. A small amount of cytoplasm from
directly beneath the 1st polar body was then aspirated
using a 20uM glass pipette. Enucleation was confirmed by
exposing the aspirated portion of cytoplasm to UV light

35 and checking for the presence of a metaphase plate.
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4.3 (o} s c
Enucleated oocytes were then used for each of the three

methods of reconstruction (a), (b) and (c) as detailed
be;ow. .
5
(a) M " Met 0
cytoplast)
Enucleated oocytes were maintained in calcium free M2 10%
FCS at 39°C as soon as possible after enucleation, a
10 single cell was placed into contact with the oocyte by

¢ using a glass pipette to transfer the cell through the

hole previously made in the 2zona pellucida. The

cytoplast/cell couplet was then transferred into the
fusion chamber in 200ul of 0.3M mannitol in distilled
15 water. The couplet was manually aligned between the
electrodes. An AC pulse of 3V was applied for 5 seconds
followed by 3 DC pulses of 1.25kV/cm for 80usecs. The
couplets were then washed in calcium free M2, 10% FCS at
37°C and incubated in the same medium under oil at 37°C
20 5% CO,. 30 minutes prior to activation the couplets were
transferred to calcium free M2 medium 10% FCS containing
5uM nocodazole. Activation was induced as described
{ below, following activation the reconstructed =zygotes
were incubated in medium TC199 10% FCS at 37°C 5% CO, for
25 a further 3 hours. They were then washed 3 times for 5
minutes at 37°C in the same medium without nocodazole and
cultured for a further 12-15 hours prior to transfer to
temporary recipient ewes (ewes are a less expensive
alternative as a temporary recipient for the

30 reconstructed embryo).

(b) " T" (GO/Gl Activation d £
Enucleated oocytes were returned to the maturation
medium. At 30 or 42 hours post onset of maturation a
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incubated at 37°C 5% CO, for 15-20 hours (30hpm group) or
4-8 hours (42hpm group) I[The abbreviation "hpm" is
10 standard for "hours post-maturation"].

(e) "
Enucleated oocytes were activated‘(as described below) 30
or 42 hours post onset of maturation and then cultured in
15 TC199 10% FCS at 37°C 5% CO, for 8-10 hours (30Chpm group)
or 4-6 hours (42hpm group). A single cell was then
placed into contact with the oocyte and fusion induced as
described below. The couplets were then cultured in
TC199 10% FCS at 37°C 5% CO, for a further 12-16 hours
20 (30hpm group) or 4-6 hours (42hpm group).

4.4 Fusion and activation
( For activation, ococytes were placed between two parallel
electrodes in 200ul of 0.3M mannitol, 0.1mM MgsSO,, 0.001mM
25 CaCl, in distilled water (Willadsen, Nature 320 63-65
(1986)) . Activation was induced by application of 1 DC
pulse of 1.25kV/cm for 80us. For fusion, manipulated
embryos were treated in a similar manner with the
addition that the contact surface between the enucleated
30 oocyte and the cell was arranged parallel to the
electrodes. Fusion was induced by application of an AC
current of 3V for 5 seconds followed by 3 DC pulses of
1.25kV/cm for 80us.
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5 (ewes are a less expensive alternative as a temporary
recipient for the reconstructed embryo). The couplet is
embedded in agar to prevent or reduce immune rejection of
the embryo by the recipient ewe and to assist in holding
the couplet together. After 6 days recipient ewes were

{ 10 sacrificed and the embryos retrieved by flushing from the
oviduct using PBS 10% FCS. Embryos were dissected from
the agar chips using 2 needles and development assessed
by microscopy.

15 In vitro technigues may also be suitable in place of a
temporary recipient ewe to achieve development of the
embryo to the blastocyst stage.

R 3 Vi s vi
20 cells
The present techniques have been applied to both ovine
and bovine embryo reconstruction. At the present time
blastocyst stage embryos have been obtained in cattle;
however, no transfers of these embryos to final
25 recipients have been performed. In sheep 7 recipient
ewes became pregnant resulting in the birth of 5 live
lambs (2 of which died shortly after birth). The results
from these experiments are summarised in Tables 1-3.

30 Table 1 shows the results of development to blastocyst
stage of ovine embryos reconstructed using quiescent TNT4
cell populations and 3 different cytoplast recipients.
Reconstructed embryos were cultured in the 1ligated
oviduct of a temporary recipient ewe until Day 7 after
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5 TABLE 1
DATE OF PASSAGE NUMBER MORULAE, BLASTOCYSTS/TOTAL
NUCLEAR NUMBER NUMBER OF COUPLETS RECOVERED
TRANSFER
"GOAT" | "MAGIC" "UNIVERSAL" “
L
10
17.1.95 6 6/32 4/28
19.1.95 7 1/26 110
31.1.95 13 ) M4
2.2.95 13 01 0/14
15 7.2.95 1 19 0/9
9.2.95 1 9/29 12 i
14.2.95 12 6/45
16.2.95 13 313
.
20 TOTAL 16/98 (16.3%) | 10/78 (12.8%) | 8/68 (11.7%)

Table 2 shows the results of induction of pregnancy
following transfer of all morula/blastocyst stage
reconstructed embryos to the uterine horn of synchronised
25 final recipient blackface ewes. The Table shows the
total number of embryos from each group transferred and
the frequency of pregnancy in terms of ewes and embryos
(in the majority of cases 2 embryos were transferred to
each ewe. A single twin pregnancy was established using
30 the "MAGIC" cytoplast.
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P7 1 0
P11 2 0
P12 0 6
P13 3 2

(%)

TOTAL MOR/BL 10
TOTAL NUMBER 6 4
EWES
PREGNANT EWES 1(16.7) 5 (55.5) 1 (25.0)
%
FOETUSES/
TOTAL 2/10 (20.0 5/16 (31.25) 1/8 (12.5)
TRANSFERRED

Table 3 shows the outcome cof the pregnancies established
following transfer or morula/blastocyst stage embryos to
final recipient ewes.

Method
4E468 GOAT 6 LIVE LAMB
4E302 GOAT 7 FOETUS DIED n
(APPROX 130 DAYS)
4E210 GOAT 11 LIVE LAMB
4E286 COAT 11 LIVE LAMB (DIED
SHORTLY AFTER BIRTH)
4€453 GOAT 11 FOETUS DIED
(APPROX 80 DAYS)
4E294 UNIVERSAL 1" LIVE LAMB
4E272 MAGIC 13 LIVE LAMB (DIED
SHORTLY AFTER BIRTH)
Lo _________ .-
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Nuclear transfer has been conducted using three new cell
types, designated OME, BLWFl1l and SECl. OME (ovine
mammary epithelial) cells are an epithelial cell line
established from a biopsy removed from the mammary gland
of an adult 6 year old Fin-Dorset ewe, following the
procedure of_Finch et al., (Biochem. Soc. Trans. 24 3698
(1996) . BLWF1 (Black Welsh Fibroblast) cells are a
fibroblast cell line obtained by dissection and culture
of a day 26 Black Welsh foetus obtained following Natural
Mating of a Black Welsh ewe to a Black Welsh tup. The
method of isolation of primary foetal £fibroblasts is
according to Robertson, E. J., in Teratocarcinomas and
embryonic stem cells: A practical approach, 71-112, IRL
Press Oxford (1987). SECl (Sheep embryonic Cell) are an
epithelial-like cell line derived from a day 9 embryo
obtained from a super ovulated and mated Pol-Dorset ewe
to a Pol-Dorset tup. The SECl1l cells are distinct from
the TNT cells described in co-pending PCT application No.
PCT/GB95/02095 published as WO 96/07732 for the following
reasons. Firstly, the morphology of the cells of the two
cell 1lines are completely different and secondly, the
methods used to isolate the cell lines were different.
The SEC1 cell line was established from a single embryo
whereas the TNT cell lines are derived from groups of
cells.

All cell lines were karyotyped and showed a modal
chromosome number of 54 (2n). Prior to use as nuclear
donors for embryo reconstruction, the induction of
quiescence following the reduction of serum levels to
0.5% was monitored as previously described (Campbell
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CLAIMS

1. A method of reconstituting a non-human animal embryo, the method

comprising transferring the nucleus of a quiescent diploid donor cell into a suitable

5 recipient cell.
2. A method as claimed in claim 1, in which the animal is a mammalian species.
3. A method as claimed in claim 2, in which the mammal is a cow or bull, pig,
10 goat, sheep, camel or water buffalo.
4. A method as claimed in claim 2, in which the mammal is a rodent.
5. A method as claimed in claim 4, in which the rodent is a mouse or a rat.
15
6. A method as claimed in any one of claims 1 to 5, in which the nucleus of the

donor cell is genetically modified.

7. A method as claimed in claim 6, in which the nucleus of the donor cell is
20 genetically modified prior to embryo reconstitution,
8. A method as claimed in any one of claims 1 to 7, in which the recipient cell
is an oocyte.
25 9. A method as claimed in claim 8, in which oocyte is an enucleated oocyte.

10. A method as claimed in any one of claims 1 to 9, in which the donor cell is a

differentiated cell.
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13. A method as claimed in claim 12, in which the embryo cell is obtained
from an embryo produced by a method of any one of claims 1 to 9.
10
14. A method as claimed in any one 6f clams 1 to 9, in which the donor cell is a

foetal somatic cell.

15. A method as claimed in any one of claims 1 to 14, in which the embryo is a

15 blastocyst stage embryo.

16. A method of nuclear transfer, the method comprising the transfer of the
nucleus of a quiescent diploid donor cell of a non-human animal into a suitable

recipient cell of a non-human animal.

20
17. A method as claimed in claim 16, in which the recipient cell is an oocyte.
18. A method as claimed in claim 17, in which the recipient cell is an enucleated
oocyte.

25

19. A method for preparing a non-human animal, the method comprising:
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23. A method as claimed in any one of claims 1 to 18, in which the nucleus of

the quiescent donor cell is transferred into the recipient cell by microinjection.

24. A method of producing a cell or a cell line, the method comprising
N 20 reconstituting a non-human animal embryo according to a method as claimed in any
one of claims 1 to 15, and clonally expanding cells from the embryo to produce a

cell or cell line.
25. A method of producing a cell or a cell line, the method comprising the
25 transfer of the nucleus of a quiescent diploid donor cell of a non-human animal into a

suitable recipient cell of a non-human animal and clonally expanding cells therefrom.,

26. A method of reconstituting a non-human animal embryo substantially as
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10 29. A method of nuclear transfer substantially as hereinbefore described with

reference to Examples 3, 4 or 5.

30. A method of producing a cell or a cell line derived from a suitable recipient
cell of a non-human animal into which the nucleus of a quiescent diploid donor cell
15 of a non-human animal has been transferred substantially as hereinbefore described -

with reference to Examples 3, 4 or 5.



