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Cell nuclear transfer Field of invention 5The present
invention relates to a nethod of cell nucl ear
transfer in mammals, and to genetically nodified
WRANH2338bt ai ned or genetically nodified ani RETORRHig{000498
can be obtained by the nethod. Furthernore the
present invention relates to a nethod of vitrifying
0 enbryos includi ng bl astocysts.
18%§@E§¥oungﬁ&?ﬁlnvention The ability to genetically
nodi fy donor cells and using themfor nuclear

t rasgitinehayhdes a tool for the production of
genetically nodified ani mals which may be used for
exanpl e as di sease nodel s for the study of serious

h uwmrprébe&aaﬁﬁﬁlom’é!atdﬁ t60n ththEd bil i nudi é@fdratnwml m&ﬁrhlals and to

ar.tra r techni.ques, i nvol ve
PSRN BT A o1t B ob ad e Al tat can be
e mbtdiredtbydine oethed nRrinesnoe thetpeeseaticventisr eslaids &t £Method of

RO RPSlr: Ak R b Ba Pl A SARloo 0 iy

20several di sadvantages for exanple the need for
HRBRGIURA HverEBh. the need for highly skilled
personnel and tinme-consuni ng work. An inproved method
of. nugl ear transfer enploying somatic cells as donor

cdf gbiitydo gensiicalnrardify Sanar cellsrandyusing heep frs uripeiranaler
%W%é&o@f@ﬁh@ﬁoﬁm of’@'&n@ﬁbaﬁ? hf&Miﬁbé! ﬁﬁln{aﬁ%ﬁm@ﬁnﬂ bedused

ucida free qo dis si
Of@éﬁfﬂ%ﬂfe.a&é’ﬁeaﬁ ROBFIS T P8 Ghar i Brimah opairerpd g
aEstmg:r omani pul ation is no | onger needed. The net hod
has been used in bovine (Vajta et al. 2001 d oning 3,
89-95; Vajta et al. 2003 Biol. Reprod. 68,571-578;
Vajadiionaigell e tRegfenidchritres involvBémo digps di-ribromanipulation. A
Tﬁ:%f &b PbiVes ﬁe eﬂhclezﬁ?oggf% maﬁrg B?éy{be ch? § sggonﬁ%ge% efnrcc(?!%passes

nucl ear_trans

30itERsieRef e aedleus: M@mmmp%w rf'@“(ewohﬁﬁ Rrovedl to have
29&&5@1@@6%&%&@ ?Br@%rlngle the k38 tdrlperlRRE Ul 'the need for

R Lk REN N G NN

this nethod is technically | ess demandi ng and | ess

PR RPN o Bt PR e PR coepi s 3 Bl ek has

- abeenrewelopdd reeettly] @ alethpd dbdvemnas HactR MENAClpingi (EIRIO) Wmch

i BP0 6 RO oHD 3Bt S0l Ty BBRER p Diarcr
deisthe rfraéltlmal paeledriangfecya misrontamiplatiom i ionomger ngstell. The

aNEh68 RES e %eé@ﬁ@o\ﬁﬁquajtazet%zg O‘P@fo?ilnges @Q%ﬁt\?%{ﬁ et al. 2003
Cons,equentfi[ﬂx%?'l orci ne 0oc 0 not

bRipk Beprod -8 Maitarefray. RQP%B?@W{ frstilsley. 6 4-16% Tedwioglu, et
QﬂCSZ@(ﬁﬁ Al§o biugk b 29H-fide riuéle&&hﬂwsfe@ wﬂN th‘iI sﬂéB %\‘ micromanipula-

o E59 Bron sesCprEPr EoBUpP Ao GorPagiane el 189-150;

| Gbettk et atcolohmg@tém Cedi$ 5,3 ENans pblteByotB t Sle3001i BMGwhg Stem
f(%lls go¥é1n?9‘ﬁ Oﬁ-}étfggi thaﬁ this method is technically less demanding and less
time-consuming has prompted researchers to suggest applying the HMC technique to
other species. However, a number of fechnical problems made HMC application in pig
more demanding than originally supposed. One of the problems encountered relates to
iow buoyant densities of porcine oocytes, both Zona intact (Z1) and especially zona-free
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Recently, the HMC techni que was, however with | ow

efficiency, applied in porcine nuclear transfer,

usi ng genetically nodified somatic cells,

fibroblasts, as donor cells resulting in the

production of genetically nodified cloned bl astocysts -

(Kragh et al. 2004 Reproduction, Fertility and
|p@mr30033f56 Gdrmeqidhty, pb@cﬁmaoopreesie mibt satiketotth@bottom of the

hn
PR EPoe 8 e Pob PoRAg e o A Br B avig g
r ettashaishtioteacnothat wharnabne Grsegueth Moyedvhe ZErunaiee adoytes are
bt f
o BRSNS o
rmdl fied ani rral S by nucl ear transfer nethods at a

! ﬁg%%tsgq gmb;tg&yo deeRl hé\ké(/eﬁ\fmé}?fo%%?ﬁc?é-ﬁwéd&ﬁecﬁh%rcme

oocC usi hg met s applied to ot
s pealsas Fansfen using oensdically mpdiied omati féfﬂwmwﬁsf%ﬁs donor cells

pFésti'n inQREYHEICHBA G GIHENAMS mddiiée BlORSEHMbERR (@Ga%? etal. 2004

cl oned porcl ne enbdégas may consi der abl'y inprove t
OBPFETG?U%'P” JSEHER D "IE'DEWSH‘i%%?/' W evi ati ng

| ogi stic problens However, recently a 20non|nvasive

gﬁgé:grggé 1r*t\rﬁn ﬁl’?li)%ﬂ?l%%%\?ft%ﬁ?nﬁﬁ? Ifc&‘%%!ﬂgﬁ‘i dﬁlglégr tgq?ﬁsfer through

MHMOoBSUtinaUh ab inereaskd akibrye re@hstr@ 6w rabe dnd?ecmseqbenﬁithe

o e i S R T

conprising the steps of a) establishing at | east one

ggﬂ tho?z%ﬁc%@\éé@%p@Péﬁ@é %nn?\aie %K(Buagaracra[ﬁgfe'r Heﬁ'@ds ata

human
| latgs satlelisthe inabiliyy cpf@npﬁree@mg ichepoyies Iaéﬁ§mb6ﬁ’é usmg methods
;fp‘ﬂ@é %Séther%b?]cﬁéé ghls @&he’h@ iR UM 4PHREINE Bbytddrand

nucl eus avi ng desired genetlc propertles

d)
f @rgbred@s é%wqpé%efvaa% DfrréCmEH RREGNESTRREASIERY GRrsiderably improve the
ﬁm!@fiébrﬁ&'a @&l 61Bhihg BY amﬁgwsﬁ@ broBleRECHoweVdr, recently a
nucl eu

taining.a n construct ed
CHRATASUR oGRS HED BTBRE BF deliaing & SER e ARV
r @nafiemtibobat withbbicalbedguest ducmmzin@miatibm ¢iEsmkienr 2B 2004 Biok
C rising.the steps of a) establishing at | east one
o'g%%?%,%b%zé parating the oocyte into at |east thr ee
parts obtaining at |east two cytoplasts, c)

ﬁ Ig‘gerﬁoqlonor cell or cell nucleus having
esl re genetic properties, d) fusing at |east one

%ta%gtaa%?eé@ thbrel 19&0@%@ fa Iﬁ&hbd 8f cAIBNRIAN R sl @UHIMRISTg the steps
nuct eus, taining a reconstructed enbryo.
Arfa) betblistringgdit iinaﬂtt ompfnonHempme sete biving @deasta pamobr modified

FrolR BRI R R R e rE s R e EPulargobuining ot

AlagP oﬁééﬁ%ﬂaﬁh Jr&ta%hsﬂ_lﬁﬁ§ hoRREMRA G¥AG R\ Bl Aliclk@dsiving
a part of fied zona pellucida, b) separatin

tdwr@bg%ne@c proporties. d)dasing ehlsasane SovBHARAR CHgPlaR: with the non-
C te havi a nugcl eus and ast _an I
3) ﬂ?wgmgrn{a%ﬂ% Furéoqnlde& cel? le]'%u‘%l %&B %ﬁ:}on human

eus

' C{@&}y{gﬁﬂg’;@@eﬁﬂﬂ-ﬁ properties, d) fu5| ng at Ieast one

cytoplast with the donor ceII or menbrane surrounded
cell nucleus , e) obtaining a reconstructed enbry ,
fin ome tembathmrglt phtherpeesenisdisalesuag 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 cell or cell

nuclevs
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10 enbryo to forman enbryo, g) culturing said .
enbryo, and h) transferring said cultured enbryo to a
host manmal such that the enbryo develops into a
genetically nodified fetus. Another enbodi nent of the
present disclosure relates t@ a nethod for producing

a genetically engineered or transgeni c non- human

manmal conprising the steps of a) 15 establishing at

hpnang flesiigd geeriiptnsopasticss dpfusiangiah tpastime sptoptast with theatonor cell or

t L t ai ni t | t t opl ast,
it e Bt okl % e £8Pt PR ng
desired genetic properties, d) fusing at |east one

AePEABodiMehbithe pROAR Hise Rllre @bn SRALY Ao &f&elrrgy&%s*g a

cell nucleus , e) obtaining a reconstructe ryo,
getigdlyi madiiling or fransgewio men-hunke dnaambalyonpoisingrthe steps of a)
I ' id enb : d h)..20 .
o KR APl ok g e D a B s B8 SR reapmeliucida. b

sepaiing el odch iamit YstevalaeR Sblaitlify & S&VeL hiald ¥ nucleug and at

nodi fied fetus. In a second aspect, there is provide

legst pp¢ Fp@Priass chestablishing adogerrrellics sell puetows witedesined genctic

6o 1S Ng. a.
b BRI R TR, SERS sRERE USRS Pompmprags syrounded
cdllgagieua, ﬂmmﬁﬂfllgal Iﬂﬁﬂ'lh 'Sfr'llﬁg% E0BeyopHlactivatihg ﬂ@? reco?su{ucted
separ at.i ng the non-human .oocyte into at |eas WO
e@ﬁ do %ﬁ)&fﬂ%ﬂﬁ%‘gyﬁ&ﬂqﬁw %éwéwam%) teangigeTng spihendtured
eribryb 838 ho QML CRER Hat tﬁ%enﬂi%@ﬁéé&@s @2 e%%?&?crallg gxllc;diﬁed
or"cell nucleus wth desire enetic prop I es,

fefugsi ng at | east one cytoplast with the donor cell or
menbr ane surrounded cell nucleus, e. obtaining a

non- hu .reconstructed enbryo, f. activating the
Aﬂ%ﬁﬂwﬁr&%@& ﬁg theressat dsglpspie rdateniorn metheddimsoduging a
! i bee 5 ” I
B D RinSibf oF B AP A PR mortify Ay e seps of
establisfon f airlexst ypoeyer, basdpanitiaf thee q@icgtedmray teast three parts

nrisj h f . e b] i shi I
oH ARG GE L ong v RBFRD P fslishiae Gdtoporeclidy cal prgats e
debiR®] FRERO piopbileSdl) FIRAY S 1h8: AL ?ﬁt@@aﬁ @ﬁﬁyﬂe ddor ce]sl 0
d enb ying t fn

culturing said enbryo, e) vitri e enbryo.
memehesureribded edhnuddve , pf elainingdi schssucted cmbetog$) detivating

: od. f.or .cl oni a_non- hu manmal, ¢ risin
Bl oy O Pn o SR 40 CUHBP O Y SRR by
trapERaRGIARBAREAT dhtigo tEa h8 nidasucHRERSHERYo develops into

optionally thawi ng an enbryo, b) transferring said

a gepetiqaHEanadied/stuso a host manmmal such that the enbryo

develops into a genetically nodified fetus. 4 In
at es

not her. e di ment,..the present disclosure re
nf se%%’ngé‘ﬁ%‘i%g Btk §° WB&%@F‘? i . G oGl naied o
trab¥pehitenoRER LR, @ﬁb@@%bﬁ?ﬁsﬁ@:rs@ leStablishfhoYd lea@N@HHOh-human
enbodi ment, the present disclosure relates to a

oogdp Beyiaa Pt astediatticd @ reeshfiedraonagebngida, db sepiarvaini shdyon-human

. i ned _herein. 5 In t a. further

cobAE I b8 R B8] BRSaHE Ryt b hafing H icfus and at feast
ongeyteplasiat | egtablishifg € doma Bl BRBelEMRING viRt &dsialbenday

t he nmethod as defined herein, having in its tissue
Properifes. hilbdpsaidaast ang edaplast wikhibe donerecell oir featwane surrounded

a : . ' here Js..

cell RAGERSt SAUAGE Bnobnfhe 1l s BARESLmph A Selfyip the non-
humbnt sicnaditvetddyeniirgo nefonmdnastded;i i ednab@waid faviigad énbryo.

its tissue cells mtochondria fromat |east 10 three

di fferent maternal sources.



In a fourth aspect, there is provided a nethod of
culturing a non-human reconstructed enbryo (enbryo)
conprising the steps of a) establishing at | east one
non- human oocyte having at |east a part of zona
pel l uci da, b) separating thesgon-human oocyte into at
| east two parts obtaining a non-human oocyte having a
nucl eus and ai |east one cytoplast, c) 15
Tiefdo@Rl bRBbMicheRt, BRNpIRLUTR BisHRORE rQ8leh F 4 %ﬁ}old ﬁﬁféservatlon
havi ng deS|red genetic properties, u3|ng at
Omgmmpr@}n@mea@s of a}ﬁstdbhsldng atrleas bhe prg oocyte b)

e surro d cel] nucl bta
{TERBAERS oF i ool Rt b RS Pogtest Shnoy, 2y OHG e eibryo. d)
culRinB YA RHREN RS Vit BhaHne BRibyw, 1 0 faun an en‘oryo and
e) culturing sald enbryo 20Descr|pt|on of draw ngs

Figure 1. (a) Oocytes trisection; (b) couplets of
Inf 4riptheb Ermbodinwol the ptwsagrrﬁmiosﬁmsr refehes thiansdthédifir olvnirecy non-

enbr 0S _reconstr.uct.ed mntg ets not elon ati o
e SR e e Sy bl heig a’ebipiped by
plb@édures%@cdfﬁméagkwﬁse%t disBlbsird, dﬁt{bh&ll %[r%dan §%)
Del’i pat oocyt es

after partial zone digestion.
tragpsfesring gaid eilfuredheinbryo tp @)hoB m@nmabﬂmbfthad dlhd gralbrrd develops into
| ets of fibroblast-oocyte fragnent
ggﬁﬁ%%§”?§$§¥&?3§ (e) Four-cell stage
reconstruct ed enbryos devel oped from del i pat ed
oocytes. (f) Four-cell stage reconstructed enbryos
devel oped fromintact oocytes. (g) Re-expanded
bl ast ocysts from del i pated enbryos after warm ng. (h)
4a Hoechst staining and UV illum nation of
re- expanded bl astocysts from del i pated enbryos after
warm ng. Bar represents 100 pm Figure 3. Bisection
at chemcally assisted enucleation. Note the
extrusion cone or polar body connected to the smaller
part (putative karyoplast). Stereom croscopic
picture. Bar represents 50 pm WO
20071028396PCT1DK20061000498 5 Figure 4. Hoechst
staining and UV illum nation of the absence and
presence of chromatin. WV light, inverted fluorescent
m croscopic picture. Bar represents 50 pm -(a) The
absence of chromatin in putative cytoplasts (b) The
presence of chromatin in 5Sputative karyopl asts.
Figure 5. Stereom croscopic picture of Day 7
bl ast ocysts produced with chem cally assisted
handmade enucl eation (CAHE). Bar represents 50 pm
10Fi gure 6. Hoechst staining and UV illum nation of
bl ast ocyst devel oped after chem cally assisted
handmade enucl eation (CAHE). Bar represents 50 pm
Det ai | ed description of the invention 15The present
i nvention provides inproved procedures for cloning
mammal s by nucl ear transfer which refers to
introducing a full conplenent of nuclear DNA from one
cell to an enucl eated cell
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Somatic cell nuclear transfer 20In cloning, the
transfer of the nucleus of a somatic (body) cell or
somatic cell into an egg cell (oocyte) which has had
its own nucl eus renoved (denucl eated or enucl eat ed)
is called somatic cell nuclear transfer. The new
i ndi vidual wll develop frofmthis reconstructed
enbryo and be genetically identical to the donor of
the somatic cell. In the present invention the nmethod
In adotsoeathioddiesint, theipreedd: discRRBIQElates 1Ra BENRAN P08k non-
h725nuclear ransfer conprising the steps of a)
wgap gimra ohipnablg uthe regthodbesdefiochhereny at | east a

part of a nodified zona pellucida, b) separating the
' | eqst _two, parts obtaining at | east gne
In B Bl hadtgut BB e BRI Bt st sy modifed non-
humare RS ohviindid b tHeatetH8MN & iR ABRYL 1 es, d) fusing
at | east one cytoplast with the donor cell or

menbrane surrounded cell nucleus, e) obtaining a
In yob ¢ dwher gatbedinestitrtiio prasentetisetosutehrelaBR s @ gemitically modified non-

[.nv ion.also.relates to. a h of cell nuclear
b s VB I P fPhebt e Byt Eins S cols
mitbetasiirio BOnOAGYAse thr) diSRRAF AlalddhishgQ0CYt e into at

| east three parts obtaining at |east two cytopl asts,

c) establishing a donor cell or cell nucleus having

In afdigh ,a;g@cg gt ihsqarﬁvidgé atgiaeasticlallﬂj nfddﬁidggloathmm&?@ obtainable
opl ast t the nor cell or nenprane surrounde
by B PRl ARl 0 55 B3 1 St P PRICBE BRSO o eas

throdQi 280 HA8BIPRGHLIK2006/ 000498 6 The paraneters for
the listed steps can be varied in order to obtain the

nost efficient nuclear transfer for a given aninal :
In adfputh apecTHeryariroudepanmirider Sulitn JL66-hixash fdonstructed
i | ow. 5Cocyte The_term soqcyte' according to

det b
e Y R O D VORI RBARS) VTS Giless enahen-human oocytc
havingPit RASK par€ofCRInh pe P8, %?Ee&%n@?%eawgqegoc&?e:mto at least

maturjing process to form an ovum
twopags abfeinirgepel-bman oeric hedhed nodeys di Idabeone cytoplast, c)

I Dj cel | i.n the.nuclear transfer process. 10
es??rﬁ%“%o% y@ne fifigan 8rIn G St BIgriseningdevestt gftiapwpertics, d)
fusihsa ledse Ond H@IhOMbA BEbLE1adNGH IO theQbRG! &3 &fmé}nlg%mlnounded cell

e

Normal | y, oocytes are retrieved from deceas _
nuclgps. iy pRaInine the pgh-humaey reeepstvectédanbryeds) abGating tim non-human

gk el nd/ ar. ovari of Live animals. In
e one enﬁ%@?ﬁgﬁﬁﬁ?ﬁggggngg§mgﬁéfg AL DFBVPduct al
recovery procedures or 15transvagi nal recovery
. . referred enbodi nent the oocytes are
Deslgg%{@fé%d%?f"&sgi ration. Qocytes are typically matured
in a variety of nedia known to a person skilled in

o) Bl Soi ol RoR b AR i thBs YA £ B %

fusiop (GRMBBISIHRRSIHED Wt PPl npleaiPreRtRnINtEh e AC curency);

() e sekiebabk¥o khe oocytes are freshly isol ated
: :

romthe oviducts. _
Figure 2. (a) In vitro matured oocytes after pariial zona digestion. (b) Delipated oocytes

after centrifugation. (c) Bisection of delipated cocytes. (d) Couplets of fibroblast-oocyte
fragment for the first fusian. {e) Four-cell stage reconstructed embryos developed from
delipated oocytes. (f) Four-cell stage reconstructed embryos developed from infact
oocytes. (g) Re-expanded blastocysts from delipated embryos after warming. (h)



20 Oocytes or cytoplasts may al so be cryopreserved
before use. Wiile it will be appreciated by those
skilled in the art that freshly isolated and natured
oocytes are preferred, .it will also be appreciated
that it is possible to cryopreserve the oocytes after
harvesting or after maturati®d. |f cryopresenred
oocytes are utilised then these nmust be 25initially

t hawed before placing the oocytes in maturation

medi um Met hods of thaw ng cryopreserved materials

S at_.t.he .active after the thaw ng process
o bt U0 R et St mangeoioren Torcdsipated
Hoseshers, afienwgenisg.Bar reprysamise@rpaat | on of oocytes and
cytoplasts is a very demandi ng procedure, and it is
especially difficult in pigs, because of the above

Ure Ae Bisgelinsraiichémiagliivl assistedfenpiigatibncybte sheaedrusion cone or
c - hi [ Qi nt ent .
[ opPLaS SonnelA0\ 3 SOURG ol (a8 bR SRR Rbscopi
(PSR RGFEPTRSRRes Biir s bet ween +15 and +5C duri ng
the cooling and warm ng procedure). WO :
2007/ 028396PCT/ DK2006/ 000498 7 Essentially, mature
met aphase 1|l oocytes are collected surgically from
ei ther nonsuperovul ated or superovul ated manmal s 35
to 48 hours past the onset of estrus or past the
i njection of human chorioni c gonadotropin (hCG or
simlar hornone. 5Were oocytes have been cultured in
vitro, cunulus cells that are surroundi ng the oocytes
in vivo may have accumrul ated may be renoved to
provi de oocytes that are at a nore suitable stage of
mat uration for &nucleation. Cunulus cells may be
renmoved by pipetting or vortexing, for exanple, in
the presence of in the range of 0.1 to 5 %
hyal ur oni dase, such as in the range of 0.2 to 5%
hyal uroni dase , for exanple in the 10range of 0.5 to
5 % hyal uroni dase, such as in the range of 0.2 to 3%
hyal uroni dase , for exanple in the range of 0.5 to 3
% hyal uroni dase, such as in the range of 0.5 to 2%
hyal uroni dase , for exanple in the range of 0.5 to 1%
hyal ur oni dase, such as 0.5% hyal uroni dase. 15The
first step in the preferred nethods invol ves the
i solation of a recipient oocyte froma suitable
animal. In this regard, the oocyte may be obtai ned
fromany ani mal source and at any stage of
mat urati on. The stage of maturation of the oocyte at
enucl eation and nucl ear transfer has been 20reported
to be of significance for the success of nuclear
transfer nethods, |mmature (prophase |I) oocytes from
manmal i an ovaries are often harvested by aspiration.
In order to enploy techniques such as genetic
engi neering, nuclear transfer and cloning, such
harvest ed oocytes are preferably matured in vitro
before the oocyte cells nmay be used as recipient
cells for nuclear transfer. 25
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Preferably, successful mammalian enbryo cl oning uses

the netaphase Il stage oocyte as the recipient oocyte
because it is believed that at this stage of

WREMHAEE¥N t he oocyte can be or is suffici entFDK2006/000498
activated to treat the intrdduced nucleus as if it

were a fertilising sperm However, the present

invention relates to any mat ur at i on stage of the

oocyte 30which is suitable for carrying out somatic

o g dcHerahst stainias apd UNHsimjeadion B (s Abesnop end AFREFRRe of
arﬁhﬁﬁhaﬁanDV%bmaiﬁbﬁtéﬁyﬂubfé%cémhf't%bcefnc%m&|Ear‘? résents 50 um. (a)

A O Y e T

nqnmnhakabeaﬁaage or has extruded the first polar

body. The tine it takes for an immature oocyte to

reach maturation is called the naturation period.

| Figure be$leravetcrestopidipinbne Obfﬂa)t hblagoesentroduped mithehemically

t ' G | f
0B Roh  ESRN @I dor SRLBHIA, €10
somatic cell) and recipient (cyt opl ast) involved in

t NGy 7€ blHOREA: SRnild m@ﬁ!u%EMf@%%%t%vél&Mﬁer chemrcally

present invention |s a non-human
I?és@ﬁp randmadsgnuekaiandensit-Rar &Pr%‘ﬁmsﬁ%‘rﬁay b e

|nplanted in according to the present invention is a

nqQn- h g | . nmanmal nay be an ungul ate

s eé%‘FG?ﬁﬁﬁFHﬁE‘?‘h@@%ﬁ‘ﬁ’E‘&ﬂm sting of domestic or

wild representatives of bovidae, ovids, cervids,
SRR e Sl BB S oy s
b iriehsibowhisihedqrs thoingedusing ashibequpléroen of npderr DNFoinke ppe cell to

1561;{@“@6[ %gg[.’e" el k, caribou, goat, water buffalo,
F , alpaca or pig. In a special enbodi nment

of the present invention the mammal is a pig. In one

erfaRALEBAL nicl@r Phsfdrs @ Wil d pig. In another
errbodl nment the e donestic pig. Sus scrofa

shn qawg%tth%g@sfqrﬁgy\&nuglﬁgi fict saals é@qﬁgh@eiltqqéomahc cell mto an
| RYG Béll @Bcyie) valigtshdsthariite Iom/ﬂlrgclemlﬁemkféd)(dsﬂud:léﬂé@ dr enucieated)

P et alstheR RSt siapSBb 1p BBV mgaRer ] gPas Fom s

Yozdog$iruckad drisbrps and lse gédetically identicab sathd/dosdran the somatic cell.
B‘ﬁ{ #3 E&ké Bnfl n?bﬁ hear\l. dﬁ%ﬁ%ﬁ@@éﬁ%ﬁ%aﬁ@%@r@é‘% & of cell

rese I nvention re roup consistin
Lan@lqaa{d@nsf%amlsm thwﬁpﬁsaﬁa} @staﬂwhm@bteasikmwe thhawing at

PUESES o MR S0k ) iy U8 e filb ot oo
SPRRINIG & leae HenecmisRish GheviaaiGY 8oRRriaed Rr all nudieus having

Phgdifediganeticdiehcricd, 8 sikd hﬂ§§§ ohebbRast @At tRedsH 88t s

of the present invention. al so the

CBREIPEAR TGl ALEeLEn8) CHFHES 8 FESPUAE hoabryo. Howsver, the

obieeemtSn\@htxéercpfm a mevtegﬂ ofaell nBA¢ar tdnpler bd;rﬁp:rlhs_mg the steps
L.t 1S a a race Qr .a. rksn.rL.e

o B Sl s P outs P HaREr R, e 8B i8R e pars

t obipingg abfeashero lsyepldslbeipstublishingudoral sell dwelboucléus having

%?%su%ﬂ %%I =i ﬁ&p%b%shg‘jfug#i%%%ég Bhe {:ﬁ%ﬂ%’t rglli(ﬂg Eheoéorropgell or

cowabEnelsymownser el nedles, eakFNing a rejossiugledsmie-mrent

Pia-train is covered by the present invention.
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WD 2007/ 028396PCT/ DK2006/ 000498 9 Anot her enbodi nent

of the present invention relates to mni pigs

sel ected fromthe group consisting of Goettin g

W 2M7/8339Bane. Xi ang Zhu, Wizhi shan , Xi Shuan&CBOI3@6/000498
5In other embodiments the $nvention relates to the

group consisting of Goettingen, Yucatan.

Al VS

. otr@% E?r%}n\éﬁz!r%/ fo[gmb%s;g& ?ég;)ts fﬁﬁ] bé %@ﬁﬁ@ ﬁéo%r U’c%tzgéﬂ*éomost efficient
Banwdear Iifﬁﬂﬁfaf for g @ivan animal speeieht TreraFieusRasameiers are described in
Cogtih pg6R: But al so Yucatan is relevant for the
invention. Simlarly, Bama Xi ang Zhu is covered by

the invention, also Wizhishan, and in particular Xi
Shpapge Banna. 10 The donor rrarrmal S accor ding to the

pr etlnvetlon The age of

th it o S reshen, e Yo e o Tpprafigy fomale

ex mﬁipddac’a/ef wliusne thathayg aolldiptdediing gxattlm'utgrmoq:ase &efotm an ovum

L?rgq%&tg;te cod PrReOR G RIBEN Sl bofe BIROLRESE ot in the

c ehliclesBirapgfquUNCEsE, the reconstructed enbryo divides
progressively into a nulti-cell enmbryo after the

onset of mtosis. In vitro the onset of mtosis is

t y phe epaviesi aseerding o ihequeseptinyanion aredeaaler et gyisugis gndior

20bVhricD 87 P HRBRRL. NMW Io@éyrésr@etrarénedefmf Hébea@écﬁ&nma[s
refers to reconstructed

are e
{ opiosh e [ided S50 GP B HROIE Vars f ve animls.
t hi ares@tibodimetit tmsdmyﬂ@y afdédlatad b@ﬁwdtﬁw oasiveyGreddures or

coRtvRgRa ey P aEots N ooyt SRR BT i g e oleted by
Subsprgtiem Dopytes hee Phicattymyeturdd in ajwaetu,nfmﬂ}ita kemmmrtaayrerson

c e]t;l%]lf’edaﬁ qto &gﬂlgg’[ﬂnl ’T‘h?oédgj(elsecgn At eq?]cﬁé’c&l br¥m ihe ovaries

ocoe
t hef aemwry aagriﬂ;ad |agithaéor Wieadboeyaty has W frozen andiort awed

dep iR thébo @s%e ks mgofatfes%m thés@auqecyte at the

tinme It Is rea to inplant; forned fromthe norul a
and consi sts of an i nner ceII mass, an internal

Catab% a5 m@ms%w alb@b’@é T@ﬁre%efﬂrdosbéf@bh@d While it will be
st b e SElioshin i PR TSRS ARd Fafed bboli®s are

ut @"efﬁreﬁf it willlateRit benagprediatettiatdds boseites td aygrreservanthe oacytes afier
- c})ﬂ% OV

h e aerv%s Pg P¥ %Ifeg ﬁur%{qongg’ rc]:Q/to %g%r:;}gd %& ! :jée% Bél%\éh ‘ﬂ%gl these mu.st be

t r initialycthawethbeforeplacirg thanpates if oraturaiinm mediamnidathpdmefithawing
Wresécr\%d (LG ISU?’! fAat’ tﬁ%‘)%}é tas[.:ﬁ’l%tag% %@%ﬁ@%%@ pro@égg are well-

cryopreservati on

rralynctg@ te ansg pégrd,m@ry skilt in the art. However in general cryopreservatlon 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 cocytes 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 i) cocytes that have been matured in vivo,
may be harvested and used in the nuclear transfer methods disclosed herein.



WO 2007/ 028396PCT/ DK2006/ 000498 10 vitro. The enbryo

may for exanple be cultured in sequential culture. It
will be appreciated that the enbryo may be a nor nal
VERBP07E283%r a reconstructed enbryo as def i ned PCT/DK2006/000498
el sewhere herein. 5Cytoplast An oocyte or a part of

an oocyte fromwhich the nucl eus has been renoved.
Sﬁg]esg%nt%ﬁgr rqnvaéun metap@ésé n%o%y?é'srﬁre g&fégféd %FHica dg??rortn%‘iatr?r
10@e$umwuratedmrtshreerg~en&ted mﬁ@maByBStth érSthéIdWl pasbiatonest of estrus
ce Fasft%e H&@tio?xrc@ﬁﬁﬁ%n LR R gBRadcirofR YE G RENSIhRG $¥amone.

cel rom-an animal at any stage o evel opnent. For
exanple somatic cells nmay originate fromfetal or

5 adyhdre bb@@é@qav@a@%m&éﬂ iRieb afumss&rmmat:ar@@uhsu@n@ the
those of foetal ori celaéoroma

| 1RV rm VAP S SRR AY B TP YERLS BIONEB REeves tht are
| @Mﬁtﬁl’élsﬁlfabﬁb ﬁ@gkoeﬁf rddig@tion fos emuckatiod. mnmmsl celld may be removed by

t of t h t ti t
CBEPG of VB BE el ol "SR 0TS e O %
p hedlemnigdse shddasiaribe whge bied. D oae hyalurnmdmse dior em;ale in the

10 d?%ﬂlﬁe; 096|5| tﬂ I%‘% Rgéiﬁt%nﬂ$§é 5&9\ %qng{e rén %e tg’ﬁfﬁe ga' % hg?luromdase for

preweple insthe whigetof Adie 3196 énal@fanld@@ bstcfgwemq:range of 0.5102%
Pél%hﬂ%éé) rroaé(aﬂgﬁ%lt#@@nsé SR &S B h%lﬁ#oﬂrdaé’@%gaﬁéé 6:5%

cells are sel ect fromthe group consisting of

ep¥aM@nidase-cel |'s, neural cells, epidermal cells,

ker ati nocyt es, hermt opoi eti c ceI I's, nelanocytes,

chondr tes ocC T
15 PRt e PTBASOHLEd  RB o kRO A bt cocto om
c alduiablé afimab lreibissegardribe a@cytmsajv ke oisthined framdcangtzhieral source
e may be obtained fromdifferent

oFB‘iﬁganysmggOf"Eallfrﬁ Ty ung, pancreas, liver, stonmach,

intestine, heart, reproductive organs, bladder

K 'THQ @fége #f GLAF Vﬁoﬁ ijth%tolaaﬁe LY d ey c{ﬁr%r}ﬁm‘gar tr&H%?er hgs been

ch the somatic ce derive
20 ar@odeétqbqa@‘@lg@ﬁ%mﬁefﬂ@thﬁév@pﬁﬁ OfNUE‘ﬁ@lf’féﬁrfl‘S’&H methods. immature

e (ﬁ?@é“a‘gg MocBied RemimRRbiaARvhdestdie oﬂ@?hé?@es?é&@ Aspiration. In
cells orlal nati ng 30fromthe sane species, as

r @quﬁ %i@?!@rgqqe@?pgbp%gﬂetic efgmeering, nuclear trans?er and cloning,
28GoH m&%&@%ﬁ@&aﬂgﬁa@%@&mmemw ppiorthk @btigesells may be

s SR ereBRLELE sl Bt pagat ea i n vitro. Nost

25 preferabl y, the somatic cells are in vitro cultured
f ﬁge{fgghgﬁu%?%sfu E}%ahgﬂé éﬂ)@b cionmg ﬁ% ?l%g'{u?qéﬁt%ge I stage oocyte
nesliteirecipieftroopde bacau;et!th%be!@mcbmetrai@ﬂs glirbe di melutation the cocyte
Eﬁ bL Slsig gttjﬁ'“ Lfme& ?%eﬁﬂﬁ@frih%d&@d”%c%ﬁ@ ?9 % were a fertilising

foetal ori
eﬁw @owqa\@m tg@ qusgnt lnventron relates to any maiuranon stage of the oocyte
30 which is suitable for carrying out somatic cell nuclear fransfer, embryos, blastocysts,
and/or animals obtainable by the method of somatic cell nuclear transfer of the present

invention.

The in vitro maturation of cocytes usually takes place in a maturation medium until the
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Enucl eati on The nethod of enucleation of an oocyte

may be selected fromthe group of nethods consisting

of aspiration, physical renoval, use of DNA-specific '
WO O7/BBR%ones, 10exposure to ul travi ol et | i gRET/BKA)0600498
chenical |y assisted nucleatd on. In one enbodinent the
present invention relates to the use of DNA-specific

fl uorochrones.. Enuc

oS G PR PR P org i YR eyg S pRPAISHLRRY e
euhtmdhtaimstfomuciméﬂre onoits toghagh raiufajion isyialiedthe prdtgation period.
to physical rempval of the nucleus. Chem cally

assi sted enucl eation using for exangl e antineopl astic

afiempeferpisndiediment erige @reé?fﬂién\’@ﬂbfd‘et @ epgHte in-fipat 3 orpilt,
C ol B, M a &R/ or for exanple etoposide or related
agents nmay be perfornmed prior to enzynmatic

nodi fication of zona pellucida. Chem cally assisted
epHpiat i on conprises culturing matured COCs in

R B s AR o

ofhet deffbucléar ttanefer methed atcdididg fghebresentifveptiomis a non-human

)‘i:hn?pp%?al Cldkegmse %&;‘har%ﬁal?rb\%hlei? f,ﬁ&né&@g%g ]e%b%g% ée?rfnp anted in
Sap@fdm@; toftbe p@ﬁarrrmm\@ntbrss pgwmhumn masynat Thesmamrr@bmay be an
I:«R 5Bbohe frgmﬁhé’ U{J coris@s‘hn& BP&% tiQ ofwiti¥e esentatlves of

cin may enent ed e mat ur a

nﬁ@\r"ﬁﬁﬁ o@wma’mysu%pqwa% archamfiw ARpriselar embodiment the
S H%Hn?é’(%fﬁ &ﬂm w &h ﬁ&&p @ﬁﬁéﬂ& shéép, %igaml: ehééa; I’«ﬂ'@e rp%ﬁﬁ%fonkey,

0.1 osid such .2 pgl/
tﬁ‘uﬁadﬁ /ﬁ'i‘ cayibou: @ngﬁf@r Bu gf“ﬁP‘ H%ﬂ%‘pﬁg?mwg
254l Sechs eﬂbacﬁmagt/dﬂhet ;ﬂeé’enpgwmtmn firer mamanpise . 3n one

PR fghe B B BrneRRoR BT e RO H cpgbelo i

t Bes surtiar at $.aiomestibusnin yéhandthemembodiment the invagiidnhrelates to mini
(ﬁg{s ﬁ@ﬁ e of antineoplastic agents ranges
f h?ﬁ%lstoqg r{BF %? such as 30 mnutes to 5 hrs,

for exanple 10 mnutes to 2 hrs, such as 30 mn to 2

hfrﬁar s f.c%maeaﬂn%n%@e @Idh%fbelser?eéfécﬁfrorﬁ Hfélbraép &lel%hr'ib &fo

or Oexa hrs, such
t barpr@:eh werkshigsy H@Rf@ﬁlwree Dyrocnthinese Mejshigy Pﬁ%‘ﬂl&’r and Pitain. I

e@%b%ﬁémmﬂbﬁdﬂlé Me@&ﬂhrﬁbﬂ%n&@tufeb @cﬁﬂiecgﬂodpsconmstmg of
per f or me e an

I

P et SOty RPN SIS PN eT i P g nygin plso
V@Ié}@@tﬁtﬂéQ@Qﬁ &S dBﬂlQlBD@ﬁidd %344?&;0% and Ghlaemkdbisbaﬂ Similarly, the

t t e e
AP edeRta s, BelfciaBlect i BRINGEF BefsR el By obiocs
naiythé prelsgnismeatiart. |Buha!s®ihe@x@mpdoes;btmgmf t endraomarst Chiese

t t whi ch
B i i B pEESer IR, L) wared oocyte half,
known as the cytoplast, renoving the nucl eated hal f

Ofn 4 RRIPPHIBIRIEL HE |pf‘g°|§ bNGnkbee 5@3614 d Ycﬁ}ﬁsrﬁﬂétpﬁ@ 28 barticular

for tTurther procedures the i nventi

ARRediRentiae SWV?TH@H Slplsp g} pl%of the prped Hagwé)éplr% Rut also Duroc. In

r ﬁa@hbﬂhegprbfén’ea efBofidehSthe bigné btthe bied [Thirese Mefishan. However,

%‘ B%sts In a%gth r_enbtodl rr%FI th% iOP'Crﬁt ed.rrar%Pm? A
& PSTE i Fave ?Y’gﬁl"}‘@f’ iqre 804 ARy SPR pHRediment Fistrain is

pcm/émutbydhe pfestiitimentyn. opl asts. The oocyte may even

be separated into five parts by physical renoval,

resulting in four cytoplasts. Simlarly, the oocyte

may be 10separated into six parts, for exanple seven

parts, such as eight parts, for exanple nine
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parts, such as ten or nore parts. The physi cal
separation of the oocyte and subsequent renoval of

the nucl eus-bearing part of the oocyte may be

VE@ Hi0@0B3%y t he use of a microsurgi cal bl adePCTHRR6/000498
oocytes may be screened to % dentify which oocytes

have been successfully enucl eated. Oocyte parts that

h ; '
AN ?&gé%@ﬁ&{nﬁ%l‘}tour £ c;ﬁ.?s}éenpﬁv rﬁﬁmélétésﬁf}nrgh ﬁ%@é%éo@&i from the
wigras v dossiRtine\ah Costtingqre M vesiars |BamaciandZhlh g\’t&'htsha@o%lﬁf@ang
P@Lhsa har bouring nucl ear DNA are di scarded and the

enucl eat ed oocytes (cytoplasts) are selected for
further procedures. 20 Zone pel fuci da Zona pellucida

I $n atlhbmfﬁﬂfoduﬁéra@ ﬁﬂ@ﬁ\?ﬂﬁonkr@létﬁé&b kel g&t@u;idmrsnﬁg of Goettingen,
nvel .o Im |,,.CKN roundal n n
é}/ 'E ‘ie{}‘a%‘éfﬂy bt iy “t'E'ESFﬁiS*B%E’u‘E%i?%P cg'gsd%ﬂg ﬁ%%fga Xiang Zhu,

t lehﬁushafprTStmﬁang Bared. In paniidutza thetimaengdrerelalestot Goedtingen. But

Rty MHRRUEN B o, DB SRR, phita XiarbRR 1 Bipreg by he
i nnvenhj:err also Wuztisban, eand h@a&}mla} Ki Phitaeg Hanea.f or
enucl eati on. Another parameter relates to the keeping

of the donor cell close to the oocyte cytopl ast
béfh@ denemeergmals AGedr di8g terine mrpsentdprentian |mpY be feaaie pemale. The

Q& B1thE a4 @8H b8 Bnd Ae R ad AR AHUIBOF R lexANBle a fotus.
?oplast during fusion. Finally, enbryo devel opnent

after reconstitution and activation is believed to be
wd ed by the zona pel | uci da. Modification of at

e Ba e sresseh nsagon »eonsSiea Sy f ebia lFmone)
rmamtpluk el gpneliramatedalws $he dooomasili $ubsedueentiptbe reddubstaikied embryo

ﬁﬂ?e% gl'ogﬁ'%s%ﬁlgws ?ﬁ%@%@ ot tbéf'téggw ac?r]sg%tgﬁ&)&? In vifro the
emam‘u lobmidsicisdyriieady indyeadthy achietioe a dwnbﬁ@h Bd in

the present WD 2007/ 028396PCT/ 11K2006/ 000498 13

invention is acidic solutions, for exanple Tyrode.
aInpliie presgniipvestion tertemm ‘eppryphalsq fe{eshid IERORSHECted ﬁ@bryos which

pﬁka' élfﬁlh ﬂoﬁné@éﬁé‘r 'tr%dprbdéSQ Biﬁv’d@”ai’ @arébf&%b fot @18 onSsteh mitosis by

z ) qLne enzynes

F\%’ %ﬁ ‘%1%'” gﬁﬁgg}é? F‘KFp‘g‘\?tHre A e ngtt i vel>/y a
speC|f|c protease may be used, such as pronase. 5ln a

er,r ed enbadi.nent, t V4 [ gesti L I

D bR SR o SE R e B b Sy, e
pemqucmmwiww_w iand eapy edlie arefirreed; add adintd-filed cyssic cavity within
pft%z?@rﬁ]ér ‘alQé.’tSJgJél A hid &%% \i@ﬁde éuﬁ%% s%ah £ " "tﬁéstéé}&" The
péewwrmtal gtapapf ihg* ‘feél%zad" Gocytmattﬂrr%ﬂrpe és%r@ﬁdsc@nmébaﬂt formed
t ﬁsmwaoﬁn‘a aiCdAistsf amnnepmnln%sel ah infARY 88Lity, and an outer

10According to an especi al é pref erred enmbodi nent of
r

t I@yerp:rfeg’éﬁﬁali%v'é?heﬁ@ﬁemc?! tially

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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di gested part of zona pellucida is characterized by
the zona pellucida still being visible and by the
fact that the oocyte has not becone m sshaped. The
VHARYOT/AI83% gesti on may be achi eved by exposur ECEHEZI06/000498
protease. In another enbodilfent of the present
invention the partial digestion may be acconpli shed
by di

w{n@ erh%%&‘rﬁﬁyd?@ggfo?gﬂn h?ﬁna§b%gnﬁltu}‘ tin 38@]{@%1 HIRad: e
co?ﬁﬂrmt%wabme@n]&n@tfé@s@ AR5 enbye. Orlﬂfewfﬁifé‘ﬁfé‘ﬂ pabryo as
emﬁggé@g@gwﬁgghggﬂpentrat|on of pronase is in the
range of 0.1 ng/m to 10 ng/m, such as 0.5 ng/nm to
10 ng/m, for exanple 1 nmg/mM to 10 ng/m, such as
]“cyw@ém1 to 10 ng/m, for exanple 2 ng/n1 to 10

D hboda iy S G aﬂg?%ﬂg’ffgwwlf%&%% RRkf i et ot e

for exanple 3.25 ng/nil to 10 ng/ M, such as 3.3

rm%gno £@y10 ny/m, for exanple 3.5 ng/n1 to 10 ng/m .
erred errbodl ment is a pronase concentration in

t Hiy hha teyet ‘dbnap cellj ofithe preentgnventiorsia creantsamats catlAnd/onaslis

S dmiad Aavpke 2.5 ng/m to 5 ng/m, such as
2. 75 ng ﬂ$%§§%§ 5 nmy/m, for exanple 2.8 ng/n1 to 5

/ such as 2.9 /m to 5 ng/m, for exanple 3
%&hﬁw tasmsserpatiel cell ol B1e nagsent mw@pms roeard any){bery) del from an

e’%ﬁ‘ﬁmél Gt §ny25t3@é E'ﬁ de‘r&oéﬂ@ﬂ}/ lﬂar’ex§M?IQ sBhatk: &elf&%@‘ oriyfPafe from fetal

A'particul ar enmbodi ment pr esent
i rRY@FIE“F thsup sEspepipbrsiered Aeaaicrclis %"ﬁ th?ﬁet‘ﬁ éoeita REjgin o However,

1 o b @ g‘énﬂ!liﬁéﬂmayfaﬁb b@X@W'&c&dm@/chet&es%anWfﬁh a donor
f 3:%[1: ls?as.?é?%%/cgk Jr ﬁn%;gerfn%g)%men{( B‘I tge gree')%mvenpmn%e donor cell is a
exeglirperdvet fropd atemen &N%ineg/ M such as 1 ng/nl to 3. 4
ng/m, for exanple 1 nmg/m to 3.3 mg/m. WO

s VTR S AT -
ofgeﬁeiﬁ: prgpertied dlo@eternihé vbnorseall mag sadouidasiyédrenatic 3{c@erties
T

is clear to the skilled person that the pronase
s feniatic bellsdirs selesied from thengrapp cosistiag ef dnitbefiall nﬁ?ilsomfexral cells,

PPALE L UeTeS i byb P SRR K
c Atnphecyes (ﬁrﬁ@% henebeeyterscerhfocytes, roaojenhages, @aon@pytes
205pbnucldts chilgTRb@biabB Cidpdhd As cdilB earﬁﬂﬁuérends@etdaﬁs

pronase solution is in the range of 1 second
to 30 seconds, such as 2 seconds to 30 seconds, for

exasR Papbs e5@dE fiom diferdifipRAB S g., SKIB/TUAS, PANSIRSS) Mok,
t %to?n%c eiﬁt%gp ing, hearf repargdu%n\§eegr821%jss bfagdfg'?kigﬁgy?ﬂ%ﬁira 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 originafing
from the same species as the recipient oocyte (cyloplast).

Preferably, the somatic cells are fibroblast cells as the can be obtained from both
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I n anot her enbodi nent of the present invention the

i ncubation tine is in the range of 2 seconds to 15

seconds, such as 2 seconds to 14 seconds, for exanple
VYOQ@@@M% to 13 seconds, such as 2 seconds t &CTPK2006/000498

seconds, for exanple 2 secdhds to 11 seconds, such as

2 seconds to 10 seconds, for exanple 2 seconds to 9

as .2 sec n ! far
o ans Rks Al pdranaat iabe Ladfeg 19 onad may fgrermors
6 memshsopdgateddn aitpl Mo psaferebidsthe sorBatinecsiin des in Miroauliured
p nt of the present invention the
|ﬁ%&%&#f§%f |n§ Fﬁeln the range of 3 seconds to 10
seconds, such as 3 seconds to 9 seconds, for exanple
4 |8 8 prafersed embilimend drisomatio stlisase gensticdliydeodiedgin yet a further

a?‘?é?&géj e&%d:rﬁéﬁt@ e e Plﬂ ok %e%oﬁ%ﬁ@ BYR ard g@%t‘étl)h gnd

seconds t secon or exanpl e secon
sé’tﬁ%fﬂrag‘yoﬁﬂ??ﬁ' 8@.9'3 %@E&K@@P‘?WG‘ ablonds, for exanple
4 seconds to 7 seconds, such as 3 seconds to 5
SeGRdstonf or exanpl e 4 seconds to 6 seconds, such as
4 seconds to 5 seconds, An es ecially referre

| BRI PT EHESHONST 86 epyismay be selecledram fhesgTapp gfmethods

e rﬁ@@dsﬂgsg oF aﬂ:flratldiﬁ: pny@@e Femavaly 8sd ¢fQJNA~B|§EOﬁl&GMbRJch Bmes,
treate

S R i e atr sl B T el B budH e S embodiment
' rtiecorasdrt inveelbnaslatesds tHesiseebDNAtspeciiieiiloradhrahes. s
f
| BB A LA, et SE o R ER R
c partiegipoerdsodinent enygeation (tiehemigglin a$qm¢d prior to physical removal of
f efd hddezat (bl‘?ef?ﬁicalg% fehi en%d?atubﬁ [155?1% fo? SRAIRbIE léﬁflﬁéo{)lastic agents,

enbryo’ 1s erre to as reconst

c éuq:h as ¢emqq¢@lr|@r(é!s<&q¢pewlrr\i—mﬂhybh celpfcipynand/erdpr exagple efoposide

S%maltéd §§énlts mspbeweﬁomﬁeb 9n@lqa Shzywiliib riBRticationofB8na pellucida.
erlve roma ermline cel

I?GP%%PM*S%CLF—*HQ“%W‘PFP@ ‘P?Qﬁ& Bptuggtion
a Mn.mi a&@éécm@éd Elseivns mensupm@uaded whlkl ebmueolém@m a particular

o PR T, o o aF P Hr s J0 bl SRPEEHSR A a8 B2 w0

5490 @gémlj fosextegds DBe@/rh[etb oo, sueh as D@Smgmide Blyg/ral| oo

| S5k A FEEY A, UL QOSSN 5o OB B o

Fdsrmsmlmwaw@e@épme@ﬁntad tidhe masationdperivim. $Iederﬂy avaéuration
Cwe%nlmm b Eﬁﬁbl@rﬁe&é‘d W&oeom; eﬁﬂdle RSk ash?é Qﬁﬂ ug/mi fo

? asts, for exanp bet ween a donor ce

C
at10 IH@yé@te apreide; ﬁ”@b pa St/ je A0 He/midene@rnie %rusfm'é% f"P kg/ml,
a@@oiﬁis d. ﬁﬁﬁéhﬂé Wf /ﬁﬂtf&%xéﬁlblé 0. eu@rﬁu @JtS1 QQb@tswaeas @25 pg/mil to
nor .ce and a ou as
D S @r&m?*e@ej STl b deby Bt o faet 16 S Retiration
S Imhlu&ﬁ Tbetumfeedsr c&tltdmmhe coelds lmmé p&fjseheeieftanlssmeroplastrc agents
sts o]4 e

argBe B8 i SAETBLS RoREReR i SRR! et St Yo Bfiotes w0 2

ah[$ stitchl asd@dtmieitg Bthrs; Yarepdrage 40 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
ug/ml demecolcine and/or etoposide added to the maturation medium for 45 min.
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Fusi on may be perforned according to the listed
conbi nati ons above sinultaneously or 15sequentially.
In one enbodi nent of the present invention the fusion

W 209&P¥88%6med si mul t aneousl Y I n anot her enboBFKBKR006/000498

fusion of the at |east oneltytoplast and a donor cell

is perfornmed sequentially. For exanple fu3|on may be

ahlevdby i [ b leaPBSioval of
e S e e el

p tenoiclong. Bgahysica m@howé mia be X amr@oz@@fr%emp@y bisection of

g'trye%% {; gb RS0 hé}{}esc(awg;ﬂsﬁ ro%%wh%n@m@@m@hmasena the
t hereo varlet%/ us FOI’TDtIn ents a
k SBVHeatest oroyierallel rwt’th%/%?iéa%l f%*avmg %%)UC‘BFW paff gl the

diopB}id ¥ﬁ§§€lédﬁ?ﬁg ﬂ'ﬁ—; reEMR oytdpRet i‘oﬂf-ilrth @gﬂd)wdummf the invention.

Vi ruses, r Pre
W?Q@ﬁ’%‘f?ﬁ’gtf'% Feqﬁrepopm trﬁsgctnag,éasulmﬁ\}’gee Rafsgf bjch two paris
aﬁfb cyRSplaR. yvaritherleardboimentiiie becytis ey be separated into four parts,

| Ferlfo ST G e ey PRI PATE gl separated nio

f tige parrtqdiyarmsucan‘remuvaarreanttrenm’émr cjorsasts. @wnlla(rme jpgcyte may be
e [ ,

ST 110 R 1SR B LR ik, r gpamte i

elpaits, rsueh wtemr olore partse anS| ently able to break down

t he nenbranes of the cytoplast and the donor ceII and

to reformthe nenbranes subsequent]l As a resul
5 TP POYSIREhFREPESIGN P (16, 90RY S BRL HIGERIAT SR AL e {cleypearing

‘ Egrt bERkRbEAE Mg bk achibvaRBaRe UbeLs mh:bsm@m@r am of

d || t th
¢ PooRe e te Srrenedia Baiy yith pout FRRTRE sldBervly
t lpBudisted: Eldogte Wiakth tHatiharbbur ranleacBA may W identified by staining with
2 g@g{;hgg ﬁcgu%tgg‘v%ée Ogt%o %%‘}Ic?cgeaér%odﬂﬁegﬁ “EElEHow‘ﬁfto %rb%rs%h skilled in
perefafr Pedyta parigy habomnga'tuclegr IGNA ﬁeawsqamﬁd@drthﬁng@%ted

,’L]rog & KVicm for
exa%%so(cg @g gbgé%\%/?f&?urﬁﬁ a p?&?erred enbodi nent
al i gnnent of the at | east one cytoplast and the donor
C%hag@bﬁci{%& performed using alternating current at

//cm Fusion may be induced by the a on
o700 PRILEOR 7 BIF TTHRST ARSI o PhA SR B g™
| gdskhes QinoVbh@Ry asbogmsl the donor cell. Di rect
current in the range of 0.5 to 5 KV cm such as 0.75
to 5 KVcm for exanple 1 to 5 KV cm such as 1.5 to
5 Géxiératly, aﬁdxﬂaﬂxanmb@lu@:da@ dniigredito Minrertaptie tell nustear transfer

odi
gge I%C gﬁtﬂ%be? F L%Sr el f&rs gﬁer en QEH ? E:) gttllﬂs,epol?r bod% close to the
2 métdpbase platemf theradeite ip p@eewréilcai@@ﬁ‘@@ﬂwoneﬂe st for enucfeailon

d '!-\E?ﬂé%ra [%Férﬁglgi: 2\3@%@; gh%kégwn%rﬁf thEond) det Q:iosé %5 fh% RbcB ¥ytoplast

pre %_U or in the rangeo - mcro
s beferroand divieg f%@ﬂsﬂﬂezqe ifrplep Belisyed pgrenter Bfofest'aﬂfﬂf Enexdonor

t eesﬂéhdfeyfdp%sﬁmdeslmﬁ Fnen)t lefibha deveibpdentRiter RRBYnSaRtiGh and
m cro_ seco eci Iﬁ%preferred

eﬁbtiyé’f‘?ﬂe'ﬁtbelfeif{?? %b?/\?‘fqﬂ?oﬁ?qgﬁ‘ih B’F?% be using a
direct 15current of 2 KV cmfor 9 mcro seconds.
El\fl%aﬁ”b&tfoﬁ%lf enNea @ piemiealons peliveilamay bl QH&Mﬁfedhw aamnmﬁ-r of

oS e A BB o8 A ot ut s
Fursermeamfegtnimet with é@asms%siiahmsat:ldlmkﬂlomiecﬁtcéfmodemcdm s
f
 BobSed TR Bl £ LIPRA HHAET RS BBl tyosen
st eps, for exanpl e 20seven steps, such as in ei ght

st eps.
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Fusi on may be perforned in for exanple a first step

wherein the at | east one cytoplast is fused to the

donor cell. A second step of fusion may conprise

WQENHERSHPS the fused pair (cytoplast-donor cePfT/DK006/000498

reconstructed enmbryo) withl %t | east one cytopl ast, '

such as at |east two cytoplasts, for exanple three

Cﬁ Ly uﬁ'?itssélc;dﬁ%ihﬂeﬁs ffé?‘é&arﬁﬁl& @Wflo@étlﬁ a Jaﬂfcu%?%l)&ment of the
I've cyto ,_ such as six cytopla

eXayeplien e\zemﬁ psitusigh M%d'ﬁwnam@lmes@w Spich engymatic

Thig86PMdy BE s@rf&fneﬁweﬁfynmstdan{pﬁ§h@fbr @&a,ﬁfsueft@as%ﬁ ABRhatively
cytopl ast and fuse per f or med

[
segq%P@ﬁ'fFHTOIt%?SEW%ﬁbﬁLHSF r?é‘g]&@? Vox’f‘ﬁ? one enbodi nent the
at |l east two cytoplasts are fused to the fused pair

Siy W'ﬁé&%ﬂ@h%dl&]&i%ﬁ@éﬂgﬁ?aﬁd@@éﬂﬁﬁﬁ Rlsubid s teakBRBértial digestion
fused to

topl asts _ar
S R b PEr T Pl o) 0 2cTeleBet PIRSOBR U GAeEsEt inyention
o necapgttied ateadt aqiarttdﬁ ¢hel 2uvie Iptalltmmlatlé'll@emﬁmeﬁ t c&maﬂhe zona

eh c{a ) élr@& regﬂ%veg . tﬁecérlg%/ﬁer{; rrél%fa Erbég zong é)leﬁléﬁlf{aolg Ingt completely
Asad@&drlbed el sewhere herein. Activation 5ln a
preferred enbodi nent the reconstructed enbryo may be
alj _ ' n
{1750 8 9 ESochly Bleehiuhinollen i hPbrs el efifybihe partany
C@T igesied pﬁd@ézonat pellgeiirisshamadiedzeadrpyttion Fongaqieducga still bheing visible
NaKE by Y BOURMIISHle HalPofiuehEdiedapyd opl ast . The
reconstructed enbryo may for exanple rest for one
hour prior to activation. 10Preferably, the
r dde mettielgesior s e agigvaskoyRxPPIHR R Protessedn anether
| e GinTEnt aﬁhé prea@ﬁt hRAStidahe ?&&uéi‘ﬁ?&és@éﬁ Y b8 5@&%@9@6 by the

be selected fromthe group of consisting el ectric
puFs &f a pIeBATe: 1) Y8} ar‘?itﬁ%rd'?é’@io‘@w the; H?Eilaéﬁ'glaﬁ@“ may be achieved by

| BtdoRbRiatioh 6fa preatsasd prdhagdl ent cations or reducing
phosphoryl ati on. A conbi nati on of nethods may be
preferred for activation. 15 In one particul ar

_eibd areiTad embodifeent ipceneaifyationeofpsenapa s ip thanignge RE0.1 mg/mi fo

S Q0 s kGdh &fo éw@vrﬁno rmyngﬁﬁl R ekRpBE mg/ml to 10 mg/ml, such as
si mul taneo e act | vati on

of
" el ELTmSl ey Sresinle 2 R (oo ANA S mefalto 10
shmnpfor Exarhgia 2mtm@mntot1mangm GOEH 4418 trAgl e tT/A gl dor example

s S Y AR 5 e BBl ribfome s mom o 1

celghall ar proteins in the reconstructed enbryo by
known et hods such as for exanple by the addition of

cuP sSSP BbR T b Yt MGERIbelct e P g0 mom.

agmiutaﬁ 2. :Eﬁamglmihw bimg/mpk, &r ekamyly ﬁtﬁh'eymt to 5 owg/ralxsumblas 2.75 mg/mi

[ r r
% SRR, B Sy p AR o O BT Io SHBR for
F BXarasia et BoBI. A5 S  rYBHE IneBa Latanslo S AaTg/mito 5
| ¢RIt SRR atslzge‘g mBinilas shigahar | evel s of dival ent
cations may be I ncreased. Divalent cations such as
for exanpl e calciummy be in conprised in the
abredisvirpembedimanof WWbianan & TEPNBIRCaragtetorin the

thgé Qﬁﬂﬁr‘gir?IE@H@ﬁbimn’ﬂ{r)éQamS@ 1[??% 7l L. @ngmul@% as 1 mglmlto 38
subjectin e reconstr n el ect
et oy Rt & P8 3B aﬁ?q o RordnElas @9{5@1 iggexample 1

rrmg/miamSS rmgfmemongasorf mg/adl & Jimmghtiofor beamgle amad/muet 28 mg/ml.
embryo. WD 20071028396PCT/ 01C2006/ 000498
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18 The application of an electrical pul se using

direct current may be an activation step. However, in

a preferred enbodi nent the el ectrical pulse applied
W2007@288%at i on may al so serve as an addi ti onB¢T/PE0¢P0498
step. Prior to applying anltlectrical pulse using

dlrect current the at | east one cytoplast and 5the at

e L
Carﬁrragftnl 1sa9h Be2i76 ntdiel hoﬁrﬁ:}egfoﬂ forrexamalegemofmlde 86 npg_f,ml Ina
SE%:E%/ @@?@%‘éﬁ{&h@?r&ag E&GQ AiilYisCIB gk, exanpl e 0. 15

erre errbo rret al i gnment of
the at | east one cytopl ast and the donor cell may be
péiid deardeltheskilgd abrsen hat thagranase ehnulddie djsglved/inan appropriate

1%%&:1\/ Bhé: BR:fR R&dkA %!:! gn@% tﬁ@sreeaahm@ﬁﬁarﬂa 188 (Hepes

direct current across usi on pl ane of the g
| befiareheMchPRaprdidn carﬁamma S5 %hsAble sear (aswleﬁ@ae earlier - Vajta, et

cylr®pg).in the range of 0.2 to 5 KV/cm such as 0.4
to'5 KM/ cm for exanple 0.5 to 5 KV/cm . Another

preferred enbodi nent of the present [nvention is f}
aEB‘P e of BRURstoR oF e OBy P’éi‘é)!i"ioﬂaﬁerﬁ?"#‘aﬂ e e rgnes gl second

23l €¥ondd) sacH 4K 2 B&donds t@faers@aﬂwe,rfoﬂatarfmlﬁ 3 sends foe3tt
current

_ be 0.7 / 15The t cu [ngs]
C bRt siat mo® spinebl SrecPia Rk i eoBied §2 sBBige-
m cro seconds, such as 25 to 150 m cro seconds, for
e ¥pdHetiRer 2Ahbb@mbDOofithe prosartt fvartvn fife lpantteihom ti@e is in the range of 2

enbodi
oPORBIT B0 G v aHO TRAT SRR o g e B PR Zigpbnas o
be3 ssdongs,sudi ag 2tsecands énl2 ssfco@dsﬁdi(\e'kmie @rsegondsite f bseconds,

gc%na%% 23 ﬁtﬁ%t%f@ﬁ%b@rﬁdsyfoﬁéﬁfrﬁéfgec%ﬂﬁgﬂi FEHon&d, B such as 2

|vat|on acco sent I nvention
ug%GOOﬂS trB sdcepnts. |f@”aﬁxamele§esepwdéé% SRS SURD 8h 2 2 skoonds to6

S UboRad, irBlExbhBld £6QBAES BB RdoRRDr yo to agents that
inhibit proteln synthesis, spindle body formati on,

and di val ent cations. Activation nm erfor_rr_ed bx_ S

alye phgliarembedinggnt phie ﬁ’@sﬁweﬂ&b%? B'QH jop\iEne ipin the range
, TMP@?é&n%ﬁeﬁd s%c]gmdg%mslmcam t6lQ g@écarﬁl@' ftcnﬁe*mwléwseoonds

genetically ifie ndar 0

i T ecands) st resents Rutheerech PE i Beogends Y Seconds,

”E@Bhfds(zﬁédcﬁgdﬁlb_ 7 feo ) fﬂmgfanmw byccdlel‘s & 8 eeconds, such as 3

I nserti upl i catl.on Qr

nﬁ?QQPF%ﬁ’% sec F'?ﬁi (%t?{gexBrgpﬁrh sr?uc?rgﬁ t% f c]cﬁ'l su%ﬁ as 3secondsto 5

3 6emdis, iferaixampicrisedoadsiadeseconds pslich gis degoemntsds Seachnds. An

2%%;%%%@%@%@%5@0&@%33&%@ constructs for

insertion may harbour a gene of interest and/or
r bpuprafemey esdgdiamand 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 csll into the enucleated oocyte which corresponds to
a zygote (during normal fertilisation). However, the ferm ‘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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such as pronoters, insulators, enhancers, repressors

or ribosomal entry sites. In sone enbodi nents, only

one genetic nodification is introduced in the genone.
Wh2067/8R88%6enbodi nents, however, the genone mayCH@K2006/600498
modi fied at nore than one dfte. 5Suitable techniques

for genetic nodification of manmalian cells, such as
fibroblasts, include techniques such as gene addition

by nonhonol ogous reconbi nati on, gene replacenent by
hﬁuabmgous reconbi nati on,- and gene editing. This may

| 5L YeLNS 4RGPl LB LSRRIk HERAO3 col fo at

transter an art ronosone tecnni

Néaasbestdrbags issacomdingde tetiresent Breniag p@rffg“meﬁéyg%ﬁm dtthe
O%Eer%ﬁog 9§§chb@dzge!b\9 He el d%ﬁorjc@ﬁ“a!so(rgﬁ% a'%ﬂ@r'h@)%ne surrounded

0O or Kragh et al é{ r'ﬁ{.'
F@H@'equ‘&m arignards! RysigidpRsRsAPIRYEY DY e "lbf‘v'g é?"gPO%y

be carried out as described in Izsvak et al.(1997)

Cel kiod rizy Bb-befRiRD o @pbRsINRE at RYstPRRYRGRES such as between a
reconbi nati on i nvol ve the techni

0809 BE ANt IoFH P @?0%?515 (&3Pl IR TVae N AHSBy el and at foast
Tmh @e&s fsQEh gebetwee & kiﬂ.g:rtmawencbaeéasdasw ceslasts) such as

B 9is5  cannEeohebf 20GhstiouriNgplarERL SIS bptpl Biof cet ana

J at bt fzvé/bytoplaﬁs&ﬁmh e befwern a cohenoel aod atirstpsyOplasts, for

a%? ;t)fg E\nt Iraﬁ ﬁ' d?)YlﬁﬂééH%'ﬂd aﬁ%%t%%vérﬁﬁop{)%@ Qgchés Bé?ween a donor

stocyst rate
i meltm@deas@elgst @%Piaﬁtﬁjs a net hod of culturing a
reconst ruct ed 20enbryo is within the scope of the
erﬁ§ gﬁk{:%d &9%[ % e 15428 cﬁhﬁmﬁh&fs ﬁﬂwe simultaneously or
est a I"east oocyt e having at |east a
paemuetmﬂalwolma:rpeamm@lmt ofot;ﬂe peasentanventon the fusden/is geifeingd

a%lrﬁﬁﬁﬁéo&goln%ﬁﬁ%r Ql?lbédhﬂbﬁlguéi&h SrQRY hBiedk\6h8 @ytBplast and a donor
nucl eus an | east one cytoplast, c) establishing a

d6Rbis PeEpIMegseguenialiyc| eus” havi ng desired genetic
properties, d) fusing at | east one cytoplast with the

deBPExARId fuSion FRITDcHRicSEU bypsHaAREk ARldn, wherdml £4shor &Il and the
obt ai ni ng t he reconstrug%e enbryo,. f% al_gtlv t ng t he e
- ELBRENE SHSRIREASP P55 fLAPRRTHIIPG 95T gUdy 2 Tor oxaimple
C iphdting, @@csmbtérrsnbwqamowm@telsemr sasnetiriatioh thdneof. A variety of fusion-
i nventi on re .
¢ PR Bota kol R B SRR oBpubRhg oBHE E8B) s
| ldmheihi,d@.lfoﬁ@e {D:Mapia ﬂ@lhas, ragglutinid olfusesnand Semcui vitusoRrefasably
|

BT GBI R el A e ERRAE o B Pl igay be
alueectyr own in traditional mediumsuch as for exanple
NCSU37 or equival ent nedium as known to a person

S &[‘Ja tngﬁ' el AJSE)% ridy be manﬁhé?le&! &1 ﬁﬂﬁ&ldnﬁmfmyeﬁzgc&%t (DC)

er age

2@Wﬁ@@@j@w@awﬁ@em@@a@ehmua@eﬂﬁq}ﬁﬁ%@wed to align the
pﬁﬁhﬁf%é fedﬁﬁéﬂt%@ﬁ @@ﬂ@fusféﬂ)brd&cé@& bt &ent'{}hﬁgrﬁﬂﬁ&cﬁ electricity

o) conbi ned an ace Iuco
t wﬁtﬂ:hﬂs wenmé @plgAq break gownrﬁ*@ Vi %"Fg%ﬁtﬁﬁ‘i‘ thg donor
| Bell 418} 16 WEBiN thHetraemiradéssudsedqleatly. IAb@d'eahlmrﬁalfa‘rﬂnmdmw{ open

0 bgttw%er?%'}{e 03an|§ gélhan%‘cthé Fe%{&ela?é{ell In c%sg%a%hé’e the membranes of the
donor cell and the recipient cell connect the small channels will gradually increase and
eventually the two cells will fuse o one cell.
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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
such as 0.15 to 1 mM However the concentration of
B0 dooairg3yer uvat e may al so range from 0. 05 mV PETORIGGNP0498
, such as 0.05 to 0.8 nM or 10exanple 0.05 to 0.7
mvi such as 0.05 to 0.6 nM, for exarrple 0.05 to 0.5
gt S8 et g ol B nT Ra b o
C O B hatmatdupeninaigaandeadfvieedtod DRVicm, @udn?aanB 1004 KV/em, for
preferre

SR 0 PR DS b Ba T AR K ot g Pl b gt
10cymlastmu treesdanov Beltroayligs peiornhest usmgamqgrr@tmg ourtet gig- 2 Kviem.
such as 1.5 to 10 M such as 1.75 to 10 nM for

ex %HB&? m%y £ irgdgjfé@/bo)aﬁg %Pﬁ)l%ﬁt{o% & dﬁ'é)ct %Qnén\/lac#dg%\é%sﬁﬂqﬁane of

concen al so range fro
0. Berdtiaast @aﬂwoplmemﬂ the dona celb %’eﬁmurrﬁ@‘frm éh&a’ﬁﬁweeof@ o5

m}(@!cmvlsuéyééh 25 té)5 Rvicﬁh §>r BEMmpié Qrto §¥(Wﬁﬁl\ %u@h §s tf 8 t95 Kvicm,

such for exanp

200 eXRIRRIB 2yfo S B/ gby ASHEF Rtefesied @&1@@@@%?&&8@ Rresopigmgntion i

MVineSdppitcadion &f dicflcuiidnt ih e rAXGHH 056 & 2 IV/BmMIYM a Rirther preferred
preferred con entrat n of ipum |l actate is 2.73 nM

Af EBPOqiment e diregt Cljrr %cubati on medi um

gl ucose i s again repl aC| ng the pyruvate and | actate.
Theh@a@écy BSTdMYh R Preoably be dpbﬂ’édtfds}ﬁn HelsRgeoiCloTs richd stgonds,

di Day 254 t bly f
{oStstiper STiedtia e, B rann e Fofl Ay seckil®. Ribeibyier
t oetBodifdenisnahba9 niicrd eectddswrM for exanple 3 to 10 nV
such as 4 to 10 mM for exanple 5 to 10 MM However,

8 B30 SARE FR R ARSI Rl o v

ascufréhit o\ Ki¥Wcpr fef 8 mierd seandsnt rat i on of gl ucose
according to the present inventionis 5.5 nM of
gl .30 _| . t he
rbEaRStgonad i RN Mo e i, P
According to one enbodi nent of the present invention,
geMglicatip eleptrofosivh isqeriome3Bn fusivs gbamberaas kapen tortbe skilled person.
provi ded having desired genotypes WO 20071028396PC
T/ t t
BT A o e ofpfet kg el o o BRBEEES 6 o of cmple three
t heteps sach 8s indeurtsieng, '@f emn!mln§ veBlieph shelbas HiK éteys.tf@r example
g@; [b?gw Scu%fagr,ﬁ& ht‘@t out any substantial nedical
ene 0O man or a or animals resulting from

such processes. 5 The pr esent invention relates to
neFtltﬁmfﬂBmaY be pexdieraied dn B exavede @ Hist stepryhereindhe f jeast one cytoplast

Lram ?}%e%opé@aﬂ sEBHERtep? m%fdnsrhéygcoﬂ)pnse fus:on of the fused

esta ['east one oocyte S] % eas
papair @vtoaiaﬁtocwnpr edll, PRSI abobg) Wi 2 @?ﬁiroﬁ? Pwapfﬁﬂ such as at
Ool@ﬁt@wb Bﬁt@pt@&ts | f@ﬁ&(anipmhfb%rdjﬁlp@b&&u%h@g faur coppEE, for example

ggf\e/ cgﬂ %lslic Sas SiX cﬁoplas?s ?or eggrrelplg %é\%% c%r?op!asgs) 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 fo the fused pair simuitaneously. In another embodiment the
at least two cytoplasts are fused to the fused pair sequentially.
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10donor cell or cell nucleus with desired genetic
properties, d) fusing at feast one cytoplast with the
donor cell or menbrane surrounded cell nucl eus,

e)
Vob2i/MsAs a reconstructed enbryo, f) activat #’ﬁ@m@@ﬁ/ﬂ“ﬂ”s

reconstructed enbryo to fdfman enbryo, g) cul turing
said enbryo; and h) transferring said cultured enbryo

bl gng?qhquaaﬂﬁ%ng'o; SRR ik BeoaRHS bt AR RAPaikd b arftactivation
gngten @@ewgtigfmmgtgﬁmdmbm Lsrﬂspﬁﬁﬁedm;ﬁmftsmtglév §$ depcribed

e a nethod conprising: a) establishing
at Eégg#ggng oocyte, b) separating the oocyte into at

| east three parts obtaining an oocyte having a
nuéc@omnd at | east one cytoplast, c) establishing a

dORPS pefrled @mtRInher i r@bb‘hsi%étéb Qﬁ@'ﬁ/ﬁ ﬁ%y%%bdvé‘d to rest prior to

properties, d) fusing at |east o C | ast wi

doABIVakRN iPF 8 perRshe Nt SIHeF K AIAN é@%@v SRt '&éﬂn%ﬁe‘ﬁ to reset

Obttélgéhoﬁ& a’m tpbtéht':ﬂﬂa teshsveDsurfoundingd ofahé agddated cytoplast.
nst ru

B e P G L e A T
to a host mammal such that the enbryo develops into a
g€ E’?etfér%ﬁy,l txe F%ghgt%?eé{ &ﬁlﬂ'?o m%ﬁ % g&@ﬁ%ﬁi S!rt' b?ﬁ%t‘ﬁeinduce mitosis.
i nﬁf@ﬂm@ formetjvalien ey greferably e geleeied fpmahe arpupof eansisiirg of
do @%Etjﬁe Euigg’ rchBRAEHY lrﬂ[:c&té?ls&l? ﬁf&lréé'@inﬁ intRicbBdr iRl B uifalent

specl es or ani na speci es.
Tr gationa pr w@uwe@ phespeeryiadion. &\ ¢esbinatign Pfeff‘ﬁ“gads may be preferred for
xepahhfispl antation. Entire organs that may be

transpl anted i nclude the heart, kidney, 30liver,

pancreas or lung. Alternatively, parts of organs,

su &mmaﬁmﬁw émommnoﬂth@iamonme dotivdtion s tisrdeedndstep of

]E Lﬁ{sswfgﬁrqs&ﬁﬁ rﬁ%tﬁ%@ s f[lrﬁa%tu%)? g-lﬁ\fn l\ln}ahe ac&( Uat%n%?%e reconsiituted
popmbatbiand thof atileatt vhel additicnel dtep cﬁfrfuanra!netwmmhle redorslested
B U B U SIGIES e BB 6
2007/028396PCT/DK2006/OOO498 22 Di sease nodels The

pr ﬁé&%nd HY %H&ép@rerﬁitﬁﬁ of @éil@lﬁleﬁmfeﬁs% ﬂ%trgé’cﬂwsfr%ted embryo by

oning a non- human nmanmal accor di ng he@%{
of knqyen (elbedmsuchasder PEmPlety e AN gtsléﬁe tofg may activate
i n%ﬁééd&’z@mﬁt&ﬂ%{mﬁo A prefehed eipédigbeiThagindolVoihe id@Bhagents that

o CEPtBEAeR &y Ehee. B P OmAe YOI R AlABHOT S 5irof probodiment

t r mag beusing @gsiets that inhibitrspittdiervody tvrmation, fov skamplawgbchalasin B.
such that the enbryo develops into a genetically

nodi fied fetus. The genetically nodified fetus ma%/
deirsinepnitudinent nbietinveatiorberintiacolifae leyels sédivalent cations may be

| NYSRLLAD R t%&%u&ﬁ#ﬂ %éH A eméiurh'n%@ h eah%,«?szd in the

di sease node tarn e net hods descri
hea@ivntlomrheqh@ﬂo!?@ferab!sébfbwoa%méz entgr thewecqnatiesied ¢RPYo,

' Spﬁ"ﬁ(&ﬁé}ﬁftdp%ﬁ'sh%em@' thd @éoﬁh@\ﬂct@él @%N&H@Welébﬁfc%umblh%

by t escrib herei n. Anot her,

coPiEisTes enbgaimant e ¢ @Pfrm S6iBRY SRYPE ROMGERS %’%ﬁfw into the
obtsabmakedymbke net hods descri bed herein.
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15The met hods descri bed herein does not conprise a
surgical step perforned on the non-human body. The

nmet hod for cell nuclear transfer of the present
WQ0WA0188% provi des a tool for the producti onPEF/PEBWAN00498
animals for any rel evant dif$ease one could wish to
deS|gn in order 20to study the devel opnent of

ease ot ent i a r |
STplalit] G Helop R g TRl e Pk iy st
t d-icmeyerp are prefetrad egibodipentthelploctten sulserppisdder astivation may also
for devel opi ng genetically
e%k%agl%qd] ﬂi\ég’g%@nmdel s are shown bel ow.
However, the invention is not linmted to the exanples
| iFsioet dpelypgan2iecrics) ppdasaising direelicirendtheaideast gne cytoplast and

' II@/%[ ?(qe%?gné H&c&r{é?ruét%%Hbeoqﬁiﬂ beoéhbﬁéd lS)pthg@bB—thﬁoﬁ &ilternating
ni

However, enetic nodification
i wuaﬁatﬂ@ra emw pRETAN Bey Pﬂ!"r @ (e obitheirarpe A el ﬂ%\r‘x)ofY 5 Kvfem,
Magten £4 OAiAG. 4@(\9 ol Sanpreans l@ (iG’KWéﬁ'l ir @breﬁrred embodiment
transgenes at di f'er ent t ocedure
L RRIORT P R HeRTUSGe EHEPRSAARY (P AECHTRNRS BT oopf g
emheyaiinglii@regienetd kv/omdi f i cati ons conpri se random _
int egration of a di sease causi ng gene, nutated gene,

- Ao s g e by B SRnls daeshbbp R gt oine o

Wltihé atdedss ensacytiphash and w:aehnmqeﬂ isetourrentindipeeingé of 0.2 to 5

S5 o A 0P 40, e ot

0 renthoamageoféhmseﬁurgaenfmes theappligaiorspfetiiegiscurrent | in the range of
| G {30 RGN RtRer ppéf&red"émﬁﬁ‘hmém HREdirebBurmehER8Y be 0.7 Kvicm.
i nvertebrates, or plants. Regulatory sequences of the

transgene may drive ublgyltous or i nducible or )
|T®e@&ect&nm¢rdmwmﬁe‘e@|be efappliashipr B st r@RIAAGI thigy208 Inyero

Ol e Rt Kich 59B% BWsRRA £2ohddClor EkdhepId! 5@ to TOUMRro seconds. A
mouse, rat, yeast, binvertebrates, or plants.

| wagicklanemiodipend mpyhet80MiEBEeFP5t i on in the somatic
cell may be targeted to a specific region in the

PG 5 BSHBRMPHRIA%d @ﬁf%@ﬁﬁ&ﬁtﬁs@ﬁ AN RirdtR tinrgdnt @fayde using a direct
target| naaconst ruct aor SSFPngne edi ti ng procedures.

TH’P%@'E&B Kyéem o 8Pimjigre; knock-out) of

speci fic genes that will cause a disease or
Phenaby ke pﬁaffeﬂréd St diméie of Adtegiontdcasrdinne e prééenoﬁ'wentson

10seC|f| mut ns to specific s tha
{ e Ko ff Secioea s & copbnaag Wil @J%%'"ﬁﬁ%@g%}?&'gded
C @bl to ragags tiaeithibi peotsip ewritiiasis, sEigdld hvdy iprmatginoars! divalent
t he, rC|ne genone by honol ogous reconbi nation

mSEH The genetic nodifications introduced into
the porC| ne genone prior or during the HMC procedure
C Gutivhtiah say be pepdrgeddtyiany wombihatiatdl thesngtbods described above.
met hyl ati on of DNA or 15net hyl ation or
acetyl ati on/ deacetyl ati on of histones) by incubating
sd"wmofrgaueildm;)diﬁﬂﬁﬁym es or reconstructed HMC enbryos
W'TBQ dﬁmj ﬁ)%’érﬁ] Eél@ n%}aﬁﬁd%?aﬁﬁ besickd Mefod known in the

he i nvention rel ates

t @rtgmen@m myd'ﬂﬁilpfl sy bar Mediioaien o6 deioip RYADYdsietion.

eXRERMR, RIPIGEeH §nc§l§rroiﬁéig@fﬁ%roﬁﬂu%ﬁloﬂl1ﬁtﬂﬁﬁ@§pmnt mutation. The

m t ochondria related protein foldi di sor
“modification may be made in coding sequences anlgl%r non-c:ogl ing séquences DNA
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Al zhei mer' s di sease, Parkinson's disease,
Hunti ngton's Chorea, or sclerosis. However, also a
nodel of hereditary Al zheiner's disease is an

ventpotdasesst of the present invention. 251 n yePCHPR&H6/000498

enbodi ment the di sease noddfs may include all kinds

of cancer diseases, for exanple breast cancer. But

al | cancer diseases could be st ﬁgle
g

ch asi
o sonsdLoe G s oo e ens B Eet ARt S e dRay Buences
meGk 45 p/pbﬁabteg@ IR Ulaors ensartcesy siperssork or ribdsemahehtpysiitss.

rrIﬂ S ngggoc@rpr atF Ieg%r{]ybcﬁwfg q[eﬁgfé@gﬁ%@aﬁ@ Jts¥nt?o%§.1hé/oeln the genome. In
36tebedbodiments chaxtessr, the génsmaswybededdifiedat mppaiiien one site.
hgg eilbleg%ecgﬁr?lﬁéscfﬁ &Eﬁ%%ﬁ#ﬁloﬁ vid %Qﬁﬁ‘r%rﬁcé% SRR Ss fi br?biasts

Eotment mal formati ons for exanple
bylchlde tenbihiques $uch asgegepgdifon ky nonhemelpgousdagrinifatiphgene

%iﬁghehpwm&&w& SBBind6ss AndBae! &t ﬁﬁn@ %a&%clude the

engi-neering such as cell trans ant a

t pg%gfg'eﬁ'@\arﬁglgggﬁ@rmtrpaﬁpos@} Wfqr,agg/gb@ %[tcpqugme techniques.
WS ONICrRbmbRBdN 1BSeal. have@idd cn as d&¥¥ribed in Kragh et

WiGHhdIn
G R R e e

NEERsodonrbaepd §ementﬁaln$fer cnagl be @adied susasodesatbed in 1zsvak et al.(1997)

e 51 201Gk S Bl tamoe o IRURR e e
atdvbnigsed @arsosbe;i by3irac ehdlc(2062) Natere 468:646 aeshniques for gene

" SO B e Fepcrlboa B ARERer SHEDOOSTY, MK 80796, Lu et
(O8RS0 Torihb b o Selseeencal o GPOBaal S 8B Sbes,

or obesity. But also atherosclerosis and
cardi ovascul ar disease may initially be caused by

it o FHIRIRIPISIRRI¥PSs . Ki dney failure is 10anot her
emmsse&fof me%@amﬁﬁemsqb amRathdatof havise dulyingemblyok,i whereby

B T O E
dyésfbtgm;ok within dirdsopa obibe :ptesdntenivanmlnrg eomprigag ihy steps of a)
:egtlggalL shing éﬂtl 'T%l %r{goo%%{l% hg\% Hﬁ%gér?n 9 tdg@ﬁg%%g @ﬁéda B) $&barating
p thet @iy, inte agleasww pa@mwtwnmy&nn@@ﬂe Hevinaie fgdenssand atleast one
d g%tbglb&n E)yestébﬁ% I(QJHT%JJ E&wr RE1 YRRl Hﬁéléus Iﬁiﬁ%%&ﬁﬁd Ghetiy properties,

ression o vari ant of {1 ne

T A f¥aioarblsngl sy opRE Y BaLPEI oPhe PERRfans sumounded cel

ChYGRNES %?bﬁ’tﬁihing Mhd @chistdcib@embRe, @ ddiitieg theetonstructed embryo
freezing techniques invol ve ‘ﬂ@“@%‘freem ng, storage and

t ERefOfm BRSPS BE%E)SGUJ}F‘"'H A P1s. Vitrificationis

a formof 20cryopreservation where living cells are

rapi dly coo so t hat .
IR P BBl s A B oL 08 DBb AR nen
psiepes sultking ¢l érmgymisenduded] | s or whol e tissues are
preserved by cooling to | ow sub-zero tenperatures,

such as (typically) -80 Cor -196 C (the boiling

pdi aprefdmad ephadimgnt inggletion toshe fetheds rﬂ%wr@%b%rﬁ@tqmws are
aQMltLpé@inoagééhﬁ[ent%@ §ét\6'f Fn)édla' %#é#éﬂlﬁ&eﬂh%téégﬁ§ BRINGr6@ in fraditional

reacti ons lead to ce

Ceelsen SuhyqPARERIe NPT IS PENaR: O &S Knpwh yperson
t QkiffecSiR®ifd vk, wherein glucose is removed and substltuted by other agents. One



10

15

20

25

30

35

'yeas

approach, where no ice formation is allowed in the
medi um and the preserved cells or tissues. This
ice-free cooling can be achi eved by application of
W0 y07/82886ent r at i ons of cryoprotectant sol ut i BAEDEAG/000498
extrenely high cooling rat 8s. \Warming should al so be
performed with rapid increase of the tenperature. 30

of the S [ t
ablqeﬁfrggy l% I?c? nﬂ%ﬁﬁn ?ggenlt méggé rf%bﬁé e]lh% a%%n&s?néém‘?so be
cwouwﬁrazgwnd mid@ gllewm indbe vmlthylab@e@wst s. Thus, the
present invention discloses a nethod for
cryopreservation of a pig enbryo conprising
esthgenbsyasigaake suiyead -@ﬁ@ %P@t't'é@% nedia %)deagmeﬁabpvﬁ;from Day 0
t ke DAY &Y4ien a@)froﬁplt)dy@{d ingy 4.he reconstructed enbryo to
forman 35enbryo, d) culturing said enbryo, e)
vitrifying the enbryo. Furthernore the delipated WO

20@%1@&&8&&86&3@62&0@&9%9 foRD.cowyt mMraycm.ts 0.1 to 1 mM, for

S BBRALE A A HERSS o180 R T80 it of s
nuyyheute ramyalsd rangafibmaned mitto BlSasM., such pa80b dud Srm Her

, . | g

kg%g@éfg%%t% & . 50cH %go 5 1o'd 4 | fnizf‘,e HSP%WE%%‘&OS Y 5Fm, such

nvent1on so re
viasrQ.95 iodk4 mM &ar esapip O05 tp Pk raMagiion asrBhSlod. M. Reeferably the
bl éﬁ&@ﬁ%ﬁ&n r%gg&ebémé’é}?o SR TR A drBer8I BN RNirton of sodium
cultured to astocyst stage prior to vitriftication.
EspReriglis 0-18iMenbryos are covered by the present
invention. Also vitrified cytopl asts are covered by

hg'nggz;c?%g rr‘;%arp#@ﬂ%{'eq[;)té\rﬂ?z?yorﬁng ﬂa efrap 8? la% Os}t(.i% as %OTtSqo 10 mi, for
C reﬂampleaetb\natmmmmﬁ 28 1[5 tg 1omiv,ysuckles i \78do by ni rfmtéxenﬁpie 2to
f or Cllﬁlsé%g ag 2%‘?%) 1t0r aﬂi{l?\%\/}%?*hge%gceprﬁ?rgp%n n%e;.r sod:umAactate may also
f uamgadromﬁﬁenM t@ﬂ mesiamnasit 5 oré msl, ’a‘.lressamide Bifto 7 mM, such as

t

pr ovi %Srgﬂﬁ e@e&%mpie o(%‘ﬁ &% @mgg‘%@%ﬁgg‘?ﬁg&%mm 0o'l5 to 03 m,
hdireferpblydhe ﬁ@?ceﬂtr@t@nvamgeﬁbﬁwwﬁo §midrsush @y 2do 4 mM, for
CYxambRH o Se}nlﬂehlpref@rm Mce@hﬁ&nbﬁﬁhluﬁf labB® is 2.73 mM.
i nvention. The tenperatures enployed for
cryopreservation is preferably | ower than -80 degree

C AP theimtR g@k@éeﬁfr@ebth&ub&hoﬁ mwamajlmeé isl ayéﬁfreblha’ﬁg the pyruvate

| ORI TR Yope Sl TSRS Riingp fpatum from Day

anﬂurﬂttaycmf prtefam;ly frbmlmylam\mayb"h‘ﬁhe tlusisegooedntration may range from

20|n,Eat Sr I ﬁsug \%st’z gﬂ]&m%fe&gﬁﬁ %)qf) n%é&gh%@q t& '16% for

| rwemple@rtoﬂﬁmMefmqves ﬂmagluctwee @pwptre@rmadalm rapge from 110 9
R0 o5 3 @afﬂm@tm le me:nmmuéwa\swew oGk 6

u0|ng I neered or trans
n@ﬁnmﬁawwmpse@f@ @@%ﬁ*’\‘?@b’?@iﬁmpﬁﬁ i gf glucose.
transfer may be at the bI ast ocyst stage the of enbryo
devel opnent. 25 One asB]ect of he Jdnventi on rel ates
t & Yo @nBRC PRipRSH PEbe eﬁ%\ws B DB SR YUY i | d
treatment with an enzymatic agent, for exanple a
pronase. In referred enbodi nent the pronase
C&%@gﬁqﬁli%mogﬁe:?gmma&sf erably in the range of 0.5 to 5
Ngcodrding e bneasmBodimen/afithetpresgnhigrerition fasneticaliyrplogified &r
"YaRidentchrfmAB AR profiid AR dbsidd SerBl/pRASE has a
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30concentration of 1 ng/m . In another enbodi nent of

the present invention the non- invasive delipation of
oocytes is obtained by treatment with a pronase at
RO | on of 33wyl T The del | BAE/oRsfo008
oocytes is perforned in the2 presence of a suitable

medi um for 35exanpl e a nedi um conprising 50% cattle

serum WD 2007/ 028396PCT/ DK2006/ 000498 26 The
deI#@atron rocess is allowed to proceed for a period

pr ef & 251 3pPistiatectinaidhyovantiop deesnﬁlq’r COMprigsaRresasassior fodifying the
3 r@dMetrd-lﬁB&tﬁyﬁbf arlifial€ @HRA a‘r“@%@'t@c&d&@ t!@érﬁ@@f%ng wrtho ta any

f ggs%g)%t? gPa |nn ttf{’]ﬁ@rng’ggﬂ%’é‘ Obﬁn"’p'in%({gggtmggrom such processes,

al | oned to proceed i s ranging from5 sec. to 15 sec,

entg Rt nrertRf s b Aoyt HRiSing oionettall Basirer

of lEBEganisnarshiymargnammgl trdmnmrsrog a$est$hilshlﬂ1@ atleast one oocyte having

EL fa;t E%—:.@% Yart {J]‘Eﬁ]mg oérﬂ f;oilg% éﬁﬁggﬂ%h%w\g%%gﬁe intd ata}east two
TCow@ie gb tﬁE‘mQLﬁﬂ oagiigheding ﬁtredew @rhf aj dgafst eney eyinpldsbic) establishing a
exaipbrecell 3l bell-ARRILY RtA He AR Mol iR p%mz%edﬁueﬁ& L6285

washed oocytes are prefer abl y sub
ce WP’FE@’&%\ {6, dgoricgl pHEephRER S@TouderbEelk siclpgs, GO biaining a
g réaonstenctainebigo, Gpébtr”(/&hnélihé)r%@oﬁ@trﬂcte&i BmBR0%S REm! A eln¥oryo g)

di men es, are centrifuged
D Sl E S B EREAGTER ol iRk iy Lot SBtbreap A pst armma such
r arﬂg?éﬂ@fenllﬁm de\ieﬂbpmrMQ a@enéticaﬂy rhedifisdGetiisn. 151 n an

o8 o GBI RO Y R e o e Bt gy ziso be
c oRESHEFHRY amedifod Tomgrising: apestablishing abibastonabboyte, Ibbleeparatmg
OOR& eyt Q?Ie&‘ﬁstljﬂrgg Bé‘rgéjotﬁéﬁﬁggh'ggéﬁé/ h&ﬂfﬂnae GlESistRd at least

centrifugation at
pr 8feFyieriest i 8&#6#@5‘019& dct“ﬁéCE?"rWéﬁl‘t RUSFRUS Iwith dlebirquigenetic

ooembéﬁreﬂw ﬁl%ﬁlg\élﬂléabf drﬁ%yto%%@ﬁﬁﬂ‘f tﬂé REndre gﬁ’ Bfmembrane surrounded
errb B{'?H“ i nvention the delipated oocytes may

BP? CEHRIHERS SlikrRel b @ﬁﬁewemted
f OEmbrIye tpiooa adlmﬂﬁyoag):@ﬂidmﬁ;gsdiwemh@oﬁrﬂ% 'ﬁ‘énsferﬂng said cultured

| neiyb 8 nbdl (AL EETRELNE FIRAUTERY, s gptbaly Srocires

helelisn to produce for exanple embryos, in particular
enbryos at the bl astocyst stage which preferably nmay

be vitrified. Vitrified oocytes, cytoplast, cells,
2506 ey besug doagfiony os at the bl ast ocyst stage may

t B embbdificht, @b anthais of ﬂh@?’rvghﬂﬁ’rtrf%gw 5 Gscld'd Q%U{o%pce%r organ or

t he vrtrrfrc%tron process o sent 1 nven

mePeYRdYEgPR QH’EP%?)%P*M@HW?@S ﬁé@ﬁ‘r geinakppTihe same spegies or
s Lﬂdrﬁr?élloeoﬂh@ﬂsd@émmrﬁﬁﬁgﬂiehke%nmpEQ%% Lgaafyttérﬁféﬁl g f
| € ccor (0] e resen nme odas or
O BB . R ens e byt i epPeela gt ingg Tiewert, Kicney,
t iligen, eamfeatsrce llg@neltemalvby, pevidich b@énﬂ&ﬂcmwﬁﬁcﬂ'@@@h%ssues

a obt ai nabl
i nv Nt on grE:?ser *85%%’81’? P l&er aHl'?q?%F'eﬁﬁ’eﬂu”her
meEroriglens @H"M‘Qd“ai pelborprpebuletiedofdmdiddiatesiks flolrean animal of the

NG Ry B R FerPdddb @ [ ooy
m t ochondri a frorrtra onl éggrlrjg]gﬂ%#@? Hgs}é%r%z"en%¥ \R@WB“ ic
3FHROEFBL her preferred enbodi ment the non- human

manmal s and/ or non- hunan
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WO 2007/ 028396PCT/ D1C2006/ 000498 27 enbryos may

har bour m tochondria fromat |east two naternal

sources, -such as three nmaternal sources, for exanple
YVB3P078%38¢ nal sources, such as five maternal BOVREEE6/000408
for exanple six maternal sddrces, such as seven

mat er nal sources, for exanple eight maternal sources,

suc bbisassdinbgelgat er nal sources, for exarrple ten

nal urce The robab| j t
2o Presei et velaisds odutinedio”atlng & noa e megmal
bas ectoading foehoibsthiode df ihy pmemﬁnmﬁm I’raﬂsj ;(]jna as@b@ﬂﬂh@ﬁwenﬁon
10Ex se indi cated chem.ca r.e.
bt SoiieBlns HIEE o P Eloth3 & ol G Fsefthal s EMbi R solihidhing o
Oocpllaetocyst aéemacube@memmmomaﬁg thmtng at emhryoj b}lt@ansfernng said

Cu
UL SR PO 6l SEEN A e E58 1 e

g| | mogiieg fetuss. Trermenefiealls medifid é&ius’f magriww igto z5@n-miman mammal.
400 pl bi carbonate-buffered TCM 199 (G BCO BRL)

PI enented with 10% (v/v) cattle serum (CS), 10%
(v/

Uye pregert ventiomalse qovers genalisali medfiiedamimakpsylijeashmarels
( Sumg@ﬂﬂﬂe Methe n&ﬁddsidh@@nbe%&fﬁi Kherforg S&eohd a&ﬂb‘ét of the

| t SIS, Vi
109 YRH N B2 Gty RS PO huiieh megp polsitakls hydhe methods
| n descrimedfherdin.| Arpétar aspe(ct Mﬁ):emglé me@allmﬁgetﬂvﬂdﬁ@human embryo.
t oocytes in
Der(_f,[?g,ﬂ?qqe méfhpl ca é/ds Je%\?r{%yﬁﬁ%t ur at |yonS COCs were

washed twice with mTBM cont ai ni ng 2mM caf f ei ne

( mTﬁM rﬁeﬂx%d@ﬁ&cﬁﬁe@ﬂ*ﬁa&ﬁﬁ Pat ! éﬁ’ﬁ%@&%@% Ql |§% std p‘egg‘ggnjéeldl on the

Mert. Freshly ejacu BEn Was
des’&q’\'m’@@"@é% ously (Booth, et al., in press). After
2 h capacitation at 38.5C and in 5% CQ2 in humdified

air was added to the oocytes with the adjusted
F1 e RERRLIoF pell Rusieas ransier 96 e SEesenhinventie Pravides sitesh or tne

Vvaaaraﬁrcfzm omtod adithalGoreany rélevaituicb¥ed dhelusiiladiiéh @dies:gn in order

! f
o de gl FRydnPRaraiisassso s AR P B e; U0 fosting and
r erpeentemiThe sisd8s=edflchoibe soroelimiteshiv mgy particWar gregp efdiseases.

ev;kf t“?l on ué%ﬁﬁ%@é&%ﬂ{gﬁﬁﬁ% f%lﬁfﬁ%?E%g%%ng%?wmgd'ﬁenadammal

ap pﬂl&‘reéae Hmlﬁétqmmmlowalslewemﬂ tbeinvpntion ip ost limitel td the examples
catikled pafag. Pi 9 (Kragh, et

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 fransgenes
at diiferent 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 couid 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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35al ., 2004; Peura and Vajta, 2003; Vajta, et al.,

2003), but with significant nodifications. WO

2007/ 028396PCT/ DI C2006/ 000498 28 Briefly, at 41
P2 start of maturation, the cunul us |ﬁ§€%€°°“‘93
of the COCs was renoved by Pepeat ed pipetting in

Ing/ ml hyal uroni dase in Hepes-buffered 1CML99. From

t hi $hé’iﬁtr6&ucé@§§r@@&r Wﬂ?ﬂ?@aeQﬁ ﬂMrﬁ% froil Iaziiér%d:)es idkiliding bacteria,

mani pul ati ons were e
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pr oA ASHAY PR BIYEG® TRMEY SPIFeaY ?J%%g b 8 et vea
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ot AP PSHERY: pegRet batdfionnine ik ol e, BERKLER [0 o specitc
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Vi si b?e zona were P
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andspcffic Ritdlibns QIH@bé}%sfﬁh@wﬂmheﬁ&éﬂse echss Werddiedase causing
bi secti on was

ot cFABRPESER '@e@a{%ﬁwarr S50 e 9IS epsions cghs parpinggenome by
Bl atesoléghiis Teohmilatigy mefiods.man, WA, USA; Fig. |a).

" SHELPhoAH) RHRRY RSSO o o

TP\,moebrdmpascchm also be apigeredn medificaivns fe.@ nethylatibbdf Bpé or

Pet IIPIQ@\&IEP W%@g&%ﬂbﬂﬁez{&@]ﬁm% gﬁﬂ%t Eltcgﬁgtﬁgggrﬂgu cells,
Usi PREYIER OF repensieigieditivie §t“©b’és A GW‘P@@HWPOW @‘i(‘br"r@ Tricostatin
of ST REFBMdE WithidiRtbr efB&omat i n stai ning (cytopl asts)

were registered and |l ater collected under a
stereom croscope in T10 drops until the start of the

f usTHY Invet@betehlied r'ob_:reaeino'«aw mogifitaaale apdeeasemodss for example

descri RLevi o Kr a

FusiteTs 2s S it tistaser dptaPhnsliepted ARHER S gisorders,
oneAizhuirher(taﬂsdabe Parkinsats diseasé, Hwtingtan's Qhprems onveeldrosis. However,
For | fhird..of. t

ey et B By PRl § HPres S Hn SFLBARERLof o present
Wtrhvemt!bm nely drawn and fire-polished glass pi pette

10 cytopl asts were transferred as a group to 1 ng/m

of phyt ohaerraggl utinin I CN 25Phar maceuti cal s,

Ausitval qthgr embocdiment fherf&waa% rneﬂtrly may dshile 2l iings gheanger diseases,
t hegof SWnpldBreRdt REkiceF bt Sl bl Hisdabks Yould 8 sWEie8, such as colon
sedi nent ed in a T2 drop. After attachnment, 10

cytGfFdst- ¥N9EP6Past cel | pairs were equi librated in

f uspiaser émiﬁbdumr(té)ra?até/ltdmﬁmlé with gerati0 s&iktw B)émd for thd@inalysis of

o R BB KSR TR ot e

f usindwdehatrixiateg BTisarse moskls de Whubd reaibgsoraices haatyent,

30 ' ,
o8P A OB e S o
Wi tracepstiictive surgaryrie withip thg) scope th Wﬁ@ﬁhlm‘@ﬂﬁ@ Péso disease

Af trﬁéde‘ishr%la?éderg r.gémeaéngmébﬁ@ sUeh |als c&ﬁﬂrérﬁsp]\éﬁfaﬁoﬁ 8RS Fhnsplant-
car ef ul Iy romth e WwWre, transferred drops an

i n@iBREERN FFNERIEBIRIRN RdRdRe ?QPQP@E*“E&’@%?BE'GYWE” VO
2007/ 028396PCT/ DK2006/ 000498 29 Approxi mately 1 hour
after the first fusion, fused pairs together with the
remai ning two thirds of cytoplasts were equilibrated
in activation nedium drops separately (0.3 M
mannitol, 0.1 nM MgS&™4, 0.1 nM CaCl 2 and 0.01%

pol yvi nyl al cohol (PVA)). Under a 0.6KV/cm AC,
cytoplast - fused pair - cytoplast triplets were

al i gned sequentially to the



5wire in groups of 10, with fused pairs located in

the mddle (Fig. 1c). A single DC pulse of 0.7 KV/cm

for 80 ps was used for the second fusion and

Wﬂ??W’ﬁ%ﬁﬁﬁw of activation. The triplets were PREPK2006/000498
removed fromthe wire and t*#ansferred carefully to

T10 drops to check the fusion (Fig.1ld). Reconstructed

errbwaﬁh%iseagmu&@é efb ﬂsﬁn&éﬁ ditdRe ﬁ%b%%ﬁcﬁ&ﬂizé@é’@é WRdels for
cul ture and eval uati on) emented with

pg/ m
cyt BRFRIMRIR digerdRls siph %E@Wﬁﬁm%e Riffesa Aimp Xf or 4 h

- at 38.5Cin 5% CO2, 5% 02 and 90% N2 with maxi nrum

rodn GhmpeelE e Fedient siPran s Bisedecs BiSed Pathoscirosis

( PApctiRamit hearbdisrast iacathpodinenty &ir ¢e mesnt eventione
produced either separately or in parallel 15w th HMC
Qocytes were denuded in the sanme way as above except
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oocytes were hen equ T at in activation

me dq;qgﬁp\(@c@amﬂlmeﬁ ,ng@ initigily be pRyIRgSytmetabalic gigprrdery. Kidney failure is

agﬁi&t&l%@(% oPAdisbaeitisH fe¢bé @aJsE@ bfl WittAHB1i6 Bﬁ@%ﬁon
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I
BT)d"k %S @?ooé’@rqugg (hy;%r%gggr:bdp Iﬂﬁjg‘éee'“@ﬁi ﬂoggatabohc
KV{ ?Wfdneﬁon@ld Qﬁﬂ%&tt@ﬁﬁﬁﬁ gérﬁiimﬁﬂmcﬁealaﬁlrﬁ?ﬂi&@gsﬁor metabolic
ce Si o chi ne est [ n _ .
oot s RGeS fabesathy MR i tPa3at bl eg. short ohai
a sagyhteA dbygropsmsefdelicidicylivicomfissriaB@epiecen Jegsmstation by

(ac&{;}Fé&i‘Bﬁ F@ehﬂ% vHRN B b?‘nﬂﬁg TRk F?élﬂﬂéye

expe ese paraneters resu I'n’'the highest
activation and subsequent in vitro devel opnent for Zi
andyighicaRpyt es, respectively). 25The procedure after

the el ectrical pulse was the sane as

r ec DIfE ER/eRS eﬁ?@"?ﬂés ugesienibe eiferent ‘@“éﬁ?&z'@@ fgchaipygsynvolved in

Al | free@in It él@*a@é‘@rﬁd/ﬂ’l‘é tﬁmdy 6Rdedd)of ey eNeVatrfitaRnIea tem of
were cu ur no
o GyoPresshizaon WhHE AVRD el R RERoR e Sogheidee [yt BF e cell does
02I ndb Yera@ito e d TR viificalidnhrelates ifarthenpracess sl bl gooliddehere cells or
ur e

oy P ST A A oot b /o IERAIYEE queh as
d ay(‘cyfptn:aflyr) et € bi 2186k tthabalirgquin at licgid)nitrageBa it these hawn

5 O dbBL R4, AOKoRANY E‘”’%Y"'*‘Ea 74 refftionbBRaAREA it woula
\A/erJ‘éaCUQIG?Uﬂ%ﬂih IsrefeRBehs ey Wl Erationchawever fefals fo a specil

2000 brdabh, iWHRreS AR e Gathizub S is HRGAH h AROmE&EmENGithE Sre8&ved cells or
used WO 2007/.028396PCT/ DI C2006/ 000498 30

fissues, This ice-free cooling can be achieved by application of high concentrations of

cryoprotectant solutions and exiremely high cooling rates. Warming should also be

performed with rapid increase of the temperature.

One aspect of the present invention relates fo the ability of vitrifying (cryopreserving) an
oocyte, cytopiast, cells, embryos, or blasiocysts. Thus, the present invention discloses
a method for cryopreservation of a pig embryo comprising: a) establishing at least one
pig cocyte, b) delipating the oocyte, ¢) activating the reconstructed embryo to form an
embryo, d) culturing said embryo, e) vitrifying the embryo. Furthermore the delipated
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above, with careful medi um change on Day 2 w thout

renmovi ng the enbryos fromthe WOW. The bl ast ocyst

rate was registered on Day 7. To determ ne total cell
YRUHBEIEb] ast ocysts were fixed and mounted PET/RK2006/000498
gl ass mcroscopic slide in bl ycerol containing 20 pg/

pl Hoechst 33342 fiuorochrone. After staining for 24

h, &iEbeyesy Me@a@lt&ﬁhw%ﬂ ie'éatrtds bads 43 @d¥aabed?él¥ewhere herein,
i nv rted m croscope Wt chnment

t tt
0 0h BB PRI Bt S GE 2RE cviByER a1

Di fferences in devel opnent aI corrpet ence bet vveen sow
(2. ar.s 17OK [
gi I[? p% cglal’ th ﬁtlonr}el%'%s%rﬁ :% S%PIO\%% ooc gr the invention
weraisd nelatesstto dfet \adflttalmlm cr@rtmiZFoea nmfezablPémafyDe gt e bl‘astqcyst stage.|
Vi t

dri2 Moﬁrn?rﬂlt glﬂi ﬁ‘%ﬁc‘) i? ggJFUréhetg b%rsgﬂ [‘é?%%n%r':to vitrification.

i nvesti gate replicates:
oodsapegaliyrrigrRIbINGS L) copered b yheauedanbinversing. Alsg vigibed cyloplasts

00GHE BSverd P @b bl’rée&ﬁ%ve%horp%weﬁ‘feuf; romgilts. For ZF
activation, a single DC pulse of 0.85 KV/cmfor 80 ps

was applled while a single 1.25 KV/cm pul se was
15 Uﬁé’édn&tﬁeraé?sbbét@f ﬂxeﬁveﬁﬁ&yﬁe%s tbeld @Wpﬁ’@e?va@@ﬂ 8f a pig embryo

d bed
C e 80 oo ) AR SS wah e RS SRR 8] comprng a step of
' n vitiiying adﬂg/eﬂnb@UBMfLMhecaxmeﬁcﬁ trednvehition relates to pig embryos

gar tbl'[e}ﬂ(j&%g P‘?bgé aebl% %ﬁ\%é’éé{ thggwgeri ved from

|gat As shown in
TabI e 1, the bl ast ocyst 20rat es of

ﬁh@‘%élﬂg'ﬁﬁﬁgeﬁ@rhhé a%‘}{?lg:‘.( AL é%ﬂ?éﬁ‘&% vit M:&P&%Wcﬁe

significan n those from
af to¥fopizgt, grce IGTT]*WO va#H@ahof trigyantian. é\?@'ﬂléﬂiﬁ%'ﬁs employed for

of [RALRFdseAktioris bféfé\ﬁﬁl? io%@Ntr%BdBQHégtreé)Q Ca\/ﬁoer%or%%?@ferabiy at
FreeZona | ntac acti vated of No. of

acti$URRTalYIES. lo%qr tla%'t)jpg gsgrggpogggft%s ce[is and embryos of the invention
( %can by caapleasied 8 s idWitite MntIdhIEFIimE3 (t &8 lAdk biclogical

61 5§e3als can be cryopreserved for more than fifty years.
It is within the scope of the present invention that embryos may be cryopreserved prior
to transfer to a host mammal when employing methods for producing a genefically
engineered or fransgenic non-human mammal. Such cryopreservétion prior to transfer
may be at the blastocyst stage the of embryo development.

One aspect of the invention relates fo the non-invasive delipation of oocyles by mild

" treatment with an enzymatic agent, for example a pronase. In a preferred embodiment
the pronase concentration is preferably in the range of 0.5 fo 5 mg/mi, such as 0.5
mg/ml to 3 mg/ml, for example 0.5 mg/ml to 2 mg/ml. 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/mi.

The delipation of oocytes is performed in the presence of a suitable medium, for

example a medium comprising 50% catile serum.
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gilt 85 17(20-12)b 137 36(265)d 25 Lb Different
superscri pts mean significant differences (p < 0.05).
c'd Different superscripts nean significant

| RIS (p < 0.05). * Percentage (Mean LECTHIR0(p000498

of enbryos devel oped to bIé@tocysts The difference
in oocytes devel opnental conpetence between sows and

gi | UBe ba@asﬁb@ﬁeesemmomd td Pprobdbdvibit 4 Perldd Fa'b%%e range 10 5

| VP t nucl ear transfer
5007 TR 9 A BRI G8 care SBTey o0 SEPa pRRcpriration s i
r esthﬂetramw of2.samghmitd Zimgeoirtnd paiodicragidHtnt Religdnnh | bb%bess is allowed
210 358 b 5 8826158 YRR 8 ks 1 e suoh o 10
f r o sesnOte rembedimneptyfttes present gwpetidnds theasetipative of oeuytes using 3.3
gl I ,QQPMrplrdf%ge gﬂqﬁtsgé in supporting bl astocyst

devel opnent ough gilts used in our study were at
the borderline of Smaturity, the difference between

Daypréfeph ttﬁ@&&%te%%?@&t%&&&rnﬂ? @am i?h Qﬂﬁéﬁl&ﬁ@&lym for r example a

devel opnent al etence o

er or
ooc'é?neeg % y; %ﬁ%edr%sﬁue?iﬁmwe%wnﬁﬁaf $5ru, for example calf
por sHrNA at-lM%WH& proneetdigaicadnt ﬂfaﬁhéc{j&ﬁ?{l& ake Ppreferably subjected to

coneriisEin 8l iy harepea i o dalBh3e, Beoqmee st i 14000xg.n
to @(@wpb:allﬂgrefme"eé embedimient thx aogyies 2 c&ﬁ?ﬁ@edimooo X fg. The

e u er_.ofl,
o PSRy 1A AP 86 cSL L F brabr RB20%n

nunbers of randomy sel ected bl astocysts were

detif bRie8sebianl/Beferk i i Lhdes
o) B S DB Sl AURO ol e
delipated by pronase at a concentratlon of 1 mg/mi for 3 min, after which the oocytes

may be washed and subsequently subjected to centrifugation at 12.000 x g for 20 min.

In a preferred embodiment of the invention the delipated cocytes may be vitrified.
According o one embodiment of the invention the delipated cocytes may be vitrified
and subsequently warmed to be employed for the procedures according to the present
invention. [n an alternative embodiment the delipated cocytes may be used in the
methods as described herein to produce for example embryos, in particular embryos at
the blastocyst stage which preferably may be vitrified. Vitrified oocytes, cytoplast, cells,
embryos or embryos ai the blastocyst stage may thus be vitrified. Vitrified blastocysts
produced by the vitrification process of the present invéntion may be stored and upon
warming may be implanted in a suitable non-human mammal to produce genetically
modified mammals according to the present methods for cell nuclear fransfer.

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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15be recovered for HMC after the trisection. In

average, 37 enbryos could be reconstructed out of 100

mat ured oocytes. The devel opnental conpetence o

WOIPEAE38¢ porcine embryos_is shown in Tabl ePfT”@?W“’O"““gS
Day 7, the devel opnent of ¥econst ruct ed enbryos to

t he bI astocyst stage was 174% w th nean cell nunber

of efBbyos\Wty IRriidie nﬁb@rﬁ)h@ﬂ?d/ﬁdm bEbes t\ﬁr@ha{eViFal séuﬁ@eggu&ﬁas three
wer e 306'% and 74% ﬁlg%0170 7% respectivel
Taflaeraal Spicgs.roreXg 98 MYFSORITHY-PHEh BF %ﬁf&%‘&"ﬁ&swrc&s

Hl\/fﬁqr edMhplertk rddtefidl soﬁnhé;,)ﬁnlcb) a6 geved iernaf sources, for example eight
cyt es fory tu ast o
bI I a¥ g%f/’%? p%%% é’ Q%eaﬂ @E nal sourcei\%golﬁ eégpﬁgimgﬁemg} sSources,
bl dB¢ propabifity dMT3R spbeili? AamiéSd matemal sources can be calculated
based on the observed types of mitochondria.

Examples

Except where otherwise indicated all chemicals were obtained from Sigma Chemical
Co. (St Louis, MO, USA).

Oocyte Collection and in vitro maturation (IVM)

Cumulus-oocyte complexes (COCs) were aspirated from 2-6 mim follicles from
slaughterhiouse-detived sow or gilt ovaries. COCs were matured in groups of 50 in 400
u! bicarbonate-buffered TCM-.1 99 (GIBCO BRL) supplemented with 10% (v/v) cattle
serum (CS), 10% (viv) pig follicular fluid, 10 IU/mi eCG, 5 IU/mi hCG (Suigonan Vet;
Skoviunde, Denmark) at 38.5°C in the “Submarine Incubation System” (S1S; Vaijta, et
al. 1997} in 5% CO; in humidified air for 41-44 hours.

In vitro fertilization {IVF)

IVF exberiments were performed with in vifro matured oocytes in 3 identical replicates.
After maturation, COCs were washed twice with mTBM containing 2mM caffeine
(MTBMset) and transferred in groups of 50 to 400 pl mTBM;g,. Freshly ejaculated
semen was {reated 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 1%10° 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 voriexed 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 cattie and pig (Kragh, et
al., 2004; Peura and Vajta, 2003; Vajta, et al., 2003), but with significant modifications.
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Di fferent superscripts nmean significant differences
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t heoretical maxi num effici®ncy was still not
approached, the integration of zone partial digestion
anBrieflycyt 44 1 it eicd stab oﬁhﬁtﬂ&hon@l@h&)&mmdmvmnbﬁrof e COCs was
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'Sn(glj({: 5 g?ﬁgb %ta}gg t%\8j?1§,{e5 't'og%% %%ﬁd; %li %b;?snus‘éd Ea%hagglénﬁoocy’ces were of 20
r el@l(wéme @ivered vaﬁhpmna‘al QﬂnODsﬁ@meredbercut@tahd 3.3mg/ml pronase

ti &Esdﬁ%ﬁst#%é‘ﬁr Eﬁ@%ﬁdg@g ‘P@s ﬁw\éﬁﬂgpg{e%drm%? P8R

point I's the requl

eshepentageniivl oleS p\d%ﬁﬁ%ﬁf@ul’@ée Wﬁa) f@v\ﬁ AgBgforedhaeocytes started to
n Ulgéc%ﬁfe rﬁlééﬂé%feg in prb%e'sﬁlu@brg $he!y§nré’i‘é §8kéc?&ﬂ raqﬁ %a@ﬁ'edaqunckw inT2

demandi n I nef |C|entbproce ure

19998 TER P?Fg 898)5‘1‘36 Yyh partiallysligestep buhs l. \&%I@ amaa\g%reaﬂed up in
ZFdrﬁy§bi€IlE?Up§!ehMtedtvhm ﬁﬁ@ffmgagh@q taacbﬁbf r@avh) aﬁd 2.8 38
nor.ul a or ast OC

v o PEBeR b Tace:ts Rshe BFndupn Hon Bt crap biksger
t heterppmicessicbpie chetyud witlo Dittal 8harpsitting] BladdsdAB T@ﬁhrtdrtigy, Pullman,
1 h h st a re

LR B BRI el B8 A
c alg/ebHermhat 33342 fugbetiene bYW diops &ar SSmnBtherm plaedd into 1 i
n Uc%;?%f thd ‘?@ ‘ﬁf(ed(LFn?Hﬁ ﬁie%%g%rg of %/%8?nm Fgl%ﬁ Fbt? %Otﬁfered with oil

ar{a %@m%@s ﬁ%é'r?ﬂ)d#%ﬂgsafblﬁwﬁeéﬂl@fpsmwrLBéI@VFPO@!t!OHS of
OGraghRhits(WthouBhréhatin #8RMd (c T wlRHe E’:el?&eartbqgt@r coliected

t he nost wi dely and success uII used rredl um f or
under a stereomicroscope in T10 drops untll e start of the fusion.

Fetal fibroblast cells were prepared as described previously (Kragh, et al., jn press).
Fusion was performed In two steps where the second one included the initiation of
activation, as well. For the first step, one third of the selected cytopiasts (preferably the
smaller parts) were used. With a finely drawn and fire-polished glass pipette, 10
cytoplasts were transferred as a group to 1 mg/ml of phytohaemagglutinin (PHA; ICN
Pharmaceuticals, Australia) for 3 s, then quickly dropped onto one of the few fibroblast
cells individually that were sedimented in a T2 drop. After attachment, 10 cytoplast-
fibroblast cell pairs were equilibrated in fusion medium (0.3 M mannitol and 0.01%
PVA) for 10 s. Using an aiternative current (AC) of 0.6KV/cm and 700 KHz, cell pairs
were aligned to the wire of a fusion chamber (BTX microslide 0.5 mm fusion chamber,
model 450; BTX, SanDiego, CA, USA) with the donor cells farthest from the wire (Fig.
1b}, then fused with a direct current (DC) of 2.0 KV/cm for 9 ps. After the electrical
pulse, cell pairs were removed carefully from the wire, transferred to T10 drops and
incubated to observe whether fusion had occurred.



10

15

20

25

30

35

15cul ture of pig enbryos. However, despite the

i nproved enbryo devel opnent conpared wi th ot her

nmedia, the viability of IVP porcine enbryos is stil

¥eapY dE3%%d after 1 VC. Sonme reports suggest edCHME2006/000498
gl ucose is not netabolized Feadily by early porcine
enbryos before the eight-cell stage but used in
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2005h). At the_ti f vitrification,, = . o
PG oulst Gt D B o B b8 e S a BLS OF-150/8 el
equdiorbmathieen(BL 6, Budapest HEhgaeyrsi sbping 10 ZF bobfied. Y} zona intact

et I L. ( n % .dl net hyl sul f oxi de .
(VBB K R o buRE L2 2 AV BT s W Bl tBrooring to our
s eruppvdisherreliminatyexpSBB)nin tthede Gafapretdrs resulléd imithe highest

Af - . . . . | | )

o S by L VRS PEREHCS, 590 B oty
t r dhgPEqcedireiafenthe @laglicalmsisearashe sare asfor bVGrsconsitropted
(V@nb@@@'si sting of 15% (VN) EG and 15% (DMSO) and

0. 5M sucrose dissolved in TCML99 suppl enmented with

20% SSS. After incubation for 20 s, enbryos were

| oEmesyodultFeyBidavapatbrpl unged into |iquid nitrogen.

conPRRER SRRl By s et Bb e RUfest Faperinoc
by NG#UST shedipnO(Kikbaby) etialr, 2002 )\cohtatningt dvandn GSDAEBI50Q in 5% O,
T | sl . ' 20% . . .
8k SOnAaSine S UGB8R, A BBl fppica s
( D8)17gom spditinyroateOars M Smorsesicnm inctFEnNtcdd Dpy 0$the dey for
AR AP B ARRTARL s provee v

s oF46R WtNB; SrregiugosesTars Dap 2By 7. Al 4f ambryps watskoultured in the
ti mw%'yététn\(ﬁ!bjtéget M, Lbod)iif theltbAR QRS hfedV@S and gasZrHixtﬁJre as used

determ ned according to reexpansion rates after
recovery in culture nmedi um suppl enented with 10% cal f

serum (CS).
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25The non-invasive delipation nethod was applied to

in vitro matured porcine oocytes and further

devel opment of delipated oocytes after

WA eS8 enet i ¢ activation was investigated |P§T@K2006’090498
identical replicates. Oocy‘T es were randomy separated
into delipation and control groups. For delipation,

ootayb@ WWBE:&reﬂJI geﬁmdchmt;@od gy Hﬂmtmmm@:ﬁ@wmglthtelémbryos from the

e NEHS! TR R Rlpf iSRRIty ol IR s tal o rumoers,

Wi tblasm%tmem xet and swhitted kna plasg ma:kosmma siuel ih glytetal containing

cend Pb} BTkt 3558 nuor gl ALY il 1 AR K BRHFE observed
i n UpRgsEsDiBRifat 8P@ invaTtd migmspent with epiffuptesenialachmeanbakiblV-2A

Csﬂlté’r m}ém-{oﬁ 2 7 5 ug/ mL cytochalasin B (CB)
(fi ( Zo%@e g%h uci dea of both centrifuged and

i nt act 35000yt es were renoved conpletely with further
d| geahplen in 2ng/ ml pronase solution. WO
ﬁ 028396P /DK2006 000498 34 For activation,
5feéerﬁﬁw S\RPEEl GIMPEIRGS BAEGR SIS MRS IS Bpveioh)

t oddameh ogeyiepand sﬁllb (8.5veadoritls, #5Kg i wagiteadrivell bbcyiaidhers

CrioRShaA PR Mo AE AT g e M B YRl S5thed groups

bl wetedoyestigatedings rdemtrcalf reglibakead] 1WaF necytdsyfrans 5amgs (QD]EI oocytes

g g@g;&&g% ?%?F'Sr%‘éﬁtgé 5\%}%{’@‘( fﬂﬁ% ﬁw ?}Fteg'f %ﬁ%&#r?g’ asc at‘gn a single

waBCaeiseroff$8d\den drrdomg was appledpwhits msinglat!es Paﬂcre pulse was

24u§édrt§ ﬁeﬁwﬁfe\/zr'décﬁﬂé L ESIBWIFB T Y BLIRRE séfségcﬁ?ea%d%e ]tﬂe/o
CsS. nbers reexpanded "bl ast oc%égp rom bof
iefhg

gr B?fﬁ@"t%ﬁ?r%c b&?@t%wﬁ? Reipclivated embe N dg

ResuI ts were conpared by ANO\/A anaI ysi s. Partl al zona

est i centr I ted in successf ul
e ot S apates istange f S3edisastonfisasioo oocvtes
dederiveg ﬁ'exmtelthe' dova st gitty atas inma@gatm Ais $ficavrain tTablet\v@eblastocyst

de t 285%

- el BT R ontBb RBRICE e FlRyRNe pgungpty higherthan
bI%Q%%WBU&S@ﬂ?BV@thﬂF@WZU%N pated oocytes were
significantly higher than those devel oped fromi ntact
oocyt es (856% vs. 327% respectively; P<0.01). There is

I t-erence in average cell nunber of reexpanded

blaést 4Bl mems@*rfd

results dermnst razgnatp@g the sinple del i pazd,@r)ntact
t eChini que does not nhanper €

conpet enc@pobr ReVA¥At €d PYs.Grne oY IFacHaRd | NPr ONESF

the cryosur véstplesof t hgacgieyin ed) bl aStdé@%t@éS W tdié%cgsts(%g
Si gnitican 0oss I n ce nu er.

zongowe!l | uci dgg®»f oocyt egi2ngm bot h grpugps -was 51(55+5)=
renoved conpletely. The sane paranetéers as descri bed

abowit f or el e@6ri cal actiirgg@ERBn were amnl ied to l3B{d6+5)

. groups. Seven days after actlvatl on, astoCcyst rates

f eaé% L8 3%0”0 V@ffte et ;batzfglﬂe
t e% ‘Q:I %{}écn IC 1 eé?é g ecygts V\ﬁSt
ab e Eite gel{%(pas

success u In eve ment

bloaen seyained inds wﬁ@tprqﬂmﬁtfoer(ém) abétsmetw afl nbgagrdthnaied (SCNT)
I ntact oocytes (287% vs. 285% respectively; P>0.05).
However, survival rates of blastocysts derived from
del i pated oocytes were significantly 30 higher than

t hose devel oped fromintact oocytes (856% vs.327%
respectively; P<0.01). There is no difference in

~average cell nunber of reexpanded bi astocysts derived

fromeither delipated or intact oocytes (367 vs. 389,
respectively; P>0.05). WD 2007/028396PC
T/ 0K2006/ 000498 35 Qocyte treatnment



Activated Bl astocyst rate Reexpanded bl astocyst after
Mean cell nunber of reexpanded oocyte (% warm ng
(99 bl astocysts Delipated 173 287 856 367 Intact 156
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embryos separatsly, resulting in a similar conclusion as in the earlier publication of
other research groups (Sherrer, et al., 2004; Hyun, et al., 2003), i.e. that embryos from
sow-derived oocytes are superior to those from gilt-derived docytes in supporting
blastocyst development. Although gilts used in our study were at the borderline of
maturity, the difference between Day 7 biastocyst rates affer PA was significant,
proving the superior developmental competence of sow ococytes.

Example 2

" The feasibility of modified porcine HMC was investigated in 6 identical replicates, with

IVF and in parallel ZF PA as controls. The more competent sow cocytes (according to
Example 1) were used in Example 2. Seven days after reconsiruction and/or activation,
the number of blastocysts per reconsfruated embryo and fotal cell numbers of randomly
selected blastocysts were determined.

More than 90% of oocyte fragments derived from morphoiogically intact oocytes could
be recovered for HMC after the trisection. In average, 37 embryos could be
reconstructed out of 100 matured oocytes. The developmental comipetence of all
sources of porcine embryos is shown in Table 2. On Day 7, the development of
reconstructed embryos to the blastocyst stage was 17£4% with mean celi number of
465, while the blastocyst rates for IVF, and ZF PA were 30+6% and 47+4% (n=243,
170, 97) respectively.

Table 2.
In vitro development of embryos produced by HMC, IVF and ZF PA

No. of blastocyst Mean cell
iﬁbg‘: embryos/oocyt b la’:ﬁ;;’fs ts rates (Mean number of
g es in culture 4 1S.E.M). blastocysts
HMC 243 41 174 465
IVF 170 52 306" 7416°
ZF PA 97 46 47+4° 53%7°

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

4° 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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SHandnmade C oni ng of delipated oocytes Defl oated

oocytes were used for HMC in 5 replicates. Four

identical replicates of nondelipated oocytes for HMC
WRRAE /3886 as a control system Seven days afk(/DK2006/000498

reconstruction, blastocysts produced from both groups

were vitrified with Cryotop. 10Survival rates and

‘?{a&on@ﬂﬂ&%& SmBlos Eorﬁéé}gé‘@or t%} ﬂéﬁ{(fkr Bt al,, 2004 Reprod.

erm ne escri astoc S pro
byFeri, Dexfe @ﬂs-mh%)r €hip inGEase @e’ew&trwg@é lcwnpy may have special

”%h@ﬁ& ﬁ\t;ﬁd?aﬁe %ﬁlﬁg Qiﬁ&é Q&cﬂ‘ﬁq'e&ﬂreﬁ/ é?@ﬁbﬁﬁraﬁé@ﬁ%ore demanding

djusted t drops used for hand

o@@?tt@? feﬁ@ﬁ'éﬂ'@a tfm '@Pa%l SR §iPES Iepotignj wa.'ﬁ fh%h@h embryo
OiumbEPfeqSRERl SstaiftishmBiteF pREndricRiRTbIRMNing frecihansteae eansfer.

8ok 5 L5554 B e RGN P SRl ot .

f doep rrhenic@hemgyo@? 96t109)d A Idispeivardagerd ZEeystems is that the embryos

SEU oot 235 D PRRBEEN ol b SR DARARS AR 60 avoi
c @!mmtegramty mOmmeWitmnhametﬁwe frysr it Fapagetiunidse On the
I4EF dnbe | B%Eto&}@;t Stag&ebR4 Freé Q@m@@g m‘@e ghifdrad

tO econe m ss ase sol ution, ey were
pisgReagsiglliy asawev %h%vea@pmfvr e\ﬂ*ersmaﬁ@n@m sgfpajigecell nuclear

D%Jathﬁﬁﬁ u%p@aéﬁ egogaf ‘i‘é‘éfﬂi@g@@é{é!f m};&t UbﬁcW‘@t"eﬂf %kmw?,@det al.,

N e ronase s util on I | ona
kst The o Pom et seaedYP oF chosiss (I ot 2004,
dingssu | adnzﬁumtrgs tesh mdnc&omdem?@hd %Ef@gaeuy{lﬁdeg lmaddmefor the

wer I NE u 1N enent e .

i ol S8 R Paitt, FEv e RRadieiRe TRB i et éiatnmert gpmpared
undiirotist evealtayither detilipofd VE poitcinel enflifyas i€ 6§l aoimpinoralsed after IVC.

S B Ayl S SR R B
Heotingts @884 thefdigidroet agareutiuged I highsp gmpunts B embryoshriween
t ch?tln;%%%é rh&l{x% a:l'ld@)llaswc%§ s’@éesT IdB@détlHin %Bat) Rhe replacement of

bottom of I con sh cover

o,gpucega wutmayrggage ngl ama@ﬁ;y NC@.]S,Zd‘oréhe first 2 pg%cu!turetrgsulted ina

Mpfls @R PRSI 95, 8M f’otMﬁ orcw\é@mbryos in K!kUGhlS study (Kukuchl etal.,

2007/.0 SQGP%{ 1C2006/ 000498 36 03| . R)Pb? tocvst

witPROuhiEh MEREFIGT €9 Y YSH & Sﬁgtt a“ aslocysts

I egte of BD% th avarhge) MasdovenHedirtavatuation dﬂﬂut sshuentkt cultare system

st ereoni red. i cl :

¢ BB e SR % Y0k PRARE el Belik hR8Rryet FREL o0 ana 472

dirgrgetiively. Spmetinres dhelylasieryslsratted &l PAeduidrexen mach igvels as high
5). Fusion was perfornmed in two

st}ééggbv&?%f e'z?dfv'rtbh ]%9 cond one included the initiation

of activation, as vveII For the first step, 50% of

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 oocyles.
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the avail able cytoplasts were transferred into 1

nmg/ m of phyt ohaemaggl utinin (PHA;, | CN

Phar naceuticals, Australia) dissolved in TO for 3

WO 7/HBWK] vy dropped over single fibrobl ast 851‘“4”&006/00"498
After attachnent, cytopl ast-fibroblast cell pairs

were equili brated in fusion nmedium (0.3 M nmannitol

anﬂe&rﬂ}%%@(vﬁ)/asfn%r pré@bcﬁsr@\ﬁéi; ﬁdb%}%ﬁ%rf iphintdd orcme embryos with

10f usi oh chamb i ernati.n curren eg
of centifugation %H#dW'?fGR}“ »@f%sevﬁsmr Suigemanigilatinge dE3aK tfﬁ f. 2004 Biol

W Repefl. &, igsbpn chanber with the somatic cells

fart%est fromthe wire (Fig 2d), then fused with a

direct current of 2.0 KV/cmfor 9 ps. After the

el eqbp;reeaivaﬁnml (Seammﬁdélblwdystsmsmarrme thy vitnifisbatibrl ysing Cryotop

IL & S UP\Rﬁe?éfr ﬁ‘;ﬂ] o on,%ﬁ%@ ;51%69&8%? p%\ﬁods‘il?ﬂ&%?&lm et al.

152@1&5&020@@9& ehlythe thwepf dfrifieationhembiyey/blastoeysimn wersaisansferred into
pabrﬁuﬁ%tl&@ U fioM/ (Eggégr%éiﬁ? o?ﬁ@%é%ﬁ) étﬂyl@rfé gwg& rév&g and 7.5%

curr

ofinetylslain (QMSO)aa. TEVHBScyPBBE eRisey ShFa&kopmigalc serum

detaelie (93sT HP391ORP 5 thN8Mih CARRHN lHiﬁéieéjmﬁRéHeY @fbryos regained
were transferred into | VCO-2 nedium (see

cufhel r%*g@ﬁb"@waﬁuﬁtmﬂjwﬁ SEREtE otf wtms@rrﬁé/lpﬁp 20 ul drop of
Cy{ipmbationSdolutids (IB8Y cdRsiging neEcysed oWRXinG dad 1% ¢DM8O4 and 0.5M

i SRR i 69 Sutrbrorgtedaiin 26 g e Mo for 20 5,
| VéithiRosredreuioadaf on e:rynmt andsplur‘f@mﬂ istodliiquidenirb@pndhe atocess from
RS ERiF VAR RERUAT HEY bl wih i | DRNEC

del i pated and intact oocytes. 25 HMC group No. of

FeER 3@/%/‘:1%5{%?3{3%@5%%&%@?% %Pﬁ%ﬁé’sm% Q'%:rﬁ?tft we;@?%@%%ﬁr% solution

bl as er warmn

r e gmng of 1.0M sucrose in TCM199 plus 20% SSS for 1min, then transferred to
dilution solution (DS) consisting of 0.5 M sucrose in TCM199 plus 20% SSS for 3 min.
To remove cryoprotectant, embryos/blastocysts were kept twice in a washing solution
(WS; TCM199 plus 20% SSS), & min for each time. Survival of vitrified blastocysts was

determined according to teexpansion raies afier 24 h recovery in culiure medium

supplementied with 10% calf serum (CS). .

The non-invasive delipation method was applied to in vitro matured porcine cocytes
and further development of delipated ococytes after parthenogenetic activation was
investigated in 4 identical replicates. QOocytes were randomly separated into delipation
and contral groups.

For delipation, cocytes 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) af room temperature
in Hepes-buffered TCM-199 medium supplemented with 2% CS, 3 mg/ml PVA and 7.5
pg/mi cytochalasin B (CB) (fig. 2b). Zonae pellucidea of both centrifuged and intact
oocytes were removed completely with further digestion in 2mg/m! pronase solufion.
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bl ast ocysts* Del i pated 240 216a 796a 417a Intact 150
236a 328a 395d Different superscripts nean

significant differences (p < 0.05). *: nmeanS.EM WO
WOGHHZBY6PCT/ DI C2006/ 000498 37 In vitro FPCT/DK2006/000498
devel opnent al conpet ence wds observed in HVC with

del i pat ed oocytes when Day 7 blastocyst rates were

co t

" eggg% Yéf“ Q S&%%t %gct %n%@%@k ﬂér O'S{ %ﬁrft\% @a(ﬁpiled o both groups,
af fcéipww by 4 ihc e atownbwith | ekel BB a?sldo&wrg! gesighpgignide (CHX). All
fr %moe@evefé fh@n % RHEE S B SncRife B INOSURUhakidth A&y 7 blaaﬁcysts were

t hose rom 5i nt act oocl}l/t es (796% vs.
r e¥iydied ﬁvéwmww By thelypiortes %é@ypyeyn%gg@ls ) Online, in

hapgarde: espmt e alirais) ( §AEReaNBlagiSdBRI Wae ndét@rmlned according to
existing nmethods 10 After 41-42 h maturation i

vi recsparconsageratter f epovsti inuitde mendiuns SHPRIEFNtgdhith 10% CS.

SagR) SRhibeOBr %@@éﬁd@%ﬂb@&oa&tsofr&n Pt g r LR IXEReHeC idtermined after

Cunul us cells were then renov ettin

Rty FaI: Resraresarree et by aBUR Bk R deptial zona digestion

TClthd 9éntrifaggtintrebdited in successful delipation in 173/192 (90%) of oocytes. The
development fo blasiocysts was not different between delipated and intact oocytes
(28—17% vs.281+5% respectively; P>0.05). However, survival rates of blastocysts derived
from delipated oocytes were significanfly higher than those developed from intact
oocytes (85+6% vs.3217% respectively; P<0.01). There is no difference in average cell
number of reexpanded blastocysts derived from either delipated or intact oocytes (3617
vs. 38%9, respectively; P>0.05). The results demonstrate that the simple delipation
technique does not hamper the in vitro development competence of activated porcine
oocytes, and improves the cryosurvival of the derived blastocysts without significant

loss in cell number.

After delipation, zona pellucida of cocytes from both groups was removed completely.
The same parameters as described above for electrical activation were applied fo both
groups. Seven days after activation, blastocyst rates and blastocyst cell numbers were

determined.

‘The feasibility of applying a non-invasive delipation technique fo in vitro matured
porcine- oocytes was investigated. 90% (173/192) oocytes can be delipated
successfully. As shown in table 3, the development to blastocysts was not different
between delipated and intact ococytes (28+7% vs.28+5% respectively; P>0.05).
However, survival rates of blastocysts derived from delipated cocytes were significantly
higher than those developed from intact oocytes (85+6% vs.32x7% respeciively;
P<0.01). There is no difference in average cell number of reexpanded biastocysts
derived from either delipated or intact oocytes (3617 vs, 3818, respectively; P>0.05).

Table 3. Developmental competence and cryosurvival of vitrified~thawed embryos from

delipated and intact activaied oocyies.
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poi nt (except where otherw se indicated), all
mani pul ati ons were perforned on a 15heat ed stage
adj usted to 39C. Al drops used for handling oocytes

WRLW7BI3H0 pl in volune, and were covered w RI/DK2006/000498

mneral oil. Basic steps of the HVC procedure have
been descri bed el sewhere herein. Briefly, oocytes

wi t hout cumulus cells were incubated in 3.3 ng/m
onase—di-ssolved—i-0-T3 (T f-or I—Ianas- buffered. TOM

UTTUAO U T OO0

tlhe et ageexpatiodd  df Meln celi number
)surgfgflJ gRnt, AHJV % %rae Whelastpaysttafied || y st®expanded

zonae pel | ucr dJae and sI | ght def or nwrhéng (BF  docyblesiocysts

CCUDkIREiedt NEY Wergs pi CKEd UgANd \WasShedsGui CKIY T 35,7
P and T20 drljops. Nine dacytes were¢ lined up in one

p dr dfﬁa‘%uppl emenfl@d witlh 2.238%pg /mi cy8ghal agin B 399

"\H—|OOI\)I—"O

By~ By usimng a finety drawrandfire-potshea—gtass-
pi pette, oocytes were rotated to find a |ight
extrusion cone and/or strongly attached pol ar body on
the 25surface, and oriented bisection was perforned

ual |y under stereomcr OSCOpI c control with a
ﬂr#&r%&ww ictelipried g9y Esul | nan, WA, USA). Less
t han half of t he cytopl asm (close to the extrusion or

r at ed art  (Fi

nr PP aEn DERAS G ot For i it B el Paliocyiiedtrantigates of non-
paﬂfalrsataah docsyrml foerMBardrs uged dda tdrtrobsyistansiSeNe®days after
at d ed into.separate
oS g8 b Bo Gk o ol oMo BB werRuRE A Lifoton.
eneivieairatenand Wﬂdmmmmce{emanded blestboysts wé¢retdejerhined as
SLRRSIAITEr b BlasBEystOoblfuRy US| Y descr | bed

procedure clne preincubati on was not
appl i ed. V\D 2007/ 028396PCT/ DK2006/ 000498 38 Random

h e Emhihekd %@Mﬂﬁimﬁr@éte@ @H%a@ﬂﬂa@iﬁné e perbitRESH % h&&ed stage

prej ncubatlpn was fromthe pr etreat nent
t FAAstEAde g2 Cagnd @l qiropw%eélrforfarew oogytes Weid efL0q8 vplyme covered

Z GiieniR&al ME FSRRMBIE %eﬁ)ﬁrﬁéléa? krharsf&li Qr%%ﬁémg%e a&mﬂggmcy
| sect

as, descri bed above. Random handnade equal
WESSEHRBH IR PFEViRUS b (DU 8t g aeeﬁ)éwe pBkpd s singe prpdification:

| ribr dalicledtidn o @6Ih-defsaté® Snd\EnBroPRIcRiet Bfkedlbh i%&t@la@ 8fkrisection was
wWith. 10 pg /nml Hoechst 33342 in T2 drops for mn,

tr?é)ﬂ[ taced into 1 gl drops of 12 nmedi um covered wi t h
nibiefiyalaften the (driekofdamuius doyskiesent, Rbre aebytétr\oa)a incubated in

0 RIS PRERE R 0 it 8t e o became

cynigghapest iv penege selgliat, ey dverd hiclssl wy bopivasies! quinksy in T2 and

TSGR SR o S ARRTL SR R0 RS
pronase so]utron for an addrtlonal 5s.
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 tig/m! Hoechst 33342 fluorochrome in T2 drops for 5 min,
and then placed into 1 pl 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,
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Fusion and initiation of activation Porcine fetal
fibroblast cells were prepared as descri bed

previously (Kragh, et al., 2005, Du, et al., 2005

VB 3003442838 performed in two steps, wher e t he PSEMERRP6/000498
one 15included the initialfion of activation as well.

For the first step, with a finely drawn and

86&&%' df%QﬁQs GRS cRoRet! SainAB remognamt) eleye ae@&tered Cytopfas’ts
somatic cell's were placed into cﬁe}t rqp f(&?
CW%P%P@“WFEP%\%%@OW%“&O%@" Rigd Thf {Egrogs- hor t
eqpbtdriariaétaRibroddsd upis wiire Brepitied phthsryssm/digestlon from monolayers as

 § 6peabg0 pBRouly PRl beroBa FRUATTEP oty e e where

Siiigdezond ond included {he ifiibo i aogvalonaaﬂthor the first step, 50% of

2 {0 { {

PR OO A o o
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n%[ '}E) 6b\f§sé Eé'lfsr ﬁﬁér a@t@@m?{t c@toﬁla@/ﬁﬁdiﬁlé’dl@eﬁﬁﬁrs%e equilibrated

ate wer e
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MyQdn ﬁ@%begmng%\ib!@r%ﬁ%c%ht M’ld) o 0BRVREATERId T000H, Bairs

farth est fromthe wire
divvese aligngd fthe \n(u@é)f af‘ﬁ'%a%eb‘fy‘%?thﬁ swfﬁ%ﬁlig ?arglest from the
psfﬁ:@ (Fﬁmd) gheveruesd Withha diesad watent af 20 m\/l’oyn for emst Ater e edectrical

d
wisBrertRbs B Aoy R PauE o ieite, bR 91p grops and
thﬁ:uba’[sdmmobéammqﬂaarrﬂﬁmdtmwr@hal ni ng cyt opl ast's
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(TG M cromani pul ation was conducted with a Di aphot

200 inverted m croscope (N kon, Tokyo, Japan),

defabte Helelsidporents! Competened and wgsﬂrwz-ﬂaﬁgntﬁﬁedaihawed embryos of
200N pdHing b o@fd‘éﬁved‘]f?onf"ﬂelﬁaﬂeﬂ Ml it BBéEAL i on,

the cu US ®CeS Were renmoved as described above.

5AI 1 mani pul ations were perfornmed on a heated stage

diustedTto 35 of A SiNgl € 50 P M RGeasandedoul 4t Medn cell number of

ol H¥iCon{ dr o s, nade Biastopyse cen on a | q
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80100 —16AfFter—berng-praced—at the position
of 5-6 o' clock, the first polar body and the adjacent
C itk aispémprinte mean Signiitant HEerepees (Pvdl-0Fe of t he
ooﬁxkg%ﬁpégfunptlvely cont ai ni ng nmet aphase plate were
asplirated and renmoved with a bevel ed injection

pi pette (inner dianeter = 20 pm. A fetal fibrobl ast
cell was then injected into the space through the
same slit. After nuclear transfer (NT), reconstructed
couplets were transferred into 15drops of nedia
covered with mneral oil for recovery for 1 - 1.5 h
until fusion and activation was conducted. The
recovery nedi um was NCSU- 23 suppl enented with 4 ng/nL
BSA and 7.5 pg/nL CB. Reconstructed couplets were

i ncubated in fusion nediumfor 4 nmn. Couplets were
aligned manual ly using a finely pulled and polished
glass caplllary to nake the contact plane parallel to



10

15

20

23

30

35

20direct current pulse of 2.0 kV/cmwas then appli ed.
After culture in drops of IVCO 2 (specified in

Errbryo culture and eval uation") supplenented with

WO B0037%#6 CB for 30- 60 min, fusion results RETOK2006/000498
exam ned under a stereom 6‘r”oscope Fused coupl ets
wer e subj ect ed to a second pul se in activation
o) fter ubat,| ' they wer
¢ r S Bl el bt B paBel o (R, e oocytes when
delley d’phfsﬁ:ocysz BatBe weane companed wifh aarttiol #NIG graint e11+6%evs.23:6%
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uRRaTPDy SO paRaade et CRIEESR feliPaion o exsting
35(nK’(hIod$:h| etal., 1999), containing 4 ng/m BSA,

0.17 nmM sodi um pyruvate, and 2.73 WO

2007/ 028396PCT/ DI C2006/ 000498 40 nM sodium | actate
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o) &Y%FE'S% ton of ali® PRelgin dhe ek, derosirragts A Sreler parls (with the

pregifa@sisn ¢HayaciddoPB) et cellkbRg @ad @fachll FeCH&hrats drdoebaf2,

oqQcytes and surviving vs. bisected oocytes were
28&%§%¥F&red. Subsequent |y both putative cytoplasts

and karyopl asts were coll ected separately and st ai ned

Wdr’&n@%&ﬂ&ﬁwa@é@rﬁ?ﬂe@?x& @%Mdélﬂecycﬂe 3}1991?] é@)—lEA The

presence or a omat I n was tec
amlistepe weeisimiigrde dcrravioyshodassdmderrogedgre, oyt demecolcme

preincubation was not applied.
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The efficiency and reliability of OHE was
investigated in 9 identical replicates using a
25total of 414 oocytes. After 42-43 h in vitro

We0RTEEI%n, ori ented bi secti on was performao“’(F'W’Kz‘m@"“’"498

mat ur ed oocytes where an e rusi on cone and/or a PB
vvas detected after partial pronase digestion. Results

revi ous
par agr aphé%ﬁ% ?sts?g sﬁé\ér}}e?’g"gﬁpoﬁﬁmbl e 5. 30Table
5: Dpecasing prenaletion weh emittediflop the pregregithdnb nitiiadeoup, as well.
(enHﬁéreréhb\QJ‘ Mof W@s @19 z@ﬁé@ﬁgﬂﬁgdm%g?)gﬁ aﬁ‘}rf]&ﬁgﬁéé bPFronase as

oups ) reat ed Bi sec

o/fi%%sr‘%ﬁﬁ ahsive. e%”tﬂdéﬂ‘ f@;ﬂtﬂ@aﬁ%@qw{ iseption wee wpRlisd dodppe of T2
( Ripplerenteddffiya. § 1§ Wi cEAIERRBo Rt 2838 nd stained with 10

g /m! Hoechst 33342 in T2 drops for 10 min, then placed into 1 pl drops of T2 medium
covered with mineral oil {three demi-oocytes into each drop). Using an inverted
microscope and UV light, the positions of chromatin free demi-oocytes, I.e. cytoplasts
were registered. These cytoplasts were later collected under a stereomicroscope and
stored in T2 drops before further manipulations.

Fusion and initiation of activation

Porcine fetal fibroblast cells were prepared as described previously (Kragh, et al.,
2005, Du, et al., 2005). Fusion was performed in two steps, where the second one
included the initiation of activation as well. For the first step, with a finely drawn and
fire-polished glass pipette, approximately 100 somatic cells were placed into a T2 drop,
and 20-30 cytoplasts were placed into a T10 drop. After a short equilibration, groups of
3 cyloplasts were transferred to 1 mg/mi of phytohaemagglutinin (PHA) for 2-3 sec,
then each was quickly dropped over a single somatic cell, Following attachment,
cytoplast-somatic cell pairs were picked up again and transferred fo a fusion medium
(0.3 M mannitol supplemented with 0.01% [w/v] PVA). By using an alternative current
(AC) of 0.6 KV/cm and 700 KHz, equilibrated pairs were aligned to one wire of a fusion
chamber (BTX microslide 0.5 mm fusion chamber, model 450; BTX, San Diego, CA)
with the somatic cells farthest from the wire, then fused with a single direct current (DC)
impulse of 2.0 KV/cm for @ psec. Pairs were then removed carefully from the wire to a
T10 drop, and incubated further to observe whether fusion had occurred.

Approximatety 1 h after the fusion, fused pairs and the remaining cytoplasts were
separately equilibrated in activation medium (0.3 M mannitol, 0.1 -mM MgSQOy, 0.1 mM
CaCly, supplemented with 0.01% [w/v] PVA). By using a 0.6 KV/ecm 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/ecm 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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WO 2007/ 028396PCT/ DK2006/ 000498 41 No differences
bet ween groups regardi ng extrusi on cones and/or
attached pol ar bodies 5allow ng oriented bisection or

Wh200F828B3fsi s rates were detected, and the su€EEDEZH6/000498

enucl eation per bisected oddyte ratio was al so
simlar. However the overall efficiency of the

procedure peasu by the cytoplast per total oocyte
nu%”&g?’o'\?ég%”é’r{ in the CAKE than in the OHE groﬁp.
10Groraariistatioofwdsrcondudies withaePigphe 200 ifvedad mjasescope (Nikon,
produce 1 ' , .
PePiBS el i L Fpo b EaB o4 2, fossPhatabes o) e

di aiteridBfideuinating roaipfasion.dep eUNUIET Gs Were rEoueres %%S@%‘l’eﬁﬁ* above.
Pr R g@g@tﬁét'&gﬁﬁ% ReHoRRAVA o HedfdaadetioRdiab BB A single 50 pL

1
cyto d fi brobl
R CbTT e n AR IoRRa PR R 1o SEREPIARER T (4716 mm cuure

asqiER R bORFLEH fioral 6. Gruasef 2040 bbagoanysital fitreisiast cells

e oi o ek 40P 15 8R0S L P s

bl @Bk aewRIng pikte (boepdanetetre2H88 pmpmduquier diameTeitst &0-830 pm).

O TRt S TSR i HEREN O S LA o oo

r atylaptasna (ebpaske 109 wf tedotalroluirHenhepepyte) RtstmMEiiv, containing

EU&E%HE%#)@L% Ire ggz%%dggtag%lﬂg\{éd@ia %@l&g?njéﬁon @fpette (inner

r ediamstar gA0atn)e Atietabiibrqhigst cqailéi(a_s tt\% injected into the space through the
same slit. After nuclear transfer (NT), reconstructed couplets were transferred into
drops of media covered with mineral oil for recovery for 1 - 1.5 h until fusion and
activation was conducted. The recovery medium was NCSU-23 supplemented with 4
mg/mL BSA and 7.5 ug/mL CB. Reconstructed couplets were incubated in fuéion
medium for 4 min. Couplets were aligned manually using a finely pulled and polished

~ glass capillary to make the contact plane paraliel to electrodes. A single, 30 psec,

direct current pulse of 2.0 kV/cm was then applied. After culture in drops of IVC0-2
(specified in “Embryo cuiture and evaluation”) suppiemented with 7.5 yg/mL CB for 30-
80 min, fusion results were examined under a stereomicroscope. Fused coupiets were
subjected to a second pulse in activation solution. After 30 min incubation in T10 they

were transferred to IVCO0-2 fo evaluate in vifro development.

Further steps of activation

After the activation impulse, all reconstructed embryos were incubated in IVYC0-2
supplemented with 5 pg/ml CB and 10 pg/m! cycloheximide at 38.5°C in 5% COs, 5%
O, and 90% Ng, with maximum humidity.

Embryo culture and evaluation

4 h fater, all reconstructed and activated embryos were washed and cultured in Nunc
four-well dishes in 400 i IVC0-2 covered by mineral oil at 38.5°C in 5% COg, 5% O2,
and 90% Na, with maximum humidity. IVC0-2 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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mM sodium lactate from Day 0 (the day for activation) to Day 2. Sodium pyruvate and
sodium lactate were replaced with 5.5 mM glucose from Day 2 to Day 7 (IVC2-7). Al
zonae free embryos were culfured in the Well of the Well (WOW) system (Vajta et al.,
2000} in the sarne culture medium and gas mixture as used abdve, with careful
medium change on' Day 2 without removing the embryos from the WOWSs, TC embryos
were cultured in groups of 15 to 30 in wells of four-well dishés by using the same
medium amount and compoéition. Cleavage and blastocysi rates were registered on
Day 2 and Day 7, respectively. To determine total cell numbers, blastocysts were fixed
and mounted to a glass microscope slide in a small amount (<2 pl) of glycerol
containing 10 pg/mi Hoechst 33342, After staining for several hours at room
temperature, embryos were observed under a Diaphot 200 inverted microscope with
epifluorescent attachment and UV-2A filter (Nikon, Tokyo, Japan).

Comparison of efficienicy of CAHE vs. OHE

The efficiency and reliability of CAHE was tested in 12 identical replicates by using a
total of 620 ococyltes. After 41-42 h maturation, oocytes were subjected to demecolcine
incubation. Oriented bisection was performed in cocytes where an extrusion cone
and/or a strongly attached PB was detected after partial pronase digestion.
Percentages of bisected vs. fotal oocytes and surviving vs. bisected oocytes were
registered. Subsequently both putative cytoplasts and karyoplasts were collected
separaiely and stained with Hoechst 33342 (10 pg/mi in T2 for 10 min).'The presence
or absence of chromatin was detected under an inverted fluorescent microscope (Fig.
" .

The efficiency and reliability of OHE was investigated in 9 identical replicaies using a
total of 414 cocytes. Aiter 42-43 h in vitro maturation, oriented bisection was performed
in matured oocytes where an extrusion cone and/or a PB was détected 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 tfreated Bisected/total Cytoplast/bisection | Cytoplast/total
oocytes oocytes (%)* (%) oocyte (%)*

CAHE 620 96+12 94+2° 90£3°
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25 Fusion rates after enucleation were simlar

bet ween CARE, RHE and |IC, respectively. The second
fusion and activation resulted in negligible (<1%
WQawaass¥ the first two groups. Al though | C PEEDHIK2EG/000498
in lower cleavage per recorddtructed enmbryo rates than
WO 20071028396PCT/ DK2006/ 000498 42 the other two
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ot herwi se i ndicated) all manipul ati ons were perforned

a% qued st age ad usted to 39C, and all drops used
ol 137y 2 SJhAf 468 bojies magredqpcyes yere fradeply distiuted and

WI ﬁlﬁbjéﬁtétﬁﬂ‘oailweé lof the @ﬁﬁMéﬁ@nWa@d@‘é& 8bdcyibedanial Btidntates

He %tgr gtgl%sgawl S%%w@%%@mer% f?gaqtﬁ%%&ecm%ted embryos were
P eacctwattea gad Cuiturgd ad dessatifedseriom C1&ags wig brEBBYst rdA& Were

3?%@%&1&:&)@9} 55}?2 Qﬁchggé? e eic‘f\lfey/ 3@%?%“3@'5?@1({2 ?r]aractensp ics of the
Vi @@VQIOQGQ blﬁatom’tsewenemmpamdu h&hrebeo;mowﬁs 12

suppl emented with 2.5 pg/n cytochalasin B 25(CB).
Wth a fi nelly drawn and fire- 1{Jol i shed gl ass pipette,
ootsRie & \Ravelopmentak gormpetengedot prabes serivasdfromPalemically assisted

t f'ﬂ%n‘aﬁfaﬁa‘éﬁuc!@é}l@n QCARES, andﬂﬁﬁ&{dn%e‘%ﬁcl@ﬁﬁaﬁ QRP!E? and fraditional,
manual | é nder st ereom oscopl c control wt

i CFEHT HDSREARIPG GV Pul | man, WA, USA) . Thus

| ess than half of t he oocyte cytopl asm (close to t he

-6H was—-ermav-ed—firom-t+-he—re -G
Sm;apﬁ /N8]o Tast. offUpPALPE |\dravage shddiasigayet | ] Cell no. of

12 30dr ops| mtdnstakledct €d)i n a 1taedwyp. Fedtakos) blastocysts
fli br obl ast @)é,g wer e| prepar ed jas descri bed Day 7
vi ously gh. P.M_ et al Theriogenology 64, (Day 7)
183846545 | 2511)5) 87+7° 97+6° 28x9° 5746°
RHE 86 81+4° 87+8° 2129¢ 49+7°
TC 178 81%10° 69+9° 21269 53+6°

*: mean + 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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Fusi on was perfornmed in two steps where the second
one included the initiation of activation, as well.
For the first step, halves of putative cytoplasts

witeaoe7/a28¥d. Wth a 35finely drawn and fire- pofGEPE06/000498

gl ass pipette, 10 cytoplast’ s were transferred as a

group V\D 2007/ 028396PCT/ DK2006/ 000498 43 to 1 ng/m

of ; e Ls
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WO 2007/ 028396PCT/ DK2006/ 000498 44 drops of nedia
covered with mneral oil for recovery for 1 to 1.5

hrs until fusion and activation was conduct ed.
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TCivDRZhip4ia861Bad 6dritiBicia8 2ith 4lDiaphot 200 inverted microscope (Nikon,
Tokyo, Japan). Cumulus cells were removed as described above after 42 fo 44 hr
maturation. All manipulations were performed on a heated stage adjusted to 39°C. A
single 50 pL. drop of micromanipulation solution (NCSU-23 supplemented with 4 mg/mL
BSA and 7.5 pg/mL CB) was made in the 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 um).
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 pipeﬂe (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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Reconstructed embryos were cultured in PZM-3 medium (Dobrinsky, J.T. et al. Biof
Reprod 55, 1089-1074 (1996) supplemented with 4 mg/ml BSA. Zona-free embryos
produced from HMC were cultured in the modified WOWSs system (Felirin, C. Et al.
Reprod Fertil Dev 18, 126 (2006). Two different cell lines (LW1-2 for HMG, LW?2 for TC)
were used as nuclear donor cells for HMC and TC to allow the idenfification of the
offspring from the two procedures. LW1-2 and LW2 originate from fetuses from a cross
(with Duroc) and pure Danish landrace, respectively.

The average blastocyst per reconstructed embryo rate after in vitro culture for 7 days
was 50.1+2.8 % (mean+S.E.M), which is significantly higher {p<0.01) for HMC than that
of TC performed in parallel in our laboratory ( Table 7) and also the highest one that
has ever been reported in pig cloning.

Table 7
in vitro development of embryos produced from handmade cloning and traditional
cloning
Somatic cell No, of Cleavage rate  Blastocyst rate
Group donor reconstructed (%) " (%)
embryos ¢ 0
HMC LW1-2 643 83.7+4.90° 50.06+2.80%
TC LW2 831 74.86x13.16°  28.98+2.84°

b values of different superscripts within columns are significantly different (p < 0.05).
*: mean+S.E.M.
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Mixed blastocysts produced from both HMC and TC were surgically transferred to 11
naturaily synchronized sows on Day 4 or & of estrous cycle. Six (55%) recipients were
diagnosed pregnant by ultrasonography, 2 aborted and by the time of writing 2 have
delivered 3 and 10 piglets, respectively. A litter size of 10 cloned piglets is, according to
our knowledge, the largest litter size so far achieved in pig cloning. All of them are
healthy and behave normally except one showed rigid flexure of distal joint of one
foreleg. %).

Preliminary results suggest that when embryaos of similar stages were transferred,
recipients on Day 4 of the estrous cycle supported pregnancy establishment better than
those of Day 5 (Table 8).

Table 8. In vivo development of cloned porcine embryos

Embryos No. of piglets
transferred bom
- . No. .
. Embryo Regipient piglets . Gestation
Recipient HMC TC stage cycle Pregnancy from piglets fength

number embryo embryo (Day) (Day) status HMe  from (Day)

TC
1327 22 10 D5,6,7 4 Y 2 1 116
1539 36 10 07 4 Y 8 2 115
1309 30 28 D5,6 4 Y
1553 45 44 D5,6 4 Y
1668 48 18 D56 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 De,7 5 N - - -
1560 99 42 D5,6,7 5 N - - -

Microsatellite Analysis
Parental analysis using 10 different porcine microsateliite markers confirmed the
identical genotype of cioned piglets and donor cells used for nuclear transfer.
ldentification was done by microsateflite analysis of genomic DNA from each of the
newborn piglets, the surrogate sow, and the donor skin fibroblasts LW1-2 and LW2

- originating frorn two fetuses that represent Danish landrace and Duroc, respectively.
Ten polymorphic microsateiite loci (SW886, SW58, SW2116, SW1989, SW152,
SW378, KS139, SO167, SW1987, SW957) located on different porcine chromosomes
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were amplified by 3-color multipiex PCR and the products analyzed on the Genetic
Analyzer 3130 X1 (Applied Biosystems) using the program Gene Mapper 3.7.

For the second recipient, the offspring per embryo rate (22%) was the highest one ever
reported so far in pig cloning (Walker, S.C. ef a/, Cloning Stem Cells 7, 105-112 (2005);
Hoshino, Y. et al. Cloning Stem Cells 7, 17-26 (2005)). Comparabie live
birth/transferred embryo efficiencies were obtained in HMC (17%) and TC (15%).

Stafistical Analysis
Differences between the experimental groups were evaluated using independent-
samples t-test by SPSS 11.5. P<0.05 was considered significant.

Exampie 6

One example of a fransgene that could be used to produce a tfansgenic non-human
mammal as a disease model for epidermolysis bullosa simplex is the human keratin 14
gene, comprising a mutation as shown below in bold.

The sequence of the transgene integrated in porcine fetal fibroblasts (donor cell)
comprises the human keratin 14 promoter and keratin 14 cDNA including start and stop
codons (in bold) and the disease causing mutation (in bold and underlined) as
described by Serensen et al., J Invest Dermatol. 1999 Feb:1 12(2):184-90). The
fragment is cloned into pN1-EGFP (clontech) containing polyA signal for gene
expression and a Neomycin selection gene for selection of cell clones with the

transgene integrated.

aagcttatat fccatgetag ggttciggty tigatgegly gggttagggt gggacigeag
aagtgcctit taagattatg tgattgacty atctgicatt ggttceeige caletttate
ttﬁggattc ceeteggagy aggggaggaa ggagtitett tigggitita tigaatcaaa
tgaaagggaa agtagaggty ticctatgga ggggaggaag gagittcttt igggtiitat
lgaatcaaat gaaagggaaa gtagaggigt tcotatgtcc cgggctcegg agctictatt
cetgggecct geataagaag gagacatggt ggiggiggty otaggiogag gtggigggge
acagaggaag ccgatgelgg geictgeace ceattccoge teccagatoe ciciggatat
agcaccccct cecagtgagea cagectcecc tigececaca gccaacagcea acatgectce
caacaaagca tetgteectc agocaaaace cetgtigect ctetetgggg aaatigtagg
getgggecag ggtgggggga ceattetety cagggagait aggagtytct gteaggggeg
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ggtggagegg gotggggcece tggettacte acatcctiga gagtecttig ciggcagatt
tggggagcecc acagetcaga tgicigicte ageatigict iccaagetce taggecacag
tagtggggcyg clcecticte togetictic tiggigaca gicaaggtyg ggtigggggt

" gacgaagggt cotgeticte tictaggage agtigatecc aggaagagea ttggagectc

cagcagggge tgttggagec tgtetgagga gataggatge gtcaggcage cecagacacg
atcacattce tetcaacaly cotgecgggy tetgtggage cgaggggcty atgggagggt
ggogtgggyug coggaaggat tigotttggg aggtigtety ggagatiget gaagttitga
tatacacacc tccaaageag gaccaagigg actcctagaa atgtcoccty accetlgggg
cttcaggagt cagggaccct cgtgtccace tcagecttge cetigeacag cecagcteea
ctccégcctc tactcctcee cagaacatct cetgggecag ticcacaagg ggcicaaacy
agggeacctg agetgcccac actagggaty ttctgggggt ctgagaagat atct_ggggct
ggaagaataa aaggcccecc taggectgit celggatgea getecageca cttiggggct
aagcctgggc_ aataacaatg ccaacgagge ticttgecat actcggfﬁa caaaaccctl
tacatacatt gtcgcattgg attctcagag clgacigcac taagcagaat égat'ggtatg
actcccactt tgcégatgag aacactgagyg cleagagaag tgegaagece tgggtcacag
aggegtaaat gcagagecag gacccacelg aagacccace tgactccagg atgtttccty
cclecatgag gecacctgee ctatggtota gtagatgtga gatectcace atagggagga
gattagggtc tgtgctcagg getggggaga gatgectgga tttctettty atggggatgt
iggagtagga atcacgatac acclgatcag cigagigtat ticagggatg gggcagactt
cteagcacag cacggceaggt caggeetggg agggeeccee agaccicctt giotctaata
gagggtcatg gtgagggagg ceigtetglg cccaaggiga cotigecatg ceggtgetit
ccagecgggt atccatcces tgeageagea ggcitectct acgtggatgt taaaggecca
ticagticat ggagagctag caggaaacta ggttiaaggt gcagaggecc tgctctctgt
caccetgget aageccagty cgtgggtice tgagggetgg gactcecagg gtccgatggg
aaagtgtage ctgeaggcece acacctecee cigigaatca cgectygegg gacaagaaag
cccaaaacac tccaaacaat gagtttccag taaaatatga cagacatgat gaggeggatg
agagoaggga cctgectggg agtiggeget agectgtggy tgatgaaage caaggggaat
ggaaagigcc agaccegece cotacecatg agtataaage actegeates ctitgcaatt
tacccgagea colictettc acicagectt ctgctegete gotcacctee cicetelgea
ccatgactac ctgcagecge cagticacct cetccagotc catgaagggc tctgeggeat
cggyagaecgyc atcgggggeg getccagecy catctccfcc gicectggecg gagggtectg
cogegecces agoacetacy ggggeggect gictgtoica tecteecget iciceictgg
gggagectac gggetgggdg goggotatgg cggtggetic agcageagea geageagett
togtagigge titgggggag gatatggigg tggeetiggt golggctio giggiggett
tggtggtgge tiigetggtg gigatgggcet tetogtgage agtgagaagyg tgaccaigea
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11.9t JPRE hidthddHBIHIaE c%ﬂtﬁwﬁ%ﬁfé Sateld Leptd fusion is between
gat gtgcacg atggca gt. ggt tccacc cacgagca

tcct I'}ggaégﬁast: fLis Bar g e@@n%@g@g@ gagplast with the non-
‘gcCt pQEaYdokst el Bﬁﬂérgﬁu:ﬁgﬁﬁ%%brélr% SdrduRBedleeh niRll9dnd at least
of cell nuclear transfer conprising the steps of a.

est aBMs SAPRigstat | east one non- hunan oocyte having at

| east a part of a nodified zona pell ucida b.

‘ separatl ng the non-human oocyte into at | east two

‘E%artg pe qql,qqﬁorgtngﬁ@ggy obihe %%egb'p £gims wherein the non-human
est abics RENG Psgmdtichenman donor cell or cell nucleus

havi ng desired genetic properties, d. fusing at [east

one non-human cytoplast with the non human donor cell

120 NPRORRIMDOISESAIHGAS RIoiB 11D, RNEERURe sématRi¥eRiilédiectéd from the
non- human _reconstruct ed errbr 0. 2. The net hod

acco?@HURGT sensisting pf apithgfial rcéllsn newral ¢RYR- SRidREmabel I@r@tgnocytes

sepaf&hf@pbiBlidcdlk, Hn@l%ﬁbcﬁtél:f SBoRAGdyEesORhRhBEE: & and T
| east two cytopl asts, he met hod according to any

- of twpbsa%% wh&%%mam@m% RONPGYAasy WH’“B%‘H'E%P@"S

the m&aaaﬁslédﬁ@aa@ﬁmlsae@ené laMd beHEPMREele 4ellle met hod
~according to any of the precedi ng clains, wherein at

‘least a part of the zona pellucida is partly renoved

1£NZyTRd in%ﬂ‘lo'd)éccgtd-ﬁﬁ% eRihad \@ﬁér@h%é‘goﬁl@acaﬁds 8fe dB¥8ined from
precedi ng cl ai ms, wherein the non-human oocyte is

sepal§taEdn (Fﬂné'sﬁrl‘g Pkt cqllﬁ,rlggg pelist gartngﬁaélp §E ¥y livgr cells, stomach’
| easgeilk WateSHitP LIS bSrdiac cells, reproductive organ cells, bladder cells, kidney

cells, urethral ceflls and other ur'inary 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 non-human mammal.



6. The net hod according to any of the preceding
clains, wherein the desired %enetic properties of the
non- human donor cel |l or cell 2hucl eus has been
obt ai ned by nodi fying the desired gene or genes by
mut ati on, deletion and/or insertion. 50 The nethod
according to any of the preceding clains, wherein the
1Tet hoRe fletddsdcedrdig elaatBdwheen tbbesheamahusimmal is a pig.
el ectro fusion and bi ofusion. 8. The nethod accordi ng
to any of the preceding clains, wherein the fusion is :
1@er f whé’f&@tl‘ldai @REotd@Rsh e 1Stm§re1r9theﬂaﬂ HigidnQbnor cell originates
accor di ng any of the precedlng cl ai ms, wherein the
f usi ﬂmlasgeﬁ%‘r F‘Sﬁ?@d in at |least two steps. 10. The
- nmethod according to claim?7, wherein a first step of
fusion is between the at | east one non-h

12yt o pP2EEthoRACENEINGGR-ARY %Wedﬁﬁ%ﬁdlrtge‘?'ﬁ”mérwh‘%fﬁ'”ﬁﬁ?rﬁﬂ" -human
menbsedye: Siinasnaes L@yl nucleus. 11. The net hod
according to claim?7, wherein a second step of fusion
is between the at | east one fused pair of at | east
20Nne AGRtROIRIA padueiph asdenetiddly nhsiiieardh Y UN-I8@hdn embryo
or non- human nmenbrane surrounded cell nucl eus and at
| eastOOHE Yt opl ast. 12. The nethod according to any
of the preceding clains, wherein the non-hunman donor
cell is a somatic cel]. 13. The nethod accordin

“cl ai m 12, gsERlising AleasiAfte nondwiman oyl having it "136Tfn

the group of pfip6Ed Rlotified 8bn£péliugrbj al cells, neural
cells, epidermal cells, keratlnogytes henatop0|et|c

cel I's, meParaeTAIEE bRy pewte Nipiers) MesPaEs chgining a

Tl y”phOCytrﬁ}ﬁ)hun%WédHytéCwévﬂ@ a NBEERATRICR SeastBROENERSst,
nononucl ear cells, fibroblasts, cardi ac nuscle cells,

and ot her S-Rf@bighiagp gdongreell-p selhpiqlpits M@&?@H%ge‘ﬁ%m
claim 12, Wﬁﬁﬁ@h@sthe somatic cells are obtained from
the group COﬂSIStIﬂ% of ski-n cells, lun

pancr eat | & T6ur ot lepihade st wih BipoqoLefl o mémbrane

i ntestinal gablisdec@iturusel | s, reproductive organ
cells, bladder. cells, kldnﬁégcells urethral cells

and ot her & AofaiAPg agiogivmar) negonsiigctegiembing. nog
accor di ngf, b@uv&ﬂlyg e ridhenuphRtRebgreledisfory e Bn "ehfbryo

somatic cell flbro | ast cell. 16. The net hod
accor di nggtcb't'érl'ﬂ,gﬁ' PAEYNER EBIPRY-cl ai s, wherein the
somatic cell |s a flbroblast cell, originating froma

non- human na 17. The net hod accordln
2% ai erl@e”\% é‘F%?rﬁ“”Qﬁ% clash 2RuwasrerdRsRP-PYmgn %P@Vte of step b} is-
18. Tapararédpth A0625t %8 pbAs 6b@inMglat vkt Eytédissts.
non- human donor cell "originates froma germline cell
19. The nethod accordi'ng to any of the preceding
cl ai ns, wherein the non-human oocyte originates from
a pig. 20.A nethod for producing a genetically
nodi fied or transgeni c non-human enbryo



conprising: a. establishing at | east one non-hunan
oocyte having at |least a part of a nodified zona
pel l uci da, b. separating the3Aon-human oocyte into at
| east two parts obtaining a non-human oocyte having a
nucl eus and at | east one cytoplast, c. establishing
a- donor cell or cell nucleus wth desired genetic
_properties, d. fusing at |east one cytoplast with the
donor cell or nmenbrane surrounded cell nucl eus, e.

2810t AP Aslep LRGRaRIHLIRERIN 0o <y Rl Bt thasisopprising one or more of

ac thevahbiung ég’tﬁ;ﬂﬂ@@ trhdHYEdT tlﬁ@ﬁ@ﬁé&ﬁ%@lﬁ% azﬁ‘@fe)fﬂthb%étﬁémor
an errbr 0, htgancu turi ng sai d non uman enb

> 1 25HetPRpHBR nae YD rﬁ@cqnétre%qi R0/0 BARIPERA Tofdhe group of

NO Rt toAaSHIHgf e chicqiuldd) chémig@RahdicRl shbdiQirkbeasing
| east three parts obtaining-at |east two c toplasts

52 Infracelipips '%{Srﬂfdiwm P%qu'ﬂ@ ang requging PI@SEJ?OFE&“% ai d
met hod conprising one or nore of the features as

defined in any of the preceding clainms, wherein the
ZhetFonethed aa%‘%rﬁ"{)%tt‘? BRAIMLE0 Phe!. $gl-Methath corBrbing Prferagore of the

enfiay@ed &s S@ﬂtrfé@t:ﬁﬂmf mﬁbw&earng%uﬁé WRE&ed8ps d) and f) are
consisting of electric &mqouﬁac hemi cal Iy i nduced

shBgRoMedSeauantialy Pty r levels of divalent
cations and reducing phosphorylation. 23. The nethod

according to claim 20 or 21, said nethod conprising
24nkhegpethpd acearding & ¢laigt 27 @%2h§al9’é\'"?tﬁ%@c‘?rﬂpréﬁ‘ﬁ9 fi ‘?’HBore of the
Pr eGAdEHEs BLHedEn aM{'@Ftﬁé Prece8ing cthim@hekdin 8eehon-human embryo
perforned sequentially or sinu taneously 24. The
rretsfféﬂuré’éd'ﬂ)i"HPng to claim20 or 21, said nethod
conpr|5|ng one or nore of the features as defined in
of the precedlnq cl aims, wherein the non-human
2% ethed aggardipe e ¢laim 24, piereins theras- RrEpaRMBIRYe &Y eHlfyeed in
t 0s&didnfRi2ditureher ei n the non-human enbryo is cul tured
in sequential culture. 26. The nethod according to
claim20 or 21, said nmethod conprising one or nore of

26 henef Bathbd ascord@ing®f biamaf2o Br 21 %aRfmdth6d BSRSRIHg She or more of the
cl ai n8, wherein the non- human enbryo i s

cr ifé‘ﬁﬂ’ B3 8% Jelthediy a”Wéh%f%ﬂ'”S@@HF%h%rﬁ‘%ﬂlﬁ RAnYean embryo
WhRr@ydprédtpvdaon- human enbryo is at a bl astocyst
- stage. 28. The nmethod according to claim 26, wherein
said cryopreservation conprises a step of delipating
2t hheaheth8@ 8EcoPiifg RPAAIRLPB VHRAGY HR rh-Hlndh drhiS9b Neata
with-an enzymatic agent. 53 29. The nethod of claim
8bbﬁhéwﬁﬁﬁgﬁhe del i pated oocyte is separated into at
| east two parts obtaining a non-human oocyte having a

nucl eus and at | east one cytop] ast.
28. The method according to claim 26, wherein said cryopreservation comprises a step

of delipating the at least one n_on—human cocyte by mild treatment with an

enzymatic agent.



28,

30.

30. The nethod according to claim?28 or 29, said

nmet hod conprising one or nore of the features as
defined in any of the preceding clains, wherein said
non- human enbryo is cultured to bl astocyst stage
prior to vitrification 3A genetically nodified
non- human enbryo obtalnablg by the nethod as defi ned
in any of the clains 20-30, having in its tissue

‘?ﬁé hétHSH PERANSE 'vﬂwe@éﬁfﬂe@fehﬂa&@é Bo&yﬂé’ i@%egérgfe@ruﬁa'ét least two
mat ernal” sources. . genetically

rRefs ﬁm@mmgemmrybura%mmedgavm a:ml&iawsalmd ah@@ﬁw@eucwomﬁgt
tissue cells mtochondria fromat |east four

different maternal sources. 54 33. The genetically

ReRIMEiNed aReRTding i FlahER 9/ % Faie MAtHRIRPMARREE &Nf Of Fiere of the

Q@Qﬁrﬁé@ ab SefifedTh anPbhe §fbced§n@8iblh¢§j whbrefiididihdrlBurian embryo
non- human reconstruct ed B&rclenbryo) conpri si ng

45 cyligreskp | ??T"i‘f&s"é‘faﬁeé’é‘g'fmd’ﬂ@%% human” oocyt e havi ng

at least a part of a nodified zona pellucida b.

1. S EPraiabl R AL henEo by EB e peloH st Bed o

any ofthe lckirss 2080, lavingph Bstissue cellanitathbhdria frgn at least three
n -hgnan dgnor _cell or cell nucleus having desired
é@%&?q E‘aﬁ‘?fgﬁéﬂ"i'c&-, d. fusing at | east one non-human
cytoplast with the donor cell or menbrane surrounded

32. ﬁ%% y%llg éilf_ e noﬂ k?ﬁ.lﬁ'laﬂ' I tnfcb%cﬂ%g{fﬁ "B 31 hawnﬁ in its

rec non-'h
tiesueneslls untoe‘dmdn@frym at teabidoun tafmeremma}t@nal gpuragal t uri ng
said enbryo, 35. The nethod according to claim 34,
wherein the enbryo is cultured in sequential nedium
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33. The genetically modified non-human embryo of claim 31, wherein the embryo is from

a pig.

' 34. A method of culturing a non-human reconstructed embryo (embryo) comprising
a. establishing at least one non-human oocyte having at least apartof a

modified zona pellucida _

b. separating the non-human oocyte into at least two parts obtaining a
non-human oocyte having a nucleus and at least one cytoplaSt,

¢. establishing a non-human donor cell or cell nucleus having desired
genetic properties,

d. fusing at least one non-human cytoplast with the donor celi or
membrane surrounded cell nucleus,

e. obtaining the non-human reconstructed embryo

f. activating the non-human reconstrudted embryo fo form an embryo;

g. culturing said embryo.

35. The method according to claim 34, wherein the embryo is culiured in sequential

medium.



