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MEGANUCLEASE VARI ANTS CLEAVI NG A DNA TARGET SEQUENCE
FROM THE MOUSE ROSA26 LOCUS AND USES THEREOF The

w0 wesnn rel ates to a nmeganucl ease vari ant @CIABRIVG/082500
DNA target sequence fromthe nouse ROSA26 | ocus, to a
vector encoding said varianty; to a cell, an aninal or
a plant nodified by said vector and to the use of said

MRGRPARRECRASRIVARIA ﬁﬁmﬁc? Oﬂﬂﬁiﬁ" E’?@WIENCE

genome engl neeri ng reco |nant pr el n produc
const rEROM THE MOUtSﬁQROS@\ZﬁM@CHSdANBCUﬂES MHEREOQK e
cell lines)._The npuse cus has be

| o
di scovered DyeRRVERIA0CIE aé‘?’?dtOSB r'PEEFGUT ﬁasf9‘99€flaﬂ‘y clsayjag a DNA

tarrgepseawﬁ& Iffaan theURbird RRODAYORSs, % §%&tglsén&ﬁinlg%ald variant, to a
infected with a retrovirus (Friédrich, '

cslly aramr,na@msla&t Dedidicd rbmsmd vet®® and 5 tlmame of m@ B)eganuclease
i ne, where inser

Th
Vg.lélglbt (4 erw]et rglﬁ)d%etgefo H‘éopu%ﬁﬁ%m?a Shgiheering (recombmant protein

pRéducess &dhitalctidh bE trafbgshit RYise s @bdhBiAGnENHise T8Il ARe)f
the reporter_gene duréggaenbr yoni c_devel opnment, in

newbor n ( Fril@8rmewseal bilaeus hasobaen diseqvieraddhy §ﬁléd1il¢h and

B 308 15 5 A, 6y o B 5 et e
withcaisetrovrasi(Fribdrioh,n®.usw R [Soaiais dhaned & Devddograant} 199ee5, 1513-
120 TS A FEAISE e i e ERCEinacocelsRa Rt o the
I§§§1Q6 RS, #nonRiddenti®l LiRe rdlﬁ%)‘?%&ma\% IS\ HiGuifbus | 3BtesLiGRBE é@?eporter

a third one orli gi nat éd reverse stran
gemardurlow gnrbrypnig| de@h@menpr acinewhym (Frisdsighnasl Sodaro, 1991,

ontrol, of .the .
TP S hefiardnlo e ens hBRSEE  Hadred Mk dcad. sei. usa,
108nr9428789-5794) NBlid IR ©SE268 @66 Slocdi8® th mdlise dHlorfddome 6, produces

Targeting the ROSA26 |ocus in npuse ES cells has been

thrge Hanspripsdiguse Lbrista txertscvptar%@mﬁtfrﬁ@u% OTRFER [Psomoter share

ARG (Bl ang SRELAPIRI he ol Bt B one

Ad99, thed, oﬁé)fi)?igﬁ&dézt fiSar ithen agvet 80 Strampd G(Zambd),sz et al 1997,
a et al, ,Nature Gbnet s, 2001,

PRTCA. Chiogeenes BbgkT B05onte) o She. spse RROSARA HomRIEr show

t
uﬁi&ult%@&smgqg 3mb§% anli%tsllé %&Syg?orgaﬁo B! pygture Néﬁétﬁ’:'s L1999,

ZhcHYT l)sa’argemg\ theo BOSA260pcusgi8 8088 S celin kasrkeen dmaﬂy used to

ofsubPRAAS %9%%%§éi@§ﬁge%tz% ive%o@%"% Biology, 1999,

214, 128-138; Mao X. et al., Proc. Natl. Acad. Sci. USA, 1999, 96, 5037-5042;
Soriano, 1999, precited; Awatramani ef al., Nature Genetics, 2001, 29, 257-259; Mao
X.et al., Blood, 2001, 97, 324-326; Possemato et al., Genesis, 2002, 32, 184-186;
Mao, J. et al., Nucleic Acids Res., 2005, 33, €155; Yu et al., Proc. Natl. Acad. Sci.
USA, 2005, 102, 8615-8620; International PCT Applications WO 99/53017, WO
02/098217, WO 03/020743, WO 2004/063381 and WO 2005/116070)).

However, the efficacy of homologous recombination in mouse cells

is very low (frequency: 10 to 107).
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However, the efficacy of honol ogous reconbination in
mouse cells is very low (frequency: 10 6 to 10 9). This

webdosasmaxy can be enhanced by a DNA doubl e- st PemtB2008/002500

break (DSB) in the targeted | ocus. Such DSBs can be
created by Meganucl eases, whixch are by definition
sequence-speci fi ¢ endonucl eases recogni zi ng | arge
sequences ( Tligrefficiedty &dhdb8.enkhticed, byNd CORIAC d6hl8Strand break
Res.,. 1992, 20, 5625-5631). These proteins can cl eave :
GNR)e ths tasgetedhlocpsiSugh DY Bsscantheeareaied by) Magehwleagesaavhich are

0Q- ' viglnity of the..
bF S5O0 s oerf atoaf R bl etk oo mieny,
21 and BB4DG0A0 NucRiu dicidst Red.,, 1943, .20Ce8l6R5-588 0). . Thedd Poteins can
4, 8096-8106.; ..Choul ika et _al, M)]. Cell. Biol.,
&y unidyie siigyan higing celiscthersby enhaneing, grae taggeting g 4400-fold or
o 3 B 501 RN S, .
NBH-50481; Roui asla/., Mbd9Ssll. Béol., 1994.- 1114 8896-8 DRthpBhoulikh eakl,, Mol.

e osB1 8! 568 i SLORARLEELALE SRy oo,

BeHO5 RE0SWNSUreetR @t NRIUI@IIL Brdangol eps %mgzb? @ohen-Tannoudji

referred to as "hon1ng endonucl eases” have been

ot @bnMot; Gell. (Bipby E1 9818, BH44:-1448 ¢ Dmnoho Sitatdd Meal, Cril.cBiel.c1998,
] i vl 2 71347 t toire of

A Ot EUERd oL K i fbos 05 RTLCS < e

conpl exi ty dfovdver, gdthougissevarall htdreds bSndtetabhlegariiRleases, also

%%ea able_site in a cgéseg gene. TheoreticaL%%J t he

THERFAY B ating iepslopucieasse e kesadiisntidicd(Hbaviticn db8sand B.L.

Sbddard; Qa&BicSRefRs fRE T bGF1, o 581379y ahe l{glzﬁér?oi{'e' ot %leavable

Therefqre, t he maki ng of neganucl eases wth tallore

se@uenedsiis kqa lemited touavidesss ithet comypdexiityvofshe geatoinen, and there is usually

Regently, .fusion of Zinc-Ei nger Protfeins.with the.
TS TE b s A n € - Do RTolly Jbe miinte F aftdia seauence
speuifid uadohaskRasewerith tisRen %?bc[@diﬁ‘esf dbfd hB&Ahte this limit. Therefore,

sequence-speci fi c endonuc easeiE§Sqith et al, Nucleic
themakingef megamygleases witlptailowd speaifigitippigamder intensaimvestigation.

Cell. Biol. , - .- Bbhi kova..et.. al . .
i1 .0 g5k, (o, TG e o
oScherfad], 200&s BBOestficdon endonelease, Mvkte ased {3 make functional

s%ﬁe%ée??%?i_ﬁ’c%%g%gfc?’ ésoé%gt_}geg%?., éﬁg}é\? %@hg}lgsﬁﬁ%!, g?, 674-681;

FRORGva 435, MABCER1BiPOROGL21, Mdho7 MalbikdVa af SeRG:
13, 438- 446. International PCT Appl i Ioik A el S8fics, 2002,
10boY1a91 ut755) Bibduwa efudl, ciosense,c2003d 308c264 | Polteus 9. and D.
heqengi Nger f,he | LR2 I n.hu el)s ]
Br?%?ﬁ;f?hégr’lgcﬁpégf’%%o? 765- ; Allwm eci" cgle: Iﬁoi.“l‘her.?%ﬂOﬁ H, 610-617,
Urnov et al., Nature, 2005, 435, 646-651; Porteus, M.H., Mol. Ther., 2006, 13, 438-
446; International PCT Application WO 2007/014275). Such nucleases could recently

be used for the engineering of the ILR2G gene in human cells from the lymphoid
lineage (Umnov et al., Nature, 2005, 435, 646-651).

The binding specificity of Cys2-His2 type Zinc-Finger Proteins
(ZFP), is easy to manipulate, probably because they represent a simple (specificity

driven by essentially four residues per finger), and modular system (Pabo et al., Annu.
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|'ineage (Urnov et al, Nature, 2005, 435, 646-651). The
bi ndi ng specificity of Cys2-H s2 type Zi nc-Fi nger

w@e@Basass3 (ZFP), is easy to mani pul ate, probabP@T/1B2008/002500

because they represent a sinple (specificity driven by
essentially four residues pery finger), and nodul ar

system (Pabo et al , Annu. Rev. Biochem, 2001, 70,

Rd3 Hbchem, JA012303 18134 . Jal¥ddson Beyl:,hq%.uﬁ ¥ 8'iscov., 2003, 2,
2003, 2, 361-368. Studi€s from the Pabo (Rebaf, EJ.

a3 aBoSteigsororsdhe Ratew, (Rebsr) E. 12663 CEY.1Rabé7 Sciendé, 1994] 263, 671-

OB b5 B o Faobroc. fhoad o SorobBds, 312.2817)
Iﬁﬁ@%ChS@,i Y. bigAA. 1904, PRE, Nad. 188! SEHLATSA, %; %9811), o, gfi 1680 167

ug, Nat. Biotechnol., 2001, 19, 656-
- qndndoKlng, NatdBhotegungly, 2001049, 6&6-660)snddBarbas (Choo, Y.

Isglan, .
R Rk MG S 68 et g 1Gef b na

KimgNte Biotectmdl.aLgel, riep 656-66@)@@&&%}@1‘66 |rel:\|sﬁltédl fin @il@bke repertoire
Ps, able to bind nost G ANNG AN ANN sequences.
¥?ltﬁﬁfé‘iL1¢é§1sZ,FP2F%'e 9 Bind most 6/ ANNG/ ANNRAAIYN spauences.

especi al l'y fI\‘iéFveﬁHBEés? atppan ﬁ'ni%lﬁ?ﬁé‘fei ﬂ%ila.lmria)fiohg,g Qspecially for

| evel of specificity, such a erapeutic
applitations reqnizingl ¢ vespdighdewsl of ypesifmiy, suchtas fedrapentic bppiRations.

tivity in fusi ts with either one recognitjon,
Iy ey, i, Tt ekl ousleise gy P fvsion apsy Wi gither one
rédoniiodNitd 6 Rvith elve! itBg sbphrdthe b@r\?‘éf’eﬁcﬁsﬁflcéoﬁﬁaz} DNA loop

_DNA- bi ndi ng defective nutants of "Fokl (Catto et
inglediag dn Mg presqes of somedNAinding defectigomutarityof Fokl (Catto et

Lfi.cit v might t as_il.Lustrated
LTI AT e 1 LRTVEDE s Sprfitl) R be very
deBtrerdte\a iktistated Sewaidigdn n2d@raliahtcklls 2aé Drdsobhfia (Bibikova er

s Parctre e S d S6EATES ot af o, Scismeb- 0B ciplbgos)
W &lQé@ZQS"?‘S?A‘f S P e ERRE 3o B Homine

ehderircledsesoHomiog eEmdoniiclrases dBESClasey al widespBads. familg of natural
i,c ,Aci.ds Res.

ripgron SR SR SRt e Tipan ulBe KGRatieD .S and BL.

Syefdatd, Niueledrarids RE. CI000! 9P aTBY S 70Y). ATHRE HRISING Blel §foded by
"hom ng":. the endonucl ease cl eaves a cognate allele

mMabyls, gpnetin elsmerishwhicte Rserasate By apseieesst balledpyhoming”: the
i i h e i i i that ., .
TR Doy 0TLAROTLRORC AR B8, BETE Bk i s,
ti@ratynstihelating ac bpholopais pdcembagtop reopitr thae Suplicdiedr e mobile
R ShOLEERE T BRRE S el B e i trms o

efficacy and specificity, they could represent ideal scaffold to derive novel, highly
specific endonucleases.

HEs belong to four major families. The LAGLIDADG family,
named after a conserved peptidic motif involved in the catalytic center, is the most
widespread and the best characterized group. Seven structures are now available.

Whereas most proteins from this family are monomeric and display two
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speci fi c endonucl eases. HEs bel ong to four major
famlies. The LAGLI DADG fam |y, nanmed after a

wa@oeovsasasexl peptidic notif involved in the catabP@r/ig2008/002500

center, is the nost w despread and the best
characterized group. Seven syructures are now
avai | abl e. Whereas nost proteins fromthis famly are

DRGVIPADG andlifeli & pka«y ohd0 hiNe- bRHDEndTRRALEES buf diB¥iRNES cleave
have only one not | but dimerize to cleave

pAiindrotie Af Esesﬂoml@u&@mﬁaﬂargﬁ:amnmceﬁ ar get sequences |
Al th h th 0 Rnserye
Fegi on amngiisieh BEEACRIDABG Pt i oG EFERE region
ahaigemembeas vf ﬂid]ﬁahﬁ\lly akwpxbeaiﬁwhare(fwgy &Enilar arch@cture (Figure
atal ytic core.i | anked t wo DNA bi ndi ng_domai ns
:&n {rﬁ g"%‘@?? EQTE ig 815y tgly rnding dergains Wit aspesfeehtwo-fold
r 1
53%1’ rﬁes f%lé@geggl seéuch%k %{ (g‘?fe\éarl@étéz'gz Ngﬂ gk%?t 812001, 8,
Hi2e316) agd03/s08 2©hevaﬁer a&g), JaNblvBioh, 20035 829,02 $9y26% tang! with a
PR by, Togfanines sagt o G (Voge § a1 of. MPE Bigt, 2003, 334,
093169, Bimahol (SO, a1286Moil 3t 119h36)8601 113 Md) o§ B AUBolduc e

et al., Genes Dev. 3, 17, 2875-288
atorioenss sDevr 2003, h1aoﬁﬁ?ir@%&)orBQ%mmmrs,ppotb@ﬂnsy)mams (for
rﬁgﬁbtnﬁéer%?bt;%g%lgsat D(?ntgtg\&t léé)})glgee%orlgtlg g(?l ;(Ielizggquggci earo’ﬂ’ﬁie divalent

cations ARt | dbeLS e pathlg€is cpte th@hw® LAGEIDEDG! Rdptitéd Blay Mlso an
t he dj m?rl zation interface. DNA_binding depends on two
fo

s3piieh %a*adh% dienzagion Halssacs| DNA binfitqgnéer{?ﬁdft 98 tpiAtypical
L L T R
feual, for &&ﬂﬁﬂe %mtelﬁﬁg%ch(z)és) PIaPljgté Hchﬁgﬁdgl (erLIJ B I‘?g{ ?éBiigl., 2000,
0B 8350 o of ﬁisweétrpﬁ Biok, BP0 h G477, which
p?ﬁtéin}@h&hgﬁé}ﬁﬁtn' 19@%5 1&@1&@@1&1@)@% .eases, Dby fusing

er m nal domain with -Crel nononer
(Cheval i er dhe maklmmf fu@etidna) cmﬁﬁﬁp mie@an@dénsed) By fusing the N-

R g gm B il £ L mEors G RPHRE to oy foleSell., 2002,

1@09915-9@51 SBfhathér e, Wh&ﬁﬁt@ﬂ Q(HB Bl aBtsnca; )Int@f‘natlonal PCT

Gl DADG r ot ei ns. es, fer ent ngﬂsus have
Arpbgtions VD SRUTSEED rB N 004 B5EGY hatie damarkigasicd th plasticity

FERVLIAE plighife - el (Seligman et al, Genetics,

Besides, different groups have used a rational approach to locally
alter the specificity of the I-Crel (Seligman et al., Genetics, 1997, 147, 1653-1664;
Sussman ef al., J. Mol. Biol., 2004, 342, 31-41; International PCT Applications WO
2006/097784, WO 2006/097853 and WO 2007/049156; Arnould et al., J. Mol. Biol.,
2006, 355, 443-458; Rosen et al., Nucleic Acids Res., 2006, 34, 4791-4800 ; Smith et
al., Nucleic Acids Res., Epub 27 november 2006), I-Scel (Doyon ef al., J. Am. Chem.
Soc., 2006, 128, 2477-2484), PI-Scel (Gimble et al., J. Mol. Biol., 2003, 334, 993-
1008 ) and I-Msol (Ashworth et al., Nature, 2006, 441, 656-659).
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Sussman et al, J. Mdl. Biol., 2004, 342, 31-41,
I nternational PCT Applications WD 2006/ 097784, WO

wQoesn83Z853 and WO 2007/ 049156; Arnoul d et al pCcIB2MiE/002500

Biol., 2006, 355, 443-458; Rosen et al, Nucleic Acids
Res., 2006, 34, 4791-4800 ; 3mth et al, Nucleic Acids
Res., Epub 27 novenber 2006), |-Scel (Doyon et al., J.

Am Chem Sdn addidh, bhidredd 4017 1-23-8K XeritAdtives elvitlf @oémlyealtered

Bi ol 2003, 334, 993- 1008 ) and

speqificiy ¢ (%grﬁmmgerwe@@ By combining cthe enye;rational " approach and High
TRbudhp) SéBe@fg tion, hundreds of |-Crel derivatives

with locally altered specificity were engi neered by

conbi ni ng t hdlesbim:s Qdd Rﬁ&landi;ﬂﬂﬂaam@%&-lim and 177 of I-Crel

4, R68 d _R70 o
"gﬁl%‘%% egl"gg@ﬁ“&‘ Fﬁ’?‘@éi \94&11 rﬁ&?&&egngs@alt&ﬁ@wgds the
ifleb88dsi 8N @Jltlé(rﬁr raptg Wotfl'}hélﬁﬁfqe%rg& Mlﬁg ﬁreget) were

t owar ds the nucl eoti des at positions
1@mfxpdrlg'escre{e§am(lﬁmmatlamaj QT \l@pdicatdmstWD 30081097784 and WO

G T T e R N

Aﬁhld‘dRes, me,zﬁmenﬂ,é&(ﬁﬁg Smith et al, Nucleic Acids
Res., Epub 27 Novenber 06). - Resi dues K28, N30 and

Q38, ' N3O, Y3Begidepsdels, wom Q3\83N30Q383 andiQ380r Kfzs Y33, Q38
sh S0 1502 WCARMGER 0 00 8 R FRLO s P BB st

tered speci

ﬁpng itdwards thetuclRofi@esaft pbﬁﬁoﬁ?NA 8ttareeif thed @Wt&?%%(wNNN DNA
target) were identified by screening (Smth e
taxge} ayae Adsniifertcly screpring A9mnib eimabs Noobis, Acids Res., Epub 27

NF%SEI?IQE}? gﬂltt% % and 32\%%%;?%&%@%5% shown to
formtwo seBasidinse28 1l amhad 16 IBATTECHRS ; ﬁvei??hlﬁ’vf’pmbfm two
e e -

hﬁ@-@ﬁe (it Aol RRdleicPdidsIRls! C@Hdbo YR veRBéf gd(%o IR emnational

The conbi nati on of nutati ons from e two subdorain

Pefl Aprdisption WO 201e49%98hk nononer al | owed the design of

novel chinme ol ecul es able to, cleave_a
pal i ndr omi cﬂéo hlélat IQRE g‘%\?%b g’g"dﬁéh"c %Sﬁlﬂﬂqn&‘%"“ ~Crel
within nhel @nid dﬂ@no&ier peBowddNEe desigh vfaR@veld chithelé molecules

whi ch are bound b}/ each supbdomain (Smith et al,
(hmodipersihables tRe §leaveepy ppabindimie nbembimed 6DNA  target sequence

cdrﬂﬂr?srlﬁ?ﬁl'e %ﬂé‘leotldes at positions + 3 to 5 and + 8 to 10 which are bound by each
subdomain (Smith e al., Nucleic Acids Res., Epub 27 November 2006; International
PCT Application WO 2007/049156).

Two different variants were combined and assembled in a functional

heterodimeric endonuclease able to cleave a chimeric target resulting from the fusion
of a different half of each variant DNA target sequence (Arnould et al., precited,;
International PCT Application WO 2006/097854). Interestingly, the novel proteins
had kept proper folding and stability, high activity, and a narrow specificity

The combination of the two former steps allows a larger

combinatorial approach, involving four different subdomains. The different



10

15

20

25

30

PCT Application WO 2007/049156). Two di fferent
vari ants were conbi ned and assenbled in a functional

woeasnsdaeri ¢ endonucl ease able to cl eave a chCTvEB2068/002500

target resulting fromthe fusion of a different half

of each variant DNA target s&quence (Arnould et al. |,
precited; International PCT Application WD

2Ban A 8athe modifexdessparaglyyandicombiredad optaixi &h Bstirblydedesigned
kept proper ,folq%ieng and stability, high activity, and, _ .
megARrrIEtve SpEank (hetefodimer o HRgE hRIn rolesule)with whosen shegificity,

i Rgrafld d}i"ﬁ%lﬂ'e H?Frgg first & ,ch)ggfég b?hox%?ﬁ%%@x‘mﬂeases are combined

i nvol vi ng four er ent mail ns.
idi ricfre metecsleb d Siraf-me garanc] ebees odedvired pal apdasmicefaygetsnderived from

GRTRaTl o B RickaPe o s WA Sort Gl i dlpedpnacionse’

GAqeRIk BmPRLRétEioRithdtic Secieh lclbaling thd gkt o Ghtefess THehs@mbly of
first step, couples of novel neganucl eases are

founisetn el mufatiens inip elnigredintetina¢ridomedjenses |ckeaying' 3 model target

IR SRR o AR R At R e
(Nualefc AEigaRes| Epste? 7 Noverfile2006). N a het er odi neri c

species cleaving the target of interest. The assenbl
of four set HOWEYSE athe ofaeeetsniaster etne Huglirprart ¢vere identical to the

' [ . .
AR RO o TGt IPFA site TCHELI AEANEREE BE psitions 2
and iSmiBvien géhowgh. the Mast-paies Atiadd sRedo notEisplay Anavatabiewith the
2006) . Ho the t ts .tested in thi.s report were .
Froiein 1 TRET st ST Peutioer e of Je¥id GhePRERiGHcEmation
(ghga‘fibr &1 &k, X QkS2 Biof | 100532, ﬁb-zfsbg RPSHANPT the ﬁ?sgg/pair +1

.. Even though the base-pairs 1 and 2 do rot disp .
aaf pouldrheae sowice bf additipnal tsubstrate spepifisith €éArgashew!., tJhMol. Biol.,

S LtdcQns are nagt VoI t et i nformat i
IORF PP 3R 580 0L ATV, o800 SEURLDYS. and
BEpStidahidy WadleichAcldasResnad01, 2oarsyse@t/d). b ikpdéle@ion of
f additional substrate specificity (Argast et al., J. A
vablgilfirel targrs Argasp er ghspresited) sapdoinly dputggenizady pevealed the

. 2¢  A69- 476 L . ..
gpolange 3T Rex Touf B L RY Blpci e, B B ppiviy o s
beért suggested that dhe oétwolrle af ahleeed w@lee molernlpstfo(d gatie aetive site
| .. ited) .rand { ageni zed, revealed. the .
PebaRt B Povfigtneras PR EHER (EPevalc® f Gl cBiochmimep00s,
BNU4EISeRI0268 MCAddtidny thd bxtBRSvedEsfTormtiiBasl &thnhEethat Bfpear in
network of ordered water nolecules found in the active

thip t1egigasupamp drGrahtbinding poggest dhat ndet four DAtralangdeotides could
cgﬁjiﬁxfféltb e gfbsf?):lte spec%cg%}j %ggs%l}r' ﬁy sézq%%g%e dependent conformational
preferences (Chevalier et al., 2003, precited).

Thus, it was not clear if mutants identified on 10NNN and SNNN

DNA targets as homodimers cleaving a palindromic sequence with the four central
nucleotides being gtac, would allow the design of new endonucleases that would
cleave targets containing changes in the four central nucleotides.

The Inventors have identified a series of DNA targets in the mouse

ROSA26 locus that could be cleaved by I-Crel variants (Figure 17). The
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43, 14015-14026). In addition, the extensive
conformati onal changes that appear in this region upon

wo 20@08a525R3 ndi ng suggest that the four central PCT/IB2008/002500

nucl eoti des could contribute to the substrate
specificity, possibly by sequence dependent
conformati onal preferences (Chevalier et al. , 2003,

[ t
ALl K B0 £ b LS e DN

bindiagidemain phthederehpmoteie gud ey ¢ﬂguteleem$vm]1 megamﬁdlﬁses with

I d b t ul [
S st snbo R )P Sleav e RaINE iy o6 B mde SRS tocus
ﬁb@mg%whrmffé}@ fod kheCEOtd @120 10D %tﬂaﬂﬁ&‘om-w ?ité BY e9h8¢Sotides
ave identified a series of DNA targets in the house

inclding ang ¢pesitianat 1) ©f thedfonecentrabnustcotidesi (Fawire $ar i ant s
Figure 17) a ach desc
AR L R
nehwitidesof ONNN AndFEND Q&p&cﬁvélpdartchﬁf k@bYE BAGHCH 8L theRVE kentral
cIe with fully engineered specificity, to
BictRpdeso Dﬁﬁ\wf%ﬁ* gatthe ST 19 rpcRpgne reRApREapeRlease was observed,
f
e e
Kystheimorenthe aytiGfy d}ﬁﬂie fogineared proﬁm oot de tsighécaatty drip@ved by

(PHEF P TR 10 P B AR ORISR oA compare with the

dcei$ie 6f thé @l(yel poféid Sstrong inpact of the four central
nucl eotides of the target on the activity of the

engi neered ndgabiliy dasencats pieuble standfhreak atohaROSA26 locus

I of ound .cha i cifici
ﬂm}gggg%glng&?gé %hﬁ%“ﬁ%o nﬁﬁln ?hléor%gggo\}xls tr&c%?eblp?]t on aty the locus.
Engj amegaticlast tatg&tlﬁg) tHeCR(DSA36 Goviub MERAIOY effidié R Ee Mkertions
two succ ssi_,ve r clts? it 1r andom nut agenesi s and

in JpQusH §54s bty toneffigiently jipspriogenep dknackyip) at this
19(!18t ﬁz!lsn E{l&% %gvaﬁlh?éée' bY ali8 @E;ﬁb@uc‘%lg c?%k‘&sx%hr 08 b£s| WMl as

| ocus prov es a nmeans Si gni |cant
p@ﬁh@tnbie tlmcrdin@g dos geewatidg m@ertons.aPotehtial | appdlsatloﬂs umcluae the

a ase t|n t he ROSA26. | ogus wil.l all )
AR oF PSS ML bieielnn 4 i okl 4061 e Spppesiing oftransgenic
nlioe aﬁ@lr&dmfmﬁﬁlt ghéusei @Ntlines] HRaethn BERB&I, (foPR&&npIR) fé protein
this | ocus has the advantage of allow ng repr oduci bl e

PEgpcienigspe funglon stydieqysirpg seseqmingdior asdisease medel i nes

o, Semer e M8 A 8P B S A S ot ne o e
two Uggrek aiohemansdxas fae leasioiwoesibstitgtions drieaif Sgen bf the two functional
subdomains of the LAGLIDADG core domain situated respectively from positions 26
to 40 and 44 to 77 of I-Crel, and is able to cleave a DNA target sequence from the
mouse ROSA26 locus.

The cleavage activity of the variant according to the invention may
be measured by any well-known, in vitro or in vivo cleavage assay, such as those
described in the International PCT Application WO 2004/067736; Epinat et al,
Nucleic Acids Res., 2003, 31, 2952-2962; Chames et al., Nucleic Acids Res., 2005,

33, €178 and Armould et al., J. Mol. Biol., 2006, 355, 443-458. For example, the
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m ce and reconbi nant nouse cell lines, that can be
used, for exanple, for protein production, gene

wo mvstisses st udi es, drug screening, or as di sSeaBeT/mE2ed/002500

The invention relates to an | -Crel variant wherein at

| east one of the two |-Crel ngpnoners has at |east two
substit yti ons one in each of the two .func.ti onal

o B9i ey PhIGn i
respect |cveﬂt}§t)ﬁl%m%i§s%{)| ons g tltggqﬁgpg@ngé%i“ ?%Bg? %¥60t repeat
rec@mbinatian chssay, ahl yeaso oc IleawmakiarDNElY, arsgigt asegomerc eector. The
fromthe nouse ROSA26 | ocus., The cl eavage actiyity of
IHREMIGE, PRt CHBRBTES, TN RO (KD RS A BgPIBR OfBaPRer Eone
[ired eyédld) - KWW, defomid IINAT targbt VieYBerdcb EAYAAE (AS SA¥rvening
such as those described in the I'nternational PCT
Agspencsatcianed WD 22 9epst 06 A7@8mnAbiam sxpression vedlor| Bipression of the

ﬁ%ﬁ dz reggs: in % Ostiouiai ’enigq%%%égegﬁéicﬁﬁ%ﬁg aoegélpg\ll ’th[c\I \lé_gxlloer}li% DNA
Mpget sEjuRhce. T20Eeavdpb indbées Korfolofdls rédodh&ion between the direct
thecl eavage activity of the variant of the invention
FRRgAtBa s BRY IncHiupgtionad renoter gensewhosecaxprassinn caw he monitored by

ol ast or manmalian cells, using a reporter
%?gg%l}%té%%ﬁr eporter vector conprises two truncated,
non- f unct i onBkfimmphes of a reporter gene (direct

repeats) and the genaom ¢ DNA target seqyence within . .
the i nt er veni Agugggg@nr@ TS {9 Bﬁ@aﬂ?lnor_as £ agpng a01.d including
SRRTBIEANNE SRE&ISInRAs ¥EGE gfeceéﬁgaﬁﬁd Kysof the variant
results in a functional endonucfease which is able to

cl eave the gedemie dOMAresidugetinse polypeptideThiguendeeareadmignated

i nduces hpnol ogous r nbi nati on,between the diyect

bl torPRE U i e JeH e WAy o PramPlge o eans Gin or
Ohosfine XPides IR0 meadd ABE of b indicerdsidie ARP TP RichAd Asp or Aspartic
assay, Definitions - Armino acid refers to a natural or

fosiduec anmi no acid including enantioners and

st er eoi soners . . : C SN
acid resi duesm:')id“'I A §&§? %’fg{gg %&%&%écﬁc??ég@fﬂ gggtta%‘& acid
fihrein according to the one-letter code, in which, for

exanpl e, Qmsgns Gn or .gu am ne resjdue, .R ns g...
or Argini ne TE81g 3B 4C1 rﬁ&‘%go E@H‘eﬁ:’gﬁ?ﬁg}l?m@cﬁhmd‘m
sidue. - Acidic amno acid refers to aspartic acid

) and J utam c acid
- Small amino acid refers to glycine (G) and alanine (A).

- Aromatic amino acid refers to phenylalanine (F), tryptophane (W)

and tyrosine (Y).

- Nucleotides are designated as follows: one-letter code is used for
designating the base of a nucleoside: a is adenine, t is thymine, c is cytosine, and g is
guanine. For the degenerated nucleotides, r represents g or a (purine nucleotides), k
represents g or t, s represents g or ¢, w represents a or t, m represents a or ¢, y repre-
sents t or ¢ (pyrimidine nucleotides), d represents g, a or t, v represents g, a or ¢, b
represents g, t or ¢, h represents a, t or ¢, and n represents g, a, t or c.

- by “meganuclease”, is intended an endonuclease having a double-

stranded DNA target sequence of 12 to 45 bp. Said meganuclease is either a dimeric
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(E). - Basic amino acid refers to lysine (K), arginine

(R) and histidine (H. - Small amno acid refers to
w@bkyosites2 G and al anine (A). - Aronmatic am noP@r/igR008/002500
refers to phenyl al anine (F), tryptophane (W and
tyrosine (Y). - Nucleotides ?e desi gnated as fol | ows:
one-|letter code is used for designating the base of a

HghROShER N achHoRBEsGh a Indrdntef ¥k onogrré.rié én¥yre ic?ﬁprising

and g is guanine. For the degenerated nucleoti des,
the pwe demams gnarsingl¢ pelypeptidauc| eoti des), k represents ¢

or t, s represents r c,,wrepresents. a or t, m. . .
represents a or @?@‘ﬁ&ﬁé&&&%lﬁlﬂ@diﬂ ?‘ﬁf?glﬁild’}’rpﬂ%h Interacts
Witk log@ hhH&Fthe DN RArB& VHaSmBgarfcRhse! andVis BR 8388 catd with the

a or ¢, brepresents g, t or c, h represents a, t or
qtherademain rafpthe same sneganucleaseowhich intetagts” withy de othen belf of the

KNS Al e onucl ease havi a doubl e ed

DA R BALDNhSBRRLAY R B ISP ETERI it

i's either a -dhynanécaRicly3e vaMiiar et NvARR6IT if ATeited b Snéyandlease
nomne a nononeli ¢ enzyne conprising the two

r or C ) ) ;
8y drplacesienyioé apdiashepa residue. inghe aming acid| seayence of the
i LS| . ) ot o
R SR B et FALBRSWER & BB Rtk
abl e t o assodiydifenctiohdl vahientdtihimtendedraivariaft which sabke to cleave

nucl ease which jnteracts with the other half of
3 RPoREES SFYePCcS PR e e SRty EraKieh senojisicaved by
th® pated igpahJedsbVF drad:agiple, “sulll vaRBU8 MGt GA%So YAH! BiMation at
or "variant” is intented a meganucl ease obtai ned by
nogisions eprtactingfthey DN e tasget spquenes priiméeraqting directiy eroindirealy with

C the wi | d-type neganucl ease (natural
S?re@ggﬁgct%@%e) with a different amno acid. - by
"functional -viey fflBbanuckase v dvith \hav¢lagecifiditgh id $ntended a
ahl e &10 cleave a DNA target sequence, preferably said
VeHrRe hayiag 42 neaffert i e flemindc fiargets ndifferant ofjem  Hhpt tofe the parent
s I t Anh S« e

e vl B o BHE AR s eavage
spenifjeity s toprehsubstrateispeaficiot’ whichliareeequivalant ahd diedeiotifferently,

ro\#S%/ 2? Sig!% geﬁl?c'fl\ﬁ%liytag)g %ﬁtles vfaxae?ré ntagfea.gcgntlflgl neu%?e%ti gsr Io? rgltm \%I\EX target

sequence.

- by “I-Crel” is intended the wild-type I-Crel having the sequence
SWISSPROT P05725, corresponding to the sequence SEQ ID NO: 1 in the sequence
listing or the sequence pdb accession code 1g9y, corresponding to the sequence SEQ
ID NO: 133 in the sequence listing.

- by "domain" or "core domain" is intended the “LAGLIDADG

homing endonuclease core domain” which is the characteristic o 1B,0;B3B40:3 fold of

the homing endonucleases of the LAGLIDADG family, corresponding to a sequence
of about one hundred amino acid residues. Said domain comprises four beta-strands
(B-IBZB3B4) folded in an antiparallel beta-sheet which interacts with one half of the
DNA target. This domain is able to associate with another LAGLIDADG homing

endonuclease core domain which interacts with the other half of the DNA target to
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variant having a pattern of cleaved targets different

fromthat of the parent neganucl ease. The terns "novel
wap@siltfises ty", "nodified specificity”, "novel BCEERAERZ002500

specificity", "novel substrate specificity” which are

equi val ent and used indiffergntly, refer to the

specificity of the variant towards the nucleotides of

.l ‘e in
o IR ERRRIEIT o Mave sl ONA VG RET BB iyl n the
caser ofatbp dimgéringhdmoing leedeeigleesedeCAREQ G3DarhiDo atids) thenleAGLIDADG

sequence listin th db ] d
hogage il dpRaln e banidn e reBerts ot 133 i n
the sequence by Stdiffe-chaifl YmesiiBlefise”Ofs 'iftehdedd@NieBanuclease

is intended the "LAGTDADG hom ng endonucl ease core
camprising twailehGLEDARS kwing endanusiepse doninpenesse darpains linked

fold of. the hom n ndonucl ease . 1 | DA )
o icnfvds TR AR RN B GRR Rt bl g imeric DNA

tirgadsRpleddl B6mprdiflg loas | dife@snt Baf df daBRi para® Médaitcease target
four beta-strands (bib2b3b4) folded in an antiparall el
SBEaCSheet which interacts with one half of the DNA

target. This n@ﬁ@%&% a‘-}n"ﬁgliﬁteﬁ&datﬁé 9%3«?% IS% 4! *GIEIMI?@ homing

LAGLI DADG ho ease core I C
enddérerchases cotiet dorhdia whibkrinthakcts with tahdisiA pat gEta horfiiag rendo-

SN AR, S0 B SOt ey
RO HRHHoh 88 TRe | subdsthaih s AGH di@r afel Biadinglang died e%@ﬁ:rties of

hom ng endonucl ease core donmin corresponds to )
the othen esubdomaing Lhereferg, two mybdorading binre distinell part of"a hgming
i nt ended anuclease conprising two LAG.I DADG

¢ %?ﬂuﬁgeaséenlggg%f%?gg%ﬁ 1(?)er'na\i ns or core domains |inked by

a peptidic spactheta-Hdipisi iRgh@ndddaiwo sEgBOuDleeREBstiahds of the
able to cleave a chineric DNA target sequenc

. e .
agbpgsliedjbetp-ghiest af pfler @RIDARGhasming gadomeicase core domain ((B1B2
ucl ease target,.sequence.. - by "subdomain" is
"F’ﬁ?@ﬁa@b‘: .EI’{SC?‘.@E%%S bé'fa 98 ¥4 MBROG hon ng endonucl ease
core domai n-wy GhCiDisRE Bt istentiéda 220i0524 B tdopBletstr@hded DNA
hom ng endo nucl ease DNA target half-site. Two

sevenes ehichdaisiraned Ry [¥arlal-érelrep dnrdede thy velidtyps gnatural) non-
b0 PR HPIRTEI U355 B P g BB o e
sdquened 61-et,1»d. 118, RYRGORRE i b J1Ga.G6.58 bnGt s it:s05t @E+112+12 also
R 881 (SEQ ID NO :2; figure 5),

- by “DNA target”, “DNA target sequence”, “target sequence”,
“target-site”, “target”, “site”; "site of interest"; “recognition site”, “recognition
sequence”, “homing recognition site”, “homing site”, “cleavage site” is intended a 20
to 24 bp double-stranded palindromic, partially palindromic (pseudo-palindromic) or
non-palindromic polynucleotide sequence that is recognized and cleaved by a
LAGLIDADG homing endonuclease such as I-Crel, or a variant, or a single-chain
chimeric meganuclease derived from I-Crel. These terms refer to a distinct DNA
location, preferably a genomic location, at which a double stranded break (cleavage) is

to be induced by the meganuclease. The DNA target is defined by the 5’ to 3’
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endonucl ease DNA target half-site. - by "beta-hairpin
is intended two consecuti ve beta-strands of the

wandaospsesat | el bet a- sheet of a LAGLI DADG honi ngPCT/IB2008/002500

endonucl ease core domain ((bib2 O ) which are

connected by a loop or a turp - by "1-Cel site" is
intended a 22 to 24 bp doubl e-stranded DNA sequence
shilee ot drlaAUuRd oP¥hd a&duH-strdridtd %bly%h&l@éﬁideﬂ% Yelficdid Sbove for
wi'ld-type (natural) nonpalindromcl-Cre omng site

h2 1t Rdeayegd ofothe JANArtdrgetrousseajithe aededtidel atipoditiens +2 and -2,

@

5'- t-12 c- - loa.9a-8a, 7¢-609-5t -4C- 3g-.2t
BRI o thessients Bnd U aniplise Supiy e Shapaye dicues, e
pokiidh 4tSkhich R1&¥age? of thed WNA Fdrget bP¥n LW I Heffluclease variant

"DNA target sequence", "target seduence" |,
oceuis gearrespensts to theglepvage site'ogithesense strand affthe PNey tasget.

"recognition 8 tenga " ltion seguence”  Uhom sy
recogni tion S|§§f eﬁ—A-I-r,N L&J%WSPQQ it ",%‘@I-g%—éw % e2EFt & h%é—'me 15
intehdetdihe partidh dfah@ BN tatlges bihechSis banstebly @@hiINGRID ADG homing
rtially palindromc (pseudo-palindromc) or
AaYsefap &6 4PBaBb| ynucl eot i de sequence that is
recogni zed a"l%'u"{:lhﬁﬁ‘ééﬁ:dDWA G '@@gﬁdmr}grget" is intended the

endonucl ease such as T- , or a
fysiom lo€ a clifiemantclilfref v pargainueganaseasd aanguteskqhierees. In @ddition at

ISPEPE: BEIF S 55 ftent B sOHER e foiiption:p lsbpoudes which ar
bound@ Byl eCichit Rk séptk RV FIRMal (EsmbiBed DAUC Bl dy the

meganucl ease. The DNA target is defined byt e 5' to
3' sequence ofbyozouse RENAKS lopus? iglinfenided $he bnsde theated in mouse

I ' as 4.ndj ‘above for C1221. Cl eavage
UL e B GRY: RN 7 BSloL B EER umber
G880t 1 6r(SEQRIRNNO: 3; ¥3a3pess)i The ROSA26 hRod®RBS €hrde dranscripts

he antisense strand. Unl ess ot herw we indicated, the
(pigure: Do Rvafrangerior erigiagiafombt comaomgaomaies sharg ydeatical 5° ends
i . t .

(RS 2088 5 S onSHEL S RBACERICI £ n
origingted from He remivge steandet hal f-site ", "hal f cl eavage
AR N R NN A F 05
“eadailt MNASArged [sequtdB@i, . genollc THIA NBEdvacONRet 2o88mic DNA
or "hybrid DNA target " is intended the fusion of a

t nopu¢ fargat” {Sptapdedm 20 e g4 hn skeuenee phihganouse ROSA26

L] | .of id
QEONEIRES B 0 SR BRI i

tar Tonc6r VAl eot i des
which are - by "vector" is intended a nucleic acid molecule capable of

transporting another nucleic acid to which it has been linked.

- by "homologous" is intended a sequence with enough identity to
another one to lead to a homologous recombination between sequences, more
particularly having at least 95 % identity, preferably 97 % identity and more prefera-
bly 99 %.

- "identity" refers to sequence identity between two nucleic acid
molecules or polypeptides. Identity can be determined by comparing a position in

each sequence which may be aligned for purposes of comparison. When a position in
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bound by at |east two separate subdomai ns (conbi ned
DNA target). - by "nouse ROSA26 | ocus" is intended the

wo omsasisexat ed i n nmouse chronosone 6 and havi nECT/MB2008/002500
sequence correspondi ng to EMBL accessi on nunber C@B801
14 (SEQ ID NO 3; 13139 bp).jofhe ROSA26 produces three
transcripts (Figure 1): two transcripts originate from

: i t' | ! .

e SORPRE! BEQRRLCH ORI bF B safibas, 1RAE MPRAIIE ofpffenical
atutlant positipm.0A dlegree rof gimiddrityl of identityhetweenanskeics t¢idiod amino acid

by " DNA t t s ence. fraomthe nmouse ROSA26 | qcus", ..
SunEh 1s SRR o7 dbe B g8 denticnl B A BERK 3L gy dgiositions
shhre@ by the aG6l8icCacidNéequih@8! Varbus SHghMABACalfGHitlREs and/of programs
intended a 20 to 24 FFF sequence of the nbuse ROSA26

mayc be ugdd ohcalenlate dbg)identity batwean eps safupyces, including FASTA, or

ease _varl .- by "v ar ~~A S_Intended, a.
TR GhER e BB o< o STOHR! PG SRS Fibncpeckose
(Undlessity o VidcdminyMatison] Wigy abié €nh bd i@ vith, ely, default settings.
“honol ogous " is intended a sequence w th enough

i dentity to-aHshividualomelydes meammals, 25 Welhas et yertebrates (e.g.,

: i pat.d e 2} s 21 jnC .
HfRE O e D° T HE S CAUARER Sand T S d S Melterein, refer
to dey verteprate dnimoal cinpludfngrmoraltye @8, Harsupiilis dad pidcgntil, that suckle

efers to ,sequence.identjty between two nucl eic acid
ey Gt SRR b tolivite JavAR Eythasien BEPaStngs! feRals) or
aly et (Sief@ttRgiHh t droRodplaRBG rSRRHAISE CEMpALs BRYmBRmalian

al i gned for purposes of conparison. Wien a position
spepi¢seinewdp drusaans eapde ather ipsimatas u(sigadmbykeylse chimmanizask rodents
e | ecul es.are jdenti,cal.at that posit.ion,

85 Pk MU ) BRE ot BT R By R el fyes.
or am no ack GyIBaUent BSintehdéd fhenubstimticH, delREonUiaREfio®bf one
i denti ca{g qo(rg mat.chi ng nucl eoti des .at positions shared

%l S

O yA1qrf; GU Qmipe @cids dp @rpobmuciogtide ((DNA; gened RF a polypeptide
| t R A e

SRR ST R o SRR B SodiRREL b e s By Feguitory

sequeBteASIE whiyc alsar effastaithalstractase aofpéret gefombhe s&fiénce or the

eque .anal.ysi s ckage, (University of Wsconsin,
S%é%\‘?%%’%ﬂ@@'é’.fﬁe %gg?gfﬁ&g]é‘used with, e.g., default
settings. -Thé Wﬂtié’dt‘i@@drdihg!t@ Ghepteseni BB Sn mA§ bdR! Honfstlimer
ot her vertebrates e.g‘;, irds, fish and reptiles).
o e hetgrodgmenydirpierablynboth nmanemeraref, thesheieredinesr aenmutated at
p[)sq{igx{s 26 to 40 and/or 44 to 77. More preferably, both monomers have different
substitutions both at positions 26 to 40 and 44 to 77 of I-Crel
In a preferred embodiment of said variant, said substitution(s) in the
subdomain situated from positions 44 to 77 of I-Crel are at positions 44, 68, 70, 75
and/or 77.
In another preferred embodiment of said variant, said substitution(s)

in the subdomain situated from positions 26 to 40 of I-Crel are at positions 26, 28, 30,
32, 33, 38 and/or 40.
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to any vertebrate animal, including nonotrenes,
mar supi al s and pl acental, that suckle their young and

we@kaokas2sgs ve birth to |iving young (eutharian BET/IB2008/002500

pl acental mamral s) or are egg-1laying (netatharian or
nonpl acental mammal s). Exanples of nmammalian species
i ncl ude humans and other primtes (e.g. nnnkeys

chi npanzees)y, 8&1%P§J§eféﬁeogemP5<ﬁL,%nt 5t §a‘fd VB e ® s Filitutions

and ot hers suc gs and
are ogplaaeheent ofithesinitiat amiiﬁﬂactlli{:‘ wéthbsinb latlld® Relected €ionothe group

SSBRSHREPEAr PuE B B Ro 2B Rofl by By PPt sequence.

Sai d nut ati qf ah8fRePhreftted hfboaRRM Of §£@ Q’%né‘rﬁ 19Eoﬂgﬂﬁ%ne or

or its regulatory sequence. It may also
moreunutations at ph@tlg@ngﬁpthes euuEN aeldonesmih@ Wthh contact the DNA

str cture/stability o h cod nMRNA. .The var i ant

Bideh Strtefes b trverapy w e G BiRoRt or muth evisidthide bases
difecfly Bl RI084t8Emolebilef BealieYidudodrd wel@d®hSn Be drh urlca etal,
het er odi mer are nutated at positions 26 to 40 and

MalepylagGell \b998, gy %&%ﬁﬁol@bevai@ la? @od oMt Bipla2803, 329 253- 269).
different s q?}%ﬁ{cﬂ{a‘r omltpo%%psﬁtsgﬁgﬁ%of&g@% frﬁo(}d%g%{l) %t%gltlons

44 to 77 of erre

coatactng the?,ﬂhbﬁblﬁtbﬂﬁtckbdﬂd fu egkample it e ﬁﬁabdaamlnal loop (positions
situat d_from posi ns 44 to 77_of 1-Cel
st 150 e, b Nelos shckdruRen. B 75 ARHbOAG7. Prferably said

r@ﬁl&ﬁé%rér%Qn@WQ@HMBdlﬁé 2 de¥REL HH saif @I@A ch?ﬁvage site. More

substitution(s) In the subdomain situated f
m@‘srabi)o naid 26sidues 46 @fpokitions 138.el38t 14bai 14300fd-Q&]. D8 residues

32, .33, .38 andlor. 40..In, an ferre

BROBAPHHR 4F Ondr g el SR g E mBlafef it Sha digrent peir of
ESQhRCAIBBA O tHREpaiMbf tedlduesian PosiGordS1 38 Add 839 B@d the pair of
aci ds selected fromthe oup consisting of: A E,
residygs g¢ posjtiops 1d2 apd 143. %‘ he ymutationg which rgge Wtrqd.qced modify the
. r

RGPS ST T ot kB Bl g gt
taokbome acfi dher éiﬁ'rdhessteV\mmfbrabt}’ntthetretlﬂee BNAosaiogel38 or 139 is

sequen eract with the DNA backbone . or with th
SHE%F%‘G& %éi gé hofjc, ampinp ot toxﬁvé’“g?\ﬁatggf‘atm %f\gfm‘gogen%onds
Vt’lh’?% ﬁfﬁ)?;bl?iit’@ﬁa&dbgné’v@f kheklﬁﬂ\ﬁ‘@cl'eﬁ‘vagg %u@rlfor(eJ(Hﬁl'pféa 118 redldue at
, Mol ecular Cell., , Cheval ier ét a
pdsitipp 138 B mbstltumddjs( an:ﬂgnn@@g:hg w)due lahperatian K39 1a|subst1tuted by
agxglgéhﬁclf onalThSeurstlallxet gtt 1':)(95 %onn'?‘yZ or IM1 Esré) v%rcl:tggeo%sly substituted by a
small amino ac1d, for example a glycine, to decrease the size of the side chains of
these amino acid residues. More, preferably, said substitution in the final C-terminal
loop modify the specificity of the variant towards the nucleotide at positions + 1 to 2,

+6to 7 and/or £ 11 to 12 of the I-Crel site.

In another preferred embodiment of said variant, it comprises one or
more additional mutations that improve the binding and/or the cleavage properties of
the variant towards the DNA target sequence from the mouse ROSA26 locus.

The additional residues which are mutated may be on the entire I-

Crel sequence, and in particular in the C-terminal half of I-Crel (positions 80 to 163).
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contacting the phosphate backbone, for exanple in the

final Ctermnal |oop (positions 137 to 143; Prieto et
w@bqosMsaskei ¢ Aci ds Res., Epub 22 April 2007). PCT/IB2008/002500

Preferably said residues are involved in binding and

cl eavage of said DNA cl eavagg site. Mire preferably,

sai d residues are at positions 138, 139, 142 or 143 of

T

o YR AR PR BRIy OB AR oo 1,

2{4399 AJLES 10038 156805 8. f&lmwbstimfioﬁﬁﬁedid&&tageopﬂyIstlleﬁteds from

538 and 139 and tﬁe gai r of residues atu%osnl ons 142

thy groppaconplstingn ifa (118Rs I HO% & et JuliEd Yo% yP1H& and

Kiyggr action(s) of said am no acid(s) of the final

Cterminal Ioop with the phosphate backbone of the

| - Crel site. Therefrianabf the invantios shaju be aleripak froimothe ]yﬁai-type I-

@%5%%‘3@@ HOS Lol it e SBEL g i a e 85 %
Hﬁéf@ra!& hene U vtibentiNinérlegrerea®lybattI8ast B9 1dent1ty with
exag nt he resi due at position 138 is substituted

l33p puchies thesdaffold oft SEQEP INQ (1%9 amyno acids) haVl);lg the
is%?% 8t‘{é&glla.§1¥xg t ng{lg ngg,'u subsl?gut o%??? a@é/ tl%oil%,é{* ﬁ?rp of AAD

adlier® terinls (bofmen@amal te 1a6)gify1@e REreltsaqetdce.case the

size of the_side chains qof these am no acid residues.

More, pref eﬂ’é@ﬂ?‘tlog’aﬁhs varigds jof ths Bryenfion mRyripgiyge one or more
rEsids Q‘hg@%dl zﬁotﬁ mentl? andBf doGit t%rr_.?ﬂ)ug RE ALdRABlce. For
t owar enuc eotl eat positions o 2, 6to 7/
eaamdpley a idg t(epikipeofHAHaz IYCYIDEGPDEA; | BEQnHD hidO: 135) or S-tag

BET A ARERBRIHIE Sholln R ¢ Fin S BRBRRR ffauced

2@ {He/10H, teRfirfls QANAY ECUIP R RS s tdphte udeiul fthd Q@GS and/or
the DNA target sequence from the nobuse ROSA26 | ocus.

theh purgfaesition o aidy eagiagt X heghtheHag nSaIWda@@datrﬁhsf Ni& tevminus, the

shAEaEOE R ey SAAHEF e AR rkhoBRb Lo Ihe Bchllat east the
festangthdnirehmdveaehaally terpeingesnins acidrofithe earmdi thg @tﬁﬂing with
TSP G e bR b 474 i g iy Kb amino

aéiﬁk %{3 H‘ﬁchrglr el tB@ thifdl iRo Q&Hsc‘bﬁrhb r\'lgrlé}ft &tag'jv%% nd %ét\}{iomne).
V105A, K10/R, V151A, D153G and 8E. The

var| ant of Thﬁevmwxemayoaisqmnmesedaamuvle@r locaivatibme signal (NLS);

sSSP Ter heRmriyoR et Fedaptan iR gy | pyfieus an example

o NEfRIsARKK R (SEQSID RO: %34}1 ghbiNIS B R Reafdrjakl aftedthe first
| east. 95 % identity with
methionine of the variant or just after an N-terminal tag.

The variant according to the present invention may be ahomodimer
which is able to cleave a palindromic or pseudo-palindromic DNA target sequence.

Alternatively, said variant is a heterodimer, resulting from the
association of a first and a second monomer having different substitutio‘ns at positions
26 to 40 and/or 44 to 77 of I-Crel, said heterodimer being able to cleave a non-
palindromic DNA target sequence from the mouse ROSA26 locus.



SEQ I D NO 133, such as the scaffold of SEQ ID NO 4

(167 am no acids) having the insertion of an al ani ne
wW@eoopasises on 2, the substitutionD75N, and t he POEEB2SHN02500

of AAD at the C-term nus (positions 164 to 166) of the

1- Cel sequence. In addition, §he vari ants of the

i nvention may include one or nnre resi dues |nserted at

t he NH2 ternn ng/ or. nus e uen

For exanpl e, ul?ag %Je%etto 8 HA? ls(cb%\/fﬁ{/%b 6‘ IBay be
ihG@h ex3Ddr @ranIntréngof ﬂﬁEWREB@%@&;uSSEQ I D NO 136) or

pol yhi stidi ne sequence) i.ntroduced at

termi nus andh @F‘O@Wef%eﬁﬁ@ maeqt of s3ig V|at§a@e}s i, DNA farget is
D U S B D YO 5 e

5 whkigheovee abhfof tHeembusg RYAR6 lokes. repl ace the first am no
acids of th r | east the first nethionine
and event uaﬁﬂﬁf_@é’éﬁﬁdowtmewwwe& he vari ant;
tag st4rgggig with a nmethionijne)_or Dbe Ji nserted between

the finstyp(netht aad tlhe 5¥8%¥nd lanj.nqt peitids oOr

the firnsgoand thﬁgﬁtﬁé am no 8e5ities” of tha(Peg%varl ant

(tag WiThs NOcJRELIatRRAHEdcagg! € VARIENT [TBY Ri&P1

conpri §€ @ NEetRedict@faahdog 2| 0N 336@Nal| (NCRjen £1 0| NLS
{

i s useffot7 Tggictigct atan 0T47§7a| djvarT T ifn 4 L0 t he
cel | nyctgeus o - S |53§4r\r\r\hr\ \DHH)n‘[D NO:
184 el R R T L A
UL ) Ul J U LY I Al I 1
tag. Thezyaf 2 tt%é’é %Qggg t10 t%ggggreaert nPEnnrti ot
may be lehompd "% lald . ot o 99% o1 daye quon
pal | ndiente T T I TN o auence
Al t er nativel -fgtatii“*aaa 0 e s d3%et arlodiption 1 .
resul tiadted agaalggieica, (1o 8070, ¢l oy BIBD Y, Sodong
monomner F%AA aigticafaaioecas st § 8304 on al_Eé‘gllth—om> 26
to 40 and?oqlt38alg Qst;atﬂeagms |- Qrel 83%ai d_lhet eE¥MiZner

bei ng abl1é ﬁpcmaaagﬂesaaaﬂatamn L i nd@583mi c |DNA_ £t
sequenre1§[nt@ﬁqaﬁ§mﬂ’69ﬁtﬁiﬁatamﬂ?ﬁ 1868us_ The

sequende 1&hil Elactptetitadagagilad by saiMSvarilant Fp%be in an
exon ol 20 algtaptagattageaastttae he [npu9B10ROSAP6 | 6XML. | n
anot hel_gt ef Weatelaitggtitdielagi ment| of 98%i d Vari altronkaj d | DNA
t ar get |i 92 s étigiacatigadoegigtya he [gr 09p56consi st i mtiondX t he
sequen¢ed3 SHordcRgthi@catdatttca 30 (FI1G263 e 17) winirgi? cover

all of |t B&é ocys. % e i|ndi lotain@chnd
positi onla‘i?sn@%d’:\éfgag ?q:agttt%q r gt nb105 écgoti Chntisehsettlamsciiphl| get
Exon 3 or antisense

174

25 |ccatcctataaaagaaggtcaa 12391 .
transcript
Exon 3 or antisense
26 |tttaatctattgcaaaaggtaa 12414 transcript
Exon 3 or antisense
27 |tagtccagtgttatagagttag 12535 transcript
28 | fttctacctitttccaaatggca 12791 Exon 3 or antisense
transcript
Exon 3 or antisense
29 | tittctgtggagacaaaggtaa 12904 transcript
Exon 3 or antisense
30 |tgagatggctcagcaaataatg 12954 transcript

* the indicated position is that of the first nucleotide of the target

More preferably, the monomers of the variant have at least the

following substitutions, respectively for the first and the second monomer:
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More preferably, the nononmers of the variant have at
| east the follow ng substitutions, respectively for

wo b@sfifases and t he second nonomer: - N30H, Y33SPCTXBRE)S/002500

R68C, R70S and D75N (first nononer), and N30D, Y33R
@B8T, (44K, R68E, R70S, and 7R (second nononmer) ;
this variant cleaves the ROSA26 target SEQ ID NO :

e 1) OB N D e R B %‘ﬁl‘?“h‘é’fﬁ'&z) and

NBOIDNEBIR, @BRIT, 33Q4|K, RBIB)V/R 1084 Knd R&&E(se&iﬂ&n&mdnd:ﬂ?ﬂus variant

ign hedbop R eeet S K § S st Gared i e ot ljton (Fgures

15]&{971 toHIgBr es 1 and 17 ; Table 1), - Y33R (B8N,
S40Q 44N, 'R70S, D75R and 177D (first nonomer), and
N3OH, Y33S, - GA2M, YRIGSQ4EKS5R76k and TYAN desomdnomernand)S32T,

ROSA26 t | D -7
Gt tn QR o, TR B 1R, ool pisRofeD g JFek vepadl e the
R0§Ab5 Qarbot, SEQ MBINO : €38Rch 48kateddiRe fit8iYtro 7FQ§1re§)7 asd 17
and | 77R (first rmnomer) and Y33C, (B8A, R68 R70K

Tabde D75N (second monomer) : this variant cleaves the

ROSA26 t ar get I j i a h
first intr gn Yg,ﬁg’ur(g;é}? gQ\{%?‘tqqa%?'}eO%?) b%gl}U %%% &7D (first
K¥romerR 208 NGUH,D7 536, (4445 R 708N DITEQ)and AMTE ﬁ&:?l&;d aaa@ner) this

4D, R68Y, R7QS, D75S and | 77R (second
Yaegt lapvea e RPSA8LarepicSEQREANO i fich égetocy e fyt ntron

(\P‘fﬁr&%f %ppaf fyn the first intron (Figures 1 and 17

, Table 1), - SSZ'R Y33C, R68T, R7ON and D75N (first

m)norrer) aﬂM32Q38@$M)KQQI44D FRZ@E( aR@0I)7BRE] svd dALR (first
6 SE .

FERRERS. ot PSS, GATRaFATRAR, IF TR TR . s

\(aﬁaﬂtl«'(ﬂ@ﬁ/eg- tiRRI0$A26 tdrgdl SED XD NOREOBhickTdRBcaBd in thé first intron
(% (first nononer), and Y33R, QB8A, S40Q Q4A R70S and

s(lsendolis TloRer) : this variant cl eaves the
ROSA26 targe : | ' '
first intr on‘;’((’3 glégQg'4es’ %%é& iwswﬁ%ﬁeAq??&ﬁ&?@géﬁﬁ Q38C,
QB8R RSVKR708ADD75RGHM, I7RRO(Secmd mdhdinéd) i; rthis variant cleaves the
ROSA26 target SEQ ID NO : 9 which is located in the first intron (Figures 1 and 17 ;

Table I),
- 832T, Y33C, R68T, R70N and D75N (first monomer), and S32T,

Q38W, Q44K, R70E and D75N (second monomer) ; this variant cleaves the ROSA26

“target SEQ ID NO : 10 which is located in the first intron (Figures 1 and 17 ; Table I),

- R70S, D75R and 177Y ((first monomer), and Y33R, Q38A, S40Q,
Q44A, R70S and D75N (second monomer) ; this variant cleaves the ROSA26 target
SEQ ID NO : 11 which is located in the first intron (Figures 1 and 17 ; Table I),

- K28S, Q38R, S40K, Q44T, R68N, R70N and D75N (first
monomer), and Y33H, Q38S, Q44K, R68Y, R70S, D75Q and I77N (second
monomer) ; this variant cleaves the ROSA26 target SEQ ID NO : 12 which is located
in the first intron (Figures 1 and 17 ; Table I),
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nononer ), and Y33H, @B8S, 4K, R68Y, R70S, D75Q and
| 77N (second nononer) ; this variant cleaves the

woeraesAsear get SEQ I D NO : 12 which is | ocat edPCTIE2068/002500

first intron (Figures 1 and 17 ; Table 1),- K28A,
Y33S, B8R, S40K, 44N, R68Y)7 R70S, D75R, 177V (first
nmononer), and S32T, Y33C, Q44A R70S and D75N (second

i .
nonomer ) \Aﬁ?gﬁ}/?’g'}t r%ate 0 t(%lgﬁf iﬁr%??‘zﬁﬂ)@rlg%ng% (first

ID NO: 13 ntron
raéaauerpsind S3AW, Y33C, QadA eRTQS and ISBﬂiD(seh’&ﬁHmo@xﬂ&) this variant

Birp BRI S SR N GG RdpgRd iy fhe frt itron

(Fasur@Nt arfed ERVEDId e ROSA26 target SEQ ID NO : 14 which
is located in the first intron (Figures 1 and 17 ;

Table 1), -- N3OR Y33UDQ4AE3B68R/BROS mdd H7BN ({ifst mymomer), and

eavesht‘ @qécgég #258 9%51’0 (gg‘iﬁ%d %’ghi‘?ﬂv’c isavganant cleaves

th@ RAIS2D6l tArge hSEQEIDONG a¥owhiCirisdidefed ih @B dirst intronl g @es 1 and
17) - K28R, Y33A, @8Y, S40Q R68Y, R70S, D75R and
i

7ablel)r st nononer), and Y33R, (B8A, S40Q R70S and
| 77K ('secondy; % I
ROSA26 t ar get a@%’Q I\%&wﬁ OﬁMﬁﬁﬁgﬁl at edﬁ (J?Eer and D75N
(se=ondh dxoanmnr)( Fhig wvagant tleanes thé ROSAR tardel SEQ I}QBIRI : 16 which is
N300, . a | 77 f| rst and S32D, @8C,
1@?%% n S§C°‘5g n{higures; li‘%B’nomar) . this
variant cl eagegrt §83ROBARE, t@m%%‘é@@ RﬁsN®75R1§nd\"i‘7fd1 (first

is located in the second exon i gures
mefteieer), and Y3983 R3I8ABSAIQSRACH ary USK (@n@n@ﬂﬁmqm¢rb sthis variant

RIS Ble ROSRC 6 kst SEID ALicig RS Y8R I dociat evom
(Rigueh 1|ﬁ1dllc7qataeﬂ:1|)n the second exon (Figures 1 and 17

; Table 1), - Y33R. (B8A _S40 A44N, Re8Y, R70S, D75R
and 177V (fi K%%RnH%%HeWSEa?ﬁé %@&ﬁrsswon@md 882D, Q38C,

23, DTN PR MO Dy ot Dg LA s
target SHQAPAN@xdR Wikcly is lesatdd antdhe 5&cond Exbh €Filghres 1 and 17 ; Table
D,

- Y33R, Q38A; S40Q, R70S, and D75N (first monomer), and R70S,
D75Y and I77R (second monomer) ; this variant cleaves the ROSA26 target SEQ ID
NO : 19 which is located in the second exon (Figures 1 and 17 ; Table I),

- Y33R, Q38A, S40Q, Q44N, R68Y, R70S, D75R and 177V (first
monomer), and N30R, S32D, Q44T, R68H, R70H and D75N (second monomer) ; this
variant cleaves the ROSA26 target SEQ ID NO : 20 which is located in the second
exon (Figures 1 and 17 ; Table ),

- Y33P, S40Q, Q44K, R68Y, R70S, D75Q and I77N (first

monomer), and S32A, Y33C, R68Y, R70S, D75R and 177Q (second monomer) ; this

 variant cleaves the ROSA26 target SEQ ID NO : 21 which is located in the second

intron (Figures 1 and 17 ; Table I),
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- Y33P, $S40Q 4K, R68Y, R70S, D75Q and | 77N (first
nononer), and S32A, Y33C, R68Y, R70S, D75R and |77Q

wQ@ s@sasxd2srononer) ; this variant cl eaves the RESHEPE008/002500

target SEQID NO: 2 1 which is located in the second
intron (Figures 1 and 17 ; Taple 1),- K28A, Y33S,
B8R, $S40K, R68N, R70S, D75N and 177R (first nononer),

and S32N, Y33{@8,Q448\3$ RQ%R §i7(ﬁ<t< R@Q\IDF&b‘s(ﬁ?m%d SI%R (first

nononer) ; this variant cleaves 6 target
mgnomr) el SN 336, Qfd4t 868AnRt70E asé&?rﬂﬂ (setond monomer) ; this

e B R dane e t%%% IO T phiEn T alethinghe Second

ﬁmn@?@&e@smnﬂ rmamga ; th| s variant cleaves the
ROSA26target SEQID 3 which is |located in the
second i nt r oRNYOEL Y3355 Q44ﬁ{nd{795 andrhly (Ve (firyt moneger)) and Y33R,

WEh 0B R SN o T IR e A PEHE RosA2s

talges SEQ IDANO 23 atiieh is hEatEl(DSAﬂﬁ seeorglahtr&E(FipideNDand 2% ; Table
ﬁhi ch is located in the second intron and in the
ntisense transcript (Figures 1 and 17 ; Table I),

S32R, Y33D, -@%éﬁ YREASR8RE, RGN 6 IIAN gﬂ}mﬁameﬁ%d N30R,
Y33S, B8R, S40H, R68H, R/0OH and D75N cond nononer

$321hi Q@44/Br R6SIN, B7eMead DVﬁN Resoad rmmogar) St vdianOcleaves the

i.ch i hird r the anti sense.
ROkt SERS T 8807 el ifich s 16oa M fHe <eBGub BtcRiiRin the
&idinse BRBGripR @epiaaiamdmﬂlzlrb(flrst mononer) , and
K28R, Y33A, 8Y, $S40Q 8H, R70H and D75N

(second ronoaeR. Y33hi Q‘Wér RZWS apfl Q¥A90E (firslempumgpery, and Y338,
Q%Ig e§4(§fh e&ﬁ-[ I\@70H za§1dmﬁ47§fﬁ' (Ee%ob&) ?@n%%érf %xhsgﬁ%'m{&] %eaves the

Xon or anti sense transcri p res
RABAR26 Itarget SEQSIQ NBSE whikhKis 1Q¥AA] irRileShir®2%én ancthe antisense

| 77R. (f L.rst mon N30OR, S32D, (44K, R68Y,
Wﬁ@‘p(t@b%reéﬁda‘ldngl\d Tzaé’g‘glgnd nononer) ; this variant
cl eaves the_ ROGAR6 d4a00eH45EQ REBWOR7037 MWI50N ahdé 177N (first

| ocated in the third exon or the antisense transcript
ropnquerasand K2R, 1Y33A.TABRYE, $40Q,-Q4BR R68IB IR 0HRe&HD 7RR0(second

ALY Nl s dn TRIOXERE ROYISMBUE SEQ ID NO : 26 which is located
in the third exon or the antisense transcript (Figures 1 and 17 ; Table I),

- K28Q, Q38R, S40K, Q44A, R70S, D75E and I77R (first
monomer), and N30R, S32D, Q44K, R68Y, R70S, D75Q and I77N (second
monomer) ; this variant cleaves the ROSA26 target SEQ ID NO : 27 which is located
in the third exon or the antisense transcript (Figures 1 and 17 ; Table I),

- Y33T, Q38A, R68H, R70H and D75N (first monomer), and N30H,
Y33S, R70S and 177K (second monomer) ; this variant cleaves the ROSA26 target
SEQ ID NO : 28 which is located in the third exon or the antisense transcript (Figures
1 and 17 ; Table I),

- Y33T, S40T, R68A, R70K and D75N (first monomer), and K28R,
Y33A, Q38Y, S40Q, R70S and 177K (second monomer); this variant cleaves the
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Y33S, R70S and | 77K (second nononer) ; this variant
cl eaves the ROSA26 target SEQ ID NO : 28 which is

wo owatiexd2s n the third exon or the antisense trROEIB20@R/002500
(Figures | and 17 ; Table 1), - Y33T, S$40T, R68A, R70K
and D75N (first monomer), ang, K28R, Y33A, @8Y, $S40Q
R70S and I77K second nononer’); this variant cleaves

QST LOE0D, SRR S PR 1 g

tediQcripf (Flgﬁﬁbllemkl)lﬂ ;anBle]), 984D, Y33H, Q44N R7OS D/75R
and 177D (first nononedA, and S32D 8C, R70S and
| 77K ( secondSAdRoxd? bl QAiNsR7ES, ]aﬁiR@Péﬂ-é@ (firrd N, and

$910380E R0 M 17780 AR mb Ao A G it Wy 6 ROSA2S

r the antisense transcr and
tagot SEQ)I.D NOanp0 edidf isdacatedvar thanhisd ex@avt thg dotieense transcrlpt

EOS ] ts of Table I (nucleotide sequences

kBgresd %ﬂi%&a’f*’g&l and 16 to 30) include the variants
having a fifEgimpBoYFeGidolarkhys @fea‘grlHE BT ROSASE DNA targets of
sequences SEQ I'D NO 82 to 106 and a second nononer %

THable bfnutlsetidmsaquennss § ESEGURIGL Ssto JB@ndD 6NO, 30) Girctude the Gariants

st IS0 gL T At o e aid, Seabéises T THAGSR: to 106

datiA de0618PinonOABESS &ISet the Whiifadi® séieAde8 BEQ IDMNO: 107 to 116,
second exon (Figures 1 and 17; Table I): - the fourty

41T Int30, rapestycly Eiguse IMonomer sel ected from the

P2av Oray, TR o Yns e A1 oty e ROSAS
IRYASarde?, Sidneeddros 17 \which 2¢H16ca@d 4, thReENnd R4S @ighrés7bRRnd 17,

L°4'V’ Q44Y, R68S, R70S and D75R 124V, Q44Y, R70S
Tahle D750 124v, Qu4Y, Re8Y, R70S, D75R and | 77V :

| 24V, Q44Y, - BEQSurtPVarard a4 ﬁrﬁ%&n?&%@l%@t H‘ff%”ﬁfe group

selected in the group consisting of: E, Y33R
@naRing M4 A24 ReQ Y RRGCY amtiDDYSN I24H2 @E4YYB<§&Y RE8KR D75Y and

G RS Sr B R 177 pR . BREN. Rfind D7R ;
IOV MQ4RY 0R68$l,dR’ﬂY§ Bhd D?ZREIZNBIIEM\@S‘FOS HOB75QA424V, Q44Y,
R70G and D75N ; es of these var| ants are

R A0S DR Rt DA { PGiQASndiadS: DAY apg 1777, and a second

monomer selected in the group con51§t1ng of : K28E, Y33R, Q38R, S40R, Q44A,
R68H, R70Q and D75N ; K28E, Y33R, Q38R, S40R, Q44A, R70N and D75N;
K28E, Y33R, Q38R, S40K, Q44A, R68H, R70Q and D75N ; K28E, Y33R, Q38R,
S40K, Q44V, R70A and D75N; K28E, Y33R, Q38R, S40K, Q44A, R70G and
D75N ; examples of these variants are presented in Table V (first monomer : m2, me,
m8, m12, mi3, m14, m16 or m17 (SEQ ID NO : 39, 43, 45, 49, 50, 51, 53 and 54) ;
second monomer any of the SEQ ID NO : 60, 61, 63, 65 and 66)

- the variant having a first monomer comprising 124V, Q44Y, R70S,
D75Y and I77T and K28E, Y33R, Q38R, S40R, Q44A, R68S, R70Q and D75N
(second monomer) ; an example of this variant is presented in Table V (first monomer

m17 (SEQ ID NO :54) and second monomer SEQ ID NO : 62).
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B, M2, M3, M4, mM6 or M7 (SEQ ID NO: 39, 43, 45,
49, 50, 51, 53 and 54) ; second nononer any of the SEQ
wo DoBIs25260, 61, 63, 65 and 66) - the vari ant PeWiBRgOSA002500
first nonomer conprising |24V, Q44Y, R70S, D75Y and
| 77T and K28E, Y33R, Q@8R S%)R, A4A, R68S, R70Q and
D75N (second nononer) ; an exanple of this variant is

presented in irst rm 7 E NO

"54) and secils gghonor?grs hgvigg ?Dq'l%%er:m%%??r- ge’?‘hcg‘i Bﬂm the group
doﬁslst&ﬂg of hzav n©4zanR6$N RUPO® aRd DFSRedRaY, Qaam, IRMSGS R7OS and
Igroup consi st i g% | 24V 4Y, R68N._ R70S and

040 B0 nd D 5 AR G RESYORTIS: RIGR amd77V ;
& QQ“&%?’"B;Q@? @%81\7’7;;%9@ R &%go#nZF éélectédz% the group

a secon
coasistiigoal ;i K28H) & 3BR0 Q38R0 840K QAgA pR70S &&BE?SN&&R K28E Y33R,

, K 4 d D7 d_K28E Y 3R, (BSR
G sBin0 RAs o oR7 AN gy BN e bl b tespoganants are
préschRAtiS TAIE W{RSEAbESndrN nl @%mvm(m,' b omqrtsraq ID NO : 49,
m2, m 3, mM4, m 6 or n 7 (SEQIDNO: 49, 50, 51,

35 hrid @d)54) ; sesondhthonromenany cfitire SEQUPNGEQ41aDA KD).: 64

and 67). - the vari.apts a first

consi ot i ng ofeuamE ftding & Hldndhomge Ron g he segpnse SEQ
M Nend2\(MQ_Dr TabRe VDaNOVIHDr($EQ D Nabl78sMith_ 2Nthbles VI and

Vil)and a second nonomer consi st ng of any of t he
\ddlgnd acecondmapnamey@ensigtingyofrany gfgthe s¢qumcqsfq9EQ IDNO: 74 to 77

Eﬂgslet\él l'n)O 4t H%tﬁﬁ\ﬁt)g Wiesé/ 2 séeh%t heaﬂ?\fﬁv@qghl‘ilo?ﬁs%utb)s/tltgpons that

titutions i NCrea eavage ac
itdrease ahid dedvagé activityef tleswlriahia forethe robad targatent i on

enconpasses_| -Crel variants havj | east 85 %
i dentity, pFt8PEBfion enCapastesol Chgls PR avipg gt least 85 %

lwn?ft;e rp?&*eﬁéb@t atll%{s% 9P i g S mbte l%fe{abl? 8t fast Y 0%0(96 %, 97 %,

dentity t he sequence$ as defined above, said
9\83%; a% f%)bémrtgy atithethe sequenasscasadebived abo e saif vanimntHeeing able to

? o |
IRE PR S R B Rl KPR o8t T ved From N0 | and

g _2 by i nEgréxample)thedinMediiontericdthpassed ieNl- O valiadts Qlerived
sel ec(tb_ed fromthe group cansisiting of the seqguences

m&h tky maertiorpg a P rapag we bpth, Whiichagtre splgcted from
REYRT) BARIM Yol ORILARL SERPHPRRAIIBL, YY1 ant having

St one alr mut at1 ons 1 nteresting

corres pondl ﬂ‘ge he@rcuﬂmasn@f/aﬂdme if ddvattageutislylan abdigatecheterodimer

S0 rs make .an. i nternol ecul ar int eraatl on
?%g)g Haé least one pair of mutafions inferesting corresponding residues of the
first and the second monomers which make an intermolecular interaction between the
two I-Crel monomers, wherein the first mutation of said pair(s) is in the first
monomer and the second mutation of said pair(s) is in the second monomer and said
pair(s) of mutations prevent the formation of functional homodimers from each
monomer and allow the formation of a functional heterodimer, able to cleave the

genomic DNA target from the mouse ROSA26 locus.

To form an obligate heterodimer, the monomers have advantageously

at least one of the following pairs of mutations, respectively for the first and the

second monomer:
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two | -Crel nononers, wherein the first nutation of
said pair(s) is in the first nononer and the second

woraoatises of said pair(s) is in the second nmonPOEIB2aGsH02500

said pair(s) of mutations prevent the formation of
functional honodimers from eagh nononmer and all ow the
formati on of a functional heterodiner, able to cl eave

the genonic ag)Nﬁétsﬁ ﬁﬁtl(f k@ RS Gei ﬁ%glt LRCH! Svith 19 basic
form an obli gat etero He nononer

adina mbiiﬂg pmfm'hl}ly ah atginint (ﬁmsEmoflorhéI& aﬁab tHecaubstgutpcm ofsthetysine at

mut at i resp ctlvel fir and th

PRSVIARSH “Aip anrasici i 39 Gire 5t EGfma Al (Sesoqd gponomer )
e Sirkd Iﬁﬁ‘mﬁné’i" thily furfi@s| b&nﬁﬂ%é"ﬂ’xe %ﬁbﬁttutﬂfne&eétqgis‘{ oﬁ@ of the lysine
arginine (first” nononer) and the substitution of

teyidiieseat posifions T amsh96; byiantarginingci di ¢ ami no aci d,

preerebly U] o GRS TR R by g

a@hinb %@ﬁt pRiRally ah AEihine (St MOAbEER &n@thembstttumoﬂtha hdine at
96, an _arginine. b) the substitution of the

I@}?S!}t%rﬁﬁswﬁb ipdl agidiqasing; asidl, ereferably s glutgads ecid kjerendhgiogomern) ;
@E g&?rrﬁ%ﬁ{%%r}g@ gLr{HeF@ hfﬁes egggél?i{flﬁtg()ﬁl Q IHEE one of the lysine
@siddéscat positionss art 963rb§faﬁra@h1y1ea gl utamc aC| d (second

nmonomer) ; the f|r t. mono furt her, rls
substi tuti orf)dhe s fft’é‘é%‘tn gﬁg‘en%;‘f‘ﬁ% 3 )F’Q?lﬂgn Eeaé1 gpmatic
ﬁi?ﬁbtdcﬁpsprgfe%ﬁ' g%heﬁ&’laﬁﬂm@r@hﬁ'rﬂ@hcﬁﬂer} h&d %@ﬁﬂsﬁ’dftﬂoﬁrbf the

of ["euci ne "at position 9 an aronmati c am no
mmlalaprr@faérrwlsitwna% mathya sinakh |am;n<( frids preforables plyaing (second

t he su st tu n_of the n | ani ne .at Si

PSR oriib | Dity ROnatee RaF chiepRonerst  BEnale g or e
pRRAPERIIne; at tpdeitioh it by R ABHRIphaRY arfdthe hecorciomphomer inbyé further
substitution of the phenylal anine at position 54

by a

anyisise phpebstiiontrd the dalsineras moridion dyort kypipg @t position 7, by a
@gﬁm{ xr:e aidie substitution of the leucine at position

yS| ne at position 57, by a nethionine, and d)
t he subst i t d} thensubktitutien a$ plar dspartgcacid at ppm’sort i13n vmﬂl7a basic
wi th a basi.c am no acid, _.preferably
OB B Piafrehan Seaine KGRt Bieminey o B p by bf it Stginine
AOPbitiAAN 53 With bR ANdidCaflin® AETH PrcFerably Brglfu@ﬁlﬁb' acid (second

glutam c acid (second nonormer).
monomer).

For example, the first monomer may have the mutation D137R and
the second monomer, the mutation R51D. The obligate heterodimer meganuclease
comprises advantageously, at least two pairs of mutations as defined in a), b) ¢) or d),
above; one of the pairs of mutation is advantageously as defined in c) or d).
Preferably, one monomer comprises the substitution of the lysine residues at positions
7 and 96 by an acidic amino acid (aspartic acid (D) or glutamic acid (E)), preferably
an aspartic acid (K7E and K96E) and the other monomer comprises the substitution of
the glutamic acid residues at positions 8 and 61 by a basic amino acid (arginine (R) or
lysine (K); for example, E8K and E61R). More preferably, the obligate heterodimer

meganuclease, comprises three pairs of mutations as defined in a), b) and c), above.
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For exanple, the first nonomer may have the nutation
D137R and t he second nononer, the nmutation R51D. The

w@blosgsase3s het er odi mer neganucl ease conpri ses PCT/IB2008/002500

advant ageously, at least two pairs of nutations as
defined in a), b) c) or d), gbove; one of the pairs of
mut ati on i s advantageously as defined in c) or d).

TSR HotorBBn ORARCICAERDASES aabﬁtas%eégly () BBROIESK or

ySi ne resi dues Tat positions an acid
%ﬁﬁ rEﬁlaPc |Eﬁ1(<asrp56 tH end EPEF, (L7 VW or @%ﬁ{afm)cKaR; ESI@ EP;@ LR K96R

BT ra HER RO RRR: E54R 1 &, KSR e o e o0 monomer

(8) HaifgCatalehdl the aiMBms Aiv) RFE terQ“ﬁD 8F§4@| &1F32M and K96D or
basi c ami no _acid (arginine (R) or Si ne

ke3ehidve KTEg K>4Hd L ERMRnd KR q5r(¥f)éf~ 1§54G, H%37M|an@z!&9éE For

ASHE[C TRy FEABRLCLERR. GORIARGS KA 8108 EOhs1R, Ko6R
2l LY er NEIRer B8R e ESIEgRMW| G648, m ahd L§7F and the second

advant ageousl y. of (i ESR, E8K or E8H. E61lR _E61K o
penOmes n they grpfationy KiFe F3#G7 1:58M and KIRE egR7EEE IS, RoEM and

l?r;%: l?@r?gx (df iHederéH iRe %B EsﬁiQF[w% I:_1@{]7 Rind IWOLQXE The

a Secon nonomnmer having at |east t nmut at i ons
abligate liéterahimki7 May lebwmErise atAéas Ao N LRIGHDY op ronK%Eas defined above;

K7 54 58M 96, K7E, F54 K57M d
KOS o R e o Fist Q1A Thd PR PR o

mut ations KiRe deBRcBmaféiof BR1ptesd? Givanfien Lif also0s sthiglR-chain
EBR or E8K, F54W E61R, K96R and L97F and the secon

chisnerife meganuslasse 4fusionspriein) dmived gBMmh§rdowaiast as defined

£ TR e M RO R e $ Bl Bl R ST AHBRErs] o 1

(Del esre diorRinsNPysitiongs tee4 af 1-Czeld for ameniﬁh:ﬁuan d:/f(bbth_o Pecferably,

(o ROTEATE A (IS B rARIBH oo ot Sre Connieted by a
P%?Jh@ QinkBRIAFL Exzﬂlfx 1L D¢ pRh&AE nﬁlkélni\é e:ﬂé(? ?D NS: 2450 A% example of

ngl e-chai n Chl rlc ganucl ease (Tusion protein)
sthegl¢-oledn Chimmrznméga@etieasaris HRQ 20 NOf il 4@ dlkebsingle-ciie chimeric

LNl -0 | j - el
Si ngﬁé ag?e %'moﬂlf‘t Pc%g}s)?gg g lﬁ%%f QB %ugsqsh[%(%vr\?@e dag 35 defined above;
shidE$ hnd@br fag e&ryfhdla&hmspind&ﬁtme secbfd floabinys. t he two

mononers /core domai ns or the conbinati on of both, are

connect ed bylhg spbiseirmatéer|af ke presagt inventionds akso gagplynycieotide

S oot B 0l A oy PRRBEGIE ccines

abowg| eaid hpolynadieotiziei maye gatude! eas emonymémurafher homodimeric or

conpr.i se at | east oneNSan/or one tag as. defined
hg% meric varianf, or two domains/monomers ot~ a single-chain chimeric

meganuclease.

The subject-matter of the present invention is also a recombinant
vector for the expression of a variant or a single-chain meganuclease according to the
invention. The recombinant vector comprises at least one polynucleotide fragment
encoding a variant or a single-chain meganuclease, as defined above. In a preferred
embodiment, said vector comprises two different polynucleotide fragments, each

encoding one of the monomers of a heterodimeric variant.
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said NLS and/or tag may be in the first and/or the
second nononer. The subject-matter of the present

WO rwsnsise i s al so a pol ynucl eoti de fragnent epcDUB2008/@2500

variant or a single-chain chineric neganucl ease as
defined above; said pol ynucl ¢ptide nmay encode one
nmononer of a honodi neric or heterodineric variant, or

two domai ns/ ARBOIEWhi® cad bRl 384 G tgl? ‘i’)%%emh@{do% includes, but is

nmeganucl ease. The subject-nmatter e present
notVemitddon, & siral wwtex, a tasmind, AN Awectoo or ﬁdmemh@r circular DNA or

gﬁ@%es io of.éa.levariant.g;n P S|n | e-ch anucl ease .
My, &HSisEn Of PhEhrPmesma né‘ﬂ{‘ Ypgiomal, semi-

SA0EIL L @tﬂﬁeticmkl@iﬁ’d@ P}e‘f&%ﬂl \%@l"oi‘sdeﬁe tHRs @E}BHble of autonomous

encodi ng ‘a variant or a single-chain neganucl ease, as

@ﬁhwﬁl@a (apisomal Vecter) pndfosrexpressiom oflinveletc, agids do wetehothey are
e ent |de fra nent s
enco é%)?})géc’sg o\ﬁovegkqtr%? 'L #@rb\sérs O(fctJ sui ? é/Fctar kgoWn%o ?hose of

skall itﬂﬂhéaﬂah&@b@fnét&iald:)ha\iaﬂﬁblb.e used in the present
i nvention includes, but is not limted to, a viral
vector, a plYi&aivecios minds sxtragirug adenqvimgaparygvirus (e. g. adeno-

£ 6&&&&‘%@%’6 %roﬁ%ﬁdg%ggg‘%f stPAHI N ARY, u%&“s%'cﬁ'ﬁ ofthorflyxovirus

ronosonal ,” non sem synthetic or
(s:y gt hdfluenzanvialsg,i rhabdavikss («Prgefrehnesamd\/miamﬂar stomeatitisodms), para-

capabl e of autononou i cat.i.on .vector
SRERS (S e aberue Bt seadan) okt stobl RRVK inhes Sigheas picor-
hdvite® thnd e XIPhAARISOAnY e&&fb[esatranaéf QJ'NR Uﬂi?@sre§ 1ﬁf:luaiﬁ'gt aRhn6virus,
vectors are known to those of skil in the art

keopaseires @ By Hevpss| Sampéex Wrusdypes dcatndrzs BpatsinsBerr vxrus cytomega-
&S Vzind f‘rg OVI erJaéélslﬁaFOW V(I)xr zlilnsd ary%g)é)a Othe vgliursgs ni&clude

aden ass CI a VI ’uses COT navi r us (WY

ROAvalli rviteies tegieirugs ﬂavﬁvhﬁﬂymwrﬁses pepov@virud, Nhépadndarus, and
virus), r hahdovi r us rabi es and vesi cul ar

hepaitit iviis {91y s§9mplﬁarFa(aﬁng@évp getrqvaruses 1pgluds: eavigih deukosis-
sardodal )man%l§l'1§d g\'}?PBN‘}uXésf eSVﬁ'Dse@S rI]{(}'LV-BM group,

pl cor navi r us an and do l e-stra
lvilti\dme,sspumalvu'ds ﬁ@oﬁ'nhe foM.,r Regroviredapethe virssesendgheir replication,

s Si Vi rus. es 1 a Epstei p-Barr .
DR EloEy o g B BOFHGE ef: By Lippincot-Raven
Mﬁﬂa%d'ﬂs Philh mxw@a)i canarypox). Qther viruses
i ncl ude Norwal k Virus, togavi rus, flavivirus,

reovi ruses, Psefg U@%\NGP@SS inpdysled eativirals vectors, laagapartiquiarly self

1X&ﬁN§arquuﬁﬁéﬂp&§13Exa”p|es of retroviruses include:
avian 1Eukosi ssarcoma, manmalian C-type, B-type

viruses, D tVigeeoryicansemprist IssteBhbdle gharltprs, for example: neomycin
phosphotransferase, histidinol dehydrogenase, dihydrofolate reductase, hygromycin
phosphotransferase, herpes simplex virus thymidine kinase, adenosine deaminase,
glutamine synthetase, and hypoxanthine-guanine phosphoribosyl transferase for
eukaryotic cell culture; TRP1 for S. cerevisiae; tetracycline, rifampicin or ampicillin
resistance in E. coli.

Preferably said vectors are expression vectors, wherein the
sequence(s) encoding the variant/single-chain meganuclease of the invention is placed

under control of appropriate transcriptional and translational control elements to
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l entivirus, spumavirus (Coffin, J. M, Retroviridae:
The viruses and their replication, In Fundanent al
wo/eoosiiszsgd Third Edition, B. N Fields, et al.pCEER0S002500
Li ppi ncott-Raven Publishers, Philadel phia, 1996).
Preferred vectors include lepjiviral vectors, and
particularly self inactivacting lentiviral vectors.
%&&tito@?odﬁéﬁbnc BPRYh#esiS reGhidRlafiafte ritfefore! Sdid SYAPRIcRotide is
eonmyCl n phosphotransferase, histidinol dehydrogenase,
clinpyrtied fin lan tegpressiorc tassette. IMore qayticutarly, the vector comprises a repli-

R ORI e ide MRBA S L S E, B, o
HU&@&@MiMiH@-?&?%HM%%% i d@S YWhdn' aBsdmicapMNA Ok used), a

eukaryotic cell culture; for S. cerevisiae;

padyadgoyletiom site rand samiiapsaripéien Aamioatian pite: d§jaltoapaie cpmprise an
E. colicPrefe |y id v r i .
Gl SR BhEIC O Bulhs FAL AR o L B i e iy
peptidans esprogeé - Plfriblpeghan chidaseianf ist hbetervdanésr, aie tso poly-
pl aced under_ control of appropriate transcriptional, .
RisdPotidanencadingrearh ebermpnemerert Boludpd ihPre prekiurpich s able
@Qr ﬁll‘?yé"ﬁll@e&k)x% Qbn SRR ?5l§ﬂgéleotﬂ3§,rs‘?lfngftﬁleoﬁﬁ%;.dSuitable romoters
pol ynucl eo lde is conptised I n an expressio casset?e.
iblude piasuei spatific lapd/ot inducdd¢ proratensr Esasplas o€ piducibit pomoters
%r&l g%@&p&ggﬁg [qq?rgeg rggc%{llé(\g/tgﬁl Ml% 1ks§fjntdt 8ed§ﬁ§: dlng'rggs%fljl 18vkls of
7 SIS Gk aRy dife 10N BrOneREOWHieh FNAdh&dUS 86sbons to isopropyl-B-
pol yadenyl'ation site and a transcription term nation
Bithgalattoglysamoside @BHQ) i @l ankapétandeat. si8ake prtametenfwhich is

R TRl REC e 8 e g s
Y8§d18Peatirt Bndi8! SoQdic0Pkcifit Qﬁtié&ﬁPSN){aﬁHﬁﬁﬁ%ﬂ piefease, human

encodi ng each of the nononers are included 1'n one
sefattant (87) dhanidsB ahiteing, @-chseinant heidexphaygsoem gdnehot h

pol ynucl eoti des, . sinul taneousl y. Suitabl e.pronofer. .
i ncl ude ti SRRt BORTI AR ASgRNS P °%&8%?£F§3 vestor, 1t
AP @Staffetihf Tonbthice RIPMBINR Seqhbiites %Hw%%hﬁlogies with the

met al | ot hi'oni he pronoter “which i's induced by increased
tegipnl surrofindiegithg gapemicd)NAraléarpgosites|dgiredabonet er

which is induyced in,r Qnse._t Q.1 sanr opwl S . .
Bt hi ogal act A GOFLRLETE Yor B iRdBE ANt vargayginele-chain
BbgakclRAR R &lic Wditdt Romprikingd Uke@rdeYing berse@stde different vectors.
tenperature. Exanples of tissue sl,jg?eci fic pronoters are

skel etal nuddpee rreferably, dhacargesing DA §onstracisqOBIrsEE:
antigen ( PSA&)' s@c’l@er&ést §l¥1ﬁ§h rhoﬂ{o%ﬁé’ssarith I}mion surrounding the
genomic DNA cleavage site as defined above, and

b) asequence to be introduced flanked by sequences as in a).

For gene knock-in at the mouse he ROSA26 locus, the sequence to
be introduced comprises an exogenous gene expression cassette or part thereof and
eventually a selection marker, such as the HPRT gene.

Alternatively, the sequence to be introduced can be any other
sequence used to alter the mouse ROSA26 locus in some specific way including a

sequence used to modify a specific sequence in the mouse ROSA26 locus, to attenuate
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surfactant (SP) A and B proteins, b-casein and acidic
whey protein genes. According to anot her advantageous

weepdpedsasent of said vector, it includes a targeCT/IER008/002500

construct conprising sequences sharing honologies with
the region surrounding the geaonm c DNA cl eavage site
as defined above. Alternatively, the vector coding for

g'tnacltwgé ‘fllle M@ﬁée%é?&%@ %cﬁs ;?dr[‘th@%g? iy ﬁltx%ﬁﬁ@e %?qutattlgﬁ into a site
eta In

vector conprisin g corstruct are

off infep¢seof thceﬁdsuze sROMZ(elqnngfoe tablaytivatdier dedetgetid mgudoNROSA26

construct é i ses: a) sequences sharing honol ogi es
Ipcuson aart 5’?68 surroundi ng the genonmic DNA cl eavage

site as defipg b hedhei &Y Y AERAHBOMD, preferabl
i nt r oduced fI ank by se uélnceecgleas in a). Fobd%ggrneeeral y mote

thamdrao bp and ntdre preferalely herMOIhpcans usedrfer mqmmgdhe ¢loavage

he in dyced i ses an ex ene £SSi 0

o S SRR PRT hepble®d ¢ JORRAIR R50%s FURLEE i feam and
ARIleamStHE Rit@ Sf tHecbreiiRInDSREDNAI degudiret ity ®kMntrédiRed should be
sequence to be introduced can be any other sequence

losated betwgkn he te@ripuse ROSA26 | ocus in sonme specific
way i ncl udl e?ef%?e %@%g?ﬁs?rugp g iéfe@b &rhf209 pb to 6000

sequence I n e nouse ocus O attenuat eor

s nhotapeeférablyfis e 0RCEARR2000pbs or part thereof, to
|ntroducearrutat|on|ntoaS|te of terest of the
mouse ROSA26FTothgsinsggtion of; 3, sequepes, ebﬁr‘\ hemslogiesy e generally

ﬁgé@?o Bﬁg& s Qﬁ&ﬁlgo ﬁgﬁregﬁ\r bind r&fvﬁﬁfrearﬁ’ r@f efed Qité’ of the break

g sequenc f at least 50 bp, preferably
(soquentcdsamni@idately adjadentvio hephredhe manimal mepaw mafeK). Zﬁl;wetypr when

B R W 8 B e e

SRSdd BRA BHHobQIs Std Rbfed e rédidl® Wstrédie ahd datnaidnd the region
DNA sequence to be introduced should be | ocated

ofcthodelatiothe two arns. Therefore, the targeting

construct i r geb {n %9 Q%g Ruhi B 1

preferably fslié(%rre?(ffﬁ% t% 08590 %AE% w&t et:gnselrt %%nc caved

o thee sﬂcammagedeﬁmﬁ athmelanglths nammagenanal foy rémadrivigeeachrof the

reglons dlrgéz% pst.ream an agn reamto the site
Hfavage eEReEe Yapaat argiRdipals ent to the

break; m ni Mple L@R&IIMARE o the pl’&%vﬁbentmeﬁ also a composition

characterized in that it comprises at least one meganuclease as defined above (variant

or single-chain derived chimeric meganuclease) and/or at least one expression vector

encoding said meganuclease, as defined above.

In a preferred embodiment of said composition, it comprises a
targeting DNA construct as defined above.

Preferably, said targeting DNA construct is either included in a
recombinant vector or it is included in an expression vector comprising the
polynucleotide(s) encoding the meganuclease according to the invention.

The subject-matter of the present invention is further the use of a

meganuclease as defined above, one or two polynucleotide(s), preferably included in
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the insertion is associated with a del etion of

sequences fl anking the cleavage site, shared DNA
whoeomlisafees are | ocated in regi ons upstream aneCT/IB2008/002500

downstream the region of the deletion. For exanple,

the nmouse ROSA 26 DNA targetsgg which are cleaved by the

variants as defined above and the mnimal matrix for

r
CHERCH VBRG] aorORg CrRMEPA: SIS AMRS RUSRRRocus, for non
therbpeatic pogtoses.  of the present invention is also a

conposition char rlzed | that it conprises.at -
bt one. mAFARE L an v aEshy CRSIRGY o5t SHE Ut it is for
i8dueeHge a Cdiub - ﬁ%ﬂ%@al@lfﬂ ABditeCof TRAGBHCHE BRChoAIROSAZE locus
| east. one expression vector encodi ng said

Cﬁ@@alﬁmglaeg@@mua@%mra@cseame thereby, inglueing arIaY A recombination

e@gmogpﬁ(ﬁ&g CB%R g&i %‘hOITDOSI tion, it corrprl Ses a

targeti Eonsrrtuct as defined above. Pr ef erabl y,

sai d target iAwgofdity aonsier UnNentidn,eishidedoublelstded! broala is for:
reconb|nant vector or it is |ncluded in an expression
mRdLYanE 8 WEFIfiSi seguanse ipdhg R fasap.satteatring Ayattivating the

eS u%?e‘ﬂUﬁg WA%@ u ' rolifcih ecl hﬂl‘(ﬁﬂ)tn' o aTgi of 1nteres of the

ct-matter the present Invention is further
ROPAG lex:usegarudubmgszm azogtabun geneaboaeparorileereot, umtlvating or

RISy S0US B SRL MREhSE RS Rhmroma
ahﬁ%ﬁea\flﬁ’g tHRROMTAQmPRAIED SndddgpRREs. According to an

advant ageous enbodi nent of said use, it is for
i nduci ng a d‘cmmden&tq arthesr adyentagequs simbodisnentnefosaid use, said

T M

equence ereby N
defigdd aboke DNA | oss or cell death. According to the

i nvention, said doub|e-strand break is for: nodify
a specific deawsieeed smbedimepicpiahe prscRfdhe meg@m%qaﬁqq@ccordmg

tcg &h@?fe'sé’rﬁtlho&ltfone 1te&£ing;9fs OYP 12550 6f0119\91~h§’ S&%%}Agz%%dﬁgmg a

ation into a site of interest of
dbokdustrand]bre@lstmlansgteacf mterept b ube gwmse BIOSAI$alocus comprising at
t her eof activa t he endogeno

G0RA58 ey 51 iy e BB S, G GRERRn (P acontcting said
cRAVARDSREBLitRIAld Pleghf@lda’g th q)r&hl&mgna e@aaetifgl BRA construct
cgrigilggg (tjhe sequence to be introduced flanked by sequences sharing homologies to
the targeted locus. Said meganuclease can be provided directly to the cell or through
an expression vector comprising the polynucleotide sequence encoding said
meganuclease and suitable for its expression in the used cell. This strategy is used to
introduce a DNA sequence at the target site, for example to generate knock-in
transgenic mice or recombinant mouse cell lines that can be used for i)rotein
production, gene function studies, drug development (drug screening) or as disease
model.

The subject-matter of the present invention is also a method for

making a transgenic mouse expressing a product of interest, comprising at least the

step of:
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Accordi ng to anot her advantageous enbodi nent of said
use, said variant, polynucleotide(s), vector, are

wasesasmeed with a targeti ng DNA construct as PBef/iBeeas/002500

above. In a preferred enbodi nent of the use of the
meganucl ease according to thg present invention, it
conprises at |least the followng steps: 1) introducing

a doubl e-str, [ Y Lene

mouse Rosaz6e] il Mok fohi ArhAbA HEturdls collr o mouse
anitdy 6| £ megasucidase of defmied abeggnucdsetasiato mducontdomblenggranded

aid cleavage..site with_said anucl ease; ..
R & RLARIGES! PR IEP oo & Ph rosgenition and
c?]%%gekqﬁ JfRaidEnidhlAdieemblialbedy BY cRBURRERS Sharing

molfogi es to the targeted locus.” Said nmeganucl| ease
can be provi(bebhtwidneng info the mewse pe¢dursor cellhpoemyhryaref step (a) a

Gl DY bR ipec Tt & sihonricerB RO el B iptorgpt amkeed
Byl eqBHREL SRR Hodlbed ®aHe Eglidn suffduiding tied Slgivais site 86l as to

to introduce a DNA seguence at the target site, for
gererats| 2 genongjedlbr vrodified gaguse precresns gelh PEembE® hving inserted the

s%ﬁlget%g? Ir(l)? gfri]%r g}gp? glro&%goéogg ?@c%n}tblﬂf’a'ﬁoﬁ %gpéaenut‘f‘ig Szlijrggtﬁng DNA and

unction studies, d
tHeviebopsmnil INAUg screeni ng) or as di sease nodel. The

subj ect-matter .of the present inyenti [s also a
met hod for r(ﬁkfi?]\@ﬂ%ppp}gaﬂlggggﬁpl&u ¥ g)éocgﬁff’ BQuise, gregursor cell or

e‘ﬂ?lﬂ?&'@fst gagﬁﬁt%ra%ﬁmeﬁ@meﬁée?w at |east the step
of:{a) In d

ucl ng Into a rrpuse pI U;égot ent 'precursor
cel | or a nddyderomig ¥ transgeme guuse fremstbe chiseriefmqusel of step (c).

b : ' ' d I ded :
o bite oPrEResiero) FRmPRORABs R AT R ety

hD¥R1EE GRENUrdor Ofkl R BEncthiedViagferSi(b)e irth Blaiteysts so as to generate
nmeganucl ease; sinmultaneously or consecutively, (b)

chifperédmtdeng i nto t he nouse precursor cell or enbryo of
step (a) a't : i Si . . .
A&g?ﬁ%ﬁg%p%fer&g "%}{Hoﬁirﬂeglt 3k 5%1? 31?1‘{?331’ t1Jtycompr1ses a

sequence enco uct of I nterest

faherenpas) shrcovigingahopodiasf iderebterorn ghomamsgenio modsan §y any
the cl eavage site, so as to generate a genomcally
THo#Sf i ed nouse precursor cell or enbryo having

inserted thepgeqippReta@br bNRS BrdseYinkOFRINOBOMSo a method for
reconbi nati on between the targeting DNA and the

rodkingre senonibimmmouse cell expressing a product of interest, comprising at least
the step of: '

(a) introducing into a mouse cell, a meganuclease, as defined above,
so as to into induce a double stranded cleavage at a site of interest of the ROSA26
locus comprising a DNA recognition and cleavage site for said meganuclease,
simultaneously or consecutively,

(b) introducing into the cell of step (a), a targeting DNA, wherein
said targeting DNA comprising at least a sequence encoding a product of interest
flanked by sequences sharing homologies to the region surrounding the cleavage site,

so as to generate a recombinant mouse cell having inserted the sequence of interest by

homologous recombination between the targeting DNA and the chromosomal DNA,
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(c) devel opping the genom cally nodified nouse

precursor cell or enbryo of step (b) into a chineric
woremsas2sand (d) deriving a transgeni c nouse frPOT/IB2608/002500

chimeric nouse of step (c). Preferably, step (c)

conprises the introduction ofjgthe genomi cally nodified

precursor cell generated in step (b) into blastocysts

SO0 as to geng) ais6latiig NBE | fecOBRant afoRES iR bP slep (b), by any
preferred enbodi nent of said nethod, it conprises a

PRATOPIAC B3 (e) of recovering the product of interest
fromthe tr aﬁg‘&;ﬁphg 1'% %?e?err ct/ erfibodi rﬂrl)%'sai-lc—lrlﬁfthod, it comprises a
subj ect-matter o he present ‘I'nvention s al'so’a
fietheostep () ofaddonering the posdiich afintei@sy FOmChE recdX{biRmS intdise cell,
S¥Q£OdUCt of interest, conprising at |east the step

any meafSnt r oduci ng i nto a nouse cell, a meganucl ease,

as defined apqye s&hAPDNA ik g%lﬁoéhﬂgd‘ Ciﬁtoatlgoynﬁie %&% A%%lditions

stranded cl eavage at a site Interest o
approwiatofopintsidugtien iMhe tagaog DNAnntarthe sitesaflingeessi t e

for said neganucl ease, sinultaneously .or ..
consecuti vel 2 Rrﬁferﬁeﬁtel“‘g’d’gugpﬁﬁ’ qahcf@rééﬂgg DAY4\ cgpstrye s inserted
in® vecorl argeti ng DNA, wherein said targeting DNA
conprising at least a sequence encoding a product of )
i nterest fl dhredl pyhighe umaedidicd ghayr bergmhestbpbiitersstt Bor making

' | 1 h e site, so as ta .
ot BP0, T (ORI BihribEn bERNEH R Wi ACrirub dprived stem
EJuehs; aviith aretveglBROWh YN era. Foe usikingGecdmbiaintGhouse cell lines,

h ' d th h | DNA,
Eofl Mt RGBT TR Nalhs SP0, (BOLAL apyqlgma) RACC #
S 09PP L XPH 183D B4R i?étlﬁgﬁ?bé' NERLD AP Eﬁfs??ﬁﬁ céganél%lease can

enbodi nent of said I't conprises a rturt ep
el pravfidede diveatlyi tog theh eelbrardibedughf an ekpressidn fvector tdomprising the

AT Wt e Re b o e i ind b B s Sbresson i

dppE&dellat e for introduction of the targeting DNA into
the site of interest. In a preferred enbodinent, said
targeting DNRIdBRidRg frénsgesic ampls@erombinant cell lines expressing a

product of interest, the targeting DNA comprises a sequence encoding the product of
interest (protein or RNA), and eventually a selectable marker gene, flanked by
sequences upstream and downsteam the meganuclease site in the mouse ROSA26
locus, as defined above, so as to generate genomically modified cells (animal
precursor cell or embryo/animal or human cell) having integrated the exogenous
sequence of interest at the meganuclease site in the ROSA26 locus, by homologous
recombination. |

The sequence of interest may be any gene coding for a certain
protein/peptide of interest, included but not limited to: reporter genes, receptors,
signaling molecules, transcription factors, pharmaceutically active proteins and
peptides, disease causing gene products and toxins. The sequence may also encode an

RNA molecule of interest including for example a siRNA.
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in a vector. The cell which is nodified my be any

cell of interest. For nmaking transgenic mce, the
wa@edlosasmee pl uri potent precursor cells such asPCT/IB2008/002500

enbryo-derived stem (ES) cells, which are well-kown in

the art. For maki ng reconbi ngpnt nouse cell |ines, the

cell s may advant ageously be NSO, SP2/0 (BALB/c

nyel ome;  ECA%e dkpRdiod 0P8 SdZerouB R0 iABd nay Bk driverd ldifizer by
# CRL-2648) cells. Said neganucl ease can be” provi ded
thé readegepond ROBAZe Iprometer lor diygan dwstecodpgausspromotasc praferably a

0 i sing.the polynucl eotide,sequence. encodi,n ai d
RESTHIGH 198 HissHS eCLty Poimelen (R SORUNFRE T frellfoftp g® defined
abde¢l 16 edditiohOthe kfsielgon bANRIRGIhcE B iFRERA RSO botdifional; the

cell lines expressing a product of interest, the

eXpregEen MY IRANAUSHP PY dsHe-apestifireperBbiaated i §LPhe)-

product of *rHﬁsE e Eeq%%c%t(ﬁ* i%f(e% ¢ NNsert@'th &Y Sﬁ%ﬁ@iz&% clssette
sel ect abl e marker gene, flan ed by sequences stream
thatdnajocunsjiresa pintheerotegmn peomatseopdratévelynlitiked tosaid @ene of interest

A8 AR PE HIORS ISP SEAEETS SRRt BPLRTHED0 CEleriable) marker
RALY Y RlcBRibiike Ofec 1 C§leb) PoRMIBY 1A SRbRT dpliBe acceptor

exogenous sequence of interest at the meganuci ease
seijuencés, irttroms RAEAPE pradein detebtyornandodnbamngss. r econbi nat i on.

The sequence,of jnterest may be an ene codi ng. f or
certain pronlrRAET: B% BITRESE carselenry deigie pgniemal
Ribodon®dl Bri¥ry $§iRPARESY of&aevely NRKEPtOESd dongddlihteeEst and one or
nol ecul es, transcription factors, pharnmaceutical

|
mperei fpactionnl ejeauengay iprpdipg daut wj @/@ﬂ@e@hu&lﬁn’di%%ﬁégm matrix
GRS T Sl A G sl RSl s

polyényliteoresipiabs splice @fcepthe seponesomgross qagsnfoe proagin kietection

driven, either by the endogenous ROSA26 pronoter or by
and eglANSETS| ogous promoter, preferably a ubiquitous or

tissue specifHeCmppffilletic c&l bRehisc@OfR et tddt & RIWeptide or as a
i nduci bl e, as defrned above. In addition, the "
pokmuelssiidmcartstru¢teencedjng seid polypeptids: disis intagduged into mouse cells,

condi tional ;. the expression..may.bg indy b .
oGP kB olopls SRINARRL %7 ERY s o YR Al afbrppc for he
pagituin @ell afpd, Alode &% lin aSsociated with ¢itheRat RPAIARIPpAIpEiate vehicle
cassette that may conprise an heterol ogous pronoter

op sarist ardbor with Hedareedng BN -gene of i nterest

According to an advantageous embodiment of the uses according to
the invention, the meganuclease (polypeptide) is associated with:

- liposomes, polyethyleneimine (PEI); in such a case said association -
is administered and therefore introduced into somatic target cells.

- membrane translocating peptides (Bonetta, The Scientist, 2002, 16,
38; Ford et al., Gene Ther., 2001, 8, 1-4 ; Wadia and Dowdy, Curr. Opin. Biotechnol.,
2002, 13, 52-56); in such a case, the sequence of the variant/single-chain
meganuclease is fused with the sequence of a membrane translocating peptide (fusion

protein).
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and one or nore functional sequences including but not
limted to (sel ectable) nmarker genes, reconbi nase

W0 e@egmises on sites, pol yadenyl ation signals, spCT/B2008/002500

acceptor sequences, introns, tags for protein
detection and enhancers. Altgpnatively, the
appropriate cassette may conprise an Interna

Ri bosomal Enhedor8inke td | etler ORGAlde¥GlyY enitfolififledt Oofahd uses

gene of interest and one or nore functional sequences
pgrording n@ he mventéon, sthei tlilﬁgahecl¢a§ES(p€l)l'grlmle|madc i e:ncodmg said

reg&ﬁ’é Aa gnﬁfglcr;' e f eéjeglﬁgélﬁg' ggtb% érégsz[regtt%; ‘o &ctors ‘comprising

sirgptial DNAphiee n&@l@ﬁ:picﬁi erfcOding A T%anhﬂlteﬁéérb%n Yeafifodueld into a
proteln detecti on and enhancers. e nmeganucl ease can

¢l b advasietynel mgthogs fe By pripetiase dtIFCta@td(ep Orajecid¢ dombakdment,
ﬁﬁf&%ﬁkg%ec%g%ggg)b?ﬂé dnplypenhivder, n@é o t%av\xgpqtn FX) %gé:&%ssed into

to nouse c ny convent ent
d;&izlstdsmgeeﬁprestibﬂ vactors. \fﬁ&t:hxhq@ers&)fa&pfdsﬁbn i euka@yotidlls are well

articular cel] typ éone Qr in association with
E?%%FO those é%é a% g}fﬁ Wrend tlaotpgels dp Hiypan Sepetigs: Chapter 12
aPHAE Pk Idenk hﬁxe}%&g% '(ﬂﬁ 2NA3 MQE%'CCN%Q s Ut Gene Therapy”)

advant ageous enb ment o t he uses ng to
Optienally ot mayhbe M‘aﬁbﬂclteas@rpcpraﬂey‘pemleaid))calmatlon 51gnal into the

t.ed t.h | PEI
RS RGLR ot g oSS RRprs R S R e BbSq ana
therefore i mdnceducesl dent Cthéoﬂ%dr@lcfeﬁﬁ&%d Cﬁ' bfesen't the vector

menbr ane translocatin peptl des (Bonetta,
esEpsisingdtergeting PNA gnd/ggnugieie @c@tenaodmg;en@eganmlease 2¢0mported

Y
oA BOUE FI% Ul o H BT Mg st
vari ant / si nghene rmbodimgarifahe ass dc&oxfdw@ed) thiet gredehi€invention,

ence of a nbrane transl ocating peptide (fusion
3 BheEm s oA B PTG AL DB BTH Ay cDERTER Bl arradverse

iffmurdfo gi® Pespoitse! Al NFietyCof HEthbdyV R tafn‘%ﬂorahgg or eliminating delete-

meganucl ease Epol ynucl éoti de encodi ng sai
TiaRlg ammnehgsaa adtions ofhibist serigeini egusellidn iascardemee tveth tha inven-

Veet 0r S r eti.n
nucﬁ3 %r%fce:xl'r ené’SQm}%‘ g, %ﬁﬂ %3%(%5 g'él?‘?taﬂé‘af%tﬂre'f)d’a&%gomyl
mahmnmecahbthby way taaleit )(m@fanﬂéﬂ tim@dmologidl realcﬂdnﬁclﬁ it® Bonjugate
di rect uptake, prOJ ectil e bonbardnent, |iposone

meeapyGleases 49 | palyethygnm ool 4 SREG Datr (po mr%xmlgneoglycol ("PPG")
(brefSi1$ 151900 8% PoSsiCEhtiont Qverage molecular weight (MW)). Conjugation

with PEG or PPG, as described by Davis et al. (US 4,179,337) for example, can
provide non-immunogenic, physiologically active, water soluble endonuclease conju-
gates with anti-viral activity. Similar methods also using a polyethylene--poly-
propylene glycol copolymer are described in Saifer et al. (US 5,006,333).

The invention also concerns a prokaryotic or eukaryotic host cell
which is modified by a polynucleotide or a vector as defined above, preferably an

expression vector.



10

15

20

25

30

cells using expression vectors. Techni ques of
expression in eukaryotic cells are well known to those

wo ooshs2sast. (See Current Protocols in Human QeEE1B2068/002500
Chapter 12 "Vectors For Gene Therapy" & Chapter 13
"Delivery Systens for Gene Therapy"). Optionally, it
may be preferable to incorporate a nucl ear
|'ocal i zati oryai @Rakeidn"4i8 tcgﬁce hRManPirsihic LRInRE or a
sure that it 1s expressed wt e nucl eus. "Once I n
teansgdnic plaht chagerterized s ehe radl orf pqnt&eérthqir té¢ls arechodified by a

c npr% tar etlngﬁéggi nd/ or nucl ei c acid encodi ng
19T QVSr transl ocated by the

Cel I fr om t b@s G96H RIS B defl rEﬂE?s t%'at;ﬁ'olairy@ﬁé M) shidh dsEbacterial

nucl eus. In one enbodinment of the uses according to

el eorpnesisany otin oelhtshdnas antaimal gplavicireses cr:lsk
substant i al | nﬁﬁﬁl mﬁ%@%%i”hcr %rgﬁegﬁ uiveg{J gr? 1S a sot the u%é §F at least

or no advers 2OR B

diet hredsndciasa nRiriaft, a4d Agfifkd @bbve, nad Iangcﬁﬁbl&t ﬁ)rf imaking other
i mmunol ogi cal reactions of this sort can be used in

raesenvelease® Far example 4 thid pound g mytagenesip and pelegyion/screening can
u f

PR on S RGROLRLERE Do bR A0, 8 ehrin

rnﬂnnmﬂ&mgscal reactions is to conjugate neganucleases

to pol yet hyl ene_. col ) _or | ypropyl ene col .

(" Phe Y (o e RD Pt W meEeRg e THe oefadselt using

SR REprREIAs ShbordiMMo thecpﬂékéiﬁ Qﬁxbéﬁﬂomlﬁau&’ézgﬁeoﬁsepcﬂ%e I-Crel

as described by Davis et al 37)

\@mamtp the, singla- cbamwh@mam) megmmh@geemrcvedmgr salcbgqr@at, |the poly-
{ t@ wat er so bIF endonu ase con es é 1

ugleotdR Py Vee?&(fri’ v‘feﬁy r@lsgﬁq’%\r et 16 d%ona*‘so atl SFapseepic mamma

dpeddifg buld eatar ok Yinpleiiindthénétiymegantolaley iR defied above.

described in Saifere al. (US 5,006, 333). The invention

al so concer ndied-Grebrangnsareording 4o the {pyentiompay be obfained by a

%\é}?&&f drenPRdedid Cpéf VQB@'RL ¥EIE ¢ ERAVAS e Qlonfic YAGA Yreé&tSequence

i ned Bove referably an expre33|%n vector. é

fromv érrtrhouse R GBA G hoces, tomprising ahleastthe staprmfem C anl nal

or a transgenic ract.eri aIl or

ohr s of "t ndir coBiiling 8 RACRTEL AT B e oD Bvingc gt st one

sAbstRutifCine fiRds AER{ibMNA dusMadh ofthe UXEGLNPABGbor@déRAih situated

refers to a prokaryotic cell, such as a bacteri al

feamh positensadd f@lﬂﬂa?f)ldfﬂeb cell, such as an aninmal, plant

or yeast ce C of. ty o

nvention i 4{)) lcgrés %Hgégegegwa%e%[eg aosftlt-&‘pel R85 having at least

one substitution in a second functional subdomain of the LAGLIDADG core domain

situated from positions 44 to 77 of I-Crel,

(c) selecting and/or screening the variants from the first series of
step (a) which are able to cleave a mutant I-Crel site wherein at least (i) the nucleotide
triplet at positions -10 to -8 of the I-Crel site has been replaced with the nucleotide
triplet which is present at positions -10 to -8 of said genomic target and (ii) the
nucleotide triplet at positions +8 to +10 has been replaced with the reverse
complementary sequence of the nucleotide triplet which is present at positions -10 to -

8 of said genomic target,
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one neganucl ease vari ant, as defined above, as a
scaffold for maki ng other neganucl eases. For exanple a

wo boogdszsexind of nut agenesi s and sel ecti on/ scr eROT/IRROCSAV2500

be perforned on said variants, for the purpose of
maki ng novel, third generatig nmeganucl eases. The
di fferent uses of the neganuclease and the nethods of

using said

"vent o i MeY oretiRE 48P EPERBnt Barkdifs ROASAL Second seres of
siep\ () eviitlaars ablel toridade aRPAMI I (rabstedetiorsifdt foagti)ahe Hucleotide
varlant the pol ynucl eoti de( s& vector, cel

Pl < PApidiops oo 0} OhdhR Frlrelrsiterhan Sgemireplapganith the nucleotide
[ e-cC
gégg\ﬁﬁﬂglégig ’ éaégf ?;Hos@i ni bg\%{g 3 ﬂaé{d g}h id ?argett and (ii) the
aedentide ngipla tih qadsnmnt dntonety hes distai repbhcbny withetheodeverse
for engi neerin s. ahl e.to. cl eave a
B E R Ao 58 O iR FOB0 PR oTCH S RESeRC R Ritions - to 3
5g§g§<mg9np&h§ﬁng at Ieast the steps of: (a)
constructlng a first series of 1-Cel variants having
at | east one(e)s uistacting tand/or isereenihg rtl@t vérignts fromathe first series of

%8% Ea? n%ﬁ(% aJg a E’%etﬁ %é ?ﬁ%%ﬁ?r B S R nlgetrgint r ﬁeﬁgtd(g th€Micleotide

it nd peations+®to 1108F theak CAlisRe hay/bdeg raplabéiﬁﬁfith(ll‘i@ nucleotide
substitution in a second functional subdonai.n of th

iRkt | winghs it graserfortapgsitiqns ki &y 9 @ﬁmswsg%rweﬁg tavget endr fii) the
?\Ec(l)ér%'tlt {r%plétcet zﬁeﬂsﬁﬁﬁlk n_qoa%‘i/ Qr h?.sc Vﬁg lath@ b?(rﬁ ' M3t Feverse

rst rres of step re a
cimgleeetanyldegudnce -dDethe auctleotmaetnplen vmchl isgsesefif it pdsmons +8 to
nrcéf Lcsilsde tri Iet at positions -10 to -8 of the 1-Cel
14 SHaRYC baced with the nucleotide tripl et

which is pregeneledting88d/bi &1ninkQhé QaridhtPfromAthe second series of
genonmi c target and (ri) the nucleotide triplet at

giers (b) ivdvich arg ablg te tipavies mydant [1(apl ticerherginat toaet (Dehenualeotide
&12)5@? la? mdamtlgns%/ +3 CQUSNFE e h f%hf 51peuﬁa§eb Fh qulééedp&ﬁfl tﬁ\@ h&gfeotlde

posi 1 ons " -

tripled ovhiClel)is miseﬁtt angositickso# 3 36 reebf e@dtg&mm itégetSand (ii) the
fromthe second series of step (b) which are able to
céeg@ée atripltadt ROSERANSSHY elonn rb:r}Sn bggn |replaped | yith hibe reverse

& t e Eﬂtgrg defhc8lofdhe HQaécﬁicfen[ﬁpl'e{sg?&h is &)gésehf@t Igosgo% +3 to

replaced W t he" nucl eot | triplet
Wof:ﬂmdgenprmemgetat positions -5 to -3 of said genomc
target and ((igg )cotmqaei‘ning in a single variant, the mutation(s) at positions 26 to
40 and 44 to 77 of two variants from step (c) and step (d), to obtain a novel
homodimeric I-Crel variant which cleaves a sequence wherein (i) the nucleotide
triplet at positions -10 to -8 is identical to the nucleotide triplet which is present at
positions -10 to -8 of said genomic target, (ii) the nucleotide triplet at positions +8 to
+10 is identical to the reverse complementary sequence of the nucleotide triplet which
is present at positions -10 to -8 of said genomic target, (iii) the nucleotide triplet at
positions -5 to -3 is identical to the nucleotide triplet which is present at positions -5 to

-3 of said genomic target and (iv) the nucleotide triplet at positions +3 to +5 is identi-
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nucl eotide triplet at positions +3 to +5 has been
replaced with the reverse conpl enentary sequence of

wo b@snsaskeot i de triplet which is present at pOBCT/IE2068/002500

-5 to -3 of said genomc target, (e) selecting and/or
screening the variants fromgBe first series of step

(a) which are able to cleave a nutant |-Crel site

vhlab eheweatrsé eaaplefmentaly@qiete F thetfucldotié ipl@twhich is present at
posi.tions +8 to +10 of the |-Crel site has been

P%%T‘%E&Séé tovr of sakfbeongmriergetandfarpl et which is present

at positionsu¥8.4 f

thepnucl eoti g tri pﬁljﬂg lIqt Sg@s?ﬁg% %?lalt"‘[%gggs)%pg s&)é(%e[)r? 26 t0

14% pindcélltj to T/I; of htevor %t&m\;tﬁ ﬁOﬁim{epnﬁmt:ﬁﬂystsle qHene eobidin a novel
e nucl .eo tr et  whi is present at posjtions

h%mf’g)‘%ll?i‘ﬁ ]5)#: "3 a‘faa{ %H@\’ﬁhc &ﬁYegj’e? psefl'ﬂ“c% é’l’}?&epr@ gheanesleotide

ﬁiﬁl&%'ﬂé@ltibﬁ? +3 3&5 '@nfsstdéx{tﬁﬁl EJ‘ﬁlestﬁfé%Qdé %ﬂl@tswﬁfchsig Plesent at

whiich are able to cleave a nutant
mﬁetu@Sanp H5ed said(denomfvetargat; I(@pthie aiacleotnq@l teipletdt positions -5 to -3

3 to +5 of the |-Cr
RoPAlsBlR 8 e s Bn g e TAHBREIOT AR BYPIT g tellghhich i
Pilesdd@ it tpodifidnst 33t10 +5 obfsaRiachodfe ArL6t, (1) IR nﬁﬂ@otﬁde‘ friplet at
the nucleotide triplet at positions -5 to -3 been

PEHiosetd W thO of éh¢ Eaelsgitechapbesnenplassd with ubfn @ecle«btlde triplet
|

@vgﬁthy EE&:@% af EP%{‘&%H? n{o\é\@ ¢ Qf éat?d Q%rﬁ?'r? Qttar{gét 31\;) 'RD3 nucleotlde

sipha laé pysitiorsni 0 té kﬂalsndémtcabm( thy révergeadniplamentatd sédpheﬁ@e of the

and 44 to 77 of two ts fromstep (c) and step

r ‘?Ot‘?iﬁ tgpetAt Rosyti Eqatoh“L |Sﬁ’élrge€°‘lmcc§|a@ez’var| ant

whi ch cl eav ofrfHiM t he d

triplet at S(?s?:tl onsiéig(lﬂgr‘)e }Vgﬁ‘{"gb :Bg I d gnftﬁl %ta {gg%}ﬁ &) to form

hpterpdimergiendr i pl et which is present at positions -10

to -8 of sai

tripher at disrERSE abPPdSienhiche neReRiBe SR fiep ® which

dre uble 36 clRavEsat@dtoatiy DD teFet Frodd thetfoudb R(m;ntzeﬂlecus
triplet which is present at gOSItI ons -10 to -8

sai d genoni ©ne &f fiet Stel-’((ﬁ)l GC) (@hdeherciflewey be omiitgs @Pr gxample, if
t
s‘?%? E(f) n%ltéﬂ Qtep ?(d}e zse yron (gglgfllttloo%@ﬁ@g Lif&‘otee? ﬁtg ewherela both

rgsluomic ttiplegedt mmo(ns v} 0 tthe8 rumd| -Sotoi -Behdviei tdeatreplaced with the
0 |ons +3 s identical t he reverse .
B REP LTI yHistrae REsctiet pAUOARCIIONE TN 13 D1-d: eapsctibely of

dafd Qérﬁ‘ﬁﬁ@ttar t, BRS tHel QRFeotide tQpled Af o§@i'ogs @8NQMCand +8 to +10
and (h) conmbining 1n a S|ng e variant, the

tar
gp@bwpglyechwltb reverss cargplementary sequence of the nucleotlde triplets

which are present at positions -5 to -3 and -10 to -8, respectively of said genomic

target.

Steps (a), (b), (g), (h) and (i) may further comprise the introduction
of additional mutations at other positions contacting the DNA target sequence or
interacting directly or indirectly with said DNA target, at positions which improve the
binding and/or cleavage properties of the mutants, or at positions which prevent the

formation of functional homodimers, as defined above. This may be performed by
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40 and 44 to 77 of two variants fromstep (e) and step
(f), to obtain a novel honodineric |I-Crel variant

wobkioshsskeaves a sequence wherein (i) the nucl POL/IEPE0S/002500

triplet at positions +3 to +5 is identical to the
nucl eotide triplet which is ggesent at positions +3 to
+5 of said genomc target, (ii) the nucleotide triplet

Bl Semaok bty AU P IR BITIR, ppplcasn
MO poese61738t positions +3 to +5 of said genomc

target, (iii), the nucleotide triplet at paqsitions +8 .
to +10 of thtl_“i-% °§g o8 FRENGSEER e aaéaé%ft?ﬁn i invention
M&g&a&fy Edrhptise! thxv'mtfdaubéorpg@faﬁa&m%u@aéﬁé bR d\mné Qariant

+10 of sai'd genonmic target and (1v) the nucleotide
or ingd prrt of thposiiantpmsparti@ldardhe €-temminalcli afzthe tvarianiy positions 80

(FTED3S 585 IhE Pifink BT S5 Sroromuty S BRima it fraeras te
DNA Gaighi Fong thdepenar dfa fHtére DRk "R taoBnesise Bfay( Bd pRffdrmed by

(h) to formheterodiners, and (j) selecting and/or
geneesing gndage nHBageneds Hetasies pmpopkpf yarjankhiaceprding to standard

. C . . r0 SE.:
Ay HENR TN, TGOS 5k OB IR St
Pie¥erhisly Otlie trh@tdlgeniesis i€ pexfigrhed onf the te@fire( squéerkcewti dneaflonomer of

tep (d). is_perforned with a, nmytant 1,—Oe4ysite erein
@sﬁﬁtw%mbfqra@dﬂ? St5p &V or abtapsdiin stspdi). adyapieeapslyRp a gool of

5 i oot |  nleat s

EroeMELIRIp o SRS b DS ANCHRH 8l ) 161

respecti vel yPreferatdyd tgenoowrcist af getlectamdscrdening are performed

nucl gotj de tripl et t sition to.+5 and ta.
R b B atoRapBeRRT inaAcT oL depud 26 AT L Mk Big) Bpu
EMENOD09f 1A NBe Nt @Sdriddeore! bPltied moMontdds ATethr Ri&Bdimer is
at positions -5to -3 and -10 to -8, respectively of

Blagerjsatoimenermey e . insfigps (h) co-grpressed) withhtheaptey imonomer
t . > (9 / AR )
(R RS L ARG bRl AACH WP O AL OB, o

sehpueinggriot thataegadion ghaperecofl ntevesti hdiheeetdnd wiuhd, the other
said DNA target, at positiaons which inprove the
ﬂpﬂﬂpwgﬁamﬂ%if ) Ba @gexbﬁépe?ﬁmrgsssﬁ%thﬁm%mwd gpnomers
@t 1P Bt hQEDdiErS NinBIsBIMERE abRiRstitRE BR t Bond R Geh®BRInterest
honodi ners, as defined above. This nmay be perforned
toyaptaie megmipleasesoibi hawathi imipravedagtivittas descri bed in
the Internat Tﬁenahtrfn%eéﬁgrl) | SRbind 101\1/\Qf %91% icpn%7i171?’s?éps (g) and (h)
may be performed by amplifying overlapping fragments comprising each of the two
subdomains, according to well-known overlapping PCR techniques.

The (intermolecular) combination of the variants in step (i) is
performed by co-expressing one variant from step (g) with one variant from step (h),
so as to allow the formation of heterodimers. For example, host cells may be modified
by one or two recombinant expression vector(s) encoding said variant(s). The cells are

then cultured under conditions allowing the expression of the variant(s), so that

heterodimers are formed in the host cells, as described previously in the International
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The nmethod for engineering I-Crel variants of the
i nventi on advant ageously conprise the introduction of

w0 andamsasit ati ons on the whol e variant or in aP@EIE20e§002500

the variant, in particular the Ctermnal half of the

variant (positions 80 to 163}5to inprove the binding

and/ or cl eavage properties of the nutants towards the

WAI 19§Jod’ W‘Qb{)@o%@@ aRd Arﬂ&ﬁa%?hl TR0l THIARI 901553 1385, 443-
per ornmed by generating rand om nut agenesi s

458brar| es on a pool of variants, according to standard

mut agenesi s whi ch are weII .0 the.ar .
ond” commar oi T SHesod Rt SrogpiiEdn 2P O )T Ehdvor () may
P badsardl by 'u%ln%eﬁ fMaVBEE Qfkay DR WRbI 8rCirs eﬁueaﬁz@e&frlbe@qn the
nononer of the heterodiner fornmed in step (|)

lisrationdl RGI Sicayon W AMR4lgesids &nmlfhetpfdelJ Mol. Biol., 2006,
I
100 45 Uss BEEACUR] KuPficoRlifs FBUDIIE o3 2052962 apg Chames e

4if, NaelecAtids Res| 2608, B8, €78 perfornmed according to the
process illustrated by figure 4 of Arnould et al,

Mol . Biol ., A%sQrling twowwdvma&eﬁes fenbeimest saain anethod,
?ér%t (Iafre@ &Q?e(ff aﬂé/oI %Z)a?@ggxrf&%eﬂefn bi¥o r%c%g?ﬁfé(ﬁg?%seyhere the

gure 0- expressed W t
duublm‘mran(i rlmakmnrthé( mutated N4 takpett scqﬁcncm vbhacle ksogkineeatex, by said

t he oved nononers .Y+ are sel ec al nst the
‘faé‘P@telFa‘?SrtBrﬁ[‘? AEIGEARR Ogg POFifixe selpetionmay 8‘ %‘e EﬁRBr‘?ro%ﬁﬁ‘a or the
- ihARivalihie lof TP RegHive (FRBAGE malker! Sr ALepEIRR recomblnatlon-
co-expressed wth the inproved rmnomers or m

medletﬁd)mme@salérQNéeioebkeaae@bﬁenlst the t he t ar get from

t he gene of nugc S

with inpr ovechP %he\%/ {nager.r(ﬁttﬁe(‘ Ipnetn?xgtﬁm?entﬁ)ﬁ 3§ ?lss I%t)el variant
l0ingi matations af pMiticis 2h%o #0 antiepsi4(©) 7R0f I(d?r)zl thay isaseful for
performed by anpli fy| n(lq overl appi ng fragne

cgiasering ths vasapts gpletpe a%&ﬁrgﬁhéoma@e &Qﬂ% Q84126 locus,
b Hirds8 e ?é t?xW?:'n attiefl é’ﬁﬁ/ent_m?encomﬁasses the I-Crel
(inte rmlec |nat on o evarlants step

varipnts sis ;deﬁfmt mesje[bﬁc) do{H>abrties meﬁ@dcfne enginéezing [fGrehvariants, as

g A s ek iRl o Regizoletl SR IANG S 19415, the

vafihhtScImpri st @dlvf |I§ﬁbAandJ msm (SB@ IDENOTDI3N a"['(able III) and the
expressi on vect or S enco g4sal vari an

vaspptscompisinge K 28| t Q?BdQé&Ee A aad (S (%é@ ab Tﬂ@ tlA% Table
f

Iﬁz RS ﬁb&ﬂlto n% {’193 {h%)l :C eeg gEru,h %%sd Q%Erleg{/nl%g UHF{CB (g)’ &hd (h)

df hlaa methed fai ertgm&leﬂﬁg' I-»le! vatﬁhﬂsp:lns da6in2d above9 ﬁﬁ:ﬁﬂh@ftﬂle variants

o%li}?eos%hgenec% S%lQ ID] NOI\:/% to 6B7I (%lor’nblznoe916var1§1?t§ of %ggie ).

Single-chain chimeric meganucleases able to cleave a DNA target

from the gene of interest are derived from the variants according to the invention by
methods well-known in the art (Epinat et al., Nucleic Acids Res., 2003, 31, 2952-62;
Chevalier et al., Mol. Cell., 2002, 10, 895-905; Steuer ef al., Chembiochem., 2004, 5,
206-13; International PCT Applications WO 03/078619 and WO 2004/031346). Any
of such methods, may be applied for constructing single-chain chimeric

meganucleases derived from the variants as defined in the present invention.
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458. The sel ection and/or screening in steps (c), (d),

(e), (f) and/or (j) may be perforned by using a
W@b@ausages assay in vitro or in vivo, as descriPediB208/002500

the International PCT Application WO 2004/ 067736,

Arnould et al, J. M. Biol.32006, 355, 443-458,

Epi nat et al, Nucleic Acids Res., 2003, 31, 2952-2962

and Chanes e[the OI%MO%HQ s@@ieQ&(Beémcodx%roﬁe v%ﬁanteiﬂ&ﬁned in

Accordi ng to anot advant ageous enbodi nment of sa
the present 1s\teapgn (r(a)y be(m¥pargdhy, arxyfrylethwtj kngwi py therman skllled in the

or ned nwvo e nditi wher.e, t he
BEfi Farplin ey B PR L R A DD B, &Y rolymams,chain
1ohdtioR With GpeafietpRiindy. ﬁ@féﬂaﬁlﬁﬁh@ﬂ&ddm@&ﬁ%aﬁ@ cDI&A are chosen to
activation of a positive selection marker or a

feupitheexpgssion of rsaltirpéotmae thedesireshexpresgiopsystemy e
sel ection Wﬂée{fcg{nbgmflfe Q/Q&&e E?rgglqsgrég %m Bolalg}lcleot des m day be

reconbi nat i onme ran
dbtsiadd addéntsaduced tin rmhb:&rceﬂfb}t e peR&kaotni ruenbinant DBIA and
alsp an.l1-Crel vyariant having nutations at positions
%ett“be%@“eﬁﬁﬂg&c WUeH 77 of 1-Cel that is useful for

. engi neering fer yarj %Qﬁﬁqta&J Sin gfé -G \iBrifatiAad Weflfld in the
fromthe nouse ROSA26 | ocus, cording to the present

presesnthie omventinn per pnodmdrby dxpaessmg thet pqiype@ndc(ﬁ)am@'med above;

t h L Cr def i d t

R TOLPY Pertig o) B R T P R b3 ghiglghe perant
Vlﬁ aa HoREEIDbING trhReiRldnaidHldhk niddifidd By bd@bkedslon vector or

S D NO 38 to 55), the variant conprising gﬁ

twcmpmsaowsNO(SSEcheDamof the varigafifndy )} pnder£og lttlﬁes suitable for

-
BRI PSS o Polipe bR B Vil o Bl chain
@isitdie ebold Vv ﬂjet}ﬁsmll(éertmmgd fiom S epnégyicandinghlant

t he net or _.en er
def i ned aboble PRASEFLET 5 BrRest | AR Wy 'ﬂ‘?@%éﬂiﬁéﬁ&@eww
1§5&tl:@ Mv@x@tl&ﬁl GdchhfREdionedn Wlb@ﬁt&lloéulaﬁpl ﬁnole'chl)ar biology,

S ngl e-chain chinmeric nmeganucl eases able to cl eave a
toxisganar daogy, amicrdtdolgeyercodmbinantr BNA, sand demm@ldgf,rwhnch are

t he ari t co d|n 0 the inv

S T RS SRR LR Pty B RGeS, o
dxample, Zﬁ&%nt PlotodfS%n %leéa']ﬁvaidl@gy ﬁtrecwn,ckl\m At@}]BEL 2000,
200 10, 895-905; Steuer et al, mbi ochem

Wilep@ad 590 Ingyt bibrayi fnapnaness N|§|64)1 é’éﬂ POy Wsn@gf o"yé@!lzgratory
Iﬁ%a%lﬁ%&gg&?@}nbrmyet al, 2001, Cold Spring Harbor, New York: Cold

Spring Harbor Laboratory Press); Oligonucleotide Synthesis (M. J. Gait ed., 1984);
Mullis et al. U.S. Pat. No. 4,683,195; Nucleic Acid Hybridization (B. D. Harries & S.
J. Higgins eds. 1984); Transcription And Translation (B. D. Hames & S. J. Higgins
eds. 1984); Culture Of Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 1987);
Immobilized Cells And Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To
Molecular Cloning (1984); the series, Methods In ENZYMOLOGY (J. Abelson and
M. Simon, eds.-in-chief, Academic Press, Inc., New York), specifically, Vols.154 and
155 (Wu et al. eds.) and Vol. 185, "Gene Expression Technology" (D. Goeddel, ed.);
Gene Transfer Vectors For Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987,
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of such nethods, may be applied for constructing
si ngl e-chai n chinmeric nmeganucl eases derived fromthe

wo arsantss3 as defined in the present invention. F¢IEIB2008/002500

pol ynucl eoti de sequence(s) encoding the variant as
defined in the present invengton may be prepared by
any nethod known by the man skilled in the art. For

1@{89# | i€al d€mPLal AndMolecul
géﬁgﬁgﬁg%gggﬁéiﬁﬁ?eac3%2?E§T§*%§B§%i IC prinmers. ol
Brotdsr @Whyertdnd Watkensedsf, AedddmixDRéessr korgtoos dA87)p Handbook Of

favour the expressi of sal rqotei.n.in es| red
Expsricsta, imayoney. Mpes i B Wit gpd &6 for PlaeRgels eds.
4 ol . , . e ,
TR 0 ML S, ALK, SO, Mk P ool
GeldeRpringdtegboredir Y ng98chni ques. The |-Crel variant or
oLl Chal e 1R, oIS G R AR Rt B

Sy ReREsAPhiSh wil etk Bemahedescriptied ahidhl fplleas dwhich refers to
pol ypeptide(s) are expressed or co-expressed (in thf
oamplest illpsteting the Cremgganpelease yggants apd thejr yses according to the
tr en| ' W :@ne expression

v g‘?ior%’ gér &'F %é g;i%é g@ﬁgﬁw&%%gn %ﬁ&f he case of the

vari ant onl y) figuede reptesanls tthe Asousel RGEAZS fagus ((drgession number

EREREEGR P 2 FRUSTL Bheb PR b0
ﬁf@;nl?xt&ﬁ D8 ‘ﬁ%ﬁécri‘ﬁ%‘lﬂ Bo&itiSihs 83 8Md b gt IBRROE o transcript 2

ani mal /plant. The practice of the present inventjon
stitt$ atgrosition, 11845,emd laghlyrovedaps widh Swtantisense fraaseripb ydhich ends

t echni.qu ell biolo cell.-cul t Hr | ar
sEopatg s Eh ettty runthitrh S MRBRE Al os the
fencaneld ipBEioR boGyget Yéta L (SEQEDWION] 3). t he skill of the
art. Such techniques are explained fully in the

literature. Sé@ure dr represpisethecidipppsiplabiiugige jf the I-Crel
Y ' s : iWs:8¥unded b
IR 0 BR800 M B O0, Wnic
SloBippappsd fohtzoforiniigya Maddledshaptti indrdcton iinterfa¢eSalyveothk DNA
et al, 2001, Cold Spring Harbor, New York: Cold Spring
RAIBEFOYEbor at ory Press); digonucl eoti de Synthesis

(M J. Gait e : Lis. b S <PatboeNBe soecific
oas. 65, nopae AN Ibh NG B Bt oot soin

& I-Qrel Hind githes LAdZLIDIABEG) honling pedomugicases Adatge collection of I-Crel
ransl ati.on (B. D. Hames & S.. J. Higgi.ns eds.. 1984) ;.

NRvE o8 B es BTl iy BeRig SAF il Hafpold and
kd}eeningl B flnctibAARAhnts SEthGetAlE ARetdEpesifiesy.(Thh, Pe@nbinatorial
1986); B. Perbal, A Practical Guide To . i
approach is used to assemble these mutants into meganucleases with fully redesigned
specificity. Homodimeric proteins  (“half-meganucleases”) are created by
combinations of two sets of mutations within a same afjfappa fold, and the co-
expression of two such ‘half-meganucleases” can result in a heterodimeric species
(“custom-meganuclease™) cleaving the target of interest.

- figure 4 represents a strategy for the use of a meganuclease

cleaving the mouse ROSA26 locus. Gene insertion using meganuclease-induced



10

15

20

25

30

Mol ecul ar Cloning (1984); the series, Methods In
ENZYMOLOGY (J. Abel son and M Sinon, eds.-in-chief,

w@eadamses Press, Inc., New York), specificall yPCT/1B2008/002500

Vol s. 154 and 155 (Wi et al. eds.) and Vol. 185, "Cene
Expressi on Technol ogy" (D. Gggddel, ed.); GCene
Transfer Vectors For Manmalian Cells (J. H MIller and

Mmblogiad RSoRBmatiod 981, KeekkliSRdehd ofiahieRst kﬁﬁﬁrﬁbf?{e\/kOSM6
| mmunochem cal Methods In Cell And Mol ecul ar Bi ol ogy
lochs; dntrepsanghgkeasy sequanses candgdised s lmeddegousaegions.

1987 Handbo nol.o \ol u ..
I -1 v) (D. M vﬁér and ?JS}EE@ B%‘Q ! La e e T I dgriptives.
MGGOUPASIGAIT thand/tATAT Bary @losé %h@atﬂ%rsl fﬁﬂndﬂ&bbw cleaved by

Cold S Ha .
BRRO S polasnad b se by Then dificsdror (¢ 20 h (edlindsormic Sequence
éleidetiels ﬂ{éﬁpbraes%a%féﬁ tﬁﬁ)% By Qfe ¥ ‘B‘B&éj\ﬁ% tives. SEPIMC 10GGG P,

romthe descri ption fc refers to
AP wddMEtR aterq firdt hlesdrited eds Hebp neqlenasse buastiramial data

iaugg‘fﬁtlihﬁgtpagls{d@&agf gmdl ngrqtl%va%%h | g}/o%g;n}[gﬁé %?erg\c%oln aHsowever
pRRIS &N Sard BRlicHEH Mlé a5sd$ i AOSRA &Quéﬁé@qséated in the
EMBL CQB801 14; SEQ ID NGO 3 The Exons are boxed

I(‘EskﬁﬁrRQSA%é@QqS(ﬁﬁ@Oﬂﬂgm 834.83be rERbA targkt dm GTTC sequence in

tih% grﬁgglr'é 'o? ttheltarséé? ﬂ[ %b%?gdpgé%ﬁfqtﬁcg%%?%an$ in gg% rosal.3 is

thy q1almqlmmt¢ béquehee dafivaieiom theasf GlarPbf rodhl 2 akddSsad it is the
si.tiqn 11505. The three transcripts i dentified so
I? dromic iseifencg derived fem therghtRartsefrestice Anshqyesin the figure,

tﬁé HoRED Slotives Hont 56@(}@ IJ\@GA’@P aﬁd fSTA&? %r rf?)ﬂﬁ(? $& U rosal

the tridinmensional structfure
seridoelifeigetsse bound to its DNA target. The cat aI yt| C

core is surr nde olds formng a
saddl e- shape gF%%?SF’\égﬂ? @%@é & VEH8UMaPhe DNA
mej or groove ﬁmévw@e&snﬁémsmg%@mim step

approach to engi neer the specificity of |-Crel and

ot her LAGLI DATRDre Snillvstrateritheudeavage of the rasahd DNA target by I-
kﬁﬁ&dt? At 6.4: nﬁ@lﬁbesdl%[lh&/ ﬁ# pMSx%ry & rgeener al r]%glaﬁu}égegﬁa one 96-

em-ratlonal an 1’ni
vt pkata agl fmirdaiadnb;tr la(B’eadmda@r Isdiéﬁrﬁ(lwlat quddea;ﬂllchty foth&y.EThe 22

ecifjcit The a cqQ atorial approach is used to
‘gtg'étﬁﬁ‘l %"ég’@"iﬁrj? AREECIR meganucl eases with fully
redesi gned s é'?ilf&étra‘t’é@'fﬁ’cg'cﬁﬁ\rf é‘é & HeClolS1 .4 target by I-Crel

“hal f - meganucl eases”) are create
combinatorial mutants The 69 pos1t1ves found in prlmary screen were rearranged in

one 96-well plate and validated by a secondary screen (in a quadraplicate format). The
15 chosen mutants in example 3 are circled.

- figure 10 represents the pCLS1107 vector map.

- figure 11 illustrates the cleavage of the rosal.2 and rosal targets by
heterodimeric I-Crel combinatorial mutants. A. Example of screening of combinations
of I-Crel mutants with the rosal.2 target. B. Screening of the same combinations of I-

Crel mutants with the rosal target. B5, B6, D5, D6, F5, F6, HS and H6: yeast strains
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speci es ("custom neganucl ease") cleaving the target of
interest. - figure 4 represer®s a strategy for the use
of a neganucl ease cl eaving the nobuse ROSA26 | ocus.

@&puessmg;msal doutting 1 rabganu! easforndd weBAFTIEN 109 Hipty plasmid
nmbi nati on will knock-in a gene of interest in the
e ROSA26 | ocus. Introns and exons sequences can be

used as honol S At T

rosal target g ggf&:ln{:@gg&%ésdtg ?lcg/égtg [ %g%g%@éts i%'%ﬁs of I

él?fdl sinfentsPeutting cosad d derei madmmbsmﬂxtnganizédaab@ coie];eﬁré@séd with a
re ous tajned | -Crel a They differ

P G robal o flebite & detien ot hesipstl Byedthin pachfopr dots

Sﬁﬂfef- olhd tWoOl&ks n B¢ £t &MeRPod®Pid VRS -of ¢he gln]ag%odlmers
P, 5CAT P and 5TAT P were first described as

sleavieacess] ipuphieate,cvhareds thetow deftydesstcotrasiondriv w sane mutated

/
BB B S UL L 8 P DA HRAES e,

desseibed $n tmele@l\w aﬁm SN Ckhel @A bPEmiARAL llnataﬁ@ua@plﬁﬁﬁé\aﬁlpmved
| ocus at_ position 8304. In the rosal. 2 target, the
elrras et earp ircled, Ardigorecspend froco-sXppessionsof aptasceml3 and

WMo h @M'ort%pﬁﬁﬁd; I\/f@@gieia. P/rﬁgoﬁ%z%?‘ldem e‘fajt par ﬁeorfcﬂzgcrlbed in

pal Tndrom c sequence deri _
dallalVI, 2, and rosal. 4 is the palindrom c sequence

derived from he ri,ght part of rosal As. shown in
the figure, 'tﬁ (}Qgﬂ @{qs\}ggckp@geﬁé%rqsal Ergct H sgrigs of I-
@TATmﬁ’taﬁfsecW tosh N3t P& rrﬁﬁ’(ﬁlm ?%hﬁ@elﬁ&:dt MPed %xpressed with a
figure 6 represents the pCLS1055 vector map. - figure

refinggh raufanit eutiing rp&ge@lgaweua rtesterh with thegmsel garget. Mutants

(ispiE SRk Beaflat RN UG Ble ket BERS e o vy oo
s Bil ¢ eorreggonds aaltheahl@gddinﬁbrcﬂl@ 884, welld| R@Bngo lc'smluxgsat\éw + E28,
en N a ua
KL R o R R e G S D Qe
DC%bﬁ@'s ondd 1 loQHe %et%rdd'uh&séf@t\&% 508 RkgaYRI YRS ggt@l;l_?tﬁﬁgzs, R33,

r osal t arget by conbi hat of I a
R38, rii)‘g] ﬂMeH“ SUTHY AhQSpRlWaNSSM:GéEh Ei6Be rearranged

sg}g d%% c°§e&£‘8%t8311$5%? l I dﬁﬁé?‘f %éeﬁeﬁ% R4S 177, a105 +

E28, R33, R38, K40, A44, H68, Q70, A105, R107, A151, G153, E158; and
- E6 corresponds to the heterodimer V24, Y44, S68, S70, R75, 177, G79 + E28, R33,
R38, K40, A44, H68, Q70, A105, R107, A151, G153, E158.

- H10 is a negative control, H11 and H12 are positive controls of different intensity.

To compare the activity of the heterodimers against the rosal target before and after
the improvement of mutants cutting the rosal.3 target: in each cluster, the two right
points are one of the heterodimers described in example 5 and the two left points are
heterodimers with mutants described in example 6.

- figure 14 represents the pCLS1058 vector map.

- figure 15 represents the pCLS1069 vector map.



10

15

20

25

30

15 chosen nmutants in exanple 3 are circled. - figure
10 represents the pCLSl 107 vector map. - figure 11

WO bdoggasasat es t he cl eavage of the rosal. 2 and pOFE2008/002500

targets by heterodineric |-Crel conbinatorial nutants.
A. Exanpl e of screening of cgyrbinations of |-Crel
mutants with the rosal .2 target. B. Screening of the

oo oo SR PR I WG e by .

fined MAExps 6asam @xfrﬂxﬁh@dm&oﬁm tohaulgl |in @HD pellsarVaues from two
transformed with pCL 107 enpty sm d !
tgasfecigf, eXpriRent arect wa&éeaa?get %éflaand?g%émﬁs by T-Crer

RS LRBL-Sel hgh% ﬁﬁ@rﬁnéﬁ%&t e%%osuﬂ/e"é%ﬁ@olgandom y
mut ageni zed and presse a mut ant cutting
rosal .3. d eaﬁgge h7srep%¢n§:d Irwgm’mctdase tangalsequanga found in the

BRFPALISARS B0 et BrSbingng kGl A o ane e & Cleave cach of
SAEPNA hrg Qs A hel deqiietRk of MEDNARFRASs p&seﬂtéd/wdoﬁﬁﬁn Uptth its
correspond to a sane nutated rosa 4" cl eaver

Resitiorpicelisuy 2 The mirigwmmisnairenatrigstor repaiting ke cleavage at the
toomd o ' T,

%ﬁ# é;’}n{ézlg ?jﬁdrlr%%t%(ﬂﬁi &Ed Ihgs?ﬂuélgotld%%tgﬁ Ao Jﬁg é@xd la-gpr%.%ctlm%de (end,

dohanah 63 FheChaqubmd, oﬁmdh G/@flitﬁ&@dﬁﬁndcbby? ﬂaeerepirdasmtome adiidicated

mutants. M 3 and MO.1 (G O, or of m3 d MO 2
RS ONg FPr\RRABIDLE: dhe fifst E@Fwéég% Yt ff agwemonsw s of a first

hbsiHh& h%(’am 'K%Hﬁﬁ Q? 4 e cckervadse a@%o&ﬁ@nsr fﬂséb 32,33, 38,40,

target. eries ‘Gl mitants cutting rosal. 3 wer
44 080M, §5 rmtlégemslz@mivalmdné aseoopdmwmmImanKr k1) |S;&;IT S, K,

PR AR &hbooharBe R ool e bl 10T e pntsd ey e

posfdhs @feexrﬂﬁdafddeﬂy rdferehdttofl LCiR lsequenBd SWIBSPRESIPPOSRS (SEQ
to the heterodi ner S19, V24, Y44, R68, S70, N75, V77 +

IEPNO: e 3l-CrachasiadN, 4% Q1K I@imed.)s at Regitionspds; 30, 32, 33,
AAE ; s to the heterodi mer S19,

%gégﬁ?%&gs%ﬁ%@g&&g 7 + E28, R33, R38, K40,

Ad4, H68, QFdiguid D&repRbénts thapE1,S16153¢ctbrlingp.;, - Cl |

and E8 corres ond o the h te %I gg V24, Y44, S68,
S70, R75, 1778uRg 1Yespiesengthe Fﬁﬁ‘ K8k veqlormana  Hes,

Q70, A0S, RHYlre 20 Rbreslikothe péi%fi 76@0&tor rﬁg%
corresponds to the heterodi ner S70,
R75, 177, Grdigurg28 illma@fes PCR analy51s of knock-m (KI) events events

with the IRES-Hygro matrix (pCLS1675). events with the IRES-Hygro matrix
(pCLS1675).Clones wild-type for the ROSA26 locus and clones having a random
insertion of the hygromycin CDS are negatives in PCR. Clones having a KI event at
the ROSA26 locus are positives in PCR. Clones having KI event and random insertion
are also positives in PCR.

Example 1: Strategy for engineering novel meganucleases cleaving the mouse

ROSA26 locus.

The combinatorial approach déscribed in Smith et al., Nucleic Acids
Res., 2006 and illustrated in figure 3, was used to engineer the DNA binding domain

of I-Crel, and cleave a 22 bp (non-palindromic) sequence named rosal (Figure 5) and



10

15

20

25

30

R38, K40, A44, H68, Qr0, Al05, R107, Al151, G153, E158.
- HOis a negative control, H 1 and Hl12 are positive

wa@oeowsnsdsgs of different intensity. To conpare tPeT/1B2008/002500

activity of the heterodi mers agai nst the rosal target
before and after the in’provegrfnt of nmutants cutting
the rosal .3 target: in each cluster, the two right

ig)g(%tﬁ% I§te B@s@tgﬁg §%(%fé i{l \I%go? 2}2 tﬂg I Gdse R‘éﬁ%b{ R)?:gs &cessmn number

pOI nts are terod

@QB&OFMt Slﬁns IDQQOF Bhedleganueleassd | dbeaing- thélrgwlesehﬂence could be
re en t he S1058 vetor p. - fiqure 15 . )

E S‘ntgﬁ%eSdEL @ggsev% 26 H;‘;Bs (Flglilrﬁ %bj eAmélcatlons are in the
folllb%'ﬁ{g atigs ﬁrB&u&ioﬁW@oxﬁBm%rﬂ?r&@ﬁﬁl in'r@b tcemf erigitbering of
refined nutants In an extrac nosoni ¢ o |nCI§O
mwmbmanlaﬂteliehna‘sr ¢on ¢example &orsdreg tscncnmeg ;perpme,rmsl engéneering of

own. | and. | targets by 1-Cel
ReRLie ML R pRPleTar Gt SEHL AN o are shown as

positive contphel fosat Jeh@éﬂc@ 1%7 a{rﬁ}?fﬁ%@ﬁoﬂﬁg@mﬁfé‘ €066G P,
tar et seguences found in the npuse A26 and t he

eB pod dilAg _IP- targsts (Faguradd, wirk lare deavist oyt mewipudy ddentified
r?i@ézﬂlu fe?s%g %b%dt L gg%ﬁ%nbéq‘ el)ls?rﬂgl?lE&O anPéJf'e fﬁrp)gpcatlons WO

r esent e

201)6]109(717!842)WOH(E)6V097I8831 ahd &P@i2007849156; Mﬁodl@pauk iN®ol. Biol.,
e cleavage at the. target_site is indicated by i

%Q%st”ﬁ?nﬂf‘ﬁe"é@u ‘f’cﬂé‘ Pwithef al cb’lualﬁw éyld&#&% Eoub 2d d}oléftsmbﬁrez(’%

| neagoéb %‘gélf: %@3{@2 g@ e [ nﬁﬂg{'gltl gd Eglg%t%t?%ﬁsf?und in the
F@reldﬂravqbives cletmang thes¢ thineettergedi meri ¢ variant of figure
17 consi st s, of j s havi wH S S
s B8 ST Jfeebah. RERTTE SR SIALY Heaitpe® g 24 o
ddivatides §F8C1204, a%’ihﬂﬂﬂmﬁl sequ%ﬁ@eeerewe@l by ﬂ@e%ﬁt@ﬁ&ﬂGnal PCT

mononer havin

,g,mg;eppmwgz&mowgy Wg,) 2086/0%1853 4nd VE@ 2093/049 5563 frnould et

7, h
i MERREEL Y253 JERaR WARReE el PR e o 27
MN@embr 2005). QHbwies, the dh‘uc?ge h(% 18 Qrﬁgqou?i t(Rétg FR)I\7IR tarpdt uggests
t t
BridPoie 'e{étBS f E%S@ers O%Fheé%faégei%(?f’é‘ﬁP%el@t%‘dt]ﬂghave no impact

cﬂaclb%ﬁ?gaﬂ@fc‘ié%ag@@cmvahéxgw &l 1 Nak eRrEI IS, 31, 8, 312-316;
pCLS1761 vector igure 20 represents the pCLS

Qigaliere & Br andapStodddrd gBie, Nutleid |Agdy Ress PR, a?ﬂal §817s3754;
ehevaf] iere al ny. (I\%Jl) Blole r&)63 %’2%”5?3 -269), and in this study, only positions -

11 to 11 were considered. Consequently, the rosal series of targets were defined as 22

bp sequences instead of 24 bp.

Rosal differs from C1221 in one base pair of the 4 bp central region.
According to the structure of the I-Crel protein bound to its target, there is no contact
between the 4 central base pairs (positions -2 to 2) and the I-Crel protein (Chevalier et
al., Nat. Struct. Biol., 2001, 8, 312-316; Chevalier B.S. and Stoddard B.L., Nucleic
Acids Res., 2001, 29, 3757-3754; Chevalier et al., J. Mol. Biol., 2003, 329, 253-269).
Thus, the bases at these positions are not supposed to impact the binding efficiency.

However, they could affect cleavage, which results from two nicks at the edge of this
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with the | RES-Hygro matrix (pCLS1675). events with the
| RES- Hygro matrix (pCLS1675).C ones wild-type for the

werasASskocus and cl ones havi ng a random i nserPCDIB2068/002500

the hygronycin CDS are negatives in PCR C ones having
a KJ event at the ROSA26 | oc s are positives in PCR
Cl ones having Kl event and randominsertion are al so

ne: : Evarmol o 1 oA
R THES e BB T 7, € pe Pt RRBRLL 5 09 aTac
JhResRTRim @1021 absull idagigedosard @egures) Smith et al .

Nucl eic Acids Res., 2006 and illustrated in figure 3, .
was used to TheBi Fee palipdromigatasgsisli Togalud idnrogal 4. wers| derived

| . non- i.ngrom .
B0, LR 1R PIAIOASDE! WO S SAUHERETES shoud e
deafedttychammudbmeROPARANd. ocus (accessi on nunmber CB801
14; SEQ I D NO 3). Meganpucl eases cl eayj he rosal
sequence cot\F'IgHS _tPéOtE’é‘écP%Feot%ﬁlGj%‘fP-ﬂﬁ r@é%’eg%f"a rp$ad Ayfrpugnces as
5%?? ithekO Q?#é?e lﬁgést %Eigné@ (exéﬁtglle% ?%H@),Sarﬁf fhieh Boddpfessed to obtain

owmng fie producti o reconbi nant proteins
hetervdirse's clehvisg resadi(crampilad). bietaredimets eleavingotbk frosall Fewd rosal

or .exanpl e .for.dr,ug sgreenin ur,pose nd
Lo SR b g B B SO bR R PR RS v for theggsal areet
ARicHBde I%eiet 6f chblén oGl & éa 1. BaPioka V4 @as then refined; the

pat chwor k of the 10GGG P, 5GAT P and 5TAT targets .
¢clrsgumeutayts wise cenderdy anwageairesy angd vyadotes foym; aeyel ihetegadimers

FREAE 3 A 0 5 00, o
2Iedving 41 Efsal Adrgerutalild be dlentified Mbisplagingla highGdé&va@sctivity in

443-458 and Smith et al, Nucleic Acids Res., Epub 27
FRA R HORSES: Thus rosal coul d be cl eaved by

@g@g&%mﬁﬁ,wm@hwegm Bl egs.3ound in the

erivatives cleaving these three targets. The
10GGG P, 5GAhisPexamplé FAdw thag dr(enat eantante cau chpthe rosal.3 DNA

G SEEHES (T B B BT AL B BT € bAAEShc fomn
%&1@49}97784, WO 2006/ 097853 and WD 2007/ 049156;
n

ould et al, J. M. Biol., 2006, 355, 443-458 and. .
Smith et al Targsé|sequenggsi ¢pscrdead in thiy,pxample e gBdip palindromic

, st . | N
BBk R 0S8 S D B U Nl o
by thehadghx t 8r ot sxdnmule; tifgensosall2 vaillcbel@jtedhalse caacaigatgicP; SEQ
ID NO: 35)).

The rosal.3 target is similar to SGAT_P at positions +1, £2, +3, +4,
+5, 7, 49, +10 and 11, the two sequences differing only at positions +6 and +8. It
was hypothesized that positions +6 would have little effect on the binding and
cleavage activity. Mutants able to cleave 5SGAT_P (caaaacgatgt_P; SEQ ID NO: 32)
were previously obtained by mutagenesis on I-Crel N75 at positions 24, 44, 68, 70, 75
and 77, as described in Arnould et al, J. Mol. Biol., 2006, 355, 443-458 and
International PCT Applications WO 2006/097784 and WO 2006/097853. In this
example, it was checked whether mutants cleaving the SGAT_P target could also

cleave the rosal.3 target.
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on binding and cl eavage (Chevalier et al, Nat. Struct.

Biol., 2001, 8, 312-316; Chevalier B.S and Stoddard
w®2008/1508ex| ei ¢ Acids Res., 2001, 29, 3757-3754PCT/IB2008/002500

Chevalier et al, J. MI. Biol., 2003, 329, 253-269),

and in this study, only posijjons - 11 to 11 were

consi dered. Consequently, the rosal series of targets

bp sequences instead of 24 bp.
]&E\ggﬁeg'%”?@ﬁg&ﬁr%ﬁw Cl1221 in one base pair of the 4 bp
central regiThe. méthodr for rpgodlmrtghmegammtmser gargdnts hed the assays

| -Crel rotei.n bo ndt0|tsta here is

bestil ap LB ¥R BAURCH deoPRhiRgtog ingyh il oF yeashg Salfsy mhigh arg used
Psde V%té wghec{lteférd% bl@ic @ésbﬁ‘ﬁedein @& InRBdational PCT
truct. Chevalier B.S. and

Apmctdtond VB)L2004P‘MGT7% cproatdst ﬁlesNudQl@OiCldQQ\eS '2003 31, 2952-

YT R e, MRy T

&HPPQ@W 153, iaapaR. rhesebisislisn@s@f fih ai RAGonaHDAEX @éporter gene
coul'd affect cl eavage, which results fromtwo

»nhlczgarabe mppitergd by standari metlegdsn. Thus, the GITC
U(Setrljgcm fta% LiQefoler e first substituted with the
221, resulting in target rosal.2
(Figure 5) Thetarget was plnedds fodioor: bhgcgﬁlt:ts’.ptld@emfesﬁomiing to the

rosal .4, were derived fromrosal ure Si ,
%ﬁ?que%él%%‘bpy gatgyey ﬁanm&&r%wee ﬁ s PRDLIGO: 5

ggx&gc rosaﬁg %E?a{ach% frg&ga&hfagm MYSTIER (QEQt 8 NR023 7. DRuble-

al . 4”sequences as
sitnandmli mﬂgsf, DigAe denersteddbyi @(GBd anplifiegsions op ﬂ;ndsu;gle stranded

dfniediinnre yed deire, B8 e EigE TR TR Bro yeas

ﬁ&tér%@ﬂor (FCOSLE55¢ Pibluge B YeaeNiebbit@tvecion vaisdeinsfodmed into S.
i mprove cl eavage activity for the rosal tar

ehosgaastein FXBLAF TR OM4En, wiadd865 tnldfdi lﬁgMgé)eﬂMZ@Z)and
4 was then refined; the chosen nutants were
iﬁ@ék%ﬁagem zed, and used to form novel
het er odi mer B&&I&hutaﬁfsecle‘e@i@eﬂ@mag alérs tiddfified &s al library where
t ar get exa Ies Finally, hetero

RASHIORF JQaVS @m aétof dddeliassempigies 5 gf‘éal:lged previously in
it t ication
.%férﬁ%ﬁlsdéé/t'g%é ngygu.g@l K.,ﬁg@gggg;,am L 248t dhdl TRERDhalPET AfPlications

neganucl eases cl eavi ng
Wos @IOOB/OW‘HM axd PG 2006/0978 Fiat TheyCarl cl;mt@rinsthcaﬁl\b%ltvector
fromt

t h e uence deri ef.t
O8F TiguRoDaf, ERgretser i 0 AP QHGHIEP PinerevBide stain
FYC2-6A (MATa, trpl A63, leu2 Al, his3A200).

c) Mating of meganuclease expressing clones and screening in yeast:

Screening was performed as described previously (Arnould et al., J.
Mol. Biol., 2006, 355, 443-458). Mating was performed using a colony gridder
(QpixII, Genetix). Mutants were gridded on nylon filters covering YPD plates, using a
low gridding density (about 4 spots/cmz). A second gridding process was performed
on the same filters to spot a second layer consisting of different reporter-harboring
yeast strains for each target. Membranes were placed on solid agar YPD rich medium,

and incubated at 30 °C for one night, to allow mating. Next, filters were transferred to
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(figure 5). Target sequences described in this exanple
are 22 bp palindrom c sequences. Therefore, they wl|

wheoodasased bed only by the first 11 nucl eoti despCT/IB2008/002500

foll owed by the suffix P. For exanple, target rosal .3
will be noted al so caacat gat P, SEQID NG 35)). The
rosal .3 target is simlar to SGAT P at positions 1, 2,

9 1 ffer.
sgm‘fh%tnc ?(mgg%m,t ]i’ag%lgg 25\9:11}5: d hfb‘%?/\%h%h%gtgt e?teo}g gﬁ }P'? d'8arbon

Joasrde] afndSnéubated! tbrhfive dhyi il 87 e, aotsetwet tfore diplaids R@Tying the
and cl eavage activity. Mitants able to cleave 5GAT.P

PEessige padgtargst vsetors. pANgS S days.Hlters pwesgi plaggdyon solid agarose

ARl oy R 503 o Py e PR P B
% dlﬁibihyl Birplamide (OBLF) 3hhM B4derddpSoetlnghol, % mpabsepaad incubated

g plications WO 2006/ 097784 and WD 2006/ 097853. In
at h’»ﬂs i@mnetor Prealgesosidase ReEtyitthBesdis wire apdlyzed lé/awwgng and

s S o S S

drSedueticiig sfag@ans| ease vari ants and the assays based
on cl eavage-i nduced reconbi nation in mamal or

east
cel I's, whi cho&FeOVERIDE Nuknt SYPIER GBI AR IS a¥fRS! IypApvas extracted
& mﬁgt%wcb&' ¥ (RES odt?ﬁﬁfdraeﬁ dofi. § g‘f @m%ﬁmﬁt were

Ion WO 2004 067736; Epi nat Nucl ei c
then gerfRased oR0OR, pBimMidROBY- MHSIHQGENhSRESM@m&tively, ORFs were

S G O 3B i g, B P BB Sy o7

efnﬁ% dentdwas petidriricdfidectisA6 PCRARHARE by M. DBTEN Saan be

nitored by standard nethods. a) Construction of
l)al?rqgélts vector The target was cloned as fol | ow

ol | gonuc eof {lg 4Lk E3RANML A SGATIS hBLIBy AR SAGR fied in o

fl anked by gateway on| ng°sequence wa
lﬁ’iﬁﬂylvme positons 24, 44 68, 70, 75 and 77 of I-Crel are mutated, were screened

e e BT AT SRR el oP. EATDN655) o
e gg@élﬁ% QYon%’QF%vé}Er%hﬁd GRirtAge®fin th %fwerngbﬁtessrq@o&mted by

nucl eot1de, was cloned usSing the Gateway protocol
s@¢dﬂdamhl)ng (Eugurgl éhsﬁmoxg)mpmapowtemt dongspZl 8i@Ed, in Figure 8)

Flg r.e easf2 ter vector was tra nafofrmed i nt,o
I chose hose™ 22" p SHives' clones Werd Sequence hey “turned “out to
correspond to 18 different novel endonucleases cleaving the rosal.3 target (named m1

to m18: SEQ ID NO: 38 to 55; Table II).
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cerevisiae strain FYBL2-7B { MAT a, ura3D3851, trpl D63,
leu2D , lys2D202). b) I-Crel nmutants 1-Cel nutants
w@b@anusasgs 5GAT P were identified in a |ibrary PIEIE008/002500
positions 24, 44, 68, 70, 75 and 77 of 1-Cel are
rrutated as described previo %Iy in Arnould et aI J.
Bi oI , 2006, 355, 443-4 and | nternati onal

[ L T

B T e
expr essed in the yeast SSenotnge oy Awminogeideatpositiensst rlai n
FYC2- 6A (m;\ oranr pj Nayes, SEMB2D 1 28 44 $8at9. XoAn 77 c)
Mating of lg’;z‘?mucl ase expressmg"(ﬁ‘@ 1=

i ng

; e e 3
pr evi ousty TA poutk-BY Bl 3ol B oVMYRS¥igoe  aed
443-458_’\.3&@1 L ng mEsn'zpe f oftred |usi ng aV¥BSNiny gri dder
(Qpi xI | JASGen8Yi x) . | Mg apt s*wer ¢ gri ddegymgrany! on

filters{gpvering YPD pllatest using a | QY SOR! ddi ng

densi ty ({gbout ﬁbpuqllb/ ), —Arsecond gri dding—progess
was peri-éﬁned_on_phem_fsaance filters to sHHSYR second
| ayer coORSsPBend®§ of ki ff er &t feporter ViNeBvIROT | ng yeast

strai ns|{deor each tjarget|, Mhbranes wergypdgaced on
solid agggy YPD Tich medi unys and |ncuba¥$8c3$N§/t 30 C flor

one nig.r to0 - P -res—Ne

Y &t VV||L|||94| y T tero wnwert
transf et?%@d tnqvnt hevd ¢ marﬁ I acki ngNYSRci ne and
tryptophi, with gamactlose*(2 % as PNGYRB@2T'SOUr C4
and incpiated for {fiye |[day48 at |37 toysghect for
di pl oi d§ farryl ng [the_ e pre§5| ma 0 targetr vectorgy.
After 5 ey, HHers=v .\,dJ.u -ed—en—set+a
medi um pEth 0.02 % y in 0 %5 Msodi Ms$tiosphat e
buffer, |pH 7.0, 0.|1x% SDS, 36 9% di net hyhvksgmami de
(DVF), YmeM b- mer capt qet hanm 1% agar o%s,\ﬁmd
i ncubat grtoat—37 C 1o TonT 5T b=gat act UsT dase
acti vi t YV—Results \vA'é'F% analvzed h\/ chnms@( ahd
quant i f (Eati on was pefflor nBd usi ng aoor/tﬁ:ﬁYITate
sof t war eE1d) Sequenciyg [of Pt ants To regsesr the
mut ant  expir g &30 RGn PheRSdledRutatdéf hatmaDdusa@sane Xt r act ed
usi Ng s trad b dhc Y tHRPTR Seaodvel befsie tbqlicacihg @Redsor m E.
coli. Seyaence of nutant ORF were then perfornmed on

a3 i flnf Vo MeB BT b R ) V) 0 v

Bi ot echni quekis exafPle bwOhdt 6-CP9, mamﬂtﬁeauemcmewagm DNA

erformed djrectly on PCR product by MLLEGEN SA
tgrget sequence derlveé from the right ICIJJart of the roysal target in a palindromic form

faV¥al o I angr faYalal
J Ul T UIC

(Figure 5). All targets sequences described in this example are 22 bp palindromic
sequences. Therefore, they will be described only by the first 11 nucleotides, followed
by the suffix P. For example, rosal.4 will be called tgggattatgt P (SEQ ID NO: 36).
The rosal .4 target is similar to STAT P at positions +1, +2, £3, +4,
+5 and +7 and to 10GGG P at positions +1, +2, £7, +8, +9 and +10. It was
hypothesized that positions +6 and +11 would have little effect on the binding and
cleavage activity. Mutants able to cleave STAT P were previously obtained by
mutagenesis on [-Crel N75 at positions 44, 68, 70, as described in Arnould et al., J.
Mol. Biol., 2006, 355, 443-458 and International PCT Applications WO 2006/097784
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2) Results I-Crel mutants cleaving the 5GAT target,
previously identified in a |ibrary where positions 24,

W@ 400888520, 75 and 77 of |-Crel are nutated, MeT/E82008/002500
screened for cleavage agai nst the rosal.3 DNA target
(caacatgatgt P; SEQID NO 3%}. A total of 63 positive
cl ones were found, rearranged in a 96-well plate and
a&ﬁ 66k/RY7838C Yale &@aeamthé 08¢ PBlargefWRRIobtained by

ose p05|t|ve cl ones, (circled in Figure 8) were
mhmgamsxsTdrmﬁé,’rﬂZNﬁﬁat tpomesns: RN 3&er36 é@qmén?ﬂedls depziped in

éﬁﬁgg (’q? Mﬂé?{%& Egn? Ilf,t 8?(1323 q(ljcl?vfgf 3@? gr}gﬁzrx}ﬁtlo{laé PCT
Kb;t)l?bat@?@/d)@ob’ﬁo@ﬁd 0 55; Table Il). Tabl e I l; I-Crel

ants capable of cleaving the rosal.3 DNA target *
82T in tnl OBoth sgts wh axpleinseae mnt@t@d@hppwapnr?é& Y@k it was

léyé)&ﬁ‘geﬁ%%% g'laél &iggsgg%r%@%ﬁ}{?éxongl F %%gﬁ]%%%t éx%! li}ﬁ;t 1|}xﬁ)1ies that this
ﬁ@aﬁﬁuﬁk EakSinpaceay theGpéifidty. téwl'fdsih@Ba%B@Jr 8 t6 1008 thehaget.
Crel nutants can cut the rosal.4 DNA target sequence

deri ved fro?ﬂl@ﬂ@ﬁorﬁ,l trhicheckr whether lgembined| nmggpg;epo yld ¢leave the
%é% ? q %P mrpiltz% H)ng (aF gsu fién %14r e6’%|2421db% ﬂ%{‘n %%?egﬁrrkleaggﬁng STAT P
@QEHACHREASP; Sher HD(NG 3B)”1©%rd/\fcb1hbhed dﬁﬂc theb 28, 3Gl 3/3 B8 and 40
the first 11 nucl eotj des, foIIovvedb t he f KI
FOeRpP 1oL s slstin O I Gkeerssiy bassEA I B Pio
sal .4 target is S|mlar to 5TAT P at

P&‘P@%ﬁ?‘? Mgﬁ' gg) 4, 5 and 7 and to | OGGG P at
’ﬁgséx;ieﬂnrenﬂal prZ);cedhresSare @s dendrib@l inlexamale hyploastfeBowsd

at Sit 6 and, 11 would have little effect on
% ’Bfﬂﬁr"r’ gc"é(?f’d”@f’réﬁ%ﬁtg”ﬁctlw ty. Mitants able to
cl eave STATIR ¥Ehfutdiie ¢lcavinky1 0TG61 Pest PPATUR ageea8adsified in

on | -Crel N75 at positions 44, 68, 70, as described in
Switbuetd abt Nakleic) Aqids Resj dipub 200®)vembst 2046; Juigmafignal PCT

B BNELAE WP 0lohofOR ahi HehBlIg o/ épgl%o%%@g@ 3‘%‘7 443-458;

LWrﬁaththngdkﬂ?%lcmé%rﬂg‘&'m%O%/ﬁm 784 ﬁiidEIWG)IZBOQ/O97853 respectlvely
sitions 38, 40 and 70, d [ j .

Bivion, D0GE. P oy L Badiaes A OTder g goeraob Gl cfery g goding
?ég@eﬂégtc%ﬁﬁﬁhhg Rl tatind fﬁﬁﬂlb'oﬁlaée'ri‘éﬁ‘ s\é&rg@qwegﬁgﬂiﬁé PdROtActions

s of proterns are nmutated at p03|t|on7. However ,
werewasried out that amplify the 5> end (aa positions 1-43) or the 3” end (posmons 39-

167) of the I-Crel coding sequence. For both the 5’ and 3’ end, PCR amplification is
carried out using primers GallOF 5’-gcaactttagtgctgacacatacagg-3’ (SEQ ID NO: 56)
or GallOR 5’-acaaccttgattggagacttgacc-3’(SEQ ID NO: 57), specific to the vector
(pCLS0542, Figure 7) and primers assF 5’-ctannnttgaccttt-3’ (SEQ ID NO: 58) or
assR 5’-aaaggtcaannntag-3> (SEQ ID NO: 59) where nnn code for residue 40, specific
to the I-Crel coding sequence for amino acids 39-43. The PCR fragments resulting
from the amplification reaction realized with the same primers and with the same
coding sequence for residue 40 were pooled. Then, each pool of PCR fragments
resulting from the reaction with primers GallOF and assR or assF and GallOR was

mixed in an equimolar ratio. Finally, approximately 25ng of each final pool of the two
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hypot hesi zed that two separabl e functional subdomains
exist. That inplies that this position has little

WO paas2sen the specificity towards the bases BCT/B20@8/002500

of the target. Therefore, to check whether conbi ned
mutants could cleave the rosaf .4 target, nutations at
positions 44, 68 and 70 from proteins cl eaving 5TATJP
&@ﬁg@aﬁﬁ@k fragmirs bl NGng33) v¥&6e DANAHCES0944)Nliddafized by
28, , 33, 38 and 40 nut ag’l ons from proteins cleaving
diga@@nPwitb gijerd candc dlagP; wesE@ised thiararsform the lybaserSaatharomyces

d Methods T ' t al ) .
Geurb et RYGHTe OTRNG 4R dRidt. BidedTn, peineot hieh
gtge%%%tmd RnsPthARLS P&n%n (@&ﬁﬂcﬁ“@oﬁ%%@tﬁocfl%n%l., 2002,

P were identified in Smth et al, Nucleic

3, d¥7-R@)s . ArEputact2 Foding exeipesnce 0P@taining drotlatgrouns| ofP@utations is

%orgl itC tion.V‘?g%r(l)q?/ 04915?11 .arEd Arnould et al, J. Ml.
rrated B eivoigmologpys yecombingiopin ¥¥asha)  per
PMRésutdt i ons WO 2006/ 097784 and WO 2006/ 097853,
respectiveli/rfor the 10GG5G P or 5TAT P targets. In o
order to gehéret eombmairiale mujards cweien $oBYHIskc by associating
P : . i o5, . _
SRBPATAIR, 2SS Sl RUBUD 2630 9, SE SRR ifaaions on e 1.
argdl N7§ sdugfold, essditinga iposi librarys of- ddnplexity 208. Exwhples of

(positigns 39- 167)..of the |-Crel  cQdi sequence. _For . .
mmn%t%ﬂsmwaﬁ@ age "digp ,Yegc*ﬁe Ta%ﬁ[ﬂ hy. it Dy s draroimed into
t 4Rl TG 6RIIHEE(E5 Ealdshe diversité) were screened for cleavage against the
SEQ I D NGO 56) or

' -gcaactttagt gct gacacat acagg- ..
Gad I ORNA -tapel (igggattattgBa§EQt YKL - ) SEQtal Df O pBitjve clones

Lfic to th t CLSQ542 . Fj 7).,.and
SRerkbbe BB Yool Bepir Heh Jaiilagy speondar
m&ﬁig (FAAae B C Aaibhpt @Bse3 podifize, 1D dilesJ@irclelien EFigid 9) were
0

code r residue 40, specific to the 1-Cel coding i
chogere rsierf spqueneing thesedlS girngs turppd optte cpmgpeRd Jo 8 different

SRR HOR GBS0 1 69 7 e

HBquence for residue 40 were pool ed. Then, each pool

of P fr nts resylting fromthe reacti.on with .
or i ribate Y Figmvae ohtherronfl 4 Lurget i eomebinptotial ariants

i n arf equifiol ar 1 ati 0Amhb &t &t YosiicAPEY, SX33[BBGI4y 25Ng O
each |fi nal| pogl of tdxeENRRRsianes tbraEpg) NJOORIBERS dnti &¢PIENT S
and 75ng df vaeENRRR DEWRRKO GINGAS 4 RYHSISI | kaEQS 7 BNRADY RNRDR
di gedti on {wH@h Neol | and EBagl were uded tojtrangform
the yeasy |9BNc¢hatonyces derevisiae dtrain| FYC2-|6A
(I\/ATa,%tg, |ARBY}3, | elD* | [hi s3DP00) Using & high

S5 VRA +

© oo | ARG +

3= | ASQ +

£3 [ :

2 & | RAG

29 [ ANN

o & [ AQH

§§ ARH

o% [ ARL

E % | ART

<2 'NRN

AQA

Only 105 out of the 2208 combinations are displayed).
+ indicates that a functional combinatorial mutant was found among the sequenced
positives.
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efficiency Li Ac transformation protocol (Getz and

Whods, Met hods Enzynol ., 2002, 350, 87-96). An intact
weoesnspessequence cont ai ni ng both groups of nut BCT/BRE0S/®2500

generated by in vivo honol ogous reconbination in

yeast. 2) Results |-Crel congg natorial nutants were

constructed by associ ating nutations at positions 44,

%?%YMMBE ZRucléfies ag’avﬁéré'ﬁd 40 nutations on

caffg d, resulting in a library of
conpl exi ty BEwd. m@aamb@stoocﬂeaycm@plm@f ¢he palindiaraigtresad rderived

D LA 95 e A DO o o

MEGRsSEhE Abthel Asalh eadaiR agfhd $ésal 49 wers Rorekpfaid in yeast.
t ar get (tgggattatgt P, SEQID NG 36). A total of 69
Wi mexpre@m@nv,ether\ﬂ/@heulfidwhrea etiviemeldoaler spasifsdtWhhomodimers,
{

AR e B o A e e, SERUBAERSERIY b, o
ddlﬂtﬂarwnrpﬁhﬁ?drgnﬁé msahaﬁ&msa]At[mAmget&nm ng, these 15
cl ones turned out to correspond to 8 different novel
bi¥atenial apd Metdpdsyi ng the rosal . 4 DNA target (SEQ I D
;%)l%lo Qo L nfifants'i mana&){lélﬁre 18k Gedtbd : O eavage of the

he conblnatorial variants Only 105
out of the Za0&- exprbssntym drerebrmutditspinayeasf, mutants cutting the

ates that a naI combi nat or i.al
oSt SRS W SUIReR T B P oy Ao rricsitn ) B hafls g with o
19331 aﬁ%ﬁkﬁﬂ&egerﬁl (BELSNIDT, Ps@lre |10QMhtaﬁt$t@éléSanqbifﬁdtb® PCR
cl eave each of the palindromc rosal derived target

readival Us@garpdiness aqzomnwn wirre PCESADH2 | andl i RECIeXH P e%alé()F 5
S ts ppnengptt I >

%Cra\’%c@%ﬁtg gcaf%séﬂ%g 4) m\%e cogj;xpr eéseg%' nr %‘gst G%blgjékg >

KAVCApASEagMttghbed ¢€SBQADI NOb67). ppeoxniatelye2 irop of PCR fragment

h d
dadysne ohoeRor NG Rt Q7 wameartind PR BB Hom Vi gl and
JMW;‘ Qren%%d%ltkﬁgfo?ﬂ' the rﬁﬁ'Sa@H@rbﬂﬁ?ﬂs cePevide strain FYC2-6A

rges terral and"Met hods a) T oning of nutants
dMlAF@n&ﬁynﬁ) keeMlsthvniAMMwmng high effviensy Lidrc fragyfeqmation

mutants in yeast, nutants
protocol. An 1nt%ct coding sequence f T the r}gCreE~I mutant is generated by in vivo

homologous recombination in yeast. Each yeast strain containing a mutant cutting the
rosal .4 target subcloned in pCLS1107 vector was then mated with yeast expressing
the rosal.4 target to validate it. To recover the mutant expressing plasmids, yeast
DNA was extracted using standard protocols and used to transform E. coli. and
prepare E. coli DNA.

b) Mutants coexpression

Yeast strain expressing a mutant cutting the rosal.3 target in
pCLS0542 expression vector was transformed with DNA coding for a mutant cutting
the rosal.4 target in pCLS1107 expression vector. Transformants were selected on —L

Glu + G418 medium.
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rosal .4 sequence were subcloned in a yeast expression
vector marked with a kanamycin resi stance gene (pCLS1

wQaews/1Fsgure 10). Miutants were anplified by PQRCT/IB2008/002500

reaction using prinmers comon for pCLS0542 and pCLS1

107: Gl l OF 5'- gcaactttagtgd®gacacatacagg-3' (SEQ ID

NO  56) and GaIIOR 5'- acaaccttgattggagacttgacc 3' (SEQ
3 5 P A5 clopepdndCRehimpgnyrsst and 2

5nghof vect r ' 107) l.i nearized

with Drall Ri%*w%&w%%e%g@agtao oSt ARBEagsmetiv
PREATAWRFDY SR8 bR \Hy P A1tSrs IR ErirpY CPTH Platdd\ Tigingtd RJw gridding
D63, |eu2 , his 00) using a hlgh efficiency LiA

densiis (Fhontdi Scmtsmmszt[))oéoﬁecorﬂngm&ch@g:prqgwu s perétumdeomthp same
hﬂgrs to l E%&ﬁ&]tlaye‘? gﬁsrll {n to?ddlggr ntnxie\él %‘?{ lbaglﬁ yﬁast gtrams

reco at I on eas h yeas

ﬁautemh tatplet.i Mgnibignes oware. plécddabgeéolﬁUEgdromem kiGh nﬁé&&m and
107 vector was then mated with yeast expressing

ingdbgted ot $05qdar 9% vight daradlops maties. e, GiernEcstered t
I d °

S Mo, TP FoucEaRA PSS T i lbctoge (1%

qwraepmbml fourephind DidAbatkd favifivandags eta¥3 RO essilan fofetiplbids carrymg

rain e ing a nmutapg cutting.the rosal. 3 tar

i S pfbarioh 5T Rtk Sl vRGroS Ol TSt S, s dan sl Eagearose

#OGUROWHR0.02 FX Y it UtStMrbGdﬁlH?pHd%?ﬁdte b2 bOet.0) a1 % SDS, 6

pCLSl 107 expression vector. Transtormants were

Bedimethyd fcamamuie PME), GaM B-merciiptiontbarbbt i% ggarose, and incubated
ucl eases pres clo nd scre n|n

%2’%@ > afORge Eﬁ@ 6‘2%%“ Eéesg?te mwn?jw% scanning and

cél%hﬁédtronQ’@d@%fﬁﬁned\wlﬁgu@rgﬁfa?e wﬂv@ﬂfd on nyl on

Iters covering YPD plat using a | ow gridding
Beswdist y (about 4 spots/cnﬁ) . A second gridding

process was erforned ne. filters to spot a

second | ayel %ﬂﬁ%FEPIﬂﬁ“&PME?PféV%ﬁtﬂw fosal.5 @fgel (@1 to m18

deRgriiedaih Tl hhd they@ giftt mthitd ichBvingth€ 2643 1 UakRt (described in
Menbranes were placed on solid agar YPD rich nmedi um

B’c}bée [Ihcigpltcddinagtfigons elgavagaof Mheyrrsal 2 darget bwalinghd eages (screen
%&g lesfah% {dhwh A 1glérterleiﬁ f&fl cgﬂbfng %ﬁ(ﬂ%galf% s[trlﬁ'gltl#med in Table

cking Teucine ahRd tryptophan,
IyaMast of the§e dorfhinatsors ataalb@ abls axucmethe ﬁfsdl nawrid adrget thardiffers

i ve, days t 37C, to for. .diploids carrying the
fré Thsceh? Ssqpencs gt bX viSbot gositign & (Eiegies §: Ajshpwp o Figure
VI, eheldi @6 Sb Qv s target is weak compared to the one observed
on rosal.2 target. The combinations cleaving the rosal DNA target are presented in

Table V.




mediumwith 0.02 % X-Gl in 0.5 M sodi um phosphat e
buffer, pH 7.0, 0.1 % SDS, 6 % di net hyl fornmam de

W@ DMB)152573rM b- mer capt oet hanol , 1% agar ose, andPCT/IB2008/002500
i ncubated at 37C, to nonitor b-gal actosi dase activity.
Results were analyzed by scaggi ng and quantification
was performed using appropriate software. Results

Coexi&ﬁl%%l A% %d’es%'?mfa@ﬁg that #&ﬁ}’th&‘ﬁ §1Q§vz{§%§ﬁ'th§rés%?9‘°t¥.rget

nmut angs c| eavi n; the rosal . 4 tarhqerttscqt@m‘r‘i bed in
St

.2 tal Yyttt e Cf f: \)E R | ENRRK
in Figure 11 A). %U‘.Si? 0 AlAS@NS /AHRS T [GURAT e/wnnamzedmm

L T A 1 ENEJRE:%;L@s? G 'ﬁ“"ﬁﬁﬁam fpal
n

I n Tabhe TWrsWbEt of [t hese| canbijnafi ons .ar ¢ al so abl el &

to cut—th WREG T Tat ral —targetthat—dir f fersframtte
rosal m&) a ?i a¥ay | ndt h\l il %n St gnoi onl J:I /E| rl?un—
" - ey \lll.l\l LY ”y - ”H v a8 \w ) || L - \

|
5). A3 hpoWHSREn El‘égure 118l the|sifinal dbhserved jon

rosal | mat UNBYRt ar get |i s*twepk ftonpated td the bng ¢

oliS&r yael Dwwrevashl .+ 2 |t akgef. +Theé cenbj nati dns+ clleavi nj

treer 0581 | FWRRT AT GRT [are plesented, Tn Tabl ¢ V, ¥

I Ih A+ P 4 1
I 119 LILL =L LY 18 +l.al CAVES

indig hat nmerig

13 =
87035
oY
—>
\BF
Y
Vs
o
+
D ~
™ a
5.
n d
@
T —
S
+(:[ +

{ me| BAREY { het rdsat. P ttar det* Exiamgl e|5:* *

PO I " N TS O R A

Y4:'4.' %685&7

enent vWISYRNeganudl eases ol eavi g [rosal | by+ randem

i

enesfwweR profeilns clpaying rpsal. 4 and, agseqbly
ot et#E c eaving rospl 3 Il-Crell mitants abhle ta

+

GRards c
gositien

b mithieVYBSW palf ndromi c| rdsall. 2 and*rosal*targéts

<

dentwvksred| bys adsembl [y of nutantis el eaviag [t he

—~ = o -

e wsE@SPT + 3 [ang Tpsal |4 TargeLs. [Fopever ,

&
RSYTstapdsiory2

on mpwergabtertog—effficiency —cieayerogal
> Bt \rlr\\fft '\ﬁ Sqf + ¥ N 3

N

¢l bave rosal | which—difHers f4omrdsal
onl ¢ H}”51 h‘x‘f?”'at pd'si tli

i oA 1| The Slﬁnaﬂ dbsérved lon*
rosal | ms NOYSRYuUf fiici gn +

+ Thertef or et priot &i n
conbi naiz ovyesyal pavi ng resal were nut ageni zéd, + and

|+l e |||+ +]+

+
+
mJt ant SigC \ﬁ@éﬁn ros i gff (:i+ent|y+ re+screene .
U

trr ol ~fF 4
fhors thet**Ped’&mdﬂ%s? R e eibaLE PBE, ween ¢ ho. 4
central base pairs (positions -2 to 2) and the 1-Cel
protein (Chevalier et al, Nat. Struct. Biol., 2001, 8,
312-316; Chevalier B.S. and Stoddard B.L., Nucleic
Aci ds Res., 2001, 29, 3757-3754; Chevalier et al J .
Mol . Biol., 2003, 329, 253-269). Thus, it is difficult
torationally choose a set of positions to nutagenize,
and mut agenesi s was done on the C-termnal part of the
protein (83 last am no acids) or on the whole protein.
Random
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mut agenesi s results in high conplexity libraries, and
the conplexity of the variants libraries to be tested

worwsiisases ed by nut ageni zing only one of the tMII/IB2008/002500

conmponents of the heterodimers cleaving rosal . Thus,
proteins cleaving rosal .4 wgfe nutageni zed, and it
was tested whether they could efficiency cleave rosa

when wa@%sﬁnmm twtqfeﬁn&a ifilcRAVhEDof the absalaarge)t

Vhat er i al ds _a) Randam mit agenesi s: Random

nmut agenesi|s I|brar|es wer e 0sen
AL by PR chiadnr b R L L B

8=0OX0- GTRPand UPTENRRR [[EWRRRS BRRPENREK O CRoR |&&RRK ENRRK | ENRRK
described|in the pratocohry r pixsd ENAHBI OBBSE phIARG nf /ATN

JBS dNI#- Mytrsgeneils ki t{. For| randpm nufagengsi s onh the

wWhol e PFoT ngN, priimers jused pre: preATGCreRdr (5'F +

gcat aaatst q ctfctatagacacgcaaatacaa Lcu,cu,dg(,gg Tttty
ccacge- odh D NO -6 andl | CrelpostRev—{

97 Ao A B = B B SASAS A A = N

goct Egpty 1&?5%80tc agagdat cgct cgagtt at cagt cgdeege F3':

SEQ@ ED MO vaq For random nut agehesi s|on the
C- t2E€n .ﬁbal vpavt off the [protejn, ptinerg used are:| +

AATB@8BED VivaRg (1 agcgaaar capgecyg 377 SEQTD NO [70)
A .

aﬁdét-c C|r A |\vcv wi—+h NHPs ei’i'\/ati'\/c‘; th f of
T XYSM amplitidd With a high fildelitly M

+
8
a
g
I

By r a
pgl Eerfa"se VYRR wi tthout [dNTPs| deri yatives usijng p mer s
%{G%@FUNYSM AA78a83Rev (5 -c;gcttqatttcgct aa 3'

8211 Drr\l S f mithntc Winern~ A 1 fh ad K nm

T TTOC LILL ™4 LA IR VR ¢ II’JI T 1 I Cu J LI YZ A

o’ﬁ” é’}(sﬁé\/th rse prii mers| cammpn f o pCl §0542

remiz) vavsdl pClLS1+ 107 ¢Fi gure 10)+ AppT oXi mate|y *75] *

A7 g ggsTLon W.TH DralTT and NgoMV,arg . N

g
B
8
é PR [fwwsagnent| and [75+ng| of vector [DNA (JpCkSl | 167) | +

— —

\g\hi U| mrt-he—yeast—Baccharonyg¢es cerevi s|ae
% ’E.’§ .
st r aFniE=Y( \(MATa,—tirpl 3—eu2D 1 —hi-s3D200

usi ng BMRi[§KSBY £i di ehcyl Li*Ac| tran$f ot mt i tn lpr ét afal* *
A |1 brany |ofRSkNt agt €odi ng spquenge forf the [ -€e| + +

mut ant | @ gmgv ated by [in viyo honol ogaus

AR AT T il Y Aatant clokVes thd & P.2 lakgell| L1 NG CTONES
were ver |ecF y sequencing as described in exanple

xp‘%_l'[lgg 8 rﬁgﬂle%emtf nliPlehy Qleﬁ@m%’%ﬁz?lsﬁ& PRnd6if iRGtagenesis
east straln contal ning
of proteins cleaving rosal.4 and assembly with proteins cleaving rosal.3

I-Crel mutants able to cleave the non palindromic rosal.2 and rosal
targets were identified by assembly of mutants cleaving the palindromic rosal.3 and
rosal .4 targets. However, the combinations were able to efficiency cleave rosal.2 but
weakly cleave rosal, which differs from rosal.2 only by 1 bp at position 1. The signal
observed on rosal is not sufficient.

Therefore protein combinations cleaving rosal were mutagenized,
and mutants cleaving rosal efficiently were screened. According to the structure of
the I-Crel protein bound to its target, there is no contact between the 4 central base
pairs (positions -2 to 2) and the I-Crel protein (Chevalier e al., Nat. Struct. Biol,
2001, 8, 312-316; Chevalier B.S. and Stoddard B.L., Nucleic Acids Res., 2001, 29,
3757-3754; Chevalier et al., J. Mol. Biol., 2003, 329, 253-269). Thus, it is difficult to
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rosal target: The yeast strain FYBL2-7B (MAT a,
ura3bD851, trpl D63, leu2D , 1ys2D202) containing the

w0 o®alis35as get i nto yeast reporter vector (pCLSOBE2008/002500

Figure 6) is transfornmed wth nutants cutting rosal .3
target, in the pCLS0542 vect62, marked with LEU2 gene,
using a high efficiency LiAc transformation protocol.
efienadlBstHdob&1@ syeaSpositionaitd smAasgenize cahdsutagegsisswasodone on the
mati ng assays_as described in exanple 4. 2) Results
Edermingk part of the Paping 83 dash pminp aqigaker on Ahgvheagmrotem. Random
&féf% R Eﬁﬁxé f&%&gcgﬁdikgc 1&at) & Wk variants
@eﬁl}l epoo&ee/al,ll ran ggncy k%tatégnlrze “on all %I(rl)pot e?lns or vanan
hibratibeto(bd ested maks linsited byf mptagéndzing oalycbrieradnsd tvareaimponents of
'nﬁjg yeast . 41146.4 trar’isfor med cl ones were then mated
teéo‘ﬁ’é‘ﬁﬁc‘éatvf"&rﬁsat hat (i) contains the rosal target

in a report ghypl3siidd ddavingSroRs 166 SR MutkdEhidéd, and it was tested
cleaving the rosal. 3 target, chosen anong those

vhetbei theyl cpuldeteipiay deavehipsad whanhcosexpagssed with @reisiag cleaving
ex ssing the 1Crel V24 Y44 S68 S70 R75 177 (or
) nmutant, the 1-Crel V24 Y44 R68 S70 Q75 177 (or
tdrialindavikthods t he 1-Cel V24 Y44 R68 S70 Y75 T77
(or VYRSYT) nutant (see Table Il). Two clones were
& 0 :a better cleavage of the rosal target

when mated WahfodUilabeatls bl WARPALALd 6 bBLs of chosen

mut ant s bef ore nutagermesi's w e sane yeast strailn.
Inntanes) dly IBCR rusinigWdnpr o dérivatiadd ef dNTR$ s BiawwotdGTR landd®TP in

r osal n form ng, heterodinmers w VY, r
{eeaton BCRC rogesiiay diairioel g e proiadol BpRER A B SERNGE GmbH
s ERTeLMIALANs R MR atdoRh snufdgtRbsiy b eheSWRE1B Protein, primers
cl eavage activity for rosal DNA tar et *nutations

wedul ti ng froater andom nut agnenesi s AATGECEdlod. (5-
Ex e_6; finement of anucl l.eavi r i
Sl B Rl A
Ay IerSpoERy \($'t egeahfiedcpsRiphgmtaceguittgcagegategc43’; SEQ
|-Crel nmutants able to cl eave the rosal tarc)%efg wer e .
1Y $9)eiobjandemempiagenssisn Bt s 'emana) PRy ¢ dagprotgn, primers
aod £&fAR9 bAM Stab %@Xz&t% EQR#l s 1D NO:0) 8RS EClelfostRev
actql vigt y ogagtjﬁe pjegan% easeg, <9étslﬂibe sgzcond cqn%on.ent g?_)

tith TRy detivatives; the st nf theopmieimas ammlifierk witherhighrfidelity taq
{)(ﬂlyrsnerea)ég r‘rglde "wit otuztjméﬁTlgsl ec?e\xlilvgtgverso%gllng' grir\ﬁ\%rrse preATGCreFor and
AA78a83Rev (5’-cggcttgatttcgcettaa-3’; SEQ ID NO: 71).

Pools of mutants were amplified by PCR reaction using these primers
common for pCLS0542 (Figure 7) and pCLS1107 (Figure 10). Approximately 75 ng
of PCR fragment and 75 ng of vector DNA (pCLS1107) linearized by digestion with
Dralll and NgoMIV are used to transform the yeast Saccharomyces cerevisiae strain
FYC2-6A (MATa, trplA63, leu2Al, his3A200) using a high efficiency LiAc
transformation protocol. A library of intact coding sequence for the I-Crel mutant is

generated by in vivo homologous recombination in yeast. Positives resulting clones

were verified by sequencing as described in example 2.
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nmut ageni zed, followed by screening of nore efficient
variants cleaving rosal in conbination with the

wo edosnsxd2srut ants cl eaving rosal. 4 identified PET/IB2008/002500

exanple 5. 1) Material and Method a) Random

mut agenesi s: Random nut agenesy s |ibraries were created

on pools of chosen nutants, by PCR using M2+ or
derivatives of dNTPs as 8-o0xo-dGIP and dPTP in

two-step PCR process as descr| bed in the prot ocol from
EManiBE O 3 Yidyidiriene 5 htherveast dttain candgining the
ra o1lom mut ageneS| s on the whol e protel n, priners used
eﬁﬁg—r : ATGCr eFor (5' -

gcat aaat t actgy Iehd Qi BRBROCTAMAAC AAHARRS ATEANSH, 161241,
ccacc-3'; SEQ ID NO 68) and | Crel postRev (5'-

Iggr00gRegagahgghe rcsghmataqomgagenoa@ec sgttonpEd §4 053 Figure 6)
] o B TR B o s

e ?@ F&o ( &m%& %@ﬁ%@@ﬁ&aﬁ%ﬁfonﬁg@ FtHEaI. "171@ resultmg

st R dNTPs derivati ves; e rest of
yelast spraints areruscé astapgdts foe chabing hsseyha@dﬁseﬂlw ipteyample 4.
%mﬂl‘gner ase and wi thout dNTPs derivatives using
pr eATGCr eFor and AA78a83Rev

(5' - cggct t gpbirtB@ahts @Raving r&¥al4! (BRR® / AHQ, HRRR £ ARN, ERRK /
nmut ants were anplified by PCR reacti on usjing these

A RERB b N R Acgording o Taple GWere Aol rerdomly mytagenized
SEARY Gl o R e 1P s ST .

trdnisforived|claesl vixaglthar mawdemthca yeraanstia)n rthath(e) yedains the rosal

Sacchar onyces cer [éz‘gl strain. FY MATa 3 tiuﬁ h

texgst 10y BFPPIter PIRTRISIHD GYPTESFHE VAT § agrei hs Etfa)3 (1t chosen
%%Z& &?égbx@%dplﬁ%xgﬁ@le 2 Arirk b s@hYst@ins! \%r@‘ﬂsed: QstpreSsing the I-

r the - nmutant 1 s generate K]In VI VO
@aﬁnyl 28645 S68 SRR HalT7dnr ViY SERIY mutampsthe I(a¢l Va4 (44 Rep S70

wer. y sequ S b [
GH257 455 Py SEbL Rt P S T 2 BSR ER rs 177 o
BYRSETS i RitaMeEEOTabld IHNEwy igiles Hek@fdundao ttﬁggar raghetthecleavage
rosal target The yeast strajn FYBL2-7B ( MAT

ofrthemesl targstpvh%aateﬁ &thoyuch yeass stegin Q?md?éfr?fia{i) theguiapis before
x&gﬁgéneggrvaﬁ{ the %E&e%gs?tsgﬁﬁpﬂ'{]éoﬁ\}%hﬁ\éﬁ)ﬁt N%R)gn%lgor{é to efficiently

ransforrre refined
dhdvambﬁi,l MtfbﬂglngdtewrodlmetsamgeNYSSlRI VYRSQI or VYRSYT (Table

VI) were identified.(Figure 12)
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pCLS1 107 vector, using a high efficiency LiAc
transformati on protocol. Mitanttarget yeasts are used

wa@goosasges s for mati ng assays as descri bed i n PREIGM068/002500

4. 2) Results Two pools of four nutants cl eaving
rosal. 3 (pool 1: VYRSNI, VY¥YR, VYRSNV and VYNSRI
and pool 2: VYYSYR, VYSSRI, VYRSQ and VYRSYT

agGRle VI Q“tﬁl@tlgﬁ‘&ll Rutdht W@lﬁﬁuﬁ@iﬁﬂ@ dlsplayii o eonZ deaviige akdivity
proterns or on the C tf@,rm’sgﬁ N¥idrg@f Pfoteins an

ranstorneg—nto ygast: :bfjﬁ?miealﬁtl‘a?u{r&ra %E@IWN@%-&EY e

hrenmmatedwth—a yeast—strarm that J-contains rhe
osd® tHrget vigsrA [ RO ELSR33RbEFUTAM H68®7)0 NEXAIOERIPES a
ari@ntecl @avimmy t hRoREIRR33 RIS KAGAYEIES Q7TONTS ASESRI07HN 51281585
resus@d @xpressi hEpsei ther the 1-Crel E28 R33 R38 R40
42 $683Q70_N/5 AIDS R107 (or M) nutant, either the
I-@rgl 28| R33 R38| K40 A44 H6S Q70 N75 A105 R107 Al51

rggiﬁi bg%@? : %%ia?ﬁ%‘*%gf%?ﬁ&"‘r“gg %7 %g% g{%‘l&% &8s

V\ﬁtﬁ] such yep strain conpared to the nutants
begofPe WUt agenestsHwith—the—saneyeaststrarm (Frgure
13F. 8 AfBer | soauencl 06 1ideasRa fo RilHes Qronps kesR@End t o
fouropl@t eil nsmidn oo 2l EISRIIR3E K40 ru4 HBE O BV IV 0SIIOEA151 G153
toefil cient I y cI eaVvetsg§ osal when form ng heterodiners

ith MO ¢r MO 2,|were identified (Table VII1). Table

VFrhutatusrestiting dm rrudosmiutagoastsisragetih b i spl ayi ng strong
cI eavage activity for rosal DNA target. *nutations

pl:el & Refinemens of breganudepsee cieaving gosal byorandom mﬂtegeneSlS

S arb ot SR Pttt bAERBls SFPLAR bufl tavinerosa
1- Cel refi nedrauimdngs ableeiot Sledef thel ﬁ’)@il Yargéte%ﬁe idegtified by
rosal target in yeast were identified. In this

aspembly eof musantpidlgavingorosehd arshielinedi BitansY claavingt sl To
ﬁng{eéemﬁe LO5d 51?&19 %e%ﬁhc%ﬂ?esc el s%cmccﬁ-ﬁ‘ﬁ?n%% &5hB BeRFbdimers

<ﬁr—rf—l-

rachronos €ss n mammal 1 an ce
dbdvirig adsal awak mittdtgmdszed) Irﬂtlnmlengnpfe mogants tcdeayetg rasah3 were

vect or. for

@PV’@%‘HE@ gt pg{gc? %e ?%g%gx?gjlt 2 g‘g %’ﬁx’éien %%gntgsclga%lullg Yosal in
combination with the refined mutants cleaving rosal.4 identified in example 5.

1) Material and Method

a) Random mutagenesis:

Random mutagenesis libraries were created on pools of chosen
mutants, by PCR using Mn?* or derivatives of dNTPs as 8-0xo-dGTP and dPTP in
two-step PCR process as described in the protocol from JENA BIOSCIENCE GmbH
in JBS dNTP-Mutageneis kit. For random mutagenesis on the whole protein, primers
used are: preATGCreFor (5°-
gcataaattactatacttctatagacacgcaaacacaaatacacageggecttgecace-3’; SEQ ID NO: 68)
and ICrelpostRev (5°- ggctcgaggagetegtctagaggatcgetegagttatcagtcggecge -3°; SEQ
ID NO: 69). For random mutagenesis on the C-terminal part of the protein primer
used are AA78a83For (5°-ttaagcgaaatcaagecg-3’; SEQ ID NO: 70) and ICrelpostRev
with dNTPs derivatives; the rest of the protein is amplified with a high fidelity taq
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target sequence fl anked by gateway cl oni ng sequence
was ordered fromProligo: 5

WO ggsAasHmeRnagt t t caacat gat gt acat cat gt t gacaat cgt ce@t/me0®/002500

(SEQ ID NO 37). Doubl estranded target DNA, generated
by PCR anplification of the Sgngl e stranded
ol i gonucl eoti de, was cl oned USing the Gateway protocol

[.NVI TROGEN) _i.nt .
polyPes A R0t B B gt 4ol RO gFor and
AAGBEY3I RN 5 -4 getapAtttendtah-3GrSHQ MINDITS).i dentified in
exanple 6 were anplified by PCR and sequenced . .
(M LLEGEN) . Pqole pf mormss werecammlified vy & GRsTeagfiamusing hesgarimers
{i/jor o gl(l: W%@Ggg%’%? V%rﬁg p@?%ﬁﬂgr@ téufré ‘f'g). %p?(gfﬁngfely 75 ng

SOPOR(Ragicht gidThagadagean DNA et plingaaed by digestdem with
t accaaat at aacaaagggt t and B2R:

{ pregised Kalgans ) @éé?% '5&%‘8@&8%%@@%@ a&r%sl'{l gYC2-

"o ( . . . i ,
5 S £8P S, Tl S Oy R, i
%Gﬂﬂléﬁ A lif)falﬁjffbf fivact kcodiap séc}glﬁh&lﬂﬁ $he FCealrmuthhi) is generated by in
esul ting clones were verified b equenci .
yEe SPMRlaEorhresRmHIaE0D In afa%xl?qsgéi‘ﬁ 6%536\%@9}%%2‘5?%%“&‘1 by
@lqg?éiﬁ £oldrd G aRbLS. vere transfected with
ol yfec

transfection reagent according to the

buEhnirer ofsmGhIGENJanpmytincxpres§ion Neetprsinathe syeast strain containing
r ansf ctiton, cul ture nmedium was renoved and 150m of

h}éﬂ?f% . | ati on buffer added for b-gal actosi dase

l'i qui d assaynh§ tyepétCatdisy FYBILIA-YBI(MAT thl,JfL{rﬁA&SQDtn%gB&, leu2Al,

100 M of lysis buffer (Tris-HO 10 nM pH 7.5, d

ISPA209) cduthinorg th @3al .tdrget inBSyeadt. répartpr vegtop (SEIsBldd 5, Figure 6)

inhibitorsg),.1 of X buf.fer a 2 100 .

b BRI d5n MG seRgh iy Fitan b B et in
LS PAI7URBROSRIRL & HigH eMidibCyS)iA A rhfornigidhaploftoRtMutant-
7C, optical density was neasured at 420 nm e

ngeit peasprave used ais dargets for metingossays asdessribed i Saspk 4r)

gi( tf?rm(VELOCITY 11). 2) Results The results of two
%‘ésf'itrsrents presentented in figure 16, show that two

combi nat i onTwef pdolgedf Huirafiusan{sTgleaving Moexl.3 a@doimd: \ZYRSNI,

[/ MO 2) are able to
VYYSYR, VYRSNV and VYNSRI and pool 2: VYYSYR, VYSSRI, VYRSQI and

VYRSYT according to Table V) were randomly mutagenized on all proteins or on the

C terminal part of proteins and transformed into yeast. 8928 transformed clones were
then mated with a yeast strain that (i) contains the rosal target in a reporter plasmid
(ii) expresses a variant cleaving the rosal.4 target. Two such strains were used
expressing either the I-Crel E28 R33 R38 R40 A44 H68 Q70 N75 A105 R107 (or
MO _1) mutant, either the I-Crel E28 R33 R38 K40 A44 H68 Q70 N75 A105 R107
Al151 G153 E158 (or MO _2) mutant. Five clones were found to trigger a better
cleavage of the rosal target when mated with such yeast strain compared to the
mutants before mutagenesis with the same yeast strain (Figure 13). After sequencing

they turn out to correspond to four proteins. In conclusion, four proteins able to
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cut the rosal target in CHO cells with an activity
simlar as the activity of 1-Cel N75 against the

w0 2@8a5252ar get (tcaaaacgt cgt gagacagtttgg, SEQ POI/N008/002500

80) or |-Scel against the |-Scel target
(tagggat aacagggt aat, SEQ I D NO 81). Exanple 8: Genone
engi neering at the ROSA26 | ocus in nouse cells |-Crel

refi ned tants t f i I h 0
Sirisa, AR b A Bing, focEBhinkert R MOTE GBS 2, were
identdd (a[rabreevm (CHO KI cells) have been identi f| ed in
exanpl es 6 7. The ability of one conbination of

two 1-Cel refi ned nutants to induce honol ogous .

r Eablet){ iaFunstionnl musarraopddnationsglisplayipg stropg cleayageaesivity
tested in th| s exanpl tor ropaVBNeX taxget. and et hods a

o o o DA PR B B B RD 7810 7
T g ¢ CT Ty gl uuy\,l m—TrrocoTrStanctyttTic LCUuUl Ilg
sequehdge (CDS) ¢l oned [st viesrs veswp44REE SEO IRGSA26
honol §dy Bk RR rad (ERWRAZ6NS 2028844 R§8 §20975dfAd HD

ROSA2S |f rasrar®@3 8105 81010 3@;\&%“?@ SRS EnAACe

(corréspondl ng to SEQl e sequence
l'istlidd), were constructed glsm ds ane

pCLSl’§7% q B S ;pg-a;sgﬁ 4/18). In
PCL3IEY 7%@\ migawggmsam@n@zam e”rm mmml n
resi sgance gepeE1hy gr o rﬂDS)VZ;UGﬁ&Q&SIGIRySIWGkSed to t he

SVAQ Il vA wae el oned nBR322 vectoF - I\UVL\)_\}
betméﬁutmsﬁfﬁ%ﬁ"gﬁa”% ,szséf'mpﬁ"?lms differs from
Bamplerl VWlidationiof sevallitarged tleanageninemneitrachbososmmbic model in
Entry site (IRES; SEQ ID NO 139) just upstream of the
§¢ . b) doning of nmeganucl eases The ORF of

I-Crel refi ‘i‘ﬁ‘éxﬂﬁ@%@ -R] réfidddmifidnts 1€ 16 e$fdibkBdcledve the
exanple 6 (Table Mut ant s expressi on was nmade in

tosnl Exgatds yeoh we&:tdcntsﬁqmél@thls kxareplpt the labidity ohevaeqpabinations

%{,‘PB%Q&I t?):}{} tggﬁra tplh Etlég h?%v%%{gatu%{rg% extrachromosomal

ég@ fg];ﬂ@&mahmgcmg 15) I\/Ut ants were cloned in pCLS1069
CW pronoter as described in exanple 7. The

l)eM?FQ"M@%ﬂM were verified by sequencing

%)'\éllohgl sal BarPSLind {Rdiof fdr SIS sér%l:n and pCLS1762
mut ant s,

respecti vel )T,he garget was cloned as follow: oligonucleotide correspondmg to the

—~

target sequence flanked by gateway cloning sequence was ordered from Proligo:
5° tggcatacaagtttcaacatgatgtacatcatgttgacaatcgtctgtca 3° (SEQ ID NO: 37). Double-
stranded target DNA, generated by PCR amplification of the single stranded
oligonucleotide, was cloned using the Gateway protocol (INVITROGEN) into CHO
reporter vector (pCLS1058, Figure 14).
b) Re-cloning of meganucleases

The ORF of I-Crel N75, I-Scel and I-Crel mutants identified in
example 6 were amplified by PCR and sequenced (MILLEGEN). Then, ORFs were
recloned using the Gateway protocol (INVITROGEN). ORFs were amplified by PCR

of yeast DNA using the primers B1F: s’

ggggacaagtttgtacaaaaaagcaggcticgaaggagatagaaccatggecaataccaaatataacaaagagttcc 3
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under the control of the EFla promoter. ¢ Knock-in

experinment in nouse L Cells Mwuse L cells (ATCC #
WERI082A558) are cultivated in conpl ete DVEM nmedPCIIE2DMNRS00

G utamax, G BCO) supplenented with 10 %fetal calf

serum penicillin, streptonygin and fungizon. Cells

are transfected using |ipofectam n reagent

(t@E@/I TROGERY) accordyng to th?g)orocedum recommppfed by s
e manufacturer. Two days aft'er transfection,

%ggméwgwb&wwgmwggwgcmggwmcﬂcmtcgt B’ @E@ ID NO:
| 0 e .e ' After t eks sel ecti
10 SEGHERPlp PR Bodish Stect Tan® g SO, REBFEY | SRispsion vector
;{(@Nﬁgbxfromqrﬁﬁ%‘geﬂr(ﬁCEmwf w%iu@ms) Vl&%{iltﬂ A6nesBldré verified
plates in conpl ete nmedi um suppl enent ed vv|t hygronycin
taftsequ@cm/aﬂdes@ném exaphde 25 extracted from resistant

cul tured in .96 vveII. | ates using the ZR96 kit
CS% EF RESEARE st BERIITA a% ik of knock-in events

(E‘IHOC kelisn weve niadsfacted d\eitleqt(ﬂﬂe&ytraﬁﬁzoubm peagent odtcording to the
omc DNA using the pair of prinmers Kl GHG S5 (5’

S[‘la@lﬂeatsaé(abéa(ﬁghlﬁ gﬁ@@&%lt C7&C hgurs @EQ transfgetiom 7 gulfg medium was
r'_%g§ %?cy lggu (?tt ﬁﬁé\%?a 1‘5? ?@&e%%%@lb@og\@ase %Fq% d assay

oca res sequenc

(b;@ﬁdaﬂl@@[nh@efr dﬂtﬁlffdﬁcﬁl%ﬁgﬁOh Qﬂﬂifdgs{s Bﬁffex‘aﬂdisl-lﬂict h& mM pH 7.5,
hy o0 gbtain a Kl spec:lflcP

| 1iSPiII‘}%(ft |T61ﬁ01( X,l BQ: Pd "/és:L?SAé))l me&nl protegsgpptbitors), 10 ml of Mg

FRSCRUL SHRES, Y00 T P50, Top R

’Hli@pﬁESBi;d@ﬁm?qxhbqﬂﬁte (Dl:ll(}ﬁrpH?hS adiet inolibarfontd1 8 7h0@pical density
el ongation factor 1 alpha (EF |.a) pronoter (pCLS1761 .
deﬁéémlv@éﬁyz d}mc%eo%@%pmﬁﬁsug Pp daqnpas gpiogpa Cel®

SRR 089, figure 15). Muse L cells were
I%:Potragect hthree vectors: two plasnids

Y RuseBsi ng the nq _2 and MO | ROSA26 neganucl eases and
were cloned.in

the K mat |
DO S1Y61 e Ty BN BRI el SR e 16, shpw that
ool bifaiohk %f WaTePAufh6/@O A2 | M@l 1 add AP G0OMOMDY see hble to

cells were cotransfected with 2 ng of KI matrjx vector
caththegopr) terget i G Oosells adth arersainify. Sinitas as iy edigity of 1-Crel N75

a\égﬁgtotﬁe Ii%sref: %]éJt Q{caaaacgtcgtgagacagtttgg, SEQ ID NO: 80) or I-Scel against
the [-Scel target (tagggataacagggtaat, SEQ ID NO: 81).
Example 8: Genome engineering at the ROSA26 locus in mouse cells

I-Crel refined mutants able to efficiently cleave the rosal target in
yeast and in an extrachromosomal assay in mammalian cells (CHO K1 cells) have
been identified in examples 6 and 7. The ability of one combination of two I-Crel
refined mutants to induce homologous recombination at the ROSA26 locus in mouse
L cells was tested in this example.
1) Materials and methods
a) Knock-in (KI) matrices

Two knock-in matrices comprising the hygromycin resistance gene

coding sequence (CDS) cloned between two mouse ROSA26 homology arms, HG
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of spontaneous KI frequency, the sanme nunber of cells
was transfected with 2 ng of KI matrix vector al one.

wab@stisEesf ecti on efficacy (40 %9 was det er m nedI/B2008/002500

FACS anal ysing using a fluorescent nmarker expressing

pl asm d. The frequency of resgstant clones was

determ ned by counting the total nunber of hygronycin
ROSASL Fdm 28868 814 HA'HBCROSARY e B319GbI 19319 in CQ880114
efficacy. 2605, 1197 and 1902 hygronyci n resistant

seuenss (Yusrasperisting h>e$EQ dBﬁﬁ)@cfs iy teyseqaenige disting)) yveregcznttructed

e SURRERRLS AL FAE s CREL 5160 ARG 100 1

PCESHITOE the BodEﬂ@Squ)élnbé ofﬁﬂ@”@gwnl)lcm ResRtarRe Lﬁehe E(Wjigro CDS)
frequency of Kl events at the ROSA26 | ocus in

%rqtgfdfyt kes locthe oYV 4k pripdares soged i PBESS \@ﬁ@r KPROMEGA)

C [ t
W1 U9 PORBS B TS TS R T by e
insetiortof arNintsynanR tiosamial Hrryoditeq ORIES ;- $6Q 1D Nat 139) justuipstream
gﬁbﬁe ved h transfection of the KI matri x al one.

S ﬁ‘ﬁ illustrates the ability of ROSA26

mggﬁmﬂlogﬁﬁgﬁldc%agégduce honol ogous reconbl nation at
the mouSe ROSAZ6 Tocus in nouse L cells. Exanple 9:

Meganuc| eas&he Q& ofdeCriel miinad) mugandnm OVR and Q@ ah arel deseibed in

eg(ﬁlgl%w ﬁa?)g\é\%hﬁd\%ﬁ%lg%i)reegi;g% gvre{]ﬁ 61 ggmlé)h Qm{%ﬁswn vecto}s under

th€C Bttt € of OtheMHuB | Roriya@bd Ifacid 17 GMADI(BRNG) omoter or
which are explained fully in Current Protocol s in

dybinecgal aviruBiimmediate Earbd €CMYR mmmsmslmo@guw 139y Mutants

d I USA
B T R oS PO R R R ety BElbact B ¥ Shmplsone The
redulidhg plROids ek d'eﬁﬁéd by séficheing (MEVLEGEN). @@bd:LSﬂ%ﬂ(;ﬁgure
Har bor Labor atory Press A NLS (KKKRK; SEQ I D NG
193 and pek.Sil Aedetfissee Bk W@éﬂot% én¢ Qtl k-9l rapants rrgspectively, are

whd&d t;ﬂ?cgﬁbf@lo?me . afr)r%?ng and ng _2; the

resulting varian ID NO 140 and 141,

J) ESivek in ¥eleyimefit inaflodstdgEdls YPYDVPDYA;, SEQ I D NO. 135)

was i nserted between the first ggrl\/g% and the third.
am no aci d MQuye df calls (ATCChé 8 pPq48) arg ultsyated & complete

DMEM medium (DMEM Glutamax, GIBCO) supplemented with 10 % fetal calf

serum, penicillin, streptomycin and fungizon. Cells are transfected using lipofectamin
reagent (INVITROGEN) according to the procedure recommended by the
manufacturer. Two days after transfection, selection is performed using Hygromycin
at 0.6 mg/ml in complete medium. After two weeks of selection, resistant clones are
picked using a ClonePix robot (GENETIX). Clones are amplified one week in 96
wells plates in complete medium supplemented with hygromycin at 0.6 mg/ml.
Genomic DNA is extracted from resistant clones cultured in 96 well plates using the
ZR96 kit (ZYMO RESEARCH).

c) PCR analysis of knock-in events

Knock-in events are detected by PCR analysis on genomic DNA
using the pair of primers KI GHG_S5 (5’ tagtatacagaaactgttgcatcge 3’; SEQ ID NO:
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SEQ I D NO 142. A tag (STag; KETAAAKFERCQHVDS; SEQ I D

NO 136) was inserted between the first (ML) and the
w@e@enskseA2) am no acids of MOl ; the resultiPgI/IB2008/002500

variant is SEQID NO 143. A tag (TagHA; YPYDVPDYA;

SEQ I D NO 135) and a NLS (K&KRK; SEQ ID NO 134) were

inserted between the first (M) and the the second

) Afd #BjigledRey) (Oégtéfctgdccdttad 835 SBQ MO N@Y 1 38) 1dchtePEéapect-
1IEBSDI\IO Q?A%AdA tg géstga%; KETAAgAKFEHQ VDS; SEm)I D NO b
tvgly) ingthg mouse KQ REqUSETD ystrean of 3y Hge ROS qreqjogy arm

BRI04890 LA

YiRwuhs chai n meganucl ease conprising an MO | nononer
(positions 1 t0. 166 of SEQ ID NQ 72) separated froma
m _2 nonon%PSé&ésxmga&H@e@%u&ﬁézﬂndhlsm e mOsy apg MO_1

s LB RS SO S SE o

avagaof tleabemas eGir@atiéh Miatorl 4 GlphAn(ERikd) gabmoter (pCLS1761 and
terodi mer derivyed fromnp 2/ | was engi neered b

nr&ﬁtsrl&gg)c?rnrgt?rﬁegq\fz@f{ﬂaﬁwnﬁé@@ ?ﬁﬁwfy)a(ﬁl\ém PQTIQ{eh{p 11089, figure

BPNA0ELe 12Bd1stWére (Kb trardict 1di30im TN dcRRS tWd dzg %)8rels5ing the

nmononer; the resulting heterodi ner consists o
Q) 2 bad MAd 1 IRQSADRGS NaegahddeBelanb tie KArmatri@r dlhe meganucleases

vari ant, .ch terized in. that one of t two 1-Cel
WY ALt 7PAdEE ROl UaBs bt Vel o Brorppigung the KI
ik Maspep.shgpsti onal subdomai ns of the LAGLI DADG core

domain Situated respectively frompositions 26 to 40
and 44 to 74 total of 2909000 swiusk L aellawerelpoimysfadsedwith 2 pg of KI

cl eave a t argef, sequence from.the nmouse ROSA26
RSB el oIa BE R BRI o bt R AP ESHap veriag Af contol
Jfep6itatdoas K ubiicy, (1) safifNfiinibes of Bellstwhd frasfectéd @ith Qf ug of
1-Cel variants having at | east one substitution in a

Kl matrixf vastari alers. Thepemwtectioneflicaey (404 Drpaletenmined by FACS
R R e
cldnel eastdetermined by counting the total number of hygromycin resistant clones
and corrected by transfection efficacy. 2605, 1197 and 1902 hygromycin resistant
clones were obtained, respectively (Table VIII). 92 or 184 clones were picked per
condition and analysed by PCR as described in materials and methods. Results are
presented in Table VIII.
Table VIII: PCR result and frequency of KI events
at the ROSA26 locus in mouse L cells

Vectors Total Corrected Number of KI events
transfected number Hygro® PCR positives frequency
of frequency / Hygro®
Hygro® picked
clones clones
2ug pCLS1675
Spg pCLS1761 2605 25x10? 18/92 49x10*
5pg pCLS1762
2ug pCLS1675
10pg pCLS1761 1197 1.1x10? 28/92 3.5x 10"
10pg pCLS1762
2pg pCLS1675 1902 1.8x 107 0/184 0
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one substitution in a second functi onal subdomai n of
the LAG.I DADG core donmain situated from positions 44

wo 0008/152583 | - Crel, (c) selecting and/ or screeni PQI/IBRE08/002500

variants fromthe first series of step (a) which are

able to cleave a nutant 1-Cefpsite wherein at |east

(i) the nucleotide triplet at positions -10 to -8 of

the 1-Cel site has been replaced with the nucl eotide
triplet whi ShhkgMcle 4181 Hatr$Riisuced
DNA t ar get ge%%%ﬁ%ég ron$?§é@§ﬂ%3% Eﬁgég%%?ocus éh

Honmologdig retisrhEiahticte at thepineUseaqusm foouss it 8 ¢edls+at(a hmgximal
been replaced w,th the revers

g | ement a[)é_{af%equenc q
forqueney ALid% Bt k0de Na- sRAntAncqp BAmPlogpyL BSAmbLRTinR 3135 ghterve
v&é@ AE%S Bt of qgg Ia\lﬁlattﬁ{ OdneS CHIE RESnple OffubtiRed TBIES @bility of

ocus, (d) selecting and/or screening the
RABA2Aseghnurieasbetosiedarechaalpgmis gécombination)at flie mpuserROSA26
able to cl a mutant 1-Cel site wherein at |east
IPF‘}S‘PH%O‘HE ‘@ﬁfl de triplet at positions -5 to -3 of

#re@e |M§gatn%ci%§§esbﬁ?ﬁeﬂ e af0 2%hadM@el nucl eot i de
I plre

is present at position -5 to -3 of

DNA t ar get y&ga@wé@scr rzm]tmlh@ Wﬂsagéglms@@omde@s%%@dm NO:
it U BV RSB B RS, Endgudtol i

Iﬁf)lofgb eandugk&abinget DNAQ! whichhire lexplained efeByptin dfurpans i Rrptopols in

Mokelor Biowey (Fiponeh ML RE5UBEL) SO8, MEBT ] ehate Lioray of
ggtﬁéeé’%g ?Azm NBRchiaf Stl(ﬁl (% €A Oliab%trﬁ&y( Maral CITHde Edition,

ve ‘a mut ant site whérein at | east
(Sajnbiduk mudledﬂOtieOoquISqmngt demr,t Nems Yigky §old (Sping Harbor
iﬁf | - te has been replaced with the nucleotide
FqoptaRy 1°' h is present at positions +8 to +10 of

sai d DNA t angRt SSRIUERKE SH@ID IN®: My SfasRa5ARE Beoodtn the first

~and (ii) the nucleotldetrlplet at positions -10 t

(M9 abdahe seopnacan Mpinn seHE oS0 b and Bith 2% 6 realing veriants are
SEAHBNG: P Sl RFUNER. L' o get sequene Trom
t he nmouse R@SARS (Tatls, YPFYDEBDAG; SEQala/MNO: sléﬁ)aeyaiSnigserted
e A S8 5, A R Pt
Syl dpe s sooe Lript o pom {0 4 Lo s
nucl eoti de A tag (STag; KETAAAKFERQHMDS; SEQ ID NO: 136) was
inserted between the first (M;) and the second (A;) amino acids of MO_l; the
resulting variant is SEQ ID NO: 143.

A tag (TagHA; YPYDVPDYA; SEQ ID NO: 135) and a NLS
(KKKRK; SEQ ID NO: 134) were inserted between the first (M) and the the second
amino acid (A;) of mO_2; the resulting variant is SEQ ID NO: 144.

A tag (STag; KETAAAKFERQHMDS; SEQ ID NO: 136) and a
NLS (KKKRK; SEQ ID NO: 134) were inserted between the first (M) and the second
(A2) amino acids of MO_1; the resulting variant is SEQ ID NO: 145.

A single-chain meganuclease comprising an MO_1 monomer

(positions 1 to 166 of SEQ ID NO: 72) separated from a mO_2 monomer (positions 3
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triplet which is present at positions +3 to +5 of said
DNA target sequence fromthe nouse ROSA26 | ocus and
W@ 200p/1535e3 nucl eotide triplet at positions -5 tPCFB2e8002500
been replaced with the reverse conpl enentary sequence
of the nucleotide triplet whgch is present at position
+3 to +5 of said DNA target sequence fromthe nouse
A2 ocus,t (Q) I Nippg 1 NpgY:Si Ng varipgnt, ihe Jlinker
tﬁ&?at?g%(s) %ﬁ pogﬁgggnslg% tobﬁ% andbih to 77 of two

(GOESRRYNQADEKINQALSK YANQAESEOGGS;, $BQobldi MNG@: nddd was

honodi nerjc 1-0Cel vayiant which cl eav u e
SRRSIFEteH th reFying siaglerPrianeaanpsIEssely SEOIPININE 1o 1o
-8 i's ident agadbligate! heferbdiflc At Pt 2OCH wWas engineered
present at positions -10 to -8 of said DNA target
byeiptroducing thenE8k anddigd R rrafions ingt ;8O_2 imonopies and the K7E and
eotide tripl 1] +10Q. 1 S | [
6 fhache ot @Bt o bedSn g Beckiinhd Lok oPREQ 1D
NOE€ i £DEOSEQIDINGOt 148)i ch is present at positions -10
to -8 of said DNA target sequence fromthe nouse
ROSA26 | ocus, (iii) the nucleotide triplet at
positions -5 to -3 is identical to the nucl eotide
triplet which is present at positions -5 to -3 of said
DNA target sequence fromthe nouse ROSA26 | ocus and
(iv) the nucleotide triplet at positions +3 to +5 is
identical to the reverse conpl enentary sequence of the
nucl eotide triplet which is present at positions -5 to
-3 of said DNA target sequence fromthe nouse ROSA26
| ocus, and/or (h) conbining in a single variant, the
mut ati on(s) at positions 26 to 40 and 44 to 77 of two
variants fromstep (e) and step (f), to obtain a novel
honmodi neric 1-Cel variant which cleaves a sequence
wherein (i) the nucleotide triplet at positions +3 to
+5 is identical to the nucleotide triplet whichis
present atpositions +3 to +5 of said DNA target
sequence fromthe nouse ROSA26 | ocus, (ii) the
nucl eotide triplet at positions -5to -3 is identica
to the reverse conplenentary sequence of the
nucl eotide triplet which is present at positions +3 to
+5 of said DNA target sequence fromthe nouse ROSA26
| ocus, (iii) the nucleotide triplet at positions +8 to
+10 of the I-Crel site has been replaced with the
nucl eotide triplet which is present at positions +8 to
+10 of said DNA target sequence fromthe nouse ROSA26
| ocus and (iv) the nucleotide triplet at positions -10
to -8 is identical to the reverse
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conpl ementary sequence of the nucleotide triplet at
positions +8 to +10 of said DNA target sequence from

wo b@sieise ROSA26 | ocus, (i) conbining the varPEmB008/002500

obtained in steps (g) and/or (h) to form heterodiners,

and Q selecting and/or scregning the heterodimers
fromstep (i) which are able to cleave said DNA target
sequence fromthe nouse AL ocus. 2) The vari ant

of claim11, wherein said substitution(s) in the

subdomai n siteyatre i Crelovaraas i dhacoteriddd tio thaf ook df-tle éwo 1-Crel
are at positions 44, 68,. 70, 75 and/ar. 77. The .
rpegqate e atdpast FroLsubliBhiers Og%\rngea_gﬂ 5240y Bhgtpe) sybdomains
#ﬁ_}% ’gft@#ﬂﬁ@lﬁt} ehicWfRirksh §ihﬁf@dg‘g§ﬁe%%&%§ g%ﬁl &itfhs 26 to 40 and 44

are at positions 26, , , 33, 38 and/or

18077 df 1-Onel, aidi warianb being ybleetoosleaveat MNA targel scqupncehirom the

AR SRf 0 R  Ble R 8 AR e st

gfari ant towards the nucleotide at positions 1 to 2,

6 to 7 and/or 11 to 12 of the I1Cel site. 5) The

variant of daycesstoictiog &ifirst series of I-Gual variandnpaviagat least one
one. o npre . [ ' .
Lo TR 00 Rl o orplin P e ACALLEOATE Eirp domain siuated
s pekitibes26fo 40hef Ivarel,ant t owards sai d DNA tar get

sequence fromthe nouse ROSA26 | ocus }@%IThe. vari ant

of claimb5, (W-,i(‘@ﬁstggﬁﬁgiasggo SeTyES ?]tb uﬁﬂapisulﬁvg}gsat least

| . r . | i i : .
B 9 08 D o i

sitanied fitono posamyrsied tof77eif &iGrel,1 to 6, wherein said

substitutions, arge replacement of the initial ' .

261 ds wi th AR neieaiphandEl Saraing S Krhiphs, fon e st series of
$1@) Shidhhar® bble.to Bleate a fautddt 14CrelNiteRvhein Bt lebst (1) the Micleotide
CW'L and V. 8) The variant of anyone of clains 1

triplefiat ppsitiensa- IRetoeBofi thed-Crekesitn hasnhpenreplagadewith the micleotide
FRF SV Wl hoaonalh & SOPSMemRATRI Aot pom e
mdusef ROSAL6Ilocwsaind (higttier nuatileveide isipley atpdsitions +8 to +10 has been
replaced with the reverse complementary sequence of the nucleotide triplet which is
present at position -10 to -8 of said DNA target sequence from the mouse ROSA26
locus,

(d) selecting and/or screening the variants from the second series of
step (b) which are able to cleave a mutant I-Crel site wherein at least (i) the nucleotide
triplet at positions -5 to -3 of the I-Crel site has been replaced with the nucleotide
triplet which is present at position -5 to -3 of said DNA target sequence from the
mouse ROSA26 locus and (ii) the nucleotide triplet at positions +3 to +5 has been
replaced with the reverse complementary sequence of the nucleotide triplet which is
present at position -5 to -3 of said DNA target sequence from the mouse ROSA26
locus,

(e) selecting and/or screening the variants from the first series of

step (a) which are able to cleave a mutant I-Crel site wherein at least (i) the nucleotide
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to cleave a non-palindrom c DNA target sequence from
t he nouse ROSA26 | ocus. 9) The variant of claim 8,

wob@sasaszzai d DNA target is selected fromthe BECDUGR008/002500

consi sting of the sequences SEQID NO 5 to 14 and 16
to 30. 10) The variant of clggm9, wherein the first
and the second nmononer, respectively, conprise at

t}Rgfaﬁst ,%{ Sl-Leowi P SRSttt | glfenﬁas beem%ace}ﬁg@x tHAeleotide
70S, D75N and N30D, Y33 @RB8T

tRpRBWhich7R, preseMI\Qosmaﬁ+8 QnéH{Q ‘op6id, DSAGNrgeh deq®@Ac, from the

S LA 15850 o i 32 9 3 s e

g%lﬁ@d WifH fthe revke8 %on%%nt @ uch¥ b tHeoR¢leotid® Biplet which is
| 77R and Y33C, R70K, D75N, - Y33C,

popseTt atpposEsionDAste HY ofswquI*@ mgetcg@qwncczé@m theapese ROSA26
1&% | 77R , - S32T, Y33C, R68T, R70N, D75N and S32T,
W 4K, R70E, D75N, - R70S, D75R, 177Y and Y33R

@B8A, $40Q (P4l ectiteldnd/ddEdRening KRS GariadBBftom SO cond series of
Q44T R68N, R70N, D75N and Y33H, 8%, Q44Pi, RG8Y, .
mQre pbl? N) cl_eammutapgggrel whergip Kt e@ jf& the nucleotide

Y 7
t@%t at D&s@tﬁ)nsmsgzatfs Y§\3{1|1—|@p %%%F?é‘g?é’%g’m %97"‘7,1%1 ghrt]adnucleotlde

tSBIZDWhKiBBlISI préxeaDat RB3igns RA0S, +D3H bhid -DNBOR;geSS@]Dence from the

ee! R(%gg 1%%&{189@ %Hcl@gﬁé%%r@% %QB has been
r%%&és’é vg%ﬂgémevéﬁg Ronlplénkentdry §EAEE 53&@ m@ﬁﬁ)@de @plés which is
present at position +3 to +5 of said DNA target sequence from the mouse ROSA26
locus,
(g) combining in a single variant, the mutation(s) at positions 26 to
40 and 44 to 77 of two variants from step (c) and step (d), to obtain a novel
homodimeric I-Crel variant which cleaves a sequence wherein (i) the nucleotide
triplet at positions -10 to -8 is identical to the nucleotide triplet which is present at
positions -10 to -8 of said DNA target sequence from the mouse ROSA26 locus, (ii)
the nucleotide triplet at positions +8 to +10 is identical to the reverse complementary
sequence of the nucleotide triplet which is present at positions -10 to -8 of said DNA
target sequence from the mouse ROSA26 locus, (iii) the nucleotide triplet at positions
-5 to -3 is identical to the nucleotide triplet which is present at positions -5 to -3 of
said DNA target sequence from the mouse ROSA26 locus and (iv) the nucleotide
triplet at positions +3 to +5 is identical to the reverse complementary sequence of the
nucleotide triplet which is present at positions -5 to -3 of said DNA target sequence
from the mouse ROSA26 locus, and/or
(h) combining in a single variant, the mutation(s) at positions 26 to
40 and 44 to 77 of two variants from step (e) and step (f), to obtain a novel
homodimeric I-Crel variant which cleaves a sequence wherein (i) the nucleotide

triplet at positions +3 to +5 is identical to the nucleotide triplet which is present at
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- Y33R, (B8A, S40Q R70S, D75N and R70S, D75Y, |77R, -

Y33R, QB8A, S40Q 44N, R68Y, R70S, D75R |77V and
WOBOR15S32D, Q44T, R68H, R70H, D75N, - Y33P, SHOIXB2008/002500

Q44K, R68Y, R70S, D75Q 177N and S32A, Y33C, R68Y,

R70S, D75R, 177Q - K28A, Y33$, B8R S40K, R68N,

R70S, D75N, |77R and S32N, Y33G Q44A, R68A, R70K,

sothdns—+3NBOFS oY géi@,DI‘m‘l%getheg%ncls frovh ARdmEBRRO54A9R 1ocus, (i)
4A, R70S, D75N, - S32D, Y33H, R68T, R70ON, D75N and

teorclesgdotripdatiat, parBBms -RION3 iDiBRtical tg3hRrevesgBomplementary

S AU e T
@&R’seq‘ﬂa% fr&ﬁ&P{e nSﬁ%ROéA@B,lofﬂﬁﬁqﬁi) e (ﬁhlcleismfd\tripiet at positions

K28Q, 8R., S40K, 44A, R70S, D75E, 177R and N3OR, .
Biptl |4’he WI siy bas besatgplaced with theamrrcleotidg Ariplet which is

g

RéSandh(id) theSAiRIRotid8 ItipleQadPpositikddB S10 DY 5KRis iderificarnd the reverse

S320, (B8C, R70S, 177K, 11). The variant, of c¢laim1Q, .
Wﬁ%m[f FhtpRyeseapence Oﬁﬂrfowﬁeqt@e SRPIEhAS ROPILIORAS +§ ) dgh eggmd DNA

fakget bddubtide ot hBGseatdsAbe1czgsond nononer is of any
of the sequences SEQ ID NO 107 to 116, 4, 117 to 130,

respectivel ) I@mbimeg ke vanantsobtained n gepsv@ ravidfor {h) 1@ form
Dl\eIA tare?et (iis SEQ I D NO 15.13) The variant of claim
Beterodimeara®idt he first nonomer is selected fromthe

group consi S(Qé%le@fing' ahdéVscréehing; thEHe@radithefd’Hbin; step (i) which
allrg i\b/fe toleéel:aY\’fe saic? IgNA target sequence from the mouse ROSA26 locus.

2°) The variant of claim 1, wherein said substitution(s) in the
subdomain situated from positions 44 to 77 of I-Crel are at positions 44, 68, 70, 75
and/or 77.

3°) The variant of claim 1, wherein said substitution(s) in the
subdomain situated from positions 26 to 40 of I-Crel are at positions 26, 28, 30, 32,
33, 38 and/or 40.

4°) The variant of anyone of claims 1 to 3, which comprises one or
more substitutions at positions 137 to 143 of I-Crel that modify the specificity of the
variant towards the nucleotide at positions £ 1 to 2, £ 6 to 7 and/or £ 11 to 12 of the I-
Crel site.

5°) The variant of anyone of claims 1 to 4, which comprises one or
more substitutions on the entire I-Crel sequence that improve the binding and/or the
cleavage properties of the variant towards said DNA target sequence from the mouse
ROSA26 locus.

6°) The variant of claim 5, which comprises one or more

substitutions selected from the group consisting of: G19S, 124V, S79G, V105A,
K107R, V151A, D153G and K158E.
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R70S, D75Y and | 77R ; 124V, Q44Y, R70S, D75N and |77V

; 124V, Q44Y, R68N, R70S and D75R ; 124V, Q44Y, R68S,
WRIOS155a3 D75R ; 124V, Q44Y, R70S and D75Q ; | PdN]B2008/002500

Q4Y, Re68Y, R70S, D75R and |77V ; 124V, Q44Y, R70S,

D75Y and | 77T, and the seco nmononer i s selected in

the group consisting of: K28E, Y33R @B8R, S40R, U4A

R70N and D7an, - kodEiefadE Ngie ofShins o dgdfierin seid
stbifutiong afd/ teplacemigiof tHe3mtialiBing dHA3KyitiddNho BYiGAsaeded in
D75N ; K28E, Y33R 70G D75
ORGP Ao B & b Koo B B 3 e s R Freh e

i S sel ect edghy-prg H’rﬁm%?&n%ro%@'&?icﬁih%‘g 1817, Wificts RHRAEBimer,
SEQ ID NO : 39, 43, 45, 49, 50, 51, 53 and 54, and the
reselimgd fromn theeassosiati@l of tae first randh 2 Isecapdomonomes hgving glifferent

of the sequenc SEQ | : , 81 3,. and. 66.. .
mygops 8T GO AR 2top 1 Y toupten!crersgie o 8Pdinney being able
t& Eleh MBHIPARdronhie TREA targ &l tquéneeRoOiSBe Mlous€ RESAdHocus.

follow ng substitutions: 124V, Q44Y, R70S, Dr5Y, 1 77T

and K28E, Y33Rhequeimnt eixrm Hyuhereiremd DIkgmgepsplected from

6 | f ' €4 figst dth
eI S LR SRS L (Pl
respecti vel y0°)1The Masiamaof aildimoD, eitetrgin ithe fidseraad nthe heecond

first nononer .is selected fromithe group consisting of
monpm,re@&atwelmsm,pnmfée%fhHie@@mng sybsfitutioniy,  Re8S,

R70S and D73Rgy. ¢4 gAﬁYR6%O§7®,%W%d N33HVY33R, Q38T,
Q44Y, R68Y, R70S, D/BR and 177V : 124V, Q44Y, R70S,

BABYR&BH, R7TUST I780d t he second nononer is selected in

the group c [ StJ : !

RS DroN-aHaNgEd. K. RagE D S pe S R, (R s,
RRGON77R75N. 18) The variant of claim 17, wherein the
first nononmer is selected fromthe gr oug consi stin

Lhe sequencat Ba@IBNE00, AUANs 081 DISB. S sad NIH: Y33,
QR RIS sequences SEQ 1D NO - 64 and 67. 19)
The vari ant- K28S;IQ38R, ISA0KWME4E, IR G8Ye RA0Ss DAF8n IR andsY33C,
OEACREER, R70K, DTSN,
- Y33C, Q44T, R70S, D75Y and S32D, Q38C, Q44D, R68Y, R70S,
D75S,177R ,
- S§32T, Y33C, R68T, R70N, D75N and S32T, Q38W, Q44K, R70E,
D75N,
-R70S, D75R, 177Y and Y33R, Q38A, S40Q, Q44A, R70S, D75N,
- K28S, Q38R, S40K, Q44T, R68N, R70N, D75N and Y33H, Q38S,
Q44K, R68Y, R70S, D75Q, I77N,
- K28A, Y33S, Q38R, S40K, Q44N, R68Y, R70S, D75R, 177V and
S32T, Y33C, Q44A, R70S,D75N,
- S32D, Y33H, Q44K, R68E, R70S, I77R and S32D, Y33H, Q44D,
R68N, R70S, D75N,
- N30R, S32D, R68S, R70K, D75N and D75N,
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fromthe group consisting of the sequences SEQ I D NO
72 and 73 and the secondnonomer is selected fromthe

w@e@apsasensi sting of the sequences SEQ | D NO FaT/1B2008/002500

20) The variant of anyone of clainms 1 to 19, which
conprises a nuclear localizagson signal and/or a tag.
21) The variant of anyone of clains 1 to 10, 12, 13,

19, L7 and 2R,ghisBaANessd! shadskePP RIGEDIBRCA77Q and YIIR,

identity wit seqU ces a I A clar’ms
QA BOQ R768A7IR, 22) The varl ant of anyone of clains

First monomekapks NIGP” By | Gatmd S P TR GBI g d s
second nmononer further conprises the R51D

mut ati on. 23) The variant of anyone of clains to 21,
which is an- EBBR,QQNAI&Q%I,MOSEDﬁWGd&7HSIIH§5Y4 F/dR,

nmononer furt c 8

mut at i ons a'ngqtriﬁe&gg sg&g‘oﬂgf‘ﬁ E?ﬁ%?’tﬁz(é% %‘%ﬁé& apﬂé\l 30R,
430D, A TKREEHNRYGH, DPSN, 24) A single-chain ch| rrerl c
meganucl ease conpri Si ga t Wo_nononers or_core

of one varl aNB3Bs S4MPoRE4 s REF R REOS, 1?135@(577&3“5 $32A, Y33C,

lg&q; Iﬁ h. 25) The singl e-chai n neganucl ease
clal m’ vvh| cit’conprises the first and the second

rmnomsr as dE:f28Aed(3i38 Q3BRNS40K, R6ENR70S), D2SN,alTdR13d S32N,

to connected by a &epti dic linker. 26) A
%@@M%&Q%WP&WQ encodi ng the variant of anyone

of claims 1 ?13 \053St ft%vﬁf NG, ql??lvrhnahYB’GiI,ISHOQ Q44A, R70S,
nmeganucl ease o ¢laim 24 or clai'm 25.

BW,GSSi on vector corrprl Si ng at | east one

pol ynucl eot i r n ' e
expr essi on vgg%lg Qgﬁtﬁ&gﬁn @JLPGN @1775@1 dg%% ?S%%ZI?V\%MT R68N,
RydaneN, pol ynucl eotide fragnents, each encoding one

of the nonomers of a heterodineric variant_of _an y§)40eH RSHL

of clains 8- 532R3Y3319) QAd4eRYQY, DTN ard YAdPHaERa

}i&z@ﬁeﬁﬂw construct conprising a sequence to be
roduced in the nouse ROSA26 | ocus, flanked by

sequences shanBBRyS40Q, Q44K, R68Y, R70S, D75Q, 177N and K28R, Y33A,
Q38Y, S40Q, Q44T, R68H, R70H, D75N,
- K28Q, Q38R, S40K, Q44A, R70S, D75E, I77R and N30R, S32D,
Q44K, R68Y, R70S, D75Q, I77N,
- Y33T, Q38A, R68H, R70H, D75N and N30H, Y33S, R70S, I77K,
- Y33T, S40T, R68A, R70K, D75N and K28R, Y33A, Q38Y, S40Q,
R70S, and
- S32D, Y33H, Q44N, R70S, D75R, I77D and S32D, Q38C, R70S,
I77K.
11°) The variant of claim 10, wherein the first monomer is of any of
the sequences SEQ ID NO: 82 to 106 and the second monomer is of any of the
sequences SEQ ID NO: 107 to 116, 4, 117 to 130, respectively.
12°) The variant of claim 8, wherein said DNA target is SEQ ID

NO: 15.
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honol ogi es with the regi ons surroundi ng the genomc
DNA cl eavage site present in the nouse ROSA26 | ocus,

wa@sgoodasisaed i n anyone of clains 1, 8, 9 and 12rPGD)B20082002500

vector of claim27 or claim28, which includes a
targeting construct conpri Si a sequence to be
i ntroduced in the nouse ROSA26 |ocus, flanked by
sequences Shl?ﬁr‘;ﬁgggg@ko i VY|2t I\'»l/hglté?n h[%gflirg onor?er. is selected

sur roundi ng 2 €avage si

ﬁ&ﬁ tﬂpg&ﬁlp%aﬁﬁz@ng 6E URANB Q4SS IRAS arfd Bmymn,emw €Q4diYR68Y,
and 12. 31) The vector of claim?29 or ??)TY
@ms vmsaé.and $HIRY; By A4 17050 I aRfL Y 11248, Q44Y, R68N,

é%fs‘ﬂmiéﬂ "@4@}/%@@@%& ?%@ Q4PEURYOS and

rest bperdtive rnked to an ogous
DV@QI?HMV QA Y,TREBY,RTASY, DifSRchral 739, mvcmm BJ0S, D75Y and
wherein said sequence to @e i,ntroduced is .cas

B g0 ROBRRIcrol GE B Sty ERUB CBBRISHD it T28E, Y33R,
Q@é}@fg?(hz g@&’AV‘ﬁsm' R7g%gadAélglt)‘7ﬁdUQ¢28® \@3}@6%811, S40R, Q44A,

assefte in the nouse | 'ocls i nduces
R¥(N emsli DASHT; K28E ¥BIRUEBRy SAVKhQ4dd RyedbuB7¢QsmdeD75N ;

RRdiok e fibee qiek ol el Rrnd YEhBr Bl AR Yl Biste saox

QQ@AOR%Q%agqgm ng the genom c DNA cl eavage site
present in the nouse ROSA26 |ocus is a fragment of

mouse ROSA26 143k Tike asinpt PE¢laign 1 hevhaeindhe E‘rsé &%\etneals Rrected
6
Has TR Lol PRisud o hwdpeites Y NG B0 agon. 51, 5

il 8302nd 682 Gsetend nldhoméBAS setec®d0fpm7 881 gtoamp8d@Bisting of the
8215 to 8414, 8305 to 8504, 4 to 8693, 8589 to
sagences §EQ LN, 6!3’95% 8? Bn‘ggéo 9191 to 9390, 9467

to 9666, 101?54)tﬂ1e19§?a%t oF1A6eh 119 1iR6&8n thé3&ét bAd the second
12501, 12325 t6 12524, 12446 to 12465, 12702 to 12901,

thARdihet, aespdoivieln nebni[2 36 St tleast BG6 ﬁ)lWl%@leqgtmnsglﬂé@)QMY

Rl antl pROHRE Pt R iR D4R RERE T/ T

surrounding { nﬁmmﬁn [B‘ﬂpclﬁinea\ﬁagﬂleselhethprﬁserahdithe second
t he nouse ROS |l ocus is a fragnent of the nouse

M@SW@@SEQCIWQI 84 pryl BRQUPNEs odpreppestineing
downstream of, ﬁbﬁeQJaﬁQP{tacqeclﬁﬁxf an rﬁ&rﬁﬁ tﬁé)ﬁﬁ;lt DohREis selected

del eti on of i'ng seguences i mredi ately the
somathe qgosp t:ensm’Bﬁ); oA d@Wlelﬂh’o rR6<8NmR7m§| ang BTSSR ed24V, Q44Y,
R8s VLS Ly BYSRISRG. 8hay, R70S and D75Q ; 124V, Q44Y, R68Y, RT0S,
D75R and 177V ; 124V, Q44Y,'R7OS, D75Y and 177T, and the second monomer is
selected in the group consisting of : K28E, Y33R, Q38R, S40K, Q44A, R70S, D75N
and K28E, Y33R, Q38R, S40K, Q44A, R68T, R70N, D75N.

18°) The variant of claim 17, wherein the first monomer is selected
from the group consisting of the sequences SEQ ID NO : 49, 50, 51, 53 and 54, and
the second monomer is selected from the group consisting of the sequences SEQ ID
NO : 64 and 67.

19°) The variant of claim 12, wherein the first monomer is selected

from the group consisting of the sequences SEQ ID NO: 72 and 73 and the second
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claims 1 to 23, one single-chain chinmeric nmeganucl ease
of claim24 or claim?25, and/or at |east one

wez@sassedn vect or of anyone of clains 27, 28 pOIIEB00%/@®2500
34. 36) The conposition of claim35, which conprises a
targeting DNA construct conpgd sing a sequence to be
i ntroduced in the nouse ROSA26 | ocus, fl anked by

RGHAGRGE Selstad iHdsh loSissistink b rithe séRBh&R3 SEQ ID NO: 74 to
C

surroundi ng the geno target cleavage site of

Hai d variant, as defined in anyone of clains 3 1 to

34. 37) A h ell which is nodified by . .
pol ynucl eot ?@é ﬁfe ‘é"r’%ﬁnhwog@n% neagﬂ/%l@(“bsr ?otf)a]a()ny%l?fgh gpmprises a
il Rcdlizatin Signal3l/of afigd)- human transgeni ¢ ani mal
conprising one or two polynucl eotide fragnents as

defi ned i n 21°%iThe2@riant of| aayoneod clagys ata FGindgdai b5, 17 and 20,

Gutbes AR 25 9P sPendd gl Bl B8 SR ds FRARF L daips 11
Qg6 Vviddndto. of anyone of clains 1 to 23, one

singl e-chain ghi meri ¢ meganucl ease of claim 24, or, .
clai m 25, orR@°\Ebe sprian odrayeny AfFlaippdhie &t whigh ig; an pbligate

0] [ ' :
I3 SR LA bR R BERARE, dOBIaTE mutaion an
thin sgcohd nvabnhew Aurihentgmwiiseg the-R31d) muttioner i ¢

meganucl ease, or vector is associgt.ed wit ting.
DNA const r uch hihamﬂ%&f SIS Qe 1 P bihils o igate
Kforodiftfer, WokerSih the &tdMnfohomi Girflich c8@pMsdsahd EBRNG H¥KPand E61R

construct conprises a cassette COHDTISIH a .
selgtiencaddhe ssgond manpmevifucthergonpiises él@tK%%mul K96E mutations.

eventual |y rker .qgene, .fl anked by s S
honol ogi es %ﬁgﬁ héléﬁ'ﬁ'%aﬁ% §@Fnregﬁ n |%%#ﬁg&geﬁ§@églﬂg two
Db rEdrs 0rag6re SidrRaiRs asFeoite ivaridri ofmankime ROISARGME oc Us,23, or a

as defined in anyone of clains 31 to 34. 43) The use
eombanafionof&pthe] ai ns 40 to 42, for nmaking a transgenic

ggzsolo:)g gu;ﬁgf g?ke: Fﬁ{%‘%’@%‘? gl}eggiulcléa.%@ S DX SH WIcHBomprises
the first and the second monomer as defined in ;myone of claims 10, 11 and 13 to 23,
connected by a peptidic linker.

26°) A polynucleotide fragment encoding the variant of anyone of
claims 1 to 23 or the single-chain chimeric meganuclease of claim 24 or claim 25.

27°) An expression vector comprising at least one polynucleotide
fragment of claim 26.

28°) The expression vector of claim 27, which comprises two
different polynucleotide fragments, each encoding one of the monomers of a
heterodimeric variant of anyone of claims 8 to 23.

29°) A vector, which includes a targeting construct comprising a
sequence to be introduced in the mouse ROSA26 locus, flanked by sequences sharing

homologies with the regions surrounding the genomic DNA cleavage site present in

the mouse ROSA26 locus, as defined in anyone of claims 1, 8, 9 and 12.
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30°) The vector of claim 27 or claim 28, which includes a targeting
construct comprising a sequence to be introduced in the mouse ROSA26 locus,
flanked by sequences sharing homologies with the regions surrounding the genomic
DNA cleavage site present in the mouse ROSA26 locus, as defined in anyone of
claims 1, 8, 9 and 12.

31°) The vector of claim 29 or claim 30, wherein said sequence to be
introduced is a cassette comprising a DNA sequence encoding a product of interest
operatively linked to an heterologous promoter.

32°) The vector of claim 29 or claim 30, wherein said sequence to be
introduced is cassette comprising a DNA sequence encoding a product of interest, and
wherein the introduction of said cassette in the mouse ROSA26 locus induces the
expression of said product from the endogenous ROSA26 promoter.

33°) The vector of anyone of claims 29 to 32, wherein said sequence
sharing homologies with the regions surrounding the genomic DNA cleavage site
present in the mouse ROSA26 locus is a fragment of the mouse ROSA26 locus
comprising the sequence selected from positions: 3131 to 3330, 3401 to 3600, 4628 to
4827, 5495 to 5694, 5519 to 5718, 5817 to 6016, 5903 to 6102, 6320 to 6519, 7305 to
7504, 7981 to 8180, 8215 to 8414, 8305 to 8504, 8494 to 8693, 8589 to 8788, 8660 to
8859, 8921 to 9120, 9191 to 9390, 9467 to 9666, 10174 to 10373, 11469 to 11668,
12302 to 12501, 12325 to 12524, 12446 to 12465, 12702 to 12901, 12815 to 13014
and 12865 to 13064 of SEQ ID NO: 3.

34°) The vector of anyone of claims 29 to 32, wherein said sequence
sharing homologies with the regions surrounding the genomic DNA cleavage site
present in the mouse ROSA26 locus is a fragment of the mouse ROSA26 locus
comprising sequences upstream and downstream of the cleavage site, so as to allow
the deletion of coding sequences flanking immediately the cleavage site.

35°) A composition comprising at least one variant of anyone of
claims 1 to 23, one single-chain chimeric meganuclease of claim 24 or claim 25,
and/or at least one expression vector of anyone of claims 27, 28 and 30 to 34.

36°) The composition of claim 35, which comprises a targeting

DNA construct comprising a sequence to be introduced in the mouse ROSA26 locus,
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flanked by sequences sharing homologies with the region surrounding the genomic
DNA target cleavage site of said variant, as defined in anyone of claims 31 to 34.

37°) A host cell which is modified by a polynucleotide of claim 26
or a vector of anyone of claims 27 to 34.

38°) A non-human transgenic animal comprising one or two
polynucleotide fragments as defined in claim 26 or claim 28.

39°) A transgenic plant comprising one or two polynucleotide
fragments as defined in claim 26 or claim 28

40°) Use of at least one variant of anyone of claims 1 to 23, one
single-chain chimeric meganuclease of claim 24 or claim 25, one vector according to
anyone of claims 27 to 34, for engineering the mouse genome, for non-therapeutic
purposes.

41°) The use of claim 40, wherein said variant, single-chain
chimeric meganuclease, or vector is associated with a targeting DNA construct as
defined in anyone of claims 29 to 34.

42°) The use of claim 41, wherein said targeting DNA construct
comprises a cassette comprising a DNA sequence encoding a product of interest, and
eventually a marker gene, flanked by sequences sharing homologies with the regions
surrounding the genomic DNA cleavage site present in the mouse ROSA26 locus, as
defined in anyone of claims 31 to 34.

43°) The use of anyone of claims 40 to 42, for making a transgenic

mouse or a recombinant mouse cell line expressing an heterologous protein of interest.



