1 I N-VITRO METHOD OF PRODUCI NG OOCYTES OR EGGS HAVI NG A TARGETED GENOVE
MODI FI CATI ON The i nvention concerns an in-vitro nethod for introducing a
targeted genonme nodification into an oocyte or 5 an egg and a method for
performng a randominsertion in the genone of a host cell. Transgenesis
is a nolecular genetic technique by which the exogenous DNA is introduced
into the genonel¥fVATRQUMETHOD| OBr BRODEGING (DOCYTESIORECGGS] HAVING A

descendants of 10 the latter, InS L T 1 SS) to_the descendants requires
the stable integration of trﬁ§é§ﬁ#}QU€%%§ﬁht§§83€ﬁ§6518ﬁ the enbryo, at an
early stage of developnent. At the present tine, one of the nost w dely

used transgenesiThet echnvguesohs tdaicdingn cha-i njgctior, of paked 15,PNA
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wel | known wenpaesofisaskbkkedeilh.the art, in particular electroporation,

transfection using cal cium phosphate precipitates, Iiposonesfor nDdifieg
l'i pids such as ipofectamne(r) (ILN.VITROGEN). In the case of a targete -
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must have nucleic acid sequences honol ogous with those présent at the
targeted i nPBgFAEROA STEaNiaMt Radgdforfan oW eer ta Hese Hosobndgouss of

recombimat | pRe MEGRRARLSTS APLr At &, 30N 2L Bl SXLT §R! Yol QL 8quency | n Lhe
maj ority of organisns.
the stable integration of the said DNA in the genome of the

embryo, at an early stage of development.

At the present time, one of the most widely used
transgenesis techniques is that of micro-injection of naked

15 DNA into a mammal egg, which, in a certain number of cases,
results in the integration of some of the DNA molecules
micro-injected into the genome of the egg. Other techniques
can»be used for transgenesis, in pg;ticglarrthe techniques

of introducing exogenous DNA into a living cell, which are

20 well known to persons skilled in the art, in particular
electroporation, transfection using calcium  phosphate
precipitates, - liposomes or modified lipids such as

lipofectamine® (IN VITROGEN) .

In the case of a targeted integration of an exogenous

25 DNA into the genome, it is necessary to use the homologous
recombination mechanism. In this case, the exogenous DNA
must have nucleic acid sequences homologous with those
present at the targeted integration site in the genome.
However, these homologous recombination mechanisms operate

30 at an extremely low frequency in the majority of organisms.
Since recently the use of endonucleases involved in

yeast in the ‘intron homing’ mechanism, which belong to the




Since recently the use of endonucl eases involved in yeast in the “intron
hom ng' mechani sm which belong to the 2 fanmly of "~neganucl eases', has
made it possible to significantly increagse these frequencies of honol ogous
reconbination in cell cultures and in pafticular in enbryonic manmal
strain cells (COHEN- TANNOUDJI et al., M. 5 Cell. Biol., vol.18(3), p

:1444- 1448, £1998). Id¥ thegegagebisasdde i ndysti o f the expyesgien ofoan
exogenous meganucl ease gives rise to a double-strand break in the genonic
DNA at a spééghiéifaptéyc acicdesegquertbesef |faegriensilas 18 pahemobddPases

for the meganughease.toscel, 1000l oed by @ homl ogous Jecanbing!i op

bet ween sequences o xogenous ecul e"and honol*ogous Sequences
fram ng thisbbyeakcsmnbemaThesearegaridlse a®es ENHTANNERI® It ¢r0ssl bl evol 0
repl ace or delete a, sequence of interest in the genonic DNA or to

i ntroduce af®dtogefibts: sedigndd (Mo Phe: yehtn 845 BNR) -and fhi sthece
“targeted £ashion..ur prisinglos bhe inventarnsdevenl et that ikoyas

0}
possi bl e, by introducing a sequence of exogenous nucleic acid and tH%F
meganucl easeegaSgel ease 0 Hirvesygriwhi cto has doublessiyeande karedk Stel it e

framed by sequences %%gnlogous 20 Wth thelexogenogf nucl ei c_aci dfe uence,
to obtain afl %Ef&lchgv' gata faar%fé?% chenBHS fbdi A i%ﬁq?:%??%sﬁ n E?‘nﬁ %o
the insertsopepy homObegess secophiaatiosr oftiad exogenedbeaswiCl eigscar) d
sequence at the genone |-Seel site. The discovery of the inventors nakes it
possi bl t ofobEoRGDAEt Rat®MOR@YOUSt NeeTRARBILd§HUP FtaEsThi TREUBIT e chiani sm

that uses aaHEgQBygthée n [P&émee"gﬁ&eﬂohelxgxas té&‘%{ﬁeﬁlad'e% ”Pfi}fzrﬂiqzm
can al so be effecte Irectly 1'n oocytes or eggs wth s Iclient effitacy,
and this w thbutbreapr sntsi ngThebe mepkaneitatesn thfust e @ agr avees dfle
develOannttgfréBface or delete a sequence of interest in the genomic

DNA or to introduce an exogenous sequence into the genomic

15 DNA, and this in a ‘targeted’ fashion.

Surprisingly, the inventors revealed that it was
possible, by introducing a sequence of exogenous nucleic
acid and the meganuclease I-Scel into an egg, which has in
its genome an I-Scel site framed by sequences_ homglogous

20 with the exogenous nucleic acid sequence, to obtain an egg
having a targeted genome modification corresponding to the
insertion by homologous recombination of an exogenous

nucleic acid sequence at the genome I-Scel site.

The discovery of the inventors makes it possible to

25 demonstrate that, if the homologous recombination mechanism
that uses a meganuclease can be implemented in vivo, the
said mechanism can also be effected directly in oocytes or
eggs with sufficient efficacy, and this without compromising

the implementation of the programme of development of the

30 said organism. The method of the inventors then makes it
possible to obtain an egg or oocyte having a targeted genome
modification, and potentially to obtain directly a mature

genetically modified organism having such a targeted genome




30 said organism The nmethod of the inventors then nmakes it possible to
obtain an egg or oocyte having a targeted genone nodification, and
potentially to obtain directly a nature 3genetically nodi fied organi sm
havi ng such a targeted genone 3 nodification, and this in all its cells.
The said targeted { genone nodification can then correspond to a deletion
or insertiandiificpatbheulbar tdhe si Nserdion «f ¢ seauentie Myhaiedarybt by
respect to the wild sequence. 5 The cell of the egg or oocyte contains a
large cyt ofFRSAECAMRIAFEF At ¥ t RaR dfhel neprBEESReRd, tshi eh dedieds on tor
difficult t t he,n ; t nt Al net | rj g
addi 11 on, e or eeonte o PGB e (Ehb UL LI o erbranDyCanaaFd
chorion preweétih spepefichbl yhéOwatduseqtdreceggs in order to protect them

limts access to the cell. These barriers generally require the use of
speci al £ echniqu S as .direct injection into the cell, The c lexity
of the t%chniquegﬁ?haggggn uggﬁ | PPt s°T heCOntihber COPt 2408 tﬁatfgfé?s

possi bl e toctteplat® achewredd viwmdriads: ofr eg9soRAE 18XRENT MM 1 c hBs ke s
feasibility of a targeted genone nodification nethod at the |evel of the

egg or oopyﬂE fhEF eFotE Fegarreds the evehess chliiat ngoatedngeted gemoiec
Todi T At fateroperat erattd s Ol AL Teauaney Lot 2 BRLER sl Lgd T

the art to 20 have a reasona ccess in I'iplenenting suc
met hod. Cbviouslyisecheabreasonadn® bépe: othsutcrspréisdniot spexi sicPripr to

the i benentatkgn 8f t he nef hod according to the invention. This is
because’ i Pt AE Ab5eRcEIFE 25" nREdRGCIFadELt a%e HEMBI 4484 ST eCERSiSNEd on

nmechani smisha@ cdeany raremgepetd L ArHees _eﬁ%réli'@yl er‘é&%) Ofc the 20995 Thee
frequency of such a honol ogous reconbination i's pro alfy
special techniques, such as direct injection into the cell.
The complexity of the techniques that can be used limits the
number of eggs +that it 1is possible to treat to a few

15 hundreds of eggs per experiment.

The feasibility of a targeted genome modification
method at the level of the egg or ococyte therefore required
the events causing a targeted genome modification to operate
with sufficient frequency for a person skilled in the art to

20 have a reasonable hope of success in implementing such a

method.

Obviously such a reasonable hope of success did not
exist prior to the implementation of the method according to
the invention. This is because, 1in the absence of

25 meganucleases, the homologous recombination mechanism is a
very rare genetic process at the level of the egg. The
frequency of such a homologous recombination is probably
less than or equal to that observed in embryonic stem cells,
that is to say approximately one event for one million

30 cells. The use of meganucleases to increase the frequency
of homologous recombination, in particular in embryonic stem

cells (ES ; COHEN-TANNOUDJI et al., 1998, aforesaid) also




| ess than or equal to that observed in enbryonic stemcells, that is to
say approximately one event for one mllion 30 cells. The use of

nmeganucl eases to increase the frequency of honol ogous reconbi nation, in
particular in enbryonic stem cells(ES CAHEN- TANNOUDJI et al., 1998,
aforesaid) also 4 did not enable the person skilled in the art to have a

reasonabl e Qﬂ%enlg ts%%%%§% ‘g_}tpés ie%s%%paéﬁ?elleea/eri]ni ftl’% h? arftr € uer}]l%)éeOfa

honol ogous reconbi hation'i's Increaséed’in is " cale, thi §tat the Very most

reaches a fregseneyplef Hope 1DF 6subcebsch anisousd ybeadesthe esaind tfechine que
. The article by COHEN- TANNOUDJI et al. (1998,

i napplicable to eggs | . .
af or esai d) f§&@6§§gg & t}F@“%Jd?HQ%?r yrEEOBC PRI S skl HEF TSR e i t e

use of a homnlsegous isegenbipatien WRIROGLased an el yonic L0 stempel | s
in culture, which have the advantage of being able to be obtained in farge

nunber s andvhéchakebyiopoksi iagle t hebt adhdt rtawdgenive annaplpd iskbée to
i njecting, %gég an enbryo at the blastocyte stage, rare cells benefiting
fromthe tardgeted genone nodification. However, the transgenic 15 organi sm
obtained is termed nosaic' since it has both cells derived fromthe
initial enbryo andegeneittal by OOHEN+EANNGDIIYOHE Cabl e ged| safnpesipg). |t
is then necessary to effect crossin%s bet ween the ani nal s obtained so as

I

to obtain SHPHBPSS whRr EN8I FOPREAEYI '8 &r @genet istatilpdmdd kRl ab e
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transgeni c aninmals where al'l the cells have the targeted genone
modi fi cldt i oatemn caddist i om, cantuire, t hehicdaskavé dahgandvsnwnhee e afo héireage

e son 25 SRPTT ol (R tTREATo T ne | Lot 1 O™ S dBi ol P BhaEF rooi ks o
the nmethod ascosthitg tLardiPenh 1ty e imun s Wi €y MBdRdtting, into an embryo
at the blastocyte stage, rare cells benefiting from the
targeted genome modification. However, the transgenic
15 organism obtained is termed ‘mosaic’ since it has both cells
derived from the initial embryo and genetically modified
embryonic stem éells injected. It is then necessary to
effect crossings between the animals obtained so as to
obtain animals where all the cells are genetically modified.
20 The method according to the invention makes it possible to
directly obtain transgenic animals where éll the cells have
the targeted genome modification. In addition, and in the
case of organisms where no lineage of embryonic stem cells
has been isolated, the prior art suggested to a person
v25 skilled in the art the isolation of such cells and in no
case the method according to the invention, which made it
possible to obtain transgenic animals directly from the egg

for such organisms.

The article by SEGAL and CAROLL (Proc. Natl. Acad. Sci.

30 USA, wvol 92, p :806-810, 1995). describes a homologous
recombination mechanism in a Xenopus oocyte in the presence

of I-ScelI meganuclease. However, the said homologous

recombination is effected at a circular plasmid that has an




possible to obtain transgenic aninals directly fromthe egg for such
organi sms. The article by SEGAL and CAROLL (Proc. Natl. Acad. Sci. 30 USA
vol 92, p :806-810, 1995) describes a ho%DIogous reconbi nati on mechani sm
in a Xenopus oocyte in the presence of I'-Scel meganucl ease. However, the
sai d honmol ogous reconbination is effected at a circular plasmd that has
an 5 |-ScelI-sideg Wiafecaghdife$d t BoeXiHeS dii dthe HeneRkC JWdfiQr pitersai d
nmeganucl ease. In addition, though this article shows the obtaining of
honol ogous réCondiitht M6AaBECLRESSai d Ipl aaddidiomot hthgughdectiits passidle to

redi ct suf fihghant i f ismfor .applying it fo genomc
ICIZ))NA. The plsglgl‘r%%d t\?/%s %ifb%jaggl? )él ionE \r}gorn?]lc(l;fbges qrJq ueacncfnlﬂ%lirgasé/la % W‘?ﬁ t 2hedus| y
with the |- Bdebsmigganuctiease, miech iits possiiobd e shepriddiics netiffixesht o
its sit This.large quantity of |-Scel sites and this co-injection, which
10 faci | taﬁéleﬁs st4bi 115 aPFER2BE SBhé Ofe giRic s el ti Fongenaie el i t

possi bl e toTReespagshie fiequencye ofqlomy ogeys  neegabi gabhen.pbLaifed in
the presence of a site that is Tare since |located at the very nost at a
few copi es FAMPhEangendhy c BNAL amdiei n Taddielli omedidficlidasd,0 adciess because

of 15 the c tructure, of, the genomnic .1t could leqit.i ely be
expect ed fo{rm?ﬁgg% ruc eElr e’ bf %%enegroﬁﬁﬁ%%ndlﬁ%gsrlﬁﬁ'ty %ﬂ”‘ltsh Fides
not to all oguantesg obfthe-seeganycteasear® omeiof &b6Sighbesibef orgnidn has

been graded, 20 Consequently, a first object of the invention
corresggndsg?%ﬂaht??ﬁ@i th&é netdbélbsabtedudiingtecytagrmtcleagss ofin no

non- human vexdehraies; hayh 0g; g a%&%fé’s&ﬁé‘o{??e FRALLLCR0T 0P SOIPdSA N9 @)
a step of expressi ng an ‘endonucl ease I n the
recombination obtained in the presence of a site that is
rare since located at the very most at a few copies in the
genomic DNA, and in addition difficult to access because of
15 the compact structure of the genomic DNA. It could
legitimately be expected for the structure of the chromatin
and the rarity of the sites not to allow access of the

meganuclease to one of its sites before it has been

degraded.

20 Consequently, a first object of the invention
corresponds to an in-vitro method of producing oocytes or
eggs of non-human vertebrates having a targeted genome

modification comprising:

a) a step of expressing an endonuclease 1in the
25 nucleus of an oocyte or egg, characterised in that the said
endonuclease 1is introduced exogenously and in that the
genomic DNA of the said egg or oocyte has at least one
recognition site for the said endonuclease, | which
recognition site corresponds to a specific sequence of

30  nucleic acids of at least 12 pairs of bases, allowing:

(1) the sequence-specific fixing of the endonuclease

at the said recognition site,




25 nucl eus of an oocyte or egg, characterised in that the said

endonucl ease is introduced exogenously and in that the genom c DNA of the
said egg or oocyte has at |east one recognition site for the said

endonucl ease, which recognition site cé&responds to a specific sequence of
30 nucleic acids of at least 12 pairs of bases, allowing: (i) the

sequence- speci fi @ fi xiyig, of L he. engonucl ease o3t 1 hgosaldLecognl bhansi te,

6 (ii) the conseq enﬁlcau3|ng ran re in the genom c DNA
by the said endanuaheasenaimitheNsaby theceghdt eadosiitéearsei ati theadpdidni ng
regions, preferably at fewer than 100 pairs of bases aof .the said. 5
recognition sit&SRIGILAGR (iF1Tet héT epalr oft% he 3HiG"ddFhl eX§EF8RE" br eak

by a honol ogous, [.eeeaBipatiorgrt-hed,nandob)aarst 8 Bhskdeski theakhoa of
the eggs or oocytes having the targeted genone nodification sought. 10 Egg
means aSsingl e g@ldognésabti sgter oentthéhehertili zati on of a fenml e ganete by
a mal e ganete which contains all the potentialities necessary for the

formati on of a new OQ%%ﬂE%Baf@r§gs%ggg%aihh%kgggéuyyg§ﬂgng¥%gucg?vg col |

enbryo at the sﬂﬁ&ﬁé-ce strage. e neans a fenmale repro

obt ai ned duri nghomo®yunat reaopbasetobnt hetbvogemesi s. Preferably, the

nmet hod according to the invention is an in-vitro nmethod of produci ng eggs
of non-human vert ebrat es havingég targete nodi fication. 20 B

d.geno way
of exanpl e Bf non- humén SR ebt at 88"k F%ang?sogg&ﬁﬁyﬁ%g?ooﬁsgéfﬁgeéggs
or oocytes H iy ijhie cpet badqacear ebﬂemetﬁoab_@i&w@w@@u%m. is possible to
cite mammal s such as rodents, "sheep, bovines or non-human primates,
reptiles,

P 10 Egg means a single cell resulting from the
fertilization of a female gamete by a male gamete which
contains all the potentialities necessary for the formation
of a new organism. More simply, the egg corresponds to an

embryo at the single-cell stage.

15 OQocyte means a female reproductive cell obtained during

a maturation phase of the ovogenesis.

Preferably, the method according to the invention is an
in-vitro method of producing eggs of non-human vertebrates

having a targeted genome modification.

20 By way of example of non-human vertebrates where it is
possible to use the eggs or ococytes in the method according
to the invention, it is possible to cite mammals such as
rodents, sheep, bovines or non-human primates, reptiles,
amphibians such as the Xenopus, birds such as hens, insects

25 such as flies and fish such as =zebrafish or Medaka.
Preferably, the egg or oocyte used in the method of the
invention 1is a fish egg or oocyte, such as salmon, trout,
tuna, halibut, catfish, zebrafish, Medaka, carp,
stickleback, astyanax, tilapia, redfish, bass, sturgeon or

30 loach. 1In a particularly preferred manner the egg of oocyte

used 1s an egg or oocyte of a zebrafish (Danio rerio) or




anphi bi ans such as the Xenopus, birds such as hens, insects 25 such as
flies and fish such as zebrafish or Medaka. Preferably, the egg or oocyte
used in the nethod of the invention is a7fish egg or oocyte, such as

sal non, trout, tuna, halibut, catfish, zebrafish, Medaka, carp,

stickl eback, astyanax, tilapia, redfish, bass, sturgeon or 30 loach. In a

particul ar | yguader rad 2 tikesegg of oocyte wused is an egg or oocyte
of a zebrafish (Danio rerio) or 7 Medaka (Oizias |latipes). The nethod

according to the invention also applies wthout difficulty to other
aquati c speci es Sih Hsthpdg,ac , Whrithp akrivewaier chilso 5applies
Recogni ti on sidgJrealss -§gg§;f' l.eic aci.d se whi ch has_a | ength
of at least 12 pgirs ofﬁ%ase tggmgﬁgﬁﬁJt%g&ggV§ g§§§%§%|é%§%1i%s trog,
speci fi cal | Kefiopad , astirahiochndakkewarchfher the fixi ng of the endonucl ease
toit, the causing of a double-strand break in the DNA by the said 10

endonucl§ase. Pr %%rabLg.the s%id recognition. site corresponds to a
speci fi ¢ nucl ei ¢ acrd ¢6qd8nle t6f "8 FedstPet6of BHSES1CandifnS8IPERFe

particul arl whpeef efdech mpangehabr lgastedf podr 5. 0fsbages, Specifi grougl eic
acid sequence neans a DNA sequence, 15 preferably a double-strand DNA
sequence. ThESi déALFf i eafrBHCcapecahsShe spertbinedlusi Agxetechnilquesivel |

known to peLsens skiéfég%i h t... Thi i dentification st can use, by
way of exanpl e, ishe Sout er@%lg g];ﬂlg-’](ﬁ'wgtgﬁn?%%es%,ndgﬁmtcheeaiss%l g‘?e& genglﬂr?c
DNA from t heaeggn@0 aff eocidublebisaimed] Wséay dnprohe ®NzSPEGi file said
initiatgrs rgsgec ively. In the_case where the said targeted genone
modi fi cati ofi"d8PFELPORTs to aRtPREERPIBN dhea seyl@ncaasiognition  site
corresponds to a specific nucleic acid sequence of at least
16 pairs of bases, and in a particularly preferred manner at

least 18 pairs of bases.

Specific nucleic acid sequence means a DNA sequence,

15 preferably a double-strand DNA sequence.

The identification step «can be ©performed using
techniques well known to persons skilled in the art. This
identification step can use, by way of example, the Southern
or PCR techniques, on the isolated genomic DNA from the egg

20 or oocyte obtained, using a probe or specific initiators
respectively. In the case where the said targeted genome
modification corresponds to an insertion of a sequence of
exogenous nucleic acids comprising a reporter gene, the said
identification step can use techniques of detecting the

25 activity of the said reporter gene. Such detection
techniques depend on the reporter gene used and are well
known to persons skilled in the art. In the case where the
said targeted genome modification corresponds to an
insertion of a sequence of exogenous nucleic acids

30 comprising a selection gene, the said identification step
corresponds to a step of culturing the said egg or oocyte in

an adapted medium. The culture conditions for such a step




exogenous nucleic acids conprising a reporter gene, the said

identification step can use techniques of detecting the 25 activity of the
said reporter gene. Such detection techni ques depend on the reporter gene
used and are well known to persons skil®led in the art. In the case where
the said targeted genone nodification corresponds to an insertion of a

sequence of  gxogengys Jucl el £ acl ds 30oCOMMIF! Bga SA ethon eag, Lhe

said identi on'step corresponds to a step o uring the said egg
or oocyte igersamsaddqtiaddmedi uhe Zkhe.culture conditions for such a step 8
depend on the selection gene used and are well known to persons skilled in

the art. According to ticul ar .enbodi ment, .the sai ific__ouclei
aci d sequence 1 GPUERAIEA FooRIORE CRe8 BT T RAABRAL, 5 ToUPRE CERGORLHS

fixing sequygpae ideterid nadyfdma ther sahd eadenusbensel easéocarseguends
derived fromthe said consensus sequence. This is because sone

endonucheades e 9@89&55@5oﬁiﬁﬁwwhgs%%P%@ﬁ%eﬁ@é@r%b@eﬁaéﬁﬁﬁ‘dﬂﬁ%rﬁéég
identity wtf their gonsensys, Sgaqueé‘&@)&#& f&%h‘)\)’éé‘g PPRohrophthi 8410
I'ng at th

fixing, ef fec a doubl’é- sttand brea e [atter or In 1its adjoining
regi ons. Advanrtagecusieguchite .saiThispers fbecsespiencee hasdopnelethan 9080
identity with the sai d consensus sequence, pkeferably nor.e hag ng and
parti cul ar IS2PEREEePabILy XBfe CP5 SERRRTEE% RPEhEHENdaPdPELASENs 1S EEqh¥énce.
Percent age jidentid y- "eaRscLbes PakerRhage Hd huebeiswaghdon thridlenniigal
nature and position between the said specific sequence and the said,
consens@s ffiixiing, s edifemte ndetee rdriuide fsdiramide bygiak  adnddmuclehser 920 1in

Dependi ng on th%.endonuclease used, it is possible to
1its adjoining regions.

Advantageously, the said specific sequence has more
than 90% identity with the said consensus sequence,
preferably more than 95%, and particularly preferably more

15 than 98% with the said consensus sequence. Percentage
identity means the percentage of nucleic acid with identical
nature and position between the said specific sequence and
the said consensus fixing sequence determined for the said

endonuclease.

20 Depending on the endonuclease used, it 1is possible to
obtain a double-strand break in the DNA either at the said
recognition site specifically or in the sequences adjoining
the said recognition site, preferably fewer than 100 pairs
of bases the said recognition site, preferentially fewer

25 than 50 pairs of bases, and in a particularly preferred

manner fewer than 20 pairs of bases.

Advantageously, the double-strand break caused by the
endonuclease 1is located at its recognition site in the

genomic DNA.

30 The said recognition site can be present in the genomic

DNA of wild individuals or it may be introduced into the




obtain a doubl e-strand break in the DNA either at the said recognition
site specifically or in the sequences adjoining the said recognition site,
preferably fewer than 100 pairs of bases the said recognition site,
preferentially fewer 25 than 50 pairs of bases, and in a particularly
preferred manner fewer than 20 pairs of bases. Advantageously, the

doubl e- st r anch it eplagaus edizbyb ot heanendonugkease is located at its
recognition site in the genomc DNA™ 30 The said recognition site can be

present in the genomc DNA of wild individuals or it may be introduced

into the 9 sai d AgERGIFHEIDNACDY2 t rasfgarresi sempedondinhg ¢ ahw ebeesedt

enbodi ment  of,¢he iRLESE i ti e said recognition site was

i ntroduced by tréngéengéfs ?%?g tﬁ%caéﬂﬁ%%%n qb i sdiPETEJY5 oB¥yte.

5 The i ntr oduetisgenesishiisntoetbgnigthomisi DEAI BFothhe sgeraoryg oPNAcegnchave
random y. Advant ageously, the said

been eff ctﬁ%ﬁin ta t.ed faagion or \ ,

i ntroduction By 't g ohakhipl gec89pétéPPectid® eintertha” gREOBAR

oocyte or egma 1QausedaiR tRecmet hed aceqrdipg Lo Eﬁﬁﬁie@%am'
ga

- in.an
oocyte, egg or cell fromwhich a sexually mature or I'sm hggggégﬁ aEFe to

devel op and tRPERMMIi-ch the oocyte or egg used in the method according to
the invention canme. According to a particul ar enbodi nent of the said 15

preferred enbodi ' odygtion_of the said, .recagnition site is
effected in a taggg%gaggggh?%gf %%% at a%&gf8§u95998d3gfi%ﬁaEQHeBESlS
ef f ect ed bywhenuldgouso becamttiawiddne aceor diiAg Hre t egha @@%&‘]c‘é'e'dr kagyn to
per son COHEN- TANNOUDJI et 20" al

skilled .in the art. By way of exanple, ] . '
(1998,51a(’for8§§§d)1“de%?iBféestIN% PRFeEdibe ittt othpe invention, or in an
oocyte, egg or cell from which a sexually mature organism

has been able to develop and from which the ococyte or egg

used in the method according to the invention came.

According to a particular embodiment of the said

15 preferred embodiment, the introduction of the said
recognition site is effected in a targeted fashion. Such a
targeted introduction can Dbe effected by homologous
recombination according to techniques well known to persons
skilled in the art. By way of example, COHEN-TANNOUDJI et

20 al. (1998, aforesaid) describes the injection into the
nucleus of a vector that contains a selection gene and a
recognition site for a meganuclease, which are framed by
sequences of nucleic acids homologous with the target
sequences of the genomic DNA. After selection of cells that

25 have integrated the construction in a stable manner, in
particular using an appropriate culture medium, the cells
that integrated the construction at the required position in

the genomic DNA are identified, in particular by Southern
blot or by PCR. The recombination rates being low under

30 these conditions, the number of cells having a targeted

insertion is extremely small.

Advantageously, the targeted introduction of the




nucl eus of a vector that contains a selection gene and a recognition site
for a neganucl ease, which are framed by sequences of nucleic acids

honol ogous with the target sequences of the genom c DNA After selection
of cells that 25 have integrated the cons®ruction in a stable nanner, in
particul ar using an appropriate culture nedium the cells that integrated

t he constructi .fhe requife it i t he am ar ;

i dentified, %%ﬁgg%ﬁ%{’:ﬁl asrl%%y J‘%’oISt Eg(rgn Sa%ﬁot&oqorglyc%%%.e T}ﬁ%%go 1 hati on
rates bei ngDNawisndefe30ed hieg ehamsith doons;eddid imandien .of cel ls having a
targeted insertion is extrenely small. Advantageously, the targeted

i ntroduction of fhe 10, recognition id _endonuc#e se in the

ite for the s
genomic DNA is ffet Jé?:%@%%@%%&?%%b%%ﬁ IR Aing- 1D 3£ <$kcond

particul ar grbedireat Qmdersaitd pegber rad empdimnt, offhe tREr odistd on
of the said 5 recognition site is effected randomMy. To this end, various
t echni ques Eafc¥eluswy. sBye way of fextzap| mnasHalll KA @tthhls ¢ridogramstus

Cell. Biol. 4 P;.1968- 1973, 1995 esgri t f
retroviral Seé%@é%q%éoér %%% P%t g%reéjt'i onB};o‘ia% e%gg%%fﬂln gééi ?ggﬂigr@’t ﬁ% Ia-JSceI
meganucl eas¢1pf8f he/dlQ gerami.c BNAL. TherT.C appldicat bono¥®-087082518895)

descri bes anot her nethod of randomintegration of recog:ni tion sites for

the I-Scel fegantiieddt® it Hel genbii O DNR bV &F s H Fgg Myl ntegration
”‘CVO"nleC&fnQe%o%%%E@B%Q“§£¥eér“fbﬂt%h@ucffﬁ@éfh%@bﬁnﬁ%ﬁ%a@%gaﬂHchﬁﬁ§e
and a fragnent of that has a reporter 15 gene franmed by two |- Scel
recogniltli ongsiaels: PNALs allke RiSsebbéitetise tiie ABYABA168 rdamiombes

i ntegration_ of, .nuclei sequences accordi.ng to_the invention described
: A Thig" o

in the exdTEET AIGERCAqedusts dohe (P xAASAEREr CHucEFORIBE CLRE Sites

for the I-SceI meganuclease in the genomic DNA of a fish egg
by micro-injecting simultaneously into its nucleus the I-
Scel meganuclease and a fragment of DNA that has a reporter
15 gene framed by two I-Scel recognition sites. It is also
possible to use the method of random integration of nucleic
acid sequences according to the invention described in the

examples.

Advantageously, the random introduction of the

20 recognition site for the said endonuclease in the genomic
DNA 1is effected by the method of random integration of
nucleic acid sequences described in the patent application

WO 03/025183 or by the method of random integration of

nucleic acid sequences described in the examples.

25 Many endonucleases capable of binding to a specific
sequence of at least 12 pairs of bases, of consecutively
causing a double-strand break in the DNA at the said
specific sequence, or in its adjoining regions, and finally
causing the repair of the said double-strand break by a

30 homologous recombination method are known to persons skilled
in the art. By way of example of such endonucleases,

meganucleases can be cited.




20 recognition site for the said endonuclease in the genomc DNA s
effected by the nethod of randomintegration of nucleic acid sequences
described in the patent application W) Q3/025183 or by the nethod of
random i ntegration of nucleic acid sequences described in the exanples. 25
Many endonucl eases capable of binding to a specific sequence of at |east
12 pairs of baseegehueorssest i vehyticawsi ng ardpuble- straad break ip.the
DNA at the said specific sequence, or in its adjoihing regions, and
finally cafififgt he repapteostrard sdnpadoubhe- sheaneNbr esikciby ver30 low

honol ogous r Inat i ony et h 0. persons_skille in the art.
By way of exanp%en%?’su?ﬁggndg%ug%§%§£§¥n.%%ﬁaﬁﬁ%fgagggaggﬁqﬁgS@Ftegév?f 11
Meganucl easescgndttiibut esatéanm by of 2 enzymes) t hati rsef fect basdeubl;aesésand

break in.the DNA g@th Xer% | ow, frequency. This is because the said,
meganucl RasESTHAPE LOPALoghPEEEACEIPEs BRZYBeF0 RBVBai FSCOPNBASEE whekeas 5

convent i onalgen@shil Gl beh e0avRes; hay e recognids op,sites pgen ]
around 4 to 8 pairs9of bases. The probability ggat e presgnggg%%¥§8£ﬁya
recogni ti onodi ttdrd nexdeeremonitc SUDRA a4 srébegefbren extitenely tiow. genomic

Meganucl eas ar. |l characterised froma structural an
neghanisticﬁgéiﬁg ghE%S%gfgmfxgéSQﬁEgllSEes g?gaHF9iﬁﬁﬁe?n?6efBgFOdW%%}nct
famlies oohthecbasiseaf @rEmoaacs erwmids xonsar esenh Ihes dodecapept i de

famly (dodecanmer, DOD, DOD, D1-D2, LAG.I6DADG Pl-P2) is the |argest
fam |y M thVAdFe tHapeasoleasgbentesdgybdpedinbgefper atebidrhgfeniwes her

they have 1gnhopge(hsSCeul ¢l ) tywo..copies (1-Chul, I-Csm, |-Dnol,
|-Panl, I-Scel, T-8cell, - ce’(r?+|"fl&Fo-I éycﬁe)ﬁ’%‘o éﬁ?‘s’fc%",e -Scell, PI-Aael,
Pl - Apel, PI-Ceul, PI-Cirl, PI-Crl, PI-Dral, PI-

The dodecapeptide family (dodecamer, DOD, DOD, D1-D2,

LAGLI6DADG, P1-P2) 1is the largest family with more than 150
sequences grouped together according to whether they have
15 one (I-Ceul, I-CreI) or two copies (I-Chul, I-CsmI, I-DmolI,
I-PanI, I-SceIlI, I-SceIlI, I-SceIIlI, I-ScelV, F-ScelI, F-Scell,
PI-Aael, PI-Apel, PI-Ceul, PI-CirI, PI-CtrI, PI-DralI, PI-
MavI, PI-Mfl1I, PI-MgoI, PI-MjaI, PI-MkaI, PI-Mlel, PI-MtulI,
PI-MtuHI, PI-PabIII, PI-Pful, PI-PholI, PI-PkoI, PI-PspI, PI-
20 Rmal, PI-Scel, PI-SspI, PI-Tful, PI-T1iI, PI-T1iII, PI-TspI,
PI-TspIl, PI-BspI, PI-MchI, PI-Mfal, PIMgaI, PI-MgalI, PI-
MinI, PI-MmaI, PI-MshI, PI-MsmII, PI-MthI, PI- TagI, PI-
ThyII) of a conserved motif of twelve amino acids, the
dodecapeptide. The meganucleases with a dodecapeptide have
25 a molecular mass of around 20 kDa and act in homodimer form.
Meganucleases with two dodecapeptides have a molecular mass
of 25 to 50 kDa, with 70 to 150 residues between both

motifs, and are active in the form of monomers.

The GIG family has a complete conserved unit KSGIY-
30 X10/11-YIGS (I-NcrI, I-NcrII, I-PanII, I-TevI) or partial (I-
TevII) and the enzymes in this family cut the DNA at a site

different from their recognition site.




Mavl, PI-M11, PI-Mol, PI-Mal, Pl-Mal, PI-Mel, PI-Mul, Pl-MuH,
Pl-Pablil, PI-Pful, PI-Phol, PI-Pkol, PI-Pspl, PI 20 Rmal, PI-Scel,

Pl -Sspl, PI-Tful, PI-TIil, PI-T1lill, PI-Tspl, PI-Tspll, PI-Bspl, PI-MhIl,
Pl -Mal, PIMal, PI-Mall, PI- Mnl, Pl ¥mal , PI-Mshl, Pl-Msmil, PI-Mhl
Pl - Tagl, PI- Thy-Tl) of a conserved notif of twelve am no acids, the

dodecapepti de. e a l.ease i capept i deqhave &5 & Al ggal ar
mass of around ggwkgggaﬁéﬁggﬁ Hﬁa%g%%g?ﬁg?ggornl Nbg%nucleases wth two
dodecapept iglesdiave cantrehesul ar-pass, of-R2&rk,0 S0-HaDd,, wilthmpdIYo w5bh

resi dues between hoth notifs, and are active in the. fqorm of non The
G G fam |y 2 1ddhpl efe c6ﬁ§E¥V§H“£nitSR§%?%@e30 %fﬁﬁil-YFB§r?%5§é§F,

I-Nerl 1, 1 -PanldwidatEeyl ) £0r panttab-€lu-devl ) mrd hbgaanzyeese nbehts
famly cut the DNA at a site different fromtheir recognition site. 12
The HC Pamidharnzasegégadndes whih Aeghlhki $8i el alfaC £y @Y cont ent s
(I-Popl, 1-Dirl, I-Hwl, I-Hwll) wth generally a conserved sequence that

corresponds ap ximat el y .to  SHLG nughegsg-hest
characteri sed f@%%tﬁgg Eﬁﬁﬁg ngt%éngEggghgnggﬁggﬁgﬁe EEHﬁfgn?IyEﬂag a
consensus sgquencef HBE Nrbskidukn a(I-viewddw)ofar3b past duesat | pTepkerk)eand
particul ar properties of cutting the DNA. However, various neganucl eases
have al so KderuttdnBdéAei PNEd that have not been able to be associated with
these four famlies. At the present time, these mneganucleases are five in

nunber and corregpRR@.t o Fyvaeebus F- Be@bhuthOhsek- SunbveF- TavkoandbEedevl | .
However, all these nmeganucl eases are capable of 15 inducing a ,
doubl e1@t r ddgnipidakdi riltdte DAEShavdthgbaenr é®dgni € oResidesoGkrtethi ¥1ith

SpeCIflcalk%e%% thﬁmh?tt%gmgiiég. At the present time, these
meganucleases are five in number and correspond to F-Scel,

F~SceII (HO), F-SuvI, F-TevI and F-TevII.

However, all these meganucleases are capable of
15 inducing a double-strand break in the DNA having a
recognition site, and this specifically at the latter or in

its adjoining regions.

In addition, many meganucleases have a nuclear location

signal (NLS). This protein sequence facilitates the entry

20 of the said meganuclease into the nucleus and thus the
homologous recombination mediated by this. The I-Scel
meganuclease constitutes an example of such a meganuclease.
However, a person skilled in the art can construct a derived
meganuclease having such a nuclear location signal, in the

25 case where such a signal is absent from the wild
meganuclease, and this according to techniques well known in

molecular biology for producing recombinant proteins.

According to a second preferred embodiment of the
method of the present invention, the endonuclease used is a
30 meganuclease or an enzyme derived from such a meganuclease,

which may be synthetic.




its adjoining regions. In addition, many neganucl eases have a nucl ear
| ocation signal (NLS). This protein sequence facilitates the entry 20 of

t he sai d nmeganucl ease into the nucl eus agg t hus t he honol ogous
reconbi nation nediated by this. The I-Sc meganucl ease constitutes an
exanpl e of such a nmeganucl ease. However, a person skilled in the art can

construct a derivsd wagpgapecl saseplavi oy suchridUGlsRar | egati er13hgngy, in

the 25 case where such a signal is absent fromthe wil nmeganucl ease, ~and
t hi s accor dfifgaddeerrisquesn walhlenefowe e wiltecul af -Bebl ogyl f&reIpr oduci ng

reconbi nant 43,0t ei fs coy di to.a,second preferred enmbodinmgnt t he
met hod of the pr'esg?tsnﬁ%vg]ﬁng%{’ t%epaennd’ongc ceealts'e és%%eﬂs)’ akngﬁeI%’ pe
nmeganucl easeaalVan risnaie derdoeery f remsush, apregsauc! paseen rWhipghchmy, be

synt heti c. way_of exanpl e of neganucl eases, the foll ow ng
nmeganucl %asé%_&gyﬁft’he’rD%T%zFaeI'bePEFf"éH:LI L1, cPérMael, Crif-MAalGs I~

| -Doi, | - Pamr, | - Seahiet - Sgelieuh- Scet Ly Seel cel, FsScell o
Pl - Aael , Pl-Apel, Pl-Coul’, Pl-OFL Py g %f?-g‘?%f?gpl Ned ™ e M
Pl - Myoi , Pl Phpdl, Bal-Pkiial PIP\RsMlle| ,PPIRiM Ty , PPISAMLH PIPssPapi PIr-TPh7 Pf ul ,

Pl Phol, PL-Pkol., Pl-Pspl., PI}BQ?J, I-ﬁ%ﬁ? - |, PI-Tful, PI-TLil,
PI-TLill, PIP?T?gﬁ,T’PrP-IT?gﬁI,I'P| 15 SP,JJ?Pl 2y rﬁRﬁjpl %lﬁw%ﬁp,ffpl Ehgfdent i Pal 1
Pl-Mni, Plysbal, Pr-pgat, Pbri@dsm |, pPhsMhl, pRLykags, Br-fBuk!, brNeri,
l-Ncrll, I-Panli, I1-Tevi, I-Popl, I-Dirl, I-Hwl, I-Hwull, I-Tevfl,
|- Tevi 140, Hs®ELy PE-MER{t PHOJ29E. SBYaTh¥ITevi -Mewl F- TeVerldy &-Panll,
nmeganucl ease._dgyrved_brgm ore 9f. A hem rec itiop .sites ang t
specificities of these @afi ous rl;eéanué{myg'e;’esle arlté V\EITe‘ﬁ}ngﬂ/m?t ge‘ﬁg ‘ons
skilled in Fhécaft andSesEl dE&Yr,i bed-duvipar Fi-qelar ahdt he-mebsirt eor a
meganuclease derived from one of them. The recognition
sites and the specificities of these various meganucleases
15 are well known to persons skilled in the art and are
described in particular at the website
http://rebase.neb.com. Preferably the said meganuclease is
the meganuclease I-ScelI described in the patent US

6,238,924.

20 Derived meganuclease or enzyme derived from a
meganuclease means a recombinant protein having sequences of
a wild meganuclease which is capable of recognising a
recognition site different from the wild meganuclease site
and/or effecting a double-strand break in the DNA at a
25 different position or according to a different mechanism
from the said wild meganuclease. The said derived
meganuclease also makes it possible to cause the repair of
the said double-strand break by a homologous recombination
mechanism. By way of example of such derived meganucleases,
30 it is possible to cite in particular recombinant
meganucleases where the bonding domain of the DNA is derived
from other proteins bonding to the DNA such as restriction
endonucleases of the IIS type or transcription factors. By

way of examples of such derived meganucleases, it is also




http://rebase. neb.com Preferably the said nmeganuclease is the

meganucl ease | -Scel described in the patent US 6, 238,924. 20 Derived
meganucl ease or enzyne derived froma neganucl ease nmeans a reconbi nant
protein having sequences of a wld rregai‘agcl ease which is capabl e of
recognising a recognition site different fromthe wild neganucl ease site

a”d(OF effeﬁggggbgedggbbqiét&%?gmgﬁﬁgﬁti e B%u aéésatﬁéth§¥a*§pe or
position or according to a different nmecharnism fromthe said wl
meganucl easeoréhe satlkealeri Vedatieganusiease alsenmakesrom possebl evilad

cause the repair o t he sai d douhl e-strand byeak by a honol ogous
r econbi nat i BEgaWéE anr S EJES}“ PEMALE SETSUER deri ved meganucl eases,

30 it is possible to cite in particular reconbi nant mneganucl eases where

the bondi ng domatrRe OéndbgudNuds &t iyedinf Foum@iheixqfaiqidis, bond nthd o
the DNA such as restriction endonucleases of the |IIS type or transcription
f act or s.5 ByeJdayrof oexdhpl 68 ofamipits déprped megarucl Basése ifors afsa 14

possible to_gite.rec i;nan cl eases t Ve e e nucl.ear
| ocation si ¥g!§£§ éen%%?rlgm %}ﬁéem% %e%ga%uc%%%ls%gef r§% \Aﬁlﬁ%g?ﬁey%irdese
derived. Theeentioniicd eahe capresdintr odficedeexagenoasdynuoie@asde inS Hgyg or
oocyte in varjous fornms, nanely in the formof a protein or in the form of
a sequence DRIAUTIRi ¢ &9 pernitting the expression of the said

endonucl ease in the said egg or oocyte. According to a third preferred

enbodi ment of thecamtdiaty £ A6q0Nd No-d Q4:he) idRdinht tdre wdanalease
is introduced into the e%g or oocyte in the formof a protein. Techniques
al | owi A§ t RCEEFTHUCEP ofihef iswsmtaprendorickerdseushedpe IBorimbfodgadt ei n

are known tﬂl@oertﬁqo@segsc}(iéé eodociyncet hi% %ﬁe‘ form of a protein. Techniques
allowing the introduction of such an endonuclease in the
form of a protein are known to persons skilled in the art.
By way of example of such techniques, in particular micro-

15 injection can be cited.

Advantageously, the concentration of the said
endonuclease introduced exogenously 1is between 0.1 and 5
units per pl and per egg or oocyte, preferably between 0.5
and 2.5 units per pl, and particularly preferably between 1

20 and 2 units per ul.

The volume injected per egg or oocyte forms part of the
general knowledge of a person skilled in the art and is

around 10% of the volume thereof.

By way of example, the volume able to be injected into

25 a zebrafish or Medaka egg or oocyte is between 300 pl and 1
nl. The quantity of nucleic acid introduced per egg or
oocyte is then between 0.3x107% and 5x107° units, preferably
between 1.5x107* and 2.5x107% units and particularly

preferably between 0.3x107° and 2x107° units.

30 According to a fourth preferred embodiment of the

method according to the present invention, the endonuclease




By way of exanple of such techniques, in particular mcro- 15 injection can
be cited. Advantageously, the concentration of the said endonucl ease

i ntroduced exogenously is between 0.1 an 3§ units per pl and per egg or
oocyte, preferably between 0.5 and 2.5 units per pl, and particularly
preferably between 1 20 and 2 units per pl. The volune injected per egg or
oocyte fornsigarintafoduted gener ahekneytedoer of; a peNSAR: skidiled ol ekhgcart
and is arou 10% of the volunme thereof. By way of exanple, the volune
able to bei%% WY iThto SXPFesSi6kr affi $heosaisldgrdoayglerseodyt hes sbetween

300 pl and kgglor Eg%yq%antity of nucleic acid introduced per egg or
oocyte is then between 0.3x10-4 and 5x10-3 units, preferably between

1.5x10-4 and 2.5x10-3 units and particularly preferably between 0.3x10-3
and 2x10-3 unitsTh30 s&cicbralipeio acidumpiepnéberthet embqdiinent of bpen
met hod agcordi (o] resent .invention, the endonuclease 15 1is
introducgd F%a@ ggfo%EES ‘a MAeT8Fc §8Fd Bfec GPECPEFL8GFRg t HB8Xpr BR&i on
of the sai dcendebucleaseeqn 4 fieosabdquege ST 2006¥%i g HHe S&kShr-HYE] &i coaci d
nol ecul e thep conprises an open 5 reading phase, coding for the

endonucl easé?eufgéf BRECNEGAERSE bR ElRgubdasioh segriences al | owing the
expression of the said endonuclease in the egg or oocyte. Nucleic acid

mol ecul e means bh,h1 DNA apdRNA, u a ' QN@“Q@@ ul es,
which can be in a single- 10 Strgﬁgﬁgrhﬁ%us|29§?¥§%& form By &gégg?ies
exanpl e of andudiwixidcPHAKBNAC U@l ¢date canwhbehuseth i bet hen met hedngle-

accordi to_.the . inventio an RNA _nol ecul e coding for the endonucl ease or
an expﬁggsi%%r%% t%F goubfé—strand form.

By way of example of a nucleic acid molecule that can
be used in the method according to the invention, an RNA
molecule coding for the endonuclease or an expression vector
comprising an open reading phase coding for the said

15 nuclease can be cited.

Expression vector means a nucleic acid molecule capable
of transporting and allowing the expression of a sequence of
nucleic acids of interest, to which it is linked
operationally. Such an expression vector contains a

20 promoting sequence allowing the expression of the said
endonuclease in the egg or oocyte. By way of example of
such promoters, it is possible to cite in particular the
promoter of o;-tubulin or oa-actin, or strong constituent
promoters well known to persons skilled in the art such as

25 the promoter of the cytomegalovirus (CMV). The said
expression vector can also contain other regulation
sequences corresponding to a replication origin, a site for
fixing to the ribosome, one or more splicing sites, a

polyadenylation site or a transcription termination site.

30 An expression vector that can be used in the method

according to the invention may correspond, non-limitingly,




conprising an open readi ng phase coding for the said 15 nucl ease can be
cited. Expression vector neans a nucleic acid nol ecul e capable of
transporting and all owi ng the expression of a sequence of nucleic acids of
interest, to which it is |inked operati%&ally. Such an expressi on vector
contains a 20 pronoting sequence allow ng the expression of the said

endonucl ease,i g he qggggtt %Q‘E%(%?ciﬁ% W‘BBEo%s%fﬁégP' 80k muChIamtens, it

is possible to cite i icular t pr onot er al-tubulin or a-actin,
or strong censtfiuemt ginonmotsems)wel tokrowmirelperaonse skithl ed imlasy dart

such as 25 the pronpter of the,cytonmegal oviru (CWV!. sai expression
vector can %?%BQEbgFaiﬁ &5 ﬁgFm?éguﬁgti ﬁxx¥%ﬁﬁeﬂ5%s %ogE5588ﬁgPﬁg Rg a
replicationvest@ Ndepivbdierfon af bxcgotr@rtbe bi BBSGER, 20N W@ISPWIR or

splicing sites, a polyadenylation site or a transcription term nation
site. 30 Arexpibssfon PEAt Beleratccanipeatised iChrCHa afet hathChactsidih®y to

the inventi 0 ond, Ssmdiinglyy 46 40 2-YAC Heash £
artificial % ?gﬁ%%gn%§§§50Qg é%%gfggcf%fig1 a}ti?%cia chronng§H§f,C}o a
viral vectovirdb @eptassi drevéat @rrtticud aphagamod,i uses ,c st v ioisas ,RNA
vector, to a vector derived froma bacul ovirus, a phaggggghtrans oson or 5

an RNA or PBNRWoIEEAe, |inearCHPrePE@YAHSES, Such ved 2 Meti€known

to persons skigdsd dysddie art. Examphogoofru¥ésal vectons edmdviRadd, cul ar
retroviruses, adenoviruses, parvoviruses, coronavilruses, orthonyXOV|ruses,

r habdowiOr usElRhgdrameviadesey i pisesry ndeirpesey 1 regesl phavepysesdruses.
adenovi ruses, herpes viruses and pox viruses. The expression vector used

is preferably aqplasmid, veGhar- Jeehpi ques; Qi | pLEedNGhRg & nysil g aci d

nol ecule into
vector.

Techniques for introducing a nucleic acid molecule into

an egg or oocyte are well known to persons skilled in the

15 art. Examples of such techniques are micro-injection,
electroporation, transfection by means of liposomes or
modified lipids such as lipofectamine® (IN VITROGEN), or by
means of calcium phosphate precipitates. Preferably this

introduction is effected by the micro-injection technique.

20 The targeted genome modification introduced following
the homologous recombination at the double-strand break site
of the DNA may correspond either to a deletion of a genome
sequence, in the case where the recombination takes place
between two homologous sequences of the genomic DNA on each

25 side of the break site, or to an insertion in the case where
the recombination takes place, at homologous regions,
between an exogenous nucleic acid sequence and the genomic

DNA.

According to a fifth preferred embodiment of the method
30 according to the invention, the said method also comprises a
step of introducing, into the oocyte or egg, an exogenous

nucleic acid sequence that has homology with the nucleic




an egg or oocyte are well known to persons skilled in the 15 art. Exanples
of such techniques are mcro-injection, electroporation, transfection by
means of |iposones or nodified |ipids sugh as | i pof ectam ne(r) (IN

VI TROGEN), or by nmeans of cal ci um phosphate precipitates. Preferably this
introduction is effected by the mcro-injection technique. 20 The targeted
genone nodi facadi osedudiaskicerbdof d DW st Ad2en horm 0GRS, J18CIFbi nat | Qi at

t he doubl e-strand pbreak site of the DNA nay correspond either to a

del etion of B°GRHAGME O etidehcer ithe mndons hnsece thisd riec aisiseatti om ttalees
pl ace bet wegdhdi- gl ogous sequences of the genomic DNA on each 25 side
of the break site, or to an insertion in the case where the reconbination

takes place, at honol ogous regions, between an exogenous nucleic acid
sequence and the Eg@usniasls DNAClAbcordiidg steguaniciel the ptef er rediarbedirapat  of

t he net had C i to.the i.nvention, the said nmethod al so conprises a
step of ?nt#%ghgﬁﬁg%gF%%éjFﬁéJﬁ%&ﬁFEO CEGg 1R ERoGE R WGHIEEI ¢ WRdich
sequence t hatarhdse homologyindd:h shechvehehe §okh. achde sepuences,kocatad

upstream and downstream of the recognition site for the endonuc?ease t hat
i s present iFKAKEOUFeRHFLEIONACIEX6§8H6USENLEI éhccarrdlseqgiente neans a
doubl e-strand 5 DNA sequence that is introduced into an egg or oocyte,

which can be inpgvhihREAELQLIGH T r ferably the said .exogenous
nucl ei ¢ aci d sequence ig o c?fcu é? ?%$%§%55%§5129§5u51§1 The ©tc 2d1d

concent r at i 68dgEntke asudindist eaeidd bisegyence adai/pistier etk thyeLgd 0snQocyt €
per

is bet n and 50 .10 n er , preferably between 5 and 40 n pl,
and pgﬁficé?ar??rpﬁgferggﬁgeﬁégaﬁe Y %0 #yped0 ppg per pl, and
particularly preferably between 10 and 30 ng per ul.

As seen previously, the volume injected by egg or
oocyte forms part of the genéral knowledge of a person

skilled in the art and is around 10% of the volume thereof.

15 By way of example, the volume liable to be injected
into an egg or oocyte of a zebrafish or Medaka is between
300 pl and 1 nl. The quantity of nucleic acids introduced
by egg or ococyte is then between 0.3 and 50 Pg, preferably
between 1.5 and 40 pg and particularly preferably between 3
20 and 30 pg.

According to a particular embodiment of the said
preferred embodiment, the said exogenous nucleic acid
sequence 1is derived from the genome sequence, in particular
a mutated form of the said genome sequence or an isoform of

25 the said genome sequence which comes from another individual
or another organism. In this case, the homologous
recombination mechanism gives rise to an insertion of the
exogenous nucleic acid sequence that is like a ‘replacement’

of the genome sequence.

30 According to a second particular embodiment of the said

preferred embodiment, the said exogenous nucleic acid




As seen previously, the volune injected by egg or oocyte forns part of the
general know edge of a person skilled in the art and is around 10% of the
vol une thereof. 15 By way of exanple, the volume liable to be injected

into an egg or oocyte of a zebrafish or *Redaka i s between 300 pl and 1 nl.
The quantity of nucleic acids introduced by egg or oocyte is then between

0-3 and 50 Doy, RLE! LABLY seleBE 1L 2 A ALREANG RAMTLARASY that

preferablysﬁ ween _ 0 pg. ording to a particul ar enbodi nent of
the said prefreamed eybadonentsrihhe satdeixogenduseaueness, achichskyvence

is derived fromthe genone sequence, in particular _a utat f t he
sai d genomdCE@GGENce M ahPfs 15t %ﬁ?‘?héegaFBCSSn&%gﬁgéﬁﬁe%§é€3ﬁ%%h

cones fromapotemsicRdiw dualpe i vangt ber tefegard sgn il drhisicaseor t hise

honol ogous reconbi nati on mechani smgives rise to an insertion of the
exogenobis mucbeiclaesd sbgtieheePthsent sinikee genrdptaddfent’ of the genone
sequence. 30 According to a second particular enbodi nrent of the said

preferred embodigent . Lhe sgid £x09e00ps NUEhEERcACT Grl8 i SEAMENCE may
conprises a nuclei'c acid sequence of interest that is framed by two
di stinct nuekekepaatdtsequesres omitic e hevemldioimgd oggaudnde t heu@ick@i e acid

sequences | ocated upstream and downstream respectively of th Ltion
site for tﬁéo§oéﬁﬁoﬁﬂbl%%sécFﬁgﬁtpgva@§§ﬁtJﬁh %ﬁewﬁéﬁ§§i8“%m§?£$%§9§%id

nucl ei ¢ acigl sequence +Qfy 1 A0 efesty MaYd/ 6 pRSABAYPEO i geme oraheganic
regul ati ng sequence (such as a pronoter or an activator) where it is

wi shedl® o deteebirate t btasiswd atled achevi thedhed or 2pRERBEDPHe %P t hehe

transgeni c .10 vertebrate_obtain by t t or dieng
i nvention. ‘PRELRERNei ¢ abid §Eﬁ§gﬁ%% S?Efﬂ$§$§gf§%%§ Ven9iheekBSt may

comprise a reporter gene, such as beta-galactosidase, GFP
(green fluorescent protein), RFP (red fluorescent protein),
or a selection gene, such as neomycin phosphotransferase,
15 hygromycin phosphotransferase, histidinol dehydrogenase or
thymidine kinase. The use of such a selection reporter gene
may facilitate the identification of the eggs or oocytes
having the targeted genome modification sought. Preferably,
the said reporter or selection gene does not comprise
20 associated promoter sequences so as to identify the eggs or
oocytes having the expected expression profile corresponding

to the targeted genome modification sought.

Advantageously, the nucleic acid sequence or sequences,

which have homology with the nucleic acid sequences located

25 upstream and downstream of the recognition site for the
endonuclease, have a length of at least 50 pairs of bases,
preferably at least 100 pairs of bases, and particularly
preferably at least 250 pairs of bases. The said sequences

may have a greater size, however a size of more than 1,000

30 pairs of bases does not increase the efficacy of the

homologous recombination.

Advantageously again, the said homologous nucleic acid




conprise a reporter gene, such as beta-gal actosi dase, GFP (green
fluorescent protein), RFP (red fluorescent protein), or a selection gene,
such as neonycin phosphotransferase, 15 hygronycin phosphotransferase,

hi stidi nol dehydrogenase or thym dine kinase. The use of such a selection
reporter gene mmy facilitate the identification of the eggs or oocytes
havi ng the tsrgetretk genomequetdiddscataosn soughdentirsf epablysqudiie saFdat
reporter or sel cté@p ﬁene dggs not. conpri se 20 associ ated pronoter
sequences so ®¥ ¢ o° Y teRtFly thRe BEIS ST 2Bt yPREUMRGEPig LORE tedpadssdean
€Xpressi on piff IdSutlFespandi fie LochhRt 85 get ed. 9epame yaodi {4 ¢athan ..
sought. Advantageously, the nucleic acid sequence or sequences, whi ¢hR have
honol ogy wi t3h! t MR @IC aNAl seogieecEsly omat eden2bt yipstr eamlandt 909,
downstream af_ {h itjon site for the endonuclease, have a | ength of
at Ieast§509%%§r a%?fggg%%%y Bréf&rs Fy'ain|é-§P%i6® ﬁ%ﬁr?tofl%%§%595§nd

particul ar| Yhepriefeertahly iedtweeast+@d0npal & sc Ohcbasesquihecsaid $eq¥8ALES
may have a %reater si ze, however _a size of nore than 1,000 30 pairs of
bases does NGt Ther @8LECHEYET fPEadfesticnd Mmoo Wgoles r dosaitedatdtonan

Advant ageoughynagaLn, |,d g L Ld 19 sequence, or
sequences havenané?geﬁF??§§g? E§g§§%§e9§? §P8h§%§3?8é§@§ﬁﬁPﬁngﬁ5‘nu@?@yc
aci d sequenpesgrormeed apstakgoridimds dowsiss r eam elsthie Irecagni thorushte for

t he en ucl.ease..in the genom c DNA, preferably an identity of at | east
0056 b pERRELEY PornPRreTaEr o e Pt (AT, CrondLbgY  TRbees
i dentity bepwegRatmesnyekeig ?ﬁk@ié§98§n8€§i§gﬁi§588n9ﬁe N@g&h?NB%Egﬁgiage

of identical nucleotides |located at an identical position between
nucl ei ¢ aci §e8EHaencesfomvany Bppbgranmiegyr al dorfictmesineke it pebsibée to

calculate 1RcLgepplby. RELECRI AU  40F) U B EASTR ), BERT n Sy 1o

determined by the BLAST programme and particularly

15 preferably with a BLAST programme using the BLOSUM62 matrix.

Advantageously, the said exogenous nucleic acid
sequence is a vector. Vector means a nucleic acid sequence
capable of transporting a nucleic acid sequence of interest

to which it is linked.

20 By way of example of vectors that can be used in the
method according to the invention, it is possible to cite,
non-limitingly, a YAC (yeast artificial chromosome), a BAC
(bacterial artificial chromosome), or a suitable viral
vector, such as an adenovirus, a plasmid vector, a phagemid

25 or a cosmid.
Preferably the vector used is a plasmid vector.

Advantageously, the said exogenous nucleic acid

sequence has no recognition site for endonuclease.

Techniques for introducing a nucleic acid sequence into
30 an egg or oocyte are well known to persons skilled in thé

art. By way of example of such techniques, it is possible




programmes are in particular available on the NCBI (National Centre for
Bi ot echnol ogy I nformation) website: http://ww.ncbi.nlmnih.gov/.
Preferably, the honology is determ ned by the BLAST progranme and
particularly 15 preferably with a BLAST %¥ogranne usi ng the BLOSUM52
matri x. Advantageously, the said exogenous nucleic acid sequence is a

vector. Vectar NeANS cl. el i.d se le o 1N
nucl ei ¢ aci 8sequencg§gggiﬁ %gggogfo %ﬁ?cﬁ FFQ?§§$¥erg?gég@%§g&g§ %P?
exanpl e of weeher sft haposanebeonsreddi fii¢del i pisidhoth @ cas di hgofectdmeine®

invention, it is _possible to cite, non-Limtingly, a YAC (yeast. artificial
chr onosone) (1Y B%E?R?Q%%%erﬁﬁi é??ﬁ%ﬁcF&PC&HWon%Q%ﬁ%§?t%r SHREHR S r al

vector, suchrageafpagdengyid usindPlasitidh vest okrracpbagenid tRS Qi dro-
cosmd. Preferably the vector used is a plasm d vector. Advantageously,

the sai b exbpéaobsonueseinigied d sequence has no recognition site for
endonucl ease. Techni ques for introducing a nucleic acid sequence into 30

an egg or oocyt eﬁéeﬂ{‘@%d@@:‘t’&%tQ%p&{é°$ei<g‘éé>l+§éjr§\{ketzﬂ?c1@{é-s e Of

exanpl e of such techniques, 1T is posSib m Cro-1 nj ection,
el ect r opor ataon bet ransd edhi an by femeads fafsHiioposornes iom ladiebued vl iyl tds
such as |ipofectam ne(r usi ng calciunlggﬁighate

% (I'N VI TROGE or .
preci pi t at e§SSPEref éfabty2t hiod | hEFodUtrqr oI ied S&f f 8Et dd %y Afcrdftitd

i nj ection tgehabgue. aThEwi AGT @BLCtd Qs ilfie SR EheXQg8RPUSHAMGL &l Lase .
sequence can be made in a deferred fashion or sinultaneously with respect
to thatlOof Rhefendonudledbse iort ndvhugiucireilc adindltavlescsl.e al | owi ng t he
expressi on of the said endonuclease. 10 Preferably their introduction is

si mul taneous. According to a sixth preferred embodiment of the method
according to the invention, the method according to the

invention also comprises a step of culturing the previously
fertilised oocyte or the egg having a targeted genome

15 modification under suitable conditions for allowing the

development of the non-human vertebrate.

Advantageously, the culture conditions used allow the

development to full term of the non-human vertebrate.

These culture conditions, like the oocyte fertilisation
20 techniques, are well known to persons skilled in the art and

depend on the organism used in the method of the invention.

By way of example and for zebrafish or Medaka eggs,
this culture step corresponds to the incubation of the eggs

at a temperature of around 28°C, plus or minus 1 or 2°C.

25 According to a seventh preferred embodiment of the
method according to the invention, the said method also
comprises a step prior to the culture step which corresponds
to an incubation of the egg at a temperature less than the
culture temperature by 5° to 20°C, preferably 10° to 15°C,

30 and for a time making it possible to maintain a viability of

the eggs greater than 5%, that is to say the number of eggs




According to a sixth preferred enbodi nent of the method according to the

i nvention, the nmethod according to the invention also conprises a step of
culturing the previously fertilised oocyj£ or the egg having a targeted
genone 15 nodification under suitable conditions for allow ng the

devel opnent of the non-human vertebrate. Advantageously, the culture

condi ti ons usedialipwashdardevel apgeningp fuelf sirabmyofg tdia d¥ont AHABA o5
vertebrate. These culture conditions, |ike the oocyte fertilisation 20

t echni ques, aa{}cg Rﬁeqqcll % §TFEELGRe YsRiFPREAT| AheReld®t and depend on the
organismused in the nmethod of the invention. By way of exanple and for

zebrafish or Medak eg@@simurdt M Sn€ Ul YUY By SLBRROLHES &P EBSyE%‘s‘“ggki on
of the eggs at a tenperature of around 28C, plus or nus 1 or '
Accor di ng t % RE\VEingst efarred ertediviert ofimpe yetdopeasoar dikdigltd t he

invention, the e! t I onpri.ses a ste rior to the culture step
whi ch correébo&ﬁ? ?%PagggngﬁggpﬁgnQ% % %a%ﬁﬁf%ﬁgégﬁeWﬁeFSFBFéaFégg PRan
the cul tur éheerpesabur eobytbst as2QC, preferably 10 to 15C, 30 and for a
time making it possible to maintain a viability of the eggs greater than

5% that is to sgé thg nunbei of e gs 21 arriving as far as hatching,
preferably greatéet fRaAIEOH Yanaug r fNcaParPytbpef &f aphyrgedapret fhanal5%

The maxi mumctinge whinidag Wi ghdt hey eggs Qr gﬁ%??e%%b‘i%“ p D6, OB, NLai ne hgé‘“ be

determ ned sinply by a person skilled 5 in the art “and depends on
resi stance Peutéppendt bretbtulahty egysferalobyhesvamed. HAoyan ageots) v,
such an incubation is carried out for a tinme between 1 and 24 hours,

preferaby betwegp 1_and 2 ours, _and rticularly_ preferably between 1

and 1thours. 10 %y agyggfgé%gﬁpﬁea ﬁdjfﬁaFﬁ%c3ﬁ§%c%§ Hedaka %é%%; this
prior step corresponds to an incubation at a temperature of
between 10° and 25°C, preferably between 12° and 19°C and
particularly preferably between 13° et 18°C.

Advantageously, the step of identification of the eggs

15 or oocytes having the targeted genome modification sought is
performed on cells issuing from the non-human vertebrate
organism obtained during the development of the said eggs or
oocytes after fertilization, preferably on cells issuing

from the mature non-human vertebrate organism.

20 Other advantages and characteristics of the invention

will emerge in the light of the following examples.

Example 1l: Random insertion of an I-Scel site in the

Medaka genome

25

1) pouTI-EGFP-I construction:

The poi TI-GFP-1I construction was obtained by

inserting, in the plasmid poTI-EGFP (Goldman et al.,




prior step corresponds to an incubation at a tenperature of between 100
and 25C, preferably between 12 and 19C and particularly preferably between
13 et 18C. Advantageously, the step of identification of the eggs 15 or
oocytes having the targeted genome nodif#€ation sought is perforned on
cells issuing fromthe non-human vertebrate organi sm obtained during the
devel opnent of 't i ggs..0Q tes aft f i L.on, preferably on
cells issui nzganf%%ﬁ?t%h%e%éf u‘rfgE h%ﬁ?ﬁﬁha%'%{er?%br%qéei ’or%g%}l%és)}?n egogg he‘?'
advant ages amdrebdpdct erbst BT3Pl phe2dnyenf i pMOsmi | |a enes@gnihidhesitght
of the follow ng exanpl es. Exanple 1: Randominsertion of an |I-Scel site in
the Medakafgendhe 25 SPepawpRnuedeRske dmisteenc ttihen:p e iyl TOL GEPe| o -
construction .obtained b insertin Lh the plasmd palTl.- P dman
ot ol oo R R i oR e erp iy A s PERBEEEE SefRehs die O
Neur obi od ., (¢6haddéd) grped20i ddbs sdO98)prot@eirgcognition site for the

| - Scel neganucl ease between the pronoter of the al- tubulin of the
zebrafish and the reporter gene of the EGFP 5 (enhanced green fl uorescent
protein). In a fipstast éprsthespanpdl - EGEP ponstTRIEHE oncomstra¢gest edwdy t he

enzynme BanH,. (Bl OLA nd the digeste C i on s.then purified.
The palTI-Eﬂ# eﬁ%ﬁ%?&%&t?@ﬁ ﬁﬂ%ﬂ%ﬁe%a%ngé%&ﬁi%ggkehéﬂl e %ﬁ%pﬂggﬁTF% d
and then 10pHELthed; g9alhs Fhofl Iphr ldHatie seactiirmasopet foLtRsh
bet ween the palTl-EG-P construction, digested by BanH  and

dephosphor ydligesi,edndba dBabHé- stvaand tdlengonieghesphde v Idemtcai M) ttieersite

- i i i ends, conpatible with
thcggd_;E2%£%£££§égﬁggggéc %%% l%ndeac?gggkggéfgggction’wagwker ormgg

between the pa;TI-EGFP construction, digested by BamHI and
dephosphorylised, and a double~strand oligonucleotide
containing the site I-SceI site (in bold characters) and

cohesive free ends, compatible with the digested BamHI site

15 (sense oligonucleotide) (SEQ ID NO : 1): 57 -
GATCATAGGGATAACAGGGTAATA-3' ; anti-sense ogligonucleotide
(SEQ ID NO : 2): 5'-GATCTATTACCCTGTTATCCCTAT-3'). The

insertion and orientation of the recognition site for I-Scel

at the BamHI site, between the promoting sequence of os-
20 tubulin and that of the open reading phase of EGFP, and the
conservation of the reading frame, were controlled by

sequencing.

2) pact-GFPI2 construction:

The pact-GFPI2 construction was obtained as described

25 in THERMES et al. (Mechanisms of Development, vol. 118, p:
91-98, 2002). The insertion and orientation of the two
functional recognition sites for the I-Scel meganuclease,
upstream of the promoter of the a-actin of the zebrafish and
downstream of the reporter gene of GFP (Green Fluorescent

30 Protein) respectively, was controlled by sequencing.

3) Linearization of the poyTI-EGFP-I and pact-GFPI2




15 (sense oligonucleotide)(SEQ ID NO 1): 5' - GATCATAGGGATAACAGGGTAATA- 3';
anti-sense ogligonucleotide (SEQID NO: 2):

5' - GATCTATTACCCTGITATCCCTAT-3"). The i nsgti on and orientation of the
recognition site for 1-Scel at the BanH site, between the pronoting
sequence of al _ 20 tubulin and that of the open readi ng phase of EGFP, and
the conservation of tdwsteaditngnikr-ame, were controlled by sequencing. 2)
pact - G-PI 2 construction: The pact-G-Pl 2 constructi on was obtai ned as
described 25 in THERMES et al. (Mechanisns of Devel opnent, vol. 118, p:
91-98, 2002). Thehenseftasivantd oriTdntE&iFPord ofint helinwarisedti 6nain  was
recognition O§ tes for the  l-Scel neganucl ease, upstream of the pronoter of

the a-actin VIEAREL BY afiigRSEAGT dotndPre BRI it Préporeest Hereler P
(G een Fluorggcenh yafs Prolfi Nind eSRects Ve yor, cop ol equenci ng.
3) Linearization o?yt hse palTl - E%;FP—I and S%c? -Ag%l 2 EF%e c%ﬁ%?lﬁ%@fsl g?@e The
transgene afAlLIEGRRutEiminigngdrd sechrfsyanavas s othen nedr b§ied gest bopIakxt he
palTl - EGFP- I._construct i he enzynes Xho|. and AflIll (BIOLABS). The
fragment Xhdi CA?%TTncgﬁtIgﬁﬁi{qag t%étgg’ﬁ%e%el%{aastjt%noﬁur?@i & UGAPa DB AEX
11 (r) col umao(lQmACENLrHIandnEReanbi ktrekian. on an Elutip-D(r) col um

(SCHLEI CHER AND SCHUELL). The transgene act-GFPI2 in linearised formwas
obtained by digestion of the pact-G-Pl2 construction by the I-Scel 10
meganucl ease (ROERE DFAGREBTECSyt-FHEBIR- deelinescéseflr Agnenwascohtaintdg
the transgepg was,d ugEfi evi I 4 ro-injection.of the

t ransgenes agd of$J tsﬁg%ln? Ee:t%%egﬁganﬁéf%%@?\%??%%g%nv@ e W\? edt 5869
ei t her Mi t hmeganiitheatel {ROCHE DIAGNOSTICS). The I-sceI-I-Scel fragment

containing the transgene was then purified as previously.

4) Micro-injection of the transgenes and of the I-

Scel meganuclease

Various DNAs were injected, either with or without I-
15 Scel meganuclease, in a Medaka egg at the single-cell stage
according to the protocol described in Thermes et al (2002,

aforesaid).

In the experiments carried out, the o1TI-EGFP-I
transgene was injected in linear form (fragment XhoI-Afl1II)
20 and the act-GfPI2 transgene in linear form (fragment IsceI-

I-Scel) or circular form (pact-GFPI2).

5) Expression of the transgene in the egg (FO0):

25 In order to monitor the expression of the transgenes in
the micro-injected eggs, the fluorescence of the embryos was
observed under a Leica MZFLIII microscope equipped with a UV

lamp (exitation at 370-420 nm) and an omission filter at 455




15 Scel neganucl ease, in a Medaka egg at the single-cell stage according
to the protocol described in Thernmes et al (2002, aforesaid). In the
experinments carried out, the alTl-EGFP-1 transgene was injected in |inear
form (fragment Xhol-Afll11) 20 and the a¢¢-GPI2 transgene in linear form
(fragnent |scel- I-Scel) or circular form (pact-G-PlI2). 5) Expression of

t he transgene E egg (FO: 25 In order to nonitor the expression of the
t ransgenes ' ?ﬁe ﬁFCro-injected eggs, the fluorescence of the enbryos was
observed under a Leica MZFLIII m croscope equipped with a UV |anp

(exitation at 37ﬂn4§9e@ﬂ%1§§9ya@xB@k%ﬁbHBsfhht%ﬂuﬁﬁl4§%&§%ﬁdr¥ﬂdfﬁ k& In
prelimnary experinents in which plasm d palTl-EG-P alone, and in circul ar

form was nidtenei npedt a q:nmulekve By, asas hel s orgleiaeigd snra@e theesgg

results shomed that the 5 rescence of .the EGFP | s e n e NHC
during the neuro gené§P§iéh qu ﬁgghatcﬁpﬁg f358§§§ pgﬁ% %ertlﬁlgaiéﬁn

st. 39). Mor el poessSehdye dheses exprEr | et et dansirethe eXEr edst 0ty ofhd he
palTl - EGFP construction revealed that the pronoter of al-tubulin of
zebrafish .%e%@.ww%ta@%euﬂotpe@ércchﬂwhé9c§}ﬂYrSa|Pcr?ér vitist 54532 3 the

Medaka, pripcipally ia cel §e%{]sé CQYIS& of x?'é?l E\Eﬁrtét'?ﬂ dhghs Spgci fic

c
activity of the constructio erefore appears e simlar to that

described iaxgedsafdShof Nt COLDMAMNI eEGRP . coh200lictabar esakd) edlT ey e
transgene alTl-EGFP-1, the results showed an expression profile simlar to
t hat of theppaddieEGeR cpﬂsubukjﬁ(mmfinzeheaéggh The expressieon ptofille of

El'ﬂgr ma&%ns nx??lgggcﬁ i gielezéifegx; tra S pnaé{rtvosulsm l&%’}s%é)mt h?ltl Ob%erv%?edaka,

principally in cells in the course of proliferation. The
specific activity of the construction therefore appears to
be similar to that described in zebrafish in GOLDMAN et al.
(2001, aforesaid).

15 For the transgene oTI-EGFP~I, the results showed an

expression profile similar to that of the poTI-EGFP
construction in the egg. The expression profile of the
transgene act-GFPI2 is for its part similar to that observed

in Thermes et al (2002, aforesaid).

20 The proportion of embryos expressing the trensgenes in
the wvarious micro-injection experiments 1is described in

Table 1 below.

25 Table I
DNA I-Scel Negative Positive
transgene form meganuclease exprﬁi51on exprﬁi51on
act-GFPI2 linear - 49 51

act-GFPI2 circular - 50 50




20 The proportion of enbryos expressing the trensgenes in the various

m cro-injection experinents is described in Table 1 below. 25 Table |I DNA
| - Scel Negative Positive transgene formjmeganucl ease expressi on expression
(6) (6) act-GFPI2 linear - 49 51 act-GF circular - 50 50 25 act-G-PI2
circular + 16 84 alTl-EG-P-I linear + 10 90 |In the absence of

meganucl ease, akt-cgpebsérvaddnatr FI 0S€ on S50% Of the gnbryps thgy survji ve
the mcro-i nj ection dolnot .F\Yhi hit any fl uarescence On_the| other hand,
when 5 the yanTbuEGFPahsgerddsieare njcro-injected |in tHe presence 8P
meganucl ease, —a ST gm ficant—Tncrease—tn—theproport+on—of bF-y-65
expressing GFP is observed. Thus the result showed that, in the presence
of |-Scel neganudheasie tahecnegatd¥emeepbiyosaker the expressdonof chhe
transgene alTl-EG-P-1_ 10 represented approxi mately 10% of all the enbryos
injected (P29 cR PP) oft Kaxe jembryoso thay &Usvéier then iewer indastiont hat
obtai ned Wi Uy L  £2ASOLECARE! TR LA The,! raRSI ANl LXRLESS! R T
the transgene at generation FOis therefore greatly i nproved by the

co-i nj ecti oithef velréouss tmegageckeasee 6)cToananessedniaf thhept-eansgenert o

t he descendant s: Tﬁe fish of generation FO expressjng the transgene were
sel ected as"a9pote FFEF’f6hn829?lﬁh%§%twéP€IF§§§édl@oth§e%ﬁ%?99ﬁﬁ{ﬂqt9fand
were then ceapegdswelkbrekskdnpactneris AN LNbryoss ofnt hecdgseendants

(FI') were anal ysed for their
that, in the presence of I-Scel meganuclease, the negative

embryos for the expression of the transgene o;TI-EGFP-I
10 represented approximately 10% of all the embryos injected
(12%, n = 116), that it is to say a proportion lower than
that obtained with the transgene act-GFPI2 (16%). The
transient expression of the transgene at generation FO is
therefore greatly improved by the co-injection of the

15 meganuclease.

6) Transmission of the transgene to the descendants:

The fish of generation FO expressing the transgene were
selected as a potential founder. These were raised to
sexual maturity and were then crossed with wild partners.

20 The embryos of the descendants (Fl) were analysed for their
expression of transgenes. The results are presented in

table II below.

25 Table II
DNA Amount gf Mean
transgenic t . . __IStandard
ransmission
I-Scel FO error

levels in F1

(%)

Transgene Form (founders in

%)

Sm(%)




expression of transgenes. The results are presented in table Il below 25
Table |1 DNA Anpbunt of Mean transgenic Standard |-Scel FO transm ssion
error Transgene Formlevels in F1 0 (founders in ( o) Sm(o) ) 0 26
act-GFPI2 linear - 5.9 (2/35) 15.1 17,7 2fct-GFPI2 circular - 15.6 (5/32)
17.6 22,2 act-GFPI2 circular + 30.5 (11/36) 48.4 9,1 alTl-EGP -1 linear -
0 (0/17) alH—EcFP——Hrear—+—21 (41930312 5—TFheresutts—show that —
the case of| ce@eT@rPIZ n echféﬁ%r (Wi t hout 609 r‘?éétf’l)on withP1lscel), !
majority of gétslmbplsgej a\pf@llrg)g p Ltivelgog g:,ng Thi s |1rpI45es tlhap2 52t he
tl‘ansgene s—absent—frpm-the—<eHs—+n-thHe eptroa [55 H-1re gt Ot

2, thi Fanaa) o1
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t he case of t%ttcﬁ%%?qenech’%@u@lbl 'cI3fO| s fl by t%® 4 - Scel
recognition oéT&eﬁGFPt F B obsesaeed that cl 0§ 0'7‘13@% of the indivilduals

have i ntegrmcu the L.a.sgelne g 10—stabtle |aa||| on—ir—thett geENone:;
mechani sm pjcaBésBAFPcof | esboiRf t o t he one #escd1b¥d i|n THERMVES et| alt?2:-°
(2002, aforesaid) according to which the nmeganucl ease all owed the

integration in the genone of a transgene franed bg the "two" _recognitjon
sites for it. AcEofdi F§SHetEhe Sodel Prdposel! 15N€he CBF&nsgdne GRRFEC be

exci sed by |11e JEORUICT easEo W G5 1 MPULEL B Q1R $ecdFRE @RS ang: e

all ow the ran
of flSh tested were not positive for GFP. This implies that

5 the transgene was absent from the cells in the reproductive

lineage in FO.

In the case of the transgene act-GFPI2, which is framed

by two I-Scel recognition sites, it is observed that close

on 30% of the individuals have integrated the transgene in a

10 stable fashion 1in their genome. The mechanism proposed
corresponds to the one described in THERMES et al (2002,
aforesaid) according to which the meganuclease allowed the
integration in the genome of a transgene framed by the “two”
recognition sites for it. According to the model proposed,

15 the transgene would be excised by the meganuclease, which
would protect the free ends and then allow the random

integration of the excised transgene in the genome.

Surprisingly, it is observed that, among the 19 embryos
co-injected with the transgene o;TI-EGFP-I et I-Scel, and

20 tested for transmission, four (that is to say 20%, n = 19)
generated descendants expressing GFP. It therefore seems
that the model proposed in THERMES et al. (2002, aforesaid)
does not take account of the mechanism of insertion of the
transgene in the presence of the meganuclease since the

25 presence of a single recognition site for this, which is not
located in the immediate vicinity of the extremity, also
allows stable integraticon of the transgene in the genome

with a high frequency.




integration of the excised transgene in the genonme. Surprisingly, it is
observed that, anong the 19 enbryos <co-injected with the transgene
alTl-EG-P-1 et |I-Scel, and 20 tested for_ transm ssion, four (that is to
say 20% n = 19) generated descendants ek%ressing GFP. It therefore seens
t hat the nodel proposed in THERVES et al. (2002, aforesaid) does not take

account of the nmeghani sgyefqifseshiop: 8hatbecpts ﬂégeeggmet H%t%rg%%%pgg of

t he neganucl ease since the 25 presence of a single recognition site
this, which S moe tozaseshd nohbe-Eerediatweny ceailtgdof rd heoext renbty,
also allows_ stahle intgﬁration of the transgene in the genone wth a high

frequency. 2F- 2L ollthd? Sy i Adievi Blal i BotgUed by SEHENEnt Bepmat ithesef
t he tranSQGQﬁnﬁ%@réaiga|a“@ﬁ§f8§hl%Qegg'%gkggégé%lde Hi0: 34 ek FOR8RL-

The Fl individuals issuing fromthese ounders had a uni form gréén
f 1 uor escencelisenvadlSNC rotherths opsarvablfe fewmddreestiart aaf tieur egedegsi s,

at the early- neurul a stag Shpf, st .17)._In the case of_ the faunder
FO. 251 , theQﬁuﬁq%ﬁ\ﬁEﬁ%ﬁs%?géﬁgn ﬁﬁtﬁz%hignh Several ©f eVt s fgpnder

expression of).@5R., |thaas1possd Py Ll §li SEisRGHGS N roh N thAGr B@sh NGkdgr of
fluorescence, individuals expressing 10 G-P weékly, noderately or strongly
(cal | ed FO.28Velspofosxpresgipp. 25- $FPredewtisvpoppibdeciovadisatngnsshn F

may be due :t.0 ; r i of - dj cateners ,of .the_transgene
i nt egr at ed ﬁ% ﬁﬁgﬁé%ﬁ%ﬁggq%% C1£Fnk§%§%§gé%%§$1céP vV IREt PnEEPERERYFL i on
sites. Thesé&Fenmrepdd v Fljodsratarlai sed db6ramdiy hesthéagrandsenl y rphose?

slightly and ng,ergt%ly fl uorescent were hatched and gave birth to
sexual | y maflr &V -430Pr” fFeSReCiid elyrans HvsSl o Igr tim@ s righserday obe hdue

follow ng gepetaki 9Bgrkhatioh2orF312Rd EA)} FEARLPEA VDI HOr The %@gﬁggene
confirns the stable intégration of the transgene.
integrated in the genome, in FO0, in three genetically

distinct integration sites. These embryos (Fl) were raised
15 until hatching and only those slightly and moderately
fluorescent were hatched and gave birth to sexually mature
adult fish. The transmission of the transgene to the
following generations (i.e. F2, F3 and F4) remained uniform,

which confirms the stable integration of the transgene.

20 The mean rate of transmission of the founding
individuals was estimated by following the expression of the
transgenes in the descendants of the positive Fl

individuals. The rates obtained were very variable and

below 50%. In the case of the transgene a;TI-EGFP-I, the
25 mean was 30 * 12.5%. Only one of the four founding fishes
(FO.19I) then significantly reached 50% of transmission,
which corresponds to the percentage of a hemizygote
transmission. In this case, it 1is probable that the
transgene was integrated at FO0 at a single site and in all
30 the cells of the germ line. Finally, the results show an
appreciable improvement in the efficacy of integration of
the transgene in the germ line in the presence of two or

only one I-Scel site.




20 The nean rate of transm ssion of the founding individuals was estinmated
by followi ng the expression of the transgenes in the descendants of the
positive FI individuals. The rates obtained were very variable and bel ow
50% In the case of the transgene alTl-EG@FP-1, the 25 nmean was 30 12.5%
Only one of the four founding fishes (FQO 191) then significantly reached
50% of transm ssion, which cogres,ponds I;Co t he pe entage of a hem Zygote
transmissi of. | nANRlySdgsOf | £hpg IRLGgAtion, Ot + hae [CraNSISRS was
integrated alndpd.at a single site and in all 30 the cells of the germline.
Finally, theTtesulits show an appreciable inprovenent in the efficacy of
integration of the trans gene in the germline in the presence of two or

only one |-Scel Wie egerxgue 7INAnuRsiextERCLRE iTosyriat i BAUSE (RETSPSRLGene
in the genong: The. spextrna firam F Lbin L apsgRNicg

fish, usi ngtalgssldt ellk]%la{gg a% p ge\%o ?haag%%?lgance V\%l(t:ﬁgt hen 5 prot ocole
descri bed ipgrcSANBROGK seiridled (GSHAMBROOH! ety aBr.eS€SH Calbd r8goinyg HHasbor ,
1989). 7-A._transgene alTl-EGFP-1: For the Southern blot experiments with
the transgémdd FPHLNEGEPIPO Y héd 7§ehoni ¢ DNA was di gested by Sacl or Notl,
10 separated on a 0.8% agarose gel (TAE Ix) and transferred by capillarity
onto a nitrpgell rane ieh was hybridised with a specific probe
random y Uioiie %%e%mml eotides (32P). This probe corresponds
to the sequence of the EGFP. The hybridisation at the transgene was 15
reveal ed with aFphoser Somagernafilert sexpeniméous s wifth ekipostir@nsgeas

silver film The results are presented in figure 1.
o TI-EGFP-I, the genomic DNA was digested by Sacl or NotlI,

10 separated on a 0.8% agarose gel (TAE 1x) and transferred by
capillarity onto a nitrocellulose membrane, which was
hybridised with a specific probe randomly marked with
radioactive nucleotides (*?P). This probe corresponds to the
sequence of the EGFP. The hybridisation at the transgene was

15 revealed with a phosphor-imager after several hours of

exposure to a silver film. The results are presented in

figure 1.

For the lineage F0.19, the digestion by SacI (site

present at the exterior of the region recognised by the

20 probe) reveals the presence of two intense bands with sizes
close to 4kb and several bands of lower sizes (2kb and
approximately 3kb). The two bands of approximately 4kb
correspond probably to insertions of the transgene in direct
tandem and in reverse tandem of type I respectively (FIGURES

25 2A and 2B respectively). For the bands of lower size (2kb
and 3kb, these very probably correspond to fragments of
junction between the integrated DNA and the genome DNA. The
intensity of the two 4kb bands, compared with the junction
fragments, indicates the presence of these two types of

30 tandem in large numbers in the genome and in comparable

proportions.




For the lineage FO.19, the digestion by Sacl (site present at the exterior
of the region recognised by the 20 probe) reveals the presence of two

i ntense bands with sizes close to 4kb anqxfeveral bands of | ower sizes (2kb
and approxi mately 3kb). The two bands of“ approximately 4kb correspond
probably to insertions of the transgene in direct tandemand in reverse

tandem of type | mespetd VEIne{Jd CURES 25 24hand, 2B fespeshi¥gl ¥holoknthe
bands of |ower size (2kb and 3kb, these very probably correspond to

fragment s ofPT§SHEE off benidencnde difnt elge atted DN emesthe dendise DNALkBhe

intensity of 4k S, cpipar with the.junction_. fragnments

i ndi cat es tﬁgﬁgﬁgﬁﬁﬁ%é %FP?ﬂgée t WO t?%ﬁgag%s%ﬁ Véhﬁeﬁ#F% F%r%g Rﬁﬁ%épg in
t he genone amdiiicatesmawnablie ipr gpobbbigsa 29seFof theokinneadyesnkt@tdhet and
-2, the %esults show t he presence of onI%Fone of the two diagnostic bands

at 4kb {FI GORESTCISS SWRdethe fe dnfRfr i Sohf W YRE t#8) FO Thepheri Letepsdieat es

that it is probghlae a r r LN rs em.of
type I (FI GURE ZB)(% ?ﬁgaﬁo§%5ﬁ¥%ﬁé?%§g gﬁggﬁgggeégﬁdé §%§§§étﬁ%ﬁe prggence

of a small sopbes off thpi ésraokgehe timansigese lnnthgse.l i nEages. rEhedes
results ha een _confirmed for, these ree |ipeages._by Agel i gestiaons
(ext er nal tégyge ESSPonCPg%8§WF§ed By t%geﬁﬁobé,rfg déﬁﬁe gFSshg%n) qRd
BanHl (no sdtigsstiohbe (kkaasganeso Gatd rdiors hawgnilhe use efiet BeoNet |

di gestion makes it possible to analyse the |lineages for the presence of
the revt sedphAdert poEmRf atrsdp@éwlfﬂ%’firgmr%lm iTheheesubpnsgshew: t Hataonl y
the 15 |ingggeq $WA2 has such integrations (FIGURE 1, star). Analysis of

of t

-the genom ¢ DNA e lineage FO.36 revealed a digestion profile

equi valent to that of the DNA
The use of the NotI digestion makes it possible to

analyse the lineages for the presence of the reverse tandem
form of type II (figure 2C). The results show that only the
15 lineage F0.19 has such integrations (FIGURE 1, star).

Analysis of the genomic DNA of the lineage FO0.36
revealed a digestion profile equivalent to that of the DNA
of the lineage F0.19 (data not shown).

Consequently the two lineages F0.25 have an insertion
20 profile with simple concatemers and in a small number of

copies (reverse tandems of type I).

/-B. transgene act-GFPI2:

The analysis of the transgenic lineages obtained with
this transgene 1is described in THERMES et al. (2002,

25 aforesaid).

The results show there also insertion profiles with a
small number of copies of the transgene (from one to eight

copies) in the genomic DNA of the various lineages tested.

In conclusion, the use of the I-ScelI meganuclease and

30 constructions having one or two recognition sites for this




of the lineage FO.19 (data not shown). Consequently the two |ineages FO.25
have an insertion 20 profile with sinple concateners and in a small nunber
of copies (reverse tandens of type I). 7-B. transgene act-GFPl2: The

anal ysis of the transgenic |ineages obtai3fed with this transgene is
described in THERMVES et al. (2002, 25 aforesaid). The results show there
al so inserti fil ! nunhe f I of t t

(from one. t PR BNE " GoB et hot RECaRomE BRA BROPhotVarfoll®l i aaaagss
tested. In emmmyxﬂdn1atﬂupdrﬂenﬁgddﬁaﬂnﬁﬁgﬂa&&mamucie@@@bh@dfasﬂlon in
constructions having one or two recqgnition sites for this 30 nakes it
possible to &ROTen 1Ph&hRaferm ¢of FRBILENEIRESOL aRafeed, "HPBhoPt er
gene integralRddsn a strle £ashihddh &H§e9€ﬂ&¥eﬂéEHHF§&§H”EHEréfék89|e
copy or a small nunber of copies. These two randominsertion techni ques
therefore 5ceoorstitutee prime ttechniigyes coappareedwivtith héheechﬁplquegues

normal | y us ansgenesi. mhlch insertions observe din
nunbers in %éhgé%g %gﬁQCKE?T trgp gﬁeﬁ?%fryl%ndwﬁﬁF%cuﬁﬁﬁeﬁl6?88y %f

Fi shes, El sevisetryep: 2A07-240gel99%umbdYENGAR ettid, Tears@eni ¢HRERETT,
vol .5, p: 10 147-166, 1996 Integrity of the integrated I-Scel sites:
In the caseBAREPENIFLIE @ sﬁﬁiﬁFQEﬁﬁmﬁ%%éoﬁYaﬁ§gé&ﬁ§eﬂnlﬁ%ﬁﬁﬁﬁQﬁnaPned
| n order toehegh, hawalogousypregrminalj onsplhboLhec! x3cel MRganycl gase,

and permt in 15 particul ar t e targete |ntegrat on of "a gén I'nt'er est,
it is ifporfdnt1b6r 1hH26)-Scel site or sites integrated in the genone to
be functional. In order to test in-vitro the integrity of the |- Scel

8) Integrity of the integrated I-Scel sites:

In the case where it is envisaged using the transgenic
lineages obtained in order 'to effect homologous
recombination with the I-Scel meganuclease, and permit in

15 particular the targeted integration of a gene of interest,
it is important for the I-Scel site or sites integrated in

the genome to be functional.

In order to test in-vitro the integrity of the I-Scel

sites integrated in the genome of the lineages F0.25-1, -2,

20 F0.19 and F0.36, the genomic DNA of these lineages was
purified. The said genomic DNA was then amplified by PCR
using specific initiators positioned on each side of the
recognition site for I-ScelI (figure 3A). The amplified DNA
fragment has a length of 500 pairs of bases. The PCR

25 products obtained were then digested by the enzyme I-Scel
(ROCHE DIAGNOSTICS) according to the instructions of the
manufacturer, and finally deposited on an electrophoresis

gel. The results are presented in figure 3B.

The migration onto gel of the products of the reaction
30 reveal the presence of a band at approximately 500 pb,
corresponding to the uncut DNA, and two other bands of lower

size 200 and 300 pb (cut DNA, FIGURES 3A et 3B). The




sites integrated in the genone of the |ineages FO 25-1, -2, 20 FO.19 and
FO. 36, the genom c DNA of these |ineages was purified. The said genom c DNA
was then anplified by PCR wusing specifi c initiators positioned on each
side of the recognition site for I-Scel (]Tigure 3A) . The anplified DNA
fragment has a | ength of 500 pairs of bases. The PCR 25 products obt ai ned
were then digesietdwt ierenze dt Seel pu RAGHE BRASNSSTRCS): accehgiiaget 0
the instructions of the manufacturer, and finally deposited on an
el ect r ophor é¥t&YNge(19FRELIPBs UMY s faol pElsemredansef | glir nBBtrhe ImiSgeat i on
onto gel of g4 roduet.s t cti al esen of and
at appr oxi rraétlgleeyé)'SOO %b 9%%r?€as§p)%${di ﬁ%%t ogtgﬁ[elfﬁgcu#%w%ntg ;:C\?vlc? otfﬁglrg
bands of | owemeajeze 20 laetd30@qazseseut NONAMUEEGIBRES f3Aceti o3B)l. Thecdl
presence_of the band .at 500 pb may .result froman incqonplete enzyne
di gesti on or*f7%n t‘“&’e‘ctp“r ESEndé %ﬂ‘\?[éfleﬂlufﬂbgéelacc§irfié§9 tR &P dd4&&89°t he
resul ts showdhatsdshe four |ineages anal ysed possess non-nutated
functional |I-Scéel 5 sites, which are variable in nunber according to the
| i neage anal ysed. EXAMPLE 2 : Targeted insertion of a transgene in the
genone of & Ay ni'c Tawegaked i irsertinyiof antrasegeéne| in. the Bepame
constructio : .t p i ting,a.transgene in the
Medaka geno%ef( ?gkgaﬁggggﬁgdﬁggggéo%?gﬁgg?eis?%g%r’g %?e%g%cefeﬁglg?' t echni que.
For this, we used a second transgene containing the tracer gene of nRFP1
(rmonomeric led fRapagsceahsproteio) $RCy ounded on each side by sequences
of 15 at | east 500 pb perfectly honol ogous with the regions surrounding
t he I-ﬁgc}sl site of the alTl-EGFP-I transgene RC, Repair Construycti

09

The ho ous r gront%& gurpose o integratlng a transgene 1n ggé
Medaka genome in a targeted fashion, we tested a breach
repair technique. For this, we used a second transgene
vcontaining the tracer gene éf mRFP; (monomeric - red
fluorescent protein) surrounded on each side by sequences of

15 at least 500 pb perfectly homologous with the regions
surrounding the I-SceI site of the o TI-EGFP-I transgene

(RC, Repair Construction). The homologous region at 5’

corresponds to the intronic sequence of the promoter oyTI,
which thus removes any possibility of expression of the

20 mRPF; in episomale form.

In order to achieve this construction, the SacI-NotI
fragment of the plasmid PiTI-EGFP (1.7 kb), corresponding to
the homology regions situated on each side of the I-Scel
site, was purified and cloned in the pCRII-TOPO® vector

25 (Invitrogen) linearised by an SacI-NotI digestion. The RH -

plasmid obtained was controlled by sequencing.

In parallel, the fragment BamHI-EcoRI of the plasmid
mREFP;-pRSETB (Campbell et al., Proc. Natl. Acad. Sci. USA,
vol.99(12), p:7877-82, 2002), corresponding to the ORF of

30 the mRFP;, was subcloned in the plasmid p;TI-EGFP, between
the BamHI and NotI sites, in place of the EGFP. The




corresponds to the intronic sequence of the pronoter alTl, which thus
renoves any possibility of expression of the 20 nRPF1l in episonmale form
In order to achieve this construction, the Sacl-Notl fragment of the

pl asmid P1TI-EGFP (1.7 kb), correspondi ng?to the honol ogy regions situated
on each side of the I-Scel site, was purified and cloned in the

PCRI | - TOPQ( 1), Qg neari_s cl - I gestjon.
The RH Iasnlﬁ%%gggﬁﬁgd%%gé cont%g%lgg %% se%%gﬁ%fﬁgﬂ§?hé%g$%#Yg+? ?%%

f ragnment BamHhuEchlMNthpobyasmydPoﬂﬂﬁy.@&EEH@ ttappbel la egEI I, sPrecC.
Nat|. Acad. Sci. voI @% g p:.7877-82, 2002 correspondlng to the
ORF of 30 tR& nﬁﬁﬁi " W&E%ub |ﬁnﬂﬁéa5F8§n1d - EBFP, NPet vieen3) t he
BanH and Netl sitemchdrtiiaeecehridecketicctigcas- 3¢0n5trUCt599109é§é@ed
served as a matrix for anpllfylng the sequence MRFP1- ponA by PCR b

addi ng ther éngtaaBgbnl site(SE® each ¥hd (sehée |n|t|at|on ¢8EQ I D M@fﬂ

5 - GAAGAT ense n t|on SEQ ID
N 4): 5 - A T A A KON R RO 5 TRBC PO F odEr ot
obt ai ned wasbekoned ivast ke opledsnind HHERI bt JY r;)czéipwcbp@geminvaﬂdo@@@

sequence was controll ed by sequencing. The fragnment MRFP1- golyA was t hen
i sol at ed byaE@fEE?lﬁ@qaeE@?IWaﬁl@@%FF%%lGQObbfS?%W%n%bm%tru heofragment |y,

the repalr GREBLILALONROndns; aenardl ot bye s dALRIUEI A9  Fhe (89PN

nRFP1- pol yA (Bgl I'l di gestion site o const uctton.
controllCd otohb1$uc@maﬂmmwﬂﬂ@nnRFPl EGFP was generated by introducing 15
t he same nRFP1-pol yA fragnent into the plTI-EGFP construction. 2)

Mcro-injection Pin§ffyfe9ﬁérrggg§gr%%%g ruc gogf &E? was generated by

introducing the fragment mRFP;-polyA (BglII digestion) at

the BamHI site of the RH construction. A controlled

construction pa;TI-mRFP1-EGFP was generated by introducing
15 the same mREP;-polyA fragment into the piTI-EGFP

construction.

2) Micro-injection of the repair construction and of the I-

Scel meganuclease

The repair construction was co-injected in circular

20 form with I-Scel meganuclease into a Medaka egg at the

single-cell stage according to the protocol described in

Thermes et al. (2002, aforesaid). The eggs used came from

transgenic fish lineages (F3 ; F0.25-1 and -2, FO0.19 and
F0.36).

25 The repair construction (RC) was injected in circular
form and at a final concentration of approximately 10ng/pl,
after amplification with a Midiprep® kit (Qiagen) and
filtration (0.2 pm filter), in the presence of I-Scel at a

concentration of one unit per nl.

30 ’ After injection of the Medaka eggs at the single-cell

stage, the eggs were placed in an incubator at 28°C until




Scel neganucl ease The repair construction was co-injected in circular 20
formwth |I-Scel neganuclease into a Medaka egg at the single-cell stage
according to the protocol described in Thernmes et al. (2002, aforesaid)
The eggs used canme from transgenic fish 11 neages (F3 ; FO0.25-1 and -2,
FO.19 and FO0.36). 25 The repair construction (RC) was injected in circular
form and at matfahmialg.concentrati on of approximately 10ng/pl, after
anplification with a Mdiprep(r) kit (Qagen) and filtration (0.2 pm
filter), in the presence of |-Scel at a concentration of one unit per pl.
30 After injectionBH¥REVEdaka 8Ggs Bt (HEd nPe-teF LY sttdife, CPA&EeBEgS

were pl aced | i.ncubator_.at 2 ntil, :-1 3 atching. Simltanequsly,
and in order d:%\r/%esrll%fny ?%e tchuerr@% Plféxp?}é%sicéjﬁ%gf)tit h%o?rﬁgﬁi?{f(ﬁ% é’&%??a
constructi omREPIHEGHARFRA s EGTP esed Njagehed ahede d niedakiedala egg ahet he
5 single-cell stage according to the sanme protocol. The injection of this
resul t ed®i n S5§69d CexsridssFbAIBI AFROFAFFL ton the eddr§o,PE¥eidml- anyTheaces
of green fl uyagr €., 3)+EXDr j f.th P11 e egg-( :
rmnigt or thquggp%ce&gs%%onoéftt e ??g{ﬁgg%ﬁes%%i Ejlot% é}i%g]err%%r%rli%feggéd m-e%é?é,
t he fl uorescentbeokmbligoenhiybsunasnyobsecgedofinglesea £hh&Re MEhde )
m croscope equi pped wwth a U V. Lanp (excitation at 580-590 nm and an
em ssion fi RFP1. The i cted enbryos were
observed un app the Pred fluorescence (in
particular), around =

To monitor the expression of the transgenes in the

10 micro-injected eggs, the fluorescence of the embryos was
observed under a LEICA MZFLIII microscope equipped with a
U.V. Lamp (excitation at 580-590 nm) and an emission filter

at 607 nm for the mRFPI1.

The injected embryos were observed under a microscope

15 for their green and red fluorescence (in particular), around
stages 28 (30 somites, 64 hpf) and 32 (end of somitogenesis,

4 days post-fertilisation). These experiments made it
possible to isolate a positive mRFP; embryo issuing from the
lineage F0.25-1 (weak expression of the GFP and integration

20 of the transgene in the form of simple concatemers). Red
fluorescence is detected solely in the SNC: it is weak but
uniform, suggesting an equal distribution of the transgene

in the first blastomers. Since (i) this expression profile
corresponds to the one obtained with the construction poTI-

25 mRFP1-EGFP and (ii) the distribution construction does not
have a functional ; tubulin promoter, it 1s possible to

conclude that the mRFP1 gene was integrated specifically,

and by homologous recombination, upstream of the oa; tubulin
promoter and at least one of the I-Scel sites previously

30 integrated in the genome of the F0.25-1 lineage.

The results therefore show that it is possible to




stages 28 (30 somtes, 64 hpf) and 32 (end of som togenesis, 4 days
post-fertilisation). These experinents nmade it possible to isolate a
positive nRFP1 enbryo issuing fromthe [|ineage FO.25-1 (weak expression of
the GFP and integration 20 of the transgéﬂe in the formof sinple
concatenmers) . Red fluorescence is detected solely in the SNC it is weak
but unifor 199 i 1 dist.rj buty a L.

first blastgﬁéégg %ﬁ%cggf??-tqf§1§%%§%§§?oﬁ&§P%?%?%§5§$ﬁrg%%%ﬁﬁén%gl%ﬂg one
obt ai ned wi bl théreosgknactbennpadied2bi tiRFPIm&GrRuahekb{e i Jnttige genome

di stribution_con trugtion does FOt have a functiongl | tubulin, pronpter,
it is possiBfedt 5°@6AcFEEeVERGE PRAS ﬁFE?ﬂ gRReCHall | it Bgragieytion site
speci fical |l ¥yor 8ndnby hegphegosiss& econbi nation, upstream of the al tubulin
pronoter and at |east one of the |I-Scel sites previously 30 integrated in
t he genone of t The results therefore show that it is
possi bl & t 0434Ma8; A At Tas aldddie Sr'econbi nat i on)
of a transgene co-injected with a neganucl ease in the genone of a Medaka
299 whi ch has a beghCOPRS Ofcdhd R0 U1 QR sdihBed O ofUCH . MROANMEL CaSE.
5 4) Mdifications of the micro-injection conditions: Fromthe conditions
descri bed ato@)fivatious nbdificlkdi onsreioothe pretozol weseed estedtizet her
i ndependent |y of one other or together. The list of nodifications tested
e or onia e IS Bl e Phet SR ¢ SonkPPUERFEN qudtis £y 88 tof a
maxi mum of BOING{ Fhiidmereased nid hes quantdiy: of neganucl ease up to a

maxi mum of 2 units per pl; - Reduction in the incubation tenperature of

the eggs after. 15 injection to a m ninmumof 13C and for a period varying
- Increase 1in the repair construction quantity up to "a

from
maximum of 50 ng/ml;
- Increase in the quantity of meganuclease up to a maximum
of 2 units per pl;
- Reduction in the incubation temperature of the eggs after
15 injection to a minimum of 13°C and for a period varying from
2 to 16 hours before placing at 28°C.
The expression of the mRFP was monitored in the embryos
obtained as described previously. The results are presented
in table III.
20 Table III
Series 1 2 3 4 5 6 7 8
I-Scel
1 1 1 2 2 2 2 2
(U/nl)
Incubation 18°¢C 18°C 13°
temperature 28°C 28°C 28°C 28°C 28°C ih 1 6h 4hC
(time) (4h) | (16h) § (4h)
DNA (ng/pl) 12 25 50 25 50 25 25 25
No of eggs 442 1108 92 362 253 161 2
injected 127 212
Survival | 344 941 61 258 80
after 24h 63 15 35




2 to 16 hours before placing at 28C. The expression of the nRFP was

nonitored in the enbryos obtained as described previously. The results are

presented in table Ill. 20 Table 11l Seryggs 1 2 3 456 78 1-Scel 111

22222 (Upl) Incubation 4 tenperature 28C 28C 28C 28C 28C (4hh) ) 4

(116h 6h) (4h) h) (tine) ( DNA (ng/pl) 12 25 50 I25 58 55 2512558N0 of e%gs
2 1108 92 11 2012 nj ec Sur

3 S i nf (oh 8 "bo #7ad -5t N NI 1|16 Posi tilve' Crps

35 after 24h hi ng (%)

180_465 32 1:04:8%c32rNd Lo Hosidd ve GEPs 5010144 19. 42 §2.46 40,31 4_61§5
50,70 Nd 42186 i3 Pasitive RERS §-2-04 150112 Pusiiive ReRg in 840
0.21 0 0.39["PsP5ivE. GFD 34, 29 45’9@ Isye, KitPg, hat £hed, 0 1262), 0 1,0 13(2) 0
6(4) (viable) &obal 0 0.18 |0 0.28/01.84 g r2}).83 'e#)i cacy |i n"% ’
Positive RFPs 0 2 0 1 5 0 12
POSitiinve% REPS| 0.21 0 0.39 1.25 | 7.94 0 34.29
Positive RFPs
hatched 0 2(2) 0 1 0 3(2) 0 6(4)
(viable)
Global 0 0.18 0 0.28 0 1.86 0 2.83

[)

efficacy in %

The results show that the most favourable conditions
for obtaining a specific insertion are 2 units/ml of I-Scel
meganuclease and 25 ng/ml of DNA. In addition, the results

5 also show that the incubation of the eggs at a temperature
of less than 28°C following on from the micro-injection
makes it possible to drastically increase the number of
individuals having a marking (close on 3% for an incubation

of 4 hours at 13°C following the micro-injection).

10 EXAMPLE 3 : Targeted insertion of a transgene in the genome

of a Medaka transgenic lineage using other meganucleases

Firstly random integrations are performed according to
the protocol described in example 1, but with the I-CreI and
I-Ceul meganucleases and constructions comprising

15 respectively a recognition site for I-Crel meganuclease (SEQ
ID NO :5 ; 5'-CTGGGTTCAAAACGTCGTGAGACAGTTTGG-3') and I-Ceul
(SEQ ID NO :6 ; 5'-CGTAACTATAACGGTCCTAAGGTAGCGAA-3') between

the zebrafish o;-tubulin promoter and the EGFP reporter

gene.

20 The constructions and the protocol used for performing
- the targeted insertion are the same as previously described

in example 2 but using the I-CreI and I-Ceul meganucleases




The results show that the nost favourable conditions for obtaining a
specific insertion are 2 units/m of |-Scel neganuclease and 25 ng/m of
DNA. In addition, the results 5 also show,fhat the incubation of the eggs
at a tenperature of |ess than 28C foIIomP g on fromthe mcro-injection
makes it possible to drastically increase the nunber of individuals having
a marking (close pncBAtibopr@mmmsmcubati on of 4 hours at 13C followi ng the
mcro-injection). 10 EXAMPLE 3 : Targeted insertion of a transgene in the
genonme of a Medaka transgenic |ineage using other nmeganucl eases Firstly
random i ntegrations are perfornmed according to the protocol described in
exanple 1, but with the I1-Crel and |-Ceul neganucl eases and constructions
conprising 15 respectively a recognition site for 1-Crel neganucl ease (SEQ
ID NO :5 ; 5'-CITGEGITCAAAACGTCGTGAGACAGITTGG3') and |1-Ceul (SEQ ID NO : 6
;5" - CGTAACTATAACGGTCCTAAGGTAGCGAA- 3' ) between the zebrafish al-tubulin
pronoter and the EGFP reporter gene. 20 The constructions and the protocol
used for performng the targeted insertion are the sane as previously
described in exanple 2 but using the I1-Crel and I-Ceul neganucl eases 36
(NEW ENGLAND BI OLABS). { kE 37 CLAIMS 1) In-vitro nethod of producing a
fish egg or oocyte of non- hunman vertebrates having a targeted genone

nodi fication conprising: 5 a) a step of expressing an endonucl ease in the
nucl eus of an oocyte or egg of fish, characterised in that the said




endonucl ease is introduced exogenously and in that the genone DNA of the
said egg or oocyte of fish has at | east one recognition site for the said
endonucl ease, which recognition 10 sit3é corresponds to a specific sequence
of at least 12 pairs of bases, allowi ng: (i) the sequence-specific fixing
of the endonucl ease at the said regg%gh%ion site, (ii) the consequent
causi ng of a double-strand break in he genom ¢ DNA by the said
endonucl ease at the said recognition site or in its adjoining regions,
pref erabhy rratviftewemddry 100 pabsscOhgbases sef dde sai dotgeognift irah- site,
and then (iii) the repair of the said double-strand break by a 20 .

honol ogbuBapec IMBILERERES Smedidhingn andtBY9at8fep I GenttFd catGHN BF t he
eggs orcgﬁg¥gg§n8ﬁ fish having the targeted genone nodification sought. 2)
Met hod according™to claim 1, wherein the said recognition site present in
t he genom ¢ DNA was introduced by 25 transgenesis. 3) Method according to
ei ther ehe aofstdmi o ¢xpre2simberei mndoheicsgiadeenidontled easelegsaof an
meganucl ease. 4) Met hod accordi nhg to,claim 3. erein the neganucl ease is
chosen ?PSNf?heéﬁroﬁﬁgcoﬁ%ri i ’I-é@ﬁF?cf?éﬁS%g |9€hmﬁhﬁt33%wtsﬁ%l

| - Dol , ehgPantiehsScek, irtSertulced -SaRjdroudiScaly, ik- thael the- Speldme

Pl - Aael, PI-Apel, PI-Ceul, PI-Crl, PI-Crl, PlI-Dral, PI-Mal, PI-MIi,

Pl - Myol DN -%pa|t,h@| SRidi , ePY- Mei cocpltem af, Pisv das  pE- PhdR$E, P& Pfui,
Pl - Phol = i, PL:5_Pspi z = ; =Ssph.: Rl - Rl T1i |,
PI-TIi I l’“?g&%ﬂf%%?, ShPe ng’llri ﬁjﬁ ?%%‘lb?, ehis ﬁ/@%ﬁ,eg%e! Mma l,ﬁplrgﬁggﬁrfl%ﬁoy
Myald , Pitdl miorrBephhds, th -dbhpecPlidbrkbpeReMdt ,aPl 1§ags, 12PIpalima |

I-Ncrl, L-Necrll, I-Panjl, I-Tevl, I-Popl, I-Dirl, I-
of bases, alfgwing: P
(1) the sequence-specific fixing of the endonuclease at
the said recognition site,
(ii) the consequent causing of a double-strand break in
15 the genomic DNA by the said endonuclease at the said
recognition site or in its adjoining regions, preferably
at fewer than 100 pairs of bases of the said recognition
site, and then
(iii) the repair of the said double-strand break by a
20 homologous recombination mechanism; and

b) a step of identification of the eggs or oocytes of fish

having the targeted genome modification sought.

2) Method according to claim 1, wherein the said recognition
site present in the genomic DNA was introduced by

25 transgenesis.

3) Method according to either one of claims 1 or 2, wherein

the said endonuclease is a meganuclease.

4) Method according to claim 3, wherein the meganuclease 1is

chosen from the group comprising I-Ceul, I-CreI, I-Chul, I-




Hrui, I-Hwll, 1-Tevll, I-Tevlll, F-Scel, F-Scell (HO, F 10 Suvl, F-Tevl
and F-Tevll or a neganucl ease derived fromone of them 5) Method

according to any one of claims 1 to 438wherein the concentration of the
sai d endonucl ease i ntroduced by egg or oocyte of fish exogenously and in

the formof protein is_15 between 0.1 5 it er , preferabply
betmeenq%wgvgngigxgv uﬁT?@ngerﬁﬁg?eéy %E%HEH%QCCZFg?%éPkO §ﬁ§68ﬁ§?ofFThe
precedi pgel, ai mBsce Mher gim Azke t apgehgdr genomedmdi f peati on, atpther br eak

site corresponds to a deletion or insertion. 20 7) Method according to

cl ai m 6 Phnkéréin Bt Mavde ddmpifildes T Msiodp ol Maerloduti Weain Bhdllsdlyt e or
egg of fd;s n (C S chej Ci S nce,th as homml ogy wth the
nucIeicEgbﬂgugéngﬁces ldba?gdb%%g%?éagyzgg%§6mn€%r@%ﬁ?bfP?hggogécggaition
sit &5 f osplie endonucl eaB8e-presentPli—ssiie genentwel, 2P IBWAL 18) MNethodl T,
accordin o claim?7, wherein_ the exogenous nucleic_acid_seqguence

i ntrodu¢éd AR jnopwfé%"%%fti on’ ST A of It Wehdai d7!efféBnucl 84s€929) Nethod
accor di pgatre, eifher nane of glat sp7-psn 8, whepshrr, 3@ the goncentrati on of
the nucl eic acid sequence admnistered by egg or oocyte of fish is between
1 and 5@In§hﬁéﬁzpErNSQI/pﬂeﬁﬁﬂéﬁbyIbéﬁwéén 8 ~died 140 Ing’oper, prD1r0), Met hod
accor di g, ko anpy,pner of Claly® 7 1or9, rpherghnahe said grouepgys mucl eic
aci d sequente conprises a’sequénce 0 i nt erest”Framéd by "two distinct
nuclei csacird sequencesd Fheebrgabd di skigaaticsegyences ikav mgdhormelcogyr Wit h
the nucleic acid sequences |ocated upstream and downstream respectively of
t he reEB@Wition site for the endonucl ease that is present in the genomc
DNA.

5) Method according to any one of claims 1 to 4, wherein the

concentration of the said endonuclease introduced by egg or
oocyte of fish exogenously and in the form of protein is
15 Dbetween 0.1 and 5 units per pl, preferably between 0.5 and 2.5

units per pl.

6) Method according to any one of the preceding claims,
wherein the targeted genome modification at the break site

corresponds to a deletion or insertion.

20 7) Method according to claim 6, wherein it also comprises a
step of introducing, in the oocyte or egg of fish, an
exogenous nucleic acid sequence that has homology with the
nucleic acid sequences located upstream and downstream of the
recognition site for the endonuclease present in the genomic

25 DNA.

8) Method according to claim 7, wherein the exogenous nucleic
acid sequence introduced has no recognition site for the said

endonuclease.

9) Method according to either one of claims 7 or 8, wherein
30 the concentration of the nucleic acid sequence administered by

egg or oocyte of fish is between 1 and 50 ng per upl,




11) Method according to claim 10, wherein the non-human 10 vertebrate egg
or oocyte is a fish egg or oocyte chosen from the group conprising sal non,
trout, tuna, halibut, catfish, zebrafi%h, Medaka, carp, stickl eback,

astyanax, tilapia, redfish, bass, sturgeon or |oach. 12) Method according

to any f [ L.n laipg, . 15 wherein it also conprises a step of
culturiEg%?%gagggvggggggh ge%P.|?§eago§%Fy%Eor the egg of fish having a
targeted genome nodification under adapted conditions for allow ng the

devel opient Mafthtdve arcrorhlimen twerdeprate. of3r1Mehbod aecar,divwtgetoirc!@han 12,

wherein it also conprises .20 step prior to the culture step which
correspgﬁdgtﬁf%ﬂ?&$ﬁ%ﬂ&ﬁ’%ﬁFoFCﬂﬂe B0t bicF i 8h SHAUERNEnek at ur e

of 5 tan2@Gehel opydiey cHlt ung t gpel ALUr euudllalerably 1Qqtentds, below
and for a length of time naking it possible to maintain viability of the

eggs’ gr eater disar N5y ssruess o diaglni® hh@olQ@yeggshaﬁhannuykﬁidwaqmdngh
ref er ahl er t 10% _.14) Met hod ;according to claim1 rein the
p Qe&ugﬁggg loég@%%;ﬁﬁsf&gaq ang downs£r%% tgegﬁeFE&XS§§i§g§8§F?ied

said step prior to the ure step correspon
out foreaoyhieibet waer If@ndtR4 kodosucpeater alplae bes weeasdnand n20:-nhdour s.

30 .
genomic DNA.

11) Method according to claim 10, wherein the non-human
10 vertebrate egg or oocyte is a fish egg or oocyte chosen from
the group comprising salmon, trout, tuna, halibut, catfish,
zebrafish, Medaka, carp, stickleback, astyanax, tilapia,

redfish, bass, sturgeon or loach.

12) Method according to any one of the preceding claims,
15 wherein it also comprises a step of culturing the previously
fertilised ooctye or the egg of fish having a targeted genome
modification wunder adapted conditions for allowing the

development of the non-human vertebrate.

13) Method according to claim 12, wherein it also comprises a
20 step prior to the culture step which corresponds to an
incubation of the egg or ooctye of fish at a temperature of 5°
to 20°C below the culture temperature, preferably 10° to 15°c
below, and for a length of time making it possible to maintain
viability of the eggs greater than 5%, corresponding to the

25 eggs arriving at hatching, preferably greater than 10%.

14) Method according to claim 13, wherein the said step prior
to the culture step corresponds to an incubation carried out

for a time between 1 and 24 hours, preferably between 1 and 20

hours.

30




