* UNACTI VATED OOCYTES AS CYTOPLAST RECI Pl ENTS -

B

1 - R . T
"FOR NUCLEAR TRANSFER This invention relates.to the generatiggcﬂjq4,,q
animals 5 i ncluding but not being limted to genetically sel ect :
and/or nodified aninmals, and to cells useful in their genqubi n.

The reconstruction of mammalian enbryos by the transfer 10 of "a nor

nucl eus to an enucl eated oocyte or one cell1l zygote all ows the opY
production of genetically identical _ i ndi vidual s. This has clear

advant ages for both research (i.e. as biological controls) and al so

i n conmerci al ap MNAEHIVATED DOSYTRS| AS fCYTORLAST RECQIMIE |4y

val uabl e 15 livestock,  4niforgag Wodlear FRalsrproduct s, and mal

managenent) . Enbryo.reconstruciion by nuclear transfer was first
proposed ( Spemann, Enbryoni ¢ Devel opnent and | nduction 20 210- 211 Hof ner
Publ i shing Co., NhidsYaikvdrthiif) ) rehatéderto the tgemnswdbion hefquasinis of

nucl ear eqgi val e s 7 Oras n | i V&I PR ge ta?' . By
transferr ?ﬁg Eﬁgﬁﬁéf'zelg ,f?%mn?%cﬁé}é!g ng%%\ilgﬁée%%‘%)lm ( é;?Jaegcétseq hese
experi ments wer e2B8£Pyna@didied: animadsat and cte poehts 28sefupudineitheigecanme

restricted in ghakratdexel opnent al potential . Due to tephni cal
limtations and the - unfortunate death of Spemann these studies were
not conpleted until 1952, when it was denonstrated in the . frog

that certain nucThe recbustruetion v nammealidw emkiiyos lgemMS |t;/raéﬁ1§ﬂﬁ’:§
adult (Brikggs andeKin Rco . «Acad. ly. 455-4

(1952)) . thei r fgﬁd?ngg’ﬁgé’dg’t“gwtéﬁg _té i éﬁuﬁéﬁﬁ‘?%%negg?‘?hgf I it
toti potent nucl eFYSPER &llows thezgproduetioniuaf ceneticaddy tidentfimaled to

an enucl eaifdie9@ual g vVearhiisSRakoci &P eldwaditayesi #6P1h&Eh "research
(i.e. as bioclogical controls) and also in commercial

applicétions (i.e. multiplication of genetically valuable

15 livestock, uniformity of meat products, animal

management) .

Embryo reconstruction by nuclear transfer was first

. proposed - (Spemann, Embryonic Development and Induction
- 20 210-211 Hofner Publishing Co., New York (1938)) in order
to answer the question of nuclear equivalence or ‘do

nuclei change during development?’. By transferring

nuclei from increasingly advanced embryonic stages these
experiments were designed to determine at which point

25 nuclei became restricted in their deveic_opmehtal '
: potential. Due to technical 1limitations and the
unfortunate death of Spemann these studies were not
completed until 1952, when it was demonstrated in the

frog that certain nuclei could direct development to a

30 sexually mature adult (Briggs and King, Proc. Natl. Acad.
s Sci. USA 38 455-461 (1952)). Their findings led to the
current concept that equivalent totipotent nuclei from a

single individual could," "when transferred to an
enucleated egg, give rise to "geneticaliy identical"



-

2 -individuals. In the true sense of the neaning these

*indivi.dual s woul d not be clones as unknown cytoplasmc contri butions
in each may vary and al so the absence of any chronosomal
rearrangenents would have to be 5 - denonstrat ed. Since the
denonstrati on of enbryo cloning in anphibi ans, simlar techniques
have been applied to nmamalian species. These techniques fal
into two categories: 10 1) transfer of a Zlonor nucleus to a matured
nmet aphase 11 oocyte which has had its chronosonmal DNA renoved and
2) transfer of a donor nucleus to a fertilised one cell zygote which

has had both R&HEIUALS rendfedthe true senseymful thesmerningr mhese

procedure has bepgdevidiea Yt 91O ndb be ¢oned 3% MMKERNA WARIP1ARE Deen
reported using the atter othﬁ an_when ar ogucl %51 are exchanged.
pP N

. . | at F_th
Transfer of the COHGFIIRIIEAR +tht 82T ReMBYCYREY cHP §th absencge M al | y
achi eved by i nduemyng cbrbmofomabn. rearimangémentanguioallds Hawss ontbs ibaduced
by application ofapdXerareq. €l €ctrical pulse across the contact/fusion
pl ane of the coupl et. The sane pul se which induces cell fusion also
activates the recipient - oocyte. Followng enbryo reconstruction

further devel opReiticd SHéeRRMERIHEIAR idn2Df emb2yEeclbiiity H dniHi¥i%ns,
i ncluding the ability of thg . ‘nycleus. to direct devel opnent, i.e.

t ot'i pot ency, Melfel o UGS i Ehc £RFR « APRLdEL &7 SATRlden
(i.e. oocyapecgtes. at iThese obeghnigues vAaildn, imdr gywoc Wategories:
(reviewe npb f?gh id, NYe ign . Snft'hs ti as
Appl i ed '?J(')&ii .vegit)loc 20§4;411é§30--187a F\i%%f;/?.hweggng&eél n a(}%q% imgrtl:agggt%ﬁe bove
we have shown t HRRCYRR nvBighRcdas had’ dfscghramospmall d\PM¥ur regoved andst
cell cycle of thy transfereasia rdsicd Mmidliend ito of FEREdlis@ROCNMNER11

(Canpbel | zygote which has had both pronuclei removed. In
ungulates the former procedure has become the method of
15 choice as no devel'opment_ has been reported using the

latter other than when pronuclei are exchanged.
Transfer of the donor nucleus into the oocyte cytoplas_in
is generally achieved by inducing cell fusion. In
20 ungulates fusion is induced by application of a. DC
electrical pulse across the contact/fusion plane of the
couplet. The same pulse which induces cell fusion also
activates the recipient oocyte. Following embryo
reconstruction further development is dependent on a
25 large number of factors including the ability of the
nucleus_ to direct 'develop'ment i.e. totipotency,
developmental competence of the recipient cytoplast (i.e.
oocyte maturation), oocyte activation, embryo culture
(reviewed Campbell and Wilmut in Vth World Congress on
30 Genetics as Applied to Livestock 20 180-187 (1994)).

In addition to the above we have shown that maintenance
of correct ploidy during the first cell cycle of the
reconstrucred embryo is of major importance (Campbell



>

3° et al., Biol. Reprod. 49 933-942 (1993); Canpbell et al.,

s Biol.” Reprod. .50 1385-1393 (1994)). During a single cell. cycl e al
genom ¢ DNA nust be replicated once and only once prior to mtosis.
If any of the DNA either fails to 5 replicate or is replicated nore
t han once then the ploidy ' of that nucleus at the tine of mtosis :
w Il be incorrect. The mechani sns bé which replication is restricted
to a single round during each cell ¢&ycle are unclear, however,

several lines evidence have inplicated that 10 mai nt enance of

an i ntact nucl ear ne,i s,cruci.al, t |.S, contr The
nor phol ogi cal eﬁ%%%&ﬁl(bc%ﬁ?r % ¢d 933-%5 ﬁ%#oi) 'ng%l“?%fl&f E&ratranster
into an enucl eatBsbl. Repmdetaﬁm-lm&iod)wé‘lhhve hesims eugiieglencelhunber

f I
89 19- 34 (iggécll) )E::?ydr%Ebalﬂ'tcil r%o Ias and Rabl S%?ofépﬁcate? e &%5 !ﬁ% 465

(1991)), pig (Pr%&c’r?ePréPraF° mitogig. Adopny of the ?2@ sitheasfaidgoy, cow
(Kanka et =l ., Muplilkegeodr {Evrepllcate&&oiéotﬁé;@ drk thlen th&'@!ib:’z‘&?' y

upon fusion the u e hre [ t he
chromosomes 20 odfoﬁ?‘gﬁafmc%?‘ﬁgc%% nse §§ tl%saislg Wgﬁgn%’% ei"éﬁ? tysed
by a cytopl asm Thectmadhanismsndy mhignty atdons/is restrimfiedtito a
promoting fact orgiMifl) roﬁﬁasd@fiﬁg’ idaeH %eﬁ.@uéfcle are uhe1ghkh, ”h&Qéir&rand

neiotic cells reachlnq X|ma CthItﬁ at netaphasé. . Mat ured
mammal i an oocyt REVEXEIys 1ineg  ogfq e%idengs gphave P tedhd ERRBtic
di vi sion 10 waivitepance offl an dntacbaneclbap méfbramet i &i eyuczainw

fertilisation or LiVva I\/PF es secon

meiotic divisi or}-'hl%s\s corrmr%tried an kgec %gfé%o%%dam eveu%% wh:b }8 °°é‘§<‘ﬁ u?:iréd

the chromatin tHde ddeperempsdensd 8bter ;Fr"—@méleﬁarm@ ey oﬂrrecl;gased I n
nucl ear transf erm&a@h\aes 1T oocf@@oﬁﬁ*véucﬁe.%i vheia i i@val Smﬁ:&féxhlab NEED

RN, A SN RN TR G AT
subsequert5 DNA 6% gi-3aat{iL884)) , rabbit n(Collas and Robl, B.'I.Ol Reprod.
45 455-465 (1991)), pig (Prather et al., J. Exp. 2Zool.
225 355-358 (1990)), cow (Kanka et al., Mol. Reprod. Dev.
29 110-116 (1991)). Immediately upon fusion the donor
nuclear envelope breaks down (NEBD), and the chromosomes
20 prematurely condense (PCC). These effects are catalysed
"by a cytoplasmic activity termed maturation/mitosis/
meiosis promoting factor (MPF). This activity is found
in all mitotic and meiotic cells reaching a maximal
activity at metaphase. Matured mammalian oocytes are
25 arrested at metaphase of the 2nd meiotic division
(metaphase 1II) and have high MPF activity. Upon
fertilisation or activation MPF activity declines, the
second meiotic division is completed and the second polar
body extruded, the chromatin then decondenses and
30 pronuclear formation occurs. In nuclear transfer embryos
reconstructed when MPF levels are high NEBD and PCC
occur; these events are followed, when MPF activity

declines, by chromatin decondensation and nuclear
reformation and subsequent DNA replication. - In



4 - reconstructed enbryos correct ploidy can be maintained i.n

‘one of. two ways; firstly by transferring nuclei at a defi ned cel
cycle stage, e.g. diploid nuclei of cells in Gl, into netaphase |1
oocytes at the tinme of activation; 5 or secondly by activating the
reci pient oocyte and transferrirng the donor nucleus after the

di sappear ance of ~ MPF activity. In sheep this latter approach has
yi el ded an increase in the frequencyiof devel opnent to the

bl ast ocyst stage from 21%to 55% of reconstructed enbryos 10 when usi ng

al - Biol - Repr odt SedARE b 3ub YR EBes sploiay” 8RR Se padiida Bh .

in the frequency otfedefeltyonewaysi fdrstlyrbyorkansfesgingbryusldtavatas yet
not addressed thegefined c@l@.sbly@meoét9§|€| %lrgrmbqaaarmeyel SHrlddid s 3
devel opnent ce.rtal n %en &% n’grl nt e .e. are altered such
that they are @b % aﬂ’?’é‘ﬁ?c hEFCYtes R hdf t’d‘ﬁ" of activatdioni ng
have shown % hat tors Selcrqmillyt | by" actieawirgl Zhe redipiewgt gasoeyrsd | and

formation (i.e. r@% ectéa.:?gbr{;g)the d8'18r nucleué)%%%' 9'{: éydl%éé%rgées of

repr ogr anmi ng i s osufe o roma
cyt opl asni ¢ fact MBF \@Rtyity. Inalsé‘eﬁpefrbhﬁ lhtww@nnmlgdiaﬁgmldgds

This raises the an inctéaskl Oih'xOftHH)Wf%qﬁEiicW rafc aavélépﬁEﬁél Ot dighleng

t he 25 recon\s}é ucti on of errbr¥os b%)eg ggr tansfer in or deqﬂ@)
reprogramthe de SH SERFEKTHP™ rRReNstructe RS now
been foundi@ hat mimémausingmhlestwm:nesmfrom 16 celr)ltembryest ad mnmclear

metaphase 1 can @iyrd | @ahPpg1Y! APLe A0, ALOPYYRepkoBO! W Hlysly sl o

di pl oidy) is maintal hed ryo IS hot acti vat at " th
time of nuclear (1294)kransfer. The delay in activation allows the nucl eus
to remai n exposed to the recipient cytoplasm

5 These improvements in the frequency of developmeni: of

15  reconstructed embryos have as yet not addressed the
question of .nuclear reprogramming. During development
certain genes become "imprinted" i.e. are altered such

that they are no lo_ng'er transcribed. Studies on
imprinting have shown that this "imprinting" is removed
20 during germ cell formation (i.e. reprogramming). One

possibility is that this reprogramming is affected by
exposure of the chromatin to cytoplasmic factors which
are present in cells undergoing meiosis. This raises the
question of how we may mimic this situation during the
25 reconstruction of embryos by nuclear transfer in- order to
reprogram the developmental clock of the donor nucleus.

It has now been found that. nuclear transfer into an
oocyte arrested in metaphase II can give rise to a viable

30 embryo if normal ploidy (i.e. diploidy) is maintained and
if the embryo is not activated at the time of nuclear
transfer. The delay in activation allows the nucleus to
remain exposed to the recipient cytoplasm. '



According to a first aspect of the present invention there is

‘provided a nethod of "reconstituting an ani nal enbryo, the nethod
conprising transferring a diploid nucl eus into an oocyte which is
arrested in the netaphase 5 of the second neiotic. division wthout
concomtantly activating the oocyte, keeping the nucleus exposed to
the . cytoplasmof the recipient for a period of tine

sufficient for the reconstituted enbryo to Becone capabl e of giving
rise to a live birth and subsequently 10 activating the reconstituted
enbryo while ma orr | oi dy. _At.this sta t he
reco%stltut ed enE‘F§8ralgg £Q & o 1ff I(—?gg’ Gt “of the pr eﬁg ARYRREi9he

invention is applt:heabl dst praiviidedi salnethbd of r&nﬂnahmtlinlgdsammm
donestic fow, a an c pr
E%i?b HE h@ého%u com];ﬁ:‘l%:.%xgsm Qfgfee.:srln Ia &‘:}5 cﬁi%man

however, it wll
mamal s, PHFLPES| ERTS 357 geewts Yhashel s artrmtesihengmetmaphase
conrer ci al By usebfl Pl beabhlli tnedict iRy eawibﬂoﬁnm%&aad &dhcomitdntls, Wi th
ungul at es, partlcu%arl eco omi cal | % Egorta g ul at es uch S
cattle, sheep, g8% %va % PAYES . keeping the “é’ﬁ&e g§*PREE t‘l"l%t e
invention is i kewopbaste noﬁt the resipient bofdr as a peedesl f @f cltoimeng
ani mal s and as Asufssici@han %egfaeeﬁ&weuéé@rm%%cﬁa%%ﬁe ddpatiiqul d

al so 25 be noted .th he 1nvention_, IS

appl i cabl e to ot Rér Q&Bﬁﬁ% 0‘51'-?? i ¥Por®antiv®i ndrdpe @}% seq‘ﬁktﬁ-}’as
fo[)bexarrph.e hor aegivhtinas the rwtmﬁﬁﬁ:.m@d I embr;lro rehsler nd {iftai®ling f
rabbits V, i S,,€ [ e in roduction o
transgeni c, as vve;PgeEEngf&f&gns}etnﬁgﬁasln%%Bg ‘%3 neyEt %thiet‘& éj"" s
may be produced fisom ginagle ceg@ld. al tered donor cells. The overaII

procedure has a nunber of advant ages over conventional procedures

-

for the producti 9n pr:.nc:Lple, the invention is applicable to all an:.mal%,
| - 15 including birds such as domestic fowl, amphibian species
and fish species. In practice, however, it will be to
non-human animals, especially non-human mammals,
particularly placentél mammals, that the gréatest
commercially useful applicability is presently envisaged.
20 It is with ungulates, particularly economically important
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
means for generating transgenic animals. It should also
25 be noted that the invention is also 1likely to be
applicable to other economically important ‘animal species
such as,  for example, ho:;'ses, llamas or rodents, e.g.

rats or mice, or rabbits.

30 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 overall procedure has a number of advantages
over conventional procedures for the production of



transgenic (i.e. genetically nodified) animals which may be
‘summari sed as fol | ows: (1) fewer recipients wll be

T equi r ed; 5 (2 multiple syngeneic founders may be generated
usi ng clonal donor cells; (3) subtle genetic alteration by
gene targeting is permtted, : (4) al

ani mal s produced fromenbryos prepared by 1O - the invention
shoul-d transmt the rel evant genetic nodification
through the germline as each animal is derived froma
si ngl e nucl eus; transgenic (i.e. gemetdpaldyt mo@ibiled) iaomingls ndrisde miay
ani mal s be summarf&éd@%%n%QIQ%& Jnjection or chimerismafter 15
i ncl usion of nodified stem cel l populatlons by bl ast ocyst
i njection produces a proportion of nosaic animals in
which all cells do not(1) fewer rec;p;enthﬂiannbéhfe@mx&édpation and nay
not transmigd (2)

: h th I d
20 : (5) cells“tan "Blétééligc{%%{qf gfeai{%g %30% t epgerm elrn%edan

nmodi fication (e.g. integratisimg glopalt donhr cells; : generation
of the whole animal. (3) subtle GetBPYkdaPEel t e d : :
"transgenic", in 25 résl atlgnbfo ani ma? ¢ Qﬁﬁ?ﬁfﬁ pbe ta er?ltng pE

limted to - r ef er r BRFHS &R nal s contalnlng in their germline one
or “more genes(4)r oralanddiafalspmeal thomg embRirpst Ip&%iﬁ%&kicb

aninmals w d .contain such q__\ﬁ%ongngénﬁ?{gg 1r5€rtﬁggsmb%enthﬁ hé'e rm&ngfers

nore broadly to any ani nal se ger
of technical interventiogenggic modlflcasegnbthaqugnmmheeghmmldgpe 83,

for exanple, an ani mal each animdl0s& QﬁﬁthHUQréﬂ Qn§Q5§ﬁ%P§uﬁ§£Sshas

been del et ed, dupl.cated, activated or nodified Is a transgenic
ani mal for the purfo&SBtFRsty; PX PBn°§s tﬁﬁﬁ‘ﬁ?f&é‘l&n apimags

7 to whose germ | i by apremogkeans iDijectdgmence helsideeeiem after
added. 15 inclusion of modified stem cell populations by

blastocyst injection produces a proportion of
mosaic animals in which all cells do not
contain the modification and may not transmit
the modification through the germ line; and

20 {S) cells can be selected for the site of genetic
modification (e.g. integration) prior to the
generation of the whole animal.

It should be noted that the term “transgenic", in
25 relation to animals, should not be taken to be limited to
referring to animals containing in their germ line one or
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
30 has been the subject of technical intexrvention by
recombinant DNA technology. So, for example, an animal
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



I.n enbodi nents of the invention in which the animal is 5 t ransgeni c,

the donor nucleus is genetically nodified. " The .donor nucl-eus may
contain one or nore transgenes and the genetic nodification may take
pl ace prior to nucl ear transfer and enbryo reconstitution. Al t hough
m cro- I njection, analogous to injection into the male or femal e 10
pronucl eus of a zygote, may be used as a nmet’hod of genetic

nodi fication, the invention is not limted to t hat met hodol ogy: mass
transfornmation or transfection _ . t echni ques can _al so be used e.%.

el ectroporation, &R r#@ose 93r¥r&ﬁ§?e@ﬁ(ﬁFqgiQQHﬁﬁQﬂﬁiﬁﬁﬁu%EFe has DBegnt he
met hod of the inwiddann descri bed above, a diploid ' nucl eus i s
transferred froma donor into the enucl eated reci pi ent oocyte. -
Donors which are diploid at the tine of transfer are necessary in

order to nmmintai rin hengglimends rafttths olnvenftiomein adeich | the cdniwdlyds

therefore g ORI, DR tdEhor mbbBed PHagBnetiBaLIPr #lRlY£idd. 1 S
t he subj ect of our co-pendi ng PCT patent agrl i cati on No

PCT/ GB96/ 02099 f | Yh&y APH, NRElgbgi BEYpPPBERty $90Rxagiore tragsgengs and |
the O phase of ttile e@netdychedification iy taketplacecipriopcite hasleanr

di stinct phases, qu, M ... 'pﬁ% 1.hg e\ﬂ(]; | he . L
cycle, called t_-’%ans%fa?r@tz, a?%kees pl gcer?%gﬁe . 1{.l'ip Ig’se an }}\%"&% Elrli:&%be
function. The decinjestign.cenplogens £ inleatdonaabtackhgmale an fempdee s
made at stggt. @eanRieRld 68S Pagpgste, may HE OUgBASta t a ItheflasEeEdS

t hrough t he remai nder .of the, X hase. _whjch s the pre;
synt hesi s phase. W?&o’ﬁ%‘flgcatlf’t‘ag%’etﬁgvgnt)ﬁﬁg__e?'si, qﬁzeﬁl‘%ed to
synt hesi s takes pilwde. methodolddgys meskoltxanafdrmatienGoph&sansfiecthions

the period techniques can also be used e.g. elect®oporationPleidegn DNA
synthesis and m toes? s.uﬁ tsosi s itself occurs g at thg ‘M phasé.

Qui escent cel | s (WAnafactdondercdfPefpRtion.  \which qui escence has been
i nduced asiswel | as those cells whi ch are naturally quiescent, such as

certain fully 5 ., Jifhergohiahheqldahedth SESEALY SEOA IS0 35,188k
ei ng I n any eése four phases 0O hé cycle; they dre

nucleus is transferred from a donor into the enucleated

recipient oocyte.- Donors which are diploid at the time

of transfer are necessary in order to maintain the

20 correct ploidy of the reconstituted embryo; therefore

donors may be either in the Gl phase or preferably, as is

the subject of our co-pending PCT patent application No.

PCT/GB96/02099 filed today (claiming priority from GB

9517780.4), in the GO phase of the cell cycle.

25
The mitotic cell cycle has four distinct phases, G, S, G2
and M. The beginning event in the cell cycle, called
start, takes place in the Gl phase and has a unique
function. The decision or commitment to undergo another
30 cell cycle is made at start. Once a cell has passed

through start, it passes through the remainder of the Gl
phase, which is the pre-DNA synthesis phase. The second
stage, the S phase, is when DNA synthesié takes place.
This is followed by the G2 phase, which is the period



ustial | y described as being in a & state, 'sq as to I ndi cate that

- they .woul d not normally progress through the cycle. The nuclei of
“quiescent @ cells, like the 10 nuclei of Gl cells, have a diploid DNA
content; both of such diploid nuclei can be used in the present
I nventi on. . Subject to the above, it is believed that there is no
significant limtation on the cells that cgp be used in 15 nucl ear
donors: fully or partially differentiated cells or undifferentiated
cells can be used as can cells which are cultured in vitro. or
abstracted ex vi n < 1m | I S have
nor mal DNA Ble%&'rﬁegﬁ an%ygghﬁ%%ﬁoéfr%%@;q@}sﬁor%@s%]%tg%}% g%%g%%rce
20 of cells iat dtheMdzhrder Quiessgdndiedd sPdrhighednclude ceddpgl ipati on

No. PCT/ GBI5/ 02085, ciP Wliiesoehcas hiO BELA7TRAuced as wdll ias kaldsaveditbat

all such normal cell.s contain all . of . the genetic infornatiqn
required for thé" uﬁf?oﬁ‘a&urélllrly quieSGRTHG gﬁ? as c%’éa“br%é‘éﬂrﬁ’

i nvention s al | oviiffidrtentdated cebls) nate genexradld ypregadded tas tripe dedabopi ng
enbryo by . al [ C ti r a .ge | C

mat eri al can re-ld?régl? (l;&gfveP%‘:)lggr:\%ntf;m%:t ﬂ%ﬁlyég_Re%lcfic|rc1)t|:l¥(‘aé1nt EXEP'Fé ué%%%l &8 the
i nvention are eritfdaddiYeddescribed c #esPeiREhify & affesttéatFe n SPe 3t &Fhase
of the second indicd®® Qil:t diNéyi wbuld nEBShorfEl BPr pEeg§re88C theough

mat ur ati on roceeds I£#VIVO io.th s fairl éa%i st age o;.%he ggg

mat uration proces¥ dNtiSren T BUETSht CovAPAEPETRC 1R CetLS. APfEsE
oocyte i 10 el eagertYeiomft 6L wedidlys, ¢fwave a idiploid DNA content; both of

9 fert iédé?@i%&oﬁﬁcﬂﬁélei Near? U L@ eldS 1A 1K g!:lase%fé T2 on,
to conplete neiosis). nthe practice of the invention, oocytes can
be matured either in vitro or in viva and are .collected on

appear ance of tsubkdctpal@rthedybeoveasisods Helieveds Hinasitheraf 18r no
ovul ati on, 1 especiiueliane 1 imicarkbn' SnPtRECLRETs! PAbe ! BEn" B BEH! 1B°
15 nuclear donors: . fully or partially differentiated cells
or undifferentiated cells can be used as can cells which -
are cultured in vitro or abstracted ex vivo. The only
limitation is that the donor cells have normal DNA
content and be karyotypically normal. A preferred source
20 of cells is disclosed in our co-pending PCT patent
application No. PCT/GB95/02095, published as WO 96/07732.
It is believed that all such normal cells contain all of
the genetic information required for the pi‘odﬁction of an
adult animal. The present invention allows this
25 information to be provided to the developing embryo by
altering chromatin structure such that the genetic
material can re-direct development.

Recipient cells useful in the invention are enucleated
30 - oocytes which are arrested in the metaphase of ‘the second
meiotic division. In most vertebrates, ococyte maturation
proéeeds in vivo to this fairly late stage of the egg
maturation process and then arrests. At ovulation, the
arrested oocyte is released from the ovary (and, if



it "has been generally assumed that enucleation of reci pi ent

*oocytes in nuclear transfer procedures is 10 essential, there S
no publi shed experi ment al confirmation of this judgenent. The
original procedure descri bed for ungul ates involved splitting the
cell into two hal ves, one of which was likely to be enucl eated
(WI.l adsen Nature 320 (6) 63-65 (1986)). Thi9s procedure 15 has t he
di sadvant age that the other unknown half will still have the

nmet aphase apparatus and that the reduction. in volunme of the

cytopl asmis bel i%axsd kisasdion eFguEst hehe oocyteydis @atugpldyr ssimnipaedon

of the new enbryad Rémplete meJ.os:Lgi al 1n ey gheutERe 19@91:&%21338116;&890))
es have_.been usgd

20 Mor e recengﬁy dlff rent ocedyr N

attenpts to rem¥q scﬁFBrfﬁEo'ﬂ%% tf"’g:qﬁ hARUKESFC ©F 17 XHVE,RRG.pTe

Aspiration of thedlilesttedobar appdgrande of thmeis;fnlpmltamn@podytop'l asnsovas

f dt t - f sh t
oun O re ve éleprg;.,tsg_?lg_@sg @ér %%t%’g?f%%%éﬁ‘@ .of sheep oocytes

(Smth & epro (198 Only with the
use of DNA specific fl uorochrorre (Hoechst™ 33342) was a net hod

provi ded by whi cmterwI;ﬁ@ﬂmeaowmtbtwu&eaapeeatmbéhenucleacéhe whmfwum

reduction in cytaq ol ume_( Tsun d Fer
82 173 (1988)). p‘n osP8eR 9 nera@%ﬁc.%ssu‘?#s |§t rSB&SﬁgagF@nne?
of routine use atreclplentpr egeytes Prigt haucdegir strﬂnSﬂM)r pdFockeghuriels. Sappl :

41: 125 39 (19%entVeat husicheet al is Bi @b R%Q@shé@‘mpkaxbeégmeﬁ@al
(1990)) . here have

been very few refARElTgRtIGR- Prffvﬁgf"?e]udgemenﬁpprSQEhBE'lgbn%?ﬂuEF@S?FlBﬁel n
mamral s, wher eas described fomphhfubasesiinvslivid aplitting thaviceltt ihtght

s used as e TRUHIIL PLACCUNT Sldl A0 ksl €% SRGe1 4080

5 311 (1960))- e are no repo
approach in manmei¥.llacsesuds tagei 330t he) lﬁ%‘ﬁﬁ (9RS6) ) . Th1§pE€PFBéure

fluorochraome it was rmi@ddigaav@wreh@i BRES@®ther unl@ﬁﬁ)ﬁeﬁaif) will
ultraviolet light f. re than 30 _seconds e deéel ogrrent al
potential of the St ED ¥hnbie MRFaPhask aBParaﬁusF?e‘b‘i 53’F Fe

(1988)). 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)).

20
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
25 I1 apparatus in 67% of sheep oocytes (Smith & Wilmut

Biol. Reprod. 40 1027-1035 (1989)). Only with the use of
DNA-specific fluorochrome (Hoechst 33342) was a method
provided by which enucleation would be guaranteed with
the minimum reduction in cytoplasmic volume (Tsunoda
: 30 et al., J. Reprod. Fertil. 82 173 (1988)). In livestock
’ species, this is probably the method of routine use at
present (Prather & First J. Reprod. Fertil. Suppl. 41 125
(1990), Westhusin et al., Biol. Reprod. (Suppl.) 42 176

(1990)).



As "~ described above enucleation- may be achieved physi cal ly,

*by actual renoval of the nucleus, pro-nuclei or netaphase plate
‘(dependi ng on the recipient cell), or 15 functionally, such as by Ehe
appl i cation of ultraviolet radi ati on or anot her enucleating
i nfl uence. After enucl eation, the donor nucleus is introduced
ei t her by fusion to donor cells undegoconditions whi ¢ch do not 20
i nduce oocyte activation or by injection under non- activati-ng
conditions.- In order to maintain the correct pl oi dy of the
reconstructed enbriygrd henRNOrbebL] BkeryUfew repork@ Jio¥ Oifbr{inSasiiet he
& or Gl phase of_the cell cycle at the tinme of_fusion. 25

I | e) .
Once suitabl e dorHPEIRFASI tnt SERFICAHRR biRn mammals ., cWheggas| t ips
necessary for theampitlEiansf irlrediation with ulthaviieletabidgit ris dsed he
latter. Most ¢ | - hransf | ffecte y fusi on.
A AR fropefure, TErAGh §F AP Milpod (S5 ° 10D 2542

Activation 30 ake place at the si-on.
Three estal i shed?¥etH9E9)dhi cFReBe A¥R &P desailedi neperts of thef msiconfare:

(1) exposure ofthiselppioachOin hatihale Plad¥Houdl during the use of DNA-
chem cal s, such asspeocil .et ?Xl ene Igcol' 2) the use @
Epeg A ggﬁagﬁr me it was noted t t;@g;pooﬁlrge:; of mouse

i nacti vated virus,” sUc¢
(3) the use of eamntesco sulbpavuiobet light foExposer elnfn cBb| seténds

fusi on-pronoting y¥REePkheSHebefSpmental P e{%{l{Jg}g rt\:%'g%’%%é.rlm 8{:1'(::514%%??2

gl'ycols is. - a "routine rocedure _for t _
but it hastthot 1t @l-pedn KeEgEPd- uEFETLILt B2nbI3 0kL98&d Jpol yet hyl ene gl ycol
S toxic it is necessary to expose the cells for a mni num

period and the n t 5?% t Q. ve_t he cheni cal _quicklLy may
necessitate the %?mv‘g?g%fﬂ % z%r?g%%gl | T B nay  pe Mallhvad
physically, by actua

_ or metaphase plate (depending on the recipient cell), or

15 functionally, such as by the application of ultraviolet

radiation or another enucleating influence.

removal of the nucleus, pro-nuclei

After enucleation, the donor nucleus is introduced either -

by fusion to donor cells under conditions which do not
20 induce oocyte activation or by injection under non-

activating conditions. 1In order to maintain the correct

ploidy of the reconstructed embryo the donor nucleus must

be diploid (i.e. in the GO or G1i i:hase of the cell cycle)

at the time of fusion. |

25
Once suitable donor and recipient cells have been
prepared, it is necessary for the nucleus of the former
to be transferred to the latter. Most conveniently,
nuclear transfer is effected by fusion. Activation
30 . should not -take place at the time of fusion.

| fI'hree established methods which have been used to .induce
fusion are:



(Kanhka et al., Ml. Reprod. Dev. 29 110-116 (1991)). -In 15 experinments

"Wi th nouse enbryos, inactivated Sendai Virus provi des an efficient
means for the fusion of cells from cl eavage- st age enbryos (G aham
Wstar Inst. Synp. Monogr. 9 19 (1969)), with the additional
experinmental advantage ~ that activation is not induced. In ungul ates,
fusion is 20 commonl y achi eved by the same electrical stinulation that
is used to induce parthogenetic activation (WI I adsen Nat ure 320 (6)
63-65 (1986), Prather et al., Biol. Reprod. 37 859-866 (1987)). In

t hese species, Sendai (1) ,q],ds'ﬁw | nsificescdllss on 4on a mxsmm-tpmoﬁnfgases

but is not 25 sufficie | abl e.far (WIIl adsen
Nature 320 (6) 63-65 (1986Y ediddld, Suft 28 P@ru‘ﬁ'egﬁ ?Q’F s‘?%#ﬁgis] a preferred
met hod of effecting (2) thelcusar ofr dmeicsivatedi ¥vimes, tHE&;nI# rendad t hat

can be 30 used. ot herﬁs_ Hid ablgy techni ques include microinjection
(Ritchie and Canmpbel I, eproduct] on and Fertili te{ Abst ract
Seri es No. 515 p60) (3) the use of electrical stimulation. 12

In a preferred enbodi nent of the invention, fusion of the oocyte

e cotropul sing. | EBOSRERaRh| EBELSoF Bt FRREcA PR sny o) Seals S8 Uk O
alternatively t h@o&yetlwlenay @lycol bt niotbeticedlysolsj eb® | oh i¥PULiRE ci um

free medium The,rocedur gfofftﬁéQu%‘i@:ﬁt 82 Smddie E:bﬂsOf bhHSieMAH Rt | on
and t he aSsence 0

clum,i romthefus ectio
medi um pr d9ent . abeEPaviBal Brugadk With, ﬁF‘%ﬁY"%ocﬁsém Bhyien?nggy%@f i, it
is best to enucl esk@caid cenddeéssarey to expdssearlslfearcei]sa)(ﬁbzaa oirsinntne

aiter the ooeyte eaglionng cn MRANESES! boadheol LRlIerd: &zé’iﬁiéalbe

post onset of mat'uration ornone treatnent (1n Vvivo)
will depemwhlu’h'eaxM%ltatﬁofihéa’é"wcé’@f ofhtbp, 2R3 | RSk

transfer shoul d praheaabkyala eM@i.aqte;vrrddv Ded BOUIBO-116 (1991)7) In
pigs,wthin 48 hours; .mce W t.h

pi 0. wi (g 48 houro, mcer wl Ll 2 "M Yost nacr s var DBl de b ML 20

progressivel y nomprotiitibscahtefficient means for the fusion of cells from

- cleavage-stage embryos (Graham Wistar Inst. Symp. Monogr.

9 19 (1969)), with the additional experimental ad{rantage

that activation is not induced. In ungulates, fusion is

20 commonly achieved by the same electrical stimulation that

is used to induce parthogenetic activation (Willadsen

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

25 sufficiently reliable for routine application (Willadsen
Nature 320 (6) 63-65 (1986)).

While cell-cell fusion is a 'preferred method of effecting

nuclear transfer, it is not the only method that can be

30 used. Other suitable teéhniques include microinjection

~ (Ritchie and Campbell, J. Reproduction and Fértility
Abstract Series No. 15, p60).



achi eve as the oocyte ages. Hi gh MPF activity is 20 desirable.

‘. Subsequently, the fused reconstructed enbryo, which is general ly
returned to the maturation nedium is mai nt ai ned wi t hout bei ng
activated so that the donor 25 nucl eus i s exposed to the recipient
cytoplasmfor a’ period of time sufficient to allow the reconstructed
enbryo to becone capable, eventually, . of gﬂving rise to alive birth
(preferably of a fertile offspring). 30 - The optinum period of time
before activation varies from EECIES to species and can readily be
determ ned by In a prsfaxnedsmierdmentf the dmyvengipsyi BaséPniehite to 20

hours is appr Opsb kadPfopldit RYUGtShgubdcBmpPabhe/d  in the NM¥sdifed €SS
t han that which al |l ow chr .

13 { or FRATHVARPT BYSROSPRERRELEAPS 4 §ngMepemptehfolyfion
coupl et activates Sp2TH aemode smiutiongxelérenatiesly hhe nucleus mayi es.

5  Weg it ig tiﬁ‘?rédl{cé?ftﬁ;)’%gee«giéﬂyiﬁ%{“ﬁ%lgﬁ&akrgé AL88Em. The

Sul t_abl e activation r ot ocol use ecent experl ments .
have shown t hat agﬁeOfegbﬁr epertest 8t the timesqf,dhsian/dndectisn @ndire

nore conpl i cat edhéhabseﬁde of camiaﬁnlﬂaﬂsnﬁoml ttHéaotzk@ﬁhﬁmj&m zhat
activation is an | 20T nane phenon n% and.that the arge nunmber of
treatments abl €™ 1‘i"ﬁcR?Eeev§rbtr-rﬁft "IDnaC%ES' cF&ﬁépﬁﬁ?'é oocYLe- 5| causi ng

"activation". However, exposure of rabbi t oocytes to repeated

el ectri C?&, pul Sfﬁ @EEEQ ”].Qt £l )Se?t to é;f%l ded Qxfxda&oﬁBHE‘Eprdkﬁée

seri es pul ses a contro Calerr] + was able pr Qnot e
devel opment of BFPREFRN z&d s°°n as oBE’?Fé? €0 afitExgheant pgﬁy(:eﬂ:[eaches
Devel opnent 109mddapH@se II. THE XAk .thatbhwhing willdr bd Ipb’ﬁtl @hsdtheyfe are

concent rati on (PEEBEPFAGR GroYAePh RaPmohe, tErttahe, (th VaygbReni™,
el ectrical puléeaeadeobelﬁf@de‘spﬁ@%usef’or cattle or sheep, nuclear
15 transfer should preferably take place within 24 hours;
for pigs, within 48 hours; mice, within 12 hours; and
rabbits within 20=24 hours. although transfer can take
place later, it becomes progressively more difficult to
achieve as the oocyte ages. High MPF activity is
20 desirable.

Subsequently, the fused reconstructed embryo, which is
generally returned to the maturation medium, is
maintained without being activated so that the donor
25 nucleus is exposed to the recipient cytoplasm for a
period of time sufficient to allow the reconstructed
embryo to become capable, eventually, of giving rise to

" a live birth (preferably of a fertile offspring).

30 The optimum period of time before activation varies from
species to species and can readily be determined by
experimentétion. For cattle, a period of from 6.t9 20
hours is appropriate. The time period should probably
not be 1less than that which will allow chromosome



anal ogous increases in calciumconcentration. There is evi dence t hat

"the pattern of calciumtransients varies wth species and it can be

nocodazol e prevegt t he addi

antici pated that the opti nal ~pattern of electrical pulses will vary
inasimlar 25 manner . The interval between pulses in the rabbit is
approximately 4 mnutes (QOzil Devel opnent 109 117-127 (1990)), and
in the nouse 10 to 20 minutes (Cutbertson &3 Cobbol d Nature 316
541-542 (1985)), while there are prelimnary observations in the cow
that the interval is 30 = approximately 20 to 30 mnutes (Robl et al., in
Synposi um f@ﬁmﬁmngawgrﬁfﬁl#‘%}ﬂ-%}tqfeée HadsRdafistesn thasi gde
ed.), Colorado StghgléhiadiSidtes 2foR¥and884ly or,| Anneftreme casd!haghed
experinments actiyati,pn was i nduced with a single electrical pulse,
but new obser vat +bn@i€fiygest _ : : 14
that the proportion of reconstituted enbryos that devel op S

I ncreased by exp : ak.. a Bkt ; Wel| rod.
PRI (1998??1.3%-tE e g:\%;ﬁlfléi !ﬁﬁ?\% _édéu§a1 ACHd, %ngase, TN ?&f e
may be made to ofBikRBlet metiyation,,mFotogPipuFRRs P8 hd18%| d sReSeHth and

duration of the experiméntsSeshavé tSRowal cthatcorhent retubpebntBe MA@ um
In the practice ﬁgr{:ige I nvention

.correct_ploj must be _ nai nt ai ned
during activatio CPRnYftS r ABT E 15 Th h?%?tm%%e comgﬁ:.%?%%?l Fggn had
m cr ot ubul e pol yheenstmagined.n Itrbad been assumedpthatmctivatpianus mon of

il tiple Egonum Qil-&?-e!g&g%/i ?‘ﬁe'nomenonned..rﬂ:i AkRaEOre1RC L 1018k AYnumbdy S oan be

:achi eved

t he p ation _of. a mcrotubpul e | nhibltor _.such.as
nocodazol e traatments 1akds RO AGRUEH F&FF‘BH’-?%U‘% & PTARRAL S MeES/ i ) .
15 Col checi nglandanshingnidcaieavidmt. N Hoekwbn| cekpbstiré ooE. rabbit

Pould he useq, - oBEFEEL 'Oy Fptld Ner IUET Biss reveated BT iy 1

isin 20 a sealechionyefaAn aRPFOPTHALENSBELRR P (HIELSRA \ARY icsagrol

and non- ppkyneri gedcisd da83 - wdd @bakUbs| Erindtidideveiophéht of dipldidized
ocytes to Enliggggfstg.gggﬁl Qorzrgie%lélvgiopment 108 117-127

{19%0)). During fertilization there are repeated,

transient increases in intracellular calcium

concentration (Cutbertson & Cobbold Nature 316 541-542

20 (1985)) and electrical pulses are believed to cause

analogous increases in calcium concentration. There is
evidence that the pattern of calcium transients varies
with species and it can be anticipated that the obtimal
pattern of electrical pulses will vary in a similar
25 manner. The interval between pulses in the rabbit is
‘approximately 4 minutes (0zil Development 109 117-127
(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
30 _ aéproximately 20 to 30 minutes (Robl et al., in Symposium
on Cloning Mammals by Nuclear Transplantation (Seidel
ed.), Colorado State University, 24-27 (1992)). In most
published experiments activation was induced with a

single electrical pulse, but new observations suggest



to mcrotubul es, thereby disturbing the equilibriumand | eading to

‘m crotubul e depol yneri sation and destruction 25 of the spindle. It is
preferred to add the m crotubule inhibitor a sufficient time before
activation to ensure conpl ete, or alnost conplete, depol ynerisation
of the m crotubul es. Twenty to thirty mnutes is likely to be
sufficient in nost cases. A microtubule stapjliser such 30 as taxol
prevents the breakdown of the spindle and may al so therefore prevent
the production of multiple pronucl ei. Use of a mcrotubule

stabiliser is prefig{@khé proportitlesf TedohatieQpea léndiiSyds thHa®saevatdpf or
m cr ot ubul e - . 1.nhi bitors buIe

i nhi bi tor or staltd iB&reeR6d BY (PREFrTe to seﬁ?ﬁgbrﬁ%?ser&% ridFafs BRPUNt i |
pronucl ei formatiBinl. tReprod. 4Bod%Y-884r et Jt.her daf tanmy andivadaa}

event before the case, . r&%e In%&?&éﬂﬁbﬁ@é‘eﬁag %Eemadg to O%t:l.lﬂlé‘e the

preferred enbodi nent venti| on ours onset of

mat ur at i on Y bovi Mumher &f pulsese. theifield strepghhs aﬁ‘és@“ﬁ'&&ﬂ@&r ofr &hsf er)
the reconstruct egOes @hd the cadEfuRl 868entiLr iBiliciMNtheN mdidiurd

nocodazol e (5[err]g/m) and 10 activated using conventional protocols.
| ncubation in nocodazol e may be continued for 4-6 hours foll ow ng
t he act i vatn duhes pragtdse ( d€pehe einverguiomspeorerectaplioddyytnest be

age) . 15 A%%iﬂya'lgxetdodﬁr§ﬁ§%m of IEhfs' ﬁ@a‘b@.@ tbhgﬁﬁ:.bﬁﬁ d

provi ded a viable reconstituted ani mal g {j)@
as descri & preRDu§kgbilise mic 2 e%ﬁ?‘ﬁ‘-%pé@c Srdege to

.invention, there prevédt theppwddeﬂianrmf hﬁiﬂtﬁfplrér pRoLueded!) aneﬂ‘ab tbhe
aggtgggcribed co éfnléﬁ% correct ploidyﬂ?)Tﬁ gn'h%tl@%levég1 tﬁgbryo
% application of a microtubule inhibitor such:as nocodazole.
at an effective concentration (such as about Sug/ml).
15 Colchecine and colcemid ar®é other microtubule inhibitors.
Alternatively, 'a microtubule stabiliser, such as, for
example, taxol could be used.

The molecular component of microtubules (tubulin) is in

20 a state of dynamic equilibrium between the polymerised
and non-polymerised states. Microtubule inhibitors such
as nocodazole prevent the addition of tubulin molecules
to microtubules, thereby disturbing the equilibrium and
leading to microtubule depolymerisation and destruction

25 of the spindle. It is preferred to add the microtubulé
inhibitor a sufficient time before activation to ensure
complete, or almost complete, depolymerisation of the
microﬁubules. Twenty to thirty minutes is likely to be
sufficient in most cases. A microtubule stabiliser such

30 as taxol prevents the breakdown of the spindle and may
also therefore prevent the production of multiple
pronuclei. Use of a microtubule stabiliser is preferably
under similar conditions to those used for microtubule
inhibitors. '



above; and 25 (b) causing an aninmal to develop to termfromthe

‘enbryo; and ' ’ (c) optionally, breeding fromthe animal so forned.-
Step (a) has been described in depth above. 30 The second step, step
(b) in the method of this aspect of the invention is to cause an
animal to develop to term fromthe enbryo. This may be done directly
or indirectly. In direct developnenHS the reconstituted enbryo from
step 16 (a) is sinply
al l owed to devel op without further i ntervention beyond any that may

be necessary 10 #hLoWcrorupuilee ﬁ%ﬁmn&tgtﬁ%g;&ééc%&m i et

" for 10 i ncre

devel opnent , however, furt nanlpu at ed before
5 full devel BFRERRE P§RE§ ﬁFE&Eat1°FoPnE3<3an%’F%nucf ymAarion.  Ifgy

be split and thesgehla B¢ arsidved therdadretoraidein any evpritpbéfopé the

i mproving yield. _, ro |veI additionally, it may be possible
' §§£8t %Yﬁ§1%$ 2%. %yos to be achi eved by

nmeans of tRe present |nvent|on by cIonaI expansi on of - donors and/ or

~if use is nade Of[nthpﬂf@Fféd ‘éfmb'iﬁ&héht of the (IHfenRabh at’ 89588 hours A

. limtation in the resenté{ achi e
~may be due to t hBost onseft,4f

rate of bl astocyst formation

mu%emrbrxmvmetm efFiP8s doenot6-18
"reprogrant houts! poetgman easc aptaaiferurdiny t&ﬁonéﬂfddﬁeﬂIébéi&é§ase,

then the rate may e eObanced 25elOLhOuine FALLE IRt Aazote (5hoRi F%R

devel op itsel f can bR Used as a nuc onor
stage; al &8rnati acEjvaradensing cmsni_z@onal prprocels. be Insabagionhein

bl ast ocyst stagepccobhzbll€SRay be coffDANES fj&r | e by | &1 dubiaRe MM ch

have reprogramed g ne exgres i.on aa hose nucl ei, are fact
r epr ogr aned actiygtiglofEippkes, \depRB eﬁﬁcﬁpﬂﬁvéPﬁﬁFﬁﬁ éﬁﬁiy?PqﬁﬂFtua
multiplied in thagehay by the efficiency of the nuclear transfer
process. The degree of enhancenent likely to be .
15 According to a second aspect of the invention, there is
provided a viable reconstituted animal embryo prepared by
a method as described previously.

According to a third aspect of the invention, there is
20 provided a method of preparing an animal, the method
comprising:

(a) reconstituting an animal embryo as described
above; and . _
25 {b) causing an animal to deveiop to texrm from the
embryo; and
(c) optionally, breeding from the animal so formed.

Step (a) has been described in depth above.

30 .
The second step, step (b) in the method of this aspect of
the invention is to cause an animal to develop to term
from the embryo. This may be done directly or indirectly.
In direct development, the reconstituted embryo from step



achi eved depends upon the cell type. In sheep, it is readily
‘possi bl e to obtain 55% bl ast ocyst stage enbryos by transfer of a
single blastonmere froma 16 cell enbryo to a preactivated "Universal
Reci pient” oocyte. So it is 30 reasonabl e to hypot hesi se that each
enbryo devel oped from a single cell could give rise to eight at the
16 cell stage. Al though these figures_ are just a rough guide, it

is clear that at |ater devel opnent al stagelehe extent of benefit
woul d depend on the efficiency of the process at 35 t hat stage.

17 Asi dg_firomt he. i e Yield- Lopravi ng expedi.encies,. the
reconstituted engra))/o nmésy %é‘hz%&t u%é‘&gh?h v?:\gg gF_vle oF;  yhtHout f‘f’c’)&‘er
bl ast ocyst . 5 interpeptipanbeyondggast $hathmay e weseaksaryeddyalilob ear

transfer are diftaeedevilopnent "ed €4k Wacd mbhﬂﬁéc%e?eﬁ%%ﬁﬁ%é te -

fromor even require cultyre conditions 1n viyo ot

whi ch enbryos ar 8°Y§¥&Fry t © may Q’Fatgl"’r’a:&‘selr iBARGRIPRtedrefexs on
for this i§ not Knddndev@lopmenn. takest place.nuliidypldxmiple) tinf embeys ne
enbryos, Rasonsd i r : at _onc haye been
cultured in sheep v%cétésif%rﬁg@.t%ﬁé .@%g&g( g{slpglgg il?é%ang)ad' ﬁa}' t%e
W | adsen, |n MaRHEPPER Efginpresing X#&ﬁéﬁ%, E.E, ed.) 185 CRC
Press, Boca Raton, Florida (1982)). In the 15 practice of the present

oref orably be enfRiEBREFAYELY or adgisHeRally. ol G LBR ROSEIRCOAIR ¢
transfer 3fd theﬁncrgageddwsé@ecbﬁryﬁrabhe aginryskt ao rle@oaehieiréamﬁahe
e ot o SRR ond LAY BRI BOCLSERAL® ihatonl G U0
by hol di ng the zgﬁﬁ"ﬁﬁl_ﬁﬁémﬁ fidgdtaferis Jpade of theepspergsi ofaceaxrial
barrier to cells(nficléarfecipiryfier. A aimBatidnimERe ﬁhé'z Et]fﬂoers%ﬁﬂl%gh
s SEDLOSCN, | DBERRGRdG race, ob Y BEEHSHL BRI K BPAISE e oy
be | ost. 15 fact that a majority of the embryos do not "reprogram®
(although an acceptable number do). If this is the case,
then the rate may be enhanced as follows. Each embryo
that does develop itself can be used as a nuclear donor
at the 32-64 cell stage; -alternatively, innér cell mass
20 cells can be used at the blastocyst stage. If these
embryos do indeed reflect those which have reprogrammed
' gene expression and those nuclei are in fact reprogrammed
(as seems 1likely), then each developing embryo may be
multiplied in this way by the efficiency of the nuclear
25 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" oocyte. So it is
30 reasonable to hypothesise that each ehbryo 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
35 that stage. )



If in vitro conditions are. used, those routinely enployed in the art

‘are quite acceptabl e. 30 At the bl astocyst stage, the enbryo nay be
screened for suitability for devel opnent to term Typically, this
wi |l be done where the enbryo is transgenic and screening and
selection for stable integrants has been carried out. Screening for
non-transgeni ¢ genetic nmarkers may al so be ;4 '

18 carried out at this stage. However, because the nethod-

of the invention allows for screening of donors at an earlier stage,

that will generaldsidee fpoaf eheelbsue df yieldt £hproeime tixpediencises!, e€ANg

has taken place,__the _. cyst ,enbr I s.alLowed to develgp_to
term This resk ﬁtltélé:r?éir ghﬁ%@geﬁa#ﬁae \ﬁ%gpredrflﬁe\’/’é‘r%ﬁr?eﬁf Vap*Ct o
bl ast ocyst has t dikedPl@stesyist.vitro, then transfer into t he final

reci pient aninmal takes place at this stage. If 10 bl ast ocyst devel opnent
has taken place in vivo, althou in principle the bl astocyst can be

h . .
al | owed t o Yevel JgREFLence sPﬁSﬁ?Fﬁ t4hatyr elbryYeE o dagivrst by nnBededrce
t he bl ast axaisfisir laresdaffgréat r £row atbiuizdnenbeyose BRAr 8betimes

- bl ast t I iAant t di 1.0 th . rotective
gt um w1 be SEIREL fgh o e RO du (AL UiadPriond! Ok CFhS
reci pi ent. other dgamrihoss cin (¢hieh embryospare wsuahlyi quihured,

ani el s may be br et B i A vE). DroRer Abadbh 18 Mhis 4 CASE! RoRhePs.
In this way, an I mal rrlg%ibe use‘g)etp . , establjsh a herd or f]ock of
ani mal s ha¥ ng t H® destPdkine — mRLCARlication, . £f st jkewne  ewbryogng| s

produced by transfemonsititutled embayos smanye off tMem atgesiic)cdhave i Beehi cal
cells share (Ne SAfiRuMY G4SsnBlb oviductt ediP's Y 'eChbys' {88! hkabrfBeq! MY
by Willadsen, In Mammalian Egg Transfer :(Adams, E.E.,
ed.) 185 CRC Press, Boca Raton, Florida (1982)). 1In the
15 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
dissected from the agar after recovery from the temporary
recipient. The function of the protective agar or other
20 medium is twofold: first, it acts as a structural aid for
the embryo by holding the zona pellucida together; and
secondly it acts as barrier to cells of the recipient
animal‘s immune system. Although this approach increases
the proportion of embryos that form blastocysts, there is
25  the disadvantage that a number of embryos may be lost.

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

30 At the blastocyst stage, the,embryo'may be scfeened for
suitability for development to term. Typically, this
will be done where the embryo is transgenic and screening
and selection for stable integrants has been carried out.

Screening for non-transgenic genetic markers may also be



di fferent oocytes. The significance of this different - . origin is not

‘clear, but may affect commercial traits. Recent anal yses of the
m tochondrial DNA of dairy cattle 30 in the lowa State University
Breedi ng Herd reveal ed associated with mlk and reproductive

per formance (Freeman & Beitz, In Synposiumon C oning Manmal s by
Nucl ear Transplantation (Seidel, G E Jr.,4gd.) 17-20, Col or ado
State University, Colorado (1992)). It remains -

19 to be confirmed that simlar effects are present

t hroughout the catareigdbpohtatavntisis $tagonsi HewewdiSt t¥cause the method .
possi bl e or necessary,Ln. it [ to . consi,der the

sel ection of oocyc?gs.x%nl?l&gsgrlég o%ﬁ'lc%g{st lqig?sr 5o Creege gd?ﬂ%rﬁbFFi M to
produce | arge nunéR¥kier sgage,ofhat willf gemegaddysbefpreigramdetic nerit
may have consi derabl e potential value in dissemnating genetic

| nprovenent _ through the natignal herd., The _scale of application will
depend upon®the BEtehf SSFEETERGry olinFEREBHoNBSontdfen o Place, the -
transferred enbryskastoeysto ewslopid calbowed to develdly v&yt@fm. This
i[lustration and Syyqrar ol { gwi @ sets out a typical
process by which ‘?rans?enleylg%& n%%- 5 s&iﬁtsanségni%e‘g%fm%nﬁm%ego
prepared. The proekasteathdass taken gy@actedmyvitnm| they treasfegpinto

(1) isolation of ghelMindideaesipsehtSanimal takes plhéd afPihfaddage. 1f
transgenesig, exanpl transfection wth suitable

faqr e.b
constructs, wit hqb]rasﬁfcrp)“ dev%lopmen\m PASuFaken R1ags &Adrv@.s although '
(2a) optionally sinqenimrighlecitdet blastetgbtecan be allowed to develop to '
i ntegrants - ski | CF Q=yl N | Qin e (3) ;enb s
reconstitution bstén:tcjhcg:l ;Earg &rlgé]ns%é Blastocyst h() B Cﬁﬁt UIE%,QCF%C\% vEi8r in
vitro, to bl astodjAfstocyst will usually hegremeovednirPyp sbecditremporeayict

for stable ' pre-blastocyst reldipie¢htnand, Q¥ckr HidsBet2bn2&romOthet her

desired ohpg act el ol &¥ive medium, wifPlbd t3AEEErtLa S TR (pel-Rabiele]

post-blastocyst recipient.

In optional step (c¢) of this aspect of the invention,
animals may be bred from the animal prepared by the

20 preceding steps. In this way, an animal may be used to
establish a herd or flock of animals having the desired
genetic characteristic(s).

Animals produced by transfer of nuclei from a source of
25 genetically identical cells share the same nucieus,' but
are not strictly identical as. they are derived from
different oocytes. The significance of this different
origin is not clear, but may affect commercial traits.
Recent analyses of the mitochondrial DNA of dairy cattle
30 in the Iowa State University Breeding Herd revealed
associated with milk and reproductive performance
(Freeman & Beitz, In Symposium on Cloning Mammals by
Nuclear Transplantation (Seidel, G. E. Jr., ed.) 17-20,
Colorado State University, Colorado (1992)). It remains



30 This protocol has_a nunber of advantages over previously

‘publ i shed net hods of nuclear transfer: 1) The chromatin of the
donor nucl eus can be exposed to the neiotic cytoplasm of the

reci pient oocyte in the 20
absence of activation for appropriate periods of tine. > This may
increase the "reprogramming" of the db%or nucl eus by altering
the chromatin structure. 5 2) Correct ploidy of the .
reconstructed enbryo is _, mai nt ai ned en 0/ nuclei are
transferred. to 'be) copfdpmads thaky & %ﬁ/ﬁs t R REEPEREI on

responsi veness dhﬁ@gﬁﬁmwneecaecyéepopubaemm ttd> tonsidegewhether
pr obl em whi ch has pL evi %%%F%%EGQQ- %%%s‘é qPJ in s%%lﬁaé %{%‘g%e%lgc%g tareg

aged oocytes dup* citi & el oti ¢ spi € pol
and nul ti pol ar considgs tilecselactionsef nasytesHowinecthe amea ofocatthat in

enbryos reagonst rwéé rﬁ{céﬁéah&uw?dtw bhodhed M%l‘@é %Vﬁlb&r%%f efib sggh

nucl ear - envel op

c roma.tl ?‘éensatlon occuirﬁ
or gani sed spi ndl ‘?‘% cpr“E?d‘FuF‘é‘Vy ¥RdERBEAERABAB S oneS
remain in ati grpotent:.albunamuet rmemssemnaamngalgemhﬁant agprofretnéﬁt

Geonst ruct ed ooty (kS ﬁégﬁé‘ier?‘??i&ta% {26, Pt e debiteatifniuny (e

reconstruct ed erfgpand upon the /gest Rhsacy ambmtap%strx@:pr@porneon of

i nventi onyg t her edamsferredcabrd8s aBlant8bdePéEaR ¥ tasndescri bed above.
25 Preferred features of each aspect .of the invention are as
for each other aspect, mutatis nutandis.

By way of illustration and summary, the following scheme
sets out a typical process by which transgenic and non-

transgenic animals may be prepared. The process can be
15 .regarded as involving five steps:

(1) 4isolation of diploid donor cells;
(2) optionally, transgenesis, for example by
transfection with suitable constructs, with or
20 without selectable markers;
(2a) optionally screen and select for stable
integrants - skip for'micro-injection;
(3) embryo reconstitution by nuclear transfer;
(4) culture, in vivo or in vitro, to blastocyst;.
25 (4a) optionally screen and select for stable
integrants - omit if done at 2a - or other-
desired characteristics;
(5) transfer if necessary to final recipient.

: 30 . This protocol has a number of advantages over previously
published methods of nuclear transfer:

1) The chromatin of the donor nucleus can be exposed to
the meiotic ‘cytoplasm of the recipient oocyte in the-



The invention will now be described by reference to the 30 acconpanyi ng
‘Exanpl.es which are provided for the purposes of illustration and are
not to be construed as being limting on the present invention. In
the foll ow ng description, reference is made to the acconpanyi ng
drawi ng, in which: 21

FIGURE 1 shows the rate of maturation of ba@oine oocytes in
vitro. Exanple 1: "MAG C' Procedure using Bovine Oocytes 5

Reci pient oocytes the subject of this experinental procedur e
are designated MiSsen¢eeofiphativarient grGappyopriate RGG‘épEiBngfql-u@}ﬁ .ast)

Reci pi ents. This Wy NYoeahsaNdekyt OBl AulRG® d9fT Nchd N QdrdyO
oocyte 10 mat u:rL%tlon ng're StSdI ed. In addlgt&; on tﬁz rol es of fusion

and activation i RuEhens Y ralaiing dhey chromatia, Shrughute. weré al so

I nvesti gat ed. The studies have shown t hat oocyte maturation IS

asynchronoys; hoyever ti. f

nor phol ogi %Ial ly Sel eccf‘ %'. %fg'% oﬁ' Fgg( F{;EEH{;&%&&?&’ ° “is

Mor phol ogi cal sebmatetained vdlﬁ;yt@s/Gl nuc1|ep, argun;ansseam@s wer e obt ai ned
froma |local abattoir and mai nt ai ned at 28-32[err] C duri ng transport
to the 20 | abor at or Curmul ua oocyte conpl exes COC wer.e
aspirated from f%?l i PESVIRUH mPFHAHRS retiEVeusi TPV ¢t fyation
needl e (1.2mm i ntespahsifemeter ):farmbvpkmfwme ococytds) $nerehsepl asithc

var e chier (4terr$8f é%ﬂ%éa“m?heh% O S@?%Fﬁ%aﬁ R 8"

settle for 10- 1‘6 t in vypenneleaties opged p@encmtgs ligatden qofir thes of
t he superpaiefic sﬂ_ﬂfalé er@ﬂ@ Nbodidd | GdcrsTateid a'mul‘ﬁii:ola:;
spindles are observed. However, we re_pdrt that in

embryos reconstructed and maintained with high MPF levels

15 although nuclear envelope breakdown and chromatin
condensation occur no organised spindle is observed.. The
prematurely condeased chromosomes remain in a tight
bunch, therefore we can take advantage of the ageing
process and increase the activation response of the

20 reconstructed oocyte without adversely affecting the
ploidy of the reconstructed embryo.

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

25
Preferred features of each aspect of the invention are as
for each other aspect, mutatis mutandis.
The invention will now be described by reference to the
30 accompanylng Examples which are provided for the purposes

of illustration and are not to be construed as being
limiting on the present- invention. In the folloWing
description, reference 1is made to the accompanying
drawing, in which:



diluted with an equal volunme of dissection nedium (TCM . 199 with

‘Earl es salts (G bco), 75.0 ng/l kananycin, 30 30. OnM Hepes, pH 7.4,
osnol arity 280 nmOsmol s/ Kg Herr] O suppl emented with 10% bovi ne
serum transferred into an 85mMm petri di sh and searched for COC s
under a dissecting m €r oscope.
22 Conpl exes with at least 2-3 conpact |ayers of cumulus
cells were sel ected washed three times in didsection medi um and
transferred into maturation nedium (TC nedi um 199 with Earles salts
G bco), 75ng/1 kana ' 0.0 5 Hepe 9mM NaHC(O err H 7.8,
(()sm)l aZi ty ngo rrfbrmlms/ﬂéluké 1 n‘%lt"é?sr]aesﬁ Ie'e t BRG0P0 WP r um
and 1x10[err] graocyoss iml¥vistrd. and cul tured on a rocking table at
39[err]Cin an atnosphere of 5% CJerr] in air. Qocytes were renmoved
fromthe maturation d| sh and wet rmunt ed on 10 . et hanol cl eaned gl ass

sl i des under covei®# Qogytes of 5%

petroleumjslly 9§g/¢2@xem; oocﬂdgmt eﬂ;eerrhmsg&cwereft h@ih.é' b imedft A10Ur S

W th 45% bcet o- or BEPHECE Bty dIRF STAROR I3 ol ésafi%gséia%ﬁsréécf e

m croscopy using ACWFWMWSQAReCIPIEnQShe graph in Figure 1 shows
the percentage of oocytes at M1 and those with a visible polar

body. Actijvati on of baqvine follicular oocytes 20 | f maturation
is then continuedPEMYFLenr RRG SYFARiRSMIC evenis duging in i eraoaeyks y
|l ow rate (265) | nmaewratidn were stadiedini Dy aiditiion thdabbPes B fusion

However, rem)val u ctropul si ng |

medi um pr eve%t%Ctaeryatalc i \(j;'zl'gt ron. 3% 2 :Eﬂsll:;f“‘{t):?'g] %g %}éﬁ%r ﬁ?&tsi on

of bovine folli cuvareoééfpesmveStlgaﬁ@@uredThﬁ \Htudd esorhatief f ghewh [Ehaitods.

Cocytes were c*@érqwadd 1FA 0B A E&WEﬁEbﬁauHEdhéW&vé/@S @%dﬁ?ﬁ%ﬂﬁn
ace

activation nmedium dnto the acti atlonﬁg And 39 ven
single el ectri cal Jf‘%%u’fﬁ PIHEF i PESBPEPRP ogicaily selectet at 18

15 hours (Figure 1).

Morphological selection of ococytes
In Figure 1 ovaries were obtained from a local abattoir
‘and maintained at 28-32°C during transport to the
20 laboratory. Cumulus oocyte complexes (COC’s) were
aspirated from follicles 3-10mm in diameter using a
hypodermic needle (l.2mm internal diameter) and placed
into sterile plastié universal containers. The universal
containers weré placed into a warmed chamber (35°C) and

25 the follicular material allowed to settle for 10-15
minutes before pouring off three quarters of the
supernatant. The remaining follicular material was

diluted with an equal volume of dissection medium (TCM
139 with Earles salts (Gibco), 75.0 mg/l kanamycin,

30 30.0mM Hepes, pH 7.4, osmolarity 280 mOsmols/Kg H,0)
supplemented with 10% bovine serum, transferred into an
85mm petri dish and searched for COC’s under a dissecting
microscope.



23 ' _ - . - _ Table la No. of occytes Hour s

‘post onset Pronucl ear formation ' (N) of maturation (hpm
(age hrs) (% activation) - 73 24

24.6 5 99 _ 30

84:8 - ' 92. 7* *many 2 or-nore pronuclei 10 Activation
response of sham enucl eat ed bovi ne oocytes 22 Table I'b shows activation
response of in vitro matured bovi ne oocytes sham enucl eat ed at
approxi mately 22 hours post onset of maturation (hpm. COocytes were
treated eXaoplexgs itherdfc] d88FBn2-3 Swapackollanens it opmuinsls

was aspirated not.eqqrt ajdidd skhgciBbaniatRed! ehfee MBS in dissection
mani pul ati on t he oogcytes vvereﬁgﬁéen a.sjngle DCIpuI S KV/ cm-

and returned to MR ARGt FS GFERE mty@ratu atl‘?‘?pme&’r&fm&'rﬁpﬁ?gi’-ﬁﬂps
of oocytes. were maYniweth E:ax&ésamllts (Gibebdi, Ng8myi/ 1 hkanatpeinceB0. omMe

results show theiﬂg) er .2 cyt gﬁ at 3938Q f-,]in-th' ngfﬁaghg;l.¥?l(aﬂ h '

i ndi vi dual érlnen S as mber i Ng pronuc

respect to the t &8ab nQHBEle'mm’é%‘ﬂI szth 10" bovine serum ' and 1X107abl e
b 25 EXRERNMENEa Jd1s7el sadvéuDrudka 68! ks ﬂaﬁml@@; table at
pronucl ei/ Tot al pron,ucl ei/ Total of cells

no. of cells in an atmosphere of S%SEOHpPrP air. OocW'zeshpmare

1 ]n’eﬂxoved from the -maturation dish 2and wet mounted 24n

8; ‘Z’g 10 ethg?x?% cleaned glaQé %d1ides under covegjsigps which were 4

attached using a mixture of 5% petroleum jelly 95% wax.
Mounted embryos were then fixed for 24 hours in freshly
prepared methanol: glacial acetic acid (3:1), ‘stained

~ with 45% aceto-orcein (Sigma) and examined by phase

i5 contrast and DIC microscopy using a Nikon Microphot-Sa,
the graph in Figure 1 shows the percentage of oocytes at

MII and those with-a visible polar body. '

Activation of bovine follicular oo es

20 If maturation is then. continued until 24 hours these
oocytes activate at a very low rate (24%) in mannitol
containing calcium (Table 1a). However, removal of

calcium and magnesium from the electropulsing medium
prevents any activation.
25 ' _
Table 1la shows activation of bovine follicular oocytes
matured in vitro for different periods. Oocytes were
removed from the maturation medium, washed once in
activation medium, placed into the activation chamber and
30 given a single electrical pulse of 1.25kV/cm for 80us.



30 ° -5 0/ 19 0/1 - hpm hours

‘post onset of maturation 24
Pronucl ear formation in enucl eated oocvtes Tabl e 2 shows pronucl ear
formati on in enucl eated occytes fused, to primary bovine fibroblasts
(24 hpm and subsequently activated (42hpm). The results-represent
5 five separate experinents. Qocytes re divided into two

groups, group A were incubated in nocodazole for 1 hour . prior to
activation and for 6 hours follow ng activation. G oup B were not
treated with nocodazol e. Acti vat ed TableO®gYt €S were fixed and stal ned
W th aceto-orceip 2 he _nual Q

(PN). in each
results are expr

nours 10 N
P8t Lhghat  was t hags sps&r@udeynder
pgiged as 't he ipef oontayios (kpmigtpge Vbrisbg | (v agejvad

containing 1 or jfiore pronuc g - 24

-1 PN 2 T A PN—errid—PN '

0 .0 5 099 L CGRQP B39 33 45.2 :

9.7 20 The aksencessof an lorgani sed spéndl e and tf se@+of a

pol ar body suggesTs at tn order to marntarn plordy In- ‘the
reconstruct ed entmapp 2 loemoge lpyomucdieédpl oid i.e. G0/ Gl nucl eus shoul d be
transferred into this cytoplasnic situation. | ncubati on of
activated_ _oocyt .t he 25 r ul e | bl tor

o odayal 30 or ) LRGEY onsd ot §HGH QhulR aFIla& &Br 5 Lnet’-,'&gﬁ,%vatlon

stimul us preventTabhe ibrﬁh@ﬁ@na@tlwﬁélgnu€B§P°P$abP§ ZF vitro maguness
when the donor “Bsirﬁﬂé bScyted %aﬁp/eﬁlxdll&a%doét approtiigatealy 2 *Hdixrtd"e

correct ploidy of the reconstructed 3 i i ntain
p y pOSt onset Og maturaélon yo Songte;awe%% treated

exactly as for enucleation, a small volume’ of cytoplasm

15 was aspirated not containing the metaphase plate. After
manipulatibn the ococytes were given a single DC pulse of
1.25 KV/cm and returned to the maturation medium, at 30
hpm and 42 hpm groups of oocytes were mounted, fixed and
stained with aceto-orcein. The results show the number

20 of oocytes at each time -point from five 'individual
experiments as the number of cells having pronuclei with
respect to the total number of cells.

Table 1b
25 EXPERIMENT No. cells having | No. cells having
' pronuclei/ Total | pronuclei/ Total
no. of cells no. of cells
30 hpm 42 hpm
1 1/8 -
2 0/24. 0/30 4“ '
3 0/21 0/22
4 0/27 0/25
30 5 0/19 B 0/1 |

hpm = hours post onset of maturation



Results These results show that:

25 i) these oocytes can be enucl eated at 18 hours post

onset of maturation (Figure 1); ii) enucleated oocytes can be
fused to donor 5 bl astoneres/cells in either 0.3M mannitol or
0.27M sucrose alternatively the donor the cells or nuclei can

be injected in calciumfree nediumin the ence of any activation
response; 10 iii) reconstructed enbryos or enucl eated pul sed oocytes
can be cultured in maturation nmedi um and do not undergo spont aneous
activation, Proridl ddie A @iathieh ¢ BHGEEHS-Ld S&8R-dH undergo nucl ear
15 envel ope br@@mﬁﬁﬁﬁ:@FEBDT‘ﬁﬁafgﬁF_WDsone condensat I Qn. No
organi sed nei ot i E3Pk& & ighowsyPrgrucleps fQpRatiey in enugleased ©95YSESt he

cell cycle stage fisdde to arp:ﬁaaar:g,d bo\'rlnenutﬂ:lmt‘i;blasﬁg (2¢) hp@dichand

F?giqgglng;eceiqﬁgrp!t o&{sf Vrélnl p at e%’tl%aq: %%:bnfs) ooc?/.?%srgsufts re%F\)ém Rgt”
pol ar body 5 s obskivedepariage aypeuiuentent ORSytesawere adivided e@&pdtwes of
the cell cycle staqa M, thup A werd 3nThPated 1WChedsdazole for Yi hbur

upon subsequent actjvation 1-5 nicronuglei are ] . .
prior to activation and for 6 hours following activation.

Group B were not treated with nocodazole. - Activated
oocytes were fixed and stained with aceto-orcein 12 hours

10 - post activation. The number of proruclei (PN) in each
parthenote was then scored under phase contrast. The
results are expressed as the percentage of activated
ococytes containing 1 or more pronucilei.

15 Table 2

" " TOTAL |_1 PN | 2 PN | 3 PN | 2 oN | 54 PN
Il GROUP A 52 100 0 0 0 0

"GROUPB 33 | 45.2 | 25.8 | 16.1 | 3.2 9.7
20 The absence of an organised spindle and the absence of a

polar body suggests that in order to maintain ploidy in
the reconstructed embryo then only a diploid i.e. GO0/G1
nucleus should be transferred into this cytoplasmic
situation. Incubation of activated oocytes in the
25 presence of the microtubule inhibitor nocodazole for S
hours, 1 hour prior to and following the activation
stimulus prevents the formation of micronuclei (Table 2)
and thus when the donor nﬁcleus_is in the G0/Gl phase of
- the cell cycle the correct ploidy of the reconstructed

30 ‘embryo is maintained.

Results _
These results show that:



formed per reconstructed zygote (Table 2). 30 Reconstructi on of
‘bovi ne enbryos using "MAG C' procedure In prelimnary experinents
this techni que has been ' applied to the reconstruction of bovine
enbryos usi ng primary fibroblasts synchronised in the G phase of
the ' 26 cell cycle by
serum starvation for five days. The results are sunmarised in
Tabl e 3. Tabl e 3 shows devel opnengsof bovi ne enbryos reconstructed
5 - by nucl ear transfer of serum starved (G0) bovine primry

fibroblasts into enucleated unactivated M| oocytes. Enbryos were
reconstructed atiP4 hphesmdotbytésisedn be enwdigsiteds atctl&abedrat ptisthpm

Fused couplets Wgh€er of mad¥dRLdFidurace§azole (S[errjg/m) in M
medi um for 1 hour 10 . prior to activatiion and 5 hours post

activati on. Coupl ets were activated wwth a single DC pul se of 1.25
KV/cm for 80[errjigpc.enucleated oocytes can be fuséie 3o 15donor
EXPERI MENT_ NUVB NUVBE . TOCYSTS . _
BLASTOCYSTS/ E&as?"‘“eres)%eq:ls in  £UPREY il IS °F 0-@MpLETS
1 su@bose alternativelys.the donor the cells or nucled/ &hn .
12.9 Exaﬂiﬂﬁ%cﬁ%@@éa&%@.ﬁﬁd!E@e“ﬁé&ﬂu@’i&%@%&%&o of any
Sim |l ar observations 10, those in Exanple 1 have al so been nagg i-n

ovi ne oocytes WhREHYRACHIAFRAESFed i n vi va. Freshly ovul at ed
oocytes can be retrieved by flushing fromthe oviducts of

super st at ed 4 : er - I isn_ftreatent . . _The
use of ca !():i um n:%\f;lgs?%%%ﬁlﬁ%eee SR 1..08{%) > §§Q§df plhl}(sash%ldné: R EETm
prevents oocyte can be ewltwred oin mapmAtdeon: mediameand det et mnggirgioum

free - spontaneous activation;

iv) the transferred nucleus is seen to undergo nuclear
15 envelope breakdown (NEBD) and chromosome condensation.
No organised meiotic/mitotic spindle is observed
regardless of the cell cycle stage of the transferred
nucleus; ' | '

20 v) such manipulated couplets will activate at 30 hours
" and 42 hours with a frequency equal to unmanipulated
control oocytes;

vi) no polar body is observed following subsequent
25 + activation, regardless of the cell cycle stage of the
transferred nucleus;

viii) upon subsegquent activation 1-5 micronuclei are
formed per reconstructed zygote (Table 2). '
30

Reconstruction of bovine embrvos using “"MAGIC" procedure
In preliminary experiments this technique has been
applied to the reconstruction of bovine embryos using
primary fibroblasts synchronised in the GO phase of the



medi um and donor cells introduced as above in the absence of

activation. No organised spindle is observed, mul tipl e nucl ei
" are fornmed upon subsequent activation and 30 this may be suppressed by
nocodazol e treat nent. 27
Resul ts In prelimnary experinments in sheep, a single pregnancy
has resulted in the birth of a single live2éanb. The results are
sumari sed in Tables 4 and 5 5 Tabl e 4 shows devel opnent of ovine
enbryos reconstructed y transfer of an enbryo derived established
cell line to cellun'éx?l%athyd sareR e AtErviatigny ofemt five odave. oocfhes.
Cocytes were obtiswadsi 6o sunpasiball shedaretij sh 10 bl ackface ewes,
the cell line was established fromthe enbryoni c disc of a day 9
embryo obtained froma Wl sh nount ai n ewe. Reconstructed enbryos were

cultured in the Table 3| shows dexdldbpntensf of bewvjme ampryes peeohsewacted 6

%ﬁl&e - Trecqyphatiaad a33ASEEH OP'sLRNR ATl (ﬁa@gﬁv&e primary

DATE OF Hibzabiasts \opgp A emmcieated unactivates Mg¥  cocytesVBER
STOCYSTS / 20 Embryos wdPéNYelRnstructed at 24 hpm M Alghe fused

TSNEE55 co?pletsﬂaclt:?vafﬁqo at 49 hpm. %‘isid 9§ouplets wexe
0/2 25 incuba®edsSin nocodazolg (Sug/ml) in 0121éedium for 1 hour

1}2.95 10 bkkof4 50 actlv%&gonlzand 5. hourg 2p§gt2 Sgtivatéén

3/ 13 30 CoupletsT@gng activated with a s;qg}enpq]gpkgg of 1.25
KvV/cm for 8Ousec.

13

Table 3

15 EXPERIMENT NUMBER NUMBER OF ¥ BLASTOCYSTS
BLASTOCYSTS/
TOTAL NUMBER OF FUSED

T COUPLETS

1 1/30 . . 3.3
2 4/31 12.9

s
——

Example 2: "MAGIC" Procedure using Ovine Oocvtes

20 Similar observations to those in Example 1 have also been
made in ovine oocytes which have been matured in vivo.
Freshly ovulated oocytes can be retrieved by flushing
from the oviducts of superstimulated ewes 24 hours after
prostaglandin treatment. The use of calcium magnesium

25 free PBS/1.0% FCS as a flushing medium prevents oocyte
activation. Oocytes can be enucleated in calcium free
medium and donor cells introduced as above in the absence
of activation. No organised spindle is observed,
multiple nuclei are formed upon subsequent activation and

30 this may be suppressed by nocodazole treatment.
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‘al |
of synchronised final

total nunber

reci pi ent

Tabl e 5 shows induction of_pregnancy foll owi ng transfer of
nor ul a/ bl ast ocyst stage reconstructeed enbryos to

the uterine horn

bl ackf ace ewes.

The tabl e shows the

of 5 enbryos from each group

transferred the frequency of

pregnancy tn terns of ewes and enbryos,
enbryos were transferred to each ewe.
est abl i shed which resulted in
Table 5
NUVBER
P12

TOTAL MOR/ BL
PREGNANT EVES

TOTAL

10

15

20

25

30

PASSAGE

Resu%gs P6

In prelinggnary experim

t he

A

in the myjority -

of cases 2

single twi n pregnancy was

bi #h of a single live |anb. 10

"MAG C
4 15

_ pP7
3 20

P13 -
ents [grgheepvBER gl e pregnargy
has résiifed) in the birth of a sifmleUbh® 28mb.

The

regéfgg(éggcgummarised in Tables IRéN?ﬁEBRED

Table 4 shows development of ovine embryos reconstructed
by transfer of an embryo deérived established cell line to
unactivated enucleated in vivo matured ovine oocytes.
Oocytes were obtained from superstimulated Scottish
blackface ewes, the cell line was established from the
embryonic disc of a day 9 embryo obtained from a Welsh
Reconstructed embryos were cultured in the
ligated oviduct of a temporary recipient ewe for 6 days,

mountain ewe.

recovered and assessed for development.

Table 4
NUMBER OF
DATE OF PASSAGE MORULA, BLA
NUCLEAR NUMBER STOCYSTS /
TRANSFER TOTAL
NUMBER

17.1.95 4/28 I
19.1.95 7 1/10 “
31.1.95 - 13 0/2 “
2.2.95 13 0/14 |
7.2.95 11 1/9

9.2.95 11 1/2
14.2.95 12

16.2.95 .13 3/13 I

TOTAL 10/78 (12.8%) "



29 CLAIS - 1. A
‘reconstituted ani mal - enbryo prepared by transferring a diploid nucleus of a
donor cell in the GL phase or the G phase of the cell cycle into an oocyte
which is arrested in the netaphase of- the second neiotic division
W t hout concomitantly activating 5 t he oocyte, keeping the nucleus-
exposed to the cytoplasmof the recipient for a period of tinme
sufficient to reprogramthe donor nucl eus?&nd subsequently activating the
reconstituted enbryo while maintaining correct ploidy, wherein the ani ma

enbryo is at a vel op nt aI stage up to th astocy
2.~ A reconstiatiSed r?g?? W %83'1 Vlf’?a %gﬁg a
diploid oﬂua‘ll]eummﬂaa/hiralscnpcysltl stageheeGbnghuuoted enbr@Psphese of

the cell cycle fo 296Vt st t ase of
t he second nei olﬂe dll?t[\;bl'SI on \?\Ina?xﬁ%)ut concgﬁe%‘gﬁnﬁéé& Eﬂnéﬂ |va :i%ggt he
oocyte, keepi ndlarkinge ctke®xpodbe AR} E?‘t”‘ﬁ%l 8& (FP'-'ﬁ;le pember eRE for a
period ofg ti HE e:sLdéﬂzfyoCs ef'i‘orﬁoeé@ﬁr theaﬂ.eﬁ@frl €I C lhes unelnt | é
activating the reconstltute o _whi |l e, nmi_nt ai.ni ng_corr.ect. . pl oi dy.
3. A r econsHRFRERCE IR, & XS P ?é'&% ﬁl\é\% SPREYOB! &Palt:% S2MaIRTAEVCh t he

animal is a of casesml |anb:apm:|usre tzensfersed toA eachnsmetut ed
enbryo as cl ai fmgl% Céva':m gwanw wast Q%t%ﬂ.ﬁ%heliswﬁﬁcﬂnQHEﬁiEed in

speci es. nstit nbryo as claimed in clarm4, in
whi ch t'he ani méthe ?%t@owfor'i single ’bﬁ?l laghy  goat, sheep, canel or water
buf f al o 126 6. A reconstituted enbryo as clainmed in claim3, in
whi ch the mammal is a rodent T;ble 5A reconstituted enbryo as
claimed in claim6, in which the rodent=TS a nouse or a rat.
REPLACEMENT SHEET r PASSAG;===“%== . _
1 5 AUG 2000 NUMBER
.P6
15 P7
P31
Pl2
P13
20 TOTAL MOR/BL 10 ' ‘
TOTAL NUMBER EWES ' 6 "
PREGNANT EWES 1 (16.7) “
%
| FOETUSES/ |
25 - TOTAL 2/10 (20.0)
TRANSFERRED
(%)




stityted enbryo as clained in any one of clainms 1

~3 % epla

to 7, in whi éIH Has e tcl eus of the donor cell is genetically

nodi fi ed. Ll |“ ll‘ reconst ituted embryo as WS, in
whi ch the nucl _ cell is geneﬂ FHIS SHEIAHAD E|5|r or to

enbryo reconstitution. 10. 29 A reconstituted enMBLACEB claijred in
any one of clains 1 to 9, in which the di pl &+e=rrocteUS 1S donat ed
by a qui esernicled:. 10 11. A reconstituted enbryo as clained in
any one of clainms 1 to 10, in which the donor cell is a

differenti ated cAlieconstituted anunalleznbryo prepavedrast mf@angnﬁpgl@dagclguamd in
any one of clains 1.to I yo
cel | . 15 an eocyte phich 1sﬂe§%§dév% g?%ﬁﬁ)?glgleasseg@ al{nr?lgo i dlbl‘%’llogiqﬁlﬂl ¢ in

whi ch the %ﬁ%ﬁﬁ’tahﬂ;y Shivaiingesle oocyte, keepih@thediiclRidédposattodisd ¢ytsplasniofthy one

of claims 1 to 10. A reconstltuted enbryo as_clained jn any
one of cl arevipidntifor a_genqdmfmmmfﬁqx@tigr e embEYQ 19} n’é&é@ﬂb@ olsgiving rise

I d
oo or ) akFA reBirty nd ppotanedly riiRulE BRIty BRBOEAT EhikiRe! D 2

cel | fusi ogoerrect ploidy. 16. A reconstituted enbryo as clainmed in any one of
clains 1 to 14, in which nuclear transfer is achieved by
m croi nj ection. A reconstituted enbryo as clained in any

one of clapms 1 to ea'\ﬁy,,@ ddiftyo s clgimedifliclith 1, in iR thinifie s AN
wherein the donorA nu&fseus IS kept pose to tr?e redi pi ent cytopl asm

for a peri adgdlhteflspeviesd to 20 hours prior to activation.
REPLACEMENT SHEET

3. A reconstituted animal embryo as claimed in claim 2, in which the animal is 2

cow or bull, pig, goat, sheep, camel or water buffalo.

4, A reconstituted animal embryo as claimed in claim 1, in which the animal is a

rodent.

5. A reconstituted animal etﬁbryo as claimed in claim 4, in which the rodent is a

mouse or arat.

6. - A reconstituted animal embryo as claimed in any one of claims 1 to S, in which

the donor nucleus is genetically modified.

7. A reconstituted animal émbryo as claimed in claim 6, in which the nucleus of

. the donor cell is genetically modified prior to embryo reconstruction.

8. A reconstituted animal embryo as claimed in any one of claims 1 to 7, in which

the diploid nucleus is donated by a quiescent cell.

9. A reconstituted animal embryo as claimed in any one of claims 1 to 8, in which

the recipient oocyte is enucleate.

% C L mos  ox



31 18. ~ A reconstituted enbryo as clained in any one of clains 1

to 17, in which correct p. ot dy I s mai ntai ned during activation by
m crot ubul e i nhi bithis §kket Has Been Repl . A reconst | tuted enbryo as clained
“in claim18, in whi |nh|b|t|on|s 11 he
application of nocﬁmﬂlmrﬂﬁi A recg lei § ﬁéﬁbﬁ% Eas
. clainmed in any one |n3Wn| ch c rrectREPLACED ploydy is

- mai ntai ned during activation by n1crotubu|e stabiTi1sation. 10 21. - A
reconstituted enbryo as clainmed in claim20, in which nicrotubule

st abi | i sati ol0. A recanstitatetianiesd emjarxm clgimied imanyoonestt claims |l to 9, in which

22. A non-hu an ani.nal transferrlng a diploid nucleus of a

donor cel |l M “m“ﬂ“Pﬁ@BEE%§ﬁ§§§- "Pre 0 phase of the cell cycle into

an oocyte which is arrested in the 15 met aphase of the second neiotic

di vi sion wi t hout concom tantly, actlvatlng t he oocyte, keepi ng the

nucl eus expobkd t oAtraeonstitutsd|animal embryasasrclaimed dmany ene of claims d do 95 inrwhieh

sufficient t and subsequently activating the

reconstitutegmﬁgg%ggﬁgﬂ%%HE“QBﬂyﬁn&%ﬁb&#ﬁlnlng correct ploidy, and causing

a non- human animal to develop to termfromthe enbryo, or an animal

bred therefrom 20 . An actlvated oocyte which js arrested in

t he net aphast2-of tﬁé@%@@ﬁﬂf’d{m gmbryo as clapmed ity ¥ ong of alaimeh Ldodilpiini d

nucl eus of a‘ﬂmp aﬁ&éé §0 phase of t he cell
cycl e has been (rlfén%#nrré@b%gt out c nccg%'tant y actiwvating the oocyte in

whi ch the nucl eus has been kept exposed to the cytoplasm of the recipient
for a period of time sufficient to reprqgramthe dpnor s and
wher ei n subsééuent AaFG?‘?q?c[W Igﬁem ry°as°[;¥!ﬁﬁ€gg’éﬂ‘mel°£°@8f"?é 4|:9 M has
been mai nt ai fRdanimal is a cow é4bull ah WIRGHhhe HohrbrhiBshs' 18 Kdphiedpdsdd thnmywhi ch

the oocyte is an enucl eated o0

32 ZmlplemnmpbWéompm%dlorﬁﬁOm G toc2Ghowroiarito edtiviatien.24, i n whi ch
the diploid nucleus is donated by a quiescent cell. 26. A
cell derived froma reconstituted enbryo as clained in any one of clains 1

14. A reconstituted animal embryo as claimed in any one of claims 1 to 13, wherein

correct ploidy is maintained during activation by microtubule inhibition.

15. A reconstituted animal embryo as claimed in claim 14, wherein microtubule
inhibition is achieved by the application of nocodazole.

16. A reconstituted animal embryo as claimed in any one of claims 1 to 13, wherein

correct ploidy is maintained during activation by microtubule stabilisation.

17. - A reconstituted animal embryo as claimed in claim 16, wherein microtubule
stabilisation is achieved by the application of taxol.

18. A reconstituted animal embryo prepared by transferring a diploid nucleus into
an oocyte which is arrested in the metaphase of the second meiotic division without
concomitantly activating the oocyte, keeping the nucleus exposed to the cytoplasm of the
recipient for a period of time sufficient for the embryo to become capable of giving rise
to a live birth and subsequently activating the reconstituted embryo while maintaining
correct ploidy, wherein the diploid nucleus is obtained from an embryo prepared by a

method as defined in any one of claims 1 to 17.

* 4 L M S *




5  to2l. 27. A reconstituted ani mal enbryo substantially as

‘her ei nbef ore described with reference to Exanpl e f—ortxanmple2——
10 28. A non- human ani mal substantially as herei nb%gglﬁit

sgribed with
reference to Exanpl e 1 or Exanple 2. 29. lacoed
from a reconstituted ani mal enbryo substantially as f e
described with reference to Exanple 1 81 Exanple 2. 15 -

oocyte which is arrested in the netaphase of the second neiotic division
into which a diploid nucleus of a donor cell has been transferred

substanti al 19. as A non-hunhey airabiejrepaediby transfartingiatdiploidf§ mickns intd an bseytpl e 1

or Exanple 2,
REPL ACER/ENngiq@éqarrested in the metaphase of the second meiotic division without concomitantly

activating the oocyte, keeping the nucleus exposed to the cytoplasm of the recipient for a
period of time sufficient for the embryo to become capable of giving rise to a live birth
and subsequently activating the reconstituted embryo while maintaining correct ploidy-
and causing a non-human animal to develop to term from the embryo. .

20. A non-human animal developed from a reconstituted non-human animal embryo

as defined in any one of claims 1 to 18.

THIS SHEET HAS BEEN
REPLACED
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