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BACKGROUND OF THE INVENTION

Field of the Invention

The present invention concerns a process to generate new class of induced Pluripotent
Stem (iPS) cells and their derivatives characterized as clean and/or safe and/or secure by using
endonucleases such as meganucleases and particularly the meganucleases of the present

invention.

Description of the Related Art

NANOG, a name reportedly derived from the Tir na nOg legend describing a Land of
Youth, is a gene involved in the self-renewal of embryonic stem cell (ES cell) which are
pluripotent cells. Pluripotent cells have the capacity to differentiate into cells forming all
three of the basic germ cell layers, endoderm, mesoderm and ectoderm and to cells

subsequently differentiating from these layers.



WO 2012/ 004671PCT/ 1B2011/ 001934 The NANOG gene is | ocated on
chronosone Xl | of the human genone and conposed of four exons which range

i n | engt wbebma®m787 and 417 bp. Wth 3 introns, the torall/gEneosesuence is
6,661 bp. NANOG is a key gene inplied in self-renewal properties of
pluripotent stemcells, enbryonic stemcells (ESZ or induced pluripotent
stem cel I s {(hPSNANSGr ggn6t isntocaied nore edhremegomee fl] ofctisabyaan gegame - akhew

i ndefi nj - [ g [ I [ i l4l . cel
typos ormPREIATdoE Sl SHBPHERL tn 1Bt BALRR a7 bl M7 T B Bl e O
candi dastaisgeherseqehte tshe6@ipyp. NANGG rekdy gnedinpted in seifdrehewalt prepgtiedoiCt i on

of i PS or. ES seed |ots. . NANOG gene, pol ynucl eot.i de and am no. agi d
sequen@ggWQF@tﬁEF}Qﬁkbﬁﬁﬂ¥ﬁ”¥%éw§¥ngn@5 r& QﬁgﬁﬁﬂﬁﬁﬂWﬁﬂﬁd?@B Sﬁgggrence
for humﬁ&@ﬂ%eﬁ%ugg&%u@%am% Qb RS MBS iRl MINEG,REPURAC ey & ﬁsed

herein, the term NANOG gene includes regul atory sequences outside of the
NANOG bodiififigrestededeinte all seit types op tlarbedyr Theseetwvapropertise make pisipotent sigol at or y

sequences. NOG,.cont ai ns honegdonmai n _spannj.ng r.esi dues that bi to DNA
and RS eood Capifs RireRu tastRR ARG e b e TPt it dlbe S Sach as
a di sc@sdeed ppryo resulting froman in vitro fertilization procedure. In
distinction, induced Pluripotent Stemcells or iPS cells are generated from
somatic cel hsawct fGicl P REROHEOMPIim B UL dleRRHEES BE WN-HrRKHAR $hd £t ghd OCt 4,
Sox2, c-Mc, Kif4)”(Takahashi, et al., 2006, 2007). The NANGG gene
has beere demmvstnosated by aefsteage dorrlninean WANDG seaquenceparsigioaathargnamoekases

(Yu, e I 2007). Its expression |s iterion.for the | i dat i on _of
truly :Né%\rlggr%? e%eﬁssusf’ thVH‘,’ ?}éet {eérln?l\lééw gﬁ%g)c.f)u%éeglugﬁ?%ryosfeqmﬁﬁ} in
pl uri petente st ene Q@AN@@@Sdilﬂge@qh@iﬁﬂa,t isfitte dis byro@eest - GX phIHSE0Re@Rbces or
knock-down experinments. Notably, it has been shown that over-expression of
NANOG FégurieiyescHEsnses | s Ned¥@Escontaimn @ dogepomaineiRanng hiesiditss dhaebipds to
Leukema A nhy Bhiory factor an otherw se essential factor for nmouse ES cells
cultuggﬁuéﬁpéﬁgﬁgbsence of NANOG nouse ES cells differentiate into
visceral / pagEjmeotra(l) iEN eOdeél %Qldlfl Sive ffr(I)\IAI\alxg;erB rnCt iu% é:sau%%%ar ed embryo

di fferentiation ot nouseEsTery §°1 1o "t Her ¢ WP’?ypes ? angeﬁg, &t° al,
2003) . resulting 8ol dnald Virrol RrtilizaBen bce@irts, InNANGIGtiON eindgoddr Bissibolnesh es

their propagation for nultiple passages during which the cells renain

pl uri péelener 1FSeprdls|aie eraksHAd dronNANDEIH EQ olde Siednfrodipcting j o tipwtransgaplétsy
denons I I Of_nkbu I self-renewal . In

addi ti tg%%rk&gﬁg){tg ?ﬁ%hgf‘}%}wf gléﬁﬁf:a?{agénslﬂll’%ygﬁgr?ggs?’tﬁ&ibi'h ot her factors such
as OCT4 and ablish ES cel |l identi n, € .. 2006, Li, et
2007 TR NARDE AT Reel e BT gl 4 RRCp Sl tenfiiiombley £
knock e@ttcessaslqyainadysalger®y).( WO Odxbie3biah Gape cahitrickO 8; tHamvhldagion 260 inulyor
knock-i n exogenous sequences into the ﬁenone. To enhance the efficiency of
gene t &Ryedrpmgedbsle hatvas et alt d988. 80D A A cdlejof NAND L Ingplajpetent eraéeliver a
DNA do 2 D Jo b € SINRLEN jcally
induceggéga%{g§§?§§%§9gwgg a?%gP %ﬁ%&ﬁ%ﬂt ggﬁggﬁgﬁﬁﬂgie rgg%ﬁgﬁﬁgﬁﬁ%k i's
requi r el w6 b1 drdOPyressibnstf MANOG knomnsaaES "celopadspodikem w'sclfircotwas thehe use

of a meganucl e cleaving a targeted gene sequence.to knock-in

Funot | GREPCCRE o ERGuUIRaLTY VaYan B LS80 EUET Bhc PadRT aust 1 <6l ¢ abl e
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definition sequence-specific endonucl eases recogni zi ng | arge sequences

( Thi er eydodarmzand 18ss AONOGfenceion cagded glifferentiatipg gl mowe 562815981 ptheThey

can cl njque ,sit [ \ving cells, thereby enhancing gene targeting
by 10038¥§P§Sgﬂ“ﬁ%?&*?ﬁdtﬂgbbicinity of the cleavage site (Puchta et al.,

Nucl eic Acids Res., 1993 034- 0 ; Rouet.et a Mol. Cell. Biol.,
To0a° 14" OBIE AN hmhiESce B ﬁg\@émﬁr_-ewﬁsmnﬁ%kk? (g ropdastion To
1968- 19ikiplP %Egageseﬁurﬂ{g]- whithOgie cBd temai§ Pluripatdnt. Gend KhockdSIR of ANOG
5055-5060; Sargent et al., Ml. Cell. Biol., 1997, 17, 267-277,

Cohen- Perm@edflitfesentigtion, theyeby dempnsttiag a roleolds this dactayipshunaxsES pelohld; et

Biof ., a5 1oy RO i ol Chn, B it o sl o588 b

meganuciEbbasl SQK3 oo eitdish @S dell ideantith@arngt eindoonadlicases200@yve been
identified (Chevalier, B.S. and B.L. §Loddard, Nucl eic Acids Res., 2001,

29, 3757-3774), the repertoire of cledvable target sequences is too limted
to allow the specific cleavage of a target site in a gene of interest or

G0 as there is usually no cleavable site in a chosen gene of interest. For
exanple, there is no cleavage site for known naturally occurring I-Cre | or
| - Scel nmeganucl eases in human NANOG Theoretically, the making of
artificial sequence-specific endonucl eases with chosen specificities could
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In the wild, neganucl eases are essentially represented by hom ng

endonucl eases. Hom ng Endonucl eases (HEs),a w despread famly of natural

meganucl esieesizaaed7adi ng hundreds of proteins famlies (Eoeaptoien)oB S. and

B.L. Stoddard, Nucleic Acids Res., 2001, 29, 3757-3774). These proteins are

encoded by nDblle genetic eIenents whi ch propagate by a process called
"hom ng": t hdlameaogens| gsas targtmvsirgtegiasdghiabecnalised @ KRokraumMENEoLenpEs gass | e

ehornt AP CHREEI o TR 209 JOTRIRIP AR amLar Yl

except i gieabmel davagenps aperdfiiesndyn of glen® tafgeting,f moalky amie@pe@lefnhamdeyjtst hey
coul d represent, |deaI scaffold to derive naqve

hi specjfic .
endonucledbaercy is to deliygip JoN Anditplcst eaee%re%ﬂé%’a) f’g%%wg‘w@d Iﬂ‘u? am'ng &g,
The LAG }n ] Jaﬁgl ih¥uceRaRHIAd Al ReQORSES XI%Qn@QIPé '1(51'u§ iRk fedombavist 1k n

the cata C ce I's the nost w despread and the best characterized
group. Seoytereds(WlGIS)léﬂlréléQS)arze ﬂmtv:wv&ndmﬂnl@ “aNoer kackan’s tlnmlt\)ctelﬂm uk¢ orh @hl s
famly are nononeric and WO DDGm)t

ot 1 Suteediare s Bich BagRed e RABHeG oA Tpe b PR raRTE Papgete "
SequenCQﬁeganuclease%hﬁ%&h 116 fleAGh kLABR BeRhied e Inlutd@ie @Bl VIredQidsBleVs@Ednd

regi on anong nenbers of the fam |y, these proteins share a very simlar

ar chi t edtreake Magreudasss yrd by oisfigition seruenicedpesyiie wodmaleBesdicRREMHORRIIANES wi t h

a perfect two-f Plidio I I el
o P NacealgtBer PR el Bl SRSl AR AR, A5k 58 Hea RS VPRV o !
Mol . A Bi Qﬂlleage &?m?lﬁ/gﬁ?@m 1368% 2619% tl&lﬂﬁbyWrﬂlbnc&ngpgawdtgr@yiggbyrIXDOOdgldr?nﬁmris
such as |-Sce ure et a ’ , -69, |-

(Silva ehe apeinityjof fjtg clegjage site {Beghta sggl.. ?6291310 i@%i*eév Séi ?ﬁ %Oéér%gb
etal.. GENRE BN MoR Qe Bl 139457 28883-8106 : ChoRiR e TRNMER! Bcfir BROL Moos,

domai ns of nononeric proteins contribute to the catal yt| C core, organl zed
around disvabesi 9t athuohts.er dliskroalSste Adad. Bait BlSiALC996r 3, S0RE-5060; Eﬁ@mtDADG

peptldesp I an e.int d| ti.on terf

bi ndi ng ﬁi‘ﬁdg Bl%ﬁ‘%ﬂ&a%%é@él %O@Ha Cre 3%(a lf(gj} % ?P?‘fg on
the DNA mRi0448" O5vH8ho,&Ner, mrr@lensemn 1beg fieunad70-4078; eeqaamleeal nMo'N@émS
such as PI-Pful (lchiyanagi et al., J. Mol. Biol., 2000, 300, 889- 901) and
Pl - Scel Binbut®8et8.a3:-101Nat . Struct. Biol., 2002, 9, 764 770), which protein
splicing domain is also involved in DNA binding. The maki ng of

functional chiARRfish SRIANURLRRGE Sal¥all wdgABuddi8edN 4168 Meftdled! tdPR! “KihmE N
with an |I-Crel nonomer have denonstrast eg the plasticity of meganucl eases

(C_heval i emdomuclegises” hee beceidentifi@io@heval@r, BS5a9DB;L. Bsodtard, Sfucigic AcMsdiesi.c
Qﬁldd\s/\ﬂ g@(%, 82%522]3’772 2e Iﬁeéélil(?lrgef, (zf; r]eadllagl%atgrg tC;IegAQrpceg (l:sattooq{}ﬁlte\éqto. a‘T’{oth%glg
appr oachsptéifit thalv;iage &l 4 Qkget Bige 5L gbdd 6f inyer&t of G@Ieis th&elis gemily eb oaaéavable
Genetics, 1997, 147, 1653-1664; Sussman et al Mol . Biol., 2004, 342,
31-41: |¥iedPiathostmecocH infsgist c%’tﬁ%ﬁ@ﬂﬂd@%@/%?‘?@@gaﬁde\f@ krtsogy ol

Arnould 4 Tﬁ%@ Rosen etal ., Nucleic
Aci ds Re(gctcmqglgd reé%? hf?@lﬁh%%%lg@% ‘ﬁﬁé%‘a%ﬁ% ucl ei ¢ Acids Res., 2006,
34, e 1 49), I-Sce.l t?[{'Ign et al. . Am Chem Soc., 2006, 128,

2477- 2484) Pl hegeasica reakgng af amfnmalMsnuereﬁepemhcz@@@nus@ases991311 chag08 )

and |- r

addi ti on ef‘ll A@Eg@fiﬁlﬁfa ﬁfgv@re tplsg%ﬁ?'vg ?%eggoq{}\f ?ﬁ;llrg?[gﬁ?r@%%la{pgmaglh ed? | i ty
wer e engiunetet ef “lmyksron‘buhm fixdd idthe Sedion bﬁZmorFaﬂageaWpcvtems \Z BPw) th}gtlhe Thmbytighput
Scr eeni ng: - Resj U4, R68 and R70 or 8, .D75 a d 177 of

| - Crel | V\Sgor"@ ipnof fphi 2 & S%L E:SE'GPP%(?PS @@swp.aémtg Wl??q‘tﬁhfu Ftﬂ%ﬂa geduence-
speci fi ¢ Eé’lﬁ@tenﬁ’&ﬁiciéa%s(Sngthté? a? QlfuclteﬂeA%Rtegr 9699, CFNOP_ERNA BiBikg el ks wer e

identifi é’ screening (I nternational PCT Appiications WO 2006/ 097784 and
WO 2006/M9178661 B\rqioLHOdlet2laI289 -297; MobikoBi e . al , X00811c358)02443143869-Shi%:h et

al ., lC Aci d ) i dues

or §(°V5ﬁda ledllcé 3?6@%) 5;‘\%%318? qg%@lm%’r%m?nﬁ a%@ ed and
a col I eC1630nAw&m\eaw anfos, wetr hzabst aped1GPELi el ty aAt NP, R0051S135864063Q of

t he DNA target (I ONNN DNA t ar et%L were identified by screening (Smth et

al ., NucPatess.Ailds Mels Therp ol 43814%8). PephefHRADPGRaTCS Pevre pesm yssatpPiohs wo
2007/ 060495 and WO 2007/ 049156) wo different variants were conbi ned
and assenbled in a functional heterodineric endonucl ease able to cleave a
chinmeric target resulting fromthe fusion of a different half of each
variant DNA target sequence (Arnould et al., precited; International PCT
Applications WD 2006/ 097854 and WD 2007/ 034262).. Interestingly, the novel
protei ns had kept proper folding and stability, high activity, and a narrow
speC|f|C|ty Furtherrmre re5|dues 28 to 40 and 44 to 77 of I-Crel
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The conbination of the two former steps allows a | arger conbi natori al
approach, involving four different subdomains. The different subdomai ns can
be nodi f iwo 2ep@ueriel y and conbi ned to obtain an entirelPgTnBzasI@asd
meganucl ease vari ant (heterodi mer or single-chain nolecule) with chosen
specificity. In a first step, couples of novel neganucl eases are conbi ned
in new mogmeeries of tHeal 2Rk gareuinl kumsars tymphioehodllsg Usaey atebnNaturea 2§B.s435,
derived g4ro<{?}he target one wants to cleave. Then, the conbination of such
" hal f-rreggh é ‘ease” can result in a heterodineric species cleaving the
target of interest. The assenbly of four sets of nutations into .

het er odi mer i cTtertdoding lspastestycdfeGys2rgisa tynsdéhc-Finege Projeiguenessyde mangudaience

fromdifferent gepes has.been describ in the fallow-n tent

appl i catJeEHES SRg‘ﬁﬁﬂiynbg rVW?%@?ﬁ@?@’fgﬁ'%W@Slggﬁsepe(r\/@%mﬁg%fg%% o Yot Yene
(VW2008028383)chehet 2002, MoC8 Pk AR Ulinfesgf e af VR0 G810 Rifud Disd30s 2263 9B 1 -
(W2008152523), Human henogl obi n beta gene (W2009013622) and Human_ _ .

| nt er | el}68n-Sudiet Epmothe Faheriaberrieries(hape oooliadana jarge repertoithalkpovehaitdisid can
be used cl eav ui Agye e V, for
novel pe%@ﬁé@?%vgos%?@ g@\%@%‘ @I e@@?ﬁcl ud%ﬁg&gg%gl{tgﬁéé’r aE|tF;};/1£1(él el pH%\yA(/)éver,
even t haBugdnct hEBMages, pailea73; Kimnd.S+azd Ao0.nRdbodPal datlaAyad dief.ddtS M 1 99& he
protein, it has beep shown that the sitions ar ot VQj f ent

i nfor _rrat?%ﬁgt%:ﬁ%wdl e @ho_ﬁi X a@‘? Al\/zﬁué) |r8‘F°.I\,?at;(§&ff:§,§' %QUQ&gb%G%I iz
especi al ¥ 67 0fsa AP EKE AP KL ,]Nﬁ!"@i&é’dﬂngl.,b@(ﬁ,39,“5%366753 AAIBArbA R hoo, Y.
substrate specificity (Argas% et al., J. Wol. Biol., 1998, 280, 345-353;
Jurica endah. KlugpProcCa¥dtl. Ack998¢i. 1SA46994.7%1, 1aHevdIl 1 &r;, [sBasM aand 8. Klug,

St oddar cleic Ac e 01, 29, 3757-3774). In vitro selection of
cl eavabﬁgatwﬁt%’hn?laggg?’ ](%Agagfgfz’&et al ., precited) randomy nutageni zed,

reveal ed the inportance of these four base-pairs on protein binding and
cl eavage act iNéveytheless, AP sbeen sstiggebmatdtiotsatespdeallyelonapkliations deuethgvat er

nol ecul es found.in the active site S inmportant f.or sitiaoning.the
ar got | (CREVHR dveb ot peciigl ki 21 T raraBigh SpBatohy 16 ST (il FoRl
addi ti omucldige otivepsh \VEFPCRIIOAIIFBlciRNah achanBesthéMate RBAATor Kitd b With@@bon
upon | -Crel binding suggest that the four central nucl eotides could

cont ri busites separdied Byilsanatde istapessi Yie ¢iDNA Ipeis G astoyel sy, Dagleind eidg Rsandeif:
conf or ' farenges .al t 3 [ ~
vent oreh ags B TR 88 bR bEheS 213, ayel S e B Rk Ay
meganucl dgls &sielst @i ©geicith gn RANCGalgRNe:1 1S egd drossphila UBIbiksvaNANDGGeat st 2802, es
NANOZ2, a site within exon 2 of the, NANOG(%ene and NANO'EA a site wiﬁhin
intron 16df HK8-NARCBibYENH, ¢/ ag!-nSkiePFsr 200y Hanffi%es Hopkempysfept al., Nat
endonucl g n d@ﬁ Be ky -4 he meganucl eases of the invention introduce
doubl e slfglggeggréﬂ'%orea ei) va(k'%)ﬁ?n t ne NANOG gene of feri ng new opportunities to
nodi fy, nodul ate, and control NANOG gene expression, to detect NANOG gene

. : g
expr essi on, ofha Bvenipisduye discpysied;arbadqnitdod paw aRANeED Yhifd qisanyenisrhee
SUMVARY I r L i LiAS NATRO s to
gener at n%lgvmglugyg@g@q%}gﬂgggorﬁ-g%(rilsegbg%ﬁ% Eé‘%‘%}én H@%?S I%g{)?rfs; 1a d thei@(r:ge?1
deri vatisegqserchar act eri zed as cl ean and/ or safe and/ or secure by using
endonucl eases such as nmeganucl eases and particularly the neganucl eases of
the present invgntian. LSS C h.Qt e
S by 1 nt ode o D he Mgt ks R el SHplEBhe @) RTRIGD, SRPFIERELS
c-nmyc arKombhat EnddbhesasésniHBs) e twidespraade fantily @dnbatodal edegandclbssas ihduding
het er ogenous popul ations of i PS cell er ransgenes are not, i nserfed at
t he samehYndesdls o4 pepteing fay FS@ﬁ%ﬁmﬁﬂé%%égﬁdﬁﬁéygﬁﬁﬂﬁgrEuckﬁSAE@Fﬁfse%ég Sss
these foiy 3HEARSHBNER- R SRAS AR sheb&RANGobR: BirRRE B chRIwHiLE biBheate by a
differentiation steps. Endonucl edases of "the present invention are a
t ool of whoissealadklivoningyy thhesdomsickssd clatvesssorgnatl dlsld frgm whichishe mababust
and singl,e caop ar ed insertjon of the four transgenes a, define
Mocus. a Tgnrg: abEBhupgF e AGuRiRE e Pomolieons Mgkl RRTOR ALy ThufubRbET s
hi gh quanbbiley/ DNA it @SteBipldnt Yoch® GiEBR VRt HReptunal teangs pRARrRAR S dTave
been generated w thout any scar on the genone ("pop-out"), for obtaining
clean iPS in further re-differentiation steps and therapeutic uses.

Anot her issue addressed by endonucl eases of the present invention is the
possibility to generate secured i PS and*t o standardi ze wel | -defined but
still empirical current protocols. By using nmeganucl eases inducing the
targeting and the disruption of Nanog gene as a non limting exanple, at a
defined step of differentiation process, the progression of iPS toward
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differentiation states is nmade irreversible and safe since infinite

sel f-renewabl e property of these cells is |ost. Al so, by using
endonucl esees1tw4éimsert at a safe | ocus of the genone, ®emaB200fi/0d1vider est
and particul ar inducible genes defined as essential for progression of iPS
toward differentiated cells (growh factors, transcription factors), it is
possi bl efficacstanddpediiziey.tthey dodlfl gepmsdnaidesh seiops tofleraye N, highly spyeifig
endonuclegse §$§roa0h of 1 PS generation and differentiati on open new
avenues F'6P"§¢¥8Ehi ng nol ecul es and / or genes in vitro: in order to
securize and standardize the i PS differentiation process, gene candidates
from an expr ddenog Endimaclgases spbongi 19l fovormajaplfarndiced They LA @) Algh family,
differentiatiaon step can be.i.nserted at .a safe. | qcus of .an i PS. genone
locus, BTG RGT Regmrten eaaed® s ioReaih BRAd Rt 4f Thee s MOSHEstnas
on pri mednd t€bks chaatiétingl Sloup Beven gei@bies ale £l8f @cdilabld. WiRret8rmdf pestainsiat e
drug reiggnse at a single patient scale in pharmcogenom c apgroaches. to
conf i r mfoemithiv famdneee wppemers ard displendne ) GLIERAP Garotts omi§y dayecenly one

met hods it ' redictive taoxico Al so,
endoanuch s SRR PR B APl BEGEbARAFREMEESeqpncrs. 0o
integrating at a safe |ocus, reporter gene fused to a pronoter specific of
a defined rephblpuginthe Lo DD peptidrels the oplyl dogsareed igiqnEENengIMeRPEPAL i on
pr Ocess'thﬂ}emlsla,rrtﬁe aPRb e?hcs.h sh%%_na Qgr eﬁ%"l?ﬂ{ %Igﬁﬁiec%re.' e Eeﬁgly{ig'cg{ef ifseHa RLA B%' on
process, gl?oang 1 precisely contt ol i'S process and-create progenitor
cel | s bamk, DSA-bihdia| ddntathstivith dgetfedtitwbtierd syuwmbary fofr hoimmaEnandudnawrCidd be
able to nove through the body and nmigrate towards the tissue where they are
needed:; (tqli‘éyal&r’ee’ﬁg-ﬁ DNag o tEHerBigk PN Bop T2d ok angr pdso s tthevpld £h ¢l ad Mﬁéy
act as I P& tem : i r i !
transplZg?gt?%%’g?%éﬁgz%%?a%%ﬁgﬁ?ﬁ%?%@%g. e&&ﬁﬁﬁ@%ﬁ@g?%gﬁ?ﬁgﬁg%SLQ??HSses,
endonucl @aded. Mok Bihk, 2008aB34,08I5-6% 1 angeSilamd: alorl del. Brolgl183% 280d1E2%-e

i PS cell t hol ogi cal. gen fects b re, thetr injection in patient
organisn@3§g°%'ﬂﬁg§§g@”gﬂ‘ e%%ﬁﬁbbgg’ﬁRBaﬁaﬁ%ﬁéﬁﬁé au P., Current Gene
Therapy, 2007, 7, 49-66). Any gene involved in the reprogrammation
of i PS cel | s Bsthpaoihomdrs tonebogr dsmninsi afweodnxricapibtdins eoruskedtalto tthe gatal yat

endonucl eases according to the invention. The present inventi |.s0O
concer nsCO%e: AEGRHLAGATRHNY ‘#—"‘S?le’&tl “é‘&ﬁnsaﬁwté’go‘éea caadyisreose dhiy Ve ggcﬂdﬁ@ Qs a

new pr odyetiqud hllay Qo ANYIIBH R 8SRMRSRe UIBerPRASN Glte@iccaMN AVMRIIR dbpthas eat
targeted for the process of cleaning and securization of such 1PS cells,
af ter t hevoptypiceksaddie-shiaperthpp.Radfoddsc sittingaen the DY Aumejor grasae dOtRs demiins .

In particular, the.invention.invalves clease vari gnts ah. ta and
ol ehve. NARGE Guhd TobaYERREIR DB VET ah BRI TR0 Rty Motk 2660

t ransf or3oad 889001 VALl PILScet (vBdicnd 4 hBSe StegaBicl, ease, 9,ard4arnos, whidh pritéiads
for maki ng a neganucl ease variant through by expressing a pol ynucl eotide
encodi ngsAlieingdefmainis afserinydsedyini INJAriedinicl ease variants recogni zi ng the
NANOG gene, i ncl udi ng nmeganucl ease variants recogni zi ng the NANOXR and
NANOGA DNA sefheneRig oif@Ra&ional chiferitBgeiiuGt|eass by Ausink SR N-@rhivde $DngAt e
the function of the NANOG gene, followits expression in undifferentiated
or pl urigueant with| i Isrehempnepgen hayh fdearoapifasiade thee @lasciby afnmesveleasss
knock ou i 1 e 1 I i LNOA L; I epes or
other gate R AE M o P R B D s el ML R PR SodBES o
pr ot ei NS2957k4Y; imgmaticha RO Applicativis WO 031678619 end V00 2084/0al 31H)be used to
nodul at e NANOG expression in a cell by interaction of this gene sequence

w th a neganuglsase, far ,exa . CON | ] wn
or control e;%?fgesr%r} 'GP W?\I@aﬁ% S%e{%érea 1@% %gﬂxloégh gyﬁgﬁlyglgeerltf'? S%érmfcrlﬁtydoq
vari ous RCRar(Stihenapeuwl Geaetid ageQI4u7 clapplacdasuwntn ef al., J. Molp8idli, 2a04r
aspect of the invention is a nmeganucl ease that can_induce doubl e stranded
br eaks i #ftZany!-gbnéntemateradPEh 3wahw%@p%dW&hﬁQ@@@ﬁ7a¥b@@ s“ﬁ%dm%@%pwgﬁﬁarly
in the %@@rﬁ, J. Mol. BibY101008! 33308614581 RONG o BY ERLEIR AQYLRYES 008! 54
such a meganucl ease recogni’zi ng’ NANOG sequences to knock out or nodul ate
NANOG ex419s4800n . Sritly e &/. i Nhdeit rAstidsReucP009, St attddyyl-Sdel {Pey@nt! &t Hathayi es
can be inplenented for knocking out the NANOG (Fig. 1). Anot her
aspect of the invention is the use of a_mneganucl ease recogni zi ng NANOG t o

i ntroduce a gene of interest into the NANOG gene or |ocus. The gene of
interest may be a reporter gene that permts the expression of NANOG to be
determ ned or followed over tine, said reporter gene being associated or
not to a nucleotidic sequence which is introduced into the genone in order
to add new potentialities or properties to targeted cells. Methods for



determning the effects of non- NANOG genes or drug conpounds on NANOG
expression or activity may be eval uated using assays enploying a reporter
gene. Sucwormetdmdeiare particul arly val uabl e when appl i @¢TUB20UNWB340r
cancer cells that have been nodified to incorporate a NANOG gene associ at ed

with a reporter. Alternatively, the gene of interest may be a therapeutic

t r ansger@hent. hSa:rc L HE0, N2NQB 7THHI48H), el (eimdeGad ok idohBial. sHi08, Rt b3-
Such ther | may_.be se t ressed wi t h NANOG

provi de ¥ 83 fii(}%é’?&ggw rBheéﬁ’?)P@Bté‘re ?%ﬁawﬂ?a?sg’oor pronote a particul ar
phase or stage of cellular differentiation. Thus, a third associ ated
aspect of t helni addition, olundeddat ef 11t hﬂeriu&é/es)fWﬁﬂndONNMO@tge@espb@ﬁmy agerg

"l andi ng _pa i ns rt nodul at e t he expressi of gen i nterest.

BRI EF D@éﬁeﬁfﬁf*%% H%RW’NE%‘O““‘I app“ﬁ"ﬁﬁ?‘iﬁig%&r hr@?g‘&’“gﬁﬁr B'P#1 ustrat es
different strategies for knocking out NANOG The codi ng sequence can be

mut at ed by nonRésidmeb 6B 68 ndd RI0Mmir 4 IHIGE,]D?ﬂsbd@ﬂaofrh@miu&dream&ageaizgéti ng
a sequence in the open reading frane (Fi anycl eas i ng the
NANOG2 saé’&L?eﬁ‘?,l@CP%rlé’ SRS &h%ﬁ%@req -weflﬁgtty @5@851“?1% ﬁg‘t 53 f Q*ea]é%%ehﬁrgq
exons. ca3NRey ORENIEARUGLEARE HET GppikBiand é’xﬁdw&)
suppl i ecai(I3 d[%]‘ %Q%J}Y‘%NAI%??{%)H( WMS anulc gsaes recogni zi n%p \

NANOCA szfﬁ@tﬁé}?é’é% aucbWQéO@ﬂ/OW/SSéermdllctamlt, ypelobfBikhotl608%5, éﬂBdﬁ&g@mlth
consists in the repl.ac ge region within NANOG gene by the
action of 4-w! aéfn)‘ﬂ% g%?s&é)ogﬁégﬁ%% NANOG2 + NANOX) and a KO matrix can
be used for the deI etion of |large sequences (Fig. 1D). Such a KO matrix can
be built usi nngﬂmeMésNdélaedeer N3 Y381 gret Q38 ex KA8a%¥ 33veD18 arsd Sftﬂrﬁ‘l-

mut at ed exons. (?reZaad%;)lllustratethe 0“;t;olnatorl
approachcreéié‘éeé"’r mygenized skt paliscBAm Pt perngHpIth alerd ARcis 9 BPHEYSH 8dAd WO

2006/ 097 d \ B (SRR 4}4& 458)
and Sm t et %ﬁ[ﬂﬁﬁg g@t @TW DH?\ téﬂr&%%%e)re N@iltlsﬁgggé rts)%%%g s( used e
entirel yNodeiesAgds Ree, IZ])% Bidndi 40y [denmitiondf PEHeAgpliCatadns pWex 206V/@d 9 hmadeby
engi neer ucl eases with fully engineered specificity.

Fi gure 3%@@@3%@ NANOGX2 derived targets. The NANOX2. 1 target sequence
(SEQID NO 8) and its derivatives 10AAC P (SEQ ID NO 4), 10TAG P (SEQID
NO 6), S5CCT Pwé JhiGreR) Noiank) wﬁn‘&dccﬁﬁb’%ﬁ:‘s:d%r(cﬁﬁ@einbld&@n ﬁfuncﬁos&tldm[tsodlm”erlc

Pal indrom c) are deri va ives Cl221, fou be, cl.eaved revio sI
obt ai neoewdoey ffasmkﬂarf?sceamzc%lmfrgE@g%rNé}%) ron Jhefispny & Efbgllf rqgehaliyof
10TAG P &@ﬁceamtwmrge@g%mﬁca SERLLIR M, BechBl 13GAGRNLISEET LN tioh)
were first described a sequences, buf structural data suggest that
only t heWZR20@6/09 % 58 sind VY 2@(171/03;511262)& ImeDNAnglryt ghreantvieb protANDER kdpt (I88Qr | D

NO " 8) is, Lh . the h NANOG t iti
3786 3609 AR 5 DB NG 6) NP PR B DO NANGC T at posi &1 ons. -2

-1;+1; +2 where |1-Crel cleavage site (GIAC) substitutes the correspondi ng
NANOR2. 1 sequéntermdaNeEd s (BE@ RO aid 4409 77soff k€ 'rplabiered slomre te doue nee
derived fromthe |eft 0 2, and NA 4 (SEQ ID,NO.. 11 t he
ol | nar cifpeoblequabuettdading. abl the i SRnDERTS oF < AR SBIONAREEM A  SE0
I D NO 152r)e iseitther MaNuRRiORcRIsSeguenos, serdiMedidieanmidhe ploaf ippidationd WO
NANOR2. 1, and NANOXR.6 (SEQ ID NO 13) is the palindromc sequence derived
from t he2Q474HP0PRand BIO J781). Figure 4: Activity cleavage in CHO
cells of single chain heterodi mer pCLS4412, pCLS4413, pCLS4414, pCLS4415,
pCLS4416, pCLEA ddmbiRGlic AL &utffdaSAbh? (kO PR EsHInihsSELT-Cr-RACYRARYAL sand
SCOH RAG CLS (pCLS2222) neganucl eases as positive controls. The enpty

vect or coangroér oIS 08esgs oblmyelpekimeriesmelgcelas @ékﬁhtq gleges 2 Piligrandic
pCLS1728 c a control RAGL, et seqguence.

Cor r espaittiania BR A RES S B iing hen o BRGNS R s % Bl TandAd o dfapn:
| egend) QRichNge mogm bySea2f JuBlbRU®: (kiR &/ ( NeBkic ﬁmdg R&., 30062.344%149;
5.6, 6:7, 7:10, 8: 9 3, 10: 1; 11 (e t;/ vect or 11 (bottomdotted
line). Internatmnng@TsApplmm“ém@OM dend WA 2087/949 556) Tareil iaiiest on
target s urga e (SEQID NO 18) and its derivatives 10TGA P (SEQ I D NO
14), 10AAG. %'SEQ ID NO 16), 5GCT P (SEQ ID NO 15) and 5ATT_P (SEQ I D NO
17), P stands for Palindromc) are derivatives of Cl221, found to be

cl eaved by previously obtained I-Crel nutants. Cl1221 (SEQ ID NO 2),
10TGA P (SEQ ID NO 14), 10AAG P (SEQ IP NO 16), 5GCT P (SEQ ID NO 15)
and 5ATT_P (SEQ ID NO 17), were first described as 24 bp sequences, but
structural data suggest that only the 22 bp are relevant for protein/DNA
interaction. NANOXA.1 (SEQ ID NO 18) is the DNA sequence located in the
human NANOG gene at position 1222-1245. NANOXA.2 (SEQ ID NGO 19) differs
from NANOG4 1 at p05|t|ons -2 1; +1; +2 where I-Crel cleavage S|te (GTAC)

o, M " N e~~~ a o N~ 1



Figure 18 : Exanple of targeted integration identified by southern bl ot
analysis. Figure 19 : Exanple of Pop-out events identified by PCR screen.
Fi gure 20woSprzmesyy f or NANOG KO usi ng NANOXA neganucl eas@dB20iApo1bsimol ogy
for reconbination design; (B) General schene of matrices; (C) Honol ogous
reconbi nati on process nedi ated by NANOXA neganucl eases. Figure 21:
Matri ces desilgre amnbinatiayef dichiveo foxmer rseapsraliomisea (Bger eprabinatorgl prprpid, ( C)

NANOG KO. TAI LED . DESCRI PTI ON .OF . THE ... NVENTI : The present. | ntion
concer ns™¥ ﬁ’lngcflggrs d&%r‘aﬁ r?@Pé‘fnéalﬂsevﬁlg I %li S re(I}FHS_ ‘ilt?cla\lﬁ%aé%s T:ﬁnu?? Hgotdgt?lc? %tp E%Ye?}/ PS)
cel | s angdtdagibincdabiobadih eenGRA agkdphaietegmucleean aiadl (etsadimenndsingle-
secure b using endonucl eases such as neganucl eases and particularly the
meganuc|@agegolsrulehwithreheagn spepifisiiy i lgng first step, geuplessef payehmegpcesacs are

prot ocol st ene e i g | b LI
et a1 4, Lol A PERRY TbIeCRY CPCARUFRDRaceRd LOWind FANSHOTR, (Rl ARt
cont r ol |fedn alndtakg@adné ovahstte rcbgeadilenpthp woatbiremison of sudS todl nsganelease™ can

transgenes are pot inserted at the sane locus.and / or not with.the sane
copy nurfB&Ht in 3 r(?@“i‘%“%??ﬁ?‘@% §1tef"ﬁ‘8%_  Brget tO? é‘ﬁ%@%tngge f)‘%sieﬁﬁ’weﬂ{]f%‘/‘r FE88T ng
to probl e bRl infd hdiB8Hinkrcf &gf%ﬂﬁdrll@gswaeﬁiﬁg)ﬁ-modeEmQa%h@@&@%r afsefit@ice

present invention are a tool choi ce overcom ng these classical issues
al | owi ngfrom sdiffbient gemdsulsas bavd ddsenied vophe fadlogeng gatens eprlicononst Xife deoer

homogendlLougBesam aRAG ofne. FVORUIE Do £ 1BRL' S8 IRIPPANROI® . dotis? (e
four traﬁfc&@mmg%?gi(ﬁﬁmmeobﬁm R&ARS abed(WIORho’1523nY), $hmtanOienidpdotgenomne

("pop-out™), for i ni ng clean 1PS in further re-differentiation steps
and t herbspreutgrre u$B2009013622hotandr e dogrledded biecepfdongeMetiseshdl t he

present i i iI§ the possibility to generate secured i PS and to
standarcf:“éneég(gvxtgoﬁ)?%fé?i ned but still enpirical current protocols. By 14

These variants can be used to cleave genuine chromosomal sequences and have paved

the way for novel perspectives in several fields including gene therapy.

However, even though the base-pairs + 1 and + 2 do not display any contact with the
protein, it has been shown that these positions are not devoid of content information
(Chevalier et al., J. Mol. Biol., 2003, 329, 253-269), especially for the base-pair =1 and could
be a source of additional substrate specificity (Argast et al., J. Mol. Biol., 1998, 280, 345-353;
Jurica et al., Mol. Cell., 1998, 2, 469-476; Chevalier, B.S. and B.L. Stoddard, Nucleic Acids
Res., 2001, 29, 3757-3774). In vitro selection of cleavable I-Crel target (Argast et al.,
precited) randomly mutagenized, revealed the importance of these four base-pairs on protein
binding and cleavage activity. It has been suggested that the network of ordered water
molecules found in the active site was important for positioning the DNA target (Chevalier e/
al., Biochemistry, 2004, 43, 14015-14026). In addition, the extensive conformational changes
that appear in this region upon I-Crel binding suggest that the four central nucleotides could
contribute to the substrate specificity, possibly by sequence dependent conformational

preferences (Chevalier ef al., 2003, precited).

The inventors have identified and developed novel endonucleases, such as
meganucleases, targeting NANOG gene sequences, such as NANOG target sites NANOG?2, a
site within exon 2 of the NANOG gene, and NANOGH4, a site within intron 1 of the NANOG



usi ng nmeganucl eases inducing the targeting and the disruption of Nanog or
Tert gene as non |imting exanples, at a defined step of differentiation
process, wbeommwgiressi on of i PS toward differentiati on gCaBH1i/80103de
irreversible and safe since infinite self-renewabl e property of these cells

is |ost. sao,. by using endonucl ease i nsert. t a _safe | ocus of
the gendifgS Ag0dTHlies a&%@eﬁeﬁ?%%eﬁ DoEdnrapnt rrtiilay Gednearnpyicses _
towar d djfherifndntigh qgtr@cﬁlclesaoﬁgreowahdé@%;eq@ wi hﬁ@mﬁecwzsmwn%é‘necsfwrﬁog, ndw S
possi bl e to standardi ze t differentiation steps of an

endonuclopaseumEpey @amhduﬁsf mmlgemendaaonbﬂl NANQ fgene exnressidnote defest IﬁéWOG
avenues for screeni % es and f t??ﬂﬁéotﬁ %Ehmus in order to
securi zege%axlﬁr?%ho&la?d 0218 TPREC Igg‘c’gﬁp?sflg }nl iation rocess gene candi dat es

froman expression |library responsible or inplicated in a defined

di f f er e BRELF SEMMARYOF FHE INVENJON a safe | ocus of an i PS genone
| ocus, by using endonucl eases. to screen chemcal |ibraries for conpounds

on primar y C elHespresent mbaglanrcomoetmaaa peivets togenetefeariv classrofandierd Ptureposdny at e

drug res S atient scale, i ar rmcogenom aches.

conti r mgrmi b Bhang Beir dPBtee dRecenrdal Qo a R R B e gane

met hods &aén&ha%sl SIS ad %e%ﬁﬁt@l&fsésvgn& P4 RlaPgY thEBAS tiSleases of thAl Sr@sent
endonucl eases can be the ideal tool to create reporter cell Iines

i nt egr atihveptiah. a safe | ocus, reporter gene fused to a pronoter specific of
a defined reprogrammtion step in order to validate the i PS reprogrammation
process.  The |8 aRRI QAR C tofeslsqe ALARSBSY nGabf, 1R ff LaR&RbiA | on
process, allow’ng precisely contro hi's process andgcreate progenitor
cells bafada«prssﬁmtBM &dtheIQLcFélchndlcemycaaﬂeltmtted nunber of times and known to be
able to nove through the body and migrate towards the tissue where they are
needed; they ar ﬂqe[;’ea[rﬁﬂo‘ap&ﬂ{n's%ré‘@& ‘dhtrél e{%i Afilkld & %Poge% Bgéllﬂworé%fﬁﬁw
act as a repair systemftor th out presentin own

t ranspl ant at i oncglsobheetrafisgentspat ndm 1h$drt¢d at the samBégras dnd g oNANOGHH thasamen,
the targeting of this ene wi |l be useful to better understand the

pl uripotency pr&6PErt" €S of pluripotent stemcells by knock-in and knock-out
15 experinments in ES and i PS cells. For this purpose NANOG recogni zi ng
meganucl eases aiRs &diie ekpiebs thesecioor Casharapsendneayy tadingeo gesbiamefbr furtiear get
specifically thls gene.. Thus, it will be possible to knock-out the gene
specifically bu913¥§BmP6nR%B%k in reporter gene which will be expressed
under NANOG regul ators el ement. Thus, NANOG expression could be foll owed
both at the ulidohiideRed oBthe greanst 1di/efnft16ﬁ ard 4 alok df icages erduting ajpe oasdicaM | |
al so a||OMItO nmonitor the process of de-differentiation of differentiated
cell's. Iissuesalloyggher application of NANOG designed neganucl eases will be
for the study of the reprogrammi ng process and for the identification of
new factors abl eable, lbat andrstgte édpytthrgsteRigeass ofl the fag tirangdehbpatghddinge
wor k has been nmade by the scientific connunitg t he reprogranmm ng process
remains still | g}cgmaiiowrf@ ficeneelied  ganenaipnpfdheipeganens o pepWatiang. Invyekover
strategy based aglﬁdfnsgene integration are presently the nost efficient,
but they suffer drawbacks. The integration site for transgenesis
remai ns unpredlctable and irreproduci bl e, which can affect endogenous

cel lul ar gene f theaosshditpio greNDthe fpurrrmrisg@msm@e iPSrhaye @eer ganeragid: wWislhayth

i ntegrated repr c b ) ARSC I ver
time through degﬁévo D&gtkg %3?§} gﬁgg%hey @%ﬂ%h@inﬁ %%%XegﬁgﬁgqﬁgggtﬁVated
during cell cul tiffegermiadodstepeiitheapénr.usdhe devel opment of new strategy to
i nprove the reprogramm ng process is therefore required. Taki ng
advant age of cIe S, it ossi bl e 2i-at

Somat 1 el | OREITRPATERE S Tagorie et s AT EPRSIT i Bt BB Bh SRk
regul at Cg’e)ie@&q&éeﬁh@ﬂﬁPSUﬁﬁd C(Qﬁttaﬂidlﬂrd@é aRrBAfeSinéd binostillt hipiriefl rcageanprofgols. By

ef ficiency through the expreSS|on of the re orter gene that will mmc the
act i vat i UsHgomegpRIckasss oueng yihgdpgctpgnersl the disruptiqnapf Nangg\gene as a non
meganucl

pIurlpoﬂgﬁﬁ%gf&QMk fP akﬁﬁnoc§§8¥dﬁﬁx&ﬁﬁ ?§p82§§;W§pﬁkgﬁg§8?gggﬁ?hag%ﬂ on
ES cells has highlighted the presence of abnormal overgrowth after
engraftment into animals of differentiated precursors derived fromES cells
(Tabar et al, 2005, Roy et al, 2006, Aubry et al, 2008). Choice of NANOG as
a candidate for this purpose is also based on the fact that recently NANOG
has been described for its potential role in human tunor devel opnent (Jeter
et al, 2009; You et al, 2009; Ji et al, 2009). In this context, the
knock-out of hNANOG i nhibits tunor formation by reducing proliferation and
cl onogeni c gromﬁh PIurlpotent sten1ce||s are useful for cell therapy



gquantities. In fact, cell therapy or drug screening studies are perforned
using primary cells which are obtained in limted quantities and have few
proliferavovelzpoiemnt i al . Anot her source is adult stem ceCraBmat/o@ompared to
pluripotent stemcells they are still limted due to their access and their
culture conditions. Mreover, regarding transplantation, problem of

conpat i hjifferfeptiaaion sited Is pads ardversibie anprsafel @mecminde self-oeremableepropemmyg of PS
cells which can be derived directly fromthe patient to graft. For
drug scriB®RicAY §t\ es i PS cell's are val uabl e since for a given di sease,

i PS cells could be generated for several patients and their unaffected
parents, gi vexlsé, Hysusapcanisniidedstetolinsmnatdi sagy Bictiyof thbrgenmee,, geheofimteadst on

causal of the patholo is not_induced iis the original.one. Th t he effect
of the @ﬂ@é’@ﬁ@ﬁl%muﬁ‘g’Y%gmﬁ defined agicsseatial for progreaen phif d@WP’idf@%F‘i*?B“@F% ect

of a potg@ft iééjovx% li*:gsft(glg, ﬁ%&??ﬁ&??@%r?‘, §S Hep&%'itbll\e/:{os QaRhr O RKS diffSSHRG0A O

check the abSence of secon y eftect’s. ganucl eases directed
agai nst siédhIoGamiHS. t herefore represent a tool of choice for several
applications which will permt to better understand pluripotent stemcells

dth d . . w
an us nay 9 Qﬁlo%rnﬁaggsega%i)%’%agﬁl gg(?lbé %Qﬁerét%f;h alRY diFRES 8266 bied Rbw @8eiues

t herapy and drug screenin nment 1 oned above certain
aspect s fof sdrémingmelktulenandfdreehesdhvirer-ent strategi es for nodul ating,
nmodi fying or controlling NANOG gene expression that can be inplemented with

t he NANCG recognj zi_n nuel eases .ayemki L hor e il ese
i ncl ude: I\/bga'nué:q eoégegsﬁg% Hr?eecgg(gi Sztgr{dﬂkp& tﬁéz;r13§t %gge&%rghaggé pl%%g’ aebFe I
bel ow shows t ar gaididuusl @ot de s@epssiog elsbrudyt Rasporsiide NANDp ! cardsinr e caxgimied ed

by neganucl eases, of the invention, Target sjites insi NA apd aut si de
(NANOG4) of t hedNitentabewsiap cabbr Bnertedt 8 SE%«%?‘EHS OEGP?I% é‘?‘@%g‘ﬁr EE diilf es.
For exanpl e, inm&gﬁ&%ag&to NANOG2 is useful in producing knock out
mut at i ons of NA and 1 nsertion into NANO&X can be used to introduce

regul atory or reporter sequences. Table I: sequences and | ocation of the
targeted sites i SErEeN KANOCAEPRTITH (QfetompRuats O REYHINER!s BOYINS RONONANOG
| 3576 within eé%ti@al’%@@é@ TATTCAGGACAGCCCTG

- in order to evaluate drug response at a single patient scale in pharmacogenomic

approaches.

- to confirm or invalidate strategies or chemicals derived from predictive methods

and algorithms in predictive toxicology measures.

Also, endoanucleases can be the ideal tool to create reporter cell lines integrating at a
safe locus, reporter gene fused to a promoter specific of a defined reprogrammation step in
order to validate the iPS reprogrammation process. The same approach can be envisioned
during the re-differentiation process, allowing to precisely control this process and create
progenitor cells bank, still able to divide a limited number of times and known to be able to
move through the body and migrate towards the tissue where they are needed; they are
particularly useful for adult organisms therapy as they act as a repair system for the body

without presenting the known transplantation problem of compatibility.

Regarding therapeutic uses, endonucleases are the ideal tool to target and correct in
clean and safe iPS cells pathological gene defects before their reinjection in patient organisms

as suggested above (Piques F. and Duchateau P., Current Gene Therapy, 2007, 7, 49-66).
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66 WO 2012/ 004671PCT/1B2011/ 001934 NANOG2 3786 within exon 2
CCAACATCCTGAACCTCAGCTACA 8 NANOG3 5500 within exon 4
TATAACTGMEORAERBEAATCTCTG PCT/IB2011/001934

Any gene involved in the reprogrammation of iPS cells is part of the present invention
and is a useful target of endonucleases according to the invention. The present invention also
concerns a new type of iPS; clean and/or safe and/or secure iPS cells as a new product will not
anymore express the product of any gene of interest targeted for the process of cleaning and
securization of such iPS cells, after the process of cleaning and securization occurs in said iPS

cells.

In particular, the invention involves meganuclease variants that target and cleave
NANOG gene sequences, vectors encoding these variants, cells transformed with vectors
encoding these meganuclease variants and methods for making a meganuclease variant
through by expressing a polynucleotide encoding it. Methods for designing meganuclease
variants recognizing the NANOG gene, including meganuclease variants recognizing the
NANOG2 and NANOG4 DNA sequences. These variant meganucleases are used to
investigate the function of the NANOG gene, follow its expression in undifferentiated or
pluripotent cells as well as in differentiated cells by introducing knock out mutations into the
NANOG gene or by introducing reporter genes or other genes of interest at the NANOG
locus, possibly for the production of proteins. The meganuclease variants of the invention
may also be used to modulate NANOG expression in a cell by interaction of this gene
sequence with a meganuclease, for example, to control its phenotype, to knock down or
control expression of NANOG in a cell such as a tumor cell, or in various other therapeutic or

diagnostic applications.

A particular aspect of the invention is a meganuclease that can induce double stranded
breaks in any gene involved in the reprogrammation process and particularly in the NANOG

gene.

Another aspect of the invention involves using such a meganuclease recognizing
NANOG sequences to knock out or modulate NANOG expression. Fig. | illustrates such a
strategy. Different strategies can be implemented for knocking out the NANOG (Fig. 1).

Another aspect of the invention is the use of a meganuclease recognizing NANOG to
introduce a gene of interest into the NANOG gene or locus. The gene of interest may be a
reporter gene that permits the expression of NANOG to be determined or followed over time,
said reporter gene being associated or not to a nucleotidic sequence which is introduced into

the genome in order to add new potentialities or properties to targeted cells. Methods for
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67 NANOHA 1222 within intron | ACTGAACGCTGTAAAATAGCTTAA 18 NANOGS 3991
within intron 2 ATTCTATTATGTGAATAATTATGT 68 NANOGG 3919 within intron 2
ATCGCCTCWORARADAATTTATG 69 PCT/IB2011/001934

determining the effects of non-NANOG genes or drug compounds on NANOG expression or
activity may be evaluated using assays employing a reporter gene. Such methods are
particularly valuable when applied to tumor or cancer cells that have been modified to
incorporate a NANOG gene associated with a reporter. Alternatively, the gene of interest
may be a therapeutic transgene other than NANOG which uses the NANOG locus as a safe
harbor. Such therapeutic genes may be those that when coexpressed with NANOG provide a
particular cell phenotype of maintain or promote a particular phase or stage of cellular
differentiation.

Thus, a third associated aspect of the invention relates to the use of the NANOG gene

locus as a “landing pad” to insert or modulate the expression of genes of interest.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 A, B, C and D illustrates different strategies for knocking out NANOG. The
coding sequence can be mutated by non homologous end joining (NHEJ) using a
meganuclease targeting a sequence in the open reading frame (Fig. 1A). Meganuclease
targeting the NANOG?2 sequence is such an enzyme. In that case, no matrix is needed. Some
exons can be deleted by the action of one meganuclease (Figs. 1B and 1C) supplied by a
Knock Out DNA matrix. Meganuclesaes recognizing NANOG?2 or NANOG4 sequences are
useful. A second sub-type of knock-out strategy consists in the replacement of a large region
within NANOG gene by the action of two meganucleases (example: NANOG2 + NANOG4)
and a KO matrix can be used for the deletion of large sequences (Fig. 1D). Such a KO matrix

can be built using sequences deleted of the targeted exon as well as some mutated exons.

Figure 2 a and b illustrate the combinatorial approach, described in International PCT
applications WO 2006/097784 and WO 2006/097853 and also in Arnould, et al. (J. Mol.
Biol., 2006, 355, 443-458) and Smith et al. (Nucleic Acids Res., 2006). This approach was
used to entirely redesign the DNA binding domain of the I-Crel protein and thereby engineer

novel meganucleases with fully engineered specificity.

Figure 3: NANOG2 and NANOG?2 derived targets. The NANOG2.1 target sequence
(SEQ ID NO: 8) and its derivatives 10AAC_P (SEQ ID NO: 4), 10TAG_P (SEQ ID NO: 6),
5CCT P (SEQ ID NO: 5) and 5GAG_P (SEQ ID NO: 7), P stands for Palindromic) are
derivatives of C1221, found to be cleaved by previously obtained [-Crel mutants. C1221
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NANOG7 5028 within intron 2 ATTTTACAATTTCTATCATTTTTT 70 NANOGB 6500 after
exon 4 CTAAT CTT TG TAGAAAGAGGT CT C 71 Endonucl eases that recogni ze NANOG
target seyoend®4671 Tabl e i bis bel ow shows target nuclPeotiBzig1/8@g34CNCES
wi thin the NANOG | ocus recogni zed by endonucl eases of the invention. Target
Locati on Sequences

(SEQ ID NO: 2), 10AAC_P (SEQ ID NO: 4), 10TAG_P (SEQ ID NO: 6), SCCT_P (SEQ ID

NO: 5) and 5GAG_P (SEQ ID NO: 7), were first described as 24 bp sequences, but structural
data suggest that only the 22 bp are relevant for protein/DNA interaction. NANOG2.1 (SEQ
ID NO: 8) is the DNA sequence located in the human NANOG gene at position 3786-3809.
NANOG?2.2 (SEQ ID NO: 9) differs from NANOG?2.1 at positions -2;-1;+1;+2 where I-Crel
cleavage site (GTAC) substitutes the corresponding NANOG2.1 sequence. NANOG2.3 (SEQ
ID NO: 10) is the palindromic sequence derived from the left part of NANOG2.2, and
NANOG2.4 (SEQ ID NO: 11) is the palindromic sequence derived from the right part of
NANOG?2.2. NANOG2.5 (SEQ ID NO: 12) is the palindromic sequence derived from the left
part of NANOG?2.1, and NANOG2.6 (SEQ ID NO: 13) is the palindromic sequence derived
from the right part of NANOG2.1.

Figure 4: Activity cleavage in CHO cells of single chain heterodimer pCLS4412,
pCLS4413, pCLS4414, pCLS4415, pCLS4416, pCLS4417, pCLS4418, pCLS4419 compared
to IScel (pCLS1090) and SCOH-RAG-CLS (pCLS2222) meganucleases as positive controls.
The empty vector control (pCLS1069) has also been tested on each target. Plasmid pCLS1728
contains control RAG1.10.1 target sequence. In Fig. 6, the correspondence of the line graphs
at their right ends to the legend (graph: legend) on the right is as follows: graph I (top): 8; 2:
5,3:2,4:9,5:6,6:7,7:10, 8: 4,9:3, 10: 1; 11 (empty vector): 11 (bottom dotted line).

Figure 5 : NANOG4 and NANOG#4 derived targets. The NANOG4.1 target sequence
(SEQ ID NO: 18) and its derivatives 10TGA_P (SEQ ID NO: 14), 10AAG_P (SEQ ID NO:
16), 5GCT P (SEQ ID NO: 15) and SATT_P (SEQ ID NO: 17), P stands for Palindromic) are
derivatives of C1221, found to be cleaved by previously obtained I-Crel mutants. C1221
(SEQ ID NO: 2), 10TGA_P (SEQ ID NO: 14), 10AAG_P (SEQ ID NO: 16), 5GCT_P (SEQ
ID NO: 15) and 5ATT P (SEQ ID NO: 17), were first described as 24 bp sequences, but
structural data suggest that only the 22 bp are relevant for protein/DNA interaction.
NANOG4.1 (SEQ ID NO: 18) is the DNA sequence located in the human NANOG gene at
position 1222-1245. NANOG4.2 (SEQ ID NO: 19) differs from NANOGA4.1 at positions -2;-
1;+1;42 where 1-Crel cleavage site (GTAC) substitutes the corresponding NANOG4.1
sequence. NANOG4.3 (SEQ ID NO: 20) is the palindromic sequence derived from the left
part of NANOG4.2, and NANOG4.4 (SEQ ID NO: 21) is the palindromic sequence derived
from the right part of NANOG4.2. NANOG4.5 (SEQ ID NO: 22) is the palindromic sequence
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SEQ ID NGO 2 exonl
TGTGGATCCAGCTTGTCCCCAAAGCTTGCCTTGCTTTGAAGCATCCGACTGTAAAGAATCTTCA 72 3 exonl
TCCAGCTTGVQCCRAMAGLCT TGCCT TGCT TTGAAGCAT CCGACTGTAAAGAAT CTPCAIBEXA1/F@B 934 exonl
TTGCTTTGAAGCATCCGACTGTAAAGAATCTTCACCTATGCCTGTGATTTGTGGEGECCTGAAGAAAACTA 74 6

exonl
derived from the left part of NANOG4.1, and NANOG4.6 (SEQ ID NO: 23) is the

palindromic sequence derived from the right part of NANOG4.1.

Figure 6 : Activity cleavage in CHO cells of single chain heterodimer pCLS4420,
pCLS4421, pCLS4422, pCLS4697, pCLS4698, pCLS4699, pCLS4701 and pCLS4702
compared to IScel (pCLS1090) and SCOH-RAG-CLS (pCLS2222) meganucleases as positive
controls. The empty vector control (pCLS1069) has also been tested on each target. Plasmid
pCLS1728 contains control RAG1.10.1 target sequence. In Fig. 6, the correspondence of the
line graphs at their right ends to the legend (graph: legend) on the right is as follows: graph 1
(top): 4; 2: 5,3: 8,4:7,5:3,6:2,7:1, 8: 6,9:10, 10: 9; 11 (empty vector): 11 (bottom dotted

line).

Figure 7: Expression profiles of NANOG meganucleases in 293H cells (panel A) and
iPS cells (panel B); pCLS2222 corresponding to the RAG1 meganuclease is used as positive
control for the experiment. The arrow shows the expression level of the different

meganucleases.

Figure 8: Map of Plasmid pCLS1072.

Figure 9: Map of Plasmid pCLS1090.

Figure 10: Map of Plasmid pCLS2222.
Figure 11: Map of Plasmid pCLS1853.
Figure 12: Map of Plasmid pCLS1107.
Figure 13: Map of Plasmid pCLS0002.
Figure 14: Map of Plasmid pCLS1069.
Figure 15: Map of Plasmid pCLS1058.
Figure 16: Map of Plasmid pCLS1728.

Figure 17 : Example of targeted integration identified by PCR screen.
Figure 18 : Example of targeted integration identified by southern blot analysis.

Figure 19 : Example of Pop-out events identified by PCR screen.
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TAAAGAATCTTCACCTATCGCCI GTGATTTGT GGGCCTGAAGAAAACTATCCATCCTTGCAAA 75 7 exonl
TGGGCCTGAAGAAAACTATCCATCCTTGCAAATGTCTTCTGCCTGAGATGCCTCACACGGAGA 76 9 exon2
TGGAT CTCOVOARNROBEGACAGCCCT GAT TCTTCCACCAGT CCCAAAGGCAAACARCTABR01 709342 X 0N3
TGGTTCCAGAACCAGAGAAT GAAAT CTAAGAGGT GGCAGAAAAACAACT GCCCGAAGAATAGCAA 78 17
exon4

Figure 20: Strategy for NANOG KO using NANOG4 meganucleases. (A) Homology

for recombination design; (B) General scheme of matrices; (C) Homologous recombination

process mediated by NANOG4 meganucleases.

Figure 21: Matrices design for irreversible (A), reversible (B), clean reversible (C)

NANOG KO.

DETAILED DESCRIPTION OF THE INVENTION

The present invention concerns a process to generate new class of induced Pluripotent
Stem (iPS) cells and their derivatives characterized as clean and/or safe and/or secure by using
endonucleases such as meganucleases and particularly the meganucleases of the present

invention.

Key issues of current protocols to generate iPS by introducing the four transcription

factors Oct3/4, Sox2, KLF4 and ¢c-myc are that :

these introductions are not controlled and lead to heterogenous populations of iPS
cells where transgenes are not inserted at the same locus and / or not with the same

copy number,

- iPS cells express these four transgenes permanently leading to problems for further

differentiation steps.

- Endonucleases of the present invention are a tool of choice overcoming these

classical issues allowing:

- stable, robust and single copy targeted insertion of the four transgenes at a defined
locus allowing a controlled generation of homogenous iPS populations in high

quantity.

- the possibility to remove the four transgenes once iPS have been generated without
any scar on the genome (“pop-out”), for obtaining clean iPS in further re-

differentiation steps and therapeutic uses.

Another issue addressed by endonucleases of the present invention is the possibility to

generate secured iPS and to standardize well-defined but still empirical current protocols. By
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TTTACTCTTCCTACCACCAGGGAT GCCTGGET GAACCCGACTGGEGAACCTTCCAATGTIGGAGCAACCA 79 18
exon4

TCTTCCTAGEACRAEEAT GCCTGGT GAACCCGACT GGGAACCT | CCAAT GT GGABCAABIIAGHAOHGGAA 80

20 exon4 TTCCAATGIGGAGCAACCAGACCTGGAACAATTCAACCT GGAGCAACCAGACCCAGAACATCCA
81 21 exon4

TCCAAGfT CUHEgAEAACTAGT CCTIBEAL CACTECAGACETGETCIAOPEAA PCTRGEAACAAT@ANG 2s Rdn
exon

limiting examples, at a defined step of differentiation process, the progression of iPS toward

differentiation states is made irreversible and safe since infinite self-renewable property of

these cells is lost.

Also, by using endonucleases to insert at a safe locus of the genome, inducible genes
defined as essential for progression of iPS toward differentiated cells (growth factors,

transcription factors), it is possible to standardize the differentiation steps of an iPS.

This endonuclease approach of iPS generation and differentiation open new avenues

for screening molecules and / or genes in vitro:

- in order to securize and standardize the iPS differentiation process, gene
candidates from an expression library responsible or implicated in a defined
differentiation step can be inserted at a safe locus of an iPS genome locus, by using

endonucleases.

- to screen chemical libraries for compounds on primary cells carrying or not a

genetical defect.

- in order to evaluate drug response at a single patient scale in pharmacogenomic

approaches.

- to confirm or invalidate strategies or chemicals derived from predictive methods

and algorithms in predictive toxicology measures.

Also, endonucleases can be the ideal tool to create reporter cell lines integrating at a
safe locus, reporter gene fused to a promoter specific of a defined reprogrammation step in
order to validate the iPS reprogrammation process. The same approach can be envisioned
during the re-differentiation process, allowing to precisely control this process and create
progenitor cells bank, still able to divide a limited number of times and known to be able to
move through the body and migrate towards the tissue where they are needed; they are
particularly useful for adult organisms therapy as they act as a repair system for the body

without presenting the known transplantation problem of compatibility.

Regarding NANOG function, the targeting of this gene will be useful to better

understand the pluripotency properties of pluripotent stem cells by knock-in and knock-out
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present Patent Appllcatlon aII t he I-Crel varlants descrl bed corrprlse an

Y T o, R o Y




the cell nucleus. The NLS may be inserted just after the first nethionine

of the variant or just after an N-term nal tag. The variant according
to the prweent2/domrent i on may be a honodi mer which is ablpeTiiB20ai/e@9st a
pal i ndrom ¢ or pseudo-palindrom c DNA target sequence. Al ternatively,

said variant is a heterodiner, resulting fromthe association of a first
and a second nononer having different substitutions at positions 28 to 40

and 44 to 77 of 1-Crel, said heterodimer being able to cleave a
non- pa| i ndr om~c—DNA_t ar get seguence from-the - NANOG-gene I n

TWNNNOAD) 3\/II\/

particul ar saild heterodiner variant i1s conposed by one gf the possible
associ ati ons begyesn vari’ait’s [constitutingaciesmaal and Gster|ni nal
nmononer s of siingl e chai nexad ecuI es fromthe group consisting off SEQ I D NO
25 to SEQ I D NO32 and SEQ-TT NCI2aT33cTarcSEAGEERTDCT4 0. he DNA
target sequencesads@@ situated|in the NANOG Open Reading |Frame (JORF) and

t hese sequences cover |al the [NANOG ORF. I n particul ar, sai d DNA target
sequences for rthe—varianh qf; tihe present—nvention—and derivatijves are

sel ected from|t keNgFoup consi Sti nQcofAschagcSEQATAOCNGA 4 tjo SBQ IID NO 23, as
shown in figuies 3 and 5™%hH Table |. The sequencg of each |-Crel
vari ant is defli ned by t;ta@ Jat at edPTESPURESTERTENETATHE! cat ed poslitions. The
positions are|i heat ed b Eeference to I-Crel sequence |(SE® ID NO 1) ;
ICrel has N, $, Y, Q IS"Q R/ R D | and E at positions 30, 32, 33, 38,
40, 44, 68, 70, 75, 77 @n I eSPECCCEITgCARATAATTTBAGh nononer |(first
nmononer and seceRdodwdNONE the heterodi nmeric variant| aceording to the
present invent/i on nay |al'&"be jnamed with a letter code, [after the el even
resi dues at posttionst28;, 30,132 i33radomTalniaadrreerand 70,75 and 77 and
the additionall geshsues'®ieh are nutated, as indicated jaboye. [For exanpl e,
the nutations |7E28R33R3BNADENAK54164A68A70G75NI6EL47A in the N-[terninal

{ﬂﬁgomar constituting a single chaé% CTW =89 the—NANGR2 target of
present invention | (8BQfkD  NO ? € present_invention, for
a given DNA tar S@IE'QG&'. 2" xder i ative target sequence diffler s"'from t he
initial genom|c target| at posijtions -2, -1, +1, +2, wherle |I-Crel cl eavage
site (GTAC) substitutes the correspondi ng sequence at these positions of
said initial genomc 23 tar get . 3" derl vative target sequence is the

pal i ndronmi ¢ seqbedenuclegsgsithpbrg 28 B afget sguencesf said ". 2" derivative
target sequence, 4" der vative t arget sequence is the i ndrom c
sequence deri ve@abﬁ"rlé’ﬁnbﬁlﬁ‘é shevgrirey ahgleifle swqpggees vithinghe N@h‘%c\)écuts ar get
sequence. "re®gnid@rdy\éaddni@eds@@ el isefance is the palindr om C sequence
derived fromthe |l eft part of the initial genomc target. ".6" derivative
is the palindromc sequence derived fromthe left part of the initial
gengmic tgprger. 'm the present invention, a "N-tTerm nal NMDNOMEREQ D
congtTetset | H§*¥Ae of the nononers of a sﬁeﬁuﬁf‘@schal n nol ecul e, refers|tgoa

varifang a I &od10 [GERBMEcAccIaTclcaracOTeRAGEFIARSPAFccSRAMRAIGRATcIF: T NE PI égent
| NVEMTE O, g, [LERE Tﬁ?rtccgﬂnc? ccwg&%RAGEHFC&d} G‘Pﬂ%&%ﬁcﬁ&@mﬁmnomrs ha

AL

n

V‘jlt?ln

;;lnl Lﬁg‘;L“Létgrﬁt,’! 6L FTTGAAGCATCCGAQIQ\TA&EQAXFC%'TQEC% FAT(?(.% Cﬁ'ng%G‘féGG%&EMG\A?AﬁgTé ab 024,\ rraly
LA LA L] |97 OO CITIUC LA~ T T Tl

have—ohl y fq%fgnl‘:.. T%%W?WCAEWAEQCCTQTQATHW@GQQCTGAA%AA%QTN,GCAlmﬁ&AAAt At his (:ége,

t he [podit] oW WHITEIECHEAANMACTANGATCAT Bt AT cr TgA A

to tlhedwi RXPVP g TEGATYTEETTATRRGHACRQYENGATT JTTCCACCAGTCCCRIRGGLMMEMEGCAN _enconpasdés
| - Crlel15var i &ai3s |MEATTITaGAALCAGERASTCAS S CTRGAGBTHCLACRAAANPAAETE FEIBPMEAETGJAaST 908 %
i dentitywy, | nove preharabdiyccatcad@asicc18bTcX (OB CRACC L CHECADBTAAGOACR) |1 demr ity
W th tize seguencestasacdatidiesrcahioy@ascs@aticyaintanicadieidage@lbdcRsdcorceAease a
DNA |t ajogel  dxbaim [tHhrea NN e 8RB sAccTecaacAnTRBARRIGREAR CRENCEGeM@kicant 1S |81
advant agepughys aRcQBIERRL& NI EEQEAREIT Xl Rt RRYLAE@mb&ART One papr af
mut aUT pNS| QT TSRO QAL E5E AHESA R Tt B A E R L IRASRELO T TONORET'S

whi chmake an— nternolecul ar Tt eract 1T on Det weeln the twWo [ - Or el TTOTONET S,
wherein the first nmutation of said pair(s) is in the first nononmer and the
second nut at i o able Ibiai sdayraices(of Jargeted sites inghesNAYOG gavnoner and sai d pair(s)
of nmutations prevent the formation of fiencti onal honodi ners from each
nmononmer and allow the formation of a functional heterodiner, able to cl eave
the genonmic DNA target fromthe NANOG gene. To form an obligate

het er odi mer, the nononmers have advantageously at |east one of the follow ng
pairs of nutations, respectively for the first nononer and the second
nonormer :




a) the substitution of the glutamc acid at position 8 wth a basic am no
acid, preferably an arginine (first nononer) and the substitution of the

| ysi ne atwpasizioasv17 with an acidic am no acid, preferalpCy/1Bgl/oa1am ¢ aci d
(second nononer); the first nonomer may further conprise the substitution
of at least one of the |lysine residues at positions 7 and 96, by an

ar gi ni ne, b) the substitution of the glutamc acid at position 61
with a basic amno acid, preferably an arginine (first nononer) and the
subst i t ut i on Méthbdefor ksoakengaoutgKEl) N ANOGGgane teRpmssiaci di ¢ anmi no aci d,
preferably a glutamc acid (second nononer); the first nonomer may further
conpri se t he Bififesdnit kuthte@bs 0fin B 1x‘n§l&ﬁ’ienmﬂe°ot)kndidkﬂlgl y#ithe N2asOGu@sg.alt). The
positions 7 and 96, by an argini c) the substitut] f the

| euci ne RAINGOSFIUCBEE FANWPE hMHIICHy g%a??% DO BEHS] Gnéjplro&”é% a@ﬂ@E using a
phenyl alrﬁ@aﬂﬁcléis’eré} ci]eﬁ&d if e %Bpk?trba{di'ﬂ} Qﬂmﬂzf (tipe 1R|?eWYég§ﬁ@enéa@@ at
position 54 wth a s o acid, preferably a glycine (Second nononer);
the fi rsxargﬁmmg)ﬁngAﬁ@Gmsetqherceomﬁmhl zseeruh@eslmbtd;atl Qaatlrt@nnaﬁrlxuheeeded Some

phenyl al ani ne at ppsitipn 54 by a tryptophan seco

further 58%?7"’5% ‘ﬁgeteéfug%t ¢ att O&Oé?x%)ﬂggi”é‘lf ‘?aﬁee Egs?n[d gﬁ) %‘éppgllgg I s"il ne
at posi tigkms, OBY DR ATRIaN:0 NIBnudlshes recognizéhg Nhﬁ@@@%’fr INANOU Qﬁuéx’ﬂ;@s
aspartl c acid at position 137 with a basic amno acid, preferably

ar gi ni nearg pafgk Anseromersubariee ohknenkaitisrateEpsontists he tag FipFicment 0fp@)§‘irgi3 on
51 with nopgef I g r)
For "exargnal WitkR ARRLD BERCLPHE A0 of ot A Rall GupRRESRANSIZTETY
monomner ,NAN®Gnjtaat iaddO Rtk ca?nee Oib:ﬂlfglaﬂhe dertiern ol langs seqeganudligal®). Sodpsi ses

advant a eously, at ast two pairs tions as defined in a ,. ¢) or
d), above HaEx 5N Pﬁg @tawsvsg sﬁﬂuqﬂmﬁ@@g}*’ g“ﬁ’d@%ﬁf‘?&@é%@? yrelgs § Fﬁ@éatﬁi c)
or d). Pergitléarably one nmonomer conprises the substitution of the |ysine
residues at positions 7 and 96 by an acidic amino acid (aspartic acid (D)

or glutamc aﬁﬁo%k{ E)I}”Q“I@{ﬁf“%r@g&%ngr{g—i 9@; gﬁ@lédl@xﬁ and K96E) and the
ot her nonome CI d resi dues at

exanl ons 3 & of e NGRS oo BN RS Bt Do et s o

meganucligesst, s@ﬁh@%dg&ﬁ&léd@é &eg@mgrssqwncéwiha:&b@magm Bjek hrnﬁfﬂrohm(lag 1®)arand
c), above. The obligate heterodi ner nmeganucl ease consi sts

advant agtsels for the insegratiogn ofrfgqelnisr maix %amrﬁ@ﬂoa@w reembippiion e # B anatiiy

Eo%, “eelos T SR RRRS i RAanBA e RN S (e

second nwitooewithd)t réavdtion eddmdmeast the nmutations (iv) K7E or K7D, F54G or
F54A and K96D or K96E; (v) K7E, F54G L58M and KO96E, or (vi) K7E, F54G
K57M and K96H.-CrOrnatxaspf e prdientfihv@itiononedreteatdd Yising ke Edigbirdubal aplpsoaKHR
E8R or E8K, E61R, _K96R and L97F or K7R, E8R or E8K, F54 E61R, K96R an
Lo7F andllptiertedbindiignraghong described utnsgmainnald/eT apglicatiops i@ AP/ KGR+ s KT7E,
F54G [ [ NLS
and or on T R A T 1008 TR P oS P,
and/ or tdhe(Naeban deidsrResgr2006), allowiitpetosteligsipt thddNAr bioding ienpiresetite 1-Crel
invention is als ﬁ a, Si nggl e- challn chi r| [ rre@?}gycl ease ﬁf usi.ﬁn&prot ei n)
der i ved RPGIR K hereh LFnigassr ARre! R eaurqsases HEBOUN RGeS GPEt BRI n

meganucl ease nay conprise two |-Crel nonomers, two I-Crel core domains
(positions 6 Tz Qdavape het@rigl 9of the varlmmioi:afrdidgan thé irbehtion l?ragfbermbﬂoymed he two

nmononer s/ core, donains or the co nati on of bot ar.e c ne a
pept i di i lleknown, i vinigygedr W@E&ﬂé&ﬁvsm hléoseﬁsm REd o thatlonal

meganucl gap gy ﬁc&%pw@odzwomgéoﬁ lmeetwswu@ieec ASRIOREAL hoos Nebyserhye);
vari ants fromthe group consi sti ng of N-termnal nononmers and C-term nal

mononer sChagiesent ai. nNtalslcescids Rend2003,,33¢ els}ﬁee"trnv'éti;et fbr J.aMgl. \Be@l ,DQB6t et ,

ﬁ[ nLg(ra %ptﬁggy’\l@d?hﬁ ST Hg?!ed‘%r%z chl ?%Eéi’iﬁlﬁg C%:lggvtflg%gato

t he presghvity RYeR vOfart HfARE idvedtidd helygusa)tmaﬁ@as bstd @@edofre;ﬁEQréchmmauaﬁ to
SEQ ID NO 32 and SEQ ID NO 33 to SEQ ID NO 40. Regardi ng NANOX2. 1 target

at  NANOGES3Yo#LKSast Hemaniglian esilai winghd FPPTIEr YREHANTRY ERECTACEOF BOTRBIITES (e
present invention is one fromthe group consisting of SEQID NO 25 to SEQ
I D NO 32. Regarding NANOA. 1 target, tiHe si ngl e-chain chineric

meganucl ease according to the present invention is one fromthe group
consisting of SEQID NO 33 to SEQ ID NGO 40. It is understood that
the scope of the present invention also enconpasses the |I-Crel variants per
se, including heterodinmers, obligate heterodiners, single chain

rreganucl eases as non. I|mt| ng exarrpl es, abI e to cI eave one of the tar get

R IA R 17N~ o o o o, 1 " 4 '




encode one nononer of a honodinmeric or heterodineric variant, or two
domai ns/ nononers of a single-chain chineric neganuclease. It is understood
t hat the wobkpeaw4ératter of the present invention is al seCaipwiynueldseoti de
fragment encodi ng one of the variant species as defined above, obtained by
any nmethod wel |l -known in the art. The subj ect-matter of the present

i nvent i druricgted) Beon-funcemntisonightol\Aetsporer genet (dEcelxispeais)i o BF ZenoEiq I90-or a

i ngl e-cha I NG the i ' T '
vector conpRiobier B BRT SHEAOMRIL heotRa koMo RERE P REVRLE v o

a si ngl emghaiaNanegpaskidre as@or. Assudity,i the heAbmice DNAI targptr sdfqaecedeoinirsds waat |,
sai d vector conprises tw different polynucleotide fragnents, each e %iding

one of tdideiphdntr 8f sach (Retnsreaicher irseyderpadingdromic) parent \hompegimgs d n be
used in ' [QNE] es LSOt LAm in Afef
vector,’g nggﬁgﬁﬁ&gkgﬁgp%g%t%%ﬂg%H% fhggyeggngﬁyéh?g%¥%ﬁﬁﬁ%?l%ﬁg#%gF%cule
whi ch negndomundéast svloth as @hleotmsioawd thengenonhic dMNAotragst Tanincsy hhisetleavage

synt heti.c nuclei c acids. Prgferre% vectq&s(gre t hose capabl e. of ?utpnoqous
repl i catPORFCP SRNLUAAUS\EELBPatY PEIVEER pPE sBTSh THCRu P& LT ds S0 ch
they ar @e%&%%n@,ﬁmbﬁs&&&s}(ﬁcéﬁr% mdaRbee B ERehEroptiakUiksal| Eheveledvaks are
known to those skilled in the art and commercially avail able. Viral
vect or s dctivitndé theetariont agasnst tgegeoointUBNparacdviayle ¢ampaged wdwhé psdoeicht ed
viruses)mqg(%Pagxhr%s&nqqﬁ§ﬁ£%§a§&&ﬁgd RNA viruses such as orthomyxovirus
(e. g., inrfuenza vlgusﬁ, F habdoviTus (e. g., rabies and vesicul ar
stomatitis virus), paranyxovirus (e. g. neasles and Sendai), positive
strand RNA viRassibly sruat, aidesst twe nawvids of sededioalspisaning @se pahmgd ab¢asdisgrtanded

types. 1 BnarstSatBREREPR P NP BRE, 0T, o7 o5 RCTo el e

vacci ni athe freyopdYs 8N theCRAGONIRE )is nithRhiskd,r ¢bs&Préssed wdd the roddr knotiomes ,to
togavirus, flavivirus, reoviruses, papovavirus, hepadnavirus, and hepatitis
virus, flormditaipdimersEandnheesnpspvedkmppunesstsaterieleged: agaipstathe target from the

| eukosi s;.sar ol | - € 1B L4 Rm | -
HTLV- BL\}gezlr@é)Eg{{@Teght I VI r%egg?%éé%gtmegbrt %/lrprggﬁlﬁél*nact |O @ggtyﬁﬁsg\ﬁ}%%%lﬁ%?a ©

vect or s)expsgsetawith e (@pfovied, mahonidrs YReb rfonh rhicttaetimEise and selsetsd apainsthibi r
replication, .In Fundanmepntal Virology, Third Editi B, .N. Fields, et al.,
Eds. | L1 BiFchOTY REGENO TS e PUSTIHE R EH &% Jobe)th mproved geitiby dhEan
conpr i :semﬁﬁag&fé%@%@y DRSS mb@EerRXR TP kRe-dREQEY fiuthgPRASNNPL hRASHF 856n a
hi stidi nol dehydrodgenase, dihydrofol ate reductase, "hygronycin

phosphot peh sifemagemetse mpeindisated| @bovei Both tiynesi of mutdgenegde araddriasigeeusly

d ' e ' Synt h , h hi ne- h horib I
(1 anst or et "B PATRIRERF oo ST N, A SR EeBRREH 88

cer evi si gfored (e b Be cldalapictiiy of thampiigitl | in resistance in E. coli.
Preferably said vectors are expression vectors, wherein the sequence(s)

encodi ng the yariant/singl.e-chain nucl ease. of .t I nvention | | aced
under controlhb?lﬂﬁ%PS%r lF@“P?Bn‘ﬂ?ﬁ%ﬂ@Bﬁ@fSSWdyﬂﬁgﬁ%?g&?dﬂéﬁeé%ﬁ?ﬁ%ln

el ement Ssitu@teBGFom boddtiSHEURLb TN 0@ I-CSYIdrBeSHitdns 3] 68, 8 TR4atd/orTATer ef ore, sai d
pol ynucl eotide is conprised in an expression cassette. Mire particularly,

the vector conprigses a.replication origin, .a pronoter. gperatively linked to
sai d pol ynucl 6PP§5fp§ﬁ?f d§%m¥ﬁ@Fwﬂfﬁ%d§FPQ@°ﬁﬂdﬁﬂﬁ¥@%&W@$HbT f%BdTﬂﬂBn
genom ¢ Al Srdas Bébitior 28abMade Nyt ot dret Sdstttonand, 3, BD a1 GRiaRE PO
termnation site. It also can conprise an enhancer. Sel ection of the

pronoter will depend upon the cell in . whjch.the polypeptide is expressed.
b of er abl y . WHGHOUE @GS BATOTGmSnhh b SRIAS: 1t PREPETS GBIy AT SO RS
encodi nginela@nmm{o%r(@?apﬁ@snt%rﬁr& JiRG! dhelael abid RABuMCHAOE MY & DN AR gtt O
drive the expression of both polynucleotides, sinultaneously. Suitable

pr onot er sqiersk wdanteiass wethsthe (N A daghdime ror jwidutiebiuslootiderbases sdireeidsimp| s a of

i nduci bl e_pronot ers ,are: eukaryotic, netallofhionine pr r.whi i

| nduced 599 RORsdeoBhirarit i ROy R i B¢ B A PP P Bl o el B8

whi ch i s2,i 460usRy] ClievaR&Pansgle I oMbk apibRpRH63R-3291 REdIad pdh opapididarp addiciofdl PTG
and eukaryotic heat shock pronoter which is induced by increased

t enper at %%ét.lturzszmpéée tradused @ ROsEiONS centactingdhe prosphate hagkhang) fopgyamnele
creatine kinase, prostate-specific anthgpn (PSA), a-antitrypsin protease,
human surfactant (SP) A and B proteins,““13-casein and acidic whey protein
genes. Accordi ng to anot her advant ageous enbodi nent of said vector,
it includes a targeting construct conprising sequences sharing honol ogi es
with the region surroundi ng the genom c DNA cl eavage site as defined above.
For instance, said sequence sharing honol ogies with the regions surrounding
the genomi c DNA cl eavage site of the variant is a fragnent of the NANOG

Al 2+ e I



29 has at |east 200 bp of honol ogous sequence flanking the target site of
the 1-Crel variant for repairing the cl eavage, an exogenous gene of

i nt er est WwOt2hianoagT1expr essi on cassette and eventual | y aPSENBmui/0019%ar ker
such as the neonycin resistance gene. For the insertion of a
sequence, DNA honol ogies are generally |l ocated in regions directl pzéream
and downgtthefngltrtarmenal leap @pSitipes b}7e§>kl Ps BHeOrre &b Niesti A¢ids ;Ifeadﬁa@b to
t he brqu'mgdgygal repair matrix). However, when the insertion is
associ ated Wi th"a del etion of ORF sequences flanking the cl eavage site,
shared DNA honol ogi es are | ocated in regions upstream and downstreamthe
regi on of t hePra@regxly oaid residues ang freplvgd iy dinding gnd ¢leayage iohgaid PNACEIFyREs
gene cl eavage of the gene occurs in the vicinity or upstreamof a nutation.
Preferably said nutation is the first known nutation in the sequence of the
gene, so that all the downstream nutations of the gene can be corrected

si nul t aneous| MoreTpreferair yetaich tesidoas ereuaitposiinps il 3&s! Phd 42061143 Pdvirfsier e of
the cle S| i f . e ) it . :

pol yadensh e gL pf dRfed fh she VR Broshies ot Flm Bt 158 Paisterem paie of

i nt r oducesidiexdnsdandeki-the paio o tesiduty at gosftloan k88l ahy 13 htndtie mir Exosidues at
sequences surroundina t he cl eavage ﬁi%e, so as to allow the tran crtgtion
of the eMM§itioBerdd apdnds (EhomuiaHeEkYRIFhgEn dyirodees modiRIicapicEadigniSoabsdidr a
functi Or@hinBranidfégnof O BK @M RIRinal MepS¥ RN kN PIRdsphdle HABDME G thé 1ic-ankied by
sequences upstream and downstream of the cl eavage site, froma m ni nal
repair niRrefarablpsheledsiduecht posivien 138 or 13The sshshjusesk byrathydropbébit keripe esd e

invention is . also a.targetjn construct as defined abpye. The
subj oct eid uF Bin i HPERRen R T Bh e Pref R S HABRRE OIS PN A5 F s e
in that dife. cOMXdnsRs @t réSaRt atORRitTRIMIIUR! BSRuRE tiefd Masinake\ike tasatueant or
si ngl e-chai n chineric meganucl ease) and/or_at |east one expression vector
encodi ngpostiod AdYalsusubsameed dy demptheaningholle revidifee ahopitiogal 2 Cnpddiisi on
is a phar i cal htio | re [ Ld
composi ti AR sybRERET il mipo gkfh RsREEb e By ERERS B hacthe S

Pr ef er abdfithe sidé chdisy gahé¢se@nidNfadorsidugst is either included in a

reconbi nant vector or it is included in an expression vector conprising the
pol ynucl eot i s).encading.th nucl.ea ihg.to Lnvent.i

The subj ect - drrlgltg)f ePregefr%f?"feS%bé Sétgbgﬁﬁl%lgﬂ\}értl ei %ﬁalia(g-?%ﬁ lg?()pt WEeJH& é&oﬁo@%ﬁgﬂy
meganucl §ase vasand eSwd188tRERERoti@NS [Wsitiond +PI0joy) uch 80T k@ 6S) 1106 @b f &l Iy

i ncl uded in expression vector(s), for reparing nutations of the NANOG gene.
The subjewdsiatter of the present invention is also further a nethod of
treatnment of a genetic disease caused by a nutation in NANOG gene

conpri sing adi dHoffef btdt&rdPerBbSHRLRCH dalt PaRE: liNEsBHiseddne bl afré Y&diagmUNt
of at |east one variant enconpassed in the present 1nvention.

Accor di ngutatomnthadienro ey teusndinb edd/ne e dfavegd gropsaies iof thesvarignt jovduds thg a
doubl e- nd break in Siqt ihtere f :1:he  NAD ne c .S a
Gonom o BNA (it Siehdh B RN AGHEIEThe Ry ORENE SHER SP MR EL B &
DNA | 0Ssbeosn @Rl dntite B¢l sequence AahGaftitulae it e Cnstedihdldialf sfdidrel (positions
doubl e-strand break is for: repairing a specific sequence in the

he NANOG
gene, notfl 19ilRg)- Batpelctral cmerjes e iadvaniazeRialioanylcd; thee stuations) dn each
functio e: Loy : n : i i i ng
the. NANCE SIS, TR e B Rt Tk TR S SR PP = 0a ot RN
gene, i rdddadcmal mgpsttieroge podisorgede 708, 89,pHr, t541 hier &0f§1, i%ad0s vad i14g. Baid
del eting the NANOG gepe or a part thereof, translocating a o] omgl, arm
or | eavi HGSHHEOHNA Y V@B‘ég?%‘a@a?%e%&ffaab&?e gqygncqlﬁlétl?gg?- ﬁﬁgt E<T‘&IEN@ngne
is only gxgx espnrd FaaLl BB I1REIHSDKONSFRNROBECHIDSA dndersbyr evoRNSrefeddbl ¢ OMe! der
the NANOG | ocus as a safe harbor in cells that do not normally express
NANOG, prasianteemprifss iah&estt onsamubgiiuiecp sedenseddirpmathe ghoup ¢ameigeng ph N&Y, Iks7H, hat
do nor OM} el Fid<Qn al fec h
expr essi DR GT AR b T S RaEROE ) & e T S whE e Rar G B bk e
cel | . Fogongprvapbigitiongeedidan at thel Mitdr@NRsCRGT dxeémprdeglveihd (GPar@ord poline (P)
nodi fication of the expression pattern. However, in this approach, the
NANOG gelisaidpe @y foe ansgrigbatenositipps dert and 165 offyfariebrgtnsctiyely-anot her aspect of
the present invention, the inventors haye found that endonucl eases variants
targeti ng NANOG gene can be used for inserting therapeutic transgenes other
t han NANOG at NANOG gene | ocus, using this |ocus as a safe harbor locus. In
other terns, the invention relates to a nutant endonucl ease capabl e of
cl eaving a target sequence in NANOG gene |ocus, for use in safely inserting
a transgene, wherein said disruption or deletion of said | ocus does not
nodi fy expression of genes |ocated outside of said |ocus.



The subject-matter of the present invention is also further a nmethod of
treatnent of a genetic disease caused by a mutation in a gene other than
NANOG gerwocormoieiing admi ni stering to a subject in nee@CrhBroaohoias
effective anount of at |east one variant enconpassed in the present

i nvention. The skilled in the art can easily verify whether

di sruption orAdefding ana pfefarédooukodimdit szd aédtipipeedsillmti(m Inwidyiroant fythgenes

| ocat ed .out si de of said |ocus.us ote 0 rotein

expr essi'BWAT gTe fgf‘ﬂ?jmé‘rqf n tlﬂ“f‘!a%ﬂ'@&f M%ﬁ pé?fo%?ﬁgl’ y%lgémg?teon SARPLY Ry
avai | ablgutafiyn."RI GPMuRE o $NEF/aniafedBRntrbfi®ed in dne 8f thtQwo2Romeddogenes
that are located at each end of the NA gene | ocus. In a derived

main as ﬁ@éﬁtm@fnetlhel Gradsemiani, rigent QDA Megamiclese haviae faeredheea'rre
NANOG | g, I Or.P of
1t er estcf i a0 Spfidietd ke as el POPRYIA R, 0 WhincB e BERLARCL ARG,
found t Watthgenial bthef et tnsayC cttyah rdungmca mtl(ﬁlmhhdlrb]ﬁiltsnﬂhegfbahﬁd)m of @ t he
genome at the NANOG gene | ocus V}a maganucl easei nduced reconbi nati on by
speci fi cuﬁﬁwﬁh]&‘?né%@@e(/%rrﬁa&?ﬁséhq QFgREGTHRY (RARRIESCGURE: | ocus according to a
previ ous aspect of the invention. The subject-matter of the present
invention is lalaethet plefi@fedeeniridiachtfodsaidnadiatt Rgd autistianivgear: replacerhdre of
genom ¢ NANOG | ocus of a.cell, tissue or pon-hunman ani mal v@erel n a& heast
one varlth?\ﬂmB‘Fl aTHeo prigEhtheming agift sdeniedkidomyihe giodp canyisting s fte Do F-

non- humep I f enbodi nent, the NANOG | ocus further
al | ows stab1 er%xprésTélYér? glfﬁf E/{a%t 1ragzillr;]dsagg{/ene I'n anot her preferred enbodi nent,
the target sequence inside the NANOG | ocus is only Present once wWithin the
genone of saild regiqularithesasianpis selegiedifepmythe group consisting gf RER 1&@%2?&132
enbodi ”Ea[htd J¥ggagucl ease variants according to the present invention can be
part of klt to introduce a sequence encoding a & |nto at | east one
cell. In a m)re preferred enbodi nent, the at |east one ce i s sel ect

formthe grou Bhecynriani ef thg:in@ROOK maych d@‘veﬂé@@§lec‘é11¢‘§’peda%@i (2BQIID NQZ oS

cails, bt diel S ifinthe et Bar{hs hul pfeALIBN Sy &°°°

HeLa celidentitiT, mb%@re«f@hlﬂy at Hakt E)if%qeédtﬁy Vit BEQCH) INO: Husteh asethé sraffilit 4

cells. The subject-natter of esent invention.is also a nethod
Cor ki st GRRERT e ki rode: SRONRRIE 25 Mastog B ipsertiasaplan BRgRIL | g
at |eastydhfnS, edmd% insertion of(RADI Qo @J&hﬂ&ug gﬁ&nﬁmgqléh oA 6BFORAMCLERSE as
defi ned above (1- T variant or sing e chai n rivative so as to induce
a doubl esequmndhdtltcl pavag & atmnt amplrpetlcm‘ all nherd¢gel ghriate dmm@@ gemgrise an

Sl ¢ arteRerg alen gt b Do Wie oS W ag Wi B R Pl MR L RECQD NOat

step (a)y). ahé@rvgﬁﬁmagls&wnpm&wtw AUdsindl Aehgetremje@uﬁd @@mbm@s\&dlaesiaué\
sharing honol o |es to the reg?l on surroundi ng the cl eavgge site and (2) DNA
it

whi ch r egsr the Psqltne obthed Wil pypst/- Qrﬁbquue@c@n%h%ataﬂeﬁo trjedyestdaect akfeét i ng
DNA and Vi ng
repai redtlil%I ﬁreo%gft ine grﬁg’a{]égy hl(E & Iggggﬁlgﬁ‘%geco %FRJ SRR a &R af%gstlhg

i sol ati I‘hgmhéi&tldre@ﬁll’[blrd’s&i’ﬁes ael-Craforsitepiafioneferiey 1ﬁltl}e ;apmhoﬁamﬁﬁﬂpptBQHSn as
The subject-matter of the present invention js also a nethod

NANOG g€ esekrﬁt?e%cemxce)lfswa%ﬁq{er‘tﬁ regidyggof ﬂl?o‘ﬁ‘ﬂaﬁ? e 74l eme&&(#ﬁé@ﬁzﬁgf
(a) intradyeidndid p&%@laﬁﬂ W 'f@f);n%hce%@ﬁu& 905 £}l i9in Bt RERMYS Of a YBriant

ani mal , a neganucl ease as de above, so as to induce a double stranded
cl eavagewtutchaomptlﬁsah additienasilapie nfier thh&\lﬁi@@h@lrmenmerrpn sing a DNA
recognition and cl eavage site for said meganucl ease, sinultaneously or
consecuti vel Yin addjtion, th(emarlhﬁ'tg ?%Cﬂno%foﬂtr& r?lifﬁ@lu BiofBby leo%:f‘érs%gés ﬁl@érkedoa{t

enbryo of step a$ a’targeting ereir sald targeting DNA conpri ses
(1) DNA thha¥lilngrinoms|andioe LOOH teemmglotﬁrthes mqlmucrﬁlermg exhmplk] edwadepi®pt @rand

(2) DNA which airs the sit St upon r tion bet en t he
{2t got | e IRBH R SoHEn e oGHRR sbiA | Go xBTS BT AGF Sl U ACrGam: FUS iy

nodi fi edyRRil T8 the ﬁe&eﬁ&pandz&l the 9ﬁnﬁemrom)ffaamwagamemﬁe K @Gark ReaySdldecddprise
interest by honol ogous reconbinati on, %c) devel opi ng the genetically
modi f i ede awlersllogatieatianssignak BNLS ysaid S is usefub fashg imypariatien &f said rarand into

ani mal, and (d) deriving a trans%enlc animal fromthe chineric

ani mal of step (c). z



Preferably, step (c) conprises the introduction of the genetically nodified
precursor cell generated in step (b) into blastocysts so as to generate

chi meri c wOI20/®4671 The targeting DNA i s introduce@Crnsmit/h@ssel
under conditions appropriate for introduction of the targeting DNA into the
site of interest. For maki ng knock-out cells/animals, the DNA which

repai rs thheelsinaeuwst ThorNéSasay bomseiteskivstsatpn dreclerst madioninmet the ypwant g JYYANOG
gene. F maki knock-in cells/animls, the DNA which repairs the
site ofzﬁﬁf@?ggF”EWﬁgggses t he sequence of an exogenous gene of interest,
and eventually a selection marker, such as the neonycin resistance gene. In
a preferred effeodirimeniccoshinglta the pe¢seniginDiaiononsyt beiethoimdimerewhighl 1§ ablg to

vector. The suq%ect-qyttqrdof %Bﬁﬂgﬁesept i nvention is also a nethod
for makiNEVa 2MANCEIRY @ RSGRIGRYndrrpie i 3 HECF LSSt the step of :

(a) introducing into a cell, a neganucl ease as defi ned above, so as to

i nduce a doubAkersithahydeaidcheantage heterodirsért @sating fitoer dis taswiiatihe oNANGGagéne
conprising a recogni.ti and cl eavage site. of i d.nmeganuclea nd
Chereby DsaHbmenyBRte Pirerbhs s RNeCeoyBisg: a8 & aRP LS 7 ARG d
repai r edsafdBetddh& Beih@n®Re B eRkve AYn 1RGFIPhiOJONA. eRgkt] R4(4NRE, fré the

(b) isolating the genetically nodified NOG gene-deficient cell of step
(a), by MAYpperspri ate nean. The subject-matter of the present
invention is also a nethod for maki ng a NANOG gene knock-out ani nmal

conpri sing atylRastuidrRgidHetRo@hier variant is éhhpdsBd HOBHE bPehel pHsGibR d3bdbidtRat ent
precursor cell or an enbryo of an aninmal, a neganucl ease, as defined above,

so as t detwehnc@riantd sabstisutsne Mrierating|and watgeminal mospmersoff singleehasn mefeculse
NANOG gt O ‘ . .
reganuc B IR BRS RSy o0 SEEF BPE e R 5 RRLGRRrE S B 0o

enbryo havNog4oepaired the doubl e-strands break by non-honol ogous end
j oi ni ng, (b) devel oping the genetically nodified ani mal precursor

71 ansgoni ¢ S Y FReth oA arF o 1E1 VARG i Reading rabhe IBREY) ™

step (Db)angan®eiss@Eentdrecovat A1PANANOPORFNE gehiailhc sdil DNm dirbétadquneesifos or
cell obtained in step (a), into blastocysts, so as to generate chineric
ani mal s.the variant of jke pepens inyeneen arcdder@iiv eeare ralgcisd oy theedrpep ePnsisingOfst

as |ong tﬁ% rSEaE@gI:b ﬁ%”&% Qe ﬁ@eﬁii fels%hg\@ﬁ %‘Fﬁ%lﬁjeg ?an&zgl‘anmgtl@g.

knock-in geni¢c m ce, e Cells are I potent precursor cells such as
enbryo-derived stem (ES) cells, which are well-known in the art. For naking

reconbi nant hlhressqeasice of parbid; Crohsarant isdafimgd ko vhmmaesussigugseat theripdicated
(CII;GL”- llgg)égo%ét%ol%lﬁ.'STherilggitio%%na?e Trt}ﬁéaTedg by %&9{%5&99071-C;895%)]u8{ce '?Egégﬁ) W% ;#I-
Crelhas N, S, Y, Q, S, Q, R, R, D, I and E at positions 30, 32, 33, 38, 40, 44, 68, 70, 75, 77

and 80 respectively.

Each monomer (first monomer and second monomer) of the heterodimeric variant
according to the present invention may also be named with a letter code, after the eleven
residues at positions 28, 30, 32, 33, 38, 40, 44, 68 and 70, 75 and 77 and the additional
residues which are mutated, as indicated above. For example, the mutations
7E28R33R38Y40Q44K54164A68A70G75N96E147A in the N-terminal monomer constituting a
single chain molecule targeting the NANOG?2 target of the present invention (SEQ ID NO:
46).

In the present invention, for a given DNA target, “.2” derivative target sequence
differs from the initial genomic target at positions -2, -1, +1, +2, where 1-Crel cleavage site

(GTAC) substitutes the corresponding sequence at these positions of said initial genomic
23



The animal is preferably a mammal, nore preferably a | aboratory rodent
(mce, rat, guinea-pig), or a rabbit, a cow, pig, horse or goat. Said
meganucl esieeorzn4dye provi ded directly to the cell or thiPoughani@2pr essi on
vect or conprising the pol ynucl eoti de sequence encodi ng sai d meganucl ease
and suitable for its expression in the used cell. For makin

r econbi rianget. ¢Sl derivags tergst espieng ianhEhBalmdmroigcmguqmﬁ@tiéiiwdofrminrtb@?QafbPa}rt t he

t ti ‘ i ing.th duct of . int .
(br ot et o R E s, B AP ige. i Ao ToR OGR! is Bk ShftRlromic

upst r eangeqitchcl AW e thb €ighl £V 80&IG e deAsatilef hnedsafioN®. 58” aivatve
generate genetically nodified cells having inte%rated t he exqgenous .
sequencdaiget seqpencsst thenpalimdraqinoesiusase demyed famp ity siispareelomsilpigel grnomic

The seq Of. | . . y . i a i C

prot or n/gaet i do SFMELEE i I pTRARRARRRAEE Behtied BonfuEOLh bt of e ipiial |

r ecept orggnomicaglet.ng nol ecul es, transcription factors, pharmaceutically
active proteins and peptides, disease causing gene products and toxins. The

sequence may @also_en . KD I [, Qs i nc i |l e
an i nter for g Tnpeaon sl A Pt hor BRI, B RTP
The expresifglorhaih mblecdxaglioiwsa satineable toelcabe “driov€rs,” piihtiemibyedulsce.
endogenous NANOG gene pronoter or. by a hetgrologous pronPter, prefer%bly an
ubi qui t dBsthe Presea’s YeRiRit i | &I MERA TBPNOTRATT (FAPSIEWHYE PRUCT W BONPRATCY b e,
as def | @%%é@%‘ﬁ?rqohé@uﬁgfyféﬂs A vARt SR IESRARN: £ ol NE SEAHRMGE s@uchéd er est
may be conditional; the expression may be I nduced by a site-specific
reconbi nase such as Cre or FLP (Akagi K, Sandig V, Vooijs M  Van der Val k
M G ovanni nilhg heteredissriay vasgnhsasadelipg? 9979 may NigyF e PRIYASRSTRES , 20

(9): 1768pdiutiorsu i%&caéﬂ%%%&'lnamsgejage?ﬁhe pUsiBb whEMr 18 indicated ar&MHds:

t he sequence o Cinterest i's Inserted Th an appropri ate cassette that may
conpr i senetatedané tlalsegoaspopd cordeayilbiype #MGre(SEQ IIWReY 1).0 sai d gene of
interest and one or nore functional sequences including but not limted to
(sel ectabl &) ﬁPeri%%nt%ﬁ %ﬁéomgaesgéﬁ'@wb@%riéﬁé? R&Hh%htqgas? g5 8% jddAflyY gﬁe?&xtlgtah on
signals, splice acceptor seguences, introns, tag for proteln-“detection and
enhancerlsast 90 % idenfitye nubpretdrabintat BastdfS %H{R6 P, &F&nat 98 v @At pidentgy adigitha ki t

for maki ng NANOG gene knock-oqut or knock-in cells/apimals c risin

| onst o U ECIBea ARG o crain PEog bl o et o T Tspr 18T oy AR A
Preferaq#%e.the kit further conprises a targeting DNA conprising a seguence
that inactivates the NANOG gene fl anked by sequences sharing honol ogi es
with the region of the NANOG gene surroundi ng the DNA cl eavage site. of said
meganucl ease. Therheigiadimesis vapignt %ﬁm@agﬁw&gkwi ADLEEHY B9teAAiFRTS AripHebaying a

I ncl udeseak $fe Palf &l RhtaGHPLIRERhdth SRALEAEE Off the S &RI the Yelfnd! AbAGHYS €
in the gg%%2%63?1safﬁmgéﬁﬁgléﬁ%ﬂgﬁsggnd eventuallylé selectgble mar ker

gene, aswhieh naéd amboermolecular inffhetigubjtecen tattwel-(ak1 mhesopersswhereinthefitst on

is also the.use.of ,at. | east on anucl ease, and/ or one. expressi on vector,
bs et BBRABS 66 S Gpintsh by BR G Tiam o R TeE e aRt At ish B SOEREA T

| MPr OVi Nfle Ofecitdl tthomeP b 0daRBipar{s) CeMahiutations Gasead thy f@niftibat 6 fOfuncioddie
NANOG gene as defined above, in an individual in need thereof. The
use of thwnefbgamndtine aadh mayoreagmpdiadewdhe fasmstion pba Sunsporal hegyodimgiu@bledei n

somatic i f; el 1 RdhVi doubl e stranded cl eavage at a
site of @%ﬁ%?@é%%Sg“%E@ﬁ\gﬁéﬁfégkgg3%ﬁg??i$%ﬁ'at | east one recognition and

cl eavage site of said neganucl ease by contacting said cleavage site with
sai d meganucl Eafem amdbligite heierodinesi thy mareneaihdve adnfageeystis aleleast oge of
targeting, Pl\lllac‘)’ ivmlejgi(rasl JF i Rabords2F8dck I?(I}Irpfhg PR rnllosn%%leg lana th%%la l er:
honol ogi €s Yo' e region surrOun%?ng the ¢ eavage site an f ich
repai rs the NANOG gene upon reconbi nati on between the targeting DNA and the
chronosomal DBNAtheasubdetutine dofathovelutaliie dcad getponigiomNA wish janbesid eito jastd t he

[ ' d diti i.are f i\nt ' f.1h
Car get | deBRAY At BB LreEMEpth D apEBRY B Phe P R ER P AT

i nvent i oftidis antinélavidl @r&tipRdeglahBayage (sayndendrddteg dhe €¥stvindBoByr may

i ntroduction of said neganucl ease into somatic cells fromthe di seased

i ndi vidual and then transplantation of the nodified cells back into the

di seased i ndi vi dual . The subject-nmatter of the present invention is
al so a nethod for preventing, inprovindg?r curing a pathol ogi cal condition
caused by a nutation in the NANOG gene, in an individual in need thereof,
said nethod conprising at |east the step of admnistering to said

i ndi vidual a conposition as defined above, by any nmeans. The meganucl ease
can be used either as a polypeptide or as a pol ynucl eoti de construct
encodi ng said polypeptide. It is introduced into nmouse cells, by any

o o b o o, - . o



Accordi ng to anot her advant ageous enbodi nent of the uses according to the

i nvention, the nmeganucl ease (pol ynucl eoti de encodi ng sai d neganucl ease)
and/ or thwotarymiéi7mg DNA is inserted in a vector. Vect oPSTABINI/HEPIIG
targeting DNA and/or nucleic acid encodi ng a neganucl ease can be introduced
into a cell by a variety of nmethods (e.g., injection, direct uptake,

pr oj ect ifhehdranbapridertrtsubititposorfes Jeaet @ctaf dpolysing m)due&/@mumneésﬁeé 9%aby be
stably or transiently expressed into cells using expression vectors.

Techni qu8s"8f'"éxpression in eukaryotic cells are well known to those in the
art. (See Current Protocols in Human Genetics: Chapter 12 "Vectors For Cene
Therapy" & Cligpthersub&itiied iof ghy gByismenmscificat @esteorTh e aitly “a) baS&)t‘armmalaP% it

may be p ble to.incorporate a nucl ear cal i.zation s it o the
r econbi rPé Fr%fotrbfrﬁmt”ﬁ @’éSt%’@“teﬁ)a*tn € FRbsHLIon of ét? l%ﬁ"t’%?‘r&fﬁ@“rﬁc‘f"é
Once in Ridi€hnind Q&dnﬁ&@&ﬂﬁ&eﬁéﬁtﬁﬂ@ ddid PIe@SRNImonbARY)Y €led ikt GAGTIThE rﬂ@y

targeting DNA and/ nucl ei C acid encodi ng a neganucl ease are |nported or
t r ans| odatthet dgylmfaett@@flbstftum ofips leayt asl cfdha bysin esidies at pasitiansi’awdic. bhe
nucl eus. Si nce meganucl eases recogni ze a specific DNA sequence, any

neganucﬁ@éggnHQVeloped in the context of human gene therapy could be used
in other contexts (other organisnms, other loci, use in the context of a
| andi ng pad at)mlteasurbstrrtgtlomef @pﬂ@)cmrar positiem9 wvith agarenatisermipg agl, NAN(KQIY n

meganucr Eeada L hal RarRu R osium obRE rBYLRERR Spk Bt 17

In a thenapeshinedddid, gtfeamty ‘viegl?ﬂﬁ@“@iecorﬁilﬁfbnarrﬁ@mwﬁ'wt Qnorictned ahdly fiathee
adm nistered in a thera euti ca effective ampunt" if the anou

adni ni steonwise @hepw}zgtftetl@gpt:@mppe@rlaamﬂr étarrﬂsﬂlolitrﬁ‘la@éﬁtryp@pbws%nértE@ seand y
signifi Crﬁ‘&’tor{;ér 1#11)5 f!%l?e?e ?xﬁ)rfs?%'e GFbskifltndt ﬁ%tl@tli’élﬁe ﬁhg{)‘ﬂﬁoﬁ Bgtdi€lysine at
physi ol ogy © e reci he present context, anh agent is

physi ol q@isitihl 5y, Bygnkﬂnemntzmﬂ its presence results in a decrease in the
severity of one or nore synptonms of the targeted di sease and in a genone
correct]on Ofg) e W3Rl oraRRYs gﬁl,tt id YEBbAlisn G3TPLIAT NBaliarafhd NgidONA
and/ or nucl ei’? acid enco ing a anudl 6ase éan be i ntroduc into a cél

by a varprefeyabdf afreighanks (f{rét @onorher) aed thersubslitatéwt ofupe atpeningaopasitidnl d with
bonmbar dnent, |iposones, electro oratron% Nbganucleaies can be stably or
transreﬁPﬁV“E%@P§§§@&1PH#@aE@Ff UGG PRI IRt or s.  Techni ques of
expression in eukaryotic cells are well known to those in the art. (See
Current Prot ortml Sxanfpldjutianfifse medriogser aiapaes tHS nMledro Dy 3FRr akde e Idvendpy”

& Chapter 13 "Delivery Systens for Cene Therapy % I n.one enbodi nent
of the UBeROTEXcoMWi Mgltadon hBS HPesbift R iesl |WFr° ST TBFEATRAISRSS eCraprises
Substantdd@htg Q00 Y &?g@&lg&m bF Rutati rhgﬁrl?d mt;t)l @Y of®), ABHRY Sk of the

i mmunol ogi cal “response riety o net or ane i orating or

el i m natpang of eludtimni 1s>u¢vantagumtsll)ozya dedined gac)tdraisProferabihy, s)nsmcmomnccbmplu@ed in
accordance th the ntion refer odi nmen .ease
is substgﬁFP “Pﬁ“?ﬁggg%fsﬂﬁﬂﬁ?ﬂVFzﬁﬁ HHOM éndgﬁgvﬁ@ﬁmﬁgsa?Bl B Wénted
| munol ogi¢ 'b?%ﬁItérQi&Sadxé; (Eg BRIHEI L o IREHAO Ukl asHES ah@ @UE?%GMB@%H

gl ycol ("PE 3 or pol ypropé@ene gl ycol ("PPG') (preferably of 500 to 20 000
dal t ons lave(rrageconmreemh&rsu itgtan elutapis @gbtqsmewﬂt PpospR@s §randpd, by

descri bed by Davi s. 7 pr

non- i mrﬁtfta(%l&eanmmo ac'ﬁi;ér %)Iflogr C ’fl;)'%act 2 for };)?e{me‘?1 é%%?%%ﬂ% rg\gééﬂleg)g%feerably’

conj ugat@s oWlifidle BﬂEtothér&heg’iiﬁwlvaskyconﬁirfﬁbi thireenli @d snaktims us defjned in a), b)
ponethyIene--polypropylene gl ycol copolynmer are described in Saifer et al.
(US 5, o08daz®bove. The invention al so concerns a prokaryotic or
eukaryotic host cell which is nodified by a polynucleotide or a vector as
defi ned aboverhepwlfger@httyroannexmegﬁﬁbeasevammrs advantageollbl§ ¢y €ifdtiraohodhes 0
concerns a non-human transgeni c animal _or trag@genrc pl ant, charac errzed

in that (aﬁ)r hadfngaatplﬁﬁit the muialions (o) E%RaaE%Kr%cﬁ%}f B 1Ko 0y k6 Hetitdi H&or o
vector ”1?97 @ﬁ‘km ESR, FEIRSEShRG @'L@7FaoxC§lLKr7(Rf S‘Rtr%z@v E6IR,

prokaryo |c ceI as a acterral cell, or an aryotic cell, such as
an ani maK96Rplaadt.9GF ayreaasiecm&l monomer (B)THaeirgudjlenst thmntltenomsf(lt)hléﬂbroeé@'rﬂ

above,  abAe of BRI BRI Rk @&%ﬂk?&ﬁ%ﬁ%ﬁi@@ AR i <7 ey

rounds of nutagenesis and sel ection/scr@eni ng can be perforned on said
variants, for the purpose of making novel neganucl eases. The
different uses of the nmeganucl ease and the nethods of using said
meganucl ease according to the present invention include the use of the

| -Crel variant, the single-chain 38 chineric meganucl ease derived from
sai d variant the polynucleotrde(s) vector, cell, transgenic plant or



The pol ynucl eoti de sequence(s) encoding the variant as defined in the
present invention may be prepared by any nethod known by the man skilled in
the art. wonroexanghie, they are anplified froma cDNA t erplraBmi1/bo1934

pol ymerase chain reaction with specific primers. Preferably the codons of
said cDNA are chosen to favour the expression of said protein in the

desi r ed kXM esd KOGEs§etaxample, the firfhmonareermbiynkave thewuttiosokpRi ESRgr E8Kd

pol ynucl bt t n I

el 1 kndi r SR ORA L YRR ERained! Rnk S RIS b antPind Weogy
| -Crel vAshcdXr, @k nsutaedBICTRIFI4de LEgnet dndek 265 SeKTREES4( K3V phé K@6E. The

i nvention are produced by expreSS|ng the pol ypeptide(s) as defjned abo e

pref er ambyggtalf@te@@dlyﬁémaym@nsaraé @xpPissbed B/ rexpk a8 debingd FPAVRes

of ‘the vardantoPRbYla 8/'6% lﬁ‘tﬁkoﬁllst Sfhdr R seRohd ARRGHR. ¢ ani mal /pl ant nodi fi ed

by one expre55|on ve or two expression vectors (in the case of the

variant only), under conditions SU|tabIe for the expression or

co- expressi onihsf subjectooryesest | de( PycserindneREOy alsi &H0 @r Syighghain hehimeric

derivatiy e d I r nic

ani ot 1 i g el REVREGEp SIS AR B3Ry IR LGB MR oL ucRAMIE. EhERRERS

unl ess Qihhelrmg@utllﬁhemﬁfbmmm\t@ntI+(01aalnohemhm tuebCoél wed Horbaios qgyitione! |

cul ture, nol ecul ar bi ol ogy, trans ni c b[@toga%?}?/ m cr obi ol o reconbi nant
ofp- tFrefeEabfy, th

ONA, and [nSthADIoGSD ORit SR bIFRIOR g1 e AL eri AOPABANT ques
are exply Q&Hbfnhﬂ éryoﬂl{btﬁ *&?e édntn%t@& H{z@ Lgﬁﬁe lihgy exanple, Current Protocols
in I\/blecu ar Biology (Frederick g EL, 2000, WIley and son Inc,

Li brary of Cdv[greegrsferdhf&ﬁ)the Mbglemhhmrclﬁ_ﬂnom mgpgawct@b@mc@nyoswmame oftihe d

Edi t k et 2001 w York: Cold
Spri ng. REPBBR B0F RSy erbLdjenic PR By AT N T ke gomER et o
1984) ; Wtérhﬁnaﬁtm&iome% iveRah . TabRs [HaRBAI, k8pectNity Eirca fivek DA Kdrgétz atthon

(B. D. Harries & S. J. |gﬂ§ns eds. 1984) ranscri ption And Tr.ansl atl on
(B. D. HaAdO@ gnd J\IA i, el mpogwyr vaiantsPeingrconpeqied b ligkqrrMare

pross, 1) glhestid ?’CPAIR%B%%??%% TR ORI AR AT TG (e
series, fiahhiedgrobp cENISMMRLODSE QY ID NEhel5sors Egnth MO:Si2ranid, SEEQI $D N Or- 33hioeSEQ

Acad P | fically, Vols. 154 5 (W et al.
eds. )ema?;@ &rf@sS4q8§€gar@aww@é?§%%'fr@'eﬁﬁw§g¢ B Bctee chay imeting

Tr ansf er l I

1987, ounek SB?‘F e RloBIB etk H%e(lt]%lm n%dghfgdnrﬁ é}é@% coftistin ¥ SERID
bl ecul a¥NOBi 23 mgﬁE(Q/aberN@nd2V\ﬂ1dgerd,1ngedéANO&4ademgct R&lessnglt@hdonchlmev)
Handboo

B ackel PeERE P gaIme (h T AP IRy rarey BN 4 aiahy s s S5 i
Har bor LabosatPsEQRDase; 460l d Spring Harbor, NY., 1986). Definitions

- Amino acid rem%ues in a pol ypepti de sequence are desi gnated herein
accor di ng to It ireundrastped that theogrepe iof ththpiepent fipyendgm poeencompsass the InCrst
A ut am i

Asparti C'\%él&ﬁ% p%y%é d&lﬁ@ %Q%ef%&i IﬁEESA&l‘Q %ie etérgé {n%'%’% { ﬁ%ﬁ: %ﬁ@@g%ﬁ%fea%s as
repl aCenf&fmtllrﬁftmgI&Qarﬁpleﬁl,@b&(:tbdldaesbﬁku@f the tdiganedqueaces il NANOSt genee t he

repl acenent of .an Arginine residue wt dutam ne residue in a i de
sequence is ah ‘Saﬁlﬁ?ldné%rﬁtdogdm?étth? SRS P r}tﬁe present ‘N"’t“é‘ro@(i’}%’n%ﬂ@@d?s?%@‘reelased

cl eavagecng thHe}rﬁé’ as dBTn€l Spd R ARt tbﬂggtr &]@?\%lén@ séd&@n&@gﬁg%@ﬂ)@eg\éﬁé of)éukaryotlc

meganucl ease cl eavage activity, bel ow, against a target. DNA sequence by
a seconcorgegans olherashen |hnmm,mraﬁ6raé>¢mmtammdhss nage pmfftrybldfa labdratosy radenfdmied, ease

agal nst the tar uence. anuc. S

R R e e TR e e RS
resi duesmhfsIGREPRY the 8 it Publitalatdbask likegemIcl ease. - iPS or iPSC refer to
i nduced Pluripotent Stem Cells. - by "clean i PS" cells is intended

i PS cells in which transgenes that have been first inserted in their
genones for t r y
Femoved it ottt SiEERERErSTIRL bl MAod & e T A& B EE RO I A
avoi di nga paridak ens single-eHaihettimede aidgheucdaake as defmedtebpse and pdharajpetidd mayses
due to the pernmanent expression of these transgenes in classical approach.
- by "safe iPS" is intended iPS cells that have | ost sel f-renewabl e
property for exanple by knocking-out at?® east a gene conferring or
inplicated in said self-renewable cellular property. - by "secure

i PS" cells is intended iPS cells in which, at a defined step of
differentiation process, the progression of iPS cells toward nore
differentiated cell types is nmade irreversible.



- by "clean and/or safe and/or secure"” iPSis intended i PS cells conprising

one or nore of the previously-described properties. - by
repr ogr arwatomops7ocess i s i ntended the process of dedi PCEMBmIL/BG1OBIN of a
somatic cell toward i PS cells. - Nucl eoti des are designated as

follows: one-letter code is used for designating the base of a nucl eoside:
a i s ademcods orte mendrhgmafreehomodimeny bosetamdimerdt variant, uawp remafsmenygners
degenerated nucl eotides, r represents g .or uri ne nucl eot i de

fsa &”@fe"f 1ang cﬁg’b‘?jbcs 8??2%“‘6%8?6@1? v anf)r%g@gn@gt eo?“%?aﬂa?%lbrogsﬂe]%t s a

represert's
or C, Y greRhesRRASor isOhls® a(fRYyrudlediife frapfmkROéricdemy, ord dfefe eamftSsp@cic® adr t,
vV represents g, a or ¢, b represents g, t or ¢, h represents a, t or c, and
n repr esishingd gbovg, ohtaiged by any method we\l-knomigaked €hse” is i ntended any

w | d-type or riang . C f . i Ysdcior( Bk GRYage)
of bonds betﬁgghgﬁﬂ%?gﬁé%ggﬁdggaﬁ% Pﬁ”gﬁﬂg&t%ia%% %&%xﬁ%ﬁg%ﬁlé#ﬁgrekerably
a DNA nojxpedghien dingloatighteas assifglegbiincieganaclchee BNArding RNAheohemtibe. The

irrespective of its sequence, hut reco sze aqP gleave t he, .DNA or. RNA
ol ecul dCEAMEREE| YRS SOMPHAG] €dFIHENS BRHEHEERING (FETEY. PEFIRE adHignag 2

"target SefUERLRSmeRdnucledledtl AARY aBRL. ThoRi flefdl! ¥mbOGRRAS echid R eBr
specific ganucl eaSe-1 nduced DNA doubl e-strand break (DSB) at a defined
| ocus ( Roustriset tvad diffe®9u poGinocleotide agra¢nts, k@b pncodimgoensctd feths eworvarers of a
exanple}pe a,.homi ng .endonucl ease (Paques et al. Curr Gen Ther. 2007
7:49-66)F“ﬁ°@ﬁpﬁﬁﬁgﬁmﬁinc-Finger nucl ease (ZFN) resulting fromthe fusion
of engi neered zinc-finger domains with the catal ytic domain of a
restricti on ehzyoer shidh cs Heokskd (Pdret museneinvahtiorNauclu8es thait Fadt. lin2igEISto, a

23:967-973) or. a chem cal onucl ease. (Ari mond | . | Cell Biol., 2006
o 354, 258 vara0 A U a AR SBEGr 83Tl ST8AS e AL on KR FlecuR Phist:
2005 33 ;dW88siddt a HaBRREEAL néH chrlENOSMA0&iATnHel 6 oP Sihlheticl dicheadigal

endonucl eases, a chem cal or peptidic cleaver is conjugated either to a
pol yner Ryefemigd| eictoracirelghese eapabloethentopiacke cerishtoTh gCRisEpE cYFciar) tandget

sequence, thereby targeti the cl.eavage A . i Ll ce.
chem care@itanact shERE i daon kRS AETARRLIbIbP (BuBRT ke BB EF oo
of ort hopheharthibsldreiknoven INA0G! skiledng thudresd emnardiatly apdikbtel or m ng

ol i gonucl eoti des (TFOs), known to bind specific DNA sequences (Kalish gnd
G azer Ann NYVisgladedess sdsiel oepvirys adenpvirgyc RVAURISC AT 8ndgfR-1¥aE@Sdar e
conpris [Pt m." SN : L IV ign. In
The scopam it Ry N A o e b e aR®
ol ecul edruahlrbatidoviris (b, RNAals pearidf vesicalkg uonceiss aitds)agannyredges(t/ g heersteal
able to cleav or interfere with cellular prateins inplicated in.the
oRE T eplie SHEF e it 1698 es SRb B enagss 9. BT SE AT
al . NAR 2088 SHNISVB1L3 8RN udiAS adenbOiud, hBipksighs ¥ aTPHErpsd S inlet Uﬁh@@ﬁ@ﬁp be
constituted by a specific DNA-sequence binding domain |inked to a chem cal
i nhi bi t candk Rownsteia-Barhivias.e cytemegalpyiows).agrd Poxyiret (@ § opaicsoefadponfandr
DSB cl eavage. Endppucl ease can b hom,ing o] e, Kk er
t he nanémggyﬁgghnué‘%aggyyﬁylnﬁgéﬁﬁﬁg éggeyﬁggs%ﬁ%%gﬁgeéhghagﬁdgﬁﬁgpggge
havi ng apapoudblifrs stidgpadetettrub)NAd hapgaels veegueneentgile. ExatnpledDf bgroviusds ihdndaag
endonucl eases are well-known tQ the art (see e.g. Stoddard, Quarter

Revi ews dfaBlgwpgigsasomagngmmygian ol gge, enYrEssoHUYPE A4S éégg“l‘%leva
DNA t ar ‘S ot - i ng
endonict auE QBN BRHASNERAL falu Bl Ren o AR D, MRty (b T
from 12 Rarddaridees Ehpairass @hpheirmrepleragom, In diswddrhgntalaVigelngy, flhand Eddtiorg BAN. bp
in length. The hom ng .endonugl ea ccordjng,to .the invention may for
exanple4@8@?6%ﬁgnﬂg%gjamﬂﬂétﬁﬁﬁﬁéﬁgﬁﬁ@ﬁ&g%gggﬂpm?oﬁ§6'NH endonucl ease, or
to a A Y-YI G endonucl ease. Sai d neganucl ease is either a dineric enzyne,
wherein each domain is on a nonomer or a nononeric enzyme conprising the
two domai ns oMeaorsiqaglcempoks prdestiatde markers, forpdomie| negswsingdwsphditiansfedse. he
invention can .also . be derived.fr T . ' e

el casal TGOS R Bk, SGlr0 s At by R Mo oI R A G ez
from Tr agis@tdxpt iR Abjmidateorkihaske ddehedinor ddahfhisk, Gldtaninky Syhthetast,eiand
used in the infection process by plant pathogens of the Xanthononas
genus(Boch, Schol ze et al. 2009; Mscou _and Bogdanove 2009; Christian,
Cermak et al. 2010; Li, Huang et al. 20%1) (Boch, Scholze et al. 2009;
Moscou and Bogdanove 2009; Christian, Cernmak et al. 2010; Li, Huang et al.
2010). The functional |ayout of a Fokl-based TALE-nucl ease (TALEN) is
essentially that of a ZFN, with the Zinc-finger DNA bi nding donai n bei ng
repl aced by the TALE domain. As such, DNA cleavage by a TALEN requires two
DNA recognition regions flanking an unspecific central region.
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meganucl ease. For exanple, such variants have am no acid variation at
positions contacting the DNA target sequence or interacting directly or

i ndi rect Iwowntanoseriid DNA t ar get . - by "sel ection ®CTABECOIOY it iS
intended to nean the isolation of one or nore neganucl ease vari ants based
upon an observed specified phenotype, for instance altered cl eavage

act i vi t yhypdkdanshisegeatino phasphomtespf tramsderaser fantukaryotic pePtdubterd, ofRA uddRwhi ch

t he observat] is made or alternatively .the selection can.be of. a
nucleotFﬂé?éggﬂﬁb§P§Tm§%?%&?5ﬁyﬂﬁﬁaﬁﬁ@ﬂ%ﬂgQr@gpwgﬁPmemmxlngvﬂbscreening"
it is intendggefemiblEdd VB&oSOHY CREreHioPVecbrEVhEBROUS s6@leBEd(5)0ehcolin@nBe OF
mor e nmeganucl ease variant (s) which exhibits a specified phenotype such as
al t er ed Verianisaitpde-gledin vigganuclease of-thpyinvendionis dolaged yndet cprirgl eleRREEPHAE nean
a mgam{galngca}is iol} rén%n{rar\(g?a't%g § ? n?xroF%fe?r%n{srf% &n@taén%% tm%g&né%lﬂ?e@%eofa&
hence t he peﬁ%l e sequerce of The meganucl ease va ant 1s related to
(pri mar wasiegpueneeefby edajd polyrmerebridd i§ r @mpfrivad aini ansgxirémioneqamseaie Mept | de
sequence of the parent neganuclea;g, ) .- by "I-Crel" is igten ed tye

wi | d- t ygerieuirly Uavsoiyy ORPrseistRliEan pagnad PEXBPISH ORYRkV ey dpked to sai
corresp I : 1Nt ‘5&%&' s SR i BlIANG. -
by "I- ng’wd\glglreikg%%’ Q&l@ﬁ&ﬁg\'}gﬁhspe&, flgﬁl1 (ﬁ:iﬁ?/%pl:]és?néi E}'?e endedeé;ﬁgrg&di l?r;]tA %au\?f%)g a
pat t er n aopolgddeayleton sitgaidsa tahdceipton tdrmomatibhaite.dt atsheaparentisqrayamhiokease.

The ter "novel ecificity", "mpdified specificity”, ‘novel cleava

spect f1 Cretspmon o g proguast vl densflaiph s SEF fh b hfe o oY Eecfi SHE s oo

i ndi f f ergefelably, MafeRrsaldovdriagt SREkrbEintey, @E thBPouut@Blidds Rnesdise tdvd of the

nucl eoti des of the DNA target sequence. In the present Patent Application
al |t he moromers ¢ i ingltidedd 88 carieh serteronvishs és ableadelidriventie Axpipssie &f thath ¢ he
first Methionjne,of th i1 gt - : : I : e
variants o&n@gfcgﬁ%sr flté%u(?tta%ouggdi%tﬂ ?gﬂg%ﬁgﬁﬁﬂ@a@géﬂéﬁgg pgﬁg Iégr? d&gé?f}%@é Aci d
resi due pabrefers Mxafplealof Riducibie p@imdidre avd: ledkdry@ee ineilethi@eguproamier Midsle

additional resjdues do not affect the properties of the enzyne,ang tq.avoid
conf usi dhndNeEEbIaTRpHaYels akhcatiy seids. moekanyqticdacd POMNISTRYRIER Srindced iR

resi dues.,d s & B_Mahi € [ ¢ - i hin6ati on
R A S A s S A i S S STt
enzyne (V8 IsDndi@@ed by insreqee s@mperatnret Bsamples ahtissus spdeafic progtotars ercrsslietile 2

of I-Crel is in fact residue 3 of a_vari.ant ﬁgigh congrises an addij ti onal
Al ani ne BFCEr CfRLng  Fiagsepmy pitgipsprsific antigen (PRA). p-gqtiliypsing protlqase,; RiliAed a

R e R S S e

derived pal i ndrom c sequences such as the sequence 5 - t_12c_1la 1
oa_9a_8a. 7c_6Ycostding tagnopher agvantageepyerphadimenigaiowit w@tat i ingdigdes|a targeting ( SEQ

| D NO . ' . 5) . .- " i n"_ar
core asuar et B Bipe selefcr Sl fipcleBROnhane resisn, rDind AT Lepelific .
whi ch | DNAelehagasieersidefined adové.3 11320' . 2133134a3 fold of the hom ng
endonucl eases of the LAG.I DADG fam |y, corresponding to a sequence of about
one hundr ed ino acid residues. Sai.d domain . i ses four - S S
(313233154) TOF dgoaes an o eis. JRrle TRIRUOGRE TR AR reRitb e HeRathE M One
hal f of dehemiNONatigetage Bhik 9f dRMairfani 8 ahEndn o SIRONAN QG Wehd) Ar@hdipely,
LAGLI DADG hom ng endonucl ease core domai n which interacts with the other
hal f of thescemacqdingfr and-¢rgd yprantsiels-gean MesyBislfereakbthsicstor sonpEspe

sai d : : i case of the dineric hom ng
endonEtﬁgggégﬁ%gfgﬁ&?%g%%§#§H8h3§%%?3, t he LAG.I DADG hom ng endonucl ease
core domain corresponds to the residues 6 to 94. by "subdomain" is

i nt ended t he Metsi iapfesrdlyy thenargepoBN a1 Ut PHMBEEase core domai n whi ch
interacts with a distinct part of a hom ng endonucl ease DNA target

hal f-site. ag sByuen€ddi SMBFih € hEINBIdpak Ggith tHRM regloy Biiduhdify tiar @@bmid DNA
intended the fusion of a different half of two parent nmeganucl ease target
sequencedcavpge stdistdebnedabovesd one hal f of said target may conprise the
combi nati on i - WA

subdomai ns (ggéggﬁgggéﬂgg§gﬁg§@'qﬁﬁgﬂgg%nggxmg%ﬁgﬁﬁgﬁPpﬁﬁhaggﬁf%%gﬁ]ga t wo
consecutdsieapet a- strands of the antiparallel beta-sheet of a LAG.I DADG

hom ng endonucl ease core domain (131132 or, P3134) which are connected by a
| oop or a turn, - by "singl e-chai’f neganucl ease", "single-chain

chi meri ¢ meganucl ease"”, "single-chain neganucl ease derivative",

"singl e-chain chineric neganucl ease derivative" or "single-chain
derivative" is intended a nmeganucl ease conprising two LAG.I DADG homi ng
endonucl ease domains or core domains |inked by a peptidic spacer. The

si ngl e-chai n neganucl ease is able to cleave a chinmeric DNA target sequence
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recogni zed and cl eaved by a LAGLI DADG hom ng endonucl ease such as |-Crel,
or a variant, or a single-chain chineric neganucl ease derived froml-Crel.
These terwe 20ef®u67mo a di stinct DNA | ocation, preferabl pCa/igemoniigs4

| ocation, at which a double stranded break (cleavage) is to be induced by

t he neganucl ease. The DNA target is defined by the 5° to 3 sequence of one
strand of t hePrelerble-hotmodorades sppilyees of @bteasted0 s prefeiablyt morgsbare 1 §Gbp @121,

Cl eavage of th t ar get urs at th ucleotides at.positions +2 and
-2, resgBeF W@%&lgrm?rﬁet%g%%g@ {’%&ret Héecgnﬂle eefﬁlé?e tge[ ?%ﬁﬁflpguﬁ]\}éé SOBYRE WF se

i ndi cat ggfefetdd8y ROSI 200Wp BLE0ODIbEIMEtEF¥REDIP froFI0DN tb0gebpbdasy, khiree |
meganucl ease variant occurs, corresponds to the cleavage site on the sense

strand dPNBheormagies aretocatedyin repipng Hanjang Hastieasy ad dowpgrepmethg Hitg g 185 ¢ e
or half-site’ is 4t I f i (S u by
cach Ladiristd fetss Rkt BELbi e bR iYochas SebysbaiicamR T
target" sequénoy iy beliniNAudedrgey be asy sequandeded tvealfen sicorhrahoginidl @MNeAtin kahe es
of two parent neganuc| ease target sequences. In additi IQ]M(S | east one hal f

of said PEFfetVarRpclugngrd SIUERE Ysetl? AR hmofationdn dt Gracaf %5 %dund
by at | eggliidniP m@ﬁi}ag&qé Hpgpd_g@'d?sa (eRRRi ngd, INAifa5 9BLdific sequence iRYthe
gene" is I1ntended the basic unit of heredity, consisting of a segnent of
DNA ar r 2M4DDG ger, ka atmmatesmaetivat thag ANOKT gerss tmsactivatecdr detato thesNADIOG

specific protein or segnent o rotein. A.gene typi.cally. includes.a

pr onot erg,egﬁ_ & padh?}i’céﬁg?é? éBtr?%’(fgo% ,m%ﬁtéono!mqﬂo%’ é‘téclé)é i lﬁlfr%séd’ﬁetﬁc@gmfi%%?o fs),
opt i onaldxppddiul QRfie of prt HEbATUCAL@Ebh&BHRAN DNAGI@RMOnB hidt foergchompri se
a termnator, enhancers and/or silencers. by "gene" is also intended one or
several gudincentg (dnimalgmadelsaeconibitaat celbdipes) or genomepiieragANERDegeaiEection o1

or ot or ag Py e SRARE RO LR, B SR L sc ionSechlst TH: ke

gene seqidrptes narier dvaideabhetvah@reugnaendaiddasrally auepatae scleetion marker
NCBI / GenBank dat abase. This gene has been descrjbed in a}{oab?nks as

NCO0001 2RsHEdy qiNd first homology. agy O‘DEW"ES&VF@&O Eugsserd togile ke aNaNGES
gene”, "genoiiiC AP <h AhGCLlRBIHEHC Cells haORROMHsErtd AL |SLAUABE i trficrest b
"genoni c DNAmt)araget 550r " geenoch ta?gset @ llg irﬁtended aS%)ZI to 24 b%resseqﬁence
of the NANOGgERecambeftionadthabarget sitahi ch is recogni zed and cl eaved by a
meganucl ease variant or a single-chain chineric neganucl ease derivati ve.

- by "parent fipgg ¢ irtfoduSed MBARpArM hilidibRen AROARNG Gase
or a variant o sﬁgﬁlcg%\?ﬁgltﬁofggedngégﬁgg%gggvg W tRﬁlrsdenftéllmt(t:afq r[l)ropertﬁ'.’l‘{ées or
al t er natgewel(yera cvegamerc bessevany ol afonaiomblt genell foh dregquirprsesifigenome clompayr i son
to awld type versi t he ame neganucl ease. In.the.present invention
the. par ohft HBGHUE CE Y055 PGt ORLE P PRI AT BAGR! PF SHATTEh
series Ofrefesbl@REithiRK60 BF ol RAnaBBR. THMargéBRE Bnstrust doRtRRECE NANUG! e

aci d nol ecul e ‘capabl e of transporting another nucleic acid to which it has
been | i rfkagment which has\at leastiraflOdyoeistomaogaus spaksdca flertdue Hisdangit $iteciv nighal
identity to anot one to lead to honol us, reconbi nati.on ween .o
sequenceshSrBRERIT0s REGrR b il T IR ST T PR o7 o
identit ytypaWAOOE gdnef@irbpondHg &0 @e r&Bod YU the mutationi fde Ripatrify the freutstido
sequence i dentity between two nucleic acid nol ecul es or polypeptides.

| dent i t yCenspausatiyahe fHEFHEE IOPSEIHEIECAY CHTISHEN CPBATIFS 08 §ePS ¥ guBRA EENIl ch
may be i N C I IWiv 88 ThoohH & owear ed
sequencgje‘)%pggg&giltelglﬁ#;&t%&@ @%rprez%gvg)get?%t@ R%R t grefpor egdt?}l}!’es rarllre i ntti cal at
t hat posbrt iPveferablyjegroacthofclaivagd sitd ofythervaridenovdriapbetithethe mutatien cheawipdiror

am no aci d sequences is.a fynction, of the nunber of jdentical .or.matcghing
nucl eot | BESAHCHEE § msRL i elreaenys Mt fuRfeiitavad by theqaamt iRy fsido

al i gnmentqadedQrd &8 g8 e (RN RNes gaﬁe ARYa %gm%nb@qiﬁgwat@bwmcd@w ty
bet ween two sequences, including FASTA, or BLAST which are available as a
part of thhedogom®isthgougnibe oasmtepding faekaidgee NNV Esne¢y of W sconsin,

Madi son, Ws.), and can be used with, e.g., default setting. - by
“mutation” ispjtheided e aruRstdrhttd N, kiRkShT Qlis/ahRSAE L RN 1RhetBRE DN AW,
three, four, five, siX, ten or nore nucleotides/amno acids in a

pol ynucl @osiras niayDhmpgesn8nkang sghoisygvesspaidingepudAdOG Seind fragmenisowhichn
af fect the codi ng sequence of a gene or_its regulatory sequence. It may
al so affect the structure of the genoni% sequence or the
structure/stability of the encoded nRNA. "gene of interest" or "GO"
refers to any nucl eoti de sequence encodi ng a known or putative gene
product. As used herein, the term"locus" is the specific physical

| ocation of a DNA sequence (e.g. of a gene) on a chronopsone. The term

"l ocus" usually refers to the specific physical |ocation of an

S o v o



WO 2012/ 004671PCT/ 1B2011/ 001934 - by "safe harbor" |ocus of the
genone of a cell, tissue or individual, is intended a gene | ocus wherein a
t ransgenewoaonizdobe@isafely i nserted, the disruption or decCetBzni/oedsaid

| ocus consecutively to the insertion not nodi fying expression of genes

| ocat ed outside of said | ocus, NANOG gene being a good safe harbor | ocus
because hahias lagetri20i bp of hemelogeusresancrice dahking dheltasgat yite pp sk Crel vapantcler | s
or cancer _cells, - As used herein..the term. tra "o a
sequencé e%%‘&%i%lﬁeg cleanICy SETIOHEIOYey %efngr%fbw?e,re%t h‘g@)}gl {/npg%%g%gone ﬁ%%‘?@% ai’)@ t he
t ransgengehiwaldy i BEECRAIMAKET RGIS Bthe BEoBX N e&sRehcbigbnaot  bi ol ogi cal |y
active, in the cell, tissue or individual in which the transgene is

i nserted. Mbds eferaply, .the trans e.encodes a_therapeutic .pol i de
useful for thE0$ﬁ§dP W¥8faéﬁqPﬂHFvﬁ§Q5P9m0%gmsZ?E§GEH8@ %?%Pt@ﬁ¥g%8g

descri ptdi@@uﬂhpgt&@ni Adeddwrlitedh @Y iHdGfe af RIVI&dk @efhepeadamsedidiclaljaogntand
using it such that any person skilled in this art is enabled to nake .and

use t he thabieak minimahzppis FRaitxbalangveh ovheadhe insersignts atsogiated gyith pdelsting ect
matter o [ [ Gh ; 18Edt8H Pleoi
descH|ﬁ$&éﬁﬁsgﬂgg&%§ﬂﬂggltﬁ%S&%@l %g P ?g?@%ﬁfﬁg?%ﬁ?%§§?§oﬁ§{§2 gf WBS
consi st i upgtredm and dbvoserRafrtbencgicand thdiéelétidee i ncl ude mi xtures of the
specified material s. Where a nunerical limt or range is stated

her ei n, t he. elg ggilt?\%% airo? r%ﬂ&h%%%un@ﬂi i gl%lul: C %L/ o?‘.@?e %gp‘f %@&ﬁ? iw tu‘:'i n a
nunerical limt or réﬁge are specificallyfncluded as i xplicitly witten
out . vicinlther apsoreemdgsonutatiomPréferaptyesehimadctive iethaliirg kmoparmontiekin thed in
the art to nmake and use the inveEtion, and is rovhg%ﬁ%in the context of a

par t i cul ¥AuLSHIAf dBE ie6he- Ai7dtrt 81l rBg dPParEstTs MUWANY #RS 3R PBSTEGE he
preferr eﬁmﬁmghgrfﬁﬁ%e ea‘{geking%?ﬁmge domPFRREEIR M oh9dsNRER sk theBlchihgbRRc ar t,
principle e d her

and the generic S i ned herein may be applleg to other
enbodi nefussl anlarap s inathe cDNAY ardowith ceypayadenylafiorosite estgpitiapscripgtidn scdpe of

the inveption. Thus, this jnvention is,not intended,t limted to the
enbodi ment®s SEHEWT, 1o, 1?@4 e‘_ﬁ@ﬁ"a@&c%l?oc?éa“t‘}%swc e &t ﬂ%@%_ggbycb'ﬁqngt%n?xo\f\lﬁst h
the pringhadess &%Jnﬁﬂfguﬂh@%léi'vﬁgé as£donRrigidliow the trank@yitivd Efemereabintered
described this invention, a further understandi ng can be obtai ned by

r ef er encgsne dewsr kneck-in gerd)finte XA able tnspdn farelupebuialepteiar Eerexppiple,
PUrpoSESy 9 f ex'oln! otcgi% llx%rﬂstgl?%t Yis ﬁﬁ&e@r@ ggcmeb&gseﬂﬁjs%%aﬁqoarpf .dlom&éaﬂg #NLESS
I'ed. efo non- I In me

ot herw se speci | 0w ng g exanples illustrate so
aspect s @avapesiteirent 4 iniméABrepiPn20 124 00néd BaVe1B2011/ 001934 EXAMPLES
Exanpl e 1: Engineering meganucl eases targeting the NANOXR site Protein
desi gn The subject matter of the present invention is also a targeting DNA construct as

defined above.

The subject-matter of the present invention is also a composition characterized in that
it comprises at least one meganuclease as defined above (variant or single-chain chimeric
meganuclease) and/or at least one expression vector encoding said meganuclease, as defined

above. Preferably, said composition is a pharmaceutical composition.

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.
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I-Crel variants targeting the NANOXR site were created using a

conbi natori al approach, to entirely redesign the DNA bi ndi ng domain of the
| - Crel prwOebnre/mmei1t her eby engi neer novel neganucl eases P@riBR20i1ubio1y34

engi neered specificity for the desired NANOG gene target. Sone of the DNA
targets identified by the inventors which validate the overall concept of

t he i nventi onlter sibdebmattenofl tisl presens aneationis furdier thesussf oft haegamieasa pget s

are given.n,Fgs 3. & 5, The conbinatori roach, . i Llust in Fig.
> and deREpPh by Srp e prRRRR g sPler B LRR G EBekrod i Aa Ry B
2006/ 097@patinganttafibimfithe RANDG et al . (J. Ml . Biol., 2006, 355, 443-458)
and Smth et al. (Nucleic Acids Res., 2006) was used to redesign the DNA

bi ndi ng domai.n of .the 1-Cre rotei.n and. thereb ngi_ neer noyel

meganucl eases stulkfjelcﬁmaﬁ}ere?fjgtihﬁé’é?g& 1%%&501‘1?%?@9%”% éonr}gt?%g??rgﬁtmgp tofa
vari ant sgdhati@@eiséddd chined NNGatasibh & NANOGNANOGEmBtisifg hématistexail £sidfeca
target for which neganucl ease variants have been generated. The NANOX

target saqeesAclersp! RBNDECEVA appenpatanTeastPreaRdattTengamppasedan BEQPIESINO

8) is Io&%% ed in exon 2 of NANOG gene at positions 3786 to 3809 of NC000012
entry (I\ll 3 ’ The NANORX2.1 sequence is partially a conbination of the
10AAC P (SEQ ID NO 4), 5CCT_P (SEQ ID NO 5), 10TAG P (SEQ ID NG 6£ and
5GAG P ( SEQ |4raaling o parageantageque sebadipent AT s2id uspothns & IHYcing a dpyblse

sequence | eaved. S | descri |

mtor nat TSGR ieF oL TRORR G B0 8RN Hle S AR Ih AL Aderast o

et al. (stqudviet, th&kby indudii@a DISATecotdldnatd)evarigda BNA fosebr adll ddallucl ei ¢ Aci ds
Res., 2006). . Two palindromc targets, NA .3 (SEQ ID NO 10) .and
NANOG. 4 ( SECh$ordies te1fc igNentiaRe S@é‘e%@tlepgmrﬂdgﬁﬁlf clstngig&eﬂagl,rm&Am@%‘ ¢ (SEQ
| D NO - NANGER wer i NANRE LiofiSEQ | D
NO. 8) ﬁéuﬁ%&z 5 (?ég)é‘ PE “99“81% ﬁ?lgg?f)gq&%?énl\@qm\i%. 3 anarem%. 4
are pal intimotiomal NANG Gaganedh gdace cbfaymhtateddinee aitanupting ei agivatihg thef SANOG

honodi meric |-Crel. variants cl eavin i ther the, NA i al i.ndrom.c target
sequencesPf BEGIEIRE MHFIGP Pied l.naerf)%ﬁ'*ntaﬁ SO GgRRe. RO, b
2012/ 00@%%8@113 BRALdY DPAD derdodr idedtivaaiy 6Nedeaiy BERAPONGene bt aWakt&hereof,
constructed using nethods derived fromthose §esc_ri bed in Chanes et al.
(Nucl ei ciramgslogatimReschrompoganal 38n, ¢ leavigy the WS unepparechand qegradedl . Bi ol . |
2006, 355, 443-458), Smth et al. (Nucleic Acids Res., 2006, 34, el49) and
Arnoul d @fveRkhe falr AAUWNANEIG 8bne i oWB) exBr@bed RAPS cBTslorA@mbB&)cells, therefosdt, gk €

chain obligate heterodi ner constructs were generated for the |-Crel

var i ant scaab¢ansider d¢hee 2/ AENORe lagapasr safe gearbereduesltsehaimdenndtonerimadly express

het er odi These single chain construet [ ngi neered ing t

[ nicer AVB NG ARERE R SRR e SERE FyalE AR AP REF iy 0y
During tddpsessl QSANOGt Bovidetlt tat | i05estidsy oed<AOE affedtethe néxpdebsioadofl IMANOGE or

mut ant cl eavi ng NANO&X2. 3 (nononer. 1) and mutations E8K, Gl 9S,E61R into the
mut ant  creYdrt Jreranepn 2 fppgipaakillel) in e cellak e amply MgFEOR A HIORS CaR OF es:
nonomner - 1R) that is called SCOH
NANOR ( %{)ﬁﬁ? ngpg%%orr%ﬁﬁﬁgﬁgFa{gﬁ%ﬁgF gé?ga%%@sti tutions were found in
previ ous studi es that enhance the activity of 1-Crel derivatives: these

nut at i ondovever a8 pap aprreachy the NANSK e aristitsel cambaisEiPiidh ne 54 with Leuci ne
(F54L), Qutamc acid 80 with Lysine (E80K), Valine 105 with Al anine
(V105A) and |I'Bioh&ued, M€ ahsBeMbdpict Vit 1he&réderBRVERtIIO MR GRERIAAhAVRNDUME Fiat

i ntroduced into the coding sequence of N-term nal and C-termnal protein

f r agmentendanirlensere vefianthetargesing t NAGIQSF ogaien sameiee usess 9l dnsesting Kegrapeabr| ity

to i nductg

arkbSRCAAR: fan AN AKRIDELne 108R Esibd i EROPALA Ol REREE 1o INOC2

useful for argeting Single I n- " entoding asm )
In other terms, the invention relates to a mutant endonuclease capable of cleaving a target
sequence in NANOG gene locus, for use in safely inserting a transgene, wherein said
disruption or deletion of said locus does not modify expression of genes located outside of

said locus.
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Nterm nal nmutations in Single Chains (SC) Cterminal mutations in Single
Chains (SC) Cleavage in CHO SC SEQ I D NO : pCLS4412 (SEQ ID : 41 )
6 T7E28R33R0OY0671 KESA70G/5NI6EL32V 8K19S32N33CA0R61R6BCYIRHIDNMIM + 25

The subject-matter of the present invention is also further a method of treatment of a
genetic disease caused by a mutation in a gene other than NANOG gene comprising
administering to a subject in need thereof an effective amount of at least one variant

encompassed in the present invention.

The skilled in the art can easily verify whether disruption or deletion of a locus
modifies expression of neighboring genes located outside of said locus using proteomic tools.
Many protein expression profiling arrays suitable for such an analysis are commercially
available. By “neighboring genes” is meant the 1, 2, 5, 10, 20 or 30 genes that are located at

each end of the NANOG gene locus.

In a derived main aspect of the present invention, the inventors have found that the
NANOG locus could be used as a landing pad to insert and express genes of interest (GOls)
other than therapeutics. In this aspect, inventors have found that genetic constructs containing
a GOI could be integrated into the genome at the NANOG gene locus via meganuclease-
induced recombination by specific meganuclease variants targeting NANOG gene locus

according to a previous aspect of the invention.

The subject-matter of the present invention is also further a method for inserting a
transgene into the genomic NANOG locus of a cell, tissue or non-human animal wherein at

least one variant of the invention is introduced in said cell, tissue or non-human animal.

In a preferred embodiment, the NANOG locus further allows stable expression of the
transgene. In another preferred embodiment, the target sequence inside the NANOG locus is

only present once within the genome of said cell, tissue or individual.

In another preferred embodiment meganuclease variants according to the present
invention can be part of a kit to introduce a sequence encoding a GOI into at least one cell. In
a more preferred embodiment, the at least one cell is selected form the group comprising:
CHO-K1 cells; HEK293 cells; Caco2 cells; U2-OS cells; NIH 3T3 cells; NSO cells; SP2
cells; CHO-S cells; DG44 cells; K-562 cells, U-937 cells; MRCS cells; IMR90 cells; Jurkat
cells; HepG2 cells; HeLa cells; HT-1080 cells; HCT-116 cells; Hu-h7 cells; Huvec cells; Molt
4 cells.
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pCLS4413 (SEQ I D : 42) 6T7E28R33R38Y40Q44 K68A70G75NIGE132V
8K19S32N33C40R61R 68Y70575Y77Y132V + 26 pCLS4414 (SEQ ID : 43)
7E28R33R38UA0ANKG18A70G75NIGE 8K19S30H33CA0RA4Y61 R 68¥TUSBENTTONIH 27

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

gene knock-out or knock-in recombinant cell, comprising at least the step of:

(a) introducing into a cell, a meganuclease as defined above (I-Crel variant or single-
chain derivative), so as to induce a double stranded cleavage at a site of interest of the
NANOG gene 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
comprises (1) DNA sharing homologies to the region surrounding the cleavage site and (2)
DNA which repairs the site of interest upon recombination between the targeting DNA and
the chromosomal DNA, so as to generate a recombinant cell having repaired the site of

interest by homologous recombination,
(¢) isolating the recombinant cell of step (b), by any appropriate means.

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

gene knock-out or knock-in animal, comprising at least the step of:

(a) introducing into a pluripotent precursor cell or an embryo of an animal, a
meganuclease as defined above, so as to induce a double stranded cleavage at a site of interest
of the NANOG gene comprising a DNA recognition and cleavage site for said meganuclease,

simultaneously or consecutively,

(b) introducing into the animal precursor cell or embryo of step (a) a targeting DNA,
wherein said targeting DNA comprises (1) DNA sharing homologies to the region
surrounding the cleavage site and (2) DNA which repairs the site of interest upon
recombination between the targeting DNA and the chromosomal DNA, so as to generate a
genetically modified animal precursor cell or embryo having repaired the site of interest by

homologous recombination,

(c) developing the genetically modified animal precursor cell or embryo of step (b)

into a chimeric animal, and
(d) deriving a transgenic animal from the chimeric animal of step (c).

Preferably, step (¢) comprises the introduction of the genetically modified precursor

cell generated in step (b) into blastocysts so as to generate chimeric animals.
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WD 2012/ 004671PCT/ 1 B2011/ 001934 pCLS4415 (SEQ I D : 44) 7E28R33R38Y40Q44K6
8A70G75N96E132V 8K19S30H33C40R44Y61 R 68Y70S75N77T132V + 28 pCLS4416 ( SEQ
I D : 45) wa28RABIRIBY40QU4KE6 8A70G75N80KI6EL132V 8K19S30HBE8TABIAHHEB934R
68Y70S75N77T132V

The targeting DNA is introduced into the cell under conditions appropriate for
introduction of the targeting DNA into the site of interest.

For making knock-out cells/animals, the DNA which repairs the site of interest
comprises sequences that inactivate the NANOG gene.

For making knock-in cells/animals, the DNA which repairs the site of interest
comprises the sequence of an exogenous gene of interest, and eventually a selection marker,
such as the neomycin resistance gene.

In a preferred embodiment, said targeting DNA construct is inserted in a vector.

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

deficient cell, comprising at least the step of:

(a) introducing into a cell, a meganuclease as defined above, so as to induce a double
stranded cleavage at a site of interest of the NANOG gene comprising a DNA recognition and
cleavage site of said meganuclease, and thereby generate genetically modified NANOG gene-

deficient cell having repaired the double-strands break, by non-homologous end joining, and

(b) isolating the genetically modified NANOG gene-deficient cell of step (a), by any

appropriate mean.

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

gene knock-out animal, comprising at least the step of:

(a) introducing into a pluripotent precursor cell or an embryo of an animal, a
meganuclease, as defined above, so as to induce a double stranded cleavage at a site of
interest of the NANOG gene comprising a DNA recognition and cleavage site of said
meganuclease, and thereby generate genetically modified precursor cell or embryo having

repaired the double-strands break by non-homologous end joining,

(b) developing the genetically modified animal precursor cell or embryo of step (a)

into a chimeric animal, and
(c) deriving a transgenic animal from a chimeric animal of step (b).

Preferably, step (b) comprises the introduction of the genetically modified precursor

cell obtained in step (a), into blastocysts, so as to generate chimeric animals.
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+ 29 pCLS4417 (SEQ I D : 46) 7E28R33R38Y40Q44K5 4164A68A70G/5NOGEL 47A
8K19S30H33C40R44Y61 R 68Y70S75N77T + 30 pCLS4418 (SEQ I D : 47)
7E28R33R38UL0LKE14164A68A70G/SNIGEL 32V147A PCT/1B2011/001934

The cells which are modified may be any cells of interest as long as they contain the
specific target site. For making knock-in/transgenic mice, the cells are pluripotent precursor
cells such as embryo-derived stem (ES) cells, which are well-known in the art. For making
recombinant human cell lines, the cells may advantageously be PerCé6 (Fallaux et al., Hum.

Gene Ther. 9, 1909-1917, 1998) or HEK293 (ATCC # CRL-1573) cells.

The animal is preferably a mammal, more preferably a laboratory rodent (mice, rat,
guinea-pig), or a rabbit, a cow, pig, horse or goat.

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.

For making recombinant cell lines expressing an heterologous protein of interest, the
targeting DNA comprises a sequence encoding the product of interest (protein or RNA), and
eventually a marker gene, flanked by sequences upstream and downstream the cleavage site,
as defined above, so as to generate genetically modified cells having integrated the exogenous
sequence of interest in the NANOG gene, 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 a RNA molecule of interest including for
example an interfering RNA such as ShRNA, miRNA or siRNA, well-known in the art.

The expression of the exogenous sequence may be driven, either by the endogenous
NANOG gene promoter or by a heterologous promoter, preferably an ubiquitous or tissue
specific promoter, either constitutive or inducible, as defined above. In addition, the
expression of the sequence of interest may be conditional; the expression may be induced by a
site-specific recombinase such as Cre or FLP (Akagi K, Sandig V, Vooijs M, Van der Valk
M, Giovannini M, Strauss M, Berns A (May 1997). " Nucleic Acids Res. 25 (9): 1766-73.;
Zhu XD, Sadowski PD (1995). J Biol Chem 270).

Thus, the sequence of interest is inserted in an appropriate cassette that may comprise
an heterologous promoter operatively linked to said gene of interest and one or more
functional sequences including but not limited to (selectable) marker genes, recombinase
recognition sites, polyadenylation signals, splice acceptor sequences, introns, tag for protein

detection and enhancers.
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8K19S30H33C40R44Y61 R 68Y70S75N77T132V + 31 pCLS4419 (SEQ ID : 48)
7E28R33R38Y4044K5 4164A68A70G/5N80K9 6E132V147A 8K19S30H33C40R44Y61 R
68Y70S75NVDRARAN467132 b) Val i dati on of some SCOH NANOR PCanBz1/80193 a
manmal i an cells extrachronbsonmal assay.

The subject matter of the present invention is also a kit for making NANOG gene
knock-out or knock-in cells/animals comprising at least a meganuclease and/or one expression
vector, as defined above. Preferably, the kit further comprises a targeting DNA comprising a
sequence that inactivates the NANOG gene flanked by sequences sharing homologies with the
region of the NANOG gene surrounding the DNA cleavage site of said meganuclease. In
addition, for making knock-in cells/animals, the kit includes also a vector comprising a
sequence of interest to be introduced in the genome of said cells/animals and eventually a
selectable marker gene, as defined above.

The subject-matter of the present invention is also the use of at least one meganuclease
and/or one expression vector, as defined above, for the preparation of a medicament for
preventing, improving or curing a pathological condition caused by a mutation in the NANOG

gene as defined above, in an individual in need thereof.

The use of the meganuclease may comprise at least the step of (a) inducing in somatic
tissue(s) of the donor/ individual a double stranded cleavage at a site of interest of the
NANOG gene comprising at least one recognition and cleavage site of said meganuclease by
contacting said cleavage site with said meganuclease, and (b) introducing into said somatic
tissue(s) a targeting DNA, wherein said targeting DNA comprises (1) DNA sharing
homologies to the region surrounding the cleavage site and (2) DNA which repairs the
NANOG gene upon recombination between the targeting DNA and the chromosomal DNA,
as defined above. The targeting DNA is introduced into the somatic tissues(s) under
conditions appropriate for introduction of the targeting DNA into the site of interest.

According to the present invention, said double-stranded cleavage may be induced, ex
vivo by introduction of said meganuclease into somatic cells from the diseased individual and
then transplantation of the modified cells back into the diseased individual.

The subject-matter of the present invention is also a method for preventing, improving
or curing a pathological condition caused by a mutation in the NANOG gene, in an individual
in need thereof, said method comprising at least the step of administering to said individual a
composition as defined above, by any means. The meganuclease can be used either as a
polypeptide or as a polynucleotide construct encoding said polypeptide. It is introduced into
mouse cells, by any convenient means well-known to those in the art, which are appropriate
for the particular cell type, alone or in association with either at least an appropriate vehicle or

carrier and/or with the targeting DNA.
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The activity of the single chain nolecul es agai nst the NANOX target was
noni tored using the described CHO assay along with our internal control
SCOH RAG winoad012/@Bee1l nmeganucl eases. Al |l conpari sons wer @CigR®1i/0@n34€0. 02 to
25ng transfected variant DNA (Fig. 4). Al the single nolecules displayed
NANOZ target cleavage activity in CHO assay as listed in Table H Variants
shared speci fAcobdhaw ar adyaorgessaydwdiogy of dpeusds aeporhing Fethqureniion, the
profile the ear (Fig. 4).. For exanpl.e, all but pCLS4412 and pCLS4414 have
a sinil arPe%%‘B‘tﬁFTSg (éﬂégﬁ’é'ﬁ%mstaffofgﬁ%erw?}han our standard control SCOH RAG
(pCLS2222) at | ow doses, reaches and maxi ma and decrease with increasing
DNA doses. pCGlUibstRedhgwlyathyilarieiraime gPBi iresuchancase said taaspgsatign an dddingssérag an
activity i,na sinmlar, rgnge than |-Scel,. pCLS4414 displays an internediate
acti vi tf“firtB?fFﬁ%-r"SE‘émfiu%?ﬁdgt&ff’mégﬂgfﬁiéel& andard at |ow doses but reaches a
stable plateau up to 25ng of transfected DNA. Al of the variants descri bed
are strongly -antmbeanancinslacating pepedesf onttaa, gétei Srgengisn €902.nté 38h EoANMOE2

| ocus. ampl.e 2: j neeri .me ucl eases fargefing the i.te.a)
Const i uch T Gr- 280  htst ¢ Gt g Dby Nakech P Tho fidator2 Q1 05, L 5hF
exanmpl e Qth @ ch@! dRtsehRncwbl gl VARG €aRAn YibhAR dasd AVRsdaeRTih %%3\%&1@@-
The NANOH target sequence or NANOG 4.1 (AC TGA- AC- GCT- GTAA- AAT-

2012/ 004€ rIPaTprape anslowrtiog pepide CUFioARroOM) | D NO. 18) is located in intron
1 of NANOG gene at positions 1222 - 1245 of NCO00012 entry (NCBI).

The NANOHA seguenfifici ® BASthilalYarkade8iiPidnddddfiedf of NBe ZREGACELREQLd RhdO
14), 5GCT _P (SEQ ID NO 15), 10AAG P (SEQ ID NO 16) and 5ATT_P (SEQ I D

NO. 17) inmgrgen, sheumngasiclshiec ipelyeucidotidn erroBingusaid5 mepprusicasdgaeweesthar e

cl eaved b -nucl eases, .obt ai ned ,as descri.bed . in | nt atipnal PCT .
R L S R R R s e kA R RS

Bi ol ., 2006dingameAdikl &8 ardbdinbatitidedahtoal cell(thucieicty Mahétioda®.g., iRj@Oon,
Two palindromc targets, NANOXA.3 (SEQ ID NO 20) and NANOHA. 4 (SEQ I D NO
21) and digst pa@keorieichisdbenbardmanty dipgsomesnersstrapqraliay)| Maganucieases pap be

NANOHA. 6 Y ( ..and
Nanoos, 2 EES PERE I ros Y Br S0 R LIRS s S g b

pal i ndr ami eukatyody catle aed eellechdmwn horde nerthe apr 03eei Gsrrenthi@oafcolsein Human
honodi neric |-Crel variants cleaying. either e .3 pal.indrom ¢, target
sequenceé?ﬁet‘S‘E ha eF\Id)rzo CERE %.g%ebaé’lyi ﬁﬁ&g?ﬁtm{veg'e%ﬁé%%ﬁ%?}egﬁQ I D
NO wer e J { t ! li i s et
a0 "ol S R 0 o RORSIARIL YE SRR, SRR LEP RRhliBgon T ™
2006, 39b5¢ ret4@birE8) profim tchbessurathat it Nuexipedseedawithis tiResucleus006, 34, e149) and

Arnoul d et al Arnould et al . Mol Bi.ol. 2007 371:49-65)., .S e
chain obii gat @ ans s et ie e iErssglis S Rane rragiaf I
var i ant sandldréwtieiccdcabatotiimg aNASKEcibae Qed infRaiee D€ @ansibired 1 tht BEL from the
het erodi mers. These single chain constructs were engi neered using the

| i nker FaypoRlzRACEShR Y& asKenmAhsivslon: SGGGGS) (SEQ ID NO: 24) . Duri ng
his Ches) . ) . o
cl eaving NANOLIS THERLHBAR, Kebagfial s MPEG b TOROH SRERE b i Pihass o

cl eavi ngdeMANQESH! .id therenoteetr of huinan creaattBerhjpne couldgbe usdlaim othel eoniees: (oth@noner
1 (K7E K96E3.-RIVI2- namer Z@ELgK Gl9S EF1R) .that is call edrﬁs Nﬁl\ﬁﬁl
(Tabl e |97B§isms, otherpgglr useqdl B GRRIFXaRH hiGhdCR Pad B HRE NSru'ChaRE ¥ Gunthi n
previ ousy St wdirgsy $rN KRN GEUNE A6/ Astthe Gite s pidsehe, derivatives: these

mut ati ons correspond to the replacenent of Phenyl al anine 54 with Leucine
(F54L), dutamc acid 80 w}ilth Lyi)i ne (EBOtlé)S, Valcisne }1]05 W th ani ne
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N-terminal "and C-termnal proteinh fragment, and sone of the resulting

pr ot ei nsbenedmimstemyeth folthedapéuticalty |efteptiveo amvdot'eifc iheaemgantohdmimestdtedOsA
target. physiologically significant. An agent is physiologically significant if its presence results in a
detectable change in the physiology of the recipient. In the present context, an agent is

physiologically significant if its presence results in a decrease in the severity of one or more
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Table 111: exanple of SCOH NANOX useful for NANOA targeting Single

Chai n- encoding plasmd (SCOH NANOX) Nterm nal nutations in Single Chains
(SC) CterwODrral2/aouwd7at i ons in Single Chains (SC) C eavagePCH/IBHOUBGIBEQ | D
NO pCLS4420 (SEQ ID : 49)

symptoms of the targeted disease and in a genome correction of the lesion or abnormality.
Vectors comprising targeting DNA and/or nucleic acid encoding a meganuclease can be
introduced into a cell by a variety of methods (e.g., injection, direct uptake, projectile
bombardment, liposomes, electroporation). Meganucleases can be stably or transiently
expressed into cells using expression vectors. Techniques of expression in eukaryotic cells are
well known to those in the art. (See Current Protocols in Human Genetics: Chapter 12

“Vectors For Gene Therapy” & Chapter 13 “Delivery Systems for Gene Therapy”).

In one embodiment of the uses according to the present invention, the meganuclease is
substantially non-immunogenic, i.e., engender little or no adverse immunological response. A
variety of methods for ameliorating or eliminating deleterious immunological reactions of this
sort can be used in accordance with the invention. In a preferred embodiment, the
meganuclease is substantially free of N-formyl methionine. Another way to avoid unwanted
immunological reactions is to conjugate meganucleases to polyethylene glycol ("PEG") or
polypropylene glycol ("PPG") (preferably of 500 to 20,000 daltons average 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
conjugates with anti-viral activity. Similar methods also using a polyethylene--polypropylene
glycol copolymer are described in Saifer e 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.

The invention also concerns a non-human transgenic animal or a transgenic plant,
characterized in that all or a part of their cells are modified by a polynucleotide or a vector as
defined above.

As used herein, a cell refers to a prokaryotic cell, such as a bacterial cell, or an

eukaryotic cell, such as an animal, plant or yeast cell.

The subject-matter of the present invention is also the use of at least one meganuclease
variant, as defined above, as a scaffold for making other meganucleases. For example, further
rounds of mutagenesis and selection/screening can be performed on said variants, for the

purpose of making novel meganucleases.

The different uses of the meganuclease and the methods of using said meganuclease

according to the present invention include the use of the I-Crel variant, the single-chain
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7E33T38RA0A3L44Y54C68 E70S75R77VI6E 8K19S30GA0Y61R7OS 75N81V87L + 33
pCLS4421 (SEQ ID: 50) 7E33T38RA0QA3L44Y54C68 E70S75R77VI6E132V 8K1953040Y6
1R70S 75N80V82AMEZY + 34 pCLS4422 (SEQ I D 51) PCT/IB2011/001934

chimeric meganuclease derived from said variant, the polynucleotide(s), vector, cell,
transgenic plant or non-human transgenic mammal encoding said variant or single-chain

chimeric meganuclease, as defined above.

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 ef 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, WO 2004/031346 and WO 2009/095793). Any of such
methods, may be applied for constructing single-chain chimeric meganucleases derived from
the variants as defined in the present invention. In particular, the invention encompasses also

the I-Crel variants defined in the tables II and III.

The polynucleotide sequence(s) encoding the variant as defined in the present
invention may be prepared by any method known by the man skilled in the art. For example,
they are amplified from a ¢cDNA template, by polymerase chain reaction with specific
primers. Preferably the codons of said ¢cDNA are chosen to favour the expression of said
protein in the desired expression system.

The recombinant vector comprising said polynucleotides may be obtained and
introduced in a host cell by the well-known recombinant DNA and genetic engineering
techniques.

The I-Crel variant or single-chain derivative as defined in the present invention are
produced by expressing the polypeptide(s) as defined above; preferably said polypeptide(s)
are expressed or co-expressed (in the case of the variant only) in a host cell or a transgenic
animal/plant modified by one expression vector or two expression vectors (in the case of the
variant only), under conditions suitable for the expression or co-expression of the
polypeptide(s), and the variant or single-chain derivative is recovered from the host cell
culture or from the transgenic animal/plant.

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic biology,
microbiology, recombinant DNA, and immunology, which are within the skill of the art. Such
techniques are explained fully in the literature. See, for example, Current Protocols in
Molecular Biology (Frederick M. AUSUBEL, 2000, Wiley and son Inc, Library of Congress,
USA); Molecular Cloning: A Laboratory Manual, Third Edition, (Sambrook et al, 2001, Cold
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7E33T38RA0A3L44Y54C68 E70S75R77VB0KI6E132V 8K1953040Y61R7CS 75N81V87L132V
+ 35 pCLS4697 (SEQ ID : 52) 7E33T38R4A0A3L44Y54C68 E70S75R77VI96E 8K195 1
1MA0OY61RMB 20 BM04IN + 36 pCLS4698 (SEQ I D 53) PCT/1B2011/001934

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, Cold Spring Harbor
Laboratory); Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker,
eds., Academic Press, London, 1987); Handbook Of Experimental Immunology, Volumes I-
IV (D. M. Weir and C. C. Blackwell, eds., 1986); and Manipulating the Mouse Embryo, (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y ., 1986).

Definitions
- Amino acid residues in a polypeptide sequence are designated herein according to the
one-letter code, in which, for example, Q means Gln or Glutamine residue, R means Arg or

Arginine residue and D means Asp or Aspartic acid residue.

- Amino acid substitution means the replacement of one amino acid residue with
another, for instance the replacement of an Arginine residue with a Glutamine residue in a

peptide sequence is an amino acid substitution.

- Altered/enhanced/increased cleavage activity, refers to an increase in the detected
level of meganuclease cleavage activity, see below, against a target DNA sequence by a
second meganuclease in comparison to the activity of a first meganuclease against the target
DNA sequence. Normally the second meganuclease is a variant of the first and comprise one

or more substituted amino acid residues in comparison to the first meganuclease.
- iPS or iPSC refer to induced Pluripotent Stem Cells.

- by "clean iPS" cells is intended iPS cells in which transgenes that have been first
inserted in their genomes for their reprogrammation toward said iPS, have been secondarily
removed without any scar in their genome for obtaining such clean iPS, avoiding problems in
further re-differentiation steps and therapeutic uses due to the permanent expression of these

transgenes in classical approach.
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7E33T38RA0A3L44Y54C68 E70S75R77VIO6EL132V 8K19S 1 1MAOY61R70S 75N132V143N +
37 pCLS4699 (SEQ I D: 54) 7E33T38R4A0A3L44Y54C68 E70S75R77VB0OKI96E132V 8K19S
1 1VAOY6 IWOQBI2fieMI32V143N + 38 pCLS4701 (SEQ I D: 55) PCT/IB2011/001934

- by “safe iPS” is intended iPS cells that have lost self-renewable property for
example by knocking-out at least a gene conferring or implicated in said self-renewable

cellular property.

- by "secure iPS" cells is intended iPS cells in which, at a defined step of
differentiation process, the progression of iPS cells toward more differentiated cell types is

made irreversible.

- by "clean and/or safe and/or secure" iPS is intended iPS cells comprising one or more

of the previously-described properties.

- by reprogrammation process is intended the process of dedifferentiation of a somatic

cell toward iPS cells.

- Nucleotides are designated as follows: one-letter code is used for designating the
base of a nucleoside: a is adenine, t is thymine, ¢ 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 represents t or ¢ (pyrimidine
nucleotides), d represents g, a or t, v represents g, a or ¢, b represents g, t or c, h represents a, t

or ¢, and n represents g, a, t or c.

- by “endonuclease” is intended any wild-type or variant enzyme capable of catalyzing
the hydrolysis (cleavage) of bonds between nucleic acids within of a DNA or RNA molecule,
preferably a DNA molecule. Endonucleases do not cleave the DNA or RNA molecule
irrespective of its sequence, but recognize and cleave the DNA or RNA molecule at specific
polynucleotide sequences, further referred to as “target sequences” or “target sites” and
significantly increased HR by specific meganuclease-induced DNA double-strand break
(DSB) at a defined locus (Rouet et al, 1994; Choulika et al, 1995). Endonucleases can for
example be a homing endonuclease (Paques e/ al. Curr Gen Ther. 2007 7:49-66), a chimeric
Zinc-Finger nuclease (ZFN) resulting from the fusion of engineered zinc-finger domains with
the catalytic domain of a restriction enzyme such as Fokl (Porteus et al. Nat Biotechnol. 2005
23:967-973) or a chemical endonuclease (Arimondo et al. Mol Cell Biol. 2006 26:324-333;
Simon et al. NAR 2008 36:3531-3538; Eisenschmidt er al/. NAR 2005 33 :7039-7047,
Cannata et al. PNAS 2008 105:9576-9581). In chemical endonucleases, a chemical or
peptidic cleaver is conjugated either to a polymer of nucleic acids or to another DNA

recognizing a specific target sequence, thereby targeting the cleavage activity to a specific
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7TE33T38RA0MA3L44Y54C68 E70S75R77VI96EL132V 8K19S30(40Y54V61 R 70S75N81V132V +
39 pCLS4702 (SEQ I D: 56) 7E33T38RA0M3L44Y54C68 E70S75R77VB0K96E132V
8K19S30GME24MA44R1 70S75N81V132V + 40 a) Validati on of 2OmaBBTCHHIMNNNOGA
variants in a nmanmal i an cells

sequence. Chemical endonucleases also encompass synthetic nucleases like conjugates of
orthophenanthroline, a DNA cleaving molecule, and triplex-forming oligonucleotides (TFOs),
known to bind specific DNA sequences (Kalish and Glazer Ann NY Acad Sci 2005 1058:
151-61). Such chemical endonucleases are comprised in the term “endonuclease” according to
the present invention. In the scope of the present invention is also intended any fusion
between molecules able to bind DNA specific sequences and agent/reagent/chemical able to
cleave DNA or interfere with cellular proteins implicated in the DSB repair (Majumdar et al.
J. Biol. Chem 2008 283, 17:11244-11252; Liu et al. NAR 2009 37:6378-6388); as a non
limiting example such a fusion can be constituted by a specific DNA-sequence binding
domain linked to a chemical inhibitor known to inhibate religation activity of a topoisomerase
after DSB cleavage. Endonuclease can be a homing endonuclease, also known under the name
of meganuclease. By “meganuclease”, is intended an endonuclease having a double-stranded
DNA target sequence of 12 to 45 bp. Such homing endonucleases are well-known to the art
(see e.g. Stoddard, Quarterly Reviews of Biophysics, 2006, 38:49-95). Homing
endonucleases recognize a DNA target sequence and generate a single- or double-strand
break. Homing endonucleases are highly specific, recognizing DNA target sites ranging from
12 to 45 base pairs (bp) in length, usually ranging from 14 to 40 bp in length. The homing
endonuclease according to the invention may for example correspond to a LAGLIDADG
endonuclease, to a HNH endonuclease, or to a GIY-YIG endonuclease. Said meganuclease is
either a dimeric enzyme, wherein each domain is on a monomer or a monomeric enzyme

comprising the two domains on a single polypeptide.

Endonucleases according to the invention can also be derived from TALENS, a new
class of chimeric nucleases using a FokI catalytic domain and a DNA binding domain derived
from Transcription Activator Like Effector (TALE), a family of proteins used in the infection
process by plant pathogens of the Xanthomonas genus(Boch, Scholze et al. 2009; Moscou and
Bogdanove 2009; Christian, Cermak et al. 2010; Li, Huang et al. 2011) (Boch, Scholze et al.
2009; Moscou and Bogdanove 2009; Christian, Cermak et al. 2010; Li, Huang et al. 2010).
The functional layout of a FokI-based TALE-nuclease (TALEN) is essentially that of a ZFN,
with the Zinc-finger DNA binding domain being replaced by the TALE domain. As such,
DNA cleavage by a TALEN requires two DNA recognition regions flanking an unspecific
central region. Endonucleases encompassed in the present invention can also be derived from

TALENSs. An endonuclease according to the present invention can be derived from a TALE-
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extrachronosomal assay. The activity of the single chain nolecul es
agai nst the NANOA target was nonitored using the described CHO assay al ong
wi t h our woterrmliic7cont rol SCOH RAG and |-See | neganucl @a34B2018001934

conmpari sons were done fromO0.8 to 25ng transfected variant DNA (Fig. 6).

Al'l the single nol ecul es displayed NANOA target cleavage activity in CHO
assay aswclegsed TARENbIe 9.1 . fuyeni Aeinsen h%r@ﬁ%sb‘@éingi dopamadedyed dopn 2

prof e (e BAT A durEks ) ept R MRS R SRR 08 Sa698 ana
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profile tF %m&%ge:ttozﬁcfg%gﬁ gg%fecﬂg &%%ngnggég%@vi y {i?lﬁ Og}?e \S{I%I% aglrg?rtggéaem% han
| - Scel . médabddikedwbiph dpteraats with ahd¢redieathalfastt thei DYAf raogot Ite $oem la fundtianat
SCOH RAG standard at | ow doses_but reaches a nmaxi ma at hi gher doses than
25ng of Megtuslersesgleralears pIoPNNEIgELr i ant s described are strongly active
and can be used for targeting genes into the NANOA | ocus. Exanple 3 :

Cl oni ng and exby ambganpRasealarkasayr fvarighriiais meended lasmeganuclagse@boainetybpf
NANOG2 and NANOXA targets in a vector for CHO screen he targets re
cl oned d8prlpeimehof 36ileagt ong freidue e dhs MBINOAIE SRR 16 RakM fagegRiciease

sequence,fil apkede RnGaRs %@y cl oni ng sequence; the follow ng

ol i gonucl eot i des were ordered from PROLI GO. These ol i gonucl eoti des have the
foll ow ng sequences: NANOX: 5'

TGGCATACAAGT TTECARGATCAIESACIE TEAtieTdACARTEGT Pretida seqengasetal fsapiol 0 309 |
NANOA: 5! ACAAGET %%Iﬁilé%é% ¥ - =3 QID
NO. 58) ,pﬁefer%%ﬁeg-straqr%%é\gghrsget , gener at g@ﬁ%ﬁéﬁgﬁ&ioﬁﬁ gﬁgof

t he si nghen@hé¢randedNeatingaauesidad oftihe svwand chaneadr asd mdidhhelo@attbeveyo parddnocol
(I'NVI TROGEN) into reporter vector . S1058). Target s cl oned and
verified® rg%rad_an%Oﬁb MCPIrBELER Ormatlggqér cmflﬁéy ordt RBreh foge et eh the

Mol ecul egecificREbi GfePbf B¥MdMRhicrs BERIARTER0I Yy was ordered to Gene Cust.
Syntheti ¢ genes coding for the different single chain variants targeting

NANOG gene were cloned jn pCLS1853 (figure 11) i and Xhol
restriction si Beseubdypning ibRGos 13690 o1 £0eAGBRIADRS horhin hdmuclease
core domain which interacts with a distinct part of a homing endonuclease DNA target half-

site.

- by “targeting DNA construct/minimal repair matrix/repair matrix” it is intended to
mean a DNA construct comprising a first and second portions which are homologous to
regions 5’ and 3’ of the DNA target in situ. The DNA construct also comprises a third portion
positioned between the first and second portion which comprise some homology with the
corresponding DNA sequence in situ or alternatively comprise no homology with the regions
5> and 3’ of the DNA target in situ. Following cleavage of the DNA target, a homologous
recombination event is stimulated between the genome containing the NANOG gene and the
repair matrix, wherein the genomic sequence containing the DNA target is replaced by the
third portion of the repair matrix and a variable part of the first and second portions of the

repair matrix.

- by “functional variant” is intended a variant which is able to cleave a DNA target

sequence, preferably said target is a new target which is not cleaved by the parent
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c) Extrachronosomal assay in mammalian cells CHO K1 cells were
transfected as described in exanple 1.2. 72 hours after transfection,
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at densidyudfce L the Rt flebddleale. The fol lowing day, cells were transfected
with 10 Iig of total DNA corresponding to the conbination of an enpty
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2012/004671P%ﬂ$1820 1}0b%934 hou ter transfection, I1s were coll ected

and diluted (dilution 1/20) in fresh culture nedium After 7 days of
culture, cells, we ol | ect ed, and .,genomi ¢ .DNA extracted. 300ng of genom c
DNA wer e used’?% %ﬁ%@f%wwE%E“Bﬁﬁ&@éﬁﬁﬂ?kﬁ%cﬁ§“§ﬁ??§aa8Pwa ‘nghﬁﬂﬂﬁﬁﬁp ase
cl eavage;|&dve® tdtyetPdffaem! frdnh @it bPthe parent mePaklfeabé. aAHFRBIM StHo BlUIpEEifigitEach
target NANOG target was anplified specifically. The specific P rimers
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fragnents surroundjng respectively to NANO%Q (357 QP) and NANOX4 (381 bp).
comprise an additional Alanine after”the first Methionine of the” wild type /-Crel sequence
(SEQ ID NO: 65). These variants also comprise two additional Alanine residues and an
Aspartic Acid residue after the final Proline of the wild type /-Crel sequence. These additional
residues do not affect the properties of the enzyme and to avoid confusion these additional
residues do not affect the numeration of the residues in /-Crel or a variant referred in the
present Patent Application, as these references exclusively refer to residues of the wild type /-

Crel enzyme (SEQ ID NO: 1) as present in the variant, so for instance residue 2 of /-Crel is in

fact residue 3 of a variant which comprises an additional Alanine after the first Methionine.
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PCR anplification was performed to obtain a fragnment flanked by specific
adapt at or sequences (SEQ I D NO 63; 5'-CCATCTCATCCCTGCGTGICTCCGACTCAG 3" and
SEQ | D NOW62p125104€2CTATCCCCTGTGTGCCTTGGCAGICTCAG- 3' ) pr ovCaas2yodibs conpany
of fering sequencing service (GATC Biotech AG Gernany) on the 454
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and NANOA. Finally, the single Chain |-Crel variants pCLS44f8 (SEQ I D NO

31 encoded demphasindh iISEQ dh@raN@rlswylﬁlarogéuﬁmg foNAROGZ homting endmapleasespd | D
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respectively. Table IV: Mitagenesis by neganucl eases targeti ng t he NANOG
gene Encsﬂoded)vlpclL&td:mDeIWI(fP/@nel el f t@%ﬂlﬂ‘)IAltm@eﬂ Thég) davegyanuehle & essociztepvigh Sug

| Qug ng%t% i%%iqz)ji\%/hlo%%gglg}/u%nuc%ease core domain which interacts with the other half

of the DNA target to form a functional endonuclease able to cleave said DNA target. For
example, in the case of the dimeric homing endonuclease I-Crel (163 amino acids), the

LAGLIDADG homing endonuclease core domain corresponds to the residues 6 to 94.

- by “subdomain” is intended the region of a LAGLIDADG homing endonuclease core
domain which interacts with a distinct part of a homing endonuclease DNA target half-site.

- by "chimeric DNA target" or "hybrid DNA target” it is intended the fusion of a
different half of two parent meganuclease target sequences. In addition at least one half of
said target may comprise the combination of nucleotides which are bound by at least two
separate subdomains (combined DNA target).

- by "beta-hairpin" is intended two consecutive beta-strands of the antiparallel beta-
sheet of a LAGLIDADG homing endonuclease core domain (B;f or,f3Bs) which are

connected by a loop or a turn,

3 ce kS (13

- by “single-chain meganuclease”, “single-chain chimeric meganuclease”, “single-

I e

chain meganuclease derivative”, “single-chain chimeric meganuclease derivative” or “single-

chain derivative” is intended a meganuclease comprising two LAGLIDADG homing
endonuclease domains or core domains linked by a peptidic spacer. The single-chain
meganuclease is able to cleave a chimeric DNA target sequence comprising one different half

of each parent meganuclease target sequence.

bk 13 ER AN TY

- by “DNA target”, “DNA target sequence”, “target sequence” , “target-site”, “target” ,

»on "o« N1

“site”, "site of interest", “recognition site”, “recognition sequence”, “homing recognition site”,

9 e

“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
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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’ sequence of one
strand of the double-stranded polynucleotide, as indicate above for C1221. Cleavage of the
DNA target occurs at the nucleotides at positions +2 and -2, respectively for the sense and the
antisense strand. Unless otherwise indicated, the position at which cleavage of the DNA target
by an I-Cre I meganuclease variant occurs, corresponds to the cleavage site on the sense

strand of the DNA target.

- by "DNA target half-site", “half cleavage site” or half-site” is intended the portion of
the DNA target which is bound by each LAGLIDADG homing endonuclease core domain.

- by "chimeric DNA target" or "hybrid DNA target" is intended the fusion of different
halves of two parent meganuclease target sequences. In addition at least one half of said target
may comprise the combination of nucleotides which are bound by at least two separate
subdomains (combined DNA target).

- by “ gene” is intended the basic unit of heredity, consisting of a segment of DNA
arranged in a linear manner along a chromosome, which encodes for a specific protein or
segment of protein. A gene typically includes a promoter, a 5’ untranslated region, one or
more coding sequences (exons), optionally introns, a 3’ untranslated region. The gene may
further comprise a terminator, enhancers and/or silencers. by “gene” is also intended one or
several part of this gene, as listed above.

- by “NANOG gene”, is preferably intended a NANOG gene of a vertebrate or part of
it, more preferably the NANOG gene or part of it of a mammal such as human. NANOG gene
sequences are available in sequence databases, such as the NCBI/GenBank database. This

gene has been described in databanks as NC000012 entry (NCBI)..

- by “DNA target sequence from the NANOG gene”, “genomic DNA target

3 13

sequence

kb [13

genomic DNA cleavage site”, “genomic DNA target” or “genomic target” is
intended a 22 to 24 bp sequence of the NANOG gene as defined above, which is recognized
and cleaved by a meganuclease variant or a single-chain chimeric meganuclease derivative.

- by “parent meganuclease” it is intended to mean a wild type meganuclease or a
variant of such a wild type meganuclease with identical properties or alternatively a

meganuclease with some altered characteristic in comparison to a wild type version of the
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same meganuclease. In the present invention the parent meganuclease can refer to the initial

meganuclease from which a series of variants are derived from.

- 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 homologous recombination between sequences, more particularly having at least 95 %
identity, preferably 97 % identity and more preferably 99 % or 99.5%.

- "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 the compared sequence is
occupied by the same base, then the molecules are identical at that position. A degree of
similarity or identity between nucleic acid or amino acid sequences is a function of the
number of identical or matching nucleotides at positions shared by the nucleic acid sequences.
Various alignment algorithms and/or programs may be used to calculate the identity between
two sequences, including FASTA, or BLAST which are available as a part of the GCG
sequence analysis package (University of Wisconsin, Madison, Wis.), and can be used with,
e.g., default setting.

- by “mutation” is intended the substitution, deletion, insertion of one, two, three, four,
five, six, ten or more nucleotides/amino acids in a polynucleotide (cDNA, gene) or a
polypeptide sequence. Said mutation can affect the coding sequence of a gene or its regulatory
sequence. It may also affect the structure of the genomic sequence or the structure/stability of

the encoded mRNA.

- “gene of interest” or “GOI” refers to any nucleotide sequence encoding a known or

putative gene product.

- As used herein, the term “locus” is the specific physical location of a DNA sequence
(e.g. of a gene) on a chromosome. The term “locus” usually refers to the specific physical
location of an endonuclease’s target sequence on a chromosome. Such a locus, which
comprises a target sequence that is recognized and cleaved by an endonuclease according to

the invention, is referred to as “locus according to the invention™.
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meganucl eases were engineered to cleave 2 different DNA sequences
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The day gf %E’Pég? nei‘PtS'cgﬂs Olléaﬁcé‘r%lei@ (Roger Hal | ar, Mount Sinai institut e)
wer e treatye ROCKIi |gma) prior to be detach by CDK

treatnment. Then ceI I s vvere counted and X 106 of cell s/.condi LI ons. was
tranfected byAsuepdbbared: iheerasitigseme mf%&éo ASRAUSBIICRTINg fHRYRFPUEC or di ng

to the ?’?e%?aﬁ@l eh%;:’iﬂwng@(iee&{c &4y tthe WahQnd R&iBe! Mtie@ egseértq B16 program

Plasmd ratio"( ganucl ease plasmd) used were 10n/51. 1g,
15p. g/ Okxprgsse®pughdct Bmlggically activ®os thetqelngsee br mdlvccdalaﬂmvcbllcb tlmteajegerien one
wel | of .6-wel |

Gel trex nvi t coat ed, di shes ondi tioned
et um (7 PO SR TEBH L T e e Re MR o b bR L h 5
Ong/ M efe FGhdedtlorvh iddpaignal: After 2, 3 and 7 days of culture, cells were
collected and genomic DNA extracted. WO 2012/004671PCT/1B2011/001934

As previously.d bed f 293H 300 DNA d.t
Aol 1 Ty Che SHAGEEHBS BRI hdih PR Bt b AGanE! B, BGEYS V. by
PCR am'mé@&a&&mg imcﬁ%t l%y g?%Fs%nCsQHEHQ§ this NN IENE) n{aREQnH sbhe 61)

and rev) CR anplification was perforned
to obt aisame, tfhrsagmlftmemlt évninecbrbyldsqbe@lpfam@u@defplt theopubipstmatiee of (ISEQRENdNO 63;

CAT CAl | D NO 64;
CCTAW %@ %Srcg Sled by the conpany of fering

sequenC| ng service (GATC Biotech AG Gernmany) on the 454 sequenci ng system
(454 Life Scifenced)aboyn thy phrages ‘okle¢8d 000N Sequmonp ssnvieligott ai dheder from ool s
of 2 anpli (.5Q90,n ach),. After.s uenC| ng, different sanples were
i denti f i@ gﬁﬁ}gﬁ(gdngﬁd%&}’ggg%ég%ﬁﬁg?%%esdelﬁﬁkep 8duced in the first of the above
adapt ators.

Where a numerical limit or range is stated herein, the endpoints are included. Also, all

values and subranges within a numerical limit or range are specifically included as if

explicitly written out.

The above description is presented to enable a person skilled in the art to make and use
the invention, and is provided in the context of a particular application and its requirements.
Various modifications to the preferred embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein may be applied to other embodiments and
applications without departing from the spirit and scope of the invention. Thus, this invention
is not intended to be limited to the embodiments shown, but is to be accorded the widest scope

consistent with the principles and features disclosed herein.

Having generally described this invention, a further understanding can be obtained by
reference to certain specific examples, which are provided herein for purposes of illustration

only, and are not intended to be limiting unless otherwise specified.

The following non-limiting examples illustrate some aspects of the invention.
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Sequences were then analyzed for the presence of insertions or deletions
events (InDel) in the cleavage site of each NANOG target. Results are
sumar i zesoi2o1min7e V. | nDel events coul d be det eeCedBimi/c@biss
transfected with plasnm ds expressing Single Chain I-Crel variants
meganucl eases targeting NANOA. Finally, the single Chain |-Crel pEF
| a- 4421 (SEQ ID NO 84) targeting EXMNERLES t he condition 15[tg show the
hi ghest activity at its endogenous Iocus as 0. 503% of I'nDel events could be
det ect eExaﬁianl g RERir o i egen s¢Lth B eitimug : siley. Tabl e V:
Mut agenesi s (¥ meganucl eases target| ng t he NANOG gene i n i PS cells Encoded
Meganuc PEHEESAesigs i d Days InDel ("/0) I Qug InDel (% 15ug NANOGA (0.021)
pEFl a- 4421 Day 2 0. 405

I-Crel variants targeting the NANOG2 site were created using a combinatorial

approach, to entirely redesign the DNA binding domain of the I-Crel protein and thereby
engineer novel meganucleases with fully engineered specificity for the desired NANOG gene
target. Some of the DNA targets identified by the inventors which validate the overall concept
of the invention are shown in Table I above. Derivatives of these DNA targets are given in
Figs 3 & 5. The combinatorial approach, as illustrated in Fig. 2 and described in International
PCT applications WO 2006/097784 and WO 2006/097853, and also in Arnould et al. (J. Mol.
Biol., 2006, 355, 443-458) and Smith et al. (Nucleic Acids Res., 2006) was used to redesign
the DNA binding domain of the 1-Crel protein and thereby engineer novel meganucleases

with fully engineered specificity.

a) Construction of variants targeting the NANOG?2 site
NANOGS? site is an example of a target for which meganuclease variants have been
generated. The NANOG?2 target sequence or NANOG 2.1 (CC-AAC-AT-CCT-GAAC-CTC-
AG-CTA-CA, SEQ ID NO: 8) is located in exon 2 of NANOG gene at positions 3786 to 3809
of NC000012 entry (NCBI).

The NANOG2.1 sequence is partially a combination of the 10AAC_P (SEQ ID NO:
4), SCCT_P (SEQ ID NO: 5), 10TAG_P (SEQ ID NO: 6) and SGAG_P (SEQ ID NO: 7)
target sequences which are shown on Fig. 3. These sequences are cleaved by meganucleases
obtained as described in International PCT applications WO 2006/097784 and WO
2006/097853, Arnould et al. (J. Mol. Biol., 2006, 355, 443-458) and Smith et al. (Nucleic
Acids Res., 20006).

Two palindromic targets, NANOG2.3 (SEQ ID NO: 10) and NANOG2.4 (SEQ ID
NO: 11), and two pseudo palindromic targets, NANOG2.5 (SEQ ID NO: 12) and NANOG2.6
(SEQ ID NO: 13), were derived from NANOG2.1 (SEQ ID NO: 8) and NANOG2.2 (SEQ ID
NO: 9) (Figure 3). Since NANOG2.3 and NANOG2.4 are palindromic, they are cleaved by
homodimeric proteins. Therefore, homodimeric I-Cre/ variants cleaving either the

NANOG?2.3 palindromic target sequence of SEQ ID NO: 10 or the NANOG2 .4 palindromic
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0. 503 Day 3 0.326 0.591 Day 7 0.280 0.389 Exanple 5: NANOG

Meganucl eases expression in different cell types Ef ficiency of
meganucl esieesiviokd7idepend of their expression |evel in PrhemBmil/gw fact if
t he neganucl ease i s not express for any reason in cell knock-in or NHEJ

experinment coul d not rfar . Therefore to .be valigdated, ,the djfferent
i sof or mET#t Sﬁ%@&ﬁﬁ@lfeiﬁ%ggtg ggﬁ?nﬁerfﬁgnﬂé‘fféﬁi yahe nﬁeﬁfl\‘i@rﬁ’ﬁﬁ R(B&N&fo have
been evaldab&tinf @aniddQh bl EXREIER A S It@sv,@oosmsbwmg, RAUMPAIS (8] KeBise! |
line 293H. WO 2012/ 004671PCT/ 1B2011/ 001934 Ingle Chain |-Crel

var i ant 80Q6ar3§ét #41g45®s Puvthi &/ ety NANDGA cadsoR&ANDSS, B4r PPy andaneldreed/i n
the pCLS1853 plasm.d., Jh Jhg.plasm ds, respectively pCLS4415,
pCLS441 r%wﬁﬂﬁyﬂ%c%éZ??%%@igl and pCLS4422 were used for this
experinent. Shgldahai®lobRgRy ihetesodimpe ton¥ets, waeldeerhtedniot i hOpEnvaisyoni ¢

ki dney cell line, 293-H (lnvitrogen) were seeded in a 10 cmdish at density
of 1 x 10l t@elenyy b NMANOKR tpegel sapprpes sien amiag peipwdipenskhses sgelrichainio n

of tot akomtgorres%péji ng t&ggﬁgregonbi -n%irngn of gp. enpty;plasm d ‘gl\gf' a

meganucl ease- expressi ng plasm sing |ipofée&ctam ne (Invitrogen). smd

rati o ( ARGEHINHGENQAISISENQIAISSK INQUESGOBGS) (SEQ gDOY2:,291.tg/ 1 [i g,
51.19/5 tg Olig/1l4ig. 48 hours after transfection, cells were collected
for protein extraction.

During this design step, mutations K7E, K96E were introduced into the mutant
cleaving NANOG?2.3 (monomer 1) and mutations E8K, G19S,E61R into the mutant cleaving
NANOG2.4 (monomer 2) to create the single chain molecules: monomerl(K7E, K96E)-
RM2-monomer2(E8K, G19S, E61R) that is called SCOH- NANOG2 (Table II). Four
additional amino-acid substitutions were found in previous studies that enhance the activity of
[-Crel derivatives: these mutations correspond to the replacement of Phenylalanine 54 with
Leucine (F54L), Glutamic acid 80 with Lysine (E80K), Valine 105 with Alanine (V105A)
and Isoleucine 132 with Valine (I132V). Some combinations were introduced into the coding
sequence of N-terminal and C-terminal protein fragment, and some of the resulting proteins

were assayed for their ability to induce cleavage of the NANOG2 target.

Table I1: Example of SCOH- NANOG?2 useful for NANOG2 targeting

Single Chain-
encoding
. Nterminal mutations in Cterminal mutations in Cleavage in SC
Plasmid
Single Chains (SC Single Chains (SC CHO SEQ ID NO:
(SCOH.- g (S0) e (SC) Q
NANOG2)
pCLS4412 6T7E28R33R38Y400Q44 | 8K19S32N33C40R61R68 55
+
(SEQID:41) | K6BA70G75N96E132V Y70S75Y77Y

pCLS4413 | 6T7E28R33R38Y40Q44 | 8KI19S32N33C40R61R
(SEQID:42) | K6BAT0GT75NI6EI32V 68Y70S75Y77Y132V

pCLS4414 | 7E28R33R38Y40Q44K6 | 8K19S30H33C40R44Y61
(SEQID :43) 8A70G75NI96E R 68Y70S75N77T
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Cells were lysed in RIPA buffer with protease inhibitors (Santa Cruz) and

protein supernatant was quantified by BCA quantification (Pierce).
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The specific PCR prinmers couples used for the PCR screen are: E
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Single chain obligate heterodimer constructs were generated for the I-Crel variants
able to cleave the NANOGH4 target sequences when forming heterodimers. These single chain
constructs were engineered using the linker RM2
(AAGGSDKYNQALSKYNQALSKYNQALSGGGGS) (SEQ ID NO:24).

During this design step, mutations K7E, K96E were introduced into the mutant
cleaving NANOG4.3 (monomer 1) and mutations E8K, G19S,E61R into the mutant cleaving
NANOG4.4 (monomer 2) to create the single chain molecules: monomer1(K7E K96E)-RM2-
monomer2(E8K G19S E61R) that is called SCOH- NANOG4 (Table III).

Four additional amino-acid substitutions were found in previous studies to enhance the
activity of I-Crel derivatives: these mutations correspond to the replacement of Phenylalanine
54 with Leucine (F54L), Glutamic acid 80 with Lysine (E80K), Valine 105 with Alanine

(V105A) and Isoleucine 132 with Valine (I132V). Some combinations were introduced into
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meganucleases. All comparisons were done from 0.8 to 25ng transfected variant DNA (Fig.

6). All the single molecules displayed NANOG#4 target cleavage activity in CHO assay as

listed in Table III. Variants shared specific behavior upon assayed dose depending on the
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to the foll ow ng process: The day of transfection, iPS cells are
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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). Target was cloned and verified by sequencing (MILLEGEN).

b) Cloning of the single chain molecules

A series of synthetic gene assembly was ordered to Gene Cust. Synthetic genes coding for the
different single chain variants targeting NANOG gene were cloned in pCLS1853 (figure 11)

using Ascl and Xhol restriction sites.
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Dependi ng of the matrix used, the KO of NANOG gene is reversible or
i rreversi ble as described previously. Matrices used are listed in the table
bel ow: BaQoi2Do21 1 LH |1-SCE1 ' | RES HYGROWCI N rni | PCBTBEN1RIII934 90

¢) Extrachromosomal assay in mammalian cells

CHO K1 cells were transfected as described in example 1.2. 72 hours after transfection,
culture medium was removed and 150ul of lysis/revelation buffer for B-galactosidase liquid
assay was added. After incubation at 37°C, OD was measured at 420 nm. The entire process is
performed on an automated Velocityl1 BioCel platform. Per assay, 150 ng of target vector
was cotransfected with an increasing quantity of variant DNA from 0.02 or 0.8 to 25 ng. The
total amount of transfected DNA was completed to 175ng (target DNA, variant DNA, carrier
DNA) using an empty vector (pCLS0002).

Numerous modifications and variations on the present invention are possible in light
of the above teachings. It is, therefore, to be understood that within the scope of the
accompanying claims, the invention may be practiced otherwise than as specifically described

herein.

Example 4 : Detection of induced mutagenesis at the endogenous site

Genomic DNA double strand break (DSB) can be repaired by homologous
recombination (HR) or Non-homologous end joining (NHEJ). If the homologous
recombination can restore the genomic integrity, NHEJ is though to be an error-prone
mechanism which results in small insertion or deletion (InDel) at the DSB. Therefore, the
detection of the mutagenesis induced by a meganuclease at its cognate endogenous locus
reflects the overall activity of this meganuclease on this particular site. Thus, meganucleases
designed to cleave NANOG2 and NANOG4 DNA targets were analyzed for their ability to
induce mutagenesis at their cognate endogenous site.

Single Chain I-Crel variants targeting respectively NANOG2 and NANOG4 targets
were cloned in the pCLS1853 plasmid. The resulting plasmids, respectively pCLS4415,
pCLS4416, pCLS4417, pCLS4418, pCLS4421 and pCLS4422 were used for this experiment.
The day of previous experiments, cells from the human embryonic kidney cell line, 293-H
(Invitrogen) were seeded in a 10 cm dish at density of 1 x 10° cells/dish. The following day,
cells were transfected with 10 pg of total DNA corresponding to the combination of an empty
plasmid with a meganuclease-expressing plasmid using lipofectamine (Invitrogen). Plasmid

ratio (empty/meganuclease plasmid) used were 10pg/Opg, 9ng/lug, Sug/Spg Opg/10ug. 48
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hours after transfection, cells were collected and diluted (dilution 1/20) in fresh culture
medium. After 7 days of culture, cells were collected and genomic DNA extracted.

300ng of genomic DNA were used to amplify the endogenous locus surrounding the
meganuclease cleavage site by PCR amplification.

A DNA fragment surrounding each target NANOG target was amplified specifically.
The specific PCR primers couples are:

A (NANOG2-fwd; 5°- CATGGATCTGCTTATTCAGGAC-3’; SEQ ID NO : 59,

B (NANOG2-rev; 5>~ AGAGGCGATGTACGGACACATA-3’; SEQ ID NO : 60), and

C (NANOG4-fwd; 5’>-ACCTGTGCTAGTACTCATGCTT-3’; SEQ ID NO : 61),

D (NANOG4-rev;5’- CTTGATCTCAGGGTTGAGGCTG-3"; SEQ ID NO : 62),

that were used to amplify fragments surrounding respectively to NANOG2 (357 bp) and
NANOG4 (381 bp).

PCR amplification was performed to obtain a fragment flanked by specific adaptator
sequences (SEQ ID NO 63; 5’-CCATCTCATCCCTGCGTGTCTCCGACTCAG-3’ and SEQ
ID NO 64; 5°-CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-3") provided by the company
offering sequencing service (GATC Biotech AG, Germany) on the 454 sequencing system
(454 Life Sciences). An average of 18,000 sequences was obtained from pools of 2 amplicons
(500 ng each). After sequencing, different samples were identified based on barcode
sequences introduced in the first of the above adaptators.

Sequences were then analyzed for the presence of insertions or deletions events
(InDel) in the cleavage site of each NANOG target. Results are summarized in table I'V.

InDel events could be detected in cells transfected with plasmids expressing Single
Chain I-Crel variants meganucleases targeting respectively NANOG2 and NANOG#4. Finally,
the single Chain [-Crel variants pCLS4418 (SEQ ID NO: 31 encoded in plasmid SEQ ID NO:
47) targeting NANOG?2 and pCLS4421 (SEQ ID NO: 34 encoded in plasmid SEQ ID NO: 50)
targeting NANOG#4 at the conditions Sug/Sug show the highest activity at its endogenous
locus as 0.317% and 0.323 of InDel events could be detected among the PCR fragment

population, respectively.

Table IV: Mutagenesis by meganucleases targeting the NANOG gene

Encoded CLS InDel (%) InDel (%) InDel (%)
Meganucleases P 1pg Spg 10pg
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4415
SEQ ID N° 44
4416
NANOG2 SEQ ID N° 45 0.222 0.158
) 4417
SEQ ID N° 46
4418
SEQ ID N° 47
4421
NANOG4 SEQ ID N° 50

(0.027) 4422
SEQ ID N° 51

0.099 0.276

0.115 0.317 0.09

0.323 0.139

0.086 0.11 0.097

Legend to Table IV: 6 meganucleases were engineered to cleave 2 different DNA
sequences respectively NANOG2 and NANOG4 within the NANOG gene. pCLS intends
plasmid identification and corresponding SEQ ID NO. InDel intends meganuclease-induced
mutagenesis determined by deep sequencing analysis of amplicons surrounding a specific
target regarding the meganuclease plasmid quantity (data have been normalized for the cell

plating efficiency). Values between brackets represent the sequencing background level.

Similar experiments were done for NANOG4 in iPS cells. Instead of pCLS4421, the
plasmid used is pEFla-4421 (SEQ ID NO: 84) carrying the same single chain meganuclease

cloned under EF1a promoter for expression in iPS cells.

The day of transfection, iPS cells (Roger Hallar, Mount Sinai institute) were treated
with 10uM of ROCKIi (Sigma) prior to be detach by CDK treatment. Then cells were counted
and 1 x 10° of cells/conditions was tranfected by nucleofection using the Amaxa nucleofector
(Lonza) according to the stem cells nucleofection kit using the solution 2 and B16 program.

Plasmid ratio (empty/meganuclease plasmid) used were 10ug/Sug, 15pg/Oug, Opg/15pug.

Post-transfection cells were seeded in one well of 6-well plates on Geltrex (Invitrogen)
coated dishes in conditioned medium (from feeder cells maintained in iPS medium)

supplemented with 10ng/ml of FGF2 (Invitrogen).

After 2, 3 and 7 days of culture, cells were collected and genomic DNA extracted.
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As previously described for 293H cells, 300ng of genomic DNA were used to amplify
the endogenous locus surrounding the meganuclease cleavage site by PCR amplification using
PCR primers couples C (NANOG4-fwd) (SEQ ID NO: 61) and D (NANOG4-rev) (SEQ ID
NO: 62).

PCR amplification was performed to obtain a fragment flanked by specific adaptator
sequences (SEQ ID NO 63; 5’-CCATCTCATCCCTGCGTGTCTCCGACTCAG-3" and SEQ
ID NO 64; 5>-CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-3’) provided by the company
offering sequencing service (GATC Biotech AG, Germany) on the 454 sequencing system
(454 Life Sciences). An average of 18,000 sequences was obtained from pools of 2 amplicons
(500 ng each). After sequencing, different samples were identified based on barcode
sequences introduced in the first of the above adaptators.

Sequences were then analyzed for the presence of insertions or deletions events
(InDel) in the cleavage site of each NANOG target. Results are summarized in table V.

InDel events could be detected in cells transfected with plasmids expressing Single
Chain I-Crel variants meganucleases targeting NANOG4. Finally, the single Chain [-Crel
pEF1a-4421 (SEQ ID NO: 84) targeting NANOG4 at the condition 15ug show the highest
activity at its endogenous locus as 0.503% of InDel events could be detected among the PCR

fragment population, respectively.

Table V: Mutagenesis by meganucleases targeting the NANOG gene in iPS cells

Encoded Plasmid b InDel (%) InDel (%)
ays
Meganucleases Y 10pg 15ng
Day 2 0.405 0.503
NANOG4
pEF1a-4421 Day 3 0.326 0.591
(0.021)
Day 7 0.280 0.389

Example 5: NANOG Meganucleases expression in different cell types

Efficiency of meganucleases will depend of their expression level in the cells in fact if
the meganuclease is not express for any reason in cell knock-in or NHEJ experiment could not
be performed. Therefore to be validated, the different isoforms of meganucleases targeting the
Nanog gene (NANOG2 and NANOG4) have been evaluated for their expression level in
human embryonic kidney cell line 293H.
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Single Chain I-Crel variants targeting respectively NANOG2 and NANOG#4 targets
were cloned in the pCLS1853 plasmid. The resulting plasmids, respectively pCLS4415,
pCLS4416, pCLS4417, pCLS4418, pCLS4421 and pCLS4422 were used for this experiment.
The day of previous experiments, cells from the human embryonic kidney cell line, 293-H
(Invitrogen) were seeded in a 10 cm dish at density of 1 x 10° cells/dish. The following day,
cells were transfected with 10 pg of total DNA corresponding to the combination of an empty
plasmid with a meganuclease-expressing plasmid using lipofectamine (Invitrogen). Plasmid
ratio (empty/meganuclease plasmid) used were 10pg/Opg, 9ug/lpg, Sug/Sug Opg/10ng. 48

hours after transfection, cells were collected for protein extraction.

Cells were lysed in RIPA buffer with protease inhibitors (Santa Cruz) and protein
supernatant was quantified by BCA quantification (Pierce). Then 20pg/condition of protein
was load on Precast Polyacrylamide Gels for protein separation. Protein was transferred to
nitrocellulose membrane for blotting with the rabbit polyclonal anti- I-Cre I N75 antibody
which recognize I-CRE1 derived custom meganucleases (1/20000). Revelation was made
using a goat anti-rabbit IgG-HRP secondary antibody (1/5000) followed by incubation with

Chemiluminescence Luminol Reagent. Then membrane was exposed to x-ray film.

Results are shown in Fig. 7 panel A. All NANOG meganucleases are expressed in
293H cells and their level of expression increases with the quantity of meganucleases-

expressing plasmids.

According to the same process NANOG4 meganuclease expression in iPS cells was

also assessed using pEF1a-4421 (SEQ ID NO: 84).

The day of transfection, iPS cells were treated with 10uM of ROCKi (Sigma) prior to
be detached by CDK treatment. Then cells were counted and 1 x 10° of cells/conditions was
tranfected by nucleofection using the Amaxa nucleofector (Lonza) according to the stem cells
nucleofection kit using the solution 2 and B16 program. Plasmid ratio (empty/meganuclease

plasmid) used were 10ug/Sng, 15ng/0pg, Opg/15ug.

Post-transfection cells were seeded in one well of 6-well plates on Geltrex (Invitrogen)
coated dishes in conditioned medium (from feeder cells maintained in iPS medium)

supplemented with 10ng/ml of FGF2 (Invitrogen).
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After 48h days of culture, cells were collected for protein extraction. Cells were lysed
in RIPA buffer with protease inhibitors (Santa Cruz) and protein supernatant was quantified
by BCA quantification (Pierce). Then 20ug/condition of protein was load on Precast
Polyacrylamide Gels for protein separation. Protein was transferred to nitrocellulose
membrane for blotting with the mouse monoclonal anti- I-Cre I N75 antibody which
recognize I-CRE1_derived custom meganucleases (1/600). Revelation was made using a goat
anti-mouse IgG-HRP secondary antibody (1/5000) followed by incubation with

Chemiluminescence Luminol Reagent. Then membrane was exposed to x-ray film.

Results are shown in Fig. 7 panel B. NANOG4 meganuclease is expressed in iPS cells

and its level of expression increases with the quantity of meganucleases-expressing plasmids.

Example 6: Generation of clean iPS cells

The process to generate clean iPS cells consists to first introduce the reprogramming
transcription factors (OCT4, KLF4, SOX2 +/- C-MYC) using endonuclease in order to allow
the reprogramming of somatic cells into iPS cells and second, to remove in the generated iPS

cells the transgene using also meganuclease to obtain “clean” iPS cells.

Example 6A: “pop out” strategy validation in 293H cells

This strategy has been first validated in 293H cells at endogenous RAG1 locus using
single-chain RAG1 meganuclease (SC_RAG!) (pCLS2222, SEQ ID NO: 85).

The day of previous experiments, cells from the human embryonic kidney cell line,
293-H (Invitrogen) were seeded in a 10 cm dish at density of 1 x 10° cells/dish. The following
day, cells were transfected with 5 pg of total DNA corresponding to the combination of 3ug
3F-matrix plasmid with 2ug of meganuclease-expressing plasmid (pCLS2222, SEQ ID NO:

85) using lipofectamine (Invitrogen).

3 days after transfection, cells were collected and diluted (dilution 2000 cells/10 ¢m
dishes) in fresh culture medium. After 10 days of culture, Neomycin selection (0.4 mg/ml)
was added to the culture medium. At day 17, Neomycin resistance were picked and seeded
into 96-well plate (one clone/well). At Day 22, plates were duplicated. One plate was stopped
for PCR screen to identify targeted events (KI, Knock-in) and the second frozen for further

analysis of KI positive clones.
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The specific PCR primers couples used for the PCR screen are:

E (PCR-screen-KI3-F6: 5’-GGAGGATTGGGAAGACAATAGC-3’; SEQ ID NO:
86),

F (Rag Ex2 R12: 5’-CTTTCACAGTCCTGTACATCTTGT-3*; SEQ ID NO: 87).

Primer E is located on the transgene whereas prime F is located on the endogenous
targeted locus by the meganuclease thus only targeted events are be amplified. Examples of

targeted events are shown in figure 17.

The results of the PCR screen showed that among neomycin resistant clones, 11,6%

shown targeted integrations.

To validate this result and to identify clones with only targeted integration (absence of
random integration), southern blot experiment was performed. 15 positive clones were
selected and then amplified to obtain confluent 10 cm dishes. Genomic DNA was then
extracted and digested by EcoRV. Then southern blot was performed using the “neo” probe of

SEQ ID NO: 88.

As shown in figure 18, among the 15 clones, 11 present unique targeted integration

(clones 1,2,3,4,7,8,9,11, 12,13 and 15).

One clone was then chosen for “pop out” experiments to remove the transgene using I-
Scel meganuclease (vector encoding [-Scel = pCLS1399, SEQ ID NO: 89). In fact, the 3F-
matrix has been designed to carry two I-Scel sites (one following the 5’ homology and the
second upstream the 3’ homology). Moreover, upstream the 3’ homology, the end of the 5’
homology has been added. This permits to remove the transgene without scar when the

meganuclease I-Scel is expressed.

The day of previous experiments, cells from the selected clone, were seeded in a 10
cm dish at density of 1 x 10° cells/dish. The following day, cells were transfected with 6 pg of
meganuclease-expressing plasmid (pCLS1399, SEQ ID NO: 89) using lipofectamine

(Invitrogen).

3 days after transfection, cells were collected and diluted (dilution 2000 cells/10 cm

dishes) in fresh culture medium. At day 13, clones were picked and seeded into 96-well plate
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(one clone/well). At Day 21, plates were duplicated. One plate was stopped for PCR screen to

identify “pop out events” and the second frozen for further analysis by sequencing.

The same PCR as for KI event detection was used to identify the lost of targeted
integration; in this case no amplification by primers E and F is observed. Examples of loss of

targeted events are shown in figure 19.

“Pop out” candidates events were detected. Positives clones were then sent for
sequencing analysis to confirm the excision of the transgene. Thanks to this methodology

clear “popout” events were validated.

Example 6B: Generation of “clean” iPS cells

The strategy validated in 293H cells was applied to generate “clean” iPS cells from

fibroblast cells.

The day of transfection, fibroblast cells are detached, counted and then transfected by
electroporation of 1 x 10° of cells/conditions using Amaxa nucleofector (Lonza, Kit NHDF,
program U20) or Cytopulse technology (Cellectis, T4 solution). Several plasmid ratios
(reprogramming matrix plasmid/meganuclease plasmid) are assessed to identify the best
condition in order to obtain high rate of targeted events. The meganuclease plasmid is

delivered either as DNA or RNA.

All transfected cells are then plated in a well of a 6-wells plate format in fibroblast
medium. Day 3 post transfection cells are trypsinised and plated on 10cm coated dishes
(Geltex, Invitrogen or Gelatin, Sigma or Matrigel, BD Biosciences). At Day 5, fibroblast
medium is replaced by conditioned iPS medium (from feeder cells maintained in iPS medium)
with or without antibiotic selection (until selection is efficient) and Acid valproic for 8 days

(Cambrex).

Cells are then maintained in conditioned iPS medium until iPS clones appeared. When
clones reach a define size they are picked and replate into a new dish, one clone/dish. Then
iPS clones are amplified in order to be characterized for their iPS status but also to identify

iPS generated from a unique targeted integration event at the targeted locus.
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The day of transfection, iPS cells are treated with 10uM of ROCK:i (Sigma) prior to be
detached by CDK treatment. Then cells are counted and 1 x 10° of cells/conditions is
tranfected by nucleofection using the Amaxa nucleofector (Lonza) according to the stem cells
nucleofection kit using the solution 2 and B16 program. A range of meganuclease plasmid

quantity is used to identify the best condition to achieve high rate of “pop-out™ events.

Cells are then seeded at clonal density into 10 cm dishes coated with Geltrex
(Invitrogen) in conditioned medium (from feeder cells maintained in iPS medium)
supplemented with 10ng/ml of FGF2 (Invitrogen). Clones are then picked when they reach a
define size then amplify to perform PCR screen to identify “pop out events” and to make a

frozen stock for further analysis by sequencing.
PCR and sequencing analysis validate “clean” iPS cells.

Example 7: KO of NANOG by KI using NANOG4 meganuclease

Using the different NANOG endonucleases, different strategies can be applied to
generate “safe” and “secure” iPS cells. Notably, the NANOG4 meganuclease targeting the
intron 1 of NANOG gene can be used to delete the exonl of NANOG using knock-in matrix.
Our approach is to use this meganuclease to replace the exonl of NANOG by a reporter gene
which facilitates the identification of targeted events since its expression under NANOG4

regulatory elements.

In order to replace exonl by the reporter gene through meganuclease-mediated
homologous recombination, in the recombination matrix, the left homology is homologous to
the 5> sequence before the exonl and the right homology is homologous to the 3 part just
after the NANOG#4 recognition site (Figure 20 panel A). The matrices to achieve NANOG
Knock Out (KO) are based on the same scaffold and are composed by (Figure 20 panel B):

- a reporter gene encoding for a fluorescent protein (GFP) for which expression is

controlled by endogenous NANOG regulatory elements;

- IRES or T2A proteolytic site to allow the expression of the resistance gene under

endogenous NANOG regulatory elements;
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matrix as described in figure 21 B, the end part of the left homology (direct repeat) is added
before the right homology, as the NANOG exonl to keep the KI Nanog allele functional after

[-Scel transgene excision.

Finally, the third matrix is similar to the second with the addition of the part of the
intron]l present before the NANOG4 recognition site which permits the excision of the

transgene without any scar in the NANOG gene (Figure 21 C).

These matrice are then used to generate “safe” and “secure” iPS cells according to the

following process:

The day of transfection, iPS cells are treated with 10uM of ROCKIi (Sigma) prior to be
detached by CDK treatment. Cells are then counted and 1 x 10° of cells/conditions are
tranfected by nucleofection using the Amaxa nucleofector (Lonza) according to the stem cells
nucleofection kit using the solution 2 and B16 program. Several plasmid ratios (matrix
plasmid/meganuclease plasmid) are assessed to identify the best condition in order to obtain

high rate of targeted events.
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2002 1601r1'<: &s%ﬁgto]ﬂi&ﬁdy positive clones for targeted integration by PCR screen using primer
allowing the amplification of both the endogenous locus and the transgene. Positive clones

arev then next validated by southern blot experiments to confirm unique targeted integration.

Since clones probably show mono-allelic integrations, the same experiment is repeated
on the positive clones using a matrix carrying a different selection that the one used for the
generation of the first clones. Thus, cells resistant for both selections have both NANOG

allele targeted. Data are validated by PCR and southern blot experiments.

Depending of the matrix used, the KO of NANOG gene is reversible or irreversible as

described previously.

Matrices used are listed in the table below:

SEQID NO:
1|LH [1-sce1 [GER|IRES |HYGROMYCIN |pA]I-SCEL|RH: 2 90
2|LH |1-SCE1 [GEP IRES |1 pA[I-scEL|RA T 91
3|LH|[i-sce1 [GEPHT2A [HYGROMYCIN [pA|I-SCEL|RH v~ 92
4{LH |1-SCE1 [GERY T2A NE{pA|ISCEL[RH .~ 93
5|LH |I-SCE1 [GERH 1RES |HYGROMYCIN [pA [I-SCE1 [LH direct repeat RH 94
6|LH |I1-SCE1 [P IRES [ETHEGN pA|I1-SCE1 [LH direct repeat RH: 95
7|LH |1-sce1 [GER{ T2A |HYGROMYCIN [pA [I-SCE1 |LH direct repeat RH 9%
8|LH [1-sce1 |GER] T2A R pA |1-SCE1 [LH direct repeat RH N 97
9|LH|i-sce1 [GEBAIRES |HYGROMYCIN |pA |I-SCE1 [LH direct repeat Partial INTRON1 [RH 98
10|LH |1-sce1 [GERY Ires [RIRGMYEAREI pA |1-SCE1 |LH direct repeat Partial INTRON1|RH 99
11|LH|1-SCE1 |GEP{T2A [HYGROMYCIN |pA |1-SCE1|LH direct repeat Partial INTRON1|RH 100
12[LH|1-scE1 |GER T2A NEH pA |1-SCE1 |LH direct repeat Partial INTRON1 [RH 101

Modifications and other embodiments

Various modifications and variations of the described meganuclease products,
compositions and methods as well as the concept of the invention will be apparent to those
skilled in the art without departing from the scope and spirit of the invention. Although the
invention has been described in connection with specific preferred embodiments, it should be

understood that the invention as claimed is not intended to be limited to such specific
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Unless specifically defined herein below, all technical and scientific terms used herein
have the same meaning as commonly understood by a skilled artisan in the fields of gene

therapy, biochemistry, genetics, and molecular biology.

All methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present invention, with suitable methods and materials being
described herein.  All publications, patent applications, patents, and other references
mentioned herein are incorporated by reference in their entirety. In case of conflict, the
present specification, including definitions, will control. Further, the materials, methods, and

examples are illustrative only and are not intended to be limiting, unless otherwise specified.
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10. The meganucl ease variant of claim5, which is a honodiner. 11

The nmeganucl ease variant of claim5, which is a heterodiner. 12. fhe
meganucl esieeozzoee@mt of claimb5, which is a obligate hePerasoreno1934\0
2012/ 004671PCT/ 1B2011/ 001934 13. The meganucl ease variant of claim

5, which is a single chain. 14. A pharmaceutical conposition conprising the

meganucl ease of claim5s. 15. A pol ynucl eoti de that encod he
neganucle&%é*BFmé%é?ﬁggnéTFénfﬂﬁﬂﬁéﬁﬂ1W%%¥@%¥“ﬁ%V 2ﬁ@§aﬁ§3i&§§@1éktivity.
16. A phar mat®dt¢-cal conposition conprising the pol ynucl eotide of claim 15.

17. A vector conprising the polynucl eotide of claim15. 18. A host
cell containing the vector of claim17. 19. A nethod for producing a
meganucl ease conprising culturing the host cell of claim18. 20. A

met hod for knocking out the expression of the NANOG gene by inducing at

| east a double strand break in a NANOG gene using the meganucl ease of claim
5. 21. A nmethod for inserting a gene or polynucl eotide of interest

or part of it into the NANOG gene by inducing at |east a double strand
break in the NANOG gene using the neganucl ease of claimb5. 22. The
met hod of claim 21, wherein the gene or polynucleotide of interest is a
reporter gene or reporter sequence. 23. The nethod of claim?2l
wherein the gene or polynucleotide of interest is a therapeutic transgene
or a nodul at or gene.
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24. A nethod for determning the | evel of expression of NANOG in a cell
conprising inserting a reported gene into the NANOG gene using the
meganucl esieeofooed7ai m5 in a manner that the reporter geag1B®1CeEepr essed
wi th the NANOG gene or part of it and neasuring the | evel of reporter gene
express': oy 25. A nethod for determning the | evel of expression of
NANOG | cer cell conprising inserting a reported gene into the NANOG
gene of a cancer cell using the neganucl ease of claim5 in a manner that

t he report erl.gan@ethsd co grpras &dnwintfor tshfe NANOGcgen e hand teasderivagvdashe

| evel of reggr#ﬁer ig{eﬂ*ne exef)r ession. WO 2015/ 004671PCT/ 1B2011/ 001934

26. A cyiies: difereniizhen dtagds by hsgiaalicapt WerBfdiclSgene has been operati vel y
inserted so as to coexpress with the NANOG gene usi ng the neganucl ease of
cl ai m 5. 2.  AZiethédd neigbaddatt elcagcandnisafy anl/@gentrefiBf acterdalgi toi dlaint &
nodul at e NANOG activity or, cellul ar phenpt ype conprisi.n t ing said
agent wvheieR said at lqast ‘B‘Wﬂ%’i‘f‘céeaﬁ%‘é’gl“&éra %gﬁgmggggéﬁ "bﬁ@ﬁ%\’@’g %eq%nser t ed
SO0 as to coexpress with the NANOG gene using the neganucl ease of claimb.
28. A reconid.nanmedivld tocgunaitd1cle@n h@ oNANOGndenacalre PBS tacadrding tandaitrhé

nucl eoti di c gene of interest., 29. A cell bank containin ells in
whi ch NENEEGIVS cRARUCKASSUINEGing AnG Apdnpugieassswduces a léou}@etstrﬂpi@?qaﬁb*an e

cont ai nﬁﬂgl(%lglélgeuz%rﬂ wid:&h o%%riu%lfeg%&ﬁl&%é QUbubhY-sfaiEBRMG] SRBRr gene. 31.

A process to ate expression o In an eukaryotic cell conprising

the introduction in NANOG gene of nucleotidic sequences of inter gﬁt, b){
usi ng the erfloduslethipgetoogensral flean ppd/on stfe CHREY st HE PR aceulBe PdiBY 1sai d
eukaryog i ' . L, of biological material containing
meganuc }égglees\%gir?ngﬁ?u%?ﬁ%ga@ﬁ%&%accessi on number CNCM 1-4337.
33. DNA insert of SEQ ID NO 35 which is part of the biological material
deposit of c}-aidnmgganuclease thayjindpggsi 4 jdegblesapd breakcig) EhGrIﬁg‘Me%eﬁe s#dd i Ps
cell's are. clean and/or safe and/or secure. 35. Purified iPS cells
cul ture according to claim34 wherein the NANOG gene of said iPS cells is
not functional. 36. Apurified differentiated cell culture selected
frompurified i PS cells culture according to clains 34 or 35.

6. The meganuclease of claim 5, which recognizes the NANOG4 sequence (SEQ ID

NO: 18).

7. The meganuclease of claim 5, which recognizes the NANOG4 sequence (SEQ ID
NO: 18) and which comprises the variant I-Crel amino acid sequence of SEQ ID NO: 33 to
40.

8. The meganuclease of claim 5, which recognizes the NANOG4 sequence (SEQ ID
NO:_18) and which comprises the variant I-Crel amino acid sequence of SEQ ID NO: 33 to
40

9. The meganuclease of claim 5, which recognizes a NANOG4 related target

sequence selected from the group consisting of SEQ ID NOS: 33 to 40.
10. The meganuclease variant of claim 5, which is a homodimer.
11. The meganuclease variant of claim 5, which is a heterodimer.

12. The meganuclease variant of claim 5, which is a obligate heterodimer.
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13. The meganuclease variant of claim 5, which is a single chain.
14. A pharmaceutical composition comprising the meganuclease of claim 5.

15. A polynucleotide that encodes the meganuclease of claim 5 or a fragment thereof

having meganuclease activity.
16. A pharmaceutical composition comprising the polynucleotide of claim 15.
17. A vector comprising the polynucleotide of claim 15.
18. A host cell containing the vector of claim 17.

19. A method for producing a meganuclease comprising culturing the host cell of

claim 18.

20. A method for knocking out the expression of the NANOG gene by inducing at

least a double strand break in a NANOG gene using the meganuclease of claim 5.

21. A method for inserting a gene or polynucleotide of interest or part of it into the
NANOG gene by inducing at least a double strand break in the NANOG gene using the

meganuclease of claim 5.

22. The method of claim 21, wherein the gene or polynucleotide of interest is a

reporter gene or reporter sequence.

23. The method of claim 21, wherein the gene or polynucleotide of interest is a

therapeutic transgene or a modulator gene.

24. A method for determining the level of expression of NANOG in a cell comprising
inserting a reported gene into the NANOG gene using the meganuclease of claim 5 in a
manner that the reporter gene is coexpressed with the NANOG gene or part of it and

measuring the level of reporter gene expression.

25. A method for determining the level of expression of NANOG in a cancer cell
comprising inserting a reported gene into the NANOG gene of a cancer cell using the
meganuclease of claim 5 in a manner that the reporter gene is coexpressed with the NANOG

gene and measuring the level of reporter gene expression.
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26. A cancer or tumor cell into which a reporter gene has been operatively inserted so

as to coexpress with the NANOG gene using the meganuclease of claim 5.

27. A method for screening an agent for its ability to modulate NANOG activity or
cellular phenotype comprising contacting said agent with a cell into which a reporter gene has
been operatively inserted so as to coexpress with the NANOG gene using the meganuclease of

claim 5.

28. A recombinant cell containing the NANOG gene or part of it and the nucleotidic

gene of interest.
29. A cell bank containing cells in which NANOG is knocked-out by an endonuclease.
30. A cell bank containing cells in which NANOG is knocked-out by a meganuclease

31. A process to regulate expression of NANOG in an eukaryotic cell comprising the
introduction in NANOG gene of nucleotidic sequences of interest by using the endonuclease

of claim 5 further comprising the selection of said eukaryotic cell.

32. A deposit of biological material containing meganuclease variant having the

CNCM accession number CNCM [-4337.

33. DNA insert of SEQ ID NO: 35 which is part of the biological material deposit of

claim 32.
34. Purified iPS cells culture wherein said iPS cells are clean and/or safe and/or secure.

35. Purified iPS cells culture according to claim 34 wherein the NANOG gene of said

iPS cells is not functional.

36. A purified differentiated cell culture selected from purified iPS cells culture

according to claims 34 or 35.
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