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In Bacteria, adenine or cytosine methylations are mainly part of the restriction
modification system, in which DNAs are methylated periodically throughout the genome.
Foreign DNAs (which are not methylated in this manner) that are introduced into the cell are
degraded by sequence-specific restriction enzymes which discriminate between endogenous

30 and foreign DNA by its methylation pattern: Bacterial genomic DNA is not recognized by
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In addition, the protective function of DNA nethylation is simlar in
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Fearon, E. R. and Jones, P. A. (1992). Progressing toward a molecular description of
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CpG methylation of an X-linked transgene is determined by somatic events postfertilization
30 and not germline imprinting. Development 104, 235-44]. Thus function of DNA methylation
machinery for recognition and/or eliminating of foreign DNA seem to be conserved in

evolution.
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excess of I-Cre | (1.5 uM final concentration) in the reaction buffer (10
mM Tri s- HE0,200%0132W NaCl, pH8) at 37 C. C eavage reacti eaTaBz1i/ni2gger ed by
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30 The inventors have now found that CpG content of a DNA sequence and the level of

methylation of such CpG nucleotides have an influence on the cleavage activity of rare-

cutting endonucleases such as meganucleases. For the first time, inventors have shown that



underlined. On the chromatograns, 5-nethyl-cytosines appear as cytosines
(©, and non nethylated cytosines (converted to uracil) as thymnes (T). In
t he presemoeomoobs2daza- 2- deoxycytidine, a fraction of tReTEpMBINORAWES | S
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| munol y,C-\/gfeaﬁae%f feactisy s (rwgem5 heithe a&rﬁ%@ e M BaRgefen Stged Hes6,) ;
and Mani QikRh ﬁﬁetlaf‘%r\lw eheEHRA Ry of(10 st pRUTTRITHIR KRR o LARQT B BhY hBhESS
Cold Spring Harbor, N. Y., 1986). The methods di scl osed bel ow preferably

conpr i sénegahionft IhY redigewd-Ge épsd refl daselfrae DNy medgeulss. Qlea¥adranddinglshyry one

or re the . recited ste i ndent r_in.conjuncti j t t.her
oter © BNA'PIBALGEy bR heRas Y oy PATTEPOSER 20 by e Bpbcal el Ot SS o
net hod fwith | BRBRYI QfkerS afid eaeagd Quarti fIIA Jsi@M Guaahityonoso Bl ftd R€ UsBibR ) cel |
by an engi neered rare-cutting endonucl ease sensitive to nethylation,
conpr i silAigannsarageeeissubstrate (ynckeay (elANAD ys plgtted asspfugction ifiBonmal | ocus a
cl eavabl e DNA target sequence devoi ded of any CpG sequence; _ _
(i) engineerimgued: Modl 8f ¢idté iI:0928n020Ba| eafflex BQédd dn) I-CRNE@EEINGySal d
DNA target sequénce with said rare-cutting endonucl ease.
structure (ref PDB). I-Cre 1:C1234 crystal structure was used to model 1-Cre 1:C1234 Me full
30 using Pymol software. A: overall structure model of I-Cre 1:C1234 Me full. C1234 “a” and
“b” strands are displayed in cyan and magenta respectively and the polypeptide chain is

displayed in wheat. B: close up of the steric clash between cytosin -2b and Valine 73. C:



WO 2012/ 001527PCT/ 1B2011/ 002196 In a preferred enbodi nent of this
first aspect said engineered rare-cutting endonucl ease sensitive to

met hyl at iwo 20e/@13@ganucl ease. In a nore preferred enbo®CEARL01%602096

engi neered rare-cutting endonucl ease sensitive to nethylation is a
meganucl ease fromthe LAG.I DADG fam ly. In another pore preferred .
enbodi metse ugAif dhevgi heashdeetyerneC yigsing (3t andgs@lpgdnt et dh<dossamrficyipsine s
met hyl aty i : i | -

recor di g g e B e L T oo A e

i mpr ovi nhe oVemaageainoliAsfTyoosi e @hamimogored 68.ocus in a cell by an

engi neered rare-cutting endonucl ease sensitive to nethylation, conprising
the steps of: A0(i). L Ly o - i6. C | t t
sequence of o B E AN PhaieBic SRty AR P N B O get
sequenceaM @it @4 1 Rdnpherreas maubadedCpdhnntredsng (oricenteatpnaedr XPg 4s@ran O to

a1 a1 arto0bh GO BRAURAE KWLM TrarCE [0t Reft.olbat ieits G B

target ga 8§ oS ARt 36 RASRs RRubSidnd e f:h'fbrlas‘%@x%ekhnﬁo'ﬂroﬁ%/ R efeemi86ke was

enbodi ment this second aspect said engineered rare-cutting endonucl ease
sensi t i wecdrdedretthyd Bhérastan Blua (Bdifarabteshk eperatingaimbinerepreaée poletzatioboatidnent

sai d engpi@neere utting .endonucl ease nsi.t.i | ati on,.i
I

rare-c S veto g a
rogan IR E O I S AP 1 pE B ot R g T e ug i .
enbodi Ma0drmafidédi ERBIREES fikotRpFis pPOttedCasld uRGiANTOIRCS eafenERIbsl Abyaeiit
met hyl ation is a nmeganucl ease derived fromthe |-Crel neganucl ease. |
| n anot higsopipbdrerqoasiarintiee Mstermiutedt by SfitsBg oty dalgeby ¥nilyprenpli¢ dppaion

amhoal raAr el BRetRe PRI L (BRBESELPR A Ayt fuolche R RS R o

posi t i orobtaifed @t a3givel rhégap0dedse Otoneéhtiatiot,2 Ao, 2Be fluoradckaich ednigorrep e rvabuet
enbodi ment, said DNA target sequence contains ng re than two CpG

di nucl edthiteiaed atsgtugatipgrONEeERERPE F MEEHBY S nd %agg? %N&CPHP@Q?H%%GEH}%
cont.ai ns : e one CpG dinucleotide. In a nore preferred enbodi nent,
sai dl DNA?qtﬂglrbgg'gn Sst{é&c}g%?ice contai ns no CpG di nucl eotide. WO

2012/ 001527PCT/ |1 B2011/ 002196 I n anot her preferred enbodi ment of this
second aspect- Biguteh& fir egeneleavage of ivomethylated eemethdatgd ety dvi EPEdI A 1n

a nore r i t i [ : I e
oot o r RTUTREBOEIBPIPERT auitt SR wheirfubh 8 5h lbrcdCoPREERSL SIS
t hird asfiredcodentritéonprie slenteadctivneniffenril 0 saMd TiristHOK 166 nivipK aWle pEiReav3yeC5 of

O [ OISRl | ocke LD, 3 hOaS oD Sl r S e D

tsggu{(:)ﬁlcletg*;ﬁ\é ol @R Sthe GiditiGEbEMHY KU BLITR T Ma8 811 R cdPR 1Y héthr oPNubRT@E!
at 37 °C to digest XPC4 and release free DNA molecules. Cleaved and uncleaved DNA
products were separated by PAGE using a TGX Any kD precast gel (Bio-Rad), stained with
SYBR Green and then quantified using Quantity One software (Bio-Rad). Disappearance of

substrate (uncleaved DNA) is plotted as a function of time.

25 - Figure 9: Chromatograms of sequencing reactions at the XPC4 target locus, made
after bisulfite treatment. Cells were pre-treated with 5-aza-2-deoxycytidine at 0.2 uM or 1
uM 48 hours before transfection with the XPC4 meganuclease or with an empty vector. The
treatment was maintained 48 hours post-transfection. As a control, we used cells not treated
with 5-aza-2-deoxycytidine (NT). Two days post transfection, genomic DNA was extracted

30 and treated with bisulfite, which converts cytosine, but not 5-methylcytosine into uracil.
DNA from the XPC4 target locus region was amplified by PCR, and sequenced. Sequence of
the XPC4 target is indicated on top (XPC4 target), with the two CpG motives being

10



(i1) determning nmethylation |level of said DNA target sequences in at |east
one cell type related to the chosen cell type or organism 10(iii)selecting
pot ent i alwDNM2migret sequences di spl ayi ng no net hyl at i orCT(iB2)i1/e02g9neeri ng
said rare-cutting endonucl ease; (v) contacting said DNA target sequence
with said rare-cutting endonucl ease. In a preferred enbodi nent of
this thiuwderiaghcon dhe gheomptomamadSmathylytosingy) aBRHE MIchHAaERessins PRT Vet o

met hyl at j i : r Fed i Sal,Ch_

engi meoriarihBe LARARE (ELRATES b auBTCADIRpRE' (BT IETRCHLTRAC, BP SR
meganucldeasgyfidiam & fiactioAGH HHaATKS frantiveyis demethybitdie resniving ipn @halr@/ddpeak.

enbodi nent, said engineered rare-cutting endonucl ease sensitive to

methylation | SifuRGaPHGLERTE dShiuE egi@%o%&tm@g%&bﬁgggﬁ%@@g@@ this

aspect of the i tion, e bisu e net hod can be

speckf i ave2d preetréuyddatvith s -qrat2t-dédongcwidine 21 OthpMeank piedgtosamploze trhnsfemioai st s
of treating.DNA with bjsulfite, which causes unnethyl at ed cy% ines to be
conver t Yt AEG4umggmuclralq & FBPHYYSHYEd Tgﬁtt’i?éinheé‘é wasnRPRaRfdh §§8HS(@%§pi ro

et al., élja%zt% tionT A& P! post-HERLf@RBh, thi §EnOMiASR AMLY eRPRE4d Mifd PPICTRR ($th
designed on bisulfite ‘converted tenplate. The nethylation profile of the
bi sul fi tpeintarestrecindiNg targetdeteevasi peefdrbed. A resatisieerd expr¢sFedamapere¢ntage. of

1992). t hyl ati gn 25status can also sinply inferred fromthe

liter atmggg’?lg%ﬁ? piine ach‘t‘téﬁ%‘%es, for exanpl e when the specific target
sequence bel ongs to a known unnet hyl ated CpG i sl and. I n anot her
prefierred enbdigurent: XPCémepaasgest efficidniog is mvsmted by, DIV Aenetbylatidatyi oro.l evel

RS | L8 ) B TR POl S LTI
enbodi MaRLwor 384 9 #‘é‘%f{ DN3 fepRir 3ftri& Slebtor M prédéd 202400 R 2PONA ﬁ%%iut@gz 196

anot her nore preferred enbodinent, said cell is a mammalian cell. 'In

anot her inbiom( ehza-2 ddorerepadinede 0 indevidusd exstlplar denegeversi anadyzdil sipl eaehng no
met hyl ati on .arz -rich re?'tonz dsuch as. unrreet.pébé ed (ﬁ(t:-cr{'.och regi ons that
possess ANGHOP LrIhT PSR O 1o el ek A &S Mg B A 68 Epa(gll? SIANds. 5According to
a fourth aspect of the invention, is a nethod to select a target cell type
f or 1a rar e- cutRigurg 12n¥imaurefleasrgtris dirdtiorap il unesceing aleaheibADENSab by AIKAYP.ng a

AR T S RN
sequence o SEMPIEbindi8h buffer (10 mM Tris-HCI, 150 mM NaCl, 10 mM CaCl,, 10 mM DTT,
pHB) at 25 °C. After 30 minutes incubation, the fluorescence anisotropy of the mixture was
recorded with a Pherastar Plus (BMG Labtech) operating in fluorescence polarization end
20  point mode with excitation and emission wavelengths set to 495 and 520 nm respectively.
Normalized fluorescence anisotropy is plotted as a function of ADCY9 concentration.
Apparent dissociation constant were determined by fitting raw data by an hyperbolic function
(A=(A*[Meganuclease])/(Ky + [Meganuclease]) with A,, the fluorescence anisotropy value
obtained at a given meganuclease concentration, Ao, the fluorescence anisotropy value
25  obtained at saturating concentration of meganuclease and Ky the dissociation constant of the

equilibrium studied ).

- Figure 13: In vitro cleavage of unmethylated or methylated ADCY9.1 by ADCY9.

A constant amount of ADCY9.1 duplex (50 nM) was incubated with an excess of ADCY9

(1.5 uM, final concentration) in the reaction buffer (10 mM Tris-HCI, 150 mM NaCl, pH8) at

30 37 °C. Cleavage reaction was triggered by the addition of MgCl, and then stopped after
different time lengths by the addition of the stop buffer. This was followed by one hour of
incubation at 37 °C to digest ADCY9 and release free DNA molecules. Cleaved and
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types; 10(ii)selecting cell type displaying no methylation; (iii)contacting

said DNA target sequence with said rare-cutting endonuclease. In a

pr ef er r edwerntbdions2nt of this fourth aspect said engi neepel/IBaMesud i ng

endonucl ease sensitive to nethylation is a neganuclease. In a nore

preferred enbodi nent sai d engi neered rare-cuttin qggrgbease sensitive to
f

met hyl atinsisayed QNﬁea@HH?}f e S‘Tﬂafﬁﬁ?dlgy ? ASH B B, PSR nore
preferr ;lfaéi?,@é?ﬁ'éd@ﬂﬁ SYEH r&RUna8REELSLMAL S uéih'% gga@j%m%?@m@ms.t ive

to neth ion 1's a neganucl ease derived from el nmeganucl ease.
| n anot Heisappeafeca dfcubstiaoci{umeleavedfDINA) & msitacts adhingttom dftvent i on, sai d cel |
Is a eukaryotic cell. In a nore particularly preferred enbodi nent, said

cell 15 @ Plankzaels ABCTY AORRNGk.ENURCRASS R fffhiRERQID A metRiilnca! | 1S

a mammalian celF. In a preferr odi nent,” the potenti targ sites
di splsayiving. 263 HetcHy hatd ontrandedBd with ugedfi XPE4 suaghnadcase geprieydizg eebt@®rr i ch

regi ons that possess high tive. densities of, G _known ,as G.i.sl,ands.
hcor o Y WEORF TN ALBat DOP (HEAT AUEH 1EROTIE HOMEERGY SO POVEA

cl eavage,ghyiatide fMimR $ 9182 bk J3tiaRrk). SBAURME RIUGOMMul i dlched twdr& asdly e
nmet hyl at ed %:pG di nucl eoti de, by ‘an engineered or natural rare-cutting

endonuclieaseh conditontfpn/tbe poesemstelnf tagétoh exotgusing spgeifind GRotmphificagont eps: (i)
treating the target cell with an agent inhibiting nethylation; WO
2012/ 001527PQTI!ilgu%%qu:l/&Prcz)r}'l%E)gram. In order to determine the methylation status of the two
10  CpG motives present in the XPC4 target sequence, genomic DNA was extracted, and treated
with bisulfite. Bisulfite treatment is based on a chemical reaction of sodium bisulfite with
DNA that converts unmethylated cytosines into uracil whereas methylated cytosines remain
unchanged. DNA was then amplified by PCR and sequenced. Examples of sequences are
shown in Figure 15. In presence of si_AS, no cytosine conversion was observed in XPC4
15  target sequence, showing that both CpG were methylated in the vast majority of the cells.
After transfection with si. DNMT]1, dual peaks were observed in the chromatogram, showing
that in the treated cell population, the two CpG could be methylated or unmethylated. For one
of the two CpG (TCGAGATGTCACACAGAGGTACGA; SEQ ID NO: 24) the amount of
unmethylated C was estimated to 20 and 30% of total after 1nM and 5nM of si_ DNMTI,
20  respectively. For the other CpG (TCGAGATGTCACACAGAGGTACGA; SEQ ID NO: 24)
the amount of unmethylated C was estimated to 25 and 50% after InM and 5nM of

si DNMT]1, respectively.

DETAILED DESCRIPTION OF THE INVENTION

Unless specifically defined herein below, all technical and scientific terms used herein
25 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

30 mentioned herein are incorporated by reference in their entirety. In case of conflict, the
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(i1) contacting said DNA target sequence with said engi neered or natural

rare-cutti ng endonucl ease, sensitive to nethylation. In a preferred
enbodi renwoab1zdix7fi fth aspect said engi neered rare-curCrngoandaeneuc! ease
sensitive to nethylation is a nmeganucl ease. In a nore preferred enbodi ment

5 said engineered rare-c endonuc| ease sitiv to nme |on s a
neganuc [PEESR! SPEGHFRHE 1N Ill nftigpsy Wil ‘?Oﬁltrﬁfml? Lot & #e%’iﬁgﬂ’

embodi MeQhympRehet RNGHACELRY ahahfe Mnﬁtémmg@nm r%«?aﬁ1e§§&§w@eespwﬁed
met hyl ati on IS a nmeganucl ease derived fromthe meganucl ease

In this aspect of the present invention, sall[d d met hyl ati n

sel ect ed frorhh€hRragdesr Sﬁﬁh%ﬁﬁ?ei’bllﬁbenm WEL KPYan %Séag@g‘i%g‘?ebpqlﬁq’ted
I n bi
n DI chgﬁezltn%)%{eg ﬁé#}@rggﬁo%&b%l] ANLipLanGe (malﬂxf Biddg ﬁfins%@ﬁ&fmogy,

catal yz a net group to ree active
met hygl t rrainsfomlag)esred:mmtdnduethil\dend iiinectology meviichl &re VONNA 1the skldlhef fhesart.

bundant MT | to be
et hy ¢ rSHRE BT RIS Tolan BRSBTSy fos s CREERY RO P
rever si hlisleang BRYo R FAldLREIEM. WJ%BEDQIUOOaW&S}C&nQ'SQA @, € HrafyRTiqUslaks ons.

Currently avail abl e, nucl eosi de-based DNMI i nhibitors such as
5- azacytU $ih hé/lolscuarAonisgxdyrbpatarg Manabl Third Fditions (Saathapdgetes, 2901 cGeldsi ne

o v S T G S R Rk R AR R g

covabentvaddaaitedWibB4)e el aral DYET Pat. e @log3 depl Ntutl&@ Adl@ HR®rignaysre(B.
activity and Ieadhgﬁ to denethyl ati on of geno ng reference to

thei r ad?-ilde#riey & d@gg@a@éﬁd&%@r Ttrmsprﬁptmﬁ%“%@élen é@eﬁt Eagep & §gént
i nhi bi t!@ggggm?x ng]gz;g Cuftie 6?5&%§rna{1 éélwgzeapwene Rﬁ% R 'ﬂ_ggmmc' ofygaf; the

cells w I"eads Ssta unrre
pr ef er r dehneothlobidn€nlls Andt Ensymspd®Ril. dfess he986)ve81th@hal s%miaambl GusdeaTo

a5 h ategdr Cighing iy Db el dR oG MIHECo L cRbionpaf yE !
manm@l i afoR! Lds -in- chlefP%Qg('i’é?ﬁx% praderer NAeYbiy)] ?&cméaltlif'ev&?tlﬂ@gﬁd ¢5§(31W5€d

herein or those used to practice these nethods are also disclosed herein.
WO 2012/eD@lL 537 PEid I\BQOIL&S’ 00249 Expetdion Tedmslogy" (D. Gopddahoedak iG@kne dghuhfigs in

oo, PSR ko FHrag sl G Rl o N P S S e Ml RE SR T

or Argi nNigderai&s); QHﬁmﬁBGhéan@ﬁfM&hé&@InOCelﬁﬁﬂaMél@c@éﬁ* Rhiold§i (Mter &d Walkee, aci d
substitution nmeans the replacenent of one ami no acid residue with another,

for i nstednecdcadrmicdisesackonsden, b387anHardpopk f Exestiggatalrirpmuaclagyt GoHimes 1-
r “"Siz%“e IiVn(ﬁ. Rf R;\’iegeanﬁe@.ué.n %?aci(\%eﬁl,neﬂm 1@%6%0%(3 Iélldglibfah% itl‘i’é1 Mouse Embryo,
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). The methods
disclosed below preferably comprise each of the recited steps, though they may be performed

using one or more of the recited steps independently or in conjunction with other steps.

According to a first aspect of the present invention is a method for improving
25 cleavage of DNA from a chromosomal locus in a cell by an engineered rare-cutting

endonuclease sensitive to methylation, comprising the steps of :

(1) identifying at said chromosomal locus a cleavable DNA target sequence devoided

of any CpG sequence;
(i) engineering said rare-cutting endonuclease;

30 (ii1) contacting said DNA target sequence with said rare-cutting endonuclease.
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- Altered/ enhanced/increased/i nproved cl eavage activity, refers to an
increase in the detected | evel of neganucl ease cl eavage activity, see

bel ow, agaionst2/miizar get DNA sequence 10 by a second nmegaoTaBBase02il9s
conparison to the activity of a first meganucl ease against the target DNA

sequence. Normally t he sec a ea is a varjant of the first. and
conpri se one lbranﬁrteg‘?”'seébﬁ”i 9 ‘P#ﬁgl %ﬁf] APl A ﬁ%’é‘&?fﬁgr FAGRUEBEt he

first n%ﬂ@&iﬁ%ie@@?eél ‘Ctilv@f o et atﬁfn 15@§legmdcfeasé)rln Ia%@ecﬂ'@?e%@ﬁ enffodirkete

sequence” 1s inte |nucleot| es
Cyt osi naaidhogpleated- Iﬁﬁacmtmr@ endonutlesti sdestiwhter methybyiooss nemc@ndclces@tﬂrqm

foll owed b t DNA t

cl ust er ¢h§ ﬁr@r%gﬁﬁhggfaéﬁ]é' H% *Wﬁm‘?g? En‘%gﬁgﬁ%sem%ﬁmﬂ“’aﬁaé C%I-gﬁelgr%der%bl ons
(medg UQqun abRBhuoSe Gendigw Qi‘ﬁ‘)eth}ﬂllzﬂféﬂt 13yd ale@tnidNsd AativeROESLS thehi-ghel
relative den5| ties of CoG These CpG i sl ands, which represent 1-2% of the

human gemegapyclease present in the 5 regulatory regions of many 20manmal i an
genes (for review, see Bird et al, 1987). - Nucl eoti des are

desi gnat ed as,d.gldimve a%é'oddeéstpe& &Pﬁll% présen® @il ch@6n desipaabd Ter higobmge of

a nucleoside: a is adenine, t is thymne, c is cytosine, and g is guanine.
For the CM@WD&I@NAmﬁDUE@t clcremoscrmalebxces enta cgll dpy an(mlimeednmrwmtmﬁes)

k represe or t ts ents a or t, mrepresents
a or c, e)‘? %8%%?%@“?'6{)0”%8&(%9??rﬁ%mpﬁlémﬁlﬁ% ?Igsoqlsdes) d represents g, a
or t, v represents g, a or ¢, b represents g, t or ¢, h represents a, t or
c, and n r epr(@sentidentfyiag attsaiﬂc}rromosomal lecuby Dh&rﬁgmggt;ﬂega@*@'e of nwré ﬁtaedéed an
endonucl ease havi rh% a dou e.— s]tr ded DNA. @I&&;{ se nce of 12 to 45 bp.
Sai d meganucl ease 98 BYESHEP) i Igngt Yy Eh2Y YL q}é%{}?ﬁ CHORHEP A°i"8%6n a
nononer or a Mononkid £CBANEEsconNpri sing the two domains on a single

30pol ypeptide. WO 2012 001527PCT/ | B2011/ 002196 - by "nmeganucl ease

domaln is intended the, gasgl on whi ch |r§terc§cts_ with one half of the DNA
target of a rlanGRBBSTINEIAY TRE-GIIRE (OB ate with the other domain of
t he same nmeganucl ease which interacts with the other half of the DNA target

t o forma funit) omahtaammimbaasar@bmuémeohdam mad-dutDhAchdimgeliease5- by
"nmeganucl ease variant” or "variant" it is intended a neganucl ease obt ai ned

by ;‘Lﬁpl acerre[]tgl gfgre erredte%rﬁbodzmqg?tr %glddﬂﬁA Oéetf'%e@mn@é) 1sa§2 %4%?%2)’1&? Agﬂgr tnhe

par ent megan grent  am no- acl it

is intengaght o MEpfeferr@k Riibvdains@yuemats abc@id bgmst séha arliginqsur@f edrakluytingt
| east 17 am no acids which links the C-term nal am no aci resi due of the
first 1GnApRishase sESithe tREMEhrphen 1s & SHcgaRNRase HE & BB ATHSHInERCd@eHhi ch

al I ows tsg% &%?ne\é?erdi ﬁ%—cutting endonuclease sensitive to methylation is a meganuclease from
the LAGLIDADG family. In another more preferred embodiment, said engineered rare-
20  cutting endonuclease sensitive to methylation is a meganuclease derived from the I-Crel

meganuclease.

In another preferred embodiment of this second aspect said DNA target sequence
contains no CpG motif in position -2 to +2. In a more preferred embodiment, said DNA
target sequence contains no CpG motif neither in position £ 5 to + 3 nor in position -2 to +2..

25  In another preferred embodiment, said DNA target sequence contains no more than two CpG
dinucleotides. In a more preferred embodiment, said DNA target sequence contains no more
than one CpG dinucleotide. In a more preferred embodiment, said DNA target sequence

contains no CpG dinucleotide.
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nononers to adopt the correct conformation for activity and which does not

alter the specificity of either of the nononmers for their targets. - by
"rel at ed wo201pmis27cul arly in the expression "one cell tgpaBroai/eiess to the
chosen cel | type or organisn, is intended a cell type or an or gani sm

sharing charact eristi sai d 15chosen cell ty or said chose

organi sm t Hpangie Tpfei%?\glo?““&ﬂd@‘ﬁ 5"%1 P‘élsﬁ‘f sgedt ﬁg%EehBr%et‘i‘t (’:‘éﬁeptl?lﬁlﬁél

or ganl S 1 dga%upﬁygﬁé EMEGn farn%‘rﬂbi?éfgrr@%ﬁéﬁlﬁl%htl s§id RE1 ¥ a Pl@ABIE M Qhothét -
omal n I's intended the region of a LAG.I DADG hom ng

endonuaherasnetcue@emibmimnv\,haldhelil rsteagmamtrelion ¢dll.a di stinct part of a homing

endonucl ease DNA target half- site. 20- by "targeting DNA construct/ m ni nmal

repair matr 'Kécro?(ﬂﬁlé to gmlfd X e&ttof'tﬁe gﬂ:@&ﬁ'qﬁ%nﬁ% MR ethoNb imBRYVE UGl age

conprising a first-an seco d portions which are honol ogous to regions 5
and s3' aff DNAefr@hlA dheorgesomiahl@us in a dtvseDbl boast mganlsml, by apenpinegeg raet hird

portion positi onecf between the first and seco tﬂ Eq V\/m ch conprise sone
honol ogfHthRg tndopucieasr sESEBAP A (OSeURNEE S e ST Ol)N 18% “PY¥ernativel y
conprise no honology with the 25 regions 5° and 3" of the DNA target in

situ. Following cesamagag ChGtdoateDNA faaergiat DN faoged kagoueesy econbi nat i on
event is sti rrul ated between the genonme containing the targeted gene

O e n(é ce Ac cusmg% nge%)ﬁg&%l\kgga? Qfd Wﬁ'tﬁrg@E éllug ce\é\’@ﬁra?'léhstt b

genom c sequ AATh is replfaced by the third portion
of the repair matédlmy]amlaaed/tarthaalcserpMItypéotdsngarﬁlsmst and second portlons
of the repair matrix. 30 WD 2012/001527PCT/ | B2011/ 002196

functi onal i DNA
carBot sequetiab, - presrs sy U Pk Gebfbe W UESs ATHE ﬁ’“.e‘;‘vﬁo?

cl eaved by the parent nmeganucl ease. For exanpl e, such vari ants have am no
acid variati@n aterpisictingssd mn{cattmgngdqmlem t arget sequence or
i nteracting di rectly or indirectly with said DNA target. 5- by "sel ection

or selecti ng(v\)l oﬁ}técﬂhg deHNR ¢ @1@6%5 7 cé $2hahidQRreQfuttpeenabnuBiate.

meganucl ease" vari an upon rved specified phenotype, for
instance altered cleavage activity. This selection can be of . the v Elan in

a peptide foklm amUﬁfeWhﬁi cemboimepts &fyv B ohird s aspsele SBI PERFHSY | W& {M1RE
igl eg;l 2”@%@%?% gs%ni;l 'tlo m%ﬁé}lag%gclg%' g Jn‘ﬁElﬁ%%l &¢ b &HoBaMRHEH | %ﬁ?o@di{ﬁ’énlt ant.

to rre e sequential or sinultaneous
sel gt | @ﬁd%gﬁx@@re@rraﬁufu&m@emuﬁ‘dlms aenstiveatot methylatibn dh a anegapi¢leasg from
speci i ?l?e ?Jg%nl?ﬁ)&pSGst%&?lyasln qalngt%zare ?nore preferred embodiment, said engineered rare-

cutting endonuclease sensitive to methylation is a meganuclease derived from the [-Crel

meganuclease.

In this aspect of the invention, the bisulfite method can be used to identify specific

20  methylation patterns within the considered sample. It consists of treating DNA with bisulfite,
which causes unmethylated cytosines to be converted into uracil while methylated cytosines
remain unchanged (Shapiro et al., 1973). The DNA is then amplified by PCR with specific
primers designed on bisulfite converted template. The methylation profile of the bisulfite
treated DNA is determined by DNA sequencing (Frommer et al., 1992). The methylation

25  status can also simply inferred from the literature or from public databases, for example when

the specific target sequence belongs to a known unmethylated CpG island.

In another preferred embodiment of this aspect of the invention, the methylation level
is assayed in the cell type of interest. In a more preferred embodiment, said cell is a

eukaryotic cell. In a more particularly preferred embodiment, said cell is a plant cell. In
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cl eavage activity. - by "derived front it is intended to nean a

nmeganucl ease variant which is created froma parent neganucl ease and
hence t hewpeptrwes2sequence of the nmeganucl ease vari ant PSTABroal/ai2eeh t O
(primary sequence | evel) but derived from (rrut ations) the sequence peptide
sequence of the parent meganucl ease. "I-Crel" is intended the
wi | d- t ygpether e30s¢ PRRAITSIEMUos e ygitk eellg ap&%mae %%“C{P %’8829“ g, preferred

cor r espondi 0 BeNKéh tegfdnksRBeh as DY
"I -Crel var({}gﬁlﬁt %te{}ﬁte?llg\g/ ngégg(%lg%ﬂm P%rﬂleﬂ}%ﬁnﬁ)gaa% var i antg havi ng a

pat t er nurfietBflatel da@eithtragiges ﬁ]adlpbisessem@hfrr:bhw Hensitests afhép@akeann as CPG
meganuc) ease. The terns "novel specificity", "nodified specificity", "novel
cl eavag€'®fcificity", "novel substrate speci ficity" which are equi val ent
and used |nd|fferently, refer to the specificity of the variant towards the
nuclzeoti des A}écotrdhagDNAfbm}gaﬁpesteﬁuhmue/enﬂwn tihe nptlesietot seleat eﬁﬂrgﬁmﬁlhtmﬁtl on

all the |I-Crel variant descrlbe‘g1 nprise a cgltloa Al ani Aat t he
first MO SRTerfattre epdonpFleese; yald 55C Icutﬁngl "@8 fse (erds B E@e ?rge hese
variant &ggér&% c%ﬁ@ﬂ%fng%t {48 ofddind &H@dleﬁidanédﬂ@rrsﬂsg e esioafl aspAspartic Acid

resi due ter t Proline of the wild type I-Crel sequence. These

addi tional residues do not affect the pr E%rﬁ\’ s . of the enzyne and t avoi d
conf usi on t hése a‘@fd‘?ﬁﬂ‘@ﬁ&lm?tgléli“ﬂ‘?}é evgh Oh St fargqﬁeseﬂﬁ??éf)d?lsg?ﬁer@f ¢ h

residues in I-Crel or a variant referred in the present Patent Application,
as these reference}'g éxclusively refer to residues of 30the wild type |-Crel
enzynme (SEQ ID NO 1) as present in the variant, so for instance residue
WO 2012/ 0015Q17)PCW°|1@20&$¢18W$§E§13@Y%qo-r@fthla BQ0i n fact residue 3 of a
variant which conprises an additional Al anine after the first Mt hionine.

by "I-Crel Stiiif Ecntddih g Rsle DA 22 gétGegubnbp withubideastauztingeahdBNAlsBgUENce
which is eaved by I-CreI |-Crel sites include the wld-type

l'i nd | - t the d
2 82hpgsl '[] hreogr]b%:\.jé)ﬁ%rrﬁ e grlit gf atglé go r@)a agé:écgesq]éf %Ingf\i}gérggn fareERHRLCeS
atic +29ég’@qfxﬂgfeaﬁgs%ﬁgl?zél%%{eﬂ{}%}fbn' 1§“alr21eéﬁﬁaeh@ |N0a @&k, praifesed calblodindd1 221.

by "domain core domain" is intended the "LAG.I DADG hom ng endonucl ease
core dosxi rehgmiearted RS- Ctuktmgcmloamle%? sensitivcio mathylatign 13 8| EENUEIRSCHEM ng

endonucl ea f I g QAo TRUE NGR:- Of
abod® of¥ ir%rﬂﬁbd\é]\ﬁ\ %Hnlgu%l RSy Eltﬂ%?e efeﬁgdo%ngggngéo@rp?%lgesg f our

bet a- st (.apds dliddudidRd 33dshie {ohredldtionais @ntegapatabd deribst Goshtst I-Grlch
interacts with one half of the DNA target. This domain is able to associate

wi t h anatdgenudlga®®.| DADG honi ng endonucl ease core donmain which interacts with
the other half of the DNA target to forma functional endonucl ease able to

cleave said %nbﬁfeg%efeﬁ% chidangteof this taggecc agethefinvémgiod] sadi eelhasriang

endonucl ease |I-Crel (163 am no acids), the 1
eukaryotic cell. ln a more particularly preferred embodiment, said cell is a plant cell. In

20  another more preferred embodiment, said cell is a mammalian cell. In a preferred
embodiment, the potential target sites displaying no methylation are GC-rich regions such as

unmethylated GC-rich regions that possess high relative densities of CpG, known as CpG

islands.

According to a fifth aspect of the invention, is a method to improve cleavage of a
25 chromosomal DNA target sequence comprising at least one methylated CpG dinucleotide, by

an engineered or natural rare-cutting endonuclease, sensitive to methylation comprising the

following steps:

(i) treating the target cell with an agent inhibiting methylation;

16



LAGLI DADG hom ng endonucl ease core domain corresponds to the residues 6 to
94. - by "subdomain"” is intended the region of a LAG.I DADG hom ng
endonucl easeoanes2donmai n whi ch interacts with a distinctrcpaBoioho2aschoni ng
endonucl ease DNA target half- site. 20- by "chinmeric DNA target " or " hybrid

DNA target” it is intended the fusion of di ff t h
nmeganucl easdii} senjettingsgiddAtidstargeh seayands ‘ﬁﬁh ‘It“d pﬁé&lgergq]gr H%tf‘fal (52?rc scglald’gt ar get

may conpri seé\gg%cg&g%)s% d\gqog{&t\]&%{&(_)tr des which are bound by at |east two

separ at e subdonai ns target). 25- by "beta-hairpin” is

i ntended two consecutive bet a- strands_ of the antiparall el ta- sheet of a
LAGLI DADG hdni ngp@ﬁ@tﬁﬁlucqr@&%n%r@ dbrraifrﬁh( fgaefgzgagJ eetﬁ?} EffeHing

Connect h LYcilleaérF_'%)r{%ltRfe ) rl;lé{flglc ion Wa T a my ggﬁﬂ g?a%"a{hna %Q@Bfé‘fér?e%sénbodlment

" si ngl e Imeri ¢ nmegan ease sin chai n lTEganUC| ease
der |5Vat§aitﬁeng1n&td’dgta®e-6tlitahgl eadormelease S'mgpamcl(td) ewtleyldomi st ingganuglease from

| h d
LAGLI DAbG ot HOA BRIGHIG e BRI Bre o RTATRE: (b By B i o
spacer. ., ﬁh}%ﬂ%ﬁd&h@le&;&aﬁeﬂsnlvptg%ﬁﬂgtﬁ?7§D EThéRR0134s0QH96d TREANNE -€asle | s

able to'C ve a chineric target sequence conprising one different half
of eachmE@Jnaalbasmeganucl ease target sequence. - by "DNA target", "DNA
target sequence” target sequence", "target-site", "target" , "si te",

“site of i ntlgtn?ns asBect o??t?egﬁ'ﬂegén?'?nv%hﬁgn 1sa1dpd¥rﬂéﬁ%£tﬁ%t Agdar fseeRorUlfran s te”,

5 "recogniti hom ng recognition site' hom ng site",
"“cl gav ?@uﬁbérﬁpnhﬁg DN/’eth}wmari&tbrasn igibidgr. doubl e- st r anded pal i ndr oni c,
partiallTy palindrom c (pseudo-palindrom c) or non-palindromc

pol ynucl edt | 6% SSIHRIRE B A @e{hgﬁ&qgreé@g BRAID) BANG Dt B AndsAGL) AT

hom ng endon r| ant’, or a single-chain
chi meri g iggapp el arREF1 qeony a6 IT)NAmThr@f eak:tweTﬂB\s‘,/é methyBrangfeeases daye Bceh i nct

DNA | ocation, preferably a t
or cakc (eonbiiye manmesBYMahded by ehaoHy I el TR b ahe s
defi ned q[ehed 3 beltfe Igey maintn Réth PR8nstbraddie redminaB. Tadiploeess bf aydside

pol ynucF% t as 1 ndi‘cate above for Cl221. C eavage of the DNA target
occy s afetiyionuis readréiblesandt mpo be tltoned bwblaﬁdfmlgal arﬂgslb%legtct’/‘e’lnﬁmi)tilra"?‘ﬂse

sense and the antisense strand, Unl I, i.ca t
wh oh cCamvage DRIENE. BrotcosgRtsehy DANT . EFPE bl e O el R 2 o

cort eSp%“&%%&c%fdl}t%, CLEANRUE ¢ laaldBudshef ?e?msmesrtomngi avfalt, HeanObAcelaR ot .
Momparler., Sem Hematol, 2005; Zhou et al., JMB.2002). They are incorporated into DNA
during replication forming covalent adducts with cellular DNMT, thereby depleting its

20  enzyme activity and leading to demethylation of genomic DNA. Making reference to their
action or the consequence of their action, these agents are “agent inhibiting methylation™ or

“demethylating agents”. Thus, incubation of the cells with DNMT inhibitor leads to a state of

unmethylated DNA.

In preferred embodiment of this aspect of the invention, said cell is a eukaryotic cell.
25 In a more particularly preferred embodiment, said cell is a plant cell. In another more

preferred embodiment, said cell is a mammalian cell.

Products made or identified by the methods disclosed herein or those used to practice

these methods are also disclosed herein.

17



- by "DNA target half-site", "half cleavage site" or half-site" is intended
the portion of the DNA target which is bound by each LAG.I DADG hom ng
endonucl easeoanes2donai n. 20 - by "chimeric DNA tacgasoiono2ideybrid
DNA target” is intended the fusion of different halves of two parent
meganucl ease tjar,get‘ sequences. In addition at |east one half of said target
may conpri seP¥HET®Bbi nati on of nucl eotides which are bound by at |east two
separ at e subd@FRidgcid GeRIeEH a BlidketdquerR are designatddRert®r &8cording to
"endonucl ease” refers to any wild-type or variant enzyne capabl e of

cat al yzthagne-hattehyetteolnywhish( for eaampje) cheab@ e opelwieaHicTasfed & mersAWi t hi n
of a DNA por.RNA nol ecul g, pref.erabl . . ecul e. Endonucl eases do not
cl eave ?rf&gﬂwgg%mndrrﬁl%%ﬂ 'eA‘SPrOFéé %8 fl\/lgq%(ﬁll%ts sequence, but recognize
and cl eave the DNA or RNA nol ecul e at 30 specific pol ynucl eoti de sequences,
furtsher ref er Aedne acilssubsatutjen neegs dhe esplacsment af gae asiinegeid EHdvnileases

can be classified as rare-cutting endonucl eases wh L Lcally a

pol ynuc‘?‘@gﬁr’d T RS RithS Eﬁ‘?faé;F?’g&g‘?f‘ea gfgl?lﬁsﬁesi@ebgg}g a@%k@?%ﬁ%@% Tengt h,
more prgfehablgnefde i3 4n 4mikPacidaubet@ubil ng endonucl eases significantly

i ncrease HR by induci ng DNA doubl e- WD 2012/001527PCT/1B2011/002196 strand

breaks (DSBs)  at defined | ocus. (Rouet et al, 1994: ul i k w1995
Pi ngoud et Si ﬁ\ﬁﬁ{eg@@baf)c.e&%e@-sﬁ‘ﬁ'ﬁéﬁrﬂ‘éedeﬂ%Vﬁﬁ% PERRs recf%q? S ]%(rg%rsﬁl lét}t])% a
hom ng @fgg&é&’f‘elvﬁa@femé A0S cRleadhge £vity, RE bEIRN, agdiQ6t7a 4D DBOA sequenbd Meric
Zi nc- Fi nger nuclease {ZFN) resulting fromthe fusion of engineered

zi noe f i byersecodaneganvilessetinsompentopt todheleefvity offa Hrst axaganudsass agriai e

such as_Fokl_(Porteus et al. Bi ot ech .23 967-973)1, 0", & Ghem cal
endonuc?aé@éeDé%r PHORYS: Orgia!lyN%F S@%‘fqed gf%glfn?uc%ggﬁg 1%%: g%-ngg;th%i mon et al .
NAR 2008, 36is353he 3638norEi S@RGaled dimigd adid NARU20AH 8anFOBOA7@4The fint
chem cal endonucl eases, a chem cal or peptidic cleaver is conjugated either
to a pommggmruckEhsaiucl ei ¢ acids or to another DNA recogni zing a specific
target sequence, thereby targeting the cleavage activity to a 10 specific
sequence. Cheni ¢ ndopucl ea al.so-~e S. L& nNuehiearascia ke
conj ugat es of gldrt h‘érna(wﬂ#f’bqﬁﬁgf ép%l\(&g% eavin rrIS) tgu e, and ﬂ

tri pk exgfQEbigksOlag ANUaba At bEGPhEERARincktinwiediidebivhdrespedodine isBhctly
sequences %Kal i sh and G azer Ann NY Acad Sci .éoo ,1058: 1 ]] 6t1) Su‘gg}

cheni caffoltvddrycd sesis intke BYMpscasaei By { AROIEAMS” ShidGndey SH8Es 18 Ce5 i ng
to the present inventiaon, t tich NBeBhESRAEe WRVENLbAR 5%, X8Gal so
i nt ended™&hy’ frﬂgr?“g‘r?ﬂ%%t n%ljﬁgsﬁo\pgg%%gg%a Flg toobi n DN?Augpeci fic sequences
and age@ésﬁd&?,%me’t Q81 cald gt possessdliglaredatDensitiesfeCi@r Bhaak OrCeiglands. ar
proteins inplicated in the DSB repair (Myjundar et al. J. _Biol. 008
283, 17:viicheepresos A-2%;jqf tg hypan &%‘R%é@ ﬂé%%%‘?éﬁ%ésﬁ?:“a‘é’? rae%ﬁm‘)é‘ﬁ%}?iﬁn@“? i ng
exanpl e such a fusi ~ S LAyt gsk7hy a speci fic DNA-sequence bindi ng
doméPn IWWB@I%“§%§€§Q%%&2§P€Fnh| g(lstor' kno&n to inhibate re-ligation
20activity of a topoisonerase after DSB cl eavage. ' Rare-cutting
endonucl eases G@edlded aheddsamamdadsplodoTALEsletter eraly is luaed fasf destgnpting e

nucl eases using a Fokl catalytic donmin and .a bi ndi ng._d j hved

fr om Tr dascof ptiuskeopidei ¥ds GRSk BFPEBINGr C(I?ﬁ%neaa?a 'gllsygq'gw ng'r g@re}h\rél}s
used in the inf LQN.: BI.0 I Lo ansle®ides ))&k tdeanDpas genus
(Boch, é%ﬁ%qef{ae}e(g%hgg&@%ﬁs%%g%ﬁéﬁgg{é&t gﬁg Bogdan(e)ve 2209%“ sti an, . Cer mak

et al. 20d@sentd g driuangrepresahts 2@10)m rapresehtsne Pf SnHITcTasFaLs t OF ¢ APYIHRININas ed
TALE- nucl ease (TALEN) is essentially that of a, Z A NesElioger
DNA 25i nciusteotiaersi hrBEISFRYS ge%?‘ébéfdelfiéselnﬁeg’fﬂfﬁ’ Bégﬁfsﬁmsgtéﬂgh%e%écl eavage
by a TAL(%NJ&}HP&@?%EM@ DNAGFgcogni tion regions flanking an unspecific
central Tregion. re-cu#ifng endonucl eases enconpassed in the present

invention can also be derived from 30 TALENS, . Rar a- Gutt i
endonucl ease thn “H@g&“%&ﬁ?ﬁ%gI%Hﬂgmﬁalaé‘a?@,%nﬁﬁlg%ekhﬁgm %ﬁag@%hg&i lod BNoy

meganucl KO (3% 5o RLCheamBsleadeds Wrhdr-Kdigwtic teazyrhe valrdreif seeh e. g.
St oddar dts?%ggerqtﬁglg y Reviews of Biophysics, 2006, 38;49-95). Hom ng -
endonucl| ¢asss is ecagnozena dNAMoONoMeric enzZyme comprising the two domains on a single

30 polypeptide.
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WO 2012/ 001527PCT/ 1 B2011/ 002196 t arget sequence and generate a single- or
doubl e- strand break. Hom ng endonucl eases are highly specific, recognizing
DNA t ar gawo=t2®132angi ng from 12 to 45 base pairs (bp) iPaThBrgi/M21wsual |y
ranging from214 to 40 bp in length. The hom ng endonucl ease according to
the invention may for exanple gorres d to a LAG | DADG endopucl ease,. to a
HNH 5endonuclté’asféegaﬁl“d?@?eg}g@am Y‘F@té%rm‘élr‘é%%’éw ich mte“fcﬁs B ?ﬁﬁedf

mgaanb@Mt% ?%%%Eh@éléa%e Bﬁcpfsed%%eﬂs&ifat@@ﬁhﬁﬂe SIREOMIEAIR S Bfe- satde Ng
Cl eases

Endonu a W despread famly of natural meganucl eases

i ncl udlm@ahua:ldersedshlolﬁ quIBl(aC'KSI wigh flnpthie balf Ofidhe DN | targetsto g fynctigngdddar d,
Nucl ei ¢ Aci ds Res 1 29 S7- 3£74). These proteins are encoded by
mobi | e r@%&ﬁ‘ét‘?lﬁaséla@ﬁéﬂf a\‘”/ﬁ%‘i@&’%}? L&fate by 10 a process cal l ed "homi ng"

t he endonucl ease cl eaves a cognate allele fromwhich the nobil e el enent s
absant, t her-ehy“mtgmutlabiengrianticnsivogau it isdotehdadas impgarucdesse phigined by

duplicates the mgbile DNA into the reci ocus ven I tional
cl eavag&piaremet ©of &5 lgast e teaidye ”éﬁ\‘”i %‘éleg ﬁdsegBeé}?l folfcczt;%1 ¢ V?reﬁ{b%eédn%)&l%g&
repres %ﬂfﬁ&&éﬁ to derive novel, highly specific endonucl eases.
15HEs E‘gf‘%hgﬂ?éée Sur maj or famlies. The LAGLI DADG fami |y, nanmed after a
conserved peptidic nptif inval ved t he cat al c _center

wi despr ead a-nblYtﬁ%}?t@ésltnk@haﬁdét‘@?i’éegdtogrpfﬂ‘pa p§§§’i hSEFUE t?ﬁ%tslegsggl()%édt

avai | abl e S t ARinhY ardin® dennesEut of drdidi spl ay
t wo LAd’_rFBA%g? @g%tnﬁ%Pg%tﬁg\%léc)}{nﬁysc}ﬁ%%n%u f. and thus dinerize tlo

cl epve pahomelto rthchqemselutdmdpabf thd scmmd mmog"@t arbyyhishedlews SEAMNGIGA! t he

LAGL.I DADG peptide is the onl ser n.a mly,
t hese pm@tl@mﬁ@ Ohatapt éL]?/ééPVeéi ag hof g f‘tﬁlrtye%&he cat&{e?/tr?)fé atlc%fetﬁ?s

fl anked, o%é?'o@ﬁienﬂo&%@sfb?tmuttlar@tsperfect two-fold symretry for
honodi nBrs. su h as |-Crel (Chevaler et aI , Nat. Struct. Biol., 2001, 8,

312-316) , |-Msol (Cheyal ) d
S Coul (Sp cgey Selata 0, rarbok B, BoEesy oBse e e B Th 58 S0 Do

symretry fo b Sa kel lecfrl\@lué @btmadharing chdvbdteridicolwith 9;@@3
334, 68!1?'p qgﬁ%{r% i Zﬁ{lgx\l;/uaéae%ae % @%l ol ., 1999, 286, 11 3-1136) or

|- Al ClRszknl Ué;ll gfpalor salﬂS&heRnDegan,lsngomg celiYypeg}g'pSgazl@gmelat AL (E)SﬁJércgl? and

bot h domains (for nonopreric protein | ytic core,
or gani z &PeAN STAHRISHL &P Bh flerbfg fﬁ’ﬁésa@)cg(fsg %{;]'1 gwtéﬁég a%%ﬁly(t?r?%acore the two

LAGLI DADG pept| des also play an essential role in the dinerizat

interface. 30B\Ashbdudiany’ depencsicdhd wgianyqsichi G ABNRL SRR §3§8?§i31300

fold he DNA S
e)(zamil esclmgﬁtcliqgmg@? p]&g\g@ﬁl@ppr%{:ésngpg {;t?oflgzﬂ‘( 905 Bm%g{%d%ﬁuaé’zpse e A Qiaeh hior

2012/001§Z7PCT/I82011/002196 et al. : Bi ol ., 2000, 300, 889-901) and
Pl - Seel t ure et al., Nat. Struct. BI ol . , 2002 9, 764-770), whose protein

splicing domain is also involved lign@dd t
f unaoi onal chlbmrtﬁﬁge%mfelc%%%%t/mw LEGP% r’?agnxﬁptagr%g{ﬁgl ni:.ilglil)rmn domai n

\IIEMp;[ E a’? n =S el RNTEE & CAfpAsing a Sist@ind, sebbid péiglohs whz@Dare H@nolegEIsons -
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
25 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 targeted
gene comprised in the locus of interest 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.
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5 al., Nucleic Acids Res, 2003, 31, 2952-62; International PCT Application
WO 03/078619 (Cellectis) and WD 2004/ 031346 (Fred Hut chi nson Cancer
Resear ch wermveroo18roddard et al)) have denonstrat ed t hePpiraBioicodazyocof
LAGLI DADG pr ot ei ns. D fferent groups have al so used a sem -rational

approach to locally.alter the specifjcity of the.l- | (Seli etal .,
Gglrcl)eti cs, 1999 H%t,‘onfgg@-‘ai‘%glﬁ‘?‘ﬁg Haé?mé’t'}.“?h B ab%%i\/ﬁll avegt gﬁ@fg ?@%4,

342, 3141 Ln 0 gt i 0RBLOO TR 06497853,
W0 2007080565 S 00 S007 CAb 150, (el I oar S arnul ot ol ey 3. Al

Bi ol ., MEQAUCIBES, Faudantlc, sRdseariaats kdve anNne Reiidcvanatiens atReesitions Gowstactgiy

4791-4800; ith et al., Nuclei.c Aci Res,. 00 4 | - Scel (Doyon
et al.,! Sm\ig:tar SHYUCage o m%(’ﬁfél,ng?ggngzoéfﬁqlﬁeféﬁ)W?thﬁ%l cgg\ %geﬁbl e et al.,

J. Mol. Biol., 2003, 334, 993-1008 ) and I|-Msol 15(Ashworth etal., Nature,
2006, 441, 656yB858gction or seleatingidi s ovigndedridrisen dfe isolatien ofeamicvest MPES wi t h

locally altered specificity were engi neered by cqnbining.t 1 - { onal
approac‘ﬁe%dﬂ?s@hvaﬂﬁ“&)gﬁﬁgtupgeraé‘eﬂ%‘f :e% Spem%%g eeg?tdaee?sfoﬁgﬁftgr%%algeﬁ%i R70

or Q44, RABoc QEGviaNdrily deledtion” Gnthe WERIR: Miiageniazpeptide don agbh ediitionhof
variants w?ﬁ altered specificity at positions 3 to 5 of the DNA taraget 20

(5NNN Dbtetvatigeis) made er altremitivelyeldie sglectianeeani begef(a Aedeaiideicodme fprgelecte
Applications WD 2006/ 097784 and WD 2006/ 097853 (Cell ectis); Arnould et al.,
J. Mol . mgpglucleassyiglantass  443- 458; Smith et al., Nucleic Acids Res., 20086,
34, el49). - Residues K28, N30 and (B8 or N30, Y33 and (B8 or K28,
Y3310 B8~ and- BOsoodenin@’al isvwtemdediio awenitheettquentiabocompieicoBnsdgction of 4At

with altered specificity at itji.ons to 25 .10 tar 4 LONNN
DNA t ar @’ét")orﬁé%gaf‘%?ﬁs?fYaéIGn'ggss‘gblégneing”t(s §mSP?1CI%?d gf’?@%ﬁ%?cggﬁ S Res.
2006, 331 \edjg?%éti\m}x_ ernational PCT Applications WO 2007/060495 and WO

2007/ 04 %6 Celléctis)). Two different variants were conbi ned and

assenbl ed in a functiopal heterodi iC endon ot ve a
chineric targ® ‘dedvad g’ it BrPteRdet PsMEH BMER uc&%% g’?@%}t%ﬂl‘éﬁ]ﬁeﬁc@%ﬁ each
vari ant hick Sdptidk sequerhec bl &d; meganhetloat ivariant iIPCT
Appl i PR b s A BAR il R 20%6‘})/ S5aoh o s D |
20124 00 182EPEH/ (pERCHY/BGRDO6 level) buFderivest Hore (MpdipatleeoarenAoPetidcs4 ¢ o
77 of 1-Crel vvefrg shown to fqrm two partially separable functional
subdonaiseyeneiPidhe BUERtRCEEEPHEL parts of a hom ng endonucl ease tar get

hal f-site (Smith et al. Nucleic Acids Res., 2006, 34, el49; |nternational
PCT Appl i cat i-»ys ‘[MiDeRP0B 1hR4AA0He aritd-ype 26071 bwvmhe(@é}l?%tqfsp;};?.acgeﬁﬁ‘@“

combi nation of nmutatiops fromthe t q&ga - wLthin the sane
nononer caf¢ beRYd CRESPERUNGIP tgF S?‘f’d\?ﬁ?e\%@x@rl ¢ frr{[?)’lsﬂécg:)g qlélg&zeﬁi)srtrlo imers) able to

cleave a palindrom c cormbined DNA target sequence conprising the
nucl eoti des athypasiiel eagant vittonsveipecieity ig ontowdedHt ¥aranbhpaee ByPaEgRt

bd i Smith et al., Nuclei ids Res., 2006, 34 49: b I
ISP HGICHCILYCL EYAETN: e NER LG SR

“modified specificity”, “novel cleavage specificity”, “novel substrate specificity” which are
equivalent and used indifferently, refer to the specificity of the variant towards the
nucleotides of the DNA target sequence. In the present Patent Application all the /-Crel
variants described comprise an additional Alanine after the first Methionine of the wild type
25  I-Crel sequence (SEQ ID NO: 1). These variants also comprise two additional Alanine
residues and an Aspartic Acid residue after the final Proline of the wild type I-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 I-Crel or a variant
referred in the present Patent Application, as these references exclusively refer to residues of

30  the wild type I-Crel enzyme (SEQ ID NO: 1) as present in the variant, so for instance residue

20



10(Cel l ectis)). The met hod for produci ng nmeganucl ease variants and

t he assays based on cl eavage-i nduced reconbi nation in manmal or yeast

cell s, whwohomrmwiizged for screening variants with alteredrapmaibhizaidy are
described in the International PCT Application WD 2004/ 067736; Epinat et

al ., Nucleic Acids Res., 2003, 31, 2952-2962; ,Charrea et a\I Nucl.ei ¢ Aci ds
Res., IBobbErelds in Ly asidusch o hodlianetich comiprisengn adglignal Alapipg afigh e

443- 4585 . ﬁﬁomesays result in a functional LacZ reporter gene which can
be nonitored by standard net hods. The conbi nation of the two forner
steps allows a |arger conbinatorial approach, involving four different

2340 ¢ 9

subdomai ns. -Tie"ldCrdl sitenis iBigheRshn AL kpsloublgeriranded éa?e&P%‘}Cﬁ whigh 1s .
conbi ne(ﬁ%z{vggggtl-ad‘rgl.qrt’r%?'éi't{sgkxéivm&fﬁﬁéﬁéﬂg e%&?ﬁ?&fdr&%ﬁel-@%l'}@miné fied glgodi mer

or sing chain ‘nol'ecu specificity. In a first step,
coupl esthefdenosepaliRiganiccieqasess ach asothbisagebnce Shew.0mh-eoud es/C.68-st-4C-382t-

("hal f-nmeganucl eases") cl eaving palindram.c tar ) iived fromthe target
one vvanltaSICt26+3é‘+4éa§eﬁ+7t18ﬁ*éh}0gtlhael%gﬁ@ Iﬁg?’gghg)oﬁggg@#d"(ﬂg 1. meganucl eases” can
result in a heterodineric species cleaving the target of interest. The

assenbly of four sets of nutations into heterodineric endonucl eases
cl eavi ng a nosietdonarigfedr "seguipneen'ds intersied wen JeAGEIDAPSHhaming epderucliétfes has

been described in the follow ng.Cell ectj nt ernat, onal t

appl i catqredemaigpevhiehis owbHaSFHY st Ofd[f%ﬂ\élé8ﬁu G(WB%?‘ @‘1‘@@&@36,3 o s gene
W2008 2 i ' [ 2 122 hdhdreRamané gahe

ng osﬁ%@é%ﬁbG RGNS S R ? aﬁgg‘ﬁ‘e"%&%ﬁ{é/ 13622% ‘and Punan

i nt er | epdsiacnds. ISaRiediradin gampassHainbaestar @R FoRG1IOBIded. inZo e sRarallst beAt s can

be used to cl eave genui ne chrono | _sequences and .hav ved t.h for

nove!  peepBbich el Y eransl PEMEDN A EiECH: 10 GARAD dhay Bay FobilE WY

2012/ 001527P - Hedre@s svithnat uther halSce /,
HEFHESAGBRPAALERABR oRIaNPles, o s nionysy et uder

1-Chu I ; I, Pl-Mu I, 1-Ceu/, I-Sce II,
| - Sce | bf theHONAPlarggt o /fornPla- fonetichal BidoAnelease dbie Bselepve wid BN BRegk 40T

oM pkamale e’ cas o ie dimpie fawing epjonbpitade’ 1-OheT MBS LamiRh AMdd.Jtne

Pl -Mke |, 'Dlgﬁyq' ) 5 B ddnclBlse Ro® domakl co3ipdnds b thBepsidyesPlitoPdc 1, PlI-M a
l, P|-Prl176“ﬁjl . ggmll?,g B ~Thy /. Pl-Tko I, Pl- Tsp I, I-Msol. A honmi ng

endonucl ease Can b i b toaded The b8P 8 CAGLISRD Rlng didshliease
core domain which interacts with a distinct part of a homing endonuclease DNA target half-

site.
20 - 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).

25 - by "beta-hairpin" is intended two consecutive beta-strands of the antiparallel beta-
sheet of a LAGLIDADG homing endonuclease core domain (B1B2or B3Bs) which are

connected by a loop or a turn,

Iy 13

- by “single-chain meganuclease”, “single-chain chimeric meganuclease”, single-
30  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
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Sai d LAG.I DADG endonucl ease can be |1-Sce |, a nmenber of the famly that
contains 10 two LAGLI DADG notifs and functions as a nononer, its nol ecul ar
mass bei ngoaproxiziately twi ce the nass of other fam |yprogEmbangod2ide |- Crel
whi ch contains only one LAGIDADG notif and functions as honodi ners.

Endonucl eases nentiqned in the pres application enconpass th wild-type
(nat ur anegangelegsens aRjs targavEar g F“%ﬁ%@g&ééﬁ?cﬁ?&ﬂmg&éﬁ?é&g&@% ing to
the invgnti & BeRe 1t nc€ndonucl ease, i.e. an endonucl ease that
does not ng}? 3 Iy@éea;g?s% n atsgé%ngnd that is obtained by genetic

engi neering or by random rr,ut%é;nesi s, i.e. an gngi neer ed epdonpucl ease. This
vari ant endon®yl eRY& daigef or RINANHIEEt pRYERE nef &Y IHERS ut I'TE5T Cat

| east age. residque.in.th L NG aci %ﬁﬁl‘?dhe & of \WoleBride R&oeniti ite”,

nat ur al ﬁjg/r-ggtccugk{lgrigrgl%nﬁfo%ﬁ%leagdselleg\? a iﬁff’erpeoﬁin am no aci‘O Tn. lg_gisc;e

subst i ttbdopn(tn sequenter, “Botaing|recdgaitiontsita’t] (fbemi@Gitey, “slepwagdisitetisdatended

nmut agenesi s and/ or, by rand t ggenesis,. In the frang of. the pr n

i nventi®rd tQL?(f‘th/élPP@ﬁ‘_tStr_%‘i‘fgg]rg’i‘F‘ ‘g@@% ?m,ynp?luﬁé?%n cudo-pg m?’ﬁg@g)r }ért ain
the capagi. Minﬁiorﬁi%@t%%bél'eaﬁd@é}qué%(ﬂhd‘tli§?e$bg/ni£édeaawl dighvad baadeAGEEDNBNCe t o

initiate gene targeti’ng process. ' he variant endonucl ease accordi ng
to the hommgtdndonuclase eschaast la€ipdt orse yarianteort thsinglieshaing hapeme MeBHctades
target seguence of .the correspondi ng Wl d-1yRe e I , t hods.d or
250bt ai a?rﬂ'ﬁggcﬂ%qvgﬁﬁ?'aﬂ}gesg E‘%éra e d\l/ﬁglp %t ﬁg\'}e ggg@i ﬁ?%ﬁbllyewg %(rae 1

el {5 Knwiid at BBicAId doUBNOQRMELEBSRER (Medvagdltis torby iimcabp dicmaeganuclease.
(nmeganucl ease conprising two identical nononers) or h t?rod(ill n%i_:ers] o

( meganu€he AReA dangpt issdafiged ay ther. itelSntseeuenc8hgResEgnd of the doublesiEnged eases
w th novel specificities. c ecusad,4n He GNQAr A9 dcburs he the esent
i nventi Bﬁlyf“bcﬁeog‘élﬁed§ é‘?‘g%ﬁ“r’ %go‘g"né& tﬁgzrjelbyél?ﬁ,taggﬁogﬁ i'ng a tr agr?liggener of

I nt er esty;d18tRled 1SRBRNMEE-2aind a2 pregbeti edl yriforatic bosanndthe anigense strand. Unless

2012/ 001527PCT/ 1 B2011/ 002196 - ' par ent | ease” it _iS~intended
to meanothenyisel ingipaicdrehanpet s at cwhlcg‘y FherYagst o%ﬁe’é’wat%e&byt %/‘bel cr _
gggg? ucl ease aggvérﬂaﬁm)éc%@ c&li'&?gms' t@_%hé)élee@lag@&&a(lﬁﬂ thelsynsa streghaftat E@&e W t h

al TEEEYCHiaY &Cterrstie in onparison to a wld type version of the
sane negapétcl ease. In the present invention the parent neganucl ease can
refer to the initial 5 nmeganucl ease fromwhich the first series of variants
are derived in step (a) or the meganucl ease from which the second series of

variants are_genpyed Bt hRRiteD) halPElchhige BRGaRURIfekie? i inwmisdihe pottive ofhi r d
series of variants are é i K) . "vector" is.intended

erived in ste .- by R
a nucl eitige BbiAdtarget ehidhes baysidyecagh LﬁCﬁH @ ihagingeRIBRCIFASE CRTEACIETY t o
which it has been linked. 10 by "honol ogous” is intended a sequence with
enodfh identity to another one to | ead to honol ogous reconbi nati on between
sequences, MR RetdicUDRAI tireBe\dr Mytaid DN astrgeB% irdendedtthe fusioafaddifiirgnto79,
. . o , : '
dent! tyha(lavrécsi of t:zv?) I?arreerfter;ggbalnzclgagsé) t(zgrrgegjl ggqulerrllcteg.r glegc'ide}%ign W llel“aligt Qe ﬁfﬂpro?@gl%

target may comprise the combination of nucleotides which are bound by at least two separate
subdomains (combined DNA target).

25
- The term “endonuclease” refers to 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
30  specific polynucleotide sequences, further referred to as “target sequences’ or “‘target sites”.
Endonucleases can be classified as rare-cutting endonucleases when having typically a
polynucleotide recognition site greater than 12 base pairs (bp) in length, more preferably of
14-45 bp. Rare-cutting endonucleases significantly increase HR by inducing DNA double-
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15 "identity" refers to sequence identity between two nucleic acid

nol ecul es or pol ypeptides. Identity can be determ ned by conparing a

posi ti on wWo 2emabiRequence whi ch may be al i gned for purpesgdaBofil/eeapari son.
When a position in the conpared sequence is occupied by the sane base, then

th | | i tical th iti g f Lmlarit
dent | 137908 O5eahin (RGP e Rt detiar s SOREUET S Pa bRl b1 e
number v dee)i Rak-ttinFahabhReaBiCdag Fbd éi%ﬁmlp?é bPPBOhi@NMdSRRI@Le Paghére

nucl ei ¢ acid séquences. Various alignment algorithns and/ or programs may be
used t oefcdl Culrdica Thes. 2009nT:#9-p6b at chemerie Kincdanersrvielsasd HdNIdicHyIFRASTAR  or

BLAST ich are avail abl e _as art of th n i ckage
CUni ver GFCySBR S SR RRdneBh oupins) Vi B RRE 6y B0 7, R ERE

def aul ters9tdel 1h asOFoKIMM @Y d/S NabtBi@ekhdl heosuls9erw7Bpror dehenicah,
insertion of one or nore nucleotides/am no acids in a polynucleoti 2@08(0DNA,

gene) oendanpdeapdprimpads e wénble! Cshi RiomAMRKi Brddatd fartieer 4 e Bod
Seq”encféz%zfl@%%g?éies%éﬁhgnﬁdtre‘?%'ﬁAR%o%%‘3‘!?6509@7041'7?61@5@}@9e }lél%gsfes,tahe

structure o sequence or theé structu Ity of the encoded
MRNA.  Byendicdl DAlpkptidic kckaseis ¢cIfbgddd bisher d epdboha of mstleiv quidst @itn apothsi st i ng
of a DNA-bi ndi ng, domai n derived froma grfanscri t. 08 Act i vat or Litke

Ef f ect oPNATACRENIZHE & RCGEDK (larEACeaBas Lo EEDY P’@’iééflgﬁ R4 Li5334856 2 ¢RI 911 ¢

dongd n, JNa @@(ﬁgnlzé? @h_ﬁwageerfd@n&d?éd%sarhlﬁcté.nyﬁnﬁkgi Eyhtiddce nubledecariee @ DNA

target sequence. e above witten description of the invention
provi desorjugmeesnexf arttopireoaeboliot, makPNg aiehving rmoleeuleucindt fraplexhgmpeg son

skilled jn this art _js enabl ed to make.an e th S . LI b nt
bei ng. pPEEIEOTI AT 8, SERaPEey SV et o B AR AT
whi ch ke AlRg 8ciPBids @fsst 1§1-81). Gubiakh&Bisslr dndbh@leases are dmprisadlirathevierm t he
phrases "selected fromthe group consisting of," "chosen from" and the

| i ke i nténddeucteast’lremrding thehespresdnt invgntien dpithg gcope of the presentpgugndiog 1s
nunerical |.im rr e i,s, state rei - ‘ ~ ‘
Alsd® 18 ppn(;a%iﬂggn)éﬁ‘ﬁ gl&l)l)l,eévlyl%egsm\%lle?ﬁleg aBle E&%nﬁfq%ﬁ@&l. SciBE Ssehiglcudadd

N a nuneri ca | t or range are
speci fi galdiNedpBitdheRekaRablefto @¥dake ONA Yor intetftrenw ol tellular protefimeinghigeted in

description is presented to enabl e a_person illed. in ar.t tmhg and
use t he thenD8Btrepsir (Maigmidar pr @y -d%@l.iqb%%o%?:@ﬁ-ﬂ?“é‘lﬁ)gﬁ’ﬁdﬁleﬁ‘

appl i cat ngl | equj ishd i nkRufci®yprptarced
embodi néhé’%%@?ﬁ-éiggﬁe%é‘% W‘E‘Bﬁi‘ﬁéﬁ?’“&%@%@ﬁ%si%‘p?ﬁi?ﬁd in the as?t " and
the gengyN&-sBhidicé Pindgdddmaie dinket & a cheyiclleinhibpbt ktow tothéatertigiliggnt s
and applications w thout departing fromthe spirit and scope of the
i nvant | @ALVItHRI topipameTasEicr SPH SCHB8%i ntended to be linited to the
enbodi nents shown, but is to be accorded the w dest scope consistent with

the principl garapshtiheaidonascbics camaswbhfor ekample TALENS, a new class of chimeric
nucleases using a Fokl 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

25  and Bogdanove 2009; Christian, Cermak et al. 2010; Li, Huang et al. 2011). The functional
layout of a Fokl-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. Rare-

cutting endonucleases encompassed in the present invention can also be derived from

30 TALEN:S.

Rare-cutting endonuclease can be a homing endonuclease, also known under the name
of meganuclease. 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
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Havi ng general ly described this invention, a further understanding can be
obt ai ned by 20reference to certain specific exanples, which are provided
herei n f owoporypwss of illustration only, and are not | rCenBzdi/b@1de

limting unl ess otherw se specified. EXAVPLES Exanple 1 : Influence

F o d4ATEEL SRR R et P RE YN ABe PPN e Ry
af fini t]@gggp%ggg?%%ﬁ%ﬁ%ggﬂqma&fet diteSrleideSF6n 1D D@5 bhie pAMABESini 1EStiNA

t ar get was 1 nvestigated. In vitro bindi n%. and cl eavage
assays usailhgrdnglreefroSEQto FONGp il )lersgtil Thes hpringnendonidedsrimceandig tocthe21

(SEQ ID NO. 5) containing.either 0 .or 4 t t.h . st wer e
per f or HBYENUORGSY 187 0 SRR 1;0062 M@ erg(iqa%%é)ﬁgd%%hé?jsg A

O ORi NG IBNRIEXP LSS h BTy Brtidhiéieaki on of Cterm His-tag |-Crel The coding
sequence of I1-Crel (SEQ ID NO 1) was subcloned into the kanamycin

resi stant pET-24 vector MCS | ocated upstream a 6xHis-tag.cod] nce.

Reconbi nant 1Bl B8 nvidd.cHREAVRICARTS ¢ l?ésch?jlﬁ%éepggsﬁﬂ@c@' t(1)]{‘) %&%F m |u§1-%?%g‘

I-Crel uas; Ex?d()tn{lél@ac‘{egr(ﬁﬁ hRtOwfdespiehd fBMBLof hivid megamlclaises PoRiding/ e
e

transfornmants were sel ected on LB-agar nedi um suppl errent,ed(%{ kana%ﬁ:i n.
To overlmdres o fphecits Gmmilies (Chieaglidr, BrSeland 8ol Fipdasrd BNudeip iAggiseso dWlr es

were grown _in esence. of kana in to.md-e: i ah: re
then | rdlbodd By o Tt MOreres Faoreyy riSe e Raaak A e
Aftgy | é‘@%&és%ue& ehdmigbOWhé cRicaeesietidants 4 dograuy sl fraf WhictDeid mobiky e

t hen harvested by centrifugation at 4000 rpme{), 30 mn ar}g ;uslpe e%géi in 25
m of | gismsntosfabgent,(Rgebstimilgtinga homolpgant 18§ LINAOHRY A IFS 28P ,CaB ©
Extractiop..o ol ybl.e proteins f.or ! Erti30 IS Reandes
soni cat g ‘lﬁbl\z%én%? H‘etlpli?glpbelp gogﬁ%?gﬁ@gﬁpﬁ?%mé%‘%fﬁﬁgiﬁggti prot ease_at 4C,
The r espirichf\ParnkBspebificitgXhepcbulueegeanaidehl edffblds cederid neysd.i ehlxspas8O0 rpm
for 30 mn a 4C and supernatant was used as crude extract for

puri fi candooncle@eside extract were | oaded onto a 1 nL Bio-Scale | MAC
cartridge (Bio-Rad) equilibrated with lysis buffer using the profinia
sys;@m (Bi o- Bad) bel&gge 1§ Ol TmAyes fhmiies WrbheDAGLIDAD G dkmily, vemgdesfteasf 2| ysi s

buffer followed by 3 col um volunes of the sane buffer plus 40 L fLdazol
and 1M daGervedipeptidie omid inedyadrip the el ver %q“ﬁfc‘iséﬁ‘i Ws%ﬁﬁ%‘éf’%t %‘?Y{’W%P%S?i ty

of protejn contani nants and non:SRECiHi,Ca/RKoIBOWrd8 e grotcins Greeh thias
el ut ed \Rj“irﬁa%@%n%w?ﬁ %ﬁ'zeggtrgg@regﬁa?g&gmadesal ted on a 10€ﬁrrrL Bi o- Scal & P6

desal ti @gmﬁg h#MokBh@rcRad)di gty twiobl AGEHD ADChmdtfsah fembardmepng DEtHon
Tris-HCL, 100 nM NaCl, 1 M EDTA, p!é—%)' Ifrgcti.ogarceqrg&ﬁjcp&é}g [-Crel (90 %
honogenehusydimenizarg/ohgay e walindremics Seo-RYFLRPY §7&R °Th 11 qui d nitrogen and
stored at -80C. 25In vitro binding assay Fl uorescein | abel ed C1221
ol i ggnucl eot i ,Q%u?m& SXGUBADIR eyaidd iHbleGnpucirserdd bgei@uppgehieaberpp!

e

prepare C1221 duplex, Cl1221 forward. | abeled with Elug cel ] $y end

(5' FI uo_tfd 224i1y5 shesamdoteBEQIHD alxmrn)swgag aﬁ?ﬁwﬁat“&ﬁ- ﬂﬁ‘e fa@(?fﬁ‘ucv%’l eeﬁs?ﬂjé’?é%ﬁ 21

Reverse two DNA-binding domains with a perfect two-fold symmetry for homodimers such as I-Crel
(Chevalier, et al., Nat. Struct. Biol., 2001, 8, 312-316) , I-Msol (Chevalier et al., J. Mol.

Biol., 2003, 329, 253-269) and [-Ceul (Spiegel et al., Structure, 2006, 14, 869-880) and with
25  apseudo symmetry for monomers such as I-Scel (Moure et al., J. Mol. Biol., 2003, 334, 685-
69, I-Dmol (Silva et al., J. Mol. Biol., 1999, 286, 1123-1136) or [-Anil (Bolduc et al., Genes
Dev., 2003, 17, 2875-2888). Both monomers and both domains (for monomeric proteins)
contribute to the catalytic core, organized around divalent cations. Just above the catalytic
core, the two LAGLIDADG peptides also play an essential role in the dimerization interface.
30 DNA binding depends on two typical saddle-shaped apBafpo folds, sitting on the DNA

major groove. Other domains can be found, for example in inteins such as P1-Pful (Ichiyanagi
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_(SEQID NGO 5) in 100 nmM Tris-HC1, 50 nM EDTA, 150 mM NaCl, pH8. The

m xture was 30 heated to 95 Cfor 2 mn and then cooled down to 25 C over 1
hour. Cl220 2digploese7and fl uorescein final concentrati onspPagenBasse@ssed by
spectrophotonetry using their respective extinction coefficients F -260ntn

= 62900 d 6495nm = 83000 . d
2012/ ooe_tgé-;ﬂ:(é%})ﬂ @3811,12'03625(% 86%199%%% %ﬁ?é{ K@g[‘%@g’it ﬁabﬁﬁﬁlfv Eg‘)?luc%og%’cei n]

- 1.7 I I : L ; i ONIavhi gyl ated Cl221
dupl ex%r@?nmgpgl“ggg%q{fgell% o&%@%%ﬁ%ﬁéﬁ%lg%?fwlg Revler sgy(SEQ I D NGs: 12

and 13 respectively). To investigate the bjndin fol- | to.C dupl ex,
50 nM of Cl7be malnael Werctignal fhiyRen caeganuslepster g%lg‘?SHg% g%ﬁ‘&é‘ﬁﬁ?%&ﬁé%@%f
|-Crel (f Eo EoRer thord? BhadiiRg.Luf 1aEL, CLA, M Tics 856bos 1 EidaMNaCL,
10 nM (éoaiagm\@@ %le)?ﬁl[,Algq%';'&ea(?hggdl%‘.ge%yt’er\?&Bg%ﬁfnut €s 1 ncubat i g‘%l t he

f | uor esgleneecleinisads Rpy 20031 big 2652t62; énteamtiosd IR dpplitdiica PH2O3HT8O19P! us
(BMG Labt ech) operatin rescence

in fl [ i d, poj de mith
Eocoi  at (o aBeR0H Rals B o st Brvrassg s Sepedpioell,
Apparen}%a@iﬁﬁ%ﬁ%’%é@%e?%%i%fL%@T@Aﬁgéreﬁﬁr%d by deternining the
I Tso. -Cregb s d

[1-Cre etined as the concentration of 1- Crel needed to

reach 50% of the final fluorescence anisotropy. In vitro cleava assay

To i nvesti gaPHfarend gioppudive d5o0 epodp ﬁE‘F’HW‘Q%Floﬁprﬁa(E}hgo nlﬁﬁﬁgyagge%iﬁei vity

of 1-Crel iR, I8t C0ra3 S B M s RiTt D@7, 1685B6BY Sitseda®br dull Y
st ] e BT P ERIRE P RV T vel

met hyl a I'D' NGs: 4-5 and 12-13 respectively) was
per f®r npmbl. BiclQn3aEnt34anBurt]; oitcpiRvhald RS Texdpphcationy W43 20061082T%W WQ h

[ ' trati |- Cr ' t 25 1AL
of 1 eackhBroBapren G 200RRRHesY S b R Eck Mgt RhBiLY Hig) ot

c e?“’?‘gﬁi&?%géé o3 s34 d. QUuREh boaRNAKESE ALiddRYs., 2008 34C4an480EnSsitheped by
addi ti on of pL "of 6X stop buffer (45%818;})ycerol , 95 mM EDTA, 1. %% vg/v)

SDS, 1. bl jigaitic proadseResa 2006 Jnd] 450, BG4 899w & /bt Wb phBFBI Se5 6’r1§% b owed
by an hour_|ncubatio . C. e a a Walh
sgpar at %%775?4§5§\C%&'5§%}n€é‘£1%t Kﬁy ﬁ‘t’f"%‘re@%&? Qg@? ?%?o%%)l @68(5)? ;fr{ﬁ:é%ﬁ ? h

SYBR; G gRihvth &RENNEMANDDGG, @d | ussergsoquant i ty One sof tware (Bi o- Rad) .
Results To I nvestigate the influence of DNA nethylation on the binding

affinity of I-Crel for 25 its_.specifjc DNAt -

di ssoci at i onhbd‘ﬁg‘tnéﬁt E‘V‘é rﬁ‘h—.\% of [311& e#qng%sf ggﬂﬁh@ﬁﬁéﬂ% %2% gﬁggg\{z%e

met hyl afeﬁ%n&}@@&y WhrhBinl eGhe bentieraBok® bpprohdteshdi Hi ghi Thraughfat Stoeenoyg: .
fluorescence anisotropy of fluorescein-|abeled C1221 duplex was recorded in

Lniet hy! at od -BEsEGs Ggt dBSeieN LY AL i PLEE sk Dk MRS
l'level ed up at saturatlng,congeaieal speifdity at@oditiond B Bto 5 of the DNA target
20 (SNNN DNA target) were identified by screening (International PCT Applications WO
2006/097784 and WO 2006/097853 (Cellectis); Arnould et al., J. Mol. Biol., 2006, 355, 443-
458: Smith et al., Nucleic Acids Res., 2006, 34, e149).

- Residues K28, N30 and Q38 or N30, Y33 and Q38 or K28, Y33, Q38 and S40 of I-

Crel were mutagenized and a collection of variants with altered specificity at positions * 8 to

25 10 of the DNA target (IONNN DNA target) were identified by screening (Smith er al,
Nucleic Acids Res., 2006, 34, €149; International PCT Applications WO 2007/060495 and

WO 2007/049156 (Cellectis)).

Two different variants were combined and assembled in a functional heterodimeric
endonuclease able to cleave a chimeric target resulting from the fusion of two different halves
30 of each variant DNA target sequence (Amould er al, precited; International PCT

Applications WO 2006/097854 and WO 2007/034262).
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30pattern is consistent with a binding equilibriumbetween I-Crel and
C1221. The apparent dissociation constant of this binding equilibriumcan
be esti mawedoteyoderer m ning the WO 2012/001527PCT/ | B20RLT0B21 9602196
concentration of 1-Crel needed to reach 50% of the final fluorescence

ani sotropy. This value, naned [I1-Crel]50, was estimted o 30 n In
the case of Huithesmere: Fpidaeedd o240l and [4dotoe st Of det 74hivse rshf)‘(/"“ r'@8Med al nost

const a yartgr%ll)Jh i%\é\flg]a(ef‘?dnfgeﬁﬁlfzﬁér{ap nsu(BBorlnéiGE,le |re]1bfe[ 6 it distirQOpad fcﬁ nd homigased

. h
st eadi | concentrations. addition, binding of 1-Crel to
met hy| adnddnc124 taspet hatftsite o Bplithtee a/. atdeic dwidsadkgsar20fenihlcl 4dndiernasigsal

| ndeed, _ any sj.gnal rati i -

wth rdabewplens 3RO UREH s e WRBUB BRERUAC AeaBIPT. OTel) S0 val ue T
¢ ! : [I-Crel]so value for
ully methylated C1221 was estinmated to be roughly 1000 nM These results

isingis_c?_t e tthftrhelt &tenlaﬁzit‘;]dmi dfymafatibaCfrem fhertwioudubdomeink wif dt@rel @ithd1 thessame
significantly |ower than for unnethyl ated 10C1221. : T

i Inf | uerfmengpercaliopved e Higsigh | O NoyR! %WEF T 8?“&%{%é‘ogﬁd?m?rﬁpgbléﬁg}cﬁeta\%tar 0
cl eavage - Wit h. el t i J®L [

2) " a. SaERRRic Yo Bl A BRI SR i dt Y
resul t syihew thhatwhibe agnbuiint b8f eaCl 2d8dosndirs (Sraite edelréadeas AalidroBes. | 300ear | y

with respect to I-Crel concentration until being 15 total i
pr esencd, o 1450 Imametional PET Applieptions | W e?owqg“r?()%s t\k%oc)@%gé%%é{}htehe
CSOEC{()CO%%%@? on of I-Crel needed to cleave 50 % of Cl1221) is estimted

to 0 indicates that |1-Crel efficiently cleaves Cl221. On th
: e
ot her hand, the fully nmethylated Cl1221 was cl eaved much | ess eff]gci ently

thanl C1221 wWihhmathogTosprdpeing meganedeass yariats and, Hi5erssya dRFEhORFERY A g0 t o
oo eSS BIFBHLTD, A0 RS LRSS Qs i

t oget hel™ ylation significantly

i nhi bi t g1drb® spatsli@ns Breaddseribddy irothel Ht#reitional PCT Bypahipition2WQ APP4UEHEBOOT DNA
met hyl ati on on the nucl ease activity of |-

( J : el D7/5N to [ .
81221. Ehimatéf ol tNusieiO)aidseR 45y 1 2007 l,c?ﬁﬂﬁgg%u‘éﬁ‘aé%eéee’ ﬁ@ﬁ‘@‘ﬁel&?t %?‘ P- t'glrget
D7SIN .Sggﬁ D3N 828 PRInohRIBLAS). i1, B, b6 855 Ga2dss( FhQclaBiahresh imas
i nvesti gated: Vitro cleavage assay using reconbinant |-Crel D75N and its
pal i ndr ificEioha1QEL répbed garnttdtincaneanomimredby dtandargmethodet hyl at ed CG on
both strands was perforned. Material and nethods C oning, overexpression

and purifi Catl"-hg rE:or(%lfbir{a-tiglri eolf th Wo former steps allows a larger combinatorial approach,
involving four different subdomains. The different subdomains can be modified separately
and combined to obtain an entirely redesigned meganuclease variant (heterodimer or single-
20 chain molecule) with chosen specificity. In a first step, couples of novel meganucleases are
combined in new molecules (“half-meganucleases”) cleaving palindromic targets derived
from the target one wants to cleave. Then, the combination of such *‘half-meganucleases” can
result in a heterodimeric species cleaving the target of interest. The assembly of four sets of
mutations into heterodimeric endonucleases cleaving a model target sequence or a sequence
25  from different genes has been described in the following Cellectis International patent
applications: XPC gene (W02007/093918), RAG gene (W02008/010093), HPRT gene
(W02008/059382), Dbeta-2 microglobulin  gene (W02008/102274), Rosa26 gene
(W02008/152523), Human hemoglobin beta gene (W02009/13622) and Human interleukin-

2 receptor gamma chain gene (W02009019614).

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

the way for novel perspectives in several fields, including gene therapy.
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WO 2012/ 001527PCT/ 1 B2011/ 002196 To cl one, overexpress and purify
|-Crel D75N, the same procedure as in exanple 1 was used. In vitro cleavage
Zif%' ;I'o w?m?mgrog?vg thg i nfluence of Cl1221 rnet hyl ati onpPom/IBIvg1/m2adecase

ity o -Cre N, in vitro cleavage assay wth C1
containing either 0, 1, 2 or % 1 cLaze daplex

3 t hyl L 4- - -
I10- 11 r e;pec@’iwli}f’)"fvﬁgh ﬁmb?lﬁ%g,m w@&?ﬁqeﬁ&%ﬁ%@%ﬁ@%#& ﬁg%ez:[r Pgeg for
ge gCN!oztnwf 1R3! 1-8ccTB, 1981k o IAEHINPRCYT, PAAGL IMBLEYI Aigmhaon

|- Crel _ ¢ase activity, invitro 10 cl eavage assay with Cl221
cont ai nl, Rg-Iiathef-Myy ILPI-Mch3, REMiy I atledICGPaY/gaubBl-Maods PhdéngelFdkadd. | n

the casg of un yl at 1 . th f, Cl

: gséeaz%Mé‘f ﬁ%ﬂl “n@f?%%ﬁ%s&(ge@wg} Iﬁddg‘i ;%%é%egg\r/{?erf%g??gﬁr{u 4nd
edplRY, PRSHPYT ERESDE, PI-Faboubl- SR LR | FOrRk I PI- -

Accor di ngl ’y"“ an a[r)ltl cor%l ation betv@%ﬁ pr oduocf andgslﬁf))gtg?g?emvg‘rb%?)iagﬁ!s) és

a functgn, 6MsbiCrel D75N (figure 3 top and 15 bottom
. panel s) was observed.
The C50 (concentration of |-Crel D75N needed to cl eave 50 %2)f Cl1221) was

estimated toA%ni‘igg;er%nft&ugl%se%ﬁ%recﬂ NACY.IDADG efRPuvshseautls as-8td/al-Ck@, t he

one obtained in ex In the sane experinental conditions.
| nt er est-Cagl, _y-Msloncaméastq(. nmet hyl ati on of Cl1221 gradually increased the C50.
| ndeed addition of one nmethyl group on both strand increased C50 by about 3

fol ds while additdGRIAnEWANILN & T, Jhifter 0heuhi P thal Bordaifor &

than 10 fol dS Increase o e nucl ease activity of |-Cr i
-Crel DI5Nis th
st romgl ywaf LAGILEUADG Ghatfs wed hfphetionsnas a monc&n@rrrpi?ée rgolequidr gase eb@ns DNAen

nmet hyl ati on on th i ndi ffini i Vi - i
ype. f oFPIPSTREIYICE ENALELY Loy MO Sxetarsl ShichEnighischly Spaa
met hyl aik%%‘?%%@ﬂ%i Rchclibhd HiHmANEeRuUCl ease 25 activity of 1-Cre |

wild type for its specific target was i i
; ) L OB i nvesti gat ed.
in vitro binding and cl eavage assa ? 0 To do so

) s were perfornmed using.r i. -
| wild type &adonuckeasrst trealioncdr géttx%l&f%s&“t faapfmnan d%ﬂ{pg&%gﬁb%i) oe
ggnt al ni @gurgh{//—fog&ﬁﬂﬂ%)am{?&rﬁnpfen&ﬁfu@éhﬁk._egn&@%oleaMtaeééraingatbthEthdSn
-Cl onitng, overexpregssion and purification of GermHs-tag I-Ce | wild
t yp&s 33 can be a “variant” endonuclease, i.e. an endonuclease that does not naturally exist in nature
and that is obtained by genetic engineering or by random mutagenesis, i.e. an engineered
endonuclease. This variant endonuclease can for example be obtained by substitution of at
least one residue in the amino acid sequence of a wild-type, naturally-occurring,
endonuclease with a different amino acid. Said substitution(s) can for example be introduced
20 by site-directed mutagenesis and/or by random mutagenesis. In the frame of the present

invention, such variant endonucleases remain functional, i.c. they retain the capacity of

recognizing and specifically cleaving a target sequence to initiate gene targeting process.

The variant endonuclease according to the invention cleaves a target sequence that 1s
different from the target sequence of the corresponding wild-type endonuclease. Methods for

25  obtaining such variant endonucleases with novel specificities are well-known in the art.

Endonucleases variants may be homodimers (meganuclease comprising two identical

monomers) or heterodimers (meganuclease comprising two non-identical MONOmers).

Endonucleases with novel specificities can be used in the method according to the
present invention for gene targeting and thereby integrating a transgene of interest into a

30  genome at a predetermined location.
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WO 2012/ 001527PCT/ 1 B2011/ 002196 The codi ng sequence for I-Cre | wild
type (SEQ ID NO 1) was subcloned into the kananycin resistant pET-24
vect or M3BOl2orawext7upstream a 6xHi s-tag codi ng sequencePCRaBmITDDI?AYH

pl asm d contai ning the codi ng sequence of CtermH s-tag I-Cre I vvi | d type

was t hen transforrred into E. coli BL21 fg nwtrogen) and positi

t r ansf or mant-sPX\ePacHSNEBABECET 5t ISEINAEPd AR A3 S YA ¥R e@ﬂ“‘ﬁyeaﬁ%lﬁéﬁym n.
To over Qﬁte ngﬁrJn\At"lds't%ﬁgnJe g&léasé"‘dngl G ¥dAE cAINBFFperties CEfreallterhzih\)fei}e
foll owi ng), L 1 cultures were grown in the presence of
kananyonegatnoclmsd \exxtpsmeeltaltaied phaseteastit inecampanieon itmduwddd vy veoiomgf HRTG
(Sigma) to a fin concentrati.an of !?weMtAfter |1nducc'gnllcr) %thelﬂ{lﬁ)lwth
pr oceecFéH’ef’B?gaﬂc ﬁ‘i?ﬁr thE PEFeRE INYeNtion TG PUCRIREEARUEIGRE &Y TRy

centsr i fﬁi%ﬁhaeas%t RO W H MR GrOséRdd N afibispedie edbrivid 2% @ﬂep ofa) | gtsitise

buf fer mM Tri sHC1, 500 mM NaCl, 10 nMim dazol, pH3). Extraction of

sol ubl enmamuehem fiom p’émhoihne%rcw Sersfér@%yaléﬁm%@resé%"d)‘f?és”béﬁpc@?| o tsul ses

|nthe resec n o) 4G, The resulting
cel | gl %eo“&IWg‘F“ihfet}’%gng Sengsr u);g%]t'lgitIgi feoéle?gtg gi’@%ﬁ"o&r} pm for 30 nin at
4C and super natants were used as cr ude extracts for purification. Crude
extracts werebydadea" 1S iotendedaa nugleiBaed Soalegulp Al of tiaasRor (s Gnaiken
equi li brated Wthg%ﬁ bffel&falngthe profinia system (Bi o-Rad). The
col umn Teeis A (i BisB At RS ORCB S unm vol unes of Iysis buffer fol lowed by 3
colyym vol umes of the sanme buffer plus 40 nMim dazol and 1M Nad . This
second washing step efficiently renoved the maj orlléy of p

ein
cont am nant s- bynthomaregme| fsjigte %%ﬂﬁlﬁﬁiqedV‘F epqueh idgntipy to alno&)ﬁ’é("eq & wi t h

250 mM | m dazol and di s Refit d8sal ti ng
col um k"n}“&}“ﬂﬁé?u eGP fiti ?‘¥5’% %éﬁegﬂqfﬁa@rﬁ fg%u lgl]ip h%ajf‘?’uts HCI, 100 nmM
NaCl, 1jqeiite ?Eﬁeferaly@) 97%r1aaititpmsdomteapmfan@1y -90f/e of a@saommmewém gr -1
ng/ m.) were aliquoted, flash frozen in liquid nitrogen and stored at - 80C
-I'n vitswraigedi ng assay 25Fl uorescein | abel ed C1234 ol i gonucl eoti des were
synwem zed and HPLC-purified by Eurogentec. To prepare C1234 dupl ex
corresponding to |-Cre | double strand DNA wild type target C1234 f orward
(SEQ I D NO. 3I',ldenaiy"stdferlctobsﬂqow)cel alsetityd betivebn Rivgonedeie| sridrneleeuley opng

was mxed with 1 equival e f Cl2 reverse (SE d
bel ow) Palypersidgs fT}F’i‘@YH@?L t‘°r‘r’1?7ll %\Y CYBR G ‘Ng% & %eaé?’hgeeqlrlngggfe 3&%%\/\@5

heated {0,953 r{:{n% fﬁnﬂp&-gaéea oqQGmtpHﬁéanWﬁ&lda gesttion n % &Sm.paeerd Seqhene. is c1234
dupl ex was evert ual fied ani on exchar:\g}g chromat o pﬁ@/(dum n

i ni Q PEcaupiddniy (tt@sdmwbashc&ree)thplﬂeﬂlewdﬁsl 3rp riggriigaliptt thatPast Sgre
Tris- HCL, %ﬂéﬂ_/or BQ%&Q}QB’EQ‘?_%%GI@%E?C %mdggrn%ln%oﬁdl?%éit RAEesOksNe Funchibh of the

20120 00550 am nant S wer e di scarded using a 0 to

360 mM Elgé?bel%?pxdgﬁ%l et nARMirg utlestides @upesiGiB3dhaled box thwasugleict atifed
with a 1000 mM NaCl |inear gradient, (5 colum volunes I ex

and fl ueewe&sn Marioas abignmentt AAPTIBMS HYE PIOSEALLe {12\ PG ﬁ%%lt I’Ooﬁ?’lff)@gtrere ry

usi ng th ect ye ex t e T&@Qm H£230800e Mt hoartl and
£405111 "enS8BR VR G, s5d %%g ‘ggﬂgcgqﬁ S?r%}t%ﬁs " R
dupl ex] /o[fft}lleugce;ss%quaﬂce anélyM@ﬁadkbg@(LhﬁderSIT)hef Wasvenmd\vflédia@re Wigg, and can be

25 used with, e.g., default setting.

- by “mutation” is intended the substitution, deletion, insertion of one 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

30 affect the structure of the genomic sequence or the structure/ stability of the encoded mRNA.

- By a “TALE-nuclease” (TALEN) is intended a fusion protein consisting of a DNA-
binding domain derived from a Transcription Activator Like Effector (TALE) and one Fokl
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used to prepare the different nethylated forns of C1234 duplex (Cl1234_Me
full conmposed of SEQID NO 35 + SEQ ID NO 38, Cl1234 Me -6al-5b conposed
of SEQ | DVvB»12881527SEQ | D NGO 36, Cl1234_Me - 3al-2b conpesedBmii/@B@d D NO.
34 + SEQ ID NO 37, Cl1234 Me -3a conposed of SEQID NO 34 + SEQ ID NO 32,

C1234 Me -2b conmposed of 10 SEQID NO 31 + SEQ ID NO, 37, re ively

wher e "catal disgdonppin,dBat nsd de dEBeirede wg'ﬁéalbﬁﬂ“’set Wd%bﬁl%%peé‘faméﬂﬁﬁ Me

-6a1-5bsehl§ gcduplex with nethylations at position -6 on strand "a" and at
“56n strand " b", respectively) and the randomtarget

position

corresponding to a stretch of 12 GA repeats, (forward, SEQ IO NO 39 and
rever se, SE(jgheDab@.e wotten Fescripters of dhg é‘“’teﬂtéorbgﬁﬁ’i‘#g aofnaf‘{‘%r @Ial PCEE %
dupl ex, 25 n - ' ti6Ghi fstddabhlBE i@ AkBAnd use th
concent'Ta lln%%gé){l)l?lg%-%%sr%ecqt{ﬂ%tﬁﬁg%gsobgﬁgo lﬁ(l\i/gn%?‘ﬁwgiér?lﬁglib ngtbuffern(féerﬂ\il
Tr i $HCIsan0 GhisrvhA¥&hent HeingVpiGaidta , in TArtMaDTd; theHsipjest mgeCo! Aret anpended

m nut es i ncubation, the fl UOfJ’ escencq n(%rg)?.tropy of the m xture was recorded
with a Spigsavhich makedpEaws oidbs yigya 6%% Ry in fluorescence pol arization
end point node with excitation and emi ssion wavel engths set to 495 and 520
nm respect i VR Yised\oaectht pliasotichictednfrannbe griup c@0sisidrgeoidetdongmbeampy
fitting raw data by an hyperbolic function (A ----- (A. *[ Meganucl ease] )/ (Kd
+ [ Megasnddhe hikejncluge mmxizes of fae soecified AL ani sot ropy val ue obtained at a
gi ven neganucl ease concentration, A, the fluorescence anisotropy val ue

obt ai ned at §aer *hiMerHEQMRENbF Bingos aitedbgrinycheeasipoagart{ipjludée Also,

di ssoci ati on constant of the equilibrium studied %{ -In vinéro ﬁJI eavage
asszy 28Toaluay esd isybreagashwithingd gumeacab gl 981088 15 SRET Bl 1F 4o Ri'base

acti vi :Té (?.f .tl-Cr.? I(,)uti n vitro single turn over cleavage assays were

per f or nE' W BRI unmet hyl ated or nethyl ated Cl1234 dupl exes

(unnet hyl ated C1234 conposed of SEQ ID NO 31 + S | D.NO 3 Cl234

full conpose@heohbSEGQEsOINON i3Presewiehie pnayds a@S{SO@%&Q@&?%N%%ﬁE%B‘a%%%%ﬁed
of SEQID NO .33 + SEQ ID NQ__. . 4 1 33 7 2harG 8RO SEMli@fioSERd! s 30
NO. 34 ¥s& |“EY%6?“’3%A Cﬁﬁa\fﬁfgd -lgél%go?r&p%es"ed of %’EQ ID NGO 34 + SEQ I D NO

32, Cl1234 NemesB. O0TRAS GhdoficaBER loDhdiPrefarted-eshagimeninyilldr, repdibharara| v) .
A constant anount of C1234 duplex (50 n s.i ncubat ed w of

| - Cue | tq those pkiNgd i1 thelare @neé & g%ﬂl%ﬁ?“%‘e\gﬁéﬁ?@glé?‘?‘%}nm?}/n‘?% g?ﬁ%fgé%%fé
Tris-HCL, 150 Clinl; i £6rh2h0Qdige ARCE¢IpB2A ¢ GO2ARE.

a eavagg@galﬁq%ggn%%ppglggg%é%t tz)lg/g%pﬁgy}g’ddi tion %f MyC12 pEnd t hen st opped
after diffif,er@ntinvéntonl €not histefiedt thebealimited om thef crobreigersp she pebut(1559,0¢
glycerol, 95 nM EDTA, 1.5% (w.v) S 1.5 .m/ r e 0. 048%
(W v)  brageasperbihe Wigest gOPE iCaEyst ﬁ\e@nﬁf‘? BPP%E@? gﬂfdl‘%f’@%a@@%le{fg\%gg] by one
hour incubation at 37 Cto digest |I-Cre | and release free DNA 5 nol ecul es.
G eaved and yngheayedrdihAlesribddchis inengors efartherauidprgtapdiag s phgLRINPERY Any

l((J[J) a%[rmetc ;imt g%ls@é @évgigg%if&s%%;_ e%, \\%ltc a?g( Er%v%’eg%re]re%‘ gortﬂﬁ%sgyg'fqﬁliugtirzﬁg)nug ng

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

Example 1 : Influence of DNA methylation on the binding affinity and nuclease
activity of I-Crel towards its DNA target.

25 The effect of DNA methylation on the binding affinity and nuclease activity of 1-Crel
(SEQ ID NO: 1) towards its DNA target C1221 (SEQ ID NO: 5) was investigated. In vitro
binding and cleavage assays using I-Crel (SEQ ID NO: 1) and its palindromic DNA target
C1221 (SEQ ID NO: 5) containing either 0 or 4 methylated CG on both strands were

performed.
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-Results -In vitro binding assay 10To investigate the influence of DNA

nmet hyl ation on the binding affinity of I-Cre | for its natural DNA target
Cl1234, thwodnpaweizati on constant values (1Q for unnet hpcatBzhianet196

met hyl ated C1234 with 1-Cre | were determined in vitro. To do so,

fl uorescence ani sotropy. of fluorescein-|abeled C1234 duplex was recorded in
the presenceMarriphpnddMethads arounts of 1Gre | (figure 4A, open circles). In
the case of unmethylated C1234, an increase of 15 fluorescence ani sotropy
was obser vedClohidg, | @¢aixpekssipn adnds dutifiedtiong of alesnt Hattagnl-Ofel 1TEE ecddingThi s

pattern was consistent with a tight bindi n% equi | i prium pbetween I-Sr?e | and
C1234. spasensesfdcteal i(SRQBAN@nl) 8es SHPLonsdnh fhecRNAMYSHY (Fsistarh PEd 24

el \?e%t(;[r%eg.l(?c%{e% Lngeaem n&%ﬁéﬁ?& %ggﬁ@%g%%cé Web¥mBRUMIRNGE cbrliditng

fl uorescence ani sotropy r ohstant in the presence of up to
400 M 0f dod@ree séquehieguf €Ctdrn Hikome d-CGaou arae sther dtaastotroesh intp 20 colo B2 InM) .
Binding of 1-Cre | to nethylated C1234 Eﬂgul d bﬁ not corr%I et ed. und Iy Qur
exper i NERYIHPEEY 8 OSHYE Fansfermanis, wereaislesied onal B-agpymedunLpPITROed Bt he
presencg, 9 f?’l' arge excess of I-Cre | with respect to C1234. Nevert hel ess,
the Kd valu or fully methylated C1234 could be estimated > 1000 nM These

results indicated that the affinity of 1- | fo ul ly thyl ated C1234
was at | east Ta@yerexpisss F%Femhaﬁ'tﬁérl'gﬁhg%% Efj Efo?LMBi%S? JBPEY 8 oas

thyl at f ; ' (I £ nl indu T
(rjrgci %h:got%%e&l tnh%]r%?{énr%/ Bg??%%ﬁ%}achi %Cﬁésrﬁd-'ﬁéﬁor@f‘lﬁél%ﬂa){e AR Wer&higen! induced by TO

i 0 hylation on I-Cre | binding
capgei t ¥ddigg SPEEWSSgmapnr aafitnl vescentdion ae1b0 M- s fters kidugtioth excHegrovth s

ro | veBidgied Tonid Brrspi i saleniee: ef paneSEn AT rirag] aOROBIPRMET - o
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The column was then washed with 3 column volumes of lysis buffer followed by 3 column
volumes of the same buffer plus 40 mM imidazol and 1M NaCl. This second washing step
20 efficiently removed the majority of protein contaminants and non-specific DNA bound to I-
Crel. 1-Crel was eluted with 250 mM imidazol and directly desalted on a 10 mL Bio-Scale P-
6 desalting column (Bio-Rad) equilibrated with desalting buffer (20 mM Tris-HCI, 100 mM
NaCl, 1 mM EDTA, pHS). Fraction containing I-Crel (90 % homogeneity, ~1 mg/mL) were

aliquoted, flash frozen in liquid nitrogen and stored at -80°C.

25 In vitro binding assay

Fluorescein labeled C1221 oligonucleotides were synthesized and HPLC-purified by

Eurogentec. To prepare C1221 duplex, C1221 forward labeled with Fluorescein on its 5° end
(5°Fluo_C1221_Forward, SEQ ID NO:4) was mixed with 1 equivalent of C1221_Reverse
(SEQ ID NO: 5) in 100 mM Tris-HCl, 50 mM EDTA, 150 mM NaCl, pH8. The mixture was

30 heated to 95 °C for 2 min and then cooled down to 25 °C over 1 hour. C1221 duplex and
fluorescein final concentrations were assessed by spectrophotometry using their respective

- - -1 -1
extinction coefficients €2gonm = 62900 M 'em™ and €4950m = 83000 M cm™. As expected, we
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Results

To investigate the influence of DNA methylation on the binding affinity of [-Crel for

25  its specific DNA target C1221, the apparent dissociation constant values ([I-Crel]ys) for
unmethylated and fully methylated C1221 with I-Crel were determined in vitro. To do so,
fluorescence anisotropy of fluorescein-labeled C1221 duplex was recorded in the presence of
increasing amounts of I-Crel (figure 1). In the case of unmethylated C1221, we observed an
increase of fluorescence anisotropy that leveled up at saturating concentration of [-Crel. This

30  pattern is consistent with a binding equilibrium between I-Crel and C1221. The apparent

dissociation constant of this binding equilibrium can be estimated by determining the

31



10 produced in Escherichia coli. Nucleic Acids Res 1997, 25:3767-3

: : ; -3776). On
the ot her hand, when fully nethylated C1234 (conposed of SEQ I D NO 35)+
SEQ | D Navo28)2/ma7assayed, a much sl ower process was olps@nszd1/oa2ie kcat
estimated to be <0.0001 min-1, indicating that Cl234 nethyl ation

significantly inhibited t I i Vi . i
7)o PR GRP b L1 RSFEBTT SU e hE) B GF SR ool PP ey Pt Fon

tovar d_lorCner kR, ) i i i
o 1-CrekR,, Wis@YAGRIAC O MM Y, once again a stepw se approach was
used. 'Idhe e?f ect of met hyl ated CGs | ocated outside the cl eavagg region

(C1234 nethylated in posjti -631- 50, :
NCC).lzgg) was 1pihe1casd @gﬂf@%ﬂlﬁﬁgecfﬁdaﬁﬁ‘&npﬂoﬁj&feq%? %W%%E‘%}I/ ggggggg’?agép%? P
( @%t%:@q(ﬁg chceﬁgag(g{ teﬂggfe?ﬁ[lﬁ@x@u- 2B ﬁmpé%gqﬁcreése&%@ahi@ NGigB4 + SEQ

| D NO sults s met hyl ati on of ocated outside th
. N g . - e
cl eavagentegiatondie adibtio ®indifg eft-Crel @ encthydated G122 & wae npysamypleied mader

signifi t kcat differ.
oDt ai neti GFRSTA A Ho B0 R34 FIEght s o o eeuapoa i e A o,

hand, thege Wiat fesphaWRdct Pat wiBt Sbébatd ORcRfHeRSs,| ol e Mot vilne fivefidl
region, strongly Sgffect ed the catal yti'c gcti Vi ts); ofa{F-C?Igéol (figure ggavage
filled rethglaeed) C122d Was ebtématad debst @righly ni0§0i mYli Bhessr seswtss wdtcate; ﬁ‘é‘ dKf ect

of different singl th j 25 1 [ '
oot A o O OB SRS S i AR OR heTip e e
met iyl ageghiin position -2b (conposed of SEQID NO 31 + SEQ ID NO 37) on

|-Cre | cleavage activity. Results showed that i - D
didn't affec A methyl ation of -3a position

ot al 1y 1 nini b fes e ingpiege S LRI BEY Rl TEGRT MEfe 2Ry, 8 or firon! ot
gﬁggzgc lgf‘\/gg? ?%s;ay %%SSii%Pg\g%eﬁg BAlyGhaBHlateleC f2211 (fighR32) dbsubSibdte2b
was performed. In the case of unmethylated C1221, the results show that the amount of
C1221 substrate decreases almost linearly with respect to I-Crel concentration until being
15 totally cleaved in the presence of 250 nM of 1-Crel (4 eq of I-Crel with respect to C1221).
The Cso (concentration of I-Crel needed to cleave 50 % of C1221) is estimated to 100 nM.
This indicates that I-Crel efficiently cleaves C1221. On the other hand, the fully methylated
C1221 was cleaved much less efficiently than C1221 with a Cs; > 2 uM. In addition,
cleavage reaction didn’t go to completion under these experimental conditions. Therefore,
20  taken together, the results indicate that C1221 methylation significantly inhibits the nuclease

activity of I-Crel.

Example 2: Influence of DNA methylation on the nuclease activity of I-Crel D75N
towards its DNA target C1221.

The effect of DNA methylation on the nuclease activity of I-Crel D75N (SEQ ID NO:
25  22) towards its DNA target C1221 (SEQ ID NO: 5) was investigated. In vitro cleavage assay
using recombinant I-Crel D75N and its palindromic target C1221 containing either 0, 1, 2 or

3 methylated CG on both strands was performed.
Material and methods

Cloning, overexpression and purification of I-Crel D75N
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To clone, overexpress and purify I-Crel D75N, the same procedure as in example 1

was used.
In vitro cleavage assay

To investigate the influence of C1221 methylation on the nuclease activity of I-Crel

5  D75N, in vitro cleavage assay with C1221 duplex containing either 0, 1, 2 or 3 methylated

CG (SEQ ID NOs: 4-5, 6-7, 8-9, 10-11 respectively) was performed, according to the
procedure described for I-Crel wild type.

Results

To test the influence of C1221 methylation on I-Crel D75N nuclease activity, in vitro

10 cleavage assay with C1221 containing either 0, 1, 2, 3 methylated CG as substrates was
performed. In the case of unmethylated C1221, the amount of C1221 cleaved product
increased almost linearly with respect to I-Crel D75N concentration and leveled up in the
presence of about 500 nM of I-Crel (figure 3 top panel). Accordingly, an anticorrelation
between product and substrate variations as a function of I-Crel D75N (figure 3 top and

15  bottom panels) was observed. The Cso (concentration of I-Crel D75N needed to cleave 50 %
of C1221) was estimated to be 100-150 nM. Accordingly, this Cs value is similar to the one
obtained in example 1 in the same experimental conditions. Interestingly, increasing
methylation of C1221 gradually increased the Cso. Indeed addition of one methyl group on

both strand increased Cs, by about 3 folds while addition of two and three methyl groups

20 resulted in a more than 10 folds increase of Csg. The nuclease activity of I-Crel D75N is then

strongly affected by C1221 methylation.

Example 3 : Influence of DNA methylation on the binding affinity and nuclease
activity of I-Cre 1 wild type for its specific DNA target C1234

In this example, the effect of DNA methylation on the binding affinity and nuclease

25  activity of I-Cre I wild type (SEQ ID NO: 1) for its specific target was investigated. To do so

in vitro binding and cleavage assays were performed using recombinant I-Cre I wild type and

its natural target C1234 (forward C1234, SEQ ID NO: 31) containing different amounts of
methylated CGs.

-Material and Methods

30 -Cloning, overexpression and purification of Cterm His-tag I-Cre 1 wild type
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The coding sequence for 1-Cre 1 wild type (SEQ ID NO: 1) was subcloned into the
kanamycin resistant pET-24 vector MCS located upstream a 6xHis-tag coding sequence.
Recombinant plasmid containing the coding sequence of Cterm His-tag I-Cre I wild type was
then transformed into E. coli BL21 (Invitrogen) and positive transformants were selected on

5  LB-agar medium supplemented by kanamycin.

To overexpress Cterm His-tag I-Cre I wild type (named I-Cre [ in the following), 800

mL of E. coli BL21 cultures were grown in the presence of kanamycin to mid-exponential
phase and were then induced by adding IPTG (Sigma) to a final concentration of 750 pM.
After induction, cell growth proceeded for 14 hours at 20 °C. Cells were then harvested by

10  centrifugation at 4000 rpm for 30 min and suspended in 25 ml of lysis buffer (20 mM Tris-
HCI, 500 mM NaCl, 10 mM imidazol, pH8). Extraction of soluble proteins was performed by

8 series of 30 seconds sonication pulses in the presence of Complete EDTA-free antiprotease

at 4°C. The resulting cell extracts were clarified by centrifugation at 13000 rpm for 30 min at

4°C and supernatants were used as crude extracts for purification. Crude extracts were loaded

15  onto a 1 mL Bio-Scale IMAC cartridge (Bio-Rad) equilibrated with lysis buffer using the
profinia system (Bio-Rad). The column was then washed with 3 column volumes ot lysis
buffer followed by 3 column volumes of the same buffer plus 40 mM imidazol and 1M NaCl.

This second washing step efficiently removed the majority of protein contaminants and non-
specific DNA bound to I-Cre 1 I-Cre I was eluted with 250 mM imidazol and directly

20 desalted on a 10 mL Bio-Scale P-6 desalting column (Bio-Rad) equilibrated with desalting
buffer (20 mM Tris-HCI, 100 mM NaCl, 1 mM EDTA, pH8). Fractions containing I-Cre |

(90 % homogeneity, ~1 mg/mL) were aliquoted, flash frozen in liquid nitrogen and stored at -

80°C.
-In vitro binding assay

25 Fluorescein labeled C1234 oligonucleotides were synthesized and HPLC-purified by
Eurogentec. To prepare C1234 duplex corresponding to I-Cre | double strand DNA wild type
target, C1234 forward (SEQ ID NO: 31, “a” strand below) labeled with Fluorescein on its 5’
end was mixed with 1 equivalent of C1234_reverse (SEQ ID NO: 32, “b” strand below) in
100 mM Tris-HC], 50 mM EDTA, 150 mM NaCl, pH8. The mixture was heated to 95 °C for

30 2 min and then cooled down to 25 °C over 1 hour. C1234 duplex was eventually purified by
anion exchange chromatography using a miniQ PE column (GE healthcare) pre-equilibrated

with buffer A (20 mM Tris-HCl, pH7.4). Single stranded oligonucleotides and other
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26?;?88?% Eﬁdi?_i/d:gbéfz()a ﬁz;rg%l;ffglgem My teasbhésa d@aeamdth-rdethylgtiongt position -6 on
strand “‘a” and at position -5 on strand *b”, respectively) and the random target corresponding
to a stretch of 12 GA repeats, (forward, SEQ ID NO: 39 and reverse, SEQ ID NO: 40). To
investigate the binding of I-Cre I to C1234 duplex, 25 nM of C1234 duplex was incubated
15  with increasing concentrations of I-Cre I (from 0 to 400 nM) in binding buffer (10 mM Tris-
HCI, 400 mM NaCl, 10 mM CaCl;, 10 mM DTT, pH8) at 25 °C. After 30 minutes
incubation, the fluorescence anisotropy of the mixture was recorded with a Pherastar Plus
(BMG Labtech) operating in fluorescence polarization end point mode with excitation and
emission wavelengths set to 495 and 520 nm respectively. Apparent dissociation constants
20  were determined by fitting raw data by an hyperbolic function (A,=(A <*[Meganuclease])/(Kq
+ [Meganuclease]) with A,, the fluorescence anisotropy value obtained at a given

meganuclease concentration, Ao, the fluorescence anisotropy value obtained at saturating

concentration of meganuclease and K4 the dissociation constant of the equilibrium studied ).
-In vitro cleavage assay

25 To investigate the influence of C1234 methylation on the nuclease activity of I-Cre I,
in vitro single turn over cleavage assays were performed with either unmethylated or
methylated C1234 duplexes (unmethylated C1234 composed of SEQ ID NO: 31 + SEQ ID
NO: 32, C1234_Me full composed of SEQ ID NO: 35 + SEQ ID NO: 38, C1234_Me -6a/-5b
composed of SEQ ID NO: 33 + SEQ ID NO: 36, C1234 Me -3a/-2b composed of SEQ ID

30 NO: 34 + SEQ ID NO: 37, C1234_Me -3a composed of SEQ ID NO: 34 + SEQ ID NO: 32,
C1234_Me -2b composed of SEQ ID NO: 31 + SEQ ID NO: 37, respectively). A constant
amount of C1234 duplex (50 nM) was incubated with an excess of I-Cre 1 (1.5 pM, final
concentration) in the reaction buffer (10 mM Tris-HCl, 150 mM NaCl, pH8) at 37 °C.
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251 espe(l:tts In\ellteulra/l) DN:’\I &ré’eit tél(}ﬁ,l VRS An3F ¥onstant values (Kg) for unmethylated and
methylated C1234 with I-Cre [ were determined in vitro. To do so, fluorescence anisotropy of
fluorescein-labeled C1234 duplex was recorded in the presence of increasing amounts of I-
Cre | (figure 4A, open circles). In the case of unmethylated C1234, an increase of
15  fluorescence anisotropy was observed that leveled up at saturating concentration of 1-Cre L
This pattern was consistent with a tight binding equilibrium between 1-Cre [ and C1234. The

dissociation constant of this binding equilibrium can be estimated to be <2.5 nM.

In the case of fully methylated C1234, fluorescence anisotropy remained almost
constant in the presence of up to 400 nM of I-Cre I (figure 4A, closed squares, data shown up
20 to 80 nM). Binding of I-Cre I to methylated C1234 could be not completed under our
experimental conditions as we didn’t observe any signal saturation in the presence of a large
excess of I-Cre 1 with respect to C1234. Nevertheless, the Ky value for fully methylated
C1234 could be estimated > 1000 nM. These results indicated that the affinity of I-Cre I for
fully methylated C1234 was at least 400 times lower than for unmethylated C1234.

25  Therefore, CGs methylation of C1234 strongly affects its affinity for [-Cre 1.

To decipher the inhibitory effect of CGs methylation on I-Cre I binding capacity, a
stepwise approach was undertaken, first asking whether this inhibitory effect was strand

dependent and, secondly, position dependent.

To investigate the strand dependence of this inhibitory effect, affinity of I-Cre I for
30  hemimethylated C1234 was first compared (either on “a” or “b” strands methylated in

positions -6a/-3a and composed of SEQ ID NO: 35 + SEQ ID NO: 32 or in positions -5b/-2b
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unmet hy padigeh XBGgomposed nfl SEQ BV t hAEQ %%ﬂéﬁpﬁm&fﬁ ég}@g@%&ase °

substrate foqllo i i egp@g bk

a first 3§r+d§*5Qpﬁ§g\g§s%(§ #{%Eﬁgég%gse%@glrlrgﬁgﬁ%\c{)lhgis}éé\‘?@%%h\&?ﬁ} S prtg)g‘te(?rsb(?/\g!sc °
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0.01 min- [
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(figuregBand able 1) in our experinental conditions. WO
2012/ 001527PCT/ | B2011/ 002196

-In vitro cleavage assay

20 To test the influence of C1234 methylation on I-Cre 1 cleavage activity, single turn
over cleavage assays in vitro were performed with unmethylated (composed of SEQ ID NO:
31 + SEQ ID NO: 32) or with different methylated forms of C1234 (figure 5). In these assays
C1234 was premixed to a large excess of recombinant meganucleases before addition of
MgCl,. After different time lengths, the reaction was quenched by addition of a stop buffer,
25 the remaining substrate was separated from the reaction product and then quantified. In these
conditions, substrate disappearance was a first order process. The rate constant of this process
corresponded to the turn over number (kea) of the meganuclease. Turn over number
measurement was not affected by affinity differences between methylated and unmethylated
C1234 for 1-Cre I because in our experimental conditions, the totality of C1234 was bound to
30  the meganuclease at the beginning of reaction. In addition, this measurement was not affected
by the rate limiting step of product release (Wang J, Kim HH, Yuan X, Herrin DL:

Purification, biochemical characterization and protein-DNA interactions of the [-Crel
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Taken together, these results showed that methylation of XPC4.1 at
positions -1la, - 10b, +10a and +1 |b, didn't affect the cleavage activity
of XPC4 iwowntwmwis2keganucl ease XPC4 DNA target XPC4A. 1 XPCA/IR20viroRassdom
-11a/-10b & +10a/+1 1b Kd (nM 10821 12722 B

endonuclease produced in Escherichia coli. Nucleic Acids Res 1997, 25:3767-3776) because
the complex I-Cre I:cleaved C1234 product was artificially disrupted by the proteinase K and
SDS present in the stop buffer.

In the case of unmethylated C1234, results showed that the disappearance of C1234

5 substrate followed a monoexponential behavior that was characteristic of a first order
process. The rate constant of this process was determined to be k=0.025 min”' (Figure 5A,

table I). This indicated that I-Cre I efficiently cleaved C1234 with a k.,=0.025 min’ as
reported earlier by Wang & al (Wang J, Kim HH, Yuan X, Herrin DL: Purification,
biochemical characterization and protein-DNA interactions of the I-Crel endonuclease

10 produced in Escherichia coli. Nucleic Acids Res 1997, 25:3767-3776). On the other hand,
when fully methylated C1234 (composed of SEQ ID NO: 35 + SEQ ID NO: 38) was assayed,

a much slower process was observed with k., estimated to be <0.0001 min, indicating that

C1234 methylation significantly inhibited the nuclease activity of [-Cre I (Figure 5A, table I).

To investigate in more details the inhibitory effect of methylation toward I-Cre |

15  cleavage activity, once again a stepwise approach was used. The effect of methylated CGs
located outside the cleavage region (C1234 methylated in positions -6a/-5b, composed of

SEQ ID NO: 33 + SEQ ID NO: 36) was first compared to those located within the cleavage
region (C1234 methylated in positions -3a and -2b, composed of SEQ ID NO: 34 + SEQ ID

NO: 37). Results showed that methylation of CGs located outside the cleavage region did not

20 affect [-Cre I catalytic activity as no significant ke difference could be detected when
compared to the ke, obtained with unmethylated C1234 (figure 5B, filled squares). On an
other hand, these data showed that methylation of CGs located within the cleavage region,
strongly affected the catalytic activity of I-Cre I (figure 5B, filled circles). To further
understand this inhibitory effect, the effect of different single CG methylation was

25  investigated (C1234 either methylated in position -3a (composed of SEQ ID NO: 34 + SEQ
ID NO: 32) or methylated in position -2b (composed of SEQ ID NO: 31 + SEQ ID NO: 37)

on I-Cre I cleavage activity. Results showed that methylation of -3a position didn’t affect I-

Cre 1 catalytic activity whereas methylation of -2b almost totally inhibited it (filled squares

and filled circles respectively.

Meganuclea I-Cre I

se

DNA target C1234 C1234_ | Cl1234 Me | C1234_ M | C1234_ M | Ci234 M
Me full -5b/-2b e-6a/-3a e-6a/-5b e-3a/-2b
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>1000 kw (mn-1) 0.078 0.01 0.1 0.01 <0.0001 5 Table I'l: 1

: : : . : .4 and kat of
XPCA nmeganucl ease for XPCA.1 DNA targets. b) Effect of 5-aza§deoxycytidine
on t he clwavapaoef2§7i ci ency of the XPC4 neganucl ease in PCraB20I0o02n%est i gat e

the effect of DNA nethylation on ne '
anuclease cl eav
n‘eganLr-I ease r-:xl I nrl YD("/I (QEQ B I\Ir'\-g 2N Apoci_Aane A nagen.-..a.g 10 engl neer ed

. A 2—desirghed—to—¢tteave—aPNA-sequence
5' - TCGAGATGT CACACAGAGGT Al I D NO 24) present in thel Xeroderna

Pi gme_ntg‘? roup C gene (XPQ)10ves | usehpoThe XRE4 target .is fpund.in a
relatiyely G rijch environment (with 23 CpGin 1 kbl of surrounding

sequence), and contains twy CpG notives These CpG nptives arg poten
: > tijall

nmet hyl éeg,hn celo() EPe | a net hyl ase 15i nh bu; on t£ y
met hy| pfidfidof i| 1% 2t t hese™ G notives was neasure ,ias vve'ﬁ?ozis on
the cleavage effijg@acy of XPCA target by the XPC4 neganmoof ease.0.00mterial s
and methods Celll transfection Thelhuman 293H cells (ATCC) were-plated at a
densi t yMegariuceac |106 cel |s per 10 cm 20 dl-6heiln conpl ete nedi um ( DVEM
suppl emmnted with 2 mM L-glutam ne, penicillin (100 11U ), streptonycin

(100 [ FpNMfargeeMhOT E74 81 N (B26Fovigizzjona234. 25C 3%#ghml, | nviRandgen- Li f e
e-3a/-2b a Me-2b e-5b
Ky (nM) - - 40.8 24.0 >1000
kew (min-1) | 0.0002 + 0.057+ | <0.0001 <0.0001
0.003 0.006

Table I;: K, and k., of I-Crel for different C1234 DNA targets.
-Model of I-Cre I:C1234_Me full

To understand the inhibition of I-Cre I cleavage activity by CG methylation at a

5 molecular level, the 3D model of I-Cre I bound to the fully methylated C1234 (composed of
SEQ ID NO: 35 + SEQ ID NO: 38) was investigated. The complex I-Cre 1:C1234_Me full

was modeled using Pymol and 1-Cre 1:.C1234 structure (PDB ID, 1G9Y) as a template
(Figure 6). For the sake of clarity, “a” and “b” strands were colored in cyan and purple
respectively, methylated cytosines were displayed in VDW spheres and their 5’ methyl

10  moieties were highlighted either in pale cyan (C-6a and C-3a) or in pale purple (C-5b and C-
2b). From this model, it was found that methyl moieties of cytosines -5b and -2b were in
steric clash with Ile 24 and Valine 73 side chains respectively (figure 6B and 6C). These
steric clashes are very likely to impair the interaction between I-Cre I and C1234 and thus to
decrease the affinity for one another. Interestingly, these steric clashes were not observed

15  with the methylated cytosines -6a and -3a. Indeed, the methyl moiety of cytosine -3a pointed
toward the solvant and was free of any interaction with I-Cre 1 backbone, even with the
closest amino acids Arg 70 and Gly 71. Similarly, the methyl moiety of cytosine -6a didn’t
display any obvious clash with the closest amino acids Tyr 66 and Arg 68. Therefore, in

contrast to cytosines -5b and -2b, the presence of methyl moieties on cytosines -3a and -6a is
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Sci ence) and 10% FBS) suppl enented with 5-aza-deoxycytidine. The next day,
cells were WO 2012/001527PCT/1B2011/002196 transfected with 3[1g of
nmeganucl exeeoexpiesgsi on vector in the presence of 5-azagewApzyidaice and
Li po; ec% am ne 2000 transfection reagent (lnvitrogen) according to the
manuf acturer's protocol. -5-aza-2-deoxycytidine treatpent 5Cells were
pre-t r editlikglynia AmBaia Ahe detsiartgn ittﬁ%‘?-?nai/' > 7 &1214-1%5%64@5ﬁbvﬁf‘§n30é‘760r e

Ly anst eqhlQinPn bInbhRA ARG HIASIRY Thel aEfhe 48eARUIRPRIE CiDONG LA ON.

As a control, I_s_ not treate aza- 2- deoxycyti dine (NT) were used.
Ext r act inothybiiogenoividingddipavigsandendavagreattidBy hbliCse Bf t er transfection.
-Monitoring of DNA nmethylation by bisulfite treatnment and DNA sequenci ng

10To assess the e i . ir
%xatm 1& 4! fnﬂ%g%%%:&%ﬁéﬁlgﬁau J?F?%ﬁf;%wtﬁgﬁP@@r formed after a

bisulfite tréa nt according to I nstr manuf acturer (EZ
DNA gret higbatucleadeol d Kit, Zyno Research). After genom c DNA extraction, (t he
XPC4 target |ocus was anplified by PCR wth specific priners Fl .

5' - GTTGGTA TTAGT GA TTTGL3,: (4 15RL: -

S L CTT AR AL O AL o g2 b i P Atleadf et faBhn v of
sequenced di Kechlywids kts BFdcifRy DNARRigebXPCEBGGTATGT GTAGATTGTGTGTAYGGTGT G- 3
(SEQ ID NO 27) and R2: 5' - CTCCAAATCTTCTTTCTTCTCCCTATCC-3' (SEQ | D NO

28). -Monitoring of. anugl easesi nduced i Sy i

20A tergenoht STYRERs SRaErgaT HE Rpellh SHTHF SRl 1SR mRNIENSLID,

speci i guRAh B § héAnkasasbosRRB ity ONlapiges, o aagdedd orghilSleasquaned ng on

the 454 sequenci ng system (454 Life Sciences) F3. 5!-

%ﬁmﬁmmmwmgﬁmﬁ%@m% gene GES) Mo

an - 5'.-Bioti neTEG, %I (L CGEA! %@@@@A i

ATATAAdﬁm%' "(’%E@?‘i’ DmNé%{%T. LTS R G sing
recombinant XPC4 (SEQ ID NO: 2) and its natural target XPC4.1 containing either 0
methylated CG (composed of SEQ ID NO: 14 + SEQ ID NO: 15) or 4 methylated CGs at
positions -11a, -10b and +10a, +11b respectively (composed of SEQ ID NO: 16 + SEQ ID

15  NO: 17).

-Material and methods
-Cloning, overexpression and purification of XPC4

Cloning, overexpression and purification of XPC4 (SEQ ID NO: 2) were performed
according to the procedure described in example 3.
20 -Binding assay

To determine the affinity of XPC4 for its unmethylated and methylated specific target
XPC4.1, binding assays were performed according to the procedure described in example 3
using 5’end fluorescein-labeled unmethylated and fully methylated XPC4.1 oligonucleotides
(composed of SEQ ID NO: 14 + SEQ ID NO: 15 and SEQ ID NO: 16 + SEQ ID NO: 17,

25  respectively).
-In vitro cleavage assay

To investigate the influence of XPC4.1 methylation on the nuclease activity of XPC4,

in vitro single turn over cleavage assays were performed with either unmethylated (composed
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WD 2012/ 001527PCT/ 1 B2011/ 002196 5000 to 10 000 sequences per sanple were
anal yzed. Results 293H cells were transfected with XPC4 neganucl ease
or enpty weabmooise7pr esence or absence of 5-aza-2' deoxyegriiHzmepo2as t he
concentration of 0.2 or Ip.M 5In order to determ ne the nethylation status

of the two CpG notives present in the XPC4 target sequence enom ¢ DNA was
ext 1 act eESEQHD NPk s 1 W\ or metiied KPR (comaprmarnl SR Badid Bn a

chem cal. Sﬁiﬁ: OW 191 ?&\i}ﬂdgﬁ@g@hﬁﬁ"& £ %ﬁﬁb%_&%blecynverts unnet hyl at ed

cyt osi nes urac hylat ed cytosi nes remai n unchanged. DNA
was then anplified by PCR and sequenced. Exanples of sequences are shown in
Figure 9. InResulsthsence of 5-aza-2' deoxycytidine treatnent, no cytosine
conversi on was observed in XPC4 target sequence, showi ng that both CpG were

met hyl ated in,4hR ¥Adhe a?ri ty of the cells. After 5-aza-2' deoxycytidine
treatnment, we observed dual peaks in the chromatogram (Figure 9), show ng

that in the treated L1 | at | th G ld b th

et hyl at ec o PoieE B IRETERst B3 IrroItRe R AEACRCARA! BER P
15NO 24) sé&gicaWE r?ét I\SIWI@J[ NY Rt obiatiers cERtdniBhREs (10,) 2oPnrul 138 amd
total afte .2 andal AM of

5-aza-2' deoxycytidine, respectively. For the
ot her CpGnéhgBRGAXBTEACAGACKRGEF ACSA:; dgE@indd NOvirz) Flpprssegrergnisetopy of

unmet hyl ated C was ' e 0 35% and .45% af t er iy

5- aza- 2%%&‘3?89@8?&2’?*’6@ p%‘&pﬁ?xv 8 resqided iy gh%ip rer?t%t‘%t ?Q%}s&%aﬁ{ﬁ%g%gg%?s t he
XPCA Meg@RUCigase)i th theLaskOsMinftlR4te@ XPES! AQnposaisESEQYDAv@p]$e@BMCi ng.
The region of the locus was anplified by PCR to obtain a specific fragment
f | anked IDWQPSe, fluocesaernstanisotropiingrcdsedAnd e lewdedpr ptigiusHINgfOnggyratio
sequenci stem (454 Life Sciencas),.: |1 S [ ipgurie 10.
0. 20, 598 AP ChoH P A RS B T i S R e o
cel I s t mapgfsesdigbnohktatthe tEGhdegamilidraas eould bt heinadiseck8ef 1 nM (table
5-aza-2' deoxycytidine. In contrast, up to 7.6 A of nutations 25were
observedin sanples treated with 5-aza-2' deoxycytidi ne. Mitagenesis was | ow
or absent in cells transfected with enpty vector and treated with lof

S5-aza- 2' deoxm\gérhﬂxignﬁe fuffiyoHEBYIARN XPC4.1 (compoSilist SEQ IR@s0 oliseSEQUID N&: i n
t he presence of 5-aza-2' deoxycytidine, there is a very stron% i.ncre?se in
t he 16at & 7pf fnaresegeese shisotroRyuYarsh jcoidjag e | 108 semerpFtanR rang, C difsogiation

30i ncrease correl.ates. W th C l,atit r
181 b 2 0fMi eI ht@regits
Ther of oransti of s Bﬂ%“ﬁﬁﬂﬂ?‘%@f@‘z@%@?ﬁ%%oozl% (st
indicated that in these experimental conditions the affinity of XPC4 for fully methylated
XPC4.1 was slightly lower, although not significant, than for unmethylated XPC4.1.

-In vitro cleavage assay

20 To test the influence of XPC4.1 methylation on XPC4 cleavage activity, single turn
over cleavage assays were performed in vitro with unmethylated (composed of SEQ ID NO:
14 + SEQ ID NO: 15) or with fully methylated (composed of SEQ ID NO: 16 + SEQ ID NO:
17) forms of XPC4.1 as substrates as described in example 3. In the case of unmethylated
XPC4.1, results showed that the disappearance of XPC4.l substrate followed a
25  monoexponential behavior that was characteristic of a first order process (figure 8). The rate
constant of this process was determined to be k=0.078 + 0.01 min™ (table 1I). This indicated
that XPC4 efficiently cleaved XPC4.1 with a kea=0.078 = 0.01 min™. Interestingly, when
fully methylated XPC4.1 was assayed, a similar trend with ke estimated to be 0.1+ 0.01 min
I was observed, indicating that XPC4.1 methylation didn’t significantly inhibit the nuclease

30 activity of XPC4 (figure 8, table II) in our experimental conditions.
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concl uded that denethylation and stinulation of nutagenesis are associ ated
events, which both result fromthe presence of 5-aza-2'deoxycytidine. c)

| npact ofwei2Di¥Dis26n nut agenesi s i nduced by neganucl easeCTaBimvertidgat e t he
ef fect of DNA nethyl ati on on nmeganucl ease cI eavage, an 5 engi neered

meganucl eas al | ed XPC4 (SEQ.I D. NO ned t ve a. guence
5" - TCCAGATGHCSkEA SRS g“ts(%%e‘l‘éz 3“0&%72%\%‘? ﬁlr'f‘?tpﬂﬂ%'igg’r ma

Pi gnentRﬁauml@ef%ﬁbg&'aﬁt(a??@@thé"’él%a\lééégctw-[ R4 harget contains two CpG
nmotives, potentially nmethylated in céel he i npact of siRNA targeting the

DNA et hyItransferase DNMI1 gene on the met hyl ation profile of these two
CpG notives was neasured, as well as 10on the cl eavage efficiency of XPC4
target by the XPC4 neganucl ease. Materials and nmethods Cells transfection
The human 293H cells (ATCC) were plated at a density of 1.2 x 106 cells per
10 cm di sh |n conpl ete rredl um(DIVEM suppl enented with 2 nmM L-gl utam ne,
penicillin 8035+ )——streptomyein— tgfnt),—anphoteritin B

( Fongi zone: @eW“Flﬁf’?ﬁ, | nvitrogen-Life S?W%;e) and 10% FBS). The next
day, cells mere transfiected with 5ps of enpty vector—pGLSQ03{SEQ I D NO
65) and 1nM dPNBrimest si BRI cohpos&BCHt! “Mecturb of t99SPRNA DML 1

( ACGGTGCTCATGCTTACAACC, SEQ I D NO  66)11ahdOtDRMIL 2 ( COCAATGAGACTGACATCAAA,
SEQID NO 67) or with|si AS, a sj RNA déatildb with 20 no known hupan
target, usijng Lipofectam ne 2000 as transfection reagent (Invitrogen)
according to the manufpacturer's protocol_. The day|after & s were
re-platted pt Knédens|tyl082l. 2 x 106 128¢£¢ per 10 cm iﬁ ours after,
cell s were transfectedragarnm withInMor snM of siDNMILT or si_AS in
presence of| 31.1g of neganucl ease| expressi ng vector (pCLS2510; SEQ I D NO
68) and 2vg| of,,empiy) veaLors :B@.Oi’olﬂg of Oelﬂqﬁ(yl vect or ( SEQ®. ®®1NO 65), with
25Li pof ect amne 2000 -t ransfectionlreagent—Hnvitrogen—accordingto the
manuf¥ acturer's protocol. Mnitoring of DNA nethylation by bisulfite
treatment and DNA sequenci ng To assess the | evel DNA nethylation, DNA
sequenci ng was pﬁmﬁmmﬁid%oenmn'csuint'gmncwaeafmmcmmuimgetso t he
instructions of the manufacturer (EZ DNA net hyl ati on-

2012/ 001527P I B 011/ 002196 Id K t, bek A1 EasONA
extracti o) £ Ol "é’éﬁ'qﬁ@o CA?%F%‘? 523%&5{?%%&1& ﬁ sp % 9‘? °
prinmers Fl: l,5‘,1vga'I'TGGTATAGATTAGTCI;TTAGAGGTGTTTTG3 (SEQ I D NO 25) and
Rl: 5' - CTTAAAACCCCTAACAACCAAAACCTTACC -3' (SEQ ID NG 26). 5The PCR product
nas Sequencegl“odlmrveé\gtggla € Vt\%e efP r’g%r DNA methylation on meganuclease cleavage, an
10  engineered meganuclease called XPC4 (SEQ ID NO: 2) designed to cleave a DNA sequence
5 TCGAGATGTCACACAGAGGTACGA-3’ (SEQ ID NO: 24) present in the Xeroderma

Pigmentosum group C gene (XPC) was used. The XPC4 target is found in a relatively CpG

D

rich environment (with 23 CpG in 1 kb of surrounding sequence), and contains two CpG
motives. These CpG motives are potentially methylated in cells. The impact of a methylase
15  inhibitor on the methylation profile of these two CpG motives was measured, as well as on

the cleavage efficiency of XPC4 target by the XPC4 meganuclease.
-Materials and methods

-Cell transfection

The human 293H cells (ATCC) were plated at a density of 1.2 x 10° cells per 10 cm

20 dish in complete medium (DMEM supplemented with 2 mM L-glutamine, penicillin (100
[U/ml), streptomycin (100 pg/ml), amphotericin B (Fongizone: 0.25 pg/ml, Invitrogen-Life
Science) and 10% FBS) supplemented with 5-aza-deoxycytidine. The next day, cells were
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F2: 5' - GTGGGTATGIGTAGATTGIGTGTAYGGTIGIG 3' (SEQ I D NGO 27) and R2: 5'-
CTCCAAATCTTCTTTCTTCTCCCTATCC-3' (SEQ ID NGO 28). Monitoring of

meganucl eseesizmuzed nmut agenesi s by deep sequenci ng PCT/IBZf11/@021genOM C
DNA extraction, the XPC4 target |ocus was anplified with specific 10priners

fl anked by specific adap}at or needed for HTS se ue.nci}gl on the %5451
Sequendrwfeéz té‘fﬁh( 43;51& P fx@e@@iuélﬁésgsfxpressmn r_vgct g 1n t presence o -aza-

ggf‘-rac-rl;g&-[)%m g%m%@m%ewg%‘ &cokdirtd heNO.

5' - Bi ot maeifEREECT ATEBOCT GTGT GCCTTOGCAGT CTCAGGCTGGGCAT 15
ATATAAGGTGCTCAA-3' (SEQ ID NGO 30). 5,000 to 10,000 sequences per sanple

were anal yzed. . Respl LS. AR c&kheyere transfected with XPC4 neganucl ease
or enpty vec?oarzgiezfl&gﬁr zcs}énce o% s;énRNA targeting DNMI | gene or a si RNA

control, at the concentration of 1nMor 5nM 20ln order to deternine the

met Kyl ation Selit wereairetrgated wothoprazardeqxyedidineaidh PM OFHQ“MF@&M%{? Bere
sequenCﬁ?nS?gCﬂg Mafid %r%ﬁ W 4s Ei%el’ine%% S Eb &t {BotRinS Wsfd &ﬁtroﬁ'c%f Ite

treatnme SBaged "6 CRem cal reacti on O?ééodl umbisulfite wth t hat
conver t gotupereidhyiitat Bazacy-desiyresdina (N Tumaee usath dix¢astiorebhgbmined RN Aowahes
remain unchanged. DNA was then anplified by PCR and sequenced. Exanpl es of
sequencBgfyme §I§é\%rsiaﬁeﬁr@‘§?"énf& 251 n presence of si_AS, no cytosine
conversion was observed in XPC4 target sequence, showi ng that both CpG were

net hyl at ed i (Mbii®rinasif DA @fdtliplativh tyheisulflel teeatrdédrit end DNt séquendiop WO
2012/ 001527PCT/ 1 B2011/ 002196 with si _DNMI1, we observed dual peaks in the

h t Fi 1 i that | : | ion. th
P pG coul A0 oirehg e daPSr CBYRhr A b EEE o8, peRRRKUE AN, the
( TCGAGATFHEACACARGCTACR g BE@eliBsthidtiond)f theenantiucntreofEZIDNY mettai@dnC was
estimated to 20 and 30% of total after 1nM a

nd 5nM of A@@DNMTL 5 i
r espect Gobd Kit, ymae Researetdr AdPG geromnGRINGY cAtAteaadsT - 1aggeh) IPBINY2S 24)
t he anpunt ,.of , un hyl,at ed. stimated to 25 and 50% after 1nM and 5nM
oo BEPER Bk et

of si
F1: 5-GTTGGTATAGATTAGTGGTTAGAGGTGTTTTG-3" (SEQ ID NO: 25) and
15 R1: 5-CTTAAAACCCCTAACAACCAAAACCTTACC -3’ (SEQ ID NO: 26).
The PCR product was sequenced directly with primers:
F2: 5-GTGGGTATGTGTAGATTGTGTGTAYGGTGTG-3" (SEQ ID NO: 27) and
R2: 5’- CTCCAAATCTTCTTTCTTCTCCCTATCC-3’ (SEQ ID NO: 28).

-Monitoring of meganuclease-induced mutagenesis by deep sequencing

20 After genomic DNA extraction, the XPC4 target Jocus was amplified with specific
primers flanked by specific adaptator needed for HTS sequencing on the 454 sequencing

system (454 Life Sciences)

F3: 5’- CCATCTCATCCCTGCGTGTCTCCGACTCAGTGCCAAGAGGCAAGAA

AATGTGCAGC-3’ (SEQ ID NO: 29) and

25 R3: 5°-BiotineTEG/CCTATCCCCTGTGTGCCTTGGCAGTCTCAGGCTGGGCAT

ATATAAGGTGCTCAA-3’(SEQ ID NO: 30).
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The rate of mutations induced by the XPC4 neganucl ease in its cognate
target was measured by deep sequencing. The region of the |ocus was
anpl i fi edwbyoP@R1326 obtain a 10 specific fragnent fl ankedThp2mpewidd c
ggagtnat o; neRedeldtfor HTS sequenci ng on the 454 sequencing system (454 Life
iences). Results are presented in Table I|bis. 0.2-0.3%of PCR fragmen
carried a mi0Pitoh0 PRO seaveness PELTHIIOWREI MBYES cel | s transfected wi tg thfaS
XPC4 neganucl ease in the presence of non relevant siRNA (si_AS). In
contrast, uprésalty% of mutations were observed in sanples treated with
si _DNMr1. Mutagenesis was |ow or absent 15in cells transfected with enpty
vector and treated with 1 or 5nMof si DNMI1 (Table IIbis). Thus, it
was obser ved23hhcelisnwart trapsfestedhwith 0fP T RREanuslcats T righ RLANCEGAIN presence or

met hyl transf erase, there is,.a Ve [ 1 NGY e the rate of
mut agen‘ébssF%CCiorfg' & %Vx??%lélﬁri?cFtetégg%cﬁﬁt??'hoé‘?’%)?%?r 1t’Jhl\lﬂs i ncrease correl at es
with an actual denethylation of the XPC4 target. Therefore, it was

cong uded t hgt ,den®t fyéiih© hethethPRtiSP Sl TARE thvd CHO eroted pRE@I Yn eihance
its cl eavage by the XPC4 neganucl gase. Plasm d Si A(}g 1nMISi gs ?nK/In i DNMT1

1nM Si BRUF1tafgeMsdPeicaeggaons BARe voisexdpncied, gudqtrgated with }qis%g.waél ey

treatment is based on a chemical reaction of sodium bisulfite with DNA that converts
unmethylated cytosines into uracil whereas methylated cytosines remain unchanged. DNA
was then amplified by PCR and sequenced. Examples of sequences are shown in Figure 9. In

10  absence of 5-aza-2’deoxycytidine treatment, no cytosine conversion was observed in XPC4
target sequence, showing that both CpG were methylated in the vast majority of the cells.
After 5-aza-2’deoxycytidine treatment, we observed dual peaks in the chromatogram (Figure
9), showing that in the treated cell population, the two CpG could be methylated or
unmethylated. For one of the two CpG (TCGAGATGTCACACAGAGGTACGA; SEQ ID

15  NO: 24) the amount of unmethylated C was estimated to 25% and 36% of total after 0.2 and
1uM of 5-aza-2’deoxycytidine, respectively. For the other CpG
(TCGAGATGTCACACAGAGGTACGA; SEQ ID NO: 24) the amount of unmethylated C
was estimated to 35% and 45% after 0.2 and 1uM of 5-aza-2’deoxycytidine, respectively.

The rate of mutations induced by the XPC4 meganuclease in its cognate target was

20 measured by deep sequencing. The region of the locus was amplified by PCR to obtain a
specific fragment flanked by specific adaptator needed for HTS sequencing on the 454
sequencing system (454 Life Sciences). Results are presented in Figure 10. 0.2-0.5% of PCR
fragments carried a mutation in samples corresponding to cells transfected with the XPC4
meganuclease in the absence of 5-aza-2’deoxycytidine. In contrast, up to 7.6 % of mutations

25 were observed in samples treated with 5-aza-2’deoxycytidine. Mutagenesis was low or absent
in cells transfected with empty vector and treated with 1 pM of 5-aza-2’deoxycytidine

(Figure 10).

Thus, it was observed that in the presence of 5-aza-2’deoxycytidine, there is a very
strong increase in the rate of mutagenesis induced by meganuclease. Furthermore, this

30  increase correlates with an actual demethylation of the XPC4 target. Therefore, it was
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0.005 % 0.011 %0.022 A) 0.055 % Table Ilbis: Inpact of siRNAs targeting
DNMI1 gene on mnutagenesi s of XPC4 neganucl ease. d) Effect of

5- aza- deowpaytZmiszeé on gene targeting i nduced by nmeganueCeaB®1¥R249d n
25vivo at its endogenous |ocus. WD 2012/001527PCT/1B2011/ 002196 Cel |

culture as well as general transfection conditions were described in
" mat er i encludad weat smsthydasioni asd Bimylatian o) MYIRETRESISEBE aptcrteds Quapts, Yauih cel | s

were cogt §&§{tq%%%6§r%gn%\ﬁ%_ga_ﬁ%?ﬁmcI ease expressing vector or

enpty vector an repair IX. The DNA repair matrix consists
of a left and right arms corresponding to isogenic sequences 5of |kb
| ocat ed on bot IprctielssiBNM heonBiyiaggpestsiaduied bYgnigensiicasFt e. These two
honol ogy arns are separated by a heterol ogous fragnment of 29 bp (sequence:

AATT Thtet SEQNR MRthyidlon ThondaaicRasd to@nsgecd on,

cells were repllat ed in 10cmdish. Two weeks | ater, individual clones were
pi cked enginestdvsmegranclegseaniied KPEd (SEQID N 23 dpsigieddo lpavaa YA sequspee

i ndivid I C hen | wzed. i:1i00;

extr act § SRCEASBLPTSARAL ReAY TR G S5 SRR B RBRE pie ot b B xetome
accor di pgrietdshe GURPId &neXPYtwsalsed The HeCeakigencataihatgeUpd DMvesat ri x
integrations was performed by specific PCR anplification, usi t he. priners:
xpc4_F4pot5nualmAﬂ%m@@@e@G@mmct 0B 51 RS rEEHngcy GAH_T)‘A(TPB‘gg‘E@aS B%i n

t he 29 het er o i B a9 - 15
GATCATA%%M %ﬁ%ﬁt?ﬁy&?ﬁ%&fttg Ecgﬁgt %%%%ass@gﬁgﬁg?g%ut si de of
t heidoneh agydedv SR tiBeNS o ZIRPC4 tdigat blyttse XPC4 meparudiease of gene insertion
events induced by the XPC4 neganucl ease at its cognate target was

quantified by, measuri,.n he ratio of PCR product carrying
i nsertion/ dex/@tt?r@if%rg?}é%(ﬁs usi ng a PCR-sequencing strategy as descri bed

in material and nethods. As shown in figure 11, cells popul ation treated
with 5-aza- 2CdBotwyrosfdctidnne (0. 211M exhi bits higher rate of gene insertion
events when co-transfected with the neganucl ease expression vector and the

repair matrisp,y@ahah -29&1@‘%%59(/\?@@) ARA! Maled 20h defdiyvorduab WEIckNd pér 10 anes

for targeted event revealed that in absence of 5-aza-2'deoxycyti dine,
t ar get edishviandosnpteranedien dENEMe shippteniends! wih 2 ;M 4--glhytyingf pnp@llin (100

transfected cells, while this frequency.. i e 1 % ACHiBEh-1Ze 5%
B L R L
i nhi bi t Qienbd) SRNTEASERSYNTHeHSLlRSA_QNBNESreaubfiche wieh Spped émpabsence of
meganucl ease 'wth or w t'hout 5-aza-2' deoxycytidine treat r(’ier}l "
pCLS003 (SEQ ID NO: 65) and 1nM or 5nM o si. DNMTI composed of mixture of two
siRNA DNMTI1 1 (ACGGTGCTCATGCTTACAACC, SEQ ID NO: 66) and DNMTI1 2
(CCCAATGAGACTGACATCAAA, SEQ ID NO: 67) or with si_AS, a siRNA control with
20 no known human target, using Lipofectamine 2000 as transfection reagent (Invitrogen)
according to the manufacturer’s protocol. The day after, cells were re-platted at the density of
1.2 x 10° cells per 10 cm. 24 hours after, cells were transfected again with 1nM or 5nM of
siDNMT1 or si_AS in presence of 3pg of meganuclease expressing vector (pCLS2510; SEQ
ID NO: 68) and 2ug of empty vector or Sug of empty vector (SEQ ID NO: 65), with

25  Lipofectamine 2000 transfection reagent (Invitrogen) according to the manufacturer’s

protocol.

Monitoring of DNA methylation by bisulfite treatment and DNA sequencing

To assess the level DNA methylation, DNA sequencing was performed after a

bisulfite treatment according to the instructions of the manufacturer (EZ DNA methylation-
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Thus, it was observed that treatnment of the cell population with a DNA

nmet hyl ati on 30i nhi bitor decreases the overall percentage of nethylated CpG
wi t hi n t woXPQMonganucl ease target. Mreover, the effi ecenByiobozide
meganucl ease is significantly increased in presence of WD

2012/ 001527PCT/ 1 B2011/ 002196 5-aza-2' deoxycyti di ne as_shown by the increase
of cel | GaldnBéts ZymonRiesdarahar jder geraraist BN gkiractign, the XPC4 targeploghs| wass:

Influen&% ﬁ%eéayﬁgﬁigﬂ%{%%%ggphgwxjtro and in vivo on ADCY9 5 neganucl ease

a) | nf | HTeREEo on on the binding affinity and nucl ease
activity in vitro of engi neered neganucl ease ADCY9 towards its specific DNA

target ADCYOFL 5-GTTGGEATHNGABFACIVESITAGNE G HTETTE (SEQORANRe£hyangdt i on

on the binding affinity and nucl ease activity of a meganucl ease for its DNA

target, an epgiNeeresAMRIanCCTRATEA AelRA ARCADCXT S ReeSEQIBING: t@si gned to
cl eave adenyl ate cyclase 9 gene was used. For that purpose, in vitro

bi ndi ng and c| eavage assays were grfoLned%usin _reconbi nant ADCY9 (SEQ I D
NO B8) and iTBGRQBGF%FWEH?bgﬂuﬂﬁﬁg IrgCtyoMiA PHMSG: ei t her 0 nethyl ated CG
(conposed of SEQID NGO 18 + SEQ ID NO 19) or 2 nethylated CGs at

posi tions -3gy: 5 BTGCEIPEGTEEAGATRGPOTEd A0f GSEQTIAB NSEQD NCBRQ) kil NO
21). 15-Materials and nethods -C oning, overexpression and purification of

ADCY9 DCY | . /r d purified,
accordi ng toRéﬁg'%Fgggg%ﬁitﬁﬁkgaﬁéﬁgﬁ§ﬁgggggﬂgg%?i§%%;§2§?g2%? - Bi ndi ng
assay 20To determne the affinity of ADCY9 for its unnethylated and

met hyl at ed spkaitbiiog dfnggnudb@¢dndycedimdagegeas bugecpisaeensiief or med accor di ng
to the procedure described in exanple 3 using 5 end fluorescein |abel ed

thyl at ed S | 1 ed
ADCY. 1. of | gANGE PERTTIN A ecuh s M8 PR S0 A R i s 1

Viti® chaméagfami@dayy specific daptanvesteighfe HAS senhidngmgcen dfc ABCyejugncing
met hyl ati on on the nucl ease activity of ADCY9, in vitro single turn over
cl eavag8y%as &34 Ligs eCipRseilor ned wit h™ ei t her unnet hyl at ed

F3: 5°- CCATCTCATCCCTGCGTGTCTCCGACTCAGTGCCAAGAGGCAAGAA
AATGTGCAGC-3’ (SEQ ID NO: 29) and

R3: 5’-BiotineTEG/CCTATCCCCTGTGTGCCTTGGCAGTCTCAGGCTGGGCAT

15  ATATAAGGTGCTCAA-3’(SEQ ID NO: 30).
5,000 to 10,000 sequences per sample were analyzed.

Results

293H cells were transfected with XPC4 meganuclease or empty vector in presence of

siRNA targeting DNMT! gene or a siRNA control, at the concentration of 1nM or 5nM.

20 In order to determine the methylation status of the two CpG motives present in the
XPC4 target sequence, genomic DNA was extracted, and treated with bisulfite. Bisulfite
treatment is based on a chemical reaction of sodium bisulfite with DNA that converts
unmethylated cytosines into uracil whereas methylated cytosines remain unchanged. DNA
was then amplified by PCR and sequenced. Examples of sequences are shown in Figure 15.

25 In presence of si_AS, no cytosine conversion was observed in XPC4 target sequence,

showing that both CpG were methylated in the vast majority of the cells. After transfection
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WD 2012/ 001527PCT/ 1 B2011/ 002196 (conposed of SEQ ID NO 18 + SEQ ID NO 19)
or nethylated ADCY9.1 (conposed of SEQ ID NGO 20 + SEQ ID NO 21) according
to the prwoedwmwiztescri bed in exanple 3. -Results To i neestBzai/e02t$ve

i nfluence of DNA nethylation on the binding affinity of ADCYQ 5 for its DNA
target (ADCY9.1), the dissociation constant values (1Q for nethylated and
unnet hyWith st DABAYY, wewabservednm phgksande erramatagram (Figicol S hesrieg teh e

ani sot r f I tlaRe! PaSmERGRIASFod dheldTeh

o csencietiedied eri BaFRER ARG GHO OatY Be b MG of Rmb GRS or hel e
unmet hytvat ethAOTYLAGATIAQTE A AEACEA GOTaGIG AP W HQ clibe d¥@d 2andthe hanotrdvel ed up
at saturating caoncentration of ADCY9 hi s trer S nsi s tL-wth a
bi ndi nguvéa?}h)%?t?fiiQurW%eﬁtSkA%‘éWdABéﬂ?ga“Qn%P"%lﬁé\P@‘% ?é%h@%?@ggﬁtoféhﬁ@#JWant of
thi s bi pdi Uidd RE ol €96 Erdiea 6atiaEt RIATCAGREGTECGM SEQ ID N8 mij ar l y,
Wi t?\s fu %&%?ﬁyfm ed 0ADC%%. 16,* fluorescence anisotropy incr egsed and t hen

| evel edtheparaburs a¢funamethylatdn€ewes astimatedf toADCYOd FVheafter | 11V uande Seldnet

ani sot ropﬁ \ﬁ,{igati on.€§étern was signoidal. The apparent could be estimated
to 431389-HMMAILFRPSEYSSul ts indicated that the affinity of ADCY9 for

met hyl ated ADCY9.1 was significantly [ower than for unnethyl ated ADCY9. 1.
Therefore, F ot RfondRA(Red by 8¢ KPEAUIMEEMudibhidenintits dopnatBRrydt wad n
vitro cl eavggfé@gdstggl é togst thg i gfl uence ongDCYQ. 1 et h(%:hati on on ADCY9
cl eavagmeaquréd/ by yces kerglencig® The regmnesf thedassgeasagspliicdiey & CFeid 8PEd i n

vitro with unnet hyl aje onpos of, [D NO 1 W th
ful 1§ n’éﬁeﬁ}f}u"aggamg% b@q@%%&w‘?@c (’%%’i%%s 886‘%'? @E%[T%§E@e%§8§%réé%) I4%£ NO.
21) as ghRRhdiR §5st@R (465 lifebSdeddes)ranlleard. prédentadeinChstte ofbiunnBOhyt at ed
ADCY9. 1, our results showed that the di sappearance of ADCY9.1 subs#r Ete
fol | oweBCR frogroentp samiedi amussivavinoyammes: COESPORIMGE &plisstrprseptedy with, 8¢
order p ss. The rat.e 25 co 0] .S C i o, Qrbe
e=o0- 057 6 omaeaRer L (i prEa: Bhhor el RRATEE B IPR, Rl R b e
t hat ADGYRatfhf weh@otseived i@ aumaslcARENYA Withist IDNMIE alvtaag0Bcdis Was00w griabsdnt | n
stark contrast, when fully nethylated A Y%bﬁ V\?:‘Ma sa}sm Tz sbgbﬁérs te
di sappeéar eqlisdrapsfscios sathveapty v egerrandirsated Wit oY 08 §)- A AT TBiSioyr s
of reaction length (data not shown). This result indicated that ADCY9.1
met hyl ation tghal by Jhiobidrest ttha 30 mychrsarecacti siRNA ofrgeDaY9the VADIA
2012/ 001527PCT/ 1 B2011/ 002196 Taken t oget her t?ese results sh(g\eled
that netmthdtransferase, ADOYIS B ¥ery poongipeisasean the iy ot puiagepesss fWEed O he
cl eavage acti vit f A . qThe: S I IcBlaf e mwiny ThtibReot the
concl usi“ber%mbﬁ\'{%ﬂﬁ%' Fﬁr&é%[(r)la%%%’ etﬁg i ree?% F(%&e\?\%\é@f“g%glm? ﬁ{;{a met hyltyati on of

cyt osi nexpEh tdrphti IheRebre) #avageonehidedithyt demedthyCrteon] of the XPC4 target in vivo

20  strongly enhance its cleavage by the XPC4 meganuclease.

Plasmid Si_AS InM Si_AS 5nM Si DNMT1 InM | Si_DNMT1 5nM
XPC4 0.3 % 02% 4.8 % 7.6 %
meganuclease
Empty vector 0.005 % 0.011 % 0.022 % 0.055 %

Table Ilbis: Impact of siRNAs targeting DNMTI1 gene on mutagenesis of XPC4

meganuclease.

d) Effect of S-aza-deoxycytidine on gene targeting induced by meganuclease XPC4 in

25 vivo at its endogenous locus.
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Meganucl ease ADCY9 DNA target ADCY9.1 ADCY9.1 Me -3a/-2b Random Kd (nM 190
19 43130 >1000 (min-1) 0.057 + 0.001 <0.0001 <0.0001 5 Table IIl: Kd and
kat of ADGY20mamasracl ease for ADCY9.1 DNA targets. PCT/IB2011/002196

Cell culture as well as general transfection conditions were described in “material and
methods” section of part b) above. For this assay, 293H cells were co-transfected with 3 g
of XPC4 meganuclease expressing vector or empty vector and 2 pg of DNA repair matrix.
The DNA repair matrix consists of a left and right arms corresponding to isogenic sequences

5  of 1kb located on both sides of the meganuclease recognition site. These two homology arms
are  separated by a  heterologous  fragment of 29  bp  (sequence:
AATTGCGGCCGCGGTCCGGCGCGCCTTAA, SEQ ID NO: 64). Two days post-
transfection, cells were replated in 10cm dish. Two weeks later, individual clones were
picked and subsequently amplified in 96 wells plates for 3 days. 480 individual cellular

10  clones were then analyzed per condition. DNA extraction was performed with the ZR-96
genomic DNA kit (Zymo research) according to the supplier’s protocol. The detection of
targeted DNA matrix integrations was performed by specific PCR amplification using the
primers: XPC4_F4: 5’- TTAAGGCGCGCCGGACCGCGGC - 3’ (SEQ ID NO: 41) (located
within the 29 bp of heterologous sequence, i.e. SEQ ID NO: 64) and XPC4_R4: 5-

15  GATCATATCGTTGGGTTACGTCCCTG -3° (located on the genomic sequence outside of
the homology) (SEQ ID NO: 42).

-Results

The rate of gene insertion events induced by the XPC4 meganuclease at its cognate

target was quantified by measuring the ratio of PCR product carrying insertion/deletion

20  events using a PCR-sequencing strategy as described in material and methods. As shown in
figure 11, cells population treated with 5-aza-2’deoxycytidine (0.2uM) exhibits higher rate of

gene insertion events when co-transfected with the meganuclease expression vector and the
repair matrix vector. Indeed, the analysis of individual cellular clones for targeted event
revealed that in absence of 5-aza-2’deoxycytidine, targeted events could be detected in 1.05

25 % +0.34 (n=2) of the transfected cells, while this frequency increases 12 fold reaching
12.5% +0.26 (n=2) when the cell population was treated with the same DNA methylase
inhibitor. In contrast, no targeted events could be detected in absence of meganuclease with

or without 5-aza-2’deoxycytidine treatment.

Thus, it was observed that treatment of the cell population with a DNA methylation
30 inhibitor decreases the overall percentage of methylated CpG within the XPC4 meganuclease

target. Moreover, the efficiency of the meganuclease is significantly increased in presence of
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b) Effect of 5-aza-deoxycytidine on the cleavage efficiency induced by
nmeganucl ease ADCY9 in vivo and on gene targeting at its endogenous |locus In
t hi s exampbepizdoes2rnpact of the DNA nmet hyl ation in vivopPeagBimyvertidgat ed on
the 10 nmeganucl ease activity at endogenous |ocus. The ADCY9 target is in a
CpGrich locus, with 61 CpGin 1 kb of surroundi ng sequence, and contains
one CpGea? deonysyddiap@sndorp by thsotngiseseapl yelhapy CRiR TP e SYES

engi nee(?&grrg@ganucl ease called ADCY9 was used for these experinents. This
meganucl ease was designed to cl eave the DNA sequence 5'-
CCCAGATGTCGTACAGCACCTTGG 3" (SEQ ID NO 18) present in the human adenyl ate
15 cyclase 9 gene nRNA (NM 001116.2). The DNA target contains 1 CpG notif
that appears to be nethylated in human 293H cell line. The inpact of a

met hyl ase i npihhj1e5: MleRE N £ thdthylath mRaremidyhaid @nApOafa [ e of this
CoG notif, and (ii) on the efficiency of the neganucl ease to pronote

DSB-5 ndmegahuglepstgenesi s. Mat eri al s and net hods 20Cel |
transfection The human 293H cells (ATCC) were plated at a density of

1.2 x 106 gelifeR&l of BN &b ARiddorcMEBlRAS; dradity Bhd FRMsS vaRkigTR AR th 2
mM L-glutamne, penicillin (100 U mM), streptonycin (100 1.1g/ntl),

anphot eri ci nem@ifdenrignegmecle@e 28D AYP navyardpits spesgerDNAftargst A \89)-1 and 10%
FBS) . The cells were pre-treated with 5-aza-deoxycytidine at 0.2 [tMor 1
VO 2012/ 0015 {R{sk)d B0 %n%@:f&M o HNRURSHDRIIOR Dnt thanshaag i PAni@ndnd he

{22
treatment was mal ntail né%/g48 ours posttransfection. The medi umwas changed
every dayclesshactiaty of aeregartuckeases foc tite dNAL thrg8t ah gneine iR msizanyalesse appedi ng

meganucl ease_ usi i pof.ectam ne 2000 transfect, on i )

Teoa s AP0 v e PR BRI B PENBR P e WERBRIY pRLMLbIBOER)
status }'r{‘vi%%?’l')'fnai‘r@%d%éalvﬁge assays wereepepfodBed usiagascomstindnt EDICa (Bkanjide 4
was followed to assess the | evel of nmet hyl ati on, except thg%jg(ge ed

speci f i NQr3) med #s haumhpirgdtARGE9 d cgniainieg sithar Supeibyated £ atserypo ease

recogniti si.te LRI S, 9 F \eer TALTY GilPEQ 1 D
o 43) BnRoAnTs SEQ T8 B e FT SR AT SE0 T RO 44y wer 6
used. P &édl&ﬁ%gﬂnm@eﬂues@@dlmmeeu).y with prinmer ADCY9 F2
GAGTTYGITAAGGAGATGATGYGYGTGGTGG (SEQ | D NO. 45). Meganucl ease-i nduced

mut agenesi s assay. 15The efficiency of the neganucl ease to pronote

nut agenesi s ;}/Iaf%gllsélﬂagb%hoé%s recognition site was eval uated by sequenci ng
t he DNA surroundi ng the neganucl ease cl eavage site. Two days

post - t r ansf ecCloaing, genenyiressDNAndpsrifsatioact dPCPBONg of genoni ¢ DNA were
used to anplify (PCR anplification) the endogenous |ocus surrounding the 20
nmeganucl ease ' P hdd ' ' a0 fkifed, ieoriMg@iontha

f ragnent f|arﬁi‘%§?g3g§8§£@ ﬁ% %%F@Fhésdégﬁgﬂﬁgggb%g%aptﬁgr A g

5' - CCATGI§ATGESPFGLEICECBACNNERRBPIeBSEQ | D NO 46) and adaptor B, 5'-
CCTAT GIGTGCCTTGGCAGICTCAG 3" (SEQ ID NO 47)] provided by the conpany
of fering sequgn i'rgg?ﬁssewi ce (GATC Biotech AG GCermany) on the 454

sequenci ng 25 v@f f’%/54 Life Sciences). The prinmers sequences used for PCR

anplification were: ) .
20 To determine the affinity of ADCY9 for its unmethylated and methylated specific

target ADCY9.1, binding assays were performed according to the procedure described in
example 3 using 5’end fluorescein labeled unmethylated (composed of SEQ ID NO: 18 +
SEQ ID NO: 19) and methylated ADCY?9.1 oligonucleotides (composed of SEQ ID NO: 20 +

SEQ ID NO: 21).
25 -In vitro cleavage assay

To investigate the influence of ADCY9.1 methylation on the nuclease activity of

ADCYO, in vitro single turn over cleavage assays were performed with either unmethylated
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ADCY9 F3:5' - CCATCTCATCCCTGCGTGICTCCGACTCAG NNNN-  ACAGCAGCATCGAGAAGATC- 3
(SEQ I D NO 48) and ADCY9_R3: 5'-

CCTATCCCOVORERABET GGCAGT CTCAG- ATGCTGCCATCCACCTGGACG - 3'PCISBR11/M2NG  49) .
Sequences specific to the |l ocus are underlined. The sequence NNNN in
30prinmer FlI is a Barcode sequence (Tag) needed to |ink the sequence \(/)vtLth a

PCR pr ofqewosephef SK@ IPoNe): 0§155F IN20E) aopetdElajsd, L RAYEgk (Wmnogsd
f € oW / : .
| SoT as BGIPLNY, 26 - SHRFID MY 29) oGt [ bro BB BORRUE] A B ey 1 ©

pathway in a cell population, and therefore correlates with the
meganucl ease actiResyltsat its endogenous recognition site. 5000 to 10000
sequences were anal yzed per conditions. 5Meganucl ease-i nduced gene
targeting ass@ynvestigate Rl ihflGeHck WFHRA M&hlaBén 86 MRS BindingaifBhiecbi AMCY9
conditions were described in Exanple 4. For this assay, 293H cells were
co- t¥ anffreits @@JMtargeﬁ(Al@@Yaﬂ)A@@%sm@%@p@a% @kwed%? ey wetyhtedyaed 2

1l.tg of r i riX..T, j riX. CORSI - d
i ot CapiRelnyERAARES o i HIEGERA fE DRlchliBh U SR BRI S dlisofoby B
si des oflyblesceienidaled | ABSTIN0duRe0 gk treaidal tretheThresace wh iloemsimpgymants ar e

separated by a heterol ogous fragnent of 29 bp (seguence: .

MTTW@&%@&G%Cﬁ%&?S@SE@ yimaieylated) Abﬁk@-haﬁgorﬁa@m rARHOHBRY i on,
¥ | . : . el

cel s Wl Gﬁarg%ﬁag% qﬁ’erf[ %ﬁ%%???gétu%ﬁﬂémﬁttﬁgﬁr%f Wiy dpgl ;ﬁllttgxglgﬁlay\’ere

pi cked an sequen ate for 3 days. 480
i ndiyi doadsistelt | wiklara sindingsequiiteivinh éatvareal AREY Spend MY PiloThe Dhgsoextipact i on

was performed with the ZR- 96 genoni.¢ 15.DNA Ki esearch) according
to the §epsnt af this tﬁP%‘P&@B‘I“&"TWB Calél@g’@t%ﬂaf&f‘ Q L?é,%%fg‘éw matri x
integrations was perfornmed by specific PCR anplification using the priners
ADCY9 F4: 5" SinliTARCHKECH ACOGEEEA DAY 9 (s leofebtanct antsheroi29 ingpeaséd and
het er ol ogous sequence) (SEQ ID NO 50) g/gﬁ }EH R4: 5. - .

TACGAGT tTEAAEebesh GOt Tautatng ¢aisertiation qf, C@@ﬁ WEEVER FIRORESE IS HYOH OBt si de
20 of the. . i d to 4he3HR&Y9 t ar get
recogni S’ggﬂg)ﬁaﬁg%e%{%}%‘é@g .%gﬁ}&rzl igé’ga?gﬂetg?tggatgne CG di nucl eot i des
sequence (CpG which could potentially contains a_ nethylated sjne (5'-
CCCABATGTCGT AtaeorstisTadicatedshas thy afbnity @f ARG fr gm Yl@ﬁg %@% {at‘”iaén 25
status by hisulfite t j t 9 i SRty gf rEsdyd at ed
in the ﬁé@ﬁlwégﬁl)( l%%guﬁgg%)ﬁ{@ﬁgtp 9‘%3 Igtﬁga{i]ggp,@%?ﬂ%?’ﬁeat rrtgﬁ{ of the cell
popul at idecreidet s @ffhignfdr ADKM @f 5- aza-2' - deoxycytidine reduced to 40%the
anount of nethylated CoG within the sane DNA target. Mor eover, the
rate of nutagenesis,induced by the ADCY9 neganucl ease at its 30cognate
target was qu n‘f’ﬁr?f:{eeavw edsuri ng the ratio of PCR product carrying

To test the influence of ADCY9.1 methylation on ADCY?9 cleavage activity, single

20  turn over cleavage assays were performed in vitro with unmethylated (composed of SEQ ID
NO: 18 + SEQ ID NO: 19) or with fully methylated forms of ADCY?9.1 (composed of SEQ

ID NO: 20 + SEQ ID NO: 21) as substrates as described in example 3. In the case of
unmethylated ADCY9.1, our results showed that the disappearance of ADCY9.1 substrate
followed a monoexponential behavior that was characteristic of a first order process. The rate

25  constant of this process was determined to be k=0.057 + 0.001 min”' (figure 13, open circles,
table III). This indicated that ADCY9 efficiently cleaved ADCY9.1 with a kea=0.057 + 0.001
min”'. In stark contrast, when fully methylated ADCY9.1 was assayed, no substrate
disappearance was observed (figure 13, filled circles) even after 5 hours of reaction length

(data not shown). This result indicated that ADCY9.1 methylation totally inhibited the

30 nuclease activity of ADCY9.
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insertion/deletion events using a PCR-sequencing strategy as described in
material and WO 2012/001527PCT/1B2011/ 002196 net hods. As shown in table
IV, when wbeordioiszpopul ati on was transfected with the ARPCrasmeyertued ease
expression vector, 0.16%0.06 (n=2) of the PCR fragnents carried a nutation
I n absence of 5-aza-2'-deoxycytidine treatnent, In contrast, up to 0.48%

0.01 (n=2) ofaknanttagqthsrstheessrestseshprad that setipilation: ofeBPEd vl %tiposi%ons -3a, -

5-aza- 2! Ldi i oA i _
o 2l S LB RGP BRI, BB FRBL Y LR, 3t e e
2' deoxy eytidlhioie drdvagarixameisewherk litvis Bund MaflmethyMtion of ARGNBe RblEMDIted*

0.48% 0, 01* 0.36 .
cleavage activity of [-Cre L.

Meganuclease ADCY9

DNA target ADCY?9.1 ADCY9.1 Me Random
-3a/-2b

Ky (nM) 190+ 19 431+30 >1000

kear (min-1) 0.057 + 0.001 <0.0001 <0.0001

Table I1I: K4 and ke, of ADCY9 meganuclease for ADCY9.1 DNA targets.

b) Effect of 5-aza-deoxycytidine on the cleavage efficiency induced by meganuclease

ADCY?9 in vivo and on gene targeting at its endogenous locus

In this example, the impact of the DNA methylation in vivo was investigated on the

10  meganuclease activity at endogenous locus. The ADCY?9 target is in a CpG rich locus, with
61 CpG in 1 kb of surrounding sequence, and contains one CpG motif. This CpG motif is
potentially methylated in cells. The engineered meganuclease called ADCY9 was used for
these experiments. This meganuclease was designed to cleave the DNA sequence 5’-
CCCAGATGTCGTACAGCAGCTTGG-3’ (SEQ ID NO: 18) present in the human adenylate

15  cyclase 9 gene mRNA (NM_001116.2). The DNA target contains 1 CpG motif that appears
to be methylated in human 293H cell line. The impact of a methylase inhibitor was evaluated

(i) on the methylation profile of this CpG motif, and (i) on the efficiency of the

meganuclease to promote DSB-induced mutagenesis.
Materials and methods
20 Cell transfection

The human 293H cells (ATCC) were plated at a density of 1.2 x 10° cells per 10 ¢cm
dish in complete medium (DMEM supplemented with 2 mM L-glutamine, penicillin (100
IU/ml), streptomycin (100 pg/ml), amphotericin B (Fongizone: 0.25 ug/ml, Invitrogen-Life
Science) and 10% FBS) . The cells were pre-treated with 5-aza-deoxycytidine at 0.2 pM or |
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Enpty vector 0.02 0.03 0.03 Table I'V: Inpact of 5-aza-2'-deoxycytidine on
nmut agenesi s i nduced by ADCY9 neganucl ease at its recognition site (*, from
2 i ndepemsionbi2pop®2ri nents). 10Simlarly, as shown in fi garaBiodjowedd s

popul ation treated with 5-aza-2' deoxycytidine (O. 211M exhi bits higher rate

of gene jpsertion events wh co-tra sf cted wth the rre nyclh ease

expressi‘M}u Z\%J}OBFS § g)r‘f Héanrséﬁté‘?’} gt he g%‘@teﬁﬁ' WaISnH’é‘H’&am 4% Ir‘?gﬁlrﬁsP%Stof
i ndi vi dyalsreabh UTRY meliRAe “ﬂ‘a@rch&x?geaeetv@@ &¥eNtherRUE N tﬁaﬂﬁ*ectw watissncer of
5-aza-2' deoxycytidine, targeted events could be detected in 0.70 A 0.14

(n=2) oPNfhelasmids feacedinl gatgasuclogse| wsingilgpafsctamineg 38M yiranseetiens aeageng f ol d

reachi n 3 37‘V 0. 6()@ & I iev\r@gnr& 1 uerercelrlOt c8PU| ation was treated with the
same ﬁg% 13 ﬁl% con no targeted events coul d be

det ect ed |n absence of meganucl ease vvlth or without 5-aza-2' deoxycyti di ne
treaiment. Monitorfiigthe DY A aatiiationfstatheind®BH Ipopuml cetls.on with a DNA
met hyl ation inhibitor decreases the overall percentage of methylated CpG

within the Ap 8@3@&9? Yelieasided M @‘iamgfgbllf QY 5HovAQ tof Li8es8fthd EvBNGYDRIA t he

meganucl ease i s significantly 1Increas presence of 5-aza?2' deoxycyti di ne
as showmetiyldtioe, xvepedne wef usei tshevifi¢ peimeat ® mhpilfydﬁhc%qmmlcagwm@mdgd thg t her

the fre uenc of cells in which targeted events occuyred,. Tog th t he
invitr sho RS8N HEC et hJF%&glgglr?nl nhi b?I{s bi ndilig and cl e[g\ejgay of the

ADCY9 tm%GWTA@@AAP@&%A@gmmwﬁ%GA@wEQam sbowhatd mpdydati on of
the ADCY9 target in vivo inpaired the 25meganucl ease activity at its

endt@en OGS TFRAGATTCHC RATECCTETN EANGCi (RER RN Qt44) e use R products

2012/ 001527PCT/ 1 B2011/ 002196 Howe t he [jeat ment the cel] tf drugs
that abdifsh or JFEBYESE ;@{%ﬁr‘/au on s"{rongl y e‘hﬁénces its E?}Q@ngcy

Exanpl eG@;GTVP?Gwh&m@nmpbr@@rc&@z@TszWmtIDcN@e45joes not affect
meganucl ease- i nduced gene targeting in absence of nethylated CpG

di nucleotides within its DNA target. 5Iln this exanple, the inpact of the
DNA net hyl ation in vivo on the neganucl ease

Meganuclease-induced mutagenesis assay

15 The efficiency of the meganuclease to promote mutagenesis at its endogenous
recognition site was evaluated by sequencing the DNA surrounding the meganuclease

cleavage site.

Two days post-transfection, genomic DNA was extracted. 200ng of genomic DNA

were used to amplify (PCR amplification) the endogenous locus surrounding the

20 meganuclease cleavage site. PCR amplification is performed to obtain a fragment flanked by
specific adaptor sequences [adaptor A: 5’-CCATCTCATCCCTGCGTGTCTCCGAC-
NNNN-3’ (SEQ ID NO: 46) and adaptor B, 5’-
CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-3’ (SEQ ID NO: 47)] provided by the
company offering sequencing service (GATC Biotech AG, Germany) on the 454 sequencing

25  system (454 Life Sciences). The primers sequences used for PCR amplification were:

ADCY9 F3: 5.CCATCTCATCCCTGCGTGTCTCCGACTCAG-NNNN-
ACAGCAGCATCGAGAAGATC-3> (SEQ ID NO: 48) and ADCY9 R3: 5'-
CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-ATGCTGCCATCCACCTGGACG -3’
(SEQ ID NO: 49). Sequences specific to the locus are underlined. The sequence NNNN in
30  primer F1 is a Barcode sequence (Tag) needed to link the sequence with a PCR product. The
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activity at endogenous |ocus was investigated. The engineered neganucl eases
called RAG (Single chain, SEQ ID NO 61) and CAPNSl1 (heterodinmer, SEQ ID
NO 62 +8BQui2boN27 63) were used for these experinentsPCThBER1/002196
geg_?_q_gl g_?_ses wer e desi gned to cl eave the DNA sequence
' TCTCAGGTACCT CAGCCAGC- 3 SEQ ID NO., 52 sents in 10 huna

ot hgin b B 8

RAGL g?ﬁi)cjm g’&%f@&malf\fa CRIRYNG INSEFHRN Y dely ﬁ“&wﬁea SCarpAeh U |
subuni
53), relspe}:a?‘?j\r;%t NW%% ﬁbgygeeﬁ%oes not cont ai n%G di nﬁdcﬂll\got fadié@emo

S e;:] ue 3 c pospﬂatmnCﬁHaNSﬂheteimgetorwatﬁal with 3hCpmeganpalease sacsivie ddfeds | dagaecs
i slan ince this t he 5' hi ghl
one. canroBoLABSHS 800 hia UoB0Red Epe e mbre e il s The Trpact of o

nmet hyl ase inhibitor was evaluated on the efficiency of the neganuclease to
pronbt e DSB- Muganetkaseiralgeetegins tarietirgrassdys and nmet hods Cel | transfection
The human 293H cells (ATCC) were plated at a density of 1.2 x 106 cells per

10 cm 20 di S?BBQP@?%SSLQ g? nlépal (t%%(gp n?m%% %ré’“dt:&rlgem Exgthpieam ne,

penicillin ( orryc , anphotericin B
( Fongi zpoethidasgdy, AHFH ,celllmweﬁeroogmmsﬂettfeé Wi Semg el Ab)ﬁd{ ﬂmvgaiﬁsbeaseﬁxer&sshg S

were pre-treated th 5- d i dj
before fVF%{ﬁ%?arég% |P\(gn° a]HHAtaFZ’Fga‘trg‘gaﬁ%%ﬁ?e @ﬁ@x %e:ﬂa&trﬁ?thté%oﬁésﬁ%&& ICBO@{’ ”glflr >

transf e%%?@gne}?&g{ﬁéj{ou o SABARY 0B YRY YocdRM .onTo¥eh Siakd f WRMBedah@iEdsect ed

wth 3i. ds encodi ng nmeganucl ease for RAG or 2.51. 1 of
eacho rmmemsgmn@ABNSlThfsc thgo oot syt amis raee mmtqckbmgfr@@mleaoqséag@rﬁnt of 2

et hyl aPPaMesERELR N T SRR TERCHRUSEBLat e PAR Sk EPROLBA A% 08 o

i N examplg. pandRstidR e RyRdrd RpRsiEns OthedibieVielo akel{dNAte3Anditijubbtlones, wexcept
that specific priners were used to anp Ilfe/ t he sequence surro qed the WO
2012/ 00 pixkedand pigequentpampbfied in 96 wells plate for 3 days. 480 mdlvulijual cgl?u ar clones

were then analyzed per condition. DNA extraction was performed with the ZR-96 genomic
15 DNA kit (Zymo research) according to the supplier’s protocol. The detection of targeted

DNA matrix integrations was performed by specific PCR amplification using the primers

ADCY9 F4: 5’- TTAAGGCGCGCCGGACCGCGGC -3’ (specific to the 29 bp of

heterologous sequence) (SEQ ID NO: 50) and ADCY9 R4: S’-

TACGAGTTTAAGACCAGCCTTGGC-3" (specific to a genomic sequence located outside
20  of the homology arm) (SEQ ID NO: 51).

Results

The ADCY9 target recognizes by the engineered meganuclease contains one CG
dinucleotides sequence (CpG) which could potentially contains a methylated cytosine (5°-
CCCAGATGTCGTACAGCAGCTTGG-3’,SEQ ID NO: 18). Analysis of the methylation

25  status by bisulfite technique shows that 100% of this CpG were methylated in the 293H cell
population that was studied, while treatment of the cell population with 0.2 and 1uM of 5-
aza-2'-deoxycytidine reduced to 40% the amount of methylated CpG within the same DNA

target.

Moreover, the rate of mutagenesis induced by the ADCY9 meganuclease at its
30 cognate target was quantified by measuring the ratio of PCR product carrying

insertion/deletion events using a PCR-sequencing strategy as described in material and
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CAPNSl1neganucl easerecogni tionsite. Primer sCAPNS1 Fl
GGGTGITTTTATTTAGATTTGAGGGGTG (SEQ I D NO 54) and CAPNSI _R1

CTAAAAAT GRABIIAEGRACCRCTCCC (SEQ | D NG 55) were used. PCRIproodoeuss wer e
sequenced directly with prinmer CAPNSI F2 GITAGGGYGGGATTAAGATTTTYGG 5(SEQ I D

NO 56). Meganucl ease:-i nduced
meganucMSHEs+4s Ha¥oinet aPr]ﬁtIS/ ¢ &‘f P?@?%f?g‘gb%gﬂ?fgcg%ogml 2 ﬁ%gﬁ&e)f vv:age

eval Uatﬁfé c'f‘eg £dsGi9n ?@(o%@&'&b%@ﬂiﬂ%ﬁmm E@Hxﬁh@%ﬁﬁwﬁi@ rﬁht@ay@ge

site. pos -trans ect'i on, genom c DNA was ex cted. 200 n
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surroundln t he nega

(o o e iof 3tfrel Qéjv‘r% phpr i e AR R e
e Q@@A&NNM@&WE% WNCior46d tramed addmpt o¥ &,5-&a- 15

CCTATCCCCTGT GTCTCAGS (SEQ | Dbﬁd ég)] gr ovi dedplbp; the5 cc?rrpany

of feri ng ®equndmng service (GATC Biotech AG Gernmany) on the 454
seqlu_e][m ng system (454 Life Sciences). The prinmers sequences used for PCR
anpl i fircat G FIT57 -M(:ATCTGAT(I:CF@B@QIGICTCOQACTCAC} NIN-
QSCAS?; CM%%(%AEGSATTCTGTCCT ('SEQ ID N0 57) and 20 RAG R 1 A

5" - ATCCCCTGTGTGCCTTGECAGTCTCAGT GATCTCACCCGEAACACCT TAAATTTC 37

NO 58) and CAPNS 1 _F3 C3 BERID

CCATCTEATEEETEEGTETETOOGACTEAS NN CGAGT A TTAAG (SE NO 59
?gcéqclAPN& R%’.bt%?b e N S AN ANA St LA Y
BN geque.‘.ces specrfictortheto are 2t { :
sequence Nﬁlmt){ fﬂrl mer Fl |56228arcode sequeéryfgz (Tag) |needed to link the

sequencte—w-t-h—a—PCR-product—The—perecentage—of PCR-fragnents carTyimng
insertion or

11

Table IV: Impact of 5-aza-2'-deoxycytidine on mutagenesis induced by ADCY9

meganuclease at its recognition site (*, from 2 independent experiments).

10 Similarly, as shown in figure 14, cells population treated with 5-aza-2’deoxycytidine
(0.2uM) exhibits higher rate of gene insertion events when co-transfected with the
meganuclease expression vector and the repair matrix vector. Indeed, the analysis of
individual cellular clone for targeted event revealed that in absence of 5-aza-2’deoxycytidine,
targeted events could be detected in 0.70 % +0.14 (n=2) of the transfected cells, while this

15  frequency increases 4.8 fold reaching 3.37% +0.66 (n=2) when the cell population was
treated with the same DNA methylase inhibitor. In contrast, no targeted events could be

detected in absence of meganuclease with or without 5-aza-2’deoxycytidine treatment.

Thus, treatment of the cell population with a DNA methylation inhibitor decreases the

overall percentage of methylated CpG within the ADCY9 meganuclease target. Moreover,

20 the efficiency of the meganuclease is significantly increased in presence of 5-aza-
2’deoxycytidine as shown by the increase of either the rate of induced mutagenesis, either the
frequency of cells in which targeted events occurred. Together with the in vitro data showing

that methylation inhibits binding and cleavage of the ADCY?9 target by the ADCY9
meganuclease, these data show that methylation of the ADCY?9 target in vivo impaired the

25 meganuclease activity at its endogenous recognition site, resulting in a low efficacy.
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del etion at the neganucl ease cl eavage site is related to the nutagenesis

i nduced by the nmeganucl ease through NHEJ pathway in a cell population, and
t her ef or ewoanraloat2es wit h t he neganucl ease activity at PCI/IBIdOY@ITUS
recognition site. 5000 to 10000 sequences were 30anal yzed per conditions.
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mmé&?é%?éﬁ@&g&gﬂ@%u (SEQ ID NO. 53). Analysis of the methylation
status by bisulfite technique shows that none of these Gs were t hyl at ed

in the 293H Bemple6pMisthykase omibitnad-aas -deacridingAees ot atfpft MIERRYATASET s
i nduced.

quant i ﬁnggcég@%% R 1%1%39?%5%% PRIARNGHARGR) BhulibSiROWIH:Pi! BRICLrYRS

€ ratio o product carrying
insertion/deletion events using a PCR-sequencing strategy as descrjbed in
mat & i al andnntisheodsipl@sthe impacti of thagPEAvVmelhpilafor e véel Pn ﬁléﬁpmegﬁri‘{’il?a%ﬁas

transfected with.the nmeganucl eas ressi 0 =2)
of 't he. PR GO B o 8 I AR TS ool RpclEas (o R RAGT

5- aza- 2(sifae¥NaN SO ND NOes! y@itCANISI Nisteragiencof SBQUBINONS2 weSEQHBEYVed i n
sanples treated with 0.21.tM of 5-aza-2'deoxycytidipe 0.71% +0. Il\ﬂ é =2) and
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meganuclease to promote DSB-induced mutageness.

Materials and methods

Cell transfection

The human 293H cells (ATCC) were plated at a density of 1.2 x 10° cells per 10 cm

20  dish in complete medium (DMEM supplemented with 2 mM L-glutamine, penicillin (100
[U/ml), streptomycin (100 pg/ml), amphotericin B (Fongizone: 0.25 pg/ml, Invitrogen-Life
Science) and 10% FBS). The cells were pre-treated with 5-aza-deoxycytidine at 0.2 uM or 1

uM, 48 hours before transfection and the treatment was maintained 48 hours post-
transfection. The medium was changed every day. The cells were transfected with 3pg of

25  DNA plasmids encoding meganuclease for RAG or 2.5ug of each monomer CAPNSI using

Lipofectamine 2000 transfection reagent (Invitrogen) according to the manufacturer’s

protocol.
Monitoring the DNA methylation status in 293H human cells.

The procedure described in example 5 was followed to assess the level of DNA

30 methylation, except that specific primers were used to amplify the sequence surrounded the
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11..tM RAG 0. 7699. 02* 0. 719%+0. 17* 0.59%0. 3* Enpty vector ND ND

0. 04+0. 05 CAPN S1
WO 2012/001527 PCT/1IB2011/002196
CAPNSI meganuclease recognition site. Primers CAPNSI1 Fl

10

15

20

25

30

GGGTGTTTTTATTTAGATTTGAGGGGTG (SEQ ID NO: 54) and CAPNSI_RI
CTAAAAATCRATTCCACTACCRCTCCC (SEQ ID NO: 55) were used. PCR products

were sequenced directly with primer CAPNS1_F2 GTTAGGGYGGGATTAAGATTTTYGG
(SEQ ID NO: 56).

Meganuclease-induced mutagenesis assay

The efficiency of the meganuclease to promote mutagenesis at its endogenous
recognition site was evaluated by sequencing the DNA surrounding the meganuclease
cleavage site. Two days post-transfection, genomic DNA was extracted. 200 ng of genomic
DNA were used to amplify (PCR amplification) the endogenous locus surrounding the
meganuclease cleavage site. PCR amplification is performed to obtain a fragment flanked by
specific adaptor sequences [adaptor A 5’-CCATCTCATCCCTGCGTGTCTCCGAC-
NNNN-3’(SEQ ID NO: 46) and adaptor B, 5’-
CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-3’ (SEQ ID NO: 47)] provided by the
company offering sequencing service (GATC Biotech AG, Germany) on the 454 sequencing

system (454 Life Sciences). The primers sequences used for PCR amplification were:

RAG FI: 5’.CCATCTCATCCCTGCGTGTCTCCGACTCAG-NNNN-
GGCAAAGATGAATCAAAGATTCTGTCCT (SEQ ID NO: 57) and

RAG RI: 5’-CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-
GATCTCACCCGGAACAGCTTAAATTTC-3’ (SEQ ID NO: 58) and CAPNSI_F3: 5’-
CCATCTCATCCCTGCGTGTCTCCGACTCAG-NNNN-CGAGTCAGGGCGGGATTAAG
(SEQ ID NO: 59) and CAPNS1_R3: 5’-CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-
CGAGACTTCACGGTTTCGCC-3’ (SEQ ID NO: 60). Sequences specific to the locus are
underlined. The sequence NNNN in primer F1 is a Barcode sequence (Tag) needed to link the
sequence with a PCR product. The percentage of PCR fragments carrying insertion or
deletion at the meganuclease cleavage site is related to the mutagenesis induced by the
meganuclease through NHEJ pathway in a cell population, and therefore correlates with the
meganuclease activity at its endogenous recognition site. 5000 to 10000 sequences were

analyzed per conditions.

Results
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6. 1090. 43* 6.55%0. 77* 434%+-095* Enpty vector ND ND 0. 22% +0. 25* WO
2012/ 001527PCT/ 1B2011/ 002196 Table V: Inpact of 5-aza-2'-deoxycytidine on
nmut ageneswe 20redwced by RAG and CAPNS1 neganucl eases at Po@iB2mecege tion
SR:E}:ER(ELbE]CSrOm ﬁngzdeg\endetnt IepreDri nments). WO 2012/ 001527PCT/ | 82911/ 002196
The CAPNSllt’arg%t re%ognizésogy tl\llla;:t éngﬁlce%gedsrglega%ugeée clo%t7a§ns73{reelg(239_ 33.
dinucleotides sequences (CpG) which could potentially contain a methylated cytosine (5'-
CAGGGCCGCGGTGCAGTGTCCGAC- 3, (SEQ ID NO: 53). Analysis of the methylation
status by bisulfite technique shows that none of these CpGs were methylated in the 293H cell
5  population that was studied. The rate of mutagenesis induced by the CAPNSI and RAG
meganuclease at its cognate target was quantified by measuring the ratio of PCR product
carrying insertion/deletion events using a PCR-sequencing strategy as described in material
and methods. As shown in table V, when the cell population was transfected with the RAG
meganuclease expression vector, 0.75% +0.02 (n=2) of the PCR fragments carried a mutation
10  in absence of 5-aza-2'-deoxycytidine treatment. No increase of mutations was observed in
samples treated with 0.2pM of 5-aza-2’deoxycytidine 0.71% +0.17 (n=2) and treated with
1uM of 5-aza-2’deoxycytidine 0.59% +0.31 (n=2). Mutagenesis was extremely low (0.04%)

in cells transfected with empty vector and treated with 1 uM of 5-aza-2’deoxycytidine,

When the cell population was transfected with the CAPNSI meganuclease expression

15  vector, 6.1% + 0.43 (n = 2) of the PCR fragments carried a mutation in absence of 5-aza-2'-
deoxycytidine treatment. No increase of mutations was observed in samples treated with
0.2uM of 5-aza-2’deoxycytidine, 6.55% £0.77 (n=2) or treated with 1pM of 5-aza-
2’deoxycytidine 4.34% = 0.95 (n=2). Mutagenesis was low (0.22% = 0.25) in cells

transfected with empty vector and treated with 1 pM of 5-aza-2’deoxycytidine.

20 Thus, treatment of the cell population with a DNA methylation inhibitor does not
affect in vivo meganuclease-induced gene targeting in absence of methylated CpG

dinucleotides within its DNA target.

Meganuclease 0 pM 0.2 uM 1 uM
RAG 0.76% +0.02* 0.71% +0.17* 0.59% +0.3*
Empty vector ND ND 0.04+0.05
CAPNSI 6.10% +0.43* 6.55% +0.77* 4.34% +0.95*
Empty vector ND ND 0.22% £0.25*

57



Rot hstein RJ Met hods Enzynol . 1983; 101: 202-11. 5 Thomas, K R and Capecchi,
MR Cell, 1987 51, 503-512. Capecchi et al. Nat Med 2001 7(10): 1086-90.
Paques, PRvoant/d152E. Haber M crobiol Ml Biol Rev 1999 ®&8raB2018d@1904. 10
Sung and Klein, Nat Rev Mol Cell Biol. 2006 Qct; 7(10):739-50. Epub 2006 Aug
23 Roeder GS Genes Dev 1997, 11, 2600-2621 van Gent et al. Nat Rev Genet
2001 2(Bjble 196-IpQiict 1 ChpeachideonycRidingcornmutagenesds induced] pggRAgHand

Smthie Nat ur e, Medi ci,ne,  2001.. 7, . - - . (1994).
proc. negMPRSLgekaRofjeSeh f ks & Odduaf sind B e 2 Beny oprfibaf)- 170
Bi ol 14(12): 8096-106. Choulika, A, etal. (1995). Ml Cell Biol 15(4):
1968-73. 20Dujon et al, Basic Life Sci. 1986, 40:5-27. Haber, Bi oessays.
1995 Jul ; 17(7):609-20. Posfai et al. Nucleic Acids Res 1999 27(22):
4409-15. Sargent et al. Ml Cell Biol 1997 17: 267-277 25Cohen- Tannoudji et
al. Mol Cell Biol 1998 18: 1444-1448 Donoho etal. Ml Cell Biol 1998 18 :
4070- 4078

58



Gouble et al J Gene Med 2006 8(5): 616-22. Puchta, H, et al. Proc Nat!
Acad Sci U S A 1996 93(10): 5055-60. 30Siebert, R and H Puchta Pl ant Cel
2002 14(5yo0 2002A0121. Paques et al. Curr Gen Ther. 2007 Pc#8BBG1/Arneul d et
al. J Mol Biol. 2007 371:49-65 Smith et al. NAR 2006 34:e149 35Gi zot et
al . NAR 2009 37:5405 WD 2012/001527PCT/1B2011/002196 Bird et al. J Cell

Sci 199BERERENCES  37-9 Noyer-Weidner et al. EXS 1993 64, 39-108. Cooper et
al. J Biol Chem 1993 268, 11823-9. Binz et al. Mycologia 1998 90 (5):

785- 7904 /%6 ker etell. Fbe NhBtAE S2003 A42B766:334929-8093- 897 Tucker KL et al.
2001 Neuron 30 (3): 649-52 Monk et al, Devel opment 1987 99:371-382. Kafri

et al, (Ganes & PRYn wd00dikfo1 B gy et al, EMBO J. 1987 6:999-
' AR : : : 999- 1004.
10Carrol T et gﬁ. ﬁ%@%%ﬁgnM/H. Freeman and CO. 2008 p. 403. |SBN

e g0, S e B
2783 32(3%3;’5 cf%%ﬁi:aﬁgfg' 8§§%§§Z:1§§§‘ %994_ 54, 4855-78 Lapeyre et al . Biochem
1983,  1Haquesd3and). o iHabes Micpbig) Mo %@‘%vi@?‘@%@ﬁ%@;“%ﬁ%gi glACI ds Res
° Sung and Klein, Nat Rev Mol Cell Biol. 2006 Oct;7(10):739-50. Epub 2006 Aug 23
Roeder GS Genes Dev 1997, 11, 2600-2621

van Gent et al. Nat Rev Genet 2001 2(3): 196-206.

15  Capecchi, M.R,, Science, 1989, 244, 1288-1292
Smithies, O., Nature Medicine, 2001, 7, 1083-1086
Rouet, P., et al. (1994). Proc Natl Acad Sci U S A 91(13): 6064-8.
Rouet, P., et al. (1994). Mol Cell Biol 14(12): 8096-106.
Choulika, A., et al. (1995). Mol Cell Biol 15(4): 1968-73.

20  Dujon et al, Basic Life Sci. 1986;40:5-27.
Haber, Bioessays. 1995 Jul;17(7):609-20.

Posfai et al. Nucleic Acids Res 1999 27(22): 4409-15.

Sargent et al. Mol Cell Biol 1997 17: 267-277

25  Cohen-Tannoudji et al. Mol Cell Biol 1998 18: 1444-1448
Donoho et al. Mol Cell Biol 1998 18 : 4070-4078
Gouble et al ] Gene Med 2006 8(5): 616-22.

Puchta, H., et al. Proc Natl Acad SciU S A 1996 93(10): 5055-60.
30  Siebert, R. and H. Puchta Plant Cell 2002 14(5): 1121-31.

Paques et al. Curr Gen Ther. 2007 7:49-66

Arnould et al. ] Mol Biol. 2007 371:49-65

Smith et al. NAR 2006 34:¢149

35  Grizot et al. NAR 2009 37:5405

59



20Bird et al. Trends Cenet 1995 11,94-100 Kisseljova et al. Int J Oncol
1998 12, 203-9 Sasaki et al. EXS 1993 64, 469-86 Collick, et al.

Devel opmaw0, 2098852104, 235-44 Studier et al. Proc Natl AcadBSai/ndldis A. 1988
Jul ; 85(13):4677-81 25Bi ckl e T A (1982) Cold Spring Harbor Mnogr. Ser. 14,

85- 108 Shapiro et al., 19733 Biol Chem 1973 Jun 10; 248(11):4060-4 Fronmer
et al . Bidealpreel &rat1|99ﬁ\§agpls& 3U8A. 1992 Mar 1;89(5):1827-31. WD

2012/ 001527PCT/I82011/ 002196 Chen? et al., Cancer cell, Cancer Cell 2004
6(2): ISayes-Weadngrat ble EXSR99B 645388 Hemat ol 2005 42(3 Suppl 2): S9-16.
5Zhou et al., J Mol Biol 2002 321(4): 591-9. Porteus et al. Nat Biotechnol.
2005 23X @EEr @78 JBiohEhewo 1893 268, INB23-8el | Biol . 2006 26: 324-333 Sinon et al.
NAR 2008 36: 3531-3538 10Ei senschm dt et al. NAR 2005 33 :7039-7047 Kali sh
and G aBiar epainMyvolagad 938i1902D05830%98: 151-61 Liu et al. NAR 2009
37:6378-6388 Majundar et al. J. Biol. Chem 2008 283, 17:11244-11252

St oddar $klkéeanlt datuye RROA 438(6834)B8DPHYEi cs, 2006, 38:49-95 15Chevalier, B.S.
and B.L. Stoddard, Nucleic Acids Res., 2001, 29, 3757-3774 Chevalier, et

al ., NaTuck& Kuad al. BOOI Neur2@00,(3864812- 316 Chevalier et al., J. Ml. Biol.,

2003, 329, 253-269 Spiegel et al., Structure, 2006, 14, 869-880 Mure et
al ., J vk et & Blvelod 1983493683869

Kafri et al, Genes & Dev. 1992 6:705-714.
Bird et al, EMBO J.1987 6:999-1004.

10 Carroll et al. New York: W.H. Freeman and CO. 2008 p. 403. ISBN 0-7167-6887-9.
Mann et al. Genome Biol. 2002 3 (2): 1003.1-.4.
Weaver et al. Epigenetics 2007 2 (1): 22-8.
Cooper et al. Hum Genet 1988 78, 151-5
Rideout et al. Science 1990 249, 1288-90
15  Fearon et al. FASEB J 1992 6, 2783-90
Greenblatt et al Cancer Res 1994 54, 4855-78
Lapeyre et al. Biochem Biophys Res Commun 1979 87, 698-705
Gama-Sosa et al. Nucleic Acids Res 1983, 11, 6883-94
Feinberg et al. Cancer Res 1988 48, 1159-61
20  Bird et al. Trends Genet 1995 11, 94-100
Kisseljova et al. Int J Oncol 1998 12, 203-9
Sasaki et al. EXS 1993 64, 469-86
Collick, et al. Development, 1988 104, 235-44
Studier et al. Proc Natl Acad Sci U S A. 1988 Jul;85(13):4677-81
25  Bickle T A (1982) Cold Spring Harbor Monogr. Ser. 14, 85-108
Shapiro et al., 1973] Biol Chem. 1973 Jun 10;248(1 1):4060-4
Frommer et al., 1992 Proc Natl Acad Sci U S A. 1992 Mar 1;89(5):1827-31.

60



20Silva et al., J. M. Biol., 1999, 286, 1123-1136 Bol duc et al Cenes
Dev., 2003, 17, 2875-2888 Ichiyanagi et al., J. MIl. Biol., 2000, ’ 300,
889-901 MWvorermwiRl., Nat. Struct. Biol., 2002, 9, 764-pCo/IRavedisr et
al., Ml. Cell., 2002, 10, 895 905 25Epi nat et al., Nucleic Acids Res,

2003, 31. 2952-62 Sussman Biol .. 2004, 342, 31-41 Seli
et al . Clget ploLangererll, @at'ycer§.36%§9<¥6@@)Alr?6tﬁd et al., J. Mbl. Biol., Egggn

355, 443- 458 Rosen et al . , Nucleic Acids Res., 2006, 34

et al .,Momparter, RhEnSerSodiemaolR905 126 Sunpt 2): 848W. WO 47914500 S0boyen
2012/ 001527PCT/ | B2011/ 002196 G mble et al., J. Ml. Biol. , 2003, 334
993-51008hcdsdr e I MoeBid 2002 Bak(4): 6912006, 441, 656- 659 Chanes etal ., Nucl ei ¢
Acids Res., 2005, 33, el78 Pingoud, A. and G H Silva Nat Bi otechnol 2007

25(7): ﬁ(ﬁ?bugetz?] ﬁQ@ﬂote@hmol"bOﬁ%@@@ﬁet al . (2009). Science 326(5959):
15009- 12 Christian, M, T. et al. (2010). Cenetics 186(2): 757-61.

10L| gmind?gla?g p@elqllel(m% 3updzei ¢ Acids Res 39(1): 359-72. Moscou,
anove (2009). Science 326(5959): 1501. Wang J, Kim HH,

Yuan X, Sllff?ornrétgl. R!A}Q %8@8736.35%3-553@ Aci ds Res 1997, 25:3767-3776
10  Eisenschmidt et al. NAR 2005 33 :7039-7047
Kalish and Glazer Ann NY Acad Sci 2005 1058: 151-61
Liu et al. NAR 2009 37:6378-6388
Majumdar et al. J. Biol. Chem 2008 283, 17:11244-11252
Stoddard, Quarterly Reviews of Biophysics, 2006, 38:49-95
15  Chevalier, B.S. and B.L. Stoddard, Nucleic Acids Res., 2001, 29,3757-3774
Chevalier, et al., Nat. Struct. Biol., 2001, 8, 312-316
Chevalier et al., J. Mol. Biol., 2003, 329, 253-269
Spiegel et al., Structure, 2006, 14, 869-880
Moure et al., J. Mol. Biol., 2003, 334, 685-69
20 Silvaetal., J. Mol. Biol., 1999, 286, 1123-1136
Bolduc et al., Genes Dev., 2003, 17, 2875-2888
Ichiyanagi et al., J. Mol. Biol., 2000, 300, 889-901
Moure et al., Nat. Struct. Biol., 2002, 9, 764-770
Chevalier et al., Mol. Cell., 2002, 10, 895-905
25  Epinat et al., Nucleic Acids Res, 2003, 31, 2952-62
Sussman et al., J. Mol. Biol., 2004, 342, 31-41
Seligman et al., Genetics, 1997, 147, 1653-1664
Arnould et al., J. Mol. Biol., 2006, 355, 443-458
Rosen et al., Nucleic Acids Res., 2006, 34, 4791-4800

30 Doyonetal,J. Am. Chem. Soc,, 2006, 128, 2477-2484

61



WO 2012/ 001527PCT/ 1 B2011/ 002196 CLAIMS 1) A nethod for inproving cleavage
of DNA froma chronosonmal |locus in a cell by an engineered rare-cutting
endonucl| esseopansi2ri ve to nmet hyl ati on, conprising the stepaBmfii/o®ie)
identifying at said chronmosomal |ocus a cleavable DNA target sequence
devoi ded . of any CpG seguence; (ii) engineering said rare-cutting
endonucf#nRls et fh.il; Moi(ﬁif’hc%qoﬁgé%é‘ag)%}ﬂ)%@nt arget sequence with said
rare-cutting endonucl ease, 2) The nethod according to claiml
wher ei nAskyverth gfrad. Maturs. 70 fdnera-@%5e sensitive to 10methylation is a
meganucl| ease. SL The nethod according to claim1l, wherein said rare-cutting
endonucfbases gahsNuslgis AddsRenA098i Bnel® a neganucl ease from the LAGLI DADG
famly. 4) The nethod according to claim1, wherein said rare-cutting
endonucPigeed,demsd G. vk Silya Mat Biateahneln?40d 23(Medbhticl ease derived fromthe
| -Crel neganucl ease. 155) A nethod for inproving cleavage of DNA from a
chr onosBoel, J|, bt $sholre, &t ele(I00BY Sarenendp G189 dl 08r1&- cut t i ng endonucl ease,
sensitive to nmethylation conprising the steps of: (i) identifying at
sai d chrapesamM., T acdmaR, ONA (2@ENYSGerRECHESHE): 057-60r e than 14 base pairs
(bp) in Iength wherein said DNA target sequence contains no nore 20than 3
CpG, pot i t s L ) i E r utdg. endonucl ease; (i)
%(ggt Hi;r"s%inJagklAﬁ)t aE 81 aLNd e %@'idi_l(éﬁ 39 9U349-ng

con target "sequence with sai'd rare-cutting endonucl ease. 6)

The I BB LMD Rt S gmssL ng endonuc) ease

_ _ _ eganucl ease. e method according to
claim SWa\lArgeJt %inq HSP?,I Y('jue{’na)r(,e}-igrlflitntﬁl? 9%99?\&%?&(? gl%s ?{%Q?b&,\ég:ﬁglﬂﬁ
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met hyl ation is a nmeganucl ease fromthe LAGIDADG famly. WO
2012/ 001527PCT/ 1 B2011/ 002196 8) The method according to claimb5, wherein
sai d rarewouvtzmgs2endonucl ease sensitive to nethyl ati onPCs/IB20me0@NAC] €ase
derived fromthe 1-Crel neganucl ease. 9) The nmethod of claimb5, wherein
sai d DNA ta@get sequence contains no CpG notif in position -2 to +2. 510)
The nmet F&d" Sclaim5 wherein said DNA target sequence contains no CpG
nmotif neither in position 5 to 3 nor in position -2 to +2. 11) The nethod
of claim3) ahedtiddifosanfrddiiy dledvggé oS BALe from £ olirbaionemaldo@pGn rndel Ifbyi an
positions 10 to 8 5to 3 and -2 to +2. . 12) The .net hod of
claims5, whetgnFers @ropiing eydanugleaietiadiivo it MY H ISP BPEHAR R ROCPG
di nucl eotidegsz 13) The nethod of claim5, wherein said DNA target sequence
\(,:\gnt ai ns n_odrmDrNi t han one CpG di nucl eotide. 14) The nethod of claimb5,
erein said DNA target sequence contains no CpG di nucl eotide. 1515) Th
?ﬁt Hod ﬁcgor@) Kgntifying E’éismdg!?,hfqm%i‘)@lah lacys @ ‘-‘é"élvi%ﬁ? ONA deeglrsparsnee é@Y‘?%ele)e
e nmet hod ac j aim5, wherein said cell is a manmalian cell. 17
A method to ?%p&(;%\};e@(s:%qggr\?/éaege of DNA froma chronosomal |ocus in a chosen )
cell type or organism by an engineered rare-cutting endonucl ease sensitive
to met hyl at i 6 coginpering sayl rereecitong owonecleaseps: 20(i ) det er ni ni ng CpG cont ent
of potential DNA target sequence; (ii) determning nethylation |evel of
sai d DNA targef c3efURpsaa DNA Mrebt@RGlen@@RitA8hid rhréR&itirY didéfudi@sé.ne chosen
g_el I I type or or gaﬂl sny (iii) seFectl ng potential DNA target sequences
o . . . . ) . _
Pl ayl ngl) n’?henr?lteth%h%tccl:c?rgi’ng(tg \Qair(ralnlg Iw %?erirll Qfgd ?gfle-%utrt%rg%nggrgl}c'legg’e Seerlllgl e (l) ease,

10 methylation is a meganuclease.

3) The method according to claim 1, wherein said rare-cutting endonuclease sensitive to

methylation is a meganuclease from the LAGLIDADG family.

4) The method according to claim 1, wherein said rare-cutting endonuclease sensitive to

methylation is a meganuclease derived from the I-Crel meganuclease.

15 5) A method for improving cleavage of DNA from a chromosomal locus in a cell by an

engineered rare-cutting endonuclease, sensitive to methylation comprising the steps

of:
(1) identifying at said chromosomal locus a DNA target sequence of more than 14
base pairs (bp) in length wherein said DNA target sequence contains no more
20 than 3 CpG motifs;

(i)  engineering said rare-cutting endonuclease;
(ili)  contacting said DNA target sequence with said rare-cutting endonuclease.

6) The method according to claim 5, wherein said rare-cutting endonuclease sensitive to

methylation is a meganuclease.

25 7) The method according to claim 5, wherein said rare-cutting endonuclease sensitive to

methylation is a meganuclease from the LAGLIDADG family.
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25(v)contacting said DNA target sequence with said rare-cutting

endonucl ease. WO 2012/ 001527PCT/ 1 B2011/ 002196 18) The nethod according to
cl ai m 17, wotzerzions2sai d rare-cutting endonucl ease sensit ipce/IBmimet2hyd ati on

i s a neganucl ease. 19) The nethod according to claim 17, wherein said

rare-cuttifog~endonucl ease. sensj tiV g methylation is apucl ea rom
e LAGLI SAERS MRS S Bre i dlabn, bty i Pk tafol AN S BR S 0
rare-cutti ngmetgtitiet icasRgariRRald dgived okt thy [-&rélonegamuaemeganucl ease
derived fromthe I-Crel neganucl ease. 21) The nethod according to claim17,

wher ei d i , : . _clal
e 1 sl and) ThEmEou D R S, S SR g ee B s Rt s e ud ©

net hyl ation beyedn 250a9sayed in the cell 10type of interest. 23) The method
according to claim 17, wherein said cell is a eukaryotic cell. 24) The

met hod acc [nhg t | ai m 17 erein idcell is am | i an | . ..

A et hog () dardug e ph et el i 181A 585, Bt VBRI S OReBOE sai d

rare-cutti ng,gRdPRUSIsRRRE: StEavikgifpdddnt-atget, sequence conprising at

| east one CpG 15di nucl eotide, conprising the follow ng steps: (i)

deternlnlnq met hyl atjon | evel of sai target sequence in several..cel
3

types; (iib)§3ﬁé@$b%b°%@@ﬂ*?V%@“@Pgﬁﬁ NAGarESt SRSHFRACAONBHS 1 Mm%t i ng

sai d DNA targgﬁﬁégqyg?ﬁgtgL;gtéggqmaaggjpytting endonucl ease. 2026) The
met hod according to claim25, wherein said rare-cutting endonucl ease

sensitive to nethylation is a neganucl ease. :
12) The méthod of claim 5, wheréin said DNA target sequence contains no more than two
10 CpG dinucleotides.

13) The method of claim 5, wherein said DNA target sequence contains no more than one

CpG dinucleotide.

14) The method of claim 5, wherein said DNA target sequence contains no CpG

dinucleotide.
15 15) The method according to claim 5, wherein said cell is a eukaryotic cell.
16) The method according to claim 5, wherein said cell is a mammalian cell.

17) A method to improve cleavage of DNA from a chromosomal locus in a chosen cell
type or organism, by an engineered rare-cutting endonuclease sensitive to methylation

comprising the following steps:
20 (1) determining CpG content of potential DNA target sequence;

(i)  determining methylation level of said DNA target sequences in at least one

cell type related to the chosen cell type or organism;
(iii)  selecting potential DNA target sequences displaying no methylation;
(iv)  engineering said rare-cutting endonuclease;

25 (v) contacting said DNA target sequence with said rare-cutting endonuclease.
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27) The nethod according to claim25, wherein said rare-cutting

endonucl ease sensitive to nethylation is a neganucl ease fromthe LAG.I DADG
famly. WwO02012/001228) The method according to claim25, WwIenB2M1/662iI%h
rare-cutting endonucl ease sensitive 25to nethylation is a neganucl ease
derived fromthe |I-Crel nmeganucl ease. 29) The nethod accpording to clai m 25,
wher ei n safl Theisthqdaacepidnig tor gaim zi %’8 SdTATeagHI RS ﬂ?ﬁ%ﬁﬁflﬁ%eéf?%wq s a
CpG i sl and.  \\VWQ.RA1Z4PRLERIRIAERL011/ 002196 30) The met hod according to

cl ai m 25, Whg:‘éﬁél ngsgéd cel %égi s a eukaryotic cell. 31) The nmethod according
to claim?25, wherein said cell is a magmulian cell . 32) A Wethod .o

i nprove cll(gsi\}“h@@leéh(’daac@ﬁﬁd&ﬁ)@oﬂﬁm bNAWI?eéFlﬁéfi‘dsréEfu%‘HE‘ég PPEMTFeBY Y Rast
one et hy! at dn (R GafING! Halnd8pa AR NI A0GARGL Uur al rare- cutting
5endonucl ease, sensitive t netﬁylatlon conprising the foll owi ng steps:

(i) treating the target cell wth an agent inhibiting nmethylation; and
(i1)5 cont 261 The methedl TArding tetlaige dhewbaciisell LEG-eHERGF elgasrseRdtivs al
rare-cutting en e LIJ V& Yl BEFQ M lease. 33) The nethod
accordi ng to“b %ﬁgggé?%%HE%%ﬁHaE%%XQPgQ%gQﬁ?t%ng end%%ﬁ%i%gge sensitive
10to nmethylation is a neganucl ease. 34) The method according to claim 32,
wher ei n sail) Tharmetbod taceydiagdiencleine dde Wheresh spidepatentipb iy fatergsh spguegce
meganucl ease . fromthe L | DADG fam |y..;35) The nethod according to claim
32, wherein QEP%YW§P8P%§&%WH69§ﬁé%g%%#@%se sensitive to nethylation is a
meganucl ease derived fromthe I-Crel nmeganucl ease. 1536) The nethod of

cl ai m 32, 2@hdheimetbad dccdeding by Flaim Ag, wgersin msthylatieadeve! iy ayspysdenghe gp'l

conprising DNA Mft hél ttr ansferase inhibitor. 37) The net hod
acc? di ng t oVPEAT M9S5St wherein said cell is a eukaryotic cell. 38) The
met hod according to claim 32, wherein said cell is a manmalian cell.

23) The method according to claim 17, wherein said cell is a eukaryotic cell.
24) The method according to claim 17, wherein said cell is a mammalian cell.

25) A method to select a target cell type for a rare-cutting endonuclease, said rare-cutting

endonuclease cleaving a DNA target sequence comprising at least one CpG

15 dinucleotide, comprising the following steps:
(1) determining methylation level of said DNA target sequence in several cell
types;

(i)  selecting cell type displaying no methylation;
(iii)  contacting said DNA target sequence with said rare-cutting endonuclease.

20 26) The method according to claim 25, wherein said rare-cutting endonuclease sensitive

to methylation is a meganuclease.

27) The method according to claim 25, wherein said rare-cutting endonuclease sensitive

to methylation is a meganuclease from the LAGLIDADG family.

28) The method according to claim 25, wherein said rare-cutting endonuclease sensitive

25 to methylation is a meganuclease derived from the I-Crel meganuclease.

29) The method according to claim 25, wherein said potential DNA target sequence

displaying no methylation is a CpG island.
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39) An isolated polynucleotide that is more efficiently cleaved by a
rare-cutting 20endonucl ease. 40) A vector or genetic construct
conpri si nyotzhe/qpes2gnucl eoti de of claim 39. 41) A celpcTaBmpr/i®iyg t he
pol ynucl eotide of claim39 or a vector or genetic construct containing it.

42) A kit ri si.ng the .isaqlated.Qr rified po I i of claim 39
and atlleggfqgﬁgl énggﬁpﬁPﬁ “8% DWB%'gﬁ?gﬂgﬁdg%gﬁggﬁgFigﬁinstructions
for using the rare-cutting endonucl ease, buffer(s), salt(s), cofactor(s),
positive i) Abgatethvel acoordmy) to phlimidcwbearinde{dsge]l isadiaprmalzangst!.
pol ynucl eoi de(s) .
32) A method to improve cleavage of a chromosomal DNA target sequence comprising at
least one methylated CpG dinucleotide, by an engineered or natural rare-cutting

5 endonuclease, sensitive to methylation comprising the following steps:
(i) treating the target cell with an agent inhibiting methylation; and

(i) contacting said DNA target sequence with said engineered or natural rare-cutting

endonuclease, sensitive to methylation.

33) The method according to claim 32, wherein said rare-cutting endonuclease sensitive

10 to methylation is a meganuclease.

34) The method according to claim 32, wherein said rare-cutting endonuclease sensitive

to methylation is a meganuclease from the LAGLIDADG family.

35) The method according to claim 32, wherein said rare-cutting endonuclease sensitive

to methylation is a meganuclease derived from the I-Crel meganuclease.

15 36) The method of claim 32, wherein said demethylating agent is selected from the group
comprising DNA Methyltransferase inhibitor.

37) The method according to claim 32, wherein said cell is a eukaryotic cell.
38) The method according to claim 32, wherein said cell is a mammalian cell.

39) An isolated polynucleotide that is more efficiently cleaved by a rare-cutting

20  endonuclease.
40) A vector or genetic construct comprising the polynucleotide of claim 39.

41) A cell comprising the polynucleotide of claim 39 or a vector or genetic construct

containing it.

42) A kit comprising the isolated or purified polynucleotide of claim 39 and at least one
25  rare-cutting endonuclease and optionally instructions for using the rare-cutting endonuclease,
buffer(s), salt(s), cofactor(s), positive or negative control polynucleotide(s), and/or target

polynucleoide(s).
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