4
;) *+, e3ePHHI Kj Lv| O6OTPA w  UNACTI VATED OOCYTES AS CYTOPLAST RECI PI ENTS FOR
~*NUCLEAR . TRANSFER Thi's invention relates to the generation of non-human
animal s including but not being 5 limted to genetically sel ected and/or
nodi fi ed non-human animals, and to cells useful in their ﬂmm
reconstruction of manmal i an enbryos by the transfer 10 of 'wm“mmm eus
to an enucl eated oocyte or one cell zygote allows the productigf.ef
genetically identical individuals. 15 Enbryo reconstriuction by nucl ear
transfer was first proposed (Spenmann, Enbryonic Devel opnment and | nduction
20 210-211 Hof ner Pub] j shi Cb. NEM/Ybrk (19 38)) in order to answer the
question of nucl ear : hEel ‘ AST BRECTIRgptevel opnent ?~.
By transferring nucl ei fron1|ncr@@glngbxgﬁﬂv gpgwbryonlc stages these
experiments were designed to deté?ﬁTﬁE—ET_ﬁﬁigﬁﬁpUrht 25 - nuclei becane
restricted in their devel opnental potential. Due to technical limtations
and the unf ort urdd svelaiah helatés Spmmratidﬁeeiénomhudiaesnivna}sdnqimﬁng:mmbebemg unti |

1952, when it s., denonstr certai . di rect
developnent'toW§m§g%%€§ﬁgﬁﬁ ﬁ%?%?@dgﬂﬂ?¥gi rlgﬁgm%ﬁ1 Fﬁﬁ,t nggg ?P1.
Aced. Sci. USA tB&r gdnbrad@il (1952)). Their findings led to the current
concept that equivalent totipotent nuclei froma single i ndi vi dual could, ~
when transferred to an enucl eated egg, givg rise to "genetically

i denti cal ~~ 2 individuals. In the true sense of the neaning these

i ndi vi dual s wodP§ H@FoﬁétEPéhégnanumhmmamlaytembﬁyatcbpoahélQgghg@§r|n
each nmayovary efidaaldohdrhgualleeRc ¢ Of rearrangenment s vvoul d
have to be 5 d ggtraéﬁq Si ce theiggg%ﬁgtra |0Hn§cy§ﬁﬁ9§o REoffhY |

anphi bi ans, ar t & ﬁmﬁue ‘ha9€°d365h°apﬂﬂ(ﬂFQQ¥xnﬁﬁh¥|adeﬁpﬁcams
These technlquéEdiHLduahso two categories: 10 1) transfer of a donor

nucl eus to a matured netaphase Il oocyte which has had its chronosomal DNA
renoved and 2) transfer of a donor nucleus to a fertilised one cell zygote
whi ch has had both pronuclei renoved. ‘I n ungul ates the former procedure has
beconme ¥%he nethod of 15 choice as no devel opnent” has been reported using
the latter other than when pronuclei are exchanged. Transfer of the donor
nucl eus into the oocyte cytoplasmis generally achieved by inducing cel
fusion. In

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 1ncrea51ngly advanced embryonic stages these
| experiments were designed to determine at which point
25 - nuclei became restricted in their developmental

potential. Due to technical limitations 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 eqq, Qigg rise to “genetically identical®
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20 ungul ates fusion is induced by application of a DC el ectrical pulse
*across the contact/fusion plane of the couplet. The sanme pul se which

i nduces cell fusion also activates the recipient oocyte. Follow ng enbryo
reconstruction further devel opnent is dependent on a 25 | arge nunber of
factors including the ability of the nucleus to direct devel opnent i.e.

toti potency, devel opnental conpetence of the recipient cytoplast (

oocyte maturation), oocyte activation, egbxyo culture (reviewed Canpbel

and Wlmnmut in Vth Wr3d Congress. on - 30"Cenetics as Applied to Livestock
20 180-187 (1994)). In addition to the above we have shown that mai ntenance

of correct pl Qhayvgamg theI:I'Eﬁé ekl Sl Ofr ! BT SRABSLENGLEG, ST YO
is of major rTP‘&rtance Biol . rd}%s

(1993): Carrpbé igtdugls BVgB SRBﬁFoéPe aimesasseml@mu)qyt@nramm s. ngl e
cellcycle allcgannhbwmtmws mist ehehr apli eakpdaaacaiasd tcp@l gyg‘eelc@r iy t

mtosis. If agy,.of th fallst05 epllca replicated m)re
t han once then Yhecrh gfng/ S hats:er?lf(ﬁael S Fhewto"‘hg fh??f"f OSEQ whe  be

i ncorreet. The ﬁ%@%‘?ﬁ‘ by. which repli catl on is restricted to asingle
round during each ceII cycle are unclear however, several |ines of evidence
have inplicatgd th i nt enance of :ngt act nuc.l ear nmenbrane is crucial
tothi s controf 2% r%ﬂﬁ TEH OB, ft §MbYKe - e rin mumhiddams .nucl eus
after transfesimillar artmmdce.eaﬁdrtea\aaphmril a@quyuga have hegmaatikdied in a

nunber of specj | udi u et, ~T. Cell Sci. 1569
19- 34 1984)) ﬁé ib%g gg) égﬁ“%@?gy Thi F%é%r"od S E@é:eml@fggl?)
plg ( PFQt her falrans f—r Be‘-p eprzzscéggsm § 1980ed mewapkaskaIgt al .
Repr od. &myee &ﬁ@cﬂlﬁxa(slgx%a) 1tgmmeoabeb aypcﬁm{ Uéé&&éjg
donor nucl ear )nvel orpgf br e}ks NEBD) e chr onosaones prgmat urely
condense (P T & 12 ctas céf":ﬁqﬁ“édﬁ)? & fgropiasadconet Felly terned
mat uration/ mé# notagg bathorp leil |xféu@€rfeldvlty uﬁ oundi n
'/'mts#nmfdsihs@ﬁ@hdbh KdiRid hi f di

all mtotic anghumeittd I [ a p
Mat ured_, ma |'1an oc?c;clttﬂeésa igﬂe%gﬁyés&%edgrgﬁwﬁeg?gg %@‘é TS% hgggﬁg ﬁgl ot| C

di vi si oh( net & 17§ &% IRTPOVPRES c PRORt )IEPQG‘G#ﬁerltuFimgsat:h@n or
activation MPRtaxs \dttherdedlannehent pespeonei r@t@téfclﬂirﬁeﬂ on is conpleted
and the second pol arbody extruded, the chromatin then condenses
and30pronucl ear formati on occurs. In nuclear transfer enbryosreconstructed
when MPF Ievé’l‘rsa%férhlq‘fn tNEEMoner Pocdeds: inthesbeevenyseacytbplasned, when
MPF acti vit ydacl Igﬁﬁ&rah!!yCIHé]{H&H\}d'ﬁ dggonﬂedmdgonc@mg neicl £a5 ref opati on
and s%equeq}n@\pte%pl i gg%gn 1s 4 reconstructed enbryos correct

pl 0i dy” can be rmaiitai ned rn one of 1P&Bcﬁﬂysbyfiai°§ H}abiof‘r st ér rPRg nucl ei
at a defi ned ¥Eqtdralle parlgge acrogs ¢hpl codtagt) fisbéncplasei af Gthei nt o

net aphase |1 «aagnteas atTI{&egat,ﬂenq,lgfseawlv_.ﬁt 18ALcas O effo@?gwnb%lgst' vating
the recipi ent oaqyte and.transferring the donor nuc eus a

zappear anc @B SE Sac i t FeCRiERtepOPRYEE} at t eFOhPRVEREh REBIYPel ded an
rease in txtee:orfsteup@encryl of udehvat ofaealoptefitie ibl agé96NEEnSt @5 Arom 21s
to 55'¢= of r - eplar .ng bl.asto es from 16 cell
errbryozg‘s as nﬁlcl gar &ionor g*ﬁ(@a%tb me’ﬂ‘tl%‘i it Bri%t EEEJFBH %]'11335 1393
(1994) ) . THé%élq"r?prOFErrerﬂJer%théef’?éqn'emy ofi.gsvel bphepbtehcts

reconst ruct emmqm&m&auecaﬁpye&néwaadﬂéeﬁé@ﬁbﬂé?& ‘El:%%b'l%%tOf(l E“Cl ear
reprogr anmi ng, ngl ng. devel opnent oggr{:al n genes_ becone "inprinted e. are
al tered such that they are no l'ongery AYBEECP st Lﬁi‘f’:@%}'%ncl-‘%‘l‘?ﬁtl ng
have shown th%ﬁe”tlm‘@d |Qﬂ§}ﬂh¢t1|1ng’md szrletm!;vedl 20cHdwortd gesnycess bar mati on
(i..e. I@progreunE tids e ﬁ@fl%tlbltb' Lyvesedhatad Nigh-1@R" Q9ldqyhNg 1S

affected by exposure of t chromatin to cytoplasm c factors iich are
present in cells undergoing neiosis. This raises the ,) question of how we

may mmic thi¥ siddiatioon teurtiheg ablove2 wer haoesbhueﬁi oRa6f mawht¥asnby nucl ear
transfer in Q{ﬂeéoI-Peé@prQié{n enels?ls\/%' QP EY Jfffkcof the fgongf
rans §EdCarPhootite

nucl eus. |t has now been foun nucl ear
arrested in MEtAPvaIEcre caﬁi“kb‘iY\Pe +$ s@ft aj oy abtrortance (Campbell



30 enbryo if normal ploidy (i.e. diploidy) is maintained and if the enbryo
sis not activated at the tine of nuclear transfer. The delay in activation °
all ows the nucleus to remain exposed to the recipient cytoplasm

According to a first aspect of the present invention there is provided a
reconstituted nonhuman ani mal enbryo prepared by transferring a diploid
nucl eus of a donor cell in the @ phase or the GO phase of the cell cycle
into an oocyte which is arrested in the ngtaphase of the second neiotic

di vision without concomtantly activating the oocyte, keeping the 5 nucl eus
exposed to the cytoplasmof the recipient for a period of time sufficient

to reprogram tlee danpraivl) @epraa] ssbseouend | o o33, Vé&!nggewe et al.

reconstituted i C ect, ploid rinciple, the
invention is . %ggf‘?/. c%éft o%a?}gﬁobiggangﬁ%ﬁ )n'al ?“rllﬁgl ﬁd?h‘@‘g%ﬁ rQﬁ-qsuch as
domestic fow, ﬁghl Bﬂ-hngspemlesDHAdMSShbspeep&icatadpb&e:bl Gad lmsver, it
will be especi ah!:& lsﬁdp&&mmas%miﬁ ape aeb%?seabkx Qiéﬁe”trfa}gsfsg%@[szge N

that the_greatest, conmercigl ¥ useful appli Ity I's pres
15 It is°with GABLIGEES O%padft FERLAFRYeE diRtohitdam garApbReanthemuiayes such
as cattle, sheef,thpatsicleasentbthé at tpe ciRlitosid Wil Bdainddigddpvention

islikely tob t a 0 clonln anlnals and as a
neans for gene?gtg?ﬁ%clﬁg#sﬂls Pg gﬁ??r% §gsﬁ?éa{a %ﬁdl§| §8 55i5Eedoted 3 hat

the i nvention FiNG}eFqunde Vrﬁﬁgb%a%rﬁqldab‘l}'@l?oam hmckﬁmnpmmlvle‘r,

i rrportant ani naéves:aerl eslﬁagh ast fewiaxasp! e haher seﬁﬂpH I gggents,
y app i C ein

%a or nipng N r abbi 2~ .The invention is e
§ product i on"ot W%ﬁﬁcgf Mt an Whact By é‘ﬁgﬁé'ﬁpé A6noyuednlatenal s.
nsgeni ¢ ani this ceytiEl pr o'dheeuioi:phalggtﬁl cedréxytal w#Ri€d depgs ¢gl!s.

The overal | pr d a e a [ conventi gnal
pr ocedur es forelgﬁewo?lggu?%l?%ln %59@: Itaa[}gansgen P B & eeseAy

modi fi ed) non-f% 356 nk s°ﬁﬁ}’5ﬁ Webéomﬁlil%@ﬁ asnf ¢l | owsbex 1)>ff ewer
reci pients wl$péeieeduicleding wBhssulCeplwisiganeig .f,oundeses nay ;b
gener at gd usi ngg ciénrgql (q? er)ceﬁgbiS céi’ﬂl eé.g{e%pé% alt rat| on éy gene

targeting is permt % rmal s Repzpdr ed by
10 ~ the invent? oﬁS%Tﬂﬁ;ﬁ e 9r9é‘r?§m tP%Qe(P@@mtet gbnetdc mplszeallL on

t hrough the gezzs I3|sr$e3as easho pNj rwdwl(sxa@l&al uedafromsy sn,g%r%dnu pheus; in
contrast, pr Odi’é:tg {%gm c egl?'x pr onuc| ear ecti on or
chi meri sm af t ef 9N PR oR | h% ggnor
bl ast ocyst i nj @&lﬁm‘ }9!“0'@@!995 arpabﬁodcbwmn(NﬁBMSalnd ghenehsohbsshesh all

cel I's dgg not S BBHikhEat | nd My raasoit th di fi catl on
t hrough t he gcﬁrﬁl i ne; Zzgld 20, (5) f:g??g can be gefrf%gt%%d E%iﬂg

genetic nodifiRat PonC{EORLA W g AEERSAFY prieFmad mﬁéugeﬁépat/rnehosisz’ he

whol e ani nal . 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 II) 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



It should be noted that the term"transgenic", in 25 relation to aninmals,
~shoul d not be taken to be'linmited to referrlng to animals contai-ning in
their germline one or nore genes from another species, although nany
transgenic animals will contain such a gene or genes. Rather, the term
refers nore broadly to any ani mal whqgse germline 30 has been the subject
of technical intervention by reconbi nant DNA technol ogy. So, for exanple,
an animal in whose germline an endogenous gene has been del et ed,
duplicated, activated or nodified is a transgenic animal for the purposes
of this invention as nuch as ~ ani nal 8 between DNA synt hesis and
mtosis. M tosreconseycurst gmdryost herkbpt gshoidpicaachatmaint $ifariieh

include cells gRe Wefcrtwl‘s\éj&enc e %QQ 3 those cells
whi ch are nat Ué éﬁ/ gu cent sgé gg%pce ta% ul inéecfj“f?ai‘?’enﬂ:ataed '
cells) are gen®t F(?é‘;r 8&’81355569%@@ |41-Péﬁ’9‘doﬁu¢h%seot mellzhdses of
jthg_ cycl e; ht hegflarmu;simldaplﬂ&&cmx}aledcyeebeaagth@h @n@ﬁ o%]%lvl%q'l% o

i ndi cat e t hat e 0}...no [rogress through the cycle

nucl ei e,_? qui eé%e%t \@%%dqg]l égﬁl‘f%t ef ©BtP ‘gﬁ t'cel‘JP‘%CY'Jrﬁelvémé -
di pl oi d DNA corfaHitensng §hes@|@hou|rp4@e11mwcﬂter Che d:xsap;mh:ramdehafpr esent

i nvention. SubjiErctadidvilts. abQﬁesthp' ﬁhf?gl 18V t otawgl 1%lde
significant linitation on the ct S{TSt hat can in 1 r&37eonors: .

fully or parti®l| y §FFPEFent? at c@FFg“%’llclﬁn(ﬁff f@?\éﬁ%?laft‘%@lt célq stban be

used as can ceblastetysit atageuftromezi % mwsskmﬂrreﬁmidt&wdeém}swes The

only liqg tati h mal, DNA content _and be
s Jiherl % ﬂ?gt l'I)i]‘%f erre £ otidhn " coﬁ CETPEYPS AP BUGLEATI n our

ka{ yotypi cal | y_norm source :

co! pendi ng PCE9R@%ENt Sﬁ‘ﬂPP%b}l &tf N8l . PCT{mb5/ 82pesd. puisl | abed-asoy\D

96/ 07732. It iadsai)eved that all such nornmal cells contain all of the
genetic information required for the production of an adult animal. The
present invention allows this 2 5 informat ion to be provided to the

devel opi ng northeseanireproudments yin byhal tferiqugnchr afatddvel spiidntt eosuch
that the genetﬂe%d%tt%'c%ladcaé}uﬁﬁéo r gbedeys! OREE o ¢ e UL Ce{;jks usef ul

in the invention are enufcleate ~ oocytes i'ch are “arrest

met aphase of (P SEICon P né?‘ﬂ’c]l'??’ijlwlé??ﬁ‘lrarﬂ“?i%st Q‘éﬁ%rd@gglogmegte

mat ur ati on proceg@dsn Peneso Herdne s imprintddat 6 .ef.ag8-0faiber&Idsg@p ur ati on
process and thgp.ar Eg@&s. @% oyy! aiégg%t ;% dsshed oocyte s rel ggsed

fromthe ovary (and,
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.



to whose germline an exogenous. DNA _sequence has .been.added. In_enbodinments
*of the invention in which the animal is transgenic, the donor nucleus is
genetically nodi fied. The donor nucl eus rmay contain one or nore transgenes
and the genetic nodification nmay take place prior to nuclear transfer and
enbryo reconstitution. Although m croinjection, analogous to inj.ectiion
into the male , or ~ femme , pronucleus of a zygote, may be used as a

met hod of genetic nodification, the invention is not limted to that

met hodol ogy: mass transformation or transfgection techni ques can al so be
used e.g. electroporation, viral transfection oz |ipofection. In a second
aspect of the invention there is provided an activated non-hunman ani mal
oocyte which | SAgdordiag @ firkk dsfiet STRAGHRERAGNRhtid Wherd RAAO LI Blohieflidial On
into which a diploid nucl eus of a non-human ani nal donor cell 1n the @ .
phase or the GOWrpRapingy eqbpro preparedy drapsfirsing pdiplgidimueleustof p derpr g#lk in dhe G1
concom tant !y agiaby@ld16o piis FUREPeiolt bbbkl S H #dfed ithe g0t

exposed to the cytoplasmof the recipient for a period of tinme s I Ccl ent
to reprogramt hibie o mgiRticedivision avithprt canqemitersly castivating dhet pegatei beeping the

achi eved”whi | e £QIeheekpoaddiodine N9RpREE ™ MR RLipicRCR: aORAOE %Mﬂk%f@cﬁe%t ¢ pl oi d
at the tine of transfer are necessary in order to nmaintain the correct

pl oi dy- of the rEeEaeE the dengr avalguy and sphisqyently, pqtivating|the reqanptiutpembirpe while

di stinct phasesmaiffaintg cbifectpdid)! The begi nning event .in the cell cycle,
called start, takes place in the GL phase and has .a uni que function. The
deci sion or commtnent to undergo”another cell cycle is made at start:.
Once a fﬁll has passed through start, it.passes through the renai nder of
the Gl -phase, whhghriscigie prtreDMAVEMBiORSIS #pphcble tdhE wAGAMEn SiuAgs, the S

phase, is when j ake | ace. Thi.s is foll owed by the G phase,
which is the pefi Ohﬁd{ﬁ%eﬁ%ﬁé‘ ﬁ“sCZ} %65n oCEHF&c %ﬂ‘é{t)cﬁz‘wvgl%%g%aﬂeﬁ%ﬁ
stinul ated to c®apl Eishnspeciesi &) pradtine, horeevpr # el aespetialihie nomdngnvn mammalocyt es
can be naturedpaitihendrlywi t phacental Vi Mamadls Ar ergst | e¢hed Q-apRasr ance

of the 1st pol : Of . passihl e.after ovul ation,

respectjgel y. %Tr?&id%laglrle? ers r%gth %%‘?fjfl%%ﬁe%}bilgn?r%%e’éﬁ |EREadftdie it
has been generd¥ |3 ¥i§hnvagehateenRAddicudnrdly econgnirnl by dmmsciamtnucl ear
transfer procesheSates 16uersest tatr1tNesRebs, NGoRHD! i %J&%%re%?ﬂdééf'i%‘t al
confirmation o i s judgenent., The .ori,ginal .progedur, escribe or’ '
ungul at es i nvo%a\‘/'%%iszérﬁit Y t'?‘}ba-léc:tll}e i vc?ntt\i\‘ibmhérlsviﬁce e t& BMivIFtas
likely to be amefwhat cdothV Bisadsaneats ufer 320006hg6anGmalt086nd) as Ehi $

procedure 15 hasadderdd “a3l-age tha ; Qt no £ wllystill
have t lep et aggase a ?%glus a d%t h,gt htS %gﬁ%gdﬁ&gﬁ%&n@(ﬁ nvf\}olr}’ﬁlrroeul\c% atlh‘%
0

cytoplasmis b&fi &R gel BRGt LTYRRHAN edS o?18P f fEHERRY atbon Bs t he
new enbryo (Evdpgdoicabdte go. ot Bew elcrpramitcal(y 3@BeBCSnt 1AM sHedue

recently, diffaiantaprogeduiBnaye HRA%esed | f4tt LQckemye the
chr onosomes with a n nimm of (‘:u? og'l asm eAsfpidlria |a%n og]fnp%ﬁgef‘f:ﬁt Y& -ar body

and nei ghbour i TRF RO IEEEM s TRE8R8St 0 renpve the metaphase 25 11
apparatus in 670 of sheep oocytes (Smith & W[ nut 9iol. Reprod.” 40
1027- 1@3S (19 " It Rt o) -specific.fluorochronme (Hoechst
33342) was a ?f@%&é‘%&%&u egsbg%‘ﬁ{fg e?% AR PFOMGEHOR &&d wi t h
the mni num r GeasgsRicn ey mebl asRewtronsEenie NONFdURKYA 040318t TalansgéniBepr od.

Fertil. 82 | 73ikR8% i | {Sai t hod
i1 ot SRS e ) BesdeSts S gty ASDAPUN LB

of routine use resent (Prather & F

(1990); Vest hlfseial;‘%t i‘?‘e °§F6F.ifﬂ%’b?‘6%‘.5“’(esdﬁpﬁ 3 mppbeyg of ggypptages) There
have ‘been ver ywyveaw ﬂ@p@ﬁnsigﬁahorpttn&mm appnoaches prodndcliont i &F I N
manmmal $9 whereas in anphibians, irradiation with ultraviolet light is used
as a routine procedure (Gurdon Q J. Mcrosc. Soc. 10l 299 5 311 (1960)).
There are no detailed reports of the use of this approach in mammal s,

al t hough during the use of DNAspecific fluorochrone it was noted that
exposure of nouse oocytes to ultraviolet light for nore than 30 seconds
"reduced the devel opnental potential of the cell (Tsunoda



10 et al., J. Reprod. Fertil. 82 173 (1988)). As described above

*enucl eation- may be achi eved physically, by actual renoval of the nucleus,
pro-nucl ei or netaphase plate (depending on the recipient cell), or 15
functionally, such as by the application of ultraviolet radiation or

anot her enucleating influence. After enucleation, the donor nucleus is

i ntroduced either by fusion to donor cells under conditions which do not 20
i nduce oocyte activation or by injection unfler nonactivating conditions. In
order to maintain the correct ploidy of the reconstructed enbryo the donor

nucl eus nust be ilileicd €. GenbtRaltyermGREel) GorAsA Ghihdle salch Gl e at

the time of fusion.” 25 Once "suitabl e donor” and recipient cells have been
prepared, it is supoesised gs ffollowshe nucl eus of the former to be transferred
to the latter. Mdst conveniently, nuclear transfer is effected by fusion.
Activation 30 should not~take place at the time of fusion. Three

establ i shed nmet hods whilch fifar yewipisedt st willldbeeréysipaaare: 11 (1)

exposure & cells to fsi eRrpigTR i égﬁgg a h as. pol yet hyl ene
glycol; (2) the use of inactivated €?¢us, §%c gqpééﬁﬁeﬂaﬁiQE%iQQEFFa%%H 5

(3) the use of electrical “HulS . dPReFsgedlef cells to

fusi on- pronoting chenfiddal subtdle genpeliyehiybeaeish Wselqdy cols is
a routine procedure for tE%XE&EE?B'Of somati c cetl?%pﬁﬁt?:E%ggféﬁd%jkfbeen
wi dely used with enbrygs. pol'yét hyl ene glycol is toxic it is necessary
to expose the cells (8 aaﬁﬂnPH&WﬁéérPG@d@nédtEeomeedbtpobep&gbgr@g Rove

the chenit@al qui ckly may eheesthtet€idhe I zqna pel lLuci da
(Kapka et al., M. Reprod, Eﬁv. 29 E%O-fiG E¥g95?§?£$ﬁFl q@ip&ﬁ%ﬁ%ﬁﬂ?vﬂth
mouse enbryos, inactivatedc88hiSi "R ELCRFLORdEBrevglefthei garmiddne Gher t he
fusion of cells fron1cleaeagh-anagale&br¢&$i@€ﬁahgahVﬁSgghghgshncigg%u

hat

Monogr. 9 19 (1969)), wth,t LLi o ri meptal advantage t
activation is not induced?nl%Sﬂﬁggkgfeg?ngéggﬂnigPZErEBﬁﬁﬁﬁFﬁ a8amaded by

the sane el ectrical st i muP%t iRfPRUREeas d@dectaonnduce ghemtedganehifeé ex
activatidh (W |adsen Natimeldefor B¢ Glodife {ekPBRha BEdtNBEDRY 38l onoBLo)

Reprod. 37 8S9-866 (1987)y e;spbecies, Sendai virus™inducCe ion
in a proportion of cases, %ﬁ%£§%5not1§£e%u%??cPE YRS & | BBPROFBionogfi ne

application (Wl adsen NRFRLB2@1ig)ales- 65 (whB6h ) .alMi leeldel | deel hotusi on
is a preferred nethod of editefin NghdUab@EFi AR Sng idayd Sh Ot Lhe_only
met hod that can be 30 useg,, (X heresuitable techniques u}ar?%:llllqutg ebdRsRik
m croinjection (Ritchie and nplbfellcf t1pn %é’;ﬁ%’@’e?cf:%ngaﬁ'@ tépei:| ang
Abstract®Geries No. 43 pBohls can be selected for the site of genetic

: modification (e.qg. 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 intervertion 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 transgeﬂic animal

for the purposes of this invention as much as an animal



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

* karyopl ast couplet is acconplished in the absence of activation by

el ectropul sing in 0.3M nmannitol solution or 0.27M sucrose sol ution;
alternatively the nucleus may 5 be introduced by injection in a cal cium
free medium The age of the oocytes at the time of fusion/injection and the
absence of calciumions fromthe fusion/injection nmedium prevent,

activation of the recipient oocyte. 10 I practice, it is best to enucleate
and conduct. the ,> . transfer s soon as possible after the oocyte reaches
nmet aphase I1.. The tine that this will be post onset of maturation (in
vitro) or hor fsheshosat9ert (1PR \ﬂ’\/cﬁx‘?ﬂeﬁ}o‘{fe&‘% 8ﬁq‘tlﬁléc§pg’5‘f5e3’.eelfbr
cattle or shegm@geaucl ear 15 transfer should preferably take place within 24
hours; for pigs, within 48 hours; mce, within 12 hours; and rabbits within
20-24 hours. although transfer can take place later, it beconges ]
progr essi vel y Inoremizhdimentis af thei éveentiemeipowhichagbe. agigirlvAs
activity i s 2Q,desifeRlle. SHDSEMENt hitc16h8 1S fbnieedeallvuckall £Idy Yo,

which i S generally returned to the mat i,s_tmaintained without

Yy rati on nedi u
bei ng acti vat ddes SRR nf"ﬁée&&n@f"‘yzgoﬂgéfﬁugn? soﬁ%é%%at TR TL @Y ent
cyt opl asm f or' thepgjenet ief mbdd€icatiooi may takelpbace Hpriee s inuckear enbryo
to becone capaghl e, .eventuall oLy} ! a li ! £rably
of a fertile o ]?aéfrfﬁeﬁg)%ngo éﬁﬁeﬂ;—gpt ?éﬁﬁ?%&%?‘gﬁi%{ ti néfgg?g%tei gﬁﬁﬁi on
varies from . ispiesitdon,oanpdepeysafe HHEGERN Apteethe Bahe Y fgmale
experi ggntat i Produd1 it L&, 2 RPHLOE, Ofmalyr OBe 6 Used20abowr smeshedpralri at e.

The tine periad shoul d. prpbably not, ls . t;hat i A 1 ow
chr omosone ﬁ%t‘f‘%‘ﬁ‘,g’aﬁ%t¥?n's h%ﬁ%d J‘%g't%nl%g%go ﬁh%nléx@ei tg‘Egl\r%tgha?!(% he
coupl et acti vattes spenhhadebogyy erss ntexsmsfppnataius pRatt¥angfeatiowien it
is time for agtiMalififes ¥h GOREMd alfda & . P! her&st dopd atatdd v akien
protocol can be used. Recentexperinents have shown .t hat “the requirenents
for part hogenetq’@rﬁﬁqq};d{qur?raﬁé%%’t&8ﬁpl i cated than hadbeen i nmagined. It

had beers assuned that activation is anl0all-or-none phenonenon and.that the

| arge nunber Qf'>treatnents, able_.to.induce.for I g QMg

wer eall causi (r)"éa'sﬁi?’? CP%ﬁh"f myeRtien, fere lsé)%%%grﬂg%&gda‘g%ﬁ oocyt zal 9{?’85", ,
repeat ed el ectwiighais apesdtaien themeaplase oththe seahd, selotic divistonofitoawhietpp dinbid at e
series of pulses and control 150f.th * ment
of dipl oi di zed’b‘glﬁ t°g§ n?rg‘t“"ﬁ'aa-a&gé{% ?rocgﬁﬁfﬁ‘%fﬁ%\%ﬁo%%gﬁ%gﬁw&n%bap L
117- 127(1990) )has Baenitmaasfdned miithout aoricomitintlp nesivating thepasste dal Which theinspleus g r eases

in intraeel | ular calciunconcentrat jt Q%E !ig‘ﬁ},gbg el 356
541 - 54220( 1985F%™ E‘ﬂ)& eﬁog%‘ﬁgi t@%lcytgé}%ﬁ%ggﬁsggr e 1%??%\/% to causeanal 0gous

i ncreases i n - aeprogramttectvoerruclats ad whitteir subjequent aféiFRtion dshachicyqdawhilgtooBedy of
cal ciumtransients, vari A 165, k1018 A Aot trhskd? Ae@Bcebdadlin t he
opti mal patter rﬁ%&y e g%??’%%ﬁ%’ﬁ?@%%“ﬁ%ﬁa@?&?n a simlar 25ma1nnedra_l?]’t The
i nterval bet wemder puhaintsinithe corxst pleidyefithe recopgittsd embrd y 4 mi nutes (QOzi |
Devel opnent 109 |117-127(1990)), and in the nouse 10 to 20 m nutes :
(Cutber?2on &Cobbol d Nature 316 S41-S42 (1985)), while there areprelimnary
observati ons i vhéheicowid kadll kydlet bagafous . dB3ouisprto phames .y G205t 0G30

m nutes (Robl et .al., iR,y §+ 2Ry et ngnMamRl e 10y 1€ar called
Transpl ant at i oﬁn?sg‘del'i(:ah. )Hg%o orado State Bni versi%f;/ %?27 (199%;’%. I n
most publ | shed e%peEl mbwkesach}acg i 6R e | FHuEP@SR 1IHDsPRG & eFBEEPPcal
pul se, but newgghsei¥atl i Offe S&ggsion ol donii tiemtptopantieggoohnother
reconstituted enbryos that, develop_is ease X rendo $aY%ekal

pul ses ?eol I ascgé?otﬁyclaﬁeol%s %clrl%d§£434t%§rf-'8848 ?%9%) Il12.'%%':Jin any ?ndi vi dual
case, routine atjrosghestsrfmyibeparsers ttdrmsidhhi peRad nfgtH oL Shepfitses,

the field str eB%EQeathgHﬁaigthé)fpi'é"fmml's%ﬁﬁ:tﬁ!ﬂst phae@l.Ci Thec @eeendr at i on
of the nedium 1 i i

n the practice of the i,nveniion, correct Ldy be

mai nt ai ned dur iS§§98et | isorighaﬁe'i sl%e'él??‘b[#lgﬁt 8"?%%?%%% Eéggg ??é%lgl’i se

m crot ubul e polyier iisat fsiléwedrbler the ERephatset hatpradduts i theopemid pl e
pronuclei, thereby to maintain correct ploidy. This can be achieved by the
application of a mcrotubule inhibitor such as nocodazole. at an effective
concentration (such as about S~Cg/m ). 15 Coi checine and col.cem d are other
m crotubul e inhibitors. Alternatively, a mcrotubule stabiliser, such as,
for exanple, taxol could be used.




A}

The mol ecul ar conponent of mcrotubules (tubulin) is in 20 a state of
*dynam c¢ equilibrium between the polynerised and non-pol yneri sed states.

M crot ubul e i nhibitors such as nocodazol e prevent the addition of tubulin
nol ecul es to microtubul es, thereby disturbing the equilibriumand .|

| eadi ng to m crotubul e depol yneri sation and destruction 25 of the spindle.
It is preferred to add the mcrotubule inhibitor a sufficient tinme before
activation to ensure conplete, or alnost conplete, depolynerisation of the
m crotubules. Twenty to thirty minutes is Bikely to be sufficient in nost
cases. A mcrotubule stabiliser such 30 as taxol prevents the breakdown of
t he spindl e and, al s her ef ore prevent the production of nultiple
pronucl ei . Use gfq%‘\é’eﬁ%‘c@géﬁ}mté‘%?%ﬂ“i%é‘ﬂtP§lﬁrefhéictmi/s Urtoer 1 Sicddars
conditions to tRssthas¥dphaseni Cndtsbube cahiL fQhSch 1h312dae JHGLoLubul e

i nhi bitor or stahiths&his r i ) ent ter activation until
pronucl ei formatjon, ??lsﬁgﬁ%e b@?e%b%?ﬁ%%ﬁ% Afe¥elands thase erdds
before the firstRifdi &%6n rakesablwucauisseeansg, prafah r ad erdoEh I NtEuah yt he

i nventions at 3044Pfdwenisifasd @19l af-eMBEHE AL ' nd ovipe, i.e.
6- 18 hour s~postipu%ﬁar°£r nsfer); thee%onst%ggté%&%%ﬁ? }ss A% SF&E@d
g no

i nto medi um contai ni c5HE56| FUE c PPAPPSanet 16hsct Fyaled usheng are
conventional prég¥Rbly. desarabedi ars | bedngodazoke omy shaceont kguegd fpr 4-6 .
hours fol | ow ngiAdE-Acd | Madd Op i o p nt, ,Uupon speci es. and oocyte
age ) . . ' 15 Accor d%ﬂ?g to thléé% %P?g %ggqc oc%%falt eR’FR%r'ﬁ?%thFﬁégb i s
provi ded a non- T el THE ePUFe8ipp Lt FA3eseentn§la aildo; dlfke! ens of a
donor cdl@ in theclel pfasa aellts HAwhasaaPidNe migl oyl Se i %t%n? ocyte

whith is arrestgay a; . e _of .the secqnd rotic drvrsi out
concomitantly acti vglﬁjggltgﬁéaggg%%?n kbeeeﬁ‘\s Pﬁetggcl’ﬁ%@e’éﬁpbm&dntbom he

cytoplasmof the recipient for a period of tine sufficient to reprogramthe
donor nucl eus @ubj2ct HPSERICAbbYe ACHEVEH NG constituted embryo

whi | e nai nt ai nisrl%ng%rircg% ﬁI'Oi'gé ..and causi ng %{Eﬁ{)én&hﬁqrr%% %fﬁeﬁﬁl % Ié%vel op
to termfrom the anbrye: cor -BAtahiRE B Ehet kelder shatTivampiesamed nirent i on
al so exflénds t &uglron- Hemamsanifmdlyceld Toertiieddyf PR r2nd fAStd i ed

enbryo as previRushpi¢esechped { fvent | e used to prepare a
non- human ani nal . rec,ongi‘ilrﬁ?ii%é %ﬁnﬂ %\a r@e&e)rﬁﬁ YETh LT viHeh -

by: .(a

above; and-3 0%%f é:él;%b‘ edq I, Vidva &F 13RI Er3Rtebnex hed eabr y Cheanthiie)
optionally, br dduiingtioomise thiaitmathe 0 daidied cePhgp ﬁgehﬁoﬁggf cri bed
from the. onbr yeo Tre. s o MaayotyEl s3I B tnah: M wip fanred mavece |
devel opﬁgnt, tRE rerbist itut 845ehpFS® fimomosmepco-pending i PET Myayedldl ovned
to devel op w t hpplitatiteiNg nPeryenbisgn200%0nguBiVshddta M6 sary to
al l ow the devekegp nﬁeizpe‘;g&et}g@ &1 | dphdi rgc deve oaf)ment ?%I{g’\;\e@éér, t he

or bul ed%be 5?%: normal cells contain all of .

enbryo may be furt mani pul a )
the genetic information required for the production of an
) adult animal. The present invention allows this
: 25 information to be provided to the developing non-human animal 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, oocyte maturation
proceeds in vivo to this fairly late stage of the egg
:naturat:i-on process and then arrests. At ovulation, the

. d@rrested oocyte is - released from the ovary (and, if



S full devel opnent takes place. For exanple, the embryo may be split and
*the cells clonally expanded, for the purpose of inproving yield
Alternatively or additionally, it nmay be possible forl0_increased vyi el ds of
viabl e enbryos to be achieved byneans of the present i nvent-~cn by ci onal
expansi on of donors and/or if use is made of the process of serial (nuclear)
transfer. Alinitation in the presentlyac%ﬁeved rate of bl astocyst
forrrati on may be due to thelbfact that a fmjority of the enbzyos do not
"reprogrant (al though an acceptabl e nunber do) If this is the case,then
the rate may b E o s devel sel f
can be used asgggggg%gglﬁgn%raqut,vtstethfzggg F¥ ‘tgage aty eF prt ‘if{ i nner
cel | mass20cel FS EaRPhete SeRieRig)he Hlnaé’rbéc?ﬁcst-@@@f Iﬁhtt hieswmrqms do

i ndeed refl ect obb?ﬁésvﬂf&xﬂ Ibeh s ut-ear eﬂtﬁéﬁqeﬁg%ﬂzz@(%e%' QE‘vénéth
opi n

nuclei are in f oqr ammed(as see ch dev

enbryo may be: ? F{:gg(fﬁ aqgaq%agxq&y?ﬁ&hehg gf‘f’? 36f°¥lﬂ55 soon

nucl ear 25t ransﬂérppﬁbtleb% affter dngrleé:wh,eurbapeethH kely to beachi eved
depends upon the cell type. In sheep, it isreadily possible to obtain 55:
bl ast ocyst stage enbréogb%/]ﬁé, sfer of a single blastonere froma 16 cell
enbryoto a preakt t§aPERIeEREY Wi fremiensobpr enucd eatei.s30thddeonabl e
to hypot hesi seit hahagadieeanbigenedaldlyopassanedn hatg! @nuelldatGey dogi ve

rise to eight I ge; . Al h t ese ures ar ust ,a rough
guide, itis cl g%?iﬁﬁart}@a%% é,zgrg djér\llelé"{bqt&t 5?‘%5%% ”%r%g&%#e%f B&nefi t
woul d déPBend ofseeRtERXq ci dihgreof tir pr%es@l&](;&hhdt steagperimehtadsi de
from the i ssuec®hf yi@dthdBOWHIG SjuRflinRhe €S rrhteheragiaait e, @Ebryo

may be cul ture i N, .Vvi n ro to bl astocyst Experience suggests

that enbryos d‘g?f %/lofrﬂfclué‘g?’t(fagﬁ& aPVareedi s ]ért&?tngf e §eldainsmbr yos.

and sonet i mesbewef htalffeem oneeven which r easulltikedyc aedi bé OR%iuic] e ¥gOt her

than those in i e39puakl yesutd u hle in_viva) . The
W ﬁ@{m&e 39% "t‘kk e85l é’é féjq(ﬁé} %tlgf pbr&c;eﬁére

reason for this is not known. 10l n routi ne I‘'cdation

embryost2. rech¥dt Fhat ddsarkr)ERIe n’&ﬁ?tot‘:h?hétﬁ@tr sidaovwmvkabiemd Lt ur ed
in sheep ovi dumtislI dfave tﬁe&nd@a@ua(s?es ad@a(iﬁltbedé)ﬂd Wﬂd@(iiﬁnrehﬁcw lian
Egg Transfer , ) Pre ton, Florida (1982)).
In thel5practi cea“?l “ﬁ Izzjfr Z.'g‘enf}l AYEnt I of, %?ehlol % iR 8F58 eFS}SFoFé‘Et t he
enbryo it shouP3F4§r%et eeﬁbrlnyerenew'awu ﬁfatﬁhet @M verimewt urtEsdekous agar
before transfeetaqnr. | henvdispaehedibpospt heageroAfityer recovery fromthe
tenporaﬁé(rem pi ent . The function of the protective agar or other20mediumis
twofol ds first, it acts as a structural aid forthe enbryo by hol ding the
zona pel | uci da"lw)gerhwntan.dsél;ﬁfmqunn t paotedase hahaver beencehdesd ofint he

reci pi ent ani MBk¢ SedgHBINEo SY3have AlteOtighbrd el NELEARES
proportion of errbr?:os t hat form bl astoc stsggt(ﬁnere |£s)@g thgl?%r? van?age

that a nunber Oft s nFHFAGAR PE ithei £i5SEorRRIZDNPOSYe aBdd,
zse routi nelye&gipioyciohg kythplast wae fpind taceepbabl ene3Refhphise

th

st ocyst sta y o] C d ui tabi.l ity f
devel op?lrint toﬂfer%Pgr%}?éca?f]y,)9 eOé £{?‘]§Q€ égk'éé é% llr'k‘ nﬁf“%}ufs
transgeni ¢ andBi} edigA§dant0 s’e‘?"’e%‘tli‘li‘ﬁ5 (32887 Ab| Only ajrtdntthiehusebetn

carried out. SuNmeperdffier flAvrocRISHEN (HogeRet| gaﬁawerw%m AbeAoge 18
carried out at :P@JS séa%e wﬂ) Vel s PeGause th tho of the i nvention

all ows for screening dohsrS" at AR EHHe Y ¢ i Farranteedelithl Iy be
preferred. 5 Ather mseteem mgduct iony elmi ngrthasaslaken vollages ((ifeuhbdast ocyst

enbryo 3¢ all oxedal o, dev@epRolo Ps&eu Tmﬁ W3 '(1@%@%3' ' biﬂv@s)ft;
devel opment up_to bl ast%yst has p ace invjt trans |nto

the final reci PHEHMEHni ﬁtﬁ%?QQQuﬁ§ Fqu@{P%laé?OEQSt

devel opnent hagr¢$ﬂnﬂ1(Qhaceerr&\ﬂnmst dl.t Repghdi IFgyrdici Fupgihe 4bl asg ocyst
can be all owed(igyFeveilRhQihekp | th e cy host i ractice
the . bIastocyst dﬁll usuallihbg%}ggove ?on?%ﬂ§$?t %g%?%?yf 12! 178

pre- bIastocyst dlent and, after dissection fromthe 15 protective
medium w il be transferred to the (permanent) post-bl astocyst recipient.
In optional step (c) above, non-human. aninmals may be bred fromthe

non- human animal 2 0 prepared by the preceding steps. In this way, a

non- human ani mal may be used to establish a herd or flock of animals having
the desired genetic characteristic(s). Animals produced by transfer of
nuclei froma source of 25 genetically identical cells share the sane

nucl eus, . but are not strictly identical as. they are.derived from

di fferent oocytes. The significance of this different origin is not clear,
but may affect commercial traits. Recent analyses of the mtochondrial pNA
of dalry cattle 30 |n the Ioma state Unlver5|ty Breedlng Fbrd revealed

S - . Y — . e



19 to be confirnmed that simlar effects are present throughout the cattle
*popul ation and to consider whether it is possible or necessary in specific
situations to consider the selection of oocytes. In the area of cattle 5
breeding the ability to produce |arge nunbers of enbryos from donors of

hi gh genetic nerit may have consi derable potential value in dissem nating
genetic inprovenent through the national herd. The scale of application "
wi || depend upon the cost of each enbryoiand the proportion of 10
transferred enbryos able to develop to term By way of illustration and
summary, the following schene sets out a typical process by which
transgeni ¢ and REFRE t rAHRenPeehorvexyrarfeni nedomey  loE PR @as L e
process can beappgsddiesk astd NVehWED8at § st £ps; ) isplation of

di pl oi d donor gﬁﬂﬁia{n% QRti anakl.&, ~%¥€anggeng§%§?£% Orwgﬁﬁf‘@?e B
transfection wi th sultatl éTE6REEFABRSYIR tH tHaviglert hbght sid ewtesbhe

mar kers; (2a) dFIWHAE procedareariGusdbecy. for Micdse i @&grga&sggggki p
for. mcgo-inecti@vso(3), € i .hon by nucl e transter; (4)
culture, in viyo, o(? i r?()\?l trg?é%lg- %ﬁg{t&ztgfg#?h’egf%%t%ﬁ' Sh® Mpesefeen and
.sel ect for stHH% 3PRFEGFANER mampals, mldbought dening atheotiser ofepivsed
characteristi cspeqific fanstechréméete @@ YiotQal ¢1nal HERIENL 30 Thi s

protocol has a, ' s, oyer, previously p |she8fn@?“§ﬁs of
nucl ear trans?oer :g 1g) Ttﬁge 'g t\r!%grr%afc?‘ﬁe%f 19RE 4 5R5r mRER| ddsnc 430 beeespdsed to
~~t he nei ot i ¢ X@AGSGasheofevhtoprenphbmotmamiiad of the ce2 PPSERSEs Of

acti vation forefpr.opui,ake PeH. Ofieref) [ g i I ncrease the
" rgprogram’n’ ng" of the dongr nucl eus by éa?tle'ﬁ]n(g'g{gﬁz)(thronati n structure.
5-2) Correct ploidy of the reconstructed enbryo is nmaintai ned when GO Gl

nuclei are trdssf edeseiril3® Prebbves wHnubileatiane SRR btehatac?t?:t[é]x}’eaéi on

responsi venes i hpe/ Vi Y, j_ncr s wth ~10 age. e problem
whi ch has pr eahgﬁgfgzégéng%b%% Ifegr%t‘}ﬁrait oﬁﬁﬁﬁﬁeﬂ‘ﬂﬁ AT e PEREHBREY t es

dupl i cation of°%t FotPEaLDi (iRReNsHiIng loodiths vecipsenndesni it j pal ar

spi ndl 8$ are dhosetvedallpyeyeth H& FEPERE & s «aq.}p‘q; reconst ruct ed

and mai nt ai ne‘i‘a\‘i"iié@ighggr I\frlfotl_l%vlel%g al t h%%%#%ulc earé/g‘?v%ll‘%vﬁecs]ﬁteakdovm.
n %ag?&r‘h

and chromati n condensation occu i§’€d1§§ilﬂﬂll%eis obsei ved.. The
premat urely conde-used chronosones remain in a tight bunch,. therefore we

can take advanfege ofudiencaasi NAnar 68SS A ICEEAE 405,25 I3
response of t .
p B% 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 conveniently,

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 .induce
fusion are:



20 reconstructed oocyte w thout adversely affecting the ploidy of the
*reconstructed enbryo. 25 Preferred features of each aspect of the invention
are as_ for each other aspect, mutatis nutandis. 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 follow ng description, reference
is made to the acconpanyi ng drawi ng;;, ihlwhich 21 FIGURE 1 shows the
rate of maturation of bovine oocytes in vi tro. Exanple 1. "MAG C'
Procedure usincr Bovine Oocytes 5 Recipient oocytes the subject of this
experi mental procedifle &PFEEEgnatdd MEEAES( MetaphafusipneprenoGingo

Accepting Cytopl ast) Rewiherdehds, Tbﬁchuﬁégﬁsly’mﬂu PlAsBA ;events during
in vitro oocyte 10 turg tion wer Stucdina dition the rol es of fusion

and activation in eHgryo: recons?rulc ‘fat(ﬂ‘?fé;é’rﬁ ﬁécshv\%?e gndat

i nvesti gated. The studi&drigveasown that oocyte maturation is

asynchronous; howeves), ‘aHaopkabiroR1 ekt FBEA 65t 9RAKESnCaN be _
nor phol ogi cal ly selected at 18 15 hours (Figure 1). Morphol ogi cal selection

of oocytes In Figure 1 ovaries were obtained froma |ocal abattoir .and
mei nt ai ned at REp@ACdwf nplilsanspdusion-premd@dihgbehiendeals gt Ugs 0oCyt e

| f f | di t
hypoder mc ey (gaRr BaVEG ' (BF ndr Bvepi8iE 8 cPRbFIReDl a%t ic
uni ver sal cont&’l“?@dé-‘reﬂf@ru %eﬁ%‘@lok@ft épﬁéﬁsc\m]dqal &usd itnhas anotar ned
chanberld 35C) weth A dend ﬁ@éal@marenm%él alw'ﬂ&%@n&%ﬁ@ %h?cré?r ig0-15 .

ut es beforecé)ourl Oof f three quarteéers of tg% er nat an e remaining
I

follioular natsPra Vas inesess t FPafi*BYESI & D EQF sRSBERHMRedi um
(TCM . 199 wi t¥eEad endaths (Gdcby, bE5abley/td kawmwmecithe 36h&icaxiM Hepes,

pH 7.4, osnol wﬂ&cﬁsaasr%@@é&ﬁgadé’-%esye% ﬂrﬁg;fe@hwcggphog gfdéi‘&asefum

transferred i 85mm petri _dis searc
di ssecting mc é" al. poMeb R witay a9 229r1263(28Aphtt I®yers of
cumul ustkel | s ewpexiseinest edthasdese tduinsds, Tahattidate@CtenAa B¢ Mg and

teonstorred | MAyTHdy Al QRchEOLIN i d Sl BB LR B2TLER S LS,

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

9 19 (1969)), with the additional experimental advantage

that activation is not induced. 1In 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).



5 Hepes, 7.69nM NaHCO03, pH 7.8, osnolarity 280 nOsnol s/ Kg H20) suppl enent ed
*with 10% bovi ne serum and 1x106 granul osa cells/m and cultured on a
rocking table at 39C in an atnosphere of 5% C02 in air. Qocytes were
renoved fromthe maturation dish and wet nmounted on |0 ethanol cleaned

gl ass slides under coverslips which were attached using a m xture of 5%
petroleumjelly 95% wax. Munted enbryos were then fixed for 24 hours in
freshly prepared nethanol: glacial aceti¥?acid (.3:1), 'stained with 45%
aceto-orcein (Sigm)' and exam ned by phase 15 contrast and DI C m croscopy

using a N kon r -SA, the araph i i gure 1 shows the percentage of

oocytes at M IIMa%dggggésléﬁ%i tehnnjé3 dg'imésl%ﬁl 8%@‘%&%"5@;}0&»{ fhgiPBrobithovi ne
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peri ods. Qocy r e r.enny fr the turation nmedi um. washed once in
activation rreé?%m%p?ggeg}éc%&gst %g] a{:(rhel \E’t’?eonc’%ch ‘fﬁ)‘é?néﬁ’é'eﬁlﬁ"vé%‘da si ngl e
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Activation response of sham enucl eated bovi ne oocytes Table ib shows :
activalPon reipomgractficen vt ti® babtr ad bevidlea1eCYis sBaguepU¢haat ed at

approxi mat el y S p nset _of ratd.on (hpm . Qocytes re treated
exactly as fo}:géﬂgg eaf i g%,mg é%ﬁf?’s\%? E%eaao_tegyt%% agfﬁ:ﬁgv\é? Prated
not cont ai ni nBeERBN#ER aphaseThf atime Athaty e Lt iben pose cnsptesfner e

given a singl mab@rptice Qfn 1i25oKVbE Moritblelcreaefeh® {6 VR ihen
medi um at 30dgggﬁgngn4%ﬂ@)%éégy S of Foocyt es .were m)gnt ed, fi xe& and
stained with aceto-orcein. FesUl t s L SRowW e ShubeFRoBPof THGLFREs at
each t1#e poi hranséex f sheulddpyeemtblax peakeepl scaswibrinurhehoatrsgel | s
having pronucket wigh,reseach 4e Rt dhicdUMPEMQ! ££! hSurs! 224
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
experimentation. For cattle, a period of from 6 to 20
hours is appropriate. The time period should probably
not be less than that which will allow chromosome



Tabl e I b 30 EXPERI MENTNo. cells having pronuclei/ Total no, of cells 30
*hpmNo, cells having pronuclei/ Total no. of cells 42

hpnill/ 8- 20/ 240/ 3030/ 210/ 2240/ 270/ 25S0/ 19~ 0/ 1 hpm = hours post onset of

mat ur ati on 24 Pronuclear formation in enucl eated oocytes Table 2 shows
pronucl ear formation in enucleated oocytes fused. to primary bovine
fibroblasts (24 hpnj and subsequently activated (42hpn). The results
represent 5 five separate experinments. Cotytes were divided into two
groups, group A were incubated in nocodazole for 1 hour prior to activation

and for 6 hourgs_foll.ow n ct.ivation., Goup B were not. treated with
nocodazol e. fqv}iattel(?nmg?? §‘tvv§;’ “?FXBSQaﬁa §Pai?|’é% St e LR ofkein | 2
hours 10 post cmipiledt rohivabes mphwrangfouslgnaor) ein eRrema easés padtienot e
was then scored ypder phase contrast. Tie results are expressed as the
percentage of activated oocytes containing 1 or nore pronuclei. 15 Tai

TOTAL1 PN2 PN3 PNA PN>4 PNGROUP A521000000GROUP B334S. 225.816.13.29.7 20
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suggests that [ r |n the econstruct ed enbryo then
only a dipl oi (fdlt%"lﬁ‘éa é?t@é &lI’ L‘é}%‘lou‘i 58% r éﬁsf'é??‘lid i nt%a"tefﬂ%/
cytopl asm ¢ si@PREAFENLENCc HBAE oﬁh@wnactqhﬂé-t ed-heoc yespliinentené: s25 fesence

of the microt lﬂalﬂt@xokg@hbbhéoécw@&éﬁém erOEno‘éeh%EnfméaEear ¢BahOhd P and:
events the forrmation of mcronucl ei

follow ng the. activyation p
(Tabl e 2) andR85&s1 Wﬁ%h“?‘i &&ngﬁd %‘EP&%@‘E“%%& eFFYapieR dpfan he cel |
cycl e tiife cor reddt-opl-abdy qfhervmenenonshd uattedt 36heMiaygel Sndmbé aigred.
R§§U|t5 These dhe3ithbiic SN £ &S induce formation of a pronucleus were
' all causing "activation". However, exposure of rabbit
. oocytes 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
D 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
single electrical pulse, but new observations suggest



25 i) these oocytes can be enucleated at 18 hours post onset of maturation
*(Figure 1); ii) enucleated oocytes can be fused to donor 5
bl astonmeres/cells in either 0.3M mannitol or 0.27M sucrose alternatively
the donor the cells or nuclei can be injected in calciumfree nmediumin the
absence of any activation response; 10.iii) reconstructed enbryos or
enucl eat ed pul sed' oocytes can be cultured in maturati on nmedi um and do not
under go spontaneous activation; iv) the tidansferred nucleus is seen to
undergo nucl ear 15 envel ope breakdown (NEED) and chronpbsone condensati on.
No organised neiotic/mtotic spindle is observed regardless of the cell -
cycle stage of thre therranaréd opuef execommt itutesuembrpns prbat fdémwgi ets
will activate ak %cf@é@édad}de&%obayé&méév&d‘ﬂ BAYSEEY (Eg EA e

f0o rRovm ng
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fi broblasts synchronised in the GO phase of the 26 cell cycle by serum
starvation for The r lts_are_ sunmarised in_Table 3. Table 3
shows. devel op%%n%/ﬁ a(l)cvt e é’rﬁ??-g&IPESBEé??UCQ%Hf%%flﬁ&QYeWSFr BAsfer of
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Tab a 3 application of a microtubule inhibitor such as nocodazole.
at an effective concentration (such as about 5ug/ml).
15 Colchecine and colcemid ar@ 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 miérotubule
inhibitor a sufficient time before activation to ensure

Y .

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 for microtubule
inhibitors.



15EXPERI MENT Npt ~ERNUI ~ER-OFt BLASTOCYSTSBLASTOCYSTS/ TOTAL NUNi HER OF

* FI 1SEDCOUPLETS1I /303 34/31. 12.9 Exanple 2: "MAGQ C' Procedure using Ovine
Qocytes 20 Sim |l ar observations to those in Exanple 1 have al so been nade
i n ovine oocytes which have been matured in vivo. Freshly ovul at ed oocytes
can be retrieved by flushing fromthe oviducts of superstinulated ewes 24
hours after prostaglandin treatnment. The use of cal cium magnesi um 25 free
PBS/ 1. 0% FCS as a flushing nmedi um prevents oocyte activation. Qocytes can
be enucl eated in calciumfree nedi um andldonor cells introduced as above in
t he absence of activation. No organi sed spindle is observed, nultiple

nucl ei are forged upon sullgs quent .activation and 30 this nay be suppressed
by nocodazol e eea'f‘gﬁﬁ?t.:u “g? REGHRIL O, PF eBtabidiFesx mhowkht remaisheep,
a si Ingl e pr egrmuaedtasafrtﬂ&ulatclﬁfix}artjdte Wtih @{)?@Jéiél_ﬁlfohgé{@i{:ﬁﬁb- I[hef
results are sym@gf ' es,. 4. and 5. 5 Table 4 shows vel opnent o
ovi ne enbryos r'ec&r?zs’%uggggggg ?P%ﬁg?gtf’egf a&hgelrﬁra},?é' g¥erefedorgnrhened
cell line to Jrd&gat WHivdsion dlakeisedliacevi vo matured ovi ne oocytes. Qocytes
wer e obtsai ned from superstinulated Scottish 10 bl ackface ewes, the cell
line was estahlished fromthe enbryonic disc of a day 9 enbryo obtained
froma Wl sh ﬁjﬁhﬁt Bfﬁ%'éﬁé.eél%%‘gg%'%’%‘fébf sy yoveRtienc gkt 3Ped2i houns

| i gat ed ovi dugestf endenpof amptneaitfoant (WEHeOrafd daysnel €GoONEr €€ ppd
assessed for GRYelONBRAL - ndd P! £r4ndfed) ?%he?’(':)rec%gg r%étl\é%agg\gytes
.are placed into medium contafhing nocodazole (Spg/ml) and
10 activated using conventional protocols. Incubation in
nocodazole may be continued for 4-6 iiours following the
activation stimulus (dependent upon species and oocyte
age) . '

15 According to the a third aspect of the invention, there is provided a non-human animal
prepared by transferring a diploid nucleus of a donor cell in the G1 phase or the GO phase of
the cell cycle 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 to reprogram the donor nucleus and

20 subsequently activating the reconstituted embryo while maintaining correct ploidy, and
~ causing a non-human animal to develop to term from the embryo, or an animal bred
therefrom. -
The present invention also extends to a non-human animal cell derived from a

25 .
, reconstituted embryo as previously described.

The invention may be used to prepare a non-human animal by:

(2) reconstituting an animal embryo as described above; and
30 (b) causing an animal to develop to term from the embryo; and
(c) optionally, breeding from the animal so formed.

Step (a) has been described in depth above.

The second step 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



TRANSFER PASSAGE NUMBERNDMBER OF MORULA, BLA STOCYSTS / TOTAL

* NDVHER17. 1. 9564/ 2819. 1. 9S71/ 1031. 1. 9S130/ 22. 2. 95130/ 147. 2. 95111/ 99. 2. 95111/
214.2.951216. 2. 95133/ 13i i TOTAL10 / 7 8 ( 12 . 8' s ) 4 Table 5 shows

i nduction of pregnancy follow ng transfer of all norul a/ bl astocyst stage
reconstructed enbryos to the uterine horn of synchronised final recipient

bl ackf ace ewes. The table shows the total nunber of 5 enbryos from each
group transferred the frequency of pregnggcy in terms of ewes and enbryos;
in the myjority of cases 2 enbryos. were transferred to each ewe: A single
tw n pregnancy was established which resulted in the birth of a single live

| anb. "~ to 15 gd) Zigabéﬁén\%fA%%éww P FoBO P41 Phdue P 2003, 33 TOTAL
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eyond any that may be necessary to allow
the development to take place. 1In indirect development,
however, the embryo may be further manipulated before
5 full development takes place. For example, the embryo
may be split and the cells clonally expanded, for the

purpose of improving yield.

Alternatively or additionally, it may be possible for
; 10 increased yields of wviable embryos to be achieved by
) means of the present imventiocn 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 1likely), then each developing embryo may be
L) 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 quide, it
is clear that at later developmental stages the extent of
benefit would depend on the efficiency of the process at
35 that stage.



6 | PREGNANT EVES s al (16.7) | FOETUSES/ TOTAL TRANSFERRED ('c ) 2/10 (20.0)
1 29 -CLAIMS 1. A reconstituted non-human ani mal enbryo prepared by
transferring a diploid nucleus of a donor cell in the @ phase or the GO
phase of the cell cycle into an oocyte which is arrested in the netaphase
of the second neiotic division wthout concomtantly activating the oocyte,
keepi ng the nucl eus exposed to the cytoplasm of the recipient for a period
of time sufficient to reprogramthe donol7nucl eus and subsequently
activating the reconstituted enbryo while maintaining correct ploidy. 2. A
reconstituted enbrgo as clainmed in claiml1, in which the animal is a

manmmal i an spec FErom theohsrre LR%(}’JQM@P&‘SW@I@ ecpedientigsn 2he n

whi ch the ani nnécoﬁsaitutrkgilleaﬁﬂ-y&paaye}se dul thrFeRE,008: bl vbedy efthryq.,35
claimed in claj gn? %@Og@ ch the animal is a cow or bull, pig, goat, sheep,
canel or water bu } ‘A reconstituted enbryo as clainmed in any one of
clains 1 to 4, in which the aninmal is a cow or bull and wherei n the donor

nucl eus s kepgxgsPosadk t @y ggm@h@@t eqmm as iod of from®6
to 20 hours prlor the’?Ctlv Eg?%s : reconstltute ﬁls Ca%%&d in
§r§nFoHE

claim2, in whtt AR, normal r%@@ﬁ&ﬁ taatde@MRy@sas
clainmed in cl dbeméfit nfxdm odr teh&:r askefitirieS ulBRE cOndatishs 8n Aivo
reconstituted SfﬂgﬁotﬁénCkﬁéﬁ@dlﬁnwﬁ9¥hogﬁb9§oglgkgsusuagly culeihegh the
(at least in vivo). The reason for this is not known.
10 In . routine multiplication of bovine embryos,
reconstltuted embryos (many of them at once) have been
cultured in sheep oviducts for 5 to 6 days (as described
by Willadsen, In Mammalian Egg Transfer (Adams, E.E.,
ed.) 185 CRC Press, Boca Raton, 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.

:\_/,‘
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If in vitro conditions are used, those routinely employed

in the art are quite acceptable.

30 At the blastocyst stage, the embryo'may be screened 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



nucl eus of the donor cell is genetically nodified. 30 9. A~ -
reconstituted enbryo as clainmed in claim8, in which the nucleus of the
donor cell is genetically nodified prior to enbryo reconstruction. 10. A
reconstituted enbryo as clainmed in any one of clains 1 to 9, in which the
di pl oid nucleus is donated by a quiescent cell. 11. A reconstituted enbryo
as clainmed in any one of clains .1 to 10, in which the.donor cell is a
differentiated cell. 12. A reconstituted quryo as claimed in any one of
claims 1 to 10, in which the donor cell is“a@n enbryo cell. 13. A
reconstituted enbryo as clained in claim12, in which the enbryo is
obt ai ned from araHI0 A daf ined: i o] clains 1 to 10. 14. A
reconstituted enhryg as claimed in gﬁyﬁ%%é 0 °§§%ﬁ4ﬂ;§ﬁﬁﬁ?sfsf h BRERAE t he
reci pi ent oocyt &% +n LRVENELPRJ addO¥Ee fors. sarqanimgstof udenorsbayo s
claimed in any mldfercb&iam,lthatmimngwﬁleeralmyCﬂ)@g;sréféﬂsécﬂ I's achi eved
by cell fusion. 16. A reconstituted enbryo as clainmed in any one of clains
1 to 14, in which nuclear transfer is achieved by mcroinjection. 17. ‘A
reconstitfted efbtfs ascreanimd, i nifinysaoreeming! Aass dakeh 1G1dde Wnigl
correct ploidy b3agebB ggngg¢g95i {9 | by m.crotubul e inhibition
18. A reconstituted errgrgo as cl air')%eSac]i]!na%TtdaiC)t!nl13 1‘%";"‘%’1?%’%%’“?%’& ot BBdFe
wi generally be 1in vivo. If development up to

blastocyst has taken place in vitro, then transfer into
| the final recipient animal takes place at this stage. If
10 blastocyst development has taken pl?ce in vivo, although
in principle the blastocyst can be allowed to develop to
term in the pre-blastocyst:.shost, in practice the
blastocyst will usually be removed from the (temporary)
pre-blastocyst recipient and, after dissection from the
15 protective medium, will be transferred to the (permanent)

i nhi bition

post-blastocyst recipient.

In optional step (c) above, non-human. animals may be bred from the non-human animal
20 prepared by the preceding steps. In this way, a non-human 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 Ffrom

different oocytes. The significance of thié 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 Uni\{ersity, Colorado (1992)). 1t remain's P4



is achieved by the application of nocodazole. 19. A reconstituted enbryo as
*clainmed in any one of clains 1 to 16, in which correct ploidy is maintained
during activation by m crotubul e stabilisation. ., 31 20. A reconstituted
enbryo as clained in claim19, in which mcrotubule stabilisation is

achi eved by the application of taxol. 21. A reconstituted enbryo as cl ai ned
in any one of clains 1-to 20, in which the enbryo is a bl astocyst stage
enbryo. 22. A non-human ani mal prepared bystransferring a diploid nucl eus
of a donor cell-in the A phase or the GO phase of the cell cycle.into an
oocyte which is arrested in the netaphase of the second neiotic division

wi t hout conconitaniey awirifatiesy tthetoocyine,ldeeepififgcibe awel epseepesed to
the cytopl asm @hrblignbaei RheNtat PliedpBphi 26: 88 1Ad% &YW lisient %Og%eegr ogram
t he donor nucl eus and subsequently activating the rpconéltl ited 0

whi | e mai nt ai nithg CorPeEFIRIei Y, TERESEEY i asPemil Fikgrasi twaibbns o tdevel op
to tﬁr mfromt heneﬂrﬁeyothersanecatﬂmlomroavd:ytdé@hef t@fﬂhe??&re%nfo‘%mﬁia‘é%ﬁ%d q
non- hurmeg ani cyie ich.is,arrested.in the netaphase of the sécon

mei otic gi vi s?g%eig%?%&mﬁ}q%hggﬂd?t 0|£§ %ﬂ%q%%% T MRbRE e R LagMREYOgonor
cell in the GlipRBsdopprshefGbighagensticrhamesdk| maychavhasohegddei-ubnsf er r ed
Wi t hout conconpbashtyadctyynid NG haigaemi fal i n us has _been
kept exposed Pté t he ﬁyt o‘%)l asm of the recigﬁ%%?n%rggglége]% Qgﬁ%goma%nt
sufficient to FBEPBERaRE RAAMAL Medus TRASSHS ath appBicgtdon willvati on

i's achi eved whdependrupot thoiaisthas beeh embry@iiel thédpropoPIvhCods -
claimedygn cl g j | te i nucl eat ed oocyte. 25. An
oocyte as cl ai {ﬁg]ﬁggﬁe%?%%%&—%‘ggc alér/rﬂg%,‘felflél\ﬂ% Lcéﬁ’ ?ﬁé'mdi pl oid nucleus is
donated by a quiescent cell. 26. A non-human animal cell derived froma

reconstituted ggﬁ{a%%fﬂﬁ‘sﬂt%mﬁ %' n a of claine 1 to 21. 27. A

reconstituted n unan ani m 1

e
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ny, O .
_ orys t%%%??w e sefs oyt tupical erasess by
described wi t hwhishémrsgesic end onatrapbgenit non-himangigal® may bdBregded. AhB PRk MaN

ani mal subst angjal.l.y. ' fore described with reference to Exanple 1
or Exanpd e 2. %9. °A g(?gcﬁ:figg{élr@llﬂ% . ?Sgthﬁsa reconstituted non-human ani nal

enbryo substantially as herei nbefore described with reference to Exanple 1
or Exanple 2. 30. A non-human ani mal oocyte which is arrested in the
met aphase of the seCond mslxtiomiofi slignoikdt donbircbedld) pl 0i d nucl eus of a

donor cell has beencdy ansgferd.£0.190bst gpt b her gi nbef gre descr.i bed

with reference to Exarrplriél or Ex?z;rrpl e 2@%?%'r§?r exampg.e by

S.AYR.AI{fy.AI,.Au.Ay_,/QR?@ﬁfECC1°n with suitable constructs, with or
20

without selectable markers;

(2a) optionally screen and select for stable
integranﬁs - skip for.micro-injection;

(3) embryo reconstitution by nuclear transfer;
3 (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
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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 illustration and are not to be construed as being
limiting on the present. invention. In the following

description, reference is made to the accompanying
drawingg.in which: '
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FIGURE 1 shows the rate of maturation of bovine
oocytes in vitro. '

Examplé 1: "MAGIC" Procedure using Bovine Oocvtes

5 Recipient oocytes the subject of this experimental
procedure are designated MAGIC (Metaphase Arrested G1/GO
Acceptlng Cytoplast) Recipients. '

The nuclear and cytoplasmic events during in vitro oocyte

‘ 10 maturation were studied. In addition the roles of fusion
/ and activation in embryos reconstructed at different ages
were also investigated. The studies have shown that

oocyte maturation is asynchronous; however, a population
of matured oocytes can be morphologically selected at 18
15 hours (Figure 1).

Moxrphological selection of oocvtes

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 (1.2mm internal diameter) and placed

_ into sterile plastic universal containers. The universal
;) containers were 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

199 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.
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Complexes with at least 2-3 compact layers of cumulus
cells were selected washed three times in dissection
medium and transferred into maturation medium (TC medium
199 with Earles salts (Gibco), 75mg/l kanamycin, 30.0mM
5 Hepes, 7.69mM NaHCO,, pH 7.8, osmolarity 280 mOsmols/Kg
H,0) supplemented with 10% bovine serum and 1x106€
granulosa cells/ml and cultured on a rocking table at
39°C in an atmosphere of 5% CO, in air. Oocytes were
removed from the maturation dish and wet mounted on
10 ethanol cleaned glass slides under coverslips which were
) ‘attached using a mixture of S% pétroleum 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
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 ococvtes

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. 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.



V0% ()--% YAOY& ()-- !$]” I "F@d$% AO%& ()-- YAO%& ()--% YAO%& ()--
" UL09& ()-- %] CA@d$ ILOUR ()--9%& 9AOUR ()--) YAOUR ()--%&. YAOU& ()--)
VAO0UR ()--;<?2qrsx"?2@d$ AOY& ()-- YAOU& ()--% 9AO%& ()-- YAOY& ()--%

V0% ()--}1 "F@d$% YAO%& ()-- YAOY& ()--% YAOY& ()--

%L0%& ()--%AMPU] C@A$ 9M0% ()--% & 9M0%& ()--) 9A0%& ()--%& 9A0%& ()--)

N

10

15

20

25

30
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Table 1la
No. of ococytes Hours post onset Pronuclear formation
(N} of maturation (hpm) (age (hrs)) (v activation)
.
73 24 24.6
99 ) 30 84.8
55 45 92,7

*many 2 or more pronuclei

Activation response of sham enucleated bovine oocytes

Table 1lb shows activation response of in vitro matured
bovine oocytes sham enucleated at approximately 22 hours
post onset of maturation (hpm). QOocytes were treéted
exactly as for enucleation, a small volume of cytoplasm
was aspirated not containing the metaphase plate. After
manipulatibn 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
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
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
3 0/21 0/22
4 0/27 0/25
5 0/19 B 0/1

hpm = hours post onset of maturation
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*10%k!k&7()‘$1Ta£iQ@§8§ﬁ3ﬁép£fsﬁﬁclear formation in enucleated ococytes
fused to primary bovine fibroblasts (24 hpm) and
subsequently activated (42hpm). The results represent

5 five separate experiments. Oocytes were divided into two
groups, group A were incubated in nocodazole for 1 hour
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
73 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 0 (4]
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. G0/G1
. nucleus should be transferred into this cytoplasmic
H) 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 nucleus is in the G0/Gl1 phase of
the cell cycle the correct ploidy of the reconstructed

30 embryo is maintained.

Results
These results show that:
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™ 10 iii) reconstructed embryos or enucleated pulsed oocytes
can be cultured in maturation medium and do not undergo

N

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
nuclgus;

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 subsequent activation 1-5 mlcronuclel are
formed per reconstructed zygote (Table 2).

30 .
Recongtruction of bovine embryos using "MAGIC" procedure
In preliminary experiments this technique has been
applied to the reconstruction of bovine embryos using
primary fibrdblasts synchronised in the GO phase of the
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CLAIMS

1. A reconstituted non-human animal embryo prepared by transferring a diploid
nucleus of a donor cell in the G1 phase or the GO phase of the cell cycle 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 to reprogram the donor nucleus and subsequently activating the
reconstituted embryo while maintaining correct ploidy.

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

mammalian species.

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

ungulate species.

4. A reconstituted embryo as claimed in claim 3, in which the animal is a cow or

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

5. A reconstituted embryo as claimed in any one of claims 1 to 4, in which the
animal is a cow or bull and wherein the donor nucleus is kept exposed to the recipient

cytoplasm for a period of from 6 to 20 hours prior to activation.

6. A reconstituted embryo as claimed in claim 2, in which the mammal is a
rodent.

7. A reconstituted embryo as claimed in claim 6, in which the rodent is a mouse or
arat.

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

nucleus of the donor cell is genetically modified.
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12. A reconstituted embryo as claimed in any one of claims 1 to 10, in which the

donor cell is an embryo cell.

13. A reconstituted embryo as claimed in claim 12, in which the embryo is

obtained from an embryo as defined in any one of claims 1 to 10.

14, A reconstituted embryo as claimed in any one of claims 1 to 13, in which the

 recipient oocyte is an enucleated oocyte.

15. A reconstituted embryo as claimed in any one of claims 1 to 14, in which

nuclear transfer is achieved by cell fusion.

16. A reconstituted embryo as claimed in any one of claims 1 to 14, in which

nuclear transfer is achieved by microinjection.

17. A reconstituted embryo as claimed in any one of claims 1 to 16, in which

correct ploidy is maintained during activation by microtubule inhibition.

18. A reconstituted embryo as claimed in claim 17, in which microtubule inhibition

is achieved by the application of nocodazole.

19. A reconstituted embryo as claimed in any one of claims 1 to 16, in which

correct ploidy is maintained during activation by microtubule stabilisation.
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22. A non-human animal prepared by transferring a diploid nucleus of a donor cell in
the G1 phase or the GO phase of the cell cycle 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 to reprogram the donor nucleus and subsequently activating the reconstituted
embryo while maintaining correct ploidy, and causing a non-human animal to develop to

term from the embryo, or an animal bred therefrom.

23.  An activated non-human animal oocyte which is arrested in the metaphase of the
second meiotic division into which a diploid nucleus of a non-human animal donor cell
in the G1 phase or the GO phase of the cell cycle has been transferred without
concomitantly activating the oocyte in which the nucleus has been kept exposed to the
cytoplasm of the recipient for a period of time sufficient to reprogram the donor nucleus

and wherein subsequent activation is achieved while correct ploidy has been maintained.
24.  Anoocyte as claimed in claim 23, in which the oocyte is an enucleated oocyte.

25.  An oocyte as claimed in claim 23 or claim 24, in which the diploid nucleus is

donated by a quiescent cell.

26. A non-human animal cell derived from a reconstituted embryo as claimed in any

one of claims 1 to 21.

27. A reconstituted non-human animal embryo substantially as hereinbefore

described with reference to Example 1 or Example 2.
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28. A non-human animal substantially as hereinbefore described with reference to

Example 1 or Example 2.

29. A cell derived from a reconstituted non;human animal lembryo substantially as

hereinbefore described with reference to Example 1 or Example 2.

30. A non-human animal oocyte which is arrested in the metaphase of the second
meiotic division into which a diploid nucleus of a donor cell has been transferred

substantially as hereinbefore described with reference to Example 1 or Example 2.



