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15 DNA into a mammal egg, which, in a certain nunber of cases, results in
the integration of some of the DNA nolecules mcro-injected into the
genonme of the egg. OQther techniques can be used for transgenesis, in
particular the techniques of introducing exogenous DNA into a living cell,
which are 20 well known to persons skilled in the art, in particular

el ectroporation, transfection using cal cium phosphate precipitates,

| i posones or nogdjf.i [l S l_i.p0 ] ne( I £§§EN). n
the case of a t%#gﬁ£¥§§ Pﬁ#gé?éﬁfg% 0 Cﬁﬁeeéﬁgéﬁgbgi %égémﬁé?%QQ he genone,
it i's necessary to use the TAREETB)OGBNOME: MOMIFMEATDON nechanism In this
case, the exogenous DNA nust have nucleic acid sequences honol ogous with

those present a&'héher#f)l%%g%ggg | LEALAfLON S5 T e, A—’lfg%é}% 991@8&%%01 Heyever ,

t hese honol ogous réconbi nati on nmechani sns operate at an extrenely | ow
frequency i nnthedpajmwy id yraofgededapesoss nd@lifdeat eeenintyo tdare agsgtef or

endonucl gases involved in east in_the “.intron_hom ng' chani. i ch
ol ona t SCE D 5BUPaNEs kent @S br BobBlen Y LOBaRGRh"th s JEGRANI M o2
si gni fi cant lggnoner efse Hdwseefiiequenci es of honol ogous reconbination in

cell cultures and in particular in -enbryonic mammal strain cells

( COHEN- TANNOUDJ | .. .5 l,.. .Biol. L 8( D iR 144451448,
1998). In these T%%T?%ﬁ“%%%% fﬁdﬁ%ﬁ#ﬁﬁcg?g%h%e%§%¥%55|oﬁlgPea%§eyéééﬁous
nmeganucl easehgi vegogemsmist 0 DHAdoLb| e-rgtrodndedr eiaik o nthhe ggemom oIDNA at a

specific nucleic¢ | d ence _of .l_ar, i 8 I Is, of f t he
meganucl easgnuﬁ-t éggﬂ i%ge%:)&ﬁ%ova\él 6}? ggﬁgﬁ%%%g%duit b gé{fmqe%actﬁgg%ggat%en
sequencé8 ofthearnaexegenodsiBNArapkstss eorantdh homol dgousdequeencesitean ng

this break %%%eStlg?geigF %QHﬁk%a%%st%ngafgkﬁhﬂti&“%%gl%é%ome of the

embryo, at an early stage of development.

At the present time, one of the most widely used
transgenesis techniques 1is 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 intc the gencme of the egg. Other teChniqueé

can be used for transgenesis, in pariticular the techniques

of introducihg exogenous DNA into a living cell, which are

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

lipofectamine® (IN VITRCGEN) .

In the case of a targeted integration of an exogenous

25 DNA into the genome, i1t is necessary to use the homologous
recombination mechanism. In this case, the exogenous DNA
must have nucleic acid seguences homologous with those
present at the targeted integration site in the genome.
However, these homologous recombination mechanisms operate

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

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




to replace or delete a sequence of interest in the genomc DNA or to

i ntroduce an exogenous sequence into the genomc 15 DNA, and this in a
“targeted' fashion. Surprisingly, the inventors revealed that it was
possi bl e, by introducing a sequence of exogenous nucleic acid and the
meganucl ease |-Scel into an egg, whichzhas in its genone an |I-Scel site
framed by sequences honol ogous 20 with the exogenous nucl eic aci-d sequence,
to obtain an eg havi ng_a targﬁted genogﬁ_g?dlf catj.on coréﬁﬁponqkpg to

the insertf®Rby h8hol ofGHERY Shat i Cexotfenolid® Wil ei € aci d

sequence at st §ei genom J - Seelreshée. tdbee di scayemyiek tbe | hvenlogsudrakes it
possible to 25 denonstrate that, if the honol ogous reconpi ti on nechani sm

n
that uses arREFEMIEELSe ddn K& inpl¥MEHERT | AVGi vol t RBT A1 ¢ ecHani sm

can al so beeghfgaied win@at st raAinoeeyl es (conEegesNoubhI sutf kci eniioBf f i cacy,
and this w thout conprom sin the inplenentation qof the praqgra of
developﬁ%ntCﬁﬂlthéﬁgé-saj%P%Eﬁ%ﬁﬂsnﬂ’Tﬁé4ﬁﬂfﬁ6580flﬁﬁé)rnve or 5"%¥en makes

it possiblg.ios ObtrRin 8H1QAG R ©0CWHe havhRgs s drar get eth geregenous
nodi fication, and potentially to obtain directly a mature ?enetically
modi fi ed or BagrRHRIRAASNgISIRY Altar §ét e¥l GONEABTRETHHI PFRAFi oR, Gid this

inall its ?@MM&C Theasaicd 4 agget&d o ganone o fd Caddh@ant hefirge
correspond fo a deletion or insertion, in particular the insertion of a
sequence nufated M tPaiespesf thathe WAd $8§ueRe@ B IfReccelT°6f{t he egg

or oocyie cepf iy ab)} A ISomSHRRaSELEAPRP b Wt weBat sefuenay red cel |,
which makes 1t difficult to access the nucleus that contains the genetic

material . | AnaddPEELANS t HER prebesitle ofnd MDICHRE S(1IREUSIFER| FF#e Tenbr ane)
and of a cheyion,present, specifdselde¥anucleases thus make it possible

to replace or delete a sequence of interest in the genomic
DNA or to introduce an exogenous sequence into the genomic

15 DNZA, 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 egq, which has in
its genome an I-Scel gite framed by sequences homologous

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 wuses a meganuclease can be implemented in vivo, the
said mechanism can alsoc 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 inventeors then makes it
possible to obtain an egg or oocyte having a targeted genome
modificaticn, and potentially to obtain directly a mature

genetically modified organism having such a targeted genome




10 around the eggs in order to protect themlimts access to the cell.
These barriers generally require the use of special techniques, such as
direct injection into the cell. The conplexity of the techniques that can
be used limts the nunber of eggs that it is possible to treat to a few 15
hundreds of eggs per experinent. j Thelfeasibility of a targeted genonme
nodi fi cation nmethod at the | evel of the egg or oocyte therefore required

the events @8‘&%{'&@10 ar geted,genofe, ppdj {4 calyon t%h%p%%%ﬁta%é{bd

sufficient trequency for a person skilled in the art to 20 have a
reasonabl e bepemef medétesztian i aph etrbAli Mgrsaehord Ket Fodde BpiBusty such a

reasonabl e hope of succe I I SlccREL QL LP 4 hedimlementatipn of
t he net hod érég%:Ftlonnd t:% %t%ﬁgalgﬁgg%lﬁ%.ﬁfﬁi S ?s %ecaused,[ ir? [Tﬁe absence of
25 neganucl easesyedgem-thanolkbgousld ecomeinrat i on mechanismis a very rare

genetic process at the level of the egg. The frequency of such a

honol ogoys reconq_g[llélat(%eqq_ [ %ﬁprgltggblé/gg le3s thapror equali o that,phserved
in enbryonic stemcells, that is to say approxinmately one event for one
mllion 30 cgtbsladihecompeld nddganidleéasds a admedesase Lt hehiekqlieey of

honol ogous tecqnbinati.on, i ticul i e oL & st.em.celbs<(ES ;
COHEN- TANNOU ?gg%l%ht erf’Qf)lg,cgg%o*%}gésjarlﬁ‘rd:)leglss([?Bégl¥ gdljd not g’nabll;e 'iehe person
skilled in theeat4lto haveadditisasonti erhopenotd slccesmemihin: i $tiyecause,

e I T s SC R i e e S T A

obvi ously madeutfietBai dgtyechni gueer napplpiroabte tbemeddgwitThaceesd cte by

CCHEN—TANNK%%%I églfy ) %%%%%’ ggfyf%%%id%enerally require the use of
special techniques, such as direct injection into the cell.
The complexity of the technigues 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 egyg or occcyte 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 reascnable hope of success did not
exist prior to the implementation of the method according to
the invention. This 1s because, in 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 1is 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-TANNQUDJI et al., 1993, aforesaid) also




suggests on the contrary to a person skilled in the art the wuse of a

honol ogous reconbi nati on net hod based on enbryonic 10 stemcells in

culture, which have the advantage of being able to be obtained in | arge
nunbers and to nake it possible to obtain transgenic aninmals after
injecting, into an enbryo at the blastocyte stage, rare cells benefiting
fromthe targeted genone nodi fi cati on. However, the transgenic 15 organi sm
obt ai ned is_terned

t h cel d h
ni (1ol enbSo S GBRBET c4Ty TRGAFTI a0 auhr yani C St Smvcall s T et ed. 1t

i s then necessanyci® hepéeet enosssngs mbtmeea tleeaape makvenbifi ARE so as
to obtain aninmals wh

all the ceIIs are gepetical fiede The
met hod accdr@iFHg tH P%e Oﬁﬁgﬁ??%% ?&ﬂ?ﬁqét%OSS|ble f%egg??e%ﬁly ogt
trgn?genlCcﬁ&bﬁakﬁlwhetetaélvéfgamnﬁtl$ehahes 4 hér¢aregetyed£génsned °,
nodi fication., I n addjtian n the S ani, i neage
of enbr)?onl"ﬁuscf‘en‘i’l&‘éltql?lyhalga %erifh so?aajtcgd%efﬁm%rl orl%gEFY\Q%ngleste to a
person 25 sigdsl.ed in the art the isolation of such cells and in no case
t he met hod according to the invention which made it possible to obtain

by SEGAL aind CARCELCEPI ok TRl TooHe To R g HigaT 12 SHFnetagal 515, ©

1995) descrgdgqésashonokngOUSntf&nynﬁm ma@mmaoneehah&@ﬁnxﬂ1Q?eX@m@pmbeoocyte
in the presence _ of I- neganuc eas lLagaus

r econbi nat i i% @f#ﬁ@F@&gﬁPs a“ it dﬁgglo %O?h% gﬁgghhﬁggﬁgo gel site
wher eas ono Hidne @é(l'lSst Si nctlh]Euga,nomx:chl\Mmf@r ththedvahtdagegahudledase. | n
addition, though this artjcl

recorrblnatlac?r?-e {-°t RE gBFﬁln a%hﬂargﬁggqﬁﬁggﬁéﬁéngfo%ogéu 1 %%i8%3d|ct
sufficient to obtain transgenic animals after injecting, 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 cells 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 all the cells have
the targeted genome modification. In addition, and in the
case of organisms where no lineage of embryonic stem cells
has been isclated, the prior art suggested to a person
25 skilled in the art the isolaticn 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 CARCLL {Proc. Natl. Acad. Sci.

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

of I-Scel meganuclease. However, the said homologous

recombination is effected at a cirxcular plasmid that has an




5 efficacy of the mechanismfor applying it to genomc DNA. The plasmd
was injected in very large quantities and sinultaneously with the |- Scel
meganucl ease, which is unstable when it is not fixed to its site. This

| arge quantity of 1-Scel sites and this co-injection, which 10 facilitated
the stabilisation of the nmeganuclease, in no case nmade it possible to
presage the frequency of honol ogous reconbination obtained in the presence

of a site that i rare since |oca a VEr'y, 1Dst .A f copies in
t he genonig %ﬁﬁf an iﬁﬁgﬁﬁﬁ?i%% %???i%ﬁ%?giol%cgggsgge%%%%e 0 %@Ethe
conpact strubturseiaf ndwargeneste. DNAIn | adddulch, | egptdimatbly betégpect ed
for the strugture of the chron%&in and the rarity of .the §ikg

notf . to
al | ow acces8"BYStHe® PRYHHUAesde HPHOSRECHF TT ST ES Betf Sre |€ RS been
degraded. 2Q1&ensgquenthynga dddest iobjpectsiblet hes | predtton sudfdicésponds to
an in-vitro nethod of _produci ng opcytes_ or s of _non- human. ve br at es
havi ng a ta?ggf%EF%eﬂ%nﬁhenﬂﬁFg?Ehﬁ¥ogoﬁoﬁﬁ?f§ﬁﬁﬁ:15)98 §tepmof é&%Tessing
an endonucl ease predriel ZSsnuchpus<f an oot e largeggquahartdetiser ased in
that the said endonuclease is introduced exogenously and in that fhe

genoni ¢ DNASOFU{HNealSt Yegd i6F obb§t e TRASEht TRHVIDTESSr ec8AFTi ot site
for the sai dnepgloruickgase,i twhighnotecagrit it st e scoeresponds targe
speci fic sequence of 30 nucleic acids of at least 12 pairs of bases,
al | owi ng: (FyabhetsedifendeSsBéci PIESTi Gy &f1FheCBntdhitict®dse "BtCt he said
recognithonsgbi€iched i thet RR20ONSEALEN 68USHRY Bfgan dOwalse, stirangb br eak
in the genomi c DNA by the said endonucl ease at the said
case made it possible to presage the frequency of homologous
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
i5 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 tec 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 in the
25 nucleus of an cocyte or egq, characterised in that the said
endonuclease is 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,




recognition site or in its adjoining regions, preferably at fewer than 100
pairs of bases of the said 5 recognition site, and then (iii) the repair
of the said double-strand break by a honol ogous reconbi nati on net hod; and
identification of the eggs or oocytes b) a step of having the targeted
genone nodi fication sought. 10 Egg neafs a single cell resulting fromthe
fertilization of a female ganete by a nal e ganete which contains all the

potentialities necessary for the for J 2 Hew 1 garksm vvesr sinply,
the egg correspdhds tgh%ncogﬁ%ﬁ%%?gué%qésﬁ% ﬁgre-cell stage. 15 Oocyte neans
a femal e reprodugt tne geldmiebbaaned dueiswid @rdaruebtish Phadeé §8'Ehe

ovogenesis. Preferably, the nethod according.to t LAVERt i ondi$nan
in-vitro nethodrBFO%?bHﬂHlngsééﬁs 5f ndehu%EE vé?ﬁgératgs hggiﬁg a

targeted genonepedifisnf ion.fe2@rByhuayl @f resianpbé biserrthiden s¢eft ebr at es
where it is possible to use the eqgs or oocytes in the nmethod according

to the ﬁnventioﬁ?chn?%Mﬁb§§FﬁPeaP§ ﬁ??% mamal s such as rodents, sheep,
bovi nes or non-hurman primates, reptiles, anphibians such as the Xenopus,
birds such as hensi)i naectsp2brsuthths Bhi@sdewkleisshagdckhr§3%z80r &fi sh or

Medaka. Preferably, the e or .0Q i.n_t,he method of the invention
is a fish egg OPOSBEQ?%?S C “§§n§§¥%§ﬁ%§$gght? tuna, halibut, catfish,

zebrafish, Medaka, carp, stickleback, astyanax, tilapia, redfish, bass,
st urgeon orp)30 | oach. al mtappaift iicehat fycatefertiedifarfiE® tHe ¥YF S oocyt e

used T's an eqq or gocyte of. A &REAT kB £ RaRiien skl o 7

10 Egg means a single cell resulting from the
fertiiization 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-ceil stage.

15 : Oocyte 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 c¢f non-human vertebrates where it is
possible to use the eggs or oocytes 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

75 such as flies and fish such as zebrafish or Medaka.
Preferably, the egg or oocyte used in the method of the
ipnvention is a fish egg or oocyte, such as salmon, trout,
tuﬁa, halibut, catfish, zebrafish, Medaka, carp,
stickleback, astyanax, tilapia, redfish, bass, sturgeon or

30 loach. In a particularly preferred manner the egg of ococyte

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




Medaka (Orizias latipes). The method according to the invention al so
applies wthout difficulty to other aquatic species such as frog,

Xenopus, shrinp and sea urchin. 5 Recognition site nmeans a specific nucleic
acid sequence which has a length of at least 12 pairs of bases to which

t he sai d endonucl ease is specifically fixed and which allows, after the
fixing of the endonuclease to it, the causing of a double-strand break in
t he DNA by &?gaggigO}P_Epdqg%cleg§?. Preferably the said recognition site

corresponds speci F1 ndcrére’ aci d sequence of at least 16 pairs of

bases, and in a particularly preferred manner at |east 18 pairs of bases.
Speci fic nucl ei cTaei dresdgdencecambng at ©NAhsequenee;ionlbapsef arablys a
doubl e- strand sequence, ., The i Lfi i . can per.fermed using
t echni ques wel Oﬁnoaﬁgségﬁ%F oﬁ% gg?%%eagﬁétfﬁegégg%gihfgghig%n?fﬁ?&ation
step can us&enbpunaystofimgxampl eeatmectSout hern or PCR techni ques, on the

i sol ated genomic DNA fromthe egg 20 or oocyte obtained, using a probe or

speci T col i L1 at prsoqt aspectsvel YoahD 1he fase MhELect beaoal ddpLdeted

genone nodification corresponds to an insertion of a sequence of
exogenous nwtliehchaei ds lcowphi sifngta leapdr tlér rgéme, offhéasagisd to which

| dentificatiqn SEEEdca&h&%%tctl%%Q@i qE§S ecqefti%%tilgg EDS-£5 ARL1 Yhiy,o0f the
sai d reporter gene. Such detection “tTechhi ques depend on the reporter gene
used and areiwelk, lfvem tthepefbotrss skil ltbg ianddreicdetsel d het.caskewhere

the said targeted genomme mgilid }ta'n%” IGUNESPONAR 1 gu@n il nspltion,of a
sequence of exogeﬂous nuclerc acids 30 conprising a select’ion gene, the

sai d identikncahhohestep comrespoadsytothest epidf ccdegriingothessaed egg
or oocyte Ir(‘:orresponds tc 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 t¢ 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 correspends 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 seguence of exogenocus nucleic acids

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

an adapted medium. The culture conditions for such a step




an adapted medium The culture conditions for such a step 8 depend on the
sel ection gene used and are well known to persons skilled in the art.
According to a particular enbodi nent, the said specific nucleic acid
sequence for the said endonucl ease corresponds 5 to the consensus fixing
sequence determ ned fromthe said endoraucl ease or to a sequence derived
fromthe said consensus sequence. This is because sone endonucl eases are

capabl e of fixing to sequences not having a perfect identity wth their
consensus sE§A8MEeBnd e ofref]tﬁ/ﬁtﬁ@nor?aneo%fst 210 K r‘f’é{llef}?neoévtnl Ir}:gO a

doubl e- st r apdy by eaksiat 1heihatheraar. in its adjoining regions.
Advant ageously, the said specific sequence has nore than 90%identity with

t he sai d consensus seguence, r ef er abl re.than % i arly
preferably nore A%°% g9§&)ﬁdBﬁrYH%E§%¥§%§8§§%%§%%ggg%ﬁgﬁgeggéééﬁg%tage
identity neangsléhe peicendqagecel foucleiecsatddensitindldersei calkrenptrte and

position between the said specific sequence and t.he i d consensus, fixing
sequence” def-8r e FFGFFHE é&?angeﬁagﬂﬁ%$%a§ Feﬁﬁufﬁig%fﬂhdﬂ§% ?%%i
endonucl easendsgiz1ddsd S POSSbl @ t geghbiied N dedowdl efsbmanthdr eakid n t he
DNA either at the said recognition site sgecificall s ig the seguences
adj 0i ni ng CRBS{AFHF rBGHCEr on 187Fe 15 pPEFRPEDI S 1 vBIC THEAST00° pAliTs  of
bases the saikgakesogniti-angSikbesegief@renbicahbyifigwerpdsechandbtpairs of
bases, and in a particularly preferred manner _fewer, than 2 airs, of
bases. AdvaHt&BeGHERY, CORESHBYDI 8SSEFRGR B Lakl ThUEET %Dy h rI%né%ﬁF

ucl ease
is locatgd atxkhs, recQgition sicu@1kPstRend ganrem atDNAe latter or in

its adjoining regions.

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

15 than 98% with the said c¢onsensus 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 is 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 is located at 1its 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 intec the




30 The said recognition site can be present in the genomc DNA of wld
individuals or it may be introduced into the 9 said genom c DNA by
transgenesis. According to a preferred enbodi nent of the present

invention, the said recognition site was introduced by transgenesis into
the genomic DNA of the said egg or oocye. 5 The introduction of this
recognition site into the genomic DNA can have been effected in a targeted
fashion or random y. Advantageously, the said introduction by transgenesis
was abl e t o5HEd FFEtiEd DRy Hértlfarfls@%?éle%Fd oocyte or egg 10 used in the
met hod according to the invention, or in an oocyte, egg or cell from which
a sexual |y mat ure-@argamigSntohas peefemakide tobdévredrap afd fhreonpwhseit t he
oocyte or egg used in %lge nmet hod accorgi nrg tott he inventtir%r& cane.,

Accor di ng t oTEERErYTcultaF etdtdi MEREIBE-tHE SAiTE  ¥8° pr B EOPEEEnndli nent
t he introduetipsy@fedire isaicdthe egogniild onasbfeths €f feeeiged oirncacytar get ed
fashion. Such a. targeted introduction can_be eff.{g'ct ed_by_honol ogou

S
reconbi nat i GRS adBoF AFPHGEtY 12T it 'queS SREPE CkRBwA 5 bgFgoﬁEe gki7Ted in the
art. By wayppf exaiplieveCOHENL TANNGIRHG etin20aal tafdQ98 ahenesai d)r
describes the injection into the nucleus of a vector that contains a
sel ection gémedemtya recognition site for a meganucl ease, which are franed
by sequences of nucleic acids honol ogous with the target sequences of the
genom ¢ DNA. AftgivaelLecicuenypf ceel Issithaint2bdhaveon nbggrateedgbhesis
construction in a_stable manper, i rticulatr usi ng, an %Rprocpriate

o NP _
cul ture medPéif 2PRE &8 1%¢ ThERCSeAt eegll‘tgfzéd Phe-CondtTuctTon %at®t e’ T equi r ed
posi tiongi nysthe igenad cobNod@r ectslenitridf i s, the pavkhewbar by Seutdrern

cocyte, egg or cell from which a sexually mature organism
has been able to develop and from which the ococyte or egy

used in the method according to the invention came.

According to a particular embodiment of the said

15 preferred embodiment, the intreduction of the said
recognition site is effected in a targeted fashion. Such a
targeted introduction can be 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 gencmic 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
biot 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




blot or by PCR The reconbination rates being | ow under 30 these
conditions, the nunber of cells having a targeted ~insertion is extrenely
smal | . Advant ageously, the targeted introduction of the 10 recognition
site for the said endonuclease in the genomc DNA is effected by

honol ogous reconbi nation. According taoga second particular embodi ment of
the said preferred enbodinent, the introduction of the said 5 recognition

site is effected randonly. To this end, various technjqu c . used. B
way of exampPegniCHOULIKA%tfer ©feo88:d NBP‘?O%CFSJIe.aSﬁ o, Ie'iﬁ/‘f‘)l .8'@3%?14#, g
p: 1968- 1973, 199%) ¢ £ ARSEr bhefokdiBodisg @bcamspaiatovimal vector for the
integration of recognition sites for the |I-Scel neganuclease in the 10

genomi ¢ DNA. The PTC application 03/ Q025183 descri n e t hod of
random i nt egr at AP P E6gAi EFERANSIREL ?rt%%elb?é_lgtgeg"sc ncgggﬁt%c%g%e in the

genomi ¢ DNA, @fe&-dd SheRB8aiMyntTi Cr @hénj daticngustied t andousthe i ntaidts

nucl eus the |- Scel meganucl ease and a fragment of [DNA t : eporter
15 gene>f r ZAEEIBYL ¥ S-LScef FEE%‘@Wdcir&ﬁ‘dé’ﬁEgs. ?‘f et al%gf’ B%gél epto use

Eﬂg rﬁf,gﬂ?-t%hﬁwbéﬂﬁ%ﬁwﬂ ofoqlu@dpidf eacing leeqUEnUeIKaceording to
_ tion described in the exanples. nt age er m

i ntroduct i o 988, t A& 1-20CfELogiitilon sitle f@gy{ﬂ)we g’aggig%%%%\%}cl égggpi n the
genomi ¢ DNALsiglf egtedidy olrhe mBthed ofi vandom fnt egratinmroohtioucl eic

aci d sequences described in the patent application W) 03/025183 _or by the
net hod of rdndemdantisdpat i oot P%CF:Q?C (G Ls Bt AATSS 2388 cribe T n %/he

exanpl 3. %%fgfﬂﬁ‘é‘, gpdonuckeasesccanailiea0fobi WO N foe sd sspetiskire¢ besequence
of at [east pai rs of bases, of consecutively - .
another method of random integration” of recognitlon sites
for the I-Scel meganuclease in the genomic DNA of a fish egg
by micro-injecting simultaneously into its nucleus the I-
SceI meganuclease and a fragment of DNA that has a reporter
15 gene framed by two I-Scel recognition sites. It 1s also
possible to use the method of random integration of nucleic

acid sequences according to the invention described in the

examples.

Advantageocusly, the random introduction of the

20 recognition site for the said endonuclease in the genocmic
DNA is 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.




causing a double-strand break in the DNA at the said specific sequence, or
inits adjoining regions, and finally causing the repair of the said
doubl e-strand break by a 30 honol ogous reconbi nation nmethod are known to
persons skilled in the art. By way of exanple of such endonucl eases,
meganucl eases can be cited. 11 Meganucleases constitute a famly of
enzynes that effect a double-strand break in the DNA with very | ow
frequency. This is because the said, neganucl ase?yhav§ reco nit%gn sites

r

of 12 to 40 pai r¥e@ P HASESfheFRRETEEEShvént iF8RAlYr et ri 38K %enzfitks have

recogni ti oncgirkes Jgenenshbysofaaf ourdad tin 8tpai rmuof whasesverfhelow
probability of the presence of such a recognition site ig t he ggnonic DNA

i s theref or éresueeeel y Tow MegdifaEsses ar 3 %o "REPTC T %Hct 8F1%ed from

a structural.c.apgnfechanistiee poknt1of 10 voewaiveganycl pases amerdayi ded
into four distinct famlies on the basis of am no acid units conserved.

The dodetapegriatiamily (afddachnBR, EEYMIODP2PE- DEECOYNAIBDADE - P1- P2)

is the largestctam | Yom dhhdmi @ than 150 rssequenses. growpestdrget hey
according to whether they have 15 one (I-Ceul, 1-Crel) or two copies

(1-Chuff, |o€sithe InBwsnce PIPgHIch & SEIOINIESEB| B1EE- SBeitIP, FenSBefy,

F- Scel , F- Se@hl is Pha re %&t@@ﬁélyFidﬁ?“”Med%ﬁU@&éBse§”afg'Hl@opheEIaJ, Pl -
Mavl, PI-Mil, PI-Myol, PI-Mal, PI-Mal, PI-Mel, PI-Mul, Pl-MuH,

Pl - Pabl | |, PhaPhgterRtedPhékom Pla- PRo7uctimraps ppnd preoiaRygiic ppoigle| of
Pl-Sspl ;o Pl TEUl . fLs Rliobl Lo Bbo s intRl 5SP! hisPlndspaniRlizMhi,

Pl -Mal 0P Wg&ﬁ pﬁ%ﬁéﬁﬁ%éaﬁ = RRi . Pl-Nvai, PI-Nshi, Pl-Msmil, Pl-Mhl,
Pl - Tagl, Pln Thylbasof of covser geddnvritfs ¢PNEREVY@- ani no aci ds, the
dodecapepti de. The neganucl eases with a dodecapepti de have

The dodecapeptide family {dodecamer, DOD, DOD, D1-DZ,
LAGLI6DADG, P1-P2) is the largest family with more than 150
sequences grouped together according to whether they have

15 one (I-Ceul, I-CrelI) or two copies (I-Chul, I-CsmI, I-DmoI,
I-PanI, I-Scel, I-ScelII, I-Scelill, I-S8celV, F-Scel, F-Scell,
PI-Aael, PI-ApelI, PI-Ceul, PI-CirlI, PI-CtriI, PI-Dral, PI-
MavI, PI-Mfl1I, PI-MgoI, PI-MjaI, PI-MkaI, PI-MleI, PI-Mtul,
PI-MtuHI, PI-PablII, PI-Pful, PI-PhoI, PI-Pkol, PI-Pspl, PI-

20 Rmal, PI-Scel, PI-SspI, PI-Tful, PI-T1iI, pPI-T1iII, PI-TspIl,
PI-TspiI, PI-BspI, PI-MchI, PI-Mfal, PIMgal, PI-Mgall, PI-
MinI, PI-MmaI, PI-MshI, PI-MsmII, PI-MthI, PI- Tagl, PFPI-
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-Panll, I-TevI) or partial (I-
TevII) and the enzymes in this family cut the DNA at a site

different from their recognition site.




25 a nol ecul ar mass of around 20 kDa and act in honodi mer form

Meganucl eases with two dodecapepti des have a nol ecul ar mass of 25 to 50
kDa, with 70 to 150 resi dues between both notifs, and are active in the
formof nononmers. The A G famly has a conplete conserved unit KSGA Y- 30
X10111_VYIGS (I-Ncrl, I-Ncrll, I-Panil, R2Tevl) or partial (lI- Tevll) and
the enzynes in this famly cut the DNA at a site different fromtheir

recognition site,,12 .. Th fam |y _has_sequenc . i.gh.histidine and
cystein contents (- Popl ?ar% rF%Lé -Sﬁsrﬁ?fslc?- H%ﬁ?)wﬁ/%?h%lg’gﬁgﬁ%l 3'@
conserved seguerce tbabteors eSpoRdsI, appiioxiipat im0 = SHE@ )G Hi€h. The

nmeganucl ease beStallS char act erl seerdvefdor t&pl S e}‘@g :_ly 48, he éé Peoslpcegzi_:rre.

The HNH famqefleﬁas 4 corfsens$ Ssequence i'ma whndow o
resi dues (1l-atokkljpzaadypard i cahac-properti.es Tie cukthngeldweseDNAesHowever ,
vari ous ntified_that have not been able

ganucl eases have al sq _been, . 10 i f
to be assSociAreF W thZ Y hede tI?hdﬁr %FQHYiJeSs?E%&t TTRBOPredeit ti me, these
meganucl eases are five in nunber and correspond to F-Scel, F-Scell (HO,
F- Suvl, F-Tevl andeFd¥evidnilHowewer, cahteiheseameganucl@idedi-dre iocapabl e of

15 induci ng a doubl e- and break j.n. th PJ\IAhvin a _recognitiqn_site,
and this spewcjinﬁogalﬂefy%a% e Vet egrfq(glrev?ﬁ i?rslgaafgtl:lrﬁunlgarr glo hesr%lF%
addi ti on, nany cmeganycteasss.have a nuclear location signal (NLS). This

protein sequence facilitates the entry 20 of the said neganucl ease into

the nucleus and thys Lbe hompl agous [ecorbinalian magj gt ed: hy, this,,The
exanpl e o

| -Scel neganucl ease cohstitutes an such a neganucl ease.
10 identified that have not been able to be associated with

these four families. At the present time, these
meganucleases are five in number and correspond to F-Scel,

F-5cell (HQO), 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 perscn skilled in the art can construct a derived
meganuclease having such a nuclear locaticon signal, in the

25 case where such a signal 1is absent from the wild
meganuclease, and this according to techniques well known ‘in

molecular biclegy for producing recombinant proteins.

Accerding to a second preferred embodiment of the
method of the present 1nvention, the endonuclease used is a
30 meganuclease or an enzyme derived from such a meganuclease,

which may be synthetic.




However, a person skilled in the art can construct a derived meganuclease
having such a nuclear |ocation signal, in the 25 case where such a signa

is absent fromthe wild neganuclease, and this according to techniques
wel I known in nolecular biology for producing reconbinant proteins.
According to a second preferred enmbodi nent of the nethod of the present

i nvention, the endonucl ease used is a 30 neganucl ease or an enzyne derived

from such a neganucl ease, = which may he synthetic. 13 f exanpl e of
Plastt e b Tky

meganucl eases, tHe FEIY o ngtFARRTuC PEasESITHIS REPET or 9. Ceul,
|-Crel, |- GhyhnudrGds tabmBherkfHonspel -Soeld: | 7 Sueald,, r-Seell1-1-
ScelV, F-Scel, F-Scell, Pl-Aael, Pl-Apel, PI-Ceul, PI-Gr], 5 &- rl,
PI-Dral, PICREIvi T-BF2M | 1001 Mfol 2R Br - K aFst P& Fﬁ‘%ﬁéf, ’ STT Mul ,
Pl -MuHI, PBEB@@l'brSE@IfﬁFﬂScéﬁrl PholagePl - Pkohpe Pl - Psptsuif)l -FRuCak1,

Pl -Scel, PI-Sspl, PI-Tful, Pl -T1il Pl-T1lill, PIL-Tspl, PL-Tspll, PI-Bspl,
Pl - Nchi .5 Pl PINE&FL. PPING&ERI, PPIMYAYE, BI-¥fhi, ﬁlI?W?Jéd , Ppr CEPPT 10

Msm |, Pl-Mfpikr Plorlaglr, PlorThybl, lpaNesthsr) - Nertbkprtz Papiiprut - Tevt, :
| -Popl, I-Dirl, I-Hmul, f-HnuII, | -Tevll, I-Tevlll, F-Scei, F-Scell (HO,:
F-Suvl, F- TékpIlandIEPReld |PorPsl nddafitel eadé—deft veld 158t ofd df“fhem The

recogni tionprsipt e apd_#herspesifrseirt | @5-9kpt heserviaydQue meganycbeases 15
are well known to persons skilled in the art and are described in
particul ar &fafhe WepBgale RItEITTebddecMpeb. cdhMPaédf er 8b1NFtthe 8&Td

nmeganucl gas %L%é, the_ inycl eage, | pECRY, desarivbed, | p_her patientUs,
6, 238, 924. Derived meganucl ease or enzyme derived froma _meganucl ease
means a recdnBemdnt IpPardi nl teiding sdguéncdstgpll, I-TevII, I-Tevill,

F-SceI, F-ScelIl (HO), F-SuvI, [F-Tevi and F-TevII or a
meganuclease derived from one o¢f 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 &
meganuclease means a recombinant protein having sequences of
a wild meganuclease which 1is 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 mechaﬁism
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




a w | d nmeganucl ease which is capable of recognising a recognition site
different fromthe wild neganucl ease site and/or effecting a double-strand
break in the DNA at a 25 different position or according to a different
mechani sm fromthe said wild nmeganucl ease. The said derived neganuclease
al so makes it possible to cause the repair of the said double-strand break
by a honol ogous reconbi nati on nechanism By way of exanple of such derived

meganucl eases, 30 it is possible to cite in rticular .rec i_nan
neganuclea§€§%ﬁPéFetPh81B8na?ﬁaﬁﬁﬁﬁgﬁn“ﬁgaPﬁgffﬁﬁF%éajé?if&%boggo%fother
prot ei ns bopdieng s@c1der DNAcsHEILIAS BE€SéE i ctaberntendbruc| eases ofiltthe |1S
type or transcription factors. By _way of e anQI s of such derived
neganuclea§€§?“ﬂ€lﬁésﬁfs%F9ﬁ4Whﬁ&ésFﬁ?% %Q?(ﬁéfé F§Conbinant meganucl eases
t hat have one or nore nuclear |ocation sites absent fromthe wld

meganucl eases f mam shichutheysaarcandeei vedrodihederdonanbeake ot lbae

i ntroduced exogenously into the, 5 e or oocyte_ in _variou ros, _namely
in the for A & BPS{E?nlBr‘FﬁlPHE %gFWPOfn %Egﬁuéﬁcgﬁg ﬁ%% egg aci ds
perm tting g eaxpressiion ofiet fersaidk eadaumicease oh thelesai cheggg or
oocyte. According to a third preferre nbodi ment _of th h

accordi ng tRf %Fﬁgeﬁﬁﬁoﬁ?‘ ﬁéséﬂﬂoﬁgcﬁgﬁsgﬁ%g fhc%gﬁﬁggggéi% ot%%e egg or
oocyte in thed eym et aopyed ein. Techniques allowi ng the introduction of
such an endonucl ease in the formof a protein are known to persons skilled

i ect i on can BEEPERES AR Ght H0GSSr ot Fel cOncarER o b e ey
endonuclease-ddtdiaduaed weogenemsliyni stbet wednn@clleasrl b5 introduced
into the egg or oocyte in the 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-

'%'3'15 injection can be cited.

Advantageously, the concentratiocn of the sald
endonuclease introduced exogenously 1is between 0.1 and 5
units per pl and per egg or ooccyte, preferably between 0.5
and 2.5 units per pl, and particularly preferably between 1

20 and 2 units per pl.

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 wvolume thereof.

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

25 a zebrafish or Medaka egg or ococyte is between 300 pl and 1
nl. The quantity of nucleic acid introduced per egg or
cocyte is then between 0.3x10™" and 5x107° units, preferably
between 1.5%x107% and 2.5x107° units and particularly

preferably between 0.3x10°% and 2x107° units.

30 According to a fourth preferred embodiment of the

method according to the present invention, the endonuclease




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
vol une injected per egg or oocyte forns part of the general know edge of a
person skilled in the art and is around 10% of the volunme thereof. By way
of exanple, the volune able to be inject®ed into 25 a zebrafish or Medaka
egg or oocyte is between 300 pl and 1 nl. The quantity of nucleic acid

i ntroduced per e 0 ocyte i,s then be en 4 5 = its,
preferably QBet Oi39§%10¥2 5%532. fTO-éyﬁﬁ?tgugééggar |gblg%?§§UHp
preferably betwebny CGh3x E&xpIeando@xdD- theursatisl. eB8Qomechraieng nt ¢ha okt h
preferred enbodi nent of the nethod according to the present invention, the
endonucl eas&995°" i "9t roduced in the formof a nucleic acid nolecule

all owi ng the expression of the said endonuclease in the said egg or

oocyte. The sai dihucsei€ wmetieim| ®ciud endivemleormpens esmaniopenan 50peadi ng

phase, coding _for the endonucl.ease, _und th fr at |

sequence aFg8§i%% ﬂﬁgﬂﬁyprgggﬂa oFgrtﬁ%m%agadgﬁg%%gé?%hséﬁgﬁkth%ﬂggg or
oocyte. Nuckeherati df mokegaldeisreansygbotdesDNA lamd nRNAheo lsepgkesiomnef hybri d
DNA/ RNA ol %ules whi ch can be Ln @hsin I%} 40, tIand or doubl e-strand
form By ma$ 5t SeXAMPIC O 152 Rbct 8 "R fDI 82T e that can be used in the
met hod according to the invention, an RNA nol ecule coding for the

endonucl ease or ¥unckxpr essidomolectider meanprisingian apkmNfeadilagupbase

coding for LA S lhilaheass, fa. 18, Clhadn BXRICBS! A VECKOhgIRANS 2

nucl ei ¢ aci " cap
10 strand or double-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
nuclieic acids of interest, to which it is linked
operationally. Such an expression vector contains a

20 promoting sequence allowing the expression of the saild
endonuclease in the egg or oocyte. By way of example of
such promoters, it is possible to cite in particular the
promoter of oy-tubulin or a-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 regulaticn
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,




of transporting and allow ng the expression of a sequence of nucleic acids
of interest, to which it is linked operationally. Such an expression
vector contains a 20 pronoting sequence allowi ng the expression of the said
endonucl ease in the egg or oocyte. By way of exanple of such pronoters, it
is possible to cite in particular the pgonoter of al-tubulin or a-actin,
or strong constituent pronoters well known to persons skilled in the art

such as 25 the pronoter of the cytomegal ovirus ( . The said exgéession
vector can &% ddnt diveast heF b+ ekttt | Bif omeaghehce c%r]?%csp@?‘?cﬁtﬁ&l a

replication GrigiBia® Siti8mb@bmef) XitBg 4 Ovihel r vBesese, teneaopla@med
splicing sites, a polyadenylation site or a transcri%tion term nation
site. 30 An @giosssicenavebesrtitatteah BPiskd Hon 2hENRet'REE°Tactdrding to

the inventiQpdmy ¢@LEEsROPFn NONsddidiiRakY, a 1fhadd, & Y¥AGHspRash or
artificial chronmosone), to a BAC (bacterial artificial chronpbsone), to a

viral veétoran tFdPa opl aski'd moeedwres thineaghageft B a cBEH FEA67an RNA

vector, to a.,vechqr Welihved LEeRbAs bagil @ riys cnd phage, mkahipasgpegon or 5
an RNA or a DNA nolecule, linear or circular. Such vectors are well known

to persons skiddlegeichorheas®t inERanpl @slaf rafrPEiryert or AW L5MSBarti cul ar

retroviruses,, adenoyiryuses, ParXQULLYSESseLOr ONAVI I YSESomPHdNQmMLXEYI I USes,
r habdovi ruses, paramnyxoviruses, picornaviruses, 10 al phaviruses,

adenovi r usesshagiopésugesuses andoPORRHOVESESSS, The expPESBIGIY WEEPdr used
'S Prefepably 2.Rhasid NRELOL:, JECNUAYRS LoruLal TadIgndva hugl ei ¢ acid

nol ecul € into” an egg or oocyte are wel wn to persons skilled in the

15 art. Exanples of such techniques are micro-injection, ‘
The expression vector used 1is preferably a plasmid

vectocr.

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 homclogous 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 homclogous regions,
between an exocgenous 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 egyg, an exogenous

nucleic acid seguence that has homology with the nucleic




el ectroporation, transfection by neans of |iposones or nodified |ipids
such as lipofectamne(r) (IN VITROGEN), or by neans of cal cium phosphate
precipitates. Preferably this introduction is effected by the

m cro-injection technique. 20 The targeted genone nodification introduced
following the honol ogous reconbi nati onlat the doubl e-strand break site of
the DNA nay correspond either to a deletion of a genone sequence, in the

NA my d ei
case where the ecanbiaat on fakes place Hiet unen Lumnberpkedous seguences

of the genomc n eac site, or to aninsertion in
t he case wheresognheipecehts Ntk dhet ak@tsmpi]ac.taese ahahomel pyoimntr 6gi Ohs,

bet ween an e %%%ngu Rucl ei ¢ acid sequence and the genom c DNA. According
toa fifth efred enbodi ment of the nmethod 30 according to the
invention, the said nethod al so conprises a step of introducing, into the
oocyte or egg, afxesegempusuchtict epclidcseweentsatshas Hashhomilregd with

the nuclelc i <AGLdnSequENcas liacabad. tsltrrt%arynaggﬂgs;mag@g@erng%&ﬂe

recognition site tor the endonuclease that I's pres enom ¢ DNA.
Exogenous nucireike abidaséqmmeomanlsztdadomr@ strwerabmmtseqaemde t hat

IS |ntroduceq{b ntg an_ eg [ QQeyie. . uwhich_ gan_be ipn a Jinear or circular
3 lg H n =] gu 5 cula or

form Prefer: sai exo enous nucl ei'c "acrd sequenceé i's in circul ar
form Advant ageousl y, the concentratl on of the nucleic acid sequence
adm ni stered by édyavtagovigle i Shsetamwernirandes0of10hrg perept, apief erably

betveen 8 and 40,09 Bk Bl AN BATCUL AT RLefier ALy Bpt weep, 10yand 30

ng per }1. Seen previ ous une inj y ‘egg or oocyie forms
part of 1fhe rgeneeal ulimovWJe&:f@era@ﬂyawgen 5 and 40 ng per pl, and

particularly preferably between 10 and 30 ng per pl.

As seen previously, the volume 1injected by egg or
oocyte forms part of the general knowledge o©f & person

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

15 By way of example, the volume liable to¢ ke injected
into an egg or oocyte of a zebrafish or Medaka 1s between
300 pl and 1 nl. The quantity of nucleic acids introduced
by egg or oocyte 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 =aid exogenous nucleic acid
sequence is derived from the genome sequence, in particular
a mutated form of the said genome sequence or an iscform of

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

¢f the genome sequence.,

30 According to a second particular embodiment of the said

preferred embodiment, the sald exogenous nucleic acid




skilled in the art and is around 10% of the volune thereof. 15 By way of
exanpl e, the volume |iable 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 oocyte is then between 0.3 and 50 pg,
preferably between 1.5 and 40 pg and p&rticularly preferably between 3 20
and 30 pg. According to a particular enbodi ment of the said preferred

enmbodi nent, the said exogenous nucl ei ¢ aci ceci i omth
genome sequBREER S FPAPETEEF af ngc%?&%u%g %ﬂﬁﬁ%ﬁ%ﬁgghgfnggggéﬁgggkgéghenge

prdan_hso{oggqg&agﬁkkﬁet&aidigenﬂﬂmrﬁﬁnuencecmmiﬁamsnwe§,fth?@ﬂ@ﬁﬁ%r

i ndi vi dua or another organism In this case, the h u

reconbi nat i BAMEHani'SH g U8s PHFEBI T 0%5R% /S P??%%So?g?%ggyeé %%ﬂ%ﬂ%

ggckélc gplgnfegyﬁﬂggxgga&e@§ebtfeefy‘&Epﬂacamem@hitmbnthét@eﬁvwéﬁ39quence.
ccording to a second particul ar enbodjnent_ of .th aid referred

enbodi neht , SRR S SR SEXbH8hotS 9ﬁﬁﬁ%¥tclacF%F]ﬁfnqggﬁugﬁgé congrises a

nucl eic acid sequence of interest that is franmed by two distinct nucleic
aci d sequences, i chsdiave nigmilcogysciidt h selreenael ebP€ aéhdesegueriees

| ocat ed upstream and downstream respectiyv of t Ll i f
the 5 endonGeFEEERFhdE° i% 95'EsEnt |O|r[1)at ﬁeég‘g%yntol%gc %@%ﬁ%ﬁg?é%{:@r‘%ﬂﬁt 2i Cor

acid SeqU?nﬁeﬁﬂ$téﬂt@fesh BBY i veosriespond: t Ot aigerésbedt boadeegonbig ng
sequence (such as a  promoter, or an ctivator) where_it.iLs

determne fhe &§§8€?£&%ﬁi?ﬁﬁ%%ﬁﬁﬁy Pér Bp 8%8¥§%e§Fn%Pﬁet?%gggg%%?c 10
vertebrate Qbtaiwed dy she: meichodaccoksi ngetiood heaceaomdEimtad onto Thehaucl ei ¢

acid sequence of interest ma i
bet a- gaﬂact éaevgpgon gep The ynuc?loeni%r ! ggig rse q%rétn%'é ggf'e’insclé%l%s%s may

comprise a reporter dgene, such as beta-galactosidase, GFP
(green fluorescent protein), RFP (red fluorescent protein),
or a selection gene, such as neomycin phosphotransferase,
15 hygromycin phosphotransferase, histidinel dehydrogenase or
thymidine kinase. The use of such a selection reporter gene
may facilitate the identification of the eggs or ococytes
having the targeted genome modification sought. Preferably,
the said reporter or selecticon gene does not comprise
20 associated promecter sequences sc 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




(green fluorescent protein) , RFP (red fluorescent protein), or a

sel ecti on gene, such as neonyci n phosphotransferase, 15 hygromycin
phosphot ransf erase, histidi nol dehydrogenase or thym di ne kinase. The use
of such a selection reporter gene nmmy facilitate the identification of the
eggs or oocytes having the targeted géfore nodification sought.

Preferably, the said reporter or selection gene does not conprise 20
associ at ed q o_jd i he .eqgs oogcytes havi ng
The oxpeot el Sl Boston SBAaFT TS B7EeBbndr g "LEb tho ToF30F8d orme

nodi ficati ohesough?s Adviantageousleic tdamwedusd@ienicaci dosefe@ncpsoream
sequences, _which have ho with the nucl.eic acid,sequences. | ocated 25
upstream an%n%om%%?%erfﬁmoﬂ ﬁcgl%r erg(%a%:l”tti'looﬁl Si ecee fff)érr %ﬁléa %rrl’g(%rrlllﬁ%}%aassee, have
a |l ength of iattheagtndipdaiNes ofelbasasly pr efdmrablty af heastadtd0@zai rs of
bases, d particularl referably at | east 250 pairs of bases._ Ihe said
cequences. MRy RasboRhtrell cpREfoatb iR el et beferl ek ® Al o oEn 400030
pai rs of bases toes:iot bawiceasewbhaueldicasyi dfsdhiendr@mebogesisonds
reconbi nati on. Advant ageously agajn, .the_said _honpl ogoys nucleic acid it 19
sequence. or C8edEndt THEVETEN T detti Yy Sof SWGIEREETr dPCaFeRsrtaaH wi t h

t he nucl ei ciaehtth SQqyRIRGeS ohoBat wskrlipsir aadl e 8 thdioywnsigi:eantof tipgy
recognition site for the endonucl ease in the genom c DNA preferably an
identity of PAtITRYEY 90% o' &nd Part i Bdfar Iy pBBFz%Jr%Jo?y Y FAeRtitY of at

| east 9B id&e-identiekyreheiyeen twelhuchei aagind sequemaEs corfisRonds to
the percentage of identical nucleotides |ocated at an identical pasition
bet ween t woPFURIEMESa& G $BqHBREES L ARy 21 bl arme oM EL g oY 7 EHHe Imake it

possi bl e tocead £l at efor Biotechnolegy Information) website:
http://www.ncbi.nlm.nih.gov/. Preferably, the homology is

determined by the BLAST programme and particularly -
15 preferably with & BLAST programme using the BLOSUM6Z matrix.

Advantageously, the saia exogenous nucleic acid
sequence 1is a vector. Vector means a nucleic acid segquence
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 1is possible to cite,
non-limitingly, a YAC (yeast artificial chromosome), a BAC
{(pbacterial artificial chromosome), or a sultable wviral
vector, such as an adenovirus, a plasmid vector, a phagemid

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

Advantageously, the sald exogenous nucleic acid

sequence has no recognition site for endonuclease.

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

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




10 identity percentages, including FASTA or BLAST. These progranmes are in
particul ar available on the NCBI (National Centre for Biotechnol ogy

I nformation) website: http://ww.nchi.nlmnih.gov/. Preferably, the

honol ogy is determ ned by the BLAST programme and particularly 15
preferably with a BLAST programme usinggthe BLOSUMG2 matri X.

Advant ageousl y, the said exogenous nucleic acid sequence is a vector.
Vector nmeans a nucleic acid sequence capable of transporting a nucleic
aci d sequenge ofténtecestinfecwiroh fted¢srdroaREYCN20 Wﬁﬁéﬁcg%o%xg%pl e of
vectors that can he.us |0t h Qydi t Qst heph AVeHdieRe It IS
possi bl e tomecaintse,ol% r%éﬁgg?llﬁ%fi%lmy@glggc%%sgtﬁ%ﬁ :afsl ci al chronmosone) ', a
BAC (bact erital varro¢ini al cchr opbsome)k lcénna sif3rdite® vPEaFIPVEEEsr, such

as an adenoyi rus, plasm d .vectar hagenid:.25.Or cegai 4y Rreferably
t he vector lffseefu riaE?é{ prashi cfn\%%(? BFF&Yg\dvant ageousl y, b?’he sai d exogenous
nucl ei ¢ saci thjsstquancechasque. recognition site for endonucl ease. Techni ques

for introducing a nucleic acid sequence into 30 an egg or oocyte are well

known t o p?rsongfgkLhk§g Locihe oarde BY:Wayx fexamplel el c sskfudneehni ques,
it is possible 6‘ o m?e m cro-injection, electroporation, transfection

by means ofad i pesords Gm rodiffedrdd pfashisuchoas SEnpbiEaAF e ()2 (I N

VI TROGEN), or using cal ¢ium gho a Ci pideat es. chEr efignabky ddhiss
i ntroduct i of° 1% &t f ect ggagy Oﬁe&%‘c%g?%ﬁ nj ection techni que. The

i nt roduct i onobfculke widictieyoderowspnaskedc seqtieAceaidarnBeMEEE N a
def err ed, f ashi on oo . Siul { aneous] . c8bn; s T&RRAChnLALHaL of The

endonucjl ea e“nucl el c acl

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 ooccyte 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 alsc
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




nol ecul e all owi ng the expression of the said endonucl ease. 10 Preferably
their introduction is sinmultaneous. According to a sixth preferred

enbodi ment of the method according to the invention, the nethod according
to the invention also conprises a step of culturing the previously
fertilised oocyte or the egg having a takgeted genone 15 nodification under
suitable conditions for allow ng the developnent of the non-human
vertebrate. nt ageqQu e ﬁgggi i_QR I he ;o

devel oprrent dt%%\i?ﬁ}“? Sdgr %%{‘ ét%eh%gﬁ%{ﬁa veretrjéi1 rlgt g’%%%ﬁ%%e%\g{ﬁ tﬁ‘roé"

condi ti ons, dndkeatrhécebryle rireferbbsat fiorrtc20 theshhbfues, are well known to
persons skilled in the art and depend on the organismused in the nethod

of the inventi OnThgyg‘ﬁ’ngL% exaphe-and hpfcrzelafdft oy Medakaseggs, this

culture step corresp s to the incubation of the eggs at a’tenperature of

around 28C, b8l uwigitaghads canobe2detosmneedr Hiny vt dva Severmdn pridfideded

enbodi megt qf, the JIRIMoM AREARALNEL! @rENe LINEIOM, [ fiensdlA 18! Bed al so
conprises a step prior tot culture step which corresponds to an
i ncubati on dfret Bggeggr adoyteenperdt ure | ess than the . culture tenperature

by 5 to 20C, preferably 10 to 15C, 30 and for a tinme nmaking it possible to

mai ntain a viabi hity,0f jedi8 29980 AT BfcdiAn 2% st PR 1 Sa toSayt he
nunber of eggs 21 arriving as far as hatching, preferably greater than

10% and pdntiecutedrepnprief@rdbty geeaser Prrépralbhs Thererixi hurnti /8 during
whi ch the cG9%.: 9L 908Y aelsti%riarg9 dgg%ﬂédlgéﬂ‘ﬁﬂb%%QeQﬁ fel.pf mgned sknply by a

person skille 51n the art an on the resistance to tenperature

of the eggs or oocytes used. Advantageously, such an incubation is carried
out forlf By way of example and 1in the case of Medaka eggs, this

priocr 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 fertilizétion, 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 1: Random insertion of an I-Scel site in the

Medaka genome

25

1) pouTI-EGFP-I construction:

The pouy TI-GFP-I construction  was obtained by
inserting, in the plasmid po,TI-EGFP (Goldmarn et al.,




time between 1 and 24 hours, preferably between 1 and 20 hours, and
particularly preferably between 1 and 10 hours. 10 By way of exanple and in
the case of Medaka eggs, this prior step corresponds to an incubation at a
tenperature of between 10 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 genone

modi fication sought is performed on cells_ issuipng fr he non- human
vertebrate T6RBaAFRHR diftsaind8ldi? iy thie lgdvel gbﬁﬂhﬁ%@h@%ﬁ?d’eg‘és or
oocytes aftew,b8rtdlizatdion: (py eferabdwaon cebks) | ssuidt@gnfitesnt becerat ure

non- human vertebrate organism 20 O her advantages and characteristics of
the inventi 6AT ®hEl IefiBrHersFridre SEEGhPebYethet ol NG FeRanpes * Exanpl e

1: Random i RgghiiQnoef cRD Lacsdi <3l tod Rnkheepbidakaggeaose 2Be 15GrP
palTl - EGFP-1 construction: The palTl-GFP-1 construction was obtained by

i nserting, i(AnrhhAecel LEified FALTICECHE PGSIE8MAh- et al ., 22 Transgenic Res.,
vol . 10(1), p:21-33, 2001; HIEBER et al., J. Neurobiol., vol.37(3),

p: 429- 440, 1998)}y, asr ecOd tis@BpSi t ehe f GasrthentFBScetommganticbaases bet ween
the pronoter of the al- tubulin of the zebrafish and the repottegtgﬁne of

the EGFP 5 (éaRaheddlyr ddi fForss cBitihr SBEIRCHIn 310G i FRE &t'8p e

pa, Tl - EGFP copstruetian was tiigeshadiby. t haecepayne-@BarH c(BkoLARGR) and

‘the digested construction was then purified. The palTl-EG-P construction

di gest ed by dBaRFFehasPy hePr&Ephdeshoryrls e BAGSRHEY 11§ °pur PP ed B n.

Finallysga Li,gatuce L§ack| opiyas erd ofiRfture reaction was performed
between the poyTI-EGFP construction, digested by BamHI and
dephosphorylised, and a double-strand oligonucleotide
containing the site I-Scel site (in bold characters) and

cohesive free ends, compatible with the digested BamHI site

15 {sense oligonuclectide} (SEQ ID NO : 1): 57~
GATCATAGGGATAACAGGGTAATA-3 ' ; anti-sense ogligonucleoctide
{SEQ ID NO : 2): 5'-GATCTATTACCCTGTTATCCCTAT-3'}. The

insertion and orientation of the reccgnition site for I-Scel
at the BamHI site, between the promoting sequence of ;-
20 tubulin and that of the open reading phase of EGFP, and the
conservation of the reading frame, were controlled by

sequencing.

2) pact-GFPIZ constructicn:

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
functicnal recognition sites for the I-Scel meganuclease,
upstream of the promoter of the oa-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 po;TI-EGFP-I and pact-GFPI2

constructions:




bet ween the pa, Tl - EGFP construction, digested by BanH and
dephosphoryl i sed, and a doubl e-strand ol i gonucleotide containing the site
| -Scel site (in bold characters) and cohesive free ends, conpatible with
the digested BanH site 15 (sense oligonucleotide)(SEQID NO 1): 5'-
GATCATAGGGATAACAGGGTAATA- 3" ; anti-sense3gl i gonucl eotide (SEQ ID NO 2):

5' - GATCTATTACCCTGITATCCCTAT-3'). The insertion and orientation of the
recognition site for 1-Scel at the BG?F[E" si.te, -hetween &hefg£rgnot' g
sequence of al _ Bo®t ubkA159<4Rd hat e dfen FESEFAGEPhasd o P, and
the conserygthoRe®f vihaiikeading bEamee wed,@reaorreol | ednbyruseiquenet ng. 2)
pact - GFPI 2 construction: The pact-G-Pl 2 constructign V\%g obt ingg €_S
descri bed £Bei #IEMERFES T 419 (RELHANIEREMUS DevelOpmefe Vol #7918, p:

91-98, 2002)¢1ThechRseidiRn aRd t@hhehsad | @ik ofhdreuraEietiupat hORAREX
recognition sites for the 1-Scel neganucl ease, upstream of Fﬁggﬁggg ter of

the a-acti nIéP taedumabr EFTAHNAnd ardovi& el G Hve r¥pofite GFP

(Green Fluoreseent (s39.Ricakel Bkn! @speakivel y, was controlled by sequencing.
3) Linearization 01£ t he palTl-EG-P-1 and pact-GFPI2 constructions: 23 The

transgene alTl-EGFP-1 in linearised formwas obtai ne]? by di ge Sii on gf t he
pai Tl - EGFP- | conB®% ugkasiwely 2EheCnAy mds DGR Andc Al ?ﬁ“?/ 8 6% BS)®T The
fragment Xhel- Afekk i6antai niHag ghe foransgesasvascthen purihéed-soen Q AEX
5 11(r) colum (QACGEN), and then filtration on_an El uti -D(;f) col um

( SCHLEI CHERMANBASCHeFES ) (ROFHE DLARYGRTE Act -TéPPFLZSFﬁITJ?‘r%ﬁli E39P8P I was
obt ai nedy by digestionpf {haspast -(FPlhep0opst i HLdd ok Byetheust Seel

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

Scel meganuclease

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

aforesaid) .

In the experiments carried out, the o;TI-EGFP-1I
transgene was injected in linear form (fragment XhoI-Af1II)
and the act-GfPI2 transgene in linear form (fragment Iscel-

20 I-Scel) or circular form (pact-GFPIZ).

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

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

lamp (exitatibn at 370-420 nm) and an omission filter at 4553

nm for GFP.

In preliminary experiments in which plasmid poTI-EGFP




meganucl ease (ROCHE DI AGNOSTI CS). The |-scel-1-Scel fragment 10 contai ni ng
the transgene was then purified as previously. 4) Mcro-injection of the
transgenes and of the |- Scel neganucl ease Various DNAs were injected,
either with or without I- Scel meganucl ease, in a Medaka egg at the
single-cell stage 15 according to the d¥otocol described in Thernes et al
(2002, aforesaid). In the experinments carried out, the alTl-EG-P-

I

transgene was injected in.linear form (fragment Xhol -Af1l.l
her PPl D 1 PIRRRenE T THESRTRE, KPP aoah e eaar 2050 sk T8, S0, cut a
form (pact - GEPl 2he idindBe-Expl essiage,of thhe teansgenehowed hetegg (FO): In
order to nonitor the expr i 0 t he transgenes_i he mcro-injected
eggs, the f&&BPéEE‘é%%%e o‘?fetscﬁg gﬁgéyﬁ% %?eatseCt(?%g[%r\l/Iéd&fjenﬁ\g{rct aderéLfnga FLIT |
m croscope eguirppeenadidh andMp ltanmatexihagt iondays 37420 i)l iandian
omssion_filter _at 455 nmfor GFE’ I n}frel i mnary experi ment s in V\{ﬂ ch
pl asni d palfr-BeFP 24M8F odE SR ¥ n HICH aF* ¥ or M \ds PR crd2ijf&8ted into
the egg aseckbeesingheotethe Spt@ge-EGhe cessttscishowedvehatdt hrat the
fluorescence of the EGFP is detect ab% ein t%ﬁi NHC durin thg neur o- genesi s
and up to hEFERPRYT ($Tdays PoeL Rertl | FRRIFOPS &F. 361 VREFE frleciiely,
t hese experinBeBlS oA tragsi eBhtr&XPressids ofsyishempalil - EGEP seasksuction
reveal ed that the ronbter of al-tubulin of zebrafish_ is activated at the
| evel of thé’rééﬁfP%fl%e%%oﬁ%l%i/sf%mtpﬁ Fﬁ@r%daﬁa}’rog%?%‘?%qy in'Tells in
the course @bepioléferaiéon: JherHd specdhidkiast ithek¥rofet AppsonsSt£aiCtion
t herefore a%pear,s,to , ' _ )

e similar to that described in zebrafish in GCLDMAN et al.

(2001, aforesaid).

For the transgene o;TI-EGFP-I, the results showed an
expression profile similar to that of the poTI-EGFP

15 ceonstruction in the egg. The expression profile of the
transgene act-GFPIZ is for its part similar to that observed

in Thermes et al (2002, aforesaid).

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

20 Table 1 below.

Table I
DNA I-Scel Negative Positive
fransgene form meganuclease exprﬁ;sion exprﬁ;sion
act-GFPI2 linear - 49 51
act-GFPI2 circular - 50 50
act-GFpI2 circular + le 84
0;TI-EGFP-I linear + 10 a0

25 In the absence c¢f meganuclease, it 1is observed that




be simlar to that described in zebrafish in GOLDMAN et al. (2001,

af oresaid). For the transgene alTl-EGFP-1, the results showed an
expression profile simlar to that of the palTl-EG-P 15 construction in
the egg. The expression profile of the transgene act-G-PI2 is for its part
simlar to that observed in Thernes etsal (2002, aforesaid). The
proportion of embryos expressing the trensgenes in the various

m cro-injectjon exper t escri bed T Lo £

| - Scel hbgafi@%aﬁ%k%Plv8Q ?Pgng ﬂ%x¥%$ﬁfn§§5ﬂh% 2§£elé§%§ess?on gipre33|on
(0) (% acta&FRb2 kkpeait - a49 5luomeicceRl. 2 amrcum@rothéﬂ Bnd,acthe@ Pl 2
circular + 16 84 alTl EGFP | linear + 10 90,25 absence of
neganucleasEbe|Ya§%$q§b§§P9§83P%%ta§%HH€F8sénB%C /66*q¥hepéﬁ%?9%% Yhat
survive they dbﬂémséqth9n51gknﬂmaanexhuhu@aa@y3hiunm@spemp&rtﬂam tdie ot her
hand, when the various transgenes are mcro-injected in th eseqfe of
neganucﬂ%as%mb%ygﬁgﬁﬁHQQ§§ﬁPgl EF eh8 el TR - pr&%ﬁ?%' EnBPy5E

expressing GERL | SiQbsRE VEde sdhuts 6fmﬂ¥Sﬁﬂﬂtméﬂuﬁm&dea%hatthenné@etpﬁesence
of |-Scel neganuclease t he negative enbryos for the exp re53|§8%of t he

transgene adPrEGFPIPT r%%?e§éﬁf%ﬂsﬁﬁbr8f|nB?%IJ‘?@@?SPeaWPTFH T yos

injected (12%ecdbritebl®pprdidfatilyi 3080 cFayaBl PEBPOREbENos owefettran 10 _
that obtained wth the transgene act-G-PI2 (16% . The tran5|entt§x ression

of the tranéh@he at=géRélat FBACFEE] 45 to say a proportion lower
10 that obtained with the transgene act-GFPIZ (16%). The

transient expression of the transgene at generation FO is
therefore greatly improved by the co-injection of the

meganuclease.

G) Transmission of the transgene to the descendants:

15 The fish of generation F0 expressing the transgene were
selected as a potential founder. These were ralsed to
sexual maturity and were then crossed with wild partners.
The embryos of the descendants (Fl) were analysed for their
expressicn ©f transgenes. The results are presented in

20 table II below.

Table II
Amount of
DNA . Mean
rscel tran;genlc transmissionsiiiiifd
-Sce .
F1
Transgene Form - | (founders in leVEliﬁln Sm (%)
%)
act-GFPI2 linear - 5.9 {2/35) 15.1 17,7
act-GFPI2 circular - 15.6 (5/32) 17.6 22,2
act-GFPIZ2 circular + 30.5 (11/36) 48 .4 9,1
o;TI-EGFP -1 linear - 0 (0/17)
a.;TI-EGFP -1I linear + 21 (4/19) 30 12.5




therefore greatly inproved by the co-injection of the nmeganuclease. 6)
Transm ssion of the transgene to the descendants: 15 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.
The enbryos of the descendants (Fl) werg anal ysed for their expression of
transgenes. The results are presented in 20 table Il below Table Il DNA
Anmount of Mean transgenic Standard | Scel FO transm ssion |evels in Fl
error Transgene Form (founders in Sm% act-GFPI2 linear - 5.9 (2/35)

15.1 17,7 act-GEPI2 circul ar 5 15.6,(5/32),17f.22.2:cachs GFRbR:£&drcul ar +
30.5 (11/36) 48%}99, SR et b ozint] (0/ 17) alTl-EGEP -1 |inear +

21 (4/19) 30nidcEides, Thechesul ts-shiowttihat vith fhécidse tbf BomFdy
injections, (W.thout co-jnjection with ]-Sc , e MBj.0LkLYie®f tfdsh
tested wer eO%oFl% s*f‘?‘T’R/eed f"Jc‘)armGll—JIQ.t ?ﬁ%gt%‘ﬁe; |Péel)s C%Ethﬁ;it ﬁgst ﬁgb¥%%ﬁszednte was
?ﬁsent f5 omchber eehdgerid wde avepnodiicbinvehe | ¢adlageln rFROrepgofnetE8se of

the transgene act-GFPI 2, which is framed by two |-Scel recognition sites,
it is obser%éﬂe?%%t”blFéSe on 30% of the individuals have integrated the

transgene in a 10 stable fashion in their genone. The mechani sm proA)osed
corresponds to the one cescrifbetei hraHERVESaet-GFP{200ich is frame

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 in their gencme. The mechanism propesed
corresponds to the one described in THERMES et al (2002,
aforesaid) according to which the meganuclease allowed the
integration in the gencme 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 wvicinity of the extremity, also
allows stable integration of the transgene in the genome

with a high frequency.

The 4 founding individuals obtained by the integration
30 of the transgene o3TI-EGFP-I were called F0.19I, F0.2571,
FO.34I et F0.36I. The Fl1 individuals issuing from these

founders had a uniform green fluorescence in the SNC, then




af oresai d) according to which the neganucl ease allowed the integration in
the genone of a transgene franed by the "two" recognition sites for it.
According to the nodel proposed, 15 the transgene woul d be excised by the
meganucl ease, which would protect the free ends and then allow the random
integration of the excised transgene i ¥4t he genone. Surprisingly, it is
observed that, anong the 19 enbryos <co-injected with the transgene

alTl- EGFP- | ogtedosioel . canfl (B0 tRSLEd Ji0rnd ANAaghon.ad oo (LhAl, 1S to

say 20% n = 19) generated descendants expressing I't therefore seens
t hat the nodebrplopesedei H2FHERVEStet 7)al . 12002, fser esfi the doesdewt t ake

account of the,npchaplismof,insardion gk Lhg, 1£,a0598N8 I N4 he pLresence of
: 32% F137 8 1 fe for

t he meganucl ease 'si nce the presence o ngl'e recognition si
this, whichlegehotof |logateedibn theSFEmMEdi ake ppesibhly wf dikéiextigmty,

also allows stahle integration of_.th ransgene in the.gengne _wth a high
frequenc%/. %eaﬁ%%ﬁ%ﬂ?ﬁgo%nedﬁ vcifgufzi]ug 8% %il%%’d Jbrf/éjt‘ﬁleﬁllar%geﬁf{gf?%snm%o of
t he transgefEr add4k BEGFPnddanerte lgablredt FOnd Bt |, (d=0L1256l ,FO.EOG-34] Fet2+& 361 .

The FlI indivjduals.issuing fromthese. founders.had a uniformgreen
f1 uor escenc%JCi ﬁ@t%%%Nde%ﬁeé:r?lﬁ&ygbsseurcvhab e ?Ccl)%nf’hénsggr’f‘a%f £ “Hi
neur ogenesi s¢ dte tdeymwaydtyonneltir di &f esteage coRbapémesd . di7 )thel nrthegease of

t he founder, FO. 25tl q the FL _individuals,issying.f rO{n t his had sevlelral
level s of expredsicn of "arP | IS post bI*d 't o 8i stiTgui SACEIFH LY
i ncreasitmg atdernaf fihtworesdenceitind Thdsal smbxpsessing w&kP needday,

noderately or _strangly .(call eg FO. 25- FO. 25-2 et "FO. 25-3, respectively).
Such vari at FBh%" ﬁ“%*ﬁ%&g b&" ueonﬁb the5§egrby@t T oh i f[lf’g?)é‘?f%ly

concat ener sfofotdditanggeneaddiaghkatedaiys bhetgenonBexiunl FP, mddutr ee
genetlcallyadult fish. The transmission of the transgene to the
fcllowing generations (i.e. F2, F3 and F4) remained uniform,

15 which confirms the stable integration of the transgene.

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

20 below b50%. In the case of the transgene o,TI-EGEFP-I, the
mean was 30 * 12.5%. Only cne of the four founding fishes
(FO.19T) then significantly reached 50% of transmission,
which c¢orresponds to the percentage o©of a hemizygote
transmission. In this case, it is ©probable that the

25 transgene was Iintegrated at F0 at a single site and in alil
the c¢ells 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.

30 7) Analysis of the integration o¢f the transgene in the

genome :

The genome DNA was extracted from Fl1 adult transgenic




10 distinct integration sites. These enbryos (Fl) were raised until

hat chi ng and only those slightly and noderately fluorescent were hatched
and gave birth to sexually mature adult fish. The transm ssion of the
transgene to the follow ng generations (i.e. F2, F3 and F4) renuai ned
uniform 15 which confirns the stabl ejgntegration of the transgene. The
mean rate of transm ssion of the founding individuals was estimted by

following the expression of the transgenes in the descendants of the
positive FI fighdivsdimlBIotRidasgt &s BBt HNFBE- wéPe 2FEPYIFArT abt & ditf 20

bel ow 50% Lp.the capefivkhe:hr anagens alThi EGrPsh, ndher-o tiean pyess 30
12.5% Only one of the four founding fishes (FO 191) then significantly
reached 509 oidtSraridswi sigirbAr, WhEPh corresponds to the percentage of a
hem zygote transmission. In this case, it is probable that the 25
transgene wasai nted3ied alTF@@tp-a.single site and in all the cells of
the germline. FinallTy, the results show an appreciable inprovenent in the
efficacy of integration of the transgene in the germline in_the presence
of two of only Foscapushee” %g‘:"?) N GETRVS S SofwﬁTé %ﬁ?e&%gfjls%enrpeof t he
transgene i p,thecrgenpmeneThengenemenbNAavasiexstattied fsom &t Heltl t
transgenic 28 fish, using proteinase K and phenagl in accordance with the
prot ocol deS&PRFELT P1S GETRFS ‘?@SH”I?QEb t G Pregsler Cf%%pri ng
Harbor, 1989)p; rd:itly ansgene -alHitEeERt 1u1 dsdFomdnbe abeyt henncbl otas
experinments wth the transgene alTl-EG-P-1, the 9 nom ¢ DNA was di gested
by Sacl or RgPridissshardidd 8n EPOCHEOAgarsSe ghf %GF‘NE’ | BYT4R0 t¥anSferred

by 10 radicactive nucleotides {(*°P). This probe corresponds to the

sequence of the EGFP. The hybridisation at the transgene was

revealed with a phosphor-imager after several hours of

exposure to a silver film. The results are presented in
figure 1.
15 For the lineage F0.19, the digestion by Sacl (site

present at the exterior of the region recognised by the
probe) reveals the presence of two intense bands with sizes
close to 4kb and several bands of lower sizes (2kk and
approximately 3kb). The two bands of approximately 4kb
20 correspond probably to insertions of the transgene in direct
tandem and in reverse tandem of type I respectively (FIGURES
22 and 2B respectively). For the bands of lower size (2kb
and 3kb, these very probably correspond to £ragments of
junction betweer the integrated DNA and the genome DNA. The
25 intensity of the twe 4kb bands, compared with the junction
fragments, indicates the presence of these two types of
tandem in large numbers in the gencme and in comparable

proportions.

For the lineages F0.25-1 and -2, the results show the
30 presence of only one of the two diagnostic bands at 4kb
(FIGURE 1, arrow). The compariscen with the F0.19 profile

indicates that it is probably a case of a form of concatemer




capillarity onto a nitrocel |l ul ose nenbrane, which was hybridised with a
specific probe randomy marked with 10 radi oactive nucl eotides (32P). This
probe corresponds to the sequence of the EGFP. The hybridi sation at the
transgene was revealed with a phosphor-inmager after several hours of
exposure to a silver film The results z@re presented in figure 1. 15 For
the lineage FO.19, the digestion by Sacl (site present at the exterior of
the regi on recogni sed by the probe) _reveals t presence of, two intense
bands with 5 2BSYeiDABTRs GHECs By 5&%%@ ‘of Wsi%%%”fé‘kﬁb and

approxi matehy 3kbye FhadtWeubgrds eheapprexhsat ety AkinZ0 codrmespont
probably to insertions of the transgene in direct tandeg1and in Leverse
tandem of t PR eS reSplei FERYSTRPTURESINS2E ahd 2B T s pedtFi8l y§5 or® t he

bands of | ongfe Sigear 2knrarfedkbsot hagr sker Ynpeobabl ne Ly espondgé o
fragments of junction between the integrated DNA and the %enone DNA. The
25 | nt ensi t $18Es s weHeBNBANES, LEBNPRIEY WitHPIHESFunet FBR PFPRYment s,

i ndi cates tjg. presengsnaf) thesasme typesiels iandamirdkgesnughess in

t he genone and in conparable proportions. For the |lineages FO.25-1 and -2,
the resul t snghow'etie - 30 presence of only one of the two di agnostic bands
at 4kb (FIGURE 1, arrow). The conparison with the FO0.19 profile indicates

that it is probaply aseass ofna WeEM ofigeencat emBked9 it Npseyerise tandem of
type | (FIGURE 2B) The low intensity of these bands sugqpst t he presence

of a small ADADEFS oFhe chfidwest fPRe tPPaREGRIRCT Pk Neke T9HE4GeS2 " HHse
resul t s;ghaygRegn i ifTmGihore these tineeeekiineagasobma@elbndydiigestions
(external to the redion recognised by the probe;
lineage F0.19 has 35uch integrations (FIGURE 1, star).
Analysis of the genomic DNA of the lineage FI0.36
revealed a digestion profile equivalent to that of the DNA

of the lineage F(0.19 (data not shown).

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

copies (reverse tandems of type I).

7-B. transgene act-GFPIZ2:

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

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.

25 In conclusion, the use of the I-Scel meganuclease and
constructions having one or two recognition sites for this
makes it possible to obtain, in the majority of the lineages
analysed, a reporter gene integrated in a stable fashion in
the genome in the form of a single copy or a small number of

30 coples. These two random insertion technigques therefore




data not shown) and BanH (no sites in the transgenes; data not shown).
The use of the Notl digestion makes it possible to analyse the |Iineages
for the presence of the reverse tandem 10 formof type Il (figure 2C). The
results show that only the |I|ineage FO.19 has such integrations (Fl GURE 1,
star). Analysis of the genom c DNA of thAe |ineage FO.36 revealed a
digestion profile equivalent to that of the DNA of the |lineage FO.19 (data

not shown). n uentl the two |ineages F 25 ave . an ertion
profile wit hc"sris%t %g ca Héne?%c%rhl 15 a” %“r?a‘;ﬁ E;clh c’b?ﬁ Yréver se

t andens of triypmal)ly 7uBedt rams genmsgehe &8P 2in Thellamal yaksrofodde are

transgenicllnea obtalndvmth O this.transgene is described in
THERMES et a1>°¢ %6%2 Haf og% 5T d) nu%"ﬁeersr eshi'ts i‘%ow THSHE al §895dérti on

profiles w tfknca:heslﬁatkynunhemfomfeccm esi @fodyhen £ r BNSgaNe E(n‘sre@ﬁb@nepto ei ght
copies) i Nt om vari o | i neages tested. 25
concl usi on, {hne) %ﬁge &%9 {@2%%‘ réjle e ISt ruct oﬁs Ravi ng

one or two r]emegr6|61;|m9sxtes for thls rrakes it possible to obtaln in the
majority of the lineages analysed, a reporter gene integrated in a stable

fashion in he int f or.m of sjngl.e copy, or a small nunber of 30
copi es. Thesgé JE oL thec . R PR s e 30 constitute

prine techniques conpared with the techniques normally used in
transgenesi s i n Whi thei nseetivhmse are ioberivedefinuk angetimunberssgenithe

genone (HAC?%%S%Q oc %ﬁ@ Y a d Mol «;T%L:ar @l ol Og}’fOftr F|5$hhoemsol EI seV| er,

p: 5 207-24 Transgenl Res

10 recomblnatlon with the I'Scel meganuclease, and permit in
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 functiocnal.

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

15 sites integrated in the genome of the lineages F0.25-1, -2,
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-Scel (figure 3A). The amplified DNA

20 fragment has a length of 500 pairs of bases. The PCR
products obtained were then digested by the enzyme I-Scel
(ROCHE DIAGNOSTICS) according to the instructions cof the
manufacturer, and finally deposited on an electrophoresis

gel. The results are presented in figure 3B.

25 The migration onto gel of the products of the reaction
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
presence of the band at 500 pb may result from an incomplete

30 enzyme digestion or from the presence of mutated T-Scel
sites. In all cases, the results show that the four

lineages analyséd possess non-mutated functional I-Scel




147-166, 1996). 8) Integrity of the integrated |I-Scel sites: In the case

where it is envisaged using the transgenic |ineages obtained in order to
ef fect honol ogous 10 reconbination with the |-Scel neganucl ease, and
permt in particular the targeted integration of a gene of interest, it is
inmportant for the I-Scel site or sites i3ntegrated in the genone to be
functional. In order to test in-vitro the integrity of the I-Scel 15 sites
integrated in the of the |lineages FO.25- - FO.19 and FO. 36, the
genomi ¢ DNA*EV“FHe% I nRhye@r ki i PPRReE aﬂﬁ???épa §8nbhF cL A %Ras t hen

amplified byalRGRsedsi ng specific |n|t|ators posi ti oned on each side of the
recognition site for I-Scel (figure 3A) . The anplified DNA 20 fragnent has

a length of s of bas The PCR products obtai ned re then
i gested by THVERE, 7o me28RFRa FfertiinaBoaT FERp SRER 11 e T

i nstructi onsoHfa tﬁ&ensganuﬁ aeddaxer linedgé i mating daposséerl sitean
el ectrophoresis gel. The results are presented in figure 3B. 25 The

nlgratlo% onf.0 ge% of .t he rodu%ﬁs ofRéPe reaction reveal the presence of
a band at’ ap rOX|ﬁﬁ?e#yJ%ﬁgiﬁbﬁm—ée%#eSﬁend|ng to the uncut DNA, and two
ot her bands of |lower size 200 and 300 pb (cut DNA, FIGURES 3A et 3B). The
presence of the Banmd eme5®@rpb8ﬁayﬁiesut@gfatwnganalmmnndg@me 30n enagne

di gestion ory, GH]Q{Q (}ﬂem?r{ esence of Ig%tt%t edfash cel S ites . Lo aII %asgs t he
ou

results show Ilneag anal yse bssess non- nu?ate
functional |=Seelr Bﬂeckmzicws whiEch a:rrﬂsvameablhseed nanuwiemdacicoirdigeget 0 t he
g;ﬂgﬁge anal yiedy REAVREE 2 ¢ Tangeted i nsgriionof a transgene in the
10 fluorescent protein) surrcunded on each side by sequences of
at least 500 pb perfectly homologous with the regions
surrounding the I-Scel site of the o;TI-EGFP-I transgene
(RC, Repair Constructicen). The homoclogous region at 57
corresponds to the intronic sequence of the promoter oTI,
15 which thus removes any possibility of expression co¢f the

mRPF; in episomale form.

In order teo achieve this construction, the SacI-Notl
fragment of the plasmid PiTI-EGFP (1.7 kb), corresponding to
the homology regions situated on each side of the I-Scel

20 site, was purified and clcned in the pCRII-TOPO® vector
(Invitrogen) linearised by an SaclI-NotI digestion. The RH

plasmid obtained was controlled by sequencing.

In parallel, the Zfragment BamHI-EcoRI of the plasmid
mRFP,-pRSETB (Campbell et al., Proc. Natl. Acad. Sci. USA,

25 wol.99(12), p:7877-82, 2002), corresponding to the ORF of
the mRFP,, was subcloned in the plasmid p;TI-EGFP, between

the BamHI and WNotI sites, 1in place o©0f the EGFP. The
construction obtained served as a matrix for amplifying the
sequence MRFPi-polyA by PCR by adding thereto a BglII site

30 at each end (sense initiation (SEQ ID NO : 3):
5'- GAAGATCTCTTAAGCATGGCCTCCTCCGAGGAC-3" i anti-sense




of a transgeni c Medaka |ineage having an |-Scel site. 5 1) Repair
construction (RC): For the purpose of integrating a transgene in the

Medaka genone in a targeted fashion, we tested a breach repair technique.
For this, we used a second transgene containing the tracer gene of nRFP1
(mononeric red 10 fluorescent protein) surrounded on each side by sequences
of at |east 500 ph perfectly honol ogous with the regions surrounding t he
| -Scel site of the alTl-EGFP-1 transgene (RC Repair Construction). The
homol ogous FéditéAtaPR s cdfF@spondstt o t he™P nt ronic sequihce of the

pr onot er a1Ec,TAéﬁTmmddmCmﬁf@m§A@lmmssBb;lltsrh@f expr es_:&lo@ncaf t he
MRPF1 in episomale form |In order to achieve this constructlon t he

Sacl-Not| fOPAGARBAE GRSt AECHAGASHR P TLEaEe PERITRBYEOR of IHEFTREFRY to

the honol 0gy,nieghenseghdiat is0RogAEH1 Bddl®\OfscbfientiSgel 'ﬂ{b S a@menas
purified and cloned in the pCRII-TOPQ(r) vector (lnvitro 4 | i near| sed by

an Sacl - Rot MRIPgertivgn waphé RN 1pPaaFRY WbteditRE8Nas? Bt ol

sequenci ng. ckntg@ga$$ﬁgtrggygdgnagnent BanHl - EcoRI of the plasnld

nRFP1- pRSETB (Canpbell et al., Proc. Natl. Acad. Sci. USA, 25 vol.99(12),
p: 7877-82, 2002), corresponding to the ORF of thf nRFP1, was sy § gned in
the plasnid plT FEEEPLY bet MR erfPaife BRFHF Gt Not T s i 1S, F5F BitadePéf t he

EG-P. The QQ&&EBHGH nt@bt ai meghes@r vadrmspa Yt by for cagpktiyh ngathe
sequence MRFP1- PCR b% addi n%ther eto a Bglll site 30 at each end
(sense initit&eE oﬁafc%EQEllﬂ;ENoo ) : thes RHGARGATETHSFRRRGCAT GSCERETECEABRAC- 3'

anti-senge 32nskpLEt b Oga(@QRlE@lu%ﬂﬁ’: was- generated by introducing

CCTAGATCTGCTAGCATACATTGATGAGITTGGAC- 3 ). The PCR product
the samne mRFP:-peclyA fragment into the p1TI-EGFP

construction.

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

Scel meganuclease

15 The repair construction was co-injected in circular
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, F0.12 and
20 F0.36).

The repair constructicn (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

25 concentraticon of one unit per pnl.

After injection of the Medaka eggs at the single-cell
stage, the eggs were placed in an incubator at 28°C until

hatching.

Simultanecusly, and in order to wverify the current
30 expression of the mRFPl, the control construction poTI-

mRFP1-EGFP was injected alone into a Medaka egg at the




obt ai ned was cloned in the plasmd pCRII-TOPQ(r) (Invitrogen) and the
sequence was controlled by sequencing. The fragment 5 MRFPl-polyA was then
isolated by effecting a Bglll digestion. of this construction. Finally,
the repair construction (RC) was generated by introducing the fragnent
nRFP1- pol yA (Bgl Il digestion) at the BaH site of the RH construction. A
;:ﬁnt roll e(rerllzglconlstru](c:ti on palTl - nRFP1- EGFP was generated by introducing

e same P1-pol yA fragment into the plTl-EG-P _construction. 2
M cro-i nj ecEFBﬁP%TCEfHe PERIRr U8t h 558 osfa“ﬁepf:f)g%‘&%f' rreg%fh%cl ease
15 The repaijhj68nsdd UsSt | ORiNASe£OEdY et eghdd) @ipgr@isabn fodr mhwi tdkFPbr Scel
meganucl ease into a I\/bdakaﬁgg at the single-cell sta%e according to the
prot ocol ded®r FRRETHFYOTh#ARBE Bt 2%Y L 1P56620T af T e & W T °FFE"83ys used came
from transgenic fish lineages (F3 , FO0.25-1 and -2, F0.19 and 20 FO.36).
The repair gongkpreddioh RCrnwasRiR] eat edel Bggi (Bl ar  formand at a final
('\:Aogpent ratl)oE. 1(:)'r gpprom mat el yfl IOng/ pl, after anplification with a

i prep(r i agen) an iltratian (0O, fi r i.n the sence
of I-Sceig at a {}% E‘g’ﬁ‘& ﬂfrgﬁeone’é?r%snsemﬂlﬁli gpgg]eplga%i‘%quelgnj%ct?lj(;)% of the
Medaka eggsmatrbhenfddigice- eghd, shageflucheseggse werfe Pleacedbiypanvwancubat or

at 28C unti | hat chi ng.. Si nul t 0 , nd.in order to veri the current
30 expr essi GHSSfV?%eu P12 t@%gomllgoﬁ% FUcYion Egﬁﬁgeén%%% P was
injected al gne.i nhepa (dMedoka iegg at Fe588 nsi nghd- el émistdge dtdoedi ng to

the sane protocol. The
at 607 nm for the mRFPI.

10 The injected embryecs were observed under a microscope
for their green and red fluorescence (in particular}, around
stages 28 (30 somites, 64 hpf) and 32 (end of somitogenesis,
£ days post-fertilisation). These experiments made it
possible to isolate a positive mRFP; embryo issuing from the

15 lineage F0.25-1 (weak expression of the GFP and integration
of the transgene in the form of simple concatemers). Red
fluorescence is detected sclely in the SNC: it is weak but
uniform, suggesting an egqual distribution of the transgene
in the first blastomers. Since (i) this expression profile

20 corresponds to the cne obtained with the construction po;TI-
mRFPi-EGFP and {ii) the distribution construction does not
have a functional , tubulin promoter, it 1is possible to
conclude that the mRFP1 gene was integrated specifically,
and by homologous recombination, upstream of the o tubulin

25 promoter and at least one of the I-Scel sites previously

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

The results therefore show that 1t 1is possible to
obtain the specific insertion (by homologous recombination)
of a transgene co-injected with a meganuclease in the gencme

30 of a Medaka egg which has a few copies of a recognition site

for such a meganuclease.




injection of this resulted in good expression of the nRFP1 in the enbryo,
W t hout any traces of green fluorescence. 3) Expression of the nRFP1 in the
egg (FO: 5 To nonitor the expression of the transgenes in the

m cro-injected eggs, the fluorescence of the enbryos was observed under a
LEI CA MZFLII1 m croscope equi pped with a4 U V. Lanp (excitation at 580-590
nm and an em ssion filter at 607 nmfor the nRFP1. 10 The injected
enbryos were observed under %_ 'crosco-e foE thelr &ﬂgen and red

f1 uor escence L e 28139 . 64 hpf) and 32
(end of somtogene5| s, 4 days post fertl | i sation). These experinments nmade
it possible to wsomateUaaposphdveluﬁFPldeﬁbrwwaissakng fronlhheiQBSIineage
FO. 25-1 (weak ression of_the P and | nt gratlon o] ein
the form of SIHPlEESRLAL enet s) tgél?edpr‘ff’ uoﬁescence |s{ LL’T?ecte flsc% gl y in
the SNC. it irsdepeakebtly wii fotien asughest iorg aogeadgal. di Shel bllissionccﬁf t he

t ransgen in e first blasto Sin |) this expression profile 20
correspo%ds]TQéiﬁ%§a5ﬁ8n?ﬂﬁ§ﬁﬁﬁ§?iﬁ £ %%gfcoﬁstructlon palTl - nmRFPl - EGFP and
(ii) the distribution construction does not have a functional 1 tubulin
pronoter, it-i Snpossisebl ént ccheconebate tdeatstthet IRFPhugehetwasri ntegrat ed
speC|f|caIIy and b nol Dgous reconbi nation, upstreamof the al tubulin
25 pronDterI%HH' Pea ? e of the I-Scel sites previously integrated in
the genonme of the FO.25-1 lineage. The results therefore show that it is
possi bl e to - obt@ieasehénspéei fuenicmser of omegayudemsPogous o écamyilAgEi on)

of a transgquzg -k pLe égqlmath a neganucl ease in the genone 30 of a Medaka
egg whi ch has fGMICO% s of a recognition site for such a meganucl ease.
34

10 - Reduction in the incubation temperature cf the eggs after
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

15 in table IIT.

Table III
Series 1 2 3 4 5 6 7 8
I-Scel
1 1 1 2 2 2 2 2
(U/pl)
Incubation o ° a
. . . . . 18°c | 18°c | 13°C
tempe.rature 28°C 28°C 28°C 28°C 28°¢C (4h) (16h) (4h)
(time)
DNA (ng/pl} 12 25 50 25 50 25 25 25
No of eggs | ., 1108 92 362 253 161 | 127 | 212
injected
Survival 369 941 61 258 80 63 15 35
after 24h
Hatching (%) Nd ~30 ~90 ~90 Nd Nd 1 16
Positive GFPs| 180 465 32 104 37 32 Nd 15
POSliifz;GFPS 50.14 | 49.42 | 52.46 | 40.31 | 46.25 [50.79| Nd | 42.86
Positive RFPs| 0 2 0 1 1 5 0 12




4) Modifications of the mcro-injection conditions: Fromthe conditions
described at 2), various nodifications to the protocol were tested either

i ndependently of one another or together. The list of 5 nodifications
tested is as follows: - Increase in the repair construction quantity up to
a maxi mumof 50 ng/m; - Increase in tHhe quantity of neganucl ease up to a
maxi mum of 2 units per pl; 10 - Reduction in the incubation tenperature of
t he eggs af I nj_ectjion IZLa mnymomof I3C M for—a periodvarytng from

er .

2 to 16 houf'$°befqrié Pl aci ng at.228C. dhe| expeessiea ofr.the¢ MRFR mass
nmonitored i hthe enbrylos aobitained| as dekcribed previously. The results are
presented [Fositiveadree I11. [Table |11 Series 1|2 3 456 7T 8 I-Scel|{1 11
22222 U ptrhdchcubatd on| 2@nperature 28c P8C28C328C|28C 1I85c4)18C 13C
(time) (4h)|(18H°e4h)] DNA (jng/ pl)| 12 25| 50 25|50 25[25 25 No |of egfs
injected 44P 1108,.92 362 253 161 127 212 Survival 369 94T 61 258 80| 63 15
35 after 2#theHatghisng (A Nd %90 90° - 90 Na8Nd 1016 1P¥sitive |GFRS 180 465
32 104 37 32—Nd—3i5—~Posttive—&FPs

UJ Vv NA

The results show that the most faveourable 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 1t 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 proteccl described in example 1, but with the I-Crel and
I-Ceul meganucleases and constructions comprising

15 respectively a recognition site for I-Crel meganuclease (SEQ
ID NG :5 ; 5'-CTGGGTTCAAAACGTCGTGAGACAGTTTGG-3') and I-Ceul
(SEQ TD NC :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-Crel and I-Ceul meganucleases

(NEW ENGLAND BIQLABS).




in 50.14 49.42 52.46 40.31 46.25 50.79 Nd 42.86l1 s Positive RFPs 0 2 0 1
15012 35 Positive RFPs i %0 0.21 0 0.39 1.25 7.94 0 34.29 in Positive
RFPs hatched 0 2(2) 0 1 0 3(2) 0 6(4) (viable) Aobal efficacy in %0
0.18 0 0.28 0 1.86 0 2.83 The results show that the nost favourable
conditions for obtaining a specific insertion are 2 units/m of 1-Scel
meganucl ease and 25 ng/m of DNA. In addition, the results 5 also show
that the incubation of the eggs at a tenggrature of | ess than 28C foll ow ng
on fromthe mcro-injection makes |t ible to drastically increase the
nunber of individuals having a marking (close on 3% for an incubation of
4 hours at 13Gioliw rechbe ﬁTC§ﬁbduuum@tbonyteﬂOmEXAmBLEf3n0n?®m@ﬁted
insertion of a transgene in the genone of a ag%m%rans%%nkg ££ﬂ§pge

usi ng othervﬁ§B§Nﬁ€@§ase§avﬁpﬂstI? raﬁﬂSﬁ??%%egﬁé I'ons are perforned
accordi ng tgshpei PrRf:ocol described in exanple 1, but with the I-Crel and

| - Ceul neganucl eases and constructions conprising 15 respectively a

recognition site for 1-Crel anucleas S
D O GO T AR I RUAABAET T e Pt M et >
5'- CETAACTA$6é§£§3££7éégﬁﬁéﬁizavké&aﬁehehme&matth@ezebnafﬁghoauct@ﬁﬁﬁ| n

pronoter and the EG-P reporter 0T onstructions dy rot oco
used for peﬂFoFﬂ?F@FUQQQa9%%95898%fYn§% t%%ﬁﬁgﬁé The saoggagﬁ%rééhgﬁgly

described said egg or oocyte has at least one recognition site for the
said endonuclease, which recognition site corresponds to a

10 specific sequence of at least 12 pairs of bases, allowing:

(i) the sequence-specific fixing of the endonuclease

at the said recognition site,

(ii) the consequent causing of a double-strand break
in the genomic DNA by the said endonuclease at the said
15 recognition site or in its adjoining regicns,
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

homologous recombination mechanism; and

20 b) a step of identification of the eggs or oocytes having

the targeted genome modification sought.

2) Method according to claim 1, characterised in that the
sald recognition site present in the genomic DNA was

introduced by transgenesis.

25 3) Method according to either one of c¢laims 1 or 2,
characterised in that the said endonuclease is a

meganuclease.

4) Method according to claim 3, characterised in that the

meganuclease is chosen from the group comprising I-Ceul, I-




in exanple 2 but using the I-Crel and I-Ceul neganucl eases (NEW ENGLAND
BIOLABS). 36 CLAIMS 1) In-vitro nethod of producing oocytes or eggs of
non- human vertebrates having a targeted genone nodification conprising: 5
a) a step of expressing an endonucl ease in the nucleus of an oocyte or

egg, characterised in that the said endbhucl ease is introduced exogenously
and in that the genone DNA of the said egg or oocyte has at | east one

recogni tioncslbe faplbe ssalgrendopycheasep i chLegoonition ite.
corresponds t6 a 10 spetific sequéence of at Feast "1 pai rs of bases,
al lowi ng: frpIthe Sefuehicefspeeiti E-Jdaediing ROF-AkkéE, eRdoinrecl eddeCeal, t he

said recognition site, (i) the consequent _causing a upl e- strand break
in the genoﬁ?cgbﬁ&’b%ltégrséi %eﬁroﬁhc?gaégvgi FEeMgéfﬁ giSQ %%bg%?tion
site or in MjsIadjrRii-ikag,r &ji-¢is], pirgt-erab) y rat-Mtedeyr tPhaRaA00 pabPfs of

bases of .the _said__recognition site, and then (iil) the, repaiJ. @f the said
double-s?ra%gugfeg§ géogf %%&%F%BOEE?8€6ﬁb?2a%T%%'n%gﬁﬁﬁﬁgnfgaﬁap%o b) a
step of idemtrifreati on-pfitheeegygsIor 60eyieB, haviTgpI It hevt-asget edrgenone

the ' said rEEBon 1 9H4n & pragent /| VT gdiom 6 DN W i iy Daibed by
transgenesi e1-2bm8), Metrhathaccordragr t opertherr one-pérr) arfBcAror 2-
characterised in that the said _endonucl ease is_a _nmeganucl_ease, 4)I§@thod

accor di ng t 6%8f &1 nf 3T haracdtétirséalthft nat e I-Hmuil, I-Tevll,

10 TevIiII, F-Scel, F-ScelIl (HO), F-SuvI, F-Tevl and F-TevII or

a meganuclease derived from one of them.

5) Method according to any one c¢f claims 1 to 4,
characterised in that the concentraticn o¢f the said
endonuclease introduced by egg or oocyte excgenously and in
15 the form of protein is between 0.1 and 5 units per upl,

preferably between 0.5 and 2.5 units per ul.

6) Method according to any one of the preceding claims,
characterised in that the targeted genome modification at

the break site corresponds to a deletion or insertion.

20 7) Method according to claim 6, characterised in that it
also comprises a step of introducing, in the oocyte or eqgq,
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

25 genomic DNA.

8) Method according to claim 7, characterised in that the
exocgenocus nucleic acid seguence introduced has no

recognition site for the said endonuclease.

30 9) Method according to either one of c¢laims 7 or 8,

characterised in that the concentration of the nucleic acid




meganucl ease i s chosen fromthe group conprising I-Ceul, | 37 Crel,
l-Chul, I-Csm, |I-Dol, I-Panl, 1-Scel, I-Scell, |- Scelll, I-ScelV,
F-Scel, F-Scell, PlI-Aael, PlI-Apel, PI-Ceul, PI-Grl, PI-Crl, PlI-Dral,
Pl -Mavl, PI-MII, PI-Myol, PI- Mal, PIl-Mal, PI-Mel, PI-Mul, PI-MuH,

Pl -PablIl, PI 5 Pful, PI-Phol, PI-Pkol 3gPI-Pspl, PI-Rmal, PI-Scel, PI-Sspl,
Pl -Tful, PI-TIil, PI-TIill, PI-Tspl, PI-Tspll, PI-Bspl, PI- Mhl, PI-Mal
Pl - Mpal , PI-I\/gaII Pl-Mni, Pl-Mmal, PI-Mhl, PI-I\/BmI PI-MhI Pl - Tag- 1,
Pl - Thyl |, Isek@xdncel -amrrllnllstﬁre@aw I eg@ll q"év@ocﬁft@olp‘-r beft“tﬁernl 0,

| - Hul or %V gghuggrl%¥£é 2 ?%%En F-aceldo @Hober suvl, F Tevl and

F-Tevl | ease derived fromone of them 5) Mt hod according to
any one of claims 1 to 4, characterised in that the concentrati on, of the
said endonu¢l ed‘%thoﬁitr@m@@é@l%‘y ey GiMYoote EfogEmdutRTy and 9 n 5 the

form of proEﬁéﬁdt%ﬂ%%WeeQno dnand éleumsta@dpeéxcsgenow eharably hetmeen 0.5
and 2.5 units per . Met hod according to ané ne of the preceding

claims, 5 cha¢mr@ﬂ s@@lmplhl?cerﬁat at Ferarget &d gehbieeHod fFRRR i 8% dt"° t he

break site 89%EQ§RP %%l%g ag§&e§ééﬂéﬂyés'n§ﬁétééﬁﬁ &% thh Ve bgde@egor di ng
to claim®, aracterised in that it also conprises a step of introducing,

in the oocyhevmq eggmola@w exegan ot nBEFEREC adicd s efREHRIESChat °F<Ehonol ogy
with the nyelelspcld sequences, |orqied yosireamanddoyastisaniof the

recognition e endonucl ease presen he 25 genonic DNA. 8)
Met hod accofdi nghe @ndloaluml?w@h@rﬁctlér psedent ithathet geroB%®ddHous nucl ei ¢
aci d sequence introduced has no recognition site for the said

endonuc| gases ) 309 oHeLRRrELOT dbNGALO Rict Ner one ghechbain® £18imS,
characterised in that the non-human vertebrate egg or oocyte
is an egg or oocyte of mammals, reptiles, amphibians, birds,

insects or fish.

12) Method according to claim 11, characterised in that the
15 non-human vertebrate egg or occyte is a fish egg or cccyte
chosen from the group comprising salmon, trout, tuna,
halibut, catfish, zebrafish, Medaka, c¢arp, stickleback,

astyanax, tilapia, redfish, bass, sturgeon or loach.

13) Method according to any one of the preceding claims,
20 characterised in that it alsc comprises a step of culturing
the previously fertilised ooctye or the egg having a
targeted genome modification under adapted conditions for

ailowing the development of the non-human vertebrate.

14) Method according to claim 13, characterised in that it
25 also comprises a step prior to the culture step which
‘corresponds to an incubation of the egg or ooctye 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
30 than 5%, corresponding to the eggs arriving at hatching,

preferably greater than 10%.




characterised in that the concentration of the nucleic acid 38 sequence
adm ni stered by egg or oocyte is between 1 and 50 ng per pl, preferably
between 5 and 40 ng per pl. 10) Method according to any one of clains 7 to
9, characterised in that the said exogenous nucleic acid 5 sequence
conprises a sequence of interest franmedSby two distinct nucleic acid
sequences, the said distinct sequences having honology with the nucleic
aci d sequences | ocated upstream and.do tr r jvely t
recognitionfizt%?t 5t ﬁﬁ%@réﬁa%ng%l%g%%nrggtC?%ggfgég%%éénﬁéHg%géﬁ%%ic DNA
10 11) Met hogi aceaedi ngricxr any ottes okulherr exedi ngoctaipmeds char act eri sed

in that the non-human vertehrat or aqocyte. is an e ocyte of
manmal s, reptFEES OGS sfugi%gg,a ﬁﬁ§5%§§mgFeFishfggbgi%éﬁéﬁéf’

accordi ng tgr&faiapiilbeehasact ermcsed houthat the 15 non-human vertebrate
egg or oocyte is a fish egg or oocyte chosen fromthe group conprising
salnnn,ﬁ;rout, tuna, halibut, catfish, zebrafish, Medaka, carp,

stickl eback, astyanax, tilapia, redfish, bass, sturgeon or |oach. 13)

Met hod according to any one of the preceding clains, 20 characterised in
that it also conprises a step of culturing the previously fertilised
ooctye or the egg having a targeted genone nodification under adapted
conditions for allow ng the devel opnent of the non-hunman vertebrate. 14)
Met hod according to claim 13, characterised in that it 25 also conprises a
step prior to the culture step which corresponds to an incubation of the
egg or ooctye at a tenperature of 5 to 20C bel ow the culture tenperature,
preferably 10 to 15c below, and for a length of time making it possible to
mai ntain viability of the eggs greater :




30 than 5% corresponding to the eggs arriving at hatching, preferably
greater than 10% 39 15) Method according to claim 14, characterised in
that the said step prior to the culture step corresponds to an incubation
carried out for a tine between 1 and 24 hours, preferably between 1 and 20
hours. 5 40 SEQUENCE LI STI NG <110>4IONSTI TUT NATI ONAL DE LA RECHERCHE
AGRONOM QUE (I NRA) <120> IN VI TRO METHOD OP PRODUCI NG OOCYTES OR EGGS
HAVI NG A TARGETED GENOVE MODI FI CATI ON <130> 43446/ PCT <150> FR 04/ 13521
<151> 2004-12-17 <160> 6 <170sEdRarentEsrersion 3.1 <210> 1 <211> 24
<212> DNA <213> Artificial sequence <220> <223> PCR initiation <400> 1
gat cat aggg at aacagggt aata 24 | <210> 2 <211> 24 H <212> DNA <213>

Art fl<3(.:]!085| _%.\?s %%QT(':eNATI<02N%(I)J>DE<2]‘_%3R>ECEI%§CIlEnh&é&tol‘ff{?(ﬂm [INRA)

<120> IN VITRO METHOD OP PRODUCING QOCYTES OR EGGS HAVING A TARGETED GENOME
MODIFICATION

<130> 43446/PCT

<150> FR 04/13521
<151> 2004-12-17

<160> 6

<170> PatentIn version 3.1

<210> 1
<211> 24
<212> DNA

<213> Artificial sequence

<220>

<223> PCR initiation

<400> 1 .
gatcataggg ataacagggt aata 2
<210> 2

<211> 24

<21Z2> DNA

<213> Artificial seqguence

<220>

<223> PCR initiation




41 <400> 2 gatctattac cctgttatcc ctat 24 <210> 3 <211> 33 <212> DNA
<213> Artificial sequence <220> <223> PCR initiation <400> 3 ' (gaagatctct
taagcat ggc ctcctccgag gac 33 | <210> 4 <211> 35 <212> DNA <213>
Artificial sequence <220> <223> PCRinitiation <400> 4 cctagatctg
ctagcataca ttgatgagtt tggac 35 <2105 5 <211> 30 <212> DNA <213>
Artificial sequence <220> <223> 1-Crel recognition site 42 <400> 5

ct gggt<#@e@ra dacgtcgtga gacagtttgg 30 <210> 6 <211> 29

gatctattac cctgttatcc ctat 24
<210> 3

<211> 33

<212> DNA

<213> Artificial sequence

<220>

<223> PCR initiation

<400> 3

gaagatctct taagcatgge ctectccgag gac 33
<210> 4

<21l> 35

<212> DNA

<213> Artificial sequence

<220>

<223>» PCR initiation

<400> 4

‘cctagatctg ctagcataca ttgatgagtt tggac 35
<210> b

<211> 30

<212> DNA

<213> Artificial seguence

<220>

<223> I-Crel recognition site




<212> DNA <213> Artificial sequence <220> <223> |-Ceul recognition site
<400> 6 cgtaactata acggtcctaa ggtagcgaa 29 il.

42

<400> 5

ctgggttcaa aacgtcgtga gacagtttgg 30

<210> 6
<211> 29
<212> DNA

<213> Artificial sequence

<220>

<223> I-Ceul recognition site

<400> 6

cgtaactata acggtcctaa ggtagcgaa o 29




