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The present invention relates to a ne hod for increasing doubl e-strand
break- i an@mmyemeumm@mmmclmw OfF DOUBIESTRANDBREAK-her eby
provi di ng new tools for genorre en i_neeri ng' i ncI udi ng t herapeutic
applications and cell |ine e |f|caIIy t he present

i nvention concerns a net hod for |ncrea5|ng double strand break-induced 15
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damage %20Whicsth diowhick isincemdrataddakrsfefeEB)n #s entyotysi der ed t he nost

danger ous (Haber 2000). For exanple, DSBs can arise when the replication
fork encounters a nick or when ionizing radiation particles create clusters
of fpeacticefaky GVensiBRCi €s al ong their path. These reactive oxygen 25
species may 1 n turn thensel ves cause DSBs. For cultured manmalian cells
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Singl e-strand annealing is another honol ogy-dependent process that can
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anc& Haﬁ !1999‘(1 tFl!nzl Ié/[ 5 non- honol ogous end joining (NHEJ) of DNAis a
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5 The nost widely used site-directed nutagenesis strategy is gene targeting
(GT) via honol ogous reconbination (HR). Efficient GI procedures in yeast
and nousewbave/isesa avail abl e for nore than 20 years (Capeashi11hS893

Rot hstein 1991). Successful GT has al so been achi eved in Arabidopsis and
rice plants (Hanin, Volrath et al. 2001) (Terada, Urawa et al. 2002; Endo,
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i nprove doubl e-strand break-i nduced nutagenesis. The inventors have

devel oped a new approach to increase the efficiency of targeted 25

DSB- i nduced nut agenesi s and have created a new type of neganucl eases
conprising several catalytic domains to inplenent this new approach. These
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In a fifth aspect, the present invention describes a nethod to identify at
a genomc locus of 20 interest a DNA target sequence cleavable at |east

tw ce by woRosiw@sdsprotein | eading at |east to a | oss of pgerseéie/o0s81BHr mat i on
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rare-cutti ng endonucl eases with one DNA-bi ndi ng domain and two

endonucl eases catal ytic domains (bi-fupctional) (C); - fusion protein
between a rare-cutting endonucl ease, a endonucl ease catal ytic donain and a
frequent-cutting endonucl ease (nultifunctional) (D); - chinmeric

rare-cutti ng endonucl eases with one exonucl ease catal ytic donai ns 10capabl e
to process DNA ends (bi-functional) (E). Figure 5. Effect of Trex2
expressi on on SC GS-induced nutagenic DSB repair. A: Percentage of G-P+
ceI I S |nduced on NHEJ rmdel after transfectl on of SC GS (SEQ I D NO 153)
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_ of Trex2 encoding vector (SEQ ID NO 154). C. Percentage of events
corresponding to a deletion of 2 (del2), 3 (del3) or 4 (del4) nucleotides
at the emdoab12dssdsBe strand break generated by SC GS (cecraspandssig3ito the
| ost of the 3" overhang), other correspond to any 20ot her nmutageni c NHEJ
events det ect ed. Figure 6: Effect of Trex2 expression on the nature

of del efions,.i ced b iJ.ferent engineer anucl eases,. . | of
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XPC4 ( SETeq MNocaffolds ef elrietifasyleiang2sngme gmingepngdpols setying gdlesediams
(SEQ | 63, SEQ ID NO 158) only (grey histogram
or thealggf%%é%cw&eg%%bded by pCLS7673, SEQ ID NO 154) (bl ack
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Trex2- 5 8 Jr =10Q- : 3 SEQ
I Del)léIQ S[ir d C@:u(%e%%%gggﬁtg%&%gjénam}%i@Sgﬁeelfggﬁgﬁg}gegﬁ@ 1sfrrﬁsgl’?§eg§§% 1 or
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delet | diFERcT T sy o8 ZONE o hiEcGiiagm ALl a0 e b LAl 298 koubi ¢

strand dealueaeRpiirbethe HSHs %’NﬁEYiﬁQqﬁ’efntl Gr&eick PEUSZRR And BERsEMON h ho3) Or
Trex2-10-SC GS (pCLS8054, SEQ ID NO '189), other correspond to any ot her

del et i gnmingsiiet Eodetaopiadn ze@afish embrigpgieanjegtion=ifiraBN Ao¢odimgfor 8QZiGARNSE1

(SEQ | r  197) f.usion on targeted t nesi.s.in 3H cell. line

b Ao el Cortnt SR e BERE SO e etk 11 ne
t r ansf exosy IMVFIahts,S@iIMBWE(-SESQd 4286l mhPablen&¥is Hds@XsoHee ARSIl SEMpliEY NO
197). 25 Panel B: Nature of Targeted Mutagenesis obtained in 293H cell line

transf dédevd, RlaisicratabAORE) Aleaeh thepopovg! toels TrexadableAbrsis sBiE@ nepd NO
LT TR OB SR RERI PofgBhy o, D200 P deletien
events. The inventors have developed a new approach to increase the efficiency of targeted
25  DSB-induced mutagenesis and have created a new type of meganucleases comprising several
catalytic domains to implement this new approach. These novel enzymes allow a DNA
cleavage that will lead to the loss of genetic information and any NHEJ pathway will produce

targeted mutagenesis.

30 Brief summary of the invention

In one of its embodiments, the present invention relates to a method for increasing

double-strand break-induced mutagenesis at a genomic locus of interest in a cell, thereby
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30Figure 11: Effect of Trex-SC CAPNS1 (SEQ ID NO 197) fusion on targeted
mut agenesi s in 29311 cell line Panel A: Percentage of Targeted Mitagenesis
obt ai ned wo 2Det0s8i58551 cell line transfected with SC CAPNSUSCBEQS41B8 NO

192) or Trex-SC CAPNS1 (SEQ ID NO 197). Panel B: Nature of Targeted

Mut agenesi s obtained in Detroit551 cell line transfected 35 with SC _CAPNS1
(SEQ ID.NO 192 r .Trex-SC CAPNSL (SEQ I.D NO 197). 12, Del3 :
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other TM'events. Figure 1%: Ef fect of Tdt expression on targeted
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GFP+ cel ] s ipduch. NIEIEJ del eaf.ter co-trsasnrgjlegttii o(r)lfsofi Ienlo. ik 9k gp. g
of SC_C58%Prdsthy! Bﬁ”éas‘n‘%“c?%?&f‘d PERE TBI 4RAER ThOTHhBFORHC f95&P &hsi ng
anount i@ferckdby BHHEIessi on vector (SEQ ID NGO 153) or with 2p.g of Tdt
expressing plasmd éSEQ | D NO 153), respectively. 10Panel B: Percentage of
tar get ed nutlagereeond agpechcthedprpsent apsndery daes iy cnainesied ngYmRes gndbmaree
GS_CHO J, {0\, o] t t i C ' ' with
enpty v%act or rhf‘{o\?maj{}w%???rg Cgﬁnlg tﬁgncocﬂsél%g@ég? Ict)dr}.gé{ £HNN Sgd%gﬁgeﬁ%n@

Per centggemdf Idcns ef tintoresteioepdrerart tihidast anegBiNed douttlegeaes bseak\aadtasloas bér

S o ncbny sl bR ot SR BY SRS A S0 2
D. qger cgm%%gmq)g 10 RS 6 hicPa g)\;_gq?ﬁg.i n function of their size in presence

(TDT) or absence (enpty) of Figure 13: Effect of Tdt
expressi on dn atthirdespedt, the prggene siventiordesmeetnpg nEdh@@Jor e@en¢i8EQ bDatNEast 58)

at endogenou l,ocuys Panel A: Percentage, of targeted mutagenesis
et ect S oDy TR ML U P bredRgT o1 RS OO § B! KAV g it o
by co- tleansties bf &id 8énodit 1dctls 6f inReedRbENHIIC0di ng vector (SEQ I D NO 156)
with different amount of Tdt encoding vector (SEQ ID NO. 202) in 5 ilg of
total DNA (Ilafa feuth pspeet. ithe poespiiginyentias salatgNee Epgigerreh snzymes gimh peire B:

Per.cent | psert| event s..wW t hj t . esj S r co-
tr oot oppcafdry RGeS Rl EldlbRARE Biinthl BORRPRR G YGRS BNA

di f f er esgjuaire withivh géadmrnood sfdnieest ar gdnSR h3alNoc@O) intdresh ap easiftwioot al
DNA (left part) or in right part). Panel C. Percentage

10 p. f total DNA
of i nse?qarhynD@@edﬁuglq-ﬁram%&g*gWateﬁtg?%i leagt ﬁwegpv@dg@dgwwga%t GBS | oone
arter GReldRigLer OB 1RoRodofluid 1&U§8fifnfE%es|Y%9§\g{EJ( SEQ ID NO 156)

with d erent anmounts of t encodrng vector (S NO 202) in 5 lig of
t ot al ONA (iftefaspgearthg porsentning@itiohglesdribeotahetbbdihtd rdeghfy gar gdnomic locus of

Figure 14: FEf of Tdt expression on targeted_nutagenesjs,induced by 35
S B PR TesT A ke e E LR drst B L B S eSainBghgRe s0

Per _centlagseop%en%aé GEb BRatBAL ﬁﬂeﬁ}@@énﬁng%?%&ﬁcéspye-ﬂgﬁnms(ﬁ%ﬁﬂgéﬂam MocuBf
vicinity of the SC CAPNS1 target induced by co-transfection of 1 [tg of

SC_CAPNSteresk py 888ilng vector (SEQ ID NO. 158) with 2ng of Tdt encoding
ents thin

plasmd (SEQ ID.NGQ 202)., Panel  B: Percenta f.insertion.e i
Car gt oo muttigonat) ersgLiecRifve epfonhaREs BidRRigSbiF s dhfeatle wlons,
expr esslei tWe Gk aby [HERQ dodbNQtrahd eakh o Aldegodic bohs eNimbdtesd GoPpasIHE dné SEQ
D NO 202). WD 2012/ 058458PCT/ US2011/ 058133
25 DNA target sequence cleavable by one rare-cutting endonuclease nearby one DNA target
sequence cleavable by one frequent-cutting endonuclease.
The present invention also relates to specific vectors, compositions and kits used to
implement this method.
The above objects highlight certain aspects of the invention. Additional objects,
30 aspects and embodiments of the invention are found in the following detailed description of

the invention.



Panel C. Percentage of insertion events in function of their size at CAPNS1
| ocus after co-transfection of 3p.g of SC CAPNS1l expressing vector (SEQ ID
NO 158) wibtzn122E8gg8of Tdt encodi ng plasmd (SEQ I D NO 201)us2&ibesaBs ed
description of the invention Unl ess specifically defined herein
bel ow, all technical and scientific terns used herein have the sane neani ng

as co nl y.under.sto a skilled artisan in the fields of gene therapy,
bi ocheﬁgﬁﬁ%ﬁ%ﬁ-ﬂ@&ﬁﬁ#ﬁw £ | ecul ar biology. Al nethods and materials
simlar or gguiddaloant the préteddgdRstrdsPe’ iRedion fuAReD@®MSREs ofter ifehtllee
practice or testing of the present invention, wth suitable nmethods and
mat er | avkicheayih gmeezeciromdhe Hescaprion whichgolpve ssivesisas t9ahe appeaded Areatingsns,

pat ents I d

ot or ers it oBindele SR IARS", AF BEARGaltChE ofYhE aBRBHE R A e hercor
speai f i Wil beorradilynchtuiced gs defsrametbecmﬁes bétlet undensdtodd by Fefereher to thédolloding i al s,
nmet hods,, and. exanpl es are |IIustrat| ve only and are not intended to be

i miti nigeuighinecasywicHen withdhedeiailadidegeriptipg beloav- pr acti ce of the present

i nvention w | .0 0 ques

of cell bi ol%gl;'/',em?e )EmHﬁaEﬁﬁ gf ecufﬁ?é’ﬂﬁ%r %@ngeﬁ%ﬂé%@%scw%f%@d

m cr obrmhtzrgynesnse&dnﬁtﬁzbarﬁNDl\téqumds rasngmeddoy D2Wm ©h [2d1e amitlhirm (ohB2B)Ki | |

of the art. .Such techni ques are exp(La Es%fu” in the literatu See for

o d SR g bR ST Bt arl POl e Ao o B

2000Q, Wt exveaREbopRitioh NSoqubhdls aloy addid CapEE %’ﬁﬁdran&ou )meéiéﬂh@l@éﬂeabrn@ir%m ng:

A Laboratory Manual, Third Edition, (Sanbrook et a 200 Col d Spring

Har bor , InNedwcvienkef sl tiir&brwlﬁ@mldlawhibm aacbvdir aogﬂtlyerpwesbsr)lasr@ds qenm@we@tthele

Synt hesi s it ed 1984

Nucl ei ¢ %’c"‘g’&dﬁﬁﬁﬁr“ |‘za?|dolr‘1“€‘5m%“5 Sé“s“u'i?”éo““eﬂaé&. eI\POtaiﬁfg& 17

Tr anscriit infitveNnsh ﬁﬁ?ﬂéﬁtaddrmls(r% thB. 10H@ﬂ§ﬁ1u&ac8 suﬂrouﬁdle@gbw&aleds eacl&t&@er

Cul ture O Ani nal . Freshney, Alan R Liss, Inc., 1987) 25

| mrobi | Sitgdd exepeds SAh&fqu%%J (Cither PR d&digatigpe) congpatiply %amcomp@rb&hl\b%l
e T ods I n ENZYMOLOGY (J.

Abeﬁqson&gmgﬁgqéﬂ{ut %emacfggr}trg #%g % rﬁx@% eérrl{%?:i \,E;Métgé? Inc., New York),

speci fical | yRigived 2: SoHemantic Topre§diitadon alf. thech:‘na)ysam(i)emi'med% déteanbSB-

Expressi Qn Technol ogy ddel ne Transfer Vector

Marmal i BAUESY rgltftaonsHHEﬁﬁ%3ere?lér?ae mmﬂta)ne%rgﬁv bgusieclohwith eggel p rnri@nqirar bor
30 LabQ:"lfNeP b9 or ltmm&gﬁmn nuM%Es!EOQ(?rés@m lzllsnﬁﬁg Ib@%eﬁ%ﬁ{actgﬂ QlvB%hy§ Mayer
and Wal ker, eds., Academ c Press on, 87); Handbook O Experi rrent al

| mrunolrmgy tranfbatomsarid bpgc(fd. POR iaeperfarmdd CPCR. pRdactk et lapakyzis! usin@8B¥p and

lating th bor Laberatocy P Col d
Spriohg SAPEEIE NeYTOT oM AORIBH; AR EIRAT USS0 TTRGReR sgebeton Risebr ci ng

to a fi(rsdnspafast, Pic. tOSAPrieSpitforinddeMIR Hroducd fidth h@strda@dd cBIly 8aShiRed
doubl e-strand break induced mut agenesis at a genom c locus of interest in a

cel | cdaprimsiasy withePGR apedusts: tragd) withrihg megpryciaasesailtie gealong/ennealing step
|nteres I r |n

endonucicsdiss PRt e, MG EPHFTIER S THAPLE Pl M aBlR 3, e
i n or deDNAGagasaicatohad onsm ablygerel dned datlh barideit lqoamtﬁ‘redlblydjesatdﬂndalyA t ar get

sequence within the genom c | ocus of interest; 10( |||&)ﬁcont acting said DNA
ta?zéet sequdigrredi ﬁewae af the target RNA zecogpired i hygl-Srab fold2é ds@resapts

gener at 1%81‘0%£®‘N3A9£ &ﬁ&e%e'cfi nfﬁdoédaﬁélé @d‘B ANACFA e 1&% gl%clé ?“Ce
wi thin the genomc otus o %terest ereyotarnr gace
doubl e-st namdberdod eatwardrMehﬂomhagammfshatarmrwhogmmdm at positions eI ta 2 éas est

is increased. . 15ln a referr odi e, id rare-cutti.n ndonuc| ease
5 ab) &t drigeheparteet o oten Gk B SrFERE WHB K PR a6 SRHONP CIFaERE o1

i nt er estheaBledepeschid sGRBESH the Ita;iéartqutetsownmuae&rd%esrubenwmhﬂ Sosffdnk A LY.

In a nore preferred enbodi nent, said another enzymatic activity is a
nucileade ﬁctThertxnydmg nncénbraw aetiv iy of éflael enl thentargst meimdicatedi (d+anwergert,
enzymatjc .actiyv 0 se activit thrs preferred

enbodi ﬁ%’g 19/Z:ar rare cu %% Ag%ﬁ?g 86&%% é%glnv” ‘“chineric rare-cutting
endonucl ease whi ch generates one DNA doubl e-strand break | eading to DNA
ends, thus processed by an exonucl ease activity, allowi ng the |oss of
genetic information and preventing anygscarless re-ligation of said genomc
| ocus of interest. In another preferred enbodi nent, said rare-cutting
endonucl ease is a chineric rare- 25 cutting endonucl ease whi ch generates
one DNA doubl e-strand break | eading to DNA ends, thus processed by an
enzymatic activity (as illustrated in Figure 4E) other than a nucl ease
activity such as polynerase activity (TdT...), a dephosphatase activity, as
non- Irnrtrng exanples In a preferred enbodrnent said rare-cutting

o oy o ”~



present invention conprises a catalytic domain selected fromthe group
consisting of Trex (SEQ ID NO 145-149), and Tdt (SEQ ID NO 201),

functi onaWwOrmt220384s8 vari ants or derivatives thereof. | npramatshen/opsies erred
enbodi ment, said chinmeric rare-cutting endonucl ease conprises a 5
catalytic domain of SEQ ID NO 194, a functional nutant, a variant or a
derivative thereof |n, another preferr nmbodi ment . _sai d chi neri.c :
rare-cuttin 'EW&OﬂUC&éﬁ%@'F% tp u?&lf"f%elgsg?g‘?‘é‘ieﬁeg'fm@gﬁef'b E@fs P4 ggenglic
funct i QRRYrmALGAEN befobt@ht®BY ofE oRalEvdriagibhy 6f the €61eelink Mesbeheirategief ¢ r ed
enbodi nent, said chinmeric rare-cutting endonucl ease is a fusion protein
conpr i slingrasingiexgmeles Halight nveglégal danes siadispld wepifietldNA FogEtiop JoN@inslo4, a
functional ri r . I i t (o] .

orof er PR RERET Dot JAEHERL AP B, HE SR elelRTndoh DB 1S
f rom t hirgérfre ondns tndvgucibassEQithPwd@nddniikichsed catatlyt BRI dhdNGi-furfdfional)

I n anot her preferred enbodi nent, said chineric rare-cutting endonucl ease
conpri 8% a ehimerigt rarewsiaRn cedonyelcnsep Neth ope DN AFbIRdINE o Aamam, Raft tWey

vari ant i i . : tlaer _ e i _ i

chi mor 2P RIAGt GRLNE ALRERE R OUAAR, (T AR o BRI kel o
201, a dndomicleangla endoantlgasa catlytandomoain ander freqentreuttihg eeddnuclrasgnooiier
preferred enbodiment, said chineric rare-cutting endonucl ease i.s a f.usion
D1 ot of rUEGHBAL S hg et g CHAT O EEF b ALh SR SRSt TR SH 48D Ny
2045 a Jaﬁﬁlﬁ@ {PRBLesT N bnd A bY-Alrlc@Bhal PfE)@ derivative thereof In another
aspect the present invention also relates to engineered enzynes and nore

20 parti cul drigyret Efféctref Trex2axpressioniongSEfdbrinducsdgnutagpnic DSB repajet a DNA

one. DA HETB R SR iAo WRES 5L e S i ARG 85 s Bty

enzynmatNoO: as8j withy edpUREctsRI(SEQNID SRQUANSE ort Wil ipcrexsiyt iaf®uanyf straxt ess
re-ligation of said genomc |ocus of interest by NHEJ. For instance, as a
non | i rexprasgorxesipl SEQH? ¥ QHS e B: Pergptage of muiigerssipdipeTtioas andeletipns)
present, | [ 1.8 S¢ ' h ' :

s AALE R B of B OY ORGP L RR NAED B el iy eiher
sequencsC Wii$ (SEQ TheNQ@ens®yivitH @npty vettor (8EBQ éBtNO1 E&EiongvitharwoNAfferrdsdasesl an
nucl ease donain that is able [0 S id DNA ends in order to generate
a | oss Bf 1Pkt SPRFAMERDMCART tHE ﬁ;ﬁn@% §gifbéﬁgﬁ%?eﬁtq&ee?nfg%vteﬁtssﬂﬁsmﬁi@rfh%a@ea _
domai n_ Lali0RE22 GHeRYCS q8as) SONB{(db14 Y BudRIRE at RRD chdl B tdJiB1L KRR Brealp @i d
chinmeric rare-cutting endonucl ease of the 30 present invention is a fusion
pr ot ei rechetateddry 3Cr@s deataspomigng todibn dedt @é sk Wnovehhageh etlar esrrespondithany

doubl e-strand bre a targeted sequence within the genom c | ocus of
!ntzgr eﬁt,erl%‘&%%&a&%ﬂéﬁﬁgeﬁﬁ a pol ynerase activity, such as a tenplate
i ndependent gghd8! FHfect T TTrex2: txpréQiad be/ BRSARABRETHUFERGINOIRIRARAt Bpt 1S
able to process said DNA ends and generate a |oss of genetic infornmation at
t he gerdiffierent sngineerfedimeganasleassy. addi ng at | east one DNA fragment and
preventing agy, gf; ggll:t 0 Se\regfsl \L%ﬁtahglpmd da‘thgrfpef ﬁéﬁcﬁ%fqﬂgggkmgﬁenoé gfngng
rare-cutting endonucl ease of e presen i'Rvention 1's a chimeric

rar e- cuill daig@ne\@ntsclver@salouti@l afsdrngaaneat aikly hiegatieimbes Y VRAGI N(SEQDIRE 2
and Table 3, a functional nutant, a variant or é derivative thereaof In

andSherNi &b enpedsdehinBdrmishpCLe41%d, Sl iNO; 459 ol tihtd AN Paddl of

t he pr i { i . i i d roup
cons| st Eoted BFCL S0 SR 1B RO AT BC EAWR CERIT S R B s
functi q@lSaheB aSES, IDaNDarits8) onlyd&rey dtistegsm) lerenl Tréxh (38Qt H2NQr épér r ed
enbodi nent aid.chjneric rare-c i endonucl ease conprises a catalytic
domai n Gf° yl%#%6%95&2&8@9&%4;ﬁ@gcwtﬁﬁfafn)a variant or a derivative
thereof In gghher. RaGhRofSCE TR NSO GSSRIAIICRD TRibE eX prleSsiot L1 NG
endonucl ease I's fused to a protein of SEQ ID NO 194, a functional nutant,
a \B@riant orAlh fugion canstietst wereedpned in aRbOH8I3 (SEQ D & ehboddrieng, theiai d
chinerig rar.e- rf?ut tdh';iQ/ erndopeucl ease is a fusion protein conprising a single
15 chai"R er?%ﬁ% aéleqsd and & protein of SEQ ID NO 194, a functional
mutant, a variant or a derivative thereof. In another preferred enbodi nent,
said chineric rare-cutting endonucl ease is selected fromthe group
consisting of SEQ ID NO 171-174 and SEQ ID NO 197. I n anot her
preferred enbodi nent, said chineric rare-cutting endonucl ease conprises a
catalytic domain of SEQ ID NO 201, a functional nutant, a variant or a
derivative thereof 20 |In another preferred enbodi nent, said chineric
rare-cutting endonucl ease is fused to a protein of SEQID NO 201, a
functional nmutant, a variant or a derivative thereof In another preferred
enbodi nent, said chineric rare-cutting endonuclease is a fusion protein
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(i)identifying at said genom c |ocus of interest one DNA target sequence
cl eavabl e by one rare-cutting endonucl ease; 5(ii)engineering said at |east
one rare-wotnizmgsesadonucl ease such that said rare- cuttipof/usSedonssiBease i s
able to generate at | east two nearby DNA doubl e-strand breaks in the
genom c locus of interest; (iii)contacting said DNA target sequence with

said at |east. ong rare-cutti nu o 10 eby obtaining a cell in
whi ch doubl _-'§'f'f‘§r1(§%r6‘r %ﬁW'Wﬁ%&gﬁﬁ?‘ggg’ﬁg&@sﬁ‘{ po_(sa’iif"d‘)égenom c locus of
interest is dHOUERS&Us were coltfan8fclie8f Qithethe HIathie HeaifringhiSSAt ictidhty

aspect, said rare-cutti ng endonucl ease of the nmethod is engineered to
provi decopianingthees$ CHQI d-taiget dndpreineisating ameents REECi SS4PCESEPIgSRY A e t wo

nearbyr%lA ukl-e- d i RN ogHS~Qf ni-AL.es es

illustra eég%S%Cle—n '|'gg?xezb@?i;sﬁggh%égél@eandtﬁggb’ %?e(f}grlroefl e)éfn‘g%%%%@%tz’ of
thi s seSMdDasgeCl87)SAted2rRALE- GO (HpCNGIEIB BRQ I [Daske):of88) he TRkPA(-IG GS
engi neerggggﬁ%frovi de_one chineric rare-cutting endonucl ease that is able

to gendP eSERaAD: W ndasby Bokagakestemdase t aciivey bmeakdeteqied nEhyehshi ¢
| ocus [ ol j I e ' i d 1ol '

rar o carr REFLE Shing PREC), anE UER R Rl ATE YetcchBh TR RS RIELS was
doubl e-tfioaned b eaksomatetl Nelgpdtyd hiBioCa plesfo2fiof i nt er est . In a

preferred enhodi sajd rare-cufti ndonucl eas t he present
i nvention i %ﬁ“#%?‘i% Ok gpe&?JPf‘i 9 ﬁ%&gﬁﬂd\_“é‘ég%‘"ﬁ T¥Hg a catal ytic
don@gi n gi verui PerI@fQégl& & @pp+ TaIN fddcedBod WAL QDAL I Afhys RfMAtdRRbiS @
derivative thereof. 1n another preferred enbodi nent, said chineric

r ar e- cuvith ngcreascgndedeeab @ithfr 86eGPr @£3:152690vBRQI Bh NONPs3 s e3C Lat byl i ¢

domain 2 oA o] Si st e EY | I i
97), |- 1109 0P ~SEQ 1°D 'NCr 60" r 107-108) T NdcA
Gt SRESHERETT: b, HC 8y R Res s sy PRI NEf ATy rerhat,
(SEQ | BANGS 4ICIsuhs3185Q INNY: ( S5 DehDI 047 GBI (pLINB0SENS@ IDIEQ: 1 8H)NO
45-47 and 116-118), BspD6l (SEQ ID NO  124-125) a functional mutant,
vari ant or d&rPeen-pegucndies aptlysis widedatioar cvspist Bdpeed Brdodi feng of S¥F ¢5S
chieri i o] | ea ( i a tHC | f SEQ
| D i , a functtonal nutant, a vari ant—or erivativ heréof.”’In’
(ggié‘éé‘gd?%f%qg % [’é{ﬁ St ?I%XEQ'ESPS‘(; kS (gcgé’sos‘& ts%(% 1{) NEPRN
anot herPepeettage refddedsriondi viert conespahdityi 1w ideletion f Quidei2ng3 ¢deldnuckgdsld) i s
fused to gFrotei n of SE?? IhlPFeNQ 84, a functionil nut an a yariant or a
(019} (6] Q}t ?}‘

der i vatiugleotifiesral dhe cnd, sirgnd reak: gaperalge o1 oF 95ausPETEBidpEhI 148133
enbodi n@ng 1nSROY 153 Jrereko 19, (1% 5994 081G 18286 1897, baRd ein
of SEQ1D I{l%ﬁ{galgg ﬂgtlzonasft‘t?u% nc?gs a variant or a ér?geatc?f/}%&{)ﬁ‘g?%of.

| n anotdngrotlpr dtletiomtkventsaldienedt , said chineric rare-cutting endonucl ease is
a fusion protein conprising a neganucl ease and a protein of SEQ ID NO 54,
a f8ncti onal nmutant, a variant or a derivative thereof. In another 5
preferred enipgid el Effeed of IheXBU CAENSE ¢SO NY NOH9ULC FRFGE ohStapgdiest ed
fromt heu rgH&.sci%%gﬁcl ey oef SEQ I'D NO. 85-87 and SEQ I'D NO 91-93.

I n anotMer gpre drred endodiment, sajd chineric_rare-cutti ng_endonucl ease
conpri ses a fegelayt Pecavras Al derestede Mytrgsnesing THlogptarsAsins 2P HY el 8p%) 1 D
NO 56 teandfebfed vatlf SO ABNEI (BEQADNOal 92aor dAntx-BC_GABNSI (IEQUD NOet¥Df . | n
anosher prefineied: RARAIbMERMyeted NGtaSdHeEB lobfaikcri@-293 U0ctUlidd MehseREQNVEH ease

conpri | ¥t HG O 1,8, 0 E f I I t
vari antsse(?)f@/séﬁgéfi(%%@ic[\l/) eﬂt@ﬁ e} 9%)0{”. ﬁ%%@o‘i&@ﬁ?%‘f’% rlpggbé?rgﬁd id%in?? el?é gﬁ%

chi mer i Relf gpEeenondita g Snesht daga Barc oapies eens dlathgidkaveecadtaphCHFNSHY | D
NGO 57,“GathérlimgiresensalallmibaM esentar i ant or a derivative thereof. | n another
preferred enbodi nent, said chineric rare-cutting endonucl ease is fused to a

prat.ei n of | D, N 6, uneiH , [i or a 1
de(rjaltovati ve t%ﬁgfreffo% J.\!OFrflégfngfﬁfer?x %be@ﬁ%?i%@d%ﬁ&eﬁn ; lgﬁ (fj" Eail r?%rt?lggeted
r ar e- cunpitaggnesiig A3 Heeedidines 5 fusi on protein conprising a neganucl ease and

a protein ofPaBEQA:DP&iCentagy; ofi Targeted oMatagandsantoptaznedarn didtronsSh a@dr livat i ve
t her eofyrankRcRAMiESC RCRPRET ¢SEQMDAO! or T8dxdSC hC ABNISE (SBQEDINOL 1919,
end_onucl €as ePaléugl éuﬁ?&ré 8{ ?ar%[tt%%iq\'/[{;'ta éne§1 (o)blalpnelgq]n I§e7tro'85§ %Qﬁth'ngri'lféhs E@nt , A
variant or a derivatjve SrEEGr .. TRCanot ner. preterr.ed enmodi mer sard
chi¥er i ¥ith §LeCANI INGEQ B &rffohide ppdEa-5S_GAPYSH cSﬁEérI& Bi0h 180mei3iles a
meganucl ease and a protein of SEQ ID NO 57, a functional nmutant, a variant
or a derivative thereof. In another prgferred enbodi nent, said chineric
rare-cutting endonucl ease is selected fromthe group consisting of SEQ ID
NGO 61- 66 and SEQ I D NO 70-75. I n anot her enbodi nent of this
third aspect, the present invention inplies two 25 engineered rare-cutting
endonucl eases and conprises the steps of: (i) identifying at said genomc

| ocus of interest two nearby DNA target sequences respectively cleavable by
one rare-cutting endonucl ease; (ii) engineering a first rare-cutting
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doubl e-strand break in the genomc |ocus of interest; 30(iii)engineering a
second rare-cutting endonucl ease able to generate a second DNA

doubl e- stweandi2nsesk i n t he genom c | ocus of interest; (PCrasetians$ing said
DNA target sequence with said two rare-cutting endonucl eases; WO

2012/ 058458PCT/ US2011/ 058133 t hereby obtaining a cell in which

doubl e-strand break induced nutagenesis at said genom c |ocus of interest
i s i ncraagdded correspond fp 2 Joangr bbase padhHelgtipRomtentssAithe ¢l6Ryagn githekr NS

r ar e- cutdther) repnebenusallelse S Mkevats.r especti vel y target a DNA sequence at a
genom c | ocus of interest are not chinmeric rare- 5 cutting endonucl eases

(as illustrgt.ed in,Figure 44A).. In _anot.her preferred enbodi ment, said two
engi neer ed ?“Idg‘é':ecﬂizt iﬁﬁecznaﬁntu%tl SARESS\AA 812 g‘égf)t%%t PRLEEERESty i CgﬁDﬁW
seq@enduoritoringNEdM.c | ocus of interest are chineric rare-cutting
endonucl| easdanell A: Berodrhage @fr@fler cald ieddvedioneYilEJ orldyl atee coftrassfieckidnnaf |

10,1054 45 L T BypsCaRBLaRSSECHD S el ko .
endonudmeyRL of %gpe’fmeséloﬂrflee%)f r(ggaelﬁ)g@ r}é:’%for vsngﬁE Of?re(gset)(pfe\ﬁ%n%ggagglg/d DNA
doubl e-(SERIRINGY daksrdspeftiveld- i nt o sai d genonic locus of interest are

di sibant at |Paasit Bi2ebentaga dnatdessd pruefgenesexd detaited ibyedeep saguenang leabd two

near by NG gp-a5$ 10 DN Kakmbnues oh MONARY thddRN Gbueed 8¢ URhGISd GEr est
are distant” at | east 20t gp 51?1%# échtO v2e0gdr 500 or 1000 bp.  I'n another

or ef er r&i SABYHCHORPT Mthe HA Ot ERERCYIEE T sai d at | east two nearby DNA
doubl e- st r arfanalsbi Barkentpgrdelc Bigerting §ves gVidinimgsded BRiAgenssly picatseafterjce-

bet weenrahfebgoranfitht VHMED modebbe 3 pg ef SCakiSyexpedsemmervedtdr bythahdg ®0@n lemptyror e

pr gfser %kaérgﬁwﬁ%gl@fﬁﬁ_eﬁ&%&g abifid. In a fourth aspect, the present
e
S€

P
invention relates 0 engi neered.rare-cuttdng. en ucl.eases and
bar 1 cubar |y 0 DhP e ottt Pt hditioPat dBer sEREPeSIte TERD & oa
sequenc®seiice K¢MP) gehéii ¢ | ocus of interest in order to generate at said
| ocus of interest 20 at |east two-nearby DNA doubl e-strand breaks | eading

-1 gag s og, AP AP Blfelt of PO SRATRA offargied, BUANEdaRDIRmLed 6 DS
Fi gzL?r eﬁﬁméléﬁgﬁﬂ?wg%ﬁ%‘f"&%w g‘%g‘{olgﬂ%ﬁ'é%t , .said chinmeric .
rare-cut ti ndaaplddnReresnings elorpedtede mittagepesds detgeted dyadgan scquspeingdn they a
nore prwtiaity of tienBGdR A€t targeaiiniucéd hprcbaransicetiauot 3 mg EnBOMGeanesding

‘el ot ;Z‘%f%wsfﬁ?b%?el T D P o ™ o
near by h{ﬁWﬁ’&? Iﬂﬁ‘ét(&grl’&ng%‘é‘k]sd %f%?@oga?g’éﬁ%ﬁ?@ﬂ% 1s of interest

corddri si ng: HapehBi Resertaga phipseitign myente Ageun targeted puyngenssds pysmkerfteridor) a
nucl easteansfrcadry bl & pgafed.R 801 Rnevdigefetorg EQNIDNIOTEAS) withidifferanteansaitnt i ng
endonucleng enfffilg WergidsHQA NBx D62 YiAlsare Sittblal DA NERDHAY 628 0 B &F total

meganu &2@@ {ana[rgnot her preferred enb ment, said rare-cutting

endonu ’gB P¥of said chineric rare-cutting endonucl ease is a |-Crel
derived WO EroebCoBgegamemiussutian 058138 fHejionrd|theis size phendesenws RGt er r ed
entzodi nieods, afsri dd-trasiecdo of Bguenf GuBlAEas enqudirtg efctaa(SEQ HD Me@i ¢56) with

rar e- cufikiRgt SREQNYGH $88&cbding vekid #s&:@ hBiNO TBEH NG| | BASE B DNA defir Ry

[-Crel ne uc S n a prefterred enbodi'nent said chineric
rar e-cu‘frt‘ﬁﬁg “@r?ég‘ﬂﬁlglplélés@gpggﬁsf usion 5 protein between a nmeganucl ease and

at | east one nucl ease catalytic domain. In said nore preferred enbodi nent,
sai d nucl easkigapd dldyt Effectorvfii Tdhasxpacssibndonuthigesd acitageregis ddwedabyvel y,

sai g nughC@RPNRAIREY 115 NERIB2) ab @il oBen SN PNGE ISR T Vi LY.

Panel A: Percentage of targeted mutagenesis detected by deep sequencing in the
vicinity of the SC_CAPNSI target induced by co-transfection of 1 pug of SC_CAPNSI
expressing vector (SEQ ID NO: 158) with 2ug of Tdt encoding plasmid (SEQ ID NO: 202).

Panel B: Percentage of insertion events within targeted mutagenesis events after co-

40 transfection of 3pg of SC_CAPNSI expressing vector (SEQ ID NO: 158) with 2pg of Tdt
encoding plasmid (SEQ ID NO: 202).



In a preferred enbodi nent, said rare-cutting endonucl ease of the present
invention is a chinmeric rare-cutting endonucl ease conprising a catalytic
dormai n giweroizns§#Bl e 2 and Table 10 3, a functional nuremuS2@19a818aNt or a
derivative thereof. In another preferred enbodi nent, said chineric
rare-cutting endonucl ease of the present invention conprises a catalytic

domai n sel e m t he consi sti.ng of Trex (SEQ | 45-149),
Colicin E7 ‘F Nesniagsyo o iy CHIQM CVERES [UBCHRS of f@eﬁa&zegt@\'ﬂg%é@ EEQ ID
NO. 107c01meysfecm@Af feeof S@ NOPNS1 expegssngyectouSHY BERQ: [bS&bmth@ugmd Td13)
SNase (dnkihPpNemidSRY IIamD: 208y, 15118), BspD6l (SEQ ID NGO 124-125), a
functional nutant, a variant or a derivative thereof. | n anot her

preferred enbodi nent, said chinmeric rare-cutting endonucl ease is a fusion
pr otsei nDetailypd dedcniption vf dlninvetdere and a protein of SEQ I D NO 145-149, SEQ

ID NO 97, I D NO SEQ 1D NO_ 107-108, SEQ | D NO
41 and 112, §S|SB“*?\|‘EBC3]‘B/3C1€£H‘8§ g%mqw’l%p ARG SRR 1%‘8"&518565586’% NO!

124- 125%,v@ th&8shé aahin g%m@n@ WhaéhsRBH lB/ra@klﬂ@J laMahh AR (BEROTf gene 1N
anot her preferred enbodi nent, said chinmericC rare-cutting endonucl ease

corrprlstbsraaydm(élleymtlcy, emphao‘ﬂngmulanN@gﬂM a functional nutant, a
variant or eI’IVtIV t her

d
o o 01 acal Bl o ol il o EORE B P oS BERuBRY BreEEdn s R 104,

a flt@nctmqn@braaru&@w testehgVéll tha Preserit iavéiohy dtth vsamtme fReods laRd AR being
preferred 25 enbodi ment, said rare-cutti ngc endonucl ease is a fusion pr otein

conpr i sdeseribeds hargine- Ahainybheaiiansic PaisBle aan aiiopy, opaienisofandEgiheD mbrenpeg. | n
h
o cor de el Hef HROR TR Rlaed By e SRR bR, | 1 SOEUHERER ARG

197. | rpreseat fyecifjensdre nncadiegriefiitiemn, wﬂ%bndrcﬂhlﬂﬂiﬁherctlreaﬁeteﬁmtmélgods and

endonucl ease co r| ses a 30 catal ytic domain of SEQ |ID NO 84, a functional

mut ant ,SXampisiasnillugtratiye gaby apdiars, BOt SRSk to bedimiHBg, He#esbpeﬁm1ﬁeweé%éd. ment ,
saig chi Mer i apencdtdr He ge@aﬂusﬂveﬁ% 'vﬁufaﬁ@@! tQm sOTdR e?w;se ndﬁ«%gd' D NO
84 a functional nut ant, ariant or a deriva 6 ereo [ n anot

prefer r@dvent@nabtﬁﬁhrﬁ@&ﬁﬁgl%@ﬁ/mﬂﬁgﬂ1ded]5811t383 mdi@nllilarmwlpgys,arahsgdfmcrrbrqlagy,

rare-cutti endonucl eas ed to

{ anet § dhisrotfo/Bas Fesn R A AR G hyuofbad ThRh e bismn i, NG B Bueey ¢ e
enmbodi nBetniquedi e cé&bmedcm@rﬁrmult@auenc&@u%;eaﬁ&nple eaheﬁtt erhtbdgMMif he
group consi stl ng of SEQ ID NO 85- 87 and SEQ | D NO . 51 n anot her

pr ef er réaleenlsbBickesit (F rederigk M AMEPUBELa 200G W tW)h@PCbmdnGbcILléE{iSle ot bapgresses a

7 Bt IS A S ATR BRI A FARRLIS, MaBiP, RCREHbRISEb R o oy Tod™

pr ef er rqdingiabon Bty Yer: d:o&hsp@rrg Harbaf Eamat*omgreeggi@ng@h&mdetssrmhbﬁes a
cat al yt| ¢ domain a functional nuta a variant or

deri vat@™yé- Q@ér“élofl%f‘h%é%f’ geal- M%fpe"‘l‘ rIiet ‘bﬁ%bﬁwlel%éﬁ@ dnbrigizgtion (B
t t f 57,
2 inot onafiehth STEMYELERRE (AT LARSBUGR S AR, PR a3
pref er ridggmybaidi he8d); Cadturt Ofii Avgmial Cells €Rc Uit Freshegnddau®. dass Ins, 108Bd to a
t I . 56, f I t, t d t
P a0 B G r ARG B e Ot rgFis, 1S8F 6 BhPARoar BRGUESTHG 10~
endonualigreglat @l&Mﬁ?Ql@@)atl{H Qér?éanthoﬁﬁin PNDMBT.OGY f(‘J'”‘kaEGﬁ'anH“Mam a

variant or a derivative thereof. I n anot her preferred enbodi nent, said
chi mer i smoar edscin-thinly /’@r&d@nucﬁresssbnq sT\Ie\el\@uk)edpélivh&og;rldémndM|(sWu: ng of

orodi sl 8 el TR ol 508 Teshplomt LROR A, BT Gt franter

second \aefsrh Fof Mdnfrk glianOél1s3() SHP MiBéredavty PCahik Y. C 1 Shyraion sﬂ;ﬁhg)ﬂhl%r
words, the present invention relates to a chinmeric rare-cutting

en&@nu&@a?@rabllemwogmwalt Methods BuSell vd Moleeulab Piahngy @d@mr@nét\’vdh@r,

br eak t

ondonuci Sa AehdRRIRE, LBGUS, SehilEhaRbK O PRIl hufubBES, GHhHAT- |
a secor¥ depM. dWelrIandk@r Czwacka/eﬁupmi emsthaanyd dadngpuiting Werebise Embryo, I N a

preferred odi t, said pl e tar) tal yti inis a nuclease
domai n;( %I Weg%i‘@ Ig%g%r, Lé%’ ﬁprﬁ\?r Eeﬂir%’é‘gﬁ%r&‘yng‘zngg%cl ease is a fusion
protein between a rare-cutting endonughease and two nucl ease catal ytic
domains. In a nore preferred enbodi ment, said chinmeric rare-cutting
endonucl ease is a fusion protein between a neganucl ease and two 30 nucl ease
catalytic domains. In another nore preferred enbodi nent, said chineric
rare-cutting endonucl ease is a fusion protein between a nmeganucl ease, one
nucl ease catal ytic domain and one other catalytic domain. WO

2012/ 058458PCT/ US2011/ 058133




Al so enconpassed within the scope of the present invention is a chineric
rare-cutti ng endonucl ease able to generate two-nearby doubl e-strand breaks
and conposedofoss4s®@ DNA- bi ndi ng donai n of a rare-cuttingCensenunssase and
two ot her nuclease catalytic domains. 5 1In a fifth aspect, the present
invention describes a nmethod to identify at a genomc |ocus of interest a
DNA target sequence cleavable at |east twice by a fusion protein |eading at
| east to a | oss of genetic information and preventing any scarl ess
re-1igati on RleoRfhdhoaeNRT G 05U Blestfiliftcifibn WY Mefbd BPIRrASKL Wb ! v,
in this aspect 1s a nethod f i ncreasi ng doubl e-strand break 1 nduced
mut agersasnd; btk m@ecd)mumghmsusat efgenornerlesits dfnntaresein| a edimonipsismg thhstept eps
100f : identifying at said genom c |ocus of interest one DNA target
sequené’é cl eavabl e by one rare-cutting endonucl ease nearby one DNA target
seqgence cl ggvabligenfiyyingeat §di® geidmtic totiuk iof ehtrRSIoN USHSERKEDNA {atgc@ RGBS | NY
said rare-cutting endonucl ease such that said rare-cutting 15endonuc|ease
is able to genera?tl@\’@hiebDNlﬂ@ thoerbhtéing endopgclspssak in the genomic | ocus of
interest; (il. n LO r t
endonucl eas 1 nd sg 8‘% e%ﬁd(:n fé(a:ﬁt %erla"% S&%g@()ﬁ%lgas %/)Eér%egr%{)égﬁ?rﬁg %ai d
DNA t ar get sequenGmOWgtnhbtfeaimﬂoximslb@r‘arpﬁm 8hid DNAgemgétamquahceZ%mastthdm
near by doubl e-strand breaks; .t hereby obtaining a cell in which
doubl e-strand br @&ROMKJESPMIESFenesi s at sai d genom c |ocus of interest
loncreaseun taétﬁhc%a ssidX bR A% Eﬁt se J&ﬁcé’ﬂﬁﬁ?@&ld' QtV‘?éltsﬂ oH xﬁlea&ﬁﬁné 0
fu5|on pr ot el ns able t generate a t two nearby oubl'e-st T and
breaks into a geradomucleasu® géneirate eandslbssr:of‘rgcnesucngfommetuzﬁaroli)hms'amlr@élm

sequence cl eavabl e by one rar. tt| n Hdonuglease near by one DNA target
sequence cl eavabl'&@8H\ CaHEcE M H’e ic SHtfétlease. 1n ot her words,

the preg&Bby bBMRIMd QT&eH ¢h fch dQubke- §t¥h?1'd0c§}e£<r Rdatdd MARREASISN said) gehomic
rare-cutti ng endonucl ease; ii) a peptidic linker; 30i1) a frequent-cutting

endonudb@&sﬂémterest 18 mcneaaeqor eferred errbodl ment, saidr ar e-cutti ng

nucl eas of usi on rote| LS a.me e;. in ther

ordper req- enbauPisnecd SnbertPEb efl Brebund sRaTRERA o RRE e Slte O

2012/ 0534 ASRSubl Lkt d lfr&&&laaﬁe géidhit USh Ibf Phteicei dhd $ lcass lof @eledncdﬁfdrmedon
meganucl ease. I n another preferred enbodi ment, said rare-cutting

endonudiyea’uh qsamzymauwcavmsinoﬁ potst RiFferied enbqdigers. shidi anothsy FAREKNAtS e
d d d
erl Vedac{ Ui s ' S%ic %asé@&@%ineﬁﬁ)%er %@g&@&g&p@g@@&lm sa‘?{ﬁf?&h&?ﬁ%ymﬁﬁd

further ern FIses a sec fin
suppl er&ntzmy ynscah akydnucled@maictivityl. nlmttlh'sr prefeted  drhsoddmerste ndaid NraseRitomg

relates to a fusion protein able to nerate ah Eeast t wo neﬁ% DI\@

dofl e-<oflPnHiFiFaps dnRsChimede aar@éwamgcerr CHEICRE WRICR  8EOFTals S d9HEleDNA
target (aQyeRGR 184&@gﬁbb@m¥n&§ﬂ%dsaﬁrsc&wdt by gn eRGARUGLEAGR iR BYinRNRe DNA
target sequence cleavable by one frequent-cutting endonucl ease, sard fusion

pr ot ei dossmﬁgqnsimg]fomﬁhtl)onaindamwung any semgentecligtion; ofisald genpext lagiig of
i nker Ic)t a frequent-cutting endonucl ease,

In another preferred embodiment, said rare-cutting endonuclease is a chimeric rare-

25  cutting endonuclease which generates one DNA double-strand break leading to DNA ends,

thus processed by an enzymatic activity (as illustrated in Figure 4E) other than a nuclease

activity such as polymerase activity (TdT...), a dephosphatase activity, as non-limiting

examples.

In a preferred embodiment, said rare-cutting endonuclease of the present invention is a

30  chimeric rare-cutting endonuclease comprising a catalytic domain given in Table 2 (SEQ ID

NO: 38-57) and Table 3 (SEQ ID NO: 96-152), a functional mutant, a variant or a derivative

thereof. In another preferred embodiment, said chimeric rare-cutting endonuclease of the

11



iv) a second peptidic Iinker; v) a supplenentary catalytic domain. 15In a
preferred enbodi nent, said supplenentary catalytic domain is a nucl ease
dormai n (awO0i2012ss45at ed in Figure 4D). | n anot her preferpet/tSatioassmnt, sai d
suppl ementary catalytic domain is a non-nucl ease catal ytic domain.

The present invention also relates to pol ynucl eoti des encodi ng the

endonucl ease. proteins of the invention, specific vectors ol ynuc tidic
o ot YPrOR RO SRR DA Lo rBun B SR AEF erhe  BRaNBF ki re
conpri KR 1HERD: al45-1f9)t e eI BEQIDAND: PEN! fehctidnialu@antd) vamahament

met hods of the present invention for increasing double-strand break-induced
mut agersesivatives therggdnomi ¢ 1 ocus of interest in a cell. Such kits may contain
instructiong,_f se in i S | - - st e [ .agenesi s
na col | pneRuBH el el HrEPERR o5 ik R B IR PR REE <
andsot hatalgrdeanembsSBQdD NOr 194)afeasiong Mo, 8-vardas br addribdiRakhdrestuied

nmut agenesi s Definitiaons - Amno acid residues in a pol ypeptide

sequencBoterpigisied sabedinpratenid imerigiapgcyting prdopreleasstis Bised iocreprofein ghhi ch,
for ex . 1 NE: i : i.0j ne
ot e P OTPALS, B LR AR5 £ g i oY
2012/ 0 =8hd Rt USRD dHineh8 1&3-cutting endodunilease &ca thssubmbicdintoroprisieaasirghe

replacegent of one amino acid resj i th another, for instance the
Fepl acahammgrndeatgh b 8 ae of UG Pl A iord il f e de
SequencRrilsiRNh&dhNIn akbifeSHbRIkd WhibBBiment, said chimeric rare-cutting endonuclease

Al t er ed/ enhanced/ i ncreased/i nproved cl eavage activity, refers to an

i ncr eagesdlertechizos thelgnogp cenbistiwgell SER by lél 4Z$endt FEQUBPEOatT.vity, see
bel ow, agai nst t ar get seguence. by.a second anycl ease in _conpari son
Lo the act vrepotar oRmeaPRRRREE e bR ey R PR R ot e.
Nor mal loytal iR ddeeemndf SEQADUSO EAFE a ifigncioN@mdmit, #Taridh€ of 4 A&ivaling tHeedwpr i se one

or nore substituted am no acid residues in conparison to the first
nmeganud eaatier proferegd embedimpas saidehiaeyicgaee atingerdonndopse ivised erampielibde i s

usgg f o ges BAANG01 Ne BASENA mbudiC] SAFhMCor 8 detiyAHENIMGeart 1d Snbfym ne.
c i'S cytosine, and g I’s guanine. For 'the degenerated nucleotides, r

r epr eseméfsrrgd embadifreur, isaid chimdratredasiing ndoapelesent s igi@ar proteiscomyishgent s g
or ¢, wrepresents a or t, represe o[, C, represents t or c,

(pyr i madinEe RIRD Seprcdsase gn %B&é"é%ﬁ? §§8,aIDaN9r 201, %F%tb?f@é BRfant vaiagt ¢, b
repr eseptSiefvativeQhertof N represents a, t 15or ¢, and n represents g, a, t or
C. - by "meganucl ease”, is intended an endonucl ease having a

doubl e- st r andedotbhtAadpacigibe psesgquiententoh dR tetatekStolqmgingaied emegaeuaidnse i s

ei ther a di ic enzyne, wherein each donaein is on a oner or a.nononeric
onZre PRBIRSITE] R BT C e FeIgR el as s 5 b doPRde seenceyichin &

" meganygh&ardobl@BHifkeresSinl NAQNE 8eherdl€ af 1REHt ORe N A ol blé-Sfr @t SreM 4l LS hal f
of the DNA target of a neganuclease and is able to associate with the other
donmai n obf gankéc SafpEMAen by chnodles Uy RIati¢ rctyax tasourd: paid NANAGt Bequeneg, fthes t he
DNA tar . el . e e-Sai

tar get Preventifi WY Baficls AN AROAE RS Sl fof MBPPSASaE ey

meganucl wasiembigaixanld) yaid zhimpdracarenittind elonhidlast odnke presdnd ird ehfion [kea am no
aci d sequence of the parent neganuclease with a different_am no acid.
VarPant{¥sipmerqigls behsa anarhicwting endanurlsass which geperatgs ope DA doubje-sgandy,

10, 11, 1o%ea:l(3a;t/ 114argé‘t§d séq@nenée7wi:h%n tﬂquen%%ipfocHP5ﬁn?ngsEQeﬁﬁﬁgdtor[9ﬁjk%lr\8§ ardH

variants na
nuclease domain that is able to process said DNA ends in order to generate a loss of

information at the genomic locus of interest. Said nuclease domain can be a exonuclease
domain. As another non limiting example, said chimeric rare-cutting endonuclease of the
30  present invention is a fusion protein between a rare-cutting endonuclease which generates one
DNA double-strand break at a targeted sequence within the genomic locus of interest, leading

to DNA ends and a polymerase activity, such as a template independent polymerase (TdT, ...)
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have 75, 80,85, 90, 95, 97.5, 98, 99, 99.5%or nore honology or identity (or
any internediate value within this range) to a base or parenta

meganucl esieeopagsesace. 30 - by "peptide |inker", "pepti @CE/US2eHAFS13Dr
"peptide spacer” it is intended to nean a peptide sequence which allows the
connection of different monomers in a fusion protein and the adoption of

the coryect nf or mati on |on rot tivity. nd whi ch does

not - vehBos AL EERE TS OPIR08: S GRS A0S, BL ErTktieryTERalint ALY he
nononergnbfic hb&l &f hmerdehs adBRptd dQst bRKBRRA FAFmBR Ml prévenaHs afy 3@skesd rom 3
amno acids to 50 amno acids as a non limting indicative range.

Non- Ilnfﬂmmgﬁexanples of such peptldlc | inkers are given in Table 1. by
chlsgﬁlegef F Ig apar 8H§&C%§ Illllle msalg rarel ﬁl‘?%:?g@onu%n%fel Oefltlle éyeggnt rlrﬁ\}e% (e)dlstao the

shasi n@hﬁh@ioa@teeéutﬁﬁg eﬁdo\ﬁuélbasa&bdlpﬁbmg%rbameyﬂc donieéin gfveﬁam dablbosed ]Qibgﬁnl sm
this cell type or organismrelated to the chosen cell type or organism can

be der i3y adurgtionslgnptante p yarant epp deniyasive gherenf glaangthep prefisted embodiment, Satﬂ/

"subdo e éﬁJlQ%%% n

core dgﬁgﬁﬂqmk?%EUhB%é$g§?%ﬁ%§%ﬁ@ghggg%%wgpkparﬁ 0 Inﬁgki%gagﬁggﬁﬁ% ease

DNA t arsgettetidtdm 116):sg1toeap consisting ofbyrektGEQetD ND:DNA-bBNsandudy (FEQ HRIN@epai r
mat ri x' is intended to nmeap a DNA construct conprising a

mat ri x/r
first é%ﬁ?23%%WHMﬁBV@P%ﬁ§“ﬁﬂ§@ﬁgQWQmHSW@Fﬁﬁgus to regions 5 and 3' of the

DNAt ar get  iff afbthér pry‘é?re@lélﬁib%ﬂﬁ?etnf UGld ARG CRRRELERS el?dotnnbléﬁjse%mp'n@& a
positioned between the first and second portion which conprise sone

honol ogytahiticrdobin heSEQrPESPohe, lagfuwnslerqut@nfce venargior @ derivativeghereefi lrel y

RO oy BB Byt i Gy 80 rote-n Gk BatsBbeb SR RDRRA R SR el | o

sti mul syl bt e e, hn@fnanRutan taavatiafdort meerﬁ@ﬁlge&mecgenﬁamaarpte&eﬁed n t he
|l ocus of interest and the repair matrix, wherein the genom c sequence

cont ai ramhpdiment i ehimgae rrg-quiIZRdaNTSjcashEs @ KISiQn POFUR 6PMBRsIpgE S r
”: X 308 Aed %%bl%&éfe ar%O;P Fott 18foft§lﬁ%flbrﬁb 394 §§%gﬂgna?%ﬁthr9“§ v%‘ila;ﬁ]th& jepair

matr unctl varl i S inten a variant which i's able
to cl eaieewamfél\merteaf getanstﬁaulaﬁfeered riretodinadalt ysaikhéldmesic gart- cuamg endonichraget

whi ch not cl eaved by the parent, neganucl For ch vari ant
haLe ah?ﬁﬂﬂé%iQOWEP?&¥WBHO%¥558§1§ﬁ6h Hﬁhﬂgiﬂ?ﬁgngﬁgadﬁﬁg F%ﬁf seguehce >
or interactiy Hgngt?-nérgitﬁﬁ]e}g‘rpg niblagfrﬂe%?tsh%ieégﬁﬁm@ncslaa'rgc% Eﬁt{(ﬁ’l@&leas%‘rbompt?i}ées a

"sel ection or se isS inten to mean the isolation of one or
nor e negaahucl dasen vﬁSEQdDﬁ\I(Ba%(Hd aliporioaal rowsel ¥ earigpecs ﬁm‘datlphdramcgfpe for

i nstance altered cI activit This sel ecti |ant in
e R ahe et ao e, spidbimdn BrerutRe oo kREs fised % woled
sel ect ignsE@NIPNOT 2601,N4GLiGHonGE nf@Mit NS VaplintS 8 GCIRHalTPIAEI LS Qnbet ant .

0- by "screening" it is intended to nean the sequential or sinmultaneous

sel ect ipsefeotd embodiment seidrabipaericciasactingendonuclease inaifesoreRieian egmprising
speci fi ed phe ot ybe h_as_altered cleayv Y
2012/ 0SEARHPEH LSBT dte] 3y proweth ofigFQ ARG 4 prioPmotant ayeriant

mean a JregrAvaliwaseeyari ant which is created fron1a parent neganucl ease and

hence the pepti de sequence of the nmeganucl ease varjant is related to
(préSmary seddd@ribid pawel fherieseab iV gRiPT OaRTPHBMATHEY therpenarabioreAtal Ipasht i de

sequen Ct@/oorfea@}e?ﬂ (%U’blé@t B%&ﬁ(@sﬁ a g%PorggzblokusCEfqhteréﬁ td @Ie%ilg 3131}/ B ess

wi | d-type V|ng i e sequence 0 accessi on code
c or r es pedidatign b Hsaid germagudome oBE@r_Iesﬁ) bYQVHEJ.iIn otlee veedp) emd endthat ¢amgprises -

varjant. wwth po i is intended a variant having a
pat Cer AMpER P Y8 g tfia ﬁgﬁﬁﬁtrwdto%eelﬁawoowdt §rOOPS loRtS Hegsiithease.
The tergs mt%@\ﬂ&torﬁ&ea@lé(abtcdrfeﬁoublefmqm bRbk eRathd hgdnt ¥ble to Néele & IBRAY RGS
specificity”, "novel substrate specificity” which are

30 nearby double-strand breaks such that said at least two nearby DNA double-strand breaks
allow the removal of an intervening sequence, as a non limiting example, to prevent any

scarless re-ligation of said genomic locus of interest (as illustrated in Figure 4A to 4C).
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10 equivalent and used indifferently, refer to the specificity of the
variant towards the nucl eotides of the DNA target sequence. In the present
Pat ent ApwbDi2oetisesssal | the |-Crel variants described compmitseoianssdsliti onal
Al anine after the first Methionine of the wild type I-Crel sequence as
shown in SEQ I D NO 195. These variants al so conprise two additional

Al ani ne resi dues,.and artic Acid residue after the fi Pr.ol i ne

the i I d ¢y gucprineto BBqHERawect B et nutcn tohEms b dcombr Noe 5 £ ect
the prapgkbires of the enzyme and to avoid confusion these additional

resi dues do not affect the nuneration of the residues in I-Crel or a

vari ant ref dbr ed identifying mte@émgepaméqwtlompppf arteiesin onasDNRe dergelefsequgnees
exclusively refer, to 1 ﬁldu & e W%Id fg&e | -Crel enzyme (SEQ ID NO 1)
as present in th@‘@ﬁ@?% YOH%SH?S?'P%S?(H%ge 8sidue 2 of I-Crel is in fact
resisdue 3 of(iip vahgiabéringhsdd a@Qéﬁéf ofieFareuai éndonatleAt aichehal el rirfbe
20f i rst Met hi oni ne. by "I-Crel site" is intended a 22 to 24 bp
doubl e- st r anded IBMW“@e@jlﬁ’@ﬁ%@e%Héwblest%g@W@@I Fhylegst ¢yva nearbyPBIA goplls-
include the wild-tybeyn RQﬂégﬂmﬂﬂlﬁmLs EJQQ”‘HQ site and the derived
pal i ndrom ¢ sequences s sequence 5ot 12 1

a_l oa_Y9a_8a (#fp_ 6@05ﬁaétmg3§alat DNA aargbt @‘d@gmaawwifxgl%w}’ehs&%& rrag:'rcultuig a+l2
(SEQ I D NO 2) o called Cl221. 25- by "domain" or "core donain" is

i ntended the ' LAGE‘HR@%aﬁbning endonucl ease core domai n" which is the
ChairOaCttﬁ&%ﬂ bﬁtaﬁf‘nlgo’&%@l:l-:ﬂ%lékphﬁlb@é sttdh@ 504N HAuSROQANH g&%@%eﬁ s8fd $dd8mic
LAGLI DADG fam | corresponding to a sequence of about one hundred am no
acid rdeudué&ﬁm@&ndndmnmmh conpri ses four beta-strands (p1p2133134) f ol ded

in an anti-parall el heta- she t ich interact.g with one If of t
tar get - hi 99 doprsfepreR Srahgtaners o5 0 dbad BSnepe Rhid s iisrede Rk TR Bp! HB ng
endonuchaase i§ RhLindQeRItD WalLkB ot efigfetis Mid futfile eﬁa(hﬁl'éleﬁs%l f;ha@fls tdﬂ)ﬂ: RINA
target to forma functional endonuclease able to cleave said DNA target.
For V@enaraz/ 19ogwstpdIN ws@@hzbfmeac_li@@aémntbe genanpicdomais eh duergst (andlustraied i c
C I

g%nucﬁ g%%6gfgﬁgéhafﬁ$€8&%g% Pﬂg %épﬁggégéJE@Qgh&?”&ﬂgrme- by
SUdefﬁﬁlttlhg esdontiengdedf tie nmlgidoﬁs Gflglﬁed:é\ﬂtd) QABGdboanenguﬁmdomfﬂ @At core
domain which interacts with a distinct part of q endonuclease DNA
t ar get dppuclassg that is able to genggate: BRTEERR ‘DRWYP‘&P&\E‘T‘ dobt? e-shant Prgakesna theyr get

is i f f a se

tar got e B e o T s
t he condnidomiclaase 'u;fabmjt«pl geotrattabreamiarhy AMNeA bloubld-shryndabreblesais tthe gemosepbicat e
subdonalns combi ned DNA target). Is also enconpassed in this definition a
dﬁPQFééE sequence, conprising a rare-cutting endonucl ease tar get
sequence (2Qn%Apr&ehe@eﬂb@dlh{eegeeatraxe%hmggmammeé 6PH8 E@Eﬂ%ve‘iﬁ@lﬂ?ﬂ”‘@e
(4-8 bp), recognized by a chineric rare-cuttin endonuclease according to
t he pr adhemerid rvenuttiop endonuclefrlse contpyisingea @tamﬁlcr rnamugqunnn diablsd andolable
consec ant i she
o ng_eAdonErEBueRER Sofnar § R RRIRS ol 2Rt el B by &
| 00p Orch@mérid Mare-cutting endbMuc'lédsé@f&h@ ha¢saniragantic e@ﬁprlses Eszlitgﬂyﬁc cloaiain
chlnerlc neganuclease "singl e-chai n neganucl ease derivative"

" il eseteﬁ@ rresmtheegrpep pensiing PE&olciadt U NGO gl Fyl 6SERAPINO: 106
d t] t | QA
der! val iktio i N 4R  NBARIHAERRGAITEE) T K0, Wind A RACG (8000 s
descri l:reﬁ man&mwsﬂmsaizpm Nthet 5 Tgided ehiai 8), Bepa6luSEERER NG 1a8H125) 0

cl eave a_chineri c DNA target, sequence conpr|5|ng one dlfferent hal f of each
par ent %%@QHH@[E%gﬁtﬂﬁP ﬁ“QEﬁﬁg rereof. by "DNA target”, "DNA target

sequence”, ", ahGfkr }?%%H%%bodlmér@rﬁﬁf chnbAC rare E@t‘hggkndonuéleﬁﬁ comptsk$a Of
interest”, "recognition site", "polynucleotide recognition site"
" r éogndatalytiv deoieiet SEQ hdif: 18g, » éosginnalinowtasi aearlantmlmdegvameeheredf:Ilreavage

i " d b ded, pal.i nd i |
o nar Bl Bt RertrarCon BRrif SE ST Pk G PEI RS 5 AT R E piehBh bl Senve

t hat Issg@qggmozed afghcEbaVRetamy advakidkildrRDARS aeind rtlgeraﬁdnﬂwdtmsfeefwe@ as
|-Crel, or a variant, or a single-chain chineric neganucl ease derived from
|-Crel. Said DNA target sequence is quyalified of "cleavable" by an

endonucl ease, when recogni zed within a genom ¢ sequence and known to
correspond to the DNA target sequence 30 of a given endonucl ease or a

vari ant of such endonucl ease. These terns refer to a distinct DNA | ocation,
preferably a genom c |ocation, at which a double stranded break (cl eavage)
is to be induced by the meganucl ease. The DNA target is defined by the 5
to 3' sequence of one WD 2012/ 058458PCT/ US2011/ 058133



strand of the doubl e-stranded pol ynucl eoti de, as indicate above for Cl221.
Cl eavage of the DNA target occurs at the nucleotides at positions +2 and
-2, respewOi2oelofs458r t he sense and the anti sense strandPCOniSe&s/08818&r Wi se

i ndi cated, the position at which cleavage of the DNA target by an I-Cre |
meganucl ease variant occurs, corresponds to the cleavage site on the sense
5strand of the DNA ta et, hal f-sit eavage
UL U e R S e TR ]
bound by figagéhat MadiPADGARToRd RAYANCHERSE 1f AhSthEOpRIdired embodimé, said
“chimeric DNA target” or "hybrid DNA target” is intended the fusi on of

di f f er edhimerad vass-coftinguendoardense ne g filsidine Retein spogwrissgqu evgesuclease zadia i on

at | east gne Aid 1 a i

nucl eoth"g&d %2?1%@ @INé gh%l r%ﬁg?ajtlrrétgg? > ¢ v‘\//(g)rq}’s)r{t 0§%acieb%aﬁg e;‘l’%%sﬁ% n8{ I ned

DNA st argefejred embodimenlh&aid ehnmrendwuﬁhﬁga%ﬁdomxefeefes1stQl@&w ﬂ»bIndﬂat:yg;rsu;@r
variant enzynme c abl e of cat aI ZI n the hydr ol ysis (cl eavage) of bonds

bet weercongisling of 3 NPt §-$/ @)‘T ‘nol ecul e, preferably a DNA
I I E | :
e i 0 e LRSS

m)l ecul @taytusqtmnalﬁlseleaeﬁ Yirouc treadrooie caresiptiap o€ SEQ 1D tNer 56 afdes T, edfunctiam]
"target sequences” "tar t Sit ndonycl e an be ssified as

rare- cdf‘t“iaﬂ'gaéfﬁﬂ?fﬁd’é P olsEi E?re%fe fn wﬁtwr#s"t@ %ﬁmﬁwl@aﬁ ¢ rare-

recegni éu't@rfg SldbBuQéas@ROMpride’ a%té?f\ﬁ,edd?ﬁdlﬁ of QE@ ID RJ: 8894 RuncliBh antﬁfteéi ably

of 14-45 bp. Rare-cutting endon eases significantly increase HR by
i nduci ngriBhroda dbtieativeGhereofan ahotbak prefddSBsymbadimeniefdidslinasurr(-Rotieg |,

o oo bobgess = R icrding! SROIRNRSLS f%*aﬁ54aﬂ>tn‘§§za%tell%§5;

hom ng @ndoRkEyLiRe etheRaaues aaf@cheDug ﬁ:trt%@uel%@@(?i)nenﬁ 6dill NEHiinéridi fage-Ehthger
nucl ease (ZFN) resulting fromthe fusion of engi neered zi nc-fi nger donai ns

wi th t readeancieage iic fusodnde @ riptein PESERN HY NI &h ) Factesh rawamtoR | vafipg eetis and
Carrol |
5ok’ AR S SO oS IRTME AR ELATRRE I 3

cheni cab acfosion pedteiasempriding Iaerniagaabcleaisepmﬂtai toircd £SN@ DI SOc 66, aifyat chaki t her

to a polymer of nucleic acids or to another DNA recogni zi ng a specific
tar get @B\ﬁﬂeﬁcvé“a’ttt?éraé‘SVV%th‘Ieg}B?rF In prothqr dxcferged %‘EP‘?‘I%I“FV £ ﬁh‘érrfé’&rf“iec
SequenC&u %I&ih 6teﬁI ?ﬁ'ﬁ@sﬁ %Xﬂﬁ&ﬁh?l%ﬁtﬁﬁt‘ §%§1‘?§nt ot ke
conjugates 0 ort enan cl eaving 30 nol ecul e
tr| pl exa f derivatige ottiegmtﬁudhe(ahotﬂiels ;Qrffémyi ckibodimeng, ardd dpeeriid i [areDNAtmg
uences |ISh a d azer 2005). Such chem cal .endonucl

corh 1 <G Ry b PRoRaR SR Ine OB IR b SO TR on
V\D 2012 ﬁﬁé&&&?ﬁdtmwL&l&ﬁ%l%%eﬁ%evecmuebﬂgneﬂdmeﬂﬁte@@&eserﬁmlﬁtﬁosm for
exanpl e TALENs, a new class of chineric nucleases using a Fokl cat alytic
donmi n chimenc t:amcmtlnalen@rd@bmmwctekpt@édrom the greemeensising o SREX IV Ar61Li ke
Effecto of %}T I 4) J;gy of proteins used in the infection process by
pl ant paq ogen ant hononas genus (Boch, Scholze et al. 2009; Mscou
5 and Bogdarmvemﬂﬁ)&%maadlhehi T, thisethivek agpecll the2@ABent Linverriitan gmpliesakwo
2010). The functional |ayout of a Fokl-based TALE-nucl ease (TALEN) is
essent |<‘dIng}Feteﬁét1red3Iu“ngqnl‘1I°nW ¢ages and cpMpELses thg 8iePDNA bi ndi ng domai n bei ng
repl aced by he T, JONA V. t wo
DNA recogni t )on r%ﬁgﬂgg? ﬁ?ﬁ%&@%h%cnspeé@%?% t%%ﬁq{e?%ﬁy@tﬁﬁ:-tg%ef %gweﬁcggttl ng
endonucl eases encosgrasesy cleavdabhebypoesard-cuttingeridoonclean; al so be derived from
10 TALENSs. Rar e- cutUEI% endonucl eggje gan be hom n% endo ucbg\ja
al so known Uidler PRICHAME 3oHShEySHUYEINgaEUIoNYelEsse T 1Y &SATITuR | 1SS
wel | -known to thejRble-dirah@Betak Gn RARhemIdBE D rERERI[UC! eases recogni ze a DNA
target sequence and generate a single- or double- strand break. Hom ng
end¥nucl easesiiar eengingbiing & pesond rage- cuemegndcznquam\ablt tor groeratd 2 sssond ®NAangi ng
from12 to 45 bas i usua ging from14 to 40 bp
in length. The hoéraﬂuﬁfj1 Strr?aggpe)af(é%the %Igtcdlocus tJ"){tte’heépl nvention may for
exanpl e cor r(ess)port@ntaeuﬁg SAGDONIA Xz 2 RetpirHEd Q&B@md&@o@ar%b’ttﬁh@@ﬁ&@tﬁk%@%@, or
to a A Y-YI G endonucl ease. An expression such as "doubl e-strand break
creating agent"” can be used to qualifysa rare-cutting endonucl ease
according to the present invention. 20ln the wild, meganucl eases are
essentially represented by hom ng endonucl eases. Hom ng Endonucl eases (HES)
are a w despread famly of natural neganucl eases i ncl udi ng hundreds of
proteins famlies (Chevalier and Stoddard 2001). These proteins are encoded
by nobile genetic elenents which propagate by a process called "hom ng"
t he endonucl ease cl eaves a cognate aI I eI e from V\:hl ch the rmbl I e eI errent i S

I . o o o o . "



The maki ng of functional chineric nmeganucl eases, by fusing the N-term nal

| -Dnol 15 domain with an I1-Crel nononer (Chevalier, Kortemre et al. 2002;
Epi nat, Awvocoixbsesssal . 2003); International PCT Appli caPComsStd103818¥8619
(Cellectis) and WD 2004/ 031346 (Fred Hutchinson Cancer Research Center,
Stoddard et al)) have dermnstrat ed the plasticity of LAG.I DADG pr ot ei ns.

D fferept ) have l.so ,u sem -r.ational approach to aII al ter
the spaBrFReppgs s it ip e acabie EBin R e dnBh R sl g3nt et s o,
Chadseyo&ls Alintert®04 inicrdaléger nat i onal PCT Applicati ons WO 2006/ 097784 WO
2006/ 097853, WD 2007/ 060495 and WO 2007/ 049156 (Cell ectis (Arnoul d,
Chanes et alln 2ovderraosmhodivsnt: |S§t§1ntVéQ eaginezed Gare Siting, endonygeases vrich

2006) et
- 2odsiPfient AT SR BRRHEE b Bruneithy oTIRREN bl Yimel ke
hu ndr edsttifg dnd&ﬂ&ﬂea@@;r(lasl Aluistresd W Elguﬂeml InyanatHee peedersqaemn Bddmeént, ssid Bvo
engi neered by conbining the sem -rational approach and H gh Throughput

Scr eenigigineered rare-cytiag RPAENUSICRSCRAMICH deSRGIVEDY E31act ReBNADASIUSHEF BT A of
|-Crel Wab&idiaged ﬁi?geﬁnﬂ'e ac}ﬁﬂleh?qal'e% [;I%{,é ¥§Jdn@|@lte§se‘§“ lirh aﬂblth@f ? ferred

speci fiTity at positions t ar get get) were

i dent i fdnésbdbyerscordgonagf sahdtt'eo raagmcmad rd?CIutApgIenmba$5m®62m¢t0&7y784
and WO 2006/ 7853 Cel lectis uld, Cha ﬂﬁOOG mth, Gizot
et al. %@6%3 RArgsastcs 28 g SO it 43 Timene fre RIEIsenz0
and B8 or N30, p¥dBrré &nfdRdiknt, Kg.ﬁd aY313astQ3x% AFLYPAINAT db§BI&kirMRY Breaks

mut ageni zed and a collection of variants with altered specificity at

posi ti onduceg into sadd génanhie IDNA afaintpeest @rOMIRKRNDAAICastr Feb). neanethedamiefredd by

"t o nat AR R RRRE e heePuc 0b o edbia e s g Bt B agtighomic

(Cel | edbé) of interest ard Vilistahitl {tele@t20v 8pj s0Hps 106] 2060500 bedoeddpassembired in a
functional heterodi neric endonucl ease able to cleave a chineric target

r esul t imgiefred pmbedimensi de Gstapsrobeiveens seiftat Haasy dwo greaghyc PN/ doyble-storid

t 6 06
| e nal P ARG Rl RHG Gen bR TR S st Baber i g2 SELHFE19TL 8 me ")
Fur t herprefeeably beswdcuelsz BB a5 0ba mebré greffaratly befweken C2 b and 260 $hown t o f orm
t wo partlally separ gbl e functi onal subdomai ns, able to hind distinct é)arts

of a hom ng BndondiibaA8ctar et PRAFT - SIVERUQISHCAES dpj SpgIngsred;| rarcseii

| nt er nat UQWleaggarﬁpﬁbfecﬁzﬁh&nélm &9&2{1948@%&&@%\491&@&3&0%Kl%&é target a
(Cellectis he conbi nation of nutations fromt two subdomai ns ~of
| - Cr el MNAhgenuerice vadurea genammin doss oA firterasidn ordsr descmgmt@fat o/ ocucof interdst

| bl,e d
cedtonct IEShIRPORTgY: Aoy Se Falob el BaHRGRaT e RS HER TN, BR uni
ar e boupgnkunt 8a6 th&UHEoERin g drfySitafléss reMligafibn OF said. eaeﬁ)ﬁ) 1och§1toerxma1te|stonﬁl PCT

Appl i cati ons WO 2007/ 04909 and WO 2007/ 057781(& Iectl S)).. The nethod for
pr oduci NIjEﬁéQjaHuﬁﬂaéﬁaislé Rgre 40 4Cand 4Ehdn apsefgsedesberipgnt ﬁ%éﬁh}g@mwe-

i nduced t i I e,u

scr eeni r%llgi;t613 \Far a Cleg?‘nt go'ﬁ?{erggétspem "tc.%%%'ya‘?%d aglrgl aéd [ ﬁl%?%é)%femd

| nt er nagmiwdiathe®Claidphimedd rae-ciiiing C0doRETeaSE; cdnigpiseativo Aidierst dloatairgl In 2003;
Chanes, Epinat et al. 2005; Arnquld, Chanes et al. 2006 These assays
resdl t qtherawqrdﬁdm Bresgnt inyentipa spiee fo ¢ ehmepigirals-iingyad ﬁ{wﬁ ?aé?&agwrate

st andar I I ar ger
coni et APRE N ISR RAAT ok B b B IRes 3 S e Rye

di f f erent supdomeicnging&nddyeicheesh;fi ed separately and conbined to obtain an
entirely redesi neg.ﬂgganuclease vari ant (heterodi ner or single-chain

mol ecul e) wi! ﬁ‘ ge&n! Pecificity. In a first step, couples of novel
nmeganucl easqg) ahecleReRAARAIdBmagV Mol ecul es (" hal f - meganucl eases™) cl eaving
palindromc targets derived fromthe target one wants to cleave. Then, the
cordfi nat i on lofa m@wedwmmdrm@ﬁn@& raeeuting spdanicleasapart phsaid Rkimsrigdhiger i c
speci es, t'mea%’ddlkﬁ { ase %a%clg&%e{ e%th*})‘? f%ﬁé&‘%?!b}édﬂe s‘d[d Pa?é-@t%
mut at i ons 1 &rod nerl SHUC] 28ses T eavi ng el arget se
or a sedidengstease opardi 6f esatiht clgeweds has-chgiap dﬁﬁ(ﬂfubl&ed: it ahé-drel | derived
Cellectis International patent WD 2012/058458PCT/ US2011/ 058133
applications: XPC gene (W2007/093918)15 RAG gene (W2008/010093), HPRT gene
(WD2008/ 059382), beta-2 mcroglobulin gene (W2008/102274), Rosa26 gene
(W2008/ 152523), Human henogl obi n beta gene (W2009/13622) and Human

i nterl eukin2 receptor gamma chai n gene (W2009019614). 5These variants can
be used to cl eave genui ne chronosomal sequences and have paved the way for
novel perspectives in several fields, including gene therapy.

uence



Exanpl es of such endonucl ease include I-Sce I, 1-Chu I, I-Cre I, I-Csml,

PI-Sce I, PITIi I, PlI-Mul, I-Ceul, I-Sce 11, |I-Sce Ill, HO PI-Cv I,
Pl-Cr |,wbloerassdss Pl-Bsu L PI-Dha I, PI-Dra |, PI-MuyPCT/USRe1VORSIB3 Pl - M u
|, Pl-MI I, PlI-Mga I, Pl-Mgo I, PI-Mn I, PI-Ma I, P1- 10 Me |, Pl-Mm

I, Pl-Msh I, PI-Msm I, M-Mhl Pl-Mu I, Pl-Mke L Pl-Npu I, PI-Pfu I,
PIRna I, b L PI- Pho, |, Pl-Tag I, Pl-Thy
IR g 2595y ot ki emg"é‘ﬂ’eﬂbﬁyﬂgra’@n%%?’@%}édﬁ%f‘ﬁ B8 of said

LAG—I D%W?ﬁ@%hﬁﬁﬁeerﬁéﬁhcl@%e 1ss§%|mglé cgﬁlﬁl meharfu@lthse eVl frofNd-dre DI .
15Sai d LAG.I DADG endonucl ease can be I-Sce |, a nmenber of the famly that
cont ai meeganoclegs&l | DADG not i f s and functlons as a nnnoner its nol ecul ar
mass being pr oxi mat icke |-Crel

f
oo condalRE BB fered bRt B i el nto RIRSL R A ffon

EndgnugreRE£beteat hofeghnufleddacandr asiemdt e Hucleasd @d’tal?ﬁ@@lﬁﬁﬁ&ﬁ Ihahll wokdl- t ype
20 (naturally- occurrlng) and vari ant endonucl eases. Endonucl eases

accor dimeferred t erabodiments | wid cielasee Fatalic lemaine s na | @loBuclfase  agiyity;
e”dO”“C'n%%%?vélpa}alod&%%?eagé)é%ﬁ%é‘agﬁﬁé h%?hé&xdnﬂcl@%e%rcﬁvff’}pd that is obtained

b geneatl C engineerin agenesi's, i.e. -an engi neered
endonucl easdn aBmereraémamlrrend oaid @dtreaaemga:ndcf)mrcleamamhe plsembhainnenl isy

substitution of at |eas one residue . int o0.acid sequ e of
wild-t fﬁ'é“erﬁfa'tatﬁ'%w?g pElepss, COBRISHEA @é"iﬁ Cg%’m%’ £h'¢8 Wi Pglé Tof’%‘eno
acig. %a'aC}Lur?clﬁth%l' rﬁﬁ'ttahto Q(fﬁt)iarﬁ 3P a iefivaxA TR &P/ dn@%l{epgfé‘féar%d%&idﬁrﬁerm Lafft ed

mut agenési s an by’ random nut agenesis. In the frame of the present
i nvent |crhmnemucdrwammgrﬁndenmuacIo§ahe$r¢semamwerﬁtmmwrome$ 4 caalytihelpmast ai n

i 11 aPergEHdr oI pouaser TR (sH D Mo SRR ek ATy IEHeaT 10

accor digyy, L%&IW@E@V@ NG omaszesrz@smmr@eslz@emlwm 07hm8>| Nuéi&)césfzbemp nt
fromthe target sequence of the correspondin endonucl ease.

ot oGNOOR] ot 41 Al A ETQD, MO 4858, 105). ARt (SEONDRboR oeticendt 196t | es
E;glg\r’]\ﬁl:ll gi \?a? %ﬁell)al(lb I%X\Qf%ggmﬁ[/uggf%}é?l%gynp 542? ljaélp §18§‘§§r1vatwe thq[reof

t's na ease conp
i denti cal fTHBQiﬂBﬂlél) p&lferfbateﬁnﬁmﬂmﬂ&rtssa(ldiremmwmlr&n&&&lttﬁn{gmfdoauct‘lgasé\lt@a fusion
non-identi cal nononers). Endonucl eases wi th no specificities can

be used!Pi§in ¢RNPHSINOY ”&éé‘&céﬁaﬁf‘ga‘idoa prdeipod SEfL 117 Mnlt“ISoW% SEQEhB X &get i ng
dth t

o edet of A 42 P 5T b, 880 RBNEFENEQID D! FOETHS B NOPFPIR B AR 10

mean a Il NO: t4ppmdnEGaSEQ) HAND:045-47 and i brét-1 1, S D ANW 124-13pe fuegamat| ease

with identi cal perties or alternatively a meganuclease with some altered

ché@acﬂ@?@§¥?Ba$ﬂ“86ﬁﬂ§?Y§Bﬁ ??F%{vmld type version of the same

meganucl easqp ghfihbhere RIRARMboURNGR! aRcHiEri P A& BhttiAE gAdVHuL RAR ohiphistLf er to

the initial 10 meganucl ease fromwhich the first sefies of variants are

der i veccatahytst d;pna(na))f BEQtIReNPe ¢%h aclupetmal muentaiveriantios asisvaaidve§b¢rﬁefs Iof

variants rived .step . or. the anuel ease f.r hi rd

series %‘P%&Pf i‘?{”feé eﬂbé)raag?q%vsé@j %}ngf%barf'ﬁg%gg CnConueEgses dueﬁe%iv\?/oer d vee"& f)r or

" del i vey IDECOOIH, a finttidrRNERGNENY vARInt ¥es Mer\{'&@fivefthédfétbfbl'h gthd@refsed i n

t he present i nvention to put into cell_ contact or deliver inside cells or

15 Zubcapbadimentc sHp aptentiitiing spdanusieasielti & AP0 REPIFH| BTSN Hrovied- ﬁ‘sxa“br

nuct & CnaflAataaetied dflehnse BEESAY NG NYER! thomhould: ear%hyﬁ%%bom it Ssi!

limted" I posonal de Ivery véctors, viral delivery vectors de

del i verghimendd s cutdhg shdalucleaseris etlsctepibyinmiae goupaonsisting, ofl SHEY HD eé(hslﬂ-

pol ypl exes, dendriners, _ m crobubbles (ultrasound contrast agents),

nanoparyﬁ%¥@§3(%ﬂﬁpg?dﬁg or other appropriate transfer vectors. These

del i very veqhongme! hiwridglchipeiimah, ARl &ﬁmkﬁéraraguﬁhg@h@&iuaeammkse&ul es

(genes, proteins), or other vectors such as plasm ds, ti des devel oped by

D| a100s. cataiyttd]dmealua)£§§Q HbN@&yafmlonai rawtentia lvedarit @r @a@rwar\@ th@gof. In
"delivery, vect ivery. vectors ver

o ber AP Pieiredmbiinba Sl YRECRE Rarp o A RRaG TR ERRSS PG SPHERRESS, ¢

aci d nodegubeNoasabh utiohdlans@er, kivagiafnert 1 @érivatiot ShedIC Iiladdthemtprefarred has
been linked. A "vector" in the present 25 invention includes, but is not

limted to, a viral vector, a plasmd,jya RNA vector or a linear or circular
DNA or RNA nol ecul e which may consists of a chronbsomal, non chronosomnal
sem -synthetic or synthetic nucleic acids. Preferred vectors are those
capabl e of autononous replication (episonal vector) and/or expression of
nucleic acids to which they are |linked (expression vectors). Large nunbers
of suitable vectors are known to those of skill in the art 30and
conner0|ally avallable V'raI vectors |nclude retrOV|rus adenOV|rus

L T, 1 o o o o . o o,



5 canarypox). OQther viruses include Norwal k virus, togavirus, flavivirus,
reoviruses, papovavirus, hepadnavirus, and hepatitis virus, for exanple.
Exanpl es wb 20f0s84s8r uses i ncl ude: avi an | eukosi s- sar coneCTraseemlossass C-t ype,
B-type viruses, D type viruses, HTLVBLV group, lentivirus, spumavirus
(Coffin, J. M, Retroviridae: The viruses and their replication I'n

Fundanent al V'rqvéﬂy Third Edition, B. N Fiel

Li ppi ncBRIineRatAh CIRISTIF StierUttingripfione|cpHi i f Ungéeﬁ prot@inof SE&JD N&heShvi r al
vect or 'y e HBAN mdinl: Bageh bPatdetiiile HESHLIT shitlr feferitalemRRAlS! Ay f or
gene delivery because of their relatively l'arge pac agi ng capaci ty, reduced
i Munogehmneni¢ yar@nattingp endonablehset iy seloctsd oy the rgamedenmeisting hf SEQHDeNO: 8dency a
| arge r rent, cell types. Lentiviral vectors are usually
generaﬁgggﬁéﬁ%%a>&g§ﬁﬁa sient transfection of 15 three (packagi ng, envel ope
and st r ansf erh a@bthePpefdlcd eHbd8inhdht, Saldl MRS rae@bhtfing bhdoutledse doBiprisyd 4 al
vectors enter the target cell through the interaction of viral surface

gl ycoprastadjtissdeinain seleeledtieom ton srave coapibtingipf 8EQ. ILONQim¢ gnd 6ﬁefuvctp<a1al RNA
under goes ant%vx%lrrlsa%tstorrac?éﬁlﬁ petSItR% rﬂ)tﬁe? I‘?Cf é:"rgbg&fmg eS&Hh erl%vgrre-s e
transcrlp ase et of Tevérse ranscrip g s

doubl e- @&tﬂr@'&iﬂdnudl%abompfléﬂs alitxlytvhdoiitain 9 SEQ BUNSX: rsal efdrmfloxval rnajtant a

integration 20in the DNA of infected cells. integrative

| ent i vi el @k dedvatiye therpef. In anokhgmpredsired %&deﬂlemaéa%hlmqrm RISePER&NI e,
t haty ar t he
oppss; 1 DURtd oAt 3 Buliif AAAATBL RO SO0ST PRI muenteiifon

ef ficiemnt agdﬂevatﬂiebl therepf.v &c t anoshet hpx‘efedmdnembbditr&gr aSaed tﬁemgenomee clfttlmg

o0t oo 1 Bk o b O s RS MR S g ol 272 ©
extr a- CRARROIRcof GRlah6@bs Eﬂéferfe)ﬂ%frﬁfoﬁﬁﬂeﬂ{eﬁid)élﬁnﬁﬁ@ rarBQeRingaRAbhR Qe
aut ononous replication and/ or expression of nucleic acids to which they are

| i nked. ls\f/@@ﬂe@ 8 pc@pabzlfé}E@ [N XTi néurtqtienexmterstsa (mflfﬂ'ﬁ Ogerdesvatryemmreﬁ t hey

are _operati ed are referred to herei s|o ect,

vector mcear it Bt b e dhmks B Bullp Pud BIRERRS Hrdie PR BLG (o

a YAC (g&ea;s&ox@rshhgbt:seb IUNQWB@H@):GI SEQRBANObagt7er i al artl fl CI al), a
bacul ovi rus vector, hage hagem d, a cosmid, a viral vector,

plasnid, a F{Np@r\pél@,qropre FTe b@ﬁme@r squr ehimsFic pRI&- qjmn\mendonuclease further
2012/ 05 / i gt omal ,
non chrott et eatpe @*"ﬁéﬁﬁ%ﬁ?“gr@”%é@%%?&@ BT A SRR B g e e TR O

vect or Spre§enutnvbnthqn tetat¢sero @ndhimenid rabiNeuttieg bﬂdqmekeasera&ﬂ@fot @mefane ﬁtheasi oxen of
"plasm ds" which r [er generally to CIFC@) ?ouble stranded DNA | oops

whiZoh, ReariyRaNA cottrang Praaks uitea oA dous of HECTEH COMBESHE. Lar ge nunbers

of SU|tabIel§angqhgn§€ﬁ5&nkngmp to those of skill in the art. Vectors can

conpri se sel ectable rkers, tor exanple: neonycin phosphotransferase,

hi sti di nol dehymipoderiaker; dlhydrofolate reduct ase, hygronycin

phosphot r ansf. [ase her l ex virus thym di ne ki nase, adenosine

deani nase, fg?BH?ﬁ§e§ ﬁﬁﬁ% g@ -and hypoxant hi ne- guani ne phosphori bosyl

transferaselnpgsagkgbwﬁkh@hﬂ@ﬁl culture; TRP | for S. cerevisiae;

tetracyclin, rifanpicin or anpicillin resistance 10 in E. co/i. Preferably

said¥ vect or sV)areppikmenign) eralyéedemain. wherein a sequence encoding a

pol ypeptide of |n

Framsori pti ondralseed Pk RER UBRERsFaD) SRyl BBRRIPE b Ess dempintn or

synt hesinghiefcaseqb4ld phinypie phiccmttinghaidehmriease $ad fhisjpal protdizl ieotvedhea iase- cmmsgl sed
in an expres3|on cassette. Mre artlcularl t he ve éor conpr,ises a

repl i catndgnucsasgiand tioppesiensecal Wa@qrvepy i fIRRTe tRSE HFY carrodunery, said
pol y”“%h%%h@‘?areacué;?ng Erﬁotb(ﬂﬁa ePisndigigor g}cﬁemab sr5 Bl i RhdeCarldViies
genom ¢ DNA Is use a polyadenylation site and a transcription

t er3d naictmasscatayti¢ ombine loanothenmoiesgrefenred mhrbndmenbrsasil dhamneme ragd-emeng s.

Selectlo of the noter W | end on.the ce

ol y peptaBisIiE it BERkProin beiBrRT B rmssBR s saF sueleRree i S eding o
|ndu0|bhe(ﬁﬂgqggeﬁﬁcmﬁﬁﬁnples of |ndu0|ble pronoters are: eukaryotic

net al | ot hi oni ne pronoter which is induced by increased |evels of 20 heavy
metal s, prokaryotic lacZ pronoter whiglR i s induced in response to
isopropyI-E-ExhiogaIacto-pyranoside (I'PTG and eukaryotic heat shock
pronoter which is induced by increased tenperature. Exanples of tissue
specific pronoters are skeletal nuscle creatine kinase, prostate-specific
antigen (PSA), a-antitrypsin protease, human surfactant (SP) A and B
proteins, 13-casein and acidic whey protein genes. 25-1nducible pronoters
may be |nduced by pathogens or stress nore preferably by stress |ike cold

1. . -~ o ~ 1



More preferably the plant is of the genus Arabidospis, N cotiana, Solanum
| actuca, Brassica, Oyza, Asparagus, Pisum Medicago, Zea, Hordeum Secal e,
Triti cumwaQapeiissess Cucum s, Cucurbita, GCtrullis, G tresT/uSesiglsss3 More
preferably, the plant is of the species 20 Arabi dospis thaliana, N cotiana
t abaccum Sol anum | ycopersi cum Sol anum t uber osum Sol anum nel ongena,

Sol anum escul entum Lactuca saliva, Brassica napus, Brassica ol eracea,
Brassica rapa, Oyza glaberrima, Oyza sativa, Asparagus officinalis, Pisum
sativum Med{caeR: k368 wiffR tiB¢8pe 510MhE SN ih O ®n 1§§%ﬁin@erfé%ﬁ:aéuttmg
Triticumaestivum Triticumdurum Capsicum sativus, Cucurbita pepo,

Ci t r ul lendohusheaseigble Qo gandratertpoecadiyt dauble2grand dntaks @hd gom@psadusf theud N,
Citrus Citrus reticu nimal cell is

f
ST b RS Boriy O el Byrleascnd Ol T EleRit chilf; B,

Sal gp, Oncornhynfilbsispdedl thelpresti B@eHtion, delam&@rmhieamaaaaaﬁrfabdlatges:romﬁmr e
preferably the animal cell is of the EgeC|es Hono sapi ens, Rattus

nor vegileens, of Naisresis DNA rgetsequepecotigavablssit deash ace amiusianepmpisin leading at upus,

Felis I , L us

gal | usq%?de%g%g 26?& ﬁ?ﬁqug@maﬁr osopﬁr‘%@rlt an%gage?ée?ec h@‘@%@h%@oge%h ¢

el egandocus\WDiRekzy BORAHS PUbLISRlADR 84 Bids aspect is a myethiduofion imgsisg doable-

i nt ended a sequence th enough identjty to another ong to | ead b

homol og¥iagd peak mlused MyResRISert 3 SsBeiRes OffBIcEshila § tﬂogmrvl F H§Pat

Ie?A %)rdentrty, preferably 97 %identity and nore preferably 99 %
entlty refers to sequence identity between two nucl eic acid nol ecul es

or 5 pol ypdpti dedentifdegt att yaidagenbmiddb@lsnbﬁédtet;yt manNPngaxgetposcntehom in

each sequence whi be aligned.for 0oses 0 son

bosithon i the comsanbd st ersetin R ahERe it SN Bl SYEA% he

nol ecul es are i dedavaik blont AaGudShitingRndoNudrRedeee of simlarity or

identity between nucleic acid or am no acid sequences is a function of the

number of i déhti @agmgfrrlrrmt&@m nrgrqmmneg)t ¢nflosueleasgosieli othat stait edrepguttimg

nucl.ei ¢ acid sequ r | gor . 2B

n’aylsbe used to c éﬁ%gg uc%ease hsea\gli% dl!é) rﬁ%ﬁfr% &{é'ﬁﬂk chug% étx‘aﬂ&e’%{:%g% ?lﬁ]ec enggt i@

FASTA, or BLAST ubighfastereayai | abl e as a part of the GCG sequence anaIys|s

package (University  of VVsconsrn Madi son, ), and can be used wth,
e.qg., defaulsetpakigg a. fusipm mﬁtaﬂ.‘aﬁtwerrs Sruﬁt @ﬁ%é‘&“{‘&e’ﬁ“%‘bscﬂfiaﬁ%ﬁnénsa‘d

del etion, inserti u&h(%W% %? Wonudids& four, 15 five, six, seven, eight,
nine, ten, eleven, twelve, % Irteen, fourteen fifteen, sixteen, sevent een
ei ght een, nKheteennthﬂpmyddnﬂmnmgemumhautsde&VSMiﬁmkucmdghhn)gmwnueat

pol ynucl eoti de ( ene i de sequence. Said nutation can
e | ngesbhuBRe oy BB

ct the codin s regul atory sequence. It may
al so afif,geby LBRikhE HQZTCHrlﬁ vifictt B@ulﬂ@ﬁ%ﬂdcbr%ﬁgiiﬁiﬂ&% RfutadoBfesis at said genomic
structure/stablllty of the encoded nmRNA. - In the frane of the present
i nvent iloeys dfhetersips ams¢ased.” doubl e- st rand break i nduced nut agenesi s"

NED event 11819 oaltroant Eagsoer skgafT HABERERLor G RIE R thickie WP 20

i nsertileamt @ket) @b DNAtdvablelsean@Bfeaks ifo @fgesmRNdomUSH iQaSE! corByrmg@ Bee 1S
meant the basic unit of heredity, consisting of a segnment of DNA 2

ar réngdaNintageat isa@ancensinautble by repearaeipgpeg GRECNURIFAEN neastie e dINA @m@ér fic
prot ei rkl g 38961941&1%“ bP" HeCirfd ué%t-%@fﬁ t yRionalibdse 16! MAGS wrdd %PL&F enft 2
unt r ansi at et region, e ore co ﬁg sequences (exons), optiona ?y
I nt r onsinventiah reiates ans hatedroed @mpribhg: gene may further conprise a
terninator enhancers ang/or si |l encers. As used herein, the term
"transgene” I afdfEuitigesn leavss encodi ng a pol ypepti de. 30Preferab|y, t he
ponpeptrdelgnﬁggggwbymtpe transgene is either not expressed, or expressed
but not biologically active, in the cell, tissue or individual in which the
tra¥sgene i 91)|ar&®utetdcutmn$¢nd0m1%12/ 058458PCT/ US2011/ 058133 preferably,
t he transge enco eut ol ypept i,de usef ul e.treat nent of
an i ndyvi daan & prerered el SRR ErBRRE RN SRR pin. pfeid Rer BRIGF A,
nucl eotis demeLAueIRER; &N amsihétgprafckd@ Whbodinkih adaid/ Carge iR readoricleale pAs obsed
herein, the term"locus" is the specific physical |ocation of a DNA
sequence (e.g. of a gene) on a chronpbsgne. The term "l ocus" usually refers
to the specific physical |ocation of an endonucl ease's target sequence on a
chronmosone. Such a | ocus, which conprises a target sequence that is
recogni zed and cl eaved by an endonucl ease according to the invention, is
referred to as "l ocus according to the invention". Also, the expression 10
"genom c locus of interest” is used to qualify a nucleic acid sequence in a
genome that can be a putatlve target for a double strand break accordlng to

oy



15 between two overl appi ng genes the consi dered endonucl ease' s target
sequences are located in tw different genes. It is understood that the
consi der edogercanss458| ocus of interest of the present inveomiuseoigassiadt only
qualify a nucleic acid sequence that exists in the nmain body of genetic
material (i.e., in a chronosone) of a cell but also a portion of genetic

material  that can exi st independently to said majn bo f genetic materi al
Stch agi) BetRoC G cohbE] QAT L mestiEASH 5L ARGNT: PSR ST st s
m t ochqpdrd @iy e ?Q&l%k%ﬁ%fasﬁidnﬁgibh'ﬂ%t%lnnig LAREPIcRSn meganucleasBMiekid&

expression "l oss of genetic information” is understood the elimnation or
addi t i drorofl-Gatl hegaticloase. gi ven DNA fragnent (at | east one nucl eotide) or

sequence, baqrderi,ng the recognition si.te f the endonuc| eases of the
resent | nvaRt IS iR BAG L et R gRrBr FHorD PG o R At dibund
sai g er&@ﬁaﬁ@llﬁﬂt@eawh_tsh@ge@bﬁ@sj, catdlytd Borhfia. BEOMBE GolRCUR Hrtsen2invehfi@r est .
This loss of genetic information can be, as a non-limtjing exanple, the

el i mi naelates toh fagion prosgiy ablierg sersiile atleay dvamesrby kBN A sleublgetrand breaks it g
sites; it _c | - nonN- i ti l.e r _an
exonucl e88€ 9§%d§53¥%g%32@hggg§tﬁgﬁ ;ﬂ%?%gg %ﬁg%?ﬁdgaéﬁggn cpg%§%£DNA
doubl e-@&ittirgnendonadkasel meathyi snd INA capet s¢quesceotlegerddt by dnef Dequehi-anting t hi n

the genomc | ocus of interest is generated "around said DNA target
sequenc@donyclease, 3pid fy3iAp PIOYEN SPRIBHRIES ease- cut ting site (DSB), taken as

refgrence. Lt .caR .40 cRBondcagt her non- limting exanples, the result of

DN&ﬁends pr&%%ss?ﬁg E§FP¢VPie§ by other enzymes, after a WO

2012/ 058458R0 B popdit 1iB&EB133 uni que endonucl ease DNA doubl e-strand break,

such as pol ynerase activit TdT...), dephosphatase activity... - By
O s el el

t he expressi e strand breaks" within the genom c

| ocus of inQey@§&0n@ggﬁﬁ@ﬁﬁm&%o endonucl eases cutting sites distant at

bet ween 12 bp and 10 bp. 5 - By "scarless re-ligation" is intended the
per f ect re-|V)gauppamentent catalytitdamainoss of genetic information (no
insertion/deletion events). of th r : r

af tlg’r t he c‘relga?trfrgp "8¥ eg’tbﬁélu qn&_sg?irsgﬁa eglre géﬁp%a\?@ﬂﬁc. h%g‘ﬂggég gﬁ#a%%na%grﬁd?r?on

rel at esat dlwatraRl O Fidwe UDGr RagR o phdfered embelibicankaidedipplemdniatit agepesi s by
avoi di ng any such "scarless re-ligation" process. 10- By "fusion protein”
is int N {spenqneryplgase catalyiie fPm@Hown process in the art consisting in the
joining of t r S i rijgl ei ns,
he transl at| oSO Ry REC ISR S TPl SRR e P R Bt

wi t h f umroteirsnrdlthepinegeion; gecidienievteds (poymidactidiobr ndipermodgigrall/oprvetteiinisg - By

"chinmeric rare-cutting endonucl ease” is ant. any .fusion protein rising
a 205 rihFe. COTRISHPTS ARURDEIbERREIE (e AL O thep HyPE RerducBdd WA be at
the N L8idheHSmP@bYs OF BaiHehi Michfiod 6L ik édsingd dONIQBWEIde BRak-iRfuckde

opposite, said rare-cutting endonucl ease mght be at the C term nus part
of sai dnotagenesisat pagesomin locngokbintkrenidh @assl. Suchdiiiis meay eontain énsgvetipnsgfor

endonucl ease" accogpiQ% Eo ige gj@fen i@yen%gquﬂg*fhm:gqgri%ﬁg%ﬁy% .

cat al yt 1% "GHHETHRLESHOHE ERE AP DAY ALY MRt éhar » PET8l8E MBI <"Fin P ona
meganuche@st:’ corfainé®i foP e ingaddeen®s) tantl Nher28bneptshenty Glse@ ger inkeadingi dd@bleo t he
present invention which conprises nore than two catal ytic domains can be
desr i béwnd dreajrindyced gngagesedt * or as "nulti-functional meganucl ease". As
non-limting exanples, chinmeric rare-cutting endonucl eases according to the
present invention can be a fusion protein between a rare-cutting
endonuchefasi€ions)d one catal ytic domain; chinmeric rare-cutting endonucl eases
according to the present,  inventiqgn can also be a , 25 fusion protei.n between
a rare-cutti ngnERRIBRAIFEdSS BIAPINRFPULE aFGHEnES ASrAES emateAdeTUh AFosFUge 1O

Pr evi ougl Yine §er £8IE 1 Whidh r@RIMBHE LRSS RSt or B luili B Fdsfiuk 2R Sn&HS Wrpd
endonucl eases according to the present i1nvention can be a neganucl ease
com®r i somArgaiinhesidugvand Benedns @spwp Aspatis acidiresidye. t wo non i denti cal

nononers, or a single chain nmeganucl ease. The rare-cutting endonucl ease
part of chinmeric rare-cutting endonucl eases according to the present 30
invention can al so be the DNA-binding domain of a rare-cutting

endonucl ease. In other non-limting exanples, chinmeric rare-cutting
endonucl eases according to the presentygi nventi on can be derived froma

TALE- nucl ease (TALEN), i. e., a fusion between a DNA-binding domain WO
2012/ 058458PCT/ US2011/ 058133 derived froma Transcription Activator Like
Effector (TALE) and one or two catal ytic domains. - By

"frequent-cutting endonucl ease” is intended an endonucl ease typically
havi ng a pol ynucl eotide recognition site of about 4-8 base pairs (bp) in
l'ength, nore preferably of 4-6 5bp. - By a "TALE-nucl ease” (TALEN) is

o, . - - B Y o RN I A



site of an endonucl ease or an exonucl ease enzyne. Non-limting exanples of
such catalytic domains are given in table 2 and in table 3 with a GenBank
or NCBI owOUni2AsetsKB/ Swi ssProt nunber as a reference. TiR€TAISoMa/09%183t en
description of the invention provides a manner and process of 25 naking
and using it such that any person skilled in this art is enabled to nake
and use the sane, this enabl.enent bein rovided.in particular for t.he

SUbj ot mt tomEHo e sEIaHISH T e ToATHCCHe R Ol A A otesiHE W gi nal
descri phib®Rr, for instanf® HSRAIROAVR oftAREA RIHiAS 9SsidiREWRE aeGlutdnRiRt réLed @ AU
consisting of," "chosen from" and the 1ike include m xtures of the

speci f ipegtidaseguermess aiB@wWorasidssubsifetiorcal |imit or range is stated herein,
the endpoints,are . included. Als al | wvalues and.subran Lthin .
nurerical |iTh* erS?/l e&é%@%ﬁgfga%eggg}pf?vgglﬁ?%/avfl %i“ﬂ%‘é’ %Sfé”‘rls 19 g%?(\pe%'élrgéste I1§ He i tten
out s Rt 08 A DS 1dUS30 Tlba OnB 138 vity, see bélosy, aBsing dtaset DNA aequcace
presented to enable a person skilled in the art tQ nmake and use the

i nvent i N2 seasad ineggneRlfase dn CAMPREOR JA RS ACthity PfFafitst Mpganuclssps pedRstdbe and
its requj.r Rk S o] ggﬂi:i,f' L QS mbQadubRad &f 87V 8L TPAH: THGE Sngv | |
be reaglg]:gﬁ{saﬂ;%ér%ﬂl\'( CIS' ?lﬁ)ose slgillfl%éé(f%?nmt ae ar?, ang \ffengeneréfc prlﬁ?\ci pl es
def i nectohgirBe nomayorbencaappsubetituted atdies dwidndesidiiesent scamphrappl focahé ofust

wi t hout departing fromthe spirit and scope of the invention. Thus, this

i nvent i BFEANECIEBE i ntended to be linited to the enbodi ments shown, but is to

be gccorded 1 RGIWHERS tarS QORENAQNN HIRWNs: Whi-Reileh ol {sNedel! 188 dedighatiRRti €S

di scl osed herein. Having generally described this invention, a
f ur t herbasnaérashanhelisily: @ain ddeniobt @isndpimiye, reefserydontee, tand aeis avaningpdor fthe
exanpl e

,_Which ar rovi ded herein for, purpose f il]ustration 100on]y,
and ar eseﬁS’fer?tﬁ‘? é‘r‘i‘&g’ﬂg‘il%s’ BePIRTY #gOUA QE‘ lngtwgﬁi\?ﬁgeess’s%er&’rfefeé’&s. gES)(raﬁpf es
Exanpl ecgrediis 8N d1eergfehRt 6r €Al BpdRGdN N OF @a5espesddied oRe @Frifidhd SEQ
ID NGO 5 % and 15 D21 or D21m (SEQ ID NGO 59) are produced using the
net hodsnugieotifesd.eirepresenis 8 heit th vEeIrcUF AR K Fcarepssenty\e0u 3o igeresents a, t
W2Q04/ 06773 097784, W2006/ 097853, W2007/ 060495, WD 2007/ 049156,
mo%%oo&r(fg?%’gﬁf%ggtg%%ﬁggz, WD 2007/ 049095, W2007/ 057781 and
WD2009095793 pcerhlegatuctdasends iimie{ded aamesndonptloase leivirg a ddUDe;strandweiu DINA
Chanes et al. 2006; Smth, Gjzot et al. 2_006%. These, neganucl eases,
der i vedargehprapenae.adyle) to 4 bp- oyl greanurisaseds R AdImGIc Sy ae.eiperpirgach
sequenc - r [ r - : Y s O ;

(recog nﬁ?aéﬁ %s Eeng gemngios&r(ggh p@g ? ?@glﬁé; ?ﬁ%yéﬁ%ﬁrggéégg%ttgg)g%ocn%ﬁésgbal SB]%CQ 3
and aagsdymatdt.accaaatgtaa SEQ I D NO 4). Expression of these two

meganucl eases, is driven by . a CMV. promt er. and. a pol yA signal. sequ e. The
t\/\gzocor r espongl n’é‘egaé‘(':‘SGﬁ?et JPRAI;] fselélteéqg‘é(?f:l}eorﬁg‘dmi‘Ehlﬁlxé%tgrag oWhP&/E@ﬁ of
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Secffence SEQ by “selection or selecting” it is intended to mean the isolation of one or more
meganuclease variants based upon an observed specified phenotype, for instance altered
cleavage activity. This selection can be of the variant in a peptide form upon which the
observation is made or alternatively the selection can be of a nucleotide coding for selected
meganuclease variant.

30 - by “screening” it is intended to mean the sequential or simultaneous selection of one

or more meganuclease variant (s) which exhibits a specified phenotype such as altered

cleavage activity.
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93 - 96 WO 2012/058458 PCT/US2011/058133

- by “derived from” it is intended to mean a meganuclease variant which is created
from a parent meganuclease and hence the peptide sequence of the meganuclease variant is
related to (primary sequence level) but derived from (mutations) the sequence peptide
sequence of the parent meganuclease.

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

- by “I-Crel variant with novel specificity” is intended a variant having a pattern of
cleaved targets different from that of the parent meganuclease. The terms “novel specificity”,
“modified specificity”, “novel cleavage specificity”, “novel substrate specificity” which are

10  equivalent and used indifferently, refer to the specificity of the variant towards the nucleotides
of the DNA target sequence. In the present Patent Application all the /-Crel variants
described comprise an additional Alanine after the first Methionine of the wild type /-Crel
sequence as shown in SEQ ID NO: 195. These variants also comprise two additional Alanine
residues and an Aspartic Acid residue after the final Proline of the wild type /-Crel sequence.

15  These additional residues do not affect the properties of the enzyme and to avoid confusion
these additional residues do not affect the numeration of the residues in /-Crel or a variant
referred in the present Patent Application, as these references exclusively refer to residues of
the wild type /-Crel enzyme (SEQ ID NO: 1) as present in the variant, so for instance residue
2 of I-Crel is in fact residue 3 of a variant which comprises an additional Alanine after the

20  first Methionine.

- by “I-Crel site” is intended a 22 to 24 bp double-stranded DNA sequence which is
cleaved by I-Crel. I-Crel sites include the wild-type non-palindromic I-Crel homing site and
the derived palindromic sequences such as the sequence 5°- t.|C.jja.102.92-82.7C¢g-5t.4C.38.2t.
18+1C+22+38+4C+5Z 6t 7tagtiot10g+118+12 (SEQ ID NO: 2), also called C1221.

25 - by "domain" or "core domain" is intended the “LAGLIDADG homing endonuclease
core domain” which is the characteristic apBoppa fold of the homing endonucleases of the
LAGLIDADG family, corresponding to a sequence of about one hundred amino acid
residues. Said domain comprises four beta-strands (3,3.B3p4) folded in an anti-parallel beta-
sheet which interacts with one half of the DNA target. This domain is able to associate with

30 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
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LPEEKG WO 2012/058458 PCT/US2011/058133

example, in the case of the dimeric homing endonuclease I-Crel (163 amino acids), the
LAGLIDADG homing endonuclease core domain corresponds to the residues 6 to 94.

- by “subdomain” is intended the region of a LAGLIDADG homing endonuclease

core domain which interacts with a distinct part of a homing endonuclease DNA target half-
5  site.

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

10  target sequence, comprising a rare-cutting endonuclease target sequence (20-24 bp) and a
frequent-cutting endonuclease target sequence (4-8 bp), recognized by a chimeric rare-cutting
endonuclease according to the present invention.

- by "beta-hairpin" is intended two consecutive beta-strands of the antiparallel beta-
sheet of a LAGLIDADG homing endonuclease core domain (f;B,o0r 33B4) which are

15  connected by a loop or a turn,

" 113 bk (13

- by “single-chain meganuclease”, “single-chain chimeric meganuclease”, “single-
chain meganuclease derivative”, “single-chain chimeric meganuclease derivative” or “single-
chain derivative” is intended a meganuclease comprising two LAGLIDADG homing
endonuclease domains or core domains linked by a peptidic spacer as described in

20 WO02009095793. The single-chain meganuclease is able to cleave a chimeric DNA target
sequence comprising one different half of each parent meganuclease target sequence.

ekl 13 9% ek

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

» " n 13 ks 13 3 “

“site”, "site of interest”, “recognition site”, “polynucleotide recognition site”, “recognition
sequence”, “homing recognition site”, “homing site”, “cleavage site” is intended a 20 to 24 bp
25  double-stranded palindromic, partially palindromic (pseudo-palindromic) or non-palindromic
polynucleotide sequence that is recognized and cleaved by a LAGLIDADG homing
endonuclease such as [-Crel, or a variant, or a single-chain chimeric meganuclease derived
from I-Crel. Said DNA target sequence is qualified of “cleavable” by an endonuclease, when
recognized within a genomic sequence and known to correspond to the DNA target sequence
30 of a given endonuclease or a variant of such 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 meganuclease. The DNA target is defined by the 5’ to 3’ sequence of one
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strand of the double-stranded polynucleotide, as indicate above for C1221. Cleavage of the

DNA target occurs at the nucleotides at positions +2 and -2, respectively for the sense and the

antisense strand. Unless otherwise indicated, the position at which cleavage of the DNA target

by an I-Cre 1 meganuclease variant occurs, corresponds to the cleavage site on the sense
5  strand of the DNA target.

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

- by "chimeric DNA target" or "hybrid DNA target" is intended the fusion of different
halves of two parent meganuclease target sequences. In addition at least one half of said target

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

- The term “endonuclease” refers to any wild-type or variant enzyme capable of
catalyzing the hydrolysis (cleavage) of bonds between nucleic acids within of a DNA or RNA
molecule, preferably a DNA molecule. Endonucleases do not cleave the DNA or RNA

15  molecule irrespective of its sequence, but recognize and cleave the DNA or RNA molecule at
specific polynucleotide sequences, further referred to as “target sequences” or “target sites”.
Endonucleases can be classified as rare-cutting endonucleases when having typically a
polynucleotide recognition site of about 12-45 base pairs (bp) in length, more preferably of
14-45 bp. Rare-cutting endonucleases significantly increase HR by inducing DNA double-

20  strand breaks (DSBs) at a defined locus (Rouet, Smih et al. 1994; Rouet, Smih et al. 1994;
Choulika, Perrin et al. 1995; Pingoud and Silva 2007). Rare-cutting endonucleases can for
example be a homing endonuclease (Paques and Duchateau 2007), a chimeric Zinc-Finger
nuclease (ZFN) resulting from the fusion of engineered zinc-finger domains with the catalytic
domain of a restriction enzyme such as Fokl (Porteus and Carroll 2005) or a chemical

25  endonuclease (Eisenschmidt, Lanio et al. 2005 ; Arimondo, Thomas et al. 2006, Simon,
Cannata et al. 2008). In chemical endonucleases, a chemical or peptidic cleaver is conjugated
either to a polymer of nucleic acids or to another DNA recognizing a specific target sequence,
thereby targeting the cleavage activity to a specific sequence. Chemical endonucleases also
encompass synthetic nucleases like conjugates of orthophenanthroline, a DNA cleaving

30  molecule, and triplex-forming oligonucleotides (TFOs), known to bind specific DNA
sequences (Kalish and Glazer 2005). Such chemical endonucleases are comprised in the term

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

Rare-cutting endonuclease can be a homing endonuclease, also known under the name
of meganuclease. Such homing endonucleases are well-known to the art (Stoddard 2005).
Homing endonucleases recognize a DNA target sequence and generate a single- or double-
strand break. Homing endonucleases are highly specific, recognizing DNA target sites
ranging from 12 to 45 base pairs (bp) in length, usually ranging from 14 to 40 bp in length.
The homing endonuclease according to the invention may for example correspond to a
LAGLIDADG endonuclease, to a HNH endonuclease, or to a GIY-YIG endonuclease. An
expression such as “double-strand break creating agent” can be used to qualify a rare-cutting
endonuclease according to the present invention.

In the wild, meganucleases are essentially represented by homing endonucleases.
Homing Endonucleases (HEs) are a widespread family of natural meganucleases including
hundreds of proteins families (Chevalier and Stoddard 2001). These proteins are encoded by
mobile genetic elements which propagate by a process called “homing”: the endonuclease
cleaves a cognate allele from which the mobile element is absent, thereby stimulating a
homologous recombination event that duplicates the mobile DNA into the recipient locus.
Given their exceptional cleavage properties in terms of efficacy and specificity, they could
represent ideal scaffolds to derive novel, highly specific endonucleases.

HEs belong to four major families. The LAGLIDADG family, named after a
conserved peptidic motif involved in the catalytic center, is the most widespread and the best
characterized group. Seven structures are now available. Whereas most proteins from this
family are monomeric and display two LAGLIDADG motifs, a few have only one motif, and

thus dimerize to cleave palindromic or pseudo-palindromic target sequences.
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Although the LAGLIDADG peptide is the only conserved region among members of
the family, these proteins share a very similar architecture. The catalytic core is flanked by
two DNA-binding domains with a perfect two-fold symmetry for homodimers such as I-Crel
(Chevalier, Monnat et al. 2001), I-Msol (Chevalier, Turmel et al. 2003) and I-Ceul (Spiegel,

S Chevalier et al. 2006) and with a pseudo symmetry for monomers such as I-Scel (Moure,
Gimble et al. 2003), I-Dmol (Silva, Dalgaard et al. 1999) or 1-4nil (Bolduc, Spiegel et al.
2003). Both monomers and both domains (for monomeric proteins) contribute to the catalytic
core, organized around divalent cations. Just above the catalytic core, the two LAGLIDADG
peptides also play an essential role in the dimerization interface. DNA binding depends on

10  two typical saddie-shaped afffapPa folds, sitting on the DNA major groove. Other domains
can be found, for example in inteins such as PI-Pful (Ichiyanagi, Ishino et al. 2000) and PI-
Scel (Moure, Gimble et al. 2002), whose protein splicing domain is also involved in DNA
binding.

The making of functional chimeric meganucleases, by fusing the N-terminal I-Dmol

15 domain with an I-Crel monomer (Chevalier, Kortemme et al. 2002; Epinat, Arnould et al.
2003); International PCT Application WO 03/078619 (Cellectis) and WO 2004/031346 (Fred
Hutchinson Cancer Research Center, Stoddard et al)) have demonstrated the plasticity of
LAGLIDADG proteins.

Different groups have also used a semi-rational approach to locally alter the specificity

20  of the I-Crel (Seligman, Stephens et al. 1997; Sussman, Chadsey et al. 2004); International
PCT Applications WO 2006/097784, WO 2006/097853, WO 2007/060495 and WO
2007/049156 (Cellectis); (Armould, Chames et al. 2006; Rosen, Morrison et al. 2006; Smith,
Grizot et al. 2006), 1-Scel (Doyon, Pattanayak et al. 2006), PI-Scel (Gimble, Moure et al.
2003) and I-Msol (Ashworth, Havranek et al. 2006).

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

30 2006/097784 and WO 2006/097853 (Cellectis); (Arnould, Chames et al. 2006; Smith, Grizot
et al. 20006).
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- Residues K28, N30 and Q38 or N30, Y33 and Q38 or K28, Y33, Q38 and S40 of I-
Crel were mutagenized and a collection of variants with altered specificity at positions *+ 8 to
10 of the DNA target (10NNN DNA target) were identified by screening (Arnould, Chames et
al. 2006; Smith, Grizot et al. 2006); International PCT Applications WO 2007/060495 and

5 WO 2007/049156 (Cellectis)).

Two different variants were combined and assembled in a functional heterodimeric
endonuclease able to cleave a chimeric target resulting from the fusion of two different halves
of each variant DNA target sequence ((Arnould, Chames et al. 2006; Smith, Grizot et al.
2006); 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
partially separable functional subdomains, able to bind distinct parts of a homing
endonuclease target half-site (Smith, Grizot et al. 2006); International PCT Applications WO
2007/049095 and WO 2007/057781 (Cellectis)).

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

15 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, Grizot et al. 2006); International
PCT Applications WO 2007/049095 and WO 2007/057781 (Cellectis)).

The method for producing meganuclease variants and the assays based on cleavage-

20  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, Arnould et al. 2003; Chames, Epinat et al. 2005; Arnould, Chames et al. 2006). 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,

25 involving four different subdomains. The different subdomains can be modified separately
and combined to obtain an entirely redesigned 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 cleave. Then, the combination of such “half-meganucleases” can

30 result in a heterodimeric species cleaving the target of interest. The assembly of four sets of
mutations into heterodimeric endonucleases cleaving a model target sequence or a sequence

from different genes has been described in the following Cellectis International patent
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applications: XPC gene (W02007/093918), RAG gene (W02008/010093), HPRT gene
(W02008/059382), beta-2 microglobulin gene (WO02008/102274), Rosa26 gene
(W02008/152523), Human hemoglobin beta gene (W02009/13622) and Human interleukin-
2 receptor gamma chain gene (W02009019614).
5 These variants can be used to cleave genuine chromosomal sequences and have paved
the way for novel perspectives in several fields, including gene therapy.
Examples of such endonuclease include I-Sce I, I-Chu I, I-Cre I, I-Csm I, PI-Sce I, PI-
Tli I, PI-Mwu I, I-Ceu 1, I-Sce 11, I-Sce I1l, HO, PI-Civ I, PI-Ctr I, PI-Aae I, PI-Bsu I, PI-Dha I,
PI-Dra I, PI-Mav I, PI-Mch I, PI-Mfu I, PI-Mfl I, PI-Mga I, PI-Mgo I, PI-Min I, PI-Mka I, PI-

10  Mile I, PI-Mma I, PI-Msh I, PI-Msm 1, PI-Mth I, PI-Mtu I, PI-Mxe I, PI-Npu I, PI-Pfu I, PI-
Rma I, PI-Spb I, PI-Ssp I, PI-Fac I, PI-Mja I, PI-Pho I, PI-Tag I, PI-Thy I, PI-Tko I, PI-Tsp I,
I-Msol.

A homing endonuclease can be a LAGLIDADG endonuclease such as I-Scel, 1-Crel,
[-Ceul, 1-Msol, and I-Dmol.

15 Said LAGLIDADG endonuclease can be I-Sce [, a member of the family that contains
two LAGLIDADG motifs and functions as a monomer, its molecular mass being
approximately twice the mass of other family members like I-Crel which contains only one
LAGLIDADG motif and functions as homodimers.

Endonucleases mentioned in the present application encompass both wild-type

20  (naturally-occurring) and variant endonucleases. Endonucleases according to the invention
can be a “variant” endonuclease, i.e. an endonuclease that does not naturally exist in nature
and that is obtained by genetic engineering or by random mutagenesis, i.e. an engineered
endonuclease. This variant endonuclease can for example be obtained by substitution of at
least one residue in the amino acid sequence of a wild-type, naturally-occurring, endonuclease

25  with a different amino acid. Said substitution(s) can for example be introduced by site-
directed mutagenesis and/or by random mutagenesis. In the frame of the present invention,
such variant endonucleases remain functional, i.e. they retain the capacity of recognizing and
specifically cleaving a target sequence to initiate gene targeting process.

The variant endonuclease according to the invention cleaves a target sequence that is

30 different from the target sequence of the corresponding wild-type endonuclease. Methods for

obtaining such variant endonucleases with novel specificities are well-known in the art.
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Endonucleases variants may be homodimers (meganuclease comprising two identical
monomers) or heterodimers (meganuclease comprising two non-identical monomers).
Endonucleases with novel specificities can be used in the method according to the
present invention for gene targeting and thereby integrating a transgene of interest into a
5 genome at a predetermined location.
- by “parent meganuclease” it is intended to mean a wild type meganuclease or a
variant of such a wild type meganuclease with identical properties or alternatively a
meganuclease with some altered characteristic in comparison to a wild type version of the
same meganuclease. In the present invention the parent meganuclease can refer to the initial
10 meganuclease from which the first series of variants are derived in step (a) or the
meganuclease from which the second series of variants are derived in step (b), or the
meganuclease from which the third series of variants are derived in step (k).
- By “ delivery vector” or * delivery vectors” is intended any delivery vector which
can be used in the present invention to put into cell contact or deliver inside cells or
15  subcellular compartments agents/chemicals and molecules (proteins or nucleic acids) needed
in the present invention. It includes, but is not limited to liposomal delivery vectors, viral
delivery vectors, drug delivery vectors, chemical carriers, polymeric carriers, lipoplexes,
polyplexes, dendrimers, microbubbles (ultrasound contrast agents), nanoparticles, emulsions
or other appropriate transfer vectors. These delivery vectors allow delivery of molecules,
20  chemicals, macromolecules (genes, proteins), or other vectors such as plasmids, peptides
developed by Diatos. In these cases, delivery vectors are molecule carriers. By “delivery
vector” or “delivery vectors” is also intended delivery methods to perform transfection

- The terms "vector" or ‘“vectors” refer to a nucleic acid molecule capable of
transporting another nucleic acid to which it has been linked. A “vector” in the present
25 invention includes, but is not limited to, a viral 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) and/or expression of nucleic acids to which they are linked
(expression vectors). Large numbers of suitable vectors are known to those of skill in the art
30  and commercially available.

Viral vectors include retrovirus, adenovirus, parvovirus (e. g. adenoassociated

viruses), coronavirus, negative strand RNA viruses such as orthomyxovirus (e. g., influenza

30
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virus), rhabdovirus (e. g., rabies and vesicular stomatitis virus), paramyxovirus (e. g. measles
and Sendai), positive strand RNA viruses such as picornavirus and alphavirus, and double-
stranded DNA viruses including adenovirus, herpesvirus (e. g., Herpes Simplex virus types 1
and 2, Epstein-Barr virus, cytomegalovirus), and poxvirus (e. g., vaccinia, fowlpox and
S  canarypox). Other viruses include Norwalk virus, togavirus, flavivirus, reoviruses,
papovavirus, hepadnavirus, and hepatitis virus, for example. Examples of retroviruses
include: avian leukosis-sarcoma, mammalian C-type, B-type viruses, D type viruses, HTLV-
BLV group, lentivirus, spumavirus (Coffin, J. M., Retroviridae: The viruses and their
replication, In Fundamental Virology, Third Edition, B. N. Fields, et al., Eds., Lippincott-
10  Raven Publishers, Philadelphia, 1996).

-By “lentiviral vector” is meant HIV-Based lentiviral vectors that are very promising
for gene delivery because of their relatively large packaging capacity, reduced
immunogenicity and their ability to stably transduce with high efficiency a large range of
different cell types. Lentiviral vectors are usually generated following transient transfection of

15  three (packaging, envelope and transfer) or more plasmids into producer cells. Like HIV,
lentiviral vectors enter the target cell through the interaction of viral surface glycoproteins
with receptors on the cell surface. On entry, the viral RNA undergoes reverse transcription,
which is mediated by the viral reverse transcriptase complex. The product of reverse
transcription is a double-stranded linear viral DNA, which is the substrate for viral integration

20  in the DNA of infected cells.

-By “integrative lentiviral vectors (or LV)”, is meant such vectors as non limiting
example, that are able to integrate the genome of a target cell.

-At the opposite by “non integrative lentiviral vectors (or NILV)” is meant efficient
gene delivery vectors that do not integrate the genome of a target cell through the action of the

25  virus integrase.

One type of preferred vector is an episome, i.e., a nucleic acid capable of extra-
chromosomal replication. Preferred vectors are those capable of autonomous replication
and/or 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

30  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 vector or a linear or circular DNA or

31



reference Nane SEQ | D NO SEQUENCE GenBank: ACC85607.1 Mrel 38

al swnei rrkai ef skrwedasdensqakpfli dffevfgitn

krvat f ehawbkbekedseqsr gf vdl fwpgi | | i enksr gk PCT/US2011/058133

dl dkaydgal dyf sgi aerdl pryvlivcdfgrfritdlitkesve fllkdlygnvrsfgfiagyqtqvi kpgd
GenBank: EAJ03172.1 EsaSSII 39 aalsfpeirtrIqafakquqaerenadaklfmarfyecfgir

Py RN R oSl R, Thib B anad Bhryst el S et unen EhgEPREl cymiERTiSegr nos

Ref er er&?fﬁth@ﬁgwem %ﬁ 6 22ARsdo5EdbrsM utility in recombinant DNA techniques are
vmapttvtdratirhnltefklrw’drik meaenrpatessh

dqqf wgdifteddh givenforal of| “ptaseiadst’ astigh tediki ggnenally to circular double stranded DNA loops
DO 925} UPIIRIAGE  LAOL RSPV corymosgpe. Lars mumbers of st
2012/ 0584RB3P4rE/ 1031/ 1SR 1oI3kill irethe Ay €@ect&r A tlsmphddi&hiabld niucats, For
example: neomycin phosphotransferase, histidinol dehydrogenase, dihydrofolate reductase,
hygromycin phosphotransferase, herpes simplex virus thymidine kinase, adenosine
deaminase, glutamine synthetase, and hypoxanthine-guanine phosphoribosyl transferase for
cukaryotic cell culture; TRP1 for S. cerevisiae; tetracyclin, rifampicin or ampicillin resistance

10 in E. coli. Preferably said vectors are expression vectors, wherein a sequence encoding a
polypeptide of interest is placed under control of appropriate transcriptional and translational
control elements to permit production or synthesis of said polypeptide. Therefore, said
polynucleotide is comprised in an expression cassette. More particularly, the vector comprises
a replication origin, a promoter operatively linked to said encoding polynucleotide, a

15  ribosome binding site, a RNA-splicing site (when genomic DNA is used), a polyadenylation
site and a transcription termination site. It also can comprise an enhancer or silencer elements.
Selection of the promoter will depend upon the cell in which the polypeptide is expressed.
Suitable promoters include tissue specific and/or inducible promoters. Examples of inducible
promoters are: eukaryotic metallothionine promoter which is induced by increased levels of

20  heavy metals, prokaryotic lacZ promoter which is induced in response to isopropyl-(J-D-
thiogalacto-pyranoside (IPTG) and eukaryotic heat shock promoter which is induced by
increased temperature. Examples of tissue specific promoters are skeletal muscle creatine
kinase, prostate-specific antigen (PSA), a-antitrypsin protease, human surfactant (SP) A and
B proteins, B-casein and acidic whey protein genes.

25 -Inducible promoters may be induced by pathogens or stress, more preferably by stress
like cold, heat, UV light, or high ionic concentrations (reviewed in Potenza C et al. 2004, In
vitro Cell Dev Biol 40:1-22). Inducible promoter may be induced by chemicals (reviewed in
(Moore, Samalova et al. 2006); (Padidam 2003); (Wang, Zhou et al. 2003); (Zuo and Chua
2000).

30 Delivery vectors and vectors can be associated or combined with any cellular
permeabilization techniques such as sonoporation or electroporation or derivatives of these

techniques.
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psasqi egksadgel gf mel ‘é@éwé?‘k%'éﬁirg%rutsgﬁi‘géﬁ{tﬂs;?e@élﬁ&él ﬁg&%ﬂﬁ&é}gmm oryzae,

Uni Pr ot KB/ SWi ss- Prot SNase S yl ococcus aureus . .
at st kk | Akpepslies k &inggslt vRémgikiggpnichfyisogendmpetPenicillium  citrinum,  Acremonium

khpkkgvek %peasaftfk ngkkieveth%@ng%l Ipine. rysasporium . lucknowense,
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Kluyveromyces lactis, Pichia pastoris or Pichia ciferrii.
More preferably the plant is of the genus Arabidospis, Nicotiana, Solanum, lactuca,
Brassica, Oryza, Asparagus, Pisum, Medicago, Zea, Hordeum, Secale, Triticum, Capsicum,
Cucumis, Cucurbita, Citrullis, Citrus, Sorghum; More preferably, the plant is of the species
20  Arabidospis thaliana, Nicotiana tabaccum, Solanum lycopersicum, Solanum tuberosum,
Solanum melongena, Solanum esculentum, Lactuca saliva, Brassica napus, Brassica oleracea,
Brassica rapa, Oryza glaberrima, Oryza sativa, Asparagus officinalis, Pisum sativum,
Medicago sativa, zea mays, Hordeum vulgare, Secale cereal, Triticum aestivum, Triticum
durum, Capsicum sativus, Cucurbita pepo, Citrullus lanatus, Cucumis melo, Citrus
25 aurantifolia, Citrus maxima, Citrus medica, Citrus reticulata.
More preferably the animal cell is of the genus Homo, Rattus, Mus, Sus, Bos, Danio,
Canis, Felis, Equus, Salmo, Oncorhynchus, Gallus, Meleagris, Drosophila, Caenorhabditis;
more preferably, the animal cell is of the species Homo sapiens, Rattus norvegicus, Mus
musculus, Sus scrofa, Bos taurus, Danio rerio, Canis lupus, Felis catus, Equus caballus, Salmo
30  salar, Oncorhynchus mykiss, Gallus gallus, Meleagris gallopavo, Drosophila melanogaster,

Caenorhabditis elegans.
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(ENRN_BPT7), Uni Prot KB/ Swi ss- Prot Endodeoxyri bonucle ase 1 Enterobacteria
phage Tmay be aligned for purposes of comparison. When a position in the compared sequence is
occupied by the same base, then the molecules are identical at that position. A degree of
similarity or identity between nucleic acid or amino acid sequences is a function of the
number of identical or matching nucleotides at positions shared by the nucleic acid sequences.
10  Various alignment algorithms and/or programs may be used to calculate the identity between
two sequences, including FASTA, or BLAST which are available as a part of the GCG
sequence analysis package (University of Wisconsin, Madison, Wis.), and can be used with,
e.g., default setting.
- by “mutation” is intended the substitution, deletion, insertion of one, two, three, four,
15  five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen,
eighteen, nineteen, twenty or more nucleotides/amino acids in a polynucleotide (cDNA, gene)
or a polypeptide sequence. Said mutation can affect the coding sequence of a gene or its
regulatory sequence. It may also affect the structure of the genomic sequence or the
structure/stability of the encoded mRNA.
20 - In the frame of the present invention, the expression “double-strand break-induced
mutagenesis” (DSB-induced mutagenesis) refers to a mutagenesis event consecutive to an
NHEJ event following an endonuclease-induced DSB, leading to insertion/deletion at the
cleavage site of an endonuclease.
- By “gene” is meant the basic unit of heredity, consisting of a segment of DNA
25 arranged in a linear manner along a chromosome, which codes for a specific protein or
segment of protein. A gene typically includes a promoter, a 5' untranslated region, one or
more coding sequences (exons), optionally introns, a 3' untranslated region. The gene may
further comprise a terminator, enhancers and/or silencers.
- As used herein, the term “transgene” refers to a sequence encoding a polypeptide.
30  Preferably, the polypeptide encoded by the transgene is either not expressed, or expressed but

not biologically active, in the cell, tissue or individual in which the transgene is inserted. Most
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sequence or allelic variations of this sequence that is naturally present at this genomic locus. It
is understood that the considered genomic locus of interest of the present invention can be

15  between two overlapping genes the considered endonuclease’s target sequences are located in
two different genes. It is understood that the considered genomic locus of interest of the
present invention can not only qualify a nucleic acid sequence that exists in the main body of
genetic material (i.e., in a chromosome) of a cell but also a portion of genetic material that can
exist independently to said main body of genetic material such as plasmids, episomes, virus,

20  transposons or in organelles such as mitochondria or chloroplasts as non-limiting examples.

- By the expression “loss of genetic information” is understood the elimination or
addition of at least one given DNA fragment (at least one nucleotide) or sequence, bordering
the recognition sites of the endonucleases of the present invention and leading to a change of
the original sequence around said endonuclease-cutting sites, within the genomic locus of

25 interest. This loss of genetic information can be, as a non-limiting example, the elimination of
an intervening sequence between two endonuclease-cutting sites; it can also be, in another
non-limiting example, the result of an exonuclease DNA-ends processing activity after a
unique endonuclease DNA double-strand break. In this last case, loss of genetic information
within the genomic locus of interest is generated “around said DNA target sequence”, i.c.

30 around the endonuclease-cutting site (DSB), taken as reference. It can also be, in other non-

limiting examples, the result of DNA-ends processing activities by other enzymes, after a
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re-ligation” process.

- By “fusion protein” is intended the result of a well-known process in the art
consisting in the joining of two or more genes which originally encode for separate proteins,
the translation of said “fusion gene” resulting in a single polypeptide with functional
properties derived from each of the original proteins.

- By “chimeric rare-cutting endonuclease” is meant any fusion protein comprising a
rare-cutting endonuclease. Said rare-cutting endonuclease might be at the N- terminus part of
said chimeric rare-cutting endonuclease; at the opposite, said rare-cutting endonuclease might
be at the C- terminus part of said chimeric rare-cutting endonuclease. A “chimeric rare-cutting
endonuclease” according to the present invention which comprises two catalytic domains can
be described as “bi-functional” or as “bi-functional meganuclease”. A “chimeric rare-cutting
endonuclease” according to the present invention which comprises more than two catalytic
domains can be described as “multi-functional” or as “multi-functional meganuclease”. As
non-limiting examples, chimeric rare-cutting endonucleases according to the present
invention can be a fusion protein between a rare-cutting endonuclease and one catalytic
domain; chimeric rare-cutting endonucleases according to the present invention can also be a
fusion protein between a rare-cutting endonuclease and two catalytic domains. As mentioned
previously, the rare-cutting endonuclease part of chimeric rare-cutting endonucleases
according to the present invention can be a meganuclease comprising either two identical
monomers, either two non identical monomers, or a single chain meganuclease. The rare-
cutting endonuclease part of chimeric rare-cutting endonucleases according to the present
invention can also be the DNA-binding domain of a rare-cutting endonuclease. In other non-
limiting examples, chimeric rare-cutting endonucleases according to the present invention can

be derived from a TALE-nuclease (TALEN), i. e., a fusion between a DNA-binding domain
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1- 1L1 Q NVDQFHSY EfrerpAacitAqy sndinmCieaeRINK i sBEr G rappRIckgFPHpically having a

LNANAL \ KCCFI.LGNPPF V! DLLS L
G A P BT AL vy o
TNEAS AVHCVI | GFALKDSDEKI | YEYESI NGEPLAI KAKNI NPYLRDGVDVI A

CKRQQPI LPSI\/RYG‘\‘IKPTDDG\IFLFTDEEK | TNEPSSEKYFRRFVGGDEF| N
NTSRWCL W. DGADR SE [ TRAMBERACARS @:}%)@ PONR A @sisting of a DNA-

PDTDYL %@@%%%W ﬁ%{%ﬁ%ﬂ%@w LE) and one FokI

YDPKTI\/FbSElL AR DIAMDRAT G5 KERNTAE] tARLA b BEYQ<MED). b FIREKEl calK SHBKN tafQé¥7 112
Col i ci n- E797>g| | 12644448 | sp | Q47112 . 2 | CEA7ECOLX RecNane: .2,
Ful | =Co¥A¥SNSEE7 ( CEA7_ECO

LX)y NBGGDG?G*)RE GREDILAENI T GL GRS AEMNRNELSHSEMEVEE an enzyme
, GGSGHGNGGGNSNSGEGSNSSVAAPMAF GFPAL AAPGAGTL G SVSGEAL SAAI ADI
: FAAL K@Emﬁﬁﬁg/\memc‘hf@ mm SAKDBRMVIVERY SCTBIcRAE TMTINVGRGTHERIaDQ said enzyme at

ATVSVTKRVTDVVKDT PVBVPVWNAKPTRTP PSLTVS.
TVKG.P\)é“\*‘%‘P_F%@I \? legideeesy R‘ﬁ-‘ﬁﬁ%%@@ ytic domains, are

L TPAQVKGRGIRE KRl DAL ERYE HARBNYE QoA NGE: W‘R@%yme Commission
VQVYNSRKSEL DAANKTLADAKAEI KQF RFAREPI\/AAG—IRM/\QVAG_ KAQRAQTDV

NNKKAARDSEK RS DADYAL SSAN ERRKGK ERE@ARA K IRREIRRRKPaIATZEEd on the chemical

SRNNDRRRUCR AP Pk SRS P SIoTaeta " e e ohef

2012/ Oﬁﬁéﬁﬂpqﬂ-‘/ddﬁ&@lédﬁ5&i@&c &dhatgi cbd 785 4Ll bloCAAIRLAALAG chiehiclease to
[ St rept ococcus pneunoni ae

! NNKKTFssnErlatg_ewmmesmsw%mo%wmmmsmwewf such catalytic

AL SKAT RS R I P RO R R AV DG LA e otk Swiss

i G:DASTBNWW@?AME@QAEYSTGQ\IYYESKVRKAL DONKRVRYRVTLYYAS

- NEDLVPSASQ EAKSS LEFNVLVP VTQO . . . .
9970 11193251 D%%Caﬂlﬁm'org RRER FEE ISR G REERE the it hane:
Ful | _E@@Wne@ﬁgnﬁolea%gf %rr%ﬂgﬁlcleasé: RS sre. Rfo%q ﬁ’l‘ﬂE examples of such catalytic
MYRYLSI AAWLSAAFSGPALAEG NSFSQAKAAAVKVHADAPGT FY N\/\lﬁ(

KGVVDLWWSMWV@M@\A@QMN@K@WRKUNPMKB/SWISS-

MESDIVH A’%%\é%v FIMY SOANGGEGQY GQCAMKVDFKEKAAEPPARARGA
| ARTYF PSR ENAWNKMYPVTDWECERDERI AKVQGNHNPYVOR ACQARKS QL4249

Human - Endo100RghBRL 78887 Aspiptdd 24 Ahd INGEMANIEe s Nadiier and process of
AGFul | =Endonucl ease G mtochondrial; Short=Endo G Flags: ! Precursor

(NUGG_HorhpapMRABIRAGL TUchShalQA D FlEnAREAPEIS arbd iPyngsAmdrpyplas

1 FREDDSAY A DY LGPl AN RO L SAUARGURR of (e appended

NCNAVNNLEIQ SRR RGKQM) WGRGHT F RIEAGBKSIMS(ON GKNHVAVPTH
FEKVLL LEAAGEH ELRTANENAPY LERELVPLES] ERASCLLEVENL LAR. A AGSK
P38447 Bovi naS Effodl9Ysgihg ﬁ%F (5o 20308, SRR TREL RrEsen lrom.

Ful I =Engd@ntelig@melude nﬂk&%hﬁ%ép@&ﬁeéshﬁfetr;a@do G Flags: Precursor

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

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

explicitly written out.
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(NUCG_BO VI N) ' MQLLRAGLTLAL GAGL GAAAESWARQRADARATPGLL SRLPVLPVAAAAGLPAVPCA
PAGGGPGEL AKYGL PGVAQL KSRASYVL CYDPRTRGAL WVEQL RPEGL RGDGNRSS
CDFHEDDSMA ZHRAFSARY RGSG-DRGHL AAAANHRWE QKAMDDT FYL SNVAPQYPT/US2011/058133
' HLNQNAVWNNL EKYSRSL TRTYQNVYVCT GPLFL PRTEADGKSYVKYQVI GKNHVAVP

- THFFKVLI LEAAGGQ ELRSYVVPNAPVDEAI PLEHFLVPI ESI ERASG.LFVPNI L : ARAGSLKAI TAGSK
AAMB R HnPI_ |1 1571166741gbl AAWB3811. 11 R Hi nP! triction
2611, Tentonuiicoaae CFeeRBant BENTY bustpdis)a poves il if Mot lp Rhke and

IMNL VEL GRKTAKD(ET KD MEREE EAQINL \CbMekiN I\ﬁ%‘l@ﬂ%phcanon and its
GYKSDI NVQVLVFYKDAL DI HNI' QVKL VSNKRGFNQ' DKHW.AHYQEMAKFDDNL L

| LRHFTGEQWRRYIMSNT RDKRRYPMIAERedpmON| the Maferrdrmbed TmintReREpFreadily apparent to
LRNI N GSGDI SIL SP
RETAMILRR! TETEL PO 105 g FORTBAR ity ANGOI0UETN IS P aReled 0,8 us

phage !dBasddithb} andVERERMKENTERERY ey oK SR ASKRTH M MAQYILDSGIY Rl IKFINNKKRT SHL
VHRL VAREFCEGYSPEL DVNHKDTDRVNNNYDNL V. TRADNL KDVRERGKL NTHTA
REAL AKVERIEAUTAMVRDIGEE Y RotYiPSadedaERE BriicAKp S/ erERAIOMIEGhoMmK PNESVIPRRSVSKK

2010/ osaﬁ%@é%%%séﬁ?%%%%é&%%ﬁ@n@? R A

MKSGVYKI TNKNA &K b€ SR SE HEOd RN NN ANRYih b(INSrastdtiEddcan be obtained by

lSGELKKVYWLrIF_?WI AKEQNY1 DNEYEEMYNI SKSAY_I%II&GGDLTSY P%I;!g\ll | L KRAD ses of illustration

WﬁWEﬁgﬁh@%%AM%H%X ds¥MBIEKEIERERINGRPVI | D
GTEYESATEASRQUNWPATT LHRI KSKNEKYSGYFYK P34081 1- Hrul 105

, >Qi 14656411spl P34081. 11HMUI _BPSP1 RecName: Ful | =DNA . 1 endonucl ease
| - Hrul ; Al t Nane: Ful | =HNH hom ng endonucl ease | - Hrul
MEVKDI SNTGEVYSI KSGKTLKHQ PKDGYHRI GLFKGEKGKTFQVHR

Example 1

Two engineered single-chain meganucleases called R1 or RIm (SEQ ID NO: 58) and

15 D21 or D21m (SEQ ID NO: 59) are produced using the methods disclosed in International

PCT Applications W02003078619, W02004/067736, W02006/097784, W02006/097853,

W02007/060495, WO 2007/049156, WO 2006/097854, W02007/034262, WO 2007/049095,

W02007/057781 and W02009095793 (Cellectis) and in (Chames, Epinat et al. 2005,

Arnould, Chames et al. 2006; Smith, Grizot et al. 2006). These meganucleases, derived from

20 I-Crel, are designed to recognize two different DNA sequences, neither of which are

recognized by wild-type I-Crel. (recognition sequences, respectively, tgttctcaggtacctcagecag

SEQ ID NO: 3 and aaacctcaagtaccaaatgtaa SEQ ID NO: 4). Expression of these two

meganucleases is driven by a CMV promoter and a polyA signal sequence. The two

corresponding recognition sites are cloned in close proximity to generate the target plasmid.

25  For this example, the recognition sites are separated by 10 bp (Figure 1). DNA cleavage by a

meganuclease generates characteristic 4-nt 3’-OH overhangs. The simultaneous cleavage of

both sites is expected to eliminate the intervening sequence and therefore abolish “scarless”
re-ligation by NHEJ (Figure 1).

Human HEK293 cells are transiently co-transfected with two plasmids carrying the

30 expression cassette for R1 (SEQ ID NO: 58) and D21 (SEQ ID NO: 59), as well as the target

plasmid. For comparison, HEK293 cells are transiently co-transfected with the target plasmid
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LVAI HFCEGYEEGQ. VVDHKDGNKDNNL STNL RW/T QKT NVENQVSRGTLNVSKAQQ

AKI KNQKPI | VI SPDA EKEYPSTKCACEEL GL TRGKVTDVLKGHRI HHKGYTFRYK LNG P13299
1- Tevi 108020i268384641spl P13299. 21TEV1 BPT4 RecName: FulPCEIUSRO10/058132
associ at ed endonucl ease 1; Al tNane: Ful | =l -Tevl; AltNane: Ful | =I RF
protein

and only one meganuclease-expressing plasmid. DNA is extracted 2 days post-transfection
and targeted mutagenesis is assessed by a mutation detection assay as depicted in figure 2
(surveyor assay from Transgenomic, Inc. USA). High-fidelity PCR amplification of the DNA
encompassing the two recognition sites is performed using appropriate specific primers. The
5 same PCR amplification is performed on genomic DNA extracted from cells transfected with
the target plasmid alone. After quantification and purification, equimolar amounts of PCR
products are mixed in an annealing buffer and a fraction of this mixture is subjected to a
melting/annealing step, resulting in the formation of distorted duplex DNA through random
re-annealing of mutant and wild-type DNA. CEL-1 enzyme (surveyor assay from
10  Transgenomic, Inc. USA) is added to specifically cleave the DNA duplexes at the sites of
mismatches. The CEL-1 cleaved samples are resolved on analytical gel, stained with ethidium
bromide and the DNA bands are quantified using densitometry. The frequency of mutagenesis
can then be calculated essentially as described in Miller et al (2007).

PCR products from cells transfected with the target plasmid and (a) an empty plasmid;
15 (b) one meganuclease expressing plasmid or; (c¢) two plasmids expressing respectively R1
(SEQ ID NO: 58) and D21 (SEQ ID NO: 59), are also analyzed by high-throughput
sequencing (Figure 2). In this case, PCR amplification is performed with appropriate primers
to obtain a fragment flanked by specific adaptor sequences (adaptor A: 5°-
CCATCTCATCCCTGCGTGTCTCCGAC-NNNN-3’, SEQ ID NO: 5 and adaptor B, 5’-
20 CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-3’, SEQ ID NO: 6) provided by the
company (GATC Biotech AG, Germany) offering sequencing service on a 454 sequencing
system (454 Life Sciences). Approximately 10,000 exploitable sequences are obtained per

PCR pool and then analyzed for the presence of site-specific insertion or deletion events.
The inventers are able to show that deletion of the intervening sequence or microsequence
25  following the creation of two DNA DSBs greatly enhances the site-specific NHEJ-driven
mutation rate. This deletion is observed only when both meganucleases are introduced into

the cells.
Example 2

In this example, an engineered single-chain meganuclease derived from I-Crel
30 (described in International PCT Applications W02003078619, WO 2004/067736, WO
2006/097784, WO 2006/097853, WO 2007/060495, WO 2007/049156, WO 2006/097854,
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MKSA YQ KNTLNNKVYVGSAKDFEKRWKRHFKDL EKGCHSSI KL QRSFNKHGNVFE

CSI LEEI PYEKDLI | ERENFW KELNSKI NGYNI ADATFGDTCSTHPLKEEI | KKRS

ETVKAKM. K GRDRISASY SKPGSKNGRWAPETHKFCKCGVRI QT SAYTCSKCRNRET/US2011/058133
GENNSFFNHKHSDI TKSKI SEKMKGKKPSNI KKI SCDGVI FDCAADAARHFKI SSGL

VTYRVKSDKWAWFYI NA PO7072 11-Tevll 107 >gi 1201418231spl P0O7072. 21TE12_BPT4

Rechamey il LEbMbIAR2,  wo 23307h3ARE, WS S005As5d. WO PIsfotbbsd - Isy! !
W02009095793 (Cellectis) and in (Chames, Epinat et al. 2005; Armould, Chames et al. 2006;
Smith, Grizot et al. 2006)) is fused to various nuclease domains to create a bi-functional
meganuclease. To obtain maximal activity, 31 different linkers are tested ranging in size from

5 3 to 26 amino acids (Table 1). Fusions are made using 18 different catalytic domains (Table
2) that are chosen based on their having essentially non-specific nuclease activity. Altogether,
a library of 1116 different constructs are created via fusion to the N- or C-terminus of the
engineered single-chain I-Crel-derived meganuclease, generating a collection of potential bi-
functional meganucleases. Expression of these chimeric meganucleases are driven by a CMV
10  promoter and a polyA signal sequence. The activity of each chimeric protein is assessed using
our yeast assay previously described in International PCT Applications WO 2004/067736 and
in (Epinat, Arnould et al. 2003; Chames, Epinat et al. 2005; Arnould, Chames et al. 2006;
Smith, Grizot et al. 2006). To monitor DNA cleavage activity resulting from the addition of
the new catalytic domain, an [-Crel DNA target sequence is selected that can be bound but
15 not cleaved by the wild-type meganuclease. This target contains 4-nucleotide substitutions at
positions -2 to +2 (Figure 3). Enzymes exhibiting cleavage activity are then tested following
protocols described in example 1, except that the target plasmid carried only one cleavage site

for the I-Crel meganuclease.

To further validate the high rate of site-specific mutagenesis induced by a bi-

20  functional chimeric endonuclease, the same strategy is applied to an engineered single-chain
meganuclease designed to cleave the human RAG! gene as described in International PCT
Applications W02003078619, WO 2008/010093 and W02009095793. The bi-functional
meganuclease is tested for its ability to induced NHEJ-driven mutation at its endogenous
cognate recognition site. The mutagenesis activity is quantified by high-throughput

25  sequencing of PCR products as described in example 1. PCR amplification is performed on
genomic DNA extracted from meganuclease-transfected cells using appropriate primers.

The bi-functional meganucleases displayed an increased mutation rate since the
intervening sequence is deleted, thereby preventing “scarless” re-ligation of DNA ends
through NHEJ.

30

40



MAMKLRKSLKI ANSVAFTYMVRFPDKSFYI GFKKFKTI YGKDTNWKEYNSSSKLVKE
KLKDYKAKW | LQVFDSYESALKHEEM.I RKYFNNEFI LNKSI GGYKFNKYPDSEEH

KQKL SNAHKER 2D Bl osb#sBKI REKLI EHYKNNSRSEAHVKNNI GSRTAKKTVSI APKT/US2011/058133
SGNKFRSFKSAAKFL KCSEEQVSNHPNVI DI KI TI HPVPEYVKI NDNI' YKSFVDAAK

DLKLHPSRI KDLCLDDNYPNYI VSYKRVEK @38419 1.-Tevill 108 '

>0i 11138741921 sp}-B8419-—1 TEVC_%P.\ 3—ReeNare—FuH=tatrer——31——as; oscEiQat

' Neas@D8) | Al Ao : E&h'g{h: | ED*E%V Sequence ID NO
la8h 1 285 -287 3 6,636 NVG 7
ldnpA_1l 130 -133 4 7,422 DSVI 8
1d8cA_2 260 —263 4 8,782 IVEA 9
IckqA_3 169 - 172 4 9,91 LEGS 10
Isbp_1 93 -96 4 10,718 YTST 11
lev7A |1 169 - 173 5 11,461 LQENL 12
lalo_3 360 — 364 5 12,051 VGRQP 13
lamf 1 81 -85 5 13,501 LGNSL 14
ladjA_3 323 -328 6 14,835 LPEEKG 15
1fedC_1 76 — 81 6 14,887 QTYQPA 16
lal3 2 265-270 6 15,485 FSHSTT 17
1g3p_1 99 - 105 7 17,903 GYTYINP 18
lacc_3 216 -222 7 19,729 LTKYKSS 19
lahjB 1 106 - 113 8 17,435 SRPSESEG 20
lacc 1 154 - 161 8 18,776 PELKQKSS 21
laf7 1 89-96 8 22,502 LTTNLTAF 22
lheiA_1 322-330 9 13,534 TATPPGSVT 23
Ibia_2 268 - 276 9 16,089 LDNFINRPV 24
ligtB 1 11-119 9 19,737 VSSAKTTAP 25
InfkA 1 239 - 248 10 13,228 DSKAPNASNL 26
lau7A_1 103 -112 10 20,486 KRRTTISIAA 27
lbpoB 1 138 - 148 11 21,645 PVKMFDRHSSL 28
1b0pA_2 625 - 635 11 26,462 APAETKAEPMT 29
1c05A_2 135-148 14 23,819 YTRLPERSELPAEI 30

Name (PDB) I;Tii:: Length (Sl;t:; Sequence llS)EI\?O
lgeb |1 57-170 14 27,39 VSTDSTPVTNQKSS 31
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MNYRKI W DANGPI PKDSDGRTDEI HHKDGNRENNDL DNL MCL SI QEHYDI HLAQKD
YQACHAI KLRVKYSPEEI SELASKAAKSREI Q FNI PEVRAKNI ASI KSKI ENGTFH
LLDGCElI QRI8OIRZNRY0AEAEE HNFQQAEHI AKVKERNI AAI KEGT HVFCCGKMSET @6T/US2011/058133
KRVNDGSHHFL SEDHKKRT SAKTL EMVKNGTHPAQKEI TCDFCGHI GKGPGFYLKHN

DRCKLNPNRI QL NCPYCDKKDL SPSTYKRWHGDNCKARFND AAMD | - Twol

109

>gi 119881200--gbHAAMBESI—1IAR4850602HNH-endgnyctease—0817+1
Twol [ St agﬁﬁﬂcg‘cgﬁ%_ %‘hageﬂ\tvw ;2%;’,?’1‘*8 B YRLPAVITMKVRPA 32
1b30B 2 222 - 236 15 ]20,054 IARTDLKKNRDYPLA 33
16vpA_6 312 -332 21 |23,713 TEEPGAPLTTPPTLHGNQARA 34
1dhx 1 81101 21 | 42,703 ARFTLAVGDNRVLDMASTYFD 35
1b8aA 1 95 — 120 26 | 31,305 IVVLNRAETPLPLDPTGKVKAELDTR 36
1quéA | 79 - 106 28 | 51,301 ILNKEKKAVSPLLLTTTNSSEGLSMGNY 37
NFSI - 20 - GSDITKSKISEKMKGQGPSG 78
NFS2 - 23 - GSDITKSKISEKMKGLGPDGRKA 79
CFS1 - 10 - SLTKSKISGS 80
RM2 - 32 - | AAGGSALTAGALSLTAGALSLTAGALSGGGGS | 94
BQY - 25 - AAGASSVSASGHIAPLSLPSSPPSVGS 95
QGPSG - 5 - QGPSG 67
LGPDGRKA - 8 - LGPDGRKA 68

Tablel: sequence of linkers used to fuse the catalytic domains to meganucleases

DATABASE SEQID
Name NO SEQUENCE
reference
alswneirrkaiefskrwedasdensqakpflidffevfgitn
krvatfehavkkfakahkeqsrgfvdlfwpgilliemksrgk
GenBank: ACC85607.1 Mmel 38 dldkaydqaldyfsglaerdlprjyvIvcdfqrfrlldlltkesve
fllkdlygnvrsfgfiagyqtqvikpqd
' aalsfpeirtrlgafakqwkqaerenadaklfwarfyecfgir
GenBank: EAJO3172.1 EsaSSII 39 pesatiyekavdkldgsrgfidsfipgllivehkskgkdlnsaf
tqasdyftalaegerpryiivsdfarfrlydlktdtqveckladis
khagwfrflvegeatpeivees
NCBI Reference CstMI vmapttvfdratirhnltefkirwldrikqweaenrpatessh
Sequence: NP 862240.1 40 dqqfwgdlldcfgvnardlylygrsakrastgrtgkidmfm
pgkvigeakslgvplddayaqaldyllggtianshmpayvv
csnfetlrvtrinrtyvgdsadwditfplacidehieqlaflady
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MEELVWKEI PGFNSYM SNKGQVYSRKRNKI LALRTDKNGYKRI SI FNNEGKRI LLGV
HKLVLLGFKG NTEKPI PHHKNNI KDDNRL ENLEW/TVSENTKHAYDI GALKSPRRV

TCTLYYKGBPOIGMDSEABRL AKALKVSRSVI ESPRNGLVLSTFEVKREPTI QG- PRNT/US2011/058133
, KEI FEHSLI KGLGNPPLKVYNEDETYYFLTLMDI SKYFNESYSKVQRGYYKGKVKSY

Eull —T\/nn 2

110 >gi 11352391spl P11405. 11T2ML_MORSP

IIEHIDFYEYYKQTH P11405 R Mspi
RecNang: 1

etsayreee

GenBank: CAA45962.1

NucA

41

qvppltelspsisvhlllignpsgatptkltpdnylmvknqyal
synnskgtanwvawqlnsswlgnaerqdnfrpdktipagw
vrvtpsmysgsgydrghiapsadrtkttednaatflmtnmm
pqtpdnnmtwgnledycrelvsqgkelyivagpngsigkp
lkgkvtvpkstwkivvvldspgsglegitantrviavnipnd
pelnndwraykvsvdelesltgydflsnvspniqtsieskvd
n

P25736 (END1_ECOLI),

UniProtKB/Swiss-Prot

EndA Escherichia
coli

42

eginsfsqakaaavkvhadapgtfycgckinwqgkkgvvd
lgscgyqvrknenrasrvewehvvpawqfghqrqcwqdg
grkncakdpvyrkmesdmhnlgpsvgevngdrgnfmys
qwnggegqygqcamkvdfkekaaepparargaiartyfy
mrdqynltlsrqqtqlfnawnkmypvtdwecerderiakv
qgnhnpyvgracqarks

P37994
(NUCM_DICD?3),
UniProtKB/Swiss-Prot

NucM

43

aagqdinnftqakaaaakihqdapgtfycgckinwqgkkgt
pdlascgyqvrkdanrasriewehvvpawqfghqrqcwq

dggrknctkddvyrqietdihnlgpaigevngdrgnfmysq
wnggerqygqcemkidfksqlaepperargaiarty fymr

dryninlsrqqtqlfdawnkqypattwectrekriaavggnh
npyvqqacspdaapyynglslimiaavatvaarwltpaghl
psd

POA3S3
(NUCE_STRPN),
UniProtK B/Swiss-Prot

EndA Streptococcus
pneumonia

44

ikqmpsapnspktnlsqkkqaseapsqalaesvlitdavksqi
kgslewngsgafivngnktnldakvsskpyadnktktvgke
tvptvanallskatrqyknrketgngstswtppgwhqvknlk
gsythavdrghllgyaliggldgfdastsnpkniavqtawan

qaqaeystgqnyyeskvrkaldgnkrvryrvtlyyasnedlv
psasqieakssdgelefnvlvpnvgkglqldyrtgevtvtq

P00644 (NUC_STAAU),

UniProtKB/Swiss-Prot

SNase
Staphylococcus
aureus

45

atstkklhkepatlikaidgdtvklmykgqgpmtfrillvdtpet
khpkkgvekygpeasaftkkmvenakkievefdkgqrtdk
ygrglayiyadgkmvnealvrqglakvayvykpnnthegh
IrkseaqakkekIniwsednadsgq

P43270 (NUC_STAHY),

UniProtKB/Swiss-Prot

SNase
Staphylococcus
hyicus

46

gpfksaglsnaneqtykvirvidgdtiivdkdgkqqnirmig
vdtpetvkpntpvqpygkeasdftkrhltngkvrleydkqek
drygrtlayvwlgkemfneklakeglarakfyrpnykygeri
eqagkgagklkkniwsn

P29769 (NUC_SHIFL),
UniProtK B/Swiss-Prot

SNase Shigella
flexneri

47

wadfrgevvrildgdtidvlvnrqtirvrladidapesggafgs
rarqrladltfrqevqvtekevdrygrtlgvvyaplqypggqt
qltninaimvqegmawayryygkptdaqgmyeyekearrq
riglwsdpnagepwkwrrasknatn
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ucM

Vvin

v oar 1l

I A%g ié%APPS

NERRES

‘FSAﬁ?{%%/kl YQ

NGRS/ BVERCE

RTYLYMSQEYG-QL SKQRQQL MRAVWKSYPVDEVEEG
Wn_CLS$ 759.1 (referen

cc) 115>Wn_Q

X

.S (varl

lpplquyvelrdrypdylll

DHPI SFY Nﬁ%\vlthktskdﬁtpmaglplra
WC ﬁ(ﬁﬂ\ﬁpaeeaeglvnevtqlltpgtl

TRDDRI Al QGNHNPFVQQSC QTQ AAF 19

ant of AAF19759. 1)

MASGAPRSSFSAAKEQAVKHYOBHPHSHYEGCHI BADCKKGH-PNEETFEOYEVRKOTT

knrrf lilrnhnepf
, RASRI FMBBNYRAWRFGHHROCVWOK GGRKNCSKNDQQOFRL VE q Bﬂvﬁﬂ?{} nrrievassimanep
DRSNFNF SQUNGVRGY S KEREE] BBDRARGSI A s?&fc“g_w dqeeapkhfpkpilhpkk
hysfinpgetitsekyaqeidemngkl
SKQRQQL MQAVNK $¥PVDEVECT DDdT“ARTSQG\JHNPF\,QQSCW rystnbeetitsekyaqeicemndr’q
P q vn%ﬁplllhdnarphvaqpthklnelgyevlphpp
yspdllptnyhvfkhinnflqgkrfhnqqdaenafgefvesq

stdfyatginglisrwgkcvdengsyfd
appssfsaakqqavkiyqdhpisfycgcdiewqgkkgipnl
Vvn etcgyqvrkqqtrasriewehvvpawqfghhrgewqgkggr

kncskndqqfrimeadlhnltpaigevngdrsnfnfsqwng

GenBank: AAF19759.1 53 .
vdgvsygrcemqvnfkqrkvmppdrargsiartylymsqe
yefqlskqqqqlmgawnksypvdewectrddriakiqgn
hnpfvqqgscqtq

Q47112 Krkpgkatgkgkpvnnkwlnnagkdlgspvpdriankir
(CEA7_ECOLX), COlEd7 nu.clease dkefksfddfrkkfweevskdpelskqfsrnnndrmkvgk
UniProtKB/Swiss-Prot omain 54 apktrtqdvsgkrtsfelhhekpisqnggvydmdnisvvtp
krhidihrgk
kdik h t i i
P34081 (HMUI BPSPI), mc':w ikgyeghyqvsn gevysnksgktlkhqlpkdgy
. - I-Hmul hrigifkggkgktfqvhrlvaihfcegyeeglvvdhkdgnkd
UniProtKB/Swiss-Prot . L .
55 nnistnlrwvtgkinvengmsrgtinvskaqqiakikngkpi

ivispdgiekeypstkcaceelgltrgkvtdvlkghrihhkgy
tfryking
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P00644 St aphyl ococcl116 ' >gi 11288521sp1P00644. 11 NUC_STAAU RecNane: Aal

nucl easeFul | =Ther nonucl ease;
nucl ease;wol2oNzse458 Ful | =St aphyl ococcal
RecNane: Ful | =Nucl ease B; Cont ai ns:
Precur sor

Short =TNase; Al tNane: , Full =M crococcal
(NUC_STAA'nucIea?@TﬂEmMnm&ns3

U)' RecNane: Ful |l =Nucl ease A; Fl ags:

" MLVMIEYLLSAG CMAI VSI LLI GVAI SNVSKGQYAKRFFFFATSCLVLTLVVVSSL
NYSATSTKKLHKEPATL | KA DCOTVKLMYKGOPM

SSSANAS ' dfekrwkrhfkdlekgch

TFRLLL %S@PKWK%V/E%Y@EASMMKWENAKM EVEFDR ckrwkrhfkdlekgchssi

AY! YADGKMUREAER AR PAZVAYVYKPNNT HEQHL RK SiA ; pjekdijgyenfwikelnskin
2012/ 058458PCT/ US2011/ 058133 -SGQ P4B270 gwmﬁm%m%mpmwumd%Whmmm@m&m

St aphyl{ococc117>gi | 11718591spl P43270] 11NUC | ?WAW&S%&M%?Ckch"qtsaﬂcskcmf

Aal nuclieasekFuH-=Fher nohuctease—Shor :TNaP" d kdd 3 m]
Ful | =M|crococcal nucl ease; Al t Nane: [Ful | =Stfd (y'éﬁ '%aig ¢f§§ﬁﬁ&ﬁ tlease ;
Fl ags : @Eﬁ@W@QrB})@M) siqehydi kdyqac rm‘kyspeels as aa

VKK TTEL L WA, 4 ML St FMMESASERYUAGL SNANETTYKMITR1 Ryl T 4tk ienat hildgeigrksnine
DGKQQNLLRM GVDTPETVKPNTPVQPYGKEASDF TKRHL TNQK\VI2[8 KMYRYG

, RTLAYWL. GKEMFNEKL AKEGLARAKFYRPNYKYQERI EQAQKQAKLKKNI WBN P29769 M cr ococcal
1nucl ease (NUC SHIF 1) [118>gi | 2666B11sp 11 P29769 1 | NUC SHI FL RecNahe :
, Ful | =M crococcal nuclease; Fl ags: Precursor

NKSALAALRAVAAAVVLIVSVPAMADFRGEVVRILDGDTIDVLVNRCWIRVRLADID

APESGQARGRRA!
INAINVQEGNAMAY

I%R%\é%
GKPTDAQWEYE

YRR MY Wi

NEQIQW%@T QTN
KEARRQRL GL\WSDP

EPVWKWRRASKN ATN  P94492

Endonucl easel19>gi | 813458261spl-l-¥YNCB. BACSU -RecNane: - Ful-| =Endonucl-ease

.lyncB

WIROB;  NAMHYS

PFQ?@QHOSEnSTASEQUENCE

MKKI LI SKINKISVLSI TLAACGSNHAAKNHSDSNGT EQVSQDTHSNEYNQTEQKAGTP

HSKNQKK
SKRNKEL

JTLDRAI DGDTI KVI YNGKKDTVRYL L VDTPETKKPNSCVQPYGEDA
GKL QL EFDKGDRRDKYGRL

LAYVYVDGKSVQETLLKEG.ARVAYVYE

PNTKYI DQFRLDEQEAKSDKL SI WBKSGYVTNRGFNGCVK  P00641

Endodeoxyri 130>gi | 1193701sp1P006AT, 11ENRN BRTY |

607.1

Q47112 . Colicin-E7

2
(CEA7_ECO
LX)

97

eGSR chylophitus

‘methylotrophus]

MALSWNEIRRKAIEFSKRWEDASDENSQAKPFLIDFFEVFGITNKRVATFEHAVKKF

. AKAHKEQSRGFVDLFWPGILLIEMKSRGKDLDKAYDQALDYFSGIAERDLPRYVLVC
 DFQRFRLTDLITKESVEFLLKDLYQNVRSFGFIAGYQTQVIKPQDPINIKAAERMGK
» LHDTLKLVGYEGHALELYLVRLLFCLFAEDTTIFEKSLFQEYIETKTLEDGSDLAHH
- INTLFYVLNTPEQKRLKNLDEHLAAFPYINGKLFEEPLPPAQFDKAMREALLDLCSL
{ DWSRISPAIFGSLFQSIMDAKKRRNLGAHYTSEANILKLIKPLFLDELWVEFEKVKN
;NKNKLLAFHKKLRGLTFFDPACGCGNFLVITYRELRLLEIEVLRGLHRGGQQVLDIE
:HLIQINVDQFEGIEIEEFPAQIAQVALWLTDHQMNMKISDEFGNYFARIPLKSTPHI
" LNANALQIDWNDVLEAKKCCFILGNPPFVGKSKQTPGQKADLLSVFGNLKSASDLDL
{ VAAWYPKAAHYIQTNANIRCAFVSTNS ITQGEQVSLLWPLLLSLGIKINFAHRTFSW
. TNEASGVAAVHCVIIGFGLKDSDEKIIYEYESINGEPLATKAKNINPYLRDGVDVIA

CKRQQPISKLPSMRYGNKPTDDGNFLFTDEEKNQFITNEPSSEKYFRRFVGGDEFIN

- NTSRWCLWLDGADISEIRAMPLVLARIKKVQEFRLKSSAKPTRQSASTPMKFFYISQ |
i PDTDYLLIPETSSENRQFIPIGFVDRNVISSNATYHIPSAEPLIFGLLSSTMHNCWM
" RNVGGRLESRYRYSASLVYNTFPWIQPNEKQSKAIEEAAFAILKARSNYPNESLAGL

YDPKTMPSELLKAHQKLDKAVDSVYGFKGPNTEIARIAFLFETYQKMTSLLPPEKEI

KKSKGKN

' >gi]12644448|sp|Q47112.2|CEA7_ECOLX RecName:
i Full=Colicin-E7

' MSGGDGRGHNSGAHNTGGNINGGPTGLGGNGGASDGSGWSSENNPWGGGSGSGVHWG
. GGSGHGNGGGNSNSGGGSNSSVAAPMAFGFPALAAPGAGTLGISVSGEALSAAIADI

FAALKGPFKFSAWGIALYGILPSEIAKDDPNMMSKIVTSLPAETVTNVQVSTLPLDQ

« ATVSVTKRVTDVVKDTRQHIAVVAGVPMSVPVVNAKPTRTPGVFHASFPGVPSLTVS
" TVKGLPVSTTLPRGITEDKGRTAVPAGFTFGGGSHEAVIRFPKESGQKPVYVSVTDV
- LTPAQVKQRQDEEKRLQQEWNDAHPVEVAERNYEQARAELNQANKDVARNQERQAKA
- VQVYNSRKSELDAANKTLADAKAEIKQFERFAREPMAAGHRMWOMAGLKAQRAQTDV

NNKKAAFDAAAKEKSDADVALSSALERRKQKENKEKDAKAKLDKESKRNKPGKATGK
GKPVNNKWLNNAGKDLGSPVPDRIANKLRDKEFKSFDDFRKKFWEEVSKDPELSKQF
SRNNNDRMKVGKAPKTRTQDVSGKRTSFELHHEKPISQNGGVYDMDNISVVTPKRHI
DIHRGK
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Abonucl easel Ful | =Endodeoxyri bonucl ease |; Al t Nane:

Ful | =Endodeoxyri bonucl ease |; Short=Endonucl ease (ENRN BPT 7) (63114

Met nase WO 2MREFEIKA RKVGAFRSGLEDKVSKQLESKG KFEYEEVKVPYYCPASMNHTNFRBF-L

LPNG FVETKGLWESDDRKKHL LI REQHPELDI RI VFSSSRTKLYKGSPTSYCGEFCE

KHG KFADKLI PAEW KEPKKEVPFDRLKRKGGKK 121>gi 1747405521spl @63H47. 11SETMR_HUVAN
RecNane: - Ful-|l =Hi-st one-1ysi ne-N-net-hyl-transf-erase--SEFVAR—AH -Nane:—Ful | =SET
domai n &dvtb8rmlindAner t r a8 poszesét Puslienn Cg‘é"ﬁél‘*cbhﬁa‘?f*nl[srfge&fﬁ%‘tcéi‘ﬁ pneumoniae]
Shor t =HS®&r | ;  Shor t =Met naseMNKk%m@mLﬁ@%\&@ﬁm@thsvmg&&e;\s%xp%bmgg\b

met hyl t r ansf er ase; | ncl udesiroRecHaeL evitch EMidNK G bakvs SIS PRGASIOCHES TRIAN
MAEFKEKPEAPTEQL DVACGQENL PVGAPRERARME T PIHIAYGRGXDILBRTORAVDRGHLLGYALIGGLD
TFPGCI CVKTPCL PGTCSCL RHGENY DEIRSES Ry 3N E2S O P ORA EEIQUE ORI DONKRVRYRVTLYYAS
CRNRVWQKGL QFHF QVFKTHKKGWGL RT B PREEREEY ACEV B SEVORRI =V ™

QTKSDSNYI | Al REHVYNGQVVETFVDRTYI GNI GRFLNHSCEPNLLM PVRI DSIW :

PKLAL FARKDb VREREL SYDYSGRYL NtSFVSEEKERL I PHERE RKPECYCGAKSRTARRe :

PFDSSL YCPVEKSN| S KEPS 55%?6.@%@ TIVKIAVE DRRO-BRepuciease 1)

L FEFKIMGRKAAE | TR\ NNAFGPGT ANERT VI GDESE EDEERSGRPSEV

DNDQLRAI | EADPLTTTREVAEEL NVNIHG TAAY bt K€ A (3 OV KIlE EXAARIARA AREENGKDA PG TF Y CGCKINWQGK
NRRFEVSSSLI| LRNHNEPFLDRI VTC[ENWIIQY‘DN W%%E RYPQEWQDGGRKNCAKDPVYRK

HPKKVIWTI WABAAGL | HYSFLNPGETYEf VDFKERAARPPARRARGA

| LLHDNARPHVAQPTL QKLNEL GYEVL BHRE: ERIAKVQGNHNPYVQR
NQODAENAFQEFVESQSTDFYATG NQLI SRV\Q(CVDCNGSYFD ABD15

Nb. Bsr Dl 122>gi 1867574931 gbl AB 15132 11 Nb. Bsr D lGeobam I | us

132, 1st «%é“wt%g | udf0 ST |Gtk oo MO etene:
MIEYDL HL' Y ADSEHEGHWCCENL AKI ADBDEREN 15V 031 'PRASET ESDU I TN - TVRGSYKSVKHLP
KQ KDL L FWEKPIRRI Y BPKNDKI LFAVEET GAVPTGNQAL QRCERI YGSARKQ PF

WYL L SEFGQHKDGBNRRDS| WPT1 MGLKiE GVF@FF@GP‘EWFWP@B% ENGLPVLPVAAAAELPPVPGG
KFLFKSLLQ | I NYCTLKNPLKGMLEL mg&g&geggggiggggiggsggg
TKTKELARMYASLAI GQTVKI PEELFT @Msié?@emv&&b@ﬁ@d SrVKYQUTGKNHVAVPTH
SKKAYCL SNNAGAKP(KL ESL KEW NSEHKLFEEKARKIET PRAERANMQE DAEERT BNKS IERASGLLFVPNILAR
NYYVTTSKNI LYLFDYWKDLRI Al ETAFPRIAKGISPTDI DEKPALI YI CNSVKPGRL

FGDPFTGQLSAFSTI FGKKNI DVPRI WAYYPHQ YSQAL PKNNKSNKGE TLKKELT.

DFLI FHGRWYKIgNEG#AY ABDyL5 Bsin Bss #2348 61 57494bgh 1ABRE5133. 11 BsrDl A
[Geobacm | us G133. 1st ear ot hep‘@:@pﬁﬂdbqyg}ease G, mitochondrial; Short=Endoc G; Flags:
MTDYRYSFELSEEI ARWAFEI KTKNTDVWEYAFSNPTAGPVWKRVMAI DKASNREGEVH

RFGREDERPDI | ININPSLI LI LEAKEKI N SKSQYDE SR AL St A B Sy puanancLeavrca
DNNYWGEDRTKY! NVLG LWGSEQET SQKA:ENARYYRBS oWKINR vl N PRTRMA (0T VEQLR PEGLRGDGNRS S

DI LVGVESI KNKKEEI SI KI HVSNI' YAE FYERETHECEHA Y AA2E RPRCINPAMNGPPRIR KBS LSNYB@VEL
(R BspD6l | arge subunit) ABWN%N%@SPTRT§%X§;%E §§g§‘%€§§s§ ? 11
het erodi meric restriction eg@FKVLIfEM G]@Q ﬁ“pﬁsp arge Subuni us sp.
D6] MAKKVNWYVSCSPRSPEKI QPEL KVLANFEGSYWKGVKGYKAQEAFAKELAAL PQ:L

Gr TYKKEAAFSTRDRVAPIVKTYGFVFVDEEGY L Rl TEA IVLANNRRPKDVFL K%V

mvaﬁgmm| NP@_A/F\’\/I%% t‘fﬂl?\?%}ﬁgz triction
| AEE] REKI KGONKKLEFTE RIEER Y EGKSDSSHKSKI E
TKVRNARDVADATTRYFRYTGL FVARW@MPEKS@LKN@EMDSWMMMGHNLBEIKSVKAVVLS

EFHEYYGNPSL PQFSFETKEQL L DL AHRIRDENTRY AEORNTHT %ﬂ EIPSfWLAHYQEMAKFDDNLLR
R Tn N KNRVLVLTDILRGRGDF
Ql R C;EsT SINFGRVTIQRKGGDNG

YNSLNKKVDVETLKDVI YHAKEL QL EL KKK
VI EEKI KARFI ANKNTVFEW. TWNGFI | s

MEI | YEDFI VLGEVT TSKGATQ:KI\/ESEPVTRHYLNKKKELEK@VEKELYCLFI AP

El NKNTFEEFNKYNI SI\!(/AQ\IT R F;IIQSLK ﬁ?@?ﬂ s HLAIEO%%%@LESY[%IaEPIL[BacluuS phage‘ :
LYRTTI ECERRY HEPKAGLEETL A

€

;MFQEEWKDVTGFEDYYEVSNKGRVASKRTGVIMAQYKINSGYLCIKFTVNKKRTSHL
VHRLVAREFCEGYSPELDVNHKDTDRMNNNYDNLEWLTRADNLKDVRERGKLNTHTA
REALAKVSKKAVDVYTKDGSEYIATYPSATEAAEALGVQGAKISTVCHGKRQHTGGY
HFKFNSSVDPNRSVSKK

AAKO09  I-Bmol 104 >9i|12958590|gb|AAK09365.1|AF321518_2 intron encoded I-
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125>@gi 11253969971gbl ABN42183. 11 heterodi neric restriction
183. 1lendonucl ease R BspD6l small subunit [Bacillus sp. D6] (tBspD6l
smal | MODIWORYBRESEI NPPNYFEWNTYRVFKKL GSYKNL VPNFKL DDSGHPIPGRAISBG 1/058133
subuni t ) VEDI LVEYEHFSI LI ECSLTI GEKQLDYEGDSVVRHL QEYKKKG EAYTLFLGKSI D
' LSFARHI GFNKESEPVI PLTVDQFKKLVTQLKGDGEHFNPNKLKEI LI KLLRSDLGY DQAEEW.TFI EYNLK
AAK27 R Plel- 215.1 126>gi 11344881319b| AAK27215. 11AF355461 2 restriction
endonucﬁféase R Pl el [Pauci nﬁwas[Bp@ﬁmst@ayensml :
GEGKNDPAFSARDRI NRAPKSL GFVI L |[,;rI MK DL TS v DDA 1L |
QLPSPYHKL SDKAALFYVKPYLEI F mmmﬁﬁm&mﬁ@s@wpmmw@smxmsmmm
Kl EDFRVGKI ENKGRYKTYKKERFEEEE@@FWRBEEF@W@AWEPWWNWE)‘KFKGRKPKNSRPVIID
YADACVRYL RATGWNVSYQGKSL S| VEEKKRER/SREI K P EREPCE I NERS sy |
L GNPNYPKL FVDDVDRI KKKL RFDFKKTNKVNAL TLPELKEELENE! LSRKENI LKS
Q SDI KNF#8YEDH@ENFEKI ENDRTL SDARIsK B PHRAMTIVEDGCESKARERED: : Full=DNA
' DFGSPVSTAI GNVPDI VCEYDDFQSYE%%%Q@WE@MRHE@&%S@W
KPVYCLFI APKI NPSSVAHFFNVBHKVDE 17 PLELSVFRKM EDTFKASY |
| PKSDNVHKLFKNFASI ADEAGNEKV\WHmtMBTRANNESIcE v SAMICR B kb W KDGYHR TGLFKGGKGKTFQVHR
| 127>gi 1137860461gbl AAK395467AIHAESSEAGI KD KPINRS TNVR EITOR IR ENYSBABIVEkAzhhe]
V\[) 2012/ 058458PCT/ USZOll/ OSS@WKPIIVISPDGIEKE‘.YPSTKCACEELGLTRGKVTDVLKGHRIHHKGYT RYK

' MASL SKTKHLFGFTSPRTI EKI | PELBIL SQQF SGKVWGENQ NFFDAI FNSDFYEG
TTYPQDPALAARDRI TRAPKALGFI QLKPVI Q_TKAGNQ_VNQ(RLPELFTKQ_LKF
QLPSPYHTESPTWNFNVRPYLELD&RL | NEL €Sk SKTE] | AL PR G ANYNREDEPRIgRe . Full=Intron-
| LKFRETI'%KNNRSVSV\KTYVSQEFEKQEEPT Ry ARNE RITRESSDESPRIFURT =+ Tevii Attname:
KEGNVKDYADAFFRY! RGTQLVTI DKL ALK S KEDEVDFL L KNTDRNALNLSLM
EYENYLFDPDQL! VLEDNSGLI NSKI K@tsBDS! MBSk OB SBEARNDILEK (DRKAKS S TKLQRS FNKHGNVFE

, TI EDTVNHLKLRSDI EDI LDVFAKI KRRDYPBYPPFELIERNF YIRARSAL TECR] CSTHPLKEE T TXKRS
FI VDL DGVPLNTAPGKKPDI El NYGSFE VTIESEE ~
RKVDHDAYCI FI APKVAPGTKAHFFNL ] 5’1‘? ?ﬂ&‘i}é"‘. 'l BVBL DDRI CELOVGE | DARRHFELSSEL
THNFQDI NKLKNW.DNLI NFNL ESEDEE! WFEEI | SKI STWAI YP_004 Alwl 128

>g| 131\?\,'[7(?%29315‘%%{ HYP_ 03%%342 ol 153 srpllg&lo%nz 1%1\1/99}3%1‘4 Re&gggnuqlez%s% type
[, Al o] lus's 41

ed endonuclease 2; AltName: Full=I-TevlI

;MKWKLRKSLKIANSVAFTYMVRFPDKSFYIGFKKFKTIYGKDTNWKEYNSSSKLVKE
iKLKDYKAKWIILQVFDSYESALKHEEMLIRKYFNNEFILNKSIGGYKFNKYPDSEEH
| KQKLSNAHKGKILSLKHKDKIREKLIEHYKNNSRSEAHVKNNIGSRTAKKTVSIALK
. SGNKFRSFKSAAKFLKCSEEQVSNHPNVIDIKITIHPVPEYVKINDNIYKSFVDAAK
. DLKLHPSRIKDLCLDDNYPNYIVSYKRVEK

Q38419 1-TevIll 108 ' 591[11387192|sp|Q38419.1|TEV3_BPR03 RecName: Full=Intron-
N rassociated endonuclease 3; AltName: Full=I-TevIII

' MNYRKIWIDANGPIPKDSDGRTDEIHHKDGNRENNDLDNLMCLSIQEHYDIHLAQKD
YQACHAIKLRMKYSPEEISELASKAAKSREIQIFNIPEVRAKNIASIKSKIENGTFH
LLDGEIQRKSNLNRVALGIHNFQQAEHIAKVKERNIAAIKEGTHVFCGGKMQSETQS

. KRVNDGSHHFLSEDHKKRTSAKTLEMVKNGTHPAQKEITCDFCGHIGKGPGFYLKHN

" DRCKLNPNRIQLNCPYCDKKDLSPSTYKRWHGDNCKARFND

AAMO  1-Twol C 109 >g1/19881200|gb|AAM0O0817.1|AF485080_2 HNH endonuclease I-
0817.1 . Twol [Staphylococcus phage Twort]

: MEELWKEIPGFNSYMISNKGQVYSRKRNKILALRTDKNGYKRISIFNNEGKRILLGV
. HKLVLLGFKGINTEKPIPHHKNNIKDDNRLENLEWVTVSENTKHAYDIGALKSPRRV
‘ TCTLYYKGEPLSCYDSLFDLAKALKVSRSVIESPRNGLVLSTFEVKREPTIQGLPLN
§KEIFEHSLIKGLGNPPLKVYNEDETYYFLTLMDISKYFNESYSKVQRGYYKGKWKSY
 IIEHIDFYEYYKQTH

P11405 . R.Mspl 110 ~ >9i|135239|sp|P11405.1|T2M1_MORSP RecName: Full=Type-2
1 ) restriction enzyme MspI; Short=R.Mspl; AltName:

, Full=Endonuclease Mspl; AltName: Full=Type II restriction
enzyme MspIl
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MNKKNTRKVWFI TRPERDPRFHQEAL L AL QKAT DDFRL KWAGNREVHKRYEEEL ANM
G KANNVSHDGSGGRTWVAMLKTFSYCYVDDDGY! RLTKVGEKLI QGEKVYENTRKQ
VLTLQYPNAYBRERGESRBKFDEGFRI RPVLFLI KLANDERLDFYVTKEEI TYFAMPAT/US2011/058133
QKDSQLDEI VHKI LAFRKAGPREREEMKQDI AAKFDHRERSDKGARDFYEAHSDVAH
TFM.I SDYTGLVEY! RGKALKGDSSKI NEI KQEI AEI EKRYPFNTRYM SLERMAEN
SG.DVDSYKASRYGNI-KPAANSSKL RAKAERI LAQ:PSI ESMBKEEI-AGAL QKYL-SP.

" RDI EKVI HEI VENKDDFEG NSDFVEWIE

QEKDISSKLLKALNLD DNIIDVSSSDTDLGRTIAGGSPKTDATIRFTFHNQSSRLV .

R.Mval

CAA45
962.1

P37994
2

AAF19
759.1

AAF19
759.1
(referen
ce)

P00644
N

' R.Mval

NucA

NucM

Vvn

Vvn_CLS

Staphylococe

al nuclease

(NUC_STAA
U)

i

111

112

113

114

115

116

KDIESLKKYNTNAFP
EW%AE@KWAWPF@

PLNIKHSSKKKVSIAEYDVETICTGVGISDGELKELIRKHQNDQSAKLFTPVQKQRL
TELLEPYRERFIRWCVTLRAEKSEGNILHPDLLIRFQVIDREYVDVTIKNIDDYVSD

: RIAEGSKARKPGFGTGLNWTYASGSKAKKMQFKG

>g1|119392963 |gb|[AAM03024.2|AF472612_1 R.Mval [Kocuria

. varians]

: MSEYLNLLKEAIQNVVDGGWHETKRKGNTGIGKTFEDLLEKEEDNLDAPDFHDIEIK
i THETAAKSLLTLFTKSPTNPRGANTMLRNRYGKKDEYGNNILHQTVSGNRKTNSNSY
:NYDFKIDIDWESQVVRLEVFDKQDIMIDNSVYWSFDSLQNQLDKKLKYIAVISAESK
" IENEKKYYKYNSANLFTDLTVQSLCRGIENGDIKVDIRIGAYHSGKKKGKTHDHGTA
- FRINMEKLLEYGEVKVIV

>gi|39041|emb|CAR45962.1| NucA [Nostoc sp. PCC 7120]

MGICGKLGVAALVALIVGCSPVQSQVPPLTELSPSISVHLLLGNPSGATPTKLTPDN
YLMVKNQYALSYNNSKGTANWVAWQLNSSWLGNAERQDNFRPDKTLPAGWVRVTPSM
YSGSGYDRGHIAPSADRTKTTEDNAATFLMTNMMPQTPDNNRNTWGNLEDYCRELVS
QGKELYIVAGPNGSLGKPLKGKVTVPKSTWKIVVVLDSPGSGLEGITANTRVIAVNI
PNDPELNNDWRAYKVSVDELESLTGYDFLSNVSPNIQTSIESKVDN

©>g1|313104150|sp|P37994.2|NUCM DICD3 RecName:
- Full=Nuclease nucM; Flags: Precursor

. MLRNLVIFAVLGAGLTTLAAAGQDINNFTQAKAAAAKIHQDAPGTFYCGCKINWQGK
' KGTPDLASCGYQVRKDANRASRIEWEHVVPAWQFGHQRQCWQDGGRKNCTKDDVYRQ
" IETDLHNLQPAIGEVNGDRGNFMYSQWNGGERQYGQCEMKIDFKSQLAEPPERARGA

S SR,

IARTYFYMRDRYNLNLSRQQTQLFDAWNKQYPATTWECTREKRIAAVQGNHNPYVQQ
ACQP

>gi|6635279|gb|AAF19759.1|AF063303_1 nuclease precursor

ivvn [Vibrio vulnificus])

MKRLFIFIASFTAFAIQAAPPSSFSAAKQQAVKIYQDHPISFYCGCDIEWQGKKGIP

" NLETCGYQVRKQQTRASRIEWEHVVPAWQFGHHRQCWQKGGRKNCSKNDQQFRLMEA

DLHNLTPAIGEVNGDRSNFNFSQWNGVDGVSYGRCEMQVNFKQRKVMPQTELRGSIA

. RTYLYMSQEYGFQLSKQQQQLMQAWNKSYPVDEWECTRDDRIAKIQGNHNPFVQQSC

QTQ

>Vvn_CLS (variant of AAF19759.1)

' MASGAPPSSFSAAKQQAVKIYQDHPISFYCGCDIEWQGKKGIPNLETCGYQVRKQQT
. RASRIEWEHVVPAWQFGHHRQCWQKGGRKNCSKNDQQFRLMEADLHNLTPAIGEVNG
" DRSNFNFSQWNGVDGVSYGRCEMQVNFKQRKVMPPDRARGSIARTYLYMSQEYGFQL

SKQQQQLMQAWNKSYPVDEWECTRDDRIAKIQGNHNPFVQQSCQTQGSSAD

i>g1|128852|sp|900644 1|NUC STAAU RecName:

Full=Thermonuclease; Short=TNase; AltName:

i Full=Micrococcal nuclease; AltName: Full=Staphylococcal

nuclease; Contains: RecName: Full=Nuclease B; Contains:
RecName: Full=Nuclease A; Flags: Precursor

MLVMTEYLLSAGICMAIVSILLIGMAISNVSKGQYAKRFFFFATSCLVLTLVVVSSL

* SSSANASQTDNGVNRSGSEDPTVYSATSTKKLHKEPATLIKAIDGDTVKLMYKGQPM
- TFRLLLVDTPETKHPKKGVEKYGPEASAFTKKMVENAKKIEVEFDKGQRTDKYGRGL
AYIYADGKMVNEALVRQGLAKVAYVYKPNNTHEQHLRKSEAQAKKEKLNIWSEDNAD
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AKNGERTEI EI | ARYGGSKFG | DAKNYAGKFPLSSSLVSHVASEY! PNYTGYEGKE
LTFFGYVTANDFSGERNL EKI SDKAKRI TGNPI SGFLVTARTLLG-LDYCI ENDVPL

EDRAEL FVIWORNKROEEEE EAL L RELKETI

AAY97 Mral2691 129 PCT/US2011/058133

, >gi | 684803501 gbl 13Y97906. 11M/al269lrestriction 906. 1
endonucl ease[ Kocuri a vari ans]

MYLNTAVFNI YGDNI VECSRAFHYI-LEGFKLANI SI TQEYDLQNI TTPKFCH-YTDKF
RYI FI FI PGTSASRWNKDI YKEL VL NNGSPLKEGADAI | TRI FSEDSELVLASMEFS

P43270
N

P29769
1

P94492
.

P00641
.

Q53H4
7.1

ABDI15
132.1

Staphylococe
al nuclease

(NUC_STAH
Y)

Micrococcal

118

" nuclease

(NUC_SHIF
L)

Endonuclease
yncB

119

Endodeoxyri
bonuclease |

120

(ENRN_BPT
7)

Metnase

121

Nb.BsrDI

117

122

i

i
ad

' Full=Micrococcal nuclease;
. nuclease;

>gi|1171859|sp|P43270.1|NUC_STAHY RecName:
Full=Thermonuclease; Short=TNase; AltName:
AltName: Full=Staphylococcal

Flags: Precursor

' MKKITTGLIIVVAAIIVLSIQFMTESGPFKSAGLSNANEQTYKVIRVIDGDTIIVDK
: DGKQQNLRMIGVDTPETVKPNTPVQPYGKEASDFTKRHLTNQKVRLEYDKQEKDRYG

RTLAYVWLGKEMFNEKLAKEGLARAKFYRPNYKYQERTIEQAQKQAQKLKKNIWSN

?>gi|266681|sp1929769.1|NUC_SHIFL RecName :

Full=Micrococcal nuclease; Flags: Precursor

MKSALAALRAVAAAVVLIVSVPAWADFRGEVVRILDGDTIDVLVNRQTIRVRLADID

. APESGQAFGSRARQRLADLTFRQEVQVTEKEVDRYGRTLGVVYAPLQYPGGQTQLTN
. INAIMVQEGMAWAYRYYGKPTDAQMYEYEKEARRQRLGLWSDPNAQEPWKWRRASKN

ATN

>gi|81345826|sp| | YNCB_BACSU RecName: Full=Endonuclease
yncB; Flags: Precursor

MKKILISMIAIVLSITLAACGSNHAAKNHSDSNGTEQVSQDTHSNEYNQTEQKAGTP

. HSKNQKKLVNVTLDRAIDGDTIKVIYNGKKDTVRYLLVDTPETKKPNSCVQPYGEDA

SKRNKELVNSGKLQLEFDKGDRRDKYGRLLAYVYVDGKSVQETLLKEGLARVAYVYE
PNTKYIDQFRLDEQEAKSDKLSIWSKSGYVTNRGFNGCVK

>gi1|119370|sp|P00641.1|ENRN_BPT7 RecName:
Full=Endodeoxyribonuclease 1; AltName:
Full=Endodeoxyribonuclease I; Short=Endonuclease

MAGYGAKGIRKVGAFRSGLEDKVSKQLESKGIKFEYEEWKVPYVIPASNHTYTPDFL
LPNGIFVETKGLWESDDRKKHLLIREQHPELDIRIVFSSSRTKLYKGSPTSYGEFCE

KHGIKFADKLIPAEWIKEPKKEVPFDRLKRKGGKK

>gi|74740552|sp|Q53H47.1|SETMR_HUMAN RecName:
'Full=Histone-lysine N-methyltransferase SETMAR; AltName:

' containing protein;

-methyltransferase;

Full=SET domain and mariner transposase fusion gene-
Short=HsMarl; Short=Metnase;
Full=Histone-lysine N-

Includes: RecName: Full=Mariner

Includes: RecName:

transposase Hsmarl

MAEFKEKPEAPTEQLDVACGQENLPVGAWPPGAAPAPFQYTPDHVVGPGADIDPTQI
TFPGCICVKTPCLPGTCSCLRHGENYDDNSCLRDIGSGGKYAEPVFECNVLCRCSDH
CRNRVVQKGLQFHFQVFKTHKKGWGLRTLEFIPKGRFVCEYAGEVLGFSEVQRRIHL
QTKSDSNYIIAIREHVYNGQVMETFVDPTYIGNIGRFLNHSCEPNLLMIPVRIDSMV
PKLALFAAKDIVPEEELSYDYSGRYLNLTVSEDKERLDHGKLRKPCYCGAKSCTAFL
PFDSSLYCPVEKSNISCGNEKEPSMCGSAPSVFPSCKRLTLETMKMMLDKKQIRAIF
LFEFKMGRKAAETTRNINNAFGPGTANERTVQWWFKKFCKGDESLEDEERSGRPSEV
DNDQLRAIIEADPLTTTREVAEELNVNHSTVVRHLKQIGKVKKLDKWVPHELTENQK
NRRFEVSSSLILRNHNEPFLDRIVTCDEKWILYDNRRRSAQWLDQEEAPKHFPKPIL
HPKKVMVTIWWSAAGLIHYSFLNPGETITSEKYAQEIDEMNQKLQRLQLALVNRKGP
ILLHDNARPHVAQPTLOKLNELGYEVLPHPPYSPDLLPTNYHVFKHLNNFLQGKRFH
NQQDAENAFQEFVESQSTDFYATGINQLISRWQKCVDCNGSYFD

>gi|86757493 |gb|ABD15132.1| Nb.BsrDI [Geobacillus

stearothermophilus]
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AAL PAGNNTWORSGRAYSL TAANI PYFYI VQLGCKEI KKGKDGKSDKFATRL PNPAL
SLSFTLNTI KKPAPSLI VYDQAPEADSAI SDLYSNCYG DDFSLYLFKLI TEENNLH
ELKNI YNKNVBRLQUIRSMBEKGKNFSGKDYKY! FEHKDPYKGL TEVVKERKI PVKIRKT/US2011/058133
TATKTFENFPLRNQAPI FRLI DFLSTKSYGA VSKDSLPLTFI PSEHRVEVANY! CNQ
LYI DKVSDEFVKW YKKEDLAI Cl | NGFKPGGEDDSRPDRGLPPFTKMLTNLDI LTLM
FGPAPPTQADYLDSDPEKLNKTNGLWOSI-FAFSDAI LVDSS T-RDNNKFVYNAYL KEH- -

ABDI5S BsrDI A
133.1

ABN42 . Nt.BspD6l
182.1
(R.BspD6l
large
subunit)

ABN42 : ss.BspD6l

183.1
(R.BspDél
. small
subunit)

AAK27 R.Plel
215.1

AAK39 Miyl
546.1

123

124

125

126

127

MTEYDLHLYADSFHEGHWCCENLAKIAQSDGGKHQIDYLQGFIPRHSLIFSDLIINI
TVFGSYKSWKHLP

. KQIKDLLFWGKPDFIAYDPKNDKILFAVEETGAVPTGNQALQRCERIYGSARKQIPF

WYLLSEFGQHKDGGTRRDSIWPTIMGLKLTQLVKTPSIILHYSDINNPEDYNSGNGL

EKFLFKSLLQIIINYCTLKNPLKGMLELLSIQYENMLEFIKSQWKEQIDFLPGEEILN
. TKTKELARMYASLAIGQTVKIPEELFNWPRTDKVNFKSPQGLIKYDELCYQLEKAVG

SKKAYCLSNNAGAKPQKLESLKEWINSQKKLFDKAPKLTPPAEFNMKLDAFPVTSNN
NYYVTTSKNILYLFDYWKDLRIAIETAFPRLKGKLPTDIDEKPALIYICNSVKPGRL

¢ FGDPFTGQLSAFSTIFGKKNIDMPRIVVAYYPHQIYSQALPKNNKSNKGITLKKELT
- DFLIFHGGVVVKLNEGKAY

>gi|86757494 |gb|ABD15133.1| BsrDI A [Geobacillus

- stearothermophilus]

iMTDYRYSFELSEEIARWAFEIKTKNTDWFVAFSNPTAGPWKRVMAIDKASNREGEVH
- RFGREDERPDITLVNDNISLILILEAKEKLNQLISKSQVDKSVDVFLTLSSILKEKS

DNNYWGDRTKYINVLGILWGSEQETSQKDIDNAFRVYRDSLVKNLKEINPTPTNICT

:DILVGVESIKNKKEEISIKIHVSNIYAEIYPKFTGKHLLEKLAVLN

¢>g1|125396996 |gb|ABN42182.1| heterodimeric restriction

endonuclease R.BspD6I large subunit [Bacillus sp. D6]

MAKKVNWYVSCSPRSPEKIQPELKVLANFEGSYWKGVKGYKAQEAFAKELAALPQFL
GTTYKKEAAFSTRDRVAPMKTYGFVFVDEEGYLRITEAGKMLANNRRPKDVFLKQLV
KWQYPSFQHKGKEYPEEEWSINPLVFVLSLLKKVGGLSKLDIAMFCLTATNNNQVDE
IAEEIMQFRNEREKIKGQONKKLEFTENYFFKRFEKIYGNVGKIREGKSDSSHKSKIE

. TKMRNARDVADATTRYFRYTGLFVARGNQLVLNPEKSDLIDEIISSSKVVKNYTRVE

EFHEYYGNPSLPQFSFETKEQLLDLAHRIRDENTRLAEQLVEHFPNVKVEIQVLEDI
YNSLNKKVDVETLKDVIYHAKELQLELKKKKLQADFNDPRQLEEVIDLLEVYHEKKN

" VIEEKIKARFIANKNTVFEWLTWNGFIILGNALEYKNNFVIDEELQPVTHAAGNQPD
' MEIIYEDFIVLGEVTTSKGATQFKMESEPVTRHYLNKKKELEKQGVEKELYCLFIAP
. EINKNTFEEFMKYNIVONTRITIPLSLKQFNMLLMVQKKLIEKGRRLSSYDIKNLMVS

LYRTTIECERKYTQIKAGLEETLNNWVVDKEVRF

,>gl|125396997|gb|ABN42183 1[ heterodlmerlc restriction

endonuclease R.BspD6I small subunit [Bacillus sp. D6]

MQODILDFYEEVEKTINPPNYFEWNTYRVFKKLGSYKNLVPNFKLDDSGHPIGNAIPG
VEDILVEYEHFSILIECSLTIGEKQLDYEGDSVVRHLQEYKKKGIEAYTLFLGKSID
LSFARHIGFNKESEPVIPLTVDQFKKLVTQLKGDGEHFNPNKLKEILIKLLRSDLGY

' DQAEEWLTFIEYNLK

>gi|13448813|gb|AAK27215.1|AF355461 2 restriction

endonuclease R.PlelI [Paucimonas lemoignei]

MAKPIDSKVLFITTSPRTPEKMVPEIELLDKNFNGDVWNKDTQTAFMKILKEESFFD

- GEGKNDPAFSARDRINRAPKSLGFVILTPKLSLTDAGVELIKAKRKDDIFLRQMLKF

QLPSPYHKLSDKAALFYVKPYLEIFRLVRHFGSLTFDELMIFGLQIIDFRIFNQIVD

- KIEDFRVGKIENKGRYKTYKKERFEEELGKIYKDELFGLTEASAKTLITKKGNNMRD

YADACVRYLRATGMVNVSYQGKSLSIVQEKKEEVDFFLKNTEREPCFINDEASYVSY
LGNPNYPKLFVDDVDRIKKKLRFDFKKTNKVNALTLPELKEELENEILSRKENILKS
QISDIKNFKLYEDIQEVFEKIENDRTLSDAPLMLEWNTWRAMTMLDGGEIKANLKFD

" DFGSPMSTAIGNMPDIVCEYDDFQLSVEVTMASGQKQYEMEGEPVSRHLGKLKKSSE

KPVYCLFIAPKINPSSVAHFFMSHKVDIEYYGGKSLIIPLELSVFRKMIEDTFKASY
IPKSDNVHKLFKNFASTIADEAGNEKVWYEGVKRTAMNWLSLS

>gi|13786046 |gb|AAK39546.1|AF355462 2 M1lyIR [Micrococcus
S lylael
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" WWQREKKESNTPI SYFPKSVGEHDVDTSLHI LFTYlI GKHFESACNPPGGDWSGVSL

LKNNI EYRWTSMYRVSQDGTKRPDHI YQLVYNSTDTLLLI ESKG KNDLLKSKEANV

G GM NYL KMONARDFFAYKKDGEWKNI HGQMITL DKFL TFSAVAYLFTTDFDNEYPET/US2011/058133
AAELLVHSNTQLAFALEI KEKNSVIVH FTANTVAYNFAEYLLETMRNSHLPLKI YKP ADR72 Bsrl 130
>gi | 3136671001gbl ADR72996. 11Bsr | [ Geobaci | l us 996. 1 st ear ot her rmphl I us]
MRNI Rl YSEVKEQG FFKEVI QSVL EKANVEVVLVNSAM. DYSDVSWA-SE| -RNQKKF- -

' MASLSKTKHLFGFTSPRTIEKIIPELDILSQQFSGKVWGENQINFFDAIFNSDFYEG
,TTYPQDPALAARDRITRAPKALGFIQLKPVIQLTKAGNQLVNQKRLPELFTKQLLKF
" QLPSPYHTQSPTVNFNVRPYLELLRLINELGSISKTEIALFFLQLVNYNKFDEIKNK
" ILKFRETRKNNRSVSWKTYVSQEFEKQISIIFADEVTAKNFRTRESSDESFKKFVKT

KEGNMKDYADAFFRYIRGTQLVTIDKNLHLKISSLKQDSVDFLLKNTDRNALNLSLM

EYENYLFDPDQLIVLEDNSGLINSKIKQLDDSINVESLKIDDAKDLLNDLEIQRKAK
. TIEDTVNHLKLRSDIEDILDVFAKIKKRDVPDVPLFLEWNIWRAFAALNHTQAIEGN

FIVDLDGMPLNTAPGKKPDIEINYGSFSCIVEVTMSSGETQFNMEGSSVPRHYGDLV

RKVDHDAYCIFIAPKVAPGTKAHFFNLNRLSTKHYGGKTKIIPMSLDDFICFLQVGI
. THNFQDINKLKNWLDNLINFNLESEDEETWFEEI ISKISTWAT

YP_004  Alwl 128 >9i|319768594 |ref|YP_004134094.1] restriction

134094. ‘endonuclease, type II, AlwIl [Geobacillus sp. Y412MC52)

1
! MNKKNTRKVWF I TRPERDPRFHQEALLALQKATDDFRLKWAGNREVHKRYEEELANM
{ GIKRNNVSHDGSGGRTWMAMLKTFSYCYVDDDGY IRLTKVGEKLIQGEKVYENTRKQ
VLTLQYPNAYFLEPGFRPKFDEGFRIRPVLFLIKLANDERLDFYVTKEEITYFAMTA
QKDSQLDEIVHKILAFRKAGPREREEMKQDIAAKFDHRERSDKGARDFYEAHSDVAH
. TFMLISDYTGLVEYIRGKALKGDSSKINEIKQEIAEIEKRYPFNTRYMISLERMAEN
" SGLDVDSYKASRYGNIKPAANSSKLRAKAERILAQFPSIESMSKEEIAGALQKYLSP

RDIEKVIHEIVENKDDFEGINSDFVETYLNEKDNLAFEDKTGQIFSALGFDVAMRPK

| AKNGERTEIEIIARYGGSKFGIIDAKNYAGKFPLSSSLVSHMASEYIPNYTGYEGKE

' LTFFGYVTANDFSGERNLEKISDKAKRITGNPISGFLVTARTLLGFLDYCIENDVPL

| EDRAELFVKAVKNKGYKSLEALLRELKETI

AAY97 Mval2691 129  >9i|68480350|gb|AAY97906.1] Mval269I restriction
906.1 endonuclease [Kocuria varians]

MYLNTAVFNIYGDNIVECSRAFHYILEGFKLANISITQEYDLONITTPKFCIYTDKF
RYIFIFIPGTSASRWNKDIYKELVLNNGGPLKEGADAIITRIFSEDSELVLASMEFS
AALPAGNNTWQRSGRAYSLTAANIPYFYIVQLGGKEIKKGKDGKSDKFATRLPNPAL
SLSFTLNTIKKPAPSLIVYDQAPEADSAISDLYSNCYGIDDFSLYLFKLITEENNLH
, ELKNIYNKNVEFLQLRSVDEKGKNFSGKDYKYIFEHKDPYKGLTEVVKERKIPWKKK
- TATKTFENFPLRNQAPIFRLIDFLSTKSYGIVSKDSLPLTFIPSEHRVEVANYICNQ
. LYIDKVSDEFVKWIYKKEDLAICIINGFKPGGDDSRPDRGLPPFTKMLTNLDILTLM
¢ FGPAPPTQWDYLDSDPEKLNKTNGLWQSIFAFSDAILVDSSTRDNNKFVYNAYLKEH
- WWVQREKKESNTPISYFPKSVGEHDVDTSLHILFTYIGKHFESACNPPGGDWSGVSL
LKNNIEYRWTSMYRVSQDGTKRPDHIYQLVYNSTDTLLLIESKGIKNDLLKSKEANV
. GIGMINYLKNLMARDYTAVKKDGEWKNIHGQMTLDKFLTFSAVAYLFTTDFDNEYTS
* AAELLVHSNTQLAFALEIKEKNSVMHIFTANTVAYNFAEYLLETMRNSHLPLKIYKP
I

ADR72  Bsrl 130 >91]313667100|gb|ADR72996.1| BsrI [Geobacillus
996.1 stearothermophilus]

| MRNIRIYSEVKEQGIFFKEVIQSVLEKANVEVVLVNSAMLDYSDVSVISLIRNQKKF
; DLLVSEVRDKREIPIVMVEFSTAVTTDDHELQRADAMFWAYKYKIPYLKISPMEKKS
- QTADDKFGGGRLLSVNDQIIHMYRTDGVMYHIEWESMDNSAYVKNAELYPSCPDCAP
ELASLFRCLLETIEKCENIEDYYRILLDKLGKQKVAVKWGNFREEKTLEQWKHEKFD
, LLERFSKSSSRMEYDKDKKELKIKVNRYGHAMDPERGILAFWKLVLGDEWKIVAEFQ
LORKTLKGRQSYQSLFDEVSQEEKLMNIASEIIKNGNVISPDKAIETIHKLATSSTMI
STIDLGTPERKYITDDSLKGYLQHGLITNIYKNLLYYVDEIRFTDLQRKTIASLTWN
KEIVNDYYKSLMDQLLDKNLRVLPLTSIKNISEDLITWSSKEILINLGYKILAASYP
' EAQGDRCILVGPTGKKTERKFIDLIATSPKSKGVILLECKDKLSKSKDDCEKMNDLL
NHNYDKVTKLINVLNINNYNYNNIIYTGVAGLIGRKNVDNLPVDFVIKFKYDAKNLK
LNWEINSDILGKHSGSFSMEDVAVVRKRS

AAL86 Bsml 131 >91]19347662|gb|AAL86024.1| BsmI [Geobacillus
024.1 stearothermophilus]

MNVFRIHGDNIIECERVIDLILSKINPQKVKRGFISLSCPFIEIIFKEGHDYFHWRF
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DLLVSEVRDKREI PI VMWEFSTAVT TDDHEL QRADAMFWAYKYKI PYLKI SPMEKKS
QTADDKFGGGRLLSVNDQ | HMYRTDGVMYHI EVVESVDNSAYVKNAEL YPSCPDCAP
ELASLFRCIWG EhBHGENB EDYYRI L L DKL GKQKVAVKWENFREEKT L EQWKHEKIPDT/US2011/058133
, LLERFSKSSSRMEYDKDKKELKI KVNRYGHAMDPERG LAFVKL VL GDEVKI VAEFQ

" LORKTLKCGRQSYQSLFDEVSQEEKLMNI ASEI | KNGNVI SPDKAI EI HKLATSSTM

1STI DLGTPERKY{--TDDSLKGYL:
KEI VNDYYKSL I\/DQ_ L DKNL RVL PLT PW@WPWEW%PWWFE&AWWGKEEILMAIEFCSAL

ADI242 - Nb.BtsCl

251

ADI242 Nt.BtsCl

24.1

ABC75
874.1

ABC75
876.1

R1.Btsl

R2.Btsl

oo

132

133

134

135

- TFNF-YRNE-YYADEL-RFFBE-ORKTFH-ASLTWN - e

QAGNQAWQRSGRAYSVGRTGYPYIYIVDFVKYELNNSDRSRKNLRFPNPAIPYSYIS
HSKNTGNFIVQAYFRGEEYQPKYDKKLKFFDETIFAEDDIADYIIAKLQHRDTSNIE

!QLLINKNLKMVEFLSKNTKNDNNFTYSEWESIYNGTYRITNLPSLGRFKFRKKIAEK
" SLSGKVKEFNNIVQRYSVGLASSDLPFGVIRKESRNDFINDVCKLYNINDMKIIKEL
| KEDADLIVCMLKGFKPRGDDNRPDRGALPLVAMLAGENAQIFTFIYGPLIKGAINLI

DQDINKLAKRNGLWKSFVSLSDFIVLDCPIIGESYNEFRLIINKNNKESILRKTSKQ

. ONILVDPTPNHYQENDVDTVIYSIFKYIVPNCFSGMCNPPGGDWSGLSIIRNGHEFR

WLSLPRVSENGKRPDHVIQILDLFEKPLLLSIESKEKPNDLEPKIGVQLIKYIEYLF
DFTPSVQRKIAGGNWEFGNKSLVPNDFILLSAGAFIDYDNLTENDYEKIFEVTGCDL
LIATIKNQNNPQKWVIKFKPKNTIAEKLVNYIKLNFKSNIFDTGFFHIEG

§>gl|29718587o|gb|AD124225 1| BtsCI bottom strand nlcklng

enzyme variant [synthetic construct]

MKRILYLLTEERPKINITHQIINLEYKATLHFGAKIVPVMNEENKFTFIYHVKGIEV

EGFDAVLIKIVSGHSSFVDYLVFDSNDLKPEKNTITLFDLDQYELDLSYYFGKGWIV
RIPSPSDLPKYVVEETKTDDHESRNTNAYQRSSKFVFCELYYGKEVKKYMLYDISDG
RTLSGTDTHNFGMRMLVTNNVNLVGVPNMYLPFTDIKEFINEKNRIADNGPSHNVPI

. RLKLDKEKNVIYISAKLDKGNGKNKNKISNDPNIGAVAIISATLRNLNWKGDIEIIN
{ HNLLPSSISSRSNGNKLLYIMKKLGVRFNNINVNWNNIKNNINYFFYNITSEKIVSI
. YYHLYVEDKLSNARVIFDNHAGCGKSYFRTLNNKIIPVGKEIPLPALVIFDSDQNIV
. KVIAAAKAENVYNGVEQLSTFDKFIESYINKYYPGAAVECSVITWGKSSNPYVSFYL

DKDGSAVFL

>gl|297185868|gb|ADI24224 1| BtsCI top strand nlcklng

enzyme variant [synthetic construct]

zMKRILYLLTEERPKINIIHQIINLEYKATLHFGAKIVPVMNEENKFTFIYHVKGIEV

EGFDAVLIKIVSGHSSFVDYLVFDSNDLKPEKNTITLFDLDQYELDLSYYFGKGWIV
RIPSPSDLPKYVVFETKTDDHESRNTNAYQRSSKFVFCELYYGKEVKKYMLYDISDG
RTLSGTDTHNFGMRMLVTNNVNLVGVPNMYLPFTDIKEFINEKNRIADNGPSHNVPI
RLKLDKEKNVIYISAKLDKGNGKNKNKISNDPNIGAVAIISATLRNLNWKGDIEIIN

 HNLLPSSISSRSNGNKLLYIMKKLGVRFNNINVNWNNIKNNINYFFYNITSEKIVSI

YYHLYVEDKLSNARVIFDNHAGCGKSYFRTLNNKIIPVGKEIPLPDLVIFDSDQNIV
KVIEAEKAENVYNGVEQLSTFDKFIESYINKYYPGAAVECSVITWGKSSNPYVSFYL

| DKDGSAVFL

' >gi|85720924|gb|ABC75874.1| R1.Btsl [Geobacillus
. thermoglucosidasius]

i MKITEGIVHVAMRHFLKSNGWKLIAGQYPGGSDDELTALNIVDPVVARDNS PDPRRH

SLGKIVPDLIAYKNDDLLVIEAKPKYSQDDRDKLLYLLSERKHDFYAALEKFATERN

: HPELLPVSKLNIIPGLAFSASENKFKKDPGFVYIRVSGIFEAFMEGYDWG

i >g1|85720924 |gb|ABC75874.1| R1.BtsI [Geobacillus
- thermoglucosidasius]

jMKITEGIVHVAMRHFLKSNGWKLIAGQYPGGSDDELTALNIVDPVVARDNSPDPRRH

SLGKIVPDLIAYKNDDLLVIEAKPKYSQDDRDKLLYLLSERKHDFYAALEKFATERN
HPELLPVSKLNIIPGLAFSASENKFKKDPGFVYIRVSGIFEAFMEGYDWG

1 >9i|85720926 |gb|ABC75876.1| R2.BtsI [Geobacillus
" thermoglucosidasius]

MQIEQLMKSLTIYFDDIQEGLWFKNLHPLLESASLEAITGSLKRNPNLADVLKYDRP
DIILTLNQTPILVIERTIEVPSGHNVGQRYGRLAAASEAGVPLVYFGPYAARKHGGA
TEGPRYMNLRLFYALDVMQKVNGSAITTINWPVDONFEILQDPSKDKRMKEYLEMFF
DNLLKYGIAGINLAIRNSSFQAEQLAEREKFVETMITNPEQYDVPPDSVQILNAERF

FNELGISENKRIICDEVVLYQVGMTYVRSDPYTGMALLYKYLYILGSERNRCLILKF
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EAQGDRC! LVGPTGKKTERKFI DLI Al SPKSKGVI LLECKDKL SKSKDDCEKMNDL L

NHNYDKVTKLI NVLNI NNYNYNNI | YTGVAGLI GRKNVDNL PVDFVI KFKYDAKNLK

LNVEI NSDI WOKERGBBSSNEDVAVWRKRS AAL, 86 Bsm 131 PCT/US2011/058133
>0i 1193476621gbl AAL86024. 11Bsni [ Geobaci |l | us 024. 1 st ear ot her nophi | us]
MNVFRI HGDNI | ECERVI DLI LSKI NPQKVKRGFI SLSCPFI El | FKEGHDYFHWRF 51 VIO

2012/ 058458PCT/ US2011/ 058133 :
DIVFPGFNKNTNDRWASNI LDLLsm%?ﬁ??ﬁﬁﬁ%f%ﬁﬁﬁﬂ@%ﬁﬁ%%&@é@éﬁﬁm
QAGNQAWORSGRAYSVGRTGYPY!. Y1 VDEVKYEL NNSDRSRKNLRFPNPAI PYSYIL S. .

HSKNT GNRAV@AYEREEEY QPKYRIKKL KEFBET? SARDDMADYsE AKLMRDESMnEC lease subunit 1
QLLI NKNERNVERPSKNT KNDNNFTY SERRESIPYRGTYRPTNE BSL GRFKFRKKI AEK |
SLSGKVKEFNNI VQRYSVGLASSDL PR WO Q %XJ}JEM Eﬁékymmcmmmw
KEDADL | VCM. KGFKPRGDDNRPDRGAL:RZk WA KEAEL Nek vrrvavaTvkacLkpIr
DQDI NKLAKRNGLVKSFVSL SDFI VLD@RNT@MFMQHNKNWE&FEMT@K@SSHRVISLAVACEVKTN
QNI LVDPTPNHYQENDVDTVI YSI FKY PR S A IS A L SF § TRAR SRS SCLIDETYVLRKQURT
WL SLPRVSENGKRPDHVI Q LDLFEKPE‘LRL%AE%REY@RBLEBKF%\?&WR‘WEW&GGK”RV
DFTPSVQRKI AGGNVWEFGNKSL VPNDFI LLSAGAFI DYDNL TENDYEKI FEVTGCDL

LI Al KNWWQ{FKPKNTHAEKLWWQNPKWIWT@EFHI|E@vc1 endonuclease subunit 2

subunit 2 [Brevibacillus brevis]

MFNQFNPLVYTHGGKLERKSKKDKTASKVFEEFGVMEAYNCWKEASLCIQQRDKDSV
LKLVAALNTYKDAVEPIFDSRLNSAQEVLQPSILEEFFEYLFSRIDSIVGVNIPIRH
PAKGYLSLSFNPHNIETLIQSPEYTVRAKDHDFIIGGSAKLTIQGHGGEGETTNIVV
PAVAIECKRYLERNMLDECAGTAERLKRATPYCLYFVVAEYLKLDDGAPELTEIDEI
YILRHQRNSERNKPGFKPNPIDGELIWDLYQEVMNHLGKIWWDPNSALQRGKVFNRP

CAA74  Bpul0Ol alpha 138 >gi|2894388|emb|CAAT74998.1| BpulOl restriction

998.1 subunit endonuclease alpha subunit [Bacillus pumilus]
- MGVEQEWIKNITDMYQSPELIPSHASNLLHQLKREKRNEKLKKALEIITPNYISYIS
« ILLNNHNMTRKEIVILVDALNEYMNTLRHPSVKSVFSHQADFYSSVLPEFFNLLFRN
LIKGLNEKIKVNSQKDIIIDCIFDPYNEGRVVFKKKRVDVAIILKNKFVFNNVEISD

FAIPLVAIEIKTNLDKNMLSGIEQSVDSLKETFPLCLYYCITELADFAIEKQNYAST
HIDEVFILRKQKRGPVRRGTPLEVVHADLILEVVEQVGEHLSKFKDPIKTLKARMTE

| GYLIKGKGK
CAA74  BpulOl beta 139 >gl|2894389|emb1CAA74999 1| BpulOI restriction
999.1 subunit . . endonuclease beta subunit [Bacillus pumilus]

 MTQIDLSNTKHGSILFEKQKNVKEKYLQQAYKHYLYFRRSIDGLEITNDEAIFKLTQ

;AANNYRDNVLYLFESRPNSGQEAFRYTILEEFFYHLFKDLVKKKFNQEPSSIVMGKA
NSYVSLSFSPESFLGLYENPIPYIHTKDQDFVLGCAVDLKISPKNELNKENETEIVV
PVIAIECKTYIERNMLDSCAATASRLKAAMPYCLYIVASEYMKMDQAYPELTDIDEV
FILCKASVGERTALKKKGLPPHKLDENLMVELFHMVERHLNRVWWSPNEALSRGRVI
GRP

ABM69 Bmrl 140 >9i|123187377|gb|ABM69266.1| BmrI [Bacillus megaterium]
266.1
MNYFSLHPNVYATGRPKGLINMLESVWISNQKPGDGTMYLISGFANYNGGIRFYETF
TEHINHGGKVIAILGGSTSQRLSSKQVVAELVSRGVDVYIINRKRLLHAKLYGSSSN
! SGESLVVSSGNFTGPGMSQNVEASLLLDNNTTSSMGFSWNGMVNSMLDQKWQTHNLS
. NSNPTSPSWNLLYDERTTNLTLDDTQKVTLILTLGHADTARIQAAPKSKAGEGSQYF
" WLSKDSYDFFPPLTIRNKRGTKATYSCLINMNYLDIKYIDSECRVTFEAENNFDFRL
¢« GTGKLRYTNVAASDDIAAITRVGDSDYELRIIKKGSSNYDALDSAAVNFIGNRGKRY
GYIPNDEFGRIIGAKF

CACI12 Bfil 141 >gi|10798463 |emb|CAC12783.1| restriction endonuclease
783.1 : :BfiI [(Bacillus firmus]
« MNFFSLHPNVYATGRPKGLIGMLENVWVSNHTPGEGTLYLISGFSNYNGGVRFYETF
. TEHINQGGRVIAILGGSTSQRLSSRQVVEELLNRGVEVHI INRKRILHAKLYGTSNN
{ LGESLVVSSGNFTGPGMSQNIEASLLLDNNTTQSMGFSWNDMISEMLNQNWH IHNMT
NATDASPGWNLLYDERTTNLTLDETERVTLIVTLGHADTARIQAAPGTTAGQGTQYF

WLSKDSYDFFPPLTIRNRRGTKATYSSLINMNYIDINYTDTQCRVTFEAENNFDFRL
. GTGKLRYTGVAKSNDIAAITRVGDSDYELRIIKQGTPEHSQLDPYAVSFIGNRGKRF
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AD1242 Nb. Bt sCl 132>gi | 2971858701gbl ADI 24225. 11 Bt sCl bottom strand ni cki ng
25. lenzynme variant [synthetic construct]
MKRI LYLL NBRPKIINB45BIQ | NLEYKATLHFGAKI VPVMNEENKFTFI YHVKG BUT/US2011/058133
EG-DAVLI Kl VSGHSSFVDYLVFDSNDLKPEKNTI TLFDLDQYELDLSYYFGKGW V
RI PSPSDL PKYVVEETKTDDHESRNTNAYQRSSKFVFCEL YYCKEVKKYM.YDI SDG
RTLSGTDTHNFGVRMLVTNNVNLVGVPNMYL PETDI KEFIF NEKNREADNGPSHNVPI -
RLKLDKEKNVI Yl SAKL DKGNGKNKNKF SNEBPRIFEAVAI'I SATLRNLNVWKGDI EI | N
HNLLPSSI SSRSNGNKLLY! MKKLGVRFENNI-NVNWANI KNNIE NYEEYNI TSEKI- VSI
YYHLYVERRUSNARM FDNHAGIEKSYFRT! B MK 4 4P¥GKEJQPL RAEAGI BOBOREYame :
KVI AAAKAENVYNGY QBE FDKF| Esﬂﬁwas COVE TWEKSSNPYR/SEYIS :* DKDGSAVFL AD1242
Nt Bt sCl 133 '?GAiE 1858681 gbl ADI 9457571 BE ST T6p- st rand ni cki ng
24 1' enzyme variant [synt hewsmeO@asStenst fvRKYKGQUVAVDTYCWLHKGAIACAEKLAKGEPTDRYVG
" MKRI LYLLTEERPKI NI' | HQ | NLEYKNFEHFVGAWFW‘VI\NEENKW@WW@WLLKGKQLLREGKVSE
EGFDAVLI KI VSGHSSFVDYLVFDSN fﬁgg{] Q% %@Wﬁ?g@;gmggggggggg
RI PSPSDL PKYVWFETKTDDHESRNT BDY TNGF IRANNTELYG
RTLSGT DTHNFGVRI\/LV’I’NI\IVNLVGVPNMISlEB&’Eﬁlph{ﬁﬁbbdﬁlﬁmt%@ﬁbﬂw&IALGNKDINTFEQIDDYN
RLKLDKEKNVI Yl SAKL DKG\IG(NKNKIPSNIYDF?NIS@MWDKmlF@M%W HEPEIYTVSDAPQLKENPSTVGY
HNLLPSSI SSRSNGNKLLYI M(KLG\/RE E W RN*;RWFWP%@P@ T%ﬁg:igggim"s
YYHL YVEDKL SNARVI FDNHAGOGKSY aﬁ% BRI L SRE N oaannr it oG
KVI EAEKAENVYNGVEQL STFDKFI ES ¥ NKMRPELAAMEESWE IMEIS SMRY M SEM s wEEDEsSAMIPk psps
>gi 1857209241 gbl ABC75874. 11 TRIQQBiRg$DSPTEROBATSIVE UK SERSSPIFOEHLECRIS $ ThaSHSUBHSL
MKI TEG VHVAMRHFLKSNGAKL I AGQ! SRS RE AR R RPRES PRSI SHF SKKDTPLRNKVEGL
SLGKI VPDLI AYKNDDLLVI EAKPKYSELIEIRLL YL L SERREDIYAALERE R BRI (o r 00 et
HPELLPVSKLNI | PGLAFSASENKFKKDPGFVYI RVSA FEAFI\/EGYDV\G ABC75
R e e T
874.1't g asi ’ o
" MKI TEGI VHVAVRLKSINGKL | AGRYRCESEER T ACNIEVES VARSI SRR
, SLGKI VPDLI ASENDDLL VI EAKPKYWY&&SBRKHDEXAALFEKEAT&RM DHS1
I HPELLPVSKLNI | PGLAFSASENKFKKDPGFVYI RVvSE FEAFMEGYDWG ABC75 Bt s1135

, >gi 1857209261gbl ABC75876. 1 v ?%@%E&%&E&% 4si us]
MQ EQUNKSLTI YFDDI QE&WKNLHEL&S%@E%& Qm§§§‘§§§?§‘§§§“
DI I LTLNQTPI LVI ERTI EVPSGHNVGRRYAGRICABASIEAGKIRE MY EGIRY AARIKIASSA L TNEE T ITMY CLSGCDY
TEGPRYMNL RLFYAL DVVCKVNGSAI T T NP DOl E DR SRDKRMKEY LBV INEYEARVLAFQFQRY
DNLLKYG AG NLAI RNSSFQAEQ.AE%%%% “E%E R A ggmlgﬁg?gg;gggg
FNELG SENKRI | CDEVVLYQVGMTYV! % KEFNKPSITUY
2012/ 058458PCT/ US2011/ 05813 8nexRidvs TDMMK\AE GERERKIMR RSSOk birAXSYLSKEEL
AAX 14 Bb\éCI 136>?| 602825zPV$DI BRI 65 VORGP IS TSRS Tesrses SRbuni
1 652. 1subunit 1[ Brevi baci
M NEDFFI YEQ.SHKKNLEQ<G<NAFDE§E§S FIPEG RRDEVT R B K RO IETTRSSOA
, LNSSVAALEDY! S| AKEI EKKHKMFNVWRSDYAGS! | PEFLYRI VHVATVKAGLKPI F
' STRNTI | E| SGAAHREGL Q' RRKNEDFA GFHEVDVEE ESHRVI SLAVACEVKTN o
| DKNKLNGLDFSAERVRRTYPGSAYFL 2§ ﬁ'\é}y RERSSEEP DRI VWERIRERART T [Bscherichia
KNRVQKAPL CPSVFAELLEDI LE | SYRASNVK DRLEGGKLI RV AAX 14

BbvCl 137>gi 16020252119b| AAXEMGEB081FLBINKET FCENFIOPRP6 2 ST DSUIVITE PEVEYCKPADDY
653 1SUbun| t2[ Br EVI baC| | | us LB}P@ML% GITPQEARAKGENEAAFAARIHSLFTVPKTCILGYNNVRFDDEVTRN

MENQENPL VY THGGKL ERKSKKDKTASKVEEEER ﬁf@g RNKHKLMAL T DY BOMKD
LKLVAALNTYKDAVEPI FDSRLNSAQEM:EPSIrbAR EEIEW@E@RJH%JR s pLLELDSDTLRERLY T

PAKGYLSLSFNPHNI ETLI QSPEYTVRAKDHENhA GBS AKINKE )GGBGEGEFIANR M/ NRQHCLDNLKILRENPQ
PAVAI ECKRYL ERNM. DECAGT AERL KRATPYCEAEYRFAEY N KM DDOSPE DA B L VLETEPRNLPALDI TV
YI L RHQRNSERNKPGFKPNPI DGEL %ﬁﬁWFWMWWL VB3890
al phal38>gi | 28943881enbl CAA74998. 11 Bpu restriction
998Asubun|tendonuclease al pha subunit [Bacil |l us pum |us]

MGVEQEWRRAY ﬂjﬁ PELI PSHASNE: R@kﬁ@é%ﬁ%@&ﬁ@éﬁ@% Name f‘“u11=Three
| LLNNHNMTRKE] %%DALNEYM\H’L BrYES Fff;?ll 2

LI KGLNEKI KVNSQKDI | | DCl FDPYNEGRWEKKKRVDVAI | LKNKFVFNNVEI SD

FAI PLVAI EI KTNLDKNM.SG EQSVDSERETPEON FYOPCPER ADFAL GG ASEN LTS EAPRAETE VFLD

| Hl DEVFI LW@R@VWPLMH%%WE@Wﬁ@%&% 32@%%5%74
BpulOl bet al39>gi 128943891e res ion




999. 1subuni t endonucl ease beta subunit [Bacillus pum | us]

MIQ DLSNTKEGSI LFEKQKNVKEKYL QQAYKHYL YFRRSI DGLEI TNDEAI FKLTQ

AANNYRDNW BL2F EBRPNSGQEAFRYT! L EEFFYHL FKDL VKKKFNQEPSSI VMGRAT/US2011/058133

NSYVSLSFSPESFLGLYENPI PYI HTKDQDFVL GCAVDLKI SPKNELNKENETEI W

PVI Al ECKTYI ERNM.DSCAATASRLKAAVPYCLY! VASEYNKVDQAYPEL TDI DEV

Fl LCKASVGERTAL KKKGL PPHKL DENLE MVEL FHWERHL NRVWASPNEAL-SRGRVI- -GRP- - ABMBY-

Brnr 1140>gi 11231873771gbl %@%ﬁ%ﬁqwm LPPg@tE“g@%“EfS |

MNYFSLHPNVYATGRPKGLI NMLES

TEHI NHGGKVI Al LGGSTSQQLSSKQVVAELVSRGVDVYI | NRKRLLHAKLYGSSSN

SGESL WSSERF PGV QNVEASS L L PNNT TS SMGFSVRIGRRAN SIEII\ﬁ_eSNam‘? Full=Three

i \ | SNPTSPSWNLTRYDERTTNL TLDDTERVT LR GER Aﬁﬁ QAA RAGEGSQYE '

W.SKDSYDFFPPLTI RNKRGTKATYSCLT NMNYLDI KYi DSECR\/TFEAENNFDFRL

GTGKLRYTNVAASDDI AAI TRVGDSDY BRI HEBS SNY DAE DSAPSEREE EHNRGKR YR GY ERNDERBRPY GAKF

CACI2 BI1 1 189 1ALt 1107 AT T L e TR Bl00at Ghoe

R
RPKSPPPEKVPEAPSQE

TEHI NQGGRVI Al LGGSTSQRL SSRQVMEEELINRGVEM st MRIGRR4AAKL YGTSNN

LGESLVWSSGNFTGPGVBQNI EASLLLDNNTTQSMGFSVADM SEMLNQNWHI HNMT

NATDASPGYNL L YRERT TNL TL DR ERVL L MELGEHART AR QAAPRET AR Q@ vane - rul1-Three

WL SKDSYB¥rFPPLTRERNRRGT KA YSSbHNA/N\ébaDIr FEARNNRDRRL 13 -5

GTGKLRYTGVAKSNDI AAl TRVGDSDYEL@MM%TPEHSQADFWMSFH@NR@KRFII GYl SNEEFGRI | GVTF

QQUQB hExof 4.2 (EXOLHU MA >
fectre. Ful | ~Exonuct eaze LSSERIEIE %ﬁ%@iﬁ@&m&% S PN AL T
Short =hExol ' M3 QGLLQFI KEASER

FCVKFVNVLLSHGE KPI LVFDGCT L PSKKEVER FRRCAN &5 iLRE@(VSETALKALERASSPSEHGP
ARECFTRSI NI THAMAHKVI KAARSQ 'y,'i ﬂ;“‘ "_’i SADA " iy ; %‘ngi};gziﬁigigéi
SDLLAFGCKKVI LKVDQFGNGL El DQARLIV R 6L 5 ]

SLRG GLAKACKVLRLANNPDI VKVI KKI GHYLKM\II TVPEDYI NGFI RANNTFLYQ

LVFDPI KRKLI PLNAYEDDVDPETL SYAG DDSI ALQ ALGNKDI NTFE DDYN :
PDTAVPARSRSH TOKSARYSSE A Pr%nbgg BBL fane: fulisthree
ERVI STKGLNLP VKRPRSAEL S 19 %SI;@&]’KKTKKNSSEG\IKSLSFS
EVFVPDLVNGPTNKKSVSTPPRTRNKFATFL QRKNEESGAVVWPGT RSRFFCSSDST

DCVSNKVSI QPLDETAVTDKENNLHES ERRENDTTOVARINS SR PR PER YALEGLSAPQGPS PTA

DA POKATVETDEESYSFESSKETRT & é%a%ms@f%ms@ A N
TAL QQFRRKSDSPT SL PENNVEDVSQL Kol e bR bRl A OSn S dobsir pra L LRWDAHAKPFST
QSSNASKL SQCSSKDSDSEESDCNI KL k%@@@@&tﬂﬁh@lﬂ%ﬁmﬁwmasPKPAPSPKMCPGAPPG ;
YKSSSADSL STTKI KPLGPARASGL SKWWWNWNW@E@P%L NELWKNF

GFKKDSEKL PPCKKPLSPVRDNI QL TPEAEEDI FNKPECGRVQRAI FQ - P39875 Yeast

Exol 143xgiidi1 ®A6¥kak1Sp1RIG8754i2 d&=X01s 7 YA ReeNaMBrex1 protein [Rattus

. 2Ful | =E%adeoxyr i bonucl easendrvefictNanme: ( EXOLYEAFul | =Exodeoxyr i bonucl ease

I ; Short=EXO I; ST) Short :aﬁﬁéﬁéﬁ%é%ﬁ A]@Eﬁ{%l | =Pr Ot}?ALQngnleSE%Qpppv
M3 QGELLPQLKPI QNPVSLRRYEGEVL S QRFNDNLATLLQVFLQR

FFI KRFSLLKTFKVEPYLVFDGDAI PVK#S G SKiRRDKRIKE NKAT KKNs1AALKTLEQASS PSEH
AMDYFQKCVDI TPEMAKCI | CYCKLNGERYF WWWSMSEWDWSII SERPQALLOWVDKHARPFST
SDLLVFGCRRLI TKLNDYGECLEI CRDNEMKEBPRIKEPLS LR ANCE SSEC 5 CKRPTSPPPENVPEARS

TNG PKVGLI TAMKLVRRFNTI ER! | L%TGQHE’&LW%WVNWWWAFQ:@V

FCPI RKKI VSLNEI PLYLKDTESKRKRLYAC! GFVI HRETQKKQ VHFDDDI DHHLH - -

LKI AQGDANPSDREH@PL. ANREHKE QL ASKSRR G TNTANISEXIK\VAPPES @ [Homo sapiens)
KL DHNPKVANNI ISRRQAEDKL TMAI K %ﬂé% %ﬁgﬁggﬁgggggﬁg;
ENFKEKGDS| QDFKEDTNSQSLEEPVS b SSDPATROMLIGTVLHE
VSDI EEDRKNSEGKT! GNEI YNTDDDGD@BISEWSEMESRWBS&H&EB@SS@EIKQEVEDYLPSFCKWA
S| SGCTKVLQ(FRYSSSFSGVNANRQDEIPTPRFW SRCIMPTY ‘ PYGKEES IWS PRFGLKGKIDY
NQ TQRPSLRKSLI GARSQRI VI Dvisg}I R%Eﬁ\ ' @g%g LgigERRAgPEAGLL;Y
RPAVRSI SLLSQFVYKGK 13A. 14380k, g@ﬂgh s BRI A ab 11
exonucl ease | [Escherichi a 0&oixoykinuDkih}MPASEMEKSGSCIGNLIRMEHVKIVCDGQYLENFQCKHGA
MVNDGKQQSTFL FHDYETFGTHPAL PRy DSEFNYL CEREY Y CRFADIDYLORNLSVLPESTLERLD
LPQPGAVLI TG TPQEARAKGENEAAE/%%M @%@Wiggggggggﬁgx
| FYRNFYDPYAWSWQHDNSRVDL LDV H TAPRQUREEEYS
ANGI EHSNAHDANVADVYAT! AMAKL VKTRQPRLFDYL EEHRNKHKL VAL | DVPQVKP

L VHVSGVFGAVRGNT SVWAPL AWHPENRNAVI MVDLAGDI SPLLELDSDTLRERLYT

AKTDL GDNAAVPVKL VHI NKCPVLAQANTLRPEDADRL G| NRQHCLDNLKI LRENPQ

VREKVVAI FAEAEPFTPSDNVDAQL YNGFFSDADRAANKI VLETEPRNLPALDI TFV

DKRI EKLLFNYRARNFPGTL DYAEQQRW. EHRRQVFTPEFL QGYADEL QVL VQUAD
DKEKVALLKALWQYAEEI V Q0BG Hunan145>5i | 476062061spl QOBQE0. 11 TREX2. HUVAN
RecNane: Ful | =Three




ft1 TREX2prime repair exonucl ease 2; AltNane: Full=3"-5" 'exonucl ease TREX2
, MGRAGSPL PRSSWPRVDDCGSRSRCSPTL CSSLRTCYPRGNI TMSEAPRAETFVFLD
LEATGLPSWEBED 2AISSISB AVHRSSL ENPEHDESGAL VL PRVL DKL TL CMCPERPIETT/US2011/058133
AKASEI TALSSEG.ARCRKAG-DGAVWRTLQAFL SRQAGPI CLVAHNGFDYDFPLLC
AEL RRLGARL PRDTVCLDTL PAL RG. DRAHSHGT RARGRQGYSL GSL FHRYFRAEPS
AAHSAEGDVHTLLLI FLHRAAEL L AWADE RG\/\AHI EPM{L PPDDPSLEA - 1XB
Mousel46>gi 1476061961spl Qo1 %{ ; ML&G gggg{m
0. 2TREXI pri me repair exonucheas @miun shiNaRBinHT - exonuc easeE$hEX1
MGSQTLPHGHMOTLI FLDLEATGLPSSRPEVTEL CL LAVHRRAL ENTSI S(XSHPPPV :
PRPPRVVPRESL Cleas YAACSPCASE] 'S%AE%_' IER/BH F@E Full=DNA
QPQPCCL AHNW QTELARL VEha ﬁ RKKKYAFAPINNLNGK
GSRKSYSLGSI YVDAPTDSFWAE@VI;&EE&IS&S W%R'I@M 61k SQUKPKREMSNLSREHD
VKPMYGTPATTGT TNL RPHAATATTPLEMN@F@M@?@RR@K@P@QE QNPSSTPIVPNRLKTVL
GLLAPLSLLTLLTLAI ATLYGL FLASP VRPKPAEISTRESLRNIDDILDDIEGDLTIKPTI
>9i 1476062161spl NSU2. 11TR E% E"NAEjéigﬁg SNDGDg; TREXIHE IS
repai r exonucl ease 1; AItNamax hmaum DDEX@ NG T @ SENTIRE X INB R AT
Ful | =DNase 11| IVGPGARR(XSRI VWWNSLW&V@W@@@%WW MG
SQALPPGPMOTLI FFDVEATGL PFSQDKRWE‘LE@E‘LGRWRG@EE@P DNLLVLNPDVLFSATSV
PPRVVDKL SLCVAPGKACSPAASE! TCLSTAVE é@ﬂiéﬁi% pepr st
QPWCL VAHNGDRYDFPL L QAEL AML G_}l'}ﬁﬁlzfé@sﬁ@/ﬁ&% Sk k TV PLEVKTGKSRSY
RKSYSLGSI YTRLYGQSPPDSHT AEGDW eAL¢1 S CQARRQAIR L FRWDAEARMEETE SIRLHS TKHI LMSRNRMSMN
PRt S s e e
LAPLGL LAI LTLAVATLYG.SLATP
Bovi ne148>gi 14760620515 pl QOB SrbAREN ke BOMINN. AR AR o ol b =g T Bnt v
9. 1TREX1pri ne repair exonuctB@sﬁmﬁﬁLAHNN@MHmAﬁubvmﬂbmﬁkqunmmmb$asﬁnIREX1
MGSRALPPGPVQTLI FLDLEATGL PFS[L] F%ﬁ%ﬂ%%wmméﬁﬁxzﬁggg
: PVPPRVLDKL SL CVAPCGKVCSPAASE v
PPV VAFCORYDE P LA AL LR A L A L Lo g ooz
GPRKSYSL GSVYTRL YGQAPPDSHT AEGEN I Als LSV OQWRRRA HY FANY DAFMIKRES T RNESANSKQWLEDI LEP
" VKPMYVI TTSTGT NPRPSAVTATVPLWS‘DF@WQEP@BRSWPWSW@SGVPC EDIGVMTLYR

. NWVYTMCKD
1>gi 1 606881971 gbl AAH91242. 11, ki@% smgbtgwacixlaa&wlsrs A2 IHRE R iroEL
MGSQAL PHGHMQTL | FLDLEATGLPYSQDKI TEL CLLAVHRHAL ENSSVSEGQP PPV

PKPPRVVPRISL P KPGKPCSSEABE! TG TPAL e NE)NE’A*N_L LRy S 2 vpea
QPQPCCL VAHNGDRYDFPLL QAEL ASL SR SEL EXSEE LY Mi%ﬁl’éﬂ&?é@ DOKELSTLPSDYIDNG
GPRKSYSLGSI YTRLYGQAPTDSHT AECAIVE#ANs b 5oit AR ) FFRGELRAREESYRTVLA

| KPMYGVAATTGTASPRL CAATTSSPLMM@P@N@?@R@QR@?@WWHYYRETARWVLFLHL
REGLLAPLGLLTFLTLAI AVLYQ FLASPEEY AN G S MR BT PBIE4 D EBINARACLFQPLME INGSLTV

150>gi | 397939661gbl AAH636645 11, ELNHIE““%%““R%@@E“ Pthizggggg’;gigiggggg
FAI PASRVEQLNEL ELLNEKSFV\EEAELM%M W4 TPADALDDFDLEMLGDY

, AVNTVONKEGNCEKRL VI TASQSL EN@@MRNW@WVE@@MF?ME@@?@T
W | DKDFGYL| LYPDM_I SGT SI'ASSI RCVRRAVL SETFRSSDPATRQVLT GTVLHE
VFQKAI NNSFAPEKL QELAFQTT QElI RHLKEMYRLNL SQDEI KQEVEDYL PSFCKWA

CGDFIMHKNT, L &I DV
TVGUK HERT TR R EL RGBS P T SIS RRISSEACL L Ly

L KTGQVWPVPANHL DKREL L KLRNQVAFSL FHRI SKSATRQKTQLASLPQ | EEEKT
CKYCSQ Iizammple SRAVEQQVDCSSVPI VM. PKI EEETQHLKQTHLEYFSLWCLM.T
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| -Tevl Target |1-Crel ++++ - 1-Tevl - ++++ |-Crel _N20 - - hTevCre_DOL ++++ -
hTevCre D2 ++++ - hTevCre D3 ++++ - hTevCre DO4 ++++ - hTevCre Db ++++ -

hTevCre 2012/058458 PCT/US2011/058133
hTevCre_DO1 N20 ++ -
hTevCre_D02_N20 ++ -
hTevCre D03 N20 ++ -
hTevCre D04 N20 ++ -

hTevCre D05 N20 - -

hTevCre D06 _N20 - -

Table 4: Activity in Yeast assay for I-Tevl/I-Crel fusions. The relative activity of wild-type
and fusion proteins on the two parent protein targets (C1221 for I-Crel and Tev for I-TevI) is shown.
Maximal activity (++++) is seen with each given protein on its native DNA target. [-Crel N20 is an

5 inactive variant of the wild-type I-Crel scaffold. In all other cases, activity is only detected on the
CI1221 target since DNA recognition is driven by the I-Crel scaffold. The “N20” fusion variants

illustrate cleavage activity due to the I-Tevl catalytic domain.

Relative activity is scaled as: -, no activity detectable; +, <25% activity; ++, 25% to <50%

activity; +++, 50% to <75% activity; ++++, 75% to 100% activity.
10  Example 4

Protein-fusion scaffolds were designed based on a truncated form of I-Crel (SEQ ID

NO: 76, I-Crel_X: SEQ ID NO: 77) and three different linker polypeptides (SEQ ID NOs: 78

to 80) fused to either the N- or C-terminus of the protein. Structure models were generated in

all cases, with the goal of designing a “baseline” fusion linker that would traverse the 1-Crel

15  parent scaffold surface with little to no effect on its DNA binding or cleavage activities. For
the two N-terminal fusion scaffolds, the polypeptide spanning residues 2 to 153 of I-Crel was
used, with a K82A mutation to allow for linker placement. The C-terminal fusion scaffold
contains residues 2 to 155 of wild-type I-Crel. For both fusion scaffold types, the “free” end

of the linker (i.e. onto which a polypeptide can be linked) is designed to be proximal to the

20 DNA, as determined from models built using the I-Crel/DNA complex structures as a starting
point (PDB id: 1g9z). The two I-Crel N-terminal fusion scaffolds (I-Crel NFS1 = SEQ ID

NO: 81 and I-Crel NFS2 = SEQ ID NO: 82) and the single C-terminal fusion scaffold (I-
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++++ - WD 2012/ 058458PCT/ US2011/ 058133 hTevCre DOL N20 ++ - hTevCre DQO2
N20 ++ - hTevCre DO3 N20 ++ - hTevCre DO4 N20 ++ - hTevCre D6 N20 - -
hTevCre DO 202058458 Tabl e 4: Activity in Yeast &€3a)82610/058133

| -Tevl/1-Crel fusions. The relative activity of wild-type and fusion
proteins on the two parent protein targets (Cl1221 for |-Crel and Tev for

1- Tevl) i ] I8l e ACt L Vi ++++) | ' | vie tein
on 1 15 G IToRRQ B0, sPChenty oy iy ARRL P PlaR B
wi | d- t yipee det@igl simdaf tbohdd of Wildakpe BChd(Tade 65, activity is only detected on

the C1221 target since DNA recognition is driven by the 1-Crel scaffold.
The "N20" fléqufl éarw arﬂog-SPFqlﬁgflP%J%%cqféa%%I Aanily pbl taweoqess singlet andy 1

catal yldduaialied DNA. Guiffed ) IbVRnSGldaY bl strndGPUAE, @8 region BP (BHT Wl Y
;o pactivity;” ++, 25%to <b0% activity; +++, Yoto <75%
act iSvi tepcompasses th%ntie didYiadimain {YEQID Ealp) wastselected. This ColE7 domain
was fused to the N-terminus of either I-Crel _NFSI (SEQ ID NO: 81) or I-Crel NFS2 (SEQ
ID NO: 83) to create hColE7Cre _DO0101 (SEQ ID: 85) or hColE7Cre_D0102 (SEQ ID NO:
86), respectively. In addition, a C-terminal fusion construct, hCreColE7 D0101 (SEQ ID:
87), was generated using I-Crel CFS1 (SEQ ID NO: 83). As I-Crel is a homodimer, all fusion
10  constructs contain three catalytic centers (Figure 4D): the natural [-Crel active site at the
interface of the dimer and one ColE7 active site per monomer.
The activity of each “tri-functional” meganuclease was assessed using yeast assay as
previously mentioned (see Example 3). All constructs were able to cleave the C1221 target
DNA with an activity comparable to that of wild-type 1-Crel (Table 4). To validate the
15  activity of the ColE7 catalytic domain independent of the I-Crel catalytic core, D20N point
mutants were made to inactivate the I-Crel scaffold (SEQ ID NOs: 88-93). Tests in our yeast
assays showed no visible activity from the inactivated I-Crel (D20N) mutant proteins alone
(Table 5). However, cleavage activity could be observed for fusions having the ColE7
catalytic domain (Table 5).
20 TableS$

Relative Activity in Yeast

Protein Construct Assay (37°C)

C1221 Target

[-Crel o+
[-Crel X -+
[-Crel NFSI ++++
[-Crel _NFS2 ++++
[-Crel _CFSI1 ++++

I-Crel NFS1 N20 -
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Protei n-fusion scaffolds were designed based on a truncated formof |-Crel
(SEQID NO 76, I-Crel X2 SEQID NO 77) and three different |inker

pol ypept iwO20(2BEE€ISBD NOs: 78 to 80) fused to either thePtH/USROICOS8EBI nus of
the protein. Structure nodels were generated in all cases, with the goal of
designing a "baseline" fusion linker that would traverse the 1-Crel 15
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(PDB id_Lng;Q_eJ_MeLm_nal_Lusmn_sgaLLoLds (I-Crel _NFS1 =
SEQ I D NO raqelH7-BPEP] NFS2l = SEQ ID NO 82)*and the siingl e C-terninal
fusion scaffaold (1- WD 2012/ 058458PCT/ US2011/058133 Crel [CFS1: SEQ I D NO

83) were t eh@UE7GreoDP19A0 assay (see Exanpte 3) and fdund to have
activifty simlar t il d- - Colicin E7 is
a non-|speci flilhiCteeROEOHNA0Ne HNH family abtetto process single- and
doubl - stranded DNA. Gui ded by biochem cal and structurall data, the region
of ColE7 t haiCreGolBiTcDApPA I it he entire catakHytic domain|(SEQ I D NO 84)
was sel ected. This ColE7 dondin was fused to the N-term nus of either
|-Crel _NFS' | (SEQID NO 81) or I-Crel _NFS2 (SEQ ID NO 83) to create

hCol E7TCre D0101 (SEQ I D: 85) or hCol E7TCre_D0102 (SEQ I D NO 86) ,
respectivel yTabR s3dgétivignin Yedst bs¥a fORICOlEFI-@rel OnsérsUThe rdifiheCGrtlifafy 60101
(SEQ I D: 87), was generated using I-Crel CFS1 (SEQ ID NO 83). As |-Crel
i s a hotidértxasrandfusion psqteins Podb%lt?rﬁd@@ebtsrﬁiam FrdeXdspishets & teispated s
(Fi gur X 1 - J j it i di mer
and-one oot REIHME Y InciRial bR ol Radtlech U8 teohAAGR 16k 1ih
"tris f ureffoldnall-Craie ydiSuclleask N2 asd dsSret N 1Ng “We@stcoasarys ase paetivous| y
ment i oned, (see Exanple 3). | const ts were aple to cleave the Cl1221
tar get ‘tamgwog‘ﬁheaws lweﬁﬂ@c%&%@%t Ach¥iay isgtetaiaddng FESEs vhepin(iap) o
4). To yveled dal1d RectiooGhdnbRK é%ftal%_ri‘seis%ﬁedo@t%ﬁo'llﬁ gafamhn i ndependent
of the 1-Crel catalytic core, D20ON point nutants were nmade to inactivate
the I-Crel scaffold (SEQ ID NOs: 88-93). Tests in our yeast.assays showed
no visibl e aBERUVE petivilgnts srrled Atict PQ a¢tBALY) detseiadles D ORP 7Rty HY: B otoeP He

al one (Ll goilry; HOVENBE 10 & BRYANGAGHI 1, RO, haiyagser ved Tor fusi ons
havi ng the Col E7  cat'al ytic domain (Table 5). 20 Table Prot ei n Construct

Rel ative Activity in Yeast Assay (37C) Cl221 Target |-Crel ++++ |-Crel_X
+++10 | -Examplepss)Effect off Trga) ony X2 (SEQ H) fYOrd43) on meganuclease-induced

mutagenesis

Human Trex2 protein (SEQ ID NO: 145) is known to exhibit a 3’ to 5’ exonuclease

activity (Mazur and Perrino, 2001). A 236 amino acid functional version of Trex2 (SEQ ID

NO: 194) has been fused to single-chain meganucleases (SC-MN) for measuring

15  improvements on meganuclease-induced targeted mutagenesis of such chimeric rare-cutting
endonucleases. Levels of mutagenesis induced by SC-MN-Trex2 have been compared to
levels of mutagenesis induced by co-transfecting vectors independently expressing SC-MN

and Trex2 protein in a dedicated cellular model and at endogenous loci in 293H cells.

Example SA: Co-transfection of Trex2 (SEQ ID NO: 145) with meganucleases
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++++ | -Crel NFS1 N20 - WD 2012/ 058458PCT/ US2011/ 058133 |-Crel NFS2 N20 -

| -Crel CFS1 N20 - hCol E7Cre_D0101 ++++ hCol E7Cre D0102 ++++ hCreCol E7 D0101
++++ hColWEOCre/B38E81 N20 +++ hCol E7Cre D0102 N20 +++ hCpPeCabBMi1Dosii N20 ++
Table 5: Activity in Yeast assay for Col E7/1-Crel fusions. The relative
activity of wild-type and fusion proteins on theCl221 target is shown.

|-Crel X repne S : r,Sd f t tal
structure an 3\%2& ruesrfgaalglgr}ﬁ%%ﬁ gé%§§¢%§f(8¢L%6?0f Eﬁgg[)qgosgg%)fcg%ggg
(1-Creltrdisfacted ihtoGr edl] NS 2oranonitorftgahutel&il) fe}/edlﬂeﬁl theqjﬁaiehwblsat&gﬁcei dstazc; ive
variants of the respective |- | -based sc S, Activity is detected in
al | cas¥s\ABriRe Wé%(p%fé%gagﬁpgﬁ&*gs Pt tﬂg%%gp%@ﬁgweﬁtlapwgée i's
provi de&kaqurmﬁ D8RI derived frorRAiAubit RS Y Vadiaffsali Sbofifzes | MO

activity detectable; +, <25%activity; ++, 25%to <50% activity; 50%
t 0 $75% Aip PNy sequenee, (5 7FUARCAN0UED A GAAAGTOCExAmitSe (310 Eftheget, SETQ Tr ex2

or T -Q.J.D,NO 145) an neganuc] ease-j nduced nuf agenesi s Human
Trexa pPotbl o Biageied iahe T P SEbRAT Ee BR T BrE BB pg SEheiesh B Roas e
acti vi tpyiffehag %Neéaxﬁlﬁlé?i%srdu@ﬁ) as BOORNG A3 %22m IRE@E HO: UB6t kOofhalexyREsdPN Of
Trex2 (SEQ ID NGO 194) has beenfused to single-chain neganucl eases (SC-WN)
for nmeaggior ggeoding SC_RAGI, SEQ ID NO: 58), SC_XPC4 (pCLS2510, SEQID NO: 157 i.e.
the expression vector encoding SC_XPC4, SEQ ID NO: 190) and SC_CAPNS]1 (pCLS6163,
10  SEQID NO: 158 i.e. the expression vector encoding SC_CAPNSI1, SEQ ID NO: 192) were
co-transfected with or without a Trex2 expression vector (pCLS7673, SEQID NO: 154) to

analyze the effect on meganuclease-induced mutagenesis at endogenous loci .
Material and Methods

a) Cellular model to monitor meganuclease-induced mutagenesis

15 The plasmid pCLS6810 (SEQID NO: 159) was designed to quantify the NHEJ repair
frequency induced by the SC_GS meganuclease (pCLS2690, SEQ ID NO: 153). The
sequence used to measure SC_GS-induced mutagenesis is made of an ATG start codon
followed by (i) 2 codons for alanine; (ii) an HA-tag sequence; (iii) the SC_GS recognition
site; (1v) a stretch of glycine-serine di-residues; (v) an additional 2 codons for alanine as in (i)

20 and finally; (vi) a GFP reporter gene lacking its ATG start codon. The GFP reporter gene is
inactive due to a frame-shift introduced by the GS recognition site. The creation of a DNA
double-strand break (DSB) by the SC_GS meganuclease followed by error-prone NHEJ
events can lead to restoration of the GFP gene expression in frame with the ATG start codon.
The final construct was introduced at the RAGI locus in 293H cell line using the hsRAG1

25 Integration Matrix CMV Neo from c¢GPS® Custom Human Full Kit DD (Cellectis
Bioresearch) following the provider’s instructions. Using this kit, a stable cell line containing
a single copy of the transgene at the RAGI1 locus was obtained. Thus, after transfection of this
cell line by SC_GS meganuclease expressing plasmid with or without a plasmid encoding
Trex2 (pCLS7673, SEQ ID NO: 154), the percentage of GFP positive cells is directly

30 correlated to the mutagenic NHEJ repair frequency induced by the transfected molecular

entity/ies.
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(deletion2, deletion3 and deletion4) generated by SC_GS meganuclease. In contrast, in
absence of Trex2 activity, such mutagenic events are found in 20% of the total mutagenic

25  events (Figure 5C).
2- At endogenous loci

Trex2 effect on mutagenesis induced by engineered meganucleases was measured at
RAGI, XPC4 and CAPNSI] endogenous loci by co-transfecting plasmids expressing
SC_RAGI or SC_XPC4 or SC_CAPNSI with or without Trex2 encoding plasmid.

30 Transfections of 3 pg of meganuclease expressing vector with 2 pug of Trex2 (3/2 ratio)
63



RAGL 1,88 5,18 2,75 CAPNS1 11,28 16,24 1,44 10Table 6: Specific

meganucl ease-i nduced NHEJ quantification at endogenous loci with or w thout
Trex2 andwoanr2dspsadi ng stimul ati on factors Exanpl e 5B: PEm4iSeo11088185he hunan
Trex2 protein to the N or CGterm nus of an engi neered neganucl ease.

15Expr essi ng Trex2 vvithi n a cell can lead to exonucl ease activity at |oci
not targeted th e Mor egver sons
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acids glycin stretch (G3G35)2 (SEQ ID NO 170) as linkers. This yielded to

Trex-5 5 a8, 5 1] GRS X GG ‘ﬁ@ﬁlai%“f?ﬁi%e.x’ Both SC G5 and

Trex2 were —al med—nt he—fAsct ueaulction sites of the
pCLS1853 (I%{#gttﬁ SE(sLé i‘}g a derl v ve t he pcDNA3. 1
(I'nvi t reger); w..m—,". eive he—expr

cs*.len of E,uﬂ.e of interest under the
control| of I'ow prdr§§t er| Thel!¥our |fusion® Eﬁ‘ot ein constructs were
obt ai ned-by anplifying separately thel two OREs using specific prinmer and
the primeiC/dWsbr ({5 11,29 OGCAARPAGEORGTAGEOGH 3'; SEQ ID NO 176) or
V5revense (5' - CGTAGAATCGAGACCCAGGAGAGG-3'; SEQ ID NG 177), which are
| ocated on the plasm d backbone. Then, after a gel purification of the two
PCR fragnents, a PCR assenbly was realized using the CwWfor / Vbreverse
ol iYonuEdebi BewificThegdnuplahseRORIqed ddHICt queas ficdion atl egdegeraishyciAsti orand Xhol
and |i gageehit TR:Q dniRoREdpohddg sdindRsibRtactdth t hese same enzymes. 15The
following table gives the ol i'gonucleotides that were used to create the
different constructs. Construct Anplified

Example 5SB: Fusion of the human Trex2 protein to the N- or C-terminus of an

engineered meganuclease.

15 Expressing Trex2 within a cell can lead to exonuclease activity at loci not targeted by
the meganuclease. Moreover, for obvious reasons, co-tranfection of two expressing vectors
makes difficult to control the optimum expression of both proteins. In order to bypass those
difficulties and to target Trex2 activity to the DSB induced by the meganuclease, the human
Trex2 protein was fused to the N- or C-terminus of the SC_GS engineered meganuclease

20 (SEQ ID NO: 153). Four SC_GS/Trex2 fusion proteins were made and tested for their ability
to cleave their target (GS_CHO.1 target). The level of mutagenesis induced by each construct

was measured using the cellular model described in example SA.
Material and Methods

a) Making of SC_GS/Trex2 fusion proteins
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ORF Forward primer SEQ ID NO Reverse prinmer SEQID NO SC GS-5- Trex SC GS
CwWfor 176 Li nkbGSRev 179 Trex2 Li nkbTrexFor 178 V5reverse 177 SC GS-10-
Trex SC G8OCM# 38458 PCT/US2011/058133

The Trex2 protein was fused to the SC_GS meganuclease either to its C-terminus or to

its N-terminus using a five amino acids glycin stretch (sequence GGGGS) (SEQ ID NO: 169)

or a ten amino acids glycin stretch (GGGGS); (SEQ ID NO: 170) as linkers. This yielded to
four protein constructs named respectively SC_GS-5-Trex, SC_GS-10-Trex, Trex-5-SC_GS,

5  Trex-10-SC_GS (SEQ ID NO: 171 to 174). Both SC_GS and Trex2 were initially cloned into
the Ascl / Xhol restriction sites of the pCLS1853 (Figure 7, SEQ ID NO: 175), a derivative

of the pcDNA3.1 (Invitrogen), which drives the expression of a gene of interest under the
control of the CMV promoter. The four fusion protein constructs were obtained by amplifying
separately the two ORFs using a specific primer and the primer CMVfor (5°-

10 CGCAAATGGGCGGTAGGCGT-3’; SEQ ID NO: 176) or VSreverse (5'-
CGTAGAATCGAGACCGAGGAGAGG-3’; SEQ ID NO: 177), which are located on the
plasmid backbone. Then, after a gel purification of the two PCR fragments, a PCR assembly

was realized using the CMVfor / VSreverse oligonucleotides. The final PCR product was then
digested by Ascl and Xhol and ligated into the pCLS1853 digested with these same enzymes.

15 The following table gives the oligonucleotides that were used to create the different

constructs.
SEQ SE
Construct Amplified Forward ID Reverse primer IDQ
ORF primer NO. NO.
SC_GS-5- SC _GS CMVfor 176 Link5GSRev 179
Trex Trex2 Link5TrexFor 178 V5reverse 177
SC_GS-10- SC_GS CMVfor 176 Link10GSRev 181
Trex Trex2 Link10TrexFor | 180 VSreverse 177
Trex-5- Trex2 CMVfor 176 LinkSTrexRev 183
SC_GS SC _GS Link5GSFor 182 VSreverse 177
Trex-10- Trex2 CMVfor 176 Link10TrexRev 185
SC GS SC _GS Link10GSFor 184 VSreverse 177

Table 7: Oligonucleotides used to create the different SC_GS/Trex2 constructs
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176 Link 1 OGSRev 181 Trex2 Linkl OTrexFor 180 V5reverse 177 Trex-5- SC GS
Trex2 CWfor 176 Li nk5TrexRev 183 SC GS Li nkbGSFor 182 V5reverse 177
Trex- 10- W80 20R/0584582 CMWfor 176 PCT/US2011/058133

b) Extrachromosomal SSA activity

CHO-K1 cells were transfected with the expression vector for the protein of interest and
the reporter plasmid in the presence of Polyfect transfection reagent in accordance with the
manufacturer’s protocol (Qiagen). Culture medium was removed 72 hours after transfection

5 and lysis/detection buffer was added for the P-galactosidase liquid assay. One liter of
lysis/detection buffer contains: 100 ml of lysis buffer (10 mM Tris-HCI pH 7.5, 150 mM
NaCl, 0.1% Triton X100, 0.1 mg/ml BSA, protease inhibitors), 10 ml of 100X Mg buffer (100
mM MgCl,, 35% 2-mercaptoethanol), 110ml of a 8 mg/ml solution of ONPG and 780 ml of
0.1M sodium phosphate pH 7.5. The OD4j¢ is measured after incubation at 37°C for 2 hours.

10  The entire process was performed using a 96-well plate format on an automated Velocityl1

BioCel platform (Grizot, Epinat et al. 2009).

¢) Meganuclease-induced mutageneis

One million of cells were seeded one day prior transfection. Cells were transfected

with an increasing amount (from lug up to 9ug) of plasmid encoding SC_GS (pCLS2690 ,

15 SEQ ID NO: 153) or SC _GS-5-Trex (pCLS8082 SEQ ID NO: 186), SC_GS-10-Trex
(pCLS8052 SEQ ID NO: 187), Trex-5-SC_GS (pCLS8053 SEQ ID NO: 188) and Trex-10-
SC_GS (pCLS8054 SEQ ID NO: 189) in 10 pg of total DNA by complementation with a

pUC vector (SEQ ID NO: 191) using 25 pl of lipofectamine (Invitrogen) according to the
manufacturer’s instructions. Three to four days following transfection, cells were harvested

20 for flow cytometry analysis using Guava instrumentation. Cells transfected with 1 pg and 6
pg of SC_GS or SC_GS-10-Trex2 expressing plasmid were harvested for genomic DNA
extraction. Locus specific PCR were performed using the following primers: 5°-
CCATCTCATCCCTGCGTGTCTCCGACTCAG  (forward  adaptor  sequence)-10N-
(sequences needed for PCR product identification)-GCTCTCTGGCTAACTAGAGAACCC

25  (transgenic locus specific forward sequence) -3 (SEQ ID NO: 160) and 5’-
CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-(reverse adaptor sequence)-
TCGATCAGCACGGGCACGATGCC (transgenic locus specific reverse sequence) (SEQ ID

NO: 161). PCR products were sequenced by a 454 sequencing system (454 Life Sciences).
Approximately 10,000 sequences were obtained per PCR product and then analyzed for the

30 presence of site-specific insertion or deletion events.
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Trex2 expressing vector in co-transfection experiments (9% and 13% respectively), (Figures
5B and 9B). Finally molecular analysis showed that the complete or partial loss of the 3’
overhang (deletion2, deletion3 and deletion4) generated by SC_GS or the fusion Trex2-10-
SC_GS were 35% and 80% respectively. Altogether these results demonstrate that the fusion
25  protein Trex2-SC_GS is highly active as a targeted mutagenic reagent (frequency of GFP+
cells obtained, frequency of mutagenic events analyzed by deep-sequencing and the frequency

of the signature of Trex2 nuclease activity).
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WO 2012/ 058458PCT/ US2011/ 058133 | eading to Trex- SC CAPNS1 encodi ng vector
(pCLS8518 of SEQ D NO 196 encoding Trex- SC CAPNS1 protein of SEQ I D NO
197). e) woanefwsess8on on 293H cells to nonitor Trex2- Megamusk@a®ssiBrsi on on
mut agenesi s at an endogenous | ocus 50ne mllion of cells were seeded one
day prior to transfection. Cells were transfected with 100Ong of either

SC_CAP ! p gquence
of ~SEQ TH 0! 15 3650y FNGE e o G rL 85 B R S K0P 56 Bl
sequenCEremiSCSE(AHNlSlh@otewafmmbecbbmeLSBSlB of SEQDNO 196) in 5 1ig
of total DNA by conplenentation with a pUC vector (pCLS0002 SEQ D NO 191)
using 25 :é) accodlfngto tnn venesi

manuf act ure oy ce days T :
harvest ed f ain @eamqsm@sextractl on. O Tr ansfectl on on Detroit cells to
noni t or Trex2- Meganucl ease fusi on on nutagenesis at an endogenous | ocus One

mII|on of | | s. were eded on a i or. totra sfection -
St Tt eClS R SToR T §7es Sed B By Blipn@ R &F mgimefvﬁ%%. i

Vect or Wiilesipesg Idfeélmep@csmgf OPERQeR O C AlIDSS Brédccrzﬁ}hgs&éé@r QlesRbiv

196) in 10 [ig of total DNA by conplenentation with a EUC vect or (pCIZSOOOZ

SEQ D M@temgsmuwp 9 SE%%NQ_WABIC@@@@V@%@@ pheE@dRUNQe 1 o and protein

i nstruc f t for
genomi cteh)%&% I }Ig?l\YéZ g) ng(gls)%é)ue§c§?#§g Oﬁ?%ﬁﬁ!@? }i\gé ulslhsa Sft for
deep- sgoNangy agnwemenﬂaﬁbrﬁ ifiesl pUs @ tdrh@CLebO@ERQIDMNOBISE) WBing 25 pl of
CCATCTCATCCCTGCGIGICTCCGAC- (f orwar d adapt or sequence) - 10N- (sequences needed
f orlOPCRIpSistIRING (IS HIAZENCALEPISHNE totTnendaraaEsATINALNE. Threselays Eplowing ¢

f or war 9 e prinmer 5 - 25
CCT ATWA@@? 8%[8%&% (%% é?/@p: S%Na a’t{t)rt%%t?&i:equence)
CGAGACTTCACGGTTTCGCC 3 (endoenous Iocus seC|f| C reverse sequence) ( SEQ
I D NO 200) . Trecsfeqiiondindeirojieact pi pAr Mg leasgfusio ; s @1
Life Sci encesl)endo P ter 10 000 sequences wer e obt ai ned per PCR

pr oduct and%-henﬁnaﬁﬂe&for the presence of site-specific insertion or
del etion events. WD 2012/ 058458PCT/ US2011/ 058133 Results 3- In imortalized
293H cel | |ifee million wf|aglls yyrse 20@kedcend dayarior ttpamyfséstion G91lS@BARNSL or

Trex- S [ d det ' if..th I t | at
enginedFEaHEdaniel b oF nlEbatar BBNSY o6 HAAUereAPSShe itk dbiRbuS

| ocus. (Tésﬁé@‘fv%&tﬁ&ns%@ Rt %@Q{Fﬁﬁ%@ hs54 ggh b@LéSﬁ%’(ﬁ‘fSE@'tﬂﬁtﬁq 9@)J;nag)en§1§f S
(TM whereas transfection w fusion Trex-SC CAPNS | stinul at ed T™ up

to 12. 49t ENArey tompRmeatatiph . wwbrae@l\}@rvecmne(pé?lhépw SSERIR ﬁ‘éOnut?b)gem@
sequencgs _sh at th r rtion smal | tlon event s 2. 3 and
2 bace vt UENAAE helednlt RS PR o i BicPohs TwobChbAofio g s 7ot
Wit h t heank@siie) cdil eXerdGak RS Ior(dehamiccDNO, extractdéiPanel B). 4- In prinmary
Detroit cell |ine Wild type Detroit551 cells were transfected by SC

CAENS1 or Trex- SC CAPNSl t er to determne if those constructs could

al 48 sti } el eyt Heered F¥ase- i nduced targeted nutagenesis at an
endogenous Iocus in primry ceI | s. Transfection with SC CAPNS1 15 led to
1. 1% of TM RR®r efas Uecprsfienicingn wdrt h petienfedsiusimgTrtked - (GABPNGe sprimerkated TM

t Ei th | h t i
e quend A e et rRaR RO bA B Stta pltufier ISRATE I Cobss and
4 base RajdSIOMITR B%d%@tsﬁi@nﬁﬁ&ﬁbﬁﬁ%@l‘GT@RGﬁ%@G@@tﬁrg’AAh -PLISAPNRLif0 90%

with the fusion Trex-SC CAPNS Igure 11, Panel
forward sequence) (SEQ ID NO: 199) and the reverse primer 5°-

25 CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-(reverse adaptor sequence)-
CGAGACTTCACGGTTTCGCC-3’ (endogenous locus specific reverse sequence) (SEQ ID

coanucle

NO: 200). PCR products were sequenced by a 454 sequencing system (454 Life Sciences).
Approximately 10,000 sequences were obtained per PCR product and then analyzed for the

presence of site-specific insertion or deletion events.

69



Exanpl e 6: Effect of Term nal deoxynucleotidyl transferase (Tdt) expression
on neganucl ease-i nduced nut agenesi s Hom ng endonucl eases fromthe
LAGLI DADGvOani 208458 neganucl eases recogni ze | ong DNA sequeruses 1asi3z| eave
the two DNA strands, creating a four nucleotides 3' 25 overhang. The cell
can repair the double strand break (DSB) mainly through two mechani sns: by
honol ogﬁgﬁl{econbl nation using an intact honol ogous tenplate or by non
honol ogous énd joining (NHEJ). NHEJ is considered as an error prone

mechani sm that can i nduce nutations (insertion or deletion of DNA

f ragment sB- dintiorm@3lized293H calldinge, after the transfection of a

nmeganucl ease into the cell, the measurenment of the nutagenesis frequency at
WO 2012/ 0584)5§E€§E!elé$%ﬁ1&e419%%%@&&%&@8&%@%&?&@1 loP bk - S@ @AY’@)ﬁltlHoﬁfe?ess

t he neganucl eas€e ‘activity. Meganucl easés derived fromthe I-Crel protein
have beendetdrowne tfothpsedemstroets a:geld%mwlat emgmegeda@mganmlcaes: uﬁd:uceomargd:tecﬂ hey

have been, desi d noz et, al ... 20 rotein ((SEQ | D NO
201y 1 < HaBGE A b CAEegEo FIfls ristion AR RS KNS IR o Tpeied”
deoxynugheeédedRITM) Wigead' tranyfdE@oryvith @i ubien Toéx-BNACAPIS slifful2bE I8edp
protein is expressed in a restricted Eopul ation of norrmal and nali gnant

pre- B aled! ppte-(Tiguampholyneb ) dMlorenyciedhe gnalysis ef tetmutapemc sq:queg@qwhatvé@
anti gen, Et t%gﬁ@onﬁ’@"&%&yd@&m% OGS LELNY NPT b%?e,f E% ik \QES SLATENL S, Al DSB

site af onucleases cl eavag neganucl ease DSB
[ nducedofet%eﬂtM estiath vath SCICAPNE1 cowl7th adti tﬁl\lﬂusﬂ(ﬁlsmummlaﬂst (Eighmr get ed

site and vvoul d thus stinmulate targeted nutagenesis induced by nmeganucl ease.

Exatfpl e’®88l B&o-transfection of Tdt (SEQ ID NO 201) with meganucl eases To
test thi s hypot hesi s, vector encodi ng neganucl ease SC GS (pCLS2690, SEQ I D
15 NO 153) tepriaturyDesdiecdlEtheon a cell |ine nonitoring nutageni c NHEJ

events in presence or absence of a vector encoding Tdt (pCLS3841 of SEQ D

(SEG 10 Nor HuBhae DS RiRRE B had T BrkmmeicatlS! Prar S RERITRay e
been f usgek tol detdr@ERIMitERS c@ns?ﬁi@i% doiN s1e81 b'lﬂﬂﬁl@te(&gmeered meganuclease-induced

TGCCCCAGGGTGAGAAAGTCCA- 3': GS CHO. 1 tar get gngNo 155) located in the
20 f| r steresiedrimypeesic at Q;siogmosléi@ugmranﬁ%e § ritrpresfession yaieSC NPARSS br |

5 TR BB AR B PR SO 0

SC CAPI\B?lS%f(FEﬁQ I D Mokl AQZMoweva the-dnayeis foff clicetutaigbiic @6quahtdsaib wdd that
expression plasm D.NO 2 and the effects

d. (pCLS3841, SE .
rreganuc‘lh%é’é@qnﬂfah%feﬂnqﬂﬁ%ﬁ%sqvggétof £€hé aégéo‘&é%&‘és Fag inchre Hemns % 2€d by
deep- seguengi é{Qnts'\@ftﬁrSca'C@f‘N'SiV% ly@Es with t@@'fhé&bﬁﬁr@%’@@' C%@Nm“gix%ge 11
nmeganucl ease-1 nduced nutagenesi s The plasmd pCLS681I0 (SEQ  159)
was desPapekB).t o quantify NHEJ repair frequency induced by the SC GS
meganucl ease (SEQ ID NO 193). The sequence used to 71 WD
2012/ 058458PCT/ US2011/ 058133 neasure SC GS-induced nutagenesis is nmade of
an ATG start codon followed by i) 2 codons for alanine, ii) the tag HA

sequenc i stretch, v)
he sancahplel: Efecbbr-Fh BE0OMVh R0 M srdnStered | Br BRI S 120
| acki ngmegmukldassimhiced attagenssisce by itself GFP reporter gene is inactive
due to a frane-shift introduced 5 by GS recognition sites, creation of a

DNA doubl e d ugl fol | a_mut ageni c
DM doubl & b Bl S Py R EP P RS AU ol e,

frame wohf) DNa AdfGendcdrdndcoldave thhese BN(AU@W@E!S mﬁngplaacaﬁl nutledvtigeasm d
used to target_the final construct at th |l ocus in 293H cel|l line

usidg tHETHERALIC qehi@greraighe faytls %rwr?@dl}%rﬁl%@m@%&% PermachaRistsy | |
Kit DD I

K by AL o157 SaGE B B A el L APL RSB,
Thus, afndejoiningr(®HBoh. DI ist tnrsidesddl ad aneertyy frhee SE@cEBse ghau chre aisicand

with or WI .hou | asm d,encodj Td ClLS3841, 202 t he
o CommtgR bafBaE T, s Pt A o R i BEE e et isngBresi s
f r equengshsicdtoi 6fla MeghhiRldatAmed @elcen tﬁ@ﬁféhﬁlrerﬁéﬁ)of-ﬁﬁearﬂﬁfa%] s Wreque&%Iak ul ar
nodel nonitoring neganuclease i nduced nmut agenesi s i on” of

cells were seeded one day prior to traosfection. Cells were cotransfect ed
either with Ivig of SC GS encodi ng vector (pCLS2690 , SEQ D NO 153) and
with O, 4, 6 or 9 ia.g of plasm d encoding Tdt (pCLS3841 SEQ ID NO 202) or
with 3 vtg of SC GS encoding plasmd with 0 or 2 lig of Tdt encodi ng vector
in5 or 10 vtg of total DNA, 20 respectively, by conplenentation with a
pUC vector (pCLS0002, SEQ ID NO 191) usi ng 25 vtl of |ipofectam ne

(I nV| trogen) ~accor d| ng to the manuf act ur er's |nstruct| ons. Three days

e o o e I



25 sequencing were perforned using the following prinmers: 5'-
CCATCTCATCCCTGCGIGTCTCCGACTCAG (forward adaptor sequence) - 10N( sequences
needed f oWORCR/g3843duct i dentifi cati on)- GCTCTCTGECTAACTAGABAARBGT0fg1BANSgeNi C
| ocus specific forward sequence) -3 (SEQ ID NO 160) and 5' -
CCTATCCCCTGTGTGCCTTGGCAGTCTCAG(reverse adaptor sequence) - 30

CGGG(:?CC%@Is rang&;enic ocus s ¢ acgwrev S8 s%%uen

(SEQ V6 A5 oni “Sp‘rS falfeY L ghere e divet %ey HE4VSEYNEIETS Ey%‘% em
(454 Lift@n 86 100 proteif Aavd/B2cAGhawR 2B AHRBRGhUIdDS L b/ 40 B IddoMRpPsi R foraiaE LY

10, 000 se)g};Jences wer e obtai ned per PCR product and then analyzed for the

pr esendBe avsibeen desegried (Muppzerali 88l lor del etion events. Transfection on
293H cel I s to nonitor neganucl ease-i nduced nut agenesi s at endogenous | oci
SOne nil | i orhehumeh Tt PRIiEN $SEDED Q0 20BYis RrI08rantifo héidd CEf&@lh'tl‘iHﬂca aBizbs were
co-transfected with 31Ag of SC RAGL encodi ng vector {) S2222, SEQ'I D NO
1569 withé addigon pfdegxgnysipopdespia thel13'-lydepxy! rerpgnust ofp ietdse nichsdenegdertit

(pCLS38 S I y
conpl erPé El E(?%’lp% Jt\l%a é‘g%&s{\?gtcetd o?eﬁ’?’g%Eo‘glo%?mét%f‘%]‘ﬂ%%g‘igﬂ’t"g%iaaﬁ‘SD‘yAT& of
| i pof eqmphdsts:‘yte(sl [vtihg ogahy) dfferenditivg. tlo poeerared wWnaigénir Qbe}itoﬂ ndvérsiot i ons. 10
Three ji1g of SC CAPNS1 encodi ng vector (pCLS6163 SEQ I D NO_ 158) were

co- trarefl@e%lélanghgm Hng feleanntsy al, DSBo sitg ek ¢ b enddyds2 e@elwlﬁqﬁe 191)
or Tdt £nco %! )?ftaj Qsﬁ%ga Q\)ng%e?’%? inefoced QVHQ sgaf)anu%ti"\]/g 25ud Qi DNA

| i pof ectam nvitro according to the hanufacturer’s 1nstructions.
Sevien daysented htotiengrdeteainsifeeand ovould dussstinardte Hampeedt rmdtagaresigeindmded BINA
extraction. PCR for deep-sequencing were perforned using the foll ow ng 15
pri mer SNCEINUGLIRGCTCATCCCTGOGTGTCTCCGACTCAG (forwar d adapt or sequence) -

10N- (sequences needed for PCR product identification)(SEQ ID NGO 5) - |ocus
specific forward sequence for RAG 1: GGCAAAGATGAATCAAAGATTCTGICC-3' (SEQ ID
NO 162) and for CAPNS1l: CGAGTCAGGGCGGGATTAAG 3' (SEQ I D NO 164) and the
revers I Tm| TWI ( I daptor 20
sequenc%-%qﬂgglg eond(%ﬁl-ous 1 0CUS s@?ﬁ 1{15 a\?‘e'r%gfe‘g%sequence for
RAGL: - GATCT CACCCGGAACAGCT TAAATTTC-3' (SEQ I D NO 165 and for CAPNSL: -
CGAGACTTCAcwm@tBe@@bﬂ(esEQ/qcmrmcoqleg)megamnlwso Wr1eS2680u8hQeld by a

werts ontal bl S S pEl R sor SHTHeTRR e PRASHITR R byl BRSSP o

Si te S p@eérick belanﬁéiﬂtdrl @ﬂo&hgdﬁitqpcgs3%ewest«:elD ReoUROB edcody @Rl proleat ofrodel
measur i anucl ease-i nduced nut a&@nl c NHEJ repair A cell line
S{?ﬁ Abt

neasur i @eape NRES G &pamegmslrass (ByQ 82 Q" WaD) isratingly. cheprotein

el y2ongbn ar T oI s, B0, R dhetin BuRIPE B 52 ISRl o

GS ( pCL"EZ(BQOCASK@WDMEAAMBDC@AGﬁeGSrCHﬂ htaaget,] $I6Q éAN Qg1 TH)decatdd ihdhe
encodi ng vector f(pré:,LSB 41, SEQ | P 023 W t hout }v{;%gfresence Tdt,
SC %8s tiHfEhsKert? /S0 goiseuds elyaming, synthgtese genq: Vehs XY | diffgeal of
Tdt enGRdiangc1Pisas St dr hed (Tp@L332§)22’r /SE(gD‘N&’O Pi6 QEB’ding%'d RAG] gp§EQIB. NBanel

A). Transtection witTh 3pg encodi ng plasm d with pUC vector |ed
to 0.6 38).-and. SIZ%@PNSEFBBICIGEII@ S\EQIQN@t P8exmeoding 6 AN of TS Q dRAQAi ng

Cei s, BhaT BruearveC iy For sy ool e B RSl SPaln kG o

Tdt encad) ragdvm@te@fecwecsre n@ahitede-MAuder PAfRUENAE aNGhe ThAISH&G! i00N wird h SC
GS and an e y vector led to 3.2% of Targeted Mutagenesis (TM while in

pr e@8enc@alyredrlt desppieaudichy- pl asnid, TMwas 10 stinulated up to 26.0%
(Figure 12, panel B). In absence of Tdt the insertion events represented
29% of Wiqtedal ANVI M &RbLEs Whil e in presence of Tdt these insertion events were
increased up to 95.3 % (Figure 12, panel C). Finally, the analysis of
insertion sizes in DLESence of Tdt encoding plasmd | ed to a specific
hal | mark o §SHula " B A P NSNS CG MHEERES P rom 2 to 8 bp (Figure
12, panel D). 152- At endogenous RAG | ocus WI d type 293H cells were
transf ect @He tgkasﬁﬁdRﬂ@lSW@o@EE@ID/e«DorISQp@aSZQ%?gne&SE@ qinN®y NBHB) repdih

different doses of Tdt en as 84 Q.L.LD NO 202 n order
to dot dFRRFY Ndied leyothedsc@&%%@%@wg? %@@33 N@géﬁga seﬂpﬁ&ﬁeé to
targeted nutagenesi s at an endogenouszhocus. Two different transfections
were performed with 3 pg of 20 SC _RAGL encodi ng vector (pCLS2222, SEQ ID
NO 156) with either 0.5, 1 and 2 pg or 1, 3 and 7 ps of plasm d expressing
Tdt (pCLS3841, SEQ D NO 202) in 5 or 10 pg of total DNA by conplenentation
with an enpty vector (pCLS0002, SEQ D NO 191) respectively. In absence of
Tdt expressing vector, the targeted mutagenesis (TM vari es between 0.5 and
0.8% V\hen Tdt was present TM was sti rrul at ed up to 1. 6% (Figure 13, panel

~ - Y . o ~NS
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WO 2012/ 058458PCT/ US2011/ 058133 Sequences with insertion Insertion size
I nsertion position attgttctcaggcgtacctcagccagc 2 5

attgttct csiggvecds4s8cagccagec 2 3' attgttctcaggtacccct cageCags201858133
attgttctcaggtacgggctcagccagc 3 3' attgttctcagggcgtacctcagccagc 3 5'
attgttctcaggtacagtctcagccagc 3 3' attgttctcaggtacggggctcagccag 4 3'

attgtt Cr%gaasgrae%_%éi-?ncdtugea r%%f%%(e:nesis is made of an ATG start codon followed by 1) 2 codons
for alanine, ii) the tag HA sequence, iii) the SC_GS recognition site, iv) a glycine serine
stretch, v) the same 2 codons for alanine as in 1) and finally vi) a GFP reporter gene lacking its

ATG start codon. Since by itself GFP reporter gene is inactive due to a frame-shift introduced

5 by GS recognition sites, creation of a DNA double strand break (DSB) by SC_GS
meganuclease followed by a mutagenic DSB repair event by NHEJ can lead to restoration of

GFP gene expression in frame with the ATG start codon. These sequences were placed in a
plasmid used to target the final construct at the RAGI locus in 293H cell line using the
hsRAGI Integration Matrix CMV Neo from cGPS® Custom Human Full Kit DD (Cellectis

10  Bioresearch). Using this kit, a stable cell line containing a single copy of the transgene at the
RAG]1 locus was obtained. Thus, after transfection of this cell line by the SC_GS
meganuclease and with or without a plasmid encoding Tdt (pCLS3841, SEQ ID NO: 202), the
percentage of GFP positive cells is directly correlated to the mutagenesis frequency induced

by the transfected specie.

15 ¢) Transfection on cellular model monitoring meganuclease-induced mutagenesis

One million of cells were seeded one day prior to transfection. Cells were co-
transfected either with 1pg of SC_GS encoding vector (pCLS2690 , SEQID NO: 153) and
with 0, 4, 6 or 9 pg of plasmid encoding Tdt (pCLS3841 SEQ ID NO: 202) or with 3 pg of
SC_GS encoding plasmid with 0 or 2 pg of Tdt encoding vector in 5 or 10 pg of total DNA,

20  respectively, by complementation with a pUC vector (pCLS0002, SEQ ID NO: 191) using 25
pl of lipofectamine (Invitrogen) according to the manufacturer’s instructions. Three days
following transfection, cells were harvested for flow cytometry analysis using Guava
instrumentation. Conditions corresponding to 3 ug of SC_GS encoding vector with 0 or 2 pg
of Tdt encoding plasmid were harvested for genomic DNA extraction. PCR for deep-

25  sequencing were performed using the following primers: 5’-
CCATCTCATCCCTGCGTGTCTCCGACTCAG  (forward  adaptor  sequence)-10N-
(sequences needed for PCR product identification)-GCTCTCTGGCTAACTAGAGAACCC
(transgenic locus specific forward sequence) -3 (SEQ ID NO: 160) and 5’-
CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-(reverse adaptor sequence)-

30 TCGATCAGCACGGGCACGATGCC (transgenic locus specific reverse sequence)- 3° (SEQ
ID NO: 161). PCR products were sequenced by a 454 sequencing system (454 Life Sciences).
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4 5' attgttctcagcctcgtacctcagccagc 4 5 attgttctcagcncgtacctcagccagc 4 5'
attgttctcaggtactggactcagccagc 4 3' attgttctcaggtacagggctcagccagec 4 3

att gttct csiggoeagsefaact cagccage 5 3' attgttctcaggt acgaaggcramseeicasisd 3'
attgttctcagttcctgtacctcagccagc 5 5' attgttctcaggtacgggtggctcagccage 6 3
attgttctcaggtactggttactcagc cage

Approximately 10,000 sequences were obtained per PCR product and then analyzed for the

presence of site-specific insertion or deletion events.

f) Transfection on 293H cells to monitor meganuclease-induced mutagenesis at

endogenous loci

5 One million of cells were seeded one day prior to transfection. Cells were co-transfected
with 3pg of SC RAG]1 encoding vector (pCLS2222, SEQ ID NO: 156) with 0.5, 1 and 2 pg
or with 1, 3 and 7 pg of plasmid encoding Tdt (pCLS3841, SEQ ID NO: 202) in, respectively,
5 or 10 pg of total DNA by complementation with a pUC vector (pCLS0002, SEQID NO:
191) using 25 pl of lipofectamine (Invitrogen) according to the manufacturer’s instructions.

10 Three pg of SC_CAPNSI encoding vector (pCLS6163 SEQ ID NO: 158) were co-transfected
with 2 pg of empty vector plasmid (pCLS0002, SEQ ID NO: 191) or Tdt encoding plasmid
(pCSL3841, SEQ ID NO: 202) using 25 pl of lipofectamine (Invitrogen) according to the
manufacturer’s instructions. Seven days following transfection, cells were harvested for
genomic DNA extraction. PCR for deep-sequencing were performed using the following

15 primers: 5’-CCATCTCATCCCTGCGTGTCTCCGACTCAG-(forward adaptor sequence)-
10N-(sequences needed for PCR product identification)(SEQ ID NO: 5) - locus specific
forward sequence for RAG1: GGCAAAGATGAATCAAAGATTCTGTCC-3’ (SEQ ID NO:
162) and for CAPNS1: CGAGTCAGGGCGGGATTAAG-3’(SEQ ID NO: 164) and the
reverse  primer 5 -CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-(reverse  adaptor

20  sequence)(SEQ ID NO: 6)-(endogenous locus specific reverse sequence for RAGI:-
GATCTCACCCGGAACAGCTTAAATTTC-3> (SEQ ID NO: 165) and for CAPNSI: -
CGAGACTTCACGGTTTCGCC-3’ (SEQ ID NO: 167). PCR products were sequenced by a
454 sequencing system (454 Life Sciences). Approximately 10,000 sequences were obtained
per PCR product and then analyzed for the presence of site-specific insertion or deletion

25  events.
Results
1- On cellular model measuring meganuclease-induced mutagenic NHEJ repair

A cell line measuring mutagenic NHEJ repair induced by SC_GS was created. The

percentage of GFP+ cells, monitoring the mutagenic NHEJ repair, was analyzed 96h after a
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6 3' attgttctcaggtacccatacctcagccagc 6 3' attgttctcaggttacctgtacctcagccagc
7 5 attgttctcaggtacaagggggctcagccagec 7 3'

attgttct cagQogrogs4s8gt acct cagccagc 8 5° Tabl e 8: Exanpl eCofUSs@anssides with
i nsertion at RAGL endogenous |ocus in presence of Tdt. WO

2012/ 058458PCT/ US2011/ 058133 3- At endogenous CAPNS1 | ocus Wld type

293H cel |l s re.t f ] i sm d encodi ng SC CAPNS1
reqan o EET AR LEL PR sTq ufl Ry PGt &Y RGO R e estiehg

pl asm drdtpat&Bag VectSEQ@ATRIID, 86Q) 1N NO:5H024 Wikbut ik redohd of TIQISIEIGY O
determ ne Tdt expression 5 effect at another endogenous |ocus. |In absence
of Tdt tE3psieeden leg 1o et 61016t GiPgeacs wharcas alhdases of Tigj cngeding plasmidedy Tdt
was presenth IMwas [ 9% ( Ki : I i ture
of ot S5en0 o DU veSL TP ALE Ueb P2 R IhIRFBskdne P A0 S of S

pat tser renobdihf @labivice withtpdJG neltscreldd Iy 016he/- 0B aruf ch s eells Aghikhiaweekehde & ur e

14, panel insertion events represented 10% of total TMevents in absence
of Tdt %@E ”'e‘étsewdlag@é@éﬁﬁ@%erﬁmasator}@ﬁ’r+eg%fsn‘@awé%weqi s érti/dhd gveht s

repr eseffed GRYCBhditibfs JVeSYGIIiT: to BEg 81 8€SGwilB RE bif eRPHMNGT Bt @hSQling
Bi

anal yzed and 1 n presence of Tdt a specific pattern I nSértions appeared
cor r espeathr wgre anadymet [byidespstquonsng. dirgnsfertion ovitt2S€ oGS ahg an Einpayl Vectortlédk

ppar b ghdcreeduPEEgys R SR BB e R ch Fotreneep e Svpyes
| ns@r t i @ithudasd tipoib OBABYCETYLEHE AQC FFheIt BIIHE absence of Tdt the insertion events
represented 29% of total TM events while in presence of Tdt these insertion events were
increased up to 95.3 % (Figure 12, panel C). Finally, the analysis of insertion sizes in
presence of Tdt encoding plasmid led to a specific hallmark of insertion with small insertions

ranging from 2 to 8 bp (Figure 12, panel D).
15 2- At endogenous RAGI locus

Wild type 293H cells were transfected by SC_RAG! encoding vector (pCLS2222, SEQ

ID NO: 156) with different doses of Tdt encoding plasmid (pCLS3841, SEQ ID NO: 202) in

order to determine if Tdt could stimulate engineered meganuclease-induced targeted
mutagenesis at an endogenous locus. Two different transfections were performed with 3 pg of

20 SC_RAGTI encoding vector (pCLS2222, SEQ ID NO: 156) with either 0.5, 1 and 2 pgor 1, 3
and 7 pg of plasmid expressing Tdt (pCLS3841, SEQID NO: 202) in 5 or 10 pug of total DNA

by complementation with an empty vector (pCLS0002, SEQID NO: 191) respectively. In
absence of Tdt expressing vector, the targeted mutagenesis (TM) varies between 0.5 and
0.8%. When Tdt was present TM was stimulated up to 1.6% (Figure 13, panel A). The nature

25  of mutagenic DSB repair was analyzed and showed a modification of the pattern of the TM
events induced by the meganuclease. As showed in Figure 13, panel B, the percentage of
insertion was almost null in absence of Tdt whereas in presence of Tdt expressing vector this
percentage represents 50 up to 70% of the TM events. The sizes of insertions were also
analyzed and in presence of Tdt a specific pattern of insertions appeared corresponding to

30 small insertions ranging from 2 to 8 bp (Figure 13, panel C). Finally the sequences of these

insertions seem to show that they are apparently random (Table 8).
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3' cagggccgcgccgtgcagtgtccgac 2 5' cagggccgcggcgt gcagtgtccgac 2 5
cagggccgcggt gcacagtgtccgac 2 3' cagggccgcggcecgtgcagtgtccgac 3 5'
cagggccgoyongrrgs4sgt gt ccgac 3 3' cagggccgcgcct gt gcagt gt ecyas2®1958133
cagggccgcegttctgtgcagtgtccgac 4 5 cagggccgcggt gcgggcagtgtccgac 4 3'
cagggccgcggt ccgt gcagt gt ccgac 4

Sequences with insertion Insertion size | Insertion position
attgttctcaggcgtaccteagecage 2 5'
attgttctcaggtacatctcagecage 2 3
attgttctcaggtacccetecagecage 2 3

attgttctcaggtacgggcteagecage 3 3
attgttctcagggcgtacctcagecage 3 5
attgttctcaggtacagtctcagecage 3 3
attgttctcaggtacgpgpectecagecag 4 3
attgttctcagacccgtacctcagecage 4 b}
attgttctcagcctcgtacctcagecage 4 5'
attgttctcagcticgtacctcagecage 4 5'
attgttctcaggtactggactcagecage 4 3
attgttctcaggtacagggctcageeage 4 3
attgttctcaggtacgggaactcagecage 5 3
attgttctcaggtacgaaggctcagecage 5 3
attgttctcagttcctgtaccteagecage 5 s’
attgttctcaggtacgggtggcteagecage 6 3
attgttctcaggtactggttactcagecage 6 3
attgttctcaggtacccatacctecagecage 6 3
attgttctcaggttacctgtaccteagecage 7 S’
attgttctcaggtacaagggggacteagecage 7 3
attgttctcagggecgeeccgtacctecagecage 8 5

Table 8: Example of sequences with insertion at RAG1 endogenous locus in presence of Tdt.
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5' cagggccgcggt gcaggcagt gt ccgac 4 3' cagggccgcggt gcaaagcagtgtccgac 5 3'
cagggccgcggt gcagt gcagtgtccgac 5 5°° WO 2012/ 058458PCT/ US2011/ 058133
cagggccgoyongrggs4eagt gt ccgac 6 5' cagggccgcegt gt ct gt gcagCyiuse@yansg3d'
cagggccgcggt gcaaggt cagt gt ccgac 6 3' cagggccgcggt gcccgt gcagtgtccgac 6 5
cagggccgcggt gcaagt gcagt gt ccgac 6 5'

10

3- At endogenous CAPNSI1 locus

Wild type 293H cells were transfected with 3ug of plasmid encoding SC_CAPNSI
meganuclease (pCLS6163, SEQ ID NO: 158) with 0 or 2 pg of Tdt encoding plasmid
(pCLS3841, SEQ ID NO: 202) (in Spg of total DNA) in order to determine Tdt expression
effect at another endogenous locus. In absence of Tdt expressing vector, the targeted
mutagenesis (TM) was 7.4%. When Tdt was present TM was stimulated up to 13.9% (Figure
14, panel A). The nature of mutagenic DSB repair was analyzed and showed a modification
of the pattern of the TM events induced by the meganuclease. As showed in Figure 14, panel
B, insertion events represented 10% of total TM events in absence of Tdt whereas in presence
of Tdt expressing vector insertion events represented 65% of the TM events. The sizes of
insertions were also analyzed and in presence of Tdt a specific pattern of insertions appeared
corresponding to small insertions ranging from 2 to 6 bp. Finally, the sequence analysis of

these insertions seems to show that they are apparently random (Table 9).

Sequences with insertion Insertion size | Insertion position
cagggcegeggtecegeagtgtecgac 2 3
cagggccgegccgtgeagtgtecgac 2 5
cagggecgeggcgtgcagtgtecgac 2 5
cagggccgeggtgcacagtgtecgac 2 3
cagggccgeggcecgtgecagtgtecgac 3 5’
cagggecgeggtgetgcagtgtecgac 3 3
cagggcegegectgtgcagtgtecgac 3 5'

cagggccegegttctgtgeagtgtecgac 4 5'
cagggccgeggtgegggcagtgtecgac 4 3
cagggccgeggtccgtgecagtgtecgac 4 5'
cagggccgeggtgcaggeagtgtecgac 4 3
cagggeegeggtgcaaagcagtgtecgac 5 3
cagggcecgeggtgecagtgcagtgtecgac 5 5
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cagggccgcggt gcaagcagggagtgtccgac 8 3' Table 9: Exanpl e of sequences with

i nsertion at CAPNS1 endogenous | ocus 'n presence of Tdt. Exanple 6B: Fusion
of the huweroiRdiss45® nmeganucl eases: effect on targeted nBRCRGSPEII0S8133
Co-transfection of Tdt (SEQ ID NO 201) wth meganucl ease encodi ng pl asm ds
was 5 shown to increase the rate of nutagenesis induced by neganucl eases.

However, Thi The pfesence of] two pd,.asmdg within the cell
c%gg%rcfg@%%%gg_k_@{ét&ﬁac g Pg

at the|sanme tine over 1t would pe of benefit to target| the Tdt
activitty at—th ' r DSB—uppm Meganuciease s ctleavage. Thus, a

chi merifc pr o{aéfgr%c%%wﬁ%t%g%ﬁ :i%” and I\/Egaﬁ%cl ease protei ns i|s engi neered.
The human—Tdt—protein(SEO+D-NS H—t+s—fused—to—theN—agr Ctermnus of
different Si ?‘ﬁfg‘é@g%gﬁ?‘?gpﬁkééﬁ&igﬁ%ered megahucl eases MN such as SC_GS (SEQ
| D NO H93)—SC-RAG{SEQ+D-NO—58)—pnrd—SC-CARNSI{-SEQ+BNO 192). Two SC
M fused tocﬁﬁfﬁ“ﬁ?géfgé?cﬁlﬂéﬁgégtffééfe either &t the N tetninal |domain or C

t er m nal—domai-h—of theconsi-dered—heganuclease—Thoseconstiructed are
tested|for CPEBBTCBHRBIBFIRIRCALIEIFIBRT ease| nut fyeni c| activity at |the | ocus of
interest. 15 Material and Methods h)! Making ofl SC M\ Tdt fuysion proteins
The Tdf pr cesseerefagtacapseategagtatéreacSC M\ nedlinucl ease e¥'ther tjo its C-term nus
or to ilts N termnus using a ten amno acids llinker ( 5) 2 (SEQ I D NO
170) . Thahle 9i Ekalsple of seque@s priditinsention EARNS § emdogenbusdspsdn presénce 8C MN- Tdt
or Tdt-f&f¢ MN. All SC MN were initially cloned into the Ascl / Xhol
restriction sites of the pCLS1853 (Figure 7, SEQID NO 175), a derivative
of the 68: FuRiohtdfeBERIma i di o ﬂfefxﬁﬁclams CHRCEST L el ;ﬁmaga?es@f

i nteres 2/ 058458PCT/ US2011/ 058133 under the control of t

pronot er . usi on r ch. SC MV Tdt constructs are

obt ai ned by Hﬁﬁ“ﬁ{%tﬂﬂj‘ %feﬁi{r(ég‘éﬂ;’ It\@ zg\ﬁbowtﬁ?ﬁ?gﬁ%qc sepEermePIdmideres The

f ol lsowi gagwhabligerddde We/@ee 6mu@gé&9@ YediRe4 lbf;lln@e(%ﬁ@a@ég&e%&mr:r i€ SH§§§& to
create the different SC GS/ Tdt “constructs nstruct Anplified

For war dmpliesrthe ®&@nce of two plasmids within the cell at the same time. Moreover it would be

of benefit to target the Tdt activity at the newly created DSB upon Meganuclease’s cleavage.
Thus, a chimeric protein comprising TdT and Meganuclease proteins is engineered. The
human Tdt protein (SEQ ID NO: 201) is fused to the N- or C-terminus of different Single
10  chain engineered meganucleases SC_MN such as SC_GS (SEQ ID NO: 193), SC_RAG (SEQ
ID NO: 58) and SC_CAPNSI1 (SEQ ID NO: 192). Two SC MN fused to Tdt protein are
made: either at the N terminal domain or C terminal domain of the considered meganuclease.
Those constructed are tested for their ability to increase mutagenic activity at the locus of

interest.
15
Material and Methods

h) Making of SC_MN/Tdt fusion proteins

The Tdt protein is fused to the SC_MN meganuclease either to its C-terminus or to its N-
terminus using a ten amino acids linker (GGGGS), (SEQ ID NO: 170). This yields to two
20  protein constructs named respectively SC_MN-Tdt or Tdt-SC_MN. All SC_MN were initially
cloned into the Ascl / Xhol restriction sites of the pCLS1853 (Figure 7, SEQ ID NO: 175), a

derivative of the pcDNA3.1 (Invitrogen), which drives the expression of a gene of interest
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D NO Reverse primer SEQID NO SC MN- TDT SC MN CWfor 176 Link 1 OGSRev
181 TDT Li nkTDTFor 203 TDTRev 204 TDT- SC MN SC MN Li nkl OGSFor 184 V5rev
177 TDT WO 2012/058458 PCT/US2011/058133

under the control of the CMV promoter. The two fusion proteins for each SC_MN/Tdt
constructs are obtained by amplifying separately the two ORFs using specific primers. The

following table 10 gives the oligonucleotidic sequences that are used to create the different
SC_GS/Tdt constructs.

E
Amplified Forward SEQ , SEQ ID
Construct . ID Reverse primer
ORF primer NO:
NO:

SC MN. | SC_MN CMVfor 176 Link10GSRev 181
DT TDT LinkTDTFor | 203 TDTRev 204
TDT- SC_MN Link10GSFor 184 VSrev 177

SC_MN TDT TDTFor 205 Linkl0TDTRev 206

Table 10: Oligonucleotides to create different SC_GS/Tdt constructs

Then, after a gel purification of the two PCR fragments, a PCR assembly is realized

using the CMVfor (SEQ ID NO: 176) and TDTRev (SEQ ID NO: 204) oligonucleotides for

10  Cter fusion of Tdt to SC_MN or using TDTFor (SEQ ID NO: 205) and V5Rev (SEQ ID NO:
177) for Nter fusion of Tdt to SC_MN. The final PCR product is cloned in a pTOPO vector

then digested by Ascl and Xhol and ligated into the pCLS1853 vector (SEQ ID NO: 175) pre-

digested with these same enzymes.

15
Example 7: Impact of co-transfection with two nucleases targeting two sequences

separated by 173 base pairs (bp) on mutagenesis frequency.

To investigate the impact on mutagenesis frequency induced by two nucleases

targeting two nearby sites, co-transfection with two engineered nucleases targeting DNA

20  sequences within the RAGI] gene was performed. Nucleases consist of an engineered
meganuclease (N1) (SC_RAG of SEQ ID NO: 216) encoded by pCLS2222 (SEQ ID NO:

156) cleaving the DNA sequence 5’-TTGTTCTCAGGTACCTCAGCCAGC-3’ (T1) (SEQ ID

NO: 207) and a TALEN (N2) [SEQ ID NO: 209-210 respectively encoded by pCLS8964
(SEQ ID NO: 211) and pCLS8965 (SEQ ID NO: 212)] targeting DNA sequence 5’-
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TDTFor 205 Linkl OTDTRev 206 5 Table 10: digonucleotides to create
different SC GS/ Tdt constructs Then, after a gel purification of the
two PCR fwagnentss4ssa PCR assenbly is realized using thePCUNSee11(0SHGS | D NO
176) and TDTRev (SEQ I D NO 204) oligonucleotides for 10 Cter fusion of Tdt
to SC WN or using TDTFor (SEQ ID NO 205) and V5Rev (SEQ ID NO 177) for

Nt er fusj : i i A ysa O
vect or u%@ﬁ@fré&?’%}éeﬁgw Ggﬁg(};‘ﬁgfé %ﬁﬁ%@'ggg%&n o&#ﬁ\e&%%l%g:l:vect or
( SEQ | BSEQ IDIXNB) 208 )eThepestve deavighinioh Biresears agparaszyynE®. bpl 5 Exanpl e 7: | npact
of co-transfection with two nucl eases targeting two sequences separated by
173 baﬁﬁa&z‘i} rl?ln&l?'lpéth(()) nmut agenesi s frequency. To investigate the

i npact ‘on mit agenesis Sfrequency i nduced by two nucl eases targeting two
nearby sites, co-transfection with two engi neered nucl eases targeting DNA
20 sequencedalistitansfeetinm RAGL gene was perfornmed. Nucl eases consist of an
engi neered neganucl ease (Ni) (SC RAG of SEQ ID NO 216) encoded by pCLS2222
(SEQ I D NO PR@lunfheNEishA TN wEaPeRELar™ adhbe) bET CACTIAHEGRETEAG 3
(Ti) (SEQ ID NG 207) and a TALEN (N2) [SEQ I D NO 209-210 respectively
encodedligly ipGirggleg4meEa@ [IDMED! spprlymemtdd pGihS3988! [LSiQamimeNpeni2il iy [(100

t ti ' 2012/ 058458PCT/ US20 58133, . :
TATATT D P R o2 A B PRAABAC 3129 RBIC Ksrogs dfe 208)
These t9&encec afdilvvO RS The ekt aﬁeacreﬂ% ader@ytrallZﬁciaa-wmt1@p'§a$f a4l priAhods

Cel I s transfection 5The human 293H cel ls (ATCC? were plated at a density of
1.2 x Jostageng sothatuckpsesmxpreshing mlasavgy Srg ofddl and PEBYEM oS wpgh menametiofsi th 2

mM - gldam ne, icillin 0 strepto j 00 ugl/,ml),

oot e er MG (RERsFbhT {g lafplilon MG oIMEIREtSAEHATE g tooe
FBS] . Thanufexiredayrotosll As wetiteolf exhsfueihadwas thprdsselh atsne! Péradll BAitions,

cont ai ni ng_ bot h nucl eases_expr essi nMI asmds (3ug of NI and 0. 255}% of
each nOABWRISS Wre corpplgisst at \Widol o PR Aitnise Vet lexd008 ASEQAREN®:
(I'nvi trzqg?_n) according to the manufacturer's protocol. As control, each
nucl ease was expressed alone. For all conditions, sanples were conpleted at
| Qug of t ot dlwdNAysnafttr, anlle very cobatat apClgBAdinG BEaCdD Wi pe2fbhed. THie days
after, cells were collected and genomic extractio performed. The 15
Ut ge BUPEE S HIIEYes dEPBRRS 00 BEFPOSaHasubeHE hh B Hrecindhore

tar get s,yaRdANRh ishdcefic PrHERrsSRAMA Yy RebiTR! RlabladkRAIRY ftREgh  TiRo@dRAL at or
needed for H gh Throughput Sequencing on the 454 sequenci ng system (454

Li f e Scieanere)g ot thTidSapehueacingsystenp(4tdrife $eigmres)

io CO;C{%I’ Cg'rll' L%%%Tﬁl’ l%-g l(;%gﬁlgrl's QA_%AGCT TTACATTTACTGAAC 20 AAATAAC-3' (SEQ ID
5' CCTATCCCCTGT GTGCCTTGGCAGT CTCAGGATCTCACCCGGAACAGCTT AAATTTC-3' (SEQ I D NO
215) were usedCAT WA TOCCH IHE S EqUERESC A Gl ET WA LA TANAGEGAAC

20 AAATAAC-3’ (SEQ ID NO: 214) and

R_TI:

S’CCTATCCCCTGTGTGCCTTGGCAGTCTCAGGATCTCACCCGGAACAGCTT
AAATTTC-3" (SEQ ID NO: 215)

were used. 5,000 to 10,000 sequences per sample were analyzed.

25
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25 WD 2012/ 058458PCT/ US2011/ 058133 Resul ts The rate of nutations

i nduced by the nucleases Ni and N2 at the targets Tl and T2 was neasured by
deep sequenepryss4d8sults are presented in Table 11. 0. 6BeaafS2RCRsf1IBRgNENt S
carried a nutation in sanples corresponding to cells transfected with the
Nl 5 nuclease. Simlarly, 1.46%of PCR fragnents carried a nutation in
sanpl edﬁgsrurltgspondi ng to cells transfected with the N2 nucl ease. The rate of
i nduced fiut agenesi s increased up to 1.33%on Ti target and up to 2.48% on
T2 target when the cells were transfected with plasm ds expressing both Nl

and N2, showhegratehefi mutadiopy inslaerskebithet nuslaases| Mhond N2aatgbe itargets vid andatby

sequences. stimul at.es ,up to about two.folds the f.req y, of §a | S.
nter oot Fhatg Ut R AL SR RROEE o RIRUS b BB T ERED APy 0B R e

pl asmi diradrientsreiudict tay naftattel &t sanpleokogesppddiap etosealls! réigftddonsh the NI
contrast, within the sanple co-transfected with both nucl eases expressing
pl adni deucieapgy@ilarucl 4650 ob P (Re fragments carried jagpyiation e sarginie cosasppngipy to
corresp i i i ] \/ sites.
Thus.  PERCLER A By 8 YEDLAE PACHATLISR0 REA HRERHAR bR SBIBIRSL 0o
near by dib3equageceas] appar2at8ée ohyT2l vsgdpwisdn thid | catle svekd eansit agk néthi Hasmids
frequency. Nucl eas "A_of Mutagenesis at Ti target % of Mitagenesis at T2
target NPTES88 bgiTNB T gnd N shgwin Rt ihogpresenagol trupiuelopses igfpclpe ue Pearbyt e

| nduct | 0, Oked Wan gl BRECSHARNASIIRGNE WRqHGRY BY nbRANRAEC Snichingly, within
2012/ 058458PCT/ US2011/058133 Li st of ci tgd references Arinondo, yP B.,
J. Ibhonths ,S:clreplea!tr.anﬁféﬂe@)with'@dplomcirm_gletmepleshildyt}arm@o.tit}vbf gelofions observed
campt ot fecl it JeREAS! v chART "l 82" YEh SR L GaS AR HPTLES hou BlaRLl B!

expressing plasmids a large fraction of deletions are large deletions (>197 bp), corresponding

C

to the intervening sequences between the two cleavage sites.
Thus, it was observed that co-transfection of two nucleases targeting two nearby

15  sequences separated by 173 bp stimulates the mutagenesis frequency.

Nucleases % of Mutagenesis at T1 target | % of Mutagenesis at T2 target
N1 0.63 0
N2 0 1.46

N1+ N2 1.33 2.48

Table 11: Mutagenests rate induction by two nucleases targeting two nearby sequences
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3) The method according to claim 2, wherein said chimeric rare-cutting endonuclease
comprises a catalytic domain selected from the group of Trex (SEQ ID NO: 145-149)
and Tdt (SEQ ID NO: 201), a functional mutant, a variant or a derivative thereof.

25 4) The method according to claim 3, wherein said chimeric rare-cutting endonuclease
comprises a catalytic domain of SEQ ID NO: 194, a functional mutant, a variant or a

derivative thereof.

5) The method according to claim 1 comprising the steps of:
30 (1) identifying at said genomic locus of interest one DNA target sequence

cleavable by one rare-cutting endonuclease;
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1) A nethod for increasing double-strand break induced nutagenesis at a
genom c locus of interest in a cell conprising the steps of:

5(i)i dentwbybregssssssai d genomic | ocus of interest at |e&st/usp@1DBA3S ar get
sequence cl eavabl e by one rare-cutting endonucl ease; (ii)engineering said
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met hod accordl ng to claim1, wherein s engi neered rare-cutting
endénucl ease i s @ndbmuviEass rare cutting endonucl ease corrprl sing a catalytic

96. 152) . 2 ALREDY BRA RRIESHT, Mo i NP e 20 dseh e G PHBEBDIT28 )4 The

met hod accorg@h&glctlgcglﬂlﬂb,%st hesr&iseg.sai d chineric rare- cuttl ng
endonucl ease conprises a catalytic domain selected fromthe group of Trex

(SEQ I D NG 145-149) and Tdt (SEQ I D NO 201), a functional mutant, a
vari ant og ?h%%étﬁ@éécc&cﬁ# % n§43m%;h E@Pg glg;cordl ng to claim 3,

wherein s ChIEr & T Al ek eas conprises a catalytic

dommi n of SKEQ | DiiNGgtifliAg at ﬁnd gﬂﬁ)ﬁm@ﬂtﬁdus oBimétst tdo \neliibf MN Artarigedehorrtd ve
thereof. 5) The nethod accordin egbto claim1 conprising the steps of:
30(i)identifyi ng raiPeelaely femERiccdY Yreuarepiutting @daryclense DNA tar get sequence

cl eavabl e by L GLE
S01a) oobasatity BBTS Bt 1A %}?Qgﬁlg n%@?f“#%&g%ua le fo jegacrpte g dirst DNA

rare-cutting endcﬂmublle%sed bwalamﬂnatgemannt loca.rse>f1rt1ente!;t; ng endonucl ease is able
to generate at |east two nea i

DNA doubl e-strand reaks in the icC
oo A b Bhes B ISP ErapuORE Aol bl S huiba eont BRAL  at

| east one rare- cuyfohibRGARNIRAKH BREBnorhiRE6&RGFHRERLNI Ng a cel | in which
doubl e- strand break induced nutagenesis at said genom c |ocus of interest

i's increasediv)6) cPhiectmg fastDh\clorgst ﬂ@]ucmeols'lah mld__t\m)m celiing en&mlusltews, of :
10(i)identifying at, said omcl i nt nea ar get
sequences r etEs{epr % Bt@fnm% fleava'l?l Wh‘c? dc‘%gf)e Sérlagdcu? WSU%C E?@%%ﬁéseat Shid

genomic locus of interest is increased.

20 7) The method according to claim 5 wherein said at least two nearby DNA double-strand

breaks into said genomic locus of interest are distant between 12 bp and 200 bp.

8) The method according to claim 5 wherein said rare-cutting endonuclease able to
generate at least two nearby DNA double-strand breaks into a genomic locus of
25 interest is a chimeric rare-cutting endonuclease comprising at least two catalytic

domains.

9) The method according to claim 8 wherein said chimeric rare-cutting endonuclease is a
fusion protein between a meganuclease and at least one nuclease catalytic domain.

30
10) The method according to claim 9, wherein said nuclease catalytic domain has a

endonuclease activity.
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(i1) engineering a first rare-cutting endonucl ease able to generate a first
DNA doubl e-strand break in the genomc |ocus of interest; (iii) engineering
a second weanrer2is458ng endonucl ease able to generate a seCoN$S20MNA58133

15doubl e-strand break in the genomic |ocus of interest; (iv) contacting
said DNA target sequence with said two rare-cutting endonucl eases; thereby
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chinmeric rare cutting .endonuc] ease is a fusion protein conprising a protein
of SEQ I D NG& fusion profeincomprisinerdiPERiein of YRR UhiNQr 0% aidrrgionpl Bufanerzof |

15) The met f\%ﬁaﬁ&%%&éh@&&e‘%b@eé‘f m 8, wherein said chinmeric rare-cutting
endonucl ease 1's 20a fusion protein conprising a protein selected from SEQ

ID NO 56 or SEQID NGO 57, a functional nutant, a variant or a derivative

thereof. 16 Tﬂ_@%eﬂ%ﬁﬁngraﬁl‘gQB g § Qheketh Rid chifﬁh@fc%f& aifith Sh8ASRe is
cat aI yt| ¢ domai n has an exonucl ease activi ty.
a fusion protein comprising a protein selected from SEQ ID NO: 56 or SEQ ID NO:

57, a functional mutant, a variant or a derivative thereof.

16) The method according to claim 9, wherein said nuclease catalytic domain has an

exonuclease activity.

25
17) The method according to claim 8, wherein said chimeric rare-cutting endonuclease is
a fusion protein between a meganuclease and two nuclease catalytic domains.
18) The method according to claim 8, wherein said chimeric rare-cutting endonuclease is
30 a fusion protein between a meganuclease, one nuclease catalytic domain and one other

catalytic domain.

19) The method according to claim 8, wherein said meganuclease and said nuclease

catalytic domain are bound by at least a peptidic linker.
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17) The method according to claim8, wherein said chineric rare-cutting
endonucl ease is a fusion protein between a neganucl ease and two nucl ease
cat al yt i cwoanm/038458 18) The method accordi ng to cl ai mp8T/ush@n@ss13zai d
chimeric rare-cutting endonucl ease is 30a fusion protein between a
meganucl ease, one nucl ease catal ytic domain and one other catal ytic donain.
19) The nmethod according to claim8, wherein said neganucl ease and sai d
nucl ease catal ytic domain are bound by at |east a peptidic Iinker. 87 WO
2012/ 058438PAT¢Him2Ad T4r05aftBig &fdpnvcledle ne geweratarae cast twogeabd NI dabdle-t 0
generate at |ea ﬁ) tY(vo. near by DNA doubl e-strand breaks into a genom c | ocus
of interest %@Ha FaKREpo p penpmig lQeus of INlSTEst SAMBH BB ease; 5ii) a peptidic
linker; iii)j)aruchfRgenddhiRlestd;c domain. 21) A chineric rare-cutting
endonucl ease according to claim 20, wherein said rare-cutting endonucl ease
i's & meganuci)eepeptiditdinke), A chimeric rare-cutting endonucl ease according to
claim 20, Wnesei n lsai dr rt.e-cutti ng endonucl ease is derived froml-Crel
meganucl easg!l/ @ nucicase Catﬁgﬁlc Bitteric rare-cutti ng endonucl ease accordi ng
to claim 20, wherein said rare-cutting 15endonucl ease is a single-chain
meganucl e%?)eAd&ﬁﬁq&EQrafré-&'}&ih' e gﬁ%"a‘é%rﬂﬁﬁg‘%cg}%zﬁ GRERS L6 {a?{-‘é‘atﬁg ting
endonucl edse according to cPaim? , Wherein=sai d nucl ease catalytrc mai n
has an endonudbaadesacstd meganucl2se5) A chinmeric rare-cutting endonucl ease
according to claim 24, wherein said nuclease catalytic domain is sel ected
frofitable 2 (SEQ ID NO 38-57) and table 3 (SEQ ID NO 96-152), a

functi onab> Mt @fheri@raf@Eh@RE eRiorRcME a‘é@*x’d}{%twaﬁaﬁrﬁ@fo; whEkeirf$a }a'i]@Fl!ltfin
rare-cutting endonucl ease according to clalm?24, whereln sald nuc eas% 25
catal yti c dormeionudlease & decitved fromolrC @b imegamuickeas€. SEQ | D NO. 97), |-Tev | (SEQ
ID NO 106 or SEQ ID NO 60; SEQ ID NO 107-108), NucA (SEQ ID NO 41 and
112), NucM (SEQ ID NO 43 and 113), SNase (SEQ ID NO 45-47 and 116-118), a
f unct i onal23 it dmmeriarajeentting cadonycigase ageerding to iskaine @0, wherzin) said wing-eetting
rarge-cuttin S di | aiym. 24, . wherein i d nucl ease
e S i L
variant or a derivative thereof. WD 2012/058458PCT/ US2011/058133 28) A
chimeric - js C ' t Al i '

cl case ool 3 gHmEGauERARAMECCRBARIAGE AtiUre B ST M ertiell Rudale

nmut ant, a vasataytic doman dey anvatdovecledsemetnfity. 529) A chinmeric rare-cutting
endonucl ease according to claim 24, wherein said nucl ease catal ytic donmain
is a protein selected fromSEQ ID NO 56 or SEQ ID NO 57, a functional
mut#nt , a29hA dhmene raredwitingagridpauglénse @ggording to claim 24, wherein said nuclease

catalytic domain is selected from table 2 (SEQ ID NO: 38-57) and table 3 (SEQ ID

NO: 96-152), a functional mutant, a variant or a derivative thereof.

26) A chimeric rare-cutting endonuclease according to claim 24, wherein said nuclease

25 catalytic domain is selected from Colicin E7 (SEQ ID NO: 97), I-Tev I (SEQ ID NO:
106 or SEQ ID NO: 60; SEQ ID NO: 107-108), NucA (SEQ ID NO: 41 and 112),

NucM (SEQ ID NO: 43 and 113), SNase (SEQ ID NO: 45-47 and 116-118), a

functional mutant, a variant or a derivative thereof.

30 27) A chimeric rare-cutting endonuclease according to claim 24, wherein said nuclease
catalytic domain is a protein of SEQ ID NO: 84, a functional mutant, a variant or a

derivative thereof.
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30) A chinmeric rare-cutting endonucl ease according to claim 20, wherein
sai d nucl ease 10catal ytic domai n has an exonucl ease activity. 31) A

chi meri c waner20i8458ng endonucl ease accordi ng to cl ai m 30CTwiserigioms1sai d
nucl ease catalytic domain is a Trex protein of SEQ ID NO 145-149, a
functional nmutant, variant or derivative thereof. 15 32) A chineric
rare-cutti e I C i by , es el id_nucl ease
catal yti Cbg%ﬁgﬁ%@g% ?%ggﬁ%r%{dgbuﬂg%#ggggq{i@gﬁ]%dai 4i,£’a eﬁ%@?ﬁa onar® it ant
vari ant or dewdlytid doteaihieagedtein?2®BSEQADCKROMEH| & furtiensluhtilang aewnidianuel gase
according to cJaLn1égﬁ further conprising: i) a second peptidic |inker;
and/or ii) aesypiysthesehry catal ytic domain. 34) A chineric
rare-cutting endonucl ease according to claim 33, wherein said

25suyppl e tary .catal ytic domai,n has a nuclease actiyjty. 35) chineric
ar o out t PRl e ORI e BCOMANH 2 SETOLTE I8 SO ThoVherdRrgid fucicase

doubl e- st r angdiiealorh e Us &dpratHiRI8B&aEd FronBEQRUINOME of @RS IDfNONEEr gst  of
a cell. 3036) A reconbinant pol ynucl eotide encoding a chinmeric rare-cutting
endonucl easduaetiamebingpnt, @ veriantrar 20ierigqtiveAhsreef or conpri si ng a reconbi nant
pol ynucl eoti de according to claim36. 89 WD 2012/ 058458PCT/ US2011/ 058133
38) A conposition conprising a chineric rare-cutting endonucl ease accordi ng
to claim 328 Anghimeggfpegpiinggyndanyglease gpsnrdiag iy claimn?Greyhesein sail pupleaseg
endgnucl eas ' ' iR i nstructions for use in
in?@easing g@%ﬁﬁgggkgg%ggﬁﬁta(gpﬁ%ﬁggg“” tagenesis in a eukaryotic cell and
optionally packaging materials, containers for the ingredients, and other
conponent 31y dhi@fric AfL QAGHI B RRAHOL R St AhglH e nd BEIUCKRT L RORNESES -

40) A nethod for increasing double-strand break i nduced nutagenesis at a
genonm ¢ | ocutalpisf dpmeiariesa Tirex aratein|of cHRRriDsNGY t49el 4% epfungfional inhutant,

i dentifying éﬁm§ﬁ5QE9$aR%ﬂﬁx£8P“S of interest one DNA target sequence

cl eavabl e by one rare-cutting endonucl ease nearby one DNA target sequence
cl egvabl e by one frequent-cutting endonucl ease; (ii) engineering said
rare-cutti - I [ - iy LS

bl o to ganer ot aHuelERARYIHE hdonflIAR! Fetllr il S NERARTE FRYGsl

i nterest; (idatdytivedanmgn @ 4§ TsixgnoteimodfSEQ hetN@e4s aifthatianal-rautand, Rgriant or
endonucl ease, and.said frequent-cutting endonucl ease; (iv) contacting said
DNA target sEGyaHE CWP{h said fusion protein to generate at

20 33) A chimeric rare-cutting endonuclease according to claim 20, further comprising:
1) a second peptidic linker; and/or
i) a supplementary catalytic domain.

34) A chimeric rare-cutting endonuclease according to claim 33, wherein said

25 supplementary catalytic domain has a nuclease activity.

35) A chimeric rare-cutting endonuclease according to claim 20 for increasing double-

strand break-induced mutagenesis into a genomic locus of interest of a cell.

30 36) A recombinant polynucleotide encoding a chimeric rare-cutting endonuclease

according to claim 20.

37) A vector comprising a recombinant polynucleotide according to claim 36.
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20l east two near by doubl e-strand breaks; thereby obtaining a cell in which
doubl e- strand break induced nutagenesis at said genom c |ocus of interest
IS I ncreasodN12/058458 41) A fusion protein to generate RCTIUSae1t1/058183 near by
DNA doubl e-strand breaks into a 25genomi c | ocus of interest conprising: i)
a rare-cutting endonucl ease; ii) a peptidic linker; and ii) a

Z ieqﬁﬁgﬁ - 54 ’fé' %ﬁgﬁ%%ﬁﬁgﬁxg g’gﬁﬁ%)erﬁA rfafésé&{h Q&O%Lae RLY ﬂ%cl&lnﬂa' m

rare-cutti ng "endonucl ease |s neganu
2012/ 058458 P0TdndS2ti1¢r058133 43) A fusion protein according to claimd4l,
wherein said rare-cutting endonucl ease is derived froml-Crel neganucl ease.
44) A fusion protein according to claim4l, wherein said rare-cutting
endonucl| eda®eAi kit asowriaiggea ehizienic matraenidh e asdongelenseeatchbrdomg ke Clagh 20 and

meganucl ease. 45 sign .protein ac cl a rther

Congr i mg. Pytfitighy, ¢3S0 R BEbndERbRLREd Porétinduly, priidenves yn o
catal yti c dasmmhryotid Gel#6nd 0ptfdl|131153Badkraginglﬂ‘ilaté@émrcdhﬁ&e'i@fo@ i lrﬂﬂgﬂe‘alemeaﬁd n

sai d supplenentary catalytic domain has a nucl ease activity. 47) A

fusi on prot eitherseapearmiysed fen iapispsing deble-pieandseakgindersdireltagangsis
br eak-i nduced 15nutagenesis into a genomc |locus of interest of a cell. 48)

An i sol at r d.or rec at pql ynucl eoti de encodi ng a fusion
protein aggof\ ?fb ‘% rdP%{F?ﬂ’lﬁlgbu?gﬁ@ﬁanawgt‘B‘f CE%l‘i‘i}}I‘i‘%ePf‘ﬁjs ?tk?egerS’SW‘th?P%otl de
acqg@r di ng t orGh@fed if8: ceﬁ%rt@rlgﬂgﬂ%sétéﬂs% conprising a fusion protein
according to claim4l and a carrier. 51) A kit conprising a fusion protein

accor di ng tdicl anmrmfylagdatl sead r gembiman dodusr ofigmeterast 2mei PNAeasigay sequence

doubl e- strand bre ced nmut agenesi s, in a ¢ and o onal |y ackaglng
materials, contai |y ‘Efﬁefafe“gﬁ gnffonuclgasg W?Wéro@oﬁgj@n@ﬁ%% BSEA°E or

i ncreasing doubl eﬂ@tvatﬂe@yl@h@ﬂléqmdﬁduﬁtﬁﬂg RHdABERES: S
(i)  engineering said rare-cutting endonuclease such that said rare-cutting
15 endonuclease is able to generate one DNA double-strand break in the genomic
locus of interest;
(iii)  making a fusion protein between said rare-cutting endonuclease and said
frequent-cutting endonuclease;
(iv)  contacting said DNA target sequences with said fusion protein to generate at
20 least two nearby double-strand breaks;
thereby obtaining a cell in which double-strand break induced mutagenesis at said

genomic locus of interest is increased.

41) A fusion protein to generate at least two nearby DNA double-strand breaks into a
25 genomic locus of interest comprising:
1) a rare-cutting endonuclease;
i1) a peptidic linker; and

11) a frequent-cutting endonuclease.

30 42) A fusion protein according to claim 41, wherein said rare-cutting endonuclease is a

meganuclease.
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43) A fusion protein according to claim 41, wherein said rare-cutting endonuclease is

derived from I-Crel meganuclease.

44) A fusion protein according to claim 41, wherein said rare-cutting endonuclease is a

single-chain meganuclease derived from I-Crel meganuclease.

45) A fusion protein according to claim 41, further comprising:
1) a second peptidic linker; and/or

1) a supplementary catalytic domain.

46) A fusion protein according to claim 45 wherein said supplementary catalytic domain

has a nuclease activity.

47) A fusion protein according to claim 45 for increasing double-strand break-induced

mutagenesis into a genomic locus of interest of a cell.

48) An isolated, purified or recombinat polynucleotide encoding a fusion protein

according to claim 41.

49) A vector comprising the polynucleotide according to claim 48.

50) A composition comprising a fusion protein according to claim 41 and a carrier.

51) A kit comprising a fusion protein according to claim 41 and instructions for use in
increasing double-strand break-induced mutagenesis in a cell and optionally
packaging materials, containers for the ingredients, and other components used for

increasing double-strand break-induced mutagenesis.
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