1 I nproved Meganucl ease Reconbi nation System The present
invention relates to a set of reagents to allow the introduction of a DNA
sequence watoliaosgieci fic site in the genonme of a target PCENB2011/A5008x t i cul ar
this DNA sequence encodes a gene and is introduced into the target cell via
5 an induced honol ogous reconbi nation (HR) event. The present invention
also relates to a set of genetic constrdcts conprising at |east two
portions honol ogous to portions flanking a genomc target site for a
nmeganucl ease and a posilmrieved MeganaeleangBespmbinptionysiamyve sel ection
marker; as well as | mpriyed, REkhods.dn MhEOWIGea DNRREAICRCaIRLR. the
genone of a target cell. 10Snce the first gene targeting experinments in
yeast nore intraduc?ibnywéarlBNAgeq(ddichnien acdpedific sikt® iBtheRehbmit eif @, tarp®B8&) ], In

honol ogous recgonbi pation (HR) has been used to.insert,. replace or. delete
genoni ¢ seqRAEHE tﬁﬁtfiﬁéasfeﬂ%%we greadet p generidria ntepdceshipin teitareqigs via
Capecchi 5 200 ducali Hofd#Sgoud FebinbidAfod §HRY eSURNBe PieSett ilkfentior S rd12W
frequency in mammal i an cells, naking the use of ihnate HR inpractical. The
15 frequencly aofet hbgwietgoosstrugsmobipnising ah leastriwoeposiionsi fonudegduy té petieased by

a specific .doubl e-strand break (DSB) at a l.ocus.(Rouet .et al,, 1994;
Choul  ka. et TaRknE b iBRd o8 5. bbb o Sy b S Gy Ehagtker 2
sequence- SpLebidifve CRURMLA| BaA%ES ARkl BCAERLIAI hditiRisDNAIMtREAEN ]t DNA t ar get
sites (12 to 30 bp). Meganucl eases show high specificity to their DNA
target, theseucge proths genomgefeltagdteet. uni que chronpsonal sequence and

therefo do not affectg.gl ohal i ri . ! s are
essenti gﬁl y represent edglgéf ﬁ%rﬁhﬁgggllr;lregBaﬁgﬁﬁga%)@éflmgﬁ&wﬁég{éeﬁggg%?%@fg?sgf

prot ei ns fowad dgo (Hitkeh\eotsd 979 atdtReteia, BI83),droetdegduChenvalbigatioafHRShaddar d,
2001). Early studies of th -Sce] and HO hom ng endonucl eases have

i || ustrat edRBHEHE 1&%@@%@3@6&6@?% ZENGMIG $FJUENCH? Bt & VAR ] Cﬁ% Gg%ta% to

initiate MR aveREsntNobhVERgOR! bouaamifRY e ITENLA] abnisiRcieRaTnogeni ¢

properties o ronosonma Bs {Dujon et al, 1 1995). Sirnce
t hen, negarovl fapencyn ducedhaimnl cjoumakieg ahbiuwseatoif omndtadiBbemprasticteblsf ul |y

used for_genonme enginheerin ur poses.in bacteri. Posfai et,al, 1999),
el § 4 G o o Bt SR8 o s Sir st wGtsa S e SR b
et al, 199&)NAFH&131e(s%%ggl)b%eamwlﬁ!ataa&%)(}'\{/bam PLANYS4( Elsilika £LRY19955996;

Siebert and Puchta, 2002) re recently, TAL effector
endonuc| easesh DSBEMn beavslupede hy eragamecdsases, sequeaepspecilie endanedlesstsethat DNA

target with _high ecificity. These TALE ise a TAL (Transcription
Act i vat or - Pk lzgﬁggﬁﬁg\?‘&ﬁ\%égﬁ% i%ar{g?tﬁlggsghgio §8§§il ease domain (e.g; Fokl)
( Christian et al, 201Q)eganucleases show high shutifibiey t6!tBsis DNANteseRatRSe Can

al so be used to cleave a genomc target and so induce a DSB, this further
cl ass 0RO nuwpteiRs €an gleaveainighe Fraposemy sequsngeapdstsdone AeNwy aterd glpbal

o b L B, AT ASARGAE e LBy i
Zi nc fi ngerendaneidasescawidspradcheesfdoemsdsutdinteakggdtearbactohAasdgubmce (K m
et al, 199Q), Eyen with the | neqasing availabil ity of materjgls uhich can
endonucleases have illustrated how the cleavage activity of these proteins can be used
25 to initiate HR events in living cells and have demonstrated the recombinogenic
properties of chromosomal DSBs (Dujon ef al, 1986; Haber, 1995). Since then,
meganuclease-induced homologous recombination has been successfully used for
genome engineering purposes in bacteria (Posfai et al, 1999), mammalian cells
(Sargent er al, 1997; Donoho et al, 1998; Cohen-Tannoudji et al, 1998), mice (Gouble
30 et al, 2006) and plants (Puchta et al, 1996; Siebert and Puchta, 2002).
More recently, TAL effector endonucleases (TALEN) have been

engineered to recognize and cleave a DNA target with high specificity. These TALEN



10 DSBs at a specific point in the genone of a target cell, efforts to
devel op nethods and materials to routinely and reproduci ble transforma
popul at i omoab1y@igyet cell s have not yet been devel oped. PATABMOEN50682 r easons
exist for this including the inherent conplexity of a prokaryotic or nore
particularly a eukaryotic genone. Wrkers have increasingly found that the
genone has a remarkabl e capacity to r esi’st damage, which 15 is what a DSB

essentially is. . In additjon the technical_ |imtatio whj ch.apply to all
t r ansf or mat fURPIHEt hdds- KAFABSSFIRtRE B‘i“fqt‘iryLll‘?) ?%‘?:Ftt?rn&?\{ﬂ idd’él??fr? 5‘@56? Pat e
t ransf or mang, Uk nggnQg_g!(g(glgméhﬂg&ﬂleggﬂ 9(5‘1.09.f non-transforned cells

ens

continue to present pro the generation of transformation nethods.
A nmethod to harness t heAdotthertdlass offnuelRasen dantatsocheciised ta deaygengamontc of

interest into an oi.nt int no of target, cell or _organis SO
al | owi ng mﬁaégeg@%iﬁgPéaab@narﬁ@ﬁﬁﬁ gfﬂhﬁf F%ﬁ%o %&ﬁlew@rar%g?@?(g%%é@gﬁ eis
provi deds TRRIdaBKSAFN:S dhaVae NRNAESYRL@RESh d3nABNEsSEineRited B ELtifg GOARE I UCE S
conpri si ng: a) Construct (i) encoded by a nucleic acid

nol ecul e, gvfmm DN Ackinging séamain t e SINAdfstearvade] downnig- doripsinelar sfashioy fo -
HOVMDL - P -..M- % ) i . i P
hnd 1 epr esoht- 2% TheddoRleen ps pgpeyrdio i pld, BOA Sh Rt LEQer

me1l; thus canpavesy N can be di sposed either before HOWM1 or after HOMZ2,
and conponents P and M_can be disposed in the 30 order P- Mor M- P
bet ween HOMD1 and HOMOZven\yitly geringrgasng patiabiipoeh pgtyiglsowhich can induce

wherein C i J %@y@ < log@(ﬁlé i ses

t he conﬁglneﬁsgg %%E%S&?ﬁp%%) - e?'?%g ) arﬁ%t (%F’E%r%ﬁsitsges t m@%%%%ts
(PROMB) - (ikiS)ials t¢ AdaRiBly; andndprotieciklie nraREav aipepalafibn of targarslds hpeinonhal
pronoti ng sequence, G 5 i,s a negative sel ection rker;,. TE .1.s a first
transcri pt iﬁg;?ee?e‘iwl\ﬁ&???oﬁ %@E@'ﬂ&g;rewxi% fgr ﬁglfslt inﬁh‘dmﬁnﬁ%ﬁaﬁg‘m{ 0 a
genom € pordgnHieif 13%aolis 6f ﬁﬁ%@g%l&@ g%ﬁkzﬁ?ﬂt‘i@@%me‘? R eds hage S€CONd
transcriptional pronoting Sequence; POS is a POSI ive sel ection marker;
TERWR is a isecasiogly fansichatphe geraime kasr ieaikahlestanaahcte; rerdeBiage, vehiehi r d

transcripti.onal  pr ting.sequence; .. i S ul t . ¢l oni ng. Sht 0
wher e algenlé t%ﬁ%ﬁgﬁeﬂ?% ¥ ﬂ%ﬁd%gg?sﬂ]seetfa%al E]’ﬁl%k?glolnss whiqhRanp 2?’ fal
transcri pti@agforhefish Mmethoas nsaelyeRns shilifi@Eatinslyddoatty lagarehameloagaiout 0 a

genomi c portion follow ng said target sequence of a neganuc| ease, TALEN
or ZFN; of a background pppui@tuprea%nommnsgqxﬁ@flmﬂ% cainug e @reEymre lemg i up

CoE S0 QOGS b Bl phbbgpcoded, by nucler c act o mofecul s
A method to harness the potential of HR in introducing a sequence
20 of interest into any point in the genome of a target cell or organism, so allowing more
detailed genomic manipulations than ever before possible is provided.
The inventors have now developed a new set of genetic constructs
comprising:
a) Construct (i) encoded by a nucleic acid molecule, which
25 comprises at least the following components:
(N), — HOMOI1 — P - M —HOMO2 — (N)(i)
wherein n and m are integer and represent 0 or 1, with the proviso
that when n=1, m=0 and when n=0, m=1; thus component N can be disposed either

before HOMO1 or after HOMO2, and components P and M can be disposed in the
30 order P—M or M — P between HOMO1 and HOMO?2;



PROWA - NUCL (ii); NuC2 (iii); or this set also conprises
sequence (iv) which is an isolated or reconbinant protein which conprises
at | east wheofiglohgimi ng conponent: 20NUC3 (iv); wherei n PROVE20180306820uUrt h
transcriptional pronoting sequence; NUCL is the open reading frame (ORF) of
a nmeganucl ease, a TALEN or a ZFN; NUC2 is a nmessenger RNA (nRNA) version of
sai d neganucl ease, TALEN or ZFN; NUC3 i $ an isolated or reconbinant protein
of said neganucl ease, TALEN or _ZFN; 25 wherein said neganucl ease, said
TALEN or said ZFN from ¥osety it QonRrisys dhe(quBODSPtSséﬁlg@M:]é Ci \@)JEQécf)gni ze
and cl eave i g\wptarraﬂ : in ru i i

or sequenceéﬁlg\{l Are con ng?g%%tegﬁgré&?%-(wg%??ecﬁgg%\% tf](trgoR%\g)Zﬁrg 1v%i) :
into at | easimpnixes thercgetponeaits (PROMB) g H (FERMB); amt| ease able to

specifically cleave a genom ar ge nd so induce a .DSB and having a
doubl e- stranded DNA ta?ﬁg‘# g‘ﬂ%ﬁ@e‘sgféri Tqngerygiop I%rﬁﬂm%gﬁgcgﬁn?%w
present NVt 4QBtvdRMectibAntAkdrNTERXNAINR| 88rsOfraRUSHEASE RrBN2ARa&ROACHY t he

present invention, are meganucl eases, TALEN, ZFN, but the 4 present
i nventi on cdOMOAlise pesiidn hpmhloghisrier & @erardio mestiermprwseding iameuglease BNA f usi on

. P | i -
E et " B Bt AR ORGSR 2R P Bk SR8 e quence

of 12 to 45phpivel Rickeeh nh@ker! TEROEL a8 88comii tesd BiliohaAldieaRinatidISBeqibnd;
specific Segﬁnomp target, the present invention al so enconpasses the use
of nucl easeBRONG} is@dhird Hanwaiptosy] mgpraoting A el S isappuliiplesclapagfite ¢
genomni c .tar seguence. e@y@z VESE 4 $hi s a
ni ck an&bs u%ﬁérﬁiacgl ng&ﬁlﬁlg%rg%s S ?%%?%?ﬁ‘slcéﬁ??? %ncoﬁgaéézhe@ \?rmg?%?ﬁﬁ@ﬁg
present i nveemhination sequence; HOMO?2 is a portion homologous to a genomic portion

following said DNA target sequence of a meganuclease, TALEN or ZFN;
b) At least one construct selected from the group comprising,
constructs (ii) or (iii) encoded by nucleic acid molecules, which comprise at least one
15 of the following components:
PROM4 - NUCI (i),
NUC2 (iii); or
this set also comprises sequence (iv) which is an isolated or
recombinant protein which comprises at least the following component:
20 NUC3 (iv);
wherein PROM4 is a fourth transcriptional promoting sequence;
NUCI is the open reading frame (ORF) of a meganuclease, a TALEN or a ZFN;
NUC?2 is a messenger RNA (mRNA) version of said meganuclease, TALEN or ZFN;
NUCS3 is an isolated or recombinant protein of said meganuclease, TALEN or ZFN;
25 wherein said meganuclease, said TALEN or said ZFN from constructs (ii) or (iit) or
sequence (iv) recognize and cleave said DNA target sequence; and wherein constructs
(ii) or (iii) or sequence (iv) are configured to be co-transfected with construct (i) into
at least one target cell.
More generally, any nuclease able to specifically cleave a genomic
30 target and so induce a DSB and having a double-stranded DNA target sequence of 12
to 45 bp can be used in the present invention. Non-limitating examples of nucleases

encompassed by the present invention, are meganucleases, TALEN, ZFN, but the



Constructs according to the present invention are illustrated in a 10
non-limtative way in Figure 1, the integration matrix [construct (i)] and
t he nucl eseeomxpisassi on pl asmd [construct (ii)] are coPCmaRafenicesk i nto
cells. Upon co-transfection, the engineered nucl ease is expressed,

recogni zes its endogenous recognition site, binds to it and induces a DNA
doubl e-strand break at this precise sité? The cell senses the DNA damage

and triggers honol ogous 15 reconbination to fix it, using t he .
co- t r ansf ecPegent pnvegiian coHd mhorwerkasith cliomarie epégnucleptes ideigedhaseanst fugight ai ns
regi ons ho : i T St J
B R R S e R

bet ween t heidloacoh DB dnddiading,a dprible-ditaadedDNA taiget frgquemgariuliteds ép.

recognition site during this reconbipation event.,K Thus, bl e targeted
cell clones can 20 be s & 1@%“ﬂ%ﬂ“?ﬂ@“ﬁrﬁﬁmhé§WsW9Hﬁéaaﬁgge%bﬁé?gagﬁ of

the reconbi Egrﬂ)tmiP "tﬁgi&! E:haeﬂ;r delt BFveRfon also encompasses tHe@E faRicRhsdsNRatt4pes of

genetic elenfents t e used In constructs according to the present
i nventi on aimgupr avingledsttaet dreakTISEBe abx apyifs genomit ltargstt seguénge obbetweand

houl d t i d I trict th f. the i ti in.25 .
vy A 11 st G BOBPURSSEL AoV Bk Aty D ses hIREE 18 plvitied |
Tabl e | bel gybomp¥Qed Wil @b PIdRhiTinl BAdA1/ 050682 5 Exanpl es of positive

mar ker genes Neonyci n phosphotransferase resistant gene, riptl (G418
geneticin) Hygronyci n eerssphiet acanting i ther et davengioneare HEnstakdgitofy ci n

B) 10 non-limitative way in Figure 1, the integration matrix [construct (i)] and the nuclease
expression plasmid [construct (ii)] are co-transfected into cells. Upon co-transfection,
the engineered nuclease is expressed, recognizes its endogenous recognition site,
binds to it and induces a DNA double-strand break at this precise site.

The cell senses the DNA damage and triggers homologous

15 recombination to fix it, using the co-transfected integration matrix as a DNA repair
matrix since it contains regions homologous surrounding the broken DNA. The
positive selection marker (POS) and the GOI, which are cloned in the integration
matrix in between the homology regions, get integrated at the meganuclease
recognition site during this recombination event. Thus, stable targeted cell clones can

20 be selected for the drug resistance and expression of the recombinant protein of
interest.

Examples of the types of genetic elements that can be used in
constructs according to the present invention are provided below. These examples are
illustrative only and should not be considered to restrict the scope of the invention in

25 any way.

A list of positive and negative selection marker genes is provided in

Table I below.



Puromycin N-acetyl transferase gene, pac (puromycin) Blasticidin S
deam nase resistant gene, bsr (blasticidin) Bleomycin resistant gene, sh
bl e (zeocwo,2ophloggxmyci n, bl eonmyci n) Exanpl es of negati v@CRABXa1/03PesRes
Thym di ne ki nase from herpes sinplex virus, HSV TK (ganciclovir) Cytosine
deam nase coupled to uracyl phosphori bosyl transferase,

CD: UPRT(5-fl uorocytosine) Table | Tabl €11 bel ow provides a list of
cis-active pronoting sequences. 5 Dependi ng on the intrinsic
transcriptional specificity of each dedicated cell type, vari ous pronoting
sequences and/or Tntermat T DoSoME entry Sites (f RES) can be used 1or
driving the| expression of (i )Ne@ﬂb@'ﬂUﬁ?%@'&ﬁ@&qfﬁa@ége@béﬁ‘{“f’“é“a%ﬂ‘%‘i@”)f rames, (ii
sel ection nprker genes—and—genres—oef—tnterest—(Os)—tn—addit+on—tothe
exanples given in this table, Hyadﬁh:lhmmwadtrarﬁlessea@@istanvwner ezg(hmmclyB)sequences
can al so be |Exsertseog i :
matrices in 2hivd O PrmhaSl ze tIﬁaoriaye.an&emtrwe%@bneemp(w&s,t@n Ievel (|
enhancers) iergebed Ieduce susceptible transcriptional silencing [i.

silencers su Ch as scaf fol d/ mat rix,atLASHIRNL. LRENQDS L HMRBS) 1 -

)

Bleomycin resistant gene, sh ble (zeocin, phleomycin, bleomycin)

Examples of Thymidine kinase from herpes simplex virus, HSV TK (ganciclovir)

negative
marker genes Cytosine deaminase coupled to uracyl phosphoribosy! transferase, CD:UPRT (5-fluorocytosine)

Table I
Table II below provides a list of cis-active promoting sequences.
5 Depending on the intrinsic transcriptional specificity of each dedicated cell type,
various promoting sequences and/or internal ribosome entry sites (IRES) can be used
for driving the expression of (i) custom meganuclease open reading frames, (ii)
selection marker genes and genes of interest (GOIs). In addition to the examples given
in this table, additional cis-active regulatory sequences can also be inserted in
10 meganuclease expression plasmids and integration matrices in order to emphasize the
transcriptional expression level (i.e. enhancers) and/or to reduce susceptible
transcriptional silencing [i.e. silencers such as scaffold/matrix attachment regions

(S/MARSs)].



WO 2011/ 101811PCT/ 1 B2011/ 050682 6 Exanpl es of constitutive pronoting
sequences Cytonegal ovirus i mmedi ate-early pronoter (pCW) Siman virus
40 pronotwo 20 BV Human el ongation factor 1 a prono®PEM/IBEhERDGE)

Human phosphogl ycerate ki nase pronoter (phPG&K) Muri ne phosphogl ycerate
ki nase pronoter (pnPG&K)

6

Cytomegalovirus immediate-early promoter (pCMV)

Simian virus 40 promoter (pSV40)

Human elongation factor 1o promoter (phEF 101)

Human phosphoglycerate kinase promoter (phPGK)
Examples of constitutive

promoting sequences

Murine phosphoglycerate kinase promoter (omPGK)

Human polyubiguitin promoter (phUbc)

Thymidine kinase promoter from human herpes simplex virus (pHSV-TK)

Human growth arrest specific 5 promoter (phGAS5)

Example of inducible

. Tetracycline-responsive element (pTRE)
promeoting sequences

itis vi IRE \V
Examples of internal IRES sequence from encephalopathy myocarditis virus (RES EMCV)

ribosome entry sites
(IRES) IRES sequence from foot and mouth disease virus (IRES FMDV)

Table I
Table III provides a list of various tag elements, these different types
of tag sequences can be inserted in multiple cloning sites (MCS) of integration

5 matrices in order to dispose of N-terminal and C-terminal fusions after GOI cloning.



Human pol yubi qui tin promoter (phUbc) Tbymi di ne kinase pronmoter from human
her pes sinpl ex virus (pHSV-TK) Human growt h arrest specific 5 pronoter
(phGASS) wwammlwisifi i nduci bl e pronoti ng sequences Tet r REFaBmeo3oesponsi ve
el ement (pTRE) Exanples of internal ribosonme entry sites (I RES) | RES
sequence from encephal opat hy nmyocarditis virus (I RES EMCV)

7
FLAP
SNAP, CLIP
Examples of tags
used for imaging
ACP, MCP
IQ
Histidine
Examples of tags STREP
used for purification
SBP, CBP
HA
Examples of tags
used for c-myc
immunodetection
V5
Examples of tags used NLS
for cellular addressing

Table IIT

Table IV provides a list of the most commonly used reporter genes. Different types of
reporter genes can be introduced in integration matrices (in place of the GOI, at the

5 MCS sequence) in order to dispose of positive controls.

« Living color » genes, i.e. encoding green fluorescent protein
(GFP), red fluorescent protein (RFP)...

Luciferase genes (firefly, renilla)

Examples of reporter B-galactosidase gene (LacZ)
genes

Human secreted alkaline phosphatase gene (hSEAP)

Murine secreted alkaline phosphatase gene (NSEAP)

Table IV
In the present invention, a transcriptional promoting sequence is a

nucleotide sequence which when placed in combination with a second nucleotide

10 sequence encoding an open reading frame causes the transcription of the open reading



| RES sequence fromfoot and nouth disease virus (IRES FM DV) Table |

Table 11l provides a list of various tag elenents, these different types of
tag sequewoesiicamibe inserted in multiple cloning sitesPCUIBI010H50682
integration 5 matrices in order to dispose of N-termnal and C-term nal
fusions after GO cloning. WD 2011/101811PCT/1B2011/050682 7 Exanpl es of
tags used for imaging FLAP SNAP, CLIP 8CP, MCP |Q Exanples of tags used

for purification
frame. In addition in the case of a RNA molecule, a promoter can also refer to a non-

coding sequence which acts to increase the levels of translation of the RNA molecule.

In the present invention, a transcriptional termination sequence is a

nucleotide sequence which when placed after a nucleotide sequence encoding an open
5 reading frame causes the end of transcription of the open reading frame.

In the present invention, a homologous portion refers to a nucleotide
sequence which shares nucleotide residues in common with another nucleotide
sequence so as to lead to a homologous recombination between these sequences, more
particularly having at least 95 % identity, preferably 97 % identity and more

10 preferably 99 % identity. The first and second homologous portions of construct (i)
(HOMO1 and HOMO2) can be 100 % identical or less as indicated to the sequences
flanking the nuclease, such as meganuclease, TALEN or the ZFN, target DNA
sequence in the target cell genome.

In particular the overlap between the portions HOMO1 and HOMO2

15 from construct (i) and the homologous portions from the host cell genome is at least
200 bp and no more than 6000 bp, preferably this overlap is between 1000 bp and
2000 bp.

In particular therefore components HOMO1 and HOMO2 from
construct (i), comprise at least 200 bp and no more than 6000 bp of sequence

20 homologous to the host cell genome respectively.

Most particularly components HOMO1 and HOMO2 from construct
(i), comprise at least 1000 bp and no more than 2000 bp of sequence homologous to
the host cell genome respectively.

The amounts of overlap necessary to allow efficient levels of

25 homologous recombination are known in the art (Perez et al., (2005)); starting from
these known levels the inventors have identified the most efficient ranges of overlap
for use with the set of constructs according to the present invention.

In the present invention, a meganuclease target DNA site or
meganuclease recognition site is intended to mean a 22 to 24 bp double-stranded

30 palindromic, partially palindromic (pseudo-palindromic) or non-palindromic
polynucleotide sequence that is recognized and cleaved by a LAGLIDADG homing

endonuclease. These terms refer to a distinct DNA location, preferably a genomic



Hi stidine STREP SBP, CBP Exanpl es of tags used for imunodetection HA
c-nyc V5 Exanples of tags used for cellular addressing NLS Table 111
WO 2011/101811 PCT/IB2011/050682

9

location, at which a double stranded break (cleavage) is to be induced by the
meganuclease.

The meganuclease target DNA site can be the DNA sequence
recognized and cleaved by a wild type meganuclease such as [-Crel or I-Dmol.

5 Alternatively the meganuclease DNA target site can be the DNA
sequence recognized and cleaved by altered meganucleases which recognize and
cleave different DNA target sequences.

The making of functional chimeric meganucleases, by fusing the N-
terminal I-Dmol domain with an I-Crel monomer (Chevalier ef al., Mol. Cell., 2002,

10 10, 895-905 ; Epinat ef al., Nucleic Acids Res, 2003, 31, 2952-62; International PCT
Applications WO 03/078619 and WO 2004/031346) have also been described.

The inventors and others have shown that meganucleases can be
engineered so as to recognize different DNA targets. The I-Crel enzyme in particular
has been studied extensively and different groups have used a semi-rational approach

15 to locally alter the specificity of [-Crel (Seligman et al., Genetics, 1997, 147, 1653-
1664; Sussman et al., J. Mol. Biol., 2004, 342, 31-41; International PCT Applications
WO 2006/097784, WO 2006/097853, WO 2007/060495 and WO 2007/049156;
Arnould ef al., J. Mol. Biol., 2006, 355, 443-458; Rosen et al., Nucleic Acids Res.,
2006, 34, 4791-4800 ; Smith et al., Nucleic Acids Res., 2006, 34, e149), I-Scel

20 (Doyon ef al., J. Am. Chem. Soc., 2006, 128, 2477-2484), PI-Scel (Gimble et al., J.
Mol. Biol., 2003, 334, 993-1008 ) and I-Msol (Ashworth et al., Nature, 2006, 441,
656-659).

In addition, hundreds of I-Crel derivatives with locally altered speci-
ficity were engineered by combining the semi-rational approach and High Throughput

25 Screening:

- Residues Q44, R68 and R70 or Q44, R68, D75 and 177 of I-Crel
were mutagenized and a collection of variants with altered specificity at positions + 3
to 5 of the DNA target (SNNN DNA target) were identified by screening
(International PCT Applications WO 2006/097784 and WO 2006/097853; Arnould et

30 al., J. Mol. Biol., 2006, 355, 443-458; Smith et al., Nucleic Acids Res., 2006, 34,
e149).



Table IV provides a list of the nost comonly used reporter genes.
Different types of reporter genes can be introduced in integration matrices
(in placevof2otwi1ss0 , at the 5 MCS sequence) in order t®CHIBEIEES06$2
positive controls. Exanples of reporter genes " Living color " genes, i.e.
encodi ng green fluorescent protein (GFP) red fluorescent protein (RFP).
Luci ferase genes (firefly, renilla) 1318 al actosi dase gene (LacZz) Hurran
secreted al kal i ne phosphat ase ene Murine secreted al kal i ne

phosphat ase gene (SEAP) Residusis 38\/ 30 %Hﬁégiﬁ@sﬁﬁ‘? YhuendiQi orgK28, Y33,
transcripti | and! QIS Pt@ﬁ?[e%x%nx%ﬁ ggm%fdnkifd %%iigc%oﬁe&“\‘?aﬂﬁﬁts"‘@ I Rieagn

pl aced i n conbi‘nation w 2’ Second chUE sequence éencodi ng an open
readi ng fraggciityes pdi@idnkansctd POidANtheDNAeagRe 1 OeEN MINA target) were
identified by screening (Smith et al., Nucleic Acids Res., 2006, 34, €149; International
5 PCT Applications WO 2007/060495 and WO 2007/049156).

Two different variants were combined and assembled in a functional
heterodimeric endonuclease able to cleave a chimeric target resulting from the fusion
of two different halves of each variant DNA target sequence (Arnould et al., precited;
International PCT Applications WO 2006/097854 and WO 2007/034262).

10 Furthermore, residues 28 to 40 and 44 to 77 of I-Crel were shown to
form two separable functional subdomains, able to bind distinct parts of a homing
endonuclease half-site (Smith ez al. Nucleic Acids Res., 2006, 34, €149; International
PCT Applications WO 2007/049095 and WO 2007/057781).

The combination of mutations from the two subdomains of I-Crel

15 within the same monomer allowed the design of novel chimeric molecules
(homodimers) able to cleave a palindromic combined DNA target sequence
comprising the nucleotides at positions + 3 to 5 and £ 8 to 10 which are bound by each
subdomain (Smith et al, Nucleic Acids Res., 2006, 34, e€149; International PCT
Applications WO 2007/049095 and WO 2007/057781).

20 The method for producing meganuclease variants and the assays
based on cleavage-induced recombination in mammal or yeast cells, which are used
for screening variants with altered specificity are described in the International PCT
Application WO 2004/067736; Epinat et al., Nucleic Acids Res., 2003, 31, 2952-
2962; Chames et al., Nucleic Acids Res., 2005, 33, €178, and Arnould et al., J. Mol.

25 Biol., 2006, 355, 443-458. These assays result in a functional LacZ reporter gene
which can be monitored by standard methods.

The combination of the two 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

30 meganuclease variant (heterodimer or single-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



WO 2011/ 101811PCT/ 1 B2011/ 050682 8 frane. In addition in the case of a RNA
nol ecul e, a pronoter can also refer to a non-codi ng sequence which acts to

i ncrease wWheoliewedls of translation of the RNA nol ecul e. PCT/IB2011/050682 | n t he
present invention, a transcriptional term nation sequence is a nucl eotide
sequence whi ch when pl aced after a nucl eoti de sequence encodi ng an open 5
readi ng frame causes the end of transcrilpti on of the open reading frane.

In the present invention, a honol ogous portion refers to a nucl eotide
sequence whilsAveshdhers theccembingdon eefi duds “balfamgapircledsesy sabt1eawlt ficheot i de
sequence so to |l ead t [ele[o) i_nati e

sequences, %%t?g)dgrg?r?q cl?ﬁc%rs %}}Qeﬁlgl\% %% % geF 522{{@%% ) f;ohlggaesn%llw,&péogfg%%ﬁfy 97 %

i dentity anéhuimioas ittopictdrodiatdry QQ@oftdlieiges tleyvingd hembidlsiarggndepeaandr a
honol ogous portions of construct (ik can b%ﬁloo %
1

HOWVD 1 d HOVC2
i denti cal ofequeRss faam thechirandyAL], & Qg@ééﬂgﬁﬁgﬁwﬁhﬁﬁk%%@‘$ﬁ§ g 2mEk, such
| - , o |
as meganyc QﬁéﬁmJﬁ‘l\élE'Xc §s RS %@%4 %4,%1@ hﬁ%lé QHHE%.eMﬁ[C!]\I}D tlif?,aén(?ng ﬁlfcew

genone. I'n particular the over et we porti’ons
f rom const r 48465, iand ANO2008/ 0583 regpeatvahpr @thenexaipden ¢fhmepostleess lcagbaone i s

at | east 200 and no nore t.han 000 bp, .preferably .thjs. overlap. is

bet ween 10065658‘%&%?1?6% Iypntion such as thoe Clgﬂvhngp%\?acrg%dflgif‘e PH%?%:D&B cntie

conponent s VR4 @%@@@Mﬂ@%@@m NOC36) (gede orcPiaRIch fPthdthuhRAalpa@) bp
p

and no nore than 60T of sequence 20 honol ogous to the host cell genone
r espect i vel gmall subunitl (CAPNSBsPEQdPtNQ@W7ag¢ng. conponent s HOMD1 and HOMO2 from

construct, (i), conprise,at l.east 1000 bp.and n re.t 000 bp of
sequenceltohonol ogous to @ﬁéuﬂbggw&%meg&% ??‘Eesraen@pte%tv fl{}%lqu/[?N %htgrggﬁso‘ﬁﬁlf }é of

overl ap necgg$atyognireddndovie@lel lagd aitludeg\ig!tbe pfesdf Peml Agslitatioeandiannat i on
are knowmn in the art (Perez et al., (2005)); starting fromthese known
| evel s the FOMRIARENS ofad ePardaHen meggnydieaspoand ésf faggdneary dsgusedops oer | ap

for use wi tﬂleggfh c%%e 81; e?%@cgﬁeﬁgg PesBRCANHL @a?g%&&hhgengﬁl%sﬁﬂt fAMRAEH @8- I D
t he present 1nvention, &' medanuclease targe stTte or neganucl éase
recogni t i ong&iohgc ipdrtiont diodmdbgons nedOMMA2artdoHRMOP remuidEneedstromncastnid
palindromc, partially palindromc (pseudo-palindromc) or non-palindromc

polynucﬂéotﬁhe sequence that is recognized and cl eaved by a LAG.I DADG

hom ng endonucl ease. Thfiﬁl@laﬂﬁr et &fiRleatl Sudhi 8¢ IMELEIONANIOZENSOfhn be
preferably a genomc

engineered so as to recognize and cleave a specific DNA target sequence and are
included in the present Patent Application and any combination of a particular
nuclease such as TALENs and/or ZFNs and its target can be used as the nuclease

20 target sequence present in the target cell genome and flanked by the genomic portions
homologous to HOMO1 and HOMO?2 represented from construct (1).

In the present invention a marker gene is a gene product which when
expressed allows the differentiation of a cell or population of cells expressing the
marker gene versus a cell or population of cells not expressing the marker gene.

25 A positive selection marker confers a property which restores or
rescues a cell comprising it from a selection step such as supplementation with a
toxin.

A negative selection marker is either inherently toxic or causes a cell
comprising it to die following a selection step such as supplementation with a pro-

30 toxin, wherein the negative marker acts upon the pro-toxin to form a toxin.



WO 2011/ 101811PCT/ 1B2011/ 050682 9 | ocation, at which a doubl e stranded
break (cleavage) is to be induced by the neganucl ease. The
meganucl eseeotiznoggatt DNA site can be the DNA sequence re®0gnBaatoagk cl eaved
by a wild type nmeganucl ease such as I-Crel or I-Dnol. 5 Alternatively the
meganucl ease DNA target site can be the DNA sequence recogni zed and cl eaved
by altered meganucl eases whi ch recogni zé2and cl eave different DNA target
sequences. The making of functional chineric neganucl eases, by
fusing the N-terninal Inpdditiodderaelaction: ysingneell drkilitynohsmsteaptpbsiedtien et

al., Ml. Cell. 2002, .10.10 895-905. . Epinat et al. [ i Res,
003, 31, o8k BRRrLPD U swa e apsPrk e fls tasPp B fed
2004/ 031346kxawtoml so been descri bed. The inventors and

ot hers have shown that neganucl eases can be engi neered so as to recogni ze
different DNA targets. ITHe preggng inveptgma mutiple clong sie inashpdspeaetidiied

extensively i - 1S sem - i I c 5to
Cocaly g 3 DROE it Shiiing HOUAP R SotRltl Hfh RAElBBRAARCDN 321
147, 1653- hLGaghpntSisstemst iato thé plasthid ddvhprisBigithe muR0d clodhg,sit81- 41;

I nternational PCT Applications WD, 2006/ 097784, WD 200610%%?33, WO

2007/ 060495 and WO 2007 029 Psgpeniatpighton@ meganugleaggnis ingenged 10 @ aB5s

443- 458; RogRDnflleMe havilg Gl RublcAGiale FORA taddP@quétte o# 1910 4880, Thdhial et
2006, 34, el49), |-Sc | J. Am

al., Nucleic Acids Res., el” 20 (Doyon et al .,

Chem Soc., bea0oa]d typ8 vemibnze2x gpanieleale stich (aGi/iiyiek ord-Dapol or kn augineegilol . |
2003, 334, 993-10 | - Mol (Ashwort.h .et al., Nature, 2006, 441

656 550yi0  version ol ore &'fherc, 85 imes MR g8e op Sy BFoiaBy ¥ 0mpliihe w ¢
| ocal |y alt pé@idnsesiefdrehdry huckhgéEeer ed by conbining the sem -rational
approach and H gh Throughput 25 Screening: - Residues (44, R68

and R70 or Q44, R68, Dibeam@niory haye shomynethaiybisesysigraegnveed Wihd mmber

| [ ecti varl ] | f1ci iti 3to 5 of th
ona Car oot {BRNBRA T4 b AL FAFb A Mo b OB Ut or nat onal
PCT Applications WO 2006c609i84 dmthdMAspOA6/0IA1EIBeseAr mowehntowtcodpoadnt, J.

Mbl. Biol., 2006, 355, 443-458; Smith et .al,, Nucleic Acids Res., 2006, 34,
e149). 150 (POS) is selected fram fhe peAyps DROIBYCIRPHOSPRATERSETATe 1R8tant §&ie. #AH B8

or K28, v33ﬁé§?,?m 3i?grggx?)ﬂchﬂi)gl)?%fr&smfééggﬁétéﬁ%eﬁ@,%ﬁz &elJ BSNep); of

variants w ere t positions 8 to 10 of the DNA target
(10NNN DNA paogetin Mercetyl tentfefabedetry pac (8BQiI Iy NCSH); ttasticidan S, dadoohast ¢

:ﬁhd\s,DRggo}yeéggt?}g%f%%j bsei\f](égt) Ibnﬁlgré}%liegnqgéin?es% t@gﬁ)el, Isg %}ei @%%2 I\fﬁ\l%o’g.?/ 060495

Preferably component (NEG) is selected from the group: Thymidine

20 kinase gene of the herpes simplex virus deleted of CpG islands, HSV TK DelCpG

(SEQ ID NO 8); cytosine deaminase coupled to uracyl phosphoribosyl transferase
gene deleted of CpG islands, CD:UPRT DelCpG (SEQ ID NO 9).

Random in cellulo linearization of the integration matrix can lead to

random integration of the construct into the host genome. If the linearization occurs

25 within the negative marker and so inactivates its function, these random integration
events would not be eliminated by the pro-drug treatment of cells.

According to a further aspect of the present invention therefore there

is provided a version of construct (i) which comprises at least two (N) components.

The presence of two negative selection expression cassettes on the integration matrix;

30 one upstream of the HOMOI1 region and one downstream of the HOMO2 region,

overcomes this problem.



Two different variants were conbi ned and assenbled in a functional

het er odi neri ¢ endonucl ease able to cleave a chineric target resulting from
t he fusi oWochbitymesidi f f erent hal ves of each variant DNA PargBo1sepagnce
(Arnould et al., precited; International PCT Applications WD 2006/ 097854
and WO 2007/034262). 10 Furthernore, residues 28 to 40 and 44 to 77 of
1-Crel were shown to formtwo separabl e lPunctional subdomains, able to bind
distinct parts of a horén)'IQg endonucl ease half-site (Smth et al. Nucleic

Aci ds Res., 2006, 34, rabsnelereats BROMPAIRAYE. i RO Von and\BROW? §89095
o112 PO TAORIEE Mo FREHRTOLORSLAD O LA g AN E LA, bR e

I'n ral'l owe i'gn of " novel chineric
mol ecul es ( NOOOY; sitia) vakd 40 ponodtaap®Vao i@ f0MNOi1¢ ); dordainrebehghiibn faatoget
sequence conprising the nucl eotides at positions (3 to 5 and 8 to 10 which
are bound by CeRiEROEGHBlfARon (FESR 10N NEH 23| humayy phesphoghygegale figaase ppeypeier. 34,

el49; | nter i i.cat . 2104 1).
20The mothol F e EoHTR g REgaR BatEhGaMerty e, BRI SRR O R o
cl eavage-i ntinc¥O (£ dbianapolpubiguitinegrombtedy phygas (SBE@I 1B NONioh tlamedinsed f or
screening variants with altered specificity are described in the

| nt er nat i on&MAESCPTORRIEY SR Bﬁmﬂ'ﬁ)@mﬂ/%ﬂ?’%‘f“@ppﬁgt\’ 'E? &EQ Uil Aci ds
Res., 2003, sodA e : ' ' : .33,
el78, and APﬁ%iﬁ? égét%ha%?e,@gﬁr? Mol .%gﬁl%tl%%)’l ph(ﬁ%%%?ﬁ%é? @4?}2%& hesee
assays resutdspomsive Elemeni, gIE (SEQ Hepd0i)r igemel wibbsdmal agntiye sit QiR ed by

standard met hods. The conbi nati.on of the two f r I ar ger
conbi naftlgri AiYENSr SAChS ‘i’R?iﬂWgnW{?ﬁ?rHﬁ’isf‘fl@’rseﬁgggmgggf@ I%n@cgil% erent
subdomai ns g BeyuRREH frbRdfodeRAd AlcRkly dRBse GBI IR FMIPVIBED AN Nembby, el y

redesi gned 30 neganucl ease variant (heterodi mer or single-chain nolecule)

with chosenS¥gBcificity. In a first step, couples of novel meganucl eases

are conbi ned i n new nolecul *hal f - u s’ avin Lk ndrom ¢
targets derived fromt &&?%E%et%leghegtsm%?’owgl éf?\@?ﬁ“edn%ﬁﬁeﬁ 19
conbi nat i onse¥éctedifibm’ thalghoupe paluadBaaRs sigal SeRupA (SBEQaIlh&ICe ROy iboeink C
speci es cl eavi n]% the target of interest. The assenbly of four sets of

nut ati odS i &ioyth BeERQIg; enydaitrignab 2@ pdy ©FQ HYNY #ddel t ar get sequence
T Smeh 5 ot al o (Nook oy ae e e g B B B T8
(J. Mol. Biot3’, eDGvherdi baid4@p68y tagain eMOE0 GRND HE3GBup-eEpACt (SHE) YD N her
Those. ol eavF ! BASHBEASTH SRS TR VA b on it TRaSE d i esseas OO TP MNER.
oA O SBTITR BNSL ici TNRES) b, SN CEUING 3
var i ant 2DNAcalmpddinsbintlingtprotein, CBP (SEQ ID NO 29), haemagglutinin, HA (SEQ ID NO
30), c-myc (SEQ ID NO 31), V5 tag sequence (SEQ ID NO 32), nuclear localization
signal (NLS) from nucleoplasmin (SEQ ID NO 33), NLS from SV40 (SEQ ID NO
34), NLS consensus (SEQ ID NO 35), thrombin cleavage site (SEQ ID NO 36), P2A
cleavage site (SEQ ID NO 37), T2A cleavage site (SEQ ID NO 38), E2A cleavage site
25 (SEQID NO 39).
In addition to detectable peptide tags, nuclear localization signals and
purification tags the MCS can also comprise other useful additional sequences such as
cell penetrating peptides, peptides which chelate detectable compounds such as
flurophores or radionuclides.
30 According to a further specific aspect of the present invention the

MSC may comprises a reporter gene selected from the group: firefly luciferase gene

(SEQ ID NO 40), renilla luciferase gene (SEQ ID NO 41), B-galactosidase gene, LacZ



they recogni ze and cleave, are included in the present Patent Application
and any conbi nation of a particul ar neganucl ease and its target can be used
as the neyanocl/wase target sequence present in the targ@CTdB011/g6gne and
fl anked by the genom c portions honol ogous to HOMO 1 and HOMO2 represented
from construct 15(i). Simlarly, other nucleases such as
TALENs and ZFNs can be engi neered so asltto recogni ze and cl eave a specific

DNA target sequence and are included in the present Patent plication and
any conbi na($lQ 16X N® $#2)x hinmah aecrefied [adadise phesphagser serNSSEAE GEQ@HRSNGNd its

d h l 2 '
col | genone Tahd risnwetr oy AL R for T R R g o P e ang °°

HOMZ2 1 epr esenioaicbafiheipédntitused hs a positive control to deferiige fhe &s@hbdf ganeent i on
a marker gene is_a gene product which when expressed allows the

di f f er ent | aekRygssiAn igswWing friom {he prreiong syeh a &nostepggedysHR gsingdhesstiodr gene
ver sus ascelJ)ns?ﬂ{lct@%Qégré’il%?@th%;pr@s%hﬂiﬁvé}{?l{on.exmeSSi ng the marker gene. 25 A
e

positive ‘selection nar confers a property which restores or rescues a
cell conprising it frorgaseluketomoust@conaizeaSEQUPPNOmdftoaSEQNIDIVMNCh a

t oxi n. A negative selection marker is either inherently
toxic or cafl®es a cell conprising it to die following a selection step such

as suppl ementation w th@,REQ 30 4 Qddad ¥REECHD thdrRBAtANALSRITKEE RCLS
upon the pro-toxin to forma toxin. 12 In addition to

sel ecti on upiavideded |kit/itabntroduce tshguenne amsodifig selGEdt inde adrleastnasnpedbsed by

the present invention such as cell sorting hased n_ marker ne

expr ession. “YHPEHES | eegegﬁ{tl geﬁ?/técn?(?néﬁugs ﬁﬁ‘?({fglﬁlggo _(?H‘gﬁ]irﬁgfwg?c?é’ fiqge Rreg#r ¢
segnent of  &vEhMbiMing IngRRti Gk or IRY BéRkatlodSTd GinsBitnldt R WBhgasid Setafl ow
t he sub-cl oni ng of a fragnent of interest into the plasm d conprising the

mul tipl e cl gerietig censtricts. In the present invention a nmeganucl ease

is intended to mean an Igrb(%%lcslﬁi:alrrr:%ﬁﬁgngﬂ\# dg?l)%[g}f@seétsfegﬁn d?%c%ﬁrjget

sequence of 12 to 45 bp. e version o ganucl ease
such as | - Geéctal frbmDiBlgraip @m@iRgign €@K 11&IeHEKAN3 ebllgr@aco? ctlikedL-

enzynes as described above or_ fusion proteins conprisi porti o of one or
nore nedanu@Pesds R 313 cells; NSO cellsa‘lﬂ% ¢elerters CW%@@ S%fﬂ'aiéatcﬁ{l%

system can pogdy wlfsh%\g}ggm- IRIR S y&rs,sgmmd@ug?@% gl 9flila LdiREFITLON @

nunber of s. Acco to further aspects o reseént i nvention
conponent 1B50§0REB}; HE TsHlbeetlgdHd-hd oelish Elugeoesbls; Mebryails phosphot r ansf er ase

resi stant gene, nptl (SEQ I D NO 3); hygr i n_phosphot r ansf er.ase resi st ant
gene, hph (SEQ I D NO 4ACHdfEnyd ‘u)ﬁ‘_lfflkaéﬁeé? of theprseromau g dhes ipapvided )| D
NO 5); bl asg hfe'tﬂidnfogtxgﬁ‘ﬁmn@iﬂ% By 18103 b r&BABindbiSh at REER dnl P Binpribingonyci n
resi stant gene, sh ble (SEQTD NO 7). Preferably conponent (NEG is
sel ect e@0f r dmnstelpe ofir oup: Thymi di ne
a) cloning a sequence coding for a gene of interest into position MCS
of construct (i);
b) co-transfecting a target cell with said construct (i) of step a) and at
least one of constructs (ii), (iii) or (iv) as defined here above;
25 ¢) selecting at least one cell based upon: the presence of component
(POS) and the absence of component (NEG) from said target cell.
In particular wherein selection in step ¢) is carried out sequentially
for the activity of the gene product encoded by (POS) and (NEG).

Alternatively the selection in step c) is carried out simultaneously for

30 the activity of the gene product encoded by (POS) and (NEG).



20 ki nase gene of the herpes sinplex virus deleted of CpGislands, HSV TK
Del CpG (SEQ I D NO 8); cytosine deam nase coupled to uracyl phosphori bosyl
transf er 2806 20emw18iel et ed of CpG i sl ands, CD: UPRT Del CpGPCEHERRM DONGS0) .
Randomin cellulo linearization of the integration matrix can lead to
random i ntegration of the construct into the host genonme. If the

| i neari zation occurs 25 within the negatldbve nmarker and so inactivates its
function, these randomintegration events would not be elimnated by the
pro-drug treatnent of dedfirstions According to a further aspect of
the present invention therefore . there is provjded.a version of construct
(i) which conprises at 7 &340 @gjd Eﬁd%g%rlrlﬂ)c?n(?ﬂ{y ?qﬁéﬁeseﬁ}%@%‘nﬁrg %?Sl%%d
negative sehgeld Qebo?XBakasSthebmeds®etddde, an whi, i1t e@ample0) MRbahd XGIn 3R one
upstream of the HOWMD1 regi on and one downstream of the HOMX2 region,.

over cones t Kiletaminsbtegidue, R 3neans Arg or Arginipgy gesispatsng [ magsh Asp PROMPATLCPROMR,
PROMB an Pac I sel ected fromthe group: cytonegal ovirus

i mredi at e-eafl'y profmoter, pCW (SEQ ID NO 10); siman virus 40 pronoter,
pSV40 (SEQ I D NO 11); huNadlegidengat daipnhedta3rfollows:porenttar codphkRsdd for( SEQ
| D N0O12); human phosphogl ycerate ki nase praonoter, 5 phPGK (SEQ | D NQ 13);
muri ne phos OGRS BASRi0h adwiclspeifs el adsRrak 13 SEmying cNCY@SiefRdenis

pol yubi qui t | : idi i er
from human %{e??rg%és) rlf‘SE)IE (%rr%? g%éy%hegﬁﬁglé \F;dél\_é% % @é&s e%,%y%gg fgﬁ ?ﬁﬂh@u%gﬁe(g{dg%lﬁ
arrest specrdpresehts@ anps eepreehGASH |, SEQ@prddeiN®alor )i, mirepresgych bne-y Bpponsi ve
el ement, pTRE (SEQ ID NOL8); internal ribosomal entry site (IRES) 10
sequencetd ré‘?ﬂt%he’éﬁr(ﬁ}’%ﬁg‘l)’ﬁ/n?ﬁl%‘élf? i TSP § P VEWE{?S?%E@ F9' 519 ,

| RES sequenggréemddf P&t c, AnepaRistdh, dbsean n\'ﬂ%}ﬁ%n@ st 6DV (SEQ 1 D NO 20),
SV40. Preferably elenents TERML, T , TERMB and TERWA is
sel ected from the group:bypGhezrdeslyisst iiomteidgd i, endoudrlgnse hgrae apindlea 1) |

bovi ne 15 growth | vad { | ignal , .
bovi e 15 TR BRRIG, Eluateny| A et gl LB 42994 R 10R)
end, wherei n /s@infl] FgBce dePLag i Bl- 50l BERe If I-Sea NeS@rioh plo, FIAGy (SE#D NO
23), FLASH REASH (S%%ID NO 24), 1O (SEQID NO 25) histidine (SEQ LD NO
26), STRSP {dHalqed NbBw), PEDhadt BaPor h WirMar A psk &i -MEsh RISh ) BY-No

28). 20 cal i1 bi ndi t i . tipin, HA
(SEQ 1D 1o W01 EHA P RRUPLE & g MR LMl £ D P TR 01

nucl ear | ocMrh Zakibiv §iRjndke (| MUISYpu I BiaRfiad| RleRmadnP ASHSEQ Iy WOPBBY LNLS

f SV40 (SEQ | D 4), S S t hr onbi |

it (SEQ | B ek Phoh s aB 6 L £ 4eA PR SHPIT2A ol oavage of (6
(SEQ I'D NO 38), E2A cl eqyagsmdliintrR L AGE®ABANRSmMRL endonuclease” is intedddd

addition to detectable péptide tags, nuclear |ocalization signals and
purificaoi oa widgsypchdomosSineir AIAGLEVNPET dempighendeorgsiagbe dudingi ansihgle

sequences s I et.,ratin i des tides which chel a

det ect abl e Eé&&géﬁ%g}%%ﬁnagg fialﬁ’?’%p[%g‘gérgnﬂ? Drl\@%?%ﬁ IS §6%c%soé'§fer{g to a
further spegi faGorshEfhcidnal haidat @ReDE | nvention the MSC may conprises a
reporter gene selected fromthe group: firefly luciferase gene (SEQ I D NO

40), renilla Iuciferase byehdGSED PO hoing yndosuglapsgctanantd £5 eZERn@riaptyc 7
or “TALEN variant” or “variant” is intended a protein obtained by replacing at least
25 one amino acid of a LAGLIDADG homing endonuclease sequence or a TALEN
sequence or a ZFN sequence respectively, with a different amino acid.
- by “functional variant” is intended a LAGLIDADG homing
endonuclease variant or a TALEN variant or a ZFN variant which is able to cleave a
DNA target, preferably a new DNA target which is not cleaved by a wild type
30 LAGLIDADG homing endonuclease or a TALEN or a ZFN variant. For example,
such variants have amino acid variation at positions contacting the DNA target

sequence or interacting directly or indirectly with said DNA target.



14 (SEQ I D NO 42), human secreted al kal i ne phosphat ase gene, hSEAP (SEQ I D
NO 43), nurine secreted al kali ne phosphatase gene, nSEAP (SEQ I D NO 44).
Such a vewei2on/wisieconstruct (i) can be used as a positi PETABLL/306820
determ ne the | evel of gene expression resulting fromthe insertion of such
a reporter gene by HR using the set of 5 constructs according to the
present invention. In particular const r dét (i) conmprises SEQ ID NO 45 or
SEQ I D NO. 46. According to a second as,fye,c,t of the present

i nvention there is provi@ediuclsase vapant withagd spedligitenisdnishdsr gtiantcor

Mo at | eastyigng (6oL oS ORILAL N8 B8TI UiBEOR SmARASIHNEbRen:

according to t rst aspect pre vention; and instructions
for the genendtisonThd varidntsamsy oleawdlesetatgetssirestyicted prodidd) cofmage tezgéts than
| ar. said urt he ri ses,at. | east

constructs. n particu it co

one target 8 pared nugleass é&efgrra%#}’? fchr‘?evaﬁl%tdﬁ a@@ﬁﬁr“ﬁ?i"ﬁ&? {%r}%tar(%‘i hatisprogs
cel I's; CacooCgtdved bithe JarefdPubRhdes; NI H 3T3 cells; NSO cells; 5P2 cells;
CHO S cells; D344 cells; K-562 cells, U937 cells; MRCS cells; 1 MO0 cells;

Jurkat cells; Hep® cellls; tetmisa ‘wevéls ;spedifidingp Gapdisied Heprcifioitydel ‘ingyelHu- h7
cells; Huvecg, cells: t 4 gells. o aAgeording to.a thi

aspect of tﬁlga‘bafggsgé)ﬁ%c zentqogﬁlsflhbéF%teiséjef)l%w e lcgq rgrer?t %%Lqu;lgnrt nrd a{rll%ﬁ orm ng
by honol ogousliff@emyirerat ioohe @]?ecﬁﬁiﬁ@tof(bm&ﬁh{ to®@RTIthe hiigetfllet betheDaYS of :
a) cloning a sequence coding for a gene of interest into position MCS of
construct (fargetsequence. b) co-transfecting a target cell with said

construct, (i) of step a),.pAnrd > |: GG fr ro(iv
as defi nfeod here above; 2}?2)Fggﬁtfeéfﬁﬁ%ndg{ﬁﬁlée)g%@qgﬁéelc%gk{sh{)\;ég%g) e&%e'glﬁ%nc? he( )
presence of SSVISSPREM P{FASr aditladchssi@bsdadgdnf conponent (NEG from said

E::; ?ie;dcgu “sequent i al I'yb¥ gaogl%ré‘% :SR%'[:{'C\?’;% %&%’R@Sﬁﬁ%ﬁgﬁb@ﬁm@&@ f)y
carr1 ed out |0 TARBUIERS P g atAE e NE Ha R ER R A ERootea”
by (POS) antomiE@ndonucleases of the LAGLIDADG family, corresponding to a sequence of
15 about one hundred amino acid residues. Said domain comprises four beta-strands
folded in an antiparallel beta-sheet which interacts with one half of the DNA target.
This domain is able to associate with another LAGLIDADG homing endonuclease
core domain which interacts with the other half of the DNA target to form a functional
endonuclease able to cleave said DNA target. For example, in the case of the dimeric
20 homing endonuclease [-Crel (163 amino acids), the LAGLIDADG homing
endonuclease core domain corresponds to the residues 6 to 94. In the case of
monomeric homing endonucleases, two such domains are found in the sequence of the
endonuclease; for example in I-Dmol (194 amino acids), the first domain (residues 7
to 99) and the second domain (residues 104 to 194) are separated by a short linker
25 (residues 100 to 103).

- by “subdomain” is intended the region of a LAGLIDADG homing
endonuclease core domain which interacts with a distinct part of a homing
endonuclease DNA target half-site. Two different subdomains behave independently
or partly independently, and the mutation in one subdomain does not alter the binding

30 and cleavage properties of the other subdomain, or does not alter it in a number of

cases. Therefore, two subdomains bind distinct part of a homing endonuclease DNA

target half-site.



15 Definitions Am no acid residues in a polypeptide sequence
are designated herein according to the one-letter code, in which, for
exanpl e, Worea®1&kin or G utam ne residue, R neans Arg ®CTABYiIN)IvE8Y esi due
and D neans Asp or Aspartic 5 acid residue. Nucl eoti des are
designated as follows: one-letter code is used for designating the base of
a nucleoside: a is adenine, t is thyniné/ c is cytosine, and g is guanine.
For the degenerated nucl eotides, r represents g or a (purine nucleotides),
k represents g or t, s-rspilstehaipiy’ trintsnded tepcessestdveabep-strands, ¢fedbe esent s

a or c, yrepre- sents .t or ridp. di ne n i.des resents g,
aort, v r&‘%ipé‘?é‘%? b et@jShgeto(}fo% Lgé Lﬁé&ﬂ&eﬁ gn ',gl&ic)%g%legs% PTé ggélgfsﬁeﬁ%gﬂa, t
or ¢, and NafeRhRSERLEy Hloop.orh tlh, C. - by "nmeganucl ease" is

i ntended an endonucl ease havi ng a doubl e-stranded DNA tar %et sequence of 12

2 [T

to 45 bp. Exanpl es i ncl uli¥ “pingleechain meganuclease”, (yagle-chaip qhimgsic meganu-

PI-Tli |, Pl uodg o - Geu - . el i = O v adbr 15
Pl and | el pelpele i ephi¥iid dornan Bisiigle et ghimercpcenpfRity
Pl-MI| |, PhdMpative” Bt “dogleichairl ddvivative” iPlintbkded| 3 niigadbadease cPmpibag two Pl - Msh
I, Pl-Msml, PPMh 1, PI-Mul, Pl-Mke I, Pl-Nou |, PI-Pful_ PI- I,
PI-Spb |, PLASIIDADGhomipe ppdmua{eﬁ§§ Gmipps of o (i‘*ﬁaffdnﬁ Eﬂlﬁﬁd-%ﬁ Reptigp Tko
I, PL-Tsp | oodcaMB@e singRYchaltO MREIMRIdaSe 1 \GhleDADERRMaNehigRAO UK At | S

i ntended 20 a w | -typ% homodi meri1 ¢ LAGLI DADG hom ng endonucl ease having a
si ngl e LAGLbdgaBGermotrpristngene|deffieremtdhaffaificacly pménd nBiganucigage targd Gediseess, such

as |-Crel or |-Msol or functional, . vati ant .t hereof. . .

"LAGLI DASG honi ng endoﬁ&@'l e %aé’a%%taf’té‘ﬂ&' _tg? cleaps, Agvity of B variapteqy t%%ri ant "
or "vari ant 'i'nv'eﬁtidﬂ‘h&?'dséi rAedR0RH EbyN 208 &bt Nepeabre@pbingtidig aghy, BagtasBrone
am no acid of a LAGIDADG hom ng endonucl ease sequence or _a TALEN sequence
or a ZFN setasmedianeesblecusing| § repgrten eectiirs perdeparibgdi Wothgc PHT Application

by "functio j " kS..intend . L } C c ari ant
of o T EN S 2RO g: BRRDb R s Al RE S A B SR i oo
preferably al newiONAdd ReL, 205¢B3,i e 780dndcAmavkiderhy., & Miol. dBiblp20080355,

LAG.| DADG honm ng endonucl ease or a TALEN or a ZFN variant. For exanPI e,
such varliBant3-Adk ek isnorise ivacoR FPRPII o BBGats ﬁ@néﬁm%?eﬁ APIEHE Bina

target sequ Ied Nt t] i t i N el ' I WithNARE ar get .
16 ?e%ﬁ?lol%f/hé?rgg% eagegggg%r %Ig(?\té %\nh%edr?ovelﬁg%}eg)cé} ¥y|e§1:1:ibtn§@ ilé i ntended a
vari ant havimgvenipasé@rence fclaed du odadt ar gansminelisaespresso¢dter) The A ent
fromthat of the parent, nucl ease. The variants may cl eave l.ess targets
(restrict edta_b%eéstH‘éﬁ)“C‘érls r‘k@’r’%ecﬁﬁ"&étﬂ? PR ﬁ?fgmﬁa?%iﬂfm BASF A ?g$F1§$§Vabl Y,
the variant dpp a8k dfuit HLaMe Alclddtids by nBfftRhORIclédNE. P@ferably a panel of

20 palindromic or non-palindromic DNA targets representing the different combinations

of the 4 bases (g, a, ¢, t) at one or more positions of the DNA cleavage site is tested
(4" palindromic targets for n mutated positions). Expression of the variant results in a
functional endonuclease which is able to cleave the DNA target sequence. This
cleavage induces homologous recombination between the direct repeats, resulting in a

25 functional reporter gene, whose expression can be monitored by appropriate assay.
- by “DNA target”, “DNA target sequence”, “target sequence”,
“target-site”, “target”, “site”; “recognition site”, “recognition sequence”, “homing
recognition site”, “homing site”, “cleavage site” is intended a 22 to 24 bp double-
stranded palindromic, partially palindromic (pseudo-palindromic) or non-palindromic
30 polynucleotide sequence that is recognized and cleaved by a LAGLIDADG homing

endonuclease. These terms refer to a distinct DNA location, preferably a genomic

location, at which a double stranded break (cleavage) is to be induced by the



5 not cleaved by the parent nucl ease. The ternms "novel
specificity", "nodified specificity", "novel cleavage specificity", "novel
substr at eveped/foigiit y* whi ch are equi val ent and used i n®#CTfiB2and3ogs2 r ef er
to the specificity of the variant towards the nucl eotides of the DNA target
sequence. 10- by "I-Crer is intended the wild-type I-Crel having the
sequence SW SSPROT P05725 or pdb accessil®n code 1g9y. - by
"donmai n" or "core domain" is intended the "LAG.I DADG hom ng endonucl ease
cor e donai nenddnuclbasesThh PN g ieddfBied by ck3T3a B3 iGpehad af ak strard bicthe ng
endonucl eases of the LAG.IDADG, fam |y, .cqrresponding | sequence aof 15
about one hdpdHedraded goapeeptds é&‘é@atlé‘g}’d M%tgom\l&?&ge sgtyence

bet a- strands R8N j »ald etaxshe g Lipderesdosniibh h one
hal f of the %kl)%k gg gelélt&." Th?lggéégﬁn%i’nt%egﬁl glti?é gg%d(ggiitgﬁebﬁfh an%t her
LAGLI DADG hssjuancesntiamiol easezniamesitdrtiamingisith”, i ‘eleavags siteli ishintehéedot her

hal f of the target to. forma functional, endonuc| gase. able to _c| eave
sai d DNAt aflgl‘l;ér%?'s eéx%fﬁ]ﬂfiﬁp,mlfn pflﬁ’é’ﬁ?fa% indromif (PFPAOFT aim%mllllg)ﬁﬁorrlgnon'
endonucl easgallndtditlc $otfRichBHAO seGiehsd thd he réeﬁgzih&ﬁ@ﬁﬂ hesived bendandedsease

core domai n corresponds to the residues 6 to In the case of nononeric
homi ng endousblagasle’sLENwo Z&Dch domai ns are found in the sequence of the
endonucl ease; for exanpl.e i - | (194 .am & i -he fiyst .demain
(residues 7 to 99) and the sr}%lgé%%%n%%ﬁm%r’eg%ﬁg%%l%ﬁ E{H% 1J§4]§a?falsr1{e% L

separ at ed bipténdel@el pdriidrk 6f thd DN A asigeiebicA @0bdvad HIBach nuclease domain suchy
"subdomai n" is intended the region of a LAG.I DADG hom ng endopucl ease core
domai n w8 chs LACERADS hpmingendprydleise coygdemam of el A @ﬁ&%%&c AT DNA
target halfgsit.e. Two different subdomains behave independently or partly
independent?y, and the nutation in one subdomain does not alter the binding
30 and cl eavage proper tibgs'chimdriveDbithtarget Lbnd Grybiid DNA tdeget’ wdnteadadethei t i n

a nunber of cases. Therefore, two subdomai ns bind distinct .t of a_hom ng
endonucl eas @SWﬁ%a;gtgfenﬁ EPIE-‘% e .par@?b“gg?f‘? §5a8 fiWF?SB;‘?) Tﬁ?}{iglb Y
- by "beta- hal f0F BF sali B tar g SRACD nipMe CRNSREMAANA TSt @NIBicR birel BiRind

anti paral l el beta-sheet of a LAG.I DADG hom ng endonucl ease core domai n

whi ch aris cbyreptratd spdambimsp(combinet UPNA targsf) 'inithgylcese khian LikgdRdd)@ase”
"single-chaLn chinﬁric ”%%9”“1 5 cl ease"”, "single-chain neganucl ease

deri vat i ve" NOMUBECRIONUCCASCIAEL o' “neganucl ease derivative” or

"singl e-chai n derivati vey “nsuthtidrenid egtedledapasuttiaana, thenduldtivinhgnd/wothe

LAG.I DADG honi ng endonucl ease domai ns or core donmains |inked by a peptidic
spacer. Theadditigyl @f congi 9T ngien du¢leeilss/aming gids oing p el @m/%}qoca@%p\

t ar get sequgeg@gnc%orrpri sing one different half of each parent neganucl ease
target sequence. 10 - by "cleavage activity" the cleavage activity of the
vari ant 20f the inventi orbyneyucheseteasivriedndyd & dicnechyrepeally reconbg mat i on
assay, in yeast. or manmal i an cel lf,élr using.a.re oEter vect.?r, as d i bed
in the PCT &Pfriatanzysle. Wolesatryher saeang iy caB e e a SREPS PEORNF YV Res . |
2003, 31, 2 2; ?}Qﬁfgg lopes [ j ds - ,DRA, t#def8, and
Arnoul d et a?get%ﬁlg ?\(/)b . B 33[%832100668%%a I:fLaS 4%—%(53?6 'Sl%%{ar@gporter %eector
conpri ses twaquencernd htedenidne ##oibpt i onal copies of a reporter gene (direct

repeats) and a chineric DNA target sequence,wW thin the..interyeni
sequence, cloned in yeadV Jpné’l‘g%lﬁsrafsi glﬁenéﬂnaessegpg}gev\glg? 8?9”%@6% ®ar get
sequencesi Syigkdr Vet 6 arhd he RAEMIoPART REoMBHANGE | IRaFeerC seQieags, shére by
repl acement of at |east one nucleotide by a different nucleotide.
Pr ef er abl y parpiedaily baving at least 95 % identity, preferably 97 % identity and more prefera-
bly 99 %.
- "Identity" refers to sequence identity between two nucleic acid
molecules or polypeptides. Identity can be determined by comparing a position in
30 each sequence which may be aligned for purposes of comparison. When a position in

the compared sequence is occupied by the same base, then the molecules are identical

at that position. A degree of similarity or identity between nucleic acid or amino acid



20 palindrom c or non-palindromc DNA targets representing the different
conbi nations of the 4 bases (g, a, ¢, t) at one or nore positions of the
DNA cl eavsigeoslitogsliis tested (4" palindrom c targets for PATAB2AL/@682
positions). Expression of the variant results in a functional endonucl ease
which is able to cleave the DNA target sequence. This cl eavage induces
honol ogous reconbi nati on between the did8ct repeats, resulting in a 25
functional reporter gene, whose expression can be nonitored by appropriate
assay. sequences is a fumgtioiDdht angbet of idOikak armyathisg qudaciades at pesttipas
sequence", "target-site;, "target" “site":."recognit.jon site"

"recogniti oﬁhasr%‘gﬁ% Hienuclei, Bﬂﬁﬁgqqeélﬁ%sg ﬁ/isafl%%alégnfréen? BRE AT §F dH08S & 5y age
site" is inhppdRdusddde chirult Qi idaiy Besideatde deqahtadimiliding PASTAZ ok y
pallndronlcg&Pseudoipallndrqnlc) or non-palindrom c 30 pol ynucl eoti de
sequence t hBLAS mdidynre adailable @seaneet bl the 1G(EE | IABMISo ARALSi® PESHAGE| ease.

These ter.ns . .di st al | r |y a o
et i on® o OSEEE 8F SitionuhofiaiiE v Bo ol e LSRR Lo fudERPRitnes. | )
the WD 2011/ 101811PCTLI"Bixlida4)5dedicd Snandalusd wald @s ofie VoNAbiags det.,i S

defined by the 5 to 3' seguence of one strand of the double-stranded
pol ynucl eot Paes: Tish gad reptifess| ke teyys imangaal” and rammglignt, a8 deRdredn; regef ar get

sequence” , 4 5@" Rekebitd %ﬁmﬁal, tu?crl&ﬁﬁ% monoPeh&, mar E&@sﬁ%{gﬁélg&n@} tat suckle

"recognition séquence”, om ng rectognition site ng site”, "cleavage
site" is inteirdedngabd divhdlgivesbirthrid dictingatoung (@rharian paplacahtial mpainabgdoom c
(pseudo- pal i ndron%c%ﬂgo(r notggal i ndrom ollynucl eot i %e se%léer}ce that. i s
recogni Z8d #5d°&S BEPEdBSFAEYt (08 JOBP RGN g RARMAR) FIRXGIPFEN! mammalian -
by " DNA t agg@gfes NatilidsS hhifians ‘ah@ldihée! fanaee (Sil %‘orﬂze)ﬁb alhimpdrzees) fodeMt ended

the portion of the DNA target which'is bound by each nucl ease domai n such
10 as LAGLI (GADGatsomiceggeincopigs) adsomimnts (dgnepws.arigelerseIAL or each Zinc

Fi nger domai n. “gonc 6’Eyi8¥e%%i[’ner i“%(ﬁupfeﬁegr 5 E)a'f'nyofrlu&@ﬁ%ir#q%

target" is intended the d’f f efent t WO pare nucl ease

target sequeneéig alhoddripuiivaehe@dliuene hal f of said target may conprise
t he conbi nation of nucl eotides which are bound 15 by separate subdomai ns

(combi ndd DNA target) rneehaiiccdiseass? refersat pryABKSeaSniPAL a8 o cnRissl -
target. . .o "mutatiqn: i sikhie S i i

del eti on, a%‘é“i%l? Y F\%dlr@aeg%}"tcl{ﬂér%gtgb %gﬂ%&%}lk%r%gﬁ)gg%%g%li %gg% ast?h}grl%&gg?%}gﬁ n a
nucl ei ¢ aci chnalrd @ansation, aedusertiod. or20dellyon. 1Bail @amedn ichn bs ai mnetwdbohutae nean

any naturally occurring gr artificial epnzyme, nolecyle or other ans whi ch
can cleave 4% p%‘é“r ?i;%or@éﬁﬁ’rr?%l ﬁ%ﬁﬁt tthg (j%f{}n HEAUSBCS A egeéleﬁlétso?egg%@r%nd
havi ng a doéélelh@ﬁc%t Sﬁﬁ%ﬂo%& 3hL8 SFfeSCAE 8RG8 uRS oPBEREIMIZ sd@edR QPthe- DY

“honol ogous™ is intended a sequence W th enough identity to 25 another one
to | ead 200 sirdsomebogrbiity ef tetincadédomRbet. iBes gewtja elivsess, camdvecrepessiveoul ar | y

ggvi)/ong at | (‘ia'cﬁfjlrﬁitnar?t.5 S%()Cf.l dgee?lgtiié )éisegsree]::glhg btl)c),/ b%z ag/g ing)te rl‘%n'n%e% ?or,]dc S 15 %b%siesf, erably
Huntington’s chorea, familial hypercholesterolemia (LDL receptor defect),
hepatoblastoma, Wilson’s disease, congenital hepatic porphyrias, inherited disorders
of hepatic metabolism, Lesch Nyhan syndrome, sickle cell anemia, thalassaemias,
25 xeroderma pigmentosum, Fanconi’s anemia, retinitis pigmentosa, ataxia
telangiectasia, Bloom’s syndrome, retinoblastoma, Duchenne’s muscular dystrophy,
and Tay-Sachs disease.
- “vectors”: a vector which can be used in the present invention for
instance as construct (ii) or (iii) as defined above includes, but is not limited to, a viral
30 vector, a plasmid, a RNA vector or a linear or circular DNA or RNA molecule which

may consists of a chromosomal, non chromosomal, semi-synthetic or synthetic nucleic

acids. Preferred vectors are those capable of autonomous replication (episomal vector)



- "ldentity" refers to sequence identity between two nucl eic acid nol ecul es
or polypeptides. ldentity can be determ ned by conparing a position in 30
each sequeaceinvtiisim may be al i gned for purposes of conp&CIrap2011V¥oese a
position in the conpared sequence is occupied by the sane base, then the
nol ecul es are identical at that position. A degree of simlarity or
identity between nucleic acid or amno 8id 19 sequences is a function of
t he nunber of identical or matching nucl eotides at positions shared by the
nucl ei ¢ aci almﬂmqaxemssisn o¥audleiuscidb tgwhightthel ag;@ﬁhkddr(sxmnmqugtcm@r barge may be

used to cal cul entity be ween t uenc.es din A, or
BLAST whi ch4P efé\? SP‘éﬂnh?%V “é"‘é t?ﬁg) %;@g @B eth%é‘qaﬁ? |‘!39§1g1§er ekage 5

(Uni versi ty,@fiaMiesconsi n, Madi son Ws.), and can be used with, e.g.,
default settings. - "ind|V|duaI" i ncl udes mammal s, as wel |l as
ot her vertebr ates (e.gVirabiveasrs ih¢lyde mﬁ@vn@‘ptadﬂ@y)rus THey QVage. "arafenet *  and
"manmmal i

monot r enge, Al areSh ek bl R CR R AL A SR ornbBEAENED.

give birth E gl, iviliR@zy Onag, fhabddiafs 38 g),rrabﬂeﬁﬁﬂcnifédlcmimmhﬁ)tls(mm’kﬂ parae
egg-laying (netatharian or nonpl acental mammal s Exanpl es of mammal i an
speci es i nchydevimsnigng- arwasles aed Sspdaphtnositive. Sgand Mé%lsescw%enee@s)

rodents (e. g, i &Sy aff;'hgﬁrusg lﬂnﬁe@mﬂ)'l@&}anﬁg(ﬁjofrﬂqg'&ﬁﬁste? %&ugmg GO virtN, IS

hor ses) . I nt erest ers to any
nucl eot| de Eagmme(eerqu@hrp@ &nipimwinmrtypmtlaaﬂd/k, Hpsteen-Baoducts, cylémegagenet i ¢

di sease" refers to any disease, partiall onpl et €| dir.ectl) or

i ndi rect®Py, {OHHES)t BBPOXYBHS fhﬂrl‘faﬁcﬁﬂﬁl gﬁ'éﬁ; W@poﬁ)erygger aaisgs é‘ﬁr‘llg? mal ity
can be a MuBHAR viAl, |{BSRk Lk OMaPivids B RILQR; hihvirus, ahégansafisPand
punctual nutation. Said abnormality can affect e coding sequence of the

gene or it shepegts atiosy feeguempls, Em@lesbnﬁrm'a:bwn;setancladff eevian hlgukastsuct ur e
of the genom c sequence..or truct ure stabilit f encoded
TRNA T TSR CTOBHER ChivenB-Fee ddbite 31t Sk FriogL HRaE

di sease coujegtifius, Bpiimais TObffid, M MedRE@ovihdRE The virlsRSing, thédd Réplidgion)’ S
chorea, famli al ﬁyperchol esterol en a (LDL receptor defect)

hepat obll&st brBundamiesioh Virolieve dbid Fshtiqpe M- (Nl Fibldpaatiad, 56s- pﬁm%@“ RayReri t ed
di sorders Of’ubqlesggr% ﬁthﬁ%&RPal, '1§%r}eli'?l§ CEQm{\ly %{brs}’é}ﬁfs%r% m?éléi}:( lagldcrﬁhfecﬁgem a,
t hal assaem as xeroasrng pig osum

anconi’ S anema, retini
pi gnent osa, caphblsiod tia@bptghe siabdranucBioadid so smiviiriohss, ba’eﬂtllrﬂteﬂ)l @sd Q/Ipsa of
Duchenne's nuscul ar dystrophy, and Tay- Sachs dlsease "vectors": a vector

whi'ch can bEFC[ESEH Yaviarhie o BRMHDC: My AT 871d; RRBIARCY SracghepPiRetal (i i)
or (i11) asAflifGd paliey& VBGhHAGR tRW chFablObf ldubnb&idub Qeplicaibh ind/or

20 expression of nucleic acids to which they are linked. Vectors capable of directing the
expression of genes to which they are operatively linked are referred to herein as
“expression vectors. A vector according to the present invention comprises, but is not
limited to, a YAC (yeast artificial chromosome), a BAC (bacterial artificial), a
baculovirus vector, a phage, a phagemid, a cosmid, a viral vector, a plasmid, a RNA

25 vector or a linear or circular DNA or RNA molecule which may consist of
chromosomal, non chromosomal, semi-synthetic or synthetic DNA. In general,
expression vectors of utility in recombinant DNA techniques are often in the form of
“plasmids” which refer generally to circular double stranded DNA loops which, in
their vector form are not bound to the chromosome. Large numbers of suitable vectors

30 are known to those of skill in the art.

Vectors can comprise selectable markers, for example: neomycin

phosphotransferase, histidinol dehydrogenase, dihydrofolate reductase, hygromycin



30 vector, a plasmd, a RNA vector or a linear or circular DNA or RNA

nol ecul e which nmay consists of a chronosomal, non chronosomal ,

sem - syntwetot/wisigynt heti ¢ nucl ei ¢ acids. Preferred ve®CoAB20at/es06$0se
capabl e of autononous replication (episomal vector) 20 and/or expression
of nucleic acids to which they are |linked (expression vectors). Large
nunbers of suitable vectors are known télthose of skill in the art and
commercially available. Viral vectors include retrovirus, adenovirus,

par vovi rus (bosplotranséanese, hewpes simplerdvinisr ymédine kiaspadopggne Hegainaye
strand RNA vyjru h orth I EUS . .0 I : I ,

r habdovi rusgi(“ttaa}rﬁ%é, ?}ﬁlg%elt%sg, zfrrllg g&%@ﬁwanlré gfﬁlﬁ“t P%?égﬂ{)/’%l%ﬁgf ‘flra\éng;eghﬁr%leé)&i rus
(e. g. neaskdargiit Stnddtuye; TR for \Se cerlevidngd; eiAcyelinelsefampivim oaampicillin

pi cornavirus and al phavirus, and doubl e-stranded DNA viruses including
adenovi r us, TIES R riscofie. These salscipble mapksrs gar, plsg ober Wﬁsaﬂa Aae o the
Epst ei n- Bar i : ST J : - poxvirus (e. g., vaccinia,
f owl pox Endg%ﬁe:shﬂlay@ 13%{& agec%gorrdl\]/n%rthgie@sﬂr?%f llﬂlgglq}\(l%fml k virus, togavirus,

fl avi virus, reoviruses Prgfapblyasdid wsctorsepadxardssios veetno, vdeetin tai squéncas, for

crarm e EEBR, RSSO PR, WS SHeRD bR oI

spumavi rus {rg%fcfi%)ﬁ'@naﬂ anMran&Mn@lé EdudRelembhf t¥ :géﬂﬁi@ $raietider syniiRRisiogat i on,
e

15 I n Fundanental Virology, Third Edition, B. N. Fields, et al., Eds.,

Li ppi ncot t - Rad egmotPub(Thetedars,, salthipblyaa¢lpotide, is 1@9@)yisedr e an éxpiessior cawsetie. ef er s
to a nucleic¢,acid no] ecul,e capabl e of transporting .anot clej idto
whi o 20mL S1BE o TRl 1R ERE Fofrtes, b SRR DHeRR MEholll Goklaindl! I L0

a nucl ei ¢ aghkkdcapall énceflingXfolarueRbade) SoMBdsome Blite.Catl RNA-spHcafeesitea@heéact or s
are those capabl e _of autononous replication and/or 20 expression of nucleic
aci ds to wheenenip&NAe upddpkapolysdeaytstian sipanl a tBpsEipHar fsTAYNAE Hepltessi on

of genes to,uhigh éo'ﬁﬁ%\isgr ORKL 3! M%hgerl %lg&t@ﬁtg.aggle&%ne bf &tk &')QOIH&EIe i as

"expression vectors. ector according resent 1nvention conprises,
but is not Hépend efon the call ¥A®h{chiehspolapdptile i edpreskedonosone), a BAC

(bacterial artificial),, a bacul ovirus vectqr, a phage, a phagem.d, a
cosnid, 1 viral vector FoRa B?tggﬂpégrs@nﬁmoggw\;%ﬁngpnglpd5)thwg@rwglpsal;nﬁcm ar

DNA or RNA ol @€ WhgieWhh@LHoRY (e0%iS hoRfbeGRHRABS AR of XAMPEEAPDGOMBL,
sem -synthetic or synthetic DNA In general, expression vectors of utility

i n recombi nembodbiMantse ahetheplse sndirproodssesn aceprding foortlm @fresepl asydndion wihch

refer generall ént?} %ibercul ar doub(lie st randﬁghDNA | oops which, in their
vector for MArES3P TR amPE BRI OR ST L ar ge numbers of suitabl e

vectors 30 Bigar&NDWBchémili®SRphdsehtaition bh thBemdpdnuclease-mediated ta¥gee@rs can
conpri se sel ectabl e markers, For exanpl e: neonyci n phosphot ransf erase,

hi stidi R61 udearationeneesss. Tdiefntagiation sty el fhe MeganyelrgpopyRsessionplasmid
phosphot r angf er a: es,, Si Vi t i dine. Ki : '

deam nase, %r ut g?ﬁgﬂsefg(éq%t %gf a@%géﬁé é}%’ox a%(mn ?dr? gt?aélggeg?%g ;t)lﬁeg?%ggfre %Ecci)syl
t r ansf er asemtganuelekss iy @kpressed] decogilitaslis;endbehofiorecSgnid@r sitd, birgle fo it and

Sel cot abl ¢ WHkicer s TBh derbl-Pabhduertad Wioareon tnans cehstacte 114 and
(i) accor déia{}lgagteoaﬁdhﬁig%'éf%sﬁ&holiog(‘ﬁ?sn;éc%bination to fix it, using the co-transfected
25 integration matrix (used as a DNA repair matrix since it contains regions homologous
surrounding the broken DNA). The selection marker and the gene of interest (GOI)
which has been cloned in the multiple cloning site (MCS) of the integration matrix in
between the homology regions, get integrated at the meganuclease recognition site
during this recombination event.
30 Figure 2: Description of meganuclease-encoding plasmid(s). Two different
strategies can be exploited for driving the expression of meganuclease monomeric

sub-units, i.e. by introducing the open reading frame of each monomer in two separate



Preferably said vectors are expression vectors, wherein a sequence encodi ng
a pol ypeptide of the invention is placed under control of appropriate
transcri pyvoendalioss1d transl ati onal control el enments to p®CwIB20pt/6as2t i on or
synthesis of said protein. Therefore, said polynucleotide is conprised in
an expression cassette. 10 More particularly, the vector conprises a
replication origin, a pronoter operativeéRy linked to said encoding

pol ynucl eotide, a ribosonme site, an RNA-splicing site (when genonmc DNA is
used), a polplaankédsylcate Drorshtaendne pasidderdipiconmede sivanitoare sikpresseflt al so
can conprise enh cer. o silﬁnce el ements. Selection of the pronoter wll
depend upon™ HEMREr U IHPE 2 He pol ypeptide is expressed. 15For a better
under st andi mgmAt 3: N¥estAPpAGA io® Mnitesdl GneBPWIdIORabieesS BER iR rBfreSeldtiogd i nt o
effect, there will now be shown by way of exanple only, specific .

enbodi ment s of thet fidsenapenggicodlements incedyeed iy uniyershleiniesalion: mptaigenthigh wi t h
reference tqo t.he accaonpanyi ng .dr.aw n i i.ch: Fi. 3 i

Fepr eentat POTIET AUh o Raih Her S aeh i Tre g ooy s biaeR G bl
process. ThenseRéEDIalithd]anet inboftedndt bhhe RYaTbiIRIgenis @leexdnt.cSesoml) diffasiti d ar e
co-transfected into eukaryotic cells. Upon co-transfection, the engineered
nmeganuc| eas&siriction sites 8ay beeaciayatuced: P C@tﬁ&édé?ﬁ)g%? the clgine 9§nle§mn§,

binds to it . ' Bl}l% | 8- ' lsevgidye. The
cel | sensesrlgﬁghﬁﬂt@zrﬁrr&gse an 9&&? g(g—elﬁtrseéﬁgﬁ%F%%%&ﬁ?g%%ngﬁoﬁglgﬁotﬁ%t 0 f)i X it,
usi ng t he céort thaniafetdedf2myi 60OEgmdt other natridtion (sitsedn dbe aafoNOf rdgigionalmat ri x

since it contains regi gns honol o%qus surroundi ng the broken DNA). The
sel ecti off nBleRIEPt ClARNE flee-GUIRACES SHEACEFEst (GOT) whi ch has been cl oned in

the mul tipl gihlr@ninWUsivERal Nibr&for! NRadiiae @aAlsi ONwEBENanpldsh opete&salt he
honol ogy regions, get integrated at the meganucl ease recognition site
during t hi sintegratidy matriconam\given, by3dhangigg tke Bpe DEpeitiyr [ignnesmycin (NeoR)

meganucl ease- encodi ng. plasm d(s). Two, dj fferent. strategi expl oi t ed
for drivi nga?cﬁ y%’i?ﬁ}@’stgpg‘ﬁg%ﬁs r?é éfﬁlﬁlg}eéjagggr?ﬁ%%wgr(lﬁ'g‘ g%ﬁﬁfrlﬁc ?js% ! (?§G eg.ﬁeby

i ntroduci ngCDIEPRIEMICHG) @eleéﬁmaakerega{bsm@lﬁpre cRningo sEEPAVELY) ard2
plasmds (case 1) or in a unipgue pl asnid wherein nononeric _sub-units are

expresseld i mdicasidnigr éhccelaning i itlq gane(ddneres) (CRlglheseplaspid darldonghars

uni ver sal i {]utn% sglf[ih?ﬁ'e %%Eer %13?1‘?1&: §ﬁ1h§m¢ ot Hrlflﬂra?lg eagﬂcﬂfbrﬁ)(fsoﬁﬁ?l ghsr:,fb?r ent
genetic elenents introduced In YRTVer sal” in egration matrices. First; 5
posi tive anthsegingchd left hoaidery genssharec/aitdaad ile right hdinbfogy e aplFaelas: t he

former inserted in _and the |atter _inserted out of .the reconbi hogeni
el enent. Seétffditedihe heine _fP’éélﬁii 21N ey ?‘é_% et BritEier Yo BESR BBp
cutting sitesdoh fhfd gnﬁ}lt)%g?%ﬁ{g &fdd sfi‘t@girﬂhglﬁtasi%r@?#&gbfso%dﬁeéi&{s B type

of integration locus, a cloning site (MZCS) for the insertion of

any GO 2andamphed.restriction sites in the case of additional 10 el enent
cloning (i.g.enhapcer si.l encers), Figure 4: Universal in{egration nlasmd
maps. Two eX&WSF e_g' gfﬁﬂﬂf‘b‘ér%eﬂeﬁeﬁaéﬂpat“? ott]i'en‘H‘[egf“é‘écgeaaff'_é“ l@%ﬁ E%/rggtﬁgngi ng
the type of jR@Siatiod Hrbies§ (cordecB/seldltiohe ARer aHdsifiye 6ElBM I prodd Y Raned

exanpl es] and negative (i.e. HSV TK Del CoG and CD: UPRT Del CpG) sel ection

mar ker genegndpml infeptagions anv/ergeventualsplpsutgic-based q@cpigrics BUEEPle GHEEIAIRONS| oni ng
of the gene_of interest (GO)., These p 1 C S..Al I in the
sense t hat '%é’&? %‘gﬁ‘:tg(ill?ﬁ(ausfcg%l I?gere er??eéiné)/?t% ;%‘gmg% éé (rﬁgeﬁossegeﬁg?ry ﬁ&g&écﬁéss a{lbh§
inserting tpesdebtothanblicidy @he abrkeheuhsel tii t@ombihogbsicr ¢lghtnthoanlbegy ar m

at Fsel or Sbfl site. The choice for such 8bp cutter haﬁs begn privil edged
over cl assi elsqungispted it Beadingdinabacleded pell ploass By riprgdrpg that fydenendntion t he

desired Chrﬁl@?}%@alofrﬁgcjiﬁwsge}l@ RGP 2ap! &i.fei. eé%mciclovir for HSV TK and 5-

fluorocytosine for CD:UPRT as examples). Whereas isogenic (monocopy)

integrations are prodrug-resistant, all other types of integrants (random or

30 concatemeric) are prodrug-sensitive.



Figure 5: Schematic representati on of the neganucl ease-nedi ated targeted

i ntegration process (counter selection). After a positive selection
process, wowantweimandom i nt egrati ons and/ or eventual plrasmBuilveivased
concatenmer multiple integrations at the expected | ocus can be rejected by
exerting a counter selection process. The 25 presence of a suicide gene

mar ker out of the reconbi nogeni c el enenf23can be circumvented by treating
final selected cell clones by a prodrug that is dependent on the type of

sui ci de gen®Figmeke Inteprati¢n prasngdnoapd fori targaimgHBY Miknam RAG1 flbawsr belit osi ne

for CD: UPRT as exanpl es). Wereas i.sogenj noc i ntegratiqns e
prodr ug- r es 'ra’éié F%ﬂ@&yh@fn% 9@@’& M%ké&%lgﬁl‘zgs ?E@]B‘Eﬁﬂ & n‘?}% into pIi-
concat enmer i @hiwk&1AKeNpiasnei tive. 23 Figure 6: Integration plasmd nmaps
for targeting the human Gl | ocus. Left and right honology arnms of the

hunman RAGL Figure TaDescuipsioncofothedselestion mmocess\efr Gagetyk -clenss gpHEKAI29F gur e

7: Descripti the s ctio [ S t t . a0, 93. 5
(203 are. (Hpdty Barer i BB e m Sk LA KD SR SR W i
i nt egrati onpii@ix.i Xhred Ndage Ry GamdGition, 2)000 aeinsteoted 2¢li8Oart r @addde ot @édcrael | s

are seeded in 10cm cul ture di shes. Ten days post-tranfection, .
neomyci n- r e§H&iradishes. orrasdays @optdeanisofipadndaynysi-tesistanp clonenas 1dsntifid by

presence of (el Anel ifl S reRRLLOF GFI8 %ﬁgfdgggsge-v&ggﬁgﬁ% Qg RROMUE! -

and ganci cl ovir-resi stant ones are IS by a ganciclovir for 5
10 days. At ntdmycndaef gitvidoderastdnorlones ass splatkduly eddiegigen@dbviclfonés are

re-arrayed in 96- well plates. 96-well p]ates of clones are duplic din
order t ol%edesy & Hheendyof .Selﬁ?t&?r@o%‘?ss’Si?i‘é]@ﬁewt(fﬁonceéFbeeﬁe@aragf‘i)wgééqi n

11EK293. A. éﬁ%%ﬁ@é. b6 WeaPSI8RE Bt AbAQRrOfugiRgie R dbPOUR RideREd baPOR! ed
integration. PCR prinmer locations are depicted. B. and C. UV light pictures

of et hi di unFigurriSdSceteai PER, ofdergestd clayes msHEHR93, A1 Schatatici reprgsanéatiogR

positive clopes. rows of. 16 we]l.s can. .be ded r qel j de of
each row, aogﬁﬁ Iﬁrgpllgllocﬁlsaﬁf&eértar(gﬁgedil te%%‘ga%dl.L l%egﬁacagﬁogg’e%%?eg%?ﬁ’ osﬁr'n top
to botton: adPkb. [Wbliﬁlﬂ kRturls &fkbthiddud klomiie-guiRd2:96Motlecagasyse gels,

characterization (Southern blot) of targeted clones in HEK293. A

Hybri di Z&t i stenéfiyingdJenesitive plobese 65w DNAOIVessta devipadedries @el- (Omepch
restriction_an . Hyﬁl(li dj i frth MR N4 @i,gest ed
w th EcoRV ?@gt%?(lg%hi Igr‘fv’gnzy‘r?eﬁlg%%} &9%% %‘:)zlsg%alggn'of %r@hﬁggﬁigﬁeg pr o%g on
gDNA di gest edbosiont): Hkt] Bkb, 2 g 08 I, i0oinkktenzynme. D. Schematic representation
of the human RAGL | ocus after nonocopy targeted IJ’H}A grati on&gﬂd expect ed

band si zes. FigurectreMeleeulae hasasierzatipn fpoythert, pindractsdy sloney Jp
mul £ copY ¢ #gieiea 25|k SEH ANANENGRERIAU HABONN aRSsichRiVARIQNS: OOV

R, ganciclovir-resista S, ganciclovir-sensitive, C; untransfected
HEK293 @l | sestrictipn Rogyrhé. v Hplridizasion HEKRO Beahyme pradis; ork gDDBadigested with

Hndlll, EV RV, LH left honol .ar RH. right honolo ar 0;
neonyci n _regf:é?lgﬁ@g”ﬁtéﬂé,e%m?' 'cﬁ%r“géag%_ope%rt{‘% “gene.” P@%xﬁ){l rgpel\?%es
si mpl ex Vi r ygedtBy With A MITREsRcERANhzySE. Dl Suhé@ndid: repieadithtidnyofOthe thagnan

| uci ferase reporter gene expression in human RAG -targeted HEK293 cl ones.

A Expressi BAGH loaisi pleragwonopemn torattod ineraionugid expeded degétderscitones)
over 2P Sty 20, BASSAIRR! 0 REFRCRERGE! e Bl SHLRBRP Ok 2
a peri ogsof ingéyripassagaspeted banddissnabrevhtidlse GEI Re parmivlagsndsistant, GCV

S; ganciclovir-sensitive, C-; untransfected HEK293 cells, C+; Positive targeted

HEK?293 clone, kb; kilobase, HIII; HindIIl, EV; EcoRV, LH; left homology arm, RH;

right homology arm, Neo; neomycin resistance gene, Luc; Luciferase reporter gene,

HSV TK; herpes simplex virus thymidine kinase gene.

30 Figure 10: Stability of the luciferase reporter gene expression in human RAGI-
targeted HEK293 clones. A. Expression of luciferase (mean value for 4 luciferase

targeted clones) over a period of 20 passages in the presence of the selection agent. B.



Figure 11: Stability of TagGFP2 reporter gene under the control of three
different pronoters in human RAGL-t argeted HEK293 cl ones. Expression of 5
TagGFP2 (WBROM/mesam) under the control of EFla (square) PCOVR2011/030882g] €) or
GASS (circle) pronoters over a period of 20 passages. Figure 12: Southern
bl ot anal ysis of nono-allelic and bi-allelic RAGL disrupted gene in
targeted HCT 116 clones. Left panel: HyB#idi zation of the genom c probe on
gDNA digested with Hndi"' restriction enzyne from NeoRGCVRPCR cl ones. 10
Control | an&xpgRii bf hwiferatd (eean@hlub16) 4 IBifacke strgated bRes) bueren pesiod ofor  t he

second targeting experinent). Right panel: Hybridization of the genomc
probe on gDﬁé«pﬁﬁS@%esst”églev%ﬁzcﬂioﬁg}e!sleleF%%‘"t?ge@t'i on enzyme from HygrgRGCVRPCR+
clones. T: wgahgeted §{:Jb‘flllt?’ oEagiPEd LY & %@ﬂ@ unlRE (e dtrd1O¥f Bfree

descri bed by way of exanple a specific node I5 contenplated by the
| nvent ors. Hiffarket podinoters gndewonn pRAGH -tangased HEKB83 | donesddixpiebgomrod set

hovever . %o 1okaF GG Pty o SF RERN R, EMVldhene SEGREE™

practiced WdiRtQ)prdrhdfetsaivePs pbdod dfe®epasfaged.fic details. In other instances,
wel | known nethods and structures have not been described so as not to

unnecessar i FiguspdauSeuthesn ddefcanabysisoel mppo-pielipamd bi-afeliy B (@-disrupted
VEGANUCL EASE- ) . u W Lhg the
nvent or s nEE Todrpiied 1eE TR dancs, Left panel iyt FRUELDh oBHR BRohACHIAL

or Slwer é 0 t abgeDMAtdigated enthniHmdDNAcsegiwneesnef frpar NectG@V POR ecleats. These
new y devel gped enzynes_are desjgned according t anucl eases t hat exi st
in natur’®; CRBUAIMG @A fogyeaty&diCT hioh Bgacggtaf Evgi«?lowed et tha aeropfia
sequences f - gl . I Rafy L ki V.

A gt hr oughes P8 S BarARR). R el 1 IO R L6 P

col | ection diigest@Nithcilmgli séstrition asgous fom Hpeol GCVIPEBJiclines- & pagited ci t v

t echnol ogi es erni.ng s engi neer ed nmeganucl eases with a nodified 30
speci fi Ci tyalgaeflgﬁgio ﬂfittigfi?rﬁth%r%e exanpl es given in the herein presented

i nvention concern prot gihRre"Rel fhibGabd aBRribeP By tRS, bf Ck@hpRrd gpdtaic brakbone.
However, the present invention can be applied to any otﬁer meganucl ease
backbond5 se¢miteraplated Syethe Iipgntors. In the following description numerous specific details

are set forth in order to provide a thorough understanding. It will be apparent however,
to one skilled in the art, that the present invention may be practiced without limitation
to these specific details. In other instances, well known methods and structures have
not been described so as not to unnecessarily obscure the description.
20 EXAMPLE 1: DESIGN OF MEGANUCLEASE-ENCODING PLASMID(S)
Several groups including the inventors have modified the
recognition capability of meganucleases in order to target natural genomic DNA
sequences of particular interest. These newly developed enzymes are designed
according to meganucleases that exist in nature; the applicants have used them to
25 target well-defined DNA sequences for a given application. The applicants have
developed a high-throughput screening platform for meganucleases to create a vast
collection of “DNA scissors” and associate them with modified-specificity
technologies.
Concerning such engineered meganucleases with a modified
30 specificity of recognition, the examples given in the herein presented invention
concern protein modifications from the I-Crel original backbone. However, the

present invention can be applied to any other meganuclease backbone, such as I-Scel,



|-Crel, I-Msol, PI-Scel,Pl-Pful, I-Drol, I-Ceul, |-Tsp0611 or functional
hybrid proteins such as the |I-Dml noiety fused with an |I-Crel peptide.
Most nmegawmOchHz®es1pr ot ei ns are actual |y nononers, but tR€y/IREMENI0G%A eSS
conserve a dual internal symetry, with two DNA-binding half-sites 5 each
interacting with one half of the target DNA. It is not the case for
/-Crel-derived engi neered neganucl eases2dhi ch are conposed of two separate

sub-units and do therefore forma heterodi neric conposition with each
sub-unit redsyed ZiMsphdlScel t BAwl, Phéfileddymilt ildveul,oé&dsn06TheorAbpIctionaht s

have al ready_shpwn that the.fusion, of. h .nonone S ssi ble, by

i nki ng theﬁ’?'wcf 05?”?&1561.? ?i)g‘ﬁ?ys‘?!@ozs‘”&%fﬁgﬁiE%‘?dv&ﬁ??%ﬁ?égyaﬁﬁP ﬁ?eai ni ng the
functional cleavage actMdst Ymédangeleet Prod@iD RS rRtialliS np@emed), Vien fiepm
extra- and intra-chronosomal target sequences). Fromthis initial paradigm

and as Ir epr aewrthelgss poIRERSr @ dpal inemexpasenenvish tvoPEA-befingeklienigs neer ed
Meganucl €as ga?ch%ﬁ@*%ﬁﬁg&ﬁ% ﬁ?e&l%gfa%%tﬁ%atﬁggneﬁgﬂaft% ﬁ?% cQéeaﬁ)ml-(t‘%ﬁﬁé}H/E@(:es In

the sane "pl asm I'c ric noiety I's expressed, romthe
same pl asm endiyecsi A ghmelaisegwaichhaie ncongioséd of canpepadteofuli-tugtsf aigl do of

bot h nononer.i c noi eti es. L. ..As in the case for jnt tio
matrices thﬁ{ereé%rﬁtfa%ailﬁwéqdl@ﬁm eEPQsifiRa¥iEe ¢ach SUb-uni regognizingdA-Se dent s

that drive plercbs ARET 1db OPhO A JFRIARY BhRARFe-AP &hown that the fusion of both
monomers was possible, by linking them with a short peptide sequence, while
10 maintaining the functional cleavage activity (i.e. with demonstrations been given from
extra- and intra-chromosomal target sequences). From this initial paradigm and as
represented in Figure 2, the expression of I-Crel-derived engineered meganucleases
can be made using:
- By two separate DNA plasmids/sequences in the same plasmid from which
15 each monomeric moiety is expressed;
- From the same plasmid by using the single-chain version composed of the
fusion of both monomeric moieties.
As in the case for integration matrices that contain other expression
cassettes, cis-active DNA elements that drive the transcription of meganuclease open-
20 reading frame(s) (i.e. promoting sequences and polyadenylation signals) can be
changed depending upon the target cell line and the relative properties of such genetic
elements therein.
EXAMPLE 2: DESIGN OF INTEGRATION MATRICES
Universal plasmid backbones have been designed and constructed in
25 order to allow meganuclease driven HR in any cell type (Figure 3). Certain genetic
elements which are cloned in the integration matrix are mandatory such as the
homology arms, the selection cassette and the GOI expression cassette.
The homology arms are necessary to achieve specific gene targeting.
They are produced by PCR amplification using specific primers for i) the genomic
30 region upstream of the meganuclease target site (left homology arm) and ii) the

genomic region downstream of the meganuclease target site (right homology arm).



20 reading frane(s) (i.e. pronoting sequences and pol yadenyl ati on si gnal s)
can be changed dependi ng upon the target cell line and the relative
properti esoabligoedrigeneti c el enents therein. EXAVPLE 2: PDESBIBNI/CH682

| NTEGRATI ON MATRI CES Uni versal plasm d backbones have been designed and
constructed in 25 order to all ow nmeganucl ease driven HRin any cell type
(Figure 3). Certain genetic elenents whiéeh are cloned in the integration
matri x are nmandatory such as the honol ogy arns, the selection cassette and
the GO expiles&ingth afabs bomelog¥emb erendoogyised betwaere Sdhpemwlal kb, tusualyni.2ve
specific ge?ﬁetargeting. They are produced by PCR anplification using
specific pr rs for i) the genom c 30 region upstream of the neganucl ease

target site (left honol pgy pagifive aBkctidn) cdsB@tedRNEIThSosE& HFON rekpidit I am of
t he neganucl ease target S|tpe (right honology arm.” 26 The length of the

honol ogy ar rentenlled by murpweter segiorard & 0TmNAETcequdnbe, Wrighily lso ths qgp for
The posi tive _sel ect Q0. cassef.le |s C S C roll ed
by a protrrfot glr P 8nt|er egatlve S?lecno atssée?tggg%%gr%‘gge % dl%@%atﬁs%l%? ‘ﬁg’%ggge for

5 the count géneflﬂ%ga’iﬁdﬂfﬁlnﬁﬁé(ﬁ(ﬁﬁ uaivessas edgrationExatiebe $pIM-Unliagsil A Koblps f or
t hese type of enetl C eI enents inserted in universal inte rat| on, mat.ri ces

[ pl M Uni ver 6Q T S@@HL@IW&P)CD S IHY grer HQ dB: ) Hptr 8IVERSED | D NO

2)] are giv Fl tiv i.nq0 d
eyt ve ( HEB R %@e@éw@@?@ fiih o e OTH e AN T R o1
of genes inpD: UER@)JI sblectidhO npeokért § gems and mahuatecérA( hggaf igesds sepleatedofori s
given in Table arzid i ncl udes n ci N _phosphot . g f i stant .gene,
oot | (B8 | BN PRI EsH pTROR T RSPB AR 2D RE T DR AT ( SEQ
ID NO 4), pHﬁd%ﬁH&fdﬁsi@Ta%@etﬁékls{ahﬁn%Eﬁé aS;?thEI(@E pam ( &Q | B), NGhy@tomycin

bl asticidin S deam nase resi stant gene, QNI D NO 6) "bl eonycin

resi stant getmsphaansfesse SEQistDt NON?) hpﬁhfﬁﬁﬁ@l He N(haBe mBomgeeia bdfacetyd

h del HSV TK De 8
c3e/{ ggisnzl gg %ﬁ%lgs[guge&ﬁgfj gﬁ?ggaum@ %h@%%%drlfl b%oglﬁﬁlmltnlgl ans&gergglsF ge}lgnée}p .
del eted of Q¥E IBNDES, bl@nyﬂmesméx@rg@le( SE®Id @H@II@)NO 7), Thymidine kmasérhe

expressi on cassette is conposed of multiple cloning site 8 where the

ad is éﬁonwelﬁlth@h@‘pa%gn@éﬁx YFBFSe‘i,elﬂt%@ 0%@6@66911458 | §leRelCpe(SER NS i s
flanked b t Th
ke by QAL RSO GO SO RO T SS0iehacEs T

cyt onegal ovofr(D;sGustId,l @DEUE@.TD(:I(W@QSE(QEDN@W (SEQ I D NO 10) sim an virus
40 pronoter, pSv40 SE(%I D NO 11), human el o@gatl on_f act r.onot er,
phEF 1 a (SEQ I D NO 12)1 %Gmﬁswb%%‘&r yeépmpesedi Ab e %ﬂ%t% ning,i§¥e< ( SEQ

I D NO 13), ayesNGnére BRASONIILIGE] 3biR '@1&%@%& ﬁBQBﬁEﬁblol&g}fp@éhr(l It NO
14), human pol yubi quitin pronoter, %J SEQ I D NO 15), "t hym di ne ki nase

pr onot erR0f rbifishisfankdreby pmrmtmpques(craam) uisd tqm@mdn«(d@m@rqam)mqe@yes Aberan
SRR I A ST R I ————
entry site fnlféRitcedy prsiotty, PONVENESROADAPALIDY, siias irdh 40 prothdtels pSV40
(SEQ ID NO 11), human elongation factor 1o promoter, phEFla (SEQ ID NO12),
human phosphoglycerate kinase promoter, phPGK (SEQ ID NO 13), murine
25 phosphoglycerate kinase promoter, pmPGK (SEQ ID NO 14), human polyubiquitin
promoter, phUbc (SEQ ID NO 15), thymidine kinase promoter from human herpes
simplex virus, pHSV-TK (SEQ ID NO 16), human growth arrest specific 5 promoter,
phGASS5 (SEQ ID NO 17), tetracycline-responsive element, pTRE (SEQ ID NO18),
internal ribosomal entry site (IRES) sequence from encephalopathy myocarditis virus,
30 IRES EMCV (SEQ ID NO 19), IRES sequence from foot and mouth disease virus,
IRES FMDV (SEQ ID NO 20), SV40 polyadenylation signal, SV40 pA (SEQ ID NO
21), bovine growth hormone polyadenylation signal, BGH pA (SEQ ID NO 22).



30 IRES EMCV (SEQ I D NO 19), I|RES sequence fromfoot and nouth di sease
virus, IRES FMDV (SEQ I D NO 20), SV40 pol yadenyl ati on signal, SvV40 pA (SEQ
| D NO 21)wokzouimesigr omt h hor none pol yadenyl ati on si gnal PCBEBRpAZERQ | D NO
22). 27 Fromthis basic scaffold, nunerous integration
matrices could be derived. For instance, a double MCS separated by an | RES
sequence can be introduced to express t@ GO s. The MCS can be equi pped
with in frame short sequences (Ntermor Ctern) allow ng the tagging of
GO's. Multiple applicatFons tidarbaSict eeffolde nemeioss onfegration onatiiegy ¢wild he t ype

of tag that ,is attached (imgi purification,, inmu tection, cellular
addr essi ng) .dem’e%‘ or l_nSta Ce’T%tf{g’g_bllel M(Itﬁ ﬁgafa‘i‘?go%a% g@ggf SOPTIGE" deneti c
el ement s t hafiro@adedor EXPre@dueeEGOm. rhe NOseanasd %@i Qe Qith innfrhiidishgrt FLAG

(SEQ I D NO 23), FLASH REASH (SEQ ID NO 24), 1Q ( | D NO 25), histidine
(SEQ | D NO g@juencks (StgmPoy Seeym)Rlingimrthe taggiemf 49018 Mulfipie ppijicgtiontsean, SBP

hacnaggl dL1 HIch 2eih PRBR pibeRiPE] el QP RiRe il uinaton

(SEQ I D NO 3@hunddétdceian, deigiat hddrédsimg).si gnal (NLS) from nucl eopl asmi n ( SEQ
I D NO 33), NLS from SV40 (SEQ I D NO 34), NLS consensus (SEQ I D NO 3%),
thrombi n cl eavage site (SEQIIBIOWEyevEnoheptionalgengic slemenisdheh cambio 37) |

T2A cl eavagg it AP MAMon E2AGE! SRAYR: SEER] SERADINONG) 03)

In addition, reporter genes, “fromwhic Ist”is give Tabl e 1V, can
al so be cl oREASHARBASHe(SHMCEIIAMND C4dh 1Qe(SEE) H3 Niv2b}, ihistidoen(SES BD NG 26),

3%?2:&;@&?& PBELRETRabEse Wi rfinshoih e bt 8P SR mmedf 3R a5).
[ [ i I 1 LRA SEQ I D
O 12) - i ) B o R L R ad)

nuri ne secr éded-nayck@EE pHSpha e sgeurace (HIARD MRQ2).mudan caliitiaal | vy,

i Cn unwent STl B REES S 87 Ve B eR TR e R T

the host geRpIRLSUsnsddsis (SED) SDRNG BENRARMYIN¢RhWEE sitB¢SEQIMTPI NOe36)NBEAt i on
of the integration matrix including sequences of the plasm d backbone. In
order tdSavelravagasits S IHANQ A ngtqhaya%@?@dﬁﬁﬁdﬁ), NOR8)pE A skaragssity
counter (ne@@gﬁi\@%ection marker is present in the backbone part of the
plasm d (i.€e. Si‘de the honol ogy arns) as described for instance in
Khanahmad et al, 2006 amcdlitivnetepmirter 288, fro@8which a list is given i Aabledd’, of a

this type of suicjde gene expression systemin the context of .
meganucl eas€NdHiA/RCIPA? e M SPacRbAeTE aﬁ&?ilil%?(éﬁos?ﬁ f%%@lamngr%?
elimnati ngeﬁp@égr%lhlqgv& alibr GrORES ikt & RS SRS RUSHr bR USHRS! Bhest aNdOM

r
insertions. I'n cellulo linearization of the integration matrix can also
| ead t 026 rmabidmfireflyecitiaongene (ShE HONO genaenslla lucifetnee lgemeHQ 8D NG,

occurs W thi t@e negati ve marker n& (£ inactivates its function, those
random i nt e@ﬁat 'Sﬁla%tggﬁi‘sg w6 d ﬁ‘éf_ @t Ieli?%nlﬁét ég)’b U i?rcffz?‘ﬁft?ékatl?%at nent
of cells. |pREGREset RnE] BQE'KPG({SIEQ D SNOr WP AGKine (B el VERIRESHIREPARORE an
integration matrix conprising the presencé of two negative sel ection
expressi on gasseSEAP (SAQMENOWDgrati on matri x; for instance one upstream
of Finally, meganuclease-induced targeted integration can be
25 sometimes accompanied with unwanted events such as random insertion of the
integration matrix in the host genome. Usually, this phenomenon involved the
complete insertion of the integration matrix including sequences of the plasmid
backbone. In order to avoid, at least partially this phenomenon, the presence of a
counter (negative) selection marker is present in the backbone part of the plasmid (i.e.
30 outside the homology arms) as described for instance in Khanahmad et al, 2006 and

Jin et al, 2003.



10 the HOMO 1 region and one downstream of the HOMX2 region. The inventors
have shown that the use of at | east one negative sel ection expression
casset t eswpreuerts11f r om nmul ti copy-targeted i nt egrati onsPCPABM1O0N68ses oOf
counter negative selection marker were described for preventing fromrandom
integration. The inventors have now shown that these markers allow al so for
the prevention of nulticopy-targeted 1528ntegrati ons.

Integration matrices that contain a suicide gene expression cassette in the
pl asni di ¢ backbone out TBlie ufreof acthirbipegeniuicid anen exXpIckoR sh¥csane®ei on of
targeted cell clones wth .enrichment of .integrati t expect ed
chr gm)somal P spﬁﬁ%gaﬁﬁ?lﬁﬁsghﬁwg% tc%geiel‘?e mstg %tl% quepﬁ%g%i%}}gsr gllteg%t cg’gs ette
in some 20 efimiratiggtegete®ldll dhiRakatiafe RRodinvd@irith@otentisighmddnoinseniens. si nce
the exact targeted process nornmally rejects the integration of

pl asni d- based sequencesiweillefp Linearizgtion @f the integration Magiep fBN méyelsad to

el enment. By_treat. l. 1 0X1 t ihe

sui ci de gr’enéatné1 g@tlg{% ra:ﬁf[?)hiué ﬁ{e%g)(rggg%ﬁroré&p%@gf %@é&t&gﬁir??{é&?%gﬁ%ﬁletgg{l %{t{vgont ain
such type omarket end giehsndchvaes s fincti@p Thse pargloamninteigratientevenrts faould mut et ed

integration at. a given chromsonal | ocus. c al.so be derived.by usi
i nt egr ati one]h‘ﬁﬂafege@’ %Fd?’??‘élf‘}ge'?re?t%%o ‘Feu@ﬁ& ?)rrdFrgfonC”ECﬁlEW GPB@I%?!%@PQE
pl asmi d- basgg iﬁyérﬁﬁg‘ﬁéaﬂb%%n'iﬁ'&éﬂdﬁ@n Arist _¥&ﬁpﬁ’§in%’ tHedbredtict OF SwivnBERivE DNA

internedi ates are generated, such as non-integrative retroviruses and
| ent i vi r useselipfion akpregsion vansettagenothe tittegratidn MRiran dorinFRnes erauvRsiredg of

provi ruses, .epl DNA viyal yectors i udi denavi fuses and

adeno- a ocf@ﬂ%@% iRt ar(;éo ‘?{CTW%? e%‘flr?gﬁh? gfé@gogfre% @l?er ngglgoﬁal%/alvﬁg an
epi somal 1 eplgvaattay et U at 16348 & WMPative seldEROINSEHEpEebhioh! AMHSEPERGENON

In this exanple, we present the technical process leading to the

i denti fi cat from sfultopytaiegied dategratiogs-abicsious seh §f £opplgamgettBgsElheri f i c
for a targe L. id. r Q.
RAGL. spec 1 MR SSEF dbftahRE i AR AR g BAELHITERe BLAGR b
denonstrati ams shbowearthitetheseomlackary plldvwy RANGLfor MuS pteSEA dniDoN@utjopytidgRedl - Luc
(SEQ ID NO 46)] are depicted in Figure 6. Since the engineered neganucl ease
can recdgni Z¥CgHPIEUt Wit hin the human RAGL gene, targeted integration can
be obtained in virtuall i icEElHht LSS 2 HeRandLng Lhe canasity of
t t Ufﬂgt?l t .

cells to adhere to pl as%ﬁl%l,r 1trans gct#én and sael ectl gn p?)gjcrgdur es are 10
di fferent Dbint thbgldsnlidiadatkbanheuebf ithe enombidegeni¢ elenenballoy thasdetiod of el |
cl ones. | nt egratjon tri x apd. meganucl ease expfession yector
are transfe@f@&eq rﬁeg CAFE Y nﬁnﬁ%ﬂﬂtt 8€h1r’i‘f‘i§8% o (i 3t>r<et[l?/a?’fpgﬁtgg
net hods of xbm@slRdINGcdsOTRE BRIINANENLPHS sBIkRI AL eLpreion aRekt¥BAY¥ome
mat eri al s have been used as carriers for transfection, which can be divided
into three &f trdgcted call i aderies)is pal ynwanted dstepiafor sivert sined M epret tiirgpied .
O her methods of transfection include nugleof.gct ' (for
i nst ance Q/Pr8c?§l§ Inggm? ﬁefegtsttlﬂg)“}q‘,ggr%@%q OfleI?c;l%S(: lfieo%égdﬁ% %@(gc%%ﬁ&g{ﬁ@&%d
propri et ar yoitr Mgt aeédrtins @age Blemedt! by asatiigoodlecloass néth 1bejtoxid rbiiduy max,
Eugene, JetPEl, Effectene, Dreantect, PolyFect, Nucl eofector, L?/ove(;,
At t r act ene, refatehior the suicidstgepe systerpoit 35 therpforrigpestte enkidNbe speEthel eptar
ADHERENT HEK- (Eh . Here is described, as an exanple, the
procedure Eééézg%&er t ggﬁanég%ggE@[?)on of HEK-293 (human adherent cell |ine)
with Lipefectanine(r) (Hiegupresen). invlehton afe dagetwdt madgradbinet day gprehor to
transfecti O&iroggégrr%ea?foccu%lcgr? a S(r) %e Sd%relgeecfib)lf Ssir?g %1({)ecgrrre]1tion matrices from other types

of DNA origin than the classic plasmid-based system. These include any type of viral

vectors wherein DNA intermediates are generated, such as non-integrative

retroviruses and lentiviruses by taking advantage of their 1ILTR and 2LTR circular

30 proviruses, episomal DNA viral vectors including adenoviruses and adeno-associated

viruses, as well as other types of DNA viruses having an episomal replicative status.



tissue culture dish (106 cells per dish). On transfection day (D), Human
RAGL nmeganucl ease expression plasmd and integration matrix (pl M RAGL- MCS
(SEQ | D Ngo4b)r/mamilit s derived GO -containing plasm d wPCh/IBHa1/G82 n pl ace
of the MCS, or pl MRAGL-Luc (SEQ I D NO 46) as positive control) are diluted
in 3000 of serum 30 free medium On the other hand, 101.il of

Li pof ectami ne(r) reagent is diluted in 290mL of serumfree medium Both

m xes are incubated 5 mnutes at roomtenperature. Then, the diluted DNA is

added t o t hEXKMRMEI3 L TRANSFECTHEN AND SEFHETIANd never the way 30
around). The mx is gently.honogeni zed b e.lnversion_angd . d 20
m nutes at room terrperglinu%és. eﬁ{%ﬁ?’r gﬁs?rg{etnlg gﬁe ﬁ?cglmlcg Poé:ﬁsasdgsa%@%glggﬁlgver

pl ated cel | gdeafiflcdtioanFi®@O! eded@l InSegdton, N§iHPAtBEkanlcI8asd dpeciBOIER target
hum di fied i ncubator. The next day, transfection nmediumis replaced with

fresh conpl kcatefpr therRAGTHERN #5pe Plasnad maps relpied to BAG lanecdicdpieeiiphest ed
d d I ! I th
ons ty of  opiRes Tl iyt B, BRETEE deuiiRad G IR Gt bW BIRERAGINS

ti ssue cul t M@S ¢$BQAD WOe43)dMbRAEH -Blic BYHT) IBWOED)f ae depictddain Ipeguiedd of 7
days. At the end of the 7 days, single colonies of cells are visi 10Ten
days after g%ﬂ&ﬁéh%@@glaﬁridomegmﬁ?aﬁﬁaw m%t}lzepﬁ%ff ng‘yl,thledﬁ? ?PPHl_aﬁe‘giLGh is
repl aced w %é'hef tf ecfrﬁl@]ésgl’zmo%%gﬁlb@%%ﬁéﬁ iWVtillf'ua?l?laﬁﬁ{dr&iﬂ R08Mes. (DefRnding

correspondi fig o The resistance gene present on the integration matrrx). In
t hi s exanpl ef thehapaaityerfreatls cmadiate foxplessivs amdeciohuint spksotmgre procedséssarance

gene (Figure. 6). Therefore, selectiaon, of..clones.is don ith (418 sul fate
at the ncg’rﬁfe}eﬁ PB&OSIF ?e@.gﬁo%e%?l?ﬁt.ld@mlgc?%% r}?rlggtﬁggglé At>is done every
two or three days for anfedtalonPahatad QhdSeN&Antayse Akplebgorendedr tdiks

sel ection phase, resistant cells can be either isolated in a 96-well plates

or mai nt ai neansfestachénteoeehisdivsing ( kuowen eteehniquess)There raee avariayednethodrewo6-
wel | plates; ért%lﬁ%ﬁrei\n #rgigpqﬁgkghtofaoéﬁkgg}éﬂ% %éll 318& ﬁ%ﬁ%%terﬁis%%etbg& E%ﬁi%ﬁr o

m
counter sele resen gration matrix

6), resistapdrries! fos trafisfeé@ioanivhichcan teedieldet iintattRete ikindsh écapioake pobnaks, 10 [t M
of ganciclovir (GCV) to elim nate unwanted integration events lgg%h.as

r andom ilfis eliPesgReariad mavepabglys « Algeredhods dghrasiestien afluds ngelgalpstioy
cu 1,1, LSRR o Sl Ll CoRLaian BT SBprcebl ol o
sel ecti on pp@pdetaryesiustfamion (refb8fR- GCWYRs Idpbfectamine, Dojindo Hilymax, Fugene,
JetPEIl, Effectene, DreamFect, PolyFect, Nucleofector, Lyovec, Attractene, Transfast,
Optifect.
20 3.1 TRANSFECTION AND SELECTION OF ADHERENT HEK-293
CELLS
Here is described, as an example, the procedure used for the
transfection of HEK-293 (human adherent cell line) with Lipofectamine® (Figure 7).
Materials and methods
25 One day prior to transfection, HEK-293 cells are seeded in a 10cm
tissue culture dish (10° cells per dish). On transfection day (D), Human RAGI
meganuclease expression plasmid and integration matrix (pIM-RAG1-MCS (SEQ ID
NO 45) and its derived GOI-containing plasmid with the GOI in place of the MCS, or
pIM-RAG1-Luc (SEQ ID NO 46) as positive control) are diluted in 300l of serum-
30 free medium. On the other hand, 10ul of Lipofectamine® reagent is diluted in 290pl of
serum-free medium. Both mixes are incubated 5 minutes at room temperature. Then,

the diluted DNA is added to the diluted Lipofectamine® reagent (and never the way



colonies can be isolated for nolecular screening by PCR (see 3.8). 3.2

TRANSFECTI ON AND SELECTI ON OF ADHERENT U-2 OS CELLS Here is
descri bedvoastianeisstanpl e, the procedure used for the traosfiBuii/osoesd U 2 OS
(human adherent cell line) with the Amaxa(r) Cell Line 30 Nucl eofector(r)

Kit V reagents (Lonza). 31 Materials and nethods

transfection day (D), cells should not B8 nore than 80% confluent. Cells
are harvested fromtheir sub-culturing vessel (T162 Tissue Culture Flask)
by trypsi ni amundn Thadniarie gewly babegnizad by 16d ingenionaind tindubateHi20vesued cel | s
are 5 counted. 106 cells ar needF er _.transfection point C@II argﬁ
centrifugeda%fo%éﬂn?%?m%e TSIt a8 i dRen Aispeised OV HlePIRE: or(r)
Sol ution V ghndfi@eLNEeRE rndlibAd i‘ﬂfa FO6C sdd SO RQRIdi BN AR CTRORKE aay on
cuvette is prepared by adding i) the hsSRAGL Integration Matrix CW Ne

(pl M RAGL. ClmnifessiogBadium iOepbigyd wishitgsinFompletganggivia. of interest, or the

hsRAGL | ntegration Mtr

59) and '?’he hs RAGL %gat%rg%v\ésl\lef% ITrsa%SfiCU%’gl‘é%&ﬁ %%Oggtsé\l%ﬁ? E&%g?(rﬁe%eé qual i ty
prepar at i onjge thén sékdld il 10dm Gigdde muaRedishesrat (HeOfensigy bE200 E&lshal mndtobNA ar e
gently m xed and el ect rogor ated using Amaxa(r) program X-001. Inmmediately

after el ect volyBIeaeli bl pF somaletremedivin| e Hisyr sths digersre dngubried aing

|1 0
Sl of 370 pf Sk Go el peribd B FHEFY B Hacagrie PREy Ruplertlo At "
37C, 5% CQ2cdlismrelvisibdd i ncubat or. Two days after transfection

(D+2) the conplete cultyure mediumis replaced with fresh c te medi um
suppl eneft ed wi th 0. 4ngl§L 9Bys aldergirangfelion (gf, spyen, gﬁ'é‘a‘figfa @9@?&3 sulfires gy s

for a total gfiiPds c%fepIZ\cééla%th AbstPidid esuppltRleglca %@chcééllécﬁﬁﬁ R e,

suppl emented wth 0.4 (A18 is replaced with fresh conpl ete nmedi um
suppl ement edomspmcbngmg/ tﬂm ©HisRAKS gam pwem\/b@auh@u@tegmtuon Mhir) s {eghis s
repeat ed ever for a total p 8 and
GCV resi st aﬁ’f%éﬁ%%ntég ”?f?%‘%ﬁ?% KB ROTgIg% a\?@]ll neB]inéfflg %/ta?“he %engt(§§uée ‘s are
mai nt ai ned TRereRAB)! R1ic8tiok dF UIBnsY RPdRIFBRIIE GMB NI BeHTThdlobntttich 6Mb.y. 25At
the end of this selection phase, resistant (418R-GCVR) cell col onies can

be i sol dbedmEsnl. bk eeadivm r@ﬁa@mnhxg depe PrRy (weer tyegylayszona tegaNsrodpfON AND
SELECT! O OF AHERENT JHH G LS ke 100 K BRCartS AR eaRl ! 1o

procedur e uged o Fansfec Suman adher ent - ce f ne)
w t h FuGENE9¢Rrc(lpleise@anaintained in the 10cm dish (adherent cells) or re-arrayed in new 96—
well plates (suspension cells) for counter selection.
Since the HSV TK counter selection marker is present on the
20 integration matrix (Figure 6), resistant cells or colonies can be cultivated in the
presence of 10 uM of ganciclovir (GCV) to eliminate unwanted integration events
such as random insertion and multicopy-targeted integrations. After 5 days of culture
in the presence of GCV, double resistant (G418R-GCVY) cell colonies can be isolated
for further characterization.
25 At the end of this selection phase, resistant (G418R-GCVR) cell
colonies can be isolated for molecular screening by PCR (see § 3.8).
3.2 TRANSFECTION AND SELECTION OF ADHERENT U-2 OS CELLS
Here is described, as an example, the procedure used for the

transfection of U-2 OS (human adherent cell line) with the Amaxa® Cell Line
30 Nucleofector® Kit V reagents (Lonza).



30 Materials and net hods One day prior to transfection, HCT
116 cells are seeded in a 10cmtissue culture dish (5x105 cells per dish).
On transfwotoonmodsty (D), Hunman RAGL 32 neganucl ease ePpraBHilonsop$zasm d
and integration matrix (pl M RAGL-MCS (SEQ ID NO 45) and its derived

& -containing plasmd with the GO in place of the MCS, or plM RAGL-Luc
(SEQ I D NO 46) as positive control) are3diluted in 500[il of serumfree
medi um Then, 151.1.1 of FuGENEe HD reagent is diluted in the DNA m x. The
mx 5 is gedagriglsanderatheds by tube inversion and incubated 15 minutes at

roomtenperature. The tpan i 1 X n gl e t cells
and transfected cells apg Iﬁ%@sﬁ égﬁgdﬁ’%ﬁ (gi3§%§ g&%&amg%i (?ngﬁflaﬁcu gtor.
The day aft eonflucanstdstdrorhatostd) ftdme ticdmpibedidtucing tuesee] TEH U Tisse Cepliraced

with fresh | et e medi um suppl enepted with O 4ngy/ ml of G418. This 10 step
's repeat od 'AVBH Y gyptinigaipy, & caﬁﬁ%idawn pLImbEpTfa PRFafiarvesied sghl'é% Uhe
Frebh conpl o1 e e TR R ek it R SRt Ay ¥ 1
Ganci cl ovi r miThng retuependsd re GieHtlsde éine}eyfeétwr S®lutimpsV fap theacanseritativardfod of

5 days. At Dtd4 d i st ant : i cked i syel |
oiate A ¢ Apsey P ARG elecl R b ot 5 BB e o B SPerent e
with 0. 4nmy/ mkeQhtiSHMBLROERIV Neo (FllM.RAGl.oMVNw SHO IDINONS & coptaitid BB

phase, resistant éG418R— GCVR) cell col onies can be isolated for nolecul ar
screeni ng bgerRCRoY séwteregt, 8yor 3har TERNGEECARtaatamD BitreT Y ORNADHERENT

HepQ&2 LS i i a eﬁa?rpl e q4hr e the 20
t ransf eCEJllul oﬁ%'ﬁﬁecﬁcgﬁ%ﬁﬁlﬁg%ﬂgdﬁgpe@ cel’l 5?? n%') \$mtpet %%E%&Négéég}l&%asf erials
and net hodsPlasmids (SEQ ID ON©:d&)) {Enddfrdeo quailatnspepiration), H3T 1008 ofldeH are

seeded in a 10cmtissye culture dish (106 cell]s per di sh]i)e. On trcflns_f ection
day (D), HubssrRen (Higeelsk | lscandx BN areogelyagiwied alelerlfigraied osingat ri x
(p! M RAGL- 5+ it ' = cont.ai ni id
Wth the GOP R oAt ey e R ARt A e PR R hae

posi tive contedinn) isaaddedlitd ueliscandreeBOOukpedsiaf issyplitimté hee 1fedidishes Tmelnper 15p1

of FuGENE(r). HD reagent_i iluted in the DNA m x...The m X |. ent

honogeni ]z:‘edzhﬁi}_s ?%@ginﬁvsé?é?gﬁ %Hﬂrw {CQHPHC mqqfﬂ‘%sldgfmr‘h%ﬁgtaé%géflat ure.
The transf egii®leding 3PC h%’lc@%ﬁ%{@ﬁéﬁ@gﬁ{at@[ ated cells and transfected 30
cells are incubated in a 37C, 5% CO2hum di fi ed i ncubator.

Three days after transfBeeideys pfte3yansfection (Bd2kethecwinpdeta calthgrmedivadisby
;[ gypgi?)ni zat ire% hc&d (%wﬁp %riegh ic(%181e%ev%egfﬁ?nmsgpip%%esﬁted-rr\}vei}thc&ggllg?rﬁleof: H}|4T1 gf ?higEdi um
step is repeated every 2 or 3 days for a total period of 7 days. At D+9, the complete
20 culture medium supplemented with 0.4mg/ml G418 is replaced with fresh complete
medium supplemented with 0.4mg/ml of G418 and 50 uM Ganciclovir. This step is
repeated every 2 or 3 days for a total period of 5 days. At D+14, G418 and GCV
resistant clones are picked in a 96-well plate. At this step cells are maintained in
complete medium supplemented with 0.4mg/ml of G418 only.
25 At the end of this selection phase, resistant (G418%-GCV®) cell
colonies can be isolated for molecular screening by PCR (see § 3.8).
3.3 TRANSFECTION AND SELECTION OF ADHERENT HCT116 CELLS
Here is described, as an example, the procedure used for the
transfection of HCT 116 (human adherent cell line) with FUGENE® HD (Promega).
30 Materials and methods

One day prior to transfection, HCT 116 cells are seeded in a 10cm

tissue culture dish (5x10° cells per dish). On transfection day (D), Human RAG1



replaced with fresh conpl ete nedi um suppl enented with 0.8ng/ nl of (418.
This step is repeated every 3 days for a total period of 10 days. At D+13,
t he conplwoOeotwiotgimme nedi um suppl enented with 0.8ng/ nl @¢T8B2E1/HFp$2aced
with fresh conpl ete nedi um suppl enented with 0.8ng/nl of (418 and 50 uM
Ganciclovir. This step is 5 repeated every 2 or 3 days for a total period
of 5 days. At D+18, cells are cultivated2in fresh conpl ete nmedi um

suppl emented with 0.8ng/ mL of G418. At D+24, (418 and GCV resistant cl ones
are picked mgw@&asveeXprpﬂsaxneplasmuldtahdsntsgr@pom alafrex GrId-RAGI-MGRePEQ 1D

g(? rrFIhgt :mrjre gffdj% {fﬁg’e F‘gg}dglhcggglnl?%ﬂag@éiowt%%@@R}?{Se %fetp? l\/{LCC‘)S 0l oni es

can be isol %\IMLRA@[ IRl (sE B ma@)em mgithy BRiolf %ﬁﬁd]hﬁecﬁ)n 5@ 5 oT RAMBFECT! ON
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suppl enment ecblonies can be isolated for molecular screening by PCR (see § 3.8).

3.4 TRANSFECTION AND SELECTION OF ADHERENT HepG2 CELLS
Here is described, as an example, the procedure used for the
20 transfection of HepG2 (human adherent cell line) with FUGENE® HD.
Materials and methods
One day prior to transfection, HCT 116 cells are seeded in a 10cm
tissue culture dish (10° cells per dish). On transfection day (D), Human RAGI
meganuclease expression plasmid and integration matrix (pIM-RAG1-MCS (SEQ ID
25 NO: 45) and its derived GOI-containing plasmid with the GOI in place of the MCS, or
pIM-RAG1-Luc (SEQ ID NO: 46) as positive control) are diluted in 500ul of serum-
free medium. Then, 15pl of FUGENE® HD reagent is diluted in the DNA mix. The mix
is gently homogenized by tube inversion and incubated 15 minutes at room
temperature. The transfection mix is then dispensed over plated cells and transfected
30 cells are incubated in a 37°C, 5% CO, humidified incubator.
Three days after transfection (D+3), transfected cells are harvested

by trypsinization and split into two 10cm dishes. The complete culture medium is
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pIM-RAG1-Luc (SEQ ID NO 46) as positive control) are diluted in 275ul of serum-

20 free medium. Then, 50ul of PolyFect® HD reagent is diluted in the DNA mix. The mix
is gently homogenized by tube inversion and incubated 10 minutes at room
temperature. 700ul of complete medium is added to the transfection mix and the final
mix is then dispensed over plated cells and transfected cells are incubated in a 37°C,
5% CO, humidified incubator.

25 Three days after transfection, cells are harvested and counted. Cells
are then seeded in 10cm tissue culture dishes at the density of 1000 cells/ml in a total
volume of 10ml of complete medium. 10cm tissue culture dishes are incubated at
37°C, 5% CO, for a total period of 7 days. At the end of the 7 days, single colonies of
cells are visible. Ten days after transfection (or seven days after plating), culture

30 medium is replaced with fresh medium supplemented with G418 sulfate at the
concentration of 0.4 mg/ml. The medium replacement is done every two or three days

for a total period of seven days. At D+13, the complete culture medium supplemented



On transfection day (D), K-562 cells are collected in a 15nl conical 10
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(pl M RAGL. CW. Neo SEQ | D NO: 58) contai Aftng the gene of interest, or the
hsRAGL Integration Matrix CW Neo Luc 15 (pl M RAGL. CW. Neo. Luc SEQID NO.
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This step is repeate every 2 or days for a total period of 5 days.

After this detkeofecon’ Kdr‘t’(dd)nzat)em stant cells are harvested and cloned in
round- botto tes at the 10 cells/well density in conplete nedium
30 suppljé)ma ”é‘d'%%‘a{"ﬁdgq Pl of 418. After sufficient growth (10 - 15

days), resistant (G418 @@@dﬁéfe&ﬁin' dag"( O eRurkaReleare solladted if @rlsmbb@ﬁuilar
screening by PCR (see 36 3 PCR SCREENI NG Oce the
sel ection ahte@pdicowtq- ),ZXdQuﬁ‘tlbrafgéF%ﬂlpﬁhtfﬁ@f%lﬁpé’@% Celissars cgptifugstioni es
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resi stant 5c@&bﬂ1t$atloBCR axe0Schiéyl (e f Armosd eﬂentnodemhbﬁycwmtgei; qulepantdeyy at i on.
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recomendati ons.” 10 CR design e present exanple (human RAGL
| ocus), PCRLpe i(piM.RALH eChhdNen. IaxccS)E@lIlﬂgNCb 59)eaﬂdotheomlh°gG1 dVeganugiepsas

t ed Fi 8. Th t d th
net er of ogoubleseltisreuth oy So U RaSies tatigirbr gy P ReleokEet AuSineln: e
forward PCRRM0MBElS)SCEIlS dad GNANark hen %Griﬁusz@d hﬁd%@&ﬂ%ﬁ@ﬁte(d%é MrNRa22) ,
e

termnating the transcription of th The 15 reverse PCR priner is
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I ntegrated. a 37°C, 5% CO, humidified incubator.
Three days after transfection (D+2) the complete culture medium is
25 replaced with fresh complete medium supplemented with 0.7mg/ml of G418. This
step is repeated every 2 or 3 days for a total period of 17 days. After this selection
period, resistant cells are harvested and cloned in round-bottom 96 well plates at the
10 cells/well density in complete medium supplemented with 0.7mg/ml of G418.
After sufficient growth (10 — 15 days), resistant (G418") cell clones can be isolated

30 for molecular screening by PCR (see § 3.8).



F HSI PCRsc : GGAGGATTGGGAAGACAATACGC (SEQ ID 20 NO 47) R HSI _PCRsc :
CTTTCACAGTCCTGTACATCTTGT (SEQ I D NO 48) PCR conditions: PCR
react i onswarelic@isiied out on 5pl of gDNA in 25 pl final peohBze1/0d0682 0. 25pM
of each priners, 10p, M of dNTP and 0.50 of Hercul ase 25 Il Fusi onDNA

pol ymerase (Stratagene). WD 2011/101811PCT/1B2011/050682 37 PCR program
Tenperature (C) Tinme (mnutes) Cycle nunber 95 5 1

In the case of Jurkat cells, the counter selection process
(Ganciclovir) is not applied since the Jurkat cell line is extremely sensitive to the drug
even at very low concentration.

3.7 TRANSFECTION AND SELECTION OF SUSPENSION K-562 CELLS
5 Here is described, as an example, the procedure used for transfection
of K-562 cells (human lymphoblastoid cell line) with the Amaxa® Cell Line
Nucleofector® Kit V(Lonza).
Materials and methods
On transfection day (D), K-562 cells are collected in a 15ml conical
10 tube and counted. 10° cells are needed per transfection point. Cells are centrifuged at
300g for 5 min and resuspended in Cell Line Nucleofector® Solution V at the
concentration of 10°cells/100ul. Amaxa electroporation cuvette is prepared by adding
i) the hsRAG1 Integration Matrix CMV Neo (pIM.RAG1.CMV.Neo SEQ ID NO: 58)
containing the gene of interest, or the hsRAGI1 Integration Matrix CMV Neo Luc
15 (pIM.RAG1.CMV.Neo.Luc SEQ ID NO: 59) and the hsRAGI Meganuclease
Plasmids (SEQ ID NO: 60) ((Endofree quality preparation), ii) 100ul of cell
suspension (10° cells). Cells and DNA are gently mixed and electroporated using
Amaxa® program X-001. Immediately after electroporation, pre-warmed complete
medium is added to cells and cells suspension is transferred into a well of a 6 well
20 plate containing 2.4ml of pre-warmed complete medium. 6 well plates are then
incubated in a 37°C, 5% CO, humidified incubator.

Three days after transfection (D+3) the complete culture medium is
replaced with fresh complete medium supplemented with 0.5mg/ml of G418. This
step is repeated every 2 or 3 days for a total period of 7 days. At D+10, the complete

25 culture medium supplemented with 0.4mg/ml G418 is replaced with fresh complete
medium supplemented with 0.5mg/ml of G418 and 50 uM Ganciclovir. This step is
repeated every 2 or 3 days for a total period of 5 days.

After this selection period, resistant cells are harvested and cloned in
round-bottom 96 well plates at the 10 cells/well density in complete medium

30 supplemented with 0.5mg/ml of G418. After sufficient growth (10 — 15 days),

resistant (G418%-GCV®) cell clones can be isolated for molecular screening by PCR

(see § 3.8).



951 30551 72 1.5 72 10 1 Results An exanple of the PCR screening
process for targeted events in the 5 human RAGL systemis presented in

Fi gure 8.wOropzned11A, a schematic representati on of thePRAGBR20106WSSZAft er
targeted integration is showmn with the |ocation of the screening PCR
prinmers and the expected band size. On panels B and C, are shown the
results of the PCR screening on gDNA fr8m (418R-GCVR targeted cell clones
t hat have been obtai ned through the process descri bed above. The doubl e
resi sltant cB;mesplﬂJlRSGR@mGIeJGre arrayed in 96-well plates. After few days
in culture, 96-we pl ates are duplicated and one of th l.icas. is, used
for gDNA prepar ation, wHRfethenge %‘it’r‘i’éral}ﬁiaf’aﬁl‘l“@il YQ%"‘REFI“&CH?’E 1p sacﬁlgﬁ‘fdn n
cul ture. ishaht 8 Qﬁ?eE rofeglohgs t&rReR 1ﬁ@gl\ifél dﬁ%b% AfdtalfedRh 18f 926R
reaction are oaded on a 0.8% agar ose gel submtted to el ectrophoresis.
After m gr afiromt. Rdplicapedf plstesalaldwdmmtdwrm pérctratergercomc d¥N Arfebrexgsisiad 15 to

dent Vf1 8 85 BRI gpr ot oie OB et BRBRMoBan- shows' up, whi ch

represents arsHeqasand hakmdf 8.3% On panel C, 20 clones out of 96,

representing a success rate of 20.8% are identified.
Genomic DNA preparation: genomic DNAs (gDNAs) from double

resistant cell clones are prepared with the ZR-96 Genomic DNA Kit™ (Zymo
Research) according to the manufacturer’s recommendations.

10 PCR primer design: In the present example (human RAGI locus),

PCR primers are chosen according to the following rules and as represented in panel
A of Figure 8. The forward primer is located in the heterologous sequence (i.e.
between the homology arms). For instance the forward PCR primer is situated in the
BGH polyA sequence (SEQ IN NO 22), terminating the transcription of the GOL The
15 reverse PCR primer is located within the RAG1 locus but outside the right homology
arm. Therefore, PCR amplification is possible only when a specific targeted
integration occurs. Moreover, this combination of primers can be used for the
screening of targeted events, independently to the GOI to be integrated.
F_HS1_PCRsc: GGAGGATTGGGAAGACAATAGC (SEQ ID
20 NO:47)
R_HS1 PCRsc: CTTTCACAGTCCTGTACATCTTGT (SEQ ID
NO: 48)
PCR conditions: PCR reactions are carried out on 5pl of gDNA in 25

pl final volume with 0.25uM of each primers, 10uM of dNTP and 0.5ul of Herculase
25 II FusionDNA polymerase (Stratagene).



According to this nolecular screening by PCR results of targeted 20
integration into the hsRAGL | ocus of the different human cell lines, for
which a swecnfiwifimot ocol has been devel oped (see 3.1 t®CBIBJ1APH6S2
sumarized in Table V. The 38 |evel of specific targeted integration is
conprised between 7% and 44% denonstrating the efficacy of the cGPS custom
system It denpnstrates that the presenB’invention could be applied to any

kind of cell lines (adherent, suspension,primary cell lines). Tar get ed
clones (9% Single copyPlGR pigersnt's (% Adherent cell |ine HEK-293 U 205 44
16 71 85 HCT 116 -
Temperature Time Cycle

°C) (minutes) number

95 5 1

95 1

55 1 30

72 1.5

72 10 1

Results

An example of the PCR screening process for targeted events in the
5 human RAGTI system is presented in Figure 8. On panel A, a schematic representation
of the RAGI locus after targeted integration is shown with the location of the
screening PCR primers and the expected band size. On panels B and C, are shown the
results of the PCR screening on gDNA from G418R-GCV® targeted cell clones that
have been obtained through the process described above. The double resistant clones
10 have been re-arrayed in 96-well plates. After few days in culture, 96-well plates are
duplicated and one of the replicas is used for gDNA preparation, while the other
parallel 96-well plate is kept in culture. gDNA is submitted to the PCR amplification
and 10 pl of PCR reaction are loaded on a 0.8% agarose gel and submitted to
electrophoresis. After migration, the gel is stained with ethidium bromide and exposed
15 to UV light in order to identify PCR positive clones. On panel B, we identified 8
clones out of 96 where a specific DNA band shows up, which represents a success rate
of 8.3%. On panel C, 20 clones out of 96, representing a success rate of 20.8%, are

identified.
According to this molecular screening by PCR, results of targeted
20 integration into the hsRAG1 locus of the different human cell lines, for which a

specific protocol has been developed (see §3.1 to 3.7) are summarized in Table V. The
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level of specific targeted integration is comprised between 7% and 44%,
demonstrating the efficacy of the ¢GPS custom system. It demonstrates that the
present invention could be applied to any kind of cell lines (adherent,

suspension,primary cell lines).

Targeted clones (%) Single copy integrants (%)
Adherent HEK-293 44 71
cell line U-2 0S 16 85
HCT 116 7 70
HepG2 15 69
MRC-5 7 59
Suspension  Jurkat 13 90
cell line K-562 11 )

Table V: Summary of targeted integration in the different cell lines.

In order to further characterize these positive clones, cells from
corresponding wells, maintained in culture are individually amplified from the 96-well
plate format to a 10cm dish culture format.

10 3.9 MOLECULAR CHARACTERIZATION (SOUTHERN BLOT)
A correct targeted insertion in double resistant clones can be easily
identified at the molecular level by Southern blot analysis (Figure 9).
Materials and methods
gDNA from targeted clones was purified from 107 cells (about a
15 nearly confluent 10 cm dish) using the Blood and Cell culture DNA midi kit (Qiagen).
5 to 10 pug of gDNA are digested with a 10-fold excess of restriction enzyme by
overnight incubation (here HindIII or EcoRV restriction enzymes). Digested gDNA is
separated on a 0.8% agarose gel and transfer on nylon membrane. Nylon membranes
are then probed with a 32p DNA probe specific either for the neomycin gene or for a

20 RAGI specific sequence located outside the 3° homology arm (panels D and E of
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characterized by Southern blotting. gDNA from these clones have been digested with
HindlIII restriction enzyme (panels A and C) or EcoRV (panel B) and hybridized with
10 the RAG1 genomic probe (panel A) or with the neomycin probe (panel B and C).
Schematic representation of the RAGI targeted locus and expected band size
according to the restriction enzyme digest and the probe used are depicted on panel D.
All G418R-GCVR-PCR" clones show a molecular genetic pattern conform to the initial
prediction of isogenic (monocopy) integration. On panel A, since we used a RAGI
15 genomic probe, we revealed another band at 5.2 kb that corresponds to one of the
RAG]! allele that has not been targeted. This band is also present on the negative
control (C-: untransfected HEK293 cells) and G418%-GCV*-PCR positive and
negative clones. These results demonstrate that for all G41 8R-GCVR-PCR" clones, one
allele of the human RAGI! locus has been targeted through meganuclease induced
20 homologous recombination.

By contrast, G418R-GCV’-PCR’" clones do not show any specific
bands indicative of a targeted event. Although specific bands are obtained with the
neomycin probe, their sizes do not match with the expected size. These clones come
from the random integration of the integration matrix in the host genome. The use of

25 the counter selection marker such as HSV TK with its GCV active prodrug allows the
elimination of such unwanted events.

In addition, G418%-GCV*-PCR" clones show a genetic pattern
slightly different to G418%-GCVR-PCR" positive clones. Indeed, G418%-GCV*-PCR"
positive clones show a pattern that is compatible with a multicopy targeted integration

30 that is depicted on panel E. The multicopy targeted integration involved the
integration of the HSV TK gene (from plasmid DNA backbone of the integration

matrix) and therefore renders cells sensitive to GCV.
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the initial sQERKCHLORs AbadsSROEMicenl NBREGEORION bNiegetad icvent. Quclpamgbted,
since we used a RAGL 15 genomic probe, we reveal ed another band at 5.2 kb
that corr espomts cowd dore ctihert mENEABY- AF [TeylEconyaergsiesd Aueerpied Bal 6 88, This
band is al sq. present, on th Lve -3 EK293

ol 's) " and GATHR s TRk El PR oAb Broct s el M B0 ey o
denonst r at esipliRt Wadt tlaik lco(HtB Rel MR- OB ss laboesllovone wfdcelcell alonehdahingan
RAGL | ocus has been t,arézjet ed thr oua}g, srég};anucl ease i nduced 20 honol ogous

r ecombi nat i &@dom-associated integrifons 3 e SOTOMYFPERS-GCVs- PCR' ¢l ones do not show
any specifi jgﬁpﬁi | (b EAE YERR IHOh r Al t hough specific bands
are obtai neg W %%dd;’lg)grlréyC| n %?gglggl?ﬁei r ]?}?gtg do not match with the
expected sidd. ThEKHFHRASE EXIRESSKINt he random i ntegrati on of the

integration matrix in the host ngne. The use .of the sel ection
mar ker st¥fch as HSV TK \tthﬂﬁlSief‘é‘m%\/%?c?]i"?}gfmﬁ_r%&?lg)de%ﬁfeof\%gelt(Ilolf‘ej&téﬁsrsnl%ﬁa%?i on of
such unwant eg, @488ES clones expressing the lubif@86l den@NThe@FtARItd¥EsPtdPoattogms show
a genetic pattern slightly different to A18R- GCV%(E&I;I\FOSI tive cl ones.

| ndeed, G418FEGIVN®ERhasdeen clpaed ingIdERMHMMECDEY P49)- Te esHIBRE bl e

with a multic t t i nt ad 30 that. | [ d: I The
mul ti copy té{?og@%/ggﬁ/['m(gﬂ&w’oﬁgpnt%md h%%i%egggggr%%e%o}rpﬁe %gvcélﬁﬁ gene
(from pl asmgoRIYy Baetebgarcef désbibédinegmaiplon Tapeted belaribntheurefvangetheender s
cells sensitive to GCV. WD 2011/101811PCT/ | B2011/ 050682 40 .

Al the Wat selptioseandeepuntert yrlection gnpreasea ¢lessitier afe® e Shedsdatsd st om
meganucl ease, | . i t hque conbined with a robust

sel ection p?%%%cgégﬁ%gggg&?g}gg?gigééﬂlogﬁg'%gﬁ?%i cation of targeted event. Such
targeted events coul d bitheel HEER9Rthmifepy-targetedrulonec vpse- maintpeneddn culture
integrations that can be 5 discrimnated via a r?ugt counterl sg(liiecﬁlieon
process t haPvVHAPeBOdPT FORILASEH(TVP PASSAZES R FrectiFach [lo8e Laif SPEMea I Biey i on
process al sg.allQWs &RcfiGh aRlg Q4s: @!40%%%@@71&1{1&1‘&@@@{8 s e@6tsadvatiated
integrations 1 n their chronmosones. EXAMPLE 4: GO EXPRESSI ON AND STABI LI TY
4.1 LUCI FERABEXEXBRESSI G reporter tene fos tzanysines, clenes bupwéithowrsslegtion dygdtet he

| evel of expressi.on_Qof ur .targeted clones. [ i i.ferase gene.
The firefl yPlT %Pd’ilﬂlstFig\é‘EMB’&F‘{“é‘?')%d&h%l’?r@dﬁﬁﬁ?{% f%?g’rgg“sé %gzé}r}sﬁg%agggédsi 0

pl M RAGL- MCrdt&lsds Libd Weetiords: The resul ting vector (pl M RAGL-Luc, SEQ ID NO
46) has been transfected in HEK293 cel |l s according tﬁ)@t he pro

l. .
described in exanpl e 3.LurHerse expression: @F](lfn%%méﬁﬁg@ie@ic eif’lr@"i@}lg‘&l%@‘éetlinon and
counter sel zﬁkgﬁé‘%ﬁ’n&ﬁiﬁg@ gathdg%raﬁ%f@g@@mi&. Arkr isSARLRALAN at

characteriz section
25  37°C, cells are collected in a 15 ml conical tube and counted.

Cells are then resuspended in complete DMEM medium at the
density of 50,000 cells/ml. 100 pl (5,000 cells) are aliquoted in triplicate in a white
96-well plate (Perkin-Elmer). 100 pl of One-Glo reagent (Promega) is added per well
and after a short incubation the plate can be read on a microplate luminometer (Viktor,

30 Perkin-Elmer).



The 4 HEK293 |l uciferase-targeted clones were maintained in culture over a
period of 20 passages (two passages per week). Each clone was cultured in

t he presanoeoafiossiecti on drug ((418: 0.4 ng/ m ). Furt h@ecwiB211/030682
inventors eval uated 20 the expression of the reporter gene for the sane

cl ones but w thout selection drug (i.e. in conplete DVEM nedium over a
period of time corresponding to 20 passébes. Mat eri al s and net hods

Luci ferase expression: Cells fromtargeted clones are washed twi ce in PBS
then i ncuba®esltsi th 5 ml of trypsin-EDTA solution. After 5 min. incubation
at 25 37C, cells are c £ t a

Cells are then resuspegfe &lit%q{:éo%p?ent%e% %ﬁ)ﬁ?}e@abn %%Sh‘g %:}%§%§ n50 000
cel I's/m. 10Qeléflludifer@@xpakiion fardeluaiféraseatgdted rldnes pd shoanesiarfuactishiof e
96-wel | plate (Perkin-Elmer). 100 nl of One-G 0 rea e&t gPro gg‘) i s added
per wel | an#mgfipdhe Ere%FtOflah%qulB%Pfé‘ﬂe‘tUﬁé ageiy ECSRERNVBY- digfES opl at e
| um nometeer t}%me%; sion> tﬁgrﬂﬁlﬂzrgk drter géde g%ﬁ'lhfk%bly stable even after H@nglat @
are presente I gure pan s A"and B, the rrean | evel of luciferase
expressi on peaiodof alﬂ:uufeeEaﬁhemmrgﬁleeptesﬂnweﬁthessebhmmag@tas fetmeeessarydd ti nme

in the presence or ahsence of selection agent, These .dat a

i ndi cat es Se‘ESHEFta[é’i’ﬁﬁ%%@gc?ﬁpﬁﬁm?%gfrﬁﬁg?l&%’%@ Bﬁ’gﬂl Eéﬁ?é“‘r‘f PEREPRabl y
stabl e evenjalhffledt Jvﬁé}gthlé%ﬂg@@dQfon@éu'allr'é'éﬁl@ivat%&"whih@ﬁf@bﬂ&tlbﬂﬁg@ﬁesence of the
sel ection agent is not necessary to ensure a long |asting expression of

transgene s#dce GHE® EXBBIESSEQN)ANMBAB&IT%W ession is equival ent when the

targeted cl ones are cul at ed ut_sel ec t SSI ON
AND STABCLI TY 101 n thi sIt eé%?rﬁiﬁam E@e %nﬁsrgﬁfoélggﬁ%ﬁﬁgggerleﬁé ﬁf%f’ee\?g‘iéﬁ%E

expressi on @fpdted GedRE @ipiéb%ﬁlgexmbr St glidiescéite Protbinugees deoth  Reqbean gene
from Aequor ea macr odactyl a (TagGEP2 Evrogen SEQ | D_NO 49) e 2
reporter gemecroRERly HaglehE Vf‘P&§ SEQJR NP dfed e agﬁ@%m%ﬂem&f@ I D NO

45), the IW . i 5 SEQ ID
15) NO 51)P he r suF‘Jfl ng vecgzotﬁg(?s d(:)ptpﬁ Mgg@%& %ﬁE iﬁ% ﬁgﬁﬁmhé
pl M RAGL. EFpIM & Ay EFR2YICSEQ@H@® INANEB S@nahdothel IRAGRP@ISGASaQ@SZQSEQE@I D NO

54) h b t fected HEK293 t
de)scr?\tggé ?ﬁr(])exéﬁgls %g %esul“]ft‘ré]ﬁggei’fé’éorég?ﬂ’ljlvim@ gg})é’ n%‘gl(shg eII% ct?QOn and
counter sel g@k RNG PEPELTSESFHESHE D) QBdNUB%ﬁHfHJIM RAG1EGASS. f[ag@PiP@nSEQ

characteriz according to section 20 3
TagGFP2- t ar J21N§d 54) lewe bf:q:rotral@aeﬂwddh HEi‘é2% @diﬁgcqoa@ng twrmpﬁtd@‘ﬁcﬁé@dl n

't t
vas. cultor off PHECTIE SoholmEneBEel anate OR HRBaTT ey ie P eoner S8Eh "e
shown that gﬂa, Ces QGLHBA Y S&HIPIE 3 WasisoRtedBReS AR rized BBdoMiaj o 8egiibeSSi ON

(see 4.1) 25 WMaterials and net hods Tag2GFP expression: Cells
from t arZet 887 ¢hd8&8. are washed twice in PBS then incubated with 5 ml of

trypsi 0-EDTA sol ution. ofoliehy ol hPEPRkPAoA! ik each D't Hebndhabect ed

ina 15 m conical tube and count
were maintained in culture over a period of 20 passages (two passages per week).

K293

Each clone was cultured in the absence of selection drug (G418) since it has been
shown that the selection pressure was not necessary to maintain expression (see §4.1)

25 Materials and methods

Tag2GFP expression: Cells from targeted clones are washed twice in

PBS then incubated with 5 ml of trypsin-EDTA solution. After 5 min. incubation at
37°C, cells are collected in a 15 ml conical tube and counted.

Cells are then resuspended in complete DMEM medium at the

30 density of 50,000 cells/ml. Cell samples are then analyzed by flow cytometry using a

MACSQuant device (Miltenyi Biotec). Fluorescence is collected using the green

channel and expressed as the mean fluorescence unit.



Cells are then resuspended in conplete DVEM nedi um at the 30 density of
50,000 cells/mM. Cell sanples are then analyzed by flow cytonetry using a
MACSQuantwoevilcwigiM | t enyi Biotec). Fluorescence is col PEEIBZ1UBI0GEL t he
green channel and expressed as the nean fluorescence unit. WO

2011/ 101811PCT/ 1 B2011/ 050682 42 Results The data are presented
in Figure 11. The nean fluorescence | evd?l of TagGFP expression for 3
different TagGFP2 targeted clones is shown as a function of tine. These
dat a i ndi caResultshat expression of the TagG-P2 reporter gene under the 5

control of 3 different propoters is renarkabl abl e eyen after, a,l ong
period of culture (10 fa RERiCSeRCE R éﬂb%%ﬁ:?th&fm%aéﬁ %c%rf:s(gﬁncéeglg\ml.o?

According tg BLABRIA fof § WEAER: Td T PIRAD e ¥ Rnedfs shbiWaras adamnt@nios
vari abl e. EFa%@gP prlgrmt er 0gi ves the st rong%gt TagGFP2 expressi on whil e GASS

pronot ers giimes Thesskdata exdivacsssthonexprérsionesfuthe TaghlPe aeportaigene padaraferp2
expression 10 can b dul at ed t.he us f di.ffer rS,. 4.

FUSI ON PM@W@)@R&@W@&&M&? S g9 rﬁ%ﬁga‘ﬁm%ﬁ?&ﬁ%%ﬁ?&%@g&%ﬂ?é?ﬁm
TARGETED | NEGEERATIOMekbevieRiis tiRXdRce of bdiectionigattor s show evi dence that the
RAGL | ocus 15 has been disrupted by the sequential hs RA

meganucl ease-dri ven t arfyesosding e Eygrniemetst sgqupyces theangan ]t%c’;ég’rfﬂqoéeﬁc‘ﬁ’&?r i X
beari ng the. neqg i resj stance - : : dii
2 RAGL i it oy ST i e BLoBRls By PR pEMIEE Blecitd oS ARIERased 1)

(p! M RAGL- HggivterSERch Beblradxpreshibh €T ieaksulariodinate tied she? Da4GIFPRIékpeeskios  wer e
transfected according to the praotocol described in section 3.3. NeoR GCVR
resi stan0 cFansmodiHaed by dises Oéﬁlf%@md’é%fﬁ?t@ﬁed in section 3.8.

NeoR- GCVR- PER+ ctﬂgféméTigN ?XPT&E@SI@N“ hern Bl ot (see section 3.9).
Ied ed c

Anong the ideénti target ones on one of the RAGL allele, one clone
(D12) has bEXAMPLIAECt 8d GENEPINACIIVAXIEN orlKNQEKet QU EX pdHROMGHhas

been 25 perfor i s described on section 3.3 except that the
RAGL i nt egr gﬁ@%&ﬁ@%&ﬁ@ﬁhe hygronyci n resi stance gene (SEQ I D NO
55) has been used. As apCORSEGYIE Ahe BBk SHbvOEviaburehathe Feen Ibased on
hygromycin (0. 6ng/ nl) instead of neonycin. bIIS;X%roR cl ones have screened by

PCR and IBCRhgodieen viistubiedeby hthee seavgnial ebis dutrepmuabiase-daxen dagrieBed i n

sections 3. ?ntggggio?fl' gf i) a RAGI integration matrix bearing the neomycine resistance gene

(pIM-RAG1-Luc, SEQ ID NO 46) and ii) a RAGI integration matrix bearing the
hygromycin resistance gene (pIM-RAG1-Hygro, SEQ ID NO 55).

Materials and methods

20 HCT 116 cells were transfected according to the protocol described
in section §3.3. NeoR-GCVR resistant clones were screened by PCR described in
section §3.8. NeoR-GCVR-PCR" clones were analyzed by Southern Blot (see section
§3.9). Among the identified targeted clones on one of the RAGI allele, one clone
(D12) has been selected and amplified. A second targeted experiment has been

25 performed on this clone as described on section §3.3 except that the RAG1 integration
matrix bearing the hygromycin resistance gene (SEQ ID NO 55) has been used. As a
consequence, selection of clones has been based on hygromycin (0.6mg/ml) instead of
neomycin. HygroR clones have screened by PCR and PCR positive clones have
analyzed by Southern Blot as described in sections §3.8 and §3.9.

30 Results
On the left panel of figure 12 is presented the hybridization pattern

for neo®-GCVR-PCR' clones obtained after the first targeted experiment. The



30 Results WD 2011/101811PCT/1B2011/ 050682 43 hybridi zation is perforned
with a genom c probe (see fig. 9) after H ndlIl digest of genom c DNA As
shown i n wbheotianisiel | ane (HCT 116), untargeted RAGL | o®03/1B211/089682 fi ed by
a 5.2 kb band. This band is present in all the targeted clones in addition
to a second band (9.6 kb) indicated that one allele of the RAGL gene is
targeted (T) 5 whereas the other allele4ds wild type (W). One of these
clones (clone D12, marked with a black star) has been used for the second
experi nent, hybr[dlzuymatls q)alrfgtemwnglth hegsxenmngrdﬁA@eeaﬂig eﬂ)@ftembndiﬁbdlg@itz)étl on

P BRI R0 R ol R Gy Fro PR gt o

genom ¢ DNAjgefhiePbealkn W bwctm%m 1§Tgfe@eﬂti1ﬁ bl iarceddd cldRestiarageitied
cl ones. Instead, a unique band at Eﬂm fic for the targeted

i ntegrationtod smmérb@n@g%&béerqh@we@ap@%@ e phthe FAGhtese &t farastsdeltlni ces
is observed iin al ut t RAGL
al l el es av@’hﬁgf‘%h}? et Sﬂse?eulﬁtvé1 fyé);é ing'to ;{Jﬁgﬁ?s %M%Q?f’%gl?iﬁ% 8t he
RAGL gene. Whthsa BREKSAL) s Biepnrad fforf the seemd dxpadiematinoing catarpetirgpihti ed to
ot her 1l oci using other glanucl eases. 15 REFE NCES Ca ecchi %).fgﬁé

Gener ati ng Agcead BAG! 95‘?13 lsdhyhitdigation dattegatis ’Slshtgli’)an {Fer and

St oddard (299 1)%?@ r’rg%g Sh e@%)%?fon‘@éc{ Wft’h% %Encﬁﬁg friBe gée@ &g, 9)”&%& ht
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3757- 74. Ghadilli &igest RefT ganomiOINA. The N d«bl B baediy nb nodorst vxsﬂvleoin all

honol ogous reco i nati in m si ng, .t Scel
syst em o0 SK¢ %P@H???e Eeéae%lugﬂéi@ bawi) IklIij @683{5915%%}/ E%?te%?npé}:ﬁulogtl an,
Cer mek, Doy b?heté%h)@ogé seq@BRRY prddiiR the B PDABatABSS 1Yopiarsed BALMIones
Targeti ng DNA Doubl e- Strand Br eaks with TAL Effector Nucl eases. Cenetics

186: 757- 76but @@ G@hwreralqumupmstraaowah@e RohGulalleles hrvie GotlEpeaurdipynted

natural ' 1 oolFans GAks YEHRDel SR 3R eouly HRER BNy SRR Ul O

Jasin and Bﬁfa@tn(a%%ﬁ%ﬁn B@aﬁplﬁti?co ofhe@RREuIRY @lﬁéﬂ Mggaancleaset.r achr onosonal
honol ogous reconbi nati on stinmul ated by genom ¢ doubl e-strand breaks in

mouse 3015enBE>F<EREN§E§m cells. Mol Cell Biol, 18, 4070-8. 44 Dujon,

ol | eaux, (B\il[)%]e%terf]a%ﬂg nF(g(ggffth Lted %@%&Mﬁﬂ%&ﬁqr {@6-901t T ONS as

mobi | e gene ron- enco proteins. Basic Life
Sci, 40, 5- aﬁévaher and Stoddard (2001) Homing endonucleases: structural and functional

insight into the catalysts of intron/intein mobility. Nucleic Acids Res, 29, 3757-74.

Choulika, Perrin, Dujon and Nicolas (1995) Induction of homologous recombination
20 in mammalian chromosomes by using the I-Scel system of Saccharomyces cerevisiae.

Mol Cell Biol, 15, 1968-73.

Christian, Cermak, Doyle, Schmidt, Zhang, Hummel, Bogdanove and Voytas (2010)
Targeting DNA Double-Strand Breaks with TAL Effector Nucleases. Genetics 186:
757-761.

25 Cohen-Tannoudji, Robine, Choulika, Pnto, El Marjou, Babinet, Louvard and Jaisser
(1998) I-Scel-induced gene replacement at a natural locus in embryonic stem cells.

Mol Cell Biol, 18, 1444-8.

Donoho, Jasin and Berg (1998) Analysis of gene targeting and intrachromosomal
homologous recombination stimulated by genomic double-strand breaks in mouse

30 embryonic stem cells. Mol Cell Biol, 18, 4070-8.



Goubl e, Smth, Bruneau, Perez, Guyot, Cabaniols, Leduc, Fiette, Ave,

M cheau, Duchateau and Paques (2006) Efficient in toto targeted

reconbi nawpanitywismmuse |iver 5 by meganucl ease-i nduced @#cwhBm1sDF0ased br eak.
J Gene Med, 8, 616-22. Haber (1995) In vivo biochem stry: physical
nonitoring of reconbination induced by site-specific endonucl eases.

Bi oessays, 17, 609-20. Hi nnen, Hicks and4Fink (1978) Transformation of
yeast. Proc Natl Acad Sci US A, 75, 1929-33. 10 Dong-11 Jin, Seung-Hyeon
Lee, Jin- He@uﬁmoﬂollﬂae( Secquldrewlchhiragdﬂunntbébqt (Kﬁ&@gl\ﬂﬁokh@alrlhl gng@dng- Sun

S 2006) T ha- 1 t

oig fotal  PRPGGkaeRe Clrt Sl §%(Qéa b fsodeigoRihy B VBRI A ReTharan |
ommi h. PY oBORHEL St HEBReUSL e, (o Gokg hSTRnAA naLgOk fishef °0°
Dal oi i, Shoky,g0af, a rﬁ%ﬂﬁ@s”%@b%)) PFRYAE ﬁ{‘{oto ﬁétéﬂ recaﬁgf%ﬁﬁbn 11“&‘1@{1&6' llwer

Bagheri , I\/aryam Zei nal’i novel e step doubl e positive double
negative Ssebﬁtxtegmmckitaseitrﬂggcdfdﬂubh@%tgmdbrqakgéﬁenaﬂpd,a?céﬂréﬂﬂ Bi ochemi cal and
Bi ophysi cal Research Conmmuni cations no. 1, 14-20. Perez C, Cuyot V,
Cabani ol s JHaEB:vL(bﬁ)%)An vMocwleawmiBry:Wsibalinodmdng oS recPatpiresior, indGedbg hat eau

P, (2005) BioTech| %g ﬁé 1, 55.@@22-115 Posf ai, Kolisnychenko,

Ber eczki  andeiPgel lﬁé’ln QIELU@ FESMRIKEX & e’ r epl acement in Escherichia

coil stimulated by a double-strand break in the chronosone, Nggccl E{jgﬁﬁ ci ds
e

Res, 27, 44bHgmes, Hickpgedhiank OF78h Tematorpaion alowest Tiee NetltAqad | at ed
rrechanl SNB %e@%%g in 25 plants for the repair of genom c doubl e-strand

breaks by homnol'ogous reconbl nation. Proc Natl Acad Sci USA, 93, 5055 60

202- 11 v 90D O R gL BUbseo s AR LGt o SRe  {E504]

I ntroducti owgek ReKbhe- Jsbﬂigsﬁln lﬂeBE(BGOG)ﬂTanéth@ gﬁa@ﬁey of alphusie3-galhdtssybdy
expression of a rare-cutti n endonucl ease. Bi ol , 14, 8096- 106.

Sargent, R trasiergieapnfaiaig & lfwroblaﬁﬁaelWEM%%@) 2|QO3(517§97) Repal r of
site-specific 5 double-strand breaks in a manmalian chronosone b
honol ogous Kind, Chd, édianinasagerandd 89 Harbtidmestigiion@agymes: gine figer f‘@?‘mﬁ‘lo

§:yetﬁ€ﬁfﬂ T e SR L{qﬂségeatedaggggleﬁcir?gdt Ereeak:
P Ge P o - 2001
hoﬁglt og&gg %‘lﬁ‘h‘gﬁ h’aﬁ% D%\@P %8 g?zarﬂ_égg o h’oﬁéagv : ﬁ@t&g %{lgb(aTgS%t

Site-direct ggau t]ﬁ%ﬁ&‘i‘%rylaﬂn OEiRall @006} Amvemlﬂga %@p%ﬂ@ﬁbhéq;cﬂﬁﬂilb \dedblst em
cells. Cell 51 5
negatwe selection strategy for f-globin gene replacement

Biochemical and Biophysical Research Communications no. 1, 14-20.

Perez C, Guyot V, Cabaniols J, Gouble A, Micheaux B, Smith J, Leduc S, Paques F,
20 Duchateau P, (2005) BioTechniques vol. 39, n°1, pp. 109-115

Posfai, Kolisnychenko, Bereczki and Blattner (1999) Markerless gene replacement in
Escherichia coli stimulated by a double-strand break in the chromosome. Nucleic

Acids Res, 27, 4409-15.

Puchta, Dujon and Hohn (1996) Two different but related mechanisms are used in
25 plants for the repair of genomic double-strand breaks by homologous recombination.

Proc Natl Acad Sci U S A4, 93, 5055-60.

Rothstein (1983) One-step gene disruption in yeast. Methods Enzymol, 101, 202-11.



46 Clains 1. A set of genetic constructs conpri sing: a) Construct (O
encoded by a nucleic acid nolecule, which conprises at |east the foll ow ng
conponentwo 28(1Mp1814 HOVD1 - P - M- HOM®RZ - (N)", (i) PCT/IB2011/05068¢her ei n n
and mare integer and represent 0 or 1, with the proviso that when n=1, m=0
and when n=0, n=1l; thus conponent N can be di sposed either before HOVD 1 or
after HOMX2, and corrponents P and M can4be di sposed in the order P - M or M
- P, 10wherein N conprises the conponents (PROM 1) (NEG) (TERM 1 P
conpri ses t Reuat.orpihrandtJesip BFEINR Introdupiisg) of %WEF&WPdéFﬁﬂkMIE%Fﬁ?rgeﬁl@@eto

t t
Cransort pti BRAR pHlsrot P IICeigUmL S kB endon SRPRDOCTTNY, 18, S 1=

TERML is a fpg st transcriptional term nation sequence; 15 HOW1 is a
portion honol ogous to a genom c portion preceding a nucl ease DNA target

sequence; PROVE R. & SBRANGAL, VIS AL 4Hdl WARbn, . O HITY BEALedICste-SPeSfits a
positive selecCtion mar ker: TE is a second transcrl tional term nati on

sequences PR@Ve-bteand briilesdint 3 smsunalisni dwemosomsnby hagohequeand illagramate 5
mul tipl e cl oni ng }ngj[l%n %?’%%33’5@ 9 %y t4l transcriptional termnation

sequence; honol ogous to a genom c portion foll ow ng

id I t | ect ed
from the S?%wbeméaé@ﬁwg&%@bﬁ%?ﬁw Reneiy 06 DeppifS Defaaan, Bk 87 2cr
nol ecul es, PRl Qméc%ﬁlbﬁ{atlbﬁa%twéé}ﬁ Difdct 9VR ek atdNPeNRAtS:! 1rP|ﬁQ\/IPlant NUC1
(ii); 25NUCZ(||| ; this set also conprises sequence (iv) which is

an isol at engnOm@o‘dmﬂ%hMpM@ﬂeﬁln whi ch conprises at |east the follow ng
conmponent: NUC3 (iv); wherein PROM is a fourth transcriptional pronoting
sequenceap NEi@ithies (2001) Forty years with homologous recombination. Nat Med, 7, 1083-6.

Thomas and Capecchi (1987) Site-directed mutagenesis by gene targeting in mouse

embryo-derived stem cells. Cell, 51, 503-12.



30 the open reading frane (ORF) of a neganucl ease, TALEN or a ZFN, MEGA2 is
a nessenger RNA (nRNA) version of said neganucl ease, said TALEN or said
ZFN, NMEGABOIi2811z1018130l at ed or reconbi nant protei n of sai #CkEBzMUGIcesse, sai d
TALEN or WO 2011/ 101811PCT/ 1B2011/ 050682 47 said ZFN, wherein said
meganucl ease, said TALEN or said ZFN fr2€1constructs (ti) or (iii) or
sequence (iv) recogni ze and cl eave sai d'nucl ease DNA target sequence; and
wherein constructs (ii) or (iii) or sequence (iv) are configured to be
co-transfected with construct (i) int east one target cell. 52. The
set of constructs of claim1l, wherein said conponents HOM1 and HOMX2 from
construct (i), conqriAsgetadf depetit con®budapcaamstisig: nore t han 6000 bp of
sequence honol ogo to the portl s of the t rg t cell  genone. flaqklng sai d
nucl ease DNA tar @)e(ﬁorgsg& tHelprgncod ed’by a nuclgic ag ulgs Wi tses #leastai m 1
or 2, wherej sdvinse g&gﬂﬁg 10 HOMO 1 and FKAKQ from construct (i),
conprise at least 1 00 p and no nore than 2000 bp of sequence honol ogous
to the pértions of the target ddl— ﬁ@ﬂ@@é—ﬂ?ahk+hﬁDkﬁﬂZ}-@NﬁKéase DNA t ar get
sequence. 4. Th@gset of constructsnﬁf claim wherein said

conponent (PCS) is sel €€ B0 8 Pharedpisey:a éﬁﬂ?@?ﬁ(b oﬁdﬁ@f PP Ase
resi stant %ﬁ?wh&phiﬂ (rﬁE@ah@ wirnN203 hi= lhlt'lﬁfs%ﬁdoﬁerﬂm%ﬁﬂ%rcﬁib%fs&f a8Rr

resi stant gene, Q I D NO 4); puronycin N-acet transferase gene, pac
(SEQ I D NO Be)forebﬂlgM@hpdnaﬁelsH@é@?n@zglecmngmarﬂ a@ch/é caipbe disppd ip tho 6) ;

bl eonmyci n & |s§a%k09 sh ble (SEQ ID NO 7). 5. The set of
constructs 9 one of Clalns 1 to 4, wherein said conponent (NEG is

sel ect edof rom t h@h@émupl chhp;mednfhe dﬂrﬂ)ﬁﬁ&lthFRmﬂl)t he(NmpeS(m'l)’!m ex
virus del eted of CpG i sl ands,

Hoam nace. COmBMEES He GrEBgITs SRAMDbOSUS! oYM Gng Ao caBreRdiof oG
i sl ands, E 6. The set of constructs
of any one oyﬁgﬁ n@g? :§ q%&g%$£3n salé e?enents PROVL, PROWVR, PROM3 and

PROV4 are sel ectehierémoBROIMal gs au ffirst Clydnsong inel ipransotitfg isesqmnléeatI‘éE@aisl y

pr onot er, S | D NO n.vir s40 r.onot Sv40 (SE DNO
11); human %qgam%% 6%“%‘6’@%&3}4 ih Brirsh Cilpﬁo’(‘%é@j“% que
phosphogkycROR®G1 K BRI H&Yﬁ&ﬁ%fg@ump%ﬂoﬁﬁ@ﬂled'égpr%éédm rﬂd&?ease DNA o
phosphogl ycerat e ki nase pronoter, pnmPCK (SEQ I D pol yubi quitin

pronoter, phidst se(@En}el; BR@M25 ;a mymd tanssriRiiorzed @r@noﬁm eerqu"cnozﬂn e her pes
20,9 10 &% MAE BB TSLIERIRIR 10 RGOSl SRRERELE
| D NO18) ; IFR@mélls althiBP §afRFpaekdl Yrémhdtig(seiehke; MMASED 6 endlfipld chiiepdiet opat hy
nyocarditi ST]:Z/]:!{I{/I%S is a third transcriptional termination sequence; HOMO2 is a portion
20 homologous to a genomic portion following said nuclease DNA target sequence;
b) At least one construct selected from the group comprising, constructs (ii) or
(iii) encoded by nucleic acid molecules, which comprise at least the following
components:
PROM4 —NUCI1 (ii);
25 NUC?2 (iii); or
this set also comprises sequence (iv) which is an isolated or recombinant
protein which comprises at least the following component:
NUC3 (iv);
wherein PROM4 is a fourth transcriptional promoting sequence; NUCI is
30 the open reading frame (ORF) of a meganuclease, TALEN or a ZFN; MEGA?2 is a
messenger RNA (mRNA) version of said meganuclease, said TALEN or said ZFN;

MEGA3 is an isolated or recombinant protein of said meganuclease, said TALEN or



WO 2011/ 101811PCT/ 1B2011/ 050682 48 | RES EMCV (SEQ I D NO 19), TRES sequence
fromfoot and nouth disease virus, IRES FMDV (SEQ I D NO 20), Sv40.

7. The sevoabiicwmstiructs of any one of clainms 1 to 6, wreTaBmwigeiodsxel enent s
TERML, TERM2, TERMB and TERMA is selected fromthe group: polyadenylation 5
signal, SV40 pA (SEQ I D NO 21), bovine %r owt h hornone pol yadenyl ati on
signal, BCGH pA (SEQ | D NO 22). The set of constructs of any one
of clains 1to wherein said el ement rg{)rlses an in frame petlde

tag at its SA chFT\é'W}@ﬁen spidPRIARUL8ISE, i%fbif algsaid ZED Geme@nsirusts (e

35y hi st arhe (R oA ol R i B P iR

prot ei n, SBRhESEQcOItNDSs ZH) or c(ai)rmchehh&ncbi(hdiau@ cpufogueed to BBRo(tSEQ“estdNO
29), haerrag%I tinin, SES DNOBO gwc(SEQIDNOBl), V5 tag
sequence (Si @?’ICB‘W@% Inigyg, F@EPH?B‘E@I fhtion signal (NLS) from

nucl eopl asm n ( SEQJ DriNQeBdi eordhriets bPBmY40whe?ER shid NRApdhents NGMOQREENSUS
(SEQ ID NO 15 35), thronbin cleavage site (SEQ I D NO 36), P2A cleavage site
(SEQ I D NO BW)MOIZﬁﬂom Icenstawge (i3, ¢comprBEQL ﬂ@su\@(eep anEna wpwathay 6060 bp SEQ | D
NO 39). he t ,of constr one f ¢l ai

wher ei n sai EB%F%%}?P%I&% j ROLLOTS Orfgﬁo%f%elt ‘ggé%noé%ﬁ %Ifké%g ?all}%&u‘fl aesegr oup:
firefly | ucDﬂ\m&s@tg@ﬁ@n@‘SEQ I D NO 40), renilla luciferase gene (SEQ I D NO
41), |/ 3-gal act osi dase gene LacZ (SEQ 20 I D NO 42), hunman secreted al kal i ne
phosphat ase gene, RSERR SSEQS IONNOCABY! GhiRt e ok & rwhegingpaid) gqieponents
phosphat se etic
construct% S0 a§§/ aﬁ%@? b?ﬁg?ér}s@o%g%uéé@,’ C\Aﬁg?se%ﬂ?:aosﬁﬁs) W gfal?(ﬁl g%)rrr%fr}‘llgses SEQ
| D NO 45 o200BE6) bDsdddenctbhomologous to thd poioks bf tige tandet @dil@enams ¢ignleng e
encodi ng a & icgto at | east one cell, 25 conprising the set of genetic
constructs LBy ‘?%%E]D[I\BAéﬁwetéﬁ%ueé‘Fecl aims 1 to 10; and instructions for the

generation of a transfy aedrc&ish o@gla%ﬁ'ldz%?ts @Eergi‘ﬁ%%fd &)n%ﬁ%ﬁtr(‘t?@}s?
12. A kit according to claim 11, further conprising at |east one target

cell is sel Botkdef fiom tlia@rgxp)unpomgcupmhemhgtra@ﬂ@&e mswtehtl gene HEKPGEQ ED | s

Caco2 cells U2-0S cells;, N.H 3T3. cel NSO cel 5

cel l's; 5(%44N9egl)’s %ygromycm phoi@mtr,&n%ﬁ?ﬁ%&ﬁlg?n = gl?}fn (ﬁégosbhm ous

reconbi nat i ol cineSbet9N BasFtrasC BER! bak PSEON® NEPS Wsticidin S deammase
resistant gene, bsr (SEQ ID NO 6); bleomycin resistant gene, sk ble (SEQ ID NO 7).

5. The set of constructs of any one of claims 1 to 4, wherein said

component (NEG) is selected from the group: Thymidine kinase gene of the herpes

20 simplex virus deleted of CpG islands, HSV TK DelCpG (SEQ ID NO 8); cytosine

deaminase coupled to uracyl phosphoribosyl transferase gene deleted of CpG islands,
CD:UPRT DelCpG (SEQ ID NO 9).

6. The set of constructs of any one of claims 1 to 5, wherein said elements

PROM1, PROM2, PROM3 and PROM4 are selected from the group: cytomegalovirus

25 immediate-early promoter, pPCMV (SEQ ID NO 10);simian virus 40 promoter, pSV40

(SEQ ID NO 11); human elongation factor 1o promoter, phEFla (SEQ ID NO12);

human phosphoglycerate kinase promoter, phPGK (SEQ ID NO 13); murine

phosphoglycerate kinase promoter, pmPGK (SEQ ID NO 14); human polyubiquitin

promoter, phUbc (SEQ ID NO 15); thymidine kinase promoter from human herpes

30 simplex virus, pHSV-TK (SEQ ID NO 16); human growth arrest specific 5 promoter,

phGASS (SEQ ID NO 17); tetracycline-responsive element, pTRE (SEQ ID NO18);

internal ribosomal entry site (IRES) sequence from encephalopathy myocarditis virus,



49 a) cloning a sequence coding for a gene of interest into position
MCS of construct (i) of any one of clains 1 to 9; b) co-transfecting
a target weol2oimiots11sai d construct (i) of step b) and at PCEAB2010NE6E
constructs (ii), (iii) or sequence (iv) of any one of clains 1 to 9; 5c)
selecting at | east one cell based upon: the presence of conponent (POS) and
t he absence of conponent (NEG from sai &8target cell. 14. The

met hod of claim 13, wherein selection in step ¢c) is carried out

sequent i al | IRESEMEY @EQ W O dP).t IRESyeaquensediens tioetryddagutbydigresyirgid
&) 1% carri BESEMIGIEPIPEZNA R or the activity of the gene product.
encoded by (POS) armd TINEst of constructs of any one of claims 1 to 6, wherein said elements
TERM1, TERM2, TERM3 and TERM4 is selected from the group: polyadenylation
5 signal, SV40 pA (SEQ ID NO 21), bovine growth hormone polyadenylation signal,
BGH pA (SEQ ID NO 22).
8. The set of constructs of any one of claims 1 to 7, wherein said element
MCS comprises an in frame peptide tag at its 5’ or 3’ end, wherein said peptide tag is
selected from the group: FLAG (SEQ ID NO 23), FLASH/REASH (SEQ ID NO 24),
10 IQ (SEQ ID NO 25), histidine (SEQ ID NO 26), STREP (SEQ ID NO 27),
streptavidin binding protein, SBP (SEQ ID NO 28), calmodulin binding protein, CBP
(SEQ ID NO 29), haemagglutinin, HA (SEQ ID NO 30), c-myc (SEQ ID NO 31), V5
tag sequence (SEQ ID NO 32), nuclear localization signal (NLS) from nucleoplasmin
(SEQ ID NO 33), NLS from SV40 (SEQ ID NO 34), NLS consensus (SEQ ID NO
15 35), thrombin cleavage site (SEQ ID NO 36), P2A cleavage site (SEQ ID NO 37),
T2A cleavage site (SEQ ID NO 38), E2A cleavage site (SEQ ID NO 39).
9. The set of constructs of any one of claims 1 to 8, wherein said element
MCS comprises a reporter gene selected from the group: firefly luciferase gene (SEQ
ID NO 40), renilla luciferase gene (SEQ ID NO 41), B-galactosidase gene, LacZ (SEQ
20 ID NO 42), human secreted alkaline phosphatase gene, hSEAP (SEQ ID NO 43),
murine secreted alkaline phosphatase gene, mSEAP (SEQ ID NO 44).
10. The set of genetic constructs of any one of claims 1 to 9, wherein
construct (1) comprises SEQ ID NO: 45 or SEQ ID NO: 46.
11. A kit to introduce a sequence encoding a GOI into at least one cell,
25 comprising the set of genetic constructs according to any one of claims 1 to 10; and
instructions for the generation of a transformed cell using said set of genetic
constructs.
12. A kit according to claim 11, further comprising at least one target cell
is selected from the group comprising: CHO-K1 cells; HEK293 cells; Caco2 cells;
30 U2-08 cells; NIH 3T3 cells; NSO cells; SP2 cells; CHO-S cells; DG44 cells.

13. A method for transforming by homologous recombination at least one

cell comprising the steps of:
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a) cloning a sequence coding for a gene of interest into position MCS of

construct (i) of any one of claims 1 to 9;
b) co-transfecting a target cell with said construct (i) of step b) and at least one
of constructs (ii), (iii) or sequence (iv) of any one of claims 1 to 9;
5 ¢) selecting at least one cell based upon: the presence of component (POS) and

the absence of component (NEG) from said target cell.

14. The method of claim 13, wherein selection in step c) is carried out

sequentially for the activity of the gene product encoded by (POS) and (NEG).

15. The method of claim 13, wherein selection in step c) is carried out

10 simultaneously for the activity of the gene product encoded by (POS) and (NEG).



