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" TECHNI CAL FI ELD The present invention relates to a nmethod of isolating 5 a
cytoplasmc fraction froman oocyte mhlch does not inpair the capacity of
the oocyte to be fertilized. The inventilon also relates to a method of

I sol at i ngoA i LEY-RPIAGE FRE I W ﬁm;

i mpai r uthﬂeveIopnent%f potentlaﬁhep*?ﬁé ce *ﬂgﬂgB@Qéf%ﬁﬁﬁgﬁﬁgﬁgéﬁﬂﬁkpwﬁT
Met hods for the anal ysis of the oocyte cytoplasm have necessitated the
destruction of the oocyte. Consequently, although the information retrieved
in the analisss ]iaﬁidgﬁﬂs_of particular interest, the investigator is
unable to furthefstydysdhe POSYLEiI8R RotaBBLEES Sehbthah HRI Lsblathay
context of the information retrieved fromthe analg5|s Further, the oocyte
cannot Subsequetrepladni¢efractied dnemaphonedvEe W vehoéoeﬁt90§n enbryo,
fetus 20 and infant.. There i for ho i t study of
cytoplasnlc Tetha n?h%Bca%afhgyog Eﬂe ﬁt oés ﬁgr@eggé?r %ﬁg c§§a0|ty of
the oocyte i:@v&@ti@ﬁta1$@eﬂel§h§éetbSaainéehadneﬁdlﬁaﬂ_aalﬁgt Bod whi ch al | ows

the study of 25 cytoplasm c mechanisns in an embryonic cell which does not
i mpai r t he d&vPbpFRRE af rpot&aRi Aronf aflhsmééhfpnlq—‘h%élnwbﬁsasd\%m &Ofe

useful for cytke yoni c
are nedi ate é%&%f%?%cﬁ%ﬁ%$§gﬂgﬁsg %Eeggég?hé%cggéego 1 or ar§m$m mﬂ ﬂmm“
30 of cmusing, or are associated with, dysfunction or dlsease,

the oocyte or enbryonic_cell, or in progeny descended fromthe fert "¢P®eed
oocyte, or pRTcel | . WO 00/50895 -2 DESCRI PTI ON OF THE

| NVENTI ON PCT/ AUpO{100425s Jhec ReesgAl ykN¥epki eReS8Bk§LEO3ddpessmt Rhase needs
and in a first aspect provides a netﬁod of isolating a 5 cytoplasmc
fraction freeressdbeyee WhecAedbeychépni Aparhet RECYapaci CPRERARETdTayte to
be fertiliz o] of _r a mc
fraction fr%ﬁ1?%e 00C ? Qngﬁgkgg §%eggﬁrgg§§dlggn?%gfggggybﬁ%wﬁggl%%

rel easety fr@ﬂ1p&3tb@nyae iﬁtabest,Sﬁhef1hhesvmbaneroﬁs unable to

further study the oocyte as a complete cellular unit in

the context of the information retrieved from the

analysis. Further, the oocyte cannot subsequently be

fertilized and allowed to develop into an embryo, fetus
20 and infant.

There is a need for a method which allows the study of
cytoplasmic mechanisms in the oocyte which does not impair
the capacity of the ococyte to be fertilized. There is
also a need for a method which allows the study of

25 cytoplasmic mechanisms in an embryonic cell which does not
impair the developmental potential of the cell. These
methods would be useful for studying those mechanisms in
an oocyte or embryonic cell which are mediated by
mictochondria and which are the cause of, or are suspected

30 of causing, or are associated with, dysfunction or
disease, either in the oocyte or embryonic cell, or in

progeny descended from the fertilized oocyte, or the

AARBRRI
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embryonic cell.



10 the oocyte. Preferably the volune is about 2s of the volune of the
oocyte. |woagsesypodi nent of the first aspect of the inventeamaudoneizset hod
includes the following steps: a) inserting rel easing neans into the oocyte;
15 b) drawing a cytoplasmc fraction which is about 5~ of the volune of the
oocyte into the releasing nmeans; and c)-4%ithdraw ng the rel easi ng neans
fromthe oocyte so that the fraction is isolated in the rel easing 20 neans
. The volune of the cytoplasmc fraction drawn into the releasing neans is
typically | DBESCRI2MNION PpF JHE pNYENTIONy 8 pL. Preferably, the rel easing
means includes at.least an | CSI pipette and preferabl e cytoplasmc 25
fraction is dr awfqhﬁpBFS)?FHﬁt éwegﬁé,oﬁﬁ isr?tegcst %é’ &%ﬁ@ﬁ% t & SIPRRTg t he
cytopl asm cifrackientf hapethe p2ee R Bt tdthRdd )JfedasdiatiRanNs typically
fornms an extrusion of cytoplasmc contents between the rel easing neans and
t he oocyi e. cYRepdpsmpradirac thipacttirom ag jcosiviice ¥13CH Gons e todaped hy
gently stretghi r..shearil t ext ruysi . par at

ext rusion. grﬁgf ggg%ﬂﬁ hgfcgggppasc%?gg #Paé%tr%i %%rﬁélﬁ%&%gﬂ g(]iq%b;?/netst (r%éﬂt chi ng

t he extrusi 9Aclud¥Rg08h208%2p 3 FPECHIAERA/0 B2 T ybBpileainiy, fidaetdynopl asm ¢
fraction containscytoplasm c organelles, and includes or consists_of
asanpl e of ﬁﬁ@moﬁéﬁt8°§Yﬁﬁtocﬁ8ﬁdﬁpéu§ﬁd°f cytoplasmic fraction which

m t ochondri alp 5 C dr,i cated i +amk0QGY enpl at e
Fromii ch a1 bt oaRoRdiT e B Ehe s seony d5enindad o amer netare T ed
oocyte & e tbei vedyt®he prefemtbilyvdeheovsrlereynissa@doulratta ofetthed f or
isolating a_c togla icfraction froman oocyte, wthout inpairing the
capacity of Y8¥H’§‘ 082% €t §°6&€Fertilized) would allow the study of

therel ati onshi p bgt waeanbbaimehegeirt ¥hef flike tMalspehendd ahgenorRnzAdnt he
function of both the oocyte and the progenydescended fromthe fertilized
oocyt e. Thusthpnmgthegopncaspgest thehdoldweinitdo oS4t es to al5met hod of

anal ysi ng the m tgchongdrial; ggneraegkahhomRandr kach edolgean oocyte

3 (o]
whi ch does not i npai rtgﬂe capagi ty o?gt € oocyte to bce&ﬁ%ertl PI zed, the
met hodi #¢l udi ng tle fdrhwwhggastgpepdpsimdol dringiancyhdphadsi ebbuactbikon
whi ch i ncl udes20m tochgnﬁ#i a fﬁJom t h(r'i- g?lcyt e a%cor.di ng.to th<imet hod of the
first aspect of the iRvehfFoXCbMEnSltySPfgoPRE i ¢8ERoRAF AP GBRORE of
them tochondria in thaebhha¢t kAA. Mut ati on of the m tochondrial genome
causes, or at25least is associated with, dysfunction or disease.
Forexanpl e, the rfilcl et FBEravWanentBedEPeEREANEr BRARSCEEOM #BE0SPEYSR nunber
8470 to 13,446 of theggitaghopdri 2L.9eRepR. 1khe39a¢akl ¢d thikbrequuun
del etion", is understoodto be associated wth Kearns-Sayre syndrone F%SS)
and30chi®dni ¢ progr essimesanext er nal opt hal nopl egia (CPEOQ . O herdi sease
causi ng del etion whi ch. may or_.may not pbeobserved wth the co n
del etion, incl udtha? foé%edecifgttlrben c%c?‘l%szf“?% %reéfcelﬁ% /‘?%%‘"Ehﬁ% itﬁ]? he
WO 00/ 50895 RAEAGY (¥ladle -#s nioichontly | Bésgernea®e Df pr add and heart, . as
wel | as various point nutations. The deletion is al so observed in hunman
tissue incl RESfFaRetdIPhudTeteriyy, B feleRtine deans khsrudes ret i na .
and ovari es. ol i i f €. i a)
genonme can baetsalgségcti ;ét}!egﬁvﬁ%?%%% s%?é%%éﬁp%?hge%%gneﬁgﬁ e di'seases
i nvol vi pg t Fraeanitorali Nelrans Sstemmdesl 1008 thtendas rp fise st em

ki dney and liver. D seases associated with point mnutations
The drawing of the cytoplasmic fraction from the

oocyte into the releasing means typically forms an
extrusion of cytoplasmic contents between the releasing
means and the oocyte. The cytoplasmic fraction is isolated
30 from the oocyte by gently stretching or shearing the
extrusion so as to separate the extrusion. Preferably the
cytoplasmic fraction is isolated by stretching the

extrusion.



10 include Leigh Syndronme, MELAS (m tochonrdi al encephal onyopathy, lactic
aci dosi s wothosbgweke |i ke epi sodes), MERRF (nyocl onus epil epsyAvdd/dvi2s
ragged-red fibres), NARP (neruopathy, ataxia and retinitis pignmentosa) and
LHON (Leber hereditary optic neuropathy). 15 A nethod of isolating a
cytoplasmic fraction froman oocyte withbut inpairing the capacity of the
oocyte to be fertjlk i,S f .ectd I i equence
mutations in the&%%égﬁéﬂﬁdr Fg)@ ggﬁgtgrgaggltﬁgb}ﬂlfr%%t{l%g} ;%%Ld&%e’to a nucl eoti de
sequence, poyyoplphimsm orgaukdfiesn and HecdAMmdEeEntoextcoofs itdtes fafhet | onal

integrity of both the _oocyte and the progeny .descended fromthe fertilized
bocyte.  ThusemPhSabEntRa HERUER ot fe CBAIBROLIT Brcy Mids PaRsmad o
det ecti ng appygal;eeLi.de sequence, pol ynorphismor nmutation in the

0

m tochondria) genome of mitochondria 25 located in an oocyte which does not
i mpai r the capacliyoghonfsisodgcrated ba By Kddyied anche resmipdd iendlnedi ng

the foll ow . S1 eps: L.sol atl.n C | asm ractio i<h _ingludes
m t ochondr i gﬁf‘?%mg?%eg%ggé 8%%}(%2% gflnéﬁ"[%g %%ﬁf?egﬁj rf‘e%tsrﬁ)e&%()e\rg]t%eoq :Lﬁ'ge[ aspect
of the inveféeronliasd bpcgnal ysendetrieadicimnt ipde sequdisemfodde

m t ochondri a) gengne of the mtochaondria in _the cytoplasm_c fraction for
the presenck®6pPIgised {pRG0ASHEIBORCELPAUGEIFGIANY & SHFARIGSHE sequence,

pol ynor phi s UL ate i Lt o i.als i i
enoms. it ot ans Tuhs o Ohaage 205y k) QVARRSHS iR EhIGGRIANY |
dysf unct@ onthéenobugitrgtpobet £8riufatiedns woarlel aliost tdec|susidrelof mateer nal |y
inherited, a hod of isolating cytoplasm c fraction w thouf .inpairing
he. capac t §eOREEBSBoRy BEEHE B ther LPIREsEd i TS MG HEHCet ng

whet her t hegphegenyndeseendadctiom aff &ddy itzRd LML aMd leHy ﬁ#ddeﬂipt

contain a nucl eotide 10 sequence, polynorphismor nutation of the

n t ochondr i @FSEEREARE "EPEhthguéestiddzies Q@syd@ -ed of causing, or is
associ ated w th, pfj,seasg aqr cdysghdngtiqu, T Is fquit I..Jlhe

i nvention provides a’ net hodsgor8 gr eglbgt itr'lgr%%etlh@lg%nﬁ%gnp?gg%%%%dé&ré]dnded
froma 15 feethbdzed eveyveiwgl ktheontiziochomirdladotged®meegqfence,

pol ynor phi sm, or tation.in 1 tochondria) gena ich causes, or is
suspect ed o?‘lgaﬁgfgﬁg,rl& lPEag§g|o_&Pafi€d O\?ﬁct)) © é{"}&rég’e & S0 Oy SRS on,
wherei n t hetget baga@laeﬁ Bt thEPabkyile tCARRCIfiar taf1 itae) 000 endidee
fertilized, the 20 nmethod including the follow ng steps: a) isolating a
cyt opl asni c1RFAE€iBg ®"hecKolAewdnes sFePschondria from the oocyte according

to the method of .t he f] ect Lavenrtion;. an anal ysi t he
m t ochondri a) geﬁg)rre %%5?%8%% %n fggﬁ}gggrs?ng\él %&Jta%gl ?lag't}ﬁtl)gﬁl glrc)it%ﬁ%%
presenc@ of the nucl entikdehsadueéncEropoltyi ppliysm aicamitddingond ntHehe

m t ochondri a) genone; rein_t pr.esence of the nycleqtide sequence,
pol ynor phi sm or nut at f“\é\/ﬁgfjﬁdfjgaggg &1 Ske BSRESE t%a’té%tenéné'@nﬁrl(?g’ény
descended from the feahbliyzedgoer¥t fivbkhos@Rtiailn gehemauelreetiede sequence,

pol ynor phi sm or nutation. The nere existence of a nucleotide sequence,
pol ynor phi sm or nut at MéAROFRoRAE1A fochbrddiractgemone of WD 00/ 5D895

PCTI AJ00/00125 - L ocBANE! BnkNndBoRACKKE: MNIEh s KIAOMIL 0 e gssoc at ed

Wi th, or cause, or Is suspecte causi ng, di sease or dysftudnction, nay not
be suffixi ebeakto dedaasectiheed gtake dysdysiavicn @r ididdaeseno@dre itself,
or the proge 5 desgggded Erom,the fertilized oocyte._ |ndeed, there

n

appears to Eﬁgﬁplﬁea aRyug SPttilgﬁalseﬂé’@t“&? \ﬂﬁl@ﬁl@@ntfﬁoﬁhtné’sc_%e&t_t]ﬁ}éa
l'i kel i hood ghsjandhohulBerseueni bty ah e dsease nle Sfdiistdon in the
oocyte containing the nucl eoti de sequence, pol ynorphi smor nutation, or the

genome, the so called "5kb common deletion", is understood

to be associated with Kearns-Sayre syndrome (KSS) and

30 chronic progressive external opthalmoplegia (CPEO). Other
disease causing deletions, which may or may not be
observed with the common deletion, include a 7.4 kb

deletion and 10.4 kb deletion/insertion in the



10 progeny descended fromthe fertilized oocyte. That is, it is likely that
t he actuakoposgstion, or "threshold level", of mitochondmica/asnomhi2sont ai n
the particul ar nucl eoti de sequence, polynorphismor nutation in the

m tochondri a) genone in the oocyte will contribute to the 15 likelihood
and/ or severity of disease or dysfuncti‘cﬂfin t he oocyte, or progeny
descended fproppthenbigibi! b2BEmROGY! Bralif RAW Helhdr,, adNghedll Gantrast with

t he nucl ear genone, there are of the order of at |east 100,000 copies of a
m t ochondr i e&rgensnpointanusetybes ." Boededleddop’ liss algoolebseryddmien an
oocyte contains e than_one .species.of mtochgndria) _gen . An oocyte,
and i ndeed H@aPis%ﬁsgeo%nfﬁgdﬁggg5%ﬁlgg g%ﬁ‘EEQFYO#F%ﬁ%’fgg%ﬁPVzed oocyt e,
become "het gpeptasnm ceunbentasnuekeahadansegwardes .pol ynor phism, or
mutation is introduced into a cell which, before the 25 introduction,
contai nell a si ngl¥edpdd @atdoganist Rdtt AL inkihs 84 tH¢ egard to the

nucl eoti de saGUENGSR: RO I ST, U JIUALL 05 GF {16, ML ogdondr i &)
genome whi ch cause, or are suspected of causing, or are associated with, a
di sease or dysfanmim et ddgersegemieraldisSiseechgm ethd hidte whemt val
particul ar | evel of heteroplas i s surpassed, the manifestations of the

di sease or VPRI i ;S Sr THCTERE SYSATBO/S
PCT/ AU00/ 00125 Based- omitdie, Ahseladdd ohk ddapi th teehondfi@ad fodde nouse

oocyte migrate to specific regions of the oocyte cytoplasm in particular,
t he perihucligwmlydsyilergtatSwpteane ¢ MELRRs(pitoeheridial o obtain a sanple
which is 5r tatjve all mitoc J 0, | human oocyte,
a met hod fore%e&}}g%oﬁ%}}noé)af%g ’delgaréegel%fyﬁglgéeér%%)l%%?ryg?%oggh%ﬂng% oocyte is
typically applisiead) SMERHE C(rsiadieenwd ¢l bepsy W tiet hoghed-radl ati ng
cytoplasm c fractions_which does nqot inpair, the ci\a}g?acjt%/ 10 of the oocyte
to be fertiliiRdPdls APl (T IRA e 1 TR heA TRVt Bt het eropl asny in the
oocyte, and JfiQmdMOt idih thieoev el a9y |1?é’)?éd9tfaf* ksbivi & aR@erSbathy) .
heteropl asmy in tissues of the progeny descended Tromthe fertiliZze

oocyt e. 185 Thus, Ai meghpif plf aspéetinghe icwremptliasmigr driadds oa maoo@nof
determ ning_the |l evel.,of heteroplas of m taochondrd genones. i.n an oocyte
Whi oh does RBEYFRpALFIBRE SABACEE Dot S Boeutd (5 BB SPETEe, 68, Hone

met hod i ncl ddrngltibedf akl awefiglsfeps de2@ca) nigs ahuatlicag ideC wealenzd C
fraction which includes mtochondria fromthe oocyte cor di to the
method of |t RECRFREREadBebt oo EREPRTETEHO BB e 0 FEREGS: FEtnGHHEY of

m tochondri gk geRABBS oA dehg ebiiagbleON pW1hoR PhUGE Rl dR1t3RdWRNGe, tFe _
pol ynor phi sm or nutation, with the nunber of genones w thout the nucleotide
sequence& pePREBKEhPEMtEE Fungtionailn iNteriist iodn PoAd tthe lcegaItepfnd

heter opl asyyanl, e, 6xaLERGa.AT 3 QUG 8008 1990UBNGEE. Rl yTOr phi Sm or

mut at i on whi I'S susSpecte€ causing, or-is associ ated
wi th, disease orTHusfuhat eonhird pepgeny deecdntded tibampaokddikisl ezed oocyte
contribute to hg Iikgl i_ hood and/ or iever,i ty of disease qQr dysfynction, the
met hod of ethod of detecting a nucleotide sequence, polymorphism or
mutation in the mitochondrial genome of mitochondria
25 located in an oocyte which does not impair the capacity of
the oocyte to be fertilized, the method including the
following steps:
a) isolating a cytoplasmic fraction which includes
mitochondria from the oocyte according to the
30 method of the first aspect of the invention; and
b) analysing the nucleotide sequence of the

mitochondrial genome of the mitochondria in the

cytoplasmic fraction for the presence of a



WO 00/ 50895 _g_ PCT/ AUO0/ 00125 determ ning the | evel of heteroplasny of
m t ochondwoab/sggemnones in an oocyte is useful for predicti rRETMIENONNEI25t he
progeny descended fromthe fertilized oocyte are likely to suffer froma
di sease or dysfunction which is caused by, 5 or associated with, the
particul ar nucl eoti de sequence, pol yrmrp%'rsm or nmutation, and/or the

severity of the di seasgqbedysineiihceliRivhdbstihh ASARALC I in

i nvention provides a nmethod of determ ning whéther the progeny descended
froma |0 fertilized tcbeyte tachdndelal tgersufed.er from a di sease or

dysfunction caused b or suspected of bei caused_. by, or_ associated wth,
aynucl eoti de squénﬁ‘é}:oﬁg‘f’?ﬁﬁpﬁﬁ‘ﬁ‘i grﬁn@f“emﬂ‘%t%ltolnoq% w&“’?/ﬁ}} ochbittr 91 #fchone,
wher ei n theagebhedrdaewifel, iR e EBRARIHAE i@9n | hih Oy tsb e 15
fertilized and includes the follow ng steps: a) isolating a cytoplasmc
fracti ond whinehataengdedrni RIEWEHISRE elhe medEpnTR ot orrdieig tes « e

nmet hod of t ISt ca e . nvention: | VSi m t ochondri al
genone of tﬂgtggdm tfogﬁg%%rtﬁglglt r% t%koﬁléc%ocn%o%%?ﬁg%%ﬂgte of the

nucl eoti de sagHeRteg pblkydappltiisy @f Miatd@ytan ded efdr i g ddals t he

progeny are likely to suffer fromthe_ , disease or dysfunction_where the
anal ysi s of UEREU35 IRt BERGHGHIRY FEYRTHREOIEHA (RIQAAFTY idesFerdre thRt i%on
denmonstrat e%eﬁ:'ﬁ@li%'%@ bekel OfyiRat &oRlasSMa R dBdehondrlal ganoes wi th
respect to the nucl eotide sequence, pol ynorphismor nutation in the oocyte
is at | éast sehpenare 29 lymerphisin ofr mettertopiasnly e ol iechomoinia80 to be
associated with the marl]li festation of, the di sq:aes(f gtr d%sf.uncti on.. As noted
above, met h§§5°F6r wpﬁg aﬁﬁ‘lu)?seiss St éﬁosﬁsfs%ﬁ & rHetS 1‘f‘Fsll'fgf’orﬁ]%mlsoocyte

i nvol ve t heagsoc&lke00E2395 REHAD YO unctordestruction of the
oocyte. Although these nethods reveal useful information about the oocyte
that is thereby d&%tsoyed fertialaett hFRei HRoeRRt PRNPTIVESRT| ded to an
extrapol ati t » nhi n e d p ation
of ooyt o5 rE b o T o RePhsy ohe K PLUphy CasteenaBalepbhRl B0,
to oopl asm cfemnitleited tdmrece swsbhecouesinoa ascleothdeexegnente, whi ch t he
information derived fromthe ooc%te which is deﬁtr8¥ed can_be acgﬂgrﬁtely or
reliably ext® WRIFD Bt HEFCBBE R et? £ rharRPRIT L ng PRBEeVREFRods one
cannot concladesddatoberausesPEc0e8ybe tsuboHgd 60 havesebthatelOwith,

nucl eoti de sequence, polynorphismor nutation in the mtochondrial genone
whi ch causes® H¥SeaSsFHCHET BHGF PR, dvRersenoFhEyBeLRedi 8AePnRPRe oocyt e,
or the proge; f t ilized c r W, g h ropl asny
inrelati onelt%ét)lhré %ecll%%é%iiet%eéﬁe#g%, é4%§Y§:/%1)tr:ghis)|8mfglre'g'rrLr?thgltgla(')n,%tghat

ot her oaeyt esetderd vietk fudimg hehsafreliodingdaakesi| | have the sane

m t ochondri al gen?type. nse uentql%y,d t-hese. me% ho?(%s. for .th anaI]E/s' s of
oocytes 20 are of || mitedASEY /(W R AT ot TP 1F0 Fereh 1 1I2ISHe where
it is anticipated thaimiTQenH@EDAL S ¥ itted ddoMma NaddendByo cerd ai n a
nucl eoti de sequence, pol ynorphi smor_nutation which causes, or is suspected
of causing, or is ass&@h qfi tihe cﬁlsre%tsé‘%?e‘%fyscf%rﬁ,lﬁﬁpvﬁfﬁpﬁwipr@ygny 25
descended fromt fertili T i j cytoplasm c
fraction from anggocytagamgggcg}sg %ﬁtﬁpﬁﬁﬁeﬁ%%%% ta%/f %?he oocyte to
be fertizbi zed i s part mtidcartondisief uin fidre strasnioy Domcytles Proesdmese psesence
of a nucl eoti de sequen

e, polynorphismor 30 mutation jch causes, or is
suspect ed of causing, t%’re PUCIE e';cFW?riﬁe'di%cg]a)Q%O Vﬁ]’di}gf%cti on in the

progeny descended fromidhe i tid 120 POENEEondFi DT ondwelili zation.
wherein the presence of the nucleotide sequence,
polymorphism or mutation indicates a likelihood that the
30 progeny descended from the fertilized oocyte will contain
the nucleotide sequence, polymorphism or mutation.
The mere existence of a nucleotide segquence,

polymorphism or mutation in the mitochondrial genome of



WO 00/ 50895 PCT/ AUOO/ 00125 - 10 Thus in a seventh aspect, the invention
provi des wiogitdsesl of screening an oocyte for the presence pafi/avonmsheot i de
sequence) pol ynorphismor nmutation in the mtochondrial genone in the
oocyte which causes, or is 5 suspected of causing, or is associated wth,
di sease or dysfunction in the progeny déscended fromthe fertilized oocyte,
wher ei n~t h Aot _ | ] he cLty he oqcy ;
ferti|ized$“£§%gﬁﬁ%§ﬁ§§sg h%hpgﬁkgﬁ%hgwggggsgglsﬂéyhiggl%%ihgsggé§F88Iasnic
fracti on whwtthij netrudessai t oehbadsuapécortt hé ceoptiegacdidsednsg be t he
met hod of t%g %%rst.aspect of the invggtion; b{ analﬁsing ghe m t ochondri al
genone of tPESHIRGERBRdrMaYi ROEhRef FUEERGASPEr CPhReFB8SENER o 1E825Re
sequence, POl YARE PhhSRLBA ﬂHt@Béoaocfaél%egélﬁDOOEreﬁénbrbgenyn vitro
fertilization treatnent frequently have few oocytes avail abl e for selection
for fertsiliges¢endednfiroh the &eantiidbkedooeoyrves,. iIndesdantheirpated that
sone of these will contain_a,20 pucleoti.de.seguence ol ynor phi sm or
mitation | rEEPHESchanaEi AF YERENESnRaH CAaoes GrorePalbieiated with a
di sease or eystuiettes t8 pregenxeUereeaded, f kaagybiether kelezedyoogyt e.
O her nethods for isolating a_, cgtoplasnic fraction froman oocyte are
particul ar | YPesdypgareapr ety sfuaeteehi 4y 5B8yPRSYESr CPBEREPLRLL £F8R, and
coul d potential ¥ {89ULLallntle HERIAIELLIINOLLORGELEI NI £D GheNOt contain
a nucl eoti de sequence, pol ynorphf sm or tation 1n a mtochondrial genone
whi ch cHusesrogenyg dssoendéddfwbhhthediseaséiorddpstybeti Thatoispodyt es
whi ch 30 have a,low | eve| of heteropl as Wi th respect.to that nutation
The method Bf FS6Ph¢1 HUSh £)EoprBuRLcOF PHEE FORET O SEEGREIEIwN ch does
not inpair tégetapasttyiobchbBAPOEYHBiIER coMPa9f/ 8AR9partlREILAU00/ 00125
be fertilized is particularly useful for selecting oocytesfor fertilization
whi ch do notuebeeti@easageraee; destyuienebipnl gFoRBRREAPEr IRULEL on whi ch
causes, or 04, 0L+ LS i gt - a
ystunct | onf CoEPERAEER CBHONDTin Enk 0BRPRE! FATY, PbERIELTECEE Sha |,
fertilipati bikdhilsondaanéi ght hewspecy, ofhdikruenrt bondyelfahesiba anmet hod
of sel ecting_.an oocyte for fertilization icgeithgg:lgﬁéiggoes not contain
a nucl eot i dEPSeRBRER! pBF yRPPPRTENT O SRBESH 6h°Tn “PRe T REFGLAGRTr i al genome
of m tochongséprén tﬁgpQQEY&ﬁl&BlCQﬁaU§ﬁScoﬁErb§tSW§EﬁCEﬁ€ ahctadsi ng, or

[

i sassoci ated wth, a disease or dysfunction in thengro ené descended from
the fertiligeRemdcyteersgrare)phsthel eyderopthatel8pF sﬁao 00 copies

m t ochondri alg j Fesp e pu pdew i phi sm
ot at i orc i oo e ok e R e R RE N T
be20ass¥ci atleserwefi vhenmani besyhei conbaihbhemdrsesbenr odgsEprctieenpiher ei n
t he net hod dpes not .i ir the capacity of theqocyte to fertilized, and
ol udes t B TaPPERRHORL: BRaOs | aBRapPRYCE: cPROpRHORRE FPRCETSH1RA! OF

i ncl udes25nth@chpogeny Heo8ehieqopsyhetBecerdtnyikedt beapthodpetohbe fir st
aspect of the invention;bj)analysing the mtochondrial genome of

t heni t ochontReBETPPLABMEE acYNBR; 2aRWE] SeFéEei AGINRBCBocPPEYMEFPhisT
fertilization ,.pEgyi 8rdB0t hat - 8huleasintheatedi ¢, At St BLERLES T,

of m tochondri al genones w respect to thenucleotide Sequence,

pol ynor phi simorodutaionp cobheinefoshshdgilal spendas of tmbheoohomtieials | ess

WO 00/ 50895 -12 PCT, A%QO/OOlZ thanFthe digree of heteroglasny which is
known to beI38¥BTI al'eh wi tH T He  frahi'FeBl'd 8h1BF PREVEFSESse or

dysfuncti onpoTioPRYERS HRECHUBAELSREEE8REHnAr mgebeRbREAri A1 SgaAGRAEDANCE
with the seventh or eighth aspect of the invention, respectively, nmay be
fertilized Wyl¢hteauegt opraghtcsupeeatedj eét tansingsl pr areby in vitro
fertilizati referably, the Qocvies are.fertilized by I1CSI. 10 To.the
extent t hat“THe 6T GREN"A5Bect GPoTRESi AGeRtT ORPPE Rar  [-bulr FSTEEPERBI o f or
sel ectisng opsydesised trativhaatisopasbicgdarbeettsedopr hetet8pl &Shyols! VF,

t he present inventors recognise that the nethod enbodied in the eighth
aspect of tHerPa$eedi ofhesmanifaseatarnpart bhe| §igea6®ePrin vitro

fertilizat i@ﬁsﬂﬁﬂ&@gé}ﬁeare sooner or later observed.



Accordingly, in a ninth aspect, the invention provides a nethod of
fertiliziwgoassdcyte, the nethod including the fol |l ow ng KtT2800/00)25
isolating a cytoplasm c fraction which includes 20 mtochondria fromthe
oocyte according to the nethod of the first aspect of the invention; b)
anal ysing the mtochondrial genome of thé-nitochondria in the fraction for

the presence of pageRUEheQtl08a20YSRAGy RAINTHLANIOL LAl iglk 25 whi ch

causes, or is suspecte causing, or Is assoclated wth, a disease or
dysfunct i onmbuaser ogepyedeigended tior emeldid ifce madiioned cdfotyiee ;ocarytec)

fertilizing the pocyte, provided._that the degree 30 of heteroplasny of

m t ochondr i ﬁYtaﬁﬁB s Wit ﬁaf%&ﬁél&art'ot&ﬁe%fgﬂné’&]i% $EQFER e 2 Dol ynor phi sm
or mutati onspacib@cogexg@s b¥ hespdtiRan dheutedree Afamalengnlasms which is
known to be ©~ WD 00/50895 PCT/ AUO0O/ 00125 -13 associated with the

mani f estiat | vaPvEsehbativeasd ed ldypdteedionsiy iathgenomsshomdrtihe hyseone of

m tochondri a g/ni:ch grx%eit o hefo(:::ytci% Iz]a_,srlinc%L fr %te! A irseol %tfed according to
the method 5°6Y "the®fi'fs spect O She Yient 1% EAT e anal ysed accordi ng

t o standar dhteebspldesny These hugehnioddes aries exeiRldiflvedddlitdierather ei n and
i nclude the polynerase chain reaction (PCR)) restriction fragnment |ength
pol ynor phi sEPERFEPT &580¢si L Feiosic -hPomedinest iadh 1srdafidieot i de

sequenci ng ¢ : UNGL : echi: YO, Jreasiy -8 N, \Qy}&g rm ni ng
the | evel O?QES?ergg‘S as%bg?l%%%ogﬁén rial Sgennorrezdﬂ{an t he eoocytecf!L

represem at b¥etheaobrygheoftogbrofes tddn zZzel dlxt aisedoh wWer mdterhadndrica are 15

randomy distributed i he cytqplasm, Preferably a cytoplasmc fraction is
drawn from Fﬁ@ 288§/Se°&hbﬁtteﬁépgia§ﬂyi (o5} itglr? &O%%ltte()cl‘%}ﬁjgrtjiof in the oocyte
can be expeptediteibg tardemerad@ udiva fRr 1B} eadigd ey germ nal vesicle
(GV) stage of the EI’I mary oocyte and /or at a 20 stage fromthe netaphase

|1 stage of hgEpsspdasgmyt ha $dcengs plodda eragemt idasaandgthdaign e t he

met hod of i h | asmic fraction froman oocyte does not
interfere s?%%???’ggﬁtﬁl S%\tf%ﬁ't he met aboli sm of the oocyte, the present

i nvent o1s recognithed, 25nt hatfitfhhe eEpleadt ,0ftHes diratentg o @ttoapildesamiac tracti on

is useful for studying the gytoplasm of other_cells, for exanple enbryonic
cells, withBgt Pﬁp)éifr gﬁfjeﬂfﬁ‘é};’d@\%l Vel Gt ARSSHORIRTRe S cel I's. Thus,

in an tenthyasBesbndkriall BeeRinedn iRf QH RyA SYHRINb L dol Bidug- a
cytoplasmc fraction froman
the capacity of the oocyte to be fertilized, the method
including the following steps:

20 a) isolating a cytoplasmic fraction which includes
mitochondria from the oocyte according to the
method of the first aspect of the invention;

b) comparing the number of mitochondrial genomes in
the fraction with a nucleotide sequence,

25 polymorphism or mutation, with the number of
genomes without the nucleotide sequence,
polymorphism or mutation in the fraction.

As the level of heteroplasmy and the existence of a
nucleotide sequence, polymorphism or mutation which

30 causes, or is suspected of causing, or is associated with,

disease or dysfunction, in progeny descended from a
fertilized oocyte contribute to the likelihood and/or

severity of disease or dysfunction, the method of



enbryoni c cell which does not inpair the devel opnental potential of the
cel |, thewrjokeghsi ncl uding the step of rel easing a cytopl asowaudowodedsi on
fromthe cell. The WO 00150895 - 14 PCT/ AU00/ 00125 vol une of cytoplasmc

fraction which is.released fromthe cell is about 5~ of the volune of the
cell. Preferably the volune is about 2_~'§f the volune of the cell. In an

enbodi ment  of, 16 LANS @SPeGl, O 16, d WESET hny % £ Ny (5L m@i} udes the
steps of: a) 1 nserting releasing nmeans 1nto the enbryonic cell; b) draw ng

a cyt opl asmgerforect iign ashicitytse adoutsSubffeheomvedimeing whetkerbrioni c
cell into the 10 relgasin S; dc i thdraw ng the rel i neans
fromthe ceIHrO%ntyhzgtestcﬁé“%feE?'t%%q? 3 ii)s%%,\daltgjdz?w? %Y?%I%%?ﬁa(%&in%? The
vol une of t he fRLO@wTL it de o draydir iy i dheyh ol el asd igedBaNS | S
typically less than | QL and preferably 8pL. Preferably, the releasing

neans i nél udds amsdcdadechvitts! Pipaae el 7 et P yidheseguentasn ¢
fraction is _dr r_QXi y. . 1.0Q~un. | t pi T w ng of the
cytopl asm cpgrlg)é{&lrg’ﬁﬂﬁorro{?k@%&eo T %Anclﬁ]}c@%e < iéhefp\gé]{ﬁtey r‘ge]fe%gelang nmeans

typically f@iseaae od digifathadiayt opl asmi ¢ contents between the rel easing
means and the enbryonic cell. The cytoplasmc, fractjon is isolated fromthe

enbryoni ¢ cel | byHgentfy St5etichidiPs sh%i%V?%E%tP%YﬁF%& as to
separat & t hefHJHYOlke e Bk dhlerridie @y %p}%ﬁ%% d&@edh @ 1 Srdwod at ed

by stretching the extrusion. Typically, the cyto c fraction contains
cyt opl asfi ¢ femyanidldess ccavt 6 rtaideiskeory consiwt Sewnf from anplissefse her

descri bod hePGTREGUE. T GbeNhel B | DS Do h AL T DR DR ™
M t ochondr i als GRIGIREARE tNOWN he: XasiSide @e@ifﬂ@@stpémﬁ@mi@t ed wth,
dysfunction or disease. WO 00/50895 PCT/ AUOO/ 00125 -15
mutation in a mitochondrial genome, wherein the method
does not impair the capacity of the oocyte to be
15 fertilized and includes the following steps:

a) isolating a cytoplasmic fraction which includes
mitochondria from the oocyte according to the
method of the first aspect of the invention;

b) analysing the mitochondrial genome of the

20 mitochondria in the fraction for the presence of
the nucleotide sequence, polymorphism or
mutation; and

determining that the progeny are likely to suffer from the
disease or dysfunction where the analysis of the

25 mitochondrial genome of mitochondria in the fraction

demonstrates that the level of heteroplasmy of
mitochondrial genomes with respect to the nucleotide
sequence, polymorphism or mutation in the oocyte is at
least the same as the level of heteroplasmy which is known

30 to be associated with the manifestation of the disease or

dysfunction.

As noted above, methods for the analysis of

cytoplasmic fractions from an oocyte involve the



A nmethod of isolating a cytoplasmc fraction froman enbryonic cell which
does not wopaisesds he devel opnental potential of the cell | PaBLUWO00125r
detecting a nucl eotide sequence, polynorphismor nutation in the

m tochondria) 5 genone,* enabling the study of the nucl eotide sequence,

pol ynor phi sm or nutation in the context™of the functional integrity of both

the enbryonigesqehictarth Wi qHO Wy es Genaeshdr omndHe REPRYQH fe6€41 . Thus
in an el eventh aspect, the invention provides a |0 nethod of detecting a

nucl eoti de seqfardcdnfsomatorgrhiadmwt the adente rcthae et ve@oslyi a) genone
of m tochondy cated.in_an enbr i C.cel | oe I ir th
devel opnent glesgcﬂoglrﬁ%lt’aﬁho Vt#élece ]?/Otr}i e %e%%%@?%%r?ull nﬁgl{‘%%n cgl %V\?ﬁg
steps: 15 akextsepatliatg oh ad edlasm dodyasd i vl ol £1e i et ugdesiwatoahongri a
fromthe enbryonic cell according to the nethod of the tenth aspect of the
i nventiof; En@®PMI@TAsiay QY TR BT ¢ e Rt cERS ViRea 02 Re t ochondri a)
genone of 1 e 1id-aahondila ddLddies Gyiapl AL d rastian don: & Neopeesence of
a nucl eoti de sequence, polyrmorphismor nutation in the mtochondria
genone. The threazents isorentores rismogrs seul tiatext et hod whidh tsel ating a
cytoplasmc f rfacti on without i iring the devel QkﬁJe nt al (gotenti al of an
erbr yoni ¢ cdZOFEATETL IS5 Sst e | TRE WHRLAES WINESpr b es HESKER AP 1 r om

the enbryonige GRldurdddloloidd1 1081+ it dp st Nedl €0 | dlenSLAYERGEes . _
pol ynor phi sm or nutation of the mtochondria) 30 genone which causes, or is

suspect 88 offhgduglisng usomd Shespaetheds wnd chreaseconrclyde ure@fon. Thus,

i twel ft t,. .t I i i d f L CLi whet h
e pr ogeny Reekatal PR oo Bibot Biafta ity 0bn 2 ARELREIE oni e
cell will cericRighc,nuellsoidieh Sa6 uen agy t POl oot p ht 1sen ot covhehdobain a

m t ochondri al genone which causes, or is suspected of causing, or is
associ at ed WM WHisdh S we sy FHnkd | SO eF Wi HR: n@t FRESBoRE not 5

i npair the deualQREBNkAli PALENIAl, L the 08kl ) sdenyeshognincl udi ng the

following stéps: a) isolating a cytoplasmc fraction which includes
m t ochondri £ertomitzes arawioni cxeat | laecdedier ¢©b hdéeenerhasgmyfinhe tenth

aspect of the,nvention; .and 10 b)_anal ysin e miochondrial genone of
the m tOChOE:Cﬁ’lia} N tthoe tfhreac L|1Cglne oF hgée%l%%%%gnteg%#yﬁﬁggﬁﬁié edti de
sequence, podwiari,Soet nidladrt avcwhes eder 11ed pf esentke ofatde nucl eoti de

sequence, pal ynorphi sm or. mytation indicates a I(ieﬁlffgl | hood that the 15
progeny desc&fded FueomWiie s orie e W Fochomtaial t GeRat¥PRot i de

sequence, PRHRIRMESANP! REM IRkhdSs  SEUSSE a1 Gk Ds 388VEocteds |1 kely
that a particular |evel” of heteroplasny nmust be surpassed before the

mani f est28t i @ off diigedswl orsalyid urine | bhe bd eobbser vetiro20ewnhi thzareotaused
by, or asso‘%&gx%tred ¥ th a%t”'ﬁh“cci'séaéjéé@ettﬁgue&%&%c?%%é’é@r&@%%@e regutaLion of
Us,"Tn a t e

the m tochondrial "genone. irieen pect i nventi on

provi des a ,pateidiod nefy dejreddtimi Aonddbedeid@d oéqghehes ppbasiosph2dm or

m t ochondri al genones .in _an enbryonic cell which does not [npair the

devel opment AT (G GF IHES DI 19T ah?l SWTFRFCTRLE| 2HeSAEREE ol PEWHRG St eps

a) isol ating & SALASH G, T rReddOoe W Chyd Aeh S niﬁoeﬁgngfaaeﬁf{om the
enbryonic cell according 30 to the nethod of the tenth aspect of 1he

i nventi @a; a&wmbcended from the fertilized oocyte.

. The method of isolating a cytoplasmic fraction from an
oocyte which does not impair the capacity of the oocyte to
be fertilized is particularly useful for screening oocytes
for the presence of a nucleotide sequence, polymorphism or

30 mutation which causes, or is suspected of causing, or is
assocliated with, disease or dysfunction in the progeny

descended from the fertilized oocyte, prior to

fertilization.



b) conparing the nunber of mtochondrial genones in the fraction with a
nucl eot | dwoaBbEdBCE, WO 001 50895 -17 PCT/ AUO0/ 00125 pol ywemwpoaniasr
mutation, with the nunber of genones wi thout the nucl eotide sequence,

pol ynor phismor nutation in the fraction. In a fourte€enth aspect, the
invention provides a 5 nethod of determiing whether the progeny descended

froman enbryoni l. are |1 t.o er ! i 4 . function
caused by, or sus%glg%]tel St ééji(eﬁlgt)i}:aausspg%g‘{)’y t:oﬁré %&%%&a?%gsﬁﬁl@%én&ucl eoti de
sequence, palethudhfsmareanitrsd iaan dorgtan fac hdnslrpegsgerenef aherein the
met hod 10 does _not inpair the devel opnental potential of the cell, and

i ncl udes t h&YFIVHdT SQBIECS) B FRRES A IPFERM P F1Rct DN whi ch

i ncl udes m tachN @ 410G MY Yol CosltH e agesili Mudds t her neg hod of
the tenth aspect of the invention; and 15 b) anal ysing the m tochondri a)

genonme of t Isespddethraf icaugindie dr as i agsdorater piotendisedse her

nucl eotide s nce,. pol.ymyr.phi.sm or_ nutation; determning.that.the. progeny
nre |ikely b o e SN W e LT L <o
the 20 m t ouidid awiganoite e MdiedDNibed ok t igpd 1AcCthONcAle®NSE r&f es
that the |l evel of heteroplas of , mtochondria) genonmes with respect to the
nucl eoti de $EUERY ESHAY R %rsqfﬁjo?ze?ﬁpt RO HHLEdRS Hpf vl EOWBIY i s at

| east the s . the I evel of heteroplasny which is 25 known to be
associated wth the nmanifestation of the disease or dysfunction. Prior to
commenciing t he emryo igdrsfiarg p coethwkasniac strapoidmmnthich sedhebidds ) an

enbryo which does not contain nuc eotigﬁ 30 sequence, (ﬁ)ol nor phi sm or
mut ati on of the mtocmq%ncg@rﬂ) Whi THE CRRUES FTCPE %%%pte?:t of
causing, or is associ fathoM tdk hsepsesOragysitinet i Ofle ARCERE1on WO
00/ 50895 - 18 PCT1AW00/ 00125 (ii) an enbryo which has a |ow | evel of
het er opl asmny b) analysing the mitochondrial genome of the
mitochondria in the fraction for the presence of
15 the sequence, polymorphism or mutation.

Patients who present for in vitro fertilization
treatment frequently have few oocytes available for
selection for fertilization, and of the available oocytes,
it is anticipated that some of these will contain a

20 nucleotide sequence, polymorphism or mutation in a
mitochondrial genome which causes or is associated with a
disease or dysfunction in progeny descended from the
fertilized oocyte. Other methods for isolating a
cytoplasmic fraction from an oocyte are particularly

25 unsuitable for selecting ococytes for fertilization, and
could potentially result in the destruction of oocytes
which do not contain a nucleotide sequence, polymorphism
or mutation in a mitochondrial genome which causes or is
associated with a disease or dysfunction, or oocytes which

30 have a low level of heteroplasmy with respect to that
mutation.

The method of isolating a cytoplasmic fraction from an

oocyte which does not impair the capacity of the oocyte to



Wi th respect to that nucl eotide sequence, pol ynorphismor nutation. The

met hod ofwéda@bkabs Nng a cytoplasmic fraction from5 an enbr ywanoumebizswhi ch
does not inpair the devel opnental potential of the cell is particularly
useful for selecting an enbryo for enbryo transfer which does not contain a
nucl eoti de sequence, pol ynorphi smor nuttdti on which causes or is associated

ith di . ' - , f .
cel I pri orBporehbiys2ph, 28, bR e e R A AR 1 on
provi des a fiethbfdrollsebhedtbhnghaphedbr viotf @ongriiny @ tnanisfcaridenhi ch eit her:

15 (i) does not contain_a nuc]eotide sequence, pql ynmorphismor nutation in
the m t ochoRBRPSRCEenBREYBPTRIL §Bh BRI 3tA OFn GRS el I°TderS ved from

t he enbryo, j uses ‘hs Suspect f.4 i RY.+10r 4+ j,at ed
R e e R o g

enbryonix céVkfoncenbnydn the(prpokay delseesidedf fhyorertdy dfemeidfized

m t ochondri al ggnones.mﬁtg rgsggcg.totthe nucl eoti de sequence, pol ynorphism
or nutati on°RAY &fi’ i BEFREs " Phafi*the 25 *&Vel of heteropl asny which is known
to be associat edrMbthihhgnmanghent akpeatof thie ighvepasenoredysfdsnctd en;
wherein the nethod does_not inpair the devel opnental, potential of the
enbryo, and"fhbPgdes eRéeFELREWRRYOICYEECeFo a) sirddildtgatd on wirisht asni c
fraction mhé&@ %gcludes m tochondria fromthe enbryonic cell according to
the nethod o ? e tenth aspect of the invention; and W O 00/ 50895 -19
PCT/ AUOY 00125 b)ianafigyssngotheonthdahanduicdpogédenseafuchlee, m t ochondria in
the fraction; and c) selecting_the enbﬁ%o for enbr¥P transfer,_ provided

that at |east the degP@eYBPTRBLEFOBFaBH2516P At SEFoAG-CLIOgekdRes wit h

respect to the nucl eofbdeneedeenseocRBLAFBEPRLS BHEr B Al O iich t he
m t ochondri a) genone of the enbryonic cell, is |less than the degree of

het er opl asny whi ch i scRneam. t erbesasusprated @it Ratisénganiokedisat i on of 10
the di sease or dySfun8£E8Qiated with, a disease or dysfunction in the

15 progeny descended from the fertilized ococyte; or
(ii) has a level of heteroplasmy of mitochondrial
genomes with respect to the nucleotide sequence,
polymorphism or mutation which is less than the
level of heteroplasmy which is known to be
20 associated with the manifestation of the disease
or dysfunction;
wherein the method does not impalir the capacity of the
oocyte to be fertilized, and includes the following steps:
a) isolating a cytoplasmic fraction which includes
25 mitochondria from the oocyte according to the
method of the first aspect of the invention;
b) analysing the mitochondrial genome of the
mitochondria in the fraction; and
c) selecting the oocyte for fertilization, provided
30 that at least the degree of heteroplasmy of
mitochondrial genomes with respect to the
nucleotide sequence, polymorphism or mutation in

the mitochondrial genome of the oocyte, is less



In a seventeenth aspect, the invention relates to a kit for use in the
met hod ofwbspkessng a cytoplasmc fraction froman oocyt e,PcavAtion®mu1zan

enbryonic cell. The kit includes at | east one nucl eotide probe specific for
a 15 nucl eoti de sequence, polynorphismor nmutation in the mtochondria)
genone of mtochondria in an oocyte or -d@-enbryonic cell, which causes, or

i's suspected of causi or, whi.ch is associated.with a.di Sease,or
dysfunction in the prgggﬂy£885g8ﬁ588 P?o CEREOPEPEIYi PB4 CHodvt 860
enbryonic cell. In onpeegbedcimbd WhehatheeaahigBetattbaobifdeher obe is
specific for any one of the nucl eotide sequence nutations in the

m tochondri a) genone ShSRASEnOTaB¥efwnctigp.00/ 50895 5 10 15 20 25 30

Positi on RNA Gen . :
R hich a lected
7211 12515551 1251606t Var 1643t Val 1643 ValSoT0r T6s 3T08r 16535431 Ceu( UUR) 3250t Le

u( UUR) 3251t headtBRNBR5# L CUeRs82E6itbe wirUeRp3260 BispectURIE3 21k Leu( UUR) 3288
t Leu( UUR) 3302t LeugUUR) 3303t Leu(,u%) 3394m\D1 39éérTND13 6%5,ND1 160nND14216nN\D1
4269t | | e4274PVPBAS??r | FEZRSELCAVRAY 7HRED FRO35 345 £RU00/ 00125

-20Tabl e 1 Bi,88psasAPEDspezhel ipeetRanki (13@1s  DeAFpywaak (Bhgephal onyopat hy
MELAS Lei ghs™ | ongevity ADPD MELAS MM M t ochondri al nyopat hy MM di abet es HCM
Hyper t r ophi éecsrlgii@m;épat- hpreEeagbilat éhepposty tielva g re2 43 xi Wi edCiayvVM LHON
also inplic Esg inlong Uinterval in ECG ADPD LHON severe LHON+ LHON FI CP
Fatal infantre cardi onyopathy plus CPEO FI CP ADPD (weak) LHON | ongevity
LHON WO 00/ 50896 the extent that the eighth aspect of the invention

is particularly suitable for selecting oocytes for
fertilization and can be used prior to ICSI or IVF, the
present inventors recognise that the method embodied in
the eighth aspect of the invention is an integral part of
15 a novel in vitro fertilization procedure.
Accordingly, in a ninth aspect, the invention provides
a method of fertilizing an oocyte, the method including
the following steps:
a) isolating a cytoplasmic fraction which includes
20 mitochondria from the oocyte according to the
method of the first aspect of the invention;
b) analysing the mitochondrial genome of the
mitochondria in the fraction for the presence of
a nucleotide sequence, polymorphism or mutation
25 which causes, or is suspected of causing, or is
associated with, a disease or dysfunction in

progeny descended from the fertilized oocyte;

and
c) fertilizing the oocyte, provided that the degree
30 of heteroplasmy of mitochondrial genomes with

respect to the nucleotide sequence, polymorphism
or mutation in the oocyte, is less than the

degree of heteroplasmy which is known to be



Position RNA Gene 5521t Trp6480m CO 6930C0A 57444m CO 7445m CO | 0 7472 7497
7512 15 886%08dk84 20 8356 8414 25 8851 8860 8993 30 9176 HMIBAG@MA1As Ser t
Ser t Ser t Lys t Lys PCT/ AU00/ OO 25 -21 -Di seaseMyopat hy,

| at e- onset GG930A( st opcodon) : mul ti syst emLHONPPKPal nopl ant ar ker at oderma &
hear i ngl ossMyocl onus epi | epsy, w o RRFMERREMyocl onus epi | epsyet cMyocl onus

epi | epsy, w o RRFExt. QEQB%:&E‘%@ Gl %@%&Mﬁﬁ%ﬂvﬁ@w@%iﬂﬁe

epi | epsy, ragged red fibres;lipomatosis t Ly
ATP8I ongevi t yATP6BI | aber dly sStunicatiminnecr osi SATP6nor mal A- >Gm

ATP6NARP/ Lei ghsNeur ogeni c. weagkness, at axi a, retinitism ATP6Bi | ateral |
striatal necr osi sfﬁ#@dqﬁﬁé?lﬁf’@%rﬁﬁ%\lge%eo@/ 5§59 : B(?O/"gﬁ‘fgs &g 1n
Posi t1 onRNAGREe DY, 58p3ARAYE! CrubOVEA0QU Sl dit dl i agd the method
deat h?10010t encephal onyopat hy510410t Ar gAl pers syndronell1778m\D4LHON

sever e18832akDthpofarsyl 22p8clte ¢Z( G rigrvarition Fiagndm cvmlsessdri neur al

heari ngl Ol 0s5123Q0t Leu2( t at i.an,.of. t 1 codenprotect.s .agai nst
LR eadl ng 193208 LORS( LN AL Ce d S Bl B o salt i e e

w t hmyopat hgx3rg8 AR HHENL3 A3 NRHHONEAME IO HE polymerase
Lei ghs2014569mND6LHON or Lei ghs14484nND6LHON sever el14709t G uVari ed:
i nf anti | emy6patRy reacRiobMIASFG ey FIFSHTIG ST HrABIeTc B1B0B4nTyt bexer ci se

i ntoler anceﬂaéigﬁmghﬁéﬁer@ﬁ%' ALGhE/ANC & IRAR ALY tRIIAER4A8 afnt
del cyt bexertCi se 1 ntol erancel5723ntytbexerCl se

i nt ol er amceBOt3262n0pt sepoeaichiyng |agide -garse tfiE8:12inmy tdu tHENIESP Hridvdit VMM
Lethal infantil em tochondrial nyopathy WO 00/ 50895 Position RNA CGene
15990 16189™B*5UI6™EE Y Pro NI DDM PCT/ AUDO/ 00125 - 23Di sease MM Non-i nsul i n

dependent di abet gae-gaR¥rayelieet itte Rewrilt ke HURIMS (AdmSofY= either
pYrimdine (U C) The m tochondrial genome of mtochondria which are in the

cyt opl asni cMiEQERPHATIISd] SEEPTEREC dditRE P I met HRPRASeHeattisiR h aspect

of the invepti .can _be e c ' : tﬂ#g_gr - ﬁ_qm]i : ese
t echni ques g%éggiéﬁpﬁ% ig%?il%%%t %éa?l E%’: gﬂr}%éln é;nc ude“gl%e po c;I}‘Lnic;eéraa}sx]e;gchai n
reacti oms ( PERhdomd gt Kiistirdipuftresiy nentt Hee ngttomiic smor phr esfie {dBF13P)a anal ysi s,
genom ¢ hybri di sation, nucl eqtide seguenci ag‘ﬂ} ene function detection
and/ or moasEYERENESTR ARGCheE as et Ehd TH e G1PPF oY IEE S eot | des

i ncl udi ng t Ae skelilbawibe 2 HERERHondd AT RO t HECAIAKLCAAAATCAG IR
TAAGGCGACAGCGATTTC.
to be random, including for example at the germinal
vesicle (GV) stage of the primary ococyte and /or at a
20 stage from the metaphase II stage of meiosis of the
secondary oocyte, to prior to syngamy.

As the method of isolating a cytoplasmic fraction from
an oocyte does not interfere significantly with the
metabolism of the oocyte, the present inventors recognised

25 that the method of isolating a cytoplasmic fraction is
useful for studying the cytoplasm of other cells, for
example embryonic cells, without impairing the
developmental potential of these cells.

Thus, in an tenth aspect, the invention provides a

30 method of isolating a cytoplasmic fraction from an
embryonic cell which does not impair the developmental
potential of the cell, the method including the step of

releasing a cytoplasmic fraction from the cell. The



DEFINITIONS: In the specification and clains, "oocyte" nmeans a female germ
i ne cel kyé96/kdsed Nng pri mary oocytes and 25 secondary oocytresatapdoizsicl udes
human oocytes. Primary oocytes include germcells at the GV (germ nal
vesi cl e) stage of neiosis. Secondary oocytes include germcells at the

met aphase || stage of neiosis. In the spécification and clainms, "progeny
descended 3 f N : 00 " .neans sthe sindi i i I
gener at ed f?S%ﬁaE]egfe?ﬂ:FF;égﬁéﬁ g%%?:ﬁel e%lte:?lgérsmq]cee e%@\;ﬁ% \#ﬂoﬁg tma e germ
cell. "Indigetllais abans Bheotffulthiec @bllumar odr gael swlflr.omPrted egadliyest st age

of WO 00/ 50895 PCT/ AU00/ 00125 -24 enbryonic |if or exanple, the 2
cel | - st age) tP§ ¥8 PFeIFFeagOPﬁ @ﬁe°§pggFfW8&PP8n°3n&%ﬁzﬁ%ﬁ?‘"does not
impair the capacihyaff ehB8aeRENEE EOtRE kehthl hagdctmeansnchahviehe isnoocyt e

whi ch has had a fraction of cytoplasmisolated, nay be fertilized, or in
ot her wof dstheapethddr gocangesngher swepe off :t he bi ochenical or cellul ar

events which are_assoc¢iated.w t ny .on r r f f
fertilization, ff n1tﬁ%géggﬁ§gt?8§eofl ﬁe%ggggtgngﬁ %ﬁ%r%&%%%ﬁpggpernl to
the generation of a zygotte and the formati on of cl eavage products of the
zygot e. Typicallgiafter the fraction_of the cytoplasmis_isolated, the

oocyte may be fePlilidBaWiRgvRt FYCBYLaERAGaf#2FELAR YHSD icPRAYg >For
exanpl e 1CSl and 'VF-o%5th§u9gﬁuﬁ8e85f%ﬁ%t%ﬁﬁr§eﬁi%|%bEE’&EQ%b%%%n'C cell”

i ncl udes a post-synganous sion product of the fermale and nmal e germ cel | s,
a zygot® and cl eavageepredingsmefina;zpgdt e at any stage of devel opnent

fromthe 2 cell stage to the stage, of ioplantation. 2Q In e s ification
and cl ai ns, "proﬁiny HéEE@ﬁaﬂan?rghﬁaﬁeg§8F§8ﬁi8688F|grSP &gFoﬁgﬁg SO
descended from an enbeyat mBansrthbeiondiiyi dealawkidchn $hgerenakedngrom t he

post synganous fusion product of the fermale and nmal e germ cel | s.

"I ndi vidual " nmeans th@efiPti-cellular organismfrom 25 the earliest stage
of embryonic Iifentfop;examplecnbhey? (pehlnstagehcta ddihuk figie ol Rpche
specification ang cla?ns gdoes not ?ﬁﬁ%?r F%e gevglognenfgl péteﬁtigl of
t he cel I8 oreldessnpomennpails tleidevdlyoprsst dhapotldpili @ind fortefe reddinyo”

means that f{he 30_enmhryonic cell whiich has had a fraction of cytoplasm
i sol at ed, ahBEthePEgE?¥8ghVonl iEﬁlFﬁéléﬁbP?SHFcl@@ﬁwdﬁﬁyaﬁeﬁﬁﬁﬁﬁvéﬁ, may
undergo anyrope phpeRte ehdt pecbleeehai ¢dle cy\WORABIRAZIF RCEHIAH0Q/00125 -

25 or cellular events which are associated-mﬁth cell differentiation
and/ or mat udztivonapBRPEEMBESCRI RTOAN ORtPl GURESiBedies 1 shows a 400 by

fragnment anplifi fromthe 5_D-loop. regi,on of the m.tochondrial genone
deri ved fron1cytggﬁagﬁ?ng?oﬁgytggngVEQ%&Fsgﬁgy%EgcﬁfopoQK?F {&ng
ol i gonugd eokhnBeyphlibeeell29nand tHed rfie@sieg? meaews tafiildalilgatiormsofara 271

by fragnent of mtochondrial genones isolated fromenbryonic cells using 10
primers cor BE§EYEAPRg Ofo CHEPRASEIICt CORS PG PatWesay Ahe medPagindgoDd FOR

CARRYI NG QULLHE LAMERLE Ol BLOBSY o9 OO%EEEM}E 'sfﬁlgF% AYANME LS —5

Sour ce of oocytes Human oocytes Al to Ab were dona research. These
oocytes wer éseilkhed deom nake eabryoaicGdeldeblys genbier etatetdeindl ost age of
nei osi s, and,were 6 hgurs ostretrieval. 20 Hunman oocytes Bl tq B8 were

donat ed for SPEBEAPEN ERPHELETYSEPPeSNESe B8t SERETRIE X0 Urei8si s and
were 24z2510upgepeshpn @t Ehevakroplasmic fraction is isolated by

stretching the extrusion.

Typically, the cytoplasmic fraction contains
cytoplasmic organelles, and includes or consists of a
sample of the mitochondria and mitochondrial products of

30 the embryonic cell.

As described herein above, various deletions and point

mutations of the mitochondrial genome are known to cause,

or at least to be associated with, dysfunction or disease.



Human oocyte Cl was designated at the patients request to be part of the
study. Thweoosesgse was at the 25 M| stage of neiosis and REIZADY/ORTRSr S
post-retrieval. Isolation of oocyte cytoplasmc fractions A small anount of
ooplasm c material was biopsied from human oocytes using an |ICSlI pipette
(Sydney | VF, Sydney). Briefly, the pipett is a glass capillary drawn 30

out to haveAaﬁle%@l%djid?gr%%sgd;lﬁag%rggg% BB PAdndd- kLR Peyglded tip. The

bi opsy techni que was ooplasmwas drawn into the

pi pette to amiprycance aFfll WA G0/EB3D RACTIMMOY OfHe Sdevsl appentd bat el y
100. m (approximatel y 8pl). The pipette s, then withdrawn fromithe oocyte,
forming a t RO etos o B9 dHeiL v CIPSEL (Heh BFGREM DY SUTRTLRF hSs Lach
oopl asmi ¢ biseRseneRs @IS Ie s Wbt ©1 én POR thdenbt sombadriay 20~1of
PCR buffer, Proteinase K and 20 mM DIT. Tubes were incubated either at 37C

over ni ghf, @enenes0CHadl 3w mtrittisidndf hieke fReckert Bit hsereeresl s were
fol I oved Wb%.l?/‘?ﬁﬁ:g]}g. 'o‘&a%ﬂh@i“orﬂﬂ&e@é%{?& t 99F (0L dhoipuhes. 10
m tochondr y

Anal ysi s of I'a) genome 1 n oocyte cytoplasmc fractions e

m t ochondr i dntgend iof thethoadyd eentyt b asneel I rawed | dins peasgeamal ysed by
t he pol ynerase chain reactign (PCR) . 15 (%i D- | oop fragnent Reactions of
20~. | were eSeRSEsIRsH fram the FMharnioFetkt ure was added to 101 of

oopl asmi ¢ bi opsy 7R ePARALI O] MG Al dSACE | O Kigk {3 Qe s O, PITO!
of each 20 priner, 200E1M of each dNTP. PCR buffer, nﬁﬁwgiwat er and 0.5
uni ts ofl0 TagqetAbB rdacietmst vy &2 carcieot bie seqeepped 10 Ryriotphesst o ps.

PCR cycling s .perfaor in .an FTS Therymal Sequenger. rbett, Resear ch,
Sydney. NSWPLTAIER A F19 W HRF R 19 brEemTie ¢ F o) MHeRGRTr ot 1B at 03C
for 25 5 m nesed ald aweeridryZshi® 41 Tyehesh 6dio93Grslenahpsat i @Ref or 45
seconds, 60C annealing for 1 mnute and 72C extension for 1 mnute; ending
with a poli SR ARG 2t enrial phutes, cebbl i Hae theased ahec hef dhieg at

4C. Conpl et @ yLathi QR XN &S ] acking tenplate DNA were 30 included in all
PCR reactions as negative controls. Primers L29 (5'-

GGTCTATTACCCTATTAACCAG-3 )a taimly H4cy 5o TG TAARNGTCOAT AGCEACAL BC Y udepeci fi ¢
for a 400bp sequence in the mtochondrlal, D LQ0P,£SOL OO VP & . ¥58Y: ng
to the method of the tenth aspect of the
invention; and
b) analysing the nucleotide sequence of the
20 mitochondrial genome of the mitochondria in the
cytoplasmic fraction for the presence of a
nucleotide sequence, polymorphism or mutation in
the mitochondrial genome.
The present inventors recognised that a method of
25 i1solating a cytoplasmic fraction without impairing the
developmental potential of an embryonic cell is useful for
predicting whether the progeny descended from the
embryonic cell will or will not contain a nucleotide
sequence, polymorphism or mutation of the mitochondrial
30 genome which causes, or is suspected of causing, or is
associated, with disease or dysfunction.
Thus, in a twelfth aspect, the invention provides a

method for predicting whether the progeny descended from



WO 00/50895 -27 (ii) Common del etion fragnment PCT/ AUO0O/ 00125 An identi cal
prot ocol @ obRddos descri bed above was used, but with the fadmadomorss
conditions: initial denaturation at 95C for 3 mnutes foll owed by 20 to 35
5 cycles of 92C denaturation for 1 mnute, 60C annealing for 10 seconds and
68C extension for 45 seconds; endi ng wi-t¥®-a polishing step of 75C for 7

m nutes, coqling.to 15C and ,hol.di.ng, at._ 4C. Fr e conds was
added to th& extension icr?gle\yéﬁyl %yoatea}lrtoanprfq‘(e%%&%eﬁ%%%%&gﬂé%’xtures

| acki ng t enplodtyghoidhiwer & midtaceichbr nrald G ateandn i gendies adh Meh
controls. Prinmers L820 (5' - TTCATGCCCATCGICCTAGA-3'), and H1363 ,

(5' - GGGGAAGSENESPTGRECES $USPeGFad fQlc TS M 437 7Pt eIt Flon
region, reqy If dhediss Aydiiddid | §eheh BN ZME mdmandIA i gl Fi delity,
due to the large fragnent "size being anplified and the specialised "|ong
PCR pr ogf aminifad rarghle fdeatk 1okemrtagmarttserrion tdle the coplt edilon roethdd

common del et,i on_r.egi on.wer nal.ysed by pol yacrylam de 20 gel

el ectrophoré‘ﬁcg“tﬁr%g %%fe%afwgarﬁtu%aéjbl sacryl ani de gel . Insenmination of
bi opsi ed oocyt es gfhe Bkd1aB& LW aSAMEdNe a0t avedre frdtiddged by
either 1CSl or IVF according to standard 25 protocols (1,2). The

i nsem nati on was Mp&ocHoRed liamfadirattdle eafamfomla it las MW BY o thre
oocyte. RESULTS te fat fter t asm i ) yit es, o A5 were
not visibly affegg’géogay ot%hg:h%ott%ﬁtg%lags?m C bolcfogsl’%;%ﬁoce u%?’a%‘éshomed no
si gns ofiodegener &f)i on aata 146 ihgurtheafmisrodhi@piyia Oamtiase BIf ttthd33 and B5 to
B8 showed no signs of degeneration at_ 48 hours_after biopsy. Oocyte Cl
showed no signs B‘fltﬂ’é’é‘@ﬁ%rdiai ant dtte HYoiBodeF ﬁﬁ%%’ﬁ??élégiﬁa hour s
after biopsy. A $iyRdle® QY @qufhedegrin %hiddm ok haw s @fd er bi opsy
(Table 2). Table 2 5 OCocyteCytoplasm c 17 hour post48hour postBi opsy

bi opsybi ops WhEYESNo ddife marestarsTRAVE St ayjemies ot 3 & AESNERgener at i onl10
AAYESNodegener.at i 5 YESNQd .tioq%.Y e j Y, eneratio
nB3YESNodeg gr?el ma ME%QA%G{:H%n 1 (Fast!\é)éj agefk%éafil'&)&?g 11_-:1%\@) q:erge

Degener at ed B ¥gSNyd elgreamiid O iy Sod egenerai i o nBYIYESNodEe gesrerain a8 YESNo

degeneration 2Q Cl1 YES No degeneration PCR anplification of mtochondri al
DNA from cyf e ESiSGRIPTSS s RN IER P VBH2S e anplification of

m tochondri al DNA&f QB seEOMATNL HARSY fakan fham@nigy eocyte. It was
necessary to cal cul ate the approximate nunber of m tochondria_that woul d
probabl y be reBttdiovd@ri desiedh of Biasmsrrlases iy hdoaraitrassekreefi®iig d be

sufficient I f.or_ t eaNE C i i { ned by
sing an | 0B SO S e T MRS ot A e ir iae 1% A4y 2
vol une ab t hitsiaty taogel asisedipps yoxed gbdie gproxiimataeyudpdot Age t he vol une
of an oocy! g%%g&@ﬁ%%ﬁ%%ldr LG SYIGPI A LG, Bl ORSY, Leqmyed 1

genome.

Thus, in a thirteenth aspect, the invention provides a
method of determining the level of heteroplasmy of
25 mitochondrial genomes in an embryonic cell which does not
impair the developmental potential of the cell, and which
includes the following steps
a) isolating a cytoplasmic fraction which includes
mitochondria from the embryonic cell according
30 to the method of the tenth aspect of the
invention; and
b) comparing the number of mitochondrial genomes in

the fraction with a nucleotide sequence,



WO 00l 50895 PCT/ AUO0/ 00125 -29approxi mately 2~ of the cytoplasm In a
conser vakyygufgdd mate, there are approxinmately 100, 000 m peghasonsds
genonmes per oocyte (3). In accordance with this estimte, the biopsy would
renmove approximately 1000 mtochondria. 5 This anmount of mtochondria is
within the anplification capabilities ol7the pol ynerase chain reaction. PCR
anplification fromthe | ogp, reqgion A 400.by D-l.oop,fragnent was anplified
fromthe cytoplasmc By %gﬁrgPl8%09Fe§ukfg%8¥A5wﬁgght%? %y%&&% 8& 10
anmplification (FiguregdhromPEReainbuti eaki adclieomitipe seqmaprzedel etion region
A 5.5kb fragment was anplified fromthe cytoplasm ¢ bi opsy of oocytes Bl to
B3 and B5 to B8 (dat aPRoYMSRBRAFT Pﬁs@HFﬁgﬂPBnletbﬁo§§P€&166bytes 15 The
results of the i i i t LOPS| B ‘ and Cl are
Shown i n Tabl'e 5 Tab 5 CBay R TR TS 17 hoir  poSt TA8 hadr gost bi opsy
bi opsy 20 BietlgsSi @PNi2teeminbBBgl €8etBPN Mbedbviogeoy B&skeBldesPiramcel | B4
| CSI Degenerated B5 | VF hbﬁ ferti Lﬁegg2% B6 I¥F t fertil.ized B? | VF Not
fertilized B8 FRRTXRRIFeFEili 288 E1RREX COPRUSIEE| FXARE2pFaREaSE dbser ved
30 All OOCY&$§f{§H@EiM§r@aﬁHQBeEkt@rt BaspbEskeBr o0k ng( @4eRRlG BY) otere
fertilized. Two pro-nuclei were observed in Bl, B3 and Cl, and 3 pro-nucl ei
wer e obser vegsppiBBedt wighhoar sugleet ifler sepugaceon PoTyBosedyiises o1, B3 and
Cl WO 00/ : 0,0 - LVi d ress t 2 cell
Stage at 48 POAFA R0kt ReMPLICOSTEoRs NIealE PPRRFIR" e BeRsE T 2
at 48 hmur sdodthoughmbpher BbhtodBgelopykasahagonenhtdadendr ahed catl 15 48

hours post bigpsy,_none of these oocytes were fertilized by insem nation

via the IVFa%@o%BE%V@eﬁl§@98§PéN°UéB€n§F§PF6n was observed in only one of
the 14 oocytes whjch yere,suRiegt edebe168%16Y ERRERITIC W1 RS Y nkd WeGhni que.
As some oocytes tend to degenerate at approximately 24 hours post retrieval
(4,5), it is possibbehohdrishér8a bbeyemburgener aedd prdepdidentioy tbe t he

cytoplasm c biopsy, techni.que. |t oul.d be nat that the oocytes Al to A5
ot et ur od 1 BEHRERURE b fa FapEH 45PeE PRI el 9B SRR EREL  on,
rat her tshan oocybp nmakHadiEoAg the mesvkhsnsfewlt hahoike oFyttee asm ¢ bi opsy

techni que can be generally applied up to 24 hourstggst retrieval of the
b

oocyte. The bi opByteelpnfgle 8 Eher eF8rE128 4BFe e§s8& St 6dether with
known fertilizatjQn L&cNRLALUE Sy hRE! UALAGMELENEXAMBLe mult&Blioand | VF, which
are general ly used approximately 4 to 6 hours post retrieval of the oocyte.
Al t hough i ndeherpirieat thatd¢hei pregenat eor Wakepar fror mad fiarmddioat ¢lhe af t er
bi opsy, it Ls_expected.25_that .t he biopsy.nmay_b erfar after
inseninatioﬁ?sﬁﬁgﬁa95 ?XESHHFEéPntW eﬁ%r%?ﬁtéﬁgﬁgglgoég¥§gwihat are

nmor phol ggi caltychohaeliadf yenombe o Chli tpebogduria (n eheh&ratdein on of sperm

w t hout rempval of cytoplasnm) is 95.2_ (based on 2649 oocytes injected)

(unpubl i shed®FeBEFEEYSS3BLBY ha§ dFVEINPar PSSR PHESEVadar d for ot her
types of m gr0,8RBhAKE AL §BLWRS sdivh EhCUklpke cethakhies R Middt sifae rate of
degeneration after polar body and underlying cytoplasmrenoval for nuclear
t ranspl ant aseagnenneot hel ymovghdéns0895uReTAAU0 N0 Thes exdryapes esldot bei ng

docunented (6, 7)., A survival rate 30.8%,(67/217) quated for .foreign
o oehonar &P PH aefpBabhelBaneiol Bhe®delln( OF BL LR 2! Mpilehl €
oopl asnps | Rhewhi €8 ba hHEBEiGeeW @S thb thkt hRudlF Jseamvian &f tdie cyt opl asm

is nore invasive than |.CSI alone, the overall oocyte survival rate in the
present st uB§SFE8s§uPpr P¥EAYPFtAPHher than our above di scussed survi val
rates after standard..l CSl us GYLOR IC %%%gngyyyéaﬂ%.cqglbe
consi dered potent?aﬁry 1o°§§§epfgg§é %lin%%%?%&. fﬁ% anplificatlé% of
fragnents fiemitnherbahoopor egileatand t he common del etion region of the

m tochondri al genoge from pmtochondrig in the cytopl.asm c_biopsy
denonstr at es tha?lgﬁe?ﬁ ?@géyguw € e%?e§oBPEeCBPtgéHpPaPécéﬁquﬁethe
30 sequence, polymorphism or mutation of the

mitochondrial genome which causes, or is
suspected of causing, or is associated with,

disease or dysfunction, and/or



15 bi opsy sanple for analysis by PCR and that fragnents of the order of
fromles 5 kb to greater than 5 kb can be anplifi '
sanpl e. %ﬁ@@%ﬁ@?fl cation of fragnents from 2 i ndependent q%(}f(/:'l{ OOBPEe

m t ochondri al genone suggests that nutations at other |oci of the 20

m tochondri al genone, in particular the 1igutati ons described in Table 1, can
be anplified from,the cytoplasm ¢ biopsy sanpl e _using PCR and specific

ol i gonucl eot i des.(l'FHea‘PefefW%riY?aﬂh&r‘Fhrg‘laé é‘n&%t}seé’cf[}erﬁf AERFE ISe 25
was encouraging consi ggiinngdhe Q0 §hH40nr{addtiddh RHR& | ment al
cohorts were greater than 24 hours old at the tine of cytoplasm c biopsy
and attenpted fertili patlyowrpPriew ows mttediien .have indicated that culture

for a period exceedin 0 howr s befar.e i nsemnation .can._conpraom se 30
oocyte fertili zat%?lc?n_"%r‘f o(&i;\;é” dﬁr?‘érﬁ S .C_BTtno‘palc?dgl“t‘licon%l?aocorggjﬁnes ftured in
vitro | agk the cadpaontiy: @feld0cHies: R efbt Nmbaix tithdraidifalidbreritigh rate
of cleavage (8). For this reason, it was not surprising that the B5 to B8

WO 00/ 50895 POS2IBERIAGE0/EEL 252 1o dit @ Rier@lfgtlyf atg iz s iRlafidmI t o
| nsem nat | O'AnV'egc?o&gﬁb'f\éFr 1) 'Str s FAD A RE %@éé Shot '\@c;(rggiﬁi & and

Met hods Sour ce ryoni c cel rozen research enbryos
pronucl ear emblyosidk seiuegide e orlymoanphilsnt ok owltateidir wd)iake reaudwanwed

and equilibrated in grawmh dium_|10 Isolation of enbryonic cell
cyt opl asmi ¢ °fr &¢t F&ﬁ%?ﬁgt?ﬁ“ﬁécl d&eﬁqaseerrtﬂlyc?g’sﬁﬂmlt 11% ('OHf each of the
nulti cehl eFues WIS RIRRSIBOHEHY Gustvaiidal &diGS! giRat te dribRach

case the pipette was introduced into the cytoplasm c region and an ali quot
of cytopl astressderr-espondi ng to approxi mately 5~ of the cell vol une was

wi t hdrawn. This | quot, S vered jnto.a syc ut i qQn.  The enbryos
were returned to lu(%”i ﬁél\a%at%ﬁéfec??lt?lorﬁgiqpﬁucetd }r%oe\r/vt%ﬁ? e}ﬁ!a]loyr}si%s}%{‘l&es <

m t ochondr i alethedonE sk lediriynnian eeddry) i eplasm adfamcidon whieh
preparations ,%ﬁyt opl asm were nade al kal i ne with Potassi um Hydr oxi de and
heated to 96& ‘5 minutes. After neutralizing with TrisHC an aliquot was

added tg@sa reacti@y) MapeGORAl RichE Mt ACRRRAHA!: JANA SRREIAd,C primers 25
designed to anplify a 271 base pair fragnent correspondi ng to nt DNA
posi tions 8201 and 84PRlymershisgi oF ofutieldom tiac rdredmiidlocdemeird adonpri ses

part of the coding regqi for .QX] d.an _ATP, 1 % -was PCR
anplified using a thegﬁgﬁmgyglfgﬁlgéﬁg’%ﬁgro% rlglala%t ie?fréo%m Eéoge)rsfgl of 30
i ncreasi ng fl uor escenderasedcifatoed thiet lemibhrg ogmpdhiifahc atause sof odoudlsl e

stranded DNA. Reagent and nedi umfbl anks were ne%gtive f.or ear; fluorescence
changes. Analysis of BREPESWBDGESGE8YSBET RYGFOGESSAF é&} nffer was

by conpasison to an eyigeBgle i WlisEunef iGANtLOltHUBbJING Rednlad
from the embryonic cell or embryo; or
(ii) has a level of heteroplasmy of mitochondrial
genomes with respect to the nucleotide sequence,
polymorphism or mutation which is less than the
25 level of heteroplasmy which is known to be
associated with the manifestation of the disease
or dysfunction;
wherein the method does not impair the developmental
potential of the embryo, and includes the following
30 steps:
a) isolating a cytoplasmic fraction which includes
mitochondria from the embryonic cell according to the

method of the tenth aspect of the invention; and



PCR anplification of mtochondrial DNA fromcytoplasmc 5 biopsy All five
sanpl es shewedoshkhe presence of mtochondrial target DNA Trdi/gueb/osizaws
estimated nt DNA copies in biopsy sanples Table 4 Enbryo typeM DNA copy
nurmber 2PN2, 0402PN4, 4562PN15, 3042 Cel | 15, 3884 Cel | 10,676 10 Enbryo fate
after biopsy Approximately 24 hours aftdf-the biopsy procedure the enbryos
wer e exam ned usiRg m a rtal BTG aTe [IRVA I nti nued
viability. Only )of %&égggaﬂén%?fogq%gﬁg&#alﬁle(?ét}gjny| \c/tl}%et}gﬁ)t hough sone
degenerating cell nmatmricakhwasirdbsenyadha frtave i@m;giaral 2 cell and 4 cell
enbryos. Three days later, further observations showed tw enbryos had
progressed to bl ﬁgt ocy St SF&rHRdt itg’ﬁ. e“%(‘b [BOSETRTYSY lﬁ“:alf]’:ﬁ:%{(IES:

PCT/ AU00/ 00125 1. Stepte6idRd &hatFdwandy)stR ey ity din k?étéxfﬂﬂééxﬁf
patient after transfer of an enbryo fetrtilized in vitro. Brit. Med. J. of
Clin. Re%. 1983; 286: cf3giteghpngirial’ igencaes opltds MestSsey Ma fjketi on, The

Revolution in Male Infertility" i E t : P. tt hews, C.
D. in Reproduction, F%?‘F?FPF%&%%%&%@J&? (ﬁb_h]%m No. q@‘gtall\%ﬁp ]@I RO
Australia 3. Chen, X thBrassechoRdriSlmegidie oI ,tHeadnekonlic cdll,

Jagiello, G, and Schon, E. A _Rearranged mtochondri al genones are present
in human oocytes. Am 15. lA§H téapetthegpgresy obiptarrplasmy ygh %, o,

Mohr, L. R) Vood, C yndheh keekiaslodiaddd shledifehmuatddisamiatdon on
invitro 15 fertilization, culture an ransfer of human enbryos. J.

Reprod. 1fFertil. 1982; tB4: dig4aSe RBrachstfurMtiate G ouch, J., Junca, A M,
Mandel baum J., Sal at-Baroux, Jl, and h J.__Chr.onmposona] anal ysi s of
hunan oocyt es angnel‘?bﬁ%’ D55 }H&Sﬁﬁecgto’f gt:}{ei Iﬁriva%ritojnoréorn%nact?eé%s £ a
chronosone kikalrarc@2zeHim dRRPMRGHoBZ £ IR 1A iky Mdgioplasdly, J. J.,
Soffer, R L. and Wf, D. P. Rhesus nonkeys produced by nuclear transfer.
Bi 01 Repr od freggions froms amspcyty g\ rEf an emryonty  cebhph, The

Barnes, F., 4% Belhelddoe: Keakt &Qedrlﬂ Wad p J530SELL P g&d
translationkl%n l?ovi ne nucl ear transter e r%/os. éfo.ﬁ%e%odi. %;9 ; 57:
204- 21415 8. nTrdesarn,deA secyedard egmlgriilarsompr Ru)taohas, 116 thdkhShane,
P., Lolatgis,, N, a 'ngd’ C. Ooc]%/t e, 30 mat%Iration and (growth of human
enbryos to B‘I%F&%W&lgslai RS O(AB%‘ttr%ﬁlﬁn LG PO et 2 1997,
14: 472473, erpM/QdAY 20895 35 @ aldsePCTEAUD/ H0325c ded Ao FEEAOS 105,
isolating a cytoplasmc fraction froman oocyte which_does not inpair the
capacity of othahich i1s associated with a disease or dysfunction in

the progeny descended from the fertilized oocyte or

20 embryonic cell. In one embodiment, the at least one
nucleotide probe is specific for any one of the nucleotide

sequence mutations in the mitochondrial genome shown in

Table 1.



5 oocyte to be fertilized, the nmethod including the step of releasing a

cyt opl asm ion fromthe oocyte which is about 5% of () of the
oocyte. g§£%ﬁ§@? od according to claim2, wherein the frag%ﬁgﬁyﬁgﬁa out 20
of the volune of the oocyte. 10 3. A nmethod according to claim1 including
the follow ng steps: (a) inserting releagng neans into the oocyte; (b)
drawi ng a cytoplasmc fraction which is apbout 50 of the volune of the
oocyte into the rel easi ng neans; and igﬂﬁgiQﬁjthdramﬁng t he rel easi ng neans
fromthe oo®ds8 t5&d hatyat he dg@ction i piicealsated in the rel easi ng neans. 9.
A method according to Clai m3 Wherein the volunme of the fraction is |ess
than | OpL. 521A nethod a&coddisng to cl &DFDP4AMsbedlers@ardlimsenz0 of the
fraction is | to the vol of ooc cytopl,asm whi ch can be drawn
about 100~,un7I'nto an int ral%;/gfopl asm ékg‘gérkefgr]ﬁ ection (ICSlI) pipette. 6.
A net hodsaca@odi ng to el ai mvhlwher ei n Eheepybophgspiaehir action i ncl udes

m tochondria. 25 7. A nethod according to claim3 wherein the rel easing
nmeans i ncl udé®Zan injedtionVilpette. 8MERAfet hod according to claim?7
wherei n thejigjsection pipettgqis an | Cglighpette. 9. A method of detecting
a nucl eoti de sequence, 30 pol ynorphismor nmutation in the mtochondri al
genone of m3t0ddhondri a | ecatlésd i n an odopgewvitiych does not inpair the
capacity of oocyte to be fertilize he met hod i ncluding the follow ng
st eps: \/\033%%50395 _367P ﬁ/iUOOJOOlzg\DF i sol ating a cytopl asnic
fractionowhizelasi ncl udes m t ochqmuabr)a f memakhe oocyte according to the

met hod of claim1; and (b) analysing the nucl eoti de sequence of the S

m t ochondri &25fenome oft t he Ligut(G&Hdndr MY iNlFﬁéhéyﬂéaﬁgsmW@Pﬁﬁh&tion for

the presencg-ef, a nucl%gti2&i§ﬁﬂ%§ﬂce,Mﬂolynnrphisnlor mutation in the
t

m t ochondri al” genone. me according to claim9 wherein the

3254 Leu (UUR) diabetes
3256 t Leu{UUR)

15 3260 t Leu (UUR) HCM Hypertrophic cardiomyopathy
3271 t Leu (UUR) MELAS later onset than 3243
3288 t Leu (UUR) MM
3302 t Leu (UUR) MM
3303 t Leu (UUR) HCM/MM

20 3394 m ND1 LHON also implicated in long U

interval in ECG
3397 m ND1 ADPD
3460 m ND1 LHON severe
4160 m ND1 LHON+

25 4216 m ND1 LHON

4269 t Ile FICP Fatal infantile
cardiomyopathy plus
4274 t Ile CPEO
4317 t Ile FICP
30 4336 t Gln ADPD (weak)
4917 m ND2 LHON
5178 m ND2 longevity

5244 m ND2 LHON



10 nucl eoti de sequence, pol ynorphismor nutation is one which causes, or is
suspect edvobo/seesi ng, or is associated with, a di sease or pdysfusoobizen i n
the oocyte, or in the progeny descended fromthe fertilized oocyte. 11. A
met hod according to claim 10 wherein the 15 nucl eoti de sequence,

pol ynorphi smor nutation is shown in TaBle 1. 12. A nethod of determ ning
the level o pl 0, Lt ochondyk nonmes i n an oocyte which does
not inpair %ﬁgg%gégci§§ggf ¢ H]aoocyte big aQSO fertilized, the method

i ncludi ng th&2flol |l ow ng stepsp (a) i sol atMygpatityt ophsAvusétacti on whi ch

i ncl udes nL%ggBondria fron1¢8i oocyte according to the nethod of claim1;
and (b) co ng th® nunbe f mtochondrial genones in 25 the fraction
with a nucl gogpde sequence,c@el ynor phi sm@gosiatiesp, W th the nunber of
genones wi thout the nucl eotide sequence, polynorphismor nutation in the
fractions 13. A nethod according to clai nfFegdonhernelh1sHEt8D oocyte from

whi ch the c¥hgplasnig fracté89 i's isolﬁﬁgﬁ is a primary oocyte at the

germ nal vesrcle stage of o0Cyte developnent, or a secondary oocyte at a
stage of oogy#e W00/ 508851- 37 PCTI ARRO/ 00125 devebpparatrfrom the

nmet aphase ||l stage~of neiosis to prior to syngany. 14. A nethod according
to claim13 wherein the nucl eotide sequence, pol yRBFphPLRFBR fuB&RY HRY of
the 5 mtochondrial genonme is one which causes, of,ks suspected of causing,
or is associated with, a disease or dysfunction in the oocyte or in progeny
descendéd fi7éf2the fertiliz&droocyte. 15. A nmet hddvecktonds ngridbepsai m 14
wherein the 10 nucl eoti de sequence, polynnrphisn1o; n¥% tion is shown in
Table 1. 16. A nethod of isolating a cytoplasnc ¥1%c n froman enbryonic
cell which daes not inpair ghe devel opnert@al pot efbddlo@hist Bgitepty the

met hod including 15 the step of releasing a cytoplasmc fraction fromthe
cell which is about 50 of the volume of the cell.®%%7. A nmethod according to
claim 16 wh hn the fracti i s about 20 of the . 18. A
met hod acco?gﬁgg to clginllggfncluding t he 20 fo|¥%§#§§n§%e%ésl§§%§'
insertimgy rel easing neans into the enbryonic cellw/o RRF

8342 t Lys Ext. ophthalmoplegia,
myopathy, w.o RRF
8344 t Lys MERRF Myoclonic epilepsy,

ragged red fibres;

20 lipomatosis
8356 t Lys MERRF
8414 m ATPS8 longevity
25 8851 ATP6 Bilateral striatal
necrosis
8860 ATP6 normal A->G
8993 m ATP6 NARP/Leighs Neurogenic weakness,

ataxia, retinitis
30 9176 m ATP6 Bilateral striatal
necrosis
9438 m COI LHON
9804 m CoI LHON



(b) drawing a cytoplasm c fraction which is about 5~ of the volune of the

cel l intqyagﬁs&ﬁgeasing nmeans; and 25 (c) w thdraw ng thepk%bﬁﬁﬁk@ﬁsneahs

fromthe cell "so that the fraction is isolated in the rel easi nhg neans.

A met hod according to claim18 wherein the volune of the fraction is |ess

than | OpL. 20. A nethod according to cl-a@m 19 wherein the 30 volunme of the

fraction is_equal, to the volune of enbryonic cell cytoplasm which can be

drawn about PPEA ANt BNAn | BSRSpi pet t ePLSSRBL00/ 50895 PCT/ AUOO/ 00125 - 38

21. A metho@gagcordinget o chal,m 16 whepgin the cytoplasmc fraction

i ncludes mtochondria. 22. A hethod according to claim 18 wherein the

rel easi ng m&d94i ncl udes anGlyj ecti on Pigaen echEl@Bood dedbime according to

claim 22 wherein the injection pipette is an |CSI pipette. 24. A nethod of
TR0&Ceot i de Sreeat op ok bs

detecting a eot i de “sequence, pol ynBr Yon in the
m t ochongiri alpggenone ok mtgehondri a | Qrpéed syna@powebdryonic cell which
does not 10 inpair the devel opnental potential of the cell, the nmethod
i ncl udi ng t B&7f/8l | owtng st e84 (a) i solB®Nng a cys®pfESnic fracti on which
i ncludes mt ndrig from enbr yonj according to the nethod of
cl ai m 16; a%g%?g (b)ﬁanalys$§§ t he nugh%%§%%%ysequence of the mtochondri al
genone of the2®ist ochondri a Laul hécuyt apdtakmi i racdmentdoa, t he presence of
a nucl eoti de sequence, pol ynorphismor nmutation in the, mtochondri al
genone. 20 25. A nethod according to clai m24 wheFBPRTtREUAT Igﬁ?Fﬂﬁg
sequencgg pol ynorphismor nutation is one which ggyses, or is suspected of
causing, or is associated with, a disease or dysfunction in the enbryonic
cell, or inlR&0progeny desbendedCTNOM t he enbryintatien| of 28nPbcodomet hod
according to claim25 wherein the nucl eotide sequen eCthg¥n9£$@i§ or
fe"Tev of

mutation is shown in Table 1. 27. A nethod of de E?nFnlng

het er opl asnmy of mtochondrial genonmes in an enbryeadtngell 30 which does

not inpair_th% devel opnental potential of the cell, the pefhod ingcluding
t he follomnﬁ& gpeps: t Leu2 (CUN) Increased 1n age 1n
15 one patient with
myopathy
13708 m ND5 LHON
13730 m ND5 LHON
14459 m ND6 LHON or Leighs
20 14569 m ND6 LHON or Leighs
14484 m ND6 LHON severe
14709 t Glu Varied: infantile
myopathy to NIDDM
14826 cyt b exercise intolerance
25 15084 m cyt b exercise intolerance
15168 m cyt b exercise intolerance
15257 m cyt b LHON
15498 24nt del cyt b exercise intolerance
15723 m cyt b exercise intolerance
30 15762 m cyt b Myopathy, late-onset
15812 m cyt b LHON
15923 t Thr LIMM Lethal infantile

mitochondrial myopathy



WO 00/50895 -39 PCT/ AUO0/ 00125 (a) isolating a cytoplasmc fraction which

i ncl udes wih hpsdagndri a fromthe enbryonic cell according t@cﬁngmaaaﬁgd of
claim16; and (b) conparing the nunber of mtochondrial genones in 5 the
fraction with a nucl eoti de sequence, pol ynorphismor nutation, with the
nunber of genones without the nucl eotidd3sequence, ponnDrphlsn1or mut at i on
in the fraction 8. t hod accordl ¢l aim 27 wherein the 10
nucleotldegg%%%%%%% ﬁNﬂEnggﬁ%+ 2§¥%§reﬁ of the mitochondria. genone

i S one whi chsga0ses, of is Em@pected ofM cauing, or is associated with, a

di sease or dgsfunctlon in the enbryonic cell, or in progeny descended from
the cell. 189 A nRthod ANRRMi ng t N ANAWE IWRERSIAaHe nucl eot i de
sequence, ponnDrphlsn1or nmutation is gha dn Table 1. 30. A kit for use
in a method according to claim9 or cIa|n112 the kit including an

ol i gonucl eoti de which is 20 capabl e of detectlng a nucl eoti de sequence,

pol ynor phi sm or nutation |§ a mtochondrial genone which causes, or is
suspect ed of - ca¥i RYCL6P #E%associ ated with, a di sease or dysfunction in an
oocyte, or rdh PieHeRYpdR$AENGRIGirom a fertilized oocyte. 25 31. A kit for
use in a nethod according to claim?24 or claim27, the kit including an

ol i gonucl eof+deiherhrYsinagabee (Bf Cdetecting a nucl eot i de sequence

ol yrmor bt S O JHbah1 08chgnd, b1 060RA0L! Bl AZUGNRONALID GRNRES A Ol 1ho
suspected of causing, Of S associ th, a di'sease or Func ion in
an enbrypnleheetytopnasmlprﬁgaayldesﬁendedeﬁreﬁb@mdembryenmmecﬁéthod.mD

00/ 50895 -40 _PCT/ AU00/ 00125 32. A kit according to claim3Q or claim31,
wher ei n theOBIFﬁﬁnEEPEBtPHEng eiphbre 1BV eRELOR: FRE Rengiredsiede sequence,
pol yror phi S%QBrHY@t EQ”SEQH&’Qantzémngq%es These techniques
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post syngamous fusion product of the female and male germ
cells. "Individual" means the multi-cellular organism from

25 the earliest stage of embryonic life (for example, the 2
cell stage) to adult life.

In the specification and claims "does not impair the
developmental potential of the cell" or "does not impair
the developmental potential of the embryo" means that the

30 embryonic cell which has had a fraction of cytoplasm
isolated, and the embryo from which the embryonic cell may

be derived, may undergo any one or more of the biochemical
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The mitochondrial genome in the oocyte cytoplasmic

fractions was analysed by the polymerase chain reaction
(PCR) .
15
(i) D-loop fragment
Reactions of 20Ul were established; 10 pl of reaction

mixture was added to 10ul of ooplasmic biopsy preparation.

The 101 reaction mixture contained 2.5 pmol of each

20 primer, 200UM of each ANTP, PCR buffer, milli-Q water and
0.5 units of Tag. All reactions were carried out in capped
0.2ml tube strips. PCR cycling was performed in an FTS
Thermal Sequencer (Corbett Research, Sydney, NSW) under
the following conditions: initial denaturation at 93°C for

25 5 minutes, followed by 24 to 40 cycles of 93°C
denaturation for 45 seconds, 60°C annealing for 1 minute
and 72°C extension for 1 minute; ending with a polishing
step of 72°C for 7 minutes, cooling to 15°C and holding at
4°C. Complete reaction mixtures lacking template DNA were

30 included in all PCR reactions as negative controls.

Primers L29 (5'- GGTCTATCACCCTATTAACCAC-3') and H04
(5'~CTGTTAAAAGTGCATACCGCCA-3"'), specific for a 400bp

sequence in the mitochondrial D-loop region were used.
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reactions as negative controls.
Primers L820 (5'-TTCATGCCCATCGTCCTAGA-3') and H1363
(5 ' -GGGGAAGGGAGGTTGACCTG-3"'), specific for the 4977 by
common deletion region, require the use of the modified
15 enzyme, Expand™ High Fidelity, due to the large fragment
size being amplified and the specialised ‘long’ PCR
program.
The amplified DNA fragments from the D-loop region or
the common deletion region were analysed by polyacrylamide
20 gel electrophoresis on a 5% 37:1 acrylamide: bisacrylamide
gel.

Insemination of biopsied oocytes

The Bl to B8 ococytes and the Cl oocyte were
fertilized by either ICSI or IVF according to standard
25 protocols (1,2). The insemination was performed
immediately after cytoplasmic biopsy of the ococyte.
RESULTS

Qocyte fate after cytoplasmic biopsy

Oocytes Al to A5 were not visibly affected by the
30 cytoplasmic biopsy procedure and showed no signs of
degeneration at 48 hours after biopsy. Oocytes Bl to B3
and B5 to B8 showed no signs of degeneration at 48 hours

after biopsy. Oocyte Cl showed no signs of degeneration at
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Table 2
5 Oocyte Cytoplasmic 17 hour post 48 hour post
Biopsy biopsy biopsy
Al YES No degeneration
A2 YES No degeneration
A3 YES No degeneration
10 A4 YES No degeneration
A5 YES No degeneration
Bl YES No degeneration
B2 YES No degeneration
B3 YES No degeneration
15 B4 YES Degenerated
B5 YES No degeneration
B6 YES No degeneration
B7 YES No degeneration
B8 YES No degeneration
20 C1 YES No degeneration

PCR amplification of mitochondrial DNA from cytoplasmic

biopsy
Consideration was given to the amplification of
mitochondrial DNA from a cytoplasmic biopsy taken from an
25 oocyte. It was necessary to calculate the approximate
number of mitochondria that would probably be obtained in
such a biopsy to determine whether there would be
sufficient template DNA for the PCR.
The cytoplasmic biopsy was obtained by using an ICSI
30 pipette as described above. It was estimated that the
volume of this cytoplasmic biopsy would be approximately
8pl. As the volume of an oocyte is approximately 500pl,

the cytoplasmic biopsy removed is estimated to comprise
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genomes per oocyte (3). In accordance with this estimate,
the biopsy would remove approximately 1000 mitochondria.
5 This amount of mitochondria is within the amplification

capabilities of the polymerase chain reaction.

PCR amplification from the D-loop region

A 400 bp D-loop fragment was amplified from the
cytoplasmic biopsy of oocytes Al to A5 with 35 cycles of
10 amplification (Figure 1).

PCR amplification from the common deletion region

A 5.5kb fragment was amplified from the cytoplasmic
biopsy of ococytes Bl to B3 and B5 to B8 (data not shown).

Insemination of bilopsied oocytes

15 The results of the insemination of the biopsied

oocytes, Bl to B8 and Cl are shown in Tabkle 3.

Table 3
Qocyte IVF/ICST 17 hour post 48 hour post biopsy
biopsy
20 Bl ICSI 2PN 2 cell
B2 ICSI 2PN No division
B3 ICSI 3PN 2 cell
B4 ICsT Degenerated
B5 IVF Not fertilized
25 B6 IVF Not fertilized
B7 IVF Not fertilized
B8 IVF Not fertilized
C1i ICSI 2PN 2 cell
PN= pronuclei observed
30 All oocytes that were subject to the ICSI protocol,

(except B4) were fertilized. Two pro-nucleil were observed
in Bl, B3 and Cl, and 3 pro-nuclel were observed in B3 at

17 hours after fertilization. The ococytes RBRl, B3 and Cl
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48 hours.

Although the B5 to B8 oocytes had not degenerated at
48 hours post biopsy, none of these oocytes were
fertilized by insemination via the IVF protocol.

DISCUSSION

Degeneration was observed in only one of the 14
cocytes which were subjected to the cytoplasmic biopsy
technigque. As some oocytes tend to degenerate at
approximately 24 hours post retrieval (4,5), it is
possible that the B4 oocyte degenerated independently of
the cytoplasmic biopsy technique. It should be noted that
the oocytes Al to A5 were matured in a medium formulated
specifically for insemination, rather than oocyte
maturation.

The results show that the cytoplasmic biopsy
technique can be generally applied up to 24 hours post
retrieval of the ococyte. The biopsy technique is therefore
able to be used together with known fertilization
techniques, including for example, ICSI and IVF, which are
generally used approximately 4 to 6 hours post retrieval
of the ococyte. Although in the present study, insemination
was performed immediately after biopsy, it is expected
that the biopsy may be performed after insemination.

We have found that the percentage of oocytes that are
morphologically intact after the ICSI procedure (i.e the
injection of sperm without removal of cytoplasm) is 95.2%
(based on 2649 oocytes injected) (unpublished results).

By way of comparison, the standard for other types of
micro-manipulation was difficult to establish, with the
rate of degeneration after polar body and underlying

cytoplasm removal for nuclear transplantation in other
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30.8% (67/217) quoted for foreign mitochondrial injection
and a 6% lysis rate has been reported with ooplasmic
injection in human oocytes.

5 Although removal of the cytoplasm is more invasive
than ICSI alone, the overall oocyte survival rate in the
present study is surprisingly higher than our above
discussed survival rates after standard ICSI. Thus the
cytoplasmic biopsy technique can be considered potentially

10 acceptable clinically.

The amplification of fragments from the D loop region
and the common deletion region of the mitochondrial genome
from mitochondria in the cytoplasmic biopsy demonstrates
that there is a sufficient source of template DNA in the

15 Dbiopsy sample for analysis by PCR, and that fragments of
the order of from less than 0.5 kb to greater than 5 kb
can be amplified from the sample. The amplification of
fragments from 2 independent loci of the mitochondrial
genome suggests that mutations at other loci of the

20 mitochondrial genome, in particular the mutations
described in Table 1, can be amplified from the
cytoplasmic biopsy sample using PCR and specific
oligonucleotides.

The fertilization rate and subsequent cleavage rate

25 was encouraging considering the oocytes donated in these
experimental cohorts were greater than 24 hours old at the
time of cytoplasmic biopsy and attempted fertilization.
Previous studies have indicated that culture for a period
exceeding 20 hours before insemination can compromise

30 oocyte fertilization and development (4,5). In addition,
oocytes matured in vitro lack the capacity of oocytes
matured in vivo to maintain a high rate of cleavage (8).

For this reason, it was not surprising that the B5 to BS
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2. Embryonic cells

5 Materials and Methods

Source of embryonic cells

Frozen research embryos (3 * two pronuclear embryos,
1 * 2 cell embryo and 1 * 4 cell embryo) were thawed and
equilibrated in growth medium.

10 Isolation of embryonic cell cytoplasmic fraction

The 3 single cell embryos and 1 cell from each of the
multi cell embryos were biopsied using a standard ICSI
pipette. In each case the pipette was introduced into the
cytoplasmic region and an aliquot of cytoplasm

15 corresponding to approximately 5% of the cell volume was
withdrawn. This aliguot was delivered into a sucrose
solution. The embryos were returned to the incubator for
continued growth.

Analysis of mitochondrial genome in embryonic cell

20 cytoplasmic fraction

The preparations of cytoplasm were made alkaline with
Potassium Hydroxide and heated to 90°C for 5 minutes. After
neutralizing with TrisHCI an aliquot was added to a
reaction mix containing mitochondrial DNA specific primers

25 designed to amplify a 271 base pair fragment corresponding
to mtDNA positions 8201 and 8472. This region of the
mitochondrial genome comprises part of the coding region
for an oxidase and an ATPase. The mix was PCR amplified
using a thermal cycler capable of real time monitoring of

30 increasing fluorescence associated with the amplification
of double stranded DNA. Reagent and medium blanks were

negative for any fluorescence changes. Analysis of DNA
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All five samples showed the presence of mitochondrial

target DNA. Table 4 shows estimated mtDNA copies in biopsy

samples

Table 4

Embryo type Mt DNA copy number
2PN 2,040

2PN 4,456

2PN 15,304

2 Cell 15,388

4 Cell 10,676

10

Embryo fate after biopsy

Approximately 24 hours after the biopsy procedure the
embryos were examined using microscopy to ascertain their
individual continued viability. Only 1 of the 2PN embryos

15 had failed to divide although some degenerating cell
material was observed in the original 2 cell and 4 cell
embryos. Three days later, further observations showed two

embryos had progressed to blastocyst formation.
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following steps:

(a) 1inserting releasing means into the oocyte;
(b) drawing a cytoplasmic fraction which is about 5%
of the volume of the oocyte into the releasing means; and
15 (c) withdrawing the releasing means from the oocyte
so that the fraction is isolated in the releasing means.
4. A method according to claim 3 wherein the volume
of the fraction is less than 10pL.
5. A method according to claim 4 wherein the volume
20 of the fraction is equal to the volume of ococyte cytoplasm
which can be drawn about 100um into an intra cytoplasmic
sperm injection (ICSI) pipette.
6. A method according to claim 1 wherein the
cytoplasmic fraction includes mitochondria.
25 7. A method according to claim 3 wherein the
releasing means includes an injection pipette.
8. A method according to claim 7 wherein the
injection pipette is an ICSI pipette.
9. A method of detecting a nucleotide sequence,
30 polymorphism or mutation in the mitochondrial genome of
mitochondria located in an oocyte which does not impair
the capacity of the ococyte to be fertilized, the method

including the following steps:
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15 nucleotide sequence, polymorphism or mutation is shown in
Table 1.

12. A method of determining the level of
heteroplasmy of mitochondrial genomes in an oocyte which
does not impailr the capacity of the oocyte to be

20 fertilized, the method including the following steps:

(a) isoclating a cytoplasmic fraction which includes
mitochondria from the oocyte according to the method of
claim 1; and

(b) comparing the number of mitochondrial genomes in

25 the fraction with a nucleotide sequence, polymorphism or
mutation, with the number of genomes without the
nucleotide sequence, polymorphism or mutation in the
fraction.

13. A method according to claim 12 wherein the

30 oocyte from which the cytoplasmic fraction is isolated is
a primary oocyte at the germinal vesicle stage of oocyte

development, or a secondary oocyte at a stage of oocyte
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from an embryonic cell which does not impair the
developmental potential of the cell, the method including
15 the step of releasing a cytoplasmic fraction from the cell
which is about 5% of the volume of the cell.
17. A method according to claim 16 wherein the
fraction is about 2% of the volume of the cell.
18. A method according to claim 16 including the
20 following steps:
(a) inserting releasing means into the embryonic
cell;
(b) drawing a cytoplasmic fraction which is about 5%
of the volume of the cell into the releasing means; and
25 (¢) withdrawing the releasing means from the cell so
that the fraction is isolated in the releasing means.
19. A method according to claim 18 wherein the
volume of the fraction is less than 10plL.
20. A method according to claim 19 wherein the

30 volume of the fraction is equal to the volume of embryonic

cell cytoplasm which can be drawn about 100pm into an ICSI
pipette.
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5 23. A method according to claim 22 wherein the
injection pipette is an ICSI pipette.

24. A method of detecting a nucleotide sequence,
polymorphism or mutation in the mitochondrial genome of
mitochondria located in an embryonic cell which does not

10 impair the developmental potential of the cell, the method
including the following steps:

(a) isolating a cytoplasmic fraction which includes
mitochondria from the embryonic cell according to the
method of claim 16; and

15 (b) analysing the nucleotide sequence of the
mitochondrial genome of the mitochondria in the
cytoplasmic fraction for the presence of a nucleotide
sequence, polymorphism or mutation in the mitochondrial
genocme.

20 25. A method according to claim 24 wherein the
nucleotide sequence, polymorphism or mutation is one which
causes, or is suspected of causing, or is associated with,
a disease or dysfunction in the embryonic cell, or in the
progeny descended from the embryonic cell.

25 26. A method according to claim 25 wherein the
nucleotide sequence, polymorphism or mutation is shown in
Table 1.

27. A method of determining the level of
heteroplasmy of mitochondrial genomes in an embryonic cell

30 which does not impair the developmental potential of the

cell, the method including the following steps:
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25 31. A kit for use in a method according to claim 24
or claim 27, the kit including an oligonucleotide which is
capable of detecting a nucleotide sequence, polymorphism
or mutation in a mitochondrial genome which causes, or is
suspected of causing, or is associated with, a disease or

30 dysfunction in an embryonic cell, or in progeny descended

from an embryonic cell.
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