. WD 97/ 07668 PCT/ GB96/ 02098 1 UNACTI VATED OOCYTES- - AS CYTOPLAST RECI Pl ENTS
FOR NUCLEAR TRANSFER This invention relates to the generation of animals 5
i ncluding but not being limted to genetically sel ected Pcalj}(,dég 20 dified
ani mal's, and"?8"¥&® s useful in their generation. The reconstructi on of
mammal i an enbryos by the transfer 10 of a donor nucleus to an enucl eat ed
oocyte or one cell zygote allows the priloduction of genetically identical

i ndi viduals. This has cl ear advantages for both research (i.e. as

bi ol ogi cal controls) wRR I AL ErGl @ 3! : E i ﬂi |(‘i . €.
mul tiplication of genet ?'gg\:’?%dvg%é ‘“:'Atgsgﬁ%lg@. @E 2 ity of neat

products, animal managenent). EoRESLERRIITMNSHER| on by nucl ear transfer
was first proposed (Spemann, Enbryonic Devel opment and Induction 20
210- 211 Hof ner 1R4BI i SRieRi6R- reNEWEYOLK (61%38%Qne'hxgt9£ﬁierofj[ o, Ansver the
guestion é)f nucl ear erg%u val ence_or "'do .nuclel change durin devel opnent ?' .
By transferrind?CAIHE B4omernbriadi Hgiyeddvarsenetefpl jvriclestades t hese
experiments wemldddes| paédfisdl detieniEneand whi chlloiude28 rimcledieibecane
restricted in igeaefaedtel opnmental, potential. Due to technical limtations
and the wunfortunate death of Spemann these studies were not conpleted
until 1952, when it.was denobnstrated in the frog that certain nuclei could
di rect devel oprfBft TEEPRSHIMCEaRmaP] ynavmedian seinyosBhY gtke aimhnigifay, Proc.
Nat|. Acerl. Soif. aUBAn38 #bGed6l tb19h23jucikiten bbogidgs |o@d le1ihe
current concept, thal gaviyal {pot.ent nuclei fr a . singl e individual
coul d, when tra,r}{gf,e_rred to aﬁﬂg e%ﬁ%#l%%@ﬁ é’gg,geélle%c%%e Hs)entg&ﬁ%ti cally
i dentical " individuals. This has clear advantages for both research

(i.e. as biological controls) and also in commercial

applications (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 developmental-:
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.
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 ‘“genetically identical”
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WD 97/ 07668 PCT/ GB96/ 02098 2 _ individuals.

meani ng t hese
contri butions

rearrangenent@21B¢d have to be
enbryo cl oning in anphi bi ans,

In the true sense of the

i ndi viduals woul d not be clones as unknown cytoplasm c
in each may vary and al so the absence of any chronosomal

5 denonstrated. Since th@/ahosreodst ration of
simlar techni ques have been applied to

mammal i an  speci es. These techniques fall into two categories: 10 1)
transfer of a donor nucleus to a maturegd netaphase Il oocyte which has had
its chronosomal DNA renpved and 2) transfer of a donor nucleus to a

fertilised one ¢
ungul ates the %orner proced

gll..z
ilvidua

ggted$2iﬁh has had both pronuclei renoved

. In

HFelto meTER e Chetthed MeRning cthisse as no

devel oprent had"HeEURefolPetd URYthdee Irlomnleat ber uakitem tdyaspwheiicpr onucl ei”
are exchanged. conyzdpgtérnefit hacdomay Rueyeasd idld the agsuis Qetoplasm is
general ly achi exed dyrdmd@usald eelirditah@hes | NAR NG Al g fugion Ts -

i nduced hy appéicationto a DC electrical pulse acro

pl ane of "t he

coUpEe @

e sanme pul se which induces cell fusion

activates the recipient oocyte. Follow ng enbryo reconstruction
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ability of the , nycleus to

irect deve

act/fusion
al so
further
ng the

devel opmental TOMPErentEBHIRE rBLVDi difencyerpisst (th. emameddyhe

mat ur ati on), dﬁ&?ﬁésacti%ﬁﬂﬁqnﬁeqmmbqyescﬁélurEnt4rew¢ewegg§aﬁpgelI and
Wit B Vh WorkneDnagicess BfnosGuGtegs i s2%a APl BleLhddlV 62
180-187 (1990)docykl addihi 8s! QaliNg aboye ye, fave shown that “nal

of correct plog)d)érggééenzgc} e first ce

15

20

25

30

cycC t
a donor nucleus to a fertilised one cell

zygote which has had both pronuclei removed. In
ungulates the former procedure has become the method of
choice as no development has been reported using the
latter other than when pronuclei are exchanged.

Transfer of the donor nucleus into the oocyte cytoplasm
is generally achieved by inducing cell fusion. ~ In
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
large number of factors including the ability of the
nucleus to direct development i.e. totipotency,
developmental competence of the recipient cytoplast (i.e.
oocyte maturation), oocyte activation, embryoc culture
(reviewed Campbell and Wilmut in Vth World Congress on
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
reconstructed embryo is of major importance (Campbell

tock 20
nt enance




LT nstructed enbryo is of major inportance (Canpbell WD 97/07668
Pg§?6896/02098 3 : et al., B{ol Reprod. 49 933-942 (1?93) lFanpbe:I efl
al., Biol. Reprod. 50 1385-1393 (1994)). During a single ce cle a

- genom ¢ DNA Y@ E Y788 replicated once and only once priorPtCRPPE¥ s. 1 any
of the DNA either fails to 5 replicate or is replicated nore than once
then the ploidy of that nucleus at the time of mtosis will be incorrect.
The nechani sns by which replication is Pestrlcteq to a single round during
each cell cycle are unclear, however, several |ines of evidence have

s Contr thatetlam'mﬂ”angﬁr“ Rl o M p
;P!t Zrct??;:lg:‘ er %pe)ér?ﬁg a]t38§ ?%f dﬁaég) 11 PB5iyd @ Aavelpeehlst udied in
a nunber of sﬁ@@ﬂ%sa?%c$%Rﬁmﬁ§ PAs BUSICZRe owapdligated adnge JndCehliySci. 15 69
19-34 (1984)), onabbptidxCabl ascdyid . Robd 5%1 lj-,gf tgggﬁmgcglthséﬁ é%\?'\/ (ﬁgm((iggél.)),
S bt Repr gt igace o5otd reblfbaradaRrd Chath gnbe ey bpo e Lpast on ¢ he

: gn%ﬁ%ﬁ‘é‘cﬁf"\éﬁl&t GBMK“NEED)mlt&ﬁéStwlchﬁomstZO

donor nucl ear _
premat urel y cofenzeciiiGEms Hyewbiehf eetlsi careos at &l ysad-iByaargyhsopl asmi ¢

activity ter ;red;ﬁgl@rﬁm@néﬁ%ltﬂtgsbgéh ﬁ“?ﬁ%‘?goég é}gg%ﬁﬁ%grrevgyPF) Thi s
otic and.ne
Sotivity at moraopsal fhiadl oM T A USee P liseare osEet At

met aphas’e0 of t RBiBFRRARSEoCEC 2R W"sﬁ%n nucheanpenbgane ) imnrurdud bé gh MPF
activity. Uponthiertontxsdt.i orrher meephoRigieal VRredd iwHiloh deehings, the

ded
second nei oti CdEVigsn8 | ¢ a seco d pol ar xtru ,
the chromatin then dgcgn c(siggpangﬁgﬁ g&%ﬁgg rearln or At i BS 388 $S. In
nucl ear transngt%Rﬁﬁi? oocyte have been studied in a number of

~ species includlng mouse (Czolowiska et al., J. Cell Sci.

15 69 19-34 (1984)), rabbit (Collas and Robl, Biol. Reprod.
45 455-465 (1991)), pig (Prather et al., J. Exp. Zool.

225 355-358 (1990)), cow (Ranka 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. 1In 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



reconstructed when MPF | evels are high NEED and PCC occur; these events
are foll owed, when MPF activity declines, by chromatin decondensati on and
nucl ear reformation and subsequent DNA repI ication. In WD 97/07668

PCT/ GB96/ 0209® 97/476s8const r uct ed enbryos correct ploidy cear/ésssamphnt ai ned in
one of two ways; firstly by transferring nuclei at a defined cell cycle
stage, e.g. diploid nuclei of cells in Gl, into netaphase Il oocytes at
the tinme of activation; 5 or secondly by* activating the recipi ent oocyte
and transferring the donor nucleus after the di sappearance of MPF

activit In sh dfti r j d creaeinthe
frequen%:/y of de%ﬁboggmﬁfkf%te?% %cggtgggg%?dhgg%%f?%ﬁ%}f%i xtlo 559% of

reconstructed efbryds 10° W ustiigtoy adtoErREI 3O Eucdrl aRbRyOS as
nucl ear donor sdgiGasgbesll cvche .staBeol e . RepinthidbBudB&5cE308114 1094)) .

These i nprovenest,s :Jnlﬁotrh@téﬁhagléeﬂf)’od&fytggvﬁ QR@EE‘ImeP of lac{paqngtructed -
enbryos have as,yet, 0ot 1}dd]éesseg__ .t he, t| on of  nucl ear reprogramﬂ ng.
During devel opnent A lK@E’d‘?ﬁa £ ﬁprreﬁtlgﬂan'i 8oc¥te &Pfered such

that they are noraSH§EFing &hgcciqnyerdnu@tm efton the nprdappeagadze/ efshown t hat

this "inprint I) NPT Iastl*-emvgd AIBOSMp REigerdpree! ApdHJEt hQh }helae?f db

repr ogr amm ng) . 5fONen ARSI i i | repr ogranmm n ected by
-a nc 1 Eﬁe %Erreﬁjlggn# C?f %@ gio%menetfr et%r ég

exposure of the .chromatin to (S:g/ ors &nt in
cel I s under goi My 3TEPEEFS SERAR LN db% 4NES% Rfeserenstalches ambryay i ni c

this situation whem nginbeblistrezeenst fhei | 1 @flleghbypss s Hiiear transfer

in order to repmegsamdhgndeyelepnent aIBlglockRéymghe o laTeTen s'“i?b?u.s' It
has now been found,that nucl ear transfer into an oocyte arrested in

nmet aphase Il can"give rise to a viable

These improvements in the frequency of development 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 longer 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 develcpmental 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.



.30 enbryo if normal ploidy (i.e. diploidy) is maintained and if the enbryo
Is not activated at the tinme of nuclear transfer. The delay in activation

all ows the remai n exposed to the recipient cytoplasm WO
. 97/ 07668 PC%yé%§@%82098 5 According to a first aspect og'? 0879%8% ent

I nvention there is provided a nethod of reconstituting an aninmal enbryo,
the nmethod conprising transferring a diploid nucleus into an cocyte which
is arrested in the nmetaphase 5 of the second neiotic division wthout
concomtantly activating the oocyte, keeping the nucl eus exposed to the
cytopl asm of thecoedipgent korfiadspelaspdcof oti FRe §gg;é§gegﬁv% ichhe

reconstituted eiHaryo ko pggp&gd%a IVI ng.rise to alive birth and
subsequently 10 ct | \]/'at tng th reg%lr%gltgl tg%eg ST 6 RS et ni ng

correct ploi dy S"AREYPhi & §t Je: °Fhe¢°ﬁ“€66ﬁ§t9t&¥¥tﬁ in® a sdipleidgle cell.
In principle, tHelPHsemticoanieppl vitall ¢starmisteaninmhe, metbphiage! Ud' ng

birds such as dgmesHd csé@d RERUH R %ﬁ%@%he%uﬂ?&f%ggcsrf%aﬁ? ¥on- hurran

practi ce, home be t non- human, ani na eSpec
mamal s, part:écufar% rngtlhe O?C el 0 PF\%E‘“FH%“@@@P@S@ teghrercial |y
usef ul appl i calﬁYItPP}a?'% eséhe| yreqirisagedfoR0 al t pesiwd t bfungihat es,

particul arly esoffarieit Fornper ‘n‘raaénsdmgulaat@xﬁ:&téc{b e c6rl tda bEQeep

goats, water bufef abgvlngsar;qlsg apd pj 9s ;that, q} | nvgnt lonis F ely to be
most  usgf ul a’_b ans for c onlag antat s *BAd i‘éb%eq“ﬁﬁéi"n% for
gener at i hig traﬁ§ééﬁ? A0ehi TRF sTeTnsEHSHFed aPBlrys Wel kot mainthaninde
invention i s aFssrefkailpity. bedt apphisalyes the OfdtRhsCLORMNE eabkyoi Mport ant
ani mal speci esissacéimfe kteriexanple, horses, |lamas or rodents, e.g. rats
or mce, or rabbits.

In principle, the invention is applicable to all animals,

15 including birds such as domestic fowl, amphibian species
and fish species. 1In practice, however, it will be to
non-human animals, especially non-human mammals,
particularly placental mammals, that the greatest
commercially useful applicability is pPresently 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 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. -

30 . The invention is equally applicable in the production of
transgenic, as well as non-transgenic animals. Transgenic
~animals wmay be produced from genetically altered donor

. cells. The overall procedure has a number of advantages
over conventional procedures for the production of



30 The invention is equally applicable in the production of transgenic, as
wel | as non-transgenic animals. Transgenic aninmals may be produced from
genetically altered donor <cells. The overall procedure has a numnber of
advant ages W9&#07%68nventi onal procedures for the productR@GRIsME 97/ 07668
PCT/ G3B96102098 6 transgenic (i.e. genetically nodified) animls which may
be summarised as follows: (1) fewer recigpients will be required; 5 (2)
mul ti pl e syngenei c founders may be generated using clonal danor cells; (3)
subtle genetic alteratjon by gene targeting is permtted; (4) all animals
produced from &fBR§BE I dpafedIenptitalihaodified) eminhbsalwhitchansyi t t he

rel evant genetoec snmhAisedt aonfdllciegh the germline as each aninal is
derived froma single nucleus; in contrast, production of transgenic
animals by pronuclear injection or chinerismafter 15 inclusion of

modi fi ed stem cel | gjo’pulfét"FBn’éereBFaswiddy@F Fefudgedon produces a .
proporti dh of nosai2) - anilmbbbe | Syinelcaltbus@ldss ol Nt ge@l@?%@éc{] the

modi fication and may not,gthransiy mydifi.cation through the germline;
and 20 (5) cells cap,,be ss %ct eéltaflo[flgx?%e sﬁég’ of genetic nodification

(e.g. integration) priofiPo s AENegdnetLieTahien Wheenpdtarassinglis It shoul d
be noted that the term Perabsttpsitic", in 25 relation to animals, should not

be taken to be |imtad w01 m{mrsL@qoa@ca{liﬂmtns?rgﬂwo@'hfyﬂagaifgdt T germ
ine ongpor nore genes from another specjes, alt hough mafy. Tt arsgenic
animals W Il contain su Ear%%ﬁggﬁ?n géﬁ@‘éigRﬁfﬁ’é&?"}ltt hghe relevant

genetic modification through the germ line as
each animal is derived from a single nucleus;
in contrast, production of transgenic animals
by pronuclear injection or chimerism after

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 (5) 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 intervention 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 a
for the purposes of this invention as much as an animal



.termrefers nore broadly to any aninmal whose germline 30 has been the
subj ect of technical intervention by reconbinant DNA technol ogy. So, for
exanpl e, an animal in whose germline an endogenous gene has been del et ed

- dupl i cat ed, vaebiniessed or modified is a transgenic ani mal PCHGPSRNE pur poses’
of this invention as nuch as an animal WO 97/07668 PCT/ GB96/ 02098 7 to

whose germ |ine an exogenous DNA sequente has been added. In enbodi ments

of the invention in which the animl is 5 transgeni c, the donor nucl eus
is genetically nodified. The donor nucl eus %cont ain.one. of.apre
& S e

transgenes andt®tWetfertit i % STCIRTEY sequence

_ _ acé prror to nuclear
transfer and eaddsd reconstjitution. Al though mcro- injection, analogous to

injection into the male _or_""femaj e 10 pronucl eus of a zygote, may be used as
rorTono o SRS ARt OBy UL Ol i Whbbetid L
. . . s .can al so be
used e.g.5 el ectreprgamicon thei FQPOrtF‘é?mlﬁ”éctlisoﬁeé‘fat?‘???o]fyegﬁd&ﬁ.le%s In the
Pﬂ)g\og SI)nE)Pei Eﬁ;aﬂsﬁagaﬁgigmég&&.abﬂygn andi pf gice hushearneissandansferred
diploid at the tine ct):f t rans 1er téFgcr?\E{ey Q@ke?ﬁpéi/cf’]eeprge?%cs Mﬁnéb;ﬂ,et he 20
correct ploi dy CBRREHEF r%’é%ngfnlgf’(ﬁ eae%%sr%s%;%%%%'r ef géle%oal%ﬁo;%b% be eiet her
in the G phasénpectpiasf,epaplggousstpsinjersisnbiiet thy "gde ?:’E)-fﬁg‘ﬁnggng PCT
patent applicapk@RudNbus PEH/ 6BIEBLO09mby| ed tusedy f=c| @i mengoprpbrity from
GB 9517780.4) . Ln. the, G phaseopt the gabindihl G R ThiBk&otbC cell
cycl e has four §rSH fict phases, % S, &
that methodology: mass transformation or transfection
techniques . can alsc be used e.g. electroporation, viral
transfection or lipofection.
15
TIn the method of the invention described above, a diploid
nucleué 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 imr 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
.a ' stage, the S phase, is Qhen DNA synthesis takes place.
This is followed by the G2 phase, which is the period

SUBSTITUTE SHEET (RULE 26)



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 conmtnent to
undergo another 30 cell cycle is nmade at start. Once a cell has passed

t hr ough st arwQ9iwsespasses t hrough the remmi nder of the Glecrms®osswhi ch is
the pre-DNA synthesis phase. The second stage, the S phase, is when DNA
synthesis takes place. This is followed by the & phase, which is the
peri od SUBSTI TUTE SHEET (RULE 26) WD 98 07668 PCT/ GB96/ 02098 8 between
DNA synthesis and mtosis. Mtosis itself occurs at the M phase. Quiescent
cells (which i | Sl i ch.qui escence has. been induced as well as
those cells vmqgctﬁggrrle%\}r%at%ﬁgﬁéqugfl%gnclé:ﬁﬁlsSU AtaS T erFath aoGrFy 5 .
differenti at ed Felh8) MapPhAsfenSuarFsente selded (Wsiciotinbtudy cdlnsapy of these
f our phases of v{hhehgg\miassc@beyhﬁ epeeﬂsﬂﬁddédd%%éﬁle%sa&?;é @Qli%ha GOh
state, so as t@pikpdigat e u not_ norma rogr ess roug

the cycle. The nucl ei Qg,f q’(irﬁp gé%:iegt X%iﬂﬁpscc&’ﬁts, S4e eaﬁheélefgahﬁcﬁéilbf G
cells, hale a &13%8}'?% CofR MR ; 2Fpasnsralergdididiad micbeingan be used
in the present ipnwaat ioh. th&ubj totr t phidwes abPvene i bykse belhgyed, 4 hat there

donors: Tol 1y QrabBind Ahin G eeney S ofr Lo AkaR e A 91 od col |

donors: fully i all ifferent|ated ce

can be used asq%ggg%%ﬁ ftsh%hggﬁy gP‘éE%lﬁ‘?%rré:&’miaﬁliﬂPFQHI@SSat*}@FPm ed ex

vivo. The only™PRi AYEXRi orfhies nugaeit ¢ qluiescenel ¢& deMe,naikal cNA cont ent

and be K&t yotypuchél yofn@inmeklld) Hakehr adpSOd q‘,ggAZQmQéer&gl gtﬁso i scl osed

in our co-pendisign RGEE1BaG et pplicatjon. No. PCT/ GB95/020 _publ i shed as
% cled Qéljx %|% L& Y9 the PIEEPTL %ﬁ?ﬁf‘?f‘-al |

WD 96/ 07732. It is believed that all such Tnornal of the

genetic information required for the production of an
Subject to the above, it is believed that there is no

significant limitation on the cells that can be used in

15 nuqlear donors:'fully or 5artially 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.
Itvis believed that all such normal cells contain all of
the genetic information required for the production 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, cocyte maturation
proceeds in vivo to this fairly late stage of the egg
maturation process and then arrests. At ovulation,. the
arrested oocyte 1is released from the ovary (and, if



.adult aninmal. The present invention allows this 25 information to be
provided to the devel oping enbryo by altering chromatin structure such
that the genetic_rmaterial can re-direct devel opnent. Recipient cells
.useful in tNETHVEAti on are enucl eated 30 oocytes whi ctfcép‘éw%{?zr”%gsted in

t he met aphase of the second neiotic division. In nost vertebrates, oocyte
maturation proceeds in vivo to this fairly |ate stage of the egg

mat ur ati on process and then arrests. At ovulation,. the arrested oocyte is
rel eased from tgﬂgtﬂg# an i f WD 97/07668. PCT/ GB96/ 02098 9
fertilisation occurs, 1 he 85‘”[“@51 SPRaPOTES ySsER AR EISE 1T 1a5RHI et e
meiosis). In tHe SPQE%?E% “‘@Flo’e'h%) i nfanthemracsocytes thanitvesnrbo; ed eit her

invitro or inosicyeeanchmibe mﬁﬁiﬂeﬁCéﬁﬂl&n 1ﬁp{9ﬁt§k¥&89€u9fm%earﬂ§tar90| ar body

or as soon 5 I n, referred
that the reci p%%?gégégn%c%égggr ?E Qh 1h ng gﬁe?ﬁlﬁi/sﬁggurred t hat
enucl eatidn of 2 r88Ff)’r’%]rﬁ aé&&?t%@‘%%lﬁﬁcl%%P%Fam#Er procedures is 10
essential, there is no published experinental confirmation of thi s

j udgenent. The 19r iigi pabrHRACEIULE tﬁee%%rc19§9n€ CHe lé'aqui%i{e: %9&%

splitting the | t t Wo haIv one_ of

enucl eat ed V\ﬁl%l al égn Tt ur %56 ?é’) ok 15%%")) eml*ﬁ}%arp‘r"ﬁ‘ceaﬁre 15 has
t he di sadvant adeciRaeng heosYtry dnkrmuwiehal fenankEer siprbkedanes t he net aphase
appar at uso and tebaent il r edudkiron i VQJoUWEpr,lthjﬁdcyt aSiflehtabel i eved to

accel erate thecoaéﬁrﬁ‘a{ﬂo‘?ﬂ‘ o Ef@g dg@ikfP Of e [ Eviskov et
al ., Devel opmegt 09 %gé 328 3% g%% E/breﬂ% ecen ’T%Tcggi
procedures hav&SBEEH° i jR attéﬁp%%"‘?]d’etdeﬁﬁ%"et‘ﬂﬁ’é éhﬂﬁﬂié-oﬁﬂsovmth a
., m ni mum of two halves, one of which was likely to be enucleated
(Willadsen Nature 320 (6) 63-65 (1986)). This procedure
15 has the disadvantage that the other unknown half will

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—329 (1990)).
20 '
More recently, different procedures have been used in
attempts to remove the chfomosomes with a minimum of
" cytoplasm. Aspiration of the first polar body and
" neighbouring cytoplasm was found to remove the metaphase
25 II 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)) . '



cytoplasm Aspiration of the first polar body and neighbouring cytoplasm
was found to renove the netaphase 25 |1 apparatus in 670 of _sheep oocytes
(Smth & Wlmut Biol. Reprod. 40 1027-1035 (1989)). Only with the use of
DNA- speci fi cwblowameschr one (Hoechst 33342) was a nethod pewpaBssdemody whi ch
enucl eati on woul d be guaranteed with the mninmumreduction in cytoplasmc
vol ume (Tsunoda 30 et al., J. Reprod. Fertil. 82 173 (1988)). In |ivestock
species, this is probably the nethod of Poutine use at present (Prather &
First J. Reprod. Fertil. Suppl. 41 125 (1990), Wsthusin et al., Biol.
Reprod. (Suppl.Jhet2 1héve. (BEH) hrerPWO By 07608, FCT/ (B96/02098 .10 There
have been very gﬁ%ragﬂggts Of Qr(x)unc'li ngasi ve, approacches 6 RS EStion in
manmal s, whereas 1. .anphi bi an3s, i rradufatith HaRadet r avhesteas |iight i s used
as a routine pEYERLFRS( GiradhatGon with arleseviGee 1168t 2% &B1d (1960)) .
There are no det aicketine gpardesuoé tdig-augeoOfs. ME§o§@.p%B@9hldlnﬁg?m| S,

al though guringithhei seg) of PN, specific fluorochrone |t was ed that
exposure of ooc&)t)e's fo uf tari%gv’i’%IdgfaF‘#jﬁ‘LtrePBthfetbﬁawesgfseconds

nmouse

reduced the devk lﬁp Ahpde dtral s ofalitheugk |durifis urtedase 16k efaal ., J.
Reprod. Fertil Se82ii¥q {11088y hronds ideans hbeed ahave-aicheald qp, ory be
achieved physicoaitys by actsali18@0YLLOf siheduic! gUs, pro-nuclei  or
met aphase pl at q_.EQQgg@qg{%gegnlg he rte?igi ent ,CST . B 15 O FRECRDRal 1y, such
as by f he application of Ul tTavi 08t PILEHtdel off ShearethelTseneds eat i ng
i nfluenct® Aft & BhuclFatiednodt Rentdhor8hudBeussss )i.nt roduced either by
fusion to donor cells under conditions which do not 20 induce oocyte
st vat on of B | kil InGEL, OnLASHLBLLAS 509 LLong, n, order 1o

8Ly51cally, by actual removal of the nucleus, pro-nuclei

or metaphase plate (depending on the recipient cell)l.or

15 functionally, such as by the application of ultraviolet

radiation or another enucleating influence.

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. In order to maintain the correct
Ploidy of the reconstructed embryo the donor nucleus must

be diploid (i.e. in the GO or G1 phase 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 conveniéntly,
nuclear transfer is effected by fusion. Activation
30 should not take place at the time of fusion. .

Three established methods which have been used to'inauce
fusion are:



. ploidy of the reconstructed enbryo the donor nucl eus must be diploid (i.e.
in the GO or Gl phase of the cell cycle) at the time of fusion. 25 Once
sui tabl e donor and recipient cells have been prepared, it is necessary for
- the nucl eus BP°WE% ormer to be transferred to the |attBfTCRigEF0%S
conveniently, nuclear transfer is effected by fusion. Activation 30
shoul d not take place at the tinme of fugion. Three established nmethods

whi ch have been used to induce fusion are: WO 97/07668 PCT/ GB96/ 02098 11
(1) exposure of cells to fusion-pronoting chenicals, such as polyethyl ene
glycol; (2) the use {3 "¢rrasureat edf vi raeslssuchoas fSendakpratddisg and 5 (3)

t he_use of electrical Stiﬂgﬂﬁ%ﬁhgﬂan%PQ§U§S%$§Eh9Q%£§ f}é&g§ion-p[pnnting
chemi cal s such as yet.hyl ene glycol._or. other, ycol s is a routine
procedure for the fﬂg}on&g “}ss(?rra#i 'cmggFJr"éa,‘te&JtVlFﬁshaiu?fbtaslog%’@éﬁ wi del y

used with embryos. As pofymistyRefie glycol is toxic it is necessary to
expose the cells for3a nimd e opeslieedrassl tdtamagedidn be able to renove
the chem cal quickly may necessitate the renoval of the zona pellucida
(Kanka et al., Ml . Reprod. Dev. 29 110-116 (1991)). In 15 experinments with
nmouse enbryos, ﬁ’?&@f‘ﬁa‘f’ga‘:esléﬁdéf’ TR -BEPBOT s cARmiealiswh ABans for
the fusion of msllyethybene clénvale-cst agehenbulgsolss dsama Wdutinknst . Synp.

i g 1 b N Lol supe s e TRl S0 208 L1l
oL 98, o el OMNESEL LR ML SR | Bl LS Rl ORI SE1
activation (VVIqQ%&§eﬁt 1s necessary to expose the cells for a minimum
period and the need to be able to remove the chemical
quickly may necessitate the removal of the zona pellucida
(Kanka et al., Mol. Reprod. Dev. 29 110-116 (1991)). 1In
15 experiments with mouse embryos, inactivated Sendai virus
provides an efficient means for the fusion of cells from
cleavage-stage embryos (Graham Wistar Inst. Symp. Monogr.
9 19 (1969)), with the additional experimental advantage
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 (&) 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 techniques include microinjection
(Ritchie and Campbell, J. Reproduction and Fertility
Abstract Series No. 15, p60).



Nat ure 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
(W1l adsen waabm7es8320 (6) 63-65 (1986)). while cell-celdctiarvéansi s a
preferred nethod of effecting nuclear transfer, it is not the only method
that can be 30 used. Qther suitable teghniques include mcroinjection
(Ritchie and Campbell, J. Reproduction and Fertility Abstract Series No.
15, p60). WO 97/07668 PCT/ GB96/ 02098 12 In a preferred enbodi nent of the
i nvention, fusildhackreifrregorthasirany oqfl abe ooepkéoni Suadoomd ksked in the
absence of actdocgteokabyorehect ¢Qpllesi ﬂﬂ ddtdp3MEEN NNt fhe sgsg},i:gn grb
0. 27M sucr ose Lon-, alternati t he nucle may .5 be 1.ntroduce y -’
injection in a%a?%#%%l%éegﬁe%&eﬁ}r{nséﬁﬁes g ()f)f'g?h'%a%‘d&??e%olé‘fn?ﬂe tinme of
fusion/inj ecti GF And™MtIHETRBS eFRIGIGPNE s i armat dvslyf rtden pheldussimap/ i nj ect i on
medi um prevent k&cinvatduardoby tiifececopiianh Q@OGMLA. £k mBaPLRctirge, it is
best to enucle ardegan h n sQon _as. possi.ble_atter the
oocyt e reachesa:tg%et haseg??tet'lshgtt :Hrlrg F%‘g{ i susvl\nof‘?l,’g%e'f oSt 8h%et of
maturation (i n Vit PET SBFS hBt nbALS 1 atIREntE5eMmn Siey SEshPn/ inigspda on t he
speci es. For ca&edivm@rafeaspactrinstdan 46 theamstipiehoobdyps ef erably t ake
place within 24 hours; for pigs, within 48 hours; mce, wthin 12 hours;
nsfer can take ace | ater,

and rabpits wigthin 20=.24 hours., al though tr]? |
. I & ce,
it becones pr o%[re sively. fof e ﬁ?fPF%‘h! o1 5 UA SR 6y é7s cPﬁguﬁ‘bcg?% ages.
Hi gh MPF acti vi-t§RFseT 28 88SRr apl 8osSilsequif ythet pdysederebemst r uct ed
enbryo, which metagess dlll.y Tké urived thact Higi TBLHILabE OfodE Gne8t b8
maturation (in vitro) or hormone treatment (in vivo) will
depend on the species. For 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 1is 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
experimentation. For cattle, a period of from 6 to 20
hours is appropriate. The time period should probably .
not be 1less than that which will allow chromosome



. mai ntai ned wi thout being activated so that the donor 25 nucleus is exposed
to the recipient cytoplasmfor a period of tine suffici ent to allowthe

reconstruct ryo to becone capabl e, eventually, V|n rise to a
.live birth ?%w?’ “dbl'y of a fertile offspring). 30 The &%%r B i od of
time before activation varies from species to species and can readily be
determ ned by experinentation. For cattBe, a period of from6 to 20 hours
is appropriate. The tinme period should probably not be |less than that

which will all sQ 97/ 07668 PCT/ GB96/ 02098, 13 fornmation, and
it shoul d not B%Srg“gl&?gg anr? \r?gr sPﬁ‘éJt(? 1o %goﬁf)lJg?nga(‘?‘tlﬂ}ﬁfe%haé:p(’iﬁ?aneousl y
or,.in extrene Cr?é’§é§tt?f§tlvath dirRegitageqyrly Pr, i ekteerfeorased ithati on, any
conventional oritodhes. suitabl e activation protocol can be used. Recent
experinments have shown t hat t he reqw remehts for parthogenetic activation
are-nore %OITDH ated than had been imagined. It had been assuned that
activatio ePo1hIdS SETROIRE PRENGHESSN &Mt coR¥entinmal eyethenber of
treat nents abl euitcabheucetivamhén opretocopr wanc! Beis ugede alHeceadsi ng

"activation”. HeWRYehen®XPOSHES SholAbbifa: 004! €S LQ: F&RGALEd cglect ri cal
pul ses reveal e g_,@gag%pétylc eltecglgon of _an a ppr OFI‘ ate series of pul ses and
control 15 of th Was “abl &=t o hrdifot™ Se\?g HEedothgn; BFGl di zed

oocytes to mi dA§&E8t HMITmedoriit baddrenmraasundd thay-42ivati89G)) anDur i ng
fertilization taiereraiend epeaice@nont radasi it | fied €asLFe | Aukdds agel | ul ar

cal ci um concenteathomd Quhkerd Sl%u&ecf’mﬂtqoh'aéyr65§%§u§14e1us5€52 g0 (1985))
S

and el ectri cal I&gl ses_are pelieved to cause - anal ogous Tncreas
cal ci um concentrat i SHSl%eraeCtllé’atéW dencPYaYSE « t REPPHIRCe OF é‘ﬁbbaFm um

transi ents variogsytes to repeated electrical pulses revealed that only
selection of an appropriate series of pulses and control

15 of the Ca?* was able to promote development of diploidized
oocytes to mid-gestation (0zil Development 109 117-127

(1990)) . 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 optimal
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 approximately 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
singie electrical pulse, but new observations suggest



Wi th species and it can be anticipated that the optimal pattern of
electrical pulses will vary in a simlar 25 manner. The interval between
pul ses in the rabbit is approximately 4 mnutes (Ozil Devel opnent 109
-117-127 . M908 and in the nouse 10 to 20 m nutes (@OTIGBPYBEPA &
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 Synposium on & oning Mammal s by Nucl ear
Transplantation (Seidel ed.), Colorado State University, 24-27 (1992)). In
nost ubl i shede €hé t

p KD rﬁ&%&:%ré@éd W& f%n\é@twé’di%ﬁgr%é %%g cga%%g% 102098

el ectrical pul SE, bggeasw bservations suggest
14 that the proporfroRd c%’f?sqsuFﬁtté%l S& F%?”llﬁéf’ JalérBpc ReBli ncr eased
by exposure to lgﬂéﬂer a?epgarfseﬁ(@dﬁl-&%‘l &(Fasl)) .Bi oin ﬂﬁprmﬁl\ﬁﬂugf7 884

(1990)). | R agycalsredl \tloduahel S@festmeaus | mieyagé USAEENES SEAnie TRHE f e
optim se the r es,d i€ nd duration o t e
pul ses and the ¢ ?u?np gﬁ%&%tra T gﬁeg? 7% ﬁég %ﬁ{]dl%ﬁa{:ﬁ%n [ﬂfaEF?ce of the
i nvention, corr e5| By heusSelem eapReRt TREdonues fdeaoediani on. It is
desirable to inhibit 10 or stabilise m crotubul e polynerisation in order

to prevent the gy Qﬁe%frﬂﬁ ieb w'éﬂepgﬁ @ﬁBh'BﬁC' &bz 4&%39;( }Q fmug”% ntain

correct pI0|dym %cg be.achi eve %/ applcalon nt'Tr ot ubul e

i nhi bitor such aa§7nno BHhs8r&nI aat‘:téﬁa"ei‘ Tect FYv e EcOptirabigt foinpibth as about
59/ m). 18 Col HecFirbididecoticantubake prhereniisetbombulne dreixhi tors.
Al'ternatively, prewest othebpredsttilin bsefultSpeh Sonuckbi  eXaRLES, tdaxol coul d

be used. The r’rp,]agﬁggﬁt; ﬁ&t’g&rgeg)tlogg m c:i.ﬁéjbéjgnesn(tu li{&ﬁa n?n in 20 a

state of dynam c _equi t he pol yneri S et b‘b‘? ymeri sed
states. M crot &BH?% ?H‘ﬁan?dar gugﬁ%tﬁlbule 1nh1b1tor such as nocodazole

at an effective concentration (such as about S5ug/ml).
15 Colchecine and colcemid are 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 micrctubule depolymerisation and destruction

25 . of the spindle. It is preferred to add the microtubule
inhibitor a sufficient time before activation to ensure
complete, or almost complete, depolymerisation of the
microtubules. 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 fer microtubule
inhibitors. |



. as nocodazol e prevent the addition of tubulin nolecules to m crotubules,
thereby disturbing the equilibriumand |eading to mcrotubule
depolynerisa&bggwgﬁp destruction 25 of the spindle. It is preferred to add
.the microtubUufe™ Thhibitor a sufficient tine before acti ¥YQVFRH% ensure
conplete, or alnost conplete, depolynerisation of the mcrotubules. Twenty
to thirty mnutes is likely to be suff'§ient in nost cases. A mcrotubule
stabiliser such 30 as taxol prevents the breakdown of the spindle and may
al so therefore prevent the production of multiple prcnuclei. Use of a

m crot ubul e st @bel merotbylreefisthabliyor usdektsbillser GhRANE eamai® t hose

used for mcropubsder 4eMairbbEE$ac VMR %Ké?g%nﬁgé@fq%%qgg 1p, The
ou

m cr ot ubul e i ng'h?%fé)r oL stabj | éser f;ch d.remal n present after activation
until pronuclei Tormation.cit -ShbIATFBe FRHCTENY F¥PBAIRRGOTeaRke i n any
event before t Rérstdstisdpyisakns pakes. place. 5 In a preferred enbodi ment
of the imvention at 30-42 hours post onset of maturation (bovine and

ovine, i.e. 6-1f 5 hOUES POSt RS LAl %(%atqi%‘ 3&%’%%;1%% ggogi)s}féugt ed oocytes

are placed into _nedi um conial ni hg nocodazol n B¥¥%at ed using
conventional pPBEOCOREST | M UPRYFERIPR (RevingaAside ovapebeicent frifed for 4-6
hours fol | owi njoehe peast ivatlesn stamsfary (whepesdenétHpeedspee{€ss and oocyte

a0e) 15 Accor riibesa SALORIARPStholn lien ONGNLNON C LIRS L5y provi ded

a viabl g recongtifuted ani.mal enbryo g{raepa e : escri bed
previ ously. AcCording to-athfra” LoPretRedisventingbatimt eins 20
provi ded a net ReEPIHZOBLePaY | br) caRtankedl fort He 6nbblmosl following the
. activation stimulus (dependent upon species and oocyte
age) .

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: i

(a) reconstituting an animal embryo as described
above; and o

25 _ (b) causing an animal to develop to term from the
embryo; and - |

(c) opticnally, 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



conprising: (a) reconstituting an animal enbryo as described above; and 25
(b) causing an aninmal to develop to termfromthe enbryo; and (c)
optionally, breeding fromthe animal so forned. Step (a) has been

descri bed i WORBja1668 above. 30 The second step, step (b) PAT/GA%W/0R88 hod 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

devel opment, the reconstituted enbryo f£fom step WO 97/ 07668 PCT/ GB96/ 02098
16 (a) is sinply allowed to devel op without further intervention beyond

any that may be )neq_@;ssgwi a1 QWegt d ak ace In
I ndi rect devel oa ment sg\%r t% Sdegg?yg&éen)aegg q#ltthtgHE hﬁﬁl at ed

before 5 full RFé"V(?Bﬁéﬂ’E‘ ¥ cEr a?:o’i“aiéx%ﬁrﬁ!eéesﬁﬁ@/ ettbraldownay be
split and the e Idsvelopmety texpareledactor IrhendpreqogeveiopaEtovi ng yi el d.

Al ternatively Kdwed@eH, t |tqa@alewryétmgrpybgefgg§§éxblngm ﬁlat:]et NI % sed yields
of viableg enbr tc%vb.eLo neans Of ese |nven Il on by

cl onal eXpansi on of resntan Pf’aﬁese |§°1?raed‘€ %eth@‘%rﬁﬁﬁ’é’é’g of serial
(nucl ear) trar%¥Yerbe ,@9111#1 3adi d;hel Aetlhe plasddyl pxpamtdidyddrr abe of

bl ast ocyst f orpmirosa aRyiaottifgtwidide 15 fact that a majority of the
enbryos do not "reprogramt (although an acceptable nunber do) If this is

t he case, the the rate may be enhanced as follows. Each enbryo that does
devel op itsel FEEATBEIYREBY o5 2AdrdPRRF L ontF Mait hheo@miblecdbr st age;

al ternalPvel y,inomesedelliehdssoR20viattles esbryoe msedaeatactmgv@aagpocyst

stage. |f thes@ans of the present invention by clonal expansion of
donors and/or if use is made of the process of serial
(nuclear) <transfer. A limitation in the presently
achieved rate of blastocyst formation may be due to the
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, inner 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 likely), 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 embryo 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

38 that stage.



. enbryos do indeed reflect those which have reprogranned gene expression
and those nuclei are in fact reprogrammed (as 'seens likely), then each

devel opi ng eghbypedyry be multiplied in this way by the p +ﬁ6}3ﬂ8 of the
. nucl ear 25 transfer process. The degree of enhancenent y to

achi eved depends upon the cell type. In sheep, it is readlly p055|ble to
obt ai n 550 bl astocyst stage enbryos byltyransfer of a single blastonere
froma 16 cell errbryo to a preactivated "Universal Recipient* oocyte. So
it is 30 reaso to hypot hesi se that each enbryo devel oped from a
single cell % FEOP £3548 ghtYiald-pEpIevicy expetizgeied) tdieugh t hese
figures are j us¥8<amﬁ(§eghtgrhled1bryo tmayi be chaanuredatimiibatsr ideysepment al
stages the extetd mifascbepsdit woul d depend on the efficiency of the process
at 35 that stage. WO 97/(07668 PGI/ GB96/ 02098 17 Aside fromthe issue of
yi etd-i rrpr ovi ng]%icp pedi encies, the reconstituted enbryo may be cultured, in
vivo or ifA vitr ecrdeBF%st%%%tS Shik pembewce sieggesdsbtyhaﬁuﬂréa&-yos

deri ved by nucl teams fer amed €¥i fEE ekl fffraﬁ.eﬂén{arlomnﬂﬁégi'anﬁ”?éa{&%

someti nes ben o] equi re cul ditions 1n VIVO ot her
than those in \?ﬁélf\c:; ;ﬁ%ﬁé?&ef}sgg Ve cuég?lé%c tf‘%%%t“? APvo) . The

reason. for thi¥ nihBYFE 1o V‘ihd-cF‘oet“Pﬁ@smﬂItel piska ity ornlgfuriedvi ne
enbryos, reconit tleeet énbvyws .( mahy oéaéd&emo&t tﬁlﬁeishﬁdt.e BRRA. cul tured
in sheepiovi ductrs. f Gloubih® 6 .

RANS, ﬁagaggﬁ,prl %I adgsen , N Mammal i an
Egg Transfer ( e Boca ton, ori da
(1982)). In thé%%gﬁf)‘r:g%ﬁege e"gl%ﬂ gr?"‘}é’é’e %@nf’?oﬂ“cﬁ)hd&g’ﬁ’ Begnor der to
protect the entiy&ured shbFhgepretidugbbytee 5er¢be€lcﬂaj/a Maa degodti®edi ve

medi um such as lpgarillefisew, t I@NBiMiala8d #88N Transfer (Adams, E.E.

ed.) 185 CRC Press, Boca Raton, Florida {1982)). 1In the
15 p;actice 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
;ha 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 2 number of embryos may be lost.

If in vitro conditions are used, those routinely employed
1n the art are quite acceptable.

30 _ At the blastocyst stage, the embryo may be screened for

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

. and selectlon for stable integrants has been carrled out.

Screenlng for non-transgenic genetic markers may also be



di ssected fromthe agar after recovery fromthe tenporary recipient. The
function of the protective agar or other 20 nediumis twofold: first, it
acts as a structural aid for the enbryo by holding the zona pell ucida
toget her; anWO9%%@%6endly it acts as barrier to cells of tPE/GRISPIPENL
animal's i mmune system Although this approach increases the proportion of
enbryos that form bl astocysts, there is_25 the di sadvantage that a- nunber
of enbryos may be lost. |If in vitro cotflitions are used, thase routi nel y
enployed in the art are quite acceptable. 30 At the bl astocyst stage, the
enbryo may be scawmeeieedoliorat sthialichyby fiwedeys! QpRRE the tiddRoglYPI Cal ly,

this wll be d&flett‘{\@e{:’?me%'&‘?.oﬁ”JQEi ébzfeénlr Cg:%%?g%g%ﬁgg 3%{3%%2:#%6@ Ord

selection for stahl.e integrants
non-transgeni ¢ Sc Sha *'k'erté‘aﬁayl]a]l genpEa iy Fr/ p7eHB-1RET/ GBI6/ 02098 1B
carried out at this stage. However, because the nethod of the invention .

all ows fos screzegﬂéig 8Er&ONeLS afr aRo £alilHer t ha eneral ly be
preferred. 5 Af screenl o, if, scrggnﬁllgriie hal ggkenl & acethég bl ast ocyst

enbryo is all ovie sttocﬁﬁ 0 e POWEH \ﬂel"le @%n‘éﬁ’ atemm-be Thdsvi vo. |If
devel opnent up ¥ bBﬁ%?’t?éslé't has ltnakewq)l acelfi ndevéYapmenbenug r assfer into
the final reci phlentoapstehas ada&snpbm a;tn tv'i't.?oStté}Qﬁ cEEnéﬁalb' %E%OCySt

devel opnent hastﬁe""%?ﬂa?'z%%%g&%é"%qmaf l‘hakes %l%c.!' aélErl ncl gﬁg%? iIf'nl ast ocyst

can be al |l owed bto practice
the bladPocyst ]\ﬁsItPcﬁ%a‘ﬁ";?lﬁem?%‘rré‘é‘édt4lﬁsmptlﬁee (irervgeparadthough
pre-bl ast ocyst ¥eprpheiplantie bidsroctsssent benaliiewad ke dérdirpt estive

T lont) onal st caeshor el oL besResER Y, PAR, BLANRWSLuLectplent

I n optional st f th| e t he |nvent
p %HaQEécQ B f}y e removed from the (temporary)
pre—blastocyst recipient and, after dissection from the
15 protective medium, will be transferred to the {permanent)

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 nucleus, 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 TIowa 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, N
Coloradeoc State University, Colorado (1992)). It remains '



~animals may be bred fromthe animal prepared by the 20 preceding steps. In
this way, an animal nay be used to establish a herd or flock of aninmals f
havi ng t he i genetic characteristic(s). Animals produc transfer
. of nugl ei f'(rig(?n%(sg%ur ce of 25 genetically identical ceIT%T/%'ﬁg’?z@pB{he sane
nucl eus, but are not strictly identical as. they are derived from
di fferent oocytes. The significance of #shis different origin is not clear,
but may affect commercial traits. Recent analyses of the m'élochondlrlg) DNA
of dairy cattle 30.in the.lo State Uniyersity Breeding Herd reveal e
associ a%/ed wi t oni Pk &% efﬁ§8¥§du%}iﬁt\/esbg?'f%’? METCECEE FrfmaRT&S R tz, | n
Synposi um on CFBRP¥EPIWENTRE scasyr leNpepwelkat itnamspltantans Diex( Shkdeér G E.
Jr., ed.) 17-2@t i€obekage]Stex %éé{)&s\é@fﬂ'ﬁ_ﬁ,sg&f[:%it%d%i@ﬂlg@%ﬁsff%%tregﬁlens
WO 97/ 07668 P 8...19.ta be confirme simlar e S _
present throuqé%f%rggggaﬁlje%t%gﬁucfefatof)‘cz)#%sn'd {3 EEneraR At it is
possi bl e or negég%%’r FRe spRidiiftvc £ puRducenbaxae nuohersiarf ehbrped ection of
oocytes. In théramedomirscatt higd dumeedtn@etite mali havy ddnsibedare | arge
number's of enbpy0sne fa10MHAROT £ Ofaz BN ARNGLT CdIRELE Y DRuE,gons! der abl e
: : . . z

vem .
otential valug_in dissemnating genetic | nprovenent | _ugﬁ ?rhe nati onal
lﬁerd. The scal ghf)?ugglpgﬁ?crﬁﬁl@ﬁagﬁ l%frd'de'f}?e%&cﬁ BrPh RRPLIFALIGR BHeh enbryo
and the propor 8eRgndlroncthe gast e edckrinbyys il ¢heopxieeettapntat term By
way of ilol ustrerdmsEeanddsembmBios abbe doldeuing wrhepr. Ssets out a typical
process by which transgeni c and non- transgenic animals may be prepared.
The process can ‘be ° 15 regarded as involving five steps: (1) isolation of
di pl oi d donor B¥IVaY °f(23lugfriasaan|dnd supaaSgerdsi £01¥qwingx asheme by

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) isoclation of diploid donor cells;

(2) optionally, transgenesis, for example by
_ transfection with suitable constructs, with or
20 _ without selectable markers;

(2a) optiocnally 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 ococyte in the



transfection with suitable constructs, with or 20 w thout selectable

mar kers; (2a) optionally screen and select for stable integrants - skip
for mcro-injection; (3) enbryo reconstitution by nuclear transfer; (4)
culture, in VPVH0%6$8 in vitro, to blastocyst; 25 (4a) oprdmeeiN3e9sCr een and
select for stable integrants - omt if done at 2a - or other desired
characteristics; (5) transfer if necessgry to final recipient. 30 This
protocol has a nunber of advantages over previously published nethods of
nucl ear transfer: 1). The chromatin of the donor nucleus can be exposed to
the neiotic cyebptR@&Mf adtdvabtomi ot appepbeiate tgerivls93f 07668,

PET/ GB96/ 02098 Th2d adagente-refasactdpsat i-péglfdg,ﬁaﬁgpﬁg)prggt %hgerji Ff tine.
This may. incr ! ogranmi ng" of the donor nucleus by altering "
the chromatin gt&?ﬁecl%%%g ggp%ggogg]%c&r}ﬂ%td? B4 e Feconst ruct ed enbryo is
mai nt ai ned when GO GL nuclei are transferred. 3) Previous studies have .
shown th&t actRVvati@orrerespanrgidyeness tok Doyt OMEAES ogg,)ggg ijAcreases
with 10 age. Qhalse i reviQus en observed is that in
unenucl eat ed agggn&(ﬁ)lg%legh%ﬁpggﬁ%%%f aggewanngs%gﬁ%gsm ndl e pol e bodi es
occurs and multipolar spindles are observed. However, we report that in
enbryos reconsdt uctRgvands maphtdiased huvieh hitgiwnMPEhkevelgt idadidnhough

nucl ear envel opesgurealidaugs apd 88 OBIdvineC QRASRSA! §0D; QLA 13,01 gani sed
C

spi ndl e ,i,s obsgrved., The ematurely condense ronpsones remain in a
tight Bunch, %nee'r efocglreep\ﬁgg%%% % éﬁg gﬁaﬁﬁ%\’d@“ﬁ}ytlet?“aQ’EFﬁﬁ"e"’prlécess and

i ncrease the athd%al® oHPPRipGIsedoRIefie cocytes duplication of the
meiotic spindle pole bodies occurs and multipolar

spindles are observed. However, we report 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 condensed 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 ~ accompanying Examples which are provided for the purposes
of illustraticn and are not to be constfued as being
limiting on the present invention. In the following
description, reference is made to the accompanying
drawing, in which:



. 20 reconstructed oocyte w thout adversely affecting the ploidy of the
reconstructed enbryo. Accordi ng to a fourth aspect of the invention, there
is provi dedw?r; F\;Q% " prepared as descri bed above. 25 Pr eferred f eat ures

. of each aspett "0 °the invention are as for each other aBpEEF Mt atis

nmut andi s. 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 |P&ting on the present-invention. In
the followng description, reference is made to the acconpanying draw ng,
in which: WO 97/ 076G3gBRE/ 0 e rate of

mat uration of bovi ne Eg(ﬁ:- %%@{oggv???oggﬁxagkq@?u}a%ﬁ@ Coft B?oc}é’&ure usi ng
Bovi ne Oocvtes 5 Recl p?"éﬁ ‘b’bcittég the subject of this experinental
procedure are designated MAG C ( Met aphase Arrested GL/ GO Accepti ng

Cyt-opl ast) Reci @ 17h "eafo@ajlr@y{,gpd %rgglvg-_ngv egduring in vitro
oocyte 1@ nat ug r e n , S of fusion and
activati o% in en%lllpggnggcﬁoncé}#gct quF af “%P?? r@%t SH¥ErEiRgrEEL

i nvestigated. T &HHFe?%é\?élgw MAGIC %@ypbam&nrgts:@m a1g/Go
asynchronous; HReePSLngaCymllagt) ckecipfiemas ur ed oocytes can be

nor phol ogi cal ly sel ect ed at 18 15 hours (Figure 1). Morphol ogical

sel ection of oagyt &5 varies. were obtained froma | ocal

i
abattoir and nalntal neeacf 5‘% Z%Yté? 2§ T FYSPFSARERE i wikEe wGYEabor at ory.
Cunul us &Bcyt e RASHFREXRR We@ECsydimdr. e bsprdatsth themdlels bElfEidnl0mm i n
di anet er using #nd activation in embryos reconstructed at different ages

were also investigated. The studies have shown that
oocyte maturation is asynchronous; however, a populatlon

of matured ococytes can be morphologically selected at 18
15 hours (Figure 1).

Morphological selection of oocytes

In Figure 1 ovaries were obtained from a local abattoir

and maintained at 28-32°C during transporﬁ to. the

20 ‘laboratory. Cumulus oocyte complexes (COC’s) were
aspirated from follicles 3-10mm in diameter 'using a
hypodermic needle (1.2mm internal diameter) and placed

~ into sterile plastic universal containers. Theruniversal
containers were placed into a warmed chambér (3§°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
199 with Earles salts (Gibco), 75.0 mg/1 kanamfcin,
30 30.0mM Hepes, pH 7.4, osmolarity 280 mOsmols/Kg 'Hzo)
supplemented with 10% bovine serum, transferred into an

85mm petri dish and searched for COC’s under a dlssectlng
microscope.



hypoderm c needle (1.2mminternal dianeter) and placed into sterile

pl astic universal containers. The universal containers were placed into a
war med chanber (35C) and 25 the follicular material allowed to settle for
10-15 m nutve@91eé68r e pouring off three quarters of the pcIigmesnedsant. The
remaining follicular material was diluted with an equal vol unme of

di ssection medium (TCM 199 with Earles,galts (G bco), 75.0 ng/l kananycin,
30 30. OrM Hepes, pH 7.4, osnolarity 280 nosnol s/ Kg H2O suppl enented with
i Os bovine serum transferred into an 85mm petri dish and searched for
COC s under a diompdereagwiph catosterns. 2AD P66 81 PeEh/sGRIG/Qixdd8s 22

Conpl exes wi t h qil1keafre?-sb16@HRACLabRUET Snie CHITYUSin ColdsMBEE Sel ected
washed t hree timr're%gui n d& sect 'gon <{’ﬂadi um and transferred 1nto maturation
medi um (TC nediUm 199 Wi th Earies SBFP MYEFBELT: "ASiyrl (KamefyEfn, 30. Onv
5 Hepes, 7.69nMMRaMEEB1EdHer. §albsnifidcoly 2305 /i0kaphsydin, H2OpmM .
sulppl errgns ed wiHelpe )% boatmn maaeoym@ﬂd.axleénowzﬁeyl Qﬁﬁ? hSnlod kg and
cultured on a [ in,an at ere of 59C02 ip air.
OCocyt es were r}fé)%b;vr%llJ r%lrrﬁg?ﬁéed rra%?g%lat}%n %Fggggn Ser ndtht e 8n 10

et hanol cl eane @ GPESSS%| FRHS/Phd@pdc ubieradyonni rpakdpe tablecaed using a
m xture of 5% pérfolisuam] ethysiHisMewax. sxMoont 2d widr yasocyeee Whes fixed for

24 hours in freshbyed PreBar @de MRANS! i o0 @GHA! 1ACCLLE f’?\S&‘i’r{éa?:%ﬂ’ stai ned
with 459, acet %_"-%gﬁ' ncl(esabgga%l and ggm ned by phase 15 contrast and DI C
m croscopy using a N Kon M crophot SSAeS ¢ eﬁr%‘g"f‘?risr]rlﬁ'd'(}'f"é:hlwgm\/\s t he
percentage of @5EFFRRA dising p BReruzieosE. bk t¥etrolesinbiel polosk baxly .
Activation of euhted faMbriyes| @sr®agenesiy | formlUnshiONd $-eBRN, conti nued
until 24 hours EQSéP . . . . .

P ed methanol: glacial acetic acid (3:1), stained

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

15 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 oocvtes

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 la shows activation of bovine follicular oocytes
matured in vitro for different periods. QOocytes 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.



. oocytes activate at a very lowrate (240) in mannitol containing calcium
(Table | a). Hovvever renoval of cal cium and nagnesi um f rom t he
el ectropul siyng gum prevents any activation. 25 TabI
-activation “f sE)ow ne follicular oocytes matured in vi tro or @Y'\%ferent
periods. Oocytes were renoved fromthe maturation nedium washed once in
activation nmedium placed into the actipsati on chanber and 30 given a single
el ectrical pulse. of 1.25kV/cm for 80gs. WD 97/07668 PCT/ GB96/ 02098 23
Table |l a No. of oocytes Hours post onset Pronuclear formation (N) of
maturation (hum) (age (bra)) (% actiZaillieods 73 24 24.6 5 99 30 84.8 S5 45
92.7* *many 20 DT € PT O[TUCT BT 10 ACt T Vat T o T ES PoSe-Or—SHrcr nucl eat ed
bovi ne oocyt es (NTa‘BEI ‘é’mF’o meué‘tii?{mﬁéjj r(,g,g,pons%""ﬁflefoﬁtﬁ')tlf’b : at ur ed
bovi ne oocytes 0 z At QpPPT OXT et ey 2ot oSt set of
mat-ur ati on ( hpp——Seyt-e —we:—e—t—r—eatiéd—e*ac-t-l-y as—for 24 eatfon, a
smal | volfune o gl asm f15 was aspiated not cbntainiwne the nefaphase
plate. After |mnipubation] the oocytas were giveh a singl,e DC puj se of
1.25 KV/cm and returned to the maturairon nedl um a O TpTTand. 42 hpm
groups of oocyt™@8 getre™FoRTPRE eif i xed and stained with aceto-orcein. The
results show the nunber 20 of oocytes at each tine point fromfive
i ndi vi dyal exM;iﬁabg aésédﬁﬁenBﬁbﬁﬁanofengeié&éaa\ébogggrc%&elesi with
reSpeCt to theTéﬁEe 1hﬂ%ﬂ§£é g ;éf%n r%spgnse of in vitro matured -
bovine oocytes sham enucleated at approximately 22 hours

. post onset of maturation (hpm). Oocytes were treated

exactly as for enucleation, a small volume of cytoplasm

is was aspirated not containing the metaphase plate. After

manipulation the oocytes 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 hﬁm
1 1/8 -
2 0/24 0/30
3 0/21 0/22
4 0/27 0/28%
30 5 0/19 0/1

hpm = hours post onset of maturation



25 EXPERI MENT No. cells having No. cells having pronuclei/ Total

pronuclei/ Total no. of cells no. of cells 30 hpm42 hpm 1 1/8 - 2 0/24
0/30 3 0/21 0/22 4 0/27 0/25 30 5 0/19 0/1 hpm= hours post onset of

mat ur at i on "\WP09747668668 PCT/ GB96/ 02098 24 Pronucl ear f or rEvGEI5/01098

enucl eat ed oocytes Table 2 shows pronuclear formation in enucl eated oocytes
fused to primary bovine fibroblasts (24 hpm and subsequently activated
(42hpm . The results represent 5 five seéparate experinents. Qocytes were
divided into two groups, group A were incubated in nocodazole for 1 hour

prior to activaidancaag firmle DoMrsS tal,Lovi g activali on. Goup B were not
treated with n a% az e}&) ctlvat@]1 o?c%mes, Were 11 xed and stained with
aceto-orcein 1 Gr & T6 o8 AT iRt FIHT2EH8 HArBRICIERERH GoGeFes (PN) in
each parthenotfaiseds therpmigorgd berdigre plfadeoklostsast24 Them)r eandts are
b onuol of . 15 %bf%ﬁf'g Wﬁ’\%‘&f”%ﬁ*‘%vé‘ﬁ”gm&&°i”%ﬁs SR a5 100 0 o
pronucl ei e : >4 PN :
00 GROUP B 313@%%.5 %61%’.*‘%%.‘“2“5?7 BOAHE® X658 Y 1GF TS B sed
spi ndl e and t h&*&BBENCE VP & VBEE akniydayedudyexesdapate ifproldbeuto maintain
ploidy in the précsnss meetest eitbaye fdies Wsungs folidWiabladei®at@AGL nucl eus
shoul d be tran%;r%{zﬁe@! @ tI‘IytS &%%QQ&%%H nocodazole. Activated

oocytes were fixed and stained with aceto-orcein 12 hours

10 post activation. The number of pronuclei (PN) in each
parthenote was then scored under phase contrast. The
results are expressed as the percentage of activated

oocytes containing 1 or more pronuclei.

15 . Table 2

TOTAL |_1 PN 2 PN 3 PN 4 PN >4 PN

GROUP A 52 100 0 0 o] 0
GROUP B 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 5
hours, 1 hour prior to and following the activation
stimulus prevents the formation of micronuclei (Table 2)
and thus when the donor nucleus is in the G0/G1 phasé of
the cell cycle the correct ploidy of the reconstructed
30 embryo is maintained.

Results

These results show that:



_situation. Incubation of activated oocytes in the 25 presence of the
m cr ot ubul e i nhi bitor nocodazole for 5 hours, 1 hour prior to and

following the activation stinmulus prevents the formation of m cronucl ei
. (Table 2) ahA°YHEE when the donor nucleus is in the GOREIPHELHT the
cell cycle the correct ploidy of the reconstructed 30 enbryo is
mai nt ai ned. Results These results show that: W) 97/07668 PCT/ GB96/ 02098
25 i) these oocytes can be enucl eated as 18 hours post onset- of maturation
(Figure 1); i1i) enucl eated oocytes can be fused to donor 5
blastoneres/cekgs | L&t her, é3Mman-i-tol %{ 0.§7N1 sucrose alternatively
the.donor the ¢élls or nucl&i can - be%i AFBRTIEREen 2Cal i GRIFF eBOFRdi um i n
t he absence of CBA§t ctMeruErBIPT dSpewse;1)140 iii) reconstructed enbryos or
enucl eat ed pul sed oocytes can' be cul tured in maturation nediumand do not
undergo spont aneo [ iong. i the_transferred nucleus . is seen to
under go nucLea?Q?lg§gﬁ§%Fgg% b?@%k%%ﬁn ? EEDPean Yoot e de8Mdensat i on.
No or ganitsed nBratFeISHeS4FrElSpilndl eitherobedN edrannsal dieess0o278 he cel |
cycl e stage of stbxose miskenaeivelyucheudondd te sHIDs réwiniehat eghcoupl et s
wil activate g 39 dausind AdnnBS nildlin %] 18QUSH6H RAUR! 10 _

ar body b ol | owi ng

unmani pul ated _c¢ ral__oocytes: . Vi no po IS observe
ation re g

subsequent 25_50 I'vatlon, ?@bé?dless of the cell cycle stage of the
transferred nucleus; viii) upon subsequent activation 1-5 micronuclei are
10 iii) reconstructed embryos or enucleated pulsed oocytes
can’'be cultured in maturation medium and do not undergo
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 cocytes; .

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

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

Recopnstruction of bovine embryos 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



nstructed zygote (Table 2). 30 Reconstruction of bovine
L%Egspﬁgi LSCPMAGI c procggure (I n prelimnary experinents this technique
has been applied to the reconstruction of bovine enbryos using pgg735%98
fibrobl asts veysmangseni sed in the GO phase of the WO 97/ 0#6G&BHDRASE
26 cell cycle by serumstarvation for five days. The results are
summari sed in Table 3. Table 3 shows deéleel opment of bovine enbryos
reconstructed 5 by nuclear transfer of®serumstarved (GO bavine primary
fibroblasts into_enucleated unactivated M| oocytes. Enbryos were Fused
reconstructed &el24 dygheary tserunusethrva@iph etesraaiviatgsat 4g ipm  Fus

' ' ' diiumfor 1 hour 10
uplets were resGLbatad kimpeeadazober{m/ i) in M ne .
S(r)i (F;r to activation and 5 hrgurs post activafion. Couplets were activated

| ingle DC pul se of 1.25 KV/cmfor 80Asec. Table 3 15 EXPERI MENT

mu}\/gE% SNIUR/%ER éﬁb&? BLABTGCYSTSLoBIARTOC S She SiBAsNAEHRR: Chcfd4SED i e
COUPLETS 5 1 1/ B9 fudlea? 4t3dsted 3eEXM S 2ived BT ﬁg’\?‘ion\%eggg‘gﬁl ng Ovine
Qocvtes 20 Si mfhgfoﬂg%@%vaﬂ ns.to thgsg i n anptleeq: %ﬁ eo s tegnooc" de
in ovine oocytes which have RS CACTME !‘Vi‘aﬁFH‘S“.‘ r85h| pooytds g y24
can be retriev ﬂb‘B’SPSfIH%’Fﬁ ngecPrYAUChed oatd Ut shph smderte nedsiee (Za\g/efs o
hours after presRlafisandirivatedt rant42 ThemUse sl ELEPRJIRINGSI UM r

PBS/ 1. 0% FCS asn@uddtéahi AthRdiaym o r@/’.t%’%\f) 0R¢ ¥dtzemedium for 1 hour

10 prior to activation and 5 hours post activation.

Couplets were activated with a single DC pulse of 1.25
KV/cm for 80usec.

Table 3

—Y
15 EXPERIMENT NUMBER NUMBER OF ¥ BLASTOCYSTS
BLASTOCYSTS/
TOTAL NUMBER OF FUSED
i COUPLETS

1 1/30 3.3
2 4/31 12.9

Example 2: "MAGIC" Procedure using Ovine Oocvtes

20 Similar observations to those in Example 1 have also been
made in ovine ococytes 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 cocyte
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.




. activation. Oocytes can be enucleated in calciumfree nedium and donor
cells introduced as above in the absence of activation. No organi sed

~spindle is QR § mul tiple nuclei are formed upon sqgﬁgéygﬁﬁ activation
e su t

-and 30 this wa ppressed by nocodazol e treatnent. 07668
PCTI GB96/ 02098 27 Results In prelimnary experinents in sheep, a single
pregnancy has resulted in .the. birthpof ...a single live lamb. The
results are summarised in Tables 4 and 5. 5 Table 4 shows devel opnment of
ovi ne enbryos reconstructed by transfer of an enbryo derived established
cell line to Baseltsated enucleated in vivo matured ovine oocytes.

Qocyt es were olhapPEThiraiyS HREE Sineitk at §0s l%‘éi:t“sgugr&l b ewes, the
cell line was ﬁ§%@PL% qif%qugh% gnbr oni c, di_sc gg ryo
obt ai ned from a mourit ai 1 Retbndt FiREEd 1&¥Br 48 mer%h%ultured in
the  |igated o¥PEuk:s @freast"@ﬁ%’b‘rs&ﬂyme'%ﬁ@eénti awk S.or 6 days, recovered
and assessed for devel opnent. 15 Table 4 NUMBER OF DATE OF PASSAGE MORULA,
BLA NUCLEAR NHM&EB STRRVSTRY 128m or NUVBER 17.1.95 6 4/28
19.1.95 7 1/10, 31 1 95713 0/ 2 29 St S Sy pryos Feconstructed
transter of an embryo derived established cell line to
unactlvated enucleated in vivo matured ovine oocytes.
Oocytes were obtained from superstimulated Scottish
10 blackface ewes, the cell line was established from the
embryonic disc of a day 9 embryo obtained from a Welsh
mountain ewe. Reconstructed embryos were cultured in the
ligated oviduct of a temporary recipient ewe for 6 days,
recovered and assessed for development.

15
Table 4
DATE OF PASSAGE Mgggii? giA
NUCLEAR NUMBER STOCYSTS /
20 TRANSFER TOTAL
NUMBER
17.1.95 6 4/28
19.1.95 7 1/10
31.1.95 13 0/2
25 2,2.95 13 0/14
o 7.2.95 11 1/9
9.2.95 11 1/2
14.2.95 12
16.2.95 13 3/13
30
TOTAL 10/78 (12.8%)




7.2.95 11 1/9 9.2.95 11 1/2 14.2.95 12 16.2.95 13 3/13 30 TOTAL 10/ 78
(12.8% WO 97/07668 PCT/ GB96/ 02098 28 Table 5 shows induction of pregnancy
following transfer of all norul a/blastocyst stage reconstructed enbryos to
the uterine W8PHY6P synchronised final recipient bl ackfPE#EB%HE% The
tabl e shows the total nunber of 5 enbryos fromeach group transferred the
frequency of pregnancy in terns of ewes and enbryos, in the majority of
cases 2 enbryos were transferred to eacd®® ewe. A single twi n pregnancy was
est abli shed which resulted in the birth of a single live lanb. 10 Table 5
PASSACE "MAG CrabNNBERIWE 4nddéciRh bf Pidgran 1%0910&?1‘.% %régsf-lre AL MR/ BL
10 TOTAL NUI\/BEE %E% %15%%“5’%%2 I§¥\E8t1 (16.7) FOETUSES/ OTAL 2/10 .
(20. 0) TRANSEERR (‘% 0% stage reccnstructed embryos to

the wuterine horn of synchronised final recipient

blackface ewes. The table shows the total number of
5 embryos from each group transferred the frequency of
pregnancy in terms of ewes and embryos, in the majority
of cases 2 embryos were transferred to each ewe. A
single twin pregnancy was established which resulted in
the birth of a single live lamb.

10
Table 5

PASSAGE "MAGIC"
NUMBER

P6
15 P7
P13
P12
P13

Lr_.
20 TOTAL MOR/BL 10

TOTAL NUMBER EWES 6
PREGNANT EWES 1 (16.7)

FOETUSES/

25 TOTAL 2/10 (20.0)

TRANSFERRED
(%)

wilo v e [




. WO 97/ 07668 PCT/ GB96/ 02098 29 CLAIMS 1. A nethod of reconstituting an
ani mal enbryo, the process conprising transferring a diploid nucleus into

Jan5000yte}\{\]\/6 H's arrested in the netaphase of the se tic
.division wt ?’ concomtantly activating the oocyte, g&gl %ﬁ%ﬁ%&e) nucl eus

exposed to the cytoplasmof +the recipient for a period of tine sufficient
for the enbryo to becone capable of gi \é"i ng rise toalive birth 10 and
subsequent|ly activating the reconstitut enbryo while nmaintaining correct
ploidy. 2. A nethod as claimed in claim1, in which the aninmal is an

ungul ate species. 15 3. A nethod as clagiangd in claim2, in which the ani mal
is a cowor bull, pig, goat, sheep, canel or water buffalo. 20 4. A nethod
as clained in any one of _cl ai 1 to 3, in which the donor nucleus is
genetical |y nodified BEEHRAANLJFCRRSLIEHIBE PR aRjmahecBPTYG aithe 1 to 4,
wherein the di plbmceﬁawebmalsﬂgdmsg@rbyn@ aqdm]smehhuc%s:eh{:o & A method

as claimed in aﬁacﬁaeumficalﬁér@rr%skeﬁ Mmheret eCkpLend yte is
enucleate. 30 7. A math d .as cl ai n (r)n eg%jz&eﬁ e?l rrléH wher ei n

nucl ear transf e?e%qstlé:chlle‘(}esdoﬁ wégg?u‘f ug?’b‘%"méanf\ We?ﬁBHV%Fsm@I éth’ed in any
one of clainms 1°FCE: kGRBiRd rFf{ehémahetmerﬁp@sadcmv@e lsorkbokamin \difer ei n t he
donor WD 97/ 07668 PEldiER86L02698a BOrivt| Gfistine KRBEiEX&HAS bt GHehe

recipient cytoplasid @b Bechid 'AfaBle$£D:%1hg LI S RLLEbIRN
10 and subsequently activating the reconstituted embryo
while maintaining correct ploidy.

2. A method as claimed in claim 1, in which the animal
is an ungulate species.

15
3. A method as claimed in claim 2, in which the animal
is a cow or bull, pig, goat, sheep, camel or water
buffalo.

20 4. A method as claimed in any one of claims 1 to 3, in
which the donor nucleus is genetically modified.

5. A method as claimed in any one of claims 1 to 4,
wherein the diploid nucleus is donated by a quiescent
25 cell:

6. A method as claimed in any one of claims 1 to §,
wherein the recipient cocyte is enucleate.

30 7. A method as claimed in any one of claims 1 to 6,
wherein nuclear transfer is achieved by cell fusion.

8. A method as claimed in any one of claims 1 to 7,
wherein the animal is a cow or bull and wherein the donor



9. Anethod as clainmed in any one of clains 1 to 8 5 wherein correct
ploidy is maintained during activation by mcrotubule inhibition. 10. A
method as clained in claim9, wherein mcrotubule inhibition is achieved
by the appl i¥287G#8f nocodazole. 10 11. A nethod as clBGTRRIA%8any one of
claims 1 to 8 wherein correct ploidy is maintained during activation by

m crotubul e stabilisation. 15 12. A nethod as clainmed in claim1l, wherein
m crotubule stabilisation is achieved by the application of taxol. 13. A
met hod of preparing an animal, the method conprising: 20 (a)

reconstituti ngPHRLERS el keRbreaposedctaithedrecipiamy pyecpdisngerai m (b)
causi ng an ani mekis® dferebaps i ter HbzfxféJ;BinB? £SHUY Qe 20 25 () -
optionally, breeding fromthe animal so forned. 14. A nmethod as clained’in
claim 13, wherein the animal enbryo is further manipulated prior to full
devel opnent of -t he® Mipe as0 c18imed gt Ry @seclodi pdding Tlw e, 14, wherein
more thars onewasiedl cosreler ipleddy riamnaiia ARBEYRr WO 8¢ Q4868 by

PCT/ GB96/ 02098 p; 31o 1A gﬁqmg,_tj_iohut ed ani mal enbryo which i's capabl e of
giving rise to a Iiveubirt and 1s prepared by a nethod as clainmed in any

one of clainms 1 to 12. 5 17. An animal prepared by a nethod as clained in
any one of claPns A 3etbod5as kBaikad am ehbitlevekbpedid m@drapugiier yo as

clainmed in inhibition is achieved by the application of nocodazole.
10 .
11. A method as claimed in any one of claims 1 to 8,
wherein correct ploidy is maintained during activation by
microtubule stabilisation.

1s 12. A method as claimed in claim 11, wherein microtubule
stabilisation is achieved by the application of taxol.

13. A method of preparing an animal, the method

comprising:
20
(a) reconstituting an animal embryo as claimed in
any preceding claim;
(b) causing an animal to develop to term from the
embryo; and
25 (¢} opticnally, breeding from the animal so formed.
14. A method as claimed in claim 13, wherein the animal
embryo is further manipulated prior to full development
of the embryo. '
30

15. A method as claimed in claim 14, wherein more than
one animal is derived from the embryo.



,claimi16. 10 f
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16. A reconstituted animal embryo which is capable of
giving rise to a live birth and is prepared by a method
as claimed in any one of claims 1 to 12.

5 17. An animal prepared by a method as claimed in any one
of claims 13 to 15.

18. An animal developed from an embryo as claimed in
claim 16.
10




