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1 . OUI ESCENT CELL POPULATI ONS FOR NUCLEAR TRANSFER

This invention relates to the generation of aninals i ncl udi ng but
not being limted to genetically selected 5 and/ or nodified ani mals.
The reconstruction of manmmalian enbryos by the transfer eus
froma donor éﬁBPVﬁmf an enucl eat ed oocyte or one C€|FC2&50W&M%1|OMB
t he production of genetically 10 i dentical individuals. This has clear
advant ages for both research (i.e. as biological controls) and al so
in conmer ci al applications (i.el multiplication of

genetically valuable Iivestock, uniformty of neat products, ani nal
managenment). One prql of earl enbr¥os as nucl ear
donors is that the rrorsd - ' A Rifged froma
single enbryo is I|n1ted bot h by the nunber of cells (enbryos at the
32-64 cel 'Th%.%agfm?érﬁ:i[d}? E‘ﬁﬁétg\é dely rgng]gpxeggggbgmo@ aru.rflals

speci es) and the effi ciency e nucl ear
In comtrast to CRSIHEENGs bEFer?"osb%nﬁluk’rf@eﬁ*Eddd:@or&?nettﬁeal Y seleptedty to
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produce |iSve of aadybrgmbiifled eatimaianst er fromcells which can be
mai ntained in culture is an 25 obj ecti ve which have been sought for sone
time by animal breeders. The ability to produce cloned of fspring from

a cultured ceIITpﬁneeﬁeaﬁareﬁttﬁnepﬁemﬁﬁmaiy@meﬁmbryos by aUeanragsﬁenver
the use of earl bfeabﬁhieﬁeué' hem N Gorde: embryo éctleaxpre%é%hee?

nunbers of |dent c of fspri over t1ne period
cell's can be fro%e%ngngeig 2y °g?o? w%uﬁp?fﬂf thPF &énEFFEE}?§1¥%

modi fy add or ldentlsell-eetndaeh.&upb@ul atlidiss hafs tdkedequdvatkgrot e (e. J.
sex) prior to eggﬁﬁoréggggéﬁrggtéoqmsé?gﬁggheghl%Bngggis) and aiygeiéor use

in these procedures 'S oni c ) )
commercia applications (i.e. multiplication of

genetically valuable 1livestock, uniformity of meat
products, animal management). One problem with the use
15 of early embryos as nuclear donors is that the number of
offspring which can be produced from a single embryo is
limited both by the number of cells (embryos at the 32-64
cell stage are the most widely used in farm animal

species) and the efficiency of the nuclear transfer
20 protocol.

In contrast to the use of embryos as nuclear donors, the
ability to produce live offspring by nuclear transfer

from cells which can be maintained in culture is an

25 objective which have 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

- 30 over a long time period (cultured cells can 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



2 (ES) cell. ES cells have been isolated in the nouse,

however as yet there are no reports of devel opnent to termfoll ow ng
their use in nuclear transfer. At the present tinme there is a
single report of ESlike cells in 5 pig which have contributed to
developnent follow n I njection into the bl astocoel e I n
vi vo- produced W097107669g| ast ocyst sJ (Wheel er, Reprod. Fertil. Péﬁ&gg%%?)%S
(1994)) but no reports of chinerismin ot her farm | i vest ock speci es
and no reports of devel opnent to term 10 2 foll ow ng nuclear transfer in
any manmal i an species from any established cell Iine. There
are several alternatives to the use of ES cell lines; one of

these is to &&drddellf.or EStaetls chaye 15een igplafiad i Phsthdi Bpuse abl e
to pronote develqjeRat adefet there Usedl ndOrepdititd e6f dévelspment tdSever al

reports have term fosl %%%e%hell%t \.P W dﬁtﬁlle%y rgrg%slf%rc’f f el(t at %“ table

candi date: however ern1h as
Cell lines estmqsﬁﬁéthWBrﬁlé%Fﬁ }Seﬁbswglmmoze °f E%éelrkesegé&t@a

al t hough glevel q:pi_@?ntvhhaﬁ hear repatteButed to faevehayrantpagsayewisyls in
t he sheep (Canphel | onged

culture.” ho I ectionaiato the PIatERrarte FATEtNGoR G dAVPoREPHEE R car
transfer protodidlasticCyspsel (Whetelalr,, Beprdrbtr Betrtfkri Oev25 6 56855681

(1995)). (19943 )OVQEF C@;O o g%ﬂtgevgfo meragmt efyn fgttn%&» ngglRar

transfer the devel oprent e tran erre nucl eus nmust be
reset. For tm:§#ﬁ?ﬁiﬂﬁ&'5PP&h§§r?B@|Bﬂ EEP°rtsrﬁﬁndq&§18PW§§FeH°aﬁﬁrThen
restartegh i n a fiVwipeatialeyr transfaredn ahedmgmidlean spelliewi fuemreports

have shown t hat he bl astocyst stage can be obtai ned
from a%ﬁaeStabqngL ?? ty%é§§||1 the cow, sheep, pig, rabbit
and nouse. However, in all of +these reports no

There are several alternatives to the use of ES cell
lines; one of these 1is to search for other cell
15 populations which are able to promote development when
used for nuclear transfer. Several reports have
suggested that Primordial Germ Cells offer a suitable
candidate; however no development to term has yet been
reported. Cell lines established from early embryos have
20 been suggested; although development has been reported
from early passage cells in the sheep (Campbell et al.,
Therio 43 181 (1995)) on prolenged culture, no
development was obtained using conventional nuclear
transfer protocols (Campbell et al., J. Abstract Series
25 (5) 31 (1995)).

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 cbtained from
a wide range of cell types in the cow, sheep, pig, rabbit
and mouse. However, in all of these reports no



3 devel opment to term has been reported. The birth of live
| ambs foll ow ng nuclear transfer fromprimary cell |ines (up to and
i ncl udi ng passage 3) which were established fromthe enbryonic disc
(ED) of day 9 ovine enbryos has 5 previ ously been reported (Canpbell et
al ., Therio 43343407669 (1995)). However, on subsequent Cipliiis9ei99y
devel opnent to termwas obtained using conventional nuclear transfer
protocols (at passage 6 and 11) (Canpbell et al., J. Reprod.
Fertil. Abstract Series (5) 31 (1995)). TRese 10 results can be
interpreted in a nunber of ways; firstly It can be postul ated that
all of the ED d || ob |ned dur| eriods of culture
are able to &Hé/fo %tt §° e’érflc}'bar?e ‘?Fg'r Lﬁnbg?a‘ advecul ture
during establi shﬂ‘@?ﬂ f@fll@w(}ugt aneblecelttransfrezt feon p:sitha;rﬁScell ldlmasge and
are thus unabl e(4® €ONLAQ| ifeVEL sé’!b‘?‘é‘ 3) whidiS&k A égjcg_bq rspdgnor s
pien r

for nuclear tra sferﬂntothe , "Uni ver sal Reci eerre to in
the above paper the emhryonic; ¢ieg |(FDha9fb€a¥)o%t%‘rJd"t%cF“th¥a’[°Sdlhaisng t he
early” 5 culpm\el.qamllyo@eansnbppnpeldi atGamphefllceltl a1 ﬁtﬂhélﬁ.zé s 481

ability 1o proppids) dev%%ﬂ?%&l o?:.ngutbgghueﬁp §u+%%g Mo dev %lo%%rpln%i n the

producti on of I|ve offsprln nuc g these
early passages. ®Pri&fmpyas o taln%@u‘éﬁféfﬁg prreatphnal seuclenr riotansdercel |
cycl eI co- hprmdhdlailqatOfpiiﬁg@nQr RHE! eus art@ahgsemm@te%tl |25
cytoplasmin t 0 0S_reconstr nucl ear

t r ansf er qgCarrpb‘Zl ﬁ?%‘?‘l afn%%tﬁ ‘%%%Eﬁft %grégg (e &4 X@ﬂ@twﬁﬁes&nd

Bi ol . Re%-) od. 5oesggm :g;gxgh(elgm)a):preted in aToumpeas $hlwayd t eivattilye

SLrateg os 10 1etcal BE! gbifufiedd chal 211 SBEALKAN Bl G0kl |de1g SN CF

Is totipotent fq nhucl ear trans usin nuc edr transf er
protocol s are: btalned during early periods o culture are able to

(1) to nodify eprototey decebapméntinsi eHoRePeLAUIRS; prolonged culture
during establishment of a cultured cell line these cells
15 change and are thus unable to control development when
used as nuclear donors for nuclear transfer into the
"Universal Recipient" referred to in the above papers.
Alternatively it may be postulated that during the early
culture period a sub-population of cells retains the
20 ability to promote development and that this would
explain the production of 1live offspring following
nuclear transfer during these early passages. Previous
studies have emphasised the role of cell cycle co-
ordination of the donor nucleus and the recipient
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)).

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:



or (2) to nodify the chromatin of the donor cell prior

to nuelear transfer. 5 A totipotent cell can direct the devel opnent
of a whol e ani mal (when constructing enbryos by nucl ear transfer
froma donor cell into a recipient cell, such as an enucl eat ed
oocyte, it is g,}aﬁg%y&beus of the donor cell 10 which is deqiddebRss ) -
This includes Irecting the devel opnent of extra-enbryonic

| i neages, i.e. the placenta. In this definition, a fertilised zygote
and in sone species i ndi vi dual bl adtoneres are al so toti potent.

In contradistinction, a pluripotent or nmultipotent cell 15 (i.e. an

enbryoni ¢ sten1ce||) p lefJ.ned._as Q which can form al
tissues in the concep%%s/etocP?l%g ﬁge’ggel%% RRERFRT rﬁré'EF?Sﬁ Raesdurgs

bl ast ocoel e cavity. O |In both the nuclear transfer strategies (1)
and (2) 20 outlinegh abey dodaegetkotrirenaed! SE4 kRN dd1 Pk quy ! he

reprogramm ng of gene expressiqn of the transferre such a
met hod woul d then al | ow tHe A S3F transteyyifferentiated or partially

differentbated cells as nucl ear donors and mould "bring out" their
i nherent 25 atebE 5@&95 as, po nd that |escent
cells, that is to B CE1HIcan dl&%cgrgh%o %& SFoﬁ Flng by
means ofa?h%akeﬁwhﬁ9cF@nséﬁﬁcﬁﬁ%an9ab§3®%I9Ybém@§eéra§rwwgﬁear 30

donors in the reromsutdﬁndrlcélnﬂlﬁﬂbﬂa|:@ﬁﬁ&M@nt Q&h, such £&bLyos may

h b |1 dek h
ocor "nuc] bon S I ERARIET T U S ucaane 5 hoBERE: cbitong

whi ch ar &%r equi Yeéchoris ctotipetent) ent Whiseamcalugdesf edivertirg i ndaced in
thF|HUC|e' t development of IeXtrii?$ﬁwsﬂ?lc linea es,5 i. ?henﬁ?gognter
fﬁe Zu!o(ralsg(rant Os%g %énéjsel gnf g@’(f:s ﬁ%;lgggﬁon, d fceréh}llgf-"fieﬁw?‘?lt? e ABsent
appl i cati on. some species individual blastomeres are also totipotent.
In contradistinction, a pluripotent or multipotent cell
15 (i.e. an embryonic stem cell) type has been defined as

one which can form all tissues in the conceptus/offspring
after injection into the blastocoele cavity.

In both the nuclear transfer strategies (1) and (2)
20 outlined above, a method is required which will allow the
reprogramming of gene expression of the transferred
nucleus: such a method would then allow the use of
differentiated or partially differentiated cells as

nuclear donors and would "bring out" their inherent
25 totipotency.

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
30 donors in the reconstitution of an animal embryo. Such
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



According to a first aspect of the present invention, there is provided a

net hod of reconstituting a non-human ani mal enbryo, the nethod
conpri si ng transferring the nucleus of a quiescent donor cell into a
sui tabl e recipient cell. 10 In principle, the invention is applicable
to all ani mal swog97n07669 | ncl udi ng birds, such as donestic fowpcrargbodesan
speci es and fish species. In practice, however, it will be to

non- human ani mal s, especially (non-human) nanmal s, particularly
pl acental mamrals, that the greatest 15 5 comercially useful
applicability is presently envisaged. It is with ungul ates,

particul arly economni ffl Ia/ J nlportagt . ungul ates such as cattle, sheep,
goats, water buPfafB % P¥Or ESEREIENESHI R TUFHEHEORATENPY FRYSENT kel v
to be nost themstbukntbot hhasqai esearst farawd.oniTigisanfad haanbearm a 20
means-for gener gt Ng4 | et ) i fied animals. It
shoul d al so be %5(; ggl%ig[ﬁtgﬁ%leicﬁ\%ﬁ'{g?gng#éﬂégt{@gal so likely to be
applicable to other econonically i mportant ani mal species such as,

for exanpbe, homsesrding to kl #iEStoraspReeNtsr ecie %ﬁééerﬁf {hFht idn,
rabbits. 25 he i ; ] | S | y-applicable i.n the production of
transgeni c, as \%g?fgagsngﬁ-gﬁggggén}“ggg%‘il!mé sgg??%%%b%%l@g an an’érf‘ﬁﬁrral s
may be producedePPENP g Meshpg eonusrisdngohvansferring ¢hesnudheus\aef al |

procedure has aanyibescéoit atbhyH @823 38to a HYRabIPPeedbieAal cePf OCedures

for the production of transgenic (i.e. genetically noditied)
ani mal s whi ch may be summari sed as fol |l ows:
6 10 Iplprinmkple cthpi barentidd iseapplhicalsks to all animals(,2)

nul tiple Syr‘ger‘?hélﬁ@%%ﬁcd@ysgﬁh%snﬁroﬂﬁaggi fowl, amphibian W g onal
donor cells; o éSé,subt e genetic alteration Dy genetargeting is
5 pefnfifBgspeties. In pragtige, hpwaNeX .prisdiidd feom®enbryos
prepared by =~ non-human anitalsnveatpermistioyl d(Acwramidn)t hemsnmansnt
o Ger i ved frompar o oal s Hac sl | iile,  char  che  oFBERAR 0
of transdenic aRPMREECially useful applifabiddsiciearasensdyiemvigagsd nerism
after It is withchngubated, wagkhicalaslraceidniranyl alheisednte
ungulates such as cattle, sheep, goats, water buffalo,
camels and pigs that the invention is likely to be most
useful, both as a means for cloning animals and as a
20 means for generating transgenic or genetically modified
animals. It should also be noted that the invention is
also likely to be applicable to other economically
important animal species such as, for example, horses,
llamas or rodents e.g. rats or mice, or rabbits.
25
The invention is equally applicable in the production of
transgenic, as well as non-transgenic animals. Transgenic
animals may be produced from genetically altered donor
cells. The overa;l procedure has a number of advantages
30 over conventional procedures for the production of
transgenic (i.e. genetically modified) animals which may
be summarised as follows: '
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bl ast ocyst injection, or other procedures, produces a

proportion of nosaic animals in 15 which all cells do not
contai.n the nodification and the resultant ani mal nay not
transmt the nodi fication through the germline; and

(5) cells can R sgheted for the site of genetic PCT/GB96/02099

nodi fication (e.g. Integration) prior to the 20 generati on of
t he whol e ani mal . It should be noted that the term"transgenic"

in relation to aninmals, should notébe taken to be limted to
referring to animals containing in their germline one or 25 nore genes

from anot her speci es,,,al though . tran i . imals will contain
such a gene or genes@JRaF g%? f%g Leddd gﬁn&?e %?%lﬂégb broadly to any

ani mal whose germ | it multiphessyoganehe SounéRrs ohay ebAnigeaprated

I ntervention by r @eenl Pagha DM ARchaahagy. So, for exanple, an
ani mal 30 in mhogﬁ ger &.ine an endageno ene has been del et ed,
or

us g 1

dupl i cated, activate £ SEANeLS ITETaGEAR CORFTRA targetingis he
pur poses Bf this inventi peratttedh as an ani nal to whose germline
an exogenous DNA seqguygnc a QQ%

7 I'n enbodiﬁ@ntglgfaﬁggggﬁygﬁ??%ﬁg?n "}éﬁ&i gsaﬁfﬁgﬁr?g by
transgeni c, the donor nudPeusipeerfeidt i edPridnddanspgt the rejgwagbnor
nucl eus nmay contain one @enegie hbaDSfeNCTormthrough thehgeghn@iheé as

nodi fication may take pl pr.i o.pu r.-5 tr r_an nbryo
reconstitution. Althougﬁgﬁigbg&ai 8 8£§iﬁ%&nﬁﬁﬁ? %Méyh &%uggfgeﬁﬁjection
into thelfale or fenal e in contyaghucbradueticn mfydixansgepice apdmpalas a

met hod of geneti c yypdpibkatiddy HRGebPYEONt iRN ERiM@Fidn Makedrt O

t hat met hodol ogy: nass tnani ounatlgn éﬁ.gxﬁpsfectlo 10 Lechnbgues can
al so be used e.g. electrdpPSrAFEER, OyiPedified step, Rtk RAFWREFERS

| i pof ecti on. _ | n kllagteeyabd bhijediEiadmyenti odthiys coidgsedaese, a
nucl eus S transfgrrogchgora apHhSSEEM denqioiald dRimalLChpi ent 15
cell. ng use of this nEHQP |3 not. restricted to,a .%grtlcular
donor c&Pl type. Al | WBAER 8 loqell[ﬁ) Agfot contain the modification

and the resultant animal may not transmit the
modification through the germ line; and
(5) cells can be selected for the site of genetic
modification (e.g. integration) prior to the
20 generation of the whole animal.

It should be noted that the term "tranasgenic", in
relation to animals, should not be taken to be limited to
referring to animals containing in their germ line one or

25 more genes from another species, although many transgenic
animals will contain such a gene or genes. Rather, the
term refers more broadly to any animal whose germ line
has been the subject of technical intervention by
recombinant DNA technology. So, for example, an animal

30 in whose germ line an endogenous gene has been deleted,
duplicated, activated or modified is a transgenic animal
for the purposes of this invention as much as an animal
to whose germ line an exogenous DNA sequence has been
added.



karyotype, including enbryonic, foetal and adult somatic cells,
Mhich can be induced to enter quiescence or exist I n a qui escent
state.in vivo may prove totipotent using 20 this technol ogy. The

i nvention therefore contenplates the use of an at |east partially
di fferenti at eqyg@lobsso including a fully differenti at RCTEBI6/02BDNOr
cells may be, but do not have to be, in culture. Cultured bovine
primary fibroblasts, an enbryo-derived ovine cell line 25 (TNT4), an
ovine mamrary epithelial cell derived cel line (OVE) froma 6 year
ol d adult sheep, a fibrobl ast cell Iine derived fromfoetal ovine
ti ssue (BLWF1l) _and an epithelial-ljke cell |ine derived froma

9-day ol d sheeﬁn embodiments \of (‘She FRVRRE SR i BdioRnimad des of
enbryo- tdansgenicel thé i desotisatulens ibegem!eﬁa.‘alry whdEihEigw. udes

tAB& jcat Sﬁ' o ERCH7RE 805" maltpEEfLath G JETHGH Srnagenes addl N1

To b&hasseRgtic m%ﬁ%&ppowaym ridicles PALET ot crvekRAT

vvhl ch*issto sazrahafefh%hdar@nwo a@éb&ﬁémm&dr{ er atmrwm ?h mﬁrdreans of
the mtotic ceII m t ot cce our |nct

phases, Gl, S, * éﬁﬁmﬂﬂ é’ggus blerb]erﬁﬁlr?él é%ﬁttl?% & 8§I$
called start, paha‘scleus ofl axezigothe @RyphHeseusad las a method fcuihctlon.

The deci gage 9k ﬁemaasmoﬁo Hﬂgeﬁ.ﬁgeﬁ{??&HeEsc?zlolt C:m{ﬁéas £
made at start. Il_rgnce atg_lp has passed through start, it pas

through the ref@Phd&EERIPRET FIRESe, 571 Wtien or { hEapFee ﬁ\%@n
synt hesil® phaseechnigeesecamdabiades udwmi ®.g. eleghasporatsomheviFiNA

synthesi s takes, Bhagctiod ol l owed by the & phase, which is
t he period betwg n DEIA od b2 llrsﬁmhfees?lts}o%nd mtosis. Mtosis itself occurs

at the M phase. Quiescent cells (which include cells in which 15
qui escence has Iheeneidi!!hlﬁﬁﬂo&sth@unmﬁ:hmsﬁeﬁefibem&ﬁe a nuchdé®s

naturally qui ?.%C %/ nsfe d:{]é X ng?&%éf’g&ntf léongr cell 't:c:dlaf L?ﬁg@ié&éﬁ?

cells) are genéra regar
phases 3f the 6fdle; (T8 we of this,zgshpgd éésmtb(ﬁﬁsé?lﬁéﬁﬁg th a Q
state, so as t@azelcularncmmle tdeatl tlag-pewoul darm0t Jeanerl by Pheghr&ss

though - L0GoEYELe: 1nc1U Y Shlry8hs 891 ESGEY G GBS DAWEc:

di pl oid DNA co
cells, which can be induced to enter quiescence or exist

in a quiescent state in vivo may prove totipotent using

20 this technology. The invention therefore contemplates

the use of an at least partially differentiated cell,

including a fully differentiated cell. Donor cells may

be, but do not have to be, in culture. Cultured bovine

primary fibroblasts, an embryo-derived ovine cell line

25 (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 (BLWF1l) and an

epithelial-like cell line derived from a 9-day old sheep

embryo (SECl) are exemplified below. A class of embryo-

30 derived cell lines useful in the invention which includes

. the TNT4 cell line are also the subject of co-pending PCT

Patent Application No. PCT/GBS85/02095, published as
W096/07732.



Cultured cells can be induced to enter the quiescent 25 state by

variqus net hods including chem cal treatnents, nutrient deprivation,
growt h i nhibition or manipul ation of gene expression. Presently

t he reduction of serum | evel s in the culture medi um has been used
successfully woo97076690 | Nduce qui escence in both ovine and bRwI/GBI6(H249P
lines. 30 In this situation, the cells exit the growth cycle during
the Gl phase and arrest, as explained above, in the so- called &
stage. Such cells can remain in this stat@ for several days

(possi bly | onger dependi ng upon the cell) until re-stinmulated when
they re-enter thg |4 QMd¥uQY¢hethe invention, donor cells are quiescent,

9 Qui escent, cells arrested in the GO state are dipl.oid. , The
&0 state i S thevBOR LT E] MEYCEIRE IR TromamnAERiveLy PRI TARd I o 1o
differentiate. bp qeamsceficeha migbeic cell efciret abdhec miltandges cedle been
reported and th ' ude... . hoty! at e k St,one

ciliated ggﬁ%?l g})l?gs?Bﬁgdggﬁn@%é%Fﬂg%é)n%o'etéey’cgéé’sg?zl, o?1£|c|h nﬁél I The
protei n s§nt hesbeginnieg cevent pint the yetll eechwaserliled startyr &skesi ption
and increased tgiae¥esnOthBNALr @hHkbi Bldl Bas a urdquedydhicelohn tahal cell
RNA, di saggregagl on_of 10 ‘H‘PQ ri bosomesa accurruI%tll on qf, inactivye 80S
ri bosomes and S StHP oMhtF ‘Pﬁ%ﬁéﬁs&?i SRABFED | BN SHhi S e 1Y eE 45,
Control of Animabd€est #rapt.feCarron, cdlB3RBeEsELA8ERFough start,Mitty of
these features gLgsbBOBRr YN IN ErdiRfitide’d di0 the c1 Qe Apliew ng

transfer of a nu%cll eus to._an enucl eat ed og_(éyte. 5he fact tpat the Q0
state is8ssoci GPEdPRPTRNA synthResis (PRE%% ent TBEi 5A°CBYg85RESt hEPet i s may
provi de a phaséeari/schwbemt DNAStsyothesd swhitaltes spiece. aneDhbs e ifso

ei ther renodel | Eﬁﬂl@ﬂ%%y LGRr 091 SHIE NG v@ichhf% ;t?}&! @e%%dégetweé&'ﬂnn

cytoplasm In this vvai/ b% virtue, of the nucl e onor cells being
in the qui escenfYBEBERISt ARACHIA®tSn Mitosisgitaed £, Qocursoftt kdeddhor s
may be nodifi edphaket e Quilasyent cellsr epdnisih t ii¢udeor ce Erondhr mdtiichkn such

that the,guclei E.gscenclze néd e en! Qnghﬁggtag%)’eﬁllo‘%ge@hose J?ie% il S

fromall 25 reviously reported net s of nuclear transt I n _that
the chromatin of¥8ondlRRIALY s FHESEBE priBich o #he F8&tain  fydilyipe
cells as nucl eagidfiepestiated cells) are generally regarded as not being

in any of these four phases of the cycle; they are
usually described as being in a GO state, so as to

20 indicate that they would not normally progress through
the cycle. The nuclei of gquiescent GO0 cells have a
diploid DNA content.

Cultured cells can be induced to enter the gquiescent
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 G1 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.



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

Reci pi.ent cells at a variety of different stages of devel opment may
be used, from oocytes at netaphase |

10 t hiyoweHh7edt aphase 11, to zygotes and two-cell enbpyreBs/02099
Each has its advantages and di sadvantages. The use of fertilized
eggs ensures efficient activation whereas part henogeneti c activation
is required with oocytes (see 5 bel owd. Anot her mechani smthat may
favour the use of cl eavage- stage enbryos in sonme species is the
extent to whi ch reprogranmm ng of gene expression is required.
Transcri ption i%“%?ﬁQQQQeﬁF%ﬁﬁi?ﬁf%é%?@x&ﬁnﬁh%egp gyare are diplgighe npuse
and RO mej gr chm@esoi@tl-_idfbe ibmtutee ;s&idmeile:dhe Cdl_TIOtc@:cll%l fbe:inn@vﬁich _

synt hesi sed ar Y = ; i mensional el ectro resis
it 1 the: bl actSTbAE Bt gbie to d¥rerensiate’noBo R i ooy o HRAREE

Morphol . 87 1750R06netabolic( 1gBanges | rhausst beasesrepbotrsh, ande thespi ent
cell's*wilg incPEIOOCY! @pncbhosphorylhtelS Prefsidssk t hat ctheakeai pi ent

be enucleate. Wile . 1 It . has beén enerally assumed .that
enucl eation ofSentriolesy i redlFtion ¥ IFPTRIEFEar CEFERI® ProcBddres is
essenti al , t heretein ssynnbesipublinsheased eppeteoakysid, 28ecreas@nfinr mati on

of this j Udgenef'fans&'ept%rding !a%taloiﬂéf’&fégﬁ %urnover HESEKA gfé&v\\%]l%iﬁg"gﬂl ates

I nvol ved splitting the ce I, two hal ves, one ch™was |ikely
to be enucl eat el TreductiaR | |idyséRtRAt uFeL320RNA) edizppqremabirn TRES
procedur &0 pohyasi Hdeondiss advenhwlpe: idmbft htacd fiey soskpibesdmds awdl | 25

SLI Lo ave the SREGRIASE aRRMAlUR 800 (Rabilhes " aiYdla  ee A1, VOIUM
of the cytoplasmis belleved to accelerate e attern of
di fferentiati onCOREXPE QHeddmly Gel EvPEpdifanation, 1 3P1-36evd9%85ent 109
322-328 (1990)) . 30 More recently, different procedures have been used
'n Many of these features are those which are required to
15 occur following transfer of a nucleus to an enucleated
oocyte. The fact that the GO state is associated with
cell differentiation suggests that this may provide a
nuclear/chromatin structure which is more amenable to
either remodelling and/or reprogramming by the recipient
20 cell cytoplasm. 1In this way, by virtue of the nuclear
donor cells being in the quiescent state, the chromatin
of the nuclei of the donors may be modified before embryo
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 ococyte or another suitable
cell.

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



attenpts to renove the chronosones with a m ni num of cyt opl asm

Aspiration of the first polar body and nei ghbouri ng cyt opl asm was
found.to renove the netaphase Il apparatus in 67% of sheep oocytes
(Smth & WI nut 11

Bi ol . Reprod. 7Arded7-1035 (1989)). Only with the use of PCT/GB96/02099
DNA- speci fic Iuoroc rome (Hoechst 33342) was a method provi ded by
whi ch enucl eati on woul d be guaranteed with the m ni mumreduction in
cytoplasm c volunme (Tsunoda 5 et al .1,0 J. Reprod. Fertil. 82 173
(1988)). In livestock species, this is probably the nethod of

routine use atthrough Phec&thadd ot heto &zﬁdﬁfés hndRafwcrde e dribryosuppl . 41

h I
20y, 10 Bhen RN Bl Rlaga e AL CHRE! d2d{00r
approaches to &eutibizedn eggsneensunss wabfbabentn activatighi bihersas
jrradiation wiphrthiksyd@lale Wealkat okl sad Rpireg gﬁ%& SPrggedure
9% he

(Gurdon Q J. crosc.” Soc. re are no
det ai | ed>r epor P&18Y theA&%hS?F mechanigm Eh%‘bpméﬁcﬁaﬁf‘h“ﬁaﬁ%l yseapPfhough
during thef usechéatife-stage enbirgoisf ulﬁ Ebmerlepémlmmhﬂst BARS embadhﬁ:bat
exposure of no ta o) | mor e .than 30
seconds Qﬁ? Uced rﬁgggé&gﬁ%pnoeynté %ote 1e 59_%1 e & f‘legunoda 20
et al., J. Repfi‘éansmnmongzs irdtiages) puring the seqonids qsldf evicd@ t hat

reci pi ent host igekhs hBusbi ahdthe major cliitds Gel Ithwqia@a&el ott kamsferred

I s an enucl eat ed hase 0pC an enucl e | vat ed
oocyt e g'lld pr°5?|ué%ucgeéfl d BV&%? %‘%d byt §evei V\At’? P the
reci pi ent |s dimensiors eaebect ranhmyesds unltlloctdwt dqlastocysta(sttagst i on may
take place at t(ﬁ@wiét?t? of pbiessf er . Empryol . Al: NadipiRlzy, et ﬂv%a%s\mﬂe

t he recipient §9§€ ). enucl eat ed g ed ngt aghase (i
activation 30 }) - tai[E’em°5Fa‘é%sess'ul§ nttRe recipd nﬁe%%]rlﬁ) above
enucl eati on napebeceytesved physically, by act uaI removal of t he
nucl eus ygpro-nuclei or net aphase pl at e (dependi ng on the recipient
cell), or functlonall such_as t he ., . application of _ultraviolet
radi ati on aﬁﬁt ﬁégferred tha the recipient be enucleate. While

lt 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 (1990)).

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
IT1 apparatus in 67% of sheep oocytes. (Smith & Wilmut



35 enucl eating infl uence.

12 . Three suitable cytoplast (enucl eated oocyte) recipients

are: . 1. The "MAGQ C Recipient" (Metaphase Arrested GL/ Q0 5
Acceptlng Cytopl ast) described in our co-pending PCT pat ent
application % 9$§;gé GB96/ 02098 filed today (cl ai pc1vgBped2090i ty
from G 9517 8 6[ The "GOAT" (@0/ Gl Activation and Transfer) -
a Ml : (rretaphasell) oocyte at the tinme of activation 10
(Canpbel |l et al., Biol. Reprod. 49 933-942 (1993). 3. The "Universal
Reci pient" (Canpbell et al., Biol. Reprod. 649 933-942 (1993),
Biol. Reprod. 50 1385- 1393 (1994). 15 Al three of these

reci pi ents woltPl-e®eprodn Hbrih@7-1035 (p9Rdy. wlshyuwlitly thenosenotl ei in
@ in the recoiglldpelc8dic fluoPBBh¥Sme kRYEMEIL m:@nt &@spoatﬁebﬁas
suggest ed that a i Hts,ro Qrthson of. the nucl eb‘ﬂf UI escené Igs are
unabl e “&%& Yyt &AL 18R ¥RY EﬁnFﬁF t
phase cyt opl aSIhaNl mhnmutmnatedgotmgndlmassyemm;asnfld heolume (rl‘suheda

envelopeg (Lenq Ag\l_f;nsb' ) Ré rgﬁ”F%Hl 38%79-% %1938”] %‘(31]" \,\,2%

Ther ef or e, aIt a prop rtion £ en using
the "Uni ver salsﬂ?é'éle[ﬁrerﬁ is s probablypsieumstbadt pét rPH‘élﬂéeuﬁﬁ REI
oocytes cont al;mmrh:l glpra’éher & Piglss o‘t Réprddt M&ler&w.l naaf agsor or

method 1o 2 19T oRteiin bRearr FHRRl e BB N T 50

Once suitabl e(lﬁﬁﬂ'}dr and recipient cells have been i dentified,
it is nggessary for the nucleus of the forner to be transferred to
the latter. st cqnveni %ntly, nucl ear trans er_is.effected by
fusi on €xre havée been’’' very few reports non-invagive

approaches to enucleation in mammals, whereas in
amphibians, irradiation with ultraviclet light is used as
a routine procedure (Gurdon Q. J. Microsc. Soc. 101 299-
15 311 (1960)). There are no detailed reports of the use of
this approach in mammals, although during the use of DNA-
specific fluorochrome it was noted that exposure of mouse
oocytes to ultraviolet light for more than 30 seconds
reduced the developmental potential of the cell (Tsunoda
20 et al., J. Reprod. Fertil. 82 173 (1988)).

It is preferred that recipient host cells to which the
donor cell nucleus is transferred is an enucleated
metaphase II oocyte, an enucleated unactivated cocyte or
25 an enucleated preactivatéd oocyte. At least where the
recipient 18 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 nucleug, 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.



SUBSTI TUTE SHEET (RULE 26) 13
Three established net hods whi ch have been used to induce fusion are:
(1) exposure of cells to fusion-pronoting 5

chem cal s, such as pol yet hyl ene gl ycol; (2) the use of

I nacti vat ed viggugor&ych as Sendai Vi rus; ampgr/GB96/02099

(3) the use of electrical stinulation. 10 Exposure of cells to

fusi on-pronoting chem cal s such as 100l yet hyl ene gl ycol or other
glycols is a routine procedure for the fusion of somatic cells, but
It has not been w dely used with enbryos. As polyethylene glycol is
toxic it is netexesrsuttnkbgostapiastel(pauebeatedi eRcliR)1Fecipjentsd and
the need to beasd! e to renove the chem cal qgui ckly may necessitate
t he renoval of the zona pellucida (Kanka et al., M. Reprod. Dev.
29 110-116 (1991)). In experinments wth nouse enbryos, inactiyvated
Sendai virus 1. The oVMaGECarRasfiffiiensrit (Metraptame t Aeréstsedn Gaf/Goel | s
from 20 cl eavages 3% ' t : r.

9 19 (1989)), Mt ad'digfugg%gﬁgfaeét&?ig?}e@ﬁ%?&Z{Jbg’%?a‘é%%%”@?ﬁgt
activation is not iRRRRMHd. 2BRLAGRTICR: &% (RISH/GR964 02098 Lidgdnsedayachi eved
by the sane el ectri tzllaistingipatibeityhfitom GB 9517979sey.t o i nduce

part hogenetic @cti | O Ul | : 63-.6 (1986),
Prat her et al él BY%}% Rodaf (%Zregdiéglivgggagg%‘% (%1%%9"7‘%%%)[) I'nat %eléte

speci es, Sendai (metaphage | FHucescytsi e ithen ptwpopfi Birtdivasdeas, but
is not 10 suf fi (lemiBdellr @lti abl ¢ B061 s RpRR1.aRel bsatson (Mddyadsen
\ature 320 (90353 Snd 198N rall neotps el AphBhbate! Bl Yl oNdRg.

preferred nmethod of "ef feCl{Tng ar 1
met hod that can be Reprod. §4&d. 98B h®42 s(fE29%0|.e BiedhnRepesd i ffl 1385~

m croi nj ection 1394 Riftedaile and Canpbel |, J. Reproduction and Fertility
15 All three of these recipients would result in normal
ploidy when using donor nuclei in GO in the reconstructed
embryo. However, recent reports have suggested that a

proportion of the nuclei from quiescent cells are unable
to enter the DNA synthetic phase when placed into an S-

20 phase cytoplasm without undergoing disassembly of the
nuclear envelope (Leno & Munshi, J. Cell Biol. 127(1) 5-
14 (1994)). Therefore, although a proportion of embryos
will develop when using the "Universal Recipient" it is
postulated that the use of MII oocytes containing high

25 levels of MPF (M-phase promoting factor or maturation-
promoting <factor) as cytoplast recipients by either
method 1 or 2 will result in a greater fregquency of
development.

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)



35 Abstract Series No. 15, p60).

14 Before or (preferably) after nuclear transfer (or, in sone
i nstances at |east, concomtantly with it), it is general |y necessary
to stinulate the recipient cell into devel opment by parthenogenetic
activation, fobhaed 1T S the cell is an oocyte. RecentpewrpBsdoTEIIt S
have shown t hat the requirenents for parthogenetic activation are
nor e conplicated than had been inmagined. It had been assuned

that activation is an all-or-none pheno@m@non and that the | ar ge
nunber of treat ments able to induce formation of a 10 pronucl eus were
all causing "activation" exposure of_rabbit oocytes to
repeat ed el ectThHren SHrabedshed metlp%&béght f‘i&f’eoh??n SR i ANGHCEN
appropri at e sefusi®rofare: pul ses and control of the Ca2+ was able to
pronot e devel opnment of diploidized oocytes to md-gestation (Qzil 15
Devel opment 109 117-127 (-1990)). During fertilization there are
repeat ed, transient{LncezRosyren infraceellsar to  Fusign-ipmeresassnt rati on

(C:Jt bert§onb&I Oobbgl d Nahengcdlf, such ﬁé%l%%héfl@ﬁé)élﬁé@l e: ectrical
ul ses are believe e anal.o i ncreases | n _calg
(F:)oncent ration. (2)° TiEFe 45§ é&s ltv%gfagt NeHEe t 8Pf ofascgﬁ&a&rjh

transients vari eyiwugh 8pdcies and it can be antici pated that the
optimal pattern of (&J)eCtt'HeC%EekaSéﬁe&hca\iars\eﬂnﬂlatlon simlar manner.
The interval between pulses in abbit 1s approximately 4

m nutes (QOzil Devel opnent 109 25 117- 127 (1990)) and in the nouse

10 to 200 nutExeposure off @elier treofusiGobpobriotatairehdditcal4l sieh @5985) ),

whi |l e t £l S he; cow t

interval is ap%@ioie%éaag ga},ea%y ?nlbnﬁc{tes (R%%Vbelg 1674 r}%tuttlgg
Synposi um  orPTOXEHHI fmEtsion g 5°‘Rﬁl’é+%#1§@v but T3t has é’l‘PFat i on
(Seidel ed.), kedoradRiSt abedulmtmerea.bwss As po%e&ﬁy(téﬁe%}l)ycdm imost

EFQL{ flhggl e);;glesenﬁgujtst o Veaéesggrgbggr v’é??%%sgggggglﬂ t%”? %Slﬁr[é'%p?“oport I on
of reconS8titutpgriod andehb%yase@hap bevabde it iremovesdhehychemesdre to
sever al quickly may necessitate the removal of the zona pellucida
{(Kanka et al., Mol. Reprod. Dev. 29 110-116 (199%1)). 1In
experiments with mouse embryos, inactivated Sendai virus
provides an efficient means for the fusion of cells from
20 cleavage-stage embryos (Graham Wistar Inst. Symp. Monogr.
g 19 (1969)), with the additional experimental advantage
that activation is not induced. In ungulates, fusion is
commonly achieved by the same electrical stimulation that
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, p6d).



15 pul ses (Collas & Robl Biol. Reprod. 43 877-884 (1990)).

In any individual case, routine adjustnents nay be made to optimse
t he nupber of pulses, the field strength and duration of the pul ses
and the cal ciumconcentration of 5 t he medi um According to a

second aspect @f,dRsseB" €SENt invention, there is provided a pcr/Grssomdhod
of nuclear transter, conprising the transfer of the nucleus of a

gui escent di ploid donor cell of a non-human aninmal into a suitable

reci pi ent cell of a non-human ani 8l . According to a third
aspect of the present invention, there is provided a met hod for

preparing a no 'DHHHP i th C Lsi.ng: . (a)
reconstituti ngn% non- hﬁpnagsgﬁf%fb@ e&:?ﬁoggéégéo%e?rémfér (ozf' l? b)
causi ng a non- heemrs mstancaso afevidast t Foneorifaphly hwith it), it is

enbryo; and generally neekss8pyi @dadd 1Bt eedhd drdd GiNdnte caan- haedn
ani nal so formed. §%§%ﬁ%§ has been descri bed in depth above.
t

The second stepgeﬁﬁkﬁPﬂﬁEF i GEREFLE hREELEPREN of 3L Least ¢

i nventionsi s totkausd latsash Edcyite .dReeknp dxpeirdmantd have faghoumt bkraenbr yo.
This may be don [ j ncd : k eyelo t, the
reconstituted eﬁ%%y%?ﬁé%#%égﬁﬁguyJf“g;%%%?%egeg%ﬁp?cg%??g%%g %gédggg op

Wi t hout furt hercomplicatias spRBnhadPeAYY dfrgdnedt halt A heeRe@E5YEEY to

ﬁl | ow ) thehéile\éﬁitﬁmﬂ?nt Os ta’:ﬂ(%lm!-aelenoztél p‘bhraehbf' meﬁbnok&ycelt@mef o the 30
owever, the enbr r | te r .
devel opnent taﬂggy%? %%%Fgr %Qgé%'@&¥%§a§ng9y§nguge fornr%}::.gg gf‘)l?t and
t he cel | 0cl onaP¥onugdrusdenereorallhecausing pgacsdyatsent apr oHengverel d.

exposure of rabbit ococytes to repeated electrical pulses
revealed that only selection of an appropriate series of
pulses and control of the Ca?* was able to promote
development of diploidized cocytes to mid-gestation (Ozil
15 Development 109 117-127 990)). During fertilization
there are repeated, transient increases in intracellular
calcium concentration (Cutbertson & Cobbold Nature 316
541-542 (1985)) and electrical pulses are believed to
cause analogous increases in calcium concentration.
20 There is evidence that the pattern of calcium transients
varies with species and it can be anticipated that the
optimal pattern of electrical pulses will vary in a

similar manner. The interval between pulses in the
rabbit is approximately 4 minutes (0zil Development 109
25 117-127 (1990)), and in the mouse 10 to 20 minutes

(Cutbertson & Cobbold Nature 316 541-542 (1985)), while
there are preliminary observations in the cow that the
interval is approximately 20 to 30 minutes (Robl et al.,
in Symposium on'  Cloning Mammals by Nuclear
30 Transplantation (Seidel ed.), Colorado State University,
24-27 (1992)). 1In most published experiments activation
was induced with a single electrical pulse, but new
observations suggest that the proportion of reconstituted
ambryos that develop is increased by exposure to several



16 Alternatively or additionally, it may be possible for

i ncreased yields of viable enbryos to be achieved by means of the
present invention by clonal expansion of donors and/or if use is nade
of the process of serial 5 (nucl ear) transfer. A limtation in

t he pr esentlyw097,07669ach| eved rate of blastocyst for ITB.tI on Ipeyr/dB96/02009 t O

t he fa that a majority of the embryos do not "reprogrant

(al t hough an acceptable nunber do). If this is the case, t hen t he
rate may be enhanced as follows. Each edbryo 10 t hat does devel op
itself can be used as a nucl ear donor, such as for exanple at the
norul a or 32-64 eII ? alternatlvely cell mass cells can
be used at thepu ses %‘?g]sﬁ%c%/sgoké]t Ffel -eRspyed- déh%?r%%rﬂ%?@éé
subsequent In atyahsfievideallchddemaitiae alijostmentsedns motmde al 15
nucl ear donors o, e |f e ryos do
i ndeed refl ect t%hoéyir&#é avgﬁnr%err éE éﬁfé%g the fEQfﬁ Stﬁel}%ss%oq% and

t hose nucl ei aﬂérﬁﬁl$%c@fr%ﬁﬁcﬁﬁkﬂﬁﬁuﬁnd the C€&§1§@eﬁ§n¢¢mﬁﬁ%910ﬁIﬂﬁﬁ each

devel epi Bg enbele wagibe. multiplied in this way by the efficiency of
t he nucl ear 20 transfer process. The degree of enhancenent likely to
be achi eved depends upon the cell type. In sheep, it is

readi |y possi bRgcerdbngara 85%dgionst eepsicts ifgetenipyasent invertgzi.qtr ansf er

of a single bl agtegeie ;ﬁf&ﬁj'!d%dl@. %el:bnsmmad animall 8mB e{fé
"Uni ver sal Recb ient” yte reasonabl e 1o 'hypot he5| se

that each enbr aeW%F% rQﬁﬁcrlged Pﬁeg??ﬁﬁ¥¥(xﬂl could give rise to
ei ght atlot he 16 cell stage. Al though these figures are just a rough

guide, Tt hecksqehgatol NAlclrd ahghedeV BEORTEN Ao SADCEbiR £ o1 of

benefit woul d g I Cl enc t he process at 30 tlhat st age.
It is also conft ﬁﬁ?aﬂ-édp"f'ﬂ"é’t %Ein%vvl%"é%/qd ﬁ%PFspaﬁnasa% animal, {dif ce of
nucl ear donor mekhsdcoomplrisingy:0duced from enbryos fornmed accordi ng
to the preceding description or 35 the resulting foetuses or adults.

17 In certain instances, where there may be restrictions in
15 (a) reconstituting an animal embryc as. described

above; and
(b) causing an animal to develop to term from the
embryo; and
{(c) optionally, breeding from the animal so formed.
20
Step (a) has been described in depth above.

The second step, step (b} in the method of this aspect of
the invention is to cause an animal to develop to term
25 from the embryo. This may be done directly or indirectly.
In direct development, the reconstituted embryo from 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,
30 however, the embryo may be further manipulated before
full development takes place. For example, the embryo
may be split and the cells clonally expanded, for the
s purpose of improving vield.

cct Has Been Replaced

= B T




t he devel opnment of a reconstructed enbryo to termit may be
preferable to generate a chineric animal fornmed from cells derived
froma naturally formed enbryo and an 5 enbryo reconstructed by nucl ear
transfer. Such a chinera can be fornmed by taking a proportion of
cell's of the g7 nreppt Ural enmbryo and a proportion of the cetCtisBediopdte
reconstructed enbryo at any stage up to the bl astocyst st age and
form ng a new enbryo by aggregation or 10 i njection. The proportion of
cells my be in the ratio of 50:501&r another suitable ratio to

achi eve the formation of an enbryo which develops to term The
presence of nor cells in these ¢ircunstances is ht to assi st
in rescuing thé" FéEBﬁH‘Vﬁ Yeareﬁ%ﬁ'b‘l%‘al 1Y andt aMPywitdty RQRsc‘ggﬁ

devel opnent to inereaaed yilelde of vidbld hembryos toAbedetdmeweaheby ssue of

e LT OV DS Ll yryerdi RN LG BT B

cultured, in vivo or
suggests that &eBOyss aady/rredfbypssudiseaiade Of the apedeassaraf dfddialent from .
nor mal ergryos (Ql'&@l%@.ﬂ“?t | fdnsfer. Q-?anl'mtltﬁizﬁ’.ahoru?VQﬁer e s&htCl4} t ure

conditions in VI the an those os.are usually
cul tured %’&Fvlegaﬁ‘ ?/J; stoc Z" rfé’gg‘aﬁl?ﬁrm?ﬂl% j %, gt
In routi ne fagitt ighlatca mtﬂ’mrzbir ofb@henembrgnbr#osnot "reprog@nst i t ut ed

embryos (many qfalbctleﬁbataﬁrg@ae Aay @.e floer & Ck'kté%{:f‘sd 1s”tﬁQe€fPsé)V' ducts
for 5 to 6 days (qt_a eéscrib gg é:sen |1 an

Transfer (Adanghesg ghe rate ma@d be g aEFEﬁP?§s§° E@@% F@?%ﬁp

(1982)).1201n thshat does fevelom a tfelifheanr be ensed asenrt nunleahod@tbr,l n or der

to prot el g e@%&yexatn%fég Gti o?‘rﬂf’l%I %éb%ﬁ,@?@eggfﬂ sfadk;
protective rredl um such as agar ore trans
18 ?Q-é@tr@&tf’-F’SﬁYt h&nBRia rCH Y S12S8e C6ddFy CRRORR t RERE IR v

recipient. The Blaatidcgatostade. prmmqbsvaeag%dofr&t hévese subsed@ehtim is
th\glloglolng t];\eriz)na pe Iu% ?“fl x{t’ﬁeﬁxﬁég dq'alsglg ?%céln taltlf §§?§ngé£%arri er
to cel | st®f théavwcsdEag dppors to further increase eff1c1ency If these
embryos do indeed reflect those which have reprogrammed
gene expression amd those nuclei are in fact reprogrammed
(as seems likely), then each developing embryo may be
multiplied in this way by the efficiency of the nuclear
20 transfer process. The degree of enhancement likely to be
achieved depends upon the cell type. In sheep, it is
readily possible to obtain 55% blastocyst stage embryos
by transfer ¢of a single blastomere from a 16 cell embryo
to a preactivated "Universal Recipient" ooccyte. So it is
25 reasonable to hypothesise that each embryoc developed from
a single cell could give rise to eight at the 16 cell
stage. Although these figures are just a rough guide, it
is clear that at later developmental stages the extent of
benefit would depend on the efficiency_of the process at
30 "~ that stage. '

It is alsc contemplated that a new cell line to act as a

source of nuclear donor cells could be produced from

embryos formed according to the preceding description or
35 the resulting foetuses or adults.



animal's i mmune system Although this approach increases t he

-proportion of enbryos that form bl astocysts, there is t he

di sadvant age that a nunber of enbryos may be | ost. 10 If invitro
conditions are used, those routinely enployed in the art are quite
acceptabl e. woo9707669 At the bl astocyst stage, the enbryo nmeRCHeB®ER@ened
for suitability for devel opnent to term Typically, this 15

wi |l be done where the enbryo is transgenic and screening and
selection for stable integrants has been7carried out. Screening for
non transgenic genetic markers may al so be carried out at this
stage. However, because the nethod of the invention allows for

screeni ng of doh&etainapnspances oathane thezgenayrae ¥aaurigsiensl iy be

Elref erred. the devéﬂblgmeﬁﬁrﬁﬁr% NEacdrstyticeedi agb ﬂ@ﬁ:@}rrp'iecﬁ?yt he
astocyst e | wed t evelop.to term This Wi

general ly benqlgéln%llve%\?%l.abge %P %8555?%%@n$h”ﬁ%n? oanz"gla‘l foﬁ-fnggt SE%‘t has

taken place irFedlts oderheedt fxamf v fiaturally formedf iembiryoecind ean ani nal

takes plfice ateddpy®d $d8fstificted by ng%ﬁéﬁﬁlcﬁélzamék@fe.l 0 ta Ragmbaken place

I n vivo, although In principle L ocyst can be allowed to
devel op to cah ber fiprned hgyprtékﬁpgstaocli@‘ipc’rﬁéﬁn i9f pFekts ceft k8230
bl ast ocyst w Inatusad! | gmimeys eandec fpropditaddn esporhey)cells of the

b1 8510y - S o oyl 00 e g (OB e magoraBbect v
b

medium w il be transferred to ast
reci pi ent . stage and forming a new embryo by aggrggation of|p

gpt iOI o][laio stﬁp :‘(na’)ed:}‘idnhi smm%peﬁcidsue oHVEslliHPmay be indtheBhatdBy be

re romthe i . =Rl epar e_... receding _steps.. ln this way, an
ani ml may be (ﬁf;eg%t'.gla 82 eéel?s‘{%ﬁtﬁ sﬁuﬁtjaﬁ%]r%l) g’?a%%oocﬁgof&}n]ier‘rfa sp‘hgvi ng the
desired 5 Jersatdathphicarr isbirye) which deyelops stpr d@¥oed bFber ansfer

of nuclei frompfesfiteCeodl normal cells in these circumstances is
thought to assist in rescuing the reconstructed embryo

15 and allowing successful development to term and a live
birth.

Aside from the issue of yield-improving expediencies, the
reconstituted embryo may be cultured, in vivo or in vitro
20 to blastocyst.

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

25 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 embryocs (many of them at once) have been
cultured in sheep oviducts for 5 to 6 days (as described

30 by Willadsen, In Mammalian Egg Transfer (Adams, E.E.,
ed.) 185 CRC Press, Boca Raton, Florida (1982)). 1In 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



genetically identical cells share the same nucl eus, but are not

strictly identical as they are derived from 10 different oocytes. The
significance of this different originis not clear, but nay affect
commercial traits. Recent anal yses of the mtochondrial DNA of dairy
cattle Wb e Owa State University Breedi ng Herd revearass02099
associated with mlk and reproductive performnce 15 (Freeman & Beitz,
I n Synposi um on C oni ng Mammal s by Nucl ear Transpl antation (Seidel,
G E Jr., ed) 17-20, Col orado Sf&te University, Colorado (1992)).
It remains to be confirmed that simlar effects are present

t hr oughout thedfsaééét%dp%%aéﬂo!&gi@ EQe £ AN QR L MEL N e Qe OL{.:F%S
possi bl e or necessary In s eCI?I Sl ?ua?l ons to , consli ‘([:l%r
sel ection of CRSARIENL|. ﬂ-‘ge furetigm @ft the protectijieeag@igorhetb®¥ ity to

pr odﬁce | ar ge_:ﬁéﬂiﬁﬁfl( asof;weﬂ@mpsirs_t,l itfalt@ma a@ngrétﬂic_ﬁuz@h genetde nerit
may have consi derabl.e of.enti val ue i i ssem nati enetic

i nprovement 25-0€  TRITNRY LY Hé&r#dﬂgor%e & pe@ﬁgcg@a%oggcﬁ%ﬁgi 2%%ion will
depend upon t heeaosilyofiwaattends ybaxniert heo pcebbs t oHntbé recipient
transferred eniyns ablfmhAe IQMAAR R14ESIB this apprdden'Bcilases

Illustration and sunnargh t he Iomﬁng SC sets out a typica
process by whicH BFIROJEAPE ShemRayos that form Rlaskeeyshs nkherRads be
prepared. The gtheockdsadvanthge that a rmagdiededfasmbryed \mayg keevestst eps:

20 (1) selection and isolation of suitable donor
cells, which m i ncl ude _assessnent of . kar yot ype,

i nduct i ®% of ot St FHEEO(ePRdHigqns are used, those routdmelyngmpioveduct i on

of devel opnentin the art are qliZie #yHptedleqn of suitabl e nol ecul ar

bi ol ogi cal techni ques for the production of genetically
nodi fi ed cell popul ations. Such techni ques may I ncl ude
gene additi onsAt e hdrRiecysts stgghe the embryo may be simgerefinfor and

other gene nagiddwiatitgnstorlOdevelopment to tddMJ on@bbycall@nsgrigsi s, nmay
2150, PR U1 be done where the Bt 8! RSRbETe (Rl LeRLE ng
(3) optional |3ndsedestins Eof etiabledintegrants 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 wvivo. If development up to

25 blastocyst has taken place in vitro, then transfer into
the final recipient animal takes place at this stage. IE£
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
protective medium, will be transferred to the (permanent)
post-blastocyst recipient.



popul ati ons or clones for the required 15

genot ype/ phenotype (i.e. stable integrants); (4) induction

of quiescence in nDdlfled cel | popul ati on;

(5) enbryo reconstitution by nuclear transfer; (6) culture,
iI'n vivo or Qf 7%0r7 to bl astocyst; 20 (6a) mpd/Gessmbioy
screen and se or stable integrants - omt if
done at (3) - or ot her desired characteristics;

(7) transfer if necessary to final recipgent. According to a fourth
aspect of the invention, there is provided a nmethod of produci ng a
cell or cell line, conprising the transfer of the nucleus of a

qui escent di pligi ceptuimoralcedtierof (@ naih- tiubsnaspectal of ntbe aisvetabbe,
reci pi ent anlnﬁqll rﬁlatyabeorbx*awmﬁowaﬁé %ﬁgmﬁhoﬁeb¥rEEpW'%cells

t herefrom Preferred features for each aspeCt O e I'nvention are
as for each oRF&CeHdBacELeRtt aths tHuEaNaY s. agoanlmal may by e8ht EP nvent i on
will now be destrabldehby hefdr epclock of dmwindles araanpanykngeExas@l es

whi ch arge prov or. poses of illustration and are not to
be constfued et Ch%QSCtefLStﬁpﬁﬂ ‘on the present invention

21 EXAMPLES Exanple 1 I nduction of Quiescence in Donor
Cel |'s Vaarmedas.sr@trla,ad&eaaw Qﬁ%ﬁé}_‘)v&f tﬁdl@queeoauaegeﬁees &f 5

Ctarvati on ( STBRSEIMY AEPEoGEL aro Tl AR G Sare maglaus. CHVY

Proliferation,are 380t 368 r1r385) )ldenma&etaﬁ)dthey argf dewmhivsd ofiroh

qui escefige i S dGrRAIYoHRBE OfThe s:.gnl'fﬁg'éhé‘acgf EB@S' BReELABAEStEp i

that the cells exit the 10 ro cycl e, rest In a state with a
diploid bna  ©F¥i lé’orl‘tserﬂ°%n‘ﬂl$ae91'\gﬁ}i‘r‘tV|W fLriegt ISP&W&F@%% R84S serum

starvation of Rnnanteamalwaep &£ brleb Indstoshoadbdal NENX edf dairy chtbke
established fr % (o]
an the | 2e8 Seabe AR AEIRY Bidbding Hd {%gyg&ms ced

bl ast ocysts, and an e erived ovine
to induce qui ATRAEELEHd” with  wmidkegtande %%H’T%dq%’-t"ﬁe mrﬁﬁﬁg‘énﬁ? t he

cell cyrse. (Freeman & Beitz, In Symposium on Cloning Mammals by

Nuclear Transplantation (Seidel, G. E. Jr., ed.) 17-20,

Colorado State University, Colorado (19%2)). It remains

to be confirmed that similar effects are present

throughout the cattle population and to consider whether

20 it is possible or necessary in specific situations to

consider the selection of oocytes. In the area of cattle

breeding the ability to produce large numbers of embryos

from donors of high genetic wmerit may have considerable

potential value in disseminating genetic improvement

25 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

30 sets out a typical process by which transgenic and non-
transgenic animals may be prepared. The process can be
regarded as involving seven steps:



Serum starvation was simlarly used to i nduce qui escence of the
donor cells described in Exanple 5. 20 Exanple 2 : Isol ation of
Qocytes and Nucl ear Transfer Qocytes can be obtained by (i) in vitro
mat ur ati on of sl aught erhouse material, or fromtransvaginal follicle
puncture; (i{oorhoRggoVi vO maturation and surgically PCTIGBOQUIONY , Of
(ii1) any other suitable procedure. Al 25 I n vivo matured oocytes
shoul d be harvested by fl ushing fromthe oviduct in calcium

magnesi um free phosphate buf f er edzsal i ne (PBS) containing 1.0%
foetal calf serum (FCS). In vitro matured oocytes are harvested
and transferred to calciumfree M2 (Whjttingham and Wal es 30

Aust. J. Biol. Sci. (3> 188bedvin ( B969) }sebREEthi R 1Syifable daneg

Qocytes are denuded of cogllgls cehlishandagnuclmedudd assessaenpr ewsously
descri bed (Canmpbel | et ag. Bi@%'zﬁ Rerpdr og_.. 42 933- 94§# 193.?). and
Biol . Reprod. 50 1385- 1353TY{9, ihduction; pf ARASEGRUCT i tAFXAF Xl ci um

free mediumis used for GO0) and/or induction of development; 22

all procedures. Fusi p r TP [ ; ;
previ ous% reported ((Q?Janégglflgéléeffoéfgf rlrggiéééq:gégﬁﬁeehallrocbﬁ%a%%& are as
n

described in the rel evanFeERRIGURF for the| BrPAuFtiathart vesRet iR Ye eus
may be introduced by 5 modifiedtceqd pdpulstidmzar Swti tieehnities eraycl eat ed

(5760 (1995))" The t1m Looopar awny aARi%e, (Bebk QORISR HEY,
speci es, the following t#BCPFoiRTol sarddit | PReeX hegene modifieAatiqnsyi vo
mat ured xvine and in vitoptiBhalBe kesnBgeddsis, nRQEWISS be employedExanpl e
Fecovery of 15 o oBy pranstect idugy RIS BB Ml Bl U IR 2N
synchroni sed with orprigeeitafied espahyesmayrens; days (Verani x[err]
Upj ohn, UK) and (3) | BPUcellal Gy supebeN Ulaie welécsi R@lae fiBlewddians of
populations or «clones for the required
15 genotype/phenotype (i.e. stable integrants);
{4) dinduction of quiescence in modified cell
population;
(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 done at (3) - or
other desired characteristics;

(7) transfer if necessary to final recipient.

25 According to a fourth aspect of the invention, there is
provided an animal prepared as described above.

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.

l This Sheet Has Been Replaced

A




3.0ng/day (total 6.0ng) ovine follicle-stimulating 20 hor nrone ( FSH)

-(Ovagen[err], Imruno-chem cal Products Ltd, New Zeal and) on two
successi ve days. Ovul ation was i nduced with an 8ng single dose of a
gonadot r opi n-r el easi ng hor nrone anal ogue (GhRH Receptal , Hoechst,
UK) 24 hourswogm.,“@fter the second injection of FSH 25 pc1/GB96/02099
Unfertilised mnef aphase Il oocytes were recovered by flushing from

t he oviduct at 24-29 hours after GhRH i nj ection using Dul becco's
phosphat e buffered saline contai r2ing 1.0% foetal calf serum (FCS)
mai nt ai ned at 30 37[err]C until use. 3.2 Oocvte mani pul ation
Recovered oocytes were nmaintained at 37[err]C, washed in PBS 1.0%
FCS and transfE¥AMBLES cal cium free M2 nmedi um

23 cont ai ni ng 10% Foetal Cal f Serum(FCS) at 37[err]C. To
renove the chrrmsrre ) in cal cium
free M2 cont aity ; (Sigma) and

5.0[err] g/m vmm mS( Sﬁgﬁa?egn shom m[mdqce mﬁewem:ﬁutkas A

smal I* anpunt oéulceﬂmi aéénlfrmes inc8@hdeed chéﬁeé‘@é hihhepisioRobar body
was then aspirate ette Enucl eati on was

confirmed by Seim %?&B@tr’r@nt ﬂé’e%{%ﬁ%’?‘at‘gﬁl%fﬁi falcyt t 8fuv 1i ght

and checki ng famimdie JeldserokifHératitet, aphaze-3¥Hnt(@98%0). The m&t&o&nbryo

reconstructio p f s vt re at.ed Iaced
into 20 errflfuﬁ%&éf c%)’ ﬁg?%%&ge&ﬁ/z \#S:dltﬁ%rg?[t:gr r?% 8%
under MrReEHancg,| thesinpgytant sser &% thatetheorebld RKit ﬁFlSe 15
protocois (a)growdh cydkk, (£3reserin 4sed state @Obhya dlplo.'l.d DNA

reconstruction, ﬁg ( t%;gg Al reﬁﬂi

Accepting cont(fyrf astig%n vig soonl\f%as pgigﬁeﬁlé a enucl eatlon a

single cell Wagtarvat:.orm Pviimeo prdnanrt fvbr@lﬂrﬂé:a)o@/tk@weuﬂeﬁé a gl ass
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 GO phase of the cell cycle.
Serum starvation was similarly used to induce quiescence
of the donor cells described in Example 5.

20 Example 2 : Isolation of Oocvtes and Nuclear Transfer
Oocytes can be obtained by (i) in vitro maturation of
slaughterhouse material, or from transvaginal follicle

puncture; (ii) in wvivo 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.

v 49 933-942 (1993) and Biol. Reprod. 50 1385-1393 (1994))
with the exception that calcium free medium is used for



pi pette to transfer the cell through the hole previously made in the
-zona-:pel luci da. The cytopl ast/cell coupl et was then transferred into
the fusion chanmber in 200[err]l of 25 0.3M mannitol in distilled water
and manual Iy aligned bet ween the el ectrodes. An AC pul se of SV was
applied for 3 seconds followed by 3 DC pul ses of 1. 254@{/@;3,51359

80[ err] secs. WP @(‘ﬁfﬁl ets were then washed in calciumfree 10%
FCS at 37C and incubated in the sanme nedi um 30 under oil at 37[err] C
5[err] CQ2. 30 mnutes prior to activatz=on the couplets were
transferred to calciumfree M2 nedium 10% FCS contai ning 5[err]M
nocodazol e. Activation was induced at 32-34 hours post hCG injection
as descri bed bakbwprocedures | |[Fafieg REeredvrren 3fR medidisatiensdofygot es

wer e those previously reported (Campbell et241., 1993, h@ewbated in
medi um TC199 ( for a further 3

co 0% ECS_at _37]
hours. They vve?@ I"l’)éﬁ}\/\égﬁe&@ &S rréjseesl‘:}j'rlbeé In thenaleyant: SeFCEPPIC in
t he same nedi ubeit\DWhoaﬂ.temmtamilw the nucheuk cma'tﬂrubed iharodutedt bgr 12- 15
hours prior tosf ry. i (b)
eonr P&y o HEIEEELSE, S epe ‘9°ﬁ¢f*m SR Vit SHE Uy fiRced cocye
injection a si ABLeckRER & gampbell, Iy Revgodnt Betbht ackbafzact hﬁ?réﬁﬁcl eat ed
oocyt e. The 18) 60 (rags)ot. WaRet £ i dfed Heget Beefitis | D Gdpiident(See

bel ow LBoACLE kL8t QA ALl 0o MMISOL ot a2 in

distilled water= |vat|onwe appli cation
of an AC pul seuse SF/ imrviyo gesuyedforinmeand ln vitsg @W%Ib;@é’s}-néf

1. 25kV/ q@m f or Sgayfégsecs Coupl ets were 15 then washed in TC199
10% FCS containing 7.5[err]g/m cytochal asin B and incubated in
this mediumfor 1 hour at 37[err] C 5% CO2. Coupl ets were then washed
in TC199 10% FEgample 3 n/0vimgl Nucdeaf qFrangfien her 12-15 hours in TC199 10

FCS at 37] err] C 5% Cx2. 20 (c) "UNIVERSAL RECI Pl ENT"
d hour s

Enucl eat ed ooc%gt er e Ctl
n SHE

post hCG i njec ] ] FCTE 095 f err] C 5%
C2 for 1%-6 hours. msﬂ;@.e ceII was 25 then pl aced |nto contact with
the oocyte andgtyetP8h 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 succesgive 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 wmetaphase II 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 Qogvte manipulation
Recovered ococytes were maintained at 37°C, washed in PBS

1.0% FCS and transferred to calcium free M2 medium



I nduced as descri bed bel ow. The coupl ets were then I ncubated in

TC199 10% FCS 7.5[err]g cytochalasin B for 1 hour at 37[err]C 5%
Cx2. . Couplets were then washed and cultured in TC199 10% FCS at
37[err]C 5% CO2 for a further 30 8-11 hours. 3.4 Fusion and
activation For activation, oocytes were placed betwee | el
el ectrodes in YOOI | of 0.3M nmannitol, 0.1mM MySO4, O. 001%&%9&}6’{0?&

25 CaCl2 in distilled water (WIIadsen Nat ure 320 63-65

(1986)). Activation was induced by appli %tlon of 1 DC pul se of
1.25kV/cm for 80[err]s. For fusion, manipul ated enbryos were
treated in a simlar manner with the 5 addition that the contact surface

Pﬁtvveen theI enufdrgﬁlesing 10% OP&¥tL£LL a@ﬂlEhSeﬁﬁﬂr\: (w@s) Ar aangecquar afdel to
e el ectrodes.  Fusion was i i.ca

current of 3V f%?mqé’eS(EESnﬁgr?%?ﬁo@\ﬁ?d E?/még%/if’ cfngeggg?@eg wear%lpggﬁeﬁicmfor
80[err]s. 10 in &Rl@vbr@m&ulmjrecm:as@@srwﬁt F&8l, gredpgyml
After the CulttﬁB&F atl%lfnuge@s?ﬁhql gha S‘eéﬁqﬂﬂu%%chst 33ﬂﬂoq@q aln 1%

and 1.-2% agar tran

erre at ed ovi duct
of unsynchr oni s%%l 3(5C foggld minufgs .c ofpFeal %?“@HBEdB@oCWPPJ%ﬁ“ 5°Pr event
or redu&hrdfmlrye berjeatth atheoflstthepcdniyr \odyy walse theni pispitrated ewe

and to assist i et, rg.@g

reci pi ent ewes &ﬂ% sacr| ?Jﬁgégggp%f;%% = éﬂ% 1e§¢:£8{1 Wase crclnefge ?I ushi ng
from the ovi duct*RRFHHY AES mlFeSedZB“tl‘Ehb?’;/o%YW]és&ﬁ §§e&We&19P5m t he
agar chi ps usi ngn? checkingn&ed! eReapfeseived gjirennegaphasedoIytean cr oscopy.

Al l enbryos whi ch had devel oped to the norul a/ bl ast ocyst
st age vve?’% transferred as soon as possible to the uterine hor n of
synchroni sed fi%hal rEmbmioemeconssrugtion In vitro techniques may al so

be suitable in @Fagss Bt a10- zo oodﬁlsaowew BRGEDESFEA GV i1 aA%E avto
devel opment of 55‘;11 drops o% caXc:.um ttree WzaStQCXnSxtatS%alg% 5% CO, undexr

mineral oil (SIGMA). Each of the following three
15 protocols (a), (b) and (c) were used for embryo-
reconstruction.
{a) M"MAGIC" taphase Arreste G1/G0 Acceptin
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 200ul of
25 0.3M mannitol in distilled water and manually aligned
between the electrodes. An AC pulse of 5V was applied for
3 seconds followed by 3 DC pulses of 1.25kV/em 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 minutes prior 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 reconstructed zygotes were



30 Exanpl e 4 : Bovi ne Nucl ear Transfer 4.1 In vitro oocyte

mat ur-ation Ovaries were obtained froma |ocal abattoir and

mai ntained at 28 - 32[err]C during transport to the

26 | abor at ory. Cumul us oocyte conplexes (COC s) were

aspirated fromfollicles 3 - 10mmin dianeter using a L C

needl e (1.2mmW@RAHME di aneter) and pl aced into sterll)%eg%gé@c

uni versal containers. The universal 5 containers were placed into a

war med chanber (35[err]C) and theziol licular material allowed to

settle for 10 - 15 m nut es before pouring off three quarters of the

super nat ant . The remaining follicular material was diluted with

?g gqu?l \7/gl ugemlal‘ubglt&ae%! ﬂ@dggﬂgtmﬁae@T%ﬁQ% 1oé-%&:|§/w?tt23&atl 9?? B ts
co), : nanyci n : es, : osnD ity

280n0smol s/ Kg HRY) as%ﬁﬁ%%rﬁ &gurs.  They mereg S’B\)’Pﬂ'?é‘egepuﬁf‘m?? erred

I nto an 85mMm pe&d minutes atddIRCain skarsdmed rfediviOWishontdencaocdhzasiact i ng

i croscope. | COTYLXES WELR Bl | #3eBed $OMPAGIGAY Peiod! €45 rane bl US

cells were ect washed t| ssection nedi um
and transt err edrq FEHFPRERYY a¥ PP IR FWeS - (TC medium 199 -with Earles
salts (G bco), 75ny/l kanamycin, 30. OnM Hepes, 7.69mM NaHCO3, pH
7.8, osnolari ty(b) 1oAY J20) sy |-§”EI§'§§ed wi th 10% bovi ne
serum and 20 1x ntil required on

a rocki ng tabl état 33934r hparEn pestathfss phej ectuiforsoa Cedingheaiqell was 4.2

%cKte mani pul 3fi¥ed into MBAEAd ROEN! efe WRkBCILEERBCGoREtEUNI Tise Cel | S
our s

aashed 11 cal i ARG "RE TERIERFSSR B ri ity EhgssRomtaber (sbe Bal e, [
(FCS) and nmi ntial edduiln ofhi0s 3Mevanm txtl ,37[.amM] BySO,, 0.00LowM ErBle ithe
chromsones ( entidi5alie@NlvaBeY! €FuMEEE and actiV2384 waredhfausedrse M
cont ai ni ng 10% FCS,, 7.5ug/m 30 cytochal asin B (Sigm). and g.OU /m
foechst 33342 (EEATION OF 30 AG RIS RF i iS5 ASERERF ARbLAYERS
cytoplasm fromby 3 DC pulses of 1.25kV/cm for 80usecs. Couplets were
15 then washed in TC199 10% FCS containing 7.5ug/ml
cytochalasin B and incubated in this medium for 1 hour at
37°C 5% CO,. Couplets were then washed in TCl199 10% FCS
and cultured for a further 12-15 hours in TC199 10% FCS
at 37°C 5% CO,.
20
{(c) P"UNIVERSAL RECIPIENT"
Enucleated ococytes were activated (as described below)
32-34 hours post hCG injection and then cultured in TC199
10% FCS at 37°C 5% CO, for 4-6 hours. A single cell was
25 then placed into contact with the oocyte and fusion
induced as described below. The couplets were then
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 Fusion and activation
For activation, oocytes were placed between two parallel
electrodes in 200ul of 0.3M mannitol, 0.1mM MgSC,, 0.001mM



directly beneath the 1st polar body was then aspirated using a

20[ err] M gl ass pi pette. Enucl eation was confirned by exposi ng the
aspirated portion of cytoplasmto UV |light 35 and checking for the
presence of a netaphase plate.

27 4.3 Enbryo reconstruction Enucl eat ed oocy gl E) Oggﬁen
used for each wDMA®6? hr ee nmet hods of reconstruction %’ ?dﬁ? §‘2 and
(c) as detailed bel ow. 5 (a) "MAGQC (Met aphase Arrested
Gl/ G0 Accepting Cyt opl ast) Enucl eat ed oocytes were

mai ntained in calciumfree M 10% £TS at 39[err] C as soon as
possible after enucleation, a |0 single cell was placed into contact

th th t t t f ]|
e bugnC oy ey, in aidlii9eR GRes PAAIGASER, | DAL AP €8lds

cytoplast/cel | (388p) bt v@@t%vwmmmeﬁnw ﬁﬁellcamn feisiloPThamber
in ZOPI[ err} | of p13M 'ﬂ%nf’!. t2@5|k\ﬂ/&md|f$>trl ldg@ .15 For Y¥Eesn, mi‘hﬁptﬁ:rnmd&t was
manual ly a |gne et wee el ectrodes, A BV

applied for E@ﬁaes bt £5PR5GSd By $ DEHBd ﬁs’és%(‘) 5%%7}-'

80[err] sech. Tladdxtlon tlpat o het sqmlaett Iaenfm thatwaerc shej aﬁwl%%t@@ 10%

FCS at 3URVELC 2R TtdIbatAd | Rabheasaamgdedigapaunder bl dte
37[err]C 20 % .. 30_mnputes prior to ctlvat#r)n tihe COéJp| e'él? wer e
transferred to @d—leGFEH#F?eele%dY’ﬁ 1894 ¢S ROnEBPHtTRF L 1M

nocodazol e. Achirtehtobfway ifpducedeasndesfolbagwed by 3 Dbel pud.ses obf ovm ng

activation the re tes were incubated in nedium TC199
10% FCS at 37[err%%lﬁg‘%[:{&%g%i £ a further 3 hours. They were then

washed 3 ¥4 nes for 5 mnutes at 37[err]C in the same medi um w t hout
nocodazol e and 3.5 Embyhbutemtirs #nd lﬂéshesméﬁtlhhbmmm'lor to transfer
to terrpoghagtygr e&{l Di ent eyes é aE\?sé"dl %%%pﬁégsnﬁ%é&ee double

alternative orary

reconstructed erdmbggded in 1% (apd ﬂG@&T“ agep/ GIPIRE v atifon PRRd #7@nsfer)
Enucl eat ed oocyti@sniFeereat Wdednhto IRieat uswidudt of unsyedheroniséd 30 or

42 hours fé)St onset Of ‘gﬁt urg{llpfetais 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 Example 4 : Bovine Nuclear Transfer

4.1 Ip vitro oocvte maturation
Ovaries were obtained from a local abattoir and
maintained at 28 - 32°C during transport to the



28 single cell was placed into contact with the enucl eated

oocyt e. The couplet was transferred to the fusion chanber (see
below) in 20[err]l of 0.3Mnmannitol, 0.1nM MpSO4, 0.001nmM Cadl 2 in
distilled water. Fusi on and 5 activation were induced by application
of an AC pul se of 3V for 5 seconds followed by 3 DC

1. 25kV/ cm f or WO 8707669 80[ err] secs. Coupl ets were t henymshedq’l%kﬁ:%éﬁ’%gglo%
FCS and i ncubated at 37[err] C 5% CO2 for 15-20 hours (30hpm group)
or 4-8 hours (42hpm group) [ The algbr eviation "hpni is 10

standard for "hours post-maturation”]. (c) "UNI VERSAL RECI Pl ENT"
Enucl eat ed oocytes were activated (as descri bed bel ow) 30 or 42

hours post onsg{pdiatidiur at | Gimanes t RRRved! t démshdseslS (cocr $C19%GeA% FCS at
37C 5% CO2 for 8-10 hourfs %30}1 qé%roup) of 4-6 hours (42hpm group).
A single cell 3WRIFATEE fro C@'i &85 it 0 D WA RRF % &nd
fusion i nducethygsodermic mesiiei biad 2hel darerndhedtanptet)s awed eplaesd cul t ured
in TC19 0% E t [ . 50 I th 12- s 20
(30hpm gr oup) %%é%-%e%&rgsp%ﬁgmhggrl gﬁ/%%? JO%taanEB%..’ 4%&3%‘3%‘%%9
activati®dn contHigiergc Mergt PoACedotytest \Wamanesl £haabpEt WBBAC vRPar al | el
el egtrodﬁs ijn 2090 2611 douifad. mMardani talowedlny MeS@le GcR0huM 2515  CaCl2
in distille { Wi | en e - 986)) . tivation
was i nduced b;\“@%l:%{oﬁelsf:atblegﬁqgf E°%L%_ %’g‘gppu sr%?of qf.aﬁgﬁ%/%cmg%ort [err]s.
For fusion, nesHERADALEAL. Theenepainigg e foddacudar n matsirialar vanner
wthtthe g tdimtcad:ﬁrtmai ddiea 1C G 1ade %flr fdlfa@%elae&?ﬁemeah@mewghe?t eg 30
oocyte n C S_arran ar e ctrodes.
Fus on M i nla iy Bpbres AHtse Sethrdhcrs-tna/t deptdliretsy 30 FfCy
seconds fol | oviégspdr, PEDT. pulcmwlairity 280mdsmBlsYKgnii®r s8ppdemprted
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 (Gibeco), 75mg/l
kanamycin, 30.0mM Eepes, 7.69mM NaHCO,, pH 7.8, osmolarity
280moOsmols/Kg H,O0) 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.

4.2 Oocyte manipulation
Matured oocytes were stripped of cumulus cells 18 hours
25 after the onset of maturation. Denuded ococytes 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/mi
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 1lst 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.



29 4.5 Enbryo culture and assessnent (all groups) After the
‘cul ture period fused couplets were doubl e enbedded in 1% and 1.2%
agar (DIFCO in PBS and transferred to the |igated oviduct of
unsynchroni sed ewes 5 (ewes are a | ess expensive alternative as a
tenporary reci pient for the reconstructed enbryo). Th LS
embedded in a¥¥97t03668r event or reduce inmmune rejection of %&ﬁ&ﬁ@&(g%bry
by the recipient ewe and to assist in holding t he coupl et together.
After 6 days recipient ewes were 10 sacrificed and the enbryos
retrieved by flushing fromthe ovi duct using PBS 10% FCS. Enbryos
were di ssected from the agar chips using 2 needl es and devel opnent
assessed 4 By HWBEHOSCAB¥onsthirtion | N Vitro techniques may al so be

suitable in plage of t enporary. recipi ewe to _achjeve
devel,opnment of aft‘:nﬁ‘giea%d 08%};?’%"‘?%::? h‘é‘axﬂ é's{)egg&té’lr §85 e.°§"l the thregesul ts
of Exanple 3 (oethedseldfsremetsExuapien4 (¢bovilne 80d (c) cebl detailed The

present techni ggagyhave been applied to both ovine and bovi ne enbryo
reconstruction. At the present tine bl ast ocyst stage enbryos have
been obta ned in cattle; however, no transfers of these enbryos to
final 25 rel@)pi ¢NRS e EBbeDhg

ewes becane pr kesul ting i e birth of 5 live | anbs (2 of

whi ch di ed sho birth). The results . fromthese experinents
are summari sed BiCtgBres gogytegyere mapntained gns ceheivasiness Maf 10%

devel opnent toﬁﬁsasawcyslblc as ssloosgaw %%@Mbmfﬂﬁbéﬂoénﬁéﬁéiﬂ@idmptﬂd usi ng
ot escenta ™14 sinsig, S8 RPUAERATS 0 ciptLEoLsEh BHACREETs by,
ovi duct of a t&fidcarsy glaagpininetdge tontirangiper7 thet eell 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 TC189 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} »GOAT" (G0/G1 Activation and Transfer)
Enucleated oocytes were returned to the maturation
medium. At 30 or 42 hours post onset of maturation a



30 reconstruction. The results are expressed as the

percent age of norul a/ bl astocyst stage enbryos in relation to the
total  nunber of enbryos recovered. 5 TABLE 1
DATE OF PASSAGE NUVBER MORULAE, BLASTOCYSTS/ TOTAL NUCLEAR
NUVBER NUVBER OF COUPLETS RECOVERED TRANSFER-1/cB96/02009

" GOAT" " NE@E9766% UNI VERSAL" 10 17.1, 95 6/ 32
4/ 28 19.1.95 7 1/ 26 1/ 10 31.1.95
13 0/ 2 2/ 14 28 2.2.95 13 0/ 11

0/ 14 15 7.2.95 11 1/9 0/9

9.2.95 11 9/ 29 1/2 14.2.95 12

6/ 45 single @sll was)Pplaced into contact wig/h 3he 2oucleated TOTAL

16/ 98 (16.3% od&¢dd. (1278%) coBpbBt( MWas’ Y ransferredakbe thesheusibhe

results of induction of pregnancy following transfer_of _all
mor ul a/ bl astoc?gi‘“ﬂ%?rdgésge %e?"Y'zc&ﬁster%‘tleoﬁenBrg%s“‘ﬁﬁni‘ﬁ%lutgr?'ﬂ”é horn of
synchroni sed 28gso,, foioelmy ecaplgninblddeckiatedewaser. ThEudidn eanfiows t he

total nugber of eryos, (/0D 93a0-08 WP dFAISLELEATANh Ac puiskNSe
Fe enbi yos

frequency of pregnancy I1n terns 0O {),iun the mpjority

of cases 2 enbPY ket EerraAst Bk layetoby 3 DC pwdeRsent. 1 RS EMe e n
pregnancy was esiséds shesbupliets Were thdrherase@ Tn Teiopliamt FCs and

incubated at 37°C 5% CO, for 15-20 hours (30hpm group) or
4-8 hours -(42hpm group) ([The abbreviation "hpm" is
10 standard for "hours post-maturation"].

(e) RS RECIPIENT"
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 (30hpm 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 Fusjion and activation
For activation, oocytes were placed between two parallel
_ electrodes in 200ul of 0.3M mannitol, 0.1lmM MgSO,, 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 B8O0Ous. 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.



31 TABLE 2 PASSAGE

"MAG C " GOAT" " UNI VERSAL" NUVBER

P6 - 4 6 0 5 P7

1 1 0 P11 2

g WO 979)766?,13 Péz 00 PCT/GB96/02099 g
10 TOTAL MOR/ BL 10 16 8
TOTAL NUMBER 6 9 4

EVES PREGNANT EVES 1 396.7) 5 (55.5) 1
(25.0) 15 FOETUSES/ TOTAL 2/10 (20.0)
5/16 (31.25) /8 412. TRAN %@RED 0 Table 3
shows the out cénd = 4+l JIOURBSI | owi ng transfer
or norul a/ bl ashftest Wieageukbitrgoperdod fused feoupletmi perat domdsle

TABLE 3 embe§d¥a in 13 aMathedas 4 fxass(%&%'co) in paRESMd 25
4E468 GCOAT %. VE | AVB 4E302
GOAT * 7transferred tq:éguglﬁtagl ov:.duct o%‘ wmhrogggedm

4E210 5 (6wAd are a leds expensive alldeVhnatAWB as a temporary 4E286

%LY AFTERléFﬁﬂen%Of‘H‘ ﬁé‘%oﬁgﬁ{éﬁ?ﬁed embryo) . Gd&llle couplet J.fl

FOETUS DI ED embedded in agar to prevent or reduce immune rejection of ( APPROX

80 DAYS) 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 techniques may also be suitable in place of a
temporary recipient ewe to achieve development of the
embryo to the blastocyst stage.

Results of Example 3 (ovine cells le 4 (bovi
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 ligated

oviduct of a temporary recipient ewe until Day 7 after



4E294 UNI VERSAL 11 LI VE LAMB 4E272

MAG C - 13 LI VE LAMB (DI ED
SHORTLY. AFTER BI RTH) 32
Exanple 5: Ovi ne nucl ear transfer and enbryo reconstruction
using OVE, BLW1 and SEC1 cells Nucl ear transfer has pgﬁgnggﬁ@gcted
usi ng three newVo&Tf7689 types, designated OVE, BLW1 and
(ovi ne manmary epithelial) cells are an epithelial cell line
est abli shed froma biopsy renoved fromthe mammary gl and of an adult
6 year old Fin-Dorset ewe, follow ng the 30 procedure of Finch et al.,
(Biochem Soc. Trans. 24 369S 10 (1996) . BLWF1 (Bl ack Wl sh
Fi broblast) cellgs ) Hbl 168! | a4k nesg ¥ digsection
and cul ture Cégéi (ftl°56 Pﬁ vé%%ﬁ %oetﬁs obtélneéggglgomnn
Nat ur al I\ﬁ?#"?@f“iﬂg"a°él WWI}‘%HS&REYFB SFagea ERPYEPS {1t Eﬁlat‘f%
net hod of isolattentid quvalBhymbeet&f dnddyald aetsvededd according to
Robertson, E. J., in Teratocarci nomas and enbryonic stemcells: A
practi cal approach, 71-112, IRL Press Oxford (1987). SECl1 ( Sheep
enbryonic Bell) are an epi thel i afABLEel cell |ine derived froma day
9 enbryo obt ai ned from a super ovul ated and mat ed Pol - Dorset ewe 20
to a Pol - Dorset LSti cells
described in co-lpengifithPCll apRisheat i{oN \NamsER MORULAR 2089, pull i shed
as WD 96/ 07732 fior mmml | loWiNDBER r%ﬁm&ofwﬁ % REE lerphol ogy of
the cells of th { WRANSFER cell |i ngs=—gry—e compTet o2 Y ==t
secondly, the 2 met hods| used t o i[sol QAT he | celMAGIChes| WENVERSALT dr ent .
The SEC1 cell i WW s the
TNT cell RPnes ' f rom groups of cells 0 Al cell
lines were Kkaryjptypedosand shgped fa nDgas 3y onopone nunbedl of 54
(2n). Prior to |prse—as—nucte=a dormor-s—for—emb ‘)’U reronstroctrgn, the

31.1.95 13 0/2 2/14

2.2.95 13 o/11 0/14 '

15 7.2.95 11 119 0/9

9.2,95 11 9/29 12

14.2.95 12 6/45

16.2.95 13 313

F S e 1
20 TOTAL 16/98 (16.3%) 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 cf 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.



gui escence follow ng the reduction of serumlevels to 0. 5% was
oni t-ored as previously descri bed (Canpbel

33 i et al. , Nature 380 64-66 (1996)). Preparation of the
reconstructed enbryos was as descri bed above in the previ ous

exanpl es. Swo o7l3bee 4 shows a summary of the devel opment pdT/epsslo2emy
transfer enbryos reconstructed fromdifferent cell types. The table
shows the nunber of enbryos reconstructed, devel opnment to the

bl ast ocyst stage and nunber of preyhanci es for each of the three cel
types. Al cell 10 | ines were karyotyped prior to their use for enbryo
reconstruction. These cell |ines had.g.tadgl nunber of 54
chronpsomes. One to three bl astocyst Stage~enbryos were transferred

to each synchrnnlse.

were cultured §n vi tﬁ?ﬁg

drops of SOF

serum and cul t ired i npy inpg hum d fi ed at nosp m

90% N2 at 39[ [ . T yos—eTe amrsferred—to—ff esh
medi um every t fho davsP7SCFNIWWd|un120 vas prebpared a e dner
et al., BIO|OgWVOf P11 Rep oduct ipon 50 (390-40f (1994) ang, Thonpspn et
al . +oty—of—ReprothretHorr—55—4+36 5—4+-394—+595 Feh| € 5
shows t he |denW|f|catW6n of the recioient lewes 28 reimi ni ng pregnant at
24 June 1996, $ed 3 fqr enbryo reco struction and| t he

out cone of pre‘ P e e e e SR e ey Ay

1to 3 l—- $t  stage enbr yos on d
reconst& ctlonn A E Elnﬁi recijpr en Wes. ] .

nunber s “r'econs| !

Abbre
Pol - Dor set 6 FD = |Fi n- Dopset,* F enbryo cuIt ed in
vitro to the BWaSt ocysf st age.
PREGNANT EWES 1(16.7) 5 (55.5) 1 (25.0)
%

15 FOETUSES/

TOTAL 2/10 (20.0) 5/16 (31.25) 1/8 (12.5) i
TRANSFERRED
{%)

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

IABLE 3
, , :
EWE Method Passage Result
{
25 4E468 GOAT 6 LIVE LAMB
4E302 GOAT 7 FOETUS DiED
(APPROX 130 DAYS)
4E210 GOAT 11 LIVE LAMB
4E286 GOAT 1 LIVE LAMB (DIED
SHORTLY AFTER BIRTH)
30 4E453 GOAT 1 FOETUS DIED
v {APPROX 80 DAYS)
4E294 UNIVERSAL 11 LIVE LAMB
4E272 MAGIC 13 LIVE LAMB (DIED
SHORTLY AFTER BIRTH)
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Example 5: Ovine nuclear transfer and embryo

10

15

20

25

30

reconstruction using OME, BLWF1l and SEC1 cells

Nuclear transfer has been conducted using three new cell
types, designated OME, BLWF1 and SEC1. 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 368S
(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). SEC1 (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 SECl cells are distinct from
the TNT cells described in co-pending PCT application No.
PCT/GB95/02095 published as WO 36/07732 for the following
reasons. Firstly, the morphology of the cells of the two
cell lines 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



[err] [err] [err] Jerr] [err] [err] [err] [err]
[err]® [err]

CLAI M5 1. A nmet hod of reconstituting a non-human ani mal
enbryo, the nethod conpri sing tragfferring the_nyclfus ?i a

ui escent dipl g r cell into a suitable 5 recipien
g. A nethgdaggn@ﬁﬁﬁned in claim1l1, in which the ani nmal islgﬁkgﬁﬁQFP%n
speci es. 3. A nmethod as claimed in claim2, in which the mnammma
is a cow or bull, pig, 10 goat, sheep33canel or water buffalo.
4. A nmethod as claimed in claim2, in which the mammal is a rodent.

et al., Nature 380 64-66 (1996)). Preparation of the
reconstructed embryos was as described above in the
previous examples.

* 5 Table 4 shows a summary of the development of nuclear

transfer embryos reconstructed from different cell types.

The table shows the number of embryos reconstructed,

development to the blastocyst stage and number of

pregnancies for each of the three cell types. All cell

10 lines were karyotyped prior to their use for embryo

reconstruction. These cell lines had a modal number of

54 chromosomes. One to three blastocyst stage embryos

were transferred to each synchronised final recipient

ewe. Reconstructed embryos which were cultured in vitro

15 were placed into 10pl (4 embryos) drops. of SOFM

(synthetic oviduct £fluid medium) containing 10% human

serum and cultured in a humidified atmosphere of 5% 0,,

5% CO, and 90% N, at 39°C. Cultured embryos were

transferred to fresh medium every two days. SOFM medium

20 was prepared according to Gardner et al., Biology of

Reproduction 50 390-400 (1994) and Thompson et al.,
Biology of Reproduction 53 1385-1391 (1995).

Table 5 shows the identification of the recipient ewes
25 remaining pregnant at 24 June 1996, the cell type used
for embryo reconstruction and the expected lambing date.
Pregnancies were established by the transfer of 1 to 3
morula/blastocyst stage embrycs (on day 7 after
reconstruction) to synchronised final recipient ewes.

30 Details of the numbers reconstructed are shown in Table
R 4. Abbreviations are: PD = Pol-Dorset, BW = Black Welsh,
FD = Fin-Dorset, * = embryo cultured in vitro to the

. blastocyst stage.
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5. A nethod as clained in claim4, in which the rodent is a nobuse or a

rat.. 15 6. A nethod as clainmed in any one of clains 1 to 5, in
whi ch the nucl eus of the donor cell is genetically nodified.
7. A nmethod as clainmed in claim®6, in which the nucl eus of the donor
cell is 20 d»ggg H ggal ly nmodified prior to enbryo reconstitp&.ir.]
; . ; /8896102099
8. A net ho %Glmedln any one of ghains 1 to 7, in whic t?’ue
reci pient cell IS an_oocyte. 25 9. A nmethod as clainmed in
claim8, in whi gpcyte | sfan enuc| eated oocyte. 10. A et hod
as clained in any dhe of ims| 1 tfp 9, in which the donor cell is a
differentiated Ig‘é
36 1 s A net g &3 ned in any one of clains 1 to 9, in
whi ch the donor c&& is Y| @Rjpdul t somatic cell. 5 12. A
. QU ~—r - . . .
met hod as cl ai g any of | ¢I&fl ns o Q_in which the donor cell is
an enbr ocoeLNI. 23 :\:\ A l hod as i med iffn claim 12, in
whi ch t he enbryd PB#ebt ai J+pm enbryo producgd by a met hod of
any one of clai 1.to 9. 14t Al method Jas clal mgd in any one of
clams 1 to 9, irf Ych the donof cefl iy 8 eocss| =xZ£opkdl somatic cell.
15. A net hod .ﬁal med any one of cEhims 1 tlo 14, whi ch the enbryo
is a 15 bl astjp@ist st ape| epd} yoe 16. A nme d of nucl ear
transfer, the B33 conp| ERi-e| B8 trafsfpr of the nucl eus of a
qui escent di pl oijd&®nor c ;O‘f’ & npn- hyFrerf—er—eH—t-o uitable
reci pi ent cell Fg Non- h een 298 .t~ 1
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17. A nmethod as clainmed in claim16; in which the recipient cell is an

oocyt e. 18. A net hod as qhgbpq in claim17, in which the
reci pient cell is an enucl eated cen Beplaced 19. A et hod
for preparing a non-human animal, the ﬂ’ i ng:

37 . WO 970768 reconstitut . n ani mal eahENsReste
defined in any preceding claim (b)
causing a non-hunman aninal to develop to3sermfromthe enbryo;

and 5 (c) optionally, breeding fromthe non-human ani ma

so forned. 20. A method as clained in claim19, in which the
non- human ani mal enbryo is furt $&RI¥ENi pul ated prior to ful

devel opnent of the enbryo. 10 21. A nmethod as claimed in claim19,
wherein nore than o non- humap aninal . . s derived fromthe. enbryo.
2o CLA et hod B ot EGR 3R, 28RERsFLeysing, 4, 5RkeHT) ARRVEN Che

nucl eus of method eompirdsénatt thnsfieredny the tnugisier ofch iqutiesceat

recipi entscel | fyn&eldellUS®B alBuitable recipienf BRENOd as clainmed in any
one of’clains 1 to 18, in which the nucleus<% t he qui escent donor
cell is transferred into the recipient cell by mcroinjection.

24. A net hod 2f priodwetiheog asceladimed aircellailn ne, ihhehiat uik eaiimailsi ng 20
reconstituting - ' : ryo according to a nmethod as cl ai ned

i n any %%gﬂgf C a%ﬁ%ﬂ%ﬁ?él?ﬁ? and clonally expanding cells fromthe
enbryo to produce a cell or cell line. 25. A et hod of

produci ngoa cel3. or Z neadHod mseclathwedeihedladanpr,i shnghidle e anima@ansfer

f th I | t.. di-pl qi d. d I -h mal int
Al | e e
26

expandi ng cel | sPRE&Er om A method of reconstituting a
non- human ani mal enbryo substantially as

4. A method as claimed in any one of claims 1 to 3, in

15 which the nucleus of the donor cell is genetically
modified.

5. A method as claimed in claim 4, in which the donor
cell is genetically modified prior to embryo
20 reconstitution.

6. A method as claimed in claim 5, in which the
recipient cell is an oocyte.

25 7. A method as claimed in claim 6, in which the oocyte
is enucleate.

B. A method as claimed in any one of claims 1 to 7, in
which the donor cell is an adult somatic cell.

30 .
9. A method as claimed in any one of claims 1 to 7, in
which the donor cell is an embryonic somatic cell.

10. A method as claimed in any one of claims 1 tc 7, in
35 which the donoxr cell is a foetal somatic cell.
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38 her ei nbef ore described with reference to Exanples 3, 4 or 5.

27. © -A nethod for preparing a non-human ani mal substantially as

her ei nbef ore described withp Been®effacadipl es 3, 4 or 5. 5

28. A nethod of producing a cell ﬂ uu, mmderi ved from a
reconstituted F1/07660 human ani tantially ggrhegoghspeef ore
described with'reterence to Exanples 3, 4 or 5. 10 29. A

met hod of nuclear transfer substantially as herei nbefore described with
reference to Exanples 3, 4 or 5. 3630. A nmet hod of producing a
cell or a cell line derived froma suitable recipient cell of a

non- human ani mal_ i nto which the nucl eus of a quiescent_diploid donor cel
15 of a non-humarf aMSHEPhatohedF e iSCer ABI 3HW bt itAe ymgEhod
her ei nbef or e dessmpiiexing: with reference to Exanples 3, 4 or 5.
REPLACEMENT SHEET

(a) reconstituting an animal embryo as claimed in

5 any preceding claim;
(b} causing an animal to develop to term from the
embryo; and
{c) optionally, breeding from the animal so formed.

10 12. A method as claimed in claim 11, in which the animal

embryo is further manipulated prior to full development
of the embryo.

13. A method as claimed in claim 12, wherein more than
15 one animal is derived from the embryo.

14. A reconstituted animal embryo prepared Dby
transferring the nucleus of a quiescent donor cell into
a suitable recipient cell.

20
15. A reconstituted embryo as claimed in claim 14, in
which the donor cell is an adult somatic cell.
16. A reconstituted embryo as claimed in claim 14, in
25 which the donor cell is an embryonic somatic cell.
17. A reconstituted embryo as claimed in claim 14, in
which the donor cell is a foetal somatic cell.
30 18. An animal prepared by a method as claimed in any one

of claims 1 to 13.

19. An animal developed from a reconstituted animal
embryo as claimed in any one of claims 14 to 17.
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