SPECI FI CATI ON ANI MAL DERI VED FROM MANI PULATED EMBRYO AND PREPARI NG METHOD
THRECF [ TECHNI CAL FI ELD] The present .invention relates to a nethod for
efficiently producing a reproducible aninmal derived from nmani pul at ed
enbryo that shows germline transm ssion when gene-altered ani mals such as
knockout m ce are produced. Mre specifically, when totipotent cells such
as enbryonic stemcells (ES cells) are produced, the present invention
relates to a nethod for producing an animal derived fromtotipotent cells

that is prepared by back-crossi ngSPEEIFICABI®N, mtochondria injection,
pronucl ei replacenent, somatic nuclear transfer, or the Ilike to introduce
or substitute a desired type of mtochondrial DNAs. Particularly when an
ani mal specjes is a_mouse thelNEresent invention relates to a nmethod for

effici ent | YARIMdte DR PERPRROM MANIBEATEPEMBRY ShAND PRERABING
inproving the birth rate and th ] of newborns. The present
invention further relates to a ﬁ@ﬁlﬁgﬁtﬁmﬁse that is produced by any
one of the above nethods, wherein mtochondrial DNAs are adapted type

m tochondrial DNAs that are of a genotype by which no

nucl ear-m tochondrial inconpatibility takes place, and the totipotent cells

are transmtted to the germline. [ BACKGROUND ART] Conventionally,

t echnol olghECKINICA K. FIEBDJduci ng chimeric mice preceding the technol ogy for
production of _go-cal | ed gene-targeted mce such as knockout mce. Chineric
mce are produblt RI&FSY EyepbiopsIelates Have mebadpfoyeffitisnty produringta ed

Tr2"cor 1'erep AEib{ES BBt B BT BB Pt 17BPD s he kPl BEicnan
transmission when gene-altered animals such as knockout mice are produced.
More specifically, when totipotent cells such as embryonic stem cells (ES cells)
are produced, the present invention relates to a method for producing an animal
derived from totipotent cells that is prepared by back-crossing, cell fusion,
mitochondria injection, pronuclei replacement, somatic nuclear transfer, or the
like to introduce or substitute a desired type of mitochondrial DNAs.
Particularly when an animal species is a mouse, the present invention relates to a
method for efficiently producing reproducible inbred germ-line chimeric mice by
improving the birth rate and the survival rate of newborns.

The present invention further relates to a reproducible mouse that is
produced by any one of the above methods, wherein mitochondrial DNAs are
adapted type mitochondrial DNAs that are of a genotype by which no
nuclear-mitochondrial incompatibility takes place, and the totipotent cells are

transmitted to the germ line.

[BACKGROUND ART]

Conventionally, technology exists for producing chimeric mice preceding
the technology for production of so-called gene-targeted mice such as knockout
mice. Chimeric mice are produced using ES cells that have been proven to be

transmitted to a germ line. As such ES cells proven to be transmitted to a germ
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CBA mce and ES cell lines established frommce 129 substrains, which are
non-standard strains (there are 3 standard strains of nouse: BALB/c,
C57BL/ 6, and C3H), are used. Hence, to use chineric nmce in phenotype
anal yses or as experinental animals in gene function anal yses and the
like, there is a need to introduce target gene alteration in the produced
mce (gene-altered mce) into inbred mce by a back-crossing nethod.
Specifically, conplicated procedures that have been required include

pr oduci ngngene2 alelRr @HakE B S ebll JinisbagbESh &€ em Q{ybrﬁi_shalpb's%&ﬂ/rsalhfbe% q
non-standard strains, producing germline chineriic mce using the cel S,
and t henCBépeaaicedind st keellr bisss ngtatiishedufoabtraicee 2 b efudisaainhewhich are
gene-altered mce (generally, male mce are used) with inbred mce of a
st andar dionsetagdard siigins (bbbt pey 3 slendard etrginsepfmeousebrBa L/ ce CoTRINe6,

standard s LR, |In contrast, direct productian aof germline chineric mce
of an inad}d:aggl}@t r"‘é?ﬁ‘sﬁgs %ﬁeé‘ﬁeaf? Bt UM e 856 1 PP SIS @Bplyses rasngs

i nbred md Sy S . | £ h e orts that germline
chi mori & ns el himeR S UEE ehiGh ARUB RO AR, YBfk Fok irer e
such as igh6BLtS tahmtegeddfiefAfom o et prddeREd Phicd i(sald-YiteRR Lade) into
Currently, hybrid strains are used as descri bed above. Therefore,” it 1s
subst antinhtddy mdice il batlo-cotrtstng nikShodl | Spefeifjoddly,i odmpHcaiedepidredafisai n

germli ng cﬁi rregi c mce. In addition, it is said that ontogenesis using
only ES'edihave segypedurd malyde prasiedng|esnetalternd Bieaells neingal 8 etellapifoi d
rescue .been devi sed as _a nethod .for selectiyely producing

chi neri E:Ee h clgd;l ?rts)drlﬁl ES %Oé}'?tgn?f{ﬁg@tr%nét pé‘?&,‘ mﬁ)éfé%ﬁﬁﬁrfxmilfé‘,c Bi%: Boing

(1990) ) 4hdhi d t < h t l,0i.d.cel ] s
devel op int oagl)ﬁtgggt gﬂlégﬁlgiggtlesr%sﬁ%g P@@ag&gﬁg% ?nl%so (g&rgaﬁféﬁ{dih\%‘%ﬁéﬁypﬁody
when t hggneradtared eciced gentallyetiaAplmicd drerided) zeeh egued dilds of heghndgue is
called the tetraploid rescue nethod. However, according to a recent report
concer niSH§ & birBarG SHRL4nd se rarie manemte dobredonet ¢hihet tendatrsapdini d rescue

In contrast, direct production of germ-line chimeric mice of an inbred
strain has been attempted by establishing ES cells from inbred mice. However,
although there have been reports that germ-line chimeric mice could be obtajned
from ES cells derived from inbred mice such as C57BL/6 above, this has not yet
been practically applied. Currently, hybrid strains are used as described above.
Therefore, it is substantially difficult to obtain ES cells of good inbred mice to
obtain germ-line chimeric mice.

In addition, it is said that ontogenesis using only ES cells is substantially
impossible.

In the meantime, a tetraploid rescue method has been devised as a method
for selectively producing chimeric mice from ES cells (Nagy A et al.,
Development 110, 815-821 (1990)). This method is based on the knowledge that
tetraploid cells develop into placenta, and only ES cells develop into an
individual body when they are injected into tetraploid fertilized eggs. This
technique is called the tetraploid rescue method. However, according to a recent
report concerning comparison and examination conducted for the tetraploid rescue

method and nuclear transfer technology, most newborns died because of
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met hod and nucl ear transfer technol ogy, nost newborns died because of 2
respiratory disturbances after birth and only one inbred chineric nouse
could be produced and obtained by the tetraploid rescue nmethod, when ES
cells established fromBALB/c mce were used (Eggan K et al., PNAS 98,
6209- 6214 (2001)). Furthernore, also regarding clone nouse production
using somatic nuclear transfer technology, it has been reported that npst
newborns of the obtained inbred mce died after birth because of

r espi r at pespiditetyudidantescesanfley bat and st ﬁilﬁ@@ cml%r&%bés@%oepf gL ned
t hrough the use of cell nuclei of hybrid mce (Wakayama T et al., Nature

394, 369prAuced 308)obtedicdyiantheTtettapdbid reRbS metB6d, W84 -HANO811§ 909 ished

Hunpherys D et al., Science 296, 95-97 %3001)). As descri bed above, even
it no appaPeALBAoMise Ve uéﬁ@ BisganvEdet chi, BNAS 281 i6299-GRher@net))by

the tetr éd resc nmet ho nly fromES cel | i nbred mce _and cl one
i ce derF@rg TP s%ﬁﬁt Fe8g P}g n‘ﬁﬁ’%i WSFnBF%‘ﬁJqﬂO@e UHRe i $PRalg EH%](%I
because QQnéﬁ?QbEﬁﬁ&Bégdﬁtﬁhﬁ §§epo§‘t'€&‘ tHF (? hé‘{vh Enes” d k0 f, 6% lace

when an ani mal speci IS cﬁan ed t'o mamma

successfigbkyd phiduceed cmweraiﬂt@n@écala@@%p%sﬁh%rgr &n&%ﬁb&é nsn& h{u%ﬁé‘s
obt ai ned using ES cells derived frommce of a hybrid strain m ce

subst r ai IYbewncbnanuaca cotkdabasbthimedarteongh thabusedofriceB. ny dReiOQIftl@brhﬁve
been ext remsL%e%are that when ES cells derived frominbred mce were used,

chi mer i d™Hi% Wandd ‘E)tr%ldauHéH’re N&fe 3@&53%éh99@pd?’@]é¢¥a§mﬂ)§e%ftj@lntPNAmo
germli t een ote st S and it
has beerrl% saﬁégf ? ﬁby ¥ SIEP%?I tg & taell ’n &’E@Pﬁ? uf% Q%%ﬂeifﬁgfmceAsAs
descri befksaB¥8 abolvRe elveh f@l@ﬂooélsba%ﬁf? WBnIBhIRHe35e %%@%'vtelao%gﬁhehg IQFC f he
sol e means to address the probl'ens acconpanying i nbred chineric
product igemerddoddpethe tavsiploidestsonanmahbdiontd Hymt BE cemstdombdee nhlfél%feﬂidat ely
after birth because of respiratory disturbances (Eggan K et al., PNAS 98,
6209- 62 4o apicy) deriygd frgm somatic cell nuclei of inbred mice die in many cases
because of respiratory disturbances. Such problem is inferred to take place when
an animal species is changed to mammals other than mice.
Moreover, successfully produced conventional knockout mice are
germ-line chimeras obtained using ES cells derived from mice of a hybrid strain
or mice 129 substrains, non-standard strains, but are not inbred mice. ‘Reports
have been extremely rare that when ES celis derived from inbred mice were used,
chimeric mice could be produced. None has been reported subsequently. No
germ-line transmission has been reported in most successful cases, and it has been
substantially impossible to obtain germ-line chimeric mice. As described above,
the tetraploid rescue method has been thought to be the sole means to address the
problems accompanying inbred chimeric mouse production. However, most
newborns obtained by this method die immediately after birth because of

respiratory disturbances (Eggan K et al., PNAS 98, 6209-6214 (2001)). Thus, it

has been impossible to actually obtain reproducible chimeric mice.

[SUMMARY OF THE INVENTION]

Under the above circumstances, we have intensively studied the



has been inpossible to actually obtain reproducible chineric mce. [SUMVARY
OF THE I NVENTI ON] Under the above circunstances, we have intensively
studied the 3 production of animals derived from nmani pul ated enbryo such as
reproduci ble chineric animals. In particular, we have studied the
production of a chinmeric nouse, wherein mtochondrial DNAs are adapted
type (the mitochondrial DNAs, by which no nucl ear-mtochondri al

i nconpatibility, such as wild-type mtochondrial DNAs, takes place) and

toti pot eptoduetion af enlimahs detived fronA @RLIPuldtedemBBRCIshtkals YopraQuetyiect

of the present invention is to efficiently obtain animals deri'ved from

mani pul atltheribapovakucHnagartieptadwes hage citidied theapiodhiction bf apahimhett ar

inbred chimeric animals, and further particularly, inbred chimeric nouse

i ndi vi dUReEse.pYheredn|mitpghondrigppbets are efeptsddypat(thawiedhondrial tNdeyel op

a net ho or. ducing: i,nbred chinmeric aninals .derived fromtotipotent

cells su’E:h \g@fcﬁs g3 |%“‘%J%?fi‘{}lé‘éi’c#h“f’gﬁ{lﬁﬁbrlaao%ﬁﬁ ﬁétyusé&fc n ¥ od’U@‘thBW of

chi meri cy;@ei hpe t 0] e -..and. i nbred
CmitdBhBRASaP A@AQ, gy ptlg'f'e)) z?ﬁtgellg'!dﬁgﬁmrf ety argqgm%llt g tq SFEAY

chimeric animals and particular I nbr I meric mce, avoi

deat h oflihée inbred chinmeric nmce imediately after birth because of
respiratory disturbances. Specifically, the object of the present invention
i s, in product¥meeibeallyhamertjectanf thkspipgenhantvatitaplioitd effidestyreddtath to
provi de a.nmethqd fo efficiently producing: inbred chinmeric aninals
deri ved afnrlk%tl% aﬂ%@ &rm apanigulated, empyypssspeh ps repyodustble chimerisraadmars, mal s
e mor o b BRI i8bod PRIERHE AORROLE ool B PO Ay i R AP o
e st g, Basmine S SR LS ORGSO

a method for producing: inbred chimeric animals derived from totipotent cells

such as ES cells derived from inbred animals used in production of chimeric

animals obtained by the tetraploid rescue method; and inbred chimeric animals

and particularly inbred chimeric mice, while avoiding death of the inbred

chimeric mice immediately after birth because of respiratory disturbances.

Specifically, the object of the present invention is, in production of
chimeric animals by the tetraploid rescue method, to provide a method for
effici@ntly producing: inbred chimeric animals derived from totipotent cells such
as ES cells derived from inbred animals used; and reproducible inbred chimeric
animals and particularly inbred chimeric mice, while particularly avoiding death
of inbred chimeric mice immediately after birth because of respiratory
disturbances.

A second object of the present invention is to provide reproducible inbred
chimeric mice that are animals derived from manipulated embryo, such as
chimeric animals obtained by the above production method, whose rate of death
immediately after birth because of respiratory disturbances is particularly low,
and wherein mitochondrial DNAs are adapted type mitochondrial DNAs and

totipotent cells are transmitted to a germ line.

Furthermore, a third object of the present invention relates to totipotent
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chimeric mce that are animals derived from nmani pul ated enbryo, such as
chinmeric animal s obtai ned by the above production nethod, whose rate of
death imrediately after birth because of respiratory disturbances is
particularly Iow, and wherein mtochondrial DNAs are adapted type

m tochondrial DNAs and totipoterit cells are transmtted to a germline.
Furthernore, a third object of the present invention relates to totipotent
4 cells and particularly enbryonic stemcells that are used for producing
such aretisl adér pareidufarbmembryonpulsaédcendrisior aTotigRat €Mt peh&nkNstdle
present invention nean undifferentiated cells capable of differentiating

i nto anynixpgk deriveéifrom exaapipadatefl eguletyocel |'s incl ude enbryonic stemcells

and nucl ear transferred enbryos. Characteristics of the present invention
relate to: a ‘rP(?('.iIe‘?toPe’gF odudPRgPIESsat BYeRLIGES Bt9ase dndeffersatieted ecedls mal s

derived ' . I cul ar i bl |
chi mor i & REPIeBE RS BhAG RTINS oD hepBe Lt mPabulalfE BETH cERpodener i o
M ce andniIsPbatioEhl Gl BEdERLIBLLS L G eritoduced by such et hod; and

toti potent cells used for the production. Spec cally, the present
invention is Lhueadtorstibads ¢he) pbeseapihistid0reladdisBh maabl VR Prb@fRin

mani pul at ed enbryos, and particularly chinmeric mce obtained as a regult
of prodiks i28Avefdegeribedireprodycitile ansumhs derived ciabinethakimdhktedt embirge andhe
method is_characterized i.n that it invalves introducing adapted type

m t ochoRAFH4T a%NAgePrrﬁdb‘%quegF“fléﬂb% SiBreEte ednimalsinjTepradnsible sbbmericuting
m t ochoggdyhal : ) L be . jacted to .injectign wth, adapted
type mat oc ghgri al %ﬁk@ﬁl%%hllllj%l%ﬁ& lgm(?:%]elgllr‘%mﬁé)rr 8%1%?1:'?15]% (5@%83&'13?“5{\1&10& 'a
host  epbsdurcdasy beshmerid D dmeedifoes i Jkl&rus%‘dbﬁ)tr'thb'gy?gdl‘{ﬂt} .adapted type
m tochondrial DNAs. In this case, ‘totipotent cells having adapted type

ni t ochondr i al SpaAgicahlyr dbugedsdrteimsientiandisan mrthiehtks bastbeeaPpNed for

untreat ggimals derived from manipulated embryos, and particularly chimeric mice
obtained as a result of production of gene-altered mice such as so-called knockout
mice. The method is characterized in that it involves introducing adapted type
mitochondrial DNAs into a cell to be subjected to injection or substituting
mitochondrial DNAs of the cell to be subjected to injection with adapted type
mitochondrial DNAs, or using a cell wherein mitochondrial DNAs of a host
embryo has been introduced therein or substituted with adapted type
mitochondrial DNAs. In this case, totipotent cells having adapted type
mitochondrial DNAs introduced therein and an untreated host embryo, untreated
totipotent cells and a host embryo having adapted type mitochondrial DNAs
introduced therein, totipotent cells having adapted type mitochondrial DNAs
introduced therein and a host embryo having adapted type mitochondrial DNAs
introduced therein, or the like can be used. The thus produced chimeric animal
has the adapted type mitochondrial DNAs. Examples of such adapted type
mitochondrial DNAs include wild-type-derived mitochondrial DNAs, and a Mus
musculus musculus-type DNAs of a wild-type mouse. When germ-line chimeric

animals derived from totipotent cells such as ES cells produced from inbred

animals and particularly chimeric mice completely derived from ES cells are
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totipotent cells and a host enbryo having adapted type mtochondrial DNAs

I ntroduced therein, totipotent cells having adapted type m tochondrial DNAs
i ntroduced therein and a host enbryo having adapted type mtochondrial DNAs
i ntroduced therein, or the |like can be used. The thus produced chineric
animal has the adapted type mtochondrial DNAs. Exanples of such adapted
type mtochondrial DNAs include wld-type-derived mtochondrial DNAs, and
a Mus nuscul us niusculus-type DNAs of a wild-type nouse. When germli ne

chi meri grodoced| sotipsieiedcdll oMt | ROIENT celRé | 8F SMEhidTeESnfRlsks vi{adyred
frominbred animals and particularly chinmeric mce conpletely derived from
ES cel | sndpehondriaddDdeAl hiwt ipenentirabiced smehbastuEs ¢elussd ofs aglld nbred
mouse wherein  mitochondrial DNAs have been introduced or substituted is
used as BHEIted dptopa tefrapkud elgriilieed £eget rlapthos dnserar |deadd ofdhe dbtativds
manner, .deat f the_obtained,. jnbr hi ic mce imediately after birth
becauselgglaerdgg W%{%P})cﬁi‘g??ﬁ%ﬁ#&%é?%éﬁafﬁée%uﬁé ahFSBE aLRFYi Hetprbaneps

r epr odugi.hl &,d hj i-Gqokce. ga icient] y.praoduced. To date,
When | nared i s afitbg AN ag " andPRrRan b BB KR Bge Trbdisce
by the teéficrpllyi grodasedie met hod using the ES cells of inbred mice, nost of
the obtained chineric mce died i mediately after birth because of
respiratory dosdaiebahiersnbidd hasnerit naikck \sebseivel yplesisvied| feonok S hiedisnare

r epr oduci b(}le C ere ic mce by the tetraploid rescue nethod. The existence
of abnoPh& uf[ﬂ(ﬂ Y Akt fsiraplpishressie apetbodaising dhe psseellnef inbrsdsuicenmyostost

B S R T TN NN

R Ll R po et e e

nucl ear ndids biys thd set@mpi@ds aascidenaethode cdtled dxamenéy obtlethrdeatan DNA

i mredi at eItK ﬁ]}itogr bt!terrglg ht;y b%%gveor teidng m tochon(}jlri al DNAs of ES cells

deri vedmethy pa s posed as a reason why most newborus obtained by
the tetraploid rescue method die because of respiratory disturbances (Dean W et
al., Development 125, 2237-2282(1998)). In addition to this reason, we were
able to confirm for the first time that incompatibility between mitochondrial
DNAs and nuclear DNAs is also a reason. Hence, we could have avoided death
immediately after birth by converting mitochondrial DNAs of ES cells derived
from an inbred mouse into mitochondrial DNAs of a wild-type mouse for the
DNAs able to be adapted to nuclear DNAs. When we applied this technology to
inbred animals (mice), we could efficiently produce germ-line chimeric mice.
We believe that we can expect a similar effect also in the case of clone animals
and general diploid chimeric animals if adapted type mitochondrial DNAs are
introduced into animals that are produced by embryo manipulation.

The present invention provides the following methods, an animal derived
from a manipulated embryo and particularly a chimeric animal produced by such
methods, and totipotent cells. ‘

1. A method for producing an animal derived from manipulated embryo derived

from totipotent cells, comprising using cells having adapted type mitochondrial

DNAs introduced therein which adapt to nuclear DNAs,
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froman inbred nouse into mtochondrial DNAs of a wild-type nouse for the
DNAs able to be adapted to nucl ear DNAs. When we applied this technol ogy to
i nbred animals (mce), we could efficiently produce germline chineric
mce. W believe that we can expect a simlar effect also in the case of
clone animals and general diploid chinmeric animals if adapted type

m tochondrial DNAs are introduced into animls that are produced by enbryo
mani pul ati on. The present invention provides the foll ow ng nethods, an

ani mal der Thednethodnica predupitganedinéial Wa RROOPAS Whekbiar ine &liﬁmlmﬂi@ed

ani mal produced by such nethods, and totipotent cells. L A nethod fo
prodUC|d@oahfh@nnﬁﬂMp@@ﬂﬁ@eﬁnbrxﬂndmmweﬂuﬁmmedhenhngnndmﬁmaﬁd mfaoahnnenc

t oti pot ent, |I's, conprising using cells having adapted type mtochondri al
DNAs inﬁFBHﬁ@ed thereln mhlch adapt to nuclear DNAs, 6 2. The nethod for

pr oduci above V\/ner der ] ve fromthe

nani pul ar%ge-%pe%lrﬂ%é goerrl?r\?gaclfnrgo%ﬁ fhang oﬁ %)5@8?{? %F’leént eé"( EReteAngmabiy mal .
3. The rﬁf‘ﬁﬁqenﬁ%uﬁdﬁ@'&ﬁhﬂﬂ an ani mal of 2 above, wherein the chineric
animal is an inbred chinmeric aninmal. 4. The nethod for producing an ani nal

of any enelhé niethod Foalyeuciagnii aaimel o8sin§dot OLIFPOLEM ab&Yd, Scdiayiilte
adapted type mtochondrial DNAs introduced therein and an unt r eat ed host

enbryo, Using é‘mwenbwlbbhewmg(mialp@Chtupeamhtm:ﬂloadhayDl\hﬂav ilmig o d eckaiptiedeiny pe
m t ochondr,i al trodu ed therein, or totipotent cells having adapted

type m taSQrﬁ:}hHPFaF‘fe Bﬂuﬁ%ﬂeﬁq@ért&lﬁ%{fﬁﬁ gllsend 2 hpstyemhexa hgvmg
dapt ed t d t
Sr ggugl ntgxgﬁedg# F'Hﬂ*%hg% Bove é‘gnlrrl)lr 1% |u%§ u %}r‘énn of ePPQBFe&r{gceqf elr]"t‘YlFllgzed

egg as adhpsdd #tdcBondaPMNBL Ak duekd | g
adapt ed type m%trfkr&:ho?\drl gl IEIi)NAs | ntlr glg)uced Fﬁgfég%lnaqﬂ 2 ShA? é}’%ljy% H%h@

adapted type mitochondrial DNAs introduced therein.

5. The method for producing an animal of 4 above, comprising using a tetraploid
fertilized egg as a host embryo for an animal and totipotent cells as cells having
adapted type mitochondrial DNAs introduced therein.

6. The method for producing an animal of 5 above according to a tetraploid rescue
method, comprising injecting the totipotent cells having the adapted type
mitochondrial DNAs introduced therein into the blastocyst of a tetraploid
fertilized egg.

7. The method for producing an animal of any one of 1 to 6 above, wherein the
cells having the adapted type mitochondrial DNAs introduced therein are cells
which have the adapted type mitochondrial DNAs as a result of substitution.

8. A method for producing a clone individual by nuclear transfer using a recipient
oocyte having adapted type mitochondrial DNAs that ‘adapt to nuclear DNAs of a
donor cell.

9. The method for producing an animal of any one of 1 to 8 above, wherein
nuclear-mitochondrial incompatibility results in respiratory disturbances
immediately after birth.

10. The method for producing an animal of any one of 1 to 9 above, wherein the

adapted type mitochondrial DNAs are mitochondrial DNAs derived from a wild



6. The nethod for producing an animl of 5 above according to a tetraploid
rescue nethod, conprising injecting the totipotent cells having the
adapted type mitochondrial DNAs introduced therein into the blastocyst of
atetraploid fertilized egg. 7. The method for producing an ani mal of any
one of 1 to 6 above, wherein the cells having the adapted type

m tochondrial DNAs introduced therein are cells which have the adapted
type mitochondrial DNAs as a result of substitution. 8 A nmethod for
produci ngpa. cl one i ndi vi dual by nuclear transfer using a recipient oocyte
havi ng adapted type mtochondrial DNAs that adapt to nuclear DNAs of a
donor cell. . Tie p ctismhodtial ofreogumiengf dntcahd reblovef wdreyeianeodniindlos&
above, wherein nuclear-mtochondria) inconpatibility results in

respi rat/™8PySdi st urbances immediately after birth. 10. The nethod for

pr oduci ani pal . of any, one of |.to, 9.above, rei.n the adapted type
i tochog r‘?lg‘fe Odaf%r PAYITEREN AP PR mARRE aB@rqD\?e#]f FBrﬁqaa%Wed "%1?%9’6\9?113 11.
The pro i . i j iyl .is a
muse. 1o e et e g A Ren el Dhdat bt WS G ELIGIRBNAY i9.5,8
wher ei n dither aneddiockokssimgSmbiidd okt & PEomidler pskédaéntDNogod t h desired

m tochondrial DNAs is either a back-crossing nmethod or a pronucl ei

r epl acerentT heemithhd 8. prodecing awdnimal pf enyoineg i tariZnedovef wdrereiangeof 9
to 12 abpve, mherej&wgpe sired mtochondrial DNAs are of a wild-type
mouse sHgd cafteshomdiasl DNAs s of13 widdrtape grarsn MUt musskius anisaalus

whi ch iqéﬁéoduced by any one of the nmethods of | to 13 above, and wherein
m tochondri'al DNAs are introduced into or

14. A reproducible chimeric animal, which is produced by any one of the methods
of 1 to 13 above, and wherein mitochondrial DNAs areintroduced into or
substituted with adapted type DNAs, and totipotent cells can be transmitted to a
germ line.

15. The animal of 14 above, wherein the animal is a mouse.

16. A totipotent cell for producing a reproducible genetically manipulated animal,
wherein mitochondrial DNAs have been introduced into or substituted with
adapted type DNAs, and its character is transmitted to a germ line.

17. The totipotent cell of 16 above, wherein adaptation with nuclear DNAs cause
a decrease 1n respiratory disturbances immediately after birth.

18. The totipotent cell of 16 or 17 above, wherein adapted type mitochondrial
DNAs have been introduced as mitochondrial DNAs. |
19. The totipotent cell of 18 above, wherein the adapted type mitochondrial DNAs
areof a wild-type mouse Mus musculus musculus type.

20. The embryonic stem cell of any one of 16 to 19 above, wherein the genetically

manipulated animal is a mouse.

[BEST MODE OF CARRYING OUT THE INVENTION]
It is preferable to obtain an animal derived from a manipulated embryo

obtained by the method of the present invention through the use of a tetraploid

8



substituted with adapted type DNAs, and totipotent cells can be transmtted
toa germline. 15. The aninmal of 14 above, wherein the animal is a nouse.
16. Atotipotent cell for producing a reproducible genetically manipul ated
animal, wherein mtochondrial DNAs have been introduced into or
substituted with adapted type DNAs, and its character is transmtted to a
germline. 17. The totipotent cell of 16 above, wherein adaptation with
nucl ear DNAs cause a decrease in respiratory disturbances imredi ately
after biresbue Iethbdeusingi paipnentcetlls ofuchbaorEd 7callyove, thehet ledr agdanired
type mtochondri al DNAs have been introduced as m tochondrial DNAs. 19.
The t ot igobwint ofeth iobrad aabmeb, Weece) nhe haniavdptddaingde acidrdibgrtdr tled
DNAs are of a_wld-type npuse Mis nuscul us nuscul us type. 20, The

enbr yoniREFESEHmREtis aspybayiealsy ingredy apgmapsywhesgpr@opt tasdlsgenduiing |y

i pul at.ed. animal i se., [BEST oF Y1 NG, THE. | NVENT] |
irrgmngf gegg]-zirﬁlf’g%sglf ZF‘%’ g%urzﬁqdn[aﬁ?oﬁ‘ert%tﬂtp © Srrﬁﬁli H@%@ean yé‘seg\“ t
obt ai nednpyhdhie et Hied tH% énflji'?@clﬂfn‘?ﬁf‘a@tDN@éeﬁﬂo?&&&ﬁtoéﬁﬁ %JSE%E%SESO{eII% of

tetraploid 8 rescue net usi ng totipotent célls suc cells or the
nucl ear dnr awtskdraniemripobefusad lidver Bekmpirevibushjesebstitufrl d3AtHRLSs0BF ainned
according to the present invention are basically inbred animls wherein
nmost celangmiah@if ied -ty spddiee by girogugice rdpldcesttnt morthedikgdahentbtaaidds of
i nbr ed %[]}'jtirral S used. Furthernore, .si r}ce the mtochgndrja) DNAs of

t ot i pot &MEMEEI) SURA erawvspRiibept dygre Tiaminsppatonsi Haturben s mmaditiely been
previ ou . tit ith t n . animal of a wlds=t. speci es, by
pr onucl glilt%r1 %@Cenﬁﬁg%&r@et %}erﬁﬁ‘g{b ?‘{ ﬁgl%%ﬁlgiaﬁlel apsc?"ﬁ eriegﬁ%l%gﬁﬁl &S?B\ﬁ?’

Wi t hout ae\i b MR tALOMndibet WilpRae Yol MPBKE ahgkM on 2bh A sBi rdh.as

Therefore, reproduci ble chineric animals can bée efficiently obtal ned,
experimental animals can be directly obtained from the obtained germ-line
chimeric animals. Hence, this is very useful because there is no need to repeat
time-consuming and complicated crossing to generate inbred animals. Such
animals may be any animals as long as they are animals regarding which it has
been reported that chimeras can be generally produced therewith. Inbred
animals are particularly preferable. Such animals may preferably be mammals,
further preferably rodents, and particularly preferably mice.

Totipotent cells such as ES cells derived from these animals are prepared
by a known method, and then used in the present invention. Embodiments of the
use of ES cells derived from a mouse are explained as follows. It is naturally
understood that the animal species used in the present invention are not
particularly limited to a mouse.

A mouse-derived mitochondrial DNAs-substituted ES cells are prepared
by intracellular substitution of mitochondrial DNAs according to the above
conventional technology. Substitution of mitochondrial DNAs of an inbred
mouse is conducted by producing an inbred mouse (in many cases, the inbred
mouse is of a standard strain such as C57BL/6, C3H, or BALB/c) having

mitochondrial DNAs of a desired type as a result of substitution by the

back-crossing method, the nuclear transfer method, or the like, and then
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and inbred animals that can be utilized for gene function anal yses or as
experinmental aninmals can be directly obtained fromthe obtained germline
chimeric animals. Hence, this is very useful because there is no need to
repeat tinme-consunmng and conplicated crossing to generate inbred ani mals.
Such animals may be any animals as long as they are animals regarding
which it has been reported that chineras can be generally produced
therewith. Inbred animals are particularly preferable. Such ani mals may

pr ef er abdsyaiieshingBS sells flugmhhe moeferabhy to ddenle, toasistapaFS 66l 2hhaying
preferably m ce. Totipotent cells such as ES cells derived fromthese
ani mal s theesupstpied anitophendmadwh Nt bode asmdl ithéne psewni nnvérei@r.es®dien

i nventiog ?ﬁﬂ? di %gc}s of the wuse of ES cells derived froma nouse are
expl ai ne¢}5 H“gE bopicy ArpafeReaisdly erRierdt ok tMus mmsculismErusspies es
di | Lon are.not ticularly limted t A
mouse. darEARPEFTE SIUEN b RISl by eRRH "R wolk. oS bR dR bRy
i ntracelhideath3paat el iRt n8hdRhi Q?Ib%@d?f 3he @#B%%?‘Px?ﬂjeﬁgmticoe 436 ?@%&e
ochondri a fed

conventional technology. Substitution of mt DNAs of an in
nmouse i substitited el tloyhqyeosfliuzgn astulodhAG cONLSE peidT HBRYIlEa$ee mdre dambr ed
nouse is of a standard strain such as C57BL/ 6, C3H, or BALB/c) having
m t ochofgr PeadipRds dirom desimisd, BfpecHs whemdn|the ohitoahetdrialt D3MAbyhavee
back-cr ssin%énethog, IFe n#ﬁlear tr?nsfer nmet hod, or the_ |like, and then 9
est abl | DFFAGUREIREP Svith dhe Yins Aptseulussmuseulug-tyae JANA st of abedratedypel | s
havi n S | Lt ochondrial DNAs to be used in the present

i ShoRgerb R aPfiad, i

i nventi on. _ Imbred mice are repeatedly crossed with Mis
muscul us NMuUSCh Ude Mehﬂﬁhﬁepaumrp@1_1@3@rbh§c11@a%ﬁparc@§f§enpgngﬁltofa% %ﬁlgtu%ggém%

nore, B6-mt Mus inbred mce wherein'the mtochondrial DNAs of th

i nbred rcerding eobden staulasd ithethed @Mekiratinge&oSoMes Dudc s Tosicuas; type

of the \gA;SlSEj?;éil?l%ég%l,sr%a ?Qnd female pronuclei of the pronuclear-stage fertilized egg
of an mdx inbred mouse are transplanted into an enucleated pronuclear-stage
fertilized egg having a Mus musculus musculus-type mitochondria of the
wild-type mouse. Nuclear fusion is carried out by electric pulses, the egg is
cultured, and then the egg is transplanted into a mouse oviduct for ontogenesis, so
that an mdx-mtMus inbred mouse wherein the mitochondrial DNAs have been
substituted with those of the Mus musculus musculus type can be produced.
Similarly, ES cells wherein the mitochondrial DNAs have been substituted with
those of a wild type can be established from this mouse.

To establish ES cells, a blastocyst-stage embryo is collected from the
inbred mouse produced in this manner, such as B6-mtMus or mdx-mtMus, and
then ES cells can be established by a standard method (Evans MJ and Kaufman
MK, Nature 292, 154-156 (1981)).

ES cells having a target character obtained by the above method is
injected into an embryo of a fertilized egg, preferably a tetraploid embryo that
has divided into a blastocyst-stage tetraploid fertilized egg, thereby producing a

chimeric mouse.

Blastocyst-stage tetraploid embryos can be obtained by naturally mating
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be produced. Fromthe mce, ES cells wherein the mtochondrial DNAs have
been substituted with the Mius muscul us nmuscul us-type DNAs of an adapted
type nouse can be established. In the neantine, when the pronuclei

repl acenent nethod is enployed, according to the standard nmethod (MG ath
J & Solter D, J. Exp. Zool. 228, 355-362 (1983)), nale and female
pronucl ei of the pronuclear- stage fertilized egg of an nmdx inbred nouse
are transplanted into an enucl eated pronucl ear-stage fertilized egg having
a Mus miKiRimisentschad detly pebjrcicdctaonitieravelfatioRtndwtlifn ydaemBRHUSEth Nued ear
fusion is carried out by electric pulses, the egg is cultured, and then

t he egg miéca odndysl ammedstiaing calivoting e ducellf stagentmyeywes by, flashirighaie an
ndx- mt Mus .i,nbr ed se wherein the mtochondrial DNAs have been

subst i t REGUGH Wt[{ggs&@f mayse Npdividuals fer mbdeliniygs thaye eean venfirmddced.

Simlarl celks. Nt 1.t drial, DNAs -h b bsti tufed

u th uiegSEHRE BRI NSRRI Bse aRi b disRee waRPkDl i sh
ES cel | - i -0l t i

or oduced T wth o ke oo R Do 8 LG Rl AIE I me il CRSERIRE, | o

can be gatpbiddsireth bye prescaindarBcTRINIOE of ByansmiWiudngbHAURTEE ardvi; Nadaur e
292, 154-156 (1981)). ES cells having a target character obtained by the

above nebtodhes obiaipedt bdsiosyst-siagenbmpoyod wsifier4 i hiceinjegyr pueH esakl y a
tetrapl oi.d enbryo that, has djvided into a bl astocyst-stage tetraploid

fertili ?éﬁz%rﬁb‘fmm?élﬂ%‘l} tPr oddti¥hg Be dhifrecbaingds dlastp et visen - enbyews

been cubyurs ey 3he FACelf EbRER Hsbln BPb HeRnltoREh bR o o el (e

T e O TR LA g ok L0 U s
before delivery (night of day 18.5 of pregnancy), chimeric mouse fetuses are
taken out by Cesarean section, and then resuscitated. After the confirmation of
active movement of the fetuses, they are raised by previously prepared foster
parents.  Most of the thus obtained newborns (chimeric mice) conducted
spontaneous respiration, and grew normally with almost no malformation. The
chimeric mice that had grown herein were characterized in that all cells, including

germ line cells, were derived from the ES cells, and in that such mice can

reproduce with a target animal and proliferate.

[EXAMPLES]
The present invention will be hereafter described in detail by referring to
examples.  However, the examples are intended to merely illustrate the

invention, and the invention is not limited by these examples.

Example ]

Production of inbred mice having substituted mitochondrial DNAs

(1) Production of inbred strains B6-mtMus and B6-GFP-mtMus having Mus
musculus musculus-type mitochondrial DNAs substituted by the back-crossing

method
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conducting fusion treatnent by the electric pulse nethod to prepare
tetraploid enbryos, and then culturing the enbryos in ML6 nedia or CZB
media. ES cells prepared fromthe prescribed B6-m Mis or ndx-m Mis inbred
mce are injected into the obtained bl astocyst-stage enbryos using a

m croi njector such as a piezom cromani pul ator. Next, the thus obtained

bl ast ocyst -stage enbryos having had the ES cells injected therein are
transplanted into the uteri of recipient ICR mce after crossing and 2.5

days after pl ugemalefl hicatBoneelOnldhevate 0bbtaikef ®fe cflimMenyweBk Ml ghjgday
18.5 of pregnancy), chineric nouse fetuses are taken out by Cesarean
sect i on, CahdL{Glembred asick tveitle §-watk-eld thmato Mis mascausofiusadts weldoysarent
of the fetuses, they are raised by previously prepared foster parents.

Nbst of HHE- t HiacksstossHEbaaVasar the qRtaimag feanale aalces ggainteweekpuldt mabous
irat . Ily with al most. | f tion. Th hi ner i

i on e LR R PE O Na chdele Bt BRI o ¢ B Tepeating FossPH 1 ng
i 1d;s, e - | 0.1 hat '

Debr odues Sy e BEGAIMEE o WiftoCRere mdanBl il AUERo R 2"

i nvent i dNWsl habe Beeneaddseitutds eiitibeHosd) odelhAisl i chiRise fulsBElusOtReAMIiES .
However, the exanples are intended to nerely illustrate the invention, and

t he i nvédditen shaonitbehendsialbPNAeseesxamphesd Exathe Ndstdd-BAR tiethoaf
o0 TS S BB REUPIONR) BBl ot b
s T T O
mce with 8- wgRltthlrhok&MabRalISBOUSOULYSINLSCHhiss Wdrd- E¥RSed with male
B6-GFP#4 mice (Ichida et al.), thereby producing B6-GFP-mtMus mice.
(2) Production of inbred disease model mice CS7BL/10J-mdx-mtMus
(mdx-mtMus) by pronuclei replacement method
A 3-week-old female mdx inbred disease model mouse (C57BL/10-mdx)
and a 3-week-old female hybrid mice (hybrid mice (CBF1-mtMus) resulting from
BALB-mtMusxJdC57BL/6) having Mus musculus musculus-type mitochondrial
DNAs of a 3-week-old wild-type mouse were subjected to superovulation
induction treatment (pregnant mare serum gonadotropin (PMSG) was
administered at the rate of 5 IU/0.05 ml/mouse, and 48 hours later human
chorionic gonadotropin (hCG) was administered at the rate of 5 IU/0.05
ml/mouse). The female hybrid mice were allowed to live together with
8-week-old male ICR mice for natural mating. At 24 hours after hCG
administration, eggs were collected so as to prepare pronuclear-stage fertilized
eggs. Using the thus obtained pronuclear-stage fertilized eggs, pronuclear
replacement was conducted according to a standard method (McGrath J & Solter
D, J. Exp. Zool. 228, 355-362 (1983)). Specifically, male and female pronuclei
of the pronuclear-stage fertilized eggs, the donor fertilized eggs derived from the

above C57BL/10-mdx inbred disease model mice, were introduced into enucleated

pronuclear-stage fertilized eggs, the recipient fertilized eggs derived from the
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m ce. Back-crossing between the obtained fermale mce, again, 8-week-old
mal e C57BL/6J inbred mce was repeatedly carried out. By repeating
crossing 12 times or nore, B6-nmtMis inbred mce were produced wherein

m tochondrial DNAs have been substituted with those of Mis nuscul us
muscul us type. In addition, the mtochondrial DNAs were anal yzed by the
Nest ed- PCR net hod (Kaneda H et al., PNAS 92, 4542-4546 (1995)), so that it
was confirmed that the DNAs had been substituted with those of Mis

muscul us abuge UCHBF 1tppBiusFiiybbier i, Hammb e 185- MMsniNhB)s Mnec MRk
crossed with male B6-GFP#4 mce (Ichida éet al .),u t her eby Spr ogugﬁéqype

B6- GFP- nuitecheindeial (Y ABreftithet wohi-tfped nhrusd. disfeasbeimpdelbjeted to nuclear
C57BL/ 1 Q)- pdx-nt Mus ~ (nmdx-nt Mus) by pronucl ei replacenment nethod A
3- week- of 1P R @leaisici Psedthn seaseversdenltnradkoveaszbl/inemiM)6 madiuvn

2o bt IR EERs B ST A R B s R iRGE £YBL e Bioriar anM o
1 et ment T{bF ognant ok e R Gt Janid: RTan ey HE ARl Batanif (e

rate of SodibhDlbataNd/IWHNE soBNIN 4riomeS 1| MICEIHITRN HhGEE /NI
gonadotropin (hCG was admi nistered at the ?ﬁatg of 5 IL%?0.0S ’%gpr%ju/gle .

The femapenihilbin dndisdepgiarle sekbwaercind unidee congieioneroid 19T 284 weslc@l-gymal e
ICR mce fggioon%éural mating. At 24 hours after hCG adm nistration, eggs
were col Pectlet No ad thenprapsplanindohuaieuse- evidgetst erditpialeof 16gpes Weiag
the thus,, I ronucl ear-stage ferptilized e ., pr cl ear replacenent
was con?ﬁ%&gggﬁg%go@d? g 8 & 1§'ﬂ%ﬂd’é{°d }’r?e?}{nlé&fcfsl\/g%&é’flﬁe% Qireom dgy 0P

Exp. Zoohf p2edBo- 1 i fhLal ena/ onucl ei

of the pr olrjlucl gagx?es%tnggéy ggtgi%%lihgleeg&gg%g&t@hééxs c?gg%vﬁfhgf |0Fl|%zggedﬁé%%esnﬂg?’i ved
from t heon gowmexCHZRI pILQY- exheirinidri@d veisSeRsm cied]edn 1t no e o thiy ALFUELd

into enucl eated . pronucl ear-stage fertilized eggs, the recipient fertilized
eggs derdq}@@nn}egrﬁotlpféday 0.5). As aresult, 3 female and 2 male pups were obtained.

The 3 thus obtained female mice (8-week-old or older) as founders were allowed
to live together with male mdx (C57BL/10-mdx) mice, thereby obtaining 2nd
generation mice. Similarly, 2nd generation female mice were crossed with male
mdx mice, thereby obtaining 3rd generation mice. The thus obtained 3rd
generation mitochondrial DNAs were verified by the PCR-RFLP method.
Common primers were designed within a D-loop (primer production referring to
Kaneda H et al., PNAS 92, 4542-4546 (1995): 5-AATTATTTTCCCCAAGC-3'
(SEQ ID NO: 1 in Sequence Listing) and 5'-AGAAGAGGGGCATTG-3' (SEQ ID
NO: 2 in Sequence Listing)). A 262-bp fragment obtained by amplification was
treated with Dral restriction enzyme, and then unfragmented Mus musculus
domesticus type DNAs and Mus musculus musculus type DNAs fragmented to a
122-bp fragment and a 140-bp fragment were verified. It was confirmed that the
mitochondrial DNAs of the thus obtained 3rd generation mice had been
substituted with those of Mus musculus musculus type, thereby producing inbred

disease model mice C57BL/10J-mdx-mtMus (mdx-mtMus).

Example 2
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12 above CBFl-mt Mus hybrid m ce having the Mus nuscul us nuscul us-type

m tochondrial DNAs of the wild-type nouse. After being subjected to nuclear
fusion by electric pulse, the eggs were cultured overnight in an ML6 nmedi um
suppl emented with 0.1 nM EDTA (94.59 nM NaCl, 4.78 nMKC, 1.71 nM CaCl2,
1.19 nM KH2PO4, 1.19 MM MyS04, 25.07 nM NaHCO3, 23.28 nmM  sodium | actate,
0.33 mM sodium pyruvate, 1 g/L glucose, 4 g/L BSA 100 U nL penicillin,
and 50 ~tg/nL streptomycin) under conditions of 371C and 5% C09-5% 02-90%

N2, and Phedudticansifl &8t @dlls nfdeusiabesd dufdes hatkid Ot AlbsOiutt RO WBEGilus
transpl anted (8 eggs per oviduct) into the oviducts of female ICR mce on

day 0.5 Wcmwpemmmlmésfenﬁl e mice were crossed with
vasol igated nale nice,  on the next dayaJ pl ug confirmati on was conduct ed,

and the noon ofh¢ Hndrathyfemale BimaMynd 159 @écﬁdsﬁvglgg)theﬁs?@mumﬂ mtl\f:[lf

t ained fe
(5 aeok gtull® FuStRs e REaPhobia BVAS AP d bt eaEnt: (il vhcsral e
mox (C571§1{/u;ﬁaﬁgi‘asseﬁnvf‘\1% aﬁ'@r OBt AIdY, nng?@qtergg %Eh%ﬁ'oﬁgen&dz%dggl

Simlarly, eneration m ce were Crosse

t her eby wht aiepfusgd 3vigh g@nmzame@murm &€ dafhe aftGﬂ%l@Q%@hﬁ@ﬂ]aﬁ%ﬁ afd@NgeatIPEn
m tochondrial DNAs were verified by the PCR RFLP net hod Comon priners

wer e deshlgadygi-stagn m:ﬂlli}yloeopel(epwlﬂmﬁecﬂlr otlisctg dine Dbtaaned rgnliiyos KESedd | H et
al ., PNAS 92, 4542-4546 (1995): 5'- AATTATTTTCOCCAAGC (SEQIDNO | in
Sequence™ E?esPF'tﬁg;’S]é ascmﬁl%@&ﬁ@mmetheée@ws y arpd |Krﬁléé‘t$ue

L <11 MOy 2890 RSHIBGTTIGS O i bt Pl bR, YR LSS

Dral restriction’enzyne,

I a4 Bé
type DWereaﬂ@nM&rdﬂu§ﬁél b'-}l'soﬂy%ch% Lf@e&é&pé’elwl t ﬁ\;a\\ggﬁgsol%% 10% ?j}%

fragment and a 140-bp fragment were verified

m t ochondedBim D&E%(mﬁv)tIhMEMuQO&bt(an/m)eECS; d vgerenat O ®mmi pﬁuhaeb b@l@l@lon

SUDSt | L e ot dal. 41986 090). 5% ufas Y08k nomscul s, Lype, therepy. r Fgﬁacc'ong

i nbred
Cat. 11140-027), 1 mM 2-mercaptoethanol (Sigma, Cat. No. M-6250), and 10°
U/mL LIF had been apportioned. The embryos were then cultured under
conditions of 37°C and 5% CO03-5% 0;-90% N,. On day 5 of culture, ICM cell
aggregation that had grown was selected. 0.125% trypsin/0.1 mM EDTA
freatment was conducted to disperse the cells, and then the cells were seeded and .
cultured on feeder cells newly prepared in a 4-well plate. At the 2nd passage,
only ES-cell-like colonies were selected, and then seeded and cultured on a new
4-well plate by the method same as that employed in the Ist time. At the 3rd
passage, entire wells were treated with trypsin/EDTA, and then the cells were
seeded on a new 3.5 cm culture plate, thereby obtaining 2 lines that were able to
grow well. The cells that could reach this stage could then also stably grow, so
that the cells were cryopreserved as a cell line.

Furthermore, 4 lines of ES cells were established by conducting similar

manipulations using 6 blastocyst-stage embryos obtained from the inbred disease
model mice mdx-mtMus obtained in Example 1 (2) and having the substituted

Mus musculus musculus-type mitochondrial DNAs.

When the mitochondrial DNAs of the ES cells established from the above
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ZP  di sease nodel m ce C57BL/| 0J- mdx-nt Mus (ndx-ntMis). Exanple 2 13
Production of ES cells frominbred m ce having substituted Mus nuscul us
muscul us-type mtochondrial DNAs The inbred fermal e B6-ntMus (NL15) mce
havi ng the substituted Mis muscul us nuscul us-type mtochondrial DNAs
obtained in Exanple 1 (1) were naturally crossed with male C57BL/6 m ce.
The uterus of each nouse individual was perfused with an M2 nedi um on day
3 after plug confirmati on, and then 20 blastocyst- stage enbryos were

col | ect ed. mdisagstramsobteat nedteeybiiygs wdrS eehfismedete wstabhrshaduaaggsdi ng
to a standard nmethod (Evans M} and Kaufman MK, Nature 292, 154-156
(1981)).n1$;§é%iuf5it(2591‘3-l y, the previously obtained enbryos were transferred
one by one onto feeder cells in a 4-well plate to which all ES nedium
(80% v/v) DVEM 20% (W v) FCS, 1% (v/v) 100 nM pyruvate solution (G bco
Cat . 113@8513%%3 1% (v/v) 100X nonessential amno acid solution (G bco
Cat. 11140- , 1 mM 2-nercaptoet hanol (Sigina, Cat. No. M 6250), and 103

U nL LI Frhgdr&ee o 2RReA1 b RNBBist b8 SRV ASL M € then cul tured under
condi ti ons of 370C and FtS% (112-5%/?'%2-9 &)ﬁgw& day 5 of culture, I1CM cell

aggregati on t HAIR haidegrubjectadso seipeedvdation 128U ti oy RedathRnl weYe Ay
treatnent was conducted to disperse the cells, and then the cells weré-

seeded af@sseduwith enaignnfieedel thelsamenetwhin.pr Bpter @dcélh stagk welbryph avere At
t he 2nd S nl -cell-1ike colgnies were, sel ected, and then seeded
and cul t%‘ﬁgetf%%ﬁ by ﬁ&vﬁlbgf Ré{fllusmﬂa’fnéﬂwj ?ﬁéﬂ FRO Resd inddkiduads foravhéehppbygsd i n
t he 1st 4, S ntdre s.were.treated wt ..
trypsi n/ﬁé[ﬁ?erg\%%ﬁfgﬁlel%& tq hgag@lf‘gﬁ%ﬁeéﬁésleteh@\ﬁ%&%hmg{rﬁ%ﬂp é’.%é“‘é%ftﬁ PripRic

plate, tdwradbyrophi gh0G)I ZhelRES obhihedBiR AREA e BHBY IELLre INGER S
that could reach this stage could then also stably grow,~ so
to fusion treatment by direct current electric pulse in 0.3 M mannitol (Goku
manufactured by FUIIHIRA, and pulse conditions of 18 V, at intervals of 50 rsec
and 999 psec (3 times each)), thereby preparing tetraploid embryos. The
tetraploid embryos were selected, and then cultured in a M16 medium at 37°C in

5% CO,-Aur for two days, thereby obtaining tetraploid blastocyst-stage embryos.

Example 4
Production of chimeric mice by tetraploid rescue method (1)

ES cells (gender: male) prepared from the prescribed B6-mtMus inbred
mice were injected using a piezomicromanipulator into the tetraploid
blastocyst-stage embryos obtained in Example 3. Approximately 10 to 15 ES
cells were injected into a tetraploid blastocyst-stage embryo. 76 tetraploid
blastocyst-stage embryos were subjected to injection. 71 tetraploid
blastocyst-stage embryos into which the ES cells had been successfully injected
were implanted into the uteri of# recipient ICR mice on day 2.5 after plug
confirmation. On the night before delivery (night of day 18.5 of pregnancy),
chimeric mouse fetuses were taken out by Cesarean section, and then resuscitated.
After active movement of the fetuses was confirmed, they were raised by

previously prepared foster mothers. The 13 thus obtained male newborns
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that the cells were cryopreserved as a cell line. Furthernore, 4 lines of
ES cells were established by conducting simlar manipulations using 6

bl ast ocyst- stage enbryos obtained fromthe inbred di sease nodel nce
mdx- nt Mus obtained in Exanple 1 (2) and having the substituted Mus
muscul us nuscul us-type mtochondrial DNAs. Wen the mtochondrial DNAs of
the ES cells established fromthe above 14 2 nouse strains were tested,
they were confirmed to be of Mus nusculus nusculus type. Exanple 3

Prepar at sleowed roeinadfolrfiatioll asd @erahctedt %t@ﬁ@ﬁb@rés?ﬁa% € anHbh &3t 8dst 0
superovul ation induction treatnent were naturally crossed wth male mce

of the smmee gtevanprmbHye 2-cell stage enbryos were collected by the tubal
perfusi on method from nouse individuals for which plugs had been confirnmed
at 44 to 46 hours after the adm nistration of human chorionic

gonadotrggl gG) The thus obtained |late 2-cell stage enbryos were

subj ect e 1{118‘? sion treatnent by direct current electric pulse in 0.3 M

manni t ol p{ Rk r “b«g %t;h nditions of 18 V, at

i nterval s of 58ngsec 1&1%9& r‘ég )é %@erreesgﬂgég 5)8 (?ﬁer eby preparing

tetrapl oi d entEyesllsThendéethar) Gidp &l #o% WL §raRiRrUetd arHEM‘FI]

cultured in a M6 rredl um at 3702% 5% C02- Ai r for t\/\oe%ail{s gﬁg Ted
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a tet rapcleﬁ*aﬂlcbﬁaﬁl%@ﬁ%%f—ﬁa%geezﬁﬁpf&éowezg StU%Sé&QhO[IO injection. 89 tetraploid
blastocyst-stage embryos into which the ES cells had been successfully injected
were transplanted into the uteri of 5 recipient ICR mice on day 2.5 after plug
confirmation. On the night before delivery (night of day 18.5 of pregnancy),
fetuses were taken out by Cesarean section, and then resuscitated. After active
movement of the fetuses was confirmed, they were raised by previously prepared
foster parents. The 19 thus obtained male newborns showed almost no
malformation and conducted spontaneous respiration, and 11 of these mice grew

normally.

Example 6
Production of chimeric mice by tetraploid rescue method (3)

ES cells (gender: female) prepared from the prescribed BG-GFP-thus
inbred mice were injected using a piezomicromanipulator into the tetraploid
blastocyst-stage embryos obtained in Example 3. Approximately 10 to 15 ES
cells were injected into each tetraploid blastocyst-stage embryo. 75 tetraploid
blastocyst-stage embryos were subjected to injecﬁon. 75 tetraploid
blastocyst-stage embryos to which the ES cells had been successfully injected
were implanted in the uteri of 3 recipient ICR mice on day 2.5 after plug

confirmation. On the night before delivery (night of day 18.5 of pregnancy),
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bl ast ocyst - stage enbryos were subjected to injection. 71 tetraploid blasto
cyst- stage enbryos into which the ES cells had been successfully injected
were inplanted into the uteri of 4 recipient ICR mice on day 2.5 after plug
confirmation. On the night before delivery (night of day 18,5 of

pregnancy), chineric nouse fetuses were taken out by Cesarean section, and
then resuscitated. After active novenent of the fetuses was confirmed,
they were raised by previously prepared foster nothers. The 133 thus

obt ai nedchizherinemporenetisss shreedk €0 o0BbY (T émEEANsIbC QRAURER Fe SRRNLANEOUS
respiration, and 4 of these mce grew normally. Exanple 5 Production of
chi meri cAft¥e asiive emoapising R sbaelotsstrodvie)cdESimedd, s tHeyendae: romke) by

prepared_fram tlhe Fres% Ltbed mdx- mt Mus_i nbred di sease nodel mce were
i nj ect edPUSYIAYSA BIPAseH dPsivankgsentdt ord vt ook HE femeleappwbdrns showed no

bl ast ocy : o inned in Exanple .3. .Approxi matel 0to 15 ES
cells mﬁtalﬁ}ﬁ?gdgltoglgg Jlr’l%tcgo@glz:cﬁe‘jt EPPHERET o BF%W}&@& -2t1§b‘i§ gh%ir §eaugyg of

t et rapl oggh1b! 106 81 - oB; l.ect Liy:ecti on. 89
tetrapl oi d blfe?st oc?ifi@aﬁ%%?&%gwﬁﬁg %ﬂqi ch t@%egﬁgh{g}é gsf had" e BRPS
successf gtdw nonpedyed were transplanted into the uteri of 5 recipient ICR
mce on day 2.5 after plug confirmation. On the night before delivery
(night of day 18.5 of pregnancy), fetuses were taken out by Cesarean
section, .and ihgn resuscitated. After active novenent of the fetuses was
conf i r et 2R 'wer e rai sed by previously prepared foster parents. The 19

Spont ancovers BaErF PraRBliLa 08 5F FRIRat Plee gRoufom harr S et asreie.
Pr oduct imetiafd chimeric mce by tetraploid rescue nethod (3)

Two male chimeric mice obtained from ES cells prepared from the inbred
disease model mdx-mtMus obtained in Example 1 were crossed with 2 normal
female mdx-mice, thereby obtaining 38 newborns. These mice showed no
malformation and grew smoothly. Furthermore, each of all the mouse
individuals showed typical features of mdx (C57BL/10-mdx) inbred disease

model mice. Thus, it could be confirmed that the chimeric mice obtained by the

method of the present invention can leave normal pups in future generations.

[Industrial Applicability]

Implementation of the present invention enables reproducible chimeric
animals, particularly inbred chimeric animals, and further particularly inbred
chimeric mouse individuals to be efficiently obtained. In particular, the
implementation of the present invention enables to efficiently produce inbred
animals while aveiding death because of respiratory disturbances immediately
after the birth of inbred animals and particularly chimeric mice derived from
totipotent cells such as ES cells or nuclear transferred embryos derived from
inbred animals used in producing chimeric animals obtained by the tetraploid
rescue method. The thus obtained chimeric mouse is a reproducible inbred

mouse which has mitochondrial DNAs adapted to nuclear DNAs and wherein
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ES cells (gender: fenmale) prepared fromthe prescribed B6- GFP-nt Mus i nbred
mce were injected using a piezom cromani pulator into the tetraploid

bl ast ocyst - stage enbryos obtained in Exanple 3. Approxinmately 10 to 15 ES
cells were injected into each tetraploid bl astocyst-stage enbryo. 75
tetraploid blastocyst-stage enbryos were subjected to injection. 75
tetraploid blastocyst-stage enbryos to which the ES cells had been
successfully injected were inplanted in the uteri of 3 recipient I1CR mce
on day 2tofipaftémrcellsigre enmmit@ditoeNge/@ l1inke ni ght before delivery (night of
day 18.5 of pregnancy), 16 chineric nouse fetuses were taken out by
Cesarean section, and then resuscitated. After active novenent of the
fetuses was confirmed, they were raised by previously prepared foster
parents. 8 out of 12 femal e newborns showed no nmalformation and conducted
spont aneous respiration. 7 mce died because of «child neglect or were
killed by recipient mce. The remaining | nouse pups grew normally.
Exanple 7 Confirmation of proliferation of chinmeric mce produced by
tetraploid rescue nethod Two nmale chimeric mce obtained fromES cells
prepared fromthe inbred disease nodel ndx-ntMis obtained in Exanple 1
were crossed with 2 normal fenmale nmdx-m ce, thereby obtaining 38 newborns.
These m ce showed no mal formation and grew snoothly. Furthernore, each of
all the nouse individuals showed typical features of mdx (C57BL/10- ndx)

i nbred di sease nodel mce. Thus, it could be confirmed that the chineric
m ce obtained by the nethod of the present invention can |eave normal pups
in future generations. [Industrial Applicability] Inplenmentation of the
present invention enabl es reproducible chineric
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animals, particularly inbred chineric animals, and further particularly

I nbred chineric nouse individuals to be efficiently obtained. In
particular, the inplenentation of the present invention enables to
efficiently produce inbred animals while avoiding death because of
respiratory disturbances inmmediately after the birth of inbred aninmls and
particularly chineric mce derived from totipotent cells such as ES cells
or nuclear transferred enbryos derived from inbred animals used in
produci ng chimeric animal s obtained pyaRgstetraploid rescue nethod. The
t hus obtained chineric nouse is a reproducible inbred nouse which has

ni t ochondr ifameihidd fadppoduting anuehiesa] didscdfcbmhensipuldtédtaibpet eativee! | s
are trangmtted to a germline, 18 CLAIMS 1. A nethod for producing an
ani mal dEopy datipeisat peHspapaPEgirgysing gells iaying radaptest ypet evitochentsial

conpri si Si el I,s, havi ng .adapted type m hondri al DNAs i ntroduced
t her ei n @ﬁ*@%1@ﬁhﬁﬁ°ﬁ%§hﬁﬁapéﬂvcgmﬁépt“2¥8¢%@rﬁﬁ§ﬁad for producing an ani mal
of cl ai my1; ' ' ri\ .t h ipul at ed embryo.derived
o ot e mInubaLeic o ABle dRTAGh) f SIRADE, TACAN plegh SONT Y
produci ngoan tﬁé‘lrﬁﬁhipilflat%liaéxﬁbgyo VerRidN e @R RIpSteANICBRL isSa afinldibl ed
chinmeric animal. 4. "The nethod for producing a chi'neric ani mal of any one
of cl ai nenimalo 3, conprising using totipotent cells having adapted type

m tochondrial DNAs introduced therein and an untreated host enbryo, an

unt r eat et § B¢ mydhedforpradicipgian gnipal ok glriyo2 haerin e shedetippaimal is
nitochondri%kggmﬁﬁnintroduc d therein, or totipotent cells having adapted

[

type mi t BeHon BRES™ 't oduced therein and a host enbryo havi ng

adapt ed 4y @GO p2bddNhs 4 WhiAdHeesh il §F Bny one of claims 1 to 3,
comprising using totipotent cells having adapted type mitochondrial DNAs
introduced therein and an untreated host embryo, an untreated totipotent cells and
a host embryo having adapted type mitochondrial DNAs introduced therein, or
totipotent cells having adapted type mitochondrial DNAs introduced therein and a
host embryo having adapted type mitochondrial DNAs introduced therein. |
5. The method for producing an animal of claim 4, comprising using a tetraploid
fertilized egg as a host embryo for an animal and totipotent cells as cells having
adapted type mitochondrial DNAs introduced therein.

6. The method for producing an animal of claim 5 according to a tetraploid rescue
method, comprising injecting the totipotent cells having the adapted type
niitochondrial DNAs introduced therein into the blastocyst of a tetraploid
fertilized egg.

7. The method for producing a chimeric animal of any one of claims 1 to 6,
wherein the cells having the adapted type mitochondrial DNAs introduced therein
is cells which have the adapted type mitochondrial DNAs as a result of
substitution.

8. A method for producing a clone individual by nuclear transfer using a recipient
oocyte having adapted type mitochondrial DNAs that adapt to a nuclear DNAs of

a donor cell.
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5. The method for producing an aninmal of claim4, conprising using a
tetraploid fertilized egg as a host enbryo for an ani mal and toti potent
cells as cells' having adapted type mtochondrial DNAs introduced therein.
6. The nethod for producing an animal of claim5 according to a tetraploid
rescue mnethod, conprising injecting the totipotent cells having the
adapted type mtochondrial DNAs introduced therein into the bl astocyst of
atetraploid fertilized egg. 7. The nmethod for producing a chineric

ani mal of. dhy meehadf fel praduding Garb animMbBELE dhyt Baecot bimihaVving %b%@&@g& ed
type mtochondrial DNAs introduced therein is cells which have the adapted
type mi txHeadmiwichDhddalas incompalibiloy  sesudtsi t it | avspiBatoly medizogbhates
produci ng a Joqe i ndi vi dual by nuclear transfer using a recipient oocyte
havi ng dgHBFéH“?YﬁﬁhﬁﬁPH@hondriaI DNAs that adapt to a nuclear DNAs of a

donor celd ..-:19 9., The net hod.for produci an_ ani .of any one of_ clains |
to 8, \Alﬁledr'ellql}l]e n}ﬁﬁl&?‘gg‘?{ Pﬁ({dgl(?mﬁ]a?ia&llmiaﬁ(?g%ﬁgtqltﬁ Pfglﬁlﬁnés |t%/§, heredniieat ory
di sturb | |5 I i,rth. . " f or. produci ng

ani mal ?‘&g%d (Igfnge@o l%ccﬁlg?lgrgfa% ?%1619; ,éﬂ\%m%%@i"%g{qﬁlégpyﬁ’gf ec%rf‘{%ge o 8cwglﬁdr i al
DNAs ar eypetochondrial DNAs derived froma wild type, 11. The production
nmet hod of any one of clains | to 10, wherein the animal is a nouse. 12.
The et Hdd Ther prsvdydtionnyetiodaod amy ook ahglaome lofo ¢ aimEréint the ldhinahes @i n
the method for substituting mtochondrial DNAs with desired m tochondri al
DNAs i s ™®%%er a back-crossing method or a pronuclei replacenment method.

\}\ﬁ'er -elz-ihﬁ ltrﬁﬁme%dm]:aﬁ{ocpfo?‘dpl{%!:lﬂgin%nanaglilinn?eltl c?tf anayngng OF ¢ EIirnCsl fﬁlitml,gwtlgré%the
method for substituting mitochondrial DNAs with desired mitochondrial DNAs is
either a back-crossing method or a pronuclei replacement method.

13. The method for producing an animal of any one of claims 9 to 12, wherein the
desired mitochondrial DNAs are of a wild-type mouse Mus musculus musculus
type.

14. A reproducible chimeric animal, which is produced by any one of the methods
of claims 1 to 13, and wherein mitochondrial DNAs are introduced into or
substituted with adapted type DNAs, and totipotent cells can be transmitfed to a
germ line.

15. The animal of claim 14, wherein the animal is 2 mouse.

16. A totipotent cell for producing a reproducible genetically manipulated animal,
wherein mitochondrial DNAs are of adapted type, and its character is transmitted
to a germ line.

17. The totipotent cell of claim 16, wherein adaptation with nuclear DNAs causes
a decrease in respiratory disturbances immediately after birth.

18. The totipotent cell of claim 16 or 17, wherein adapted type mitochondrial
DNAs have been introduced as mitochondrial DNAs.

19. The totipotent cell of claim 18, wherein the adapted type mitochondrial DNAs

areof a wild-type mouse Mus musculus musculus type.

20. The embryonic stem cell of any one of claims 16 to 19, wherein the
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desired mtochondrial DNAs are of a wild-type nouse Mius nuscul us nuscul us
type. . 14. A reproducible chinmeric animl, which is produced by any one of
the methods of clains | to 13, and wherein mtochondrial DNAs are
introduced into or substituted with adapted type DNAs, and toti potent
cells can be transmtted to a germline. 15. The animal of claim 14,
wherein the animal is a nouse. 16. A totipotent cell for producing a
reproduci bl e gerietically nmanipul ated animal, wherein mtochondrial DNAs
are of agapttad!tyymenipaistettaninhhiaghesudes transnitted to a germline. 17.
The totipotent cell of claim 16, wherein adaptation w th nucl ear DNAs
causes a decrease in respiratory disturbances imediately after birth. 18.
The totipotent cell of claim16 or 17, wherein adapted type mtochondri al
DNAs have been introduced as mtochondrial DNAs. 19. The totipotent cell of
claim 18, wherein the adapted type mtochondrial DNAs are of a wld-type
nmouse Mus nuscul us nmuscul us type. 20. The enbryonic stemcell of any one of
claims 16 to 19, wherein the 20 genetically mani pul ated animal is a nouse.
21 SEQUENCE LI STING (110) Nagao, Yasumitsu; Ilmai, Hroshi; Horii, Takuro
Tot suka, Yoshi kazu (120) Aninal Derived from Mani pul ated Enbryo and
Preparing Method thereof (130) PH 2203-PCT (150)JP 2002-51302

(151) 2002- 2- 27 '

21



(160)2 (210)1 (211)17 (212) DNA (213) Artificial Sequence (400) 1
aattattttc cccaagc 17 (210) 2 (211) 15 (212) DNA (213) Artificial
-Sequence (400) 2 agaagagggg cattg 15 1/1

(110

(120)

(130)

{150)
{151)

{160)
(210)
(211)
(212)

(213)

(400)

SEQUENCE LISTING

Nagao, Yasumitsu; Imai, Hiroshi; Horii, Takuro

Totsuka, Yoeshikazu
Animal Derived from Manipulated Embryo and Preparing Method thereof
PH-2203-PCT

JP 2002-51302
2002-2-27

1
17
DNA

Artificial Sequence

1

aattattttc cccaage 17

(210
(211)
(212)
(213)

(400)

2
15
DNA

Artificial Sequence

2

agaagagggg cattg 15
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