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Cell nuclear transfer Field of invention The present
i nvention relates to a nethod of cell nuclear transfer

w0 poormesseé s, and to genetically nodified mamaPGI/DK2006/000498

obtai ned or genetically nodified aninmals that can be
obt ai ned by the nethod. Furthernore the present
invention relates to a nethod of vitrifying oocytes,
ARjorecleardrsfels i ncl udi ng bl ast ocysts. Background of
invention The ability to genetically nodify donor
cells and using them for nuclear transfer provides a
tFdeJd afdavariionor oducti on of genetical |y nodified

ani mal s which nmay be used for exanpl e as disease

nmodel s for the study of serious human di seases and
drih§Presast invgntiory r&lﬁteﬁ torfamnetbed pf erliciustaar frargiar ismammals, and to

tg%ﬁ@fbaﬂ%‘ Afodified %é’rﬁmblé‘bb%n‘?ébsor‘gengﬁé‘aﬁl? %&ﬁf@H'a@ﬁmé}Q thafcan be
first step involves the enucl eation of

Sk byaihg r%eta%&wathgme @?ﬁ:ﬁfﬁﬁ%[ﬁéfé@“ﬁ%re@%t%@f%meﬂpd of
AitAYMYroodiies exRotel EMBRBS Nty BMbtodyaieVer, has

proven to have “sever al di sadvant ages for exanpl e the
need for expensive equipnment, the need for highly

Hddkyrsliitessiaertiomnd time-consum ng work. An inproved
nmet hod of nucl ear transfer enploying somatic ceI I s as

donor .cells has been developed recently, a net

KRGvaRiliRstogangticaly aasing SRRy cellmand yring Hismhies nv@gartwsfer
lp‘E@/ld%fs d%ﬂfop tHd predigtioh bﬁ@eﬁ&@é’ltyﬁﬁodlﬂ_ébﬁarﬂﬁblé%lérﬁmay be used
conparison wth the tradjtional nuclear
%emle %%d'ﬁ?ﬁegﬁﬁwi)mrém %Hdsf %f $eHoPDHRYERN Aisearas. angissug
nfggmg,d has been used in bovine (Vajta et al. 2001

Cloning 3, 89-95; Vajta et al. 2003 Biol. Reprod.
68,571-578; Vajta et al. 2005 Reprod. Fertil. Dev.17,

IrrdditionBe6&IN hucReHr tansrer fiébhmq@&Qflw)olvebdv\ib%té;ﬁbeofliﬁl@ro@rfan|pulat|on A

rz??nafree nuc r r with one st

L a trans&z g({)
2 SIERRYPLASAD? SAUFSRICHEE A RIVEIGHE: aee%nﬁiét%ts%qompasses

afie ﬁénsf&Qﬁb ddnenhingdefst M'Gr@ﬂbhl ulatlon'lﬁgwéﬁéh h&dgelketo have
and (Boot h et

StemCel | s orci ne
éﬁver%ia%gaﬁeﬁg f%@éﬁﬁ“@i@lth% ”%e fpg EX&%‘?‘*}V@ eﬁH@"f%tth? hegd for
thiyhty steaqérighnbesfinireatonsuhsswekmandi ng and | ess

ti me-consum ng has pronpted researchers to suggest
applying the HMC techni que to ot her species. However,

AnnbhishRkd Mheth€d BiMuRlar Ba T EdTEp lB?d@ sbiNEhcﬂd%?llsla@Qfoh@rrbéllﬁ has
@ﬁgn Bo\gpgcp de nd| 8ﬁtn£eftllgqgol{r{9 gta@SH%/ gge %Fonlng (H?\/IC) which
involves the use of zona pellucida free oocytes. The method is simplified in comparison
with the traditional nuclear transfer as micromanipulation is no longer needed. The
method has been used in bovine (Vajta et al. 2001 Cloning 3, 89-95; Vajta et al. 2003
Biol. Reprod. 68,571-578; Vajta et al. 2005 Reprod. Fertil. Dev.17, 1-16; Tecirlioglu, et
al., 2004). Also the use of zona-free nuclear transfer with one step of micromanipula-
tion has been described for bovine (Booth et al. 2001 Cloning Stem Cells 3, 139-150;
Oback et al. Cloning Stem Cells 5, 3-12) and porcine (Booth et al. 2001 Cloning Stem
Cells 3, 191-197). The fact that this method is technically less demanding and less
time-consuming has prompted researchers to suggest applying the HMC technique to
other species. However, a nhumber of technical problems made HMC application in pig
more demanding than originally supposed. One of the problems encountered relates to
low buoyant densities of porcine oocytes, both Zona intact (Z1) and especially zona-free
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| ow buoyant densities of porcine oocytes, both Zona
intact (Zl) and especially zona-free(ZF) porcine

wo@owyhesse Consequent |y, porci ne oocytes do not PEEDKR@6/000498

to the bottomof the dish. Furthernore, the surface of
the oocytes is sticky and it is hard to avoid their
attachnment to each other when zona is renoved.
NBF ersveine ogeyiesor @enreduentlyt perciie@ogps dp nabsatiée irihe pettom of the
s Ffhdtlote, 1% QirkRElr | ecfacwastétalc dndt iSIAE1 BA their

ovi ne oocytes. Recent t echni que was,
[atiaetvaentip each @ihﬁ'é‘ﬂ'ﬁ@ti@ﬁd? r e@b\fﬂdr Margoveh dFgraseine oocytes are

% B8 rP@ALWay BRUesbRSESBIBSY

e Ep T STcult ) B Wh ke ey e becaigife oootes.
production of genetlcally nodi fied cl oned bl astocysts

gﬁ ﬁg&/ We BMC 1200 f%%bé’rﬂmhﬁ@\ﬂltéfﬁdlérﬁéy%hed in porcine

ggnent 16, 31 resent invention
inyglear afweuremaemj@@"wraiadlgeﬁmm@tl%«"@"& fiprRllasts, as donor cells

ré&ﬁtﬁfg‘%ﬁ ﬂtémas&t.ohwgéﬁe%fébrysmsdw@d éanéd“Slé@t%éy‘féis GGQQN@t al. 2004

reconstruction rate uent t he chance of
drspsedvction, denbity and Pyvelanment 48, %%3)5 i s increased
significantly. An obstacle to pr odu0| ng genetically

nodi fi ed animal s by nuclear transfer nethods at a

| Thequesarhinvention imerqves e feeknigye tor sepaiisesiiustpapirgnsfer through
qmzztrssmﬁ@dn %W&@gsea%ﬂwy&racbeﬁﬁjca&p kdt&€nd eor?steaaénuy the

eci es his is due to hi gh |1 pid content
p"baefpen@f Qb&@@ﬂﬂ@geaﬁ@a&mp%@d agimakpie @s%?aﬁ&fiusmlf@ﬁnﬂy
cl oned porcine enbryos may conS|derany I Npr ove the
output of somatic cell clonlqg by alleviating |ogis

staple topsaRuaing genedieally|myody Q%ﬂ"ﬁglﬁgy\f’é'dﬁﬁbtfwré“ethOds ata
Watge BHQb'lsSﬂH@%d‘bﬂﬁy gte&r%/ékﬁ‘ééé?ﬂn%bgﬂﬁfcﬂeﬁ @8 EHDARSS Widdnethods

centrifugation but w thout subsequent

Arplieshierithaiispesian Thissigiduede adigh l@t&beprmrmof PRISINgPocytes and
3dorfas. CRUPIEBeVvAibnioR¥BRED B&CI-EB% r?‘&erﬂ ESWVIErA improve the

rel a es I'n one aspect to a nethod nucl ear
tquini pesoreaiemiell slonina: yeallsviating legistg pr@gtemﬁ HoweMey greently a

|n%ﬁr°rﬁ/aQV§ pl%@ééﬂr@ \J’é@‘ﬁLﬁﬁ’st@H fbredb‘?lﬁat%nqﬁrpbrdiﬁe amBRAs hitgd
zona lucid 21 separatin e oocyte into at_ | east

tomtrf;.ggapgn gbttvg_lttmu gut&pqp@ggmcrgﬁ@nw{aggm f=saki el)al 2004 BIOI
&pqd.ihismep donor cell or cell nucleus having
desired genetic properties, d) fusing at |east one
cytoplast with the donor ceII or nmenbrane surrounded
&RIrhmBHEbEMSentfon Obt ai ning a reconstructed enbryo. A
second ‘aspect of the invention relates to a nethod of
cell nuclear transfer conprising the steps of a)

EHeARELH MBI RS in QN8 28PN t®a rr@th&ﬂﬁ%"eﬂhhélgartt%sfer

oocyte into at Ieast three parts obtaining at |ea
toRBIPEING Hhesgiers ofg) esiabiping Ai IRgstana GReYte Bying gt fegghq partof a

SRS ARG ROU GRS Ib) QSpé}sf@ms OBERB /b bﬂ‘éastc{ovofp'e\&b BBtaftling at
| east one cytoplast with donor cell or

least one cytoplast, c) establishing a donor cell or cell nucleus having desired genetic
properties, d) fusing at least one cytoplast with the donor cell or membrane surrounded

cell nucleus, e) obtaining a reconstructed embryo.

A second aspect of the invention relates to a method of cell nuclear transfer comprising
the steps of a) establishing at least one oocyte, b) separating the oocyte into at least
three parts obtaining at least two cytoplasts, ¢) establishing a donor celi or cell nucleus
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menbr ane surrounded cell nucleus, e) obtaining a
reconstructed enbryo. A third aspect of the invention

w@emacees3s6 a net hod for produci ng a geneti cal | ypaDokReoemo0498

or transgeni ¢ non- human mandal conprising the steps of
a) establishing at | east one oocyte having at |east a
part of a nodified zona pellucida, arating the
deving desiracgenetic peapertisnod)iusing ablgagdi Orﬁ'ﬁrfgp iesbwelgytf@ donor cell or
@gnesaﬂa&drﬁfég c@nquaéué efsbtaity acagceﬁétﬁ&%ed irhbryo
establishing a donor cell or cell” nucleus wth désired
genetl c properties, d) fu3| ng at | east one cytopl ast
Fd G54 %f‘f?\"e lﬁ\?enltloﬁ’Eoﬁ&m@ﬂ%tﬁﬁrféroﬁBQ%%E 'génetlcally modified
nucl eus taining a reconstruct
@ctraveqanrcgwqm@m@wam% semgrigng ihgsters af &) ﬁﬁfah"séw’@rqiéeast one
ftelhtavlhb 39|38 éjp&m%‘( ¥ RrodfBd zaﬁa bél%@@faerb? 's.é‘;%r he oocyte into
ur ed 0 to a host mammal such e
@élﬁ@ﬁb’%@ nems(p injag ap oeeyte Payipg pnuelgus and st le’ﬁstf%‘@ Plas'f c)
ﬁéhlﬁﬁ aibRor deﬂ%%elrﬁhcfeﬁjs%fﬁsdetsﬁe@ Qﬁ‘étf&%oﬁé?ﬁes d) fusing at

engi neered of transgen

o In geneti cal
st AOGEYIoRaRkHIh (e dnersieHgr Menbrens eUrtuNgd cell nucleus |, o)
%b’imhé §hé<ﬂﬁ\sﬁ‘&ctle@ @ﬁlbryfénff élﬁl%(ﬁrﬁ; thg}ec%‘%gﬁucﬁéd Qrﬂb%% form an

oocyte I nt hree parts ob alnlnq | east

GO, 19) splagmg se)d @gww ang) irgnafeipesiaictelliuresyeraliyp to a host
'%rﬁﬂﬁsd&ﬁ‘fhé&%éﬂ@ﬁb%%&@lﬁﬁé In?o 8 @nﬁ’&fchllﬁﬁodﬂéd faigd. ng

at | east one cytoplast wt onor cell or nenbrane
surrounded cell nucleus , e) obtalnlng a reconstructed

@W@Gbﬂ‘? aspeot oPhkliNhtirdidi8s (e %%Hﬁglt &Qdm P %eﬁ&ucally

forman enbryo, g) culturing said ryo
ﬁnawgﬁ@ﬂrqrﬁrgngeﬁrup RN bwwmm%msr@n%@tmmﬁf@ establishing

%‘t’ @ést &t oddyre, Qﬁgéﬁéﬁ’atﬁ@\tﬁé 888td ﬁ‘ﬁ&aﬁe&? ke pahs ¥btaining at least

dified fefus. In a fth aspect the present
|0n9 @mo%ﬁt cepeipbishing aadch@r reHOR Gl neiples hadeg dagifed geptic

ProdedicdTBY K8ing Wa'sﬁd)ﬁ'&cﬁ&%s’i WRRShelordr cBF bARbMBRNR%Urounded
at | east one pig oocyte, b) delipating the oocyte, c)

&6l nyeleyseabiainiag grreanstveed éﬁ’@ﬂ% f} ectivating the resapsiyected

@ntﬁyﬂ folbiri @n w“e?dlo‘i'yde @V&M%mﬁ)sakﬁ'etrﬁﬂrw Ihe H) 'ﬂ%nﬁ@#fnﬁ%and' dliltured
a sixth aspect the invention relates to a method for

EMPAYNlY RNoRs MaminalPURB s fhac e SPvRjorsiatas e@set@a"yapodlﬁed
g¢sttigbl i shing an enbryo as obtai ned by procedures
according to the present invention, optionally thaw ng

an enbryo, b) transferring said cultured enbryo to a

rl'r‘i’é‘ﬁftﬁ%@ﬁ@dt trﬁ#ﬁr@sér’ﬂﬂvehf@'l n%@éé’!é FRedloansr dr?d;ﬂeéervatlon of a pig

geneti cal dified fetus.In an seventh aspect the

|emP€fﬂ gqmprfsg}gaf{lg@qpﬁ oéab%ﬁ%l?liSE'ﬁgla}ﬂ%erq Rig opeie: fﬁ)ﬁ’ﬁl‘Patmg the
FBETB] c)hRtidting RhereR¥ndthR I Jo BSfofR fahesbri® I ichituring said

embryo, e) vitrifying the embryo.

In a sixth aspect the invention relates to a method for cloning a non-human mammal
comprising the steps of a) establishing an embryo as obtained by procedures
according to the present invention, optionally thawing an embryo, b) transferring said
cultured embryo to a host mammal such that the embryo develops into a genetically
modified fetus.



In yet another aspect the invention relates to a
genetically nodified non-human enbryo obt ai nabl e by

wao b@7noe3hod as defined herein. In yet a furthePCEDE2@E/000498
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the invention relates to a 4genetically nodified
non- human enbryo obtai nabl e by the nethod as defined
its tissue cells mtochondria from

he
at r'i? 8§§?V‘i’ﬁﬁ’ Q%J%f fhedpwantionsalaies & a gengtically mpgified ibmabman

as pearhmuhsbtainatsie by & melabes defingd W&ERCd of cul turing
a reconstructed enbryo (enbryo) conprising the steps

of a) establishing at | east one oocyte having at | east
a payét anbthee a@perbﬂHeuﬁVéiﬁon Pdlate S RPE @Eh&&aﬁWﬁoﬁﬁSH h6n-human embryo

nucPeleney e Waadf s Aefeplorming: . ) oot abl | shi ng a

donor cell or cell nucleus having desired genetic
| east one cytoplast with the

oo aufifingrenettbe Bk Biinsda 2ceme ol ressiiecgyon hama
obembmorrg)tmhablé eymmemg%@ r%%gf;)éd’eﬁhreﬁw hé\ﬁﬁg Malgs 188ud Béis
ur N é’ﬁgg o %Eﬂ%%%"ﬁég%ﬁeﬁ F@Fﬁrﬁiﬂ SQH%PWPngs Fi gure

1. (a) Oocytes trisection; (b) coupl ets of
e fra ment for the first fusion;

f| t (c)
[ B BB e B k@ eles 5 P e ofesiteres ofagensioisted embryo
un(ﬁmbrmevombnsmgm@mw $ of &))estdulignify at EHS
?%rt z0n | %b n @)eir 0 lma“?‘%r egél%gg' gtoggﬁgfh %vuh@ atleast a
paftia 8%’% ‘d‘f"g%sbt ?Pranfa)" B@Pﬂﬁﬁﬂré‘élab'@é?tt%’g pafts ebtalmng an
cemcryta‘ iuagmtg a)nucléu@ atyl steedst @ﬁe @ aki B
CoMRLELS o Tl o(gl . ﬁogmen t)aésgfblitgﬁfﬁéf%%ngpgeﬂ or cell
fusi o (&) Eé#f’rs" penedic oﬁ)s Fing eéleaskaneyeytoplast with the
dewoo Pduoﬁmem‘b%blﬂuﬁ'bﬂiﬁbw%whﬁ&leué o) obRiiling &l reé&r@gﬁcted
Br Cﬁ{gjaet n‘g 0S develo ed fromintact ooc yt
E@ panuegd 5%&%"88?}9%0&6 %Wam%ta@oe%@m e) culturing
af?eéedemarym ng (h) Hoechst staining and UV illum nation
of re-expanded bl astocysts from del i pated enbryos
after warm ng. Bar represents 100 nm Figure 3.
Bi I3eseriptionaif drawinigsal | y assi st ed enucl eation. Note the
extrusi on cone or polar body connected to the smaller

part (putative karyoplast). Stereom croscopic picture.
BaTigure i @émcstesmrum:tu&n gbl)r@uﬂletd-bf&mhﬂ:ﬂas%loebﬁé wggﬁxeﬁt fHVthe first

t t he .abse esence of  chronat
uv!’%’gﬂ E@ é“?*ﬂ& Seqntisienfp eFﬁ%P&%}ﬂa@% Upgeribe AC currency);
Ba(d) trlalptse‘esmn SS&lle ban= §@)mIhe absence of chromatin in

atl ﬂ/t oPI asts (b) The #r esence of chromatin in
gure (a) tn vitro matured oocytes aiter partial zona digestion. (b) Delipated oocytes

after centrifugation. (c) Bisection of delipated oocytes. (d) Couplets of fibroblast-oocyte
fragment for the first fusion. (e) Four-cell stage reconstructed embryos developed from
delipated oocytes. (f) Four-cell stage reconstructed embryos developed from intact
oocytes. (g) Re-expanded blastocysts from delipated embryos after warming. (h)
Hoechst staining and UV illumination of re-expanded blastocysts from delipated
embryos after warming. Bar represents 100 pm,

Figure 3. Bisection at chemically assisted enucleation. Note the extrusion cone or

polar body connected to the smaller part (putative karyoplast). Stereomicroscopic
picture. Bar represents 50 um.
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put ati ve karyopl asts. Figure 5. Stereom croscopic
picture of Day 7 bl astocysts produced with chemcally

wa@s@7s2ssde handnmade enucl eati on (CAHE). Bar repPEFBRR2@6/000498

50 nm Figure b.Hoechst staining and UV illum nation
of bl astocyst devel oped after chem cally assisted
handmade enucl eation (CAHE). Bar represents 50 mm
Det ai | ed description of the invention The present

IFYEEUL PBeEHs?Yiafiy 4l YREhik{tieR @ tHeSsbsbRte ShPHreBEhce of
mammal s ﬂ({dnucl ear transfer which refers to

iahFarerRilne MYdlioht fruerteg JHpIPesRih igpsaqpla RigtkrepRiar FEPERRERIF0 HM. (a)

el ablsEnédofedhpsTh At iR uBle cytSHIARE (1) TR dreSdHeb @R Ehromatin in
transfer In cloning, the transfer of the nucleus of a

PHiR{VE £aVeBESSS- cel | or somatic cell into an egg cel
(oocyte) which has had its own nucl eus renoved
&genucl ated or enucleated?qis call ed somatic

|1
e 5 SierenTaiemECoPH, BICERt DN T PRSIacysis Prodyss Wik cheraisally

tRbBtddaMamats ehesle&BR(CAHEN B eegessits 6aluy i denti cal
to the donor of the somatic cell. In the present

i nventi on the nethod of somatic cell nuclear transfer

iFgue Wé&ﬁst@taiﬁiﬂ? lang Wn} @a@hinktiesf R4st66y3PaévEldpediafer chemically
| east one ogcyte having at

steps of a) establishi
|1aggisted ﬁBQ%’@dEF”%\C'%@PRgéE‘Ei&% FRIPFRIEF a3 HMD)
separating the oocyte into at |east tw parts

t al nj at | east, ope cytoplast, c) establishing a
?Fg%ﬁs'.'eiagfrcrlﬂt'°&'érﬁthﬁme@ O®Mhavi ng desired genetic
properties, d) fusing at |east one cytoplast with the

nor cel| or, nenbr.ane surrounded cel ucl eus, e
I ot Iy S YR TV e gy Uping FReh s by uclear
itveRt WBlthabRes toenteddesing @ fall 6erhplemenf ofdRicleaR DSIASRIM one cell to
transfer, conprising the steps of a) establishing at

B0 fClERtedSSlyt e, b) separating the oocyte into at
| east three parts obtaining at |east two cytopl asts,

FouT Lol B ArgFhor i o5, ) fusing at | east one-

, g at | east one
Giy tloping stheWahbfet bEthd @noleus 81 4 seMmatiaBbael SHESAETIERM into an
TR TR T IR G A A
tiocalleti abmatib eeinsleze frbhsfiek Mhe Mewl ivgividbalanis E&veldpofior this
R BB B A R R T B e Sopatc co.
ag ey gresght irvehiioh the @satingd ofrboatatic @Bl NBAEE tRifsieRTsRd method of cell
fmelcr;rlglare transfer comprising the steps of a) establishing at least one oocyte having at
least a part of a modified zona pellucida, b) separating the oocyte into at least two parts
obtaining at least one cytoplast, c) establishing a donor cell or cell nucleus having
desired genetic properties, d) fusing at least one cytoplast with the donor cell or
membrane surrounded cell nucleus, e) obtaining a reconstructed embryo. However, the
present invention also relates to a method of cell nuclear transfer comprising the steps
of a) establishing at least one ococyte, b) separating the oocyte into at least three parts
obtaining at least two cytoplasts, c) establishing a donor cell or celi nucleus having
desired genetic properties, d) fusing at least one cytoplast with the donor cell or
membrane surrounded cell nucleus, e) obtaining a reconstructed embryo.
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reproductive cell, one that has not conpleted the
mat uri ng process to forman ovum (ganete). In the

W@e@3e2R396 nvent i on an enucl eat ed oocyte i s thePCT/DK2006/000498

recipient cell in the nuclear transfer process. The
oocytes according to the present invention are
i solated fromoviducts and/or ovaries of a manma

NIherprametersdot tae listed staps caahe yanedbim qy@@éa%@%%&m% efficient
ahh&@é&&%r’s@?y o BYiv&ahinal ?de%@sa't' ﬁé)vérfo@@pﬁkénlikﬁérs are described in
ovi ducts and/or Ovaries of live animals. In one

edpigdlibaloMt t he oocytes are isolated by oviductal

recovery procedures or transvagi nal recovery methods.

In a preferred enbodi ment the oocytes are isolated by
a$Pcyieti on. Oocytes are typically matured in a variety
ofrhBRhP ok EANME LS dfhgRE tROPteSdtit ilveAtidmEBSs &k ImMBiufs fehfile

enucl eation. The oocytes can alsqo be isolated fromthe
ovepre@ustive call, oae dhat |h98 saksamnieied hennakiring prageenta fagn an ovum

OY@HetBRth @\%‘?ﬂeéérﬁ’ %ﬁ@nﬁi‘\de(n%n&léﬁ%doocﬁe% eealbipient 881 in the
oocytes are freshly isolated fromthe oviducts.
oheifearstragisferpresgsast s may al so be cryopreserved before
use. Wiile it will be appreciated by those skilled in

the art that freshl% i sol ated and matured oocytes are
pri8p SPRVES 2E90rding to Wedessst inypRtioniase Sgiaierhirormiovidyats and/or

p@sémetél & dRasmep mcﬁﬁ]gny/ %o&ﬁ@s %(‘r}éir@%@frbmrdebééé{%séduﬁﬂs
or after maturation. ERéo preser ved oocytes are

RSB e Y PR ARt 8160 T SHeT AV fyels ARECoYRES Eive anims.

pll@@h@gmbbﬁn@ﬂpmb%cy@s BRd ;%na!euw dmbtaMecNeérp@G&eaﬁres or
thawi ng cryopreserved materials suc

L SENBGR SCoVaTY THalSHS PISRsR S UBPRUNG GHORGS are solated by

t hasifatioh. ObEtEREX t§litdlly mdlureB e aWbrietylongeara kroWn to aperson
gener aj cryopreservation of oocytes and cytop Ia

a s(ylg@q/mdgﬁaﬁ(mnﬁ@topﬁr@@@am% Thg,qacytgs fan dspa n%glqt rom the ovaries
diof & irédentiy & ‘sé‘crﬁ’nb@@ aniffaf am»eerpﬁnebb@yaﬁ@\b@eﬁm&emawor thawed.

general fragility of p| oocytes and c asts, and
bgégﬂ'?é’fyefhet%yﬁsj’ﬁe fr?ﬁ? visel Fﬂm f%?‘y‘#ﬁ’g%s t hem very
sensitive to chilling injury (i.e. |nJ ury that occurs
bet ween +15 and +50C during the co and
plRRCKIGE CE FYOPIRSIS eANRIFO BFE APTRERSd b esez R %dnhg@é’e

| bppreeriddEsy thBQé skipadein kﬁ&ﬁé\‘t rat el i isBla‘tédVahd rﬂawré?ﬁoocytes are

har vest ed ed in the puclear transfer netho
GPeFERbd ibpisp pereeotaatad i t Retoss bR R e cocytes afer

O PakeEnPéreafe® hbahish. SWhpeaderyeds dd@mee iakd ar lised then these must be
nonsuger ov%lt ated or ,super ov}#l at ed

na
hétal RSN e a8ty e g typn sty eipgs of hawing
0fcr3*&:§f&@nféﬂ®ﬁét§ﬂdzl§ sg@ﬂmdﬂhépatdhcﬁub&@)teﬂhe fEdelh@process are well-
hor none. V\her 00C ve cul tured |ln
%Hﬁ‘f"‘& p thape g e ggl i 3}5; ﬁ—&wﬁyef frrgeneral, cryopresérvatlon of
oocytes and cytoplasts is a very demanding procedure, and it is especially difficult in
pigs, because of the above mentioned general fragility of pig oocytes and cytoplasts,
and because of the high lipid content that makes them very sensitive to chilling injury
(i.e. injury that occurs between +15 and +5°C during the cooling and warming

procedure).

In another embodiment, mature (metaphase il) oocytes that have been matured in vivo,
may be harvested and used in the nuclear transfer methods disclosed herein.
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oocytes in vivo may have accunul ated may be renoved to
provi de oocytes that are at a nore suitable stage of

waoragoaizi3pon for enucl eati on. Cunul us cel | s mayPGEDK2006/000498

renoved by pipetting or vortexing, for exanple, in the
presence of in the range of 0.1 to 5 % hyal uroni dase,
such as in the range of 0.2 to 5% hyal uroni dase , for

Seanqtiady. matureamelarfaseoll oocyies e soladisrhsyrgisalydEy eitkgich
%nétﬁ’qetrclj\ﬁllét@d“Qﬁs%r&u%té@mﬁ%ﬁb)@é@fooﬁ KL S pasttRE onset of estrus

exanple 1n the range of 0.5 to 3 % hyal uroni dase, such
&5 paﬁ theyiniqcling ef BHManN eharignis @Wﬁwmwowc@% simifeg hormone.
exanple in the range of 0.5 to 1% hyal uroni dase, such

as 0.5% hyal uroni dase. The first step in the preferred
Yéhaie @ocyipg Bevakeanailiuieg)| i vitrgncusnulys wwmt@m@ SgBRYRdEng the

fobeﬂbé.rﬁmd ABY fadheRmuldted H&'yfberréﬂa{/éh tol $r6vig® GMéy@eé‘fﬂMt are at
be obtal ned fromany ani nal source and at an

sta
et Rieutaple stage of megeration fereveRation. Grmuive C@%wﬁé %afemoved by

RASrVBReBRG! f&Ué‘)laﬁﬁer tlﬁ %%fr@ien'&é%f Pags rér@éfotOeﬂtotSJ%
be of "significance for the success of nuclear transfer

ryalHEmnidasenghen asdn the 'epaskl-R fo 3Hd)rkEonidass fahenampimin the

PN &9. @foes of ﬁy%'ﬂjrbﬁﬂé{&s%% 8Yinaf®Hdrakiopn.2 s h?eﬂtﬁrohi@ase for
t echni ques such %enetlc eng |neer|ng,

cle
te.xawgéen t‘%ﬁﬂ@“@? 8ho-Rdo 3 /e| @M HERPASse <HCh S8R e raP%e o 0.5 10 2%

My SLRIdlsY | foHaxBRBId iR the fahge BED 816 1018y MR6NiEISsE 8LiEISas 0.5%
may be used as recipient cells for nuclear transfer.
BYeIlERNidAse, successful mammalian enbryo cloning uses

the netaphase Il stage oocyte as the recipient oocyte
because it is believed that at this sta f .
r?iﬁ‘@tﬁr’%ﬁ"?ﬂn‘nt“PPepr(?f?éSﬁdé“%tQﬂd%'@VQJYeﬁ e dspigti EIOg ﬁtrP'ilp'e”t oocyte from
aCuiteBle @ik 4. wtﬁi@tregjém th8 bb &Y AR baWbAHEd Aémidhy iahimal source

were a fertilising sperm However, the present
ﬁWé}ﬁ?Fbﬁta%Pg’tﬂég“’%@”any mat urati on stage of the
oocyte which is suitable for carry| ng out somatic cell

nucl ear transfer, enbryos, blastocysts, and/ or ani nal
J@@ﬁtwfén%yrafl%%%ﬁweay%@t% 5\'“8“ @Bl pugigan tgagysfer has been

trésateldan befof GigRifiBaRRE0I the RUEdHsE @ nuclé tiafsiél Fiethods. Immature
maturatllgn of O?ﬁ’f’%t es usual ly takes place in

KeerPags b Rondes fiem mammal gass araff nrmg@%wplratlon in

'B?&e&ﬂ@ éﬁ@ldy'te&inﬂﬂﬁs%ﬁcﬁ]%g%tlblé‘ﬂlgmeé% fnlub|§§r tI%Hs@ér and cloning,
The tinme it fs an i mature

rséﬁ*é harvgsies apewies ?@ Rfﬁ eraeb&y MRBeRINER *P%ﬂr ? PBEV‘e Pelisgmay be

RIBd ak F&sbigntefl foe Alicledr tidMefepr esent i nvention the
oocyte is fromsow or gilt, preferably froma sow.

Ani mal s
Preferably, successful mammalian embryo cloning uses the metaphase Il stage oocyte

as the recipient oocyte because it is believed that at this stage of maturation the oocyte
can be or is sufficiently activated to treat the introduced nucleus as if it were a fertilising
sperm. However, the present invention relates to any maturation stage of the oocyte
which is suitable for carrying out somatic cell nuclear transfer, embryos, blastocysts,
and/or animals obtainable by the method of somatic cell nuclear transfer of the present

invention.

The in vitro maturation of oocytes usually takes place in a maturation medium until the
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The donor (somatic cell or nucleus of somatic cell)
and recipient (cytoplast) involved in the cell nuclear

wo e@nstsspe net hod according to the present i nveP€CT/DR2006/000498

a non-human manmal . Li kew s, the animal in which
reconstructed enbryos may be inplanted in according to
the present invention is a non-human mammal . The

wasyiehasgached die matgahased slege et bap exivded e Gstoraiar body. The
GRSt SkeSHra lrﬂﬁ{éﬁﬁé b6cy?E tofehéh MRRIFSSNG 3bieeHe ‘Prﬁaturatlon period.
bovi dae, ovids, cervids, suids, equids and canelids.
In a particular enbodi nent the manmal is a cow or
b Iprefgllr megﬂ*ﬁe‘ﬁ't 8 thS BRREnt IRVEMIBRE SIGRPs frlaﬁfs?ﬁv or gilt,
pony, ey, deer, elk, caribou, goat, water
k@[ﬁfﬁf@bb’ff%ﬁﬁow |l am, al paca or pig. In a special
enbodi nent of the present invention the mammal is a
pig. In one enbodinment the pigis awld pig. In
#ler enbodi ment the pig is the donestic pig Sus

%E%ﬁor bmatic g&r&%dc%ﬁ of é&n%ﬂceﬂﬁéﬁ&"n%bp?é?@?ﬂl‘tdﬁ?éﬁ mvolved in

he 1 nvention relates to mni pig, but also to inb
pth@@e" nuelegar §pasfer Methegiaserraiag to thedresant inyentinn isal r@@twan
fn‘ié?ﬂfh%lh Elkamgpth‘éoa?ﬁham walcﬁfredeaem&&&emmfog%y& implanted in

Ire, Duroc, Chinese Mishan, Berkshire and
@Qrﬂwgﬁo thenpresentnusptic is arasdiuman memeghr egpammal may be an

'uﬂ&@ﬁfé éerbat@d fbR3nd Grolip %or%é?tMB oF 08SkbShd SHviRfrepRBENEGRS of
shire, Hanpshire and DuroC. However the present

ibRVieRA®, QyifisaPeide e uidse Savigs eRE conelifs. bomparipylagempodiment the
L AAhaGS a dW &‘btﬁnﬂs&h 'bUﬁéS :Méb%hﬁ?-ho@ éﬁe'eﬁr Illd’rse Ry, donkey,

group COﬂSIStIn Ber kshire rain, Land race and

CHilpedner, @bt §ﬁﬁ'PPLb @ﬁaﬂawat% peale, amelHlams: alpaga or pig.

'lr‘i‘éﬂ %&él@lrbm@&méﬁtsd? e Ve SE? Weﬁﬁ%st'hé tnhaﬂﬂmgf is b NR6Re
i nese Mei shan are objects of the present

.emb@ﬁtm%ﬁ the pigds p g p@ulrhanoé*aﬁs@mh?émerttme P9 dp thg dgmestic pig

lSBdCAFE R doMesteulOhKahhR@héH dinbddiméntiRe Hv@MidWrelates to mini
enbodi nent the invention relates to pigs of the breed

Rigmbyhalpe fo IBBtedNig% Duroc. In yet another preferred
enbodi ment the pig is of the breed Chinese Mi shan.
However, al so Berkshire is covered by the invention,
Ama spacitic epeedimenting big manbe pelestedifiom Hern @H‘Slﬂmg fle

RER&RBE, YaKeiHe H@n@@ﬂFé“@urmmeB@Meléﬁant BErkBRIRSSY Piétrain. In
invention relates to mni pigs selected fromthe group

yehanadherrinkadinegriites prgaent 'W@E\%W'Gtmmh%gw caRgisting of
V7288, afbrksr?ﬁ'e ﬁEH\%Qﬁr@&W@umb HewdRy t@@@%ﬁ’(ﬁﬁfeﬁtlémﬁso

|nvent|on rel ates to group COﬂSIStIn

BRI oM EHSITING AT RIS, PUIrGp ancHhHpsreMpishan. Similarly, the
IR &hslsting BEBEKSNIR, PRASINS Laktiadd arlRPORIngsMBishBN can be objects

of the present invention. But also the group consisting of Landrace and Chinese
Meishan are objects of the present invention.

in a particular embodiment the pig is a Landrace pig, or a Yorkshire pig. In a particular
embodiment the invention relates to pigs of the breed Hampshire, but also Duroc. In
yet another preferred embodiment the pig is of the breed Chinese Meishan. However,
also Berkshire is covered by the invention, and in a special embodiment Piétrain is
covered by the present invention.
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Wizhi shan , Xi Shuang Banna. In particular the
invention relates to CGoettingen. But also Yucatan is

w0 edogwas3ve for the invention. Simlarly, Bama XPEnDKZing/000498

is covered by the inventiorg also Wizhi shan, and in
particul ar Xi Shuang Banna. The donor manmmal s

according to the present |invention emal e, or
rmoéwer\?ﬁ%wa'g@%ﬁ PRSroReAhiaVentign rﬁ@teéﬁ%//%é"wc&%d feqn the
el conBistifPbf GEETRdeh, FuERhh BankTRiM ng ZAG Oprudhiskart 0><.tsim@ang
present invention a reconstructed enbryo (i.e. single
&AP2enbryo) contains the genetic material of the

donor cell. Subsequent ly, the reconst r ucted enbr yo
di vj des essively into a nulti-cell enbryo
t"Pu@“’&h%’@B %g‘eﬁﬁ% jryenyion "\?ﬁt‘?%totﬂﬁ%g@h'géf’nﬂ?“ fé‘?%“'}%"r

tvsu@btéal Awerhétm@e thdaiverttibh Yaldteo o e giagcedrizrting of Bérﬁa Xiang Zhu,

MuirioRs 4 SBhans Beimiay Fepaiie s T BVERBI Bt P ptpingen. Bu

aldoeyudabid ipFSIERHS f&fth@moérﬂ@h ShABaY, Bandd XRhgAne i96seted by the
of n1t05|sﬁ&§ activation on %gucte enbryos are
dnventions @lsonVpzhishan, apd i RaﬁtéCUi?&Bé UhPE"¥s about
12 16 cells, it is called a "norula". Subsequently,

e enbryo d| |des urt her and cells are forned,

r'i‘& donei [RRMAl§ P‘&S’V%%H e EW?FV“V%W’”HP may ke ‘gg}??ee or male. The

Riga of ARAARARNEAYAA Ne aky agr éichsageadulther forsxantplé & fetus.
called a "blastocyst". The developnental stage of the

"fertilized" oocyte at the tinme it is ready to

igRbeat ; formed fromthe norula and consists of an

i nner, cell an internal cavity, and an outer

iAggadingrto é*éﬁ P@S%raiumeeaﬂw Bﬁﬁ’-Fé’@?%‘é%‘?%ﬁﬁ"ge@l (I-%-.S'"ﬂi%"e" embryo)

lbba@tr@qu@beﬁétmﬁ@teﬂ@ of metdmmc@ls 80bsdgueatl, itirasaysteted embryo
ant ed i nt%¥the ut st m

| _and . .

B Riedrepdval il pri -6k vt A toRGHSSHe! BERs) n itgp the
toheetE hiieds :@fypmngemdb@ardaw\adnoatnomfascu&bﬂ@aogmemi cally
nodi fied or transgeni c nonhuman mammal , for cloning a
non- human manmal, for culturing a reconstructed

etieyresan thveatior g ey embaRCaNaefoNR tOfre@nBichtédrbm]bQ/,os which

t he enbr na e cultured invitr

SRS APB b B iPE 1 RIOWB AL RS HoaPieE ALST (N SRPFA posis by
apVRIGh aResdnktadted BMbaBE Ay®cuRyeddia vitronor mal enbryo, or

a reconstructed enbryo as defined el sewhere herein.

Cytopl ast An oocyte or a part of an oocyte from which
tviligerntie letnisydiesntéins absid mavieccell§atie calferl 4 "moruia”. Subsequently, the

embryo divides further and many cells are formed, and a fluid-filled cystic cavity within
its center, blastocoele cavity. At this stage, the embryo is called a "blastocyst". The
developmental stage of the “fertilized” oocyte at the time it is ready to implant; formed
from the morula and consists of an inner cell mass, an internal cavity, and an outer
layer of cells called trophectodermal cells.

The blastocyst according to the present invention may be implanted into the uterus of a
host mammal and continues to grow into a fetus and then an animal.

In the methods provided herein for producing genetically modified or transgenic non-
human mammal, for cloning a non-human mammal, for culturing a reconstructed
embryo, and /or for cryopreservation of a pig embryo, the embryo may be cultured in
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By the term'donor cell' of the present invention is
nmeant somatic cell and/or cells derived fromthe germ
wo 2002/028y6 t he term 'somatic cell' of the presePCT/DK2006/000498
invention is nmeant any (bod¢) cell froman aninmal at
any stage of devel opnment. For exanple somatic cells

|g|natefr mfetal or ul ssue caII

p‘f'%‘? SANRY Ay 0 rc%ﬁango'ed%C@W&%n&ﬁqmtabw@r?d “M'”
"W@s’@éted et ise Erhibryo anayedena horieal Bﬁﬁbry@' 8Pa Psonstbted embryo as
A?cﬁcf-'ﬁ 8 Pg &,o t he resent i nvention donor cell is a

£f ISERNeTe 'Pe?ﬁe' not her enbodi nent of the present
|nvent|on the donor cell is a cell derived froma germ
(S line. In a preferred enbodi nent of the present
i YBRIEPon t he donor cel | harbours desired genetic
PAD PGty 66a phid WX boCytd ol AVHidh 1BE InuclEBY heibésHitemoved.
desired genetic properties which have been gai ned by
genetic mani pul ati on as descri bed el sewhere herein.
Soomdrigziicel | s are selected fromthe group consisting

0 pi.t heljal cell neur cells, ernmal. ce|ls

ca EBiEE oBer SHluordbo Birest ittt is it angeye 8l andior ool
cderived frow e gelr ipdiocytes (B and T | ynphocytes),
erythrocytes, nmacrophages, nonocytes, nononucl ear

cells, fibroblasts, cardiac nuscle cells, and oth

B hedere spmatiq ek af the presenblpventioads meaht an(pasfel from an

OfriABRat sy sﬂage F Kleﬂalodrh@ﬂ F&%&ﬁﬁ@@sonﬁdti\é%lls ﬁ\%\? BREMRate from fetal
i nt estl ne, heart, %ro uctive organs,

QTG tiSSHes ERPECAllProeREs SWP%?%US reythase ofiagtaharigial Kowever,

f scNEFrof & el BneSRBRbIs6 belsks. A&Mrdi}% @Behé }:Sl%@eﬁtr lﬁventlon 2 donor
d??icrl bed el sewhere herein. preferred enbodi nment

'$ A semafiorel & %'PPéh?ﬁé“W'W the Rf%ffqﬂ}, inyenipniae |dﬁkf51°r cellis

f el Wetiet) Feey gm,e,cdewn@s the recipi ent oocyte
(cytoplast). Preferably, the somatic cells are

fibroblast cells as the can be obtained from .
b EieieErd sk dineant sbthe preseatinventionithefanareell Aadpeurs desired
QemBli¢ bio%‘értleg' Pé\ﬁ&}easthé dBRY cfeH' HM&I?EHL? dgﬁr&)ﬁ%ér{e‘t’ ¢ properties

prop aﬁate in vit Most preferably
S Naecbean SAIRSCpYaAmetie EanPLisiion ﬁaeegcr@fed felsewhpre herein.
origin. In a preferred enbodi nent the somatic cells

%ﬁn%ﬁﬂ;@ilé ‘é?é ééf Jf@djfréh?ﬁe glJoU ¥8ﬁsx§1n§%%Bﬁeth &,ﬁ;gf,{ i cells,

I ment e present e sonat

eﬁp@q@smgl @Qﬂﬁl lserafmgytps éfe@mmq»et@fceﬂmnelanqnyteg» mortdrodytﬁs

G] ucI e e{o%@@dﬂhh@’ 5;@ &8& e s§|h'i’8t egn%jem orr]wcytes

gn@m@uglpaﬁ@qlho&m'oblasts cardiac muscle cells, and other muscle cells.

These may be obtained from different organs, e. g., skin, lung, pancreas, liver,
stomach, intestine, heart, reproductive organs, bladder, kidney, urethra and other
urinary organs.

The animals from which the somatic cells may be derived are described elsewhere
herein. A preferred embodiment of the invention is the use of somatic cells originating
from the same species as the recipient oocyte (cytoplast).

Preferably, the somatic cells are fibroblast cells as the can be obtained from both
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consi sting of aspiration, physical renoval, use of
DNA- speci fic fluorochrones, exposure to ultraviolet

wo p@hin2gseel/ or chem cal |y assi sted enucl eati on. PCTYDER@6/000498

enbodi nent the present invdhtion relates to the use of
DNA- speci fic fluorochronmes. Enucleation may, however,

be performed by exposure with ultraviolet light. In a
slevelpping detusesians Friranénale indatgeshiantitiosh Bisreiasty may furthermore

Q)%Séa%flye FroBébé’téd ‘irPVIf?Q}’l%é%%lrefér%m?V@lb s%fnattle %el@Jé}Je%J&tro cultured

Chem ca fy assi sted enucleation using for exanple
dirtobisépeifectetorigignt s, such as denecol ci ne
(N— deacetyl -N-nmethyl 1 col chicine), and/or for exanple

ec‘fbH'Sd 8 in?én‘?fhe g‘;bttlé cgﬁyarQ%eﬂéﬁJggy [ﬂéﬂlfi@ﬁ' 3" e{ 8 further

mat|1 c nD |ca I on zona pellu
sre@ @W@ndm%pf oA peesept mg@gloa e samatis gedls aree@ig@ej& and

I sewhere herein
ﬁpfg%tgmentg QI\NI ncg%é?‘@?lg f‘loﬁggdlﬁ%part| cul ar period

of time. In the range of 0.1 ng/m to 10 ng/n
daweleatien ne, such as 0.2 ng/m to 10 ng/m, for

ﬁlgn%:ﬁ?étﬁ?% P?’eerﬁ(lgﬁndﬁtloﬁ 8f %rg wrﬁ-rrln?%ﬁ% %Qle?rﬁépc}ro%?tr{?aaga%&g‘géhods

reghsibtingoof@Gshiratiphpbhysfcst ree)ca/ab uee of IZ!N#gsfpntmd dnwocdhromes,
@ﬁ?ﬁg? l%d;BlﬂJangi?%Pﬁgfrﬂ ahgloF Q?en“@éngra@%ls% éﬂ% fegmr{ in,one ?mbod|ment

atron ne enen
dhe presedisnyention xelatek ¢o the ushef Déhé‘g@e&ﬁlccﬂugrongrlornest o 10

B RlopBSERID, fdive 3F B8 (Efoliney BPEHoshi o GRalbipt e 1na
regutticular eobodinzant keudeaiong ehemically asgisted, prioutshphysicel regoval of
'Iﬁé H% L. Q)h@n‘f@;(ll?"aasi%tg& eﬁmaoﬁ ug néj fgpéi%lp% Qﬁiﬁ%oglgstlc agents,

e supplene maturalon
fsuch esi Idemlep@lgme i-deacstyl-M-metiy! pcekebicine),and/or for example etoposide

%9@8 @ggﬁ{s'rﬁ L}?@?H{:ﬁbr@%ﬁ %ﬁgr t{p e%g%r?lgtlcmnedlﬁgat%nlyf ?ona ?ellumda

Zhﬂnyqally@@hls@sl eg0clkaiion eongprises culfusing evxaiur@kiéDQ@s i matucation
Jmeﬁiy}h%g d%gmbﬁ?iselgegv @hér m%fBé%ﬁ'eE@ vﬁm&#&néﬁgpa particular

for exa
menod phtineJarthé tangaof @ﬁh@ﬂnﬁe o ugwnmem@dojmrm §ueh e8i0.2 uglml to

. '
O AR Lo Pl PISE LAHRG 1B PN, ool g PS i

mXﬁmph &3 pghpht@dlm/mb suchoan®Ad potmlite Ofrdint, rf@oemmpte 0. 4 Hg/ml

10{%ﬁ1e% ! rﬁg)? b&Yy n%p:ﬁ/ ﬁ¥nt@@¥cﬁfh‘é%atﬁ%ﬂ9ﬂ MedRim. té?ﬁll%h\%ﬂﬁatlon

yS|c separation for
myedmrs Ay bmswrpletnh@ted)wgm @topmldﬁ fcmxamp@e@ thet raoge of 0.1 pg/mi to

[
J@t!{i}tgg&({%{] stﬁgh ﬁ@ P;Qaﬂirﬁl tBhI% ?CH’%XQH\% (5‘§ pg/mi to 10 pg/mi,
ﬁéﬂ“m@ﬁ; ﬁg?Stugémhﬁ@cﬁ wtnédorrm@mp&m 8me/rald@;1w/rah§uch as 0.25 ug/mi to
o ogglb‘l :’fgrs éib?nﬁlﬁ%lﬁ ﬁngy M&‘?cﬁgArﬁtﬁg P% gpP@HII%H%H to the maturation
srqsiynat Thentime fqyycuttwr@etbe iCQCS in &rupresensei qf anfinenpigste agents
QhingMliffoth § iR 8 5 Rirs, such as 30 minutes to 5 hrs, for example 10 minutes to 2
hrs, such as 30 min to 2 hrs, for example 10 min to 1.5 hrs, such as 20 min to 3 hrs, for
example 10 min to 3 hrs, such as 30 min to 1.5 hrs, for example 45 min.

In a particular embodiment chemically assisted enucleation is performed using 0.45

pg/ml demecolcine and/or etoposide added to the maturation medium for 45 min.
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are cytoplasts. In another enbodi nent the oocyte may
be separated into four parts, resulting in the

w@e@doegspon of three cytoplasts. The oocyte nmaERCEDER0N6H00498

separated into five parts B9y physical renoval,
resulting in four cytoplasts. Simlarly, the oocyte
may be separated into six parts, for exanple sev

ﬂﬂaﬁ P@ﬂ'cﬂﬁé amaedigieghit ispipteged thit theiysleatiol ﬁebyp%{w?@a' removal of

MCRudsus §Re 9ﬁyd’&ﬂ PoréVal fhay BB *by%@]dér'aﬁéﬂ fo‘i @Ré\'h@lb'b%frblégchon of
t he oocyte and subsequent renoval

ﬁﬂm@qyée ra@awowl\ﬁaK?N%ar{swnsmfbcw@n%@ed&m% &gd e

tehacibsRd Sboye ﬁbﬁ? PoWhsaRé cROFES; refftRingany h@&lthBM hBE of the
screened to | entlf whi ch ‘ooc tes have bee

e sse @Pheyt'r@mev%%ﬂtg@ cytapiapt tor Buihes Progg Urhis o thgyinvention.
kB HrRETel i s@ﬁrd@en hsolw]tn»sém@el ﬂ@}éulﬁﬁ@lnﬁhf& p@lrfsfbf Whﬁ,ﬁh@b parts

fl ourochrone, the i ni ng, procedure of ch kn
iz ayta@agtédnﬁaptheé amPRdmeg B ocds BRPesRRagated nto four parts,
heduridrin B pregl@ah o@h‘lﬁe@& oplasis.ar %%c?!édﬂéﬁéven be separated into

enucl eat ed oocytes (cytoplasts) are sele
five PAES by, P@@%F%@ovatd%"w i tfw GopaRs- %vén'\adxq the opgytgmay be

tsBh&kted ihDEHOSHIRN for cRAMBR!devbparksd ¥8Eh 8% eigAYSArRP rekample nine
uni formthi ckness surroundi ng an oocyte Generally, an

iPAFR.EUCH G5 4RI MAGI RAASi s consi dered to be inportant in
cell nucl ear transfer due to a nunber of paraneters.
e paraneter is keep the olar body cl ose to the .
765 ABHHGE Spparelon PR GoBYE FI% SR eOHTR TV s L pearing
@@Fro? e cfﬁc@ieﬁhé bé aEhigVEECH A | lu@@ of é\ﬁﬂérFlﬁJr i@arwatﬁ er
ates to nor ce ose
T o8 es T RS o ReAl SV PV BSiTBNS DoRBsHSRaTTlY

@n&@le@t@bl Y8k bart<mat Rarbpliraiuerbi DNAfRaY b RIeANSY byc&hihing with
and ¢ tﬁgl ast duri n%ef usi on. Fi n

e Rt i1 Se BROPrCT DL RROKT o Peison siiled in
k'flgédér?\@é’cyté)pé}% l‘id#ﬂ@ﬁ?fnb&fﬂlciéﬁr DN{A a?? ﬁt%ﬁmbh e (ﬂit? Ienucleé:\’ted
ifi ea art o e zona pell ucida
ORRYt B%%%@P?W B eqeam@&eépfwﬁwsas For exanpl e
physi cal mani pul atl on can be used to nodify the zona.
t also . chemcal treatment with agents such as acidic
PAPPAHYA aci di ¢ Tyrode) can be enpl oyed. One exanpl e

Tong pemdidd is agRidk SrdrdparepB Rolselielplagsest dnivelopeé of uniform
resenti nventjon is yﬁe'rd' c solutions, for exanple

VEiges stinfoun H}%i‘q QW% enmbodi ment of the invention

t he zona pel lucida is nodified by enzymatic digestion.
TPl b0 e, oL i B ear st
P ed hintmpepbigRBamBRys. Bheympametetisho asepthenstar.body close to the
metaphase plate of the oocyte in order to indicate the appropriate site for enucleation.
Another parameter relates to the keeping of the donor cell close to the oocyte cytoplast
before and during fusion. The zona is also believed to confer protection for the donor
cell and cytoplast during fusion. Finally, embryo development after reconstitution and
activation is believed to be supported by the zona pellucida.

Modification of at least a part of the zona pellucida can be performed by a number of
methods. For example physical manipulation can be used to modify the zona. But also
chemical treatment with agents such as acidic solutions (acidic Tyrode) can be
employed. One example of chemical agents that can be employed in the present
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In a preferred enbodi nent the enzymatic digestion
results in at least a partial digestion of a part of

W@ owa/ops3bé uci da which in a preferred enbodi mnenPCDDKRIDE/000498
present invention neans thds at |east a part of the
zona pel lucida is being renmoved, or that the zona
pellucida is partly renoved., In the present context

tiIR¥entign 4s ﬁ‘éﬂ'F@@l“&%ﬂe} éorﬁesﬁme@r&w e IRy pariigylagembodiment of the
Aaeatidh Nige E6haA5klRsIBE & mbdilledbRé gfr%‘ﬂc et ®kh ehzyridtic

pr.esent mventérﬁ_gqr} thz parti all sted part of zona
p@ra?%}@mr%\axee BEIIATBIEH Y PPRENER C RIS e eermnje irfgsintAliernatively
b bperifit frblekge A bRYskBsUcAGE pidike! he oocyte has not
beconme m sshaped. The partial digestion may be

achi eved by exposure to a protease. |n another
hsoRefasied erbaditeen thasenaymatic digestinn repldtsgaet legt a partial digestion

dbraesdrt SzoRBheheidrHRERin e?Pr%?’er ) tnh'&idr’rﬁéntcgf 1k ﬁ%@&ﬂ%@mntmn

In yet another enbodi nent estion
JPRPRY/Bat #yeast ada g macne"wﬁ k§tb@é{§efeame<ﬂ)r%ﬁ@jéhe zona

| peligcig &f Sdrtie an@cme dl‘n"fﬁé‘bre%@ﬁt &ﬂfé&?ﬂ%f nré %eud?;flda% ‘ﬁgfafstﬁ'npletely

i's in the range of such
ngmavedo 10 mg/ m , for exanpl e 1 ng/m to 10 ng/m
such as 1.5 ng/m to 10 ng/m, for exanple 2 ng/m to

1/Qc7€é9cf ﬁg to a?‘ryégbe%% rr%?r%fémid{?c E&Irﬁgnt@jrﬁ preQ% H%ﬂ;@ﬂ fhe partially

fdj@e Pt ef ZrRoatiggica IStQhamtergﬁdrby tr@ﬂﬂmaa@"@ci@ atgl/bellng visible
Ldhdlil), (HB/ede: ’thd‘tgﬁe 8‘6@{‘&"“& ot BedBhdhidsRaddly. Mo/ m . A

preferred enbo S a pronase concentratl on in the
range of 2 ng/m to 5 ng/m, such as 2.25 ng/m to 5
nfienpartisl gligestiomplay b2. aéhlregéd‘rby exposuregfbrd proasé Ingnathéb

Suclﬁédrﬁgr}éoé% E? mse{t%vgﬁﬁ%e%aﬁla?d éﬁ;&p rég%ée,rg%ﬂ%qhsh%d by the

nagerdf a m’qltm‘»eam et anqlgemmb@dlrﬁen@;‘rmbartrbbdlgw%may (% &hieved by
3 5 A

par(?jnb'h 'O% gﬁ‘{cf&pateﬁéél%ﬁ%s%@% p?gsent t ionveH?i onis a

pronase concentratlon inthe range of 1 ng/m to 4

e /aBrefefrel empadphent ﬁe@n&bntré-’!rloﬁ -o9prféﬁé§6 is i trfehra%e ef 0.1 mg/ml to
or._exanp

m&{:’ﬁg/gg siuc]]?@s::ﬁ’é %/'@I '8 1Qgnerm, f?fﬁxag‘gléﬁ—rﬂmglrj]l Wg1/0rﬁ"9f'(”8 such as
31.5 nidhnio mrﬁblnﬂSfoﬁem;rré 2wg/|$|| rb rrgimr Suh a@@mgﬁnﬂto 10

TR emin A s T8 RoFHeS e Soim s TRl fr example

3355 frivl to 1OURGINAS 3h§53r59m | %16 nfy/MD foH le 3.5 mg/ml to 10
nr@e 30rrg/n$V tou3 5 ny/ .mln an?pggl ae:xafprgg di mrenngtm °

trﬂ ronase concentration is 3.3 ng/m.

A preferred embodiment is a pronase concentration in the range of 2 mg/ml to 5 mg/ml,
such as 2.25 mg/ml! to 5 mg/ml, for example 2.5 mg/ml to 5 mg/mi, such as 2.75 mg/mi
to 5 mg/ml, for example 2.8 mg/mi to 5 mg/ml, such as 2.9 mg/ml to 5 mg/ml, for
example 3 mg/ml to 5 mg/ml, such as 3.1 mg/ml to 5 mg/ml, for example 3.2 mg/ml to 5
mg/ml, such as 3.3 mg/ml to 5 mg/mi.

A particular embodiment of the present invention is a pronase concentration in the
range of 1 mg/ml to 4 mg/ml, for example 1 mg/ml to 3.9 mg/ml, such as 1 mg/ml to 3.8
mg/ml, for example 1 mg/ml to 3.7 mg/ml, such as 1 mg/ml to 3.6 mg/ml, for example 1
mg/ml to 3.5 mg/ml such as 1 mg/ml to 3.4 mg/ml, for example 1 mg/mi to 3.3 mg/ml.
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It is clear to the skilled person that the pronase
shoul d be dissolved in an appropriate nedi um one

w@e@ieessee nedi um according to the present i nvROI/DERN6S00498

T33 (Hepes buffered TCM 1994 nedi um cont ai ni ng 33%

cattle serum (as described earlier - Vajta, et al.

2003). The tinme of incubation of the oocyte in the

i 8 pEefered embpdinenttheprenase caneantrgtion isd Hsnange 095 mg/ml to

%%:naﬁﬁ sfA 285 %g%ﬁpe%mbﬁnl%r e%}ﬁne% mé /el t@é %'H%/m Ina

3 seconds to 30 seconds, such as 4 seconds to
seegaembadirentdie prosase pencenisaty is 8 GRS | n anot her
enbodi ment of the present invention the incubation

i igglelalsto tAe blifled Sn Hat gwe ?ﬁ(ﬁ%@%hbﬁ’ldjo% 03 SRS aff l.alﬁls}opnate

seconds to secon exa seconds
medym ongshreteired ngdigm cecardits ta Weme@ékt tweustionfig T33 (Hepes

%ﬁéﬁ%lg g'ncg\ﬂ 5 §§ AUk Qodtélngﬁ%%@déa te Hé%{lg%s %!e§§ﬁ>’%s 2 C{?P Vajta, et

exa secon s to econ
#, 200 conds to 8 seconds for exanple 2 seconds to 7
seconds, such as 2 seconds to 6 seconds, for exanple 2

Slﬁ%?lﬂ%softl u%aﬁgn: 8ﬂﬂ§ oo{:ﬂe fh tﬂgrpt %Bé §5Iuﬁ5ﬁ) %‘iﬁ EFF% ﬁé of 1 second
t Feent envent 1 on AFTD i'S p
nta /g eetm‘nds spb@asdssecond®iosIesmedsgs, wcaxampleﬁ swmdd@ 3

§§§ ngl?ch GJ ol{ s&%ﬂﬂ? 09361 séc%ﬁ&é‘ %ﬁclll s %%eﬁ&gc%gg %853%%38&&5

Sécon conds
seconds, such as 3 seconds to 7 seconds for exanple 4
deanottsr érobdimenicsfdise prewertt im@nﬂorsmedmnmmtnm timse d’s‘:mnhksrange of 2

R T ST T N T e
as ségsr&tso Bdfh 4902 Secmdetal $2 sévonds,feceaniple arset:mdsetd 11 seconds,
ation n a eLrf
S S pnrorts B b SeRerlBh P ERampP ZhrBhi Bskihoangty such as 2
tseetggdsdo Bg:cSrr:csa:{ twredample Zase’&oadsr@{?teqtogcrjsr;weh asligecamds to 6
Fradistor SR BHE b E% PO IR he'cel | whi ch i s

formed by insertion of the donor cell or nucl eus of
tihe pafidalar eslbbdinien® of the pessent inadritidn dacintebatlbh difhe is in the range

i aceana b RePy Sty SrePhul Bl Rorpnor Jorp@iie  seconds

ﬁ@ﬂeéé@jhdfsosum ds@sedoﬁd@faﬁﬂ $éd¢h6®l f@eebdampld # sbéunds to 9 seconds,
resen ve nor cel S a.s tic cell.
RURR 6L serbdad heonts. Mayatiled f2ofis RIBtPDRdmion as 3
ecdsndsltoe seebhds}:ttﬁ-le&ammm $agcandd er7 @efcoaddtmeln ae el slecmds to 5
a rgo surro nded nycé eus from.a dgnor
seconds, or example seconds 0 b seconds, such as 4 secon stoSseconds An

especially preferred incubation time is 5 seconds.

In a preferred embodiment of the present invention the oocyte is treated for 5 seconds
in a 3.3 mg/ml pronase solution at 39°C.

Reconstructed embryo

By the term ‘reconstructed embryo’ is meant the cell which is formed by insertion of the
donor cell or nucleus of the donor cell into the enucleated oocyte which corresponds to
a zygote (during normal fertilisation). However, the term ‘reconstructed embryo’ is also
referred to as the ‘reconstituted cell’. In the present invention the donor cell is a somatic
cell. However, the donor cell may also be derived from a germ line cell.
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| east cytoplast is according to the present invention
perfornmed by fusion. In the scenarios described bel ow

WO 7028306 ' donor cell' also refers to a nenbr aP€T/DK2006/000498

surrounded nucl eus froma ddnor cell. Fusion nmay be

achi eved by a nunber of nethods. Fusion may be between

a donor cell and at |east one cytoplast, such as

bet ween a donor cell and at |east two cytoplasts, for

e{apl e between a donor cell and at |east two

cytopl asts, such as between a donor cell and at | east
thhedeansier ohp 49per cell g& B raMiyapeswroUndas RUFloE from.gdonsy oellto at

|l@a’i~§ EthBHEt i§ xét:&ﬁauag S thef;ﬁésef?ﬂ( ATBAIRNRRIHORAE By AR, In the
and | east five cytoplasts, such as between a

oA slepcrtid bRlow thiedierra {denex eelnalsa tefers o A BsERgNE Surrounded

BRicleBS Frofh &laBkYr ceg! Ftusﬁmnaf bd 8&HévedBN RN EMbEHYf AfdtRods.
such as between a donor and at l'east eight

cytoplasts. Fusion may be perforned according to the
| Fustoscmaw b Pefserd Bioapboell afidmi leagherriaytoplast, such as between a

SRALEAI SHd eﬁ Ie%s’ﬂtvﬂf‘ &1RQdlis ?fgér%r@ie Mi@egﬁ g%ﬂBr cell alnd at least

invention t USIO I'S per si mul t aneousl Y.

dwetciieplasish sdimasfeetveen agoner aeh @ngd et legakthresrytoplasts, such as
%Wégrﬁac‘ﬁ?m%eﬁ‘aﬁ@ QPl%aQt%ur é/ﬁ)lppa%g ?Hr@gmﬁ%od@\%é%r@é b¥nor cell and

exanpl € fusion may eved ¥ hem cal usi on
a

vﬂ’ﬁéﬁ’aét fivescydieniasts, soiEh aahatwené agtonpeealtansiat legst sisicitoplasts, for
ot 8 dbHS! c%;/] 1 A APRESNEVES %{&Bﬁla C&uchSas Btween a donor

exa roterns, copr ot el ns, car bohydr ates; or
éeﬂ@ﬁﬁlah stﬁ\ghtwb@lwts A variety of f usi onpronot i ng
agents are known for exarrpl e, pol yet hyl ene gl ycol

(FPLE@'I m%)? ¥e ﬁé@orn%'d%kgrﬁ‘ %(Iisge\e/dl éoﬂﬁ%mn% %%%ﬁnsc’ multaneously or

ruses, and
rﬁeyuerht@i‘mgh one nmbo(illnmu of me peasent ineewtivs therfusiontie bemrmed
. i nyl,al . [
PR8N RN BNl 550 of e | SR ol o coner
(Bljs parforped seeuentisilyon pl ane. Often an al ternat| ng
current (ACQ is enpl oyed to align the donor and

155 ) e B R B B L o e

kat éamlst dmxnyto;irlastm’exmused t@fusbh@rmmcbtﬂw aagﬁntsaswbhtdséor example

u e
%2&% nrse@j% p‘?@%@% or! %fgth r?g{j}a?ees Efg@{)r%g%%tlc?n {%Fe N@%’Ye A of fusion-
qedhotingladdamés aredinpwe ridr e:xah'lple paﬁyertlaﬁme Gl (aPE@a)e trypsin,
n e
TR RS i OE Mg b PO, 15k Sl B Loy
ephgmeaiabwnmhéPHMlswleHuswé\ler Mmameitel@ndner polyvinylalcohol may be
3% .Alignnment of the at | east one cytoplast and the
Ror cel | may be perfornmed using
Alternatively, fusion may be accomplished by induction with a direct current (DC)
across the fusion plane. Often an alternating current (AC) is employed to align the
donor and recipient cell. Electrofusion produces a sufficiently high pulse of electricity
which is transiently able to break down the membranes of the cytoplast and the donor
cell and to reform the membranes subsequently. As a result smali channels will open
between the donor cell and the recipient cell. In cases where the membranes of the
donor cell and the recipient cell connect the small channels will gradually increase and
eventually the two cells will fuse to one cell.
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such as 0.1 to 0.4 KV/cm for exanple 0.15 to 0.3

wocies3bh a preferred enbodi ment alignnent of PCBK2406/000498

(east one cytoplast and tHeé donor cell may be
performed using alternating current at 0.2 KV/cm
Fusi on may be i nduced by the application of direct

c bligrenent a¢ ihesa! leass onegyf@was;ﬂ@ﬁé fonaisethmaydgqeriorsed using

c f

; é&&@é@ﬁ Lﬁ‘%ﬂt Fnhtﬁe ?‘8@% rﬂf CG;‘%% to capg Wir%m CchF\ %@RK)\) pdh m/(cm for
eﬁéﬁmplé 0115 fe 053 K\\//Qfmnln guprefered QmQO@@est Wmﬁnt efothe at feast one
EXABRLS: andtRe Aol @lim) 1Y monﬁéeﬁsﬁ s@erﬁa@%dw%i 2.2 Kviem.
the present invention I's the appllc Ion of direct

current in the range of 0.5 to 2 KV/cm In a further

pFesien may benbdutiegdrytthe Aepligatiarcef directramnenhagrossethg fusion plane of

K}((ecépie%.ﬂ Bndl} l:%t‘é@%stf%ﬁfrtfi%&oﬁ@%eﬁ R %Wré’ it Cw@@&»‘x%eec?{ 0.5t05

mCro secon
1B Vfinerseick @s @rVdistO & oY/ ceax tarrpkampletido B0 Wice, sucteasohldo 5 KVicm,

p&fr%k&MF%;z %ﬁ;g }rcfﬁg Z\'ﬁgﬁ\%‘é Blké?erﬁetdr%n‘?ﬁdﬁlrﬁgﬁt%% pr‘eQerﬁrhventnon is

especl a usion wth di

c theranplicatiop dbdirectiongent idithegenge aof 0.8 e 2 dfV/am W/a:fmth@'rpre‘erred
MhfrbBdi Pﬁa%sdlreﬁt)&ﬂern?r@%z'bg@ fchem cal fusion may
homeve e al so be co plcaIIy el ect rof usi on

is perfornmed in fusion charrbers as known to the

sKhé dizectparrsptmaypsfeyablyrby appliquddf iarthe carige aitt-15aaito seconds,

RIS i b Ret b By Bl 16 10 RGPBeBRldY, Bpartouir

s empsdinznt magded micsd egrond$.or exanpl e seven steps,
such as in eight steps Fusi on may be performed in for
exanple a.first st st _one . .
T SR psheiay etedt Poboipe P wh irSE nBiey pepeioe a direct
f usrem ofRK\Wanior Swickasscondef the fused pair
(cytopl ast-donor cell, reconstructed enbryo) with at
S ne c topl ast such as, at | east cyt opl asts,
t Bckfinahiimeane) 8B Soeyerba8isp S8 NP ast s,
for exarrpl e five cytoplasts, such as six cytopl asts,
fg ?pl@éﬁ@'ﬂ?&&roﬁ%ms P¥ESRSh %sn&%&n%r@égk%wn to the skilled person.
opl asts. The second step of fusion wth fusion of
at | east one toplast and the fused pair may be
pExsion mey beenm e n af least angrsliep asusb @sliy twq ﬁebﬁéor example three
s b RuRbehS S Ewie! & L9 |
tﬁ@ﬁguse Btf!u r us%r?h? a’tn%%u ‘ ?ﬁf Lo ge?gt%erh%esf od ﬁe grexampie
t hevearsiersaSuch abinajat slarst s are fused to the fused
pair sequentially.In one enbodi nent of the invention
t .
PO o PR ba S N P B MIoR 44 Y54 opes
eistfasedniiottos denorawil.de sesandstep of fusion may comprise fusion of the fused

pair (cytoplast-donor cell, reconstructed embryo) with at least one cytoplast, such as at
least two cytoplasts, far example three cytoplasts, such as four cytoplasts, for example
five cytoplasts, such as six cytoplasts, for example seven cytoplasts, such as eight
cytoplasts. The second step of fusion with fusion of at least one cytoplast and the fused
pair may be performed sequentially or simultaneously. In one embodiment the at least
two cytoplasts are fused lo the fused pair simuitaneously. In another embodiment the
at least two cytoplasts are fused to the fused pair sequentially.



10

15

20

25

30

el sewhere herein. Activation In a preferred enbodi nent
the reconstructed enbryo may be allowed to rest prior

W eoodoed3v@t i on for a period of tine in order tPBPCEHDKOW6/000498

for the nucleus of the dor@r cell to reset its genone
and gain toti potency in the novel surroundings of the
enucl eat ed .cyt opl ast. The reconstr ﬂyenbr yo may

for
eXaApt evpediienbel the ivepinn e SerondSIER. 81 Tysipn 1Y also be an activation
Pisgdpatiadbiv thd RRohSAMRSE ErHbiy6 i mma o8t PMitd&it | Nod&dribed
in order to induce mtosis. Methods for activation may
peEeY ﬁ‘iﬁ’ltiﬁr%‘ﬁ sel ected fromthe group of consisting of
el ectric pulse, chem cally induced shock, increasing
I tchggdh! ul ar level s of divalent cations or reducing
phosphoryl ati on. A conbi nati on of nethods may be _
pief Sreferiied embadimenphihe saconshugpd eMAYC; reay be aMmtprlor to

OfacfiR@Boh fﬁf%é\'% df Rifeds biderid é?ﬁmﬁﬁﬂthbhﬁlc@@g SPtheoRBr &l to reset
fusi on may perforned sinmultaneously. However, the

adlEiopaeme ﬁnéfgatnh’cet' palearsinithe peve! éwmw'r@ﬁ@f thﬁeeermcleated cytoplast.
| aR8reMBtraclel EhBRR may /P e%m{)lé%ﬁ RorseWReR ph&eco activation.
reconstructed enbryo and the at |east one cytopl ast

may be perfornmed sequentially. Reducing the

PIEosRRBNY bt feebnducterl dntrd mBYy Bk %'cﬂ\iatéd‘mt d?@er to mduce mitosis.
reconstructed enbryo by known net hods such

eMathnds fBS/aQtW@t'%@?Y Pfﬁﬁeféb‘y Wﬁ&@étqdrfm%mecﬁf@u%&co”s'smg of
a‘éiéc‘t%tpﬁ.née'"' @hérﬁféﬁmﬁlhti&d@”d%omd‘ébswfé lﬁfrﬁcf:&lﬂfa? fbvels of divalent

enbodi nrent may i nvol ve the use ents i nhi bit
pFéi“é]srf’ri?‘i’ﬂq{@sﬁ’@whwla@%rf‘p?cé“bj%l gh’ék‘?eﬁﬁ“?ﬂé may be prefer red for
f yetya@bnpr ef erred enbodi ment may be using agents that
inhibit spindle body formation, for exanple

cytochalasin B. In one enbodinent of the invention the

| M bR partibiar ethUcﬁh%an tied M@érﬂﬁh tﬁ@éétﬂ/aﬁomd @\% second step of
increased., Dival ent .cations such for ex

c AN ARG PREOMECDIARSaNSy KR 5 E ASIAURN File gaonstituted

Pregfbeycdid/thetdh eeaﬁaém@é@d;ﬁmm &8 6f fubibh befr@nThé HdoRstructed
enbryo, particular upon subjecting the reconstructed

TINS5tk a6 Jeel e ot My bepopRETES BRI wens

the electric pulse may cause entering of calciuminto

the reconstructed enbryo. The a icatjon of an
elRegping e EHHSQB%( ity 06‘?‘%”8'@{ p@?ﬁwse'ﬁtth%ama%ﬂ%ed embryo by

aghbW hrie@ibdsistbh akl@yresampled bgl t?e BEEicH bﬂ?nﬁ&lﬁﬁibn@@ﬁnay activate
or. act ivatio

the electrical pulse a
t e BoqE S arBrin Ao ref SmOStiant ey Siog TRS Hes prRgents that
arhrﬁdlmbfdrﬁé\}ntmbﬁss forexhmgletytioRéxitide! ATGrtidiréfbrregambodiment

orx‘r?ay sp ing agents t(f!wat inhibit spindle body formation, for example cytochalasin B.

In one embodiment of the invention the intracellular levels of divalent cations may be
increased. Divalent cations such as for example calcium may be in comprised in the
activation medium. Preferably, the cations may enter the reconstructed embryo,
particularly upon subjecting the reconstructed embryo to an electric pulse. In a
preferred embodiment the electric pulse may cause entering of calcium into the
reconstructed embryo.
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the at | east one reconstructed enbryo may be aligned
by the application of alternating current. The

wWa@badoeioessbé ng current may be in the range of theCT/BEg®6/000498

of 0.06 to 0.5 KV/cm suchlads 0.1 to 0.4 KV cm for
exanple 0.15 to 0.3 KV/cm In a preferred embodi ment
alignment of the at |east one cytoplast and the donor
dédrelappligatinr opan eleriieal Ridseiping dikcheureang May ReaHt adivatipnstep.

KweVer, A¢ b ipYdtbir@NemBYdiR@n tﬂg efeRficBYpUidteapield *f&r@ich@d’iloﬁfmay also
direct current across the fusion plane of the at | east

SaEvecR aprdditiongiysioRStePonor cel|. Direct current in

the range of 0.2 to 5 KV/cm such as 0.4 to 5 KV/ cm

f .81

F‘r?r[c))r ?ﬁéﬁi\{ ﬁ%gn éﬁkﬂlcgled@e%] tcdgmr?v&e\%ﬁ cglﬁfengfr% & lé‘a?s‘fi one c¥te%lﬁst and
dite dff Ieeﬁtonememtrucrtﬁd eméryoamaebaaligned bwdheamméh@n pfrpligrnating
fcﬁl?%%?‘h@ %ﬁérrﬁétr @dcruﬁl%?i?ﬁx'a Biin iRGafldd @f%e Feg{gfeecﬁto 8% B8 Kv/em,

ect cu ent may prefera
abph ped. 0.4 KViow ffpram@mpﬁo 19 ta ©3306cmi I@ra)p@&&f@d@nbodlmem
ER A 8 4R CipEraine bk BN AR S fed O
s?ét@mﬁl(ijég cyrerd @t 8200YPal |y preferred enbodi ment fusion
with direct current may be using a direct current of

%}cﬁ er i gﬂ%)t Sr)é)lnggcé'ﬂ @fﬁfasagg? grtw Io@ﬂregg g%f%ﬁlalz%ss tf%ehfusmn plane of
phesdagstionesytoptast and/thbalongrecalf Duect sbentrin b‘lﬂ rapgé o80.2 1o 5

K age&{ ho%hdgﬂtﬂcl‘s E&g&ln‘?%n‘ €0, %Q§§W/EMC?\%& FEFe\éé} rpd

e|n synthesi's, "spin

fevrhegliment of meoprela;emirynntlams therappligationvaddireet owergnie the range of
5 {05 DY 8% é(ﬂr%‘?{ﬁpéfgﬁéd &Lmknﬁhgmrg&%rrgﬁﬁ‘ﬁ%)( BEB.7 kvicm.
ove ype o genet |cat|on donor S

rmy be genetically nodified by any of standard nethod

Kinewdirecthcurizat siay prefbrablydeetpptiedriodirf the aamgenofrigyto 260 anicro

ificatio t ol
SREUEr S A o BRRERE o Qb Blstid oro0 e pesnes. A
ipacticuthr egnbpdimEnt maty diei 8miciichescoods.f i cati on may be rrade
i n coding sequences and/ or non-codi ng sequences.

constr, ertlo a ne of . .
Thed eaecaliiarepre sivani LBR Belel pirdEMay Pe using a direct
nnﬂﬁHMﬁKS7Kvnﬁukﬁeomﬁmoenhanmers repressors or
ri bosomal entry sites. In sonme enbodi nents, only one
enetic podification js introduced in the genone. In
W@Pe@'ﬁ%ﬁe%ﬁdsemm%@rof agtfyalionAcHosding {P e PReRAN Nugntion
&ﬁarllﬁf @sd b é!ékﬂru@ell b@lse Wédrﬁ&h@oﬁ@ﬁiﬁ@%}&ﬁn fHe rgesrRtrubted
emblrycln ?oaat\de%ps t?lat lﬂﬁmmte&lﬂ s%etl\ess s%%%re t?osdyffi)rmatlon andS divalent

cations.

Activation may be performed by any combination of the methods described above.

Type of genetic modification

The donor cells may be genetically modified by any of standard method known in the
art. The genetic modification may be a modification of the genomic DNA by deletion,
insertion, duplication and/or other forms of mutation, including point mutation. The
modification may be made in coding sequences and/or non-coding sequences. DNA
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i ncl ude techni ques such as gene addition by
nonhonol ogous reconbi nati on, gene repl acenent by

whornolozsjeas reconbi nati on, and gene editing. TPCEDRERAY6/000498

i nclude the use of retrovin&l insertion, transposon
transfer and/or artificial chronpsone techniques.

Nonhonol ogous DNA reconbi nation may e.g. be carried
canstastsfosinsetion may harkayh ageng of m(ezesi@dt% ﬁwtOW@eﬂuenceS

%@(Yréi%Groﬁ%{’er‘%r lngul%gbagglaﬁceré 2906430 Ee&r r%so &l dntryl

ransposon ene trans e carrle
drlusoras etrbodimants! only qn@s&?&ﬁtlcémoélfmf(tfl?ggsi mtrg@ucpedgq ﬂ!ﬁﬂenome In
h m)%Verh eﬂgﬁ’kﬁné ame& bPH\oF@tYmaﬁ ofle site.
[ nvoI ve t n| quées describ Ur now et

Criade tmmues zﬁqeqeea&fp mygifigatio @é@aﬂmal'ge welle @PFh fgfibroblasts,

:@c d.ﬁiqu%%?e%‘:sru'ﬁngtg ggﬁe ?ﬂ’cggrfuzr)?@)nncﬁﬂwo og(oag?&)om]ome{’t@h gene
Seriacasrent by AoMoEoss rerombationtend gege BditingnThis may include the
%eéwe%o% JWYWU%O@&P@SES@%HJ& 'rtmé%nlemenmgsﬂnett@&]mques

a net hO Invitro cuturlng ryos wher eb
moalbpm@gpgpw BN riepernbinatian may o8, Besaning out as described l@fKragh et

%;J (E(%UA) %g?od ReRNSLY. Yaized o‘?@ég}ff’et'a? md IRbpk e F%P:O@@v 16:315,

sent 1 nvention, npr | SIKHE st eps a)
Jga@@psghbﬁ@dageneémfeb ﬁ‘@y@@@?ﬂ@d Af gemrlbpéa%tzswak et al.(1997)

F%}Hltm‘%fmz@%ﬂe P&Alééé%éi'@b Hasmaréa@usaﬂebmbmaﬁom@yfeeg lifoRe the

| east part sotalnln an oocyte aV|n
mmnm@s dﬁacr@@dlbyéérﬂow gbale(A08p) %\%twe 43044 a’sph@%m%g‘oragene

daRRG habd be&ﬁ d@s@nbedﬂ IHCARI&Psdnast laN Goctes LT I@Igl %@eéb §70, Liu et al

erties, fusing at |east one cytopla h the
Gei2) oo, bR SoronParaeh DOB LY Ml e B39

obt ai ni ng the reconstructed enbryo, f) activating the
reconstructed enbryo to form an enbryo, and e)
duVitrgrougre A iembEYAsSr yo.  Anot her aspect of the invention

r@*@éﬁéclt& tﬁe FREhRA r@fate%% b R&tROE8f lnt\/ﬁﬁ‘iﬁ,ﬁtﬁﬁng QmBﬂ/oQ hwhereby

of culturing a%omlncue
r§'ﬂ%b|é§f9§)tﬁtéﬁ9df¢ﬁfﬁ%ﬁ¢ﬂ t@ 35 |3e§1 b e methog of ﬁ'altqﬁ'aa@ ‘Teconstructed

%@n%?{/d B%tlﬂ?fh%‘s%oﬁé@ﬁ)ﬂ@%ré&%ﬁt nﬁ\lféﬁthﬁ esbnplisthgIRé YRR 'oﬁé)

set of nmedia. Preferab | astocysts are grown 1 n
estadiishingal least @ingvrsyie ﬁawag ﬁb'ﬁaa &f Zq08siucida, b) separating

Ql‘?é'bé/@lteemo HBEL4 TS BakdMRIninG o db%{/t%%vﬁ'\b'd ﬁlﬁﬂadsrbnﬂhﬁ least one
art, wherein glucose is renmoved and substituted

sYioplash Ge AstablisHingLadenor ﬁalyorbvee";wplev%m@v'ngxﬁwwérge@@wropemes

Yushtfy 4ta6dstbRe cytBfladidAii the tBNoradel Or RRnARARE S@FbLABE cell
repl ace glucose in the traditional nedium The enbryos

MagieR® @ vbiaitied thereeonstryeisd enbixce d) ﬁ%twﬁan%@ede%lstf%ad embryo
g@?&ﬁ% 4 SAbABYarfl é)Tultingsaid@brygs from Day 0 to Day

Another aspect of the invention relates to a method of cell nuclear transfer in which a
step of culturing the embryo is included.

In a preferred embodiment in relation to the methods described herein embryos are
cultured in a sequential set of media. Preferably the blastocysts are grown in fraditional
medium such as for example NCSU37 or equivalent medium as known to a person
skilled in the art, wherein glucose is removed and substituted by other agents. One
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The pyruvate concentration may range fromO0.05 to 1
mvi such as 0.1 to 1 nmM for exanple 0.125 to 1 nM

wWE/02890. 15 to 1 nM However the concentr at i PCT/DK2006/000498

sodi um pyruvate may al so ramge from0.05 nMto 0.9 nmM
, such as 0.05 to 0.8 mMM for exanple 0.05 to 0.7 nV
such as 0.05 to 0.6 nM, for exanple 0.05 to 0.5 MM
SRAGA BIgY Fedryryvatey Another ageiit mayhpdpetats: dhe egens manglso be

SéifbiRed ShdRpla@e Giosdn e BhETiaw| nddign. concent rat i on
ranges between 0.05 to 0.17 mM A preferred

concentration of sodium pyruvate is 0.17 nM The

| B @hBry69 A auitliid iE6 SUBBEBtetmAstid ad db&eribBd BlYbve from Day 0
for exanple 1 to 10 mM such as

such gs 0.75to 10

10380 HChHRE remdPeyl D2t 0 10 mM for exanple 2 to

10 MM such as 2.5 to 10 nM However the concentration

of sodiumlactate nmay al so r.an from0.5 Mto 9 nM
e o nrStian s Forgs ot 606 e FMSURESQLIP BEM, for
Osxaniple 6.10%M4o 1w, fxcAmEBle1T o hll. PlolersHE Bodsenttaforf & sodium
rr&/l for exa Prefera

4 rrrple0.5t003m\/l bly the

CHFRER Mayiabe 'PRaYEeMLPUBANOD-9 BN, sHah as RS 1as0.8 MmN, far

néanfoly 0.05a60I7emR1, GcHBaditvbs f CEeRR!, FRExEMPRENDS & 0.8MMM, such
teis 2.73 mMM_After the initi

f ' | |
288 10 T el f B 6o Rl o, S 85 P9Bp &AM Preferably the

I Pl iBn Ay eRetiVGdre0. 05 §.27 hikl.eA prEfdrRIdYnkestradY oPSodium
cul tured d?r;?tgwg gl ucose contai ni ng nmedi um from Day 4
. r

Ry s, ably frombDay 3 to Day 7. The gl ucose
concentration may range from1l1l to 10 nM such as 2 to

or ex Je 3 to 10 MM_such as 4 to 10_.mM for
o Bbalearge R adR oM o o, SUER A Bbri P GIM for
el ;d ?@W,fsfu@maé 115109 OZIrMéI, ﬁuMuhfaAsam@}d 0 &yy%r éx@mple 2 to
exa e 0 sych as 4- referre
BBk Such #9250 Mgt B REAeR e ppau gctate may also
i rAMGAtrbBIrD. 5 b tb9 MW PEudd 46005 & 8 hiM, Y6t exaRfId 815 to 7 mM, such as
QSUTH a7 racmpeats ks b SUk e Dt ing T, B ekainple 0.5t 03 mb.
em’gp?@wme @{ncéﬂit&atl@h@é@ﬁs_deﬂlwml t1 @6 myE Bgéﬁn aﬁlzltgyaf mM, for
nodi fied, o ransgeni c, ani _ar OV ayin
e AL R S R A Fe Uil
i nvention does not conprise processes for nodifying
t enetic identity of aninmal.s which are likely to
oAl 0 Bl bR it ey Queten eain aektd e pyruvate
kevidédthtet Wh@ame{tr)ﬁaﬁﬂay’@é cult@reddn ith’@i_}l&cds;%&{dntdirﬂgg frie@itim from Day
SUC rocesse e present i ntion relates to
L BRALS SRR o 2 SiE by 7oA 9l fariegrgaton may range from
t1 @NINOAM, Suchoas D tdTRO Nk TovedxamPRpd tos1 M@ suers bahltd $O Mg for
aéxalm% esé '[OOP (? m%/? otV\(/aevlg?FJ,l \{llnengqucose concentration may also range from 1to 9
mM, such as 2 to 8 mM, for example 3 to 7 mM, such as 4-6 mM. A preferred
concentration of glucose according to the present invention is 5.5 mM of glucose.

In yet another preferred embodiment the embryo is a pig embryo.
Genetically modified animals

According to one embodiment of the present invention, genetically modified or
transgenic animals are provided having desired genotypes.
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at least a part of a nodified zona pellucida, b)
separating the oocyte into at |least two parts

wo@bdioaiozs3pg an oocyte having a nucl eus and at |PEEFDKOWS/000498

cytoplast, c) establishing2a donor cell or cel

nucl eus wth desired genetic properties, d) fusing at
| east one cytoplast with the donor cell or nenbrane
surrounded cell nucl eus, e) obtaining a reconstructed

enbwiide dppreaidtby ﬂ'ta*t e |h\l"1#|t|6|$ @@ébsﬁdtlé@h%ﬂs@ Emc)ég’sés%rf M68flying the

an e ng sai d enbryo;

" ETERe RN oL SR M 8t 1Akl 65k thm s eramiout any

S tbstahtidl nMidiica® BBfief® (eus bp&ﬁm'aﬂbﬁaﬁn&@snl%tshlﬁﬁé Wm such processes.
nodi fied fetus. However genetically engineered or

transgeni ¢ non- human manmmal s may al so be produced by a
rre'ltl'ieqxdeszmtrmvemldngelaaés teshathddsSdFipRetiLRing! eﬁé’éﬁetn@é\@ rﬂodlﬁed or

aratin the oocyte_ into at | east ree
%B‘f é‘?'hﬁ '&aﬁﬁ'a&fgwtq?ma%' 8 §) gstablishingsatdenst ape oocyte having

I %ﬁasbaﬂpam:xof@mo@med Zha péllualal §Néﬁ)ﬁra¥|n§%@60®?‘é Intd4t least two
eus wth d si.red genetl C properties,

f é’?(‘ﬁ 88%{“'“%%%90%% RGN @?Uwfl%tﬂ%ﬂ @88 @Vtogl@st chestablishing a
melohoreced of gel Gulcﬂéimimﬂedjésw@d QERstR préperidd, ) RisiHy & east ane

TR R
amebdm}trd;al:tim stfne;){ol, f)@cﬁ@ltldg@fgé rtggd\slrgﬂrg@g@rémbor&@ tohRSh embryo, g)
o SR g B b R Ao et Jkrad arabigo d A #opigTammal such

| fthad thes @nbnydudmmbps inkcea gBhdtRAIS/ rﬁédm&ﬁfétdkvent ion may be
an or tlssue onati on for

b el SRRl St Raie S BeRiasnic i hurea pmagHeals By also be

S pe:cdueed by aalmthmd c@f)pr@ir’@e b) 69181lisAmg al [cABE6R o&%é"’%?&paratmg
ter notranspl antation. Enti

e
STl S o B B P ey s and t eas
kioo@eytoplasty ey estmenmg asdopbr ¢l cerhb @Akt 8bsiredRRhES:

h t be
0 PreRRRR ) 360 =fRaRBRE ok ae g dongr Sell g spembrane surounded
anelhmicieus| e) @btaﬂehgfamt&wtruetab@mmwtn aoﬁﬂaﬂr{golhalréidéﬁétructed

CSM’ gforf; 4 a@'@/ﬁ? ?%'th@‘fﬂ %’?@3 inbRG @?9* ahfr@raﬁf%rnm; Af cultured

bennhg/odo admost imemnansoeH thibthe BRRPEelops into a genetically modified
%El%oses Di sease nodel s The present invention al so
€

ates to a nethod for cloning a non-human mama
accordlng to the nethods of the present invention.

Og%gs%s‘ger}?gﬂof the invention concerns a nethod

clonin human marmal conpri sing a)
ehntmblemﬂudngem, the animals of the invention may be used as a source for organ or

tissue donation for humans or other animals, either animals of the same species or
animal of other species. Transfer between species is usually termed
xenotransplantation. Entire organs that may be transplanted include the heart, kidney,
liver, pancreas or lung. Alternatively, parts of organs, such as specific organ tissues
may be transplanted or transferred to humans or other animals. In a yet further
embodiment, an individual cell or a population of individual cells from an animal of the
invention may be transferred to a human being or another animal for therapeutic
purposes.
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bl ast ocyst as described herein, optionally thaw ng an
enbryo, b) transferring said cultured enbryo to a host

woreoomabsssach that the enbryo develops into a PCT/DK2006/000498

genetically nodified fetus22The genetically nodified

fet us may develop into a non-human mammal . The present
Ientl on gélso covers genetically nodified animal as
E54E N8 s obtai nabl e by the methods descri bed

he'ﬂeae presdiitémehtor alsa raletes hala mqﬂamifooélomhg ai roneminanmasimal

*BERENE B B e Rat TR s oD iivention

a gewretniscaneirodiali dordny aaon-human mamhmglo:onmmtsmgralelstabﬂghing a

h h bed .
| R RLAP 8 A58 Refh 50 8b By FRS A SR BE B s
t heuliucad éml;mq tda thpst rfﬂamm_abdsdubdhétdhe emblyordesvkleas into a genetically
030 Rl TS GBPRSR) iR oY BELE ol mama
di sease one could wish to design in order to study the

L ; ,

S5 ORI huch 56858 PBhRS A mbURRL Rl b Gl poces
notbtainable g tme)mmodp desdribet deraim. dinpreddreda seemekaspect of the
Ex

CRUPUER €5 g8l HpaBE 5 RLme KR Ohd b pyspg petoos
ar @es&‘hbemh@elnoWnoﬂdemmpept cctrhernlsmmmetmailylmndiﬁnd ridnAhunesch embryo.
to dﬁt?lﬂaﬁl eershekﬂo%lg %gs ﬁ)leQWereTrbe genetic .

ns are 1 ntroduced i n'the somatic cell prior

to SCNT by the HI\/C t echni que. However, the genetic

Tofd IOtk o RAPLIR vt g@f@&.&@ggueﬁcat Heb38HGRa on the

onin
admrt-hlmnambOdyansgenes at dlfferent st eps of t he HI\/C
procedure that will then find their way to the genone

of the enbryo. The genetic nodifications conprise

r ahtomethot dgrcellinonlearf transfiérof treepresant invgniimmprovides atied for the

ge ' j 1% e I
AP 3y BCLINTR 19 THeRal bl ol A oo in e
getosstudydhe devdlopraerof disdasse astentihl dreatment esgieens,rdrgg testing and

S p@‘éb{%{t@g gTI’?‘eSéi’igeéye ctﬁtrcgglcé %%t lh“@tecg ﬁ%@%@@%r%&éﬂng%ease&
s plexdneses ofmﬂelm [thﬁgpr‘gamtmweatlorpiog develonimg gensiically madified animal

y e@?%ase'rﬁwoeé' id %rs‘?h?/ﬁ 'bgfb'w E%Wé(/ér tl‘{gonnfl’iBR Fé’ Iﬂ'@?& ?oeﬁxe examples

e transgene nmay drive ubiq us or
t i listasbelewad/ or time-specific expr ession and may al so
originate fromany species including pig, human,

nouse, rat, yeast,
The genetic modifications are infroduced in the somatic cell prior to SCNT by the HMC

technique. However, the genetic modification may in another embodiment be
introduced during the hand made cloning (HMC), for example by addition of transgenes
at different steps of the HMC procedure that will then find their way to the genome of
the embryo.

The genetic modifications comprise random integration of a disease causing gene,
mutated gene, into the genome of the somatic cell. It could also be random integration
of a normal non-mutated gene that will cause a disease when expressed in a specific
tissue or at a specific expression level.
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i nvertebrates, or plants. Inportantly, the genetic
nodi fication in the somatic cell nay be targeted to a

W@ p@ciod3ge regi on i n the porcine genonme by honoPGODES006/000498

reconbi nati on of a targeting construct or by gene
editing procedures. This could be inactivation (e.g.

knack- out f specific genes that will cause .a di sease .
o TiifBdess ooBR S behias & Moy ribftasg troin o9 EpReiEn Thel T bactera,
Spsig) rﬁu;jrgamutcmséglas ybazt_smeeritétjrateg,enwrﬁéa &Regulatdry Bb@.ﬂanges of the
cause di sease,. 0, .. di seas usi,ng tra nes ca e .
RGOS 5 T4 LRIk T ool G (o ATSRE THie gRRg e Sxpression
poard mey grp@nginate fromahg gpetdes incladibg paf homanehousds rat, yeast,
The %g etjc m)?i fications introduced into the porcine

gefd e%ﬁ?ﬁe%roWanaEUri ng the HVC procedure coul d al so be

e pingsainahtly; thogketic atddifieatiqreindhe sehaid cdlincay od taBddedto a specific
nmet hyl ati,on or. acetyl a%i %n/ d[sacet | at i on,.of ﬂi tones) t
by eRIREB. 1 RRICiIS SERTTRS Py Rpwiologies iesdmbirarich ot & Frgklig gonstruct or
HMY gevi gdiihgvprbediinestiTail coalimzoinactivatiaru@ly. &kaock-out) of specific

Tri costat,i n

R L P DB e Phedhiod b Blop R Temaln gipookin) of

di st aiedns td epecificagg all theh jecrescail ' [

d: easgsnmrri trgt:the'r)l?jri .rcaeletTmefd Bt et O?Ifif%’l gi Swed.lsease Caus,;g

i CETReERes o0 S dishiated i sdedle allontiegling ofihecgrdne genome by

Humrolgyaus' recdzhiination methsqi;.erpsi s. However, also a

oo ot S BB e hAEE Bl @ Bpmg oo e v

e mbmdfedmg touit @lsti eesdge netic elodificatjonis fe lgushe thgddtiok ioh DI Aadr

Rt M T e

c aoaw®ies wredansgucad EMC e@biyes méﬂl‘b:bdmimhtmnpmmtsasucb as Tricostatin
I it i t f th | ysi f

P s PR S AR eut s cal Ty acti ve mol ebul o5,

or flexible |iposones. Yet another enbodiment relates

" 18 RERE RS REpe SRR 8k gl b SR8 moces oroxam

t r eateiefdr defemebiiver disedses smitahordrénelatedprotein folding disorders,

ARl St G e Py BB A rross. However

t | slsoa neougl ofderedigrnsAlzheia®r's @isease mrapdnaladirneairof the present

t!fwﬁéhﬁio ranspl ant ation, organ transplantation is

wi T hi

he scope of the present invention.Yet other
di sease nodel s are psoriasis di sease nodel s, and/or

g:ol?@%? rgr%m%%ﬁlgg%{m%ffb tzrg'a%l%:amg? lé’)){)tdgl% n%lyc’l%lggé all EiHSQ ofSancer diseases,
for example breast cancer. But all cance'r diseases could be studied, such as colon
cancer, or lung cancer.

Other embodiments relate to models with genetic sensor systems for the analysis of
skin penetration of therapeutically active molecules, or flexible liposomes. Yet another
embodiment relates fo disease models for wound healing, or ulcer treatment.
Furthermore disease models for the treatment of malformations for example by
reconstructive surgery is within the scope of the present invention. Also disease
models related to tissue engineering such as cell transplantation, tissue transplant-

ation, organ transplantation is within the scope of the present invention.
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Al so nodels for the treatnment and prevention of
di seases caused by atherosclerosis, ischemc heart

walr@eassIar e enbodi nents for the present i nvent@€DDK2006/000498

Model s al so i nclude nodel s2#or netabolic disorders
which | ead to a range of common di seases as for

ex | e di.abetes r obesity. .But al sp.atheroscl erosi
ndokotPer diSerSe Aidrete e SSeiASR JSoRReMaia) 200 oL Alsedts Bydels for
meggibeinalytididisordlas suchasiBpidednadlysiy Bulicsa @haplbrer exanpl e

of a disease which may be caused by netabolic

dysfunction. Likew se, high blood pressure
(hy e meiets fonihertratradstandereleatiomot disddsygs causeetmiathérosclerosis,

an R e SRPare A amor e donaepEsept s Please
caused by nutations in mtochondrial proteins, e.g.
nellPHAfeRa o Heas S REBEAE AT o BB TBTLoq BRogef common
detietasbs\warforcedangile Qabétescorbbasisc Bubaisy biessclerosis and
Vitrificatiaon. The term%r"&gj%rese

. . [ [ d for,. , .
¢ heRriopeiHian fissafe may UG B Bifer B p8MoRTifiSEers kidney failure s
f r escthergexasipty efgedissabetwitch mawbe gapseadnsseiabolid dyshgction.
CeL ey b SR P S B o LSRG o motvor
f | dyddurastioh bad cah be dtugiedrin yehaticaily mbdified animBho®dels for metabolic

C SRR B30 Bo 5B PR Y G cham
Subeyt-€oA dﬁbymegelmase elsficisnayh ?afpmﬁ?qanlagiadt/éazmzsns?e%mation by

-196 C (.t I ng. poi .

¢ hERuSH0 Drtr PR o Qg TR 1 £

i ncluding the bi ochemcal reactions that would lead to

cewwdeﬁ%h is effectively stopped. Vitrification,
ho EF %M efers to a speci al approach, where no ice
f oThatarmrcryaprededreatied is usdder the diiffenerdcdll freezipy sbnigeek involved in

achr&Bl SR et duhdrachgfoiBRelsly ditadiiogys a o o

Cr yryppresevadont wlsehrb living eslisaare rapitiy enelest shitiudt tiooftibid nfthe cell does
{ ﬁ@%ﬁé@@%&{f%ﬁ % x%%sg&ﬂi%‘?ﬁ@ rt%eg g@%?s%%;;a@ﬁ@na@ﬁ%@%rs gl or

| nwholbitissuesaraipesset@dttyecoaling fotlgw stib-zetortefperagures, such as

or PEATEEDG 8P oR T ORE Kng GSACR TRY o8l e BERG YRS

a tamd_mgtun‘egr amyr lyiolpgie’algaoﬁ_aity, owcluofngath@ bigckerbicgloreactions that would
R e B b iRt 918845 S spsci

r eappreachy etheck mavioe yarniadioh & attoaed émtheywedia) andlthelpiengrved cells or

sal.d 0, Viteifvi . n0r .

AT s e L M0 S BT XBoBHBh BEGRhfatons o

pacryspratectirs solutims aridsadvesely High edaling rates. Warming should also be
performed with rapid increase of the temperature.

One aspect of the present invention relates to the ability of vitrifying (cryopreserving) an
oocyte, cytoplast, cells, embryos, or blastocysts. Thus, the present invention discloses
a method for cryopreservation of a pig embryo comprising: a) establishing at least one
pig oocyte, b) delipating the oocyte, c) activating the reconstructed embryo to form an
embryo, d) culturing said embryo, e) vitrifying the embryo. Furthermore the delipated
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obt ai ni ng an oocyte having a nucleus and at |east one
cytoplast. In particular the invention relates to the

wa Raoriotdse@t i on of an oocyte, however, the invePCT/DK2006/000498

also relates to the vitrifi2gati on of enbryos,
preferably enbryos at t he bl astocyst stage.|l one

enbodi nent t he tured tp bl ast

ot SR P BaTE Pl (sash B s e IR erein.

ar ebtainirey srtodnyte teviny ®sacidus andea‘lﬂeashone!lbﬁomastt rified
cytoplasts are covered by the present invention, as

are cells. Yet another aspect of the invention rel ates

t olrt fegticuiagrabe swentiontrelatesad tee yilriGcativhrof an decyte cibvmryen the invention

ggtﬁlgg :j%%tr%r t(gﬁketvéth%aft'S'{a}lE)f t?rr“ 6’%% Sf’rrg%bﬁbg/e m.%l’ygg git %e b(:fastocyst stage.l

f uommembaslpmt tbé ettbeyd iscaltired to blastatyess stage fprigr enditrification.
PoFSrfEty el oBBIEs AR i otRbl}fn Fe- B8 RS AES yiviteg ovtoplasts

r e&ercoveredi byrthé prssentdnverftioaascare yekls. cyt opl ast, a

cell, enbryo, or animal of the invention. The

t enperatures enpl oyed for cryopreservation is

pr ¥eearalther aspeetiof tHednvenB0n degtes & Be cayagpresaration of a pig embryo

ool el Do T BB e e ARDie s g8 ko Reing a step o

EL yioiyies arplgsebnbmyo Alfurthed e$patt }erthamgantorgr:elaoteilgspégr; Srggsyos
. tha rials

f OSW%?Q é it rt\a'?a&?? §y )Peearpét‘ﬁo?? prog%%j %'% it %epscope of
the present invention that enbryos nay be
P BT REC YRR URE < o ek R Bt a5,
e ngyto;ajasteal celi, _embayrs ge anicnahofithl unventlcrrar‘l‘haltemﬁexatures employed for
o1 S3PBES SRS kel el Seilnd Y o el sy =
of tenimeratoresriowertharet @6 etegtes €.Haoaytes, ceﬂs&m_d\mnbryos of the invention
deLé,Pg‘% &&8 t%fse%g ?gr%?‘\ ilpa/efi“]té gm%ﬁﬁaotf%%t ¥4 ﬁ&mﬁ\nth t biological
enz %gent, or exanpleée a ohase. I'n a pre?erreg
enmathrlatsruantbeecrmmesm’eed:fon oeng ihan fiipyéaspreferably in

thg.r.a f S / t .
of i 98 B o BBy AU o b fcfreserved i
t hto {rsferdeathast mammat whem ambbuingfmahm@/fm“ pronucnag] a@eeetically
dg?&gﬁ%@%% og{rar{sggm ggﬁﬁ@no ?ﬁﬁﬁﬂ@gp§ug lyapﬁeg!ﬁﬁ/\éﬂ éﬁﬁor to transfer
pr oagbe aathecbjammt stage theodf emb@qua‘wslqpmm del i pati on

of oocytes is perforned in the presence of a suitable

medi um for exanple a nedi um conprising 50% cattle
sePuena$perct dbthepmtention elates fsthe soadinvesive detipgtioo of edeyftes by mild

a f?gegtj‘n%qt \%ﬁgﬁ reﬁgjn)(aticrégtenf er%QQr%pl% 4 &oﬁase. In a preferred embodiment
the pronase concentration is preferably in the range of 0.5 to 5 mg/mi, such as 0.5
mg/ml to 3 mg/ml, for example 0.5 mg/ml to 2 mg/mi. Preferably, the pronase has a
concentration of 1 mg/ml. In another embodiment of the present invention the non-
invasive delipation of oocytes is obtained by treatment with a pronase at concentration
of 3.3 mg/ml.

The delipation of oocytes is performed in the presence of a suitable medium, for
example a medium comprising 50% cattle serum.
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mn, in particular for 3 mn. However, in cases
wherein the pronase concentration is in the range of

wQ2m70e8308 to 5 ng/ M the period for which thePCT/DK2006/000498

del i pation process is allowed to proceed is ranging
from5 sec. to 15 sec, for exanple 5 sec to 10 sec,

o L NN
pr miragrepdrticuldOfos @ min. Maeven i yasesighepsie Yierohése concentration is in
“UEBS9HR0Y 15 DI BB Ao T Tl e
g_atofpreeﬂadris gér@ingﬁ‘xmrpﬂ saeotctd 15 sa, wne?émﬁ%?@ s%tg_ 1@fs{mg§lﬁ:h as 10-

n [ ‘ef erabl y. ecte ,
O e BB OB SR selEAF s v o

g, mgbml pearzaselfer 0 €20 to 14. 000 x ¢g. In an especially
preferred enbodi nent the oocytes are centrifuged at

12000 x g. The centrifugation may proceed for in the

r aFigpéerably 1thetoocyils aiersubsequents whsthiedZl aduitablemedium, for example a

| di f . th
R N L s SR A
c osaremtat 20%0 The fordhasg Higesfed raga w'a'shectl laééyeésba\/@i ﬁté‘fetdw subjected to
n subj e
cebati ot 3 URSAER BB 0T BREE g forhrble 6800 % 14.000xg. 1
pr & espeetille piedetietberh b@ﬁmehtih?e nu?méé arte deh&if@gib epgyze@b )t( g. The
Accordin one enbodi _

o E3HR004TRN P Hobied 1ER tn6 e 91,0 il s 96 16730 min.
vitrified and subsequently warned to be enpl oyed for
t ' .to.t t i ' -
ot BPEGH e R A o Bl SRl lnve Biiibe Shayedwre
useslipated tiyeoromsskada cascahmtion bfe’dnnlgﬂnlefbm ?m:,ﬁnﬂedwmh fileg oocytes

t : ryQs, at,. .
o1 28Y bE EERE] a1 st B Y SHaBGs I Fel st 121099 x  for 20 min.
Vitrified oocytes, cytoplast, cells, enbryos or

A .1 b Ptrifi
cr oy Bt PR AL ot e b
prAssestinglo arteecerphastient of thesinvéntion theyddiipatetiaoegteanthy be vitrified
B LT AT T ETER T T
ade@ndpmgnieo altbmaﬂveagmhodimnhthdsieﬁmateqted)dytem?byaﬁe used in the
. the
o TERbE o5 JedDECFREII o Brod et aliele TS in baficutar embryos at
ndhe hiagtecysstageohichpreianally mayybfetdﬂéfiq]i. &ftefied oooylast cyioplast, cells,
ter _—

S S b2 S0 Bs el ety Pe PR YRS iried blastocysts
maiedced dy ditevitrifioationrmocessiof {hespresant vebiinrm may be stored and upon
M RHHRNALY Be ihATMER Y2 SOGBIPAG-Aithars SRS (S BNRNEL senetically

modified mammals according to the present methods for cell nuclear transfer.

Mitochondria

Cells of the tissue of the genetically modified non-human mammals and/or non-human
embryos obtainable by the present invention may harbour mitochondria of different
maternal sources. In a preferred embodiment the non-human mammals and/or non-
human embryos may harbour mitochondria from only one maternal source, However,
in another preferred embodiment the non-human mammals and/or non-human
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i n anot her preferred enbodi nent the non-human mamal s
and/ or non- humanenbryos may harbour m tochondria from

watowmashe t wo mat ernal sources, such as three PEL/DKD@IG/000498

sources, for exanple four 2maternal sources, such as
five maternal sources, for exanple six naternal

Sour ces ch, as seven t.erna ces or exanp

PO SRSt PO SUREERITR T Aot e P ALIO i b s three

f orateenairsplieet gor exdntple fur Aetsrogisourtas, fucakalive Irrtatemél sources,
ces ca

B ERhPle ot alsira) FOTRES. St S Sy BB Souross, for example eight
niviateshal sduicas, doxarpinee mxtesl sovresse fdrté?(@m‘ﬂiest@n maternal sources.

i ndic wer e_obtai ned from

chlh P ARG o iaIRT s Pe S RiremA) Mot soviasm BB e gRloulated
abakedronvtht lobsembditypes ohmiiddighdiéaimul us- oocyt e conpl exes
(COCs) were aspirated from2-6 nmfollicles from

sl aught er house-derived sow or gilt ovaries. COCs were
nBxamplési n groups of 50 in 400 ml bi carbonate-buffered
TCM 199 (A BCO BRL) supplenented with 10% (v/v) cattle
serum (CS), 10% (v/v) pig follicular fluid, 10 11U m
eEXgepbwherd mhimm l(n(giuéztgo mehéfeibéti)ls Sy bgt@ﬁ%d f@ﬂ?g@g@ Chemical
at. 3 ubmari ne | ncubati on Systent I S;
\/{i?t(%tE%?'sgh"b @&6‘; in 5%0C2 in humdified air for
41-44 hours. In vitro ferti lization (I1VF) |VF

e erfo {n vitro matured

oég %s ﬂ%&Q”'aa‘gﬁ'fY'ﬁ&m Wat "?%Q\I}ME After maturation,
OCHBIUMBmcymmE@Im (:@O@/sﬁ\hemBBMra:tenfmm-agnrﬁ idlicles from

LRI BAA bbb 2B 0E 5CF el BB, hortr 01 oo

t nldddaeiobreade-teffared E@M WQEQGIBGQ BRI()Bupblemesitedalith 10% (v/v) cattle

) aC| tat.i, o 5%
QBYCsSASH pPodERfieSe B, (uBimizha 7 B/Bokdsyiseen vt
vBitdviurie, Bdmmaﬁk?sdt 38 Breg) .neﬁ@tsama@hemgbmfandsnés%%&n“ (dSlS Vajta, et
S ectilization wa med at and in
5@6{%’11%5‘;:#@(‘#‘1“%& ‘%?dra‘f r?ﬁ %‘ogrsf or 3 h. After the
i nsem nation, the presunptive zygotes were vortexed in
mTB t.to.re e cumul us cells before washing in IVC

[ﬂquilraat e‘wg in culture dishes (see Enbryo
clMFtexperuaedts@vaé patforaned. withan dm@dﬂatgi'é@jfbdbgteé VB idehigal replicates.

Clgif%r |néggiﬁyc Ibrgg)gkyvgbquasg}edetwme wit Tlg ec\éln mmg‘;l\ngA cal}felne

(MTBMger) and transferred in groups of 50 to 400 pl mTBM;.,;. Freshly ejaculated

semen was treated as described previously (Booth, et al., in press). After 2 h
capacitation at 38.5°C and in 5% CO,in humidified air, sperm was added to the
oocytes with the adjusted final concentration of 1x10° sperm/ml. Fertilization was
performed at 38.5°C and in 5% CO; in humidified air in the SIS for 3 h. After the
insemination, the presumptive zygotes were vortexed in mTBM to remove cumulus
cells before washing in IVC medium and placing in culture dishes (see Embryo culture
and evaluation).

Handmade cloning (HMC)
The applied HMC method was based on our previous work in cattle and pig (Kragh, et
al., 2004; Peura and Vajta, 2003; Vajta, et al., 2003), but with significant modifications.
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al ., 2004; Peura and Vajta, 2003; Vajta, et al.,
2003), but with significant nodifications.Briefly, at

wd2m7i2gsbd er the start of maturati on, the cunmuP@EDK2006/000498

i nvestment of the COCs was8renbved by repeated
pi petting in 1ng/m hyal uronidase in Hepes-buffered

TENBRE oLt RIS SR B ARER GG OINELMAF o the COCs wes

FONS et &
hessaed suyag;eeaet]l ptgetmdg tro1 @@ hpaidroaldasel rmlﬁspasslaﬂfefeﬂ TCM199.

h i th
VA0S Ry 54 B TR YR M poromec
3013 Hgfeatedrstageaarﬂusiecsmﬂwedammam’&3pé 'ul'séd)ﬁ‘or handling oocytes were of 20
N e T S —
Beitsoleed ihg %Q?Y@Hﬁep&%&uﬁe&dthGGQ RRediGnS Shéﬂﬁﬂhbéﬂmeans
gé&g%ﬁﬁ ﬁ\}/\LtétZ)If g‘%as ré) g&g{éégm a thogsl’qe? started to
d?@mﬂ_r eemilslsflapa:tihlpltc'lorw!sts Eblu&orz;ﬂrrm/ waleep@kea @dt & washbdaqeckly in T2
0 eqent ed . ol.yvinyl al co
(R3S 4RR= SR Wit by St R Stk A tohg fere tned up i
i drepeafT Z)fsuﬂiplmemtem w:tm&smgieﬂ bﬁnygﬁ? MEHKTW\QAUWZ 5 ug/ml
t ra Shar
RO AR TR ErOB5 e 5Bh1 Hastom e’ Ry anlstyuder
Fstagamnrssmpld u:orﬂehblﬂdumaf]&tae;s Sm"'@% iBraHée ()?Felﬁeﬂmd)logy, Puliman,
uor oghr o . .
A i 3P FERen e BiTEREtod Aok el p0fi i B Hgipea witn 5
t p@!mTHVéchmdBMﬁ fiworedheorhetit TRVA tirapsGor Srmirt; aherogladetinio 1 i
S3P5 SEBIRA bRl on i s T ARt Aoy Rk cish olhed with o
f {3y fregrhenteipehdrab). ¢J$lrcgmn anerBstdaniardsgo;ﬁ@amdnbk/a@hs positdres of
CFriaft BRn@Rpi i R G erf socttarep agp eipcoliectes
f ursiena. sté?edyralcrdscbpe)m Tk dropd Urstil ther stand oefhafesloras
descri bed previously (Kragh, et al., in press). Fusion

was performed in two steps where the second one
| et fibeabladt eeilsmvenean'emed)és de$0rlbad prvioualy (Keddh, eiFalr in press).

e _sel cted

(L8t pfeadfrd dhbsiubere) A s Bt e S Widtion of
faatightiong aamlla’fui the first spie;b |csieeld|rcgbfaths spleptetitoytop[h@ts (preferably the
Y 230005 skt FOPLERSSY e 1l B ol 0
Arysapiasits wref toansBersed atshegroqprtcckh}g/mrmfmu)haemeggmmW(PHA ICN
t j hr.o ndi vi t.h wer e ,
S@%rﬁl{%ﬁ%&éﬁgg& Rh&% g 5% !&Eﬁ g}élcgwﬁéé%ﬁgnq%o Qi of the few fibroblast
o3l jridavidailip theth Wesd serhfhéntpdnrr 3 TRerap. ddfar daﬂtzmhateatj 10rcytoplast-
fAIsi L Ll % 10 o
P AR A AR L B LN e A5y o
KPA) foel 0 s pdsing analternativiegneent @\G) IméOxﬂKNécm)fandt 700 &Hancell pairs
}E%% ?r{a %?5 é%?orﬁ%%ﬁﬂ&i%ﬁk ﬁ@crégﬁj anPE%%n chamber,
fraedeh d60; BT&ﬁadE@egm cé, UBiAy with the donor cells farthest from the wire (Fig.

1b), then fused with a direct current (DC) of 2.0 KV/cm for 9 us. After the electrical

pulse, cell pairs were removed carefully from the wire, transferred to T10 drops and

incubated to observe whether fusion had occurred.
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1b), then fused with a direct current (DC) of 2.0
KV/fcmfor 9 ns. After the electrical pulse, cell pairs

wowrrg/oespoved carefully fromthe wire, transfePCBUOKR@6/000498

T10 drops and incubated to2®bserve whet her fusion had
occurred. Approximately 1 hour after the fi rst fusi on

oy P ABeleiy A PRl 4t o S5 PR e Perotl S réimaining two
drihpds sﬁ@mmﬁﬁ% wefDedliilvratechim datilatiod. rediivin MiSgseparatelnt0.3 M
0 R EOE i Bttty M B o 1% BbypihiezonS! (Pyay. under a

t r@.pKeice aer wtablfagnewbeslqmuemyioalalsytrbretd \h@"e\fdhgﬁed sequentially to the
gr.oups of

( ﬁw mlq‘r?u&sAéfSﬂ n&lﬂgf Fgch%tfeldgr? gmt ed p'g(% % 150 d.¢ g|e DC pulse
wasf QB Kﬁ’/oﬁmfor@b@ssmmrﬁdffmhe) secomd fugiort aad infiiatiod of activation. The
bR g kB BT R AP o
t h@‘aefsldﬁ’ledﬂ_&bﬁl(@gﬂdi) Ré%enstnsiedmhlaq}oemfereymmbm&un culture medium
o SPR ETEH Pl i Byt b EsFoegat Yk B oahtl Sitasin B and 10
ammb/&r@cyn%h(a);bgnw@ fovldexatrd8E? Cfin E"/fncgz,aﬂ% ?ﬁgﬂlgo%slﬁzéwi@%aximum
9 u
PR e o8l ko I Y M e el o ipre.
Par_t henogeneti c activation (PAL Pa%gfnggegfg glal I gr
) d el
aﬁﬁ%rﬁ}%&?&g?e?@ﬁcﬁ@%‘éﬁ(@@Egt ggev\er e denudeg int hg same
\/val?arﬂﬁanagmﬁelcaﬂgfmm/ateh abcyed wawroﬁmuedtrﬁthémepiarately or in parallel
PO BRI Shelie ek pdieeb IR v R i 4 b Briibdilgnoer
f dnculiatisn impranaserass osedio dietitne(20n3 pMqudmdrﬂletely rémobéd. Zona
. 1%, P\, d,.t e
HECS GPEY ol g fshhrtpton Bls B ot B st fo.5 mannc
¢ hatrioev Mg8aleD. 146Dt Cm;?ncsangy/e@m) 40, tradSib)r;edAo shenigkien chamber
. 0-~85 [ r W
oGt 0N RPimee MRt B ER S Zedd A Bon). A
Husigge 1DC puisk affh85 KMlldm)foZBO pecyaseenefated witma B’LfSt@?:—tl 50/B cell
m_f.or .
o R e o ieEs HuBo Y Rl artéd 2 SRS £8F ona intact
enﬂérqmmas,sa sinple¥C palsantt.2b SKW(EEB tort8@disiwast man?@mng to our
ooy iy PR SEB b Jodee e et SRR p B st
eI amv:ntloa:laandpaulbseqummm\mm semabpasant mr ZHbfz ZEmnﬁes uesmttively).

Zﬁ{r@ﬁécem Ny C}ﬁg elé[ql agrg‘@ve %!r 'a% é%l for ARIC #e?? struated

produce CatABNLS ere cu
i rersbryrogli fi ed

Embryo culture and evaluation

All porcine embryos produced by the above treatments were cultured in a modified
NCSU37 medium (Kikuchi, et al., 2002) containing 4 mg/ml BSA at 38.5°C in 5% O,
5% CO; and 90% N, with maximum humidity. The culture medium was supplied with
0.17 mm sodium pyruvate and 2.73 mm sodium lactate from Day O (the day for
fertilization and activation) to Day 2, then sodium lactate and sodium pyruvate was
replaced with 5.5mm glucose from Day 2 to Day 7. All ZF embryos were cultured in the
WOW system (Vajta, et al., 2000) in the same culture medium and gas mixture as used
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NCSU37 nedi um (Ki kuchi, et al., 2002) containing 4
ng/ M BSA at 38.5Cin 5% 2, 5% CO2 and 90% N2 with

woraooroessphiuni dity. The cul ture nedi um was suppPCEOK2006/000498

0.17 mm sodi um pyruvate ardd 2. 73 mm sodi um | act ate
fromDay O (the day for fertilization and activation)

| Y g D B 2B 28 o e

ZW@Wer Vs blagoeyst tdte wae degistetcdeonVIRAY B.yikt daterming tadal cell numbers,

a e he i um and S. m xt ure -
a2erioBiR hold Wl Rt & e BRI RRBRR B et Sontaning
w2® bgli! Haeobsti 33§42 ieoreatmomes Aftercriaining foMsh, chiteyos were observed

b . ' 0N 7. To.determ ne

¢ i S BbnaraioB el P BAEL B WA b el b BT A V-24
t tiltex (Njikas.sTakiyordapaopi ¢ slide in glycerol containing 20

nmg/ m Hoechst 33342 fluorochrone. After staining for

24 h, enbryos were observed under a Di aphot 200
i Byampled m croscope with epifluorescent attachment and

P pferces i deveMotiive) E8NBhencE BEbben SO0 B chn 1209 in weiht)
( dervedomcyies 8A0 Kt (Bro~aenariths), 78Kg inreeigbt) dgties] agtegivere

BB B 20 AU S5 SHRRR o s v

meiergrinvestigatefdud idemtital neglicgtesp 3 ZRepeytesfremtsogat(@Zlicvcytes

3e, ' j " = o) (2). ,
bABe T8 21 BBECHS gyt ) A bo8REHER S PP 2" gfebon. @ singe
oBEynuss df0ch i§Victsfor Bo us BEs appliedatvhitea singls s &KVRE pulse was

p : f i il

CYsafto el RORR, ol Tl S ARE b syl ot tne
okrrpeniage pihlasiopbysts Merdatiatediembrye vas dbdaronindskd above,

t he percentage of bl astocysts per activated enbryo was
determ ned. The in vitro devel opnental conpetence of

phie Weffoyeensianmentsl canpeieace df pasthenegensticallyedtivatedoocytes

e ; :

TAB[VE0 ORI ol bEgERat UESICAEL REisndin BB g biastocyst
aetesitreghenagenetically entivatatsoosgies fronysivs wenetdignifiagtiehigher than
t j i r after ZF or ZI PA. Table

1&6%? g@@?@&‘;%ﬂg@é\%qeégﬁgﬁtﬂ%,?. Day 7 parthenogenetically
activated sow and gilt oocytes Zona Free Zona | ntact

Neypi@f activated No. of No. of activated No. of

oocytes bl astocysts (% * oocytes blastocysts (%"

Blastocyst development of Day 7 parthenogenetically activated sow and gilt oocytes

Zona Free Zona Intact
No. of activated No.of No. of activated No. of
oocytes blastocysts (%) oocytes blastocysts (%)"
SOW 103 43(42+4)° 110 61(5546)°
gilt 85 17(20£2)° 137 36(26+5)°

2P Different superscripts mean significant differences (p < 0.05).
f‘d Different superscripts mean significant differences (p < 0.05).
Percentage (Mean * S.E.M) of embryos developed to blastocysts.
The difference in cocytes developmental competence between sows and gilts has

been examined in in vitro production (IVP) and somatic cell nuclear transfer (SCNT)
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sow 103 43(424)a 110 61(556)c gilt 85 17(202)b 137
36(265)d a'b Different superscripts nmean significant

walrdo7mespces (p < 0.05). d Different superscri PCEDRE2@EG/000498

Si gnifi cant differences (p3k 0.05). * Percentage (Mean
E.M of enbryos devel oped to bl astocysts. The

diff rence in poc tes devel opnental conpetence between

sowg rXﬂﬁI SgPareiehh sesultivein %)?ﬁﬁgﬁéwawidrrﬁa/ihttm@earlier publication of

prcutdeho*etsém'cl(] bidRlhs 28KerFER @ . CZ(Y(ﬁll HKUH Gt %ﬁrzddgﬁ‘ﬂ%‘c fHat embryos from

é ryos separately, res
co?]oc‘,[‘f V5 o9svien af?]%Up@QP'[ ’Pé’i‘oﬁﬁf Fm @éttdaﬂMe@)bO@{tdsmm supporting

r dﬂwo«‘.yst gé\mltﬁﬁne(ni;h Nth(ﬁfgh dfits Rlediin 8l9%u%ﬁ¥é‘r% at fle l%rderhne of

os _from sow deriv oocytes

20
'ﬁ%’%’ Qr tht‘eod 1%?{8%3 PFYReYPRY 7 iastaryet ratssyaftes PAwas stgmﬂcant
Smewng thegsupldisit mmwpw@awb&ﬁﬁaeme &lsrowgt gl I ts used
mat ur

in our study were at the borderline of Ity, the
di fference between Day 7 bl astocyst rates after PA was
siEEg«aahfdle:ant, pr ovi ng t he superior devel opnent al

t enc K%nes Exanple 2 The feasibility

of. so
of G Eta °{>B’I°8'W'ﬁ &iaMCi wasdaYesiaeted in @ identical replicates, with
| deRtaind & pairelmél IZFaPRSS cohtidls. THE nddtd chimpBRhasd boé}f d@ccordmg to

| s nore conpetent sow oocytes

X%&‘giﬁ)ﬂ Were ‘WSF & % I8 B BV Slays Efte'S'@Oémﬁt@l&W afd/@ractlvatlon

ré}mmnwhbemctﬂb«mt 8l Pler AEbh Moot
EASLe Bar T eConet e g erhrds sy Becefimumpprs of randomiy
tMn‘%er§ i?s ?(?%ﬁ{'?d’}‘ﬁrﬁ d§iﬁ”@l‘5‘?@d bl ast ocysts were

ddaze thamedD% bboecytdasyréie Qérlv@@%b‘i'r?mwp?ﬁgﬁ'ﬂfaﬁ Wdt%ggﬁes could
f r I ntact oocytes cou be ¥eco
¢ 58 TeRERtor Al Eonet nliBodson. Fvarmep g momos corigce
cmnonsﬂumtedaomrum 00 ehztgre® dbcydés. 108 d@%lHﬁrﬁQn@P&%ﬁeiencUb? all

cé)?o nt al etence of all sources of po
B %Or%'ﬂ%\‘f\’ﬂ" ST, Bifqwdin TegleryonyDay ﬁethaélﬁwlgmmemttof
gfeqoestmtzkéd erabgds ﬁ'%mtd®sﬁé%%%m;ﬁﬁﬁ With 7 MRSumber of
n .ce , ile
blzé* \g@'g{h? ?%t8°¥séfaq?% \élpé‘”QIZFﬂf\ \A@feew@é//@adﬂ?ﬂm% 243,
( hERAT) respbetiveR) respectively. Table 2. In vitro
devel opnent of enbryos produced by HMC, |VF and ZF PA

F hrv o. of Mblastocyst Mean cell / enbryos/oocyt h
. Jable 2,

In vitro development of embryos produced by HMC, IVF and ZF PA

i’gggg embrA;I/?)s‘/):ocyt b Ia’;’;:;cc;; ts rggzt‘()n%:fw I?Zlﬁgeiegf
es in culture iS.E.M). blastocysts
HMC 243 41 17442 4615
IVF 170 52 306" 7446°
ZF PA 97 46 47+4° 53+7¢

abe Different superscripts mean significant differences (p < 0.05).

%€ Different superscripts mean significant differences (p < 0.05).

Although the theoretical maximum efficiency was still not approached, the integration of
zona partial digestion and oocyte trisection almost doubled the number of
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f rates (Mean nunber of or igin s es in culture
bl astocysts S M) bfastocysts HMC 243 4 1 174a 465d

wo YWe70783962 306b 746e ZF PA 97 46 474C 537d a' BCTIDK2006/000498
Different superscripts meaa significant differences (p
<0.05. d Q Different superscripts nmean significant

di fferences B<005 Al t hough the theoretical
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g
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ure o wever ,
6 FEPa e BB ama Sirdsh (GEREretrbar 828 Hi remiacement of
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er C. epo suggest e . LUcose | not .
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g{gg%éﬁgq%ﬁ%@gg%% reovr% 3@@? rst %H%t@ﬁﬁgggbl asut(%? Xlsctl,lﬁure system
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first tur

a e resulted .in ast St ra .
LissBoptial Someliapt e bBRBPYR Lotp 31 A A ZAHIEEVER prrph Tevdls as hign
(#180% Dy, eipublished?002) , whi ch was further
corroborated by our present studies with an | VP
bl ast ocyst s
Statistical analysis

ANOVA analysis was performed using SPSS 11.0. A probability of P<0.05 was
considered to be statistically significant.

Example 3
Vitrification of hand-made cloned porcine blastocysts produced from delipated in vitro
matured oocytes.
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rate of 30% in average. Moreover, the first eval uation
of this sequential culture system on porcine HMC and

W@ BoPA2ssebr yos has resulted in bl astocyst rat eBCDDK2NH000498

and 47% respectively. Sonme8i nes, the blastocyst rate
of ZI PA could even reach levels as high as 90% (Du,

ubllshed_ Statistical ana ysSi s wa

e Ql?é”‘ﬁj"’érﬁé%ceffr%wa%’ '8%%&%%%38 PEQOfG'@e\ﬁHEb"VOS with
cem'md:gaﬁrdm thut betipuatsudbédqueht yisiograinfdutaioh . (EesRIMek eal3 2004 Biol
VFGH f] g?tkg{]ﬁ of hand-made cl oned porci ne bl astocysts

BPdedT43%18)del i pated in vitro matured
oocytes. Recently a noni nvasi ve procedure was published

b GTYORAD RIO8 06 SR R RTS8 DEviiEein Ging Crvotop
2QthzBicoBubap e . FLZiﬂ:om%ZJa@))an) @sydmnm }bﬂividmﬁlyo(fKuwayama et al.

st ocys arrie vi, b cal
gb)% g‘)\%ﬁop&%c&? {IEaP oV'%UB?}IO{) f/ql \ygrﬁat,:ﬁnsferred into

aSqmmﬁaf orbedlumre‘(Espabosns(thgvmyaB% QINﬁlethy%@%ycol EG) and 7.5%

23BN ip S . S S5 e in 20% et e
eq%tbdltltdw %?S)ﬂaﬁsﬁﬂ{m fopB t(d) E?)mm/ogﬁesam mlab}‘shﬂnlé%e( Mthygs regained
e ene 0 a D%, di
S e B ST SRS ERn PR Har SRS 20k drop of
smltﬁftciailicm ﬁol(:fiSSXVSI cOMITnG osf % qQVID E’Gnano“ﬂti% (laMSO) and 0.5M
initial ,shr 0 e alne or| |na
\ Bhdihee RSV B Fou Y sl S8t RER X Sy lret fRivten for 20,
ng?gygdzmedéaédedt asndb?gﬂ}mp thi pluhyéd drgo asnlls\{/lﬁw mmcrwnstrh@ @®rocess from
0] % an % a sucrose
PRI S R 480 B ENBI R T D00k Soa - Aft er
i ncubation for 20 s enbryos wer e | oaded on Cryot op

EB Ao b e by RS Rna b Gkl i ewing soluton

E(I8)yoasibiiassfocoid isacroee ¢n TGN ploy 200n88 S iforgl niinyibeo fransferred to

b4 0% R DM T B LR PR B IR A 58er s min

t Tamsheve eyopmtelitanit embrysablatiooysts WSre keptstividlel ing Wéshmg solution

oS AU s B ST e 895 055 50008 T s

tm'aieermhed aceasingnt sahptngdon (MBs aREMAOh pleosve?P % SEB)Ire medium

S e Hh T B8] of 1Tl D astooyste

h recovery in culture nmedi um
The non-invasive delipation method was applied to in vitro matured porcine oocytes
and further development of delipated oocytes after parthenogenetic activation was
investigated in 4 identical replicates. Oocytes were randomly separated into delipation
and control groups.
For delipation, oocytes were digested with 1mg/ml pronase in the presence of 50%
cattle serum (CS) for 3 min, and washed in Hepes-buffered TCM-199 medium
supplemented with 20% CS which results in partial zona pellucida digestion (fig. 2a).
Subsequently 40-50 oocytes were centrifuged (12000 x g, 20 min) at room temperature
in Hepes-buffered TCM-199 medium supplemented with 2% CS, 3 mg/ml PVA and 7.5
ug/ml cytochalasin B (CB) (fig. 2b). Zonae pellucidea of both centrifuged and intact
oocytes were removed completely with further digestion in 2mg/ml pronase solution.
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suppl enented with 10% cal f serum (CS). The
non-i nvasi ve delipation nethod was applied to in vitro

woratoanesdopor ci ne oocytes and further devel opnePtT/DK2006/000498

del i pated oocytes after pad#thenogenetic activation was
investigated in 4 identical replicates. Qocytes vvere
randomy separated into delipation and control

Foer aetiviatien ifovingle dirgeteaurpat of GRyEst K SRKe was @@pﬁ@d {0 both groups,
fnfdrhla\?&é@ dﬁyn4tmre%ﬁ§rﬁn\%ﬁh (Bfugmo@saéﬁd %ﬁgﬁrﬂ 'Byﬁ@ﬁbmf‘rﬁtfe gcHX). Al

washed i n Hepes-buffered
s epbesevare dheu ewtupeshindis weddivd H&%P% meﬁ'umrﬂiayaﬁ blagtagysts were

PShAridaia V&Er%ﬁtdy%lrbfﬂﬂg Cr?o%p te%Hﬁiéﬁél g@]Wéyﬁnfboet@ RBM Online, in

oocytes were centrifuged room

térﬁ@é} &tud®5Th Pepel Mif V'Hlflé@ wwm MR figtermined according to

oYL b o Sl R bt win 10 .
bmeh roenhiers fai geexgamded nlagtocystse froes bollr groupsrovard determined  after

%r?stt%k i, EQ JuiE WRgE c8+n981%"d' tﬂpAgl reg?/uaﬁi'{” : el%{?ﬁa??ona digestion

1 on OI‘ ac I'vation, a’'sin
85Kdr/cenhnfugnatu®®n®wms lrapmqees:fult dﬁhpamcm igr bIBHEI2 990 ) okecytes. The

b¥ie el%er&(%rﬁnatgnﬁ?%gégs@q )ﬁgggr{omdlf%?eﬁn@eﬁvg /d'éhpat and dlntact oocytes

Br Y08 Wer e then our
t h@ﬂﬁo\fs‘ 2S5 /NCSPBTIvieh Pamo5my)w9ven, sunvbvelrates afml@tocysts derived

Vl{{%Fn' Eé@%t&f go{f‘ﬁé% &é‘fﬁﬂc%ﬂtl ?gg%éf@%rp %c}sgggg\}é%b%d from intact

Soowt&sall%&ﬁ%wq 32ﬂ?/ewsbeqwewcw 81 wabergds op wifiesence in average cell

S EFREEAI e BE DRREL AL LEHED A i oot s e
ofvs. r%&baoaamtlmms?b@pél sTher eesultsodemgnsitale thtr the SImple delipation
d%cﬂﬁﬁh%%@e@ hﬁﬂl}ﬁg i{ﬂétm %r%'ngHr @Bgr@??%rﬁﬁet@ﬁ&eof actlvatgd porcine

conpare Si's ona di gest

centyted, u:g@t lnmnove@shbet@mosuwn@@é él%ﬂemve@eblaﬁacys@] wiithout significant
1736196 or0f oocytes. The devel opnent to

blastocys WAas not different between del i pated and

i ntact oocytes (287% vs. 285% respectively; P>0.05).

letel
oy e BBipg Bt doh3 ol 8 o Sac IRl BolorEs WEp PR completely
dJhe|semed>araroﬁﬁerawad@sqﬂb@®ab@ve(feseleww emvaxpn were apphed to both
t [ s A Soysh

Sy e e g At 2o uoers were
f determinedler del i pated or intact oocytes (367 vs. 389,
respectively; P>0.05). The results denonstrate that
the sinple delipation technique does not hanper the in
viThe deasikilityopihepplyios np atoeriavasye dalipplien derhpisiugi tvein vitro matured
0 S, 50 r ur f sdeLjVv t
BGHIRS 0TS TR \mshgﬁ?& 00T M rYAb2P odd)fesdRBh VBE  delipated

bl"as S ut si I cant l'oss I n ce
successfully. As shown in tabe 3, the development to blastocysts was not different
between delipated and intact oocytes (28+7% vs.2845% respectively; P>0.05).
However, survival rates of blastocysts derived from delipated oocytes were significantly
higher than those developed from intact oocytes (85+6% vs.32£7% respectively;
P<0.01). There is no difference in average cell number of reexpanded blastocysts

derived from either delipated or intact oocytes (3617 vs. 3819, respectively;, P>0.05).

Table 3. Developmental competence and cryosurvival of vitrified-thawed embryos from
delipated and intact activated oocytes.
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After delipation, zona pellucida of oocytes from both
groups was renoved conpletely. The sane paraneters as

walemanessedl above for el ectrical activation wer BCEPERI06m00498

to both groups. Seven dayssafter activation,

bl ast ocyst rates and bl astocyst cell nunbers were
determ ned. The feasibility of applying a non-invasive
deli pation technique to in vitro nmatured porcine

pocytes was | nvestigated. 90% (173/{19 00C tes c'an—be”
el | Paekal sucedsivaiery. |ABasiwyetnater] t BP0 he Mean cell number

d o st after T f reexpanded
jev&PEfitENt {o bPeteocydts wéb) not (di g@@&%et wel astocysts

( ' i ntact ocogytes (287%lvs 9
'esﬁlﬁﬁt%l yl P>01185). HoweV@#7 surlvi val8sttes ¢f 367

Dl ast SUS feriveg fromrdetjpatedjoocyt wer-e
ashfG ! gie yi&s _
51 gni @I cantly higher than thos?e’l devel opesg" rom i nt act3%%9

oocytes (856% vs. 327% respectively; P<0.01). There is
no difference in average cell nunber of reexpanded
bl ast ocysts derived fromeither delipated or intact
oocytes (367 vs. 389, respectively; P>0.05). Table 3.

t d i val of
TR g8 B E oS Sm col i pat ed and i nt act
activated oocytes. Handmade C oning of delipated
PSR o 3N BT FC L PR ten Yo Wonlien roplewge of on
odeliptied dooytebiiE HiMCavers esediss a contrd] spdtesy Sb@n ddye \efter
SR RISVl TSR BB i Wt
r Strelyaloratescaid celi mu‘mbg& mf}tre—eepandpg llb%d)dy‘ataswe@@ ylétdeﬁnmgﬁ as
d gl ' { t t
o R ROy P cac ea ar 1T
mani pul ati ons were perforned on a heated stage

' | drops ed for handli
SEhctpt Sk nes A o R 30 e el et st
Fadjusdedrit 3%CC,carld alirdropeasedtfoatsiding oddytesha&@BRde ul volume covered
cl.%ni E%%H descr.i be?I in our previous work (]Du, et
al'™ MEEE Plvied SApItc e8! Wderr FasriRpithe Rentimadeadoning (HNE)
eduseliisat ih@r plevivas ivore( D at 8 2808) WaNAFIbd IR 88gle modification:
bi section in d of trisection was applied. Briefly,
7 5308 et i PobSior B Rbyincind o tikeston was
aappliédes were incubated in 3.3ng/ M pronase dissol ved
i‘#.é%?,?, or, 10 s. E&f ore the oocytes started to becone

ek e 1WA SIS TR IMETHeSPniiet Qo qyfasivese digubated in
a8 18myvat pashageidisbived th T&3 BRA0 $28:16Fc0RE oob¥RbS BRHEH to become
oocytes after cent r{,f u%at ion were digested in the
éﬂ@%&fpﬁp in pronase solution, they were picked out'and washed quickly in T2 and
T20 drops. Delipated oocytes after centrifugation were digested in the 3.3mg/ml|
pronase solution for an additional 5 s.
Both control and delipated oocytes with partially digested, distended and softened
zonae pellucidae were lined up in T2 drops supplemented with 2.5 ug/mi cytochalasin
B. Bisection was performed manually under stereomicroscopic control (Fig 2¢) with
Ultra Sharp Splitting Blades (AB Technology, Pullman, WA, USA). Halves were
collected and stained with 5 ug/ml Hoechst 33342 fluorochrome in T2 drops for 5 min,
and then placed into 1 ul drops of T2 medium on the bottom of a 60 mm Falcon Petri

dish covered with oil (3-4 halves per drop). Using an inverted microscope and UV light,



10

15

20

25

pronase solution for an additional 5 s. Both control
and deli pated oocytes with partially digested,
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a2, Sl et PG iy o R P Bttt o ropg and
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esc d abov E Oie e
ol FbTET BB UEcaRiRLAD UBF APLESAALS! DfbiiaPsmonos o
| SECXDF aom ambr&eeéerﬁitwrfym delipatedeandrintagiedaytesi on)
suppl enmented with 5 ng/m cytochalasin B and 10 ng/ m
cycl ohexi m de. After a 4 h incubation at 38.5C in 5%

CC2, ~ 5%[C2ano98% N i th maxi mim hesxaandpd enprijiern cell number of
mW%ahegchsth&g@ i|n Bageeysh Tedblggqbggfgfee clil t Ungexpanded

Tablogp 4 opnent gl mter(i¥t epnce and, suryi val
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Different superscripts mean significant differences (p < 0.05).

* mean+S.E.M.
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SCNT porci ne enbryos derived fromdelipated and intact
oocytes. Different superscripts nean significant

waledo7messpces (p < 0.05). *: neanS. E. M I n vitroPCT/DK2006/000498

devel opnental conpetence wWas observed in HMC with

del i pated oocytes when Day 7 bl astocyst rates were

conpared with control HMC group (216% vs. 236%

r §xyje dpvalegmemmaizonmetangswaspbseed ds MG with delinaged oocytes when
a r C 0 d N
o R B o el R Vo.2020%
déﬁﬁ@ﬁ@tp@br PPo®bi hekietd)- dawsqulrae%ﬁ@s wtria‘@atlon of cloned blastocysts

r@érﬁlﬁe‘atfré(rﬁldfellf)gtég &Jaxt %‘E'gﬁlfﬁ ﬁﬁpﬁ@rj Pﬁénaﬁlﬁéétd%%loped from

handmade enucl eati on I'son to exi st
nit3ed aacyigs @P+a%- V&Z%ﬁ&ﬁi&@ﬁdﬂ@b’n Pr@.00)-t ro, COCs were
further cultured for 45 mn in the sanme solution
suppl enented by 0.4 ng/nl denmecol cine. Cunulus cells
WEX@MPIRén renpved by pipetting in 1 ng/m

hyabmicamn Qs%'&@edjhm dedu@le'é'ﬁ&‘?ﬁﬁﬁ-‘l’évg Nl ngnl(%@%r?gusemstmg

Fromthi's point (except where o

ametheddi pul ati ons were performed on a heated stage
adjusted to 390C Al'l drops used for handling oocytes
were of 20 in volune, and were covered wth m neral

oftfter Hadd b "@‘é’ﬁ&%ﬂ witre QRRS Wetsdukdiereulianed foretmin in the same

d t

desdn R RIrANRS gggmraeg@cbfa@%ycmp% 3fis Wel AU removed by
dpigsiting it m@/mﬁwa uromd)asemtt‘mbtebun Hepe@buf@wew@Mmﬂ Fngm this

t

ol QR pRERN B RLESEA), K e Plicins WBRY 6ffSHhed on a
pesated sldge adivdted|to §AIC. ddfdepransedriordfandling besytascrensoédo pi in

t Dlei e UGBl deNge aui ckly [n T2 and T20

wer e ned up in one T2 drop
sBagit eteps vEtie NG pZo@dmy hiave begt desraibad iefse®he@R)ereiByBriefly,

uééd;/%s%lfﬂoﬂ{a&}fmﬂﬁfx‘%ls rirc];ggéltgﬁ :ﬁgﬁﬁﬁﬁeg(/ﬁ\' ﬁrc‘o%gge @%%%véd inT33 (T
afiod Hepessbuftaned FCu 19&:MQdiumotrwnwnmby nEant Ipercreuta‘gac[\ﬁ’y] of CS

a%lg) fgrﬁe%rl]t}?e‘ije Eb%g%r'z%% Vﬁ%n%%ﬁ a?rfggéj?{%rt]égl@le{ a%ee{nd slight

eom Cr 0Sco contr a'mec
Teaformution wf ocwltesrmwrrm theyagre dicked uphend vnadhied gllicklyén T2 and

CYACR B8 AL LRRTed el el b 540 gl hpl SRt 5o m
a¢ytoc91ata\smy?o €3B). Byukingdrfinely drawgend fiss-pslisaad gizespipette, oocytes

A5 3ebls 1 BEL BT RB) B BPABER B RES otr boay on e
surface and oriented bisection was performed manually under stereomicroscopic
control with a microblade (AB Technology, Pullman, WA, USA). Less than half of the
cytoplasm (close to the extrusion or PB) was separated from the remaining part (Fig.
3). After bisection of all 9 oocytes in the drop, larger parts and smaller parts (with the
extrusion or attached PB) were collected and placed into separate drops of T2,
respectively.

Oriented handmade enucleation without demecolcine treatment (OHE)
All steps were similar to the previously described procedure, but demecolcine
preincubation was not applied.
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respectively. Oiented handmade enucl eati on w t hout
denecolcine treatnent (OHE) Al steps were simlar to

WO b@7/28396 ousl y descri bed procedure, but denmecPCT/DREe006/000498

prei ncubati on was not appl i38d. Random handrmade
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Du, et al., 2005). Fusion was perforned in two steps,
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activation the first step, with a finely
dPawinediatal fibroblagotells weds plepsedpispiestibedarevioxdyEragh, et al.,

1 ' i nt. T2 d , d
2000 P bl &, 2005 FUS6R B BEROmIIR 1 66phr e B4 sacond one
sineluged the initiptient of@sfivajioo wssvedlf F& tbgfimplb’@ﬁt With\& fifely drawn and
t ransf: 1 ool tinin (PHA
e SN S R
sanhPe-38 @mplagts_(mere plaeetl irdova iy Oalrdim_ablﬂﬂgegtshort equilibration, groups of
- 7 .agai n .an

CYEOBbIS Yk, P S BB RHREA)  ce,
s\ipp leasie wee duigkly ldrapped wvend v{hng\ﬁA)n/atiBy:elU ?oﬂ@NiaQ attachment,

' . . KV, 70Q KHz, . :
e R -

equl rate
f(Bs?r WrmanmitebeurpleBTxted witho 8101 tejwdd] PV Byiasing as hasiative current

I y ' %! ith the somati.c cell s i
P@g’? r?cfeg't \r//om f §h ?b&%@g %PH'en I gf‘§eag s\)o{etr%aggrgepr{% ge wire of a fusion
diheather (BIPX anigrogiide).5 mpufusienahadber, ddend30mBTX, S8R Oiego, CA)
Rai : L Ul fromthe wire to a
AT e St 60 AU B S, LS ShB e B 00
finpLise ohdd o¢cnford nsetp Pavs ivert by rdmbveal daesfulyiom the wire to a

4% BBp, dridSFElRRd BrAd 9o LS E TRLALP ALY Opl ast s were

Approximately 1 h after the fusion, fused pairs and the remaining cytoplasts were
separately equilibrated in activation medium (0.3 M mannitol, 0.1 mM MgSQO4, 0.1 mM
CaCl,, supplemented with 0.01% [w/v] PVA). By using a 0.6 KV/cm AC, one pair and
one cytoplast was aligned to one wire of the fusion chamber, with fused pairs
contacting the wire. A single DC pulse of 0.86 KV/cm for 80 usec was used for the

second fusion and initiation of activation. Fusion was checked in after incubation in T10
drops.
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separately equilibrated in activation nedium (0.3 M
mannitol, 0.1 mM MJSO»4, 0.1 nM CaCl 2, suppl enent ed

WowRaoh/02830d% [ w v] PVA). By using a 0.6 KV/cm AECT/DR2006/000498

pair and one cytoplast was3&ligned to one wire of the
fusion chanber, with fused pairs contacting the wire.

A single DC pul se of 0.86 KV/cmfor 80 nmsec was used

f draditivoak@onid (TGki on and initiation of activation.
FWerM?M@QLaﬁ&?WEF g@d'hc@dt\ﬁfh 2 D%ﬁ@f Zdﬁ'ini/é'i'te-ﬁjrﬁlcroscope (Nikon,

dro I Ona oni n cromani pul ati o

cainkw)c terBn) aamd%sccdp%ngﬁf@re;( en gl 11889 dhang &t @bgoos) Briefly,

T
( P’ftéﬂ'o%%ﬂ lﬂ%ﬂtro e 6|lcm e égg\%]ué gérlllg evhalf?g %rg?\t(egﬁéméébnbed above.

" Al maninlatiens ere performpe op@rhnalad +tage adiiieipd to 8BSy Asingle 50 Ll

dﬁﬁ&&hﬁﬁ@uéﬁeﬂ Solutiirl drH?WaQ Whefel iR fife MHral AREIAraRIG0 m culture
heated stage a %USte 390C. A single

niish@nd sopened mibrinigeraleil GHOWRsHf 4030 Ws?qﬁ%itf‘tgl fibroblast cells
CRRtd ﬁéc@d ﬁ%(?n Bafle |d‘r<§b ﬁffteﬁﬁcd'ﬂé‘tléh' 'fdrulr593(ﬂt*nﬁh t6beoyte was secured

covere ner al G oups of 20-30 oocytes an

f withla Halding bipate (ler@ndgam@%— Bﬁééétﬂn AR pwEr @@Ff@tedr&}p oo Hm).
A‘N‘tﬁf bélﬁ% @@éc‘l b Yosificn 8- mo’bloci(h@le‘?i%ﬂbb%r‘baéy §Mthé%\dljacent

ette (inner dianmeter =

ogyteplagingapRrex- X 1o gof the Gotﬁlrf«poluw pEihe peryig) vaﬁ'awaaﬂvgly Q%‘@'“mg

agﬁalg%ﬂerﬁge ?fatéw@r@aﬁw@%’ﬂ athSmBVé&thlPQ'béf/elb@ ﬁl'b!eoﬁﬁﬁl ptpﬁﬁe (inner

topl asm rox. 10% of the total volune
t Id@nlﬁi%ry‘t' 8& HpY A {ﬁ’f?}tfib(ﬁgqlqst @@h\@/@ﬁ meﬂ dniagied i the spess g\rough the

WehfhediP Wi‘t@F ﬁ&kl@ad?%aﬁ@fgpm r‘é‘cbt‘i‘stn@c&@%hﬁlétd Wér@%dn@!érred into
pi pette (I nner aneter = mm. A fetal fib | ast

cérwsmgnqd@epwerﬁcbwe@ln%l@'Hf?{ée%qy&aéﬂ?f hrduyh UE“H dusiofhand
S |abﬁ\fat|3\f1 Wek BHELGS. mbfi‘&fifvéfy h8&ilim WRGOSUL28CdpBlemented with 4

couplets were transferred into drops of nedia cover

V\mgﬂm#ﬁﬁﬁ and 65 Lk GBe Begensirucisd cguple§ werg ingyppjed in guswn
f sl QAn 25191 AGL C¥a lb%%é’@%ll@ﬂéaqﬂﬁﬁ@% uding arfﬁ\%@/\/pﬁﬂlw and polished

medi um was NCSU- uppl enented wt

7 g RRIaTES MRKe AR BOTIRT BIENE SEA LS SR BIPT A DV heec,
f ugbanuredt pinrd 6r2.¢ kmcﬁw whDthah @bpliste AeteAEUIBRER drops of IVC0-2

manual |y using a finely pulled and polishe

cé?ﬁqclfléﬂyn frmbrg culHe 08 ﬁt’%{%t'oﬁ'%a?r\‘@g qugw%} §3 Hg/mL CB for 30-

e'&@tnh%@%n rés s WHr€ exatRinE® Bfderd ét@t‘ébnﬁd#bédbﬁb FFl!lﬁeSQ:oQiﬁlets were
V/cm was then applied. After cultur

sctipleg dp 8 ePIPYISE IATYSYiON SBIIOR <Vigh A0 S THPR B T10 they
S YRPE BER&IERED W ME0l2 B dtaluate FRIFOde\BRpn@dt.m n, fusion

results were exam ned under a stereon1croscope Fused
coupl ets were subjected to a second pulse in

agh et &8Ps LAy After 30 min incubation in T10

they were transferred to IVCO- 2 to evaluate in vit [}

dé\fier Bsrmativation impulse, all reconstructed embryos were incubated in [VC0-2
supplemented with 5 pg/ml CB and 10 pg/ml cycloheximide at 38.5°C in 5% CO,, 5%

0O,, and 90% N, with maximum humidity.

Embryo culture and evaluation

4 h later, all reconstructed and activated embryos were washed and cultured in Nunc
four-well dishes in 400 ul IVCO-2 covered by mineral oil at 38.5°C in 5% CO;, 5% O,
and 90% N,, with maximum humidity. [VC0-2 was a modified NCSU37 medium
(Kikuchi, et al., 1999), containing 4 mg/ml BSA, 0.17 mM sodium pyruvate, and 2.73
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Further steps of activation After the activation
i mpul se, all reconstructed enbryos were incubated in

w0 %0002833appl enented with 5 ng/m CB and 10 ngP@T/DK2006/000498

cycl oheximide at 38.50C i n46% CO2, 5% 2, and 90% N2,
wi th maxi mum hum dity. Enbryo culture and eval uation 4
h |ater reconstructed and acti vated enbryos were

magﬂéadlawaa@aietfmaavﬁ (fagritaviferactivgtion) i Rawd. $ediunpymvate and
I ‘é@@u&n |GEeRNRste bapla@éaam 5.8imM @tucaﬁe ﬁ&ﬁ Ddé/oé{)é r§é927 (ﬁ%z 7). Al

OO/I\I2 Wi th maxi rum h

m%é'i‘?‘% RIPRYSY mpwwnamw Oéfhea\fve" (Vj_/@y!ébsystem (Vajta et al.,

coobay lﬂltﬂwsa‘inéfﬁélmre %&un@ar@gd@%&aﬁé HEUBYd éiH@JeewnﬁBSIreful
2. 73mM sodi um | atefromDaég/F (the da

aB1GAILm FRANgEQP Py 2 withay demay) W%W%éo'@da@ WRPWs. TC embryos
| aetat@tune ia gﬁ@ﬂis&ﬁ GIS t&VBO lth @elf% d’f%tﬁl\m&l‘tﬁﬁwésrwrﬂs%%hg same

| VC2-7 . free os wer e
cm%am SENS HOSB‘P“t @ame@ 3@&‘ Yybradan wargjregistered on
eDagl2 and20407, reshechesip amRdetethiing ®tdledil MimBad, Blastocysts were fixed
m Xt ure ?s used above, with careful nmediumc ange on

pa( S'WNtaHdB R FRsrdUiciascPRRS IRt § STaf ABIAUNHE glyperol

egbhtdPmgV ey ;Q]/ﬁl!JHbé’éf%@ 38349 ?\ﬁérpéialﬁfng ¥ dverf nbirs Wekdom
of four-well dishes ;S%QUSI ng the sane nedi um anount

atfiNRSAYE BMbEYPS Were G%Had%aal%@@lw&ooﬂra@é@d igrescope with
r epifléressht aftadpert aAQ VOB fitfer (NFR&H’ ekl lapan)l
determ ne total cell nunbers, DIl ast ocysts vvere fixed
and mounted to a glass mcroscope slide in a small

ri§srloff8fiiciéHcy OF CAIEQ)s. ©ME ai ning 10 ng/ m  Hoechst

After staipning for several hours at room

t ghﬁ éﬁ'ﬁieﬂﬁéa“%i’ﬁﬂ?‘wb@ heAEIEoMaRiested indd identicabirepligaies Py@sing a
| RIS 820 BbGHES %@@MW@ |F| rﬁ’é’cljfétIH@ r&)%%gtwe% E@ﬁ@&@@b @kcolcine

UV-2A filter (N kon, kyo, Japan). Conparison of

eWPéﬁ*t@ﬁcﬂ}’ﬂ%We@:RHECW was periagog it poaviascyhesp@n extrusion cone
r ghd/aba Elrédgbyoétte@ﬁbﬁ PRAfad &SEQEd laﬂer]p%rt‘leﬂ %Fﬁdagéldlgestlon

gl i cate usi n\g; a total of 620 oocytes,
4% PENROIRRPLRISRGIRMHYS. djelrosyteqapd Sgi)/!)ﬁ'r&:‘fse@'s?@ted OOCWeS were

drigRaerka| %sb&@é’rh@tbo&nputgﬁ\)e%%db%s@ SRCkArPSpINAS were collected
performed in o'?é%; where an extrusi on cone and/ or

s??Rﬂﬁ@frﬂb’ angsial W!ﬂBHﬂa@S& 88342 (@8 nafroldn Tgder 1Qumin). The presence
PHPARRACEbOGRE M wES HERREAURTerdn IHVQ%ﬁ%ras%enfﬂkFHscope (Fig.

oocytes and surviving vs. bisected oocytes were
éblstered Subsequently both putative cytoplasts and

k .
Hgfel% ﬁgt:@gt%ﬁaﬂ@ﬁeﬁaﬁﬁb b?@FFEqNése Hf@%&‘;l‘lbgﬂeﬁ lﬁg‘#de?ﬁ;gél'?&qlc‘é’fets lising a

plodd eht &4 epcyiass é\ﬁergg%% bm wﬁamaﬁumﬁ@n @@@@t@déxnsquwawaanerformed
| vBAtLRE ddciRE WHeR AN BXiFUSRSHCQIRE ahlbilod a PB was detected after partial

pronase digestion. Results were evaluated as described in the previous paragraph.

The results are shown in Table 5.
Table 5: The efficiency of chemically assisted handmade enucleation (CAHE) and
oriented handmade enucleation (OHE)

Groups | No. of treated Bisected/total Cytoplast/bisection | Cytoplast/total
oocytes oocytes (%)* (%)* oocyte (%)*

CAHE 620 9612 94+2P 90+3°
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4). The efficiency and reliability of OHE was

investigated in 9 identical replicates using a total

After 42-43 h in vitro nmatur aPCDDK2006/000498
oriented bisection was per#drnmed in natured oocytes

wher e an extrusion cone and/or a PB was detected after

Resuylt.sw eval yate
el

1Ee)
d esl—clrl_;l bed 4\1

(J.DC UI‘QV\D
t he prew%rg paragraphagilane results

shomean & Al Bb(a@s&luterﬁvlaﬁoﬁs) The efticrency of

] I t ed dmad | eat CAHE d
TP harhenh S AT A o 04 - rmoan. A D

nmean

(absol ute deviations Different superscripts nean
[ f(‘fﬁence (P<0. 05

PrECEx

t he .successf ul

Gleg oogVte rafiq Was

No diff

4

rences. between
betyesry f°HB%éG‘§a R e¥trusioncoRes ap
alalllommg riented misadtidri @Gﬁth@l?s@ Faté@waéedétéfétéé; dn@ttﬁés

O EhiSon F B

ucl eati on per
F‘BW@V'@F Havevey thegverall efficiency of

bi sect

g/péattqy(bgﬁ @glar bodies

L\{&g@sful

efitié prioeedyre afedshedibydke SptoslasERSs ttrt@ldaoeytetrm%ém@@ IhfhEr in the

p%’A

t he

H ke S O

nuber was hi gher
r%%’t’rp rson of in vitro devel opnent of

enbryos produced with CAHE, RHE and TC In 8

WEPeBRR T v

t he enucl eati on procedures descri bed above.

o st AR el

"# &7

regls

f 46
LeBhrent o dny

itro matured ooc

bgm educed wih (Al

in the CAHE than 1 n

es
é BHE and TC

Fusi on
r fibroblasts were

QOQUESIVRIE rARdomly dighputed and

c slbjected tathretesithe beutleaioh |pafcedmee A¢agheantbobé FalsRitales

r especﬁ%&%f)% er(g‘}’ neﬁr

G0 BR S sterd Botistatedo Reeanstryciss epeyos were

demwemmwmstedm@cmdeearmméaabg}ﬁm&t@é HRSes  were

erived

e e AT AN

r dexitopeldditabieietsamsre lcombiara Heign @odpd.r adi ti onal ,
m cromani pul at or based cloning (TC ?6 :
(absol ute deviations) Different superscripts nean

nmean

AD

dTatﬁlerﬁanleveQGpm)er@@) conpetérne oRbmbrakt wnv@ﬂll%rﬁadrieﬁfbally assisted

be%?émgﬁHﬂ({;ﬁEp%?ﬁjm%gﬁ fp%l%ﬂn (RHEYand traditional,

neiprorgatipelaiox béed darsms (TC). t he first two groups.
Al though TC resulted in | ower cleavage per

PR ot

reconstructed enbryo rates thanthe other two groups,

t Grasipdi f f grNm@e was npFugicesetRt] Cleatdye DI PBREEYEFEt P Cell no. of
reconstructed | (%)* rate (%)* rate (%)* blastocysts
embryos (Day 7)
CAHE 150 8772 97+6° 28+9¢ 57+6°
RHE 86 81+4° 87+8° 21x9° 49+7°
TC 178 81+10° 69:+9° 21+6¢ 53+6°

*: mean x A.D. (absolute deviations)
Different superscripts mean difference (P<0.05).

Fusion rates after enucleation were similar between CAHE, RHE and TC, respectively.
The second fusion and activation resulted in negligible (<1%) losses in the first two

groups. Although TC resulted in lower cleavage per reconstructed embryo rates than
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reconstructed enmbryo rates. Stereom croscopic
characteristics (size; estimted proportion and

woodoziozs3se of the inner cell mass) did not diffRPCT/DK2006/000498

bet ween groups. Cell nunberg (576 vs. 497 vs. 536) of
the produced bl astocysts from CAHE, RHE and TC are

. . Stati st |
21 Poptuatoging. s < erers Hea nbopRpel b brbagio s e
s eédonsirectendmbiO\aesas perforned by SAS system A

probability of PO 05 was considered to be _
statistically significant. Exanple 5 Production of

plsgérecbmlcl'thmdm@ﬁatfabtéﬁlsﬁt@ (élkﬁf@stlﬁ@féder@;&ﬁﬂM §n@5ﬁtﬁﬁestd?@he inner
f£o maturation, unul us i nvest e
W@s ‘é ol %9”%[5%%&@5“%%@7?5@ 49#7 VS 5316) of the

1pgjdubemylabﬂd>bym$ (aMECAHE HRE sind TTf £6 /ol ML PSbie Er B! 5 and Fig. 6.
this point (except where otherw se indicated) al

mani pul ations were performed on a heated stage
aSjaﬂisﬁcmﬂahaiyéiQOC and all drops used for handling

th eral oil.
CRYEPEY Vgt Bormien oy iRatER B0 81t A pHioAsess performed
dby SABwsyeterm ATAdb4dilith of PLE:PS Wabebhsiigdd TEhE sRAsKBRM Sibhificant.
t he nunber neans percentage (v/v) of calf serum (CS)

suppl enent, here 33% for 20 sec and then quickly
V\Exdimpleim T2 and T20 drops. Oocytes with partially
E t still visible zona were |lined up in drops
OF%@ pé?l%tﬁted with 2.5 ng/m cytochalasin B (CB).
Wth a f| nely drawn and fire-polished gl ass pipette,

RN RR SR P L0, 0o Ehe, polar body, (F) on
neortyadne/hrsradter thetstareoh voseatpiation, ahé b@hbhgiﬁﬁ\/e_?_tngesnt of the COCs
" ARG oL SE LR y EROA TRt s sonsporifere
eXCKd89.dfroor thBRointdexcepnmherd ofHepmisé hﬁildaﬁé’églamr\rnfﬁgmépﬂlar‘?onsz were
S R E ST NS, VUM .
cetresf 20 vplumpaoested witlesingrabsil Qlfc?téls Qs ggéfgﬁﬁﬁlbated in
g gl MR 20 el i D e

i mmhbﬁdembaris@erwntamt(v/&mofafalfaetuw G@$)Q=Ihpp%ﬁ16m| Here B9%) for 20 sec
tJh% Jﬁéwylﬁ%g%Sh&? ;n\Llezsar?J beu érgéé VC?oc():/}/etsovls2 1h partlally drlgested but still
v1snble zona were lined up in drops of T2 supplemented with 2.5 ug/ml cytochalasin B
(CB). With a finely drawn and fire-polished glass pipette, oocytes were rotated to find
the polar body (PB) on the surface, and oriented bisection was performed manually
under stereomicroscopic control with a microblade (AB Technology, Pullman, WA,
USA). Thus, less than half of the oocyte cytoplasm (close to the extrusion or PB) was
removed from the remaining putative cytoplast. Cytoplasts were washed twice in T2
drops and collected in a T10 drop.

Fetal fibroblast cells were prepared as described previously (Kragh, P.M. ef al.
Theriogenology 64, 1536-1545 (2005).

Fusion was performed in two steps where the second one included the initiation of
activation, as well. For the first step, halves of putative cytoplasts were used. With a
finely drawn and fire-polished glass pipette, 10 cytoplasts were transferred as a group
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finely drawn and fire-polished gl ass pipette, 10
cytoplasts were transferred as a groupto 1 ng/nml of

w@ by ossesraggl uti nin (PHA; | CN Phar naceut i cal SPCT/DK2006/000498

Australia) for 3 sec, then4guickly dropped
i ndi vidually onto one of the few fibroblast cells that

T d t t t agchnent

o B A TPk Reort a0 G e e s o  sec
f ti&n@:mldmdrdnﬁpe(dﬂncﬁw%mrdwtd othe Gﬂ”tfle %Xﬂﬂ%ﬂ‘dét) c?l}(l?//thal Q/ered

t rre cm an
Stretedth ft2akiey A pScaidohld clRans Rhyopleshreicpars were
f amlmateg&mgsfon(lﬁéamrm(o B0 hiadaitd) ahd rmrm%s»vm f&h@rs@@ruSmg an

4

B e s Bt SRR ek e pan 70 KherSridal R alened dg e wire of
carfusiort cHab®er (BT nchrlK?(i’dem 5 min Risivhebambbi, &fodeh850; BTX,

, carefu )
e BSOS RIS B sp B S 50T R §e b e vin o
t dlre]ibs?mr& (mgmm M\Mcfsn ot g}ﬁécoﬁﬂt‘eﬂtiﬁédlectﬁtbﬂfmﬁ@%élﬁéét{rﬁ were

t 0 I rs er w

oo BB et bl R PGS b Fbbsina ierve
awhetha:tﬁusnnrhradloummbd)ps separately (0. 3 M manni t ol ,

e g A e a3 i

seyopadts alelfeyeqmtﬁditedm acﬁlvaiﬁbrghéaipm d?bps’l&pawtbiy (0.39@ ¢hannitol, 0.1

M RepSh &b Sttt P, S sV aamtnst - fuseo

i pait wertel atighed sempientiallyito the Wikeinfzrouss ofelopwith fuset %w 26 from the

L BPEA RoBAC pSS of 6 PRUEH T iReq wantgtsforlas 668 Tusion ang

i intiatiart efchdtivatiBAM Be paici weneshirpleenovet Gdmiht vife ary tofdns@ﬁed

ol PR S o e B b s eubaes

\ABZMGﬁjmeulunm@bleyndmfd)wm 8 ub}lmjdr(m ?ﬂ'c(rj wip?lllqrﬂ R@tlolegmide Gor 4 hr at
a

S5 R S P ot 0% e WA e Mt Pef it

clbbrosighlg befarenuitieel as descri bed above after 42 to 44

hr maturation. Al manipul ations were perforned on a

heated stage adjusted to 39C. A single 50 nL drop of
nTredmnmﬁCmnuag (T8 sol ution (NCSU- 23 suppl enented with

ar ea on %ﬁno@% %dg%/ 51&1“5’? %@@wog %Bgl‘ﬂi’ e@8@ Eﬁggg%tp%ﬂ}\likon,

1 quoajapen Cu@uhlqasausf/ve%)rdnmvaﬂ ae caleg«tre&d abdvé efted 42 to 44 hr
BT FBp Rt B ReRomLobs S e e skiptedio 30C. A
vdiridle 80 R laeb e rﬁubnmiatrwaﬂaﬂ%bluﬂb@(mgu 23 KippRmemBAMREh 4 mg/mL
Oégf anéj 9 r[ﬁ;t/r%[ CB) waslmaodenmthe central area on a lid of 60 mm culture dish
and covered with mineral oil. Groups of 20 to 30 oocytes and fetal fibroblast cells were
placed in the same drop. After incubation for 15 to 30 min, one oocyte was secured
with a holding pipette (inner diameter = 25-35 ym and outer diameter = 80-100 ym).
After being placed at the position of 5-6 o'clock, the first polar body and the adjacent
cytoplasm (approx. 10% of the total volume of the oocyte) presumptively containing
metaphase plate were aspirated and removed with a beveled injection pipette (inner
diameter = 20 um). A fetal fibroblast cell was then injected into the space through the
same slot. After nuclear transfer (NT), reconstructed couplets were transferred into
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After being placed at the position of 5-6 o' clock, the
first polar body and the adjacent cytoplasm (approx.

wQ M o2s3phe total volume of the oocyte) presunpCT/DERG06/000498

cont ai ni ng nmet aphase pl ate4pere aspirated and renoved
with a beveled injection pipette (inner dianeter = 20
f [ . | 1. s then_injected intao .
t Rong b8y oot P Flnch oy I chuepufor 118 s uhlihuson and
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S AR i

to ev e 1nh vitro devel opnent. Enbryo
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L Rebles o, YV e s (g 2 BE! Bl o
( W usedrasynugigar dovar celtls foT SMGenc TGse dll@s thelidémstiication of the

d , T | the i tificati
CORo6 ko WecAOe Tk A ,00 EPGob i G 19 o crose
L{wgithdPyrgenandepure Glantsbarsisacef respeetivelyoss (wi t h Dur oc)

and pure Dani sh | andrace, respectively. The average

bl ast ocyst per reconstructed enbryo rate after in
vilhe average blestoryst per wagsstwatedontiy@ rae &fitémin ant. ditMe, for 7 days

et 132 18£8, B g BT B P
Tefbll e performed iaparalielie o Igheratorpialild @) athslse ter higlesash one that

IRV Hed M rdd Loni Table 7 In vitro devel opnent
of enbrygs {) 8 Sgé'gﬂ?r%%mngandnade cl oni ng and

traditional cloning Goup Sq
Table 7

In vitro development of embryos produced from handmade cloning and traditional
cloning

. No. of
Group Sorgs;[:grcell reconstructed Cleavao/ge rate Blastogz/yst rate
embryos (%) (%)
HMC LW1-2 643 83.7+4.90° 50.06+2.80°
TC LW2 831 74.86+13.16°  28.98+2.84

2 Values of different superscripts within columns are significantly different (p < 0.05).
*: meantS.E.M.
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donor " reconstructed Clea e rate BlastS/f rate
enbryos ' 0 HMC LW.-2 643 83.74.90 a 50.062.80 a TC

WO YR78389&4. 8613. 16 b 28.982.84 b a' b Val ues PET/DK2006/000498

different superscripts witHbn colums are
significantly different (p<0.85). *f. both HVC and
nS. E.M M xed bl t uc rom bo
TaME: Fesloryate Rroyed Bl BEiarThC warwsupicply ansiered to 11
synaturaityrsyneicrosizes sows Dgy)aﬁ' 40dr Sgof@fstr&% é):b!ég S @59) rediients were
0 i DI nos regnan \ "
g5 bRy by S diono@dbing aprenant P imae wiing 2 have
2 detivared! 8laind dﬂqﬁiglétsﬂ@dp%@iv@l&?& ?ﬁ@,siﬁe&ﬂﬂ@@ld&%ﬁ'p‘{ l%té‘(i)slj raccording to
[ ' f 10 . ets Js, according
5l FRioiTeadk s Piaest OBF S ierainieti i clepinteobar foam are
pihgalthyaridnigehast Inoofallylexoe i oae Bhalédbigia fidxire A vRtal f'oint of one

n l.lyexcept one showed rigid flexure of dista
| gé'%[%gb{")'one foreleg. %9. Prelimnary results suggest

t raeliminany restiits poggext tieit WheaenhRGES SRS stab38 eRS fraferred,
cl e support ed

reci:pi 4 of the estrous c i

o SRR R L 50 el ogR B3 RiEed Hredarcylesaystanent bettr than
( Tedseef Bpy 5TAbble 8. I n vivo devel opment of cloned

porci ne enbryos 1327 22 10 D5.6.7 4 Y 2 1 116 1539 36

10 D7 4 Y 8 2 115 1309 30 28 D5,6 4 Y 1553 45 44 D5,6

4 Tebless 8 wigo develipnteri ol cloadabpdreidle bAdByos8 22 D5,6 5 Y,

aborted 1725 44 4 D5.6.7 5 N - - 1643 22 11 D5,6,7 4 N
- - 1520 30E@BNYDS, 6 4 N - - 1363 37 7 DB, 7 NdVofpigiets
1560 99 42 tpRsfegred 5 N - - Mcrosatel lite Anal ysbm

Parent al anal ysi s _usigg, grdifigrent poreci & et No. Gestati
nﬁﬁ?"ﬂé%’gteﬁMQe nﬁ?ker%ta@rgér)lfl Lt Reegnancy rb]:?o?ns piglets ﬁ;gtlr?n

number  embryo embryo (Day) (Day) status HMC frTo(r:n (Day)

1327 22 10 D5,6,7 4 Y 2 1 116
1539 36 10 D7 4 Y 8 2 115
1309 30 28 D5,6 4 Y
15653 45 44 D5,6 4 Y
1668 48 18 D5,6 5 Y, aborted
1428 78 22 D5,6 5 Y, aborted
1725 44 4 D5,6,7 5 N - - -
1643 22 11 D5,6,7 4 N - - -
1520 30 26 D5,6 4 N - - -
1363 37 7 D6,7 5 N - - -
1560 99 42 D5,6,7 5 N - - -

Microsatellite Analysis

Parental analysis using 10 different porcine microsatellite markers confirmed the
identical genotype of cloned piglets and donor cells used for nuclear transfer.
Identification was done by microsatellite analysis of genomic DNA from each of the
newborn piglets, the surrogate sow, and the donor skin fibroblasts LW1-2 and LW2
originating from two fetuses that represent Danish landrace and Duroc, respectively.
Ten polymorphic microsatellite loci (SW886, SW58, SW2116, SW1989, SW152,
SW378, KS139, SO167, SW1987, SW957) located on different porcine chromosomes
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i dentical genotype of cloned piglets and donor cells
used for nuclear transfer. Identification was done by

wor@rosstel | ite anal ysis of genom ¢ DNA from eBCIHDER006/000498

the newborn piglets, the sdérogate sow, and the donor
skin fibroblasts LWL-2 and LW2 originating fromtwo

fet resent ni | andrace and Duroc,

r eé&%ét%ﬁ\?@ﬁéq bR ISRE MUBRAFTCR Ad Meoidis asivaagion the Geneti
(S ZeS\BB 80 XI\(AfplEd, BiGER9%) uShé B

SOL67, SWL987, SWH57) Iocated)gnv'%iff%@%mgg§%p6r3'7'

chronosoneswere anplified by 3-color nultiplex PCR and

(P aeeoed selont it ofsing 157 Sk R0 fue8 30N ndstone over
LRI o8 BPH T MR d A ARet, 30 Rar2F lonsing Biegn ks 7, 105-112 (2005)
ferrﬂﬂo; binpaYeet(aQZQ@nfn@S‘te}‘nE Eelng %Mgszs @nelsﬁ.\/%émb&ﬁ%gﬁg o)

aky; 0] er .C., et al. oni n t em
oo Pirt st o b 30 EXMeliSEs 1 Bie ShiSined InliC (T eshgana g & (15%).
StemCells 7, 17-26 (2005)). Conparable live
bi : d enb fficienci bt ai ned i
H'Né?féé?%z”’@%%%% (159 Statistical Analysis o
Di o dvee delyatandbe exrezinebst lg'rdtfpe tv@tre t@f/é]%ﬁt%d ngggéndependent-
ev a es. t-test p
11. 5'{49'{5%8%25%5%%%2?3%?’@ %%W'Fldééﬁﬂ $'9'E§k%a%| e 6 One

exanpl e of a transgene that could be used to produce a
trapse&aieC non-human mammal as a di sease nodel for

epi dernolysis bullosa sinplex is the human keratin 14

gefee exanpleidiarinagenet thai aldise suaMb phelueW al tharRgfle non-human

Th : n ne integrated in porcCine
{ o B SR s Wk B SR P& SimAa diesbiman Keratin 14
k €906 poNArising ediudatioarss shewatbelowlid beldNA i ncl udi ng

start and stop codons (in bold) and the di sease
causing nmutation (in bold and underlined) as described

e Attt g 89 9B (g o

(cli ont lgg%g';éclﬁ.&%aé} %‘Ii?%g';r{ L@?@K“’i@?rg”waﬁ‘ef%if’ 1&&%‘&5}9%&@% and stop
alrF@dani’f\@@ Id) and thiealidcaca caeshey mOfatiG@Kiﬁ(bbidCthﬁnd%ﬁinEd) as

C | eqgr at eq, cttat at

e STt 2T M Ry olree et (B sqo e
aigeg@@t ﬁtclqrwtdgratpuoangE@aawqaem cahiirGigsdIyA G@hélﬁtefé%

C 3 C " a a a aa a C

L o b 3830 o SRR G Rioeds with e
gdigheeRedntegeaied.t cttt tgggttttat

aagcttatat tccatgctag gottetggtg tiggtgegty gggttggggt gggactgcag
aagtgcctit taagattatg tgattgactg atctgtcatt ggttcccetge catctttate
ttttggattc ccctecggagg aggggaggaa ggagtttctt tigggftita ttgaatcaaa
tgaaagggaa agtagaggtg ttcctatgga ggggaggaag gagtttcttt tgggttttat
tgaatcaaat gaaagggaaa gtagaggtgt tectatgtce cgggctecgg agcttctatt
cetgggecct geataagaag gagacatggt ggtagtggty gtgggtaggg gtggtgggge
acagaggaag ccgatgetgg getetgcace ceattceege teccagatcc ctctggatat
agcaccecct ccagtgagea cagecteecce ttgecccaca gccaacagca acatgcctce
caacaaagca fctgtccctc agccaaaacc cotgttgoct ctetetgggg aaattgtagg
getgggecag ggtgggggga ceattetotg cagggagatt aggagtgtct gtcaggggceg
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t gaat caaat gaaagggaaa gtagaggtgt tcctatgtcc cgggctccgg
agcttctatt cctgggccct gcataagaag gagacat ggt ggtggtggtg

W@L@Jnes3ee©g gt ggt ggggce acagaggaag ccgat gct gg grCT/DECEGH00498

ccattcccgc tcccagatcc ctctg@atat agcaccccct ccagtgagca
cagcctcccc ttgeccccaca gccaacagca acatgcctcc caacaaagca

ocodboREng BREGEERAGEERI et dioaiggRgoatlt b oo
gt tgagALpCcy gohgricEgedgicipitiogemttgict tcg@@ﬁlqt@d”ﬁggmaa@ cttga

o PafeRhp e Bl b IERARES Sho-REABT BRI P i
t ggadgaegdgt coigetct datmggad cagiggicos aganauggeivgagactgaagggt
B e g

c catageatac gcteaacatgaczatgucgg@g tlytagRgg coagaggctgoigadaggt ggage

COTHED] Foddipigh-aBRRoes GERIR AR oo
g atataagacg:tgceaaagca@ga@caagtgg @ctccilagaaetgmccgtg@ycdtgggag tg ig;
ot SRABGAR eabiqtell Aot B R oo R g
ggdbc;m;a@aetg@g@a@agagcagmcmg cery ttocacapggaiogicanaty g? g ?:
o PG <L Ao B e e R T2 0
C ::Wag@e aaggeeogee tggedyit geegatacacgrietagees cittggagst a:: g: t
R R L A GG R
t glagataasthgicagritogtaitstnagge aigaciocaniagecageatagajogiaigacccacc
ot Baarar b antbe %%%%C@%@éq;%&?géga@@%?&%“? Egg%%ég%gi 200
gfggg @p@gagg‘f;gcgg?@ccam aﬂgap%c?;g&%% alddg gggtg?

tcagca cacggcagggg@g\%%gé%ggg agggccccca% gg%gégt cctt
gt gattagaatcetgtga@ggg 0al0gogRugagtarstgga ditatejitg atpoggsigt aaggt ga

B A 2 M g e

cagtgmagx cg@gcaggig@gggztg@aayggc@ccp@ @g@q%chtgt@at@@tat ggct
aagLHRt P ofo8b S ot iyt iR IO SRt E&HRG 0 Ji G 9at 999

ccagcecgggt atccatcece tgcagcagea ggcttcetet acgtggatgt taaaggecca

ttcagttcat ggagagctag caggaaacta ggtttaaggt gcagaggccc tgctctctgt
caccctggct aageccagtg cgtgggtice tgagggetgg gactcccagg gteccgatggg
aaagtgtagc ctgcaggcecc acacctcece ctgtgaatca cgectggegg gacaagaaag
cccaaaacac tccaaacaat gagtttccag taaaatatga cagacatgat gaggcggatg
agaggaggga cctgcctggg agtiggegcet agectgtggg tgatgaaage caaggggaat
ggaaagtgcc agacccgecc cctacccatg agtataaage actcgcatcce ctttgcaatt
tacccgagca ccttctetic actcagcectt ctgetcgete goteacctec cicctetgea
ccatgactac ctgcagccgce cagttcacct cctccagetc catgaaggge tetgeggceat
cgggggceggce atcgggggeg getccageeg catetectee gtectggecg gagggtecty
ccgegeccce agecacctacg ggggeggect gtetgtetea tectccegct tetectetgg
gggagectac gggetggggg geggctatgg cggtggettc agcageagea geageagett
tggtagtgge tttgggggag gatatggtgg tggectiggt getggettgg gtggtggett
tggtggtggc tttgetggtg gtgatggget tetggtgggce agtgagaagg tgaccatgea



aaagt gt agc ctgcaggccc acacctcccc ctgtgaatca cgcectggegg
gacaagaaag cccaaaacac tccaaacaat gagtttccag taaaatatga
W@ agan2a3gat gaggcggat g agaggaggga cctgcct ggg aptT/DEC@G000498
agcct gt ggg t gat gaaagc caaggggaat ggaaagt gcc agacccgccc
cctacccatg agtataaagc actcgcatcc ctttgcaatt tacccgagca

CEI@AEI aBeRYEldRLOREEAf, S0baRREURAagIRaL Cl 00

cCat gacftacC ctgcagccgc cagttcacct cctc t gaagggc
t 69%F9geRia DargigRRATCeeRIgAlE glageraagI segeaongigctigagateaacct cc

t
i e

gegigeacaay geeagitepitcioencativasraigercaldgensagooatoagyt agt ggc

SRS A e

t Grigeasege gigstasece agsioacost gansagryct geeidgagetiocagatigaggt g

o o b ol IR Rl 2
ageAasgceathotggoiogagyalgiraatot agapatagacigstacageie degiggaeaacaat
ggé‘gh%baét‘e&géééghgé ?&gtgga‘ceé‘@% 85g sggg%%é%aég%ﬁga“ t

ccgcaccaag t at ac agttgaacct™ g aagccg
ageatacrgeg @a@@sg@g@%@ga@qweggm@g aaraogarRaiggogeRscagiaget
Jeddchagag @tgtcgﬁé’&@tdcgﬁg%%'é Gh ag %Q:Qg%{gtcggzcﬁt‘lé‘b { gaa
gaagaaccaC gaggaggaga tgaatgccct gagaggccag gt'gggt ggag
atGeeasati groslgargicaeracicpotcgioreas e (§edoannrcasaggelgaTgcat t
C cgCaa
beRpeeagdieicdd ?E&t cé&c@%@&géﬁ’éic @é%%gg%%%%ggg%gg g

ggatgccgag gaat ggftct tcaccaagac ag cgagg
t $ROAEEIRCIBUFEAAY GG IRIRAPEGRY CATRFATRIBAGIARAR0eY g ag
C&&@ﬁ%@gé\&g%\%?@ 88@8qgsdch Q@E@cc%ﬁfatc%&}%cc fRpEct cag

cat gaaagca tc gaga acagcc a ggagaccCaaa dgtcgctact
geIHCYRAIR g%j@%@&‘g gaﬁcetce%eg@t%@?vg goetcgengh gelgeagngaggageag
CloReeRa Uoab S5E bsRA; R AESERY SERARACE aefcagiqicaagat
cCtgctggac gt gaagacgc ggct ggagca gdagat €gcc acctaccgcc
geHP GG RRCaFRg e (erilsoeReeadRactga Bedtaeacad cacagcicegcct ct
g@ﬁé@%?bcé&t@?wct gt gacctcc tccagccgcc aaatccgcac
caaggtcatg gatgtgcacg atggcaaggt ggtgtccacc cacgagcagg
tccttcgcac caagaactga ggctgcccag ccccgctcag gcctaggagg
ccccecgt gt ggacacd ai ns
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1. A nethod of cell nuclear transfer conprising the
steps of a. establishing at | east one oocyte having at

wo eas2g9part of a nodified zona pellucida b. PCT/DK2006/000498

separating the oocyte into4at | east two parts

obtaining at | east one cytoplast, ¢ . establishing a
doomimeel | or cell nucl eus having desired genetic
properties, d. fusing at |east one cytoplast with the
donor cell or menbrane surrounded cell nucleus, e.

obt.ai M p@tddrs t o A et hod of cell

nucl ear transf gremgaoﬂpé}?it?ﬁﬁﬁp?ﬂgaﬁﬁp@egﬁg09

establ i shing af | @¥allisBing ablseyt anemocytegmvingiatdpashe part of a
oocyte into at |eaghiiédssia RAlL§, Obt ai ning at | east

two cytoplasts, c. establishing a donor cell or cell

nucl eus havi ngbde%qm@im@éhfé@chtedﬁt@rﬁﬂeaséﬁvo partd etf@inigg at least
at | east one cyt ogieA§fopisth the donor cell or nmenbrane
surrounded cell nucl eus e. obtaining a reconstructed
embryo. 3. TheCneRSRpishiog adenaicallor aal nadleushmaving desired genetic
preceding cl ai ms,py i@in at least a part of the zona
pellucida is partly renoved. 4. The met hod according

to any of the BrdEding Abjeestanmsytoplet withthetddneass!l @ membrane
part of the zona qupblifddkdiindcast |y remved
enzymatically. 5. The method according to any of the
precedi ng cl ai fs,obi#dinpe precanstreciey embrys. separ at ed i nt o

at | east three parts obtaining at |east two

cytoplasts. 6, The nethod according to any of the

pr écef “H%tﬁe@ g ¢Rll nuglear Bansfenrempsising de sfepsbf ¢

properties of §hesg®iHinEaibabnéBbéyi@uc! eus has been
the desired geyt

obt ai ned by nodi fying sire ne or genes by

mut ati on, del b SRPHAINGINeiogsKe inte At lPasttheeemarisabitaining at least
according to any wwé cjthgagtsecedi ng cl ai ms, wherein the

net hod of fusion is selected fromchem cal fusion,

el ectro fusi ort-afataBlishingsa denor cell or cell nucleus having desired genetic

properties,
d. fusing at [east one cytoplast with the donor cell or membrane
surrounded cell nucleus

e. obtaining a reconstructed embryo.

3. The method according to any of the preceding claims, wherein at least a part of
the zona pellucida is partly removed.

4. The method according to any of the preceding claims, wherein at least a part of
the zona pellucida is partly removed enzymatically.

5. The method according to any of the preceding claims, wherein the oocyte is
separated into at least three parts obtaining at least two cytoplasts.

6.  The method according to any of the preceding claims, wherein the desired
genetic properties of the donor cell or cell nucleus has been obtained by

modifying the desired gene or genes by mutation, deletion and/or insertion.



8. The met hod according to any of the preceding

clains, wherein the fusion is perfornmed in at | east
wor@®7528p6 9. The method according to any of tPEI/DK2006/000498

precedi ng cl ainms, wherein the fusion is perforned in

at least two steps. 10. The nmethod according to claim

7, wherein a first step of fusion is between the at

| east one cytoplast and the donor cell or nenbrane

sar r oTinsleetioel dccﬁﬁdﬁﬂg&d%ny bﬂtheﬂ?@:eﬂﬁfgmmmacmér@lnﬁae hfsthod of
cla 7, wherein of fusjon 1s bhetween

Che. olSpadLEbigiEs froepenin hElonepiarts bomnanstbiarisier

one cytoplast. 12. The nmet hod accordlng to any of the
precedi n | ai ns erein e don is a somtic

B+ ool drBomil ks ohie s oA ViR B fusen i

t he smerfurined dredl least onelsept ed fron1the group of

consi sting of epithelial cells, neural cells,

epi dermal cells, keratinocytes, hematopoietic cells,

el anﬁwmemod@lmomdrr@awaay of thg pRdrRainyefaithB, iisteih the fusion is
Iynphoéftes eﬁéthroc¥ macr ophages, nonocytes,

nono AN ?ﬁ ?S B?asts cardi ac nuscle cells,
and ot her nuscle cells. 14. The nmet hod according to

claim,12 rei matic cells_a ined fro

E18' oot ebedtelng e AR 1yiading el g BbRsGr s bltaden the at
pancrleadtione cgtdptast And/the dbﬁbri ll o hiimsrBng slivGunded cell nucleus.
intestinal cells, cardiac cells, reproductive organ

cells, bladder cells, kidney cells, urethral cells and

ofhe rThermeunoy ascqdingde klati 7,1\5her§inea $§ibh@@ter’p(‘dfwéibm§ bbﬂveen the

any o rein the s tic cel
is a i Sggi%ﬁ Segé’la?O?i'%'mng’ﬁggmﬁgl?ﬂﬁc?ngfé’tﬂp%\ gto any
of the preced| ng cI aims, wherein the somati c ceII IS a
I nat i froma
i hodedte i ratoraibod A et biaRer B FETS iHetaiaing dongr cel is a
pi g. sbéati€leell.met hod according to claim1 and/or claim
2, wherein the donor cell originates froma germline

cell. 19. The nethod according to any of the preceding
c13ai nie mbtboe ancdrbiieg do cigine 12 rwigireia tiessdmatio dell i Qeleél@d from the

met I n tical I

t r an scg&ﬂ) éfoc!;ﬁ)gnlsﬁ%ﬁéf’ @B%Fagowfs\ eH@ eleermal cells keratinocytes,
hematopoietic cells, melanocytes, chondrocytes, lymphocytes (B and T
lymphocytes), erythrocytes, macrophages, monocytes, mononuclear cells,
fibroblasts, cardiac muscle cells, and other muscle cells.

14. The method according to claim 12, wherein the somatic cells are obtained from
the group consisting of skin cells, lung cells, pancreatic cells, liver cells, stomach
cells, intestinal cells, cardiac cells, reproductive organ cells, bladder celis, kidney
cells, urethral cells and other urinary organ cells.

15.  The method according to any of the preceding claims, wherein the somatic cell is
a fibroblast cell.

16. The method according to any of the preceding claims, wherein the somatic cell is
a fibroblast cell, originating from a mammal.
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a. establishing at | east one oocyte having at |east a
part of a nodified zona pellucida, b. separating the

wo@o@ynes3pnt o at | east two parts obtai ni ng an oPCH/DE2006/000498

having a nucl eus and at | e&st one cytoplast, c.
establishing a donor cell or cell nucleus with desired
genetic properties, d. fusing at |east one cytopl ast
with the donor cell or nmenbrane surrounded cel

Myc| aus m&hodPRécatdihd'th daifre®) WhkfditiRMngiRayR a ig.
activating the reconst r uct ed enbryo to forman enbryo;
g. culturing said enbryo; and h. transferring said

cigl t UhEMn&RRY Y&otdnditd @&itn TTBRETSY clikCa) wHeddin thed &1oP Eé’lponglnates
devel ops into a ?netlcally nodi fied fetus. 2 1.

met hd8 Pe%WBHU%?ng a genetically engi neered or

t ransgeni ¢ non- hunman nannal conprising a.

est abl i shi ast one ara t he
ey e TRt o0l o 4TS Threeedia RT3 hate basocyte
one eyigiaaied$lom & pigest abl i Shl ng a donor ceI | or cell
nucl eus havi ng desired genetic properties,d. fusing at

| east one cytoplast with the donor cell or nmenbrane

20 r pUREREd ¢t drodudiHeedi§eneticalJhediMdd 6 tRane§698 abh-HaiaH mammal
enbryo, f .. activating the reconstructed enbryo to

formca?l’p@ﬁ‘ﬂgyo g. culturing said enbryo; and h.
transferring said cultured enbryo to a host manmmal

such that the enbr devel ops i nto enetical |
a1 od f et ue: DbIHE FLERS A a oA RUND & BPsl Aparbor a

or 2 1, said netrh@(ﬁfléwszalwlmtgda)ne or nore of the
whor i n t he Bt tRGRerAUPo MR cPHENER Flessh e Bt rria b ap oocvte
enbryo is sel ectredingreomdidi® apteit Rasf origedyiexsisst,

c. establishing a donor cell or cell nucleus with desired genetic

properties,

d. fusing at least one cytopiast with the donor cell or membrane
surrounded cell nucleus,
obtaining a reconstructed embryo,
activating the reconstructed embryo to form an embryo;
culturing said embryo; and

T @ o

transferring said cultured embryo to a host mammal such that
the embryo develops into a genetically modified fetus.

21. A method for producing a genetically engineered or transgenic non-human
mammal comprising:

a. establishing at [east one oocyte

b. separating the oocyte into at least three parts obtaining at least
one cytoplast,

c. establishing a donor cell or cell nucleus having desired genetic
properties,
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consisting of electric pulse, chemcally induced
shock, increasing intracellular |evels of divalent

we@ ado7oess9@nd reduci ng phosphoryl ation. 23. TheP@EDKO@6/000498

according to claim20 or 252, said nmethod conprising
one or nore of the features as defined in any of the

precedi ng cl ai mher in, ste an b are

perfornmed sequ®nfy éﬂgl"i‘} tgw,%ﬁwj%ggg@ﬁ %dﬁﬂ‘?r opfi gr membrane
nmet hod accordigwroumed@nmuz@ugr 2 1, said nethod

conpri sing one or,nore of gmgeradtures as defined in

any of the pretedPRYNg %r%?” SRPYRe enbryo is
cul tured in vift r activaling fheaetmistrocte@ efbiyl BgoinPal bMbAjo;

24, vvherelnthe eﬂl&rOI cyltured in sequenti al
cul ture. '\ﬁ celf%?%‘? gto claim20 or 2 1,

sai d met hod cdﬂptraﬁsf@t@ngseldcujltmd %rrm‘rydiaﬁa ﬁ&%tﬂﬁnﬂﬁal&@ch that
defined in any

embryo is cr yotB?g We Vs@PBP‘“?a %P%W'%F‘@B‘eg?ﬂl‘}%t

mammal . 27. The nethod according to claim 26, wherein

t [ t bl.ast oc a A net.hod for

P9 o BLDPieR o TS 1S BEGT £i6r 5 Eheion RgMRySg ond'or more of
est abthe $éitngs aks defest m@mg opthg presairg cbam@ewh@@tn tﬁe nie¥od for
. ort RIS ety R I 5 iectse GRi e gioHg of gthods
eLrb (r]I ycmnsnsﬂ@g oﬂﬂectn@pthiw chbmidatly lgitiaﬁed stbtmek Ieihdéreasmg intracellular

t rate east two

pa?t ?e\é Fﬂvﬂﬁ&yﬁ?% de'%aﬂ?)n%ﬁh%?phﬁ'a'raé'ﬂg and at

| east one cytopl ast. 30 The nmet hod according to claim

(2 urEceBl SePnS o SRS 0Bt 27 538 mbalagrefinhgne or more o

wher eha fesaamrés estefreed in aoyx of thueqmledeﬂ:rigl daline Cyhéremt AgSs d) and f) are
prior r|f|c§1I é thodfor cloning a
non- #é RAET %h‘p%%?ﬂ NgOUSRt abl i shi ng a enbryo
as obtained in any of the clains 1-30, optionally
transferri sai d 0 a

ekt T AR Bk et PRE &b o %aB0nFisRY cpiPysi Bne o more of
genetthe &dtyresad idefiresdl ih @hysf the preceding claims, wherein the embryo is

cultured in vitro.

25. The method according to claim 24, wherein the embryo is cultured in sequential
culture.

26. The method according to claim 20 or 21, said method comprising one or more of
the features as defined in any of the preceding claims, wherein the embryo is
cryopreserved prior to transfer to a host mammal.

27. The method according to claim 26, wherein the embryo is at a blastocyst stage.

28. A method for cryopreservation of a pig embryo comprising
a) establishing at [east one pig oocyte
b) delipating the oocyte

c) activating the reconstructed embryo to form an embryo;
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32. A genetically nodified non-human manmal obt ai nabl e
by the nethod as defined in any of the clains 1-31 .

w@o07m283ecnet i cal |y nodi fi ed non- human enbryo oPCEHDE2WI6H00498

by the nethod as defined i®3any of the clainms 1-31

34. A genetically nodified non-human manmal obt ai nabl e
by the nethod ] .dn.any of the clains 1-31
having in its t'%@ﬁ&h§§?P§m%¥¥ chondria from at | east
t hree di f f er ente) milifgng thle swhryces. 35. The genetical ly
nodi fi ed non- human mammal or genetically nodified

non- human enbryo according to clains 32 or 33, having
in-its tissue cells mtochondria fromat |east three

didd ergnt .S, - .38.,. The genet.i cal | .

i 1 108 AR AT R 1SR o aprarbied into ot east
non- hiwe paksrobtpimnirgearooatytechavingd addeusXhd s 3eas0bndébytoplast.
having in its tissue cells mtochondria fromat | east

four different maternal sources.37. The genetically

nodi f T meshehacmnding ton@dima?8 gredde baid ahdthiodrestprisith one or more of

non- h rdj to clai 32.0r 33, .having .
' SPRLER SR AER i ol Pise B By viiseei Sa Shoryo i
mat er galfured i blesto@Bt stipe pgemetvtdfidatiyn.nodi f i ed

non- human manmal or genetically nodified non-human

enbryo according to clains 32 or 33, having in its

t i3dsué reethpd foridanirigonoen-aurham maaimaleastprisivg  mat er nal

sources. 39. The [ I di fi,ed non- human mmal

of claim 32, 33 e%?%@%ﬁ%g%&% ?Sn%bqﬂlﬂﬁ‘?rﬁ] a'?yggéh%aa{ms 1-30,
40. The genet i eptionglyntbedingeah embrybuman enbryo of claim

33 or 34, whergi is. froma pig 4 1.

net hod of cul tﬁ'r ﬁﬁé@%nﬁm cgﬁog?'b%@?é%ag% T%mf'@ﬁf)‘f%;‘%‘at the embryo
conprising a. ¢evelnpsirthiargpnaticdllg asidifieddetascyt e havi ng

at least a part of a nodified zona pellucida b.

segarati ng the oocyte into at least two parts
oB2ai Aigegetinally owyified manihogaa maroinalsbtaindblatby ltieasiktiodes defined

CytOpi'n;%?lp{’offhe cﬁ%iﬁ%bl'—é?hi ng a donor cell or cell

nucl eu avi ng desired genetic properties,

33. A genetically modified non-human embryo obtainable by the method as defined in
any of the claims 1-31.

34. A genetically modified non-human mammal obtainable by the method as defined

in any of the claims 1-31, having in its tissue cells mitochondria from at least three
different maternal sources.

35.  The genetically modified non-human mammal or genetically modified non-human
embryo according to claims 32 or 33, having in its tissue cells mitochondria from
at least three different maternal sources,.

36. The genetically modified non-human mammal or genetically modified non-human
embryo according to claims 32, 33, or 34, having in its tissue cells mitochondria
from at least four different maternal sources.
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d. fusing at |east one cytoplast wth the donor cel
or menbrane surrounded cell nucleus, e. obtaining the

w0 e@onsg3pact ed enbryo f . activating the reconBCT/DER@E/000498

enbryo to forman enbryo; g4 culturing said enbryo 42.
The met hod according to claim40, wherein the enbryo

[ [ Lr i [ um 43, The nethod .
o STor el SRR B TR hrriid) o GPnetlea aiasiied non-human
does rembrgeapedrdiag éo Jaimgi 32x0r 33, bavipeinfitrtisede olistrhi®ochondria from

non- NERN, RV AR N Qe

38. The genetically modified non-human mammal or genetically modified non-human
embryo according to claims 32 or 33, having in its tissue cells mitochondria from
at least two maternal sources.

39.  The genetically modified non-human mammal of claim 32, 33, or 34, wherein the
mammal is a pig.

40.  The genetically modified non-human embryo of claim 33 or 34, wherein the
embryo is from a pig.

41. A method of culturing a reconstructed embryo (embryo) comprising
a. establishing at least one oocyte having at least a part of a
modified zona pellucida
b. separating the oocyte into at least two parts obtaining an oocyte
having a nucleus and at least one cytoplast,
c. establishing a donor cell or cell nucleus having desired genetic
properties,
d. fusing at least one cytoplast with the donor cell or membrane
surrounded cell nucleus,
e. obtaining the reconstructed embryo
f. activating the reconstructed embryo to form an embryo;
g. culturing said embryo

42. The method according to claim 40, wherein the embryo is cultured in sequential
medium.

43. The method according to any of claims 1-28, wherein the method does not
comprise a surgical step performed on the non-human animal body.



