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TECHNICAL FIELD
The present invention relates to methods for gene targeting, and particularly to
methods that include the use of transcription activator-like (TAL) effector sequences.
10
BACKGROUND
The ability to modify chromosomes through homologous recombination (gene
targeting) has been a long sought goal of biologists. In plants, for example, gene
targeting may help to discern the function of plant genes, opening up new possibilities for
15 crop improvement. For example, with gene targeting it is possible to carry out the
genetic surgery required to reorchestrate metabolic pathways to create high value crops,
including seed with altered oil or carbohydrate profiles, food with enhanced nutritional
qualities, or plants with increased resistance to disease and stress. In animals (e.g.,
mammals), gene targeting may be used for treatment of disease. For example, gene
20 targeting may be used to engineer corrections in genes that are defective due to various
types of mutations. Efficient methods for such gene targeting have been difficult to
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inmportant roles in disease, or trigger defense, by binding host DNA and
activating Seffector-specific host genes (see, e.g., Gu et al. (2005)

Nat ure 438020PA72Mang et al. (2006) Proc. Natl. Acad. SecT/usSAon8®310503;
Kay et al. (2007) Science 318:648; Sugio et al. (2007) Proc. Natl. Acad.
Sci. USA 104:10720; and Romer et al. (2007) Science 318:645). Specificity
depends on an effector-variabl e nunber of inperfect, typically 34 am no
acid repeats (Schornack et al. (2006) J. Plant Physiol. 163:256).

Pol ynor phi sns 10are present primarily at repeat positions 12 and 13, which
are referred to herein as the repegivwgAR§P! e-diresi due (RVD). The
present invention is based in part on the fact that the RVDs of TAL
effectors corTé@pﬁﬁﬁKMQOMﬂeﬁmﬁﬁbeaﬁéh%ﬁﬂﬁﬂnﬂh@g@w®dhgémW@h@e@aYn a direct,
| i near fashion ne RVD to e nu eotid dege and no
appar ent T Haphaece e UREES S Hd e Pod BTAGRPEIFABEY 275 fovel
mechani seffdcadr- s@eaﬁehastlgléﬁesr(@@@g@ Gogt all. fmosa Naal@ 136 an 9By sl aRr €di cti on
for neM/targ)t speci fic TAL ef f ect or . descri bed herein, these proteins

may be u€éPpl Pios. W@%eﬁﬂéh&éd&iﬁﬂ@ié@ﬁH@K@@VtésCK@?b@ﬁ@ﬂwéHBﬁﬁgi%W%mcleases
that can.f a? %b(ﬁ’@aﬁr ralc{Tf;A?%” rzfsC/Pfﬁgﬁ fc}f?ﬁboﬂld'ﬁo &J]e?g?@a%:) RESEI NI (€. 9.,

to add or use for el's or Dbiorenewablfes in plants).
These pr 3)18:‘:64153 Sb&ﬁ!ﬁm%ﬂddpﬂij(dstlﬁl aisﬁfdatora&nalﬁle nugibangf impetfe@nspicalpy Bon
factors, and espeC|aI§%Efor therﬁg ‘62 plications requiring a very high

| evel of ABHOECK 1Epeals Sghermack ¢iiad b4yt 1§52 W g BAYMEEPYS™S i r uses)
as fion létjénp}és M& %ﬁg})? t positib PN PEP Ghch Jr@?efﬁg'%f?t%gltegéélﬁfm%' on

features ng the genetic materia conpri sing
(a) provnﬂeﬂgmad@ehhemdmﬁGﬁwmhg a target DNA sequence; and 25(b)

i ntroducin ranscription tivator-like (TAl difyin
enzyme i nta ¢ RE BER rRraead Deradh Poioplie fbtky R B IS AT SERPS ng o)
a DNA noglifshaiall @REY AR Siaed fﬁthél@%argé@ltémﬁ'afd{regpﬂ%a% fehiANIRIR N and (i)
a TAL effector domain comprising a plurality of TAL effector r epeat

sequenceena hglcotide, vedntinnaddgonsradyi and rtooap@a@pemcm depenidenstei d"én$ equence in
t he target DNA ence, such t fylng enzyne
o't oo R s PEEHE B e etk e Fiol FRINA s REM ol B et [ de
sequencecriablds hagesit [pwdlcnfoaqsmev& heseepocifihBATRIRE@r CAR dEttibbEhers@NPr i S

to the cell a nucleic acid conprising a sequence honDIogous to at

di
P;g\élt :an%m"q prefeingfmashlee ysgfud én roppaach el leipteshnodeshasttiigetcd shnsigous
nbi d.
Fecont! AR OREHLS RBHIRS 0521 A5 B ARAUSA: ACLAR: [UEL 61 0 o
pr okar y otddcorchénce Théts tisefglefor bifuctaet tiercadivabimsiopints) DNAcse heteing tatsoduci ng

can conpris tr nsfecting the cell with a vec or en the TAL
ef f&t or D kagi f?geémﬂﬁetrawwm e%tplrsyari GSeeql fegfdog RBrapRRties f ect or - DNA

modi fyi ng, IgﬁiAétYdﬁg ({)ﬁﬁné D5 lidh R¥eldf rs) éflﬂn subehd Mefd '[pglﬂlcts REaihétl

effector- ng enzyne into th as a protein by neans of the
bact er i apathggees (d.g., $@@%étﬁmmnéwmnngmxmnpwynrodUC|ng t he TAL effector-DNA

T e oy g ELh 122, R L SLEL UL SCLRRRY A Qi OV

material of a cell, comprising (a) providing a cell containing a target DNA sequence; and

25 (b) introducing a transcription activator-like (TAL) effector -DNA modifying enzyme into
the cell, the TAL effector-DNA modifying enzyme comprising (i) a DNA modifying
enzyme domain that can modify double stranded DNA, and (ii) a TAL effector domain
comprising a plurality of TAL effector repeat sequences that, in combination, bind to a
specific nucleotide sequence in the target DNA sequence, such that the TAL effector-

30 DNA modifying enzyme modifies the target DNA within or adjacent to the specific

nucleotide sequence in the cell or progeny thereof. The method can further comprise
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restriction endonucl ease, such as Fokl). The TAL effector domain that
binds to a specific nucleotide sequence within the target DNA can conprise
10 or norwoDhNA/be1di ng repeats, and preferably 15 or noPETDN2 10BN
repeats. Each DNA bi nding repeat can include a repeat variabl e-diresidue
15(RVD) that determ nes recognition of a base pair in the target DNA
sequence, wherein each DNA binding repeat is responsible for recognizing

one base paif i he tar t DNA sequence, and erein the D conpri ses one
or nore Vldﬂtstpdﬁ f‘éﬁ ?Fﬁfjdéo 198@5?@@8@%? ?ﬂ@gqustm|ap1\éa§ ta acogni zi ng

A, NN foporigg 99@1’64&1@& I§?\t‘\1551rse<fuen%S shoH thaERABNbES R cAdWinfadd ockuRbetlvech® for
recognizing C or T, where * represents a gap in the second position of

20t he RVibe ta@tfNAmsequegaéd andhige Tiuclefe acsk Theael whz baig etrkarywter@l*a r epr esents a

gap in the se .ond posi.tion. of t rec kzin

recogni zZiMg &' aﬁ&elfé‘rpl?“éSS‘én‘anP@aéy‘ﬁB Cfeg‘r %8& ﬁﬁa‘t © Pﬁlm%’?omal
rec@gni ZDRO\. CrhHkrb@uicir dgemgi&hﬁirﬂagtr@sfé\éﬁngfﬂﬁe é&lC\OﬁHilh ZtA8r &icodNg iy TAL
recognl zing Gor A, and YG for recognizing T. Each DNA bi ndi ng repeat can

conpri sectiecrRyBNAdRodIBrig PRZYES, mé@lmgrﬁatly dhcmedhh Bk cfaster-PNA he 25t ar get

recogn 210 GnE CRagas nERRd R, Zb R AR L AR E g e rup

conpr i sesnzgne into th@ée&l zQ;fa prbi%ufbymreaﬁmghhezbemgerﬁl tpefilisecred@gsyiszini@r C; HI for
recogni zing C. HN for r cognl zi ng Gf NA for recognl zing G SN for
r ecogni ZIngdesing thﬁTAk? St Oghrdiving anzyaRdntiEhs eqll %@d&@ﬁ’i&‘%g G and one

or fyore 8Ectrd)§@ra{tf35 FIRE PHTA Al eN%IIBQ Ea@@é &ﬂl@h&él@ﬁe e. %Nb t;fg%rll

recogni zi ng for recogni zi G or A recogni zirng ‘A or Cor G or
T, N foresurretlognmcmnugle@eosuclﬁasWale]i)m n * repr esents a gap in the second

osition D.. HG for .recogni zin ni zi ng. T, wherein *
lroepresents a 'SQ?)T effﬁ%to’é%%ﬂa?%giwéﬁgé?ecﬁfemﬁ%nﬁ %ulelafef‘gﬁthlpélbeogm zi ng
T. faf A DN A 8in @HRAEE 100RcRE BREbint MY eRidaRNal CRbREATy @5 BEMARD for
generating a nucleic acid encoding a TAL effector specific for a selected

nucl eot i Bél skindisacepcatsoripeh BNrybinding rgpqahezarmzhudga sepseiavariebleplizesidug wi t h

fi e TR B EerBi AN G RarRT o A Buntih Raof PyPSHiaRaG, Mskirreodes @

vari abl eed&hWA@ﬁﬁlu{ﬁ\fEéatS@@ﬁpdﬂsmlé i rédagnilziniSone rbugd Retindige @fget Devsel ected
nucl eoti de sequence, erein the first TAL effector DNA bindi ng r epeat

domai nheesuancangguhaoginhe BVDecomiprisgsoms orapere of: zI)ID|fp@r§9q>g1@ng1f3@ r st arter

I d
EI ﬁ?ilmng fggé%%lﬁ%m?ﬁmﬁgg%ﬁ e%%@”s%goe%lqgﬁgc? %%fo-rgéé nuc ot| de(s)
of the s€loe€ @dl;NictoeaddodeizagqlientTeyhanrhérgireschiien daAn fedetendmsitishaelf sti cky

ends; an 3) _repeating steps and (2). unti] the nucleic acid encodes a
TAL2%f e@ﬁéﬂ\)le' 69@66?%%@%? é}‘tf%f ERRENEAN S £ WherR ( dPRIBI B S@dudice. The

met hod C?e@oﬁ&’?és{ﬂtg;‘@él &QH@RW 1IG ght I%E%e PS% TIRK 3P recHSlish A4 irhe

orientation o DNA noddle int 15site.” The“mét hod can conprise
repeati n@csgmpgg ClNDaﬁod rac@ynitingrq; dﬁefot mc@@nmngﬁs HN for redognamgt GieNAaspect ,

t he res i nvent i atures. a df nerati.n aC| d
e oni pofon redomte i TN S B A Bl A P DR R Bltiateh BHEb AN
conpri s none of a
T iy e ey o

(i)25a pl @rest PINA fqUDNA, herdinnggich Epeabmndpgt tapaeat 15 aspoosiblafat rasagnibingd to t he
first un) Ot Hg’llr it ! garges‘[%g%g&engen Ceim wh)erem the RVD comprises one or more

of: HA for recognizing C;ND for recognizing C; HI for recognizing C; HN for
recognizing G; NA for recognizing G; SN for recognizing G or A; YG for recognizing T;
and NK for recognizing G, and one or more of: HD for recognizing C; NG for

30 recognizing T; NI for recognizing A; NN for recognizing G or A; NS for recognizing A or

Cor G or T; N* for recognizing C or T, wherein * represents a gap in the second position
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endonucl ease that generates a doubl e-stranded cut at a position within or
adj acent to the first nucl eotide sequence, wherein each DNA bi ndi ng repeat
conpri seswa 2RMD7edIat det erm nes recognition of a base pa&Cr/useowioso9Bar get
DNA, wherein each DNA binding repeat is responsible for recogni zing one
base pair in the target DNA, and wherein the 25TALEN conpri ses one or nore
of the followi ng RVDs: HD for recognizing C, NG for recognizing T; N for

recogni zi ; reco n|z| G.or A NS f ecogni zing A or Cor Gor
oo™ ot e Ry R oGP RS o refisaitrag R AR Yebiethelh B &5 op T
|G for rﬁ%%@dﬂnﬁ'p@ﬁtl&loNﬁefI@VDreﬁl‘Eiqg}nﬂoH&G%&zm B for recognizing C ND for
recognl zing G for recognizing G recogni zing G NA for

recogni zi ng Gn @Nthcorspeete mmrzsengmsmoorfeﬁureaadneﬂ@& for gesrgggi aiusteid.  The

TALEN capn.. i se nor e .of. t he HA for .recogni zi ng
G D £ ofif SRR Fo e PR e R A T en RS T R Tor
recegni ziin@ri@ngINtdrh pla8GROwitE lP@ﬁXﬁtﬁH sthiter Ylashd c6ap08R Znldcdtideand NK for
recogni zing G and one or. nore of: HD for recognizing C,_ NG for recognl zing

T; N f o$equ§nqeé%gﬁmeﬁg fimst Tipl ¢f&ctqré%18/gﬂwtﬁurggre@e%rd0mam\lgvmga fceedgni zi ng A
or C or ‘% %’iﬁ)]le-rdll‘éy éiu‘:g{}/bsgﬁ&nﬁgfo? %ecﬁrg lilé’leoldgi;e 01?_{%18 S?]i%&g{f lnﬁél@c?ud-g H for

recognl Zl ng ecogni z1 ng nucl eot i de

sequencesegaenc@peherain the figdt Tam&ffeﬁtotr DENA binldmg mpeat domeinihas aiuhigus PapXI ni mum
of 15 bases long and is ariented from5' 3. withaT.i di ately

pr ecedi nYtc1bithe %IM £)dtgatipg into theptprte psaswe’é’sa%gtsﬂﬁa\}?é\lé modu ?Iﬁ%‘%flgr st (5')
POSgt i 0N, QT o, BRorA AL émt&m&%@%%@% dohfaln)st figvd ﬁvﬁsélgecm@ og@ffet (3")

p05|t| on an oes not have a G next to st position; Iv) has a
base conposinticlestidefs)©f 68%ckcted hublddtds, scGuases \G;leremdheQDM%ﬁdule has The

met hod ¢ conprise id i fyi afi st nucl eqt ] eque econd
nacl cot | 48 SEERLHEE: p Eheerbiitdens P WERRT Endf soRensotFae TV second
nucl eot i Q?eci&%ﬁﬁélﬂ@&ﬁtﬁn&ﬁ% tto e sbReRY naa@ot@afe sehene ] TRE hdtho8lcah AlriHar above
and are separated by 15- bp. The endonucl ease can generate a

doubl e- s@qram@@daftﬁntthd)l&amémeﬁmmmg e aaivditagion of therddy duiteingbe; fgmtles .

not he odi the present inv tures ALEN conpri sing an
endBnucl gsa TG StoAPRR: R Yo GERRY 5 8RR Y0R8 1 & for o
target DNA, ZHWhl@fl%t Bspebe tHReh M@l Ol oR s 6 AMAA SRS gendpatiipad dudckei®f DNA

bi ndi ng repeats, each repeat conprising a RVD that determ nes recognition
of a bas%ﬁl(gélilc‘pdl% 3 (N seraptins acKEor- ke fEgcpr eadenuolasHi TR ENY. eeippaging s

responsi ‘FdeBﬁfyug& RE h&él@&ld%%%qlge?%? hrfe)tﬁlfa §F+&né be, @Dsgﬁ’& g@}k{ahth@snﬂ %’gef ein

t he TAL S one or nore OW Nng recogni zi ng
C, NG fOﬂudi@Cngleﬂco‘dyngTa TALEMhatTc@@Q@ISEsZ@ﬁgp]AtaIbe DNAleadgpirgicay G or 25A;
NS for cogni zing A C or or T, N for recognizing.Cor T, HGfor

r ecOgni zt @momhmﬁt&n P@éd@ Fhezﬁrﬁvguﬁrquq Rycfegtide seaygRicz pHE(IanNK f or

recogni Zérﬂﬁn&leﬁ@‘tﬁa@ ?eﬁ&&@gﬁl H&ﬁﬂ?@-s‘c@mdlé@c toe[t a rp%gﬁgﬂ 'vﬁih'ﬁgorgdj al'c"enﬂ( tB rthe

recogni zing C recogni zing G ecogni zing G
r ecogni zfingn@lartida;seqredcy @ heorin caﬂnd@NAj:nmgng' repTateoipliEdM &&WDdbartprl se one or

rore o AR U EER H or KEEoanin R, £ N Loprepaanl e ng 30C

repeat is responsible for recognizing one base pair in the target DNA, and wherein the

25 TALEN comprises one or more of the following RVDs: HD for recognizing C; NG for
recognizing T; NI for recognizing A; NN for recognizing G or A; NS for recognizing A or
Cor G or T; N* for recognizing C or T; HG for recognizing T; H* for recognizing T; 1G
for recognizing T; NK for recognizing G; HA for recognizing C; ND for recognizing C;
HI for recognizing C; HN for recognizing G; NA for recognizing G; SN for recognizing

30 G or A; and YG for recognizing T.



recognizing Gor A, YGfor recognizing T; and NK for recognizing G and one
or nore of: HD for recognizing C, NG for recognizing T, N for recognizing
A; NN forwpeoogrezasng G or A, NS for recogni zing A or CPOT/US2a10/03993N* f or
recognizing Cor T; HG for recognizing T; H* for recognizing T; and IG for
recogni zing T. The endonucl ease domain can be froma type Il restriction
endonucl ease (e.g., Fokl). 5In still another aspect, the present invention

features a T i sing an endonucl ea i.n a. T ef fector
o uner oy i rRDERMdaR O AT S8 Gotioes i the SolTFving BN DS HICs ot 0a T pom ¢ he
ar oup CopShsiiking CONISRR-L BRI HEQbBNALTS SRR b AT20; And SEQ ID

The present invention also featureS a nethod for generating an
ani mal , fr@ceognizaig(g: S fovedigniping Euwk dy, Yéi fa remighizo@irand Nkgfar t ar get DNA
sequence_into which [t is desired.to introduce. netic nodifi i on;
qoner at | EoEAGA 6 Brdonedt Bt bR P eRarE §; BPRARobuglierc it b s
TALEN CORpb&ifizing AQNNe i QEddehRaReG dPARNS fBRfbcagnifihg &f §r&CHOG o Aot hat
binds to the‘tar%ﬁg DNA sequence; and %eneratlng an animal fromthe cell or
progeny ¥Kesang Crorvh it for reeagpizensstiriah B deognizius!: vad Ie ferecagiézingt hod can
15furthef conprise introducing into the cell an exogenous nucleic acid
conprising a sequence honol ogous to at |east a portion of the target DNA
wher ei n t he i The fickuaudieptide seqadace candedtiadlrastiohabf herfoiléwing reitedigoi)sis
reconbi nation to ﬁccur bet ween .t he ex%genoys quqleic,acig,and t he target
DNA sequeRERMUR ohl basps loge apd squisptediirma ot to Jmathgehérmediasbapressdingl f r om
t he,cel | qar: Yok i i : ) i,nat
200 o T By e B O T e PR g e B28nd,,
conpr i sepasitsumb &b)i tndsiioil,at the last g2 pbonon and doed@behdvon. G at the nextrto st anot her

aspect, the.present \invention featur Jreth 0 rating a plant,
SomoCT &1 B S g B ST B Eoh By | op s e R el SR Tt o
which it is degdmethotQ@ah eérﬁﬂ%éqaerﬁifﬁhg%Qir@tq;u%zéog@@%qh@nmqafaise@anhon_;

generating a doubl e-stranded 25cut Wi thin the target DNA sequence with a
TALEN compldodidagequeneniddhegéneaweofdoned!in whactimthT Airstand econd ndolesiide t hat

binds to the tarqget se ce:, and .gener,ati ng,a pl ant, f,rom_t cell or
o1 ofeny iR R e S Y IR e P FGRE Rk Mg BreB Bt b Tt hE S o ean
further ThRO@pdongclbddt c@lpeicige b db@bleReamlcarut B@ikerdihc EXQaaaest®nauUC! ei ¢ aci d

conprising a sequence honol ogous to at |east a portion of the target DNA
sequenc@@“@@“ﬁéﬁ@ﬂﬁnﬁﬁe introducing is under conditions that permt

hom! 0gous. [ SRRl LhRAHRPERUT:RA RGN B, EXOGCROUS RBRALG, 61 d. and

t he target sequence I n progeny thereof; erating a
pl ant framohbdcseldomain gwdedPaly ciftresrdONA indihg dombiarsptafjo tig arteonDNAgt i on
has occurred, n anot her aspect, the present invention features a
met#od f‘diﬂer@alrtaépé\wélélﬁg&gi KT BRFBP NS F‘(PHHPIHY&%P@MPlnéB}%dPP%ait%ﬁaqhnt r oduci ng

into t hereﬁ@altlcoﬁipﬁk'ﬁk QI8 19 Bl d@t@ﬁfﬁ%@&c@gnition of a base pair in the target DNA,

wherein each DNA binding repeat is responsible for recognizing one base pair in the
target DNA, and wherein the TALEN comprises one or more of the following RVDs: HD
for recognizing C; NG for recognizing T; NI for recognizing A; NN for recognizing G or

25 A; NS for recognizing A or C or G or T; N* for recognizing C or T; HG for recognizing
T; H* for recognizing T; IG for recognizing T; NK for recognizing G; HA for recognizing
C; ND for recognizing C; HI for recognizing C; HN for recognizing G; NA for
recognizing G; SN for recognizing G or A; and YG for recognizing T. The TALEN can
comprise one or more of the following RVDs: HA for recognizing C; ND for recognizing

30 C; HI for recognizing C; HN for recognizing G; NA for recognizing G; SN for

recognizing G or A; YG for recognizing T; and NK for recognizing G, and one or more
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5TAL effector endonucl ease targeted to a sel ected DNA target sequence;

i nduci ng expression of the TAL effector endonuclease within the cell; and
i denti f yiwgQ 2a11¢8k146i n whi ch the sel ected DNA target seqRemas2@xiossts a
mut ati on. The nutation can be selected fromthe group consisting of

del etion of genetic material, insertion of genetic material, and both

del etion and insertion of genetic material. The nmethod can further

10conpri sg jntroduci ng d inta the |1. The.ce]l be an insect
oo B el SR e G gF Yook g RN Fareobi A NRDy € o0 |0
aspect, fgeriRS €Nr A NS Riri r8dbhBRTdA 88 Ca RPN Rr rSRRBIAld O8r & HAL

ef fector having enhanced targeting capacity for a target , conprising
gener at i fog recoguieingi s Hiclod resngodingd; and Kb fefreemgnanng hat heordoniigessc DNA

bi ndi ng donmi n_having a 15pl ural j.t f bi ndi epeats, wherein each
Fepeat "ot SeL L FRg A A Pion slon g e BT e base pai r 1n the
target DNA, whestil dﬁoﬂ@ﬁﬁlsp@c'}&?\%ﬁgﬂébeﬁgin{l;ﬁﬂﬁﬁtfedtﬁreﬁ@%QIE\II BdrBprigiig &£COgNI Zi ng

one base pair in the target wherein the generating conprises
i ncor por aidonucleasa demeincande Tile aidesdoTdpranin.ayhosein toy amipAclH seavange PR peat

For Tt “SPLERTE R Fobithe Braufeafifisdie It MONBLAZH o IBRNGRY " PR

present SPQEDNOT eed SE@IDaNO¥Bhod for generating a TAL effector having
enhanced targeting capacity for a target DalA conpr.i sing generating a

g
nucl ei ¢ aci d SRCHERSHG yeTign dpe Eatusss & Hethod SfEenetinONAIBREI ng domai n
havj,ng a J. -ggl,g”' k r pﬁﬁ% W/g%r NS rises a
RVD+Ot hatC eﬁs?ﬁr%'%os&%g ecogdr]{? ?t;ldg%lloc? glgea p |efbﬁr¢ t& {e}el{cgr%ggbv%%ﬁ? wherein
each DNAiskiesididrtg imtejaipat a igsnatiespahScdiioe; gacrating aglouklierstrandeel dnasethpathe i n t he
target DNA, ein the generati conprises (incorporatin n r nore

nact of ¢ Hees DR S LS EAEEN G TBRR e HaAE s S et Scerl ai ' RvDs
havi ng eghanrse@niRehhf bigld % tﬂ@far%tDNleé’é{%@ﬁ&'; AP gdidrddMPan ahfna Flogct ed from
the group consisting of RN, R*, NG NH KN K*, ~NA , DN, D*, 30NL, NM
EN, E*, Wycellor porenygherenRin wiEch pidoulple-strapdedigvt hahpccgred. Nihe mithodsgn T+ |

NE,15NF, he second position of

Y* and. wher.ei n, * iindi cates a . at .
t hetreu, fenther s B ARG B g LRt s B P B g
pol ypept icdacidddond et tovallyast £p6@0h HEtheabrgbEBNNA, MMerddmhe imedducing i@ t ar get
DNA sequence, conprising 5synthesizing a polypeptide conprising a repeat
domai n, WisF epniflitiens that pernit gemalogoeoiopembiaatiQn to] asgar beswecn thp axagcnais

derived {[QM gl raﬁﬁ'ﬁferthl%%f BﬂA%%ﬁh&%};%{ el K of %ﬁ%ﬁ%@f&%ﬁ%d whengin the
repeat unit conprises a-hypervariable region I°C etermnes recognition
of a basan pamal fromtthecdlborgedgdofdh Gecflie mdech dmeslegsustrb@ntlemamn hani t 1S
responsi ble for the recognition of one base pair.in the DNA sequence, and
whetlei n ?%@Hﬁ@h?f%w&w %?&nt@ 3 BgmgR!L ¢ Hipprsnetis MOAdHiGHIeR CULIOBYIEE 4 r om t he

group conakshuting Bfinset@n, BPa deletion.

In yet another aspect, the present invention features a method for generating a
plant, comprising providing a plant cell comprising a target DNA sequence into which it
is desired to introduce a preselected genetic modification; generating a double-stranded

25 cut within the target DNA sequence with a TALEN comprising an endonuclease domain
and a TAL effector domain that binds to the target DNA sequence; and generating a plant
from the cell or progeny thereof in which a double-stranded cut has occurred. The
method can further comprise introducing into the plant cell an exogenous nucleic acid
comprising a sequence homologous to at least a portion of the target DNA sequence,

30 wherein the introducing is under conditions that permit homologous recombination to

occur between the exogenous nucleic acid and the target DNA sequence in the cell or
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for recognition of G (b) NI for recognition of A/IT, (c) NG for
recognition of T/A; (d) NS for recognition of GG Gor AT or T/Aor GC (e)
NN for rewogniti7exsof G C or A/T;, (f) 1G for recogniti omCofUST#IA05999) N for
recognition of ¢/ G (h) HG for recognition of C/Gor T/A, (i) Hfor
recognition of T/A; and (j) NK for recognition of GC In addition, this
15i nventi on features a pol ypeptide produced by the above met hod, and a DNA
conprisin di ng sequence for t tide duc he met hod.
Ao 1 onbedy el BF dretdis Baudiet BB pi) RS rdichoper abl v

l'i nked t gyrhfiBeARWVERBLANRY oBNMyedand a non- human host cell conprising the
expressi on cassette I n anot her aspect, the present invention features a

t ransfor med, hoamothemaspeot; é@mrsmntmwrgrtlosu fagutche nestrdios tangﬁt@t)gfasget te.

In still anot) aspec 5|on d |Ir11v ent,on _featu cles a, e Eod for

sel ecti vefy"rd %lh“z*l 3;‘ 80%% %‘a{‘i PHAT R TTRA & &é’H& GRFI4ES Y5épti de,
conpr i si MYLceRsbf eﬁohﬁ@e@emgat@@ﬂia SiectNDNAS Gt &queReginddangi n, wherein
t he repeat domain CO@E“ ses at | east one repeat unit derived froma TAL
ef f ect or SXPipRsIogion thenbAk effiecter andprudiempiiithinsthe colbrapd édapsifyiapp eclt &gi on whi ch
det or i eRichFRORMALOIN o RLAFRE LN L AR, SROURRGRn diiseel 1 1 he
repeat unit s responsi fie recognition of one ase pair in the DNA
sequencesclans ﬁ\dﬁﬁl’d&l grotip eortsypiag vsﬁdelahcbreoﬂ@gemmmmpr irsesioa ofgbigic sel ect ed
fromthe grou nS|st|ng of (a) HD for recognition of C/ G (b) N for
recogni tlinawrlef xee? fothdg ethr@salﬁ%mS?@eB@ﬁgWaﬁ erigl AThg gethod 0%% r%h@Eogni tion
of &G og Qitrgchin®ld ?6@ W COL. PRL BAOGRILTAM O &HiG Blanfieli, (T) 1C
for recogomaérllsgn of UA?% ° N%or rgcogn?teiron o} K 5?5 GBan ©

recogni t a ésh ofll, Gtﬁsnmmrfrdlmncéll) H for recognition of T/A and (j) NK for
recognition o esent invention al so res a rret f

nmodul at i ng ex%‘raé’ggl% ﬁSPSFt etpé?sﬁé‘t Iy SHION; fﬁatﬁreéélmeth%if 8?1??1“%1&33

provi dedefkbkrhat@Blcdhdhcd RRENPEREpLASYWHES Ridbt DA RRRIPYRRRIAS r ises a

repeat dommin, wherein the repeat dofmain conprises at |east one Tepeat unit
deri ved hudsis acitAncastiigeTAL, cff &M@r elahcqrhle‘lseeﬂeé% binding doorapr havesg a

h bl h d f DNA
cetencer sy o A aE R T P E LR kBB RYEBEBTiIDn " or one

base pai fecoghitibteoANuss @aki eNER targADMAC B dir Mhmglbmmgaﬂab@t iegi on
conprises a nenber selected fromthe 10group consistin (a). HD for

recogni t feepPIgfdlciosreqoBizig g bascRdiHithe @rgeépw,whqre)l%hch@me?atméc ogni tion

of T/ A i | NN f or
Fecogn ¢ {pries (PhorsRRRE e fid pBale Liabiaff oy Rbjode reb &Y, 10,
recogni t scqocrak vﬁﬂﬁpecﬂﬁi)mtjrlfmrfﬁqrc foe € gius teliminatihg @GleGequirchieht fdriT) atH f or
recogni tion, of T/Q11 (j) NK for recognition of GC . 15In another
aspdct, PHEIGdHd l?lﬂ B6i%On features a pol ypeptide conprising a repeat
domai n, - wher ejif,oliger L GREAMARERANinCAMRA! B 53k AR foP Rend RREU TADI 1

deri ved froma Tk%éf%ggfore%%er éﬂgn thefgrglggat uni t 0c ?rllperl%l S

hyper var ¢fédsta haeglg@nhmw«t hrgieingreapavety forex tgeit DNk, oompmsimggngaiugg an a DNA
base pai Pt ol AolRE e ReS ik e E PR I BT abf S S0t egi on
conpr i segjusli ?FHPBNAS@h&iﬁ%I%beﬁtrs ORhérbR eﬁEleH%e&t% TséﬁQRVf) th#)detdpmiRk
recogni tion of for recognition of c) NG for recognition
of 2P/ A, (eddgmidorf @fra lpeee@glmm theriarget IONG, pihemimeash DNA odir@ epeated NN f or
;ggggz: t:egﬁongibl%o&rec%ﬁsnzﬁé %(nf )bal Gaglg 1%1I Iet%l? t n IQJrelT/@e ge%nggatlgg; 8;
recogni t smiprides Tcbipoadithg(dnt oNkuok®fiudi€ic agias ém@al fTAE EfecldtDNASSRTI

i nvention 25al so features a DNA conprising_a coding sequence for t%e

above- medmypethapesnigie BMRphaving enhanged spretfety fas Pedtd whaseingpidde®s i nvent i on
featt ur es, @ DA MRS 3 IBCohlisthd Canc%“%%ﬁaﬁﬁ ai KAl RGAHRA 0 @ tar get

DNA sequence SO that t ase € specif |cé Y récogni Zed’by a

pol 3opept NdeNoArHN,i B, Ny, NG @éa@* AOREN P, HMAET . eNIK, WHeSKepeND AOWRITN, conpri ses
at | east one repeat unit derived froma TAL effector, wherein the repeat



30unit conprises a hypervariable region which determ nes recognition of a
base pair in the DNA sequence, wherein the repeat unit is responsible for

t he recogwptzoown7efs6one base pair in the DNA sequence, &OW/Us@E0OFI32t0
receive a selective and determ ned recognition by the hypervariable region,
the base pair is selected fromthe group consisting of (a) C G for
recognition by HD, (b) A/T for recognition by N; (c) T/A for recognition

by NG ( G.C f.or reco n|t| Cor AT
Por r ecoltiTToNEORKE. g 0T hstriay" PEEbtn Ero By e poy LB T/ A 1 or
recognitrom by N, (h) T/A for recognition by HG (i) T/A for recogni tion by

H, and (j) G C for recognition by NK. Also featured are a vector conprising
t he above- nenThoprestnDiAcniaomase fﬂatmm d”lmstthoclé(bﬂpra@wprg' 'csmigpftpitﬂéemﬁA and a

t ransf or uman. organi s et anot her aspect,
har T et A Tr e BT R bR IR bt PRt N tush B Y THERA s PP
target DAtsSHURNCROIYRptide Sompliaat h Yele)t d@eagRZesn e @paeldypent i de

COprrl SI ng a repeat OrTB.I n, ereln the repeat dOfTB.I n COprrl ses at Ieast

one r epe@RMRIiics aideast QBRITOPEY AN dmlzecbfrp@@tf&nscrmwctwét% 11?%6%%&) uni t
conprlse y i LE r a base
pair %fﬁeac@} &E&\éwpé gatuuglgtccgﬂl Jﬁ?g)%&\%n%%%%l{é&g% un eltG?H]ilrg responsi bl e
for the reec@itiod bﬂmbaz;é painén ﬁﬁ&ﬁgaﬂDNAlsﬂqﬂidmee tvetiegein t@%pé‘@qtiﬁme 15t he

met hod conpri sing synthesi zing a DNA conprj s]é&%a base pair that is capable

of bei ngrPRABHNT L& PUFCARE MR OAC OaH RAIT WHHRs %qqee%ﬁs@dp\ﬁlﬂqremé %el ect ed
from they nﬁz\gaﬁ)laﬁfér}é 1§§1 'c&?g\ﬂ es@t%en%e@s&l@éte& %ﬁgﬂ%tgir&% Risitlh e of ?]g)'ﬁﬂ- for

recogni t| recognition by N or T/ A or
G C for foeq:@:@gmttuonnf Gij\{S)N(Iéc)r & dgnaronAf A /T pie) N&fongmdogmﬂobyof W @) T/A

Fecogn ¢ Raongropettin 97 BT b ehcrfo BECR resdmiinh oBRL bR !

recognitg ?m%{rr 1t10n ofT'/R ana M&ecagﬁ%ﬁ of ENG; (B ﬂ@f& récegﬁiﬁbhepcv@at ures
a net hod m)dl the genetic material of a plant cel he net hod can

i ncl ude ¢&)/A; ﬁ@&b@mmmgnutmnof The qnﬂéﬁtNIéécmreqcng)ntwnquﬁa/C deeddbpmahis nucl ei ¢
aci risin {. ti,de segue erein.the
ot | eamya iRy doehaee RSB S hi%s ST Bt o PR SRR R Fons 1
nucl eot i gRlisEHdanEe 9 thd pbEPERLIe frédiRce BY HRSAGROI. NYIsh T geled 4G eot i de
sequence present in the plant cell, and wherein the target nucl eotide

sequenceCHNIPsSIPRCagssHY FOBRIESIRG # E@@mwrtqp@rﬁbbf tiekeddp the abeterefaEorRgydNM: ¢ TAL

ef f ect or , eRARING l:uﬁﬁfﬁoof@ T4, rls‘ﬁ{% %%re?m C6A0G,! %?%G%h%%@% c'E"{gfé g' ¢ acid

conprising a nuc e sequ e sequence- eCi

t ranscr i picban irsvehiiotafeaturdsi akten(sfbﬁhl)sd,afofndﬁirMh cegahdsin cobmpsang (He)exgendomt i ng a
pl ant containing the plant cell; (c) analyzing cells, seed, or tissue
obtRi ned*®?dth t he plant, or progeny thereof, for reconbination at the

target nucl eofdé{ifﬂa%%ﬂféﬁﬁ! Rct, ﬁ%@r&%ﬁﬂﬂ%xﬁﬁaﬂ fééiﬁrtek‘ﬁrmét | f3flGe1bdiheRduci ng into

the plant cell (iil) ird nbi nant nucleic acid conprising a
nucl eot i weogequgabeseqmmdlar[gNA ssqlanct hp b @olypetele, camprisied ems’tm¢thrg af the

]E) Lra,[] L e(r)r p(ﬁ%ﬁ?%)glgg cgr?lglriglgé a%é( eré osn?asm tw ereslg tl?ecgefa)'ga{t%ionnglrn ceorrnprlses at a'lts‘p od can
one repeat unit derived from a TAL effector, wherein the repeat unit comprises a
25 hypervariable region which determines recognition of a base pair in the DNA sequence,
wherein the repeat unit is responsible for the recognition of one base pair in the DNA
sequence, and wherein the hypervariable region comprises a member selected from the
group consisting of (a) HD for recognition of C/G; (b) NI for recognition of A/T; (¢) NG
for recognition of T/A; (d) NS for recognition of C/G or A/T or T/A or G/C; () NN for

30 recognition of G/C or A/T; (f) IG for recognition of T/A; (g) N for recognition of C/G; (h)



5the step of screening the plant or progeny thereof for the absence of the
sel ect abl e marker. The nucl eoti de sequence encodi ng the sel ectabl e marker
may or nmayonotl/de24bl anked on one or both sides by a segemasS2eloasIds
simlar or identical to a sequence that is endogenous to the plant cel
(e.g., a sequence at the site of cleavage for a second sequence-specific
nucl ease). The nucl eoti de sequence encodi ng the sel ectabl e marker 10may be

fl anked oth si.des ecQgni ti sites. for eque -specific
ooty Pt aBeR bt ik i PP RerhdcGofras TR D B 28e s 6b g ¢ he
plant, wWdbaffiobtdeut the step of screening progeny of the out-cross for
t he absence of the selectable marker. The first and second reconbi nant

nucl ei ¢ aci dsThaprebmt siventiorarlemfestuyes axnetbdd o€uhodnlating beprpdsamtof@ghiget One or

both of the.recombinant nucleic acids .can he |linearized prior,to the

151 nt r odkeirl o4t bpv et oy F P Ra o R auoRdise it eied e as may be
pr esent f)dlﬁd@@idé M AERAEPat domain, whéBindROtdpeLt RBREEtompriiRs B 1088 Bhe

i nvention features another nethod for nodifying the genetic material of a
cel | . Theppttunsdensed from a el piesiordvherc the IepgrludeqdMNEBAt &i ni ng

chronoso r get u e . | ich. it esi: . nol ogous
20r econbiﬁgﬁgae |aglr%gf§g 8@&? “%?Cglv(%geﬁﬁléﬁeg r%@&ﬁo@ S rfn%r%ﬁgel ﬁ]aélrlgl% %ﬁé@%@ﬁnggse domai n
t hat canwhtrefvite el whitsit Fapoieyibl DR thardogniliéd obiedekopait inthe DNANPri si ng a
plurality of TAL effector repeat, sequences that, in conmbjination, bind to a
speci i cSsHerSotdhaeig ibhbachyaiabls regan campates Bapember spigcied fiom thag

contyact i : gﬁl@) - W e,y MLEN-d . ) that the
TAEEN cI@%&%E&%%?%ggﬁg n s%%ﬂggg%%gﬁgnggga?equené%aggaf%ﬁf%k%?agﬂ?acent to
t he t ar gfer rédNAnsiegEmCE (dnNSHer webgnitidthef @€t drodl ToaT/Awr KHET () DN foate

rovi ding a nucl ej ci ising a.se e | ogous.t0 at. Jeast a
oot on BeSeish S Gl SRS ARGt e O DS ) N s iR et b S
bet ween Hoerot alcogkitibBNOT CRIBENSE (AN fdrhecddtfotiot TAL! dhd (HNeKtrer get DNA

sequence can be endogenous to the cell. The cell can be a plant cell, a
manmal i areceglition of @i(sh cell, an insect cell or cell lines 30derived from

|1 vitng t D asueramarisse st Ldutat i o BTl p e i SRR R
i ncl ude gsraiaf @Bdrtighe tdpeat@@hlainibdniprisey BCIE ofOFPEAtSINR G cAvIdNEEN LDAL Ny
sequenpe,fand expressing the TALEN protein in the_cel%} qfchanlcally

i nj ect i neffetorAVENcinrthe EpRat unitopmEseses hypeaerriablerpegign ayioh deggrmanasor

secr ot | oL uLPOeLheb i if SENGEL MG TRABR e FEAORA RL BhpritiERor

el ect r opthe atdognition fo€ obe baho pat lie dreDNAvaguenca nd evhkcramtha Hyppeatidble estri cti on
endonucl ease (e.qg., Fokl). The TAL effector dopmin that binds to a specific
nucileot | BEWEQTURISES WNERPAT tetrstad-fFoya thersNauR eansIsHEE ettj@?ﬁ? B TRRoBItORA

bi ndi ng 69@Eﬁk§‘NﬂR&%ngﬁﬁﬁﬁ%?hyP%éyﬁé&ﬂp&ﬁo WoPoEiAnge et s The cel
can be fron1ény)prokary tic or eudkaryotic organism 1In gnother aspect, the
present fenvgmtioroof €€aonA/dsord/Aetr KHQ; (o NN ésirguuigngioa of G8€ puan e Hslfeforf i ¢

TALEN capabl gidt o tA2{HN9 iNeedhithn TG, b HE T8 e Qknittonor TE 0 F A

(1) H for recognition of T/A; and (j) NK for recognition of G/C. The present invention

25 also features a DNA comprising a coding sequence for the above-mentioned polypeptide.
In another aspect, the present invention features a DNA which is modified to
include a base pair located in a target DNA sequence so that the base pair can be
specifically recognized by a polypeptide comprising a repeat domain, wherein the repeat
domain comprises at least one repeat unit derived from a TAL effector, wherein the repeat
30 unit comprises a hypervariable region which determines recognition of a base pair in the

DNA sequence, wherein the repeat unit is responsible for the recognition of one base pair

9



can include identifying a first unique endogenous chronosomal nucl eoti de
sequence adj acent to a second nucl eotide sequence at which it is desired to
i nt roducewa 20oubbkmest randed cut; and desi gni ng a sequen®eTaseaiofisw®3TALEN
conprising (a) a plurality of DNA binding repeat domains that, in

conbi nation, bind to the first uni que endogenous 15chronosomal nucl eoti de
sequence, and (b) an endonucl ease that generates a double- stranded cut at

t he second n &hgotlde S%ﬂﬂ F : The resen |nvent on aLso eatures a
TALEN col?d SCOHCRSSaIHLE N5  ofS Y He éﬁﬂ Ty C A EtFlff%lé‘F FECPRIATBT RYi ng
domai n Sﬁ%%'yf)é&aﬁﬂﬂe Fooitl %He%k@fial%el%@tgg%ﬁ?theEFtﬁlpTcﬁhﬁNl hycider
include a purification tag. The endonucl ease dorai n can be froma 20type |

restri ct foomccoguivion by dH3e(bf /for réighition by NI; (d)ﬁ/érﬁ@tﬂaqunagpdmNGt B present

i nvention.feature d for i ani ma
it 0w Ch e AGboF ol i B Fen 8RR T NP Gl PaSI R belBRb bk & San

i nclsude ﬂ@%ﬁﬂir@@:o@nﬁbh@ﬂﬁ |d/GCd?l’IpAlf§ﬂ 1o @i EloN e U3A ¢ onpsonal

t ar get sequence into is desired to introduce the nucleic acid;

gener at i ¥§ogniraybbCe- st(lr)é%lél%@r reeagmiianHH: andl @rdSgensiseseiippRpNBral t ar get
DNA T AL
o f oot or <Homgithiefafk o (b BRTREE ACuRR SAARBHE BRAC st H It ik

sequenceanmmﬁmggmeIngAanMeNﬂgeﬁmmednmaummmnaﬁgdnﬁmn@mpﬁMﬁgﬂ&INHAuence
honol ogous to at |east a por ion of the endo enous4%gr nosonmal, target DNA
into the prinHrXet @eptheraspest: thORESTI RSt tcapessm me rdﬁ%‘é}écn}geaconbi nati on

30t occy IAb&Hﬂﬁ?sEhglgN%r QMR Gh &S scqé;dtﬂlnglr}g?c{gh?zeﬁ 'Bg %%%%?tlde

chronmosonmal target generatlng an ani mth y cell in
whi ch hooohpomgsa retpeamimhlanamlmrenm&e rep:etau domedin cwhxpriam atridastoare rbgeaguminmal .

The honvol ogoys. seq ce.can ucl eotid uenc sel ected fromthe

o oup. CotSTE TG o A TSCIRBot Tean SiTSBH 4T O DS B PENA N e or

honol ogoyfich@IeRMRAIMREFdcEPnitien BHS b@g@tpaﬂen HRARBEONAREuERE! AQ8shicigeme af ter
honol ogous reconbi nation, a nucleotide sequence that i ntroduces a poi nt

5rrut at i orepE#itupitas mlsﬁflct o thmnmwtmjsofr@@@m mundhe tazgetl DAN A ssjuenstci de

q1enceﬂ}hag troduces a,re ite aft honnklgous %pblnatlon
Lél’u |1 &Rt IPP CopuRISHE Syphgsi ‘rnésa CH%’HP ngﬁ‘ é%P%}F S Cﬁ%atbﬁ%

gener at | Fgn@r@endiiCil th répedi i€ &/ higtcamtheibasdHi€h salcetes foarthByedugi ¢ aci d has
been introduced. The nmethod can include providin pl ant cell conprising

an endogensissng af @éﬁ/@)rfm receaifierizeHPat Af();lhf@wepggm%om@sw :d8) T/ font r oduce
th |
L he o RiEefh hy SRORIRCLDEAR OGR! BRAEERHE ALY d S epgogenous

TAL ef f efulr mcogﬁnmian Ibymt (HiT/adfer ta@o gﬂneme b 0Ge(Rp UsG oalge formaaigaionds

sequence, t roduci ng an exo eno C| eic aCI d corrp sequence
hon®l ogolls &) /4 Orﬁggma%ey% %ree%’é BuE: %'%ﬂr@b@ into the

pl ant celdosiG&f byt Rgondi tions that pernlt honnlogous reconbi nation to occur
bet ween the” exogenous nucl eic acid and the endogenous target DNA;, and

gener ati ng a Il awthef nspect, He mdmnt in&eﬂtioni foatwies @ mdtloorbfoo gmdsymgaherbi nat i on
has occurre not

ot hod. 1 Bel Piiabo GERBR 1 dEBABIHA searne RS o RE ORI el ude
i nt r oduc{ing fitRtQohdhanhlcl@c AElcBMPridial @ modified target nucleotide sequence,
25 wherein the modified target nucleotide sequence comprises one or more modifications in
nucleotide sequence with respect to a corresponding target nucleotide sequence present in
the plant cell, and wherein the target nucleotide sequence further comprises a recognition
site for a sequence-specific TAL effector endonuclease (TALEN); and (ii) a second
recombinant nucleic acid comprising a nucleotide sequence encoding the sequence-

30 specific transcription activator-like (TAL) effector endonuclease; (b) generating a plant

containing the plant cell; (c) analyzing cells, seed, or tissue obtained from the plant, or

10



20mol ecul e encoding a TALEN targeted to a selected DNA target sequence;

i nduci ng expression of the TALEN within the cell; and identifying a cell in
whi ch t heweebaot7ezd6 DNA t ar get sequence exhi bits a mnut at iPOm/USTI®/08982AL | ON
can be selected fromthe group consisting of a deletion of genetic
material, an insertion of genetic material, and both a deletion and an

i nsertion of genetic material. The nmethod can further include introducing
25donor DNA in cell. The cell can, be an.jnsect c #ant cell, a
fTsh cel THOSH botRbmiel fospmbigpfon o the targeh nyglgot Qﬁé%@ﬁcea?b@cmethg Er esent

i nvent i ofyrfhePhbf@S uﬁrd&lﬁéﬁg%d) e @%%ﬁt(iu')gtl%rc[‘fé‘ébﬁbﬁmﬁ‘t%&le@@@&&“ ng a
sequence specific TALEN, conprising (1) selecting a starter plasmd

conpri si eqnprismgd eet¢adide seqpeaerencoiag asnlcodbls marken gnd Ctefktmeﬁmgaf e DNA

bi ndi 0 d f f | d f
ol oot oot TEbees RshiaR b Ok Rl YRR BRSbie {He h fiod By PRI i e

repeat d@eicp dasreénit tlﬁ ﬂ?@pgdogeﬁy theredf fdritBe st the?deldctdbmbiieng t he
starter plasmd with Ilgatln into the PspXl site a DNA nodul e

encodi ng b%@i%@otnﬁiﬁus@wme @rcp g dlhe PRty Iilfgr mapeamay srbhBankkdonhave RVDs

specific _fo i L€ I de sequence,
mﬁerein ?éﬁS&SNQfmaﬁﬁﬁlyﬁéggﬁﬁt ﬁﬁf%a@, mﬁ%aﬁ% %ﬁH#% eaaéng stgps (2)
and (3) unbg&uﬁ@h@ﬂmthﬁbalexgdaﬁﬁp@ﬁ&&i&mEAhENcman@bmawo&mbmmdlng to the
sel ect ed nucleotidF uence nme cases, the nethod can further

i ncl ude, SeqpeRse-PRATF Ny ?‘?Sﬁ Yy The %icaﬂé@,yequew&m@ng H sglecBhtedn3 8/ of the
DNA‘Om)du}ng?, ;;)Q ﬂtaﬂlged%%pf?gth %ﬂd& y.fecogn Nt ﬁ%g f&lijs%ﬁﬁ‘é&% sﬁ@&ﬁ@?&om@ ﬂafé echni cal

and scientlfic terms used hereln have t sane neani as conmon
under st odbk imgthodeanfurtedincardy tiskitep off outichesiagtthd pianﬂhwuh ot mlmom(lhm vtept i on

ertains..Al thou h neth s and ma als S|n1 UIV t hose
R oee ! Do fotiening Tt fieti e oo st b tepirbt AL o mbef abh Srst o

and mat eéﬂ@de@orﬁf&c&ﬁ&%ﬁt%@lehﬁie@dﬂ caﬁ\'b'e sﬁﬁm{aheaxslmﬁodﬁ&a%b tRPphhcat i ons,
patents, and other references nentioned herein d@re incorporated by

refere nc@elli rOncheri botleof the eftoy)mbmantalgéelofwdmﬁn bechinearipesl pyragde e
f | t t ddi t th
ooy Bt ieing HEe ThOf® S Mebn@PEpmBlape BRI R iy B BB et ended

to be | i gintd dt@struct. The details of one or nore enbodi nents of the
invention are set forth in the acconpanyi ng drawi ngs and the description
bel ow. Ot her Ieaoticesspephhsatrasenbintcippdptaige snefhemethog (s meadstying the be

bR priekCE AT RER B T 04 NG prctad f BbREe<E BhRinECogn ¢ on
ci pher. #irGnobondlsargetddsgrsaquente i Wriokitiic ddsiled ed heetimolsduawi ng the repeat

d t at t S ID NO 1
region (open boxes) and arepresentative repeat sequence (SEQID NO 1)

cleave double stranded DNA, and a TAL effector domain comprising a plurality of TAL
effector repeat sequences that, in combination, bind to a specific nucleotide sequence
within the target DNA in the cell; and contacting the target DNA sequence with the
TALEN in the cell such that the TALEN cleaves both strands of a nucleotide sequence

25 within or adjacent to the target DNA sequence in the cell. The method can further
include providing a nucleic acid comprising a sequence homologous to at least a portion
of the target DNA, such that homologous recombination occurs between the target DNA
sequence and the nucleic acid. The target DNA sequence can be endogenous to the cell.
The cell can be a plant cell, a mammalian cell, a fish cell, an insect cell or cell lines

30 derived from these organisms for in vitro cultures or primary cells taken directly from

living tissue and established for in vitro culture. The contacting can include transfecting

11



25 di agram showi ng best pattern matches (|l ow entropy alignnments) for
various TAL effector RVDs and target gene pronoter sequences (SEQ ID
NCS: 2- 11)woAn1zseasi sk i ndi cates a del etion at residue P8I/USREG0/039832 s a
di agram showi ng RVD- nucl eoti de associations in the alignments in B, plus
ten nore alignments obtained by scanning all rice pronoters wth 40
additional X oryzae TAL effectors, retaining for each effector the best

alignnment for 30which the downs epe was activated during | ction.
PR T B A R AR A b N VN
ef f ect or ploRNi @8] ths cbI18 SnecROSLAIL AR ctifd 8 TAEIEX! prveeid futd DR cell, &Mdc@ig 4 he target
site; N length of target site.” Logos were generated usi ng WebLogo.

FI GS. 2ATAh¢fiR8opemsiphddeaseipdeaivantolibe catklembansof dut hagteriebitypy [Hfal | ¢ of

Xant h . i col in BL5256. F is a. pi f
Som  squaniecparroan e el PACEutlengridRserl & ePRBR dfhance of
GsHenl , entlohlicladte @6nath @AM ffodh a tjedl eRERtioh Bnddrtelch&Aves rANhaues af ter

i nocul ation with BL5256 marker exchange nutant Msl, Mb1l carrying the enpty
cosni d vEdLsHegteyjomayp that hindyithe seesifia wrcirogide scqugpiecithin thciargst PAIA a, t al
b , and N . ) rai I > tic
based o ncatlnlglﬁjf)lluﬁeg ! @pﬁ?h%e%wégqq%&a% ?ﬁ?% gg’er;(lc% %%rab 1:t zfaét ?%ﬁoéeﬁ)l%%qﬁﬁge scue
10and engpssguehnctaiicanfbedramakeprokaybad ot didraXotiabordahdgnent . The genone
region, the coordinates of the rescued fragnent, and the cqordinates of the
BLS256 genoni & #PHishameck distripssatiny entiogdratarey p rmsbodifog detignipg 2 FIG 3

Is @ referanee Jiﬁé?AEE‘i\ﬁ&ipg’&IE@f él%%ﬁé‘f)%\lé( (%'%F%ﬂﬁgﬁ'é'% alid - FF%& fetifbd! S @

ref erence AvrBs3 nucl el c ac sequence QID 13 15 51is a map
of a TALcamuotledssleetiyimssiichunvqed ardogfildBs chronssamakpictiotide s@ugete r eport er
plasm d. .. FIG 7 is.a diagramof the schematjc .architecture of TAL
el oas e SePbOraR BRI SULEIe HATIGNA NI hG 1BEHCH 4P Fepr esent ed
as_capi t gland€d $@7 $nd IMBighthgl R (IRRE Bpc SHAVRDER doﬁlé}rﬂﬂi qaf £Flutdlity epver case.
20FIG 8 is the am no aci d sequence (SEQ I D NO 16) otg the 17 and a hal f

t andem r Bpeabisding refivet dumaBagthee coeprmbinatrond bimdite theHypeyniaud aldpgenams no aci ds

at positi,ons 12 and 13.are boxed. FIG 9 is di ram show schenme for
o Boet bbERgs i Mol g ingdhbin chdefpdtediy B BRGNS gy ST e Lot
assay restntisd ot aAHeBs@niMucRUGieag8encd5FI G 11 is a di agram showing a
schematic representation of single, double, or triple AsvBs3 repeat nodul es

and a cl oni ngThepticsant ivea@mn alsnicaidesp BrEYicompaisoigaglcadonisicaseiaailve TAL
oL 0 O PR 10 Lo Al P Y AARILANLNR gL B " epea
TAL ef f eTADEBSI cahlfeitientinded cenghirefivatoie thga Mihn enduniudicaegiogmuie san be from a
20 type Il restriction endonuclease (e.g., Fokl).
In another aspect, the present invention features a method for generating a
genetically modified animal into which a desired nucleic acid has been introduced. The
method can include providing a primary cell comprising an endogenous chromosomal
target DNA sequence into which it is desired to introduce the nucleic acid; generating a
25 double-stranded cut within the endogenous chromosomal target DNA sequence with a
TALEN comprising an endonuclease domain and a TAL effector domain that binds to the
endogenous chromosomal target DNA sequence; introducing an exogenous nucleic acid
comprising a sequence homologous to at least a portion of the endogenous chromosomal
target DNA into the primary cell under conditions that permit homologous recombination
30 to occur between the exogenous nucleic acid and the endogenous chromosomal target

DNA; and generating an animal from the primary cell in which homologous
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30as shown. Ns represent nucl eotides encoding the RVDs, which are indicated
as "XX." Nunbers are given for the am no acid positions. Sequences are

t aken frowot2ailo7e246 WO 2011/ 072246PCT/ US2010/ 059932 PCTRIS®)1003998%5 a
schematic depicting the tallc gene and the process by which the repeat
region was reduced to a single, truncated repeat, resulting in pCs487, al so
showmn. M Mscl site; S, Sphl site. FIG 14 is a schematic depicting

introduction of .a franslatjopally silent nutation 53t the end of the
or i gi nal 1eepahRat S Fapeured nf il 25 Be pdBramal P RomAREoRR TR T,
yi el di ngcRAGRABACISHAY SRRE Sl CRAFRN %Né%% Eorkien@bF ShidlorideRERIenéSEQ | D

NG 21) and the nutated repeat (SEQ ID are shown. The encoded am no
aci d seqiehdisrupSEQNDaNG IRMologmis metondhzatigeda ycledide sequeneoihat Ehlacenut at ed
nucl eoti des arﬂge ht alicized. ot Fl G 15t.(is a rrag O]‘,[&RC?ZB& whitch is a
kananyci hEFEST ST %‘?10‘858%%68018%1886%6“8%]16&}1 SR A BOSF RSSO Wor t i ons o
talls ¢, Mutdiiollinth Agch&pRathohRUdgNs rdcBmbitiGRtadahueRbliYe ¥Qate tRENTR- D
(I'nvitrogen, Carlsbad, CA FIG 16 is a map of the single repeat

starter piradwicd adesilyam Big afoaTrologgsdRcamRipgion. a repeat having the RVD

NI . Three ot hgr_.pl 1.Cl desi e ,, were

i dentical ex cglpsttmf%r%mteﬁLés%'ﬁg}bgl%ﬂ%%%htelﬂg%g@% geﬁtkl/lgn at r‘?a‘;%? )g&%%%%é 17A
depi ct s guietiedly edifisdlpacadad clandediredaiudleRegiubcasei titrodusddngihe r epeat
nodule with the RVD NI. The 5 Xhol conpatible cohesive end, the Mscl site,
and t he Bethod 6as mefide PEQythA Eplant cehemirasinghen eitdogennys fareridNAThe RVD and
t he snucl i i b1 i . e r t nodul es
wer S sonSErEREIHBIRA IR AGBLR Mlp Rt MRe TR B Okl p BUOR. RD
encodi ngstsadedadesthintlicchdegmodetaBHDNANsgquamat WG a TASpdCeamveisyng 48 G 17B

is amp of the single r dul e, pl asm d, desi gnat e CS502, whi ch
cont ai naciat Ee b e bE G Encvcs i it pGlh b5 R ieat

desi gnat gh|Rfrde QsucRESARfoduding aR ofd BRINELEIYEABHFhEd sc@RHcAr €

i dentical to pCSb02 except for the Ds they encode (given at right). FIG

18A depi kamsolngeusdoiat Westamgrieoncedbe crdvigaeouadirgetdadaniodhe plont eellgindgl e

25r gepeat mé)id[ul etvm'tt h R}/E N, in whi Ct? n[uclteoti dgq ’?ngSttfgt utions (italicized)
preVent FRCEHEP AL PPEHT BymeRRORASTOLRPIOR O PRI BEPI8THAS | i gati on
into a Pepidid ¥ialans teendpgendes targty DN, dndigeh&ralindV plansfib@-thd planfdél iand i ts
encodi ng nucl eotides are in bold type. Three additional repeat nodul es were
const r uctvBghthneolagoss regembingtipn hes egsutredhown except for the RVD encodi ng

sequences, ijncé{hﬁﬁ{%? Q %ﬁ@?{e ﬂr?%sgnfiﬁgmm%n rﬁ%&ﬁgﬁg %%G\{EA({/ for Fa!r%t?c?/'geﬁeﬁg is a

schematic of a three ul e asse y sequenti gating
addi t i onakomeipaeadn modedlle SThemi@h@d snrigéleds mpedicin® thid thepeAamudleicTdeéd Mscl
i tz% 'n ;[nro] ecflliereflgo ir(lagp S E”il“tALzliEnthau:rlg6eted to a selected DNA target sequence; inducing
expression of the TALEN within the cell; and identifying a cell in which the selected
DNA target sequence exhibits a mutation. The mutation can be selected from the group
consisting of a deletion of genetic material, an insertion of genetic material, and both a
deletion and an insertion of genetic material. The method can further include introducing
25 donor DNA into the cell. The cell can be an insect cell, a plant cell, a fish cell, or a
mammalian cell.
In yet another aspect, the present invention features a method for generating a
nucleic acid encoding a sequence specific TALEN, comprising (1) selecting a starter
plasmid comprising a nucleotide sequence that encodes a first TAL effector DNA binding

30 repeat domain having a RVD specific for the first nucleotide of a selected nucleotide

sequence, wherein the first TAL effector DNA binding repeat domain has a unique PspX1

13



the PspXl site at the 3' end remain unique, and the entire nodule is

fl anked by two Xhol sites. FIG 19 is a list of the conplete set of
one-, twowQand7eiasee-repeat nodul e plasm ds. 5FI G 20 ipsTAISRO1OMSTBRAT t
depicting the steps in a nethod that can be used to assenbl e any sequence
of repeats into the tallc "backbone" to generate a custom TAL effector
gene. FIGS. 21A and 21B are schemati cs depicti ng assenbly of repeat

dul t f .TA d t. t t
el ot HE Landertbbd dstiizing erepiosmal b 5ot Mdietist fio misghadh ds
desi gnat gg PORALB0dRESRAAing o3 forP @ﬁ@%fecﬂémbmﬁﬁg BfcaP dSmAnS that

sequentially added to the sequence in the starter plasm d designated
pCS493, hasRMDPhspecicgbutbhningst memogd@(s)eqftpw‘r@&d IprebBéf; SEMATEY7, pMATSS,

pMAT59, a T es f i d esj.gnat ed
pessa0, resB BaBalisliys Shebu e RRR BT Fher i MBda i RE e equence
in the pih@&lﬁbl@lc%ﬁi &iali@th PMATN capBSabl Bifdink o HeaskRt@s ndesstgiat ed pMAT61,
pl\/AT62 pMAT63, and pMAT64. FIG 22A 1s a schematic of a TAL effector

pr ot ei n. scpaEMGC. R sanessss. tiremethed ciy fupthey inglude, afigs & liggtingen der @yt i c

donain o t N, N-term nus; NLS,
nucl ear %hoe%a %érbe%%gﬁﬂﬁg#&q@%@nﬁlg%@ Wam dic activation 20domai n.
FIG 22Bis aUgreeg)dSthaimid dofigre il twtnycamfandr AlidoNSicaanstused hadiniiak b theAL
effectors AvrBs3 and Pt hXal. Avr- ng Avr Bs3 TALEN. Pt h- Fokl hXol

Yﬂﬂ

TALEN, AWMHHRINIREHE JNHI YK Pnd%%tp QIoPRrHRarY $kild foths aftdo avhé%btpiﬂsyt ically

I nagt i Ve el rtggns F%‘fﬁmﬁg‘l H§ EnBhadhi ls 6B bor E(ilﬁ(f‘aletw% khosfcad. Sci .
USA 95: 10570-1 ZFN, Zinc |nger nuc ease contalning the Zif268 DNA

bi ndi ng dsmabed l(eElﬂntcembeasadtB@tatcticmnhe 12&HA003pitSde medmd@@ﬁxi me®Yyialskk. 23 i s

a reference Xol a Cld sequence DNO31). FIG.24 is a
referenc%esﬁ’iﬂﬁﬁ}@& ?‘?mc ‘é"l“(?%é%?f‘é‘ﬁ%@&“@'&%‘sr PRifies. 354 other gefersBeqss 4 i agram
of the pﬁéﬁ@bn‘é@%&fé’in are incorporated by T fGenéSinthOWentBs . aNcAR Febhnseauence of
avrBs3 TALEN (SEQ I D NO 3 §§ ?,G 27 shows the am no acid sequence of

pt hXol TAICENt §IBEC qa@om@c;w)hng deﬁmtlons:mil cogmwli &n addgiierpthopnetetitlag activity

vr Bs3 Pt hXol TALENS i ff spacer |engths. ZFN,
i t B e O bt seppigs LS ER) Antho DalhilPRYINBRRERL, ( The acti vi ty
of a het er odi TR¢ #&ailsNBNe ofGidry EthPodifel® @$ theGakindion lafgscPFdifoh ek and
Avr Bs3- Fokl expression vectors and a plasmid with a target consisting of

5r ecogni #4COMPENYieg dragringsagd thg qi?Sﬁeetu)ntb?lqw Dther ifagras oBKCS ek at ed by 15 bp

wur Boa (KPER 6 e RGO s AR RO Rl RN PG el tiob oo

(ZFN) onthelbiims.r espective targets. As a negative control, a yeast culture
with only the target site plasm d for Avr-Fokl, Pth-Fokl was assayed for
Lac? activity (denoted as

DESCRIPTION OF DRAWINGS
FIGS. 1A-1D depict the TAL effector-DNA recognition cipher. FIG. 1A is a

diagram of a generic TAL effector, showing the repeat region (open boxes) and a

representative repeat sequence (SEQ ID NO:1) with the RVD underlined. FIG. 1B is a
25 diagram showing best pattern matches (low entropy alignments) for various TAL effector

RVDs and target gene promoter sequences (SEQ ID NOS:2-11). An asterisk indicates a

deletion at residue 13. FIG. 1C is a diagram showing RVD-nucleotide associations in the

alignments in B, plus ten more alignments obtained by scanning all rice promoters with

40 additional X. oryzae TAL effectors, retaining for each effector the best alignment for
30 which the downstream gene was activated during infection. FIG. 1D is a diagram

showing flanking nucleotide frequencies for the 20 TAL effector target sites. Positions
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10FIG 29A is a table showi ng the RVD sequences of individual custom TALENs
and their respective DNA recognition sequences. FIG 29B is a graph

pl otti ng wbeonate2a6ty of custom TALENs. (-), negative ceaTruskomioste3t ar get
site plasm ds only; ZFN, zinc finger nuclease positive control.

FIG 30 is a depiction of the nucleotide and RVD frequencies at the termni
of 20 15target and TAL effector pairs. FIG 31 is a schematic of the

CGol den Gate cl.oni ng syste Engl er. e | . (2008) PLoS One 3:e3647;, and

Engl or cCarStDe08s SROS! Brdekeruse rint b gbnea i e BERHEA ot a set
of 58 pl ggM d&biego.assenbly and cloning of custom TAL effector repeat
encodi ng arrays usSing the Golden Gate cloning approach as 20 descri bed
herein. Tet, FKiS adyaidiHeprosgicsivalcoes hen@sHen/marktenrtdddry Tilbsof d sel ecti on;

spec, spectinonycin resistance ne, r . plasm d.sel.ection; anp,
i LT R BRI e DSBS RS B ESA FEG 28 T B BRTG S35 G 2 1
a sehenmagimtighiva RTEPORGUDE, SASHaTEetidd eagdcBPi A1Gin@4nce WS BAeA Alwitd ieCt or
repeat encoding arrays by the Golden Gate approach using the set of

pl asmi dsacBsispovprirpfcrng, i pice faves 34 iy afteronoqulption 3at BaSE¥nmiichf an
o ; ! . ; ,
mar ker 1 e ERETh GAO0YL 1T CB ng BRETp RFTNEREF )03 ELANRE SRR, 7 1 o

pl asm d pEFentwitch cdntdEss taBlAr3 L) anbth @il &, faad drs widd 8k WSIH Gtreinc #83Go2B TALENS
generated as describhed in Exanple 9 herejn. FIG 34A, . tel onerase- TALEN124;
FI G 34B Sgematiebrsed 9o mne -the-gipgle gopeker eqphangapptgiipn g M3 1 ygigscue

dnl”- TALERBS B e o WL FreTo s her GRS otb b
TALEN106¢odediGate8dflthe ackahedRideNGd, anBItkz cadtdinatasibf tht RIESREO gekdndc 34K, adh 1 -

TALEN74; FI G 34L . t14- TALENOD: EIG 34M tel omerase- TALEN121: FIG 34N,
t el omer aBRSHA ERAIBES g eosmid gUTEL prg BERDTALENLO7: FI G 34P,

gri dl ockTALENRLY 3 iEh Gefedhibd AVEBOMRAIAS Seid Jae?»elﬁ Ha B N§HR).
tel onerase- TALENI36; FIG 534S, adhl-TALENGO; FIG 34 T, tt4-TALEN85; FIG

34U, gri dl ockFIAdEN2 0K crarPGAVESs3imickeiqacapbequbeset(SEQ TDANBN Jacti vity as

nmeasured by t yeast as i ng _cust om TALEN nononers of increasing
longth (9-, 10005753 mdppt PTAL g e RNt O P re TALENS were

targeted to AF}(piai@@sfjla? cmdakebrcpbit&plgaies, as indicated. FIG 36Ais a
di agram show ng two different DNA target sequences fromthe 10Arabi dopsis

ADH1 gene t hatTCarlds paliageanaaf By sehpmaris ashitsaiuresof Thlenugdemep.sThe gr aph
recognition sites of TAL DNA binding domain are represented as capital letters, while
the spacer sequence is indicated in lowercase.

20 FIG. 8 is the amino acid sequence (SEQ ID NO:16) of the 17 and a half tandem
repeats of the AvrBs3 recognition domain. Hypervariable amino acids at positions 12
and 13 are boxed.

FIG. 9 is a diagram showing a scheme for a yeast assay to test TAL effectiveness.
FIG. 10 is a graph plotting yeast assay results of AvrBs3 TAL nuclease.

25 FIG. 11 is a diagram showing a schematic representation of single, double, or
triple AsvBs3 repeat modules and a cloning vector.

FIGS. 12A and 12B depict a single representative TAL effector repeat (FIG.
12A), as well as a representative truncated repeat (FIG. 12B) that is present at the end of
the repeat region in most TAL effectors. Nucleotide and encoded amino acid sequences

30 as shown. Ns represent nucleotides encoding the RVDs, which are indicated as “XX.

Numbers are given for the amino acid positions. Sequences are taken from tallc.

15



plotting yeast assay data for functional TALEN pairs that target the
Ar abi dopsis ADH1 gene. FIG 37A is a schematic of a restriction

endonucl used to detect TALEN-induced nutatio | r psi s
pr ot opl ag‘?é%ﬁﬁgﬂ\%?B shows the sequences of 15nine cl o%gghgrmé&ﬁgdr? ?gested

DNA in the restriction endonucl ease assay. Six of the clones have nutations
I ntroduced by non-honol ogous end-j oi ning (NHEJ). FIG 38A shows Oth
repeat sequences of several phylogenetically distinct TAL effectors,

Avr Hahl from Xant hononas gardneri, AvrBs3 from X. canpestris. pv.

vesi catori a, Ptﬂﬁol”fsrac?;ﬁh@(“atléldy&'a@gﬁbe tajic\ggagandithe,progesg Ry ‘XhtSM*P«‘. and Tallc

from X. R:lp)éwr orf¥as (B4 Oisqnglf%m%n&eat Pé@.am.h%tmﬂﬁcww ABewnFl G 388

is a schenmatic oW ng e Ot 1st repeats of hXol . The "0Oth" repeat
i medi at el W, MsebsdeS Si)hlesltzst repeat, shows 35%identity, and has a simlar

predicted seconggr y, gt sUEén'Ht -degi %g{?}(&hdﬁtn&m a]t?atnslﬁt%?ﬁﬁ& snfé’ﬂgmhﬁﬁorganm dat e

anal ogous residues o0 he 0 repeat are underlined , )? H helix; E
ext ended. Ttke gdrafdieriginabursated irepeatdn pES4%] ta Freats a(RspXbandtXhel sitg, 2008)  Nucl

25Aci ds Res. fand Ot al
protein i S&eldf%d)\%% V%ermnces Cro%'ﬁsl l? %(l?lgﬁ%g)q’ gg' Te?@‘ﬁ (?Pgnhg‘?égtaggl with
pl asnmi ds ethemdlitated tepeat (RFfetD NA:2 P fafesbown. Pheenspded amindedd sepuengd(SEQind Tal
g as | ndyg o bbbl b TRIRGES o%ctfhepmwmcﬁeo SfeiahBibbd/S ant i body.

Innunolabe act il control for equiva I oading in 30each
| ane. 19 FIGE1 £5is a40dp oflpGisd88, Ivehicris mbaramyelmsmebsmfd enpgdimg

HPRT- 3254- 17 I

LPAT 150, gy 11 aht Eeriin PANRs biG A UA P?ﬁ’éﬂ%"%g‘qg@&ﬁi“ %LENtarget ed
site in thmti%umorpm’ﬁmdmtrogdﬁma@barbcﬁi nding sites for the HPRT-3254-17
and HPRT- 3286 20c. ST8LEN, o BEuRUlbLa Shhe e B BRECEECORMRRR hose

sites, and the ication o Ion are 1 ndicated.
Coor di nat esncatlestahrepdattidving the R&DCNIsthhmthqn pbaseiSMSlgsawd'Eﬁﬁ“@ﬂe first

nucl eotlde ‘bg:»she c%;é‘lgg segue rr&gﬁgl F%Pat°r4ﬂgk?ﬁgﬁ%y%£§’,dgﬁa%tﬁ n&ﬁt) Bpul O

di gestion B i on 0 own i n FIG 41A
usi ngigenonm ¢ ONG. |lmhqinaslnnio1mmd€ Aid=hicoded amind axittsequancesdoralsiogle| s as

tenpl ates. 10Cen <€ MUpLitef 1 cation.
DNA f r agmeffPg& Mﬁag'e W%Fgg) ]giyglg‘%ar %éger&)n'lpﬁwé gthem g{rd’egsh?s an%fi vi sual i zed

using et hi dndjm: bTWﬂMchﬁWﬁlﬁﬁ:@Eﬁ@rﬂ'ﬁk@m@ﬂse@rB@e&YDp&@ thet application
provi des nﬁ&c eotides encoucl ngmte%rb:cfrg Bold %llp%t %ﬁre& 8th§?x%8€a'? ffodules were constructed

that are identical to that shown except for the RVD encoding sequences, which encode
20 HD, NI, and NG, respectively. FIG. 17B is a map of the single repeat module plasmid
designated pCS502, which contains the repeat encoding sequence shown in FIG. 17A.
Plasmids designated pCS503, pCS504, and pCS505 also were generated, and are
identical to pCS502 except for the RVDs they encode (given at right).
FIG. 18A depicts nucleotide and encoded amino acid sequences for a single
25 repeat module with RVD NI, in which nucleotide substitutions (italicized) prevent
reconstitution of the Xhol site at the 5’ end following ligation into a PspX1/Xhol site and
destroy the internal Mscl site. The RVD and its encoding nucleotides are in bold type.
Three additional repeat modules were constructed that are identical to that shown except
for the RVD encoding sequences, which encode HD, NI, and NG, respectively. FIG. 18B
30 is a schematic of a three repeat module assembled by sequentially ligating additional

repeat modules into a single repeat module plasmid. The Mscl site in the first repeat and
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15specific DNA recognition nediated by TAL effectors. As described herein,
the primary am no acid sequences of TAL effectors dictate the nucl eotide
sequenceswbaomi7edaét hey bi nd. The inventors have found rhatuse@basiodnshi ps
bet ween TAL effector am no acid sequences and their DNA target sequences
are direct, enabling target site prediction for TAL effectors, and al so
allowing for TAL effector custom zation to bind to particul ar 20nucl eoti de

sequences. . Such .predict,i on and custom zation. can be .harnessed fo vari ety
of pur polePTNBHE teckif ahari i Thehisk PRE G SatdsdscoitTbe f used
t o endonygl,ease sequences, allow ng for endonucl ease targeting to specific
DNA sequences, and subsequent cutting of the DNA at or near the targeted
sequences. Cubks.(10.iga lisiddul esmptteanidddnbr, das pnd hr@NApedmativbarat i cal |y

i ncrease t he. frequency of honol ogous 25reconbi nation. Thus, in conbination
with DNAPIRSRST uct's that carry sequences having a high degree of sequence
Si msl arity tOFRG.Pari§ h Eldlvadhatt@efietind NG s&pq uen aRtholAhkNan 6asddaoused to
facilitate site directed mutagenesis in ‘(‘:or’rﬁ)l ex_genones, that is, to knock
out or aeRblgans sequseed Hricrests inte el ke cofthegnerdquerees Tuilt h gr eat
preci si ogfeac@oq Q'hgh efficiency. 30Thus, included in the subject matter

provi ded fgereign are, inter alia, materials and nethods for naking

genetical |y nBdiS.i2¢d aPaBi seschichmadtsidhpig@ing\aisidndily of teptdtataduies in pl ant s,
fungi, Drosophil a,. nenmatodes, zebhraf i,fh, m ce, other mammal s and hunmans).
Such net FRIYELCHR af e}y grdonpglpasex Hispall targes R BICtSOHES SEAXENICS SRPH- skBver al

rec%nbi N@ ‘2r154c; 'Qtlﬁﬁ' &A1 ﬁg&g{] - A58 Yt lcel 1)
can be trg%lsf or’nﬁjg W t(hg% {(:’:r gta%r eco i ﬁgﬁarelfg%?ﬁ(s:?%’ipgsgci (} conrs7’t u%t ’
cont ai ni pgS#83dembpCHiiY @osiqientsdlyreidedtd thasequentaudeake Salt¢redastiidns rel ati ve

to a correspondi rget .nucl eoti.de sequenc dwithin_ th ell, and a
second r%@%‘ﬂ?eﬂé’%é‘ﬁgﬂg@h‘éﬁ%’@i gy %@?Sb?g‘@tegri’i\é%ﬁg pﬁﬁ‘f&%rﬂﬁ‘f@éﬁe In some
embodi mrepUATSRNEMGE9. Bl EPMAaBOPen FIGNS R ERE: MbdlleArdhipldnfi@conbi nant

nucl ei ¢ aci d construct encoding a selectable marker. A nucleic acid

sequenc eddsigmtcdipé SISRACTIIS) s> 236 kel pOPEtIrare sequantiddycdded tofbor por ated into

t he,_genone of the transfarned cell 10descr.i bed herei.n. For | e,

ol it ceruSiee i eati T AR AERARY. BCERE ML AR RuPE R B BB T

pr oduce pM@m@ P T, epMiatiered donor nucl eoti de sequence i ncor porat ed
into their genones. Seeds from such plants can be used to produce plants
havi ng a phenbl§peAsisarchenaticof adiddnpifectorgiotgin fawhiregipente (igpaled & sti c
(e.qg., i i . ] C i i ot l bipti c

st ossesh D STEM DAL ANEe L hoh e UrHER M IIGHIRIS B PASTARBNNE . or e
conposi t Naarnfieaug NLS, macleaslechlonticesgedsBoBdeNbelis, 8D, aadcartivatidor ogen, oi |,
protein, carbohydrate (e.g., sugar or, starch amno acid, fatty acid, or
secBndar PRERabYY i 1285 agreM plakingaetiyity erﬁfgdﬁ‘]? é‘éflsﬁ}l‘étﬁgéf".lthﬂﬁlynucl eoti des

and Pol ypeptd,das B3 sl ﬁhﬁgl.”ggﬁ-ﬁglﬁlaﬁ% 3 PREEROPHOEAL] P’tﬁio@ﬁgsLﬁi}QVi ded

herein. The terns "nucl el c aci ynucl eot1 de” are use
i nt er chaAge&bklyanddiid-Fokl, &vriBs3 4wl Rth ROA figsnehs DNA catalycicalthi ingctoPNArsigresfom ¢

DNA, synthetic.(e. i cal l ynt hesi. ) ' r . RNA)
cont ai ni FenEGivers s GOERL oo dot] amdiiTot g i
thr ee- di 1RO ARRAscTORARTIM e ZABN DA &iRighddsiAdin Protioy Bh @ Bafiindided or
si ngl e- strande i.e., a 25sense strand or an antisense single strand).
I t ded ( 5 t d t I t d)

Noresl i mi €2088) &xenvpB0€:76%). pol ynucl eot i des

FIG. 23 is a reference PthXo1 amino acid sequence (SEQ ID NO:31).

FIG. 24 is a reference PthXo1 nucleic acid sequence (SEQ ID NO:32).

FIG. 25 is a diagram of the pFZ85 vector.

FIG. 26 shows the amino acid sequence of avrBs3 TALEN (SEQ ID NO:33).

30 FIG. 27 shows the amino acid sequence of pthXol TALEN (SEQ ID NO:34).
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i ncl ude genes, gene fragnments, exons, introns, messenger RNA (nRNA),
transfer RNA, ribosonmal RNA, ribozynes, cDNA, reconbinant pol ynucl eoti des,
branched wolzgnwobmet i des, pl asmi ds, vectors, isol ated DRATafS2@0ps3®aUENCE,
i sol ated RNA of any sequence, nucleic acid probes, and priners, as well as
nucl ei ¢ acid anal ogs. 30The pol ypeptides of the present invention (such as
TAL effector-DNA nndifying enzynme as non- Iiniting exanpl e) can be

i ntroduced in .a vect.or enc ptides for
exami o or aoPRbiSpdsn Y e SRy Sl ngBaL R BF oy P S B st ed o
combi nedywh i@ splct Wndths PEIFRE R ks 28| Qyih EfRR AU88ass UFIG AR RNOPOr at i on
or el ectroporation or derivatives of these techni ques. As used herein,

"i sol at egraph plotimg avtivay ef @ heterodonerinU8LEN: Ativdy in géast eontaniagticXel-c 5aci d

that is ar ted f ther nucleic a resent genone,
ea, a Erand B ORRePEO R hibR R R bR B 4 ahk Sone o
botfy si d@&og}ﬁu&hﬁm@lﬂ@ﬂ @k, inGisll fonail bEcG@IRparkhtd btyetrsnap ik Sdvat etvr- as used
herein wth resgect to nucleic acids al so includes

non- nat uFell| ¥ rikgs B)rlié@fefeﬁF%@éich}é&hO%YﬁBﬁét(ﬁV%F@@ st Bihiodg
Seq“ence@tﬁ%kﬂ‘%‘ { urg}dlw’tdﬁa%@u nd. ﬁ%ggQFﬁzbnﬂ%‘{rretﬂgﬁ% t%fgdt% d£ optiguous

sequences in a -occurrin nucl ei ¢ acid
can be, ﬁ@gratlee(admﬂoﬁ; a ya:a@NAltmI \elctublﬁy t}mm/gedecb siagnidffoit Aer-Rold| PtheFakei d
sequences nornaluy found | glately flanking that DNA nolecule in a
naturallva%%ﬁﬁw AL aenisinty §denglpdis )br absent. Thus, an isol ated nucl eic

act f 1 ncl udespianbhodt diELiRlihethe @%@k%ﬁlﬁdlbﬂﬂ%l &Xloft PARENR Separate

nol ecule (e.g., a 15chemc ynt hes elc acid, or a cDNA or
genom ¢ ONAheir agppecttve ml‘dmiurecexgntmn R&Ricocesr ENF.rAo8% is argrmhq:dmmg desetivitgat ment )

i nde end t of sequences hat is.i orated into a
vect g,— ﬂ%ﬂ@é\@ g r ‘il%ea(fqnzrﬁ\{\%lltgé?ﬁgﬁt sﬁg p smtgs Qnéy qu\E %lnc nger

pararetrgMﬂ&g Oﬁh&@&ﬁﬁﬁlrus | entivirus, adenovirus, or herpes virus), or
the genonic DN% prokaryote or eukaryote I n addltlon an isol ated

nucl ei ¢ aci d EHn 320:5 ndtmdteoraofrteeomimtaimandBéfléﬁeqwcwseud‘lh tersim HRA

cule t ar, f a hybrid or fusion nucleic acid. A nucleic acid
eX|§t|ng gﬁgﬁaiﬁﬁﬁﬁigﬁﬁr 8™ 11ions of other nucleic acids within, for
exanpl e, cDNAFIG.131a§ b 8shciatig @R EH¥ GollidPGatkiceshingddys@ed | gle@@ﬁalC@fﬂ)’O&) ning a
genomic DNA restriction digest, is not to be considered an isolated nucleic

acid. A RbeY Qﬁ€3ééﬁ‘dj7 @%Eﬁélefrﬁ’fc?é BN RYroSnenpre>53¢heni cal synt hesis or
pol ymer ase 25 834438y cfi)F CRet SR i | (gﬁ&%g&%ss@m@[}gﬁﬁ%&ﬁ é){)f techni que

in which targe n e|c acl are anpll can “be use 0 anplify
spe0|f|Cms&qm@Aﬂeﬁﬁkﬁmneﬁ»@mﬁﬁdmghhayeuﬁm@ﬂmKhﬂﬂmdﬁmgckeq@e@@ﬁmchagnttota
genomni ¢ or total cellular, RNA. Various PCR net hods are described, for
exatpl e, %\Slﬁrlbfdiwe?mng Ft. toArac g Aevincmgane 2, maskeit ipe AN ssirgtieeRes er |

eds. m}{ﬁ t‘?tmrh FalsbRte g@&oﬁ ﬂta?lge)f fg) g}ﬁ%?md gl%éhonegfﬁ?r@r%qgﬁﬂlu? KEREE

30|nfor tion frontthe ends of th lon of interes beyond is enpl oyed
to deS|ggﬂmlagmdumﬁaqﬂmﬂedpﬂﬁﬂﬂms that are identical or simlar in seqguence

to opposite Slt:fGa r?ﬂ 1S a schernatlc of a method for assembly and cloning of custom TAL
effector repeat encoding arrays by the Golden Gate approach using the set of plasmids
25 shown in FIG. 32. For illustration purposes, assembly of an arbitrary repeat array is
shown. spec, spectinomycin resistance gene, a marker for plasmid selection; amp,
ampicillin resistance gene, a marker for plasmid selection.
FIGS. 34A-34U show the amino acid sequences of TALENSs generated as
described in Example 9 herein. FIG. 34A, telomerase-TALEN124; FIG. 34B, gridlock-
30 TALEN105; FIG. 34C, adh1-TALENSS; FIG. 34D, adh1-TALENG®63; FIG. 34E, adhl-
TALENG6S; FIG. 34F, adh1-TALEN73; FIG. 34G, adh1-TALENS9; FIG. 34H, gridlock-
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tenplate to be anplified. Various PCR strategies al so are avail abl e by

whi ch site-specific nucleotide sequence nodifications can be introduced
into a t ewplati®7m46l ei ¢ aci d. |sol ated nucl ei ¢ aci ds al oTamsroloeswdbt ai ned
by nut agenesis. For exanple, a donor 5nucleic acid sequence can be nutated
usi ng standard techni ques, including oligonucleotide-directed nutagenesis
and site-directed nutagenesis through PCR See, Short Protocols in

Mol ecul ar Bi ol ogy, Chapter 8, Green Publishing Associates and John Wley &

Cetors Lo AESHOB N S Ehu i G o9E b FALBRIKASE, MIE ufE TOFC 20T "

post -t ranthBmmaFledlL ftidCPALENIG; F1G. 34mhﬂsmhaseyTALENh21mFl@l3ﬁNasyl ation).

The subunits d such as, for
exanpl e, é@?'@?’a rﬂé[tm%bg@@BT&édl?c&fﬁeﬂg@d(ﬁoFg% 3[) g e?‘s to either

nat ural amiIBN 1um,rlat}ugzab, tél'f')mStyiSH ’_nALglsm_ﬂlmFm. 3B, ttomerase/ TWAIENI 36 ElGopt i cal
moant 51 haotBadh p3 phEgeicRs T ERLENBL PTG ReeloRe TALENIBEY  he”cel 1 Ui ar
colrrponentz Wi trl(y\/ggm g;hpﬂblslollﬁgg TAILEN zfcﬁgllfgdaﬂd%aﬁlﬁéﬁlbﬁtlk@'e@t assayt ﬁuﬁ']fg |

pol ypeptides, lipids, carbohydrates n rifie

pol ypept i gusteraf E@ﬁ‘ﬂ“&’"&‘?’%@fyé‘“ﬁé]"&'e“@g}]@ gﬁ 35 gdaj@rf}"n % 8yacryl ami de
gel. A pumefrd(?efiihmkmﬁmvbﬁqargaed kbeApabzdbﬁ@sdndaaﬁuﬁsh@%spw.adleaecg at | east
80% 85% 95% 97%. 98% . 99% or %{%0%% }ﬁr Purlfledfr ]}/Jt)eptldes can
be 20 obt ai neEI%QMf'%ﬁd‘é&r&Wﬁf‘%w'“é)(‘f’?g Tegh DYA Freet seguencss emyd

chem,gal WhYidsp3is SLDHDT geRY tHa€4e Eadgeicd s 3' t%CId’LEEN pdirsi FIG 368sit a gRph or
transgenic plant, and can _be purified usin

exanple, affinity
chr omat oglplﬂﬁmg Yeﬁ%ﬁﬁﬁﬁbﬁ?‘éﬁqrﬁ‘ﬂcﬁ?‘i"éWALgf‘Izi@"gQ@F @@ebﬁegﬁ?bd‘?ﬁi’?'émy, and ion
exchange %Q,qeorrat ography. The extent of purification can be neasured using
any appropriate nethod, including, without Iimtation, ,colu

chr omat ogr aphy FIG:378lisasshgmatis of@ rerttiction epdanyglease asspy useg to ﬁ‘?tﬁ"ﬁ per f or mance

liquid chrHoRhMuRREYNuRRASHUBBbpsEPIebp IS, SFIBS S T B ¥R ike stqtdneésofaci d
constructs (e.g., vectors) also are provided herein. A’ vecﬁtgF is a
her

repl i*ton, “W@W"&%ﬁ%ﬂl pndigestcd DY dgythe resrictign prdenuglease,asipy- (HX DNA

30segment .fRys BSe hﬁ&ﬁf)ﬁﬁﬁr&dﬁc&ﬁb}&nh‘[drﬁlﬂbg%b@éﬂdqbﬁﬂxgr(ﬂmmﬁat| on of the
inserted segnent. Generall ?1/ a vector is cap ablﬁ1 erAécatl n when
spRcd

associ at ed wi t RIG-R8Asheysedth spatsequences ofeeypial phy 5t T8k ckbones

i ncl ude, feﬁéct&%%mhﬁhl ﬁ&ﬁ%ﬂlh@“bkd?}bi/dn@ﬁieﬂvm% frb@ Jathmpesths pys pl asni ds,
viruses, artificial chronosones YACs, or._ PACs. p}gﬁct erm,"vector"

i ncl udes ¢PHeRiaty. BhYoLIBMeS §PBRE R OPEAS Pthiy fromiX, curd, ap Ve Grs and

i ntegpating, ¥e6k 8hdicoRN Po@mfﬁﬁcsﬁdgﬂlo\@% beedI 5[(3—38'B¢§Q§chéxhﬂlc showingdes one
or nore expressi on control Sequences reSS| on ntr ol Sequence

is a DNA sheqliepndelst wa%at%qfrﬁthﬁls T&‘ﬁd‘oﬁh g‘iﬁ’F%&"é‘E’efhﬁ@ ‘é‘i?g?,srtf‘?) fteweaind/ or

transl ati gp,af 35@@&%&&? £GRedictell eBbHdRryRNRERRS ITHB RWEESLRS 1étncl ude,
wi thout Iimtation asm ds and viral vectors deri Vﬁ_%ll[1 rom g%b exanpl e,
es

bact er i ophierge! aﬂéé@lﬁ?@ﬂ)ﬂq‘ﬁ%‘@é"g"ﬁ%ﬂﬁ%@% ofthe Ytterengat g un

cyt omegal qujif; §S extéiRied. OYhd st¥8fire WAGREdME WSidgUPRY, (caﬂ@nﬂquou&eﬁm and

adeno- associ at ed viruses. Nunerous

25 Acids Res. 36:W197-W201).
FIG. 39 shows a western blot of total protein isolated from human embryonic

kidney 293T cells transfected with plasmids encoding V5-tagged TAL effector proteins
AvrBs3, PthXol, and Tallc, as indicated, following immunodetection using a mouse- ‘
antiV5 antibody. Immunolabeled actin is shown as a control for equivalent loading in

30 each lane.
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10vectors and expression systens are commercially avail able from such
corporations as Novagen (Madison, W), Contech (Palo Alto, CA), Stratagene
(La Jol | ayo@8iyo72a3d | nvitrogen/ Li fe Technol ogi es (Carl sipat/US@Ap/039PRE t er s
"regulatory region,” "control elenment,” and "expression control sequence"
refer to nucleotide sequences that influence transcription or translation
initiation 15and rate, and stability and/or nobility of the transcript or

pol ypeptide p ator |ons in limtation

pr onot er sequéﬁg4§Aj@ﬁW' é&@g 8@§mc?8€tgﬂgglﬁkéﬂg§%§]7pWHﬁ§kﬁ _
recogni t i@ siijv Efie amn%cbéeau&ic%rmmﬁmmm@mt rol elenents, protein
bi ndi ng sequences, 5 and 3' untranslated regions (UTRs), transcriptional

start sites, FE}ﬁﬂﬁaﬁaonmxgﬁuéh@emgtboWﬁéﬁ@h?W@ﬁwbﬂwseduénm@m» i ntrons, and

ot her ulatory r ns that,.20can .r i such as
Secr et or Ry IR P Rt B S8R Rt EBR D TREPR TS OPES

cl eavageTAILESS; the Bpu10AStc s ¢ sPeFce bBtweeh BRIk, iuidllﬁ@@ im¥e iR foncor por at ed
into a genetic construct so that expression contr ol sequences effectively
control éxplifecssppafl tﬂerggl@@aiengdlgétq@eﬁ@@rdmatqsm thedftomgiepdisiagcsiddashce i s
"oper abl i N r sequences
|npa cel m&ﬂgﬁggﬁﬂﬁgqf %%%gég%?gcgﬁﬁg %% %%ﬁ@ggﬁgé%bﬁeségggﬁ% ggqueﬂce

i nt o RNAB M dtgelstflorﬁlsf pi‘RlN@sts dﬂIE(I‘R emphﬁ&tlbh@lﬁsﬂea’egldnism\m iheloronei n encoded

by the codi ng sequence, Thus equl atory r glon can nodul ate, e.qg.

r egul at euS%%?qOml‘aP@%rSqu%%o Wﬁeﬁﬁefiaﬁ ptreated onlla as tganltes. pl ant , or
ant Ui §8ismicHNARIR dl%es{eﬁ Wash zﬁ‘él Ro Ry r‘fic@ﬁ&P‘PB}ﬁA%%gﬁ%ﬁt@%&er@uc' ei c

aC| 30A pronoter I1s a expres ontro sequence conposed of a region

of a DI\lAsetpaﬂamdLhyea,gatqsplgcladléqtrophmhsm addOismlizké osing ethidipsttreandeof t he poi nt
at which transcription starts (generally near the initiation site for RNA
polynerase |I1). Pronoters are involved in recognition and binding of RNA

pol ynerase and ot her protei gTQILADIDRSERIPFIGRAUl ate transcription. To
bring a codi ng sequence under the control of a pronoter, it typically is

necessary to Eb@pltesemp@th@t appHentioatnrovidésrmaterials end micthedpfelatbdtotseanicat i onal

Gonitst reslic e P osBRo PRk Brd ity SRR raS A0SO herpl IR BB 2. much

as about ahindQQiduegh@rtd SEBA L RSEEBRMIGhtcthentdtigh s¢duencstt@hhicithey or about
2,000 nucl eoti des upstream of the transcription start site. A pronoter

typl cal | Yindodpe inyentogs hqve faundthetgelatipnhing betvscs nigtle eifectorpoinpeed al so may
i ncl ude ?etquérfc%%n(g Qir TACA etes'ea Ls ﬁgﬁneaseﬂgkﬁ%sge?gﬁ%ﬁﬂeggﬁgﬂ forouch

el ements 1 nc pstrea acti va 'on regi ons ronal ly,
ot her DNRASeffftetnceand hlad abdwmgtfont TAD%fﬁectpt twitomifzat@onpol ymliol ppeidutie such as a

synthetlc pstream el ement choi ce of pronoters to be included
@nds t@e%qvgpcqsaéﬁleb predjctien a&f ﬁ@torﬁlaﬁtl%ffanmemo soddor &¥47¢Y ency,

Sel ect abj %}ﬁy oseb. nﬂl‘&ﬁie@xhﬁﬁ)% gﬂﬁ%lﬁﬁAE@Fe%? b&fﬁeﬁ%g%bn b@ﬁge&ﬁml | or tissue

specificit For exanpl e, sue-, organ- specific pronoters that
conf er endonuclease sequences, allowmg for endonuclease targeting to specific DNA sequences,

and subsequent cutting of the DNA at or near the targeted sequences. Cuts (i.e., double-
stranded breaks) in DNA can dramatically increase the frequency of homologous

25 recombination. Thus, in combination with DNA constructs that carry sequences having a
high degree of sequence similarity to a particular target DNA sequence, TALENSs can be
used to facilitate site directed mutagenesis in complex genomes, that is, to knock out or
alter gene function, or to add genes or other sequences with great precision and high
efficiency.

30 Thus, included in the subject matter provided herein are, inter alia, materials and

methods for making genetically modified organisms (including, without limitation,
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15transcription only or predomnantly in a particular tissue, organ, and
cell type, respectively, can be used. In sone enbodi nents, pronoters

speci fic WO 208G ve tissues such as the stem parencREFAIS2¢0069%32

meri stem vascul ar bundl e, canmbium phloem cortex, shoot apical neristem
| ateral shoot neristem root apical neristem lateral root meristem | eaf
prinmordium | eaf nmesophyll, or |eaf epiderm s can be suitable regulatory
20regi ons. In.sone enbodi nents,, pro rs that, are essentiall pecific to
sy (- Bl uBPEPAPuAr  BBHSE R B A DO S SR Sa RupteT

pr ondt er §,GARcRE A WhSndIL@&) $&T dxRinhb RN R sf@Ring RRE AR M dob kPl coBinghtc acid in
endosper m and cotyl edon tissue during seed devel opnent. Alternatively,
const i t utiolec peidsofersavale, prdhtst @, ¢ ewnasmticptilorandfe temsfopuedibyith alfirstked
nucleic acid, in nmost.or .all tissues.of a plant, throughout plan

5devel oeb el el cons TR Bidbe f Br s sRBIGHANGRS B Bivdss, eq o,
I nduci bl gt TrEhHve 18 UddrR§poRd RFRLRESnUChBtidE KRfubficc foaid #ithith®ell, N
response to external stinuli such as chem cal agents, devel opnenta

stimul i, anska $60nd pepmAmant miclaigiaqid construct eacedisa b Toxlorpelessei & $99e ni ni mal

sequence. JEEARRRALYnL 8l 91%&%5{% tr%{s(f)o%g{e&%ﬁfaf é}hir @P@?@Eﬁﬁ%}é@gw red for

transcriptron rtnitiation. Basa ers frequen ATA 30box"
el ement édmdtrudtayicdaing o sct@abldatavieen Aahieldic 46d adigheadeotidm 3% dunol eadleides
upstreamfromthe site of ,transcri(P,tion initiatjon. Basal pronoters al so
may i ncl H#dé cepstragteatr bgepme ingpipeiied infq hr ganqye olbe Sapyiarecd T) and/or a

GGGEG se ' lLC I : 00

nucl eot i géeégﬁﬁfdylbe?égg] F?P%gﬂf e’é)g&? gagﬂgﬁ(%%?ggm%g%%oﬁgggg?scﬁgﬁjlﬁegg% fromthe
t ranscri g tergrewvartd psidties plhiomhhving therdteeedatvpbesuaddotide sarpeaces t hat can be
included.in the nucleic acid 5¢onstructs provided herein include the

caul i 11 olMErTPRE B e gShasns cabarorm sHLER g Canbs et apiogHes BgMSn, ¢ he |-
or 2 prefmies phd@typkQacH 450 8r ExitipicOdn AaPGGWeN M GAHEE 7€ & € RereaBEPNDL €5 S
froma nmai ze | eaf -specific gene described by Busk ((1997) Prant J.

11: 1285- k8398N¢ce @riblorasicatedargen divticraphahmiie stressed) oalteead appewiess, (cgnd

transcription initiation regions fromvarious plant genes such as the nmaize
bt Bt ¢ 1 e seferaptendial ST Comiod o B ey 8B b RGBT bea, but
I's not teabsd, altsben adill phdtein, LeboMsarntd e, sdught orstdreh)Oimindctd; atgGicidt and
the translation initiation codon and may include the +1 nucleotide. A 3
UTR can ®escpeislary pgiagolfeshpsdhresprst o wmaddafiedplatter i nati on codon and the end
of the transcript. UTRs can have particular functions such as increasing
NMRNA nmessage stability or translation attenuation. Exanples of 3" UIRs

15i ncl udBelybutleaides ad Pblyparirigds t o pol yadenyl ati on signals and transcription
term nation sequences. .A pol yadenyl at.ion region at the 3'-end of a coding
regd%n can al selad %k@ﬂ%ﬁtﬂl@sq mebdepddes ARIPNGed BisEn cEe tyes “nucleic

pol yadenyligt ifn foBRoBefan PeudAiAKRHal LB 18 ORF t Blin §80Cand DA vari ous

ot her plant genes,” or ?rom an Agrobacterium T-DNA. The vectors provided

her ei n ailnsldogrDMA| grbemid DNAgssampetes (eqy. i dpcmscadlfy syethésizea) DONA, a0ANdAor

scaffold, a hnment. .regi gns Rs). Ip addition, an expression vector can
el ude & FOUS LniingE PHOSR ghidielye o P MUt R R SEPSATGT det ect on
(e. 9., paikichiieadlistlctfe. | Or@iéig atidemm bOHoUNIE sRXRIc8 98 Sl RANMAERL (1 d€a Tag
sequences, such as green fluorescent protein (G-P), glutathione

S- t3%ansf snas#randoT N apigiepsd single stiand) c Nepdimibagraxpghples of polymcloptidgsT™M t ag
( Kodak, {}Ile

Haven, CT). sequences t.ypically are re S fusion with
25t ho- eroHdR SHBNy SERT RS BLER e AR BRI AR TR the
pol ypept tibssomal RNA, ribozymes, cDNA, recombinant polynucleotides, branched

polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated RNA of any
sequence, nucleic acid probes, and primers, as well as nucleic acid analogs.

30 The polypeptides of the present invention (such as TAL effector-DNA modifying

enzyme as non-limiting example) can be introduced in a cell by using a vector encoding
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including at either the carboxyl or am no term nus. By " delivery
vector" or" delivery vectors"” is intended any delivery vector which can be
used in tWe2priegens i nvention to put into cell contact @®CTASRNMEFIBNSI de
cells or subcellular conmpartments agents/chem cals and nol ecul es (proteins
or nucleic acids) 30needed in the present invention. It includes, but is
not limted to |iposonal delivery vectors, viral delivery vectors, drug
delivery vectors,. chemcal carriers, polyneri carrjers, lipoplexes,

pol ypl e PHSRRIARGIRE X melr S b B BRerkgrs pecB A e e Ruet VSHBRT s)

nanopar t &b&sed 8P HHiIAESwRh afY BEIulARRHABIYi RaBioh FRARIEEs M@REOr S. These
delivery vectors allow delivery of nolecules, chem cals, macronol ecul es
(genes, $moperianel) or dectophtionec onwitivecdl thesegtcomuds, pepti des devel oped by
D atos. In these cases, .(delivery vectors 5are nolecul e carriers. B

“del Tvery veotoP* Pt UrS YOED O STPETEY 8 JUr Kics b 6T 0 BP9 et nods
to perf o4did tHa8RSEFGhic®M:om other nuclel®geil LihABare PRGERNN a @EnoME LDl SBplakitef er to a
nucl eic acid nol ecul e capabl e of transporting another nucleic acid to which
it has bdwnie hrbdingmucleceads thpnarmally flaslepne erhodhsiderofithe pedes acidut i s
not lim i e » ] r l.i near or
circul ar%g%irm%l\lﬁﬂﬁg%%ﬁéuﬁéﬁ%ﬁi g%ggﬁcg}%eg?]gﬁgﬁg@ Si‘/ﬁgh{gﬂre%r%@gn%ﬂ non

chr onos oieludesaiyi nodymititelly-ocairrisy sdgetdec sintteduveh aondhaisallyPsehiginged vectors

are those capabl e of _autononous replication (episomal vector) and/or
expr essi SugcehE ot oundiyaatie aidornol ﬁ@gﬁ igyaeditely cqniisioys sCREBIFS VRt or s) .

Large nu&gg&ﬁygkmﬁﬁhéggﬁfnyectors are known to those of skill in the art

and comercially ava e. 15Viral vectors include retrovirus, adenovirus,
par vovi rus (eAngsolacdkmodssocidabete \for esey)s, addNAmandeculis provedat oneeofst r and

RNA viruses such as orthonyxoviruys (e. g., .influenza vi ), ,rhabdovi rus
(e. g, MABPESIChGH srausEG: oo memisiatelylankisd Jnar HOVR iplécllt ing!

measl es ANGraBeREAIing BORIrhd N@cBbiRN JBMAt VITAUS 88 isdledl ARIdK &4 navi rus and
al phavi rus, and doub%e-st randed DNA viruses including adenovi rus,

her pesvi mgkid¢s without mitetqres DN Arpiodsculd thetsexisgpassa sepanatt moleBgs (@gnaBar r

canih ypos TR e el RO s iR e S SR Sl PR DY e

r eoVi I USBSR o 23BV@0h el 8ontRAINSIINEMS indepéhdopstdtidr Seqtichets, af eIl gxanpl e.
Exanpl es of retroviruses include: avian |eukosis-sarcoma, mamalian C-type,

B-type vPMN4sthat is aoypasatod nia a gectprr pyapoyogeeipreplissinanlasdid, spibayi r us

(Cof fin, J oyl L] : BYINT -and_thelr. F i ion, In
FundameniCa {uraFROTRE LR, Ry ARASAR bratfich IAO) bERE'

Li ppi ncogénokay BN Pofd poketyste dPRukasiedepin additi@@h isolated nucleiBycidlcemt i vi r al
vector" js neant Hl V-Based lentivirus vectors that are very prom sing for
gerd® del INgRG atﬁ%“@ﬂ}’é%anéflugﬁéiafﬂdrséﬁéﬁﬁ %/QWW&}S"@BI%%R%@%@I & iy, reduced

: mgoggﬁsg@mm&cﬁm €A hudBiclabidexiBing LARhY hbARBEMGHIWA R BIGPn&iiLiLcl ency a
acids within, for example, cDNA libraries or genomic libraries, or gel slices containing a
genomic DNA restriction digest, is not to be considered an isolated nucleic acid.
A nucleic acid can be made by, for example, chemical synthesis or polymerase
25 chain reaction (PCR). PCR refers to a procedure or technique in which target nucleic
acids are amplified. PCR can be used to amplify specific sequences from DNA as well as

RNA, including sequences from total genomic DNA or total cellular RNA. Various PCR

methods are described, for example, in PCR Primer: A Laboratory Manual, Dieffenbach

and Dveksler, eds., Cold Spring Harbor Laboratory Press, 1995. Generally, sequence
30 information from the ends of the region of interest or beyond is employed to design

oligonucleotide primers that are identical or similar in sequence to opposite strands of the
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30different cell types. Lentiviral vectors are usually generated follow ng
transient transfection of three (packaging, envelope and transfer) or nore
pl asm ds woteotiprrerdacer cells. Like H'V, lentiviral vecPoTAISenasIshe
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 nediated by the viral reverse transcriptase

conpl ex. Th roduct of reyerse anscription is oybl e--str.anded | i near

i ral DR e sreoif Uty B ORaReR el e Pl OB ik 6 DA of

i nf ect edgfeeificSruciesiigh {QDEANIGifiMRRhOEM KARIBEuCcB Mo W MEBPILRIHUERIC OF
“integrative". By "integrative lentiviral vectors (or LV)", is neant such
vectors asd.non linmting exanple, that are able to integrate the genone of a
target cell. . At the opposite "non integrative lentjviral
vectors (or NEPYje nugteieig A5 PRk e PRReraRy FObEHEmEARohS nor

i nt egr at gudldie a8 ROARNES cad Beah@eted @8ink staRtfdgbchih@eaGhdl@dingf the virus

i nt egrase. pe of preferred vector is an episone, i

One ty ] l.e., a
nucl ei ¢ @légouelgpids-direstedanutagenshis gho sishrairedtabnpegenceh thippgh BERedbegect or s
are thos o) epl | catd L1 XA ' f cleic
et ds t oSl PRt MUEANGTRUR o EhEE'S, SR B PSR S B gl
expr essi Wileef& gomesdital whAadubtheay/at®2operatively |inked are referred to
herein as "exEressi on vectors. A vector according to the present invention
conprises, bufh§§mMHopolypertidsdas wseddiergarrefsra iyt cofppeynd qfAvo P some), a
BAC( bac Lhal 1 £l 1 j vect: . a md, a
oS O B P e (R ol ar DA
or RNA nud ggedsglanbn e MThesybwotssnast beolinket by poptadeabond2 Onethecthmdsesdiras) |,

sem -synfhetic or nt hetic I n general, .expression vectors of utility
P T ecunbT ASHUP BAT BB RIS e Braisp 154E o gt Dephga &dori ch
refer gep@fadlrhDortsPnthbtiCath@b adRWbhelugnpandepiEMsdneeps which, in their
vector formare not bound to the chronosone. Large nunbers of suitable

vectors are kBpwivolatedi’lepSpurdficdskyith reppect foer polypeptide it oy meadmhas direpr i se

sel ect abl markers, fo xanpl e: in 25phosphot r ansf.er ase,.. hi sti di nol
Sertr ool B OGS tontraledia SR Sire R s RO R RS R BT P AR Y, e

her pes shdrlaly fiddus nbhydiedi. Nethéd pedsgRptiddensids, RarbdaadraResad akican ne

synt het ase, and hypoxant hi ne- guani ne phosphori bosyl transferase for

eukar yot #¢dge An rexificd pelypapple cup yicdd a siaglevnaprlandioat g nenyredpeing r i f anpi cin or
anpicillj i St i ] i f I [ b ssion
veot or s, PATIRIENGE Whiredblpe i h B8 a1 g ool Ph e REE EREEST) 2Ce
under co®%p85%fIEHIISORNTES,O8Ys, AASC b PA(1% pate).ahdrificdmsy @dptidesadandent r ol

el enments to permt production or synthesis of said polypeptide. Therefore,
said pol Wf&l@?igw faecyanile mptaciog from amalsy) ﬁ%%rg?fm gt pxthqitsy @r by

par ti cul akbMpinh 58&?&'%_%9{{9&%%&& flads %ik@fahh%ﬂd%ﬂgé ri e dAI I ¥

operatively |1nk to said encodi ng polynucl eoti de, I bosone DI ndi ng
site, a &NMApdplaffmitychsormaogmhien igenmopecipiations sizs esldlpsian plooyathempbat | on

site and a transcription termnation sit |t. al so_can conprise an
and ion oX¢ angg chroma%ograq)lhy. tl“lhe extent oei*pur&icgtlon cai be neasired using any
appropriate method, including, without limitation, column chromatography,

25 polyacrylamide gel electrophoresis, or high-performance liquid chromatography.

Recombinant Constructs
Recombinant nucleic acid constructs (e.g., vectors) also are provided herein. A
“vector” is a replicon, such as a plasmid, phage, or cosmid, into which another DNA
30 segment may be inserted so as to bring about the replication of the inserted segment.

Generally, a vector is capable of replication when associated with the proper control
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5enhancer or silencer elenents. Selection of the pronoter will depend upon
the cell in which the polypeptide is expressed. Suitable pronoters include
ti ssue spwoizbilw7azad/ or i nduci bl e pronoters. Exanpl es of PCmdlseé10l0s99pz onot er s
are: eukaryotic netallothionine pronoter which is induced by increased

| evel s of heavy netals, prokaryotic |lacZ pronoter which is induced in
response to isopropyl-13-D-thiogal act o- pyranosi de (I PTG 10and eukaryotic
heat shock pronpt.er which is induced by increased tenperatuye. Exanples of
Ui ssue. SPERPI.cOHPBIRYRERs igkhonsy d1clidsy TOp GBS, djase FUIBey Useilia the art

pr ost at egRREE plabrhiddNituS@NarkiRSA) chrénéddhick IYREE 'V ACQLERAESs. MHERAnSUr f act ant
(SP) A and B proteins, |3-casein and acidic whey protein genes. |nducible
pr onot er Svepy” ibelufleschlienani: dnd patchogeystass, as el gs yirstoregoprasd ertedsitingby

15stress_|ike cold, heat |1 ght r hi i oni ¢ _concentratiaon revi ewed
oS Poenset AR Sps0ua vesy it Futarhar dshies B Gt SSM RinsRRRl

pr onpt er sdBynchE ahd S C&Prdddio Bitol gdqGcrlceeisiagie A skquclbother @htralls and 2006) ;

Padi dam (2003); (Wang et al. (2003); and (Zuo and Chua %000)]. )

Del i ver yrogalgics the tegperripien apdiordepmsipionsefspethar BY Acreqeadi plebigi xpreayign

cel lul ar i I chni h reat |

el ect 1 opbieaty marig. et bl B S BnPHER < B0 S BORRAT. I, Kmple.

under st obuttdriophagepiiaeulohiitseqnebacaginbsdi Oviyus RgpEIviMmys, Heope@s@idus,i N a
reconbi nant pol ynucl eotj de, e. i ntrons, enhancers, upstream activation

g' *
r egi ons, FCHAUTISHY YRSH R VERSH@Ae PO VISR REPPatieoitied WrsendNgmeihst r uct s can
i nclude 1{84&(']@ ! i 4 i | e for
t ra4r(1)sf orérreact&{i]l %)% of geg%ling%’(s gesg’%?@pl an%&%%g%ﬁ%%?k%@ﬁ%ﬁ ﬁt(?gllrplog#ﬂ.oh%%conbi nant
vect or s Navagor (Muadisor)3VIng lofitoch @akrlte CA5) Stndagede (leckotthi GantndNA t echni ques

(see, e.g., Sanbrogk et al. (1989 | ecul ar C oning: A Laboratory Manual,

2nd ed., 0&° }fgﬁacqqapg&s(éggsgp%t y, Cold Spring Harbor, NY). 30A

reconbi nant nygd @ik a6k Hats§ILEDE.E “AntideSIEhbRethnh LG i saRohtRfIegr ate into

the genone of a cell via illegitimt eéé:g. e., random non-honol ogous, non
ey

si t e- spessqfignsy” refesdomivilemaide sefucmnes that ranscriptien e teanslefien wigtiemce as

d i bed herei n. be ad ' i : f Il vi
ont! ogoths EcusT ALY SAPORRR B T e S Bredalid e BN o R R Baf ot on
Vi a honoiegpayschre onionatingitic froblodikefhcaseshaihbinst degentkes, lespesigences t hat

are simlar or identical to endogenous target nucl eotide 5sequences, which
faci | it atle@CnthtPEQfEIAL NN SIgs, BvEMB clsrIshtSnRIEMeTcE cepefod clgmeptiedrptgit i cul ar
site(s) iN4 ) i nj U . i de
sequenceglﬂd%gg?cg]?fg&g’z\sl gﬁgéﬁj‘g}ﬁ@%@%@%ﬁ@gg@?g@’ ?r%rﬁse goﬁllagéréﬁj\[/lﬁfa&’horml ogous
reconbi n@tmoati@l ssqueaes, polghdutigladon &gogees, iions| dnd ofher regulbety exgivds sipeci fi
nucl ease. Alternatively, the recognition site for a sequepce-specific
nuci®eas eC¥dRSiteVIthin spdine ??ﬂuﬁws’g*é%b%ﬁéeﬁﬁt%%g%’ Nuglsapleoaalizatien or ned.

10Donor g%gﬁgﬂegmggﬁﬁgj%{gﬁgggg cdgscribed below typically are adapted for

integrati vi a honol o I nati on.
As used herein, “operably linked” means incorporated into a genetic construct so

that expression control sequences effectively control expression of a coding sequence of
interest. A coding sequence is “operably linked” and “under the control” of expression

25 control sequences in a cell when RNA polymerase is able to transcribe the coding
sequence into RNA, which if an mRNA, then can be translated into the protein encoded
by the coding sequence. Thus, a regulatory region can modulate, e.g., regulate, facilitate
or drive, transcription in the plant cell, plant, or plant tissue in which it is desired to
express a modified target nucleic acid.

30 A promoter is an expression control sequence composed of a region of a DNA

molecule, typically within 100 nucleotides upstream of the point at which transcription starts
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In some enbodi ments, a nucleic acid encoding a sel ectable marker al so can
be adapted to integrate via honol ogous reconbi nation, and thus can be

fl anked owokotin7giddes with sequences that are simlar oPCrdsrei0onsd932 o
endogenous sequences wi thin the 15plant genonme (e.g., endogenous sequences
at the site of cleavage for a sequence-specific nuclease). In sonme cases,
nucl ei c acid containing coding sequence for a selectable narker also can

i ncl ude recognition site for nce-specific nucl eas I.n these
enbodi mefeRsTahEReF e SRRFONGHS SN A BpBETEiss Ly e S BB AE ) ease can be
the saneyasyMontinkifoaid of KIOpbRALer&e aﬁ@bﬂﬂ&%rweinh kdlintth ARANAGdunic! eic acid
sequence (i.e., can be 20recogni'’zed by the sane nucl ease as the donor

nucl ei c @mﬁdﬂswquéhéﬁng@mowegeqmmMEdmbvﬂb@dnﬂbé@%hmommﬁiﬁa@Ewﬂhwﬁ t he donor
nucleic acid Se nt .nucl ej,c acid
Cequence SaeNaT ApTLAe e icadp PR iE BT ARG P AL BIF of i

Si t @- spegdlipcptil EBARBENGici a0l abdid figky @dlclBed Rk Bowntich®-oF BRGIrbh6tcr.r £Combi nat i on
refers to reconbination that occurs when a nucl eic acid sequence is 25

t ar get edProgoiersanthopieven be pewiencdis mich as abeu SI0mwclcpydesomsiregy obdeween
seanencesadshbl SurSTRIN B80L DutFh G AEL & B PSS kbl G, gRnorre, but
r at her of reco nase S recogni'ze speciftic nucleic

aci d Seqplemb&& tapichlBadoaipyrges itheast £cone r(ba:sal) peorabange p@dm@b&ﬁalsd mapds bet ween
these sites. Site-specific reconbination thus refers to the enzyne medi at ed
cl eavagelnshide gt l§astionn contral Gismeat suchds Ab dPEERMIicse fuehelsmentaiicluds t abl e

ST SPeRld il EEATRN" (AR S R DNKE fiRhsexanpl e the
Cre-1 ox g%%?en1o %% s?s?gﬁﬁ%o gﬁ%ﬁgenbo k%ﬂﬁggﬂta nuc eic acid
encodi ngtransceptiorofrgedyeriopnde seh dbe symtheodusedamr{anat.cel | in addition to
a donor nucle ence and. a.n e-encodi ng s nce, and in sone
casen. " a'sel cobeRS TR E B R AR A ERRaRG SPoR S T diERs. et heos0 317,
5Sequench e ki tcﬁ@m&k%%&blht%r 1nd1§‘3}‘l§lﬁ%n@8511%8%%1%&&0191&%1%&?&113nd
reconmbi nant nucl ei ¢ aci ds encodlng he sequénce- specific en donucl eases are

pr ovi dedorﬁeqse@ $pecrﬁ¢éYS Equenowls pl@mef iacgam doh gdl spestE wamotencihadenion.
effgctort t ﬂﬂﬁ ns._and.en %ﬁ q qgse qﬁ e, nucl ei ¢ aci ds
encBdi ng"SREHPLAY 8%91%@%18 e iRl eTRnERe R dRhes 8BS o nuct eot i de
sequencercsptivaly SeauRnsed. Shahid enbbiimé&ftf, pedstelsi sp@flc tdvarcnuet aiucse
sequence fron1a nucl ease, TAL effectors are proteins of pl ant

pat hogentuchisaéicestens, napichgne grogrdemerdstery), Yaseulphundise sambiven, phlecHt ant cel |,
wher e t heyLr ?n‘é% p(flgar%tt&%ls{%% '1&&;5%1 ﬁ{b‘ét &%H&Tefn%o%‘ﬁ%g{ﬂgﬂ&%ﬁénl?tlht%&l I;@o%t ors to

turn on sSpeci enes I mary am no sequence of a TAL
15effectmmndmmtEhé@mhaﬁunudbahhuﬂpmﬁE@u&mﬁqnﬂanm0cmhbamntMdagﬂﬂhus, t ar get
sites can be predlcted for TAL effect and TAL effectors also can be
engi®neer BE OAfd TG GRRRSIPERS HEMBIFY @gfearﬁﬁsssmﬁd Yrigesige gareertlisesd-

nucl eot i Hr%fe?@rﬂfé?ﬂ&%e@’% dEpehidted el %b@nﬁc promoters can promote

transcription of an operably linked nucleic acid in endosperm and cotyledon tissue during
seed development. Alternatively, constitutive promoters can promote transcription of an
operably linked nucleic acid in most or all tissues of a plant, throughout plant
25 development. Other classes of promoters include, but are not limited to, inducible
promoters, such as promoters that confer transcription in response to external stimuli
such as chemical agents, developmental stimuli, or environmental stimuli.
A basal promoter is the minimal sequence necessary for assembly of a transcription
complex required for transcription initiation. Basal promoters frequently include a “TATA
30 box” element that may be located between about 15 and about 35 nucleotides upstream from

the site of transcription initiation. Basal promoters also may include a “CCAAT box”

25



Fused to the TAL effector-encoding nucleic acid sequences are sequences
encodi ng a nucl ease or a portion of a nuclease, typically a nonspecific

cl eavage wormiwn7286rom a type Il restriction endonucl ea®eTdisetnomasosdBokl (Kim
et al. (1996) Proc. Natl. Acad. Sci. USA 93:1156-1160). O her useful
endonucl eases may include, for exanple, Hhal, Hndlll, Nod, BbvCl, EcoRl,
Bgll, and AlwW . The fact that sonme endonucl eases (e.g., Fokl) only function

as dinmers can be.capitalized 0 enha e target. specificity of the
TALef  edegent (rgicaBRraetes CE8RD BudRur BEB E e Sirdmueh SELir Bidoed 1o
a TAL 25gfth8&t MouSAPHANGEu08 huf BR[NNI tERSIR Bbhiee e abodPNY h@li@eiesequence,
and only when the two recognition sites aré in close proximty do the

i nact i veupstaamsion tho frenscopearhsart sits. create a functional enzynme. By requiring

DNA binding tQ acti.vate the nucl ease, .a highly sjite-specific restriction
enzyme can’ be @rBRLEE Samples oL RromiolE i s B et dd AU HisdoHer ei n can
recegni Zeomtrikds proCidb@hcrdBSRAURNBES caMliflbver Mo SRl CAY) BSS @etscpedreot i de

sequence present in a cell. Thus, in sone embodiments, a target nucleotide
sequenc eNEHHoB ELiaMedd OF drPramelcEdsaved kg ri-PNevolsi grakacierime a parti cul ar

nucl ease, Gap, Ho. %?&ﬁ&t%%%{égﬂ‘tﬁgﬂaéée’eﬂegﬁégsae%ﬁc%fme ﬁgs%Hﬁ%ﬁapL%e@iéﬁg piges @

TALEN can be engi‘neer e ar ce uen

nucl eot i dd Isig8€n08), kncochted gths febes naed ahAbENr spatidseandnsmkdription nt 0 any

sui tabl e, expression vector, and can be |inked to one or nore expression
control BEEtenEgons fem wrignpplant geney wirk astie avgen§iwEtgLBRewt¥an be operably

i nked t0 2, PAOTRRINSEARIN (LB ilirklachBaf! phOis GONGHLLAL, iy Gxpr eost on of

t he endonucl ease 1 n the sp ant to be transtorned. ternatively,
an endonbaiveasthe ctadi sitg of dguemse i and Be topslatbh initidtivkeddomaml papnot er

sequence. that wi|] lead to,cqndjitional expression . g., expression under
cort ai n HELRFEoRRSSHdE  Aond) T €81 DLRSHBEa CaORAb T 4Bt Diosai o vi r us
35S pr omRBmakéd chRnUn8thd Qld SFeRStrdsetipty U OERNRSS pAficulet RAELHGRNGER t uti ve
pronoters include, without |limtation, the nopaline synthase pronoter, the

ubi qui t i # ipersavremRNh chassige aebility pr wanstagion aftenuetme  Exdropliesrent /TR

artj ficial,estrogen-induc rompter .for. can be, used condi tiopal

o pPessi BRSEATARTio PEVEH L B OPRElesbf e R rB S tab AT ErbeiRn 2 ol ant
I S exposeuémtceSArRgbenyRtide icG@naithd PRal oPi estiElcsioh kat als@be Heratsed

i ncl ude, for exanple, heat- 15inducible heat shock gene pronoters, and

|'i ght - r ebjtlicd @ C‘%@ﬁﬂ%@@es henpelxadenylation isaop gan brd@iveh &0 thynatwal | ar ge

buni t | ' - f
Cher apy, BrRet AL A3 AREPRRRAALE oF PORAROfcr i IO, BSCht ™ hventi on and

a phar maceut i Thd voctaas peypidedheroix alsp caninchide, fateranipde, etrigthsiof rélication,
therapeutically effective ampunt, Such a conbination is said to be

adm®ni st ¥ seaffeld agachmans Freipns (AARY)- dnradgitiop eangpiiseion vectpheandRell
adm ni st gfededfnBOYSi A9 BRlile l%ﬁaglmlﬁatfoagt -det%eﬁ@ggg.}glﬁifﬁ%{ @l ogically

significantC If 1ts presence resultsin a tecta change 1 n the
physi ol olpgalofativheofitiee ¢xpiresstd pdlppdptide pil es sqypcomntsexh as greafentsdest

physi of ogl el lores! ULEASAIE dhhole PEEPS IEEALEIL nbl ReSlEgLERRE ol the
Flag™ tag (Kodak, New Haven, CT) sequences typically are expressed as a fusion with
25 the encoded polypeptide. Such tags can be inserted anywhere within the polypeptide,
including at either the carboxyl or amino terminus.
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
subcellular compartments agents/chemicals and molecules (proteins or nucleic acids)

30 needed in the present invention. It includes, but is not limited to liposomal delivery

vectors, viral delivery vectors, drug delivery vectors, chemical carriers, polymeric
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nore synptons of the targeted di sease and in a genone correction of the

| esi on or 25abnormality. Vectors conprising targeting DNA and/or nucleic
aci d encoapregriz073Ak ef f ect or - DNA nodi fyi ng enzyne can becCiratSeaduws®d2 i nto a
cell by a variety of nethods (e.g., injection, direct uptake, projectile
bonmbardnent, |iposones, electroporation). TAL effector-DNA nodifying
enzymes can be stably or transiently expressed into cells using expression

vectors. Techn,. s of ess on in eukar c.cells are well known to
those R S R A A B I R A
" Vect or Snfrﬁbatﬁ%ﬂt@ e-ﬁlfl%l@i?é’or ARG appRpLisle thlsfcPe e Phey 8LIRRBy $QforiEene

Ther apy"). In one further aspect of the present invention, the TAL
ef f ect or alDNAdetbdiy ¢fl mglecewley Wbem@abwbsctranmoleaulley (geops, iproteine)g endtber i
engender_little rlet of nethods
For amel YeSiart iy S By Rafieh Tom el dRuch RaRSE st T egoteBin "or "thi s
SOrts Canardendledt tdiris By d@dlﬁf@rWeTc’fbr’P Be defiveRvictdrs” lialdo hpcRib@UERry

enbodi ment, the TAL effector-DNA nodifying enzyne is substantially free of
N-fornylHﬁ%@ﬁ$EWHQ$@HHNWQQE@WHMay to avoid unwanted i nmunol ogi cal reactions

Creay o ot Bt Bl ol B0 SRRy I Ay K by RRUIEhIML 5F° 81V
dal t ons awspagiag nbdhetmhatcivvedidiid whldi) hasGoey Ligiaddi Ar‘l‘VWtcbﬂ’i iPHG pesckPG  as

described by Davis et al. (US 104,179, 337) for exanple, can provide
non- i nMuiSgENAnclyAcss b 16§Ptclg¥1’|t%fi t9e8 ViFal veiienerlawitii RNPaCCkr oBat or - DNA

modjof yi ngnh&P3Y &Q@Nﬂ%ﬁﬁ&%{o can:tw Tidh 31% caﬁstl.&[tybwchém&&ﬂél ﬁ#hqu al so

usi ng a pol yet hyl ene- - pol ypropyl ene g copol ymer are desciibed in
Sai f er ethramosqnug, Enl86nBIGY or s]yﬁfh@tlonuwlelctaords Preferred Abstorspirothosked her ei n

are reconbi ha nucl ei ¢ acj.ds. i C|Ud| ucleottd ence A donor
el cot | B BEqeaHaoBa FRLTGan [P drto S B B AR TR KGR P e

modi fi cafyhRAShdyl ar€ hnkéd{f&lsﬂe&%ﬂ ftors)deh@kl 'nﬁﬁ'l%ersQ)rf shifbRS $dcIFS hreWnbl¥n! espect
to a preselectéed target nucleotide sequence found endogenously within the

genone OKHhO%%ﬁBkﬂbnzmb@T@mbmxmnmwwﬂy@awgwkreferred to herein as a

nn1|f|ed target nUf eot % %, fﬁ»% ar . anh% %? ce vwg in the
dondr nucl ei ¢’ 585 FwYHINg F o R %"Jl%‘ﬁ PE%Y‘WI%IF PRYU$_Y&Aces t hat
are SI M {iddisco), céxdﬁmlmaiegh@vd $fieng RADY AU shél Sadrthdusixeelhde. sequence
within the cell. The fl anki ng sequences can have any suitable |ength, and

typi cal | yilagrzagtirusk skabdgnrys el otabsgnd ﬁeql@wgtsrpm?élt@ Virugk pRIgEKOGOIS

nucl eot i tides, at | east
200 nucl§:?laé%kg%?a?gég?ﬁgg%gﬁ%%ﬁégﬁggés, easggggﬁ&hﬁgﬁggtldes at

| east SOmemﬂueodniddibableestrahMSDNA%nme&:ﬂnemﬁlr@@ﬁanmmb daspesiBengcl eot i des,
from about 50 to about 5000 nuc]| eotides, from about 100 to 2500 .

nucPeot | HEPCS PrapiFabEw: YRe! 1 Zddstcin Baw vius| Bl v AMERRETIL00 t o

500 nucl gOLI d&&inid 18R u%‘rlEl ﬁ%’%@?o @ﬁ%vﬁ%@s [l NdrlGfk vilks, thé)\H?u@bOUt 250

to 400 nuc%eotldes) hus 30reconbi nati on can occur between the
reconblnﬂmmvmmn&mvnusﬁammowuﬁdmcbm@dmumm&amdhtthEangdhnugmuﬂwget on bot h
sides of pt he e AR6vR RV SRR S, SSRGSt ClypeB-type
viruses, D type viruses, HTLV-BLV group, lentivirus, spumavirus (Coffin, J. M.,
25 Retroviridae: The viruses and their replication, In Fundamental Virology, Third Edition,
B. N. Fields, et al., Eds., Lippincott-Raven Publishers, Philadelphia, 1996).
- By “lentiviral vector” is meant HIV-Based lentivirus 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
30 different cell types. Lentiviral vectors are usually generated following transient

transfection of three (packaging, envelope and transfer) or more plasmids into producer
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genone contains the variant sequence within the context of endogenous
sequences from for exanple, the sane gene. A donor nucl eoti de sequence can
be gener avodotiwtmsget any suitabl e sequence within a geadms201005@3p| ant
for exanple, a donor nucleotide sequence can be targeted to a lipid

bi osynt hetic gene, carbohydrate biosynthetic gene, seed storage 5protein
gene, disease or pest resistance gene stress tol erance gene, drought

t ol erance gene, t hat pro ces an ti ritional ddition
e’ donorclfuors Vo B gt eieor Bl 6t Ful Bipiehithhinid b Rpigr Vel
sequenceg $hee gfycsp@t&ﬁse@ﬁ@rec@ﬁoﬁeomhé Bads eI (h o), @Rt @RI RNRI kers 10Sone
of the nethods "provided herein include the use of a third reconbi nant

nucl ei ¢ muiecg@mfty@rmgraascsmﬂem\ahlcb isomediatee by dlis! wrakeevikese tradsariptdseot i de
sequence_en i that .results ectabl rait can be
hcor por srBder g Bl gl PR S blBb it ik SFLE D OBt ecer on
contsr ol §BRHENERSubInAte X aiFNlifcgRfioR XPIe TN QT WHBHEd cARNSiAtntigealsequence
encoding a sel ectabl e marker operably |inked to a pronoter 15sequence that
will Iea&xﬁéséﬁh@%ﬂ@@ﬂﬁ@@“@&ﬁr@%ﬂﬂ@@ﬁﬂﬁethe plant cell to be transforned.
Sui t abl e sel ec Wi | tides
conferring resllggt {\Jé%alﬁ“grﬁp %%Cr% ?%%évchfsas&bg%dgmvgab%s gﬁqu%%ﬁggnyci n,

anpi ci | | éxampds, tﬂfatgfd)d‘b]@toﬂntegfat@.fhe@eﬁéﬂhebﬂﬁtasgm kelas gI uf osi nat e,
chl or osul f uron, ?ﬁ phosphi not hri ci n. 2@ iments for use in plants, for
exanpl e, a set8Et W@O%@rhxeﬂweaﬁe%weelﬁmzw yeedomdeeNtloVards AefHi ci de t hat

i nhjbits i r r a
sut Pony ERnBEA I ROLELp AL Tl 24 Eifter L Ao o R & ALS

and AHAShenztyoresf ths vitesordgiesd, for exanple, in U S. Patent hbs 5,767, 366
and 5,928,937, U S. Pat nt 4,761,373 and 5 13 659 a rected to
plants resi st At 6 °§8¥q %"ﬂ“stoer‘Hoaé%} TSN &F-» %E}P‘F SIHzi‘ﬁido‘@Pﬁ@? Bf%’f Hes. U.s.

Pat ent l\elro@lééon@a?l&}eﬁlmn&ﬁlp%f@ﬁed QedibrdBte 6684 BpaNE oPhAMSMARMRIAIIHY a gene
encodi ng a mutant gl utanm ne synthetase (GS) resistant to inhibition by

her bi ci desl/etrapreasien Rhowaheie acidnie which G8y asc lgnkedpﬁogpm capatile pedireciing

i oni pe sul f oxi 2 di lants
oot e Bkt s o hish Pl ate M B S G r e e R R i b pano ¢
acid her ‘ifux(pte@%n vd&ersr ASicslonRERrdisy GOME Brdset iMYendibn abpied, meed ydt coenzyne

A carbOXé@gse 30( ACCase) . Pol ypeptides for resistance to glyphosate
(sol d unbi@ited fpeat Aa@éyq"iétr%ﬁﬁ@&lrﬁmwl%o}n% sBALr Gagtaiial apificiglpra use in plants.

See, T OTLRAABLE o, AN Mo 4 AAiBI8 AP oo 85108k oLdidn Patent Mo

5,554, 79 I'scloses tr yphosa ‘resi stan Ize plant's, in which
r esi st aneetiror adintargred-chiyr BINAabt RNadmblceuno myehumysl ecrspln oS grosbsdenatat e
5(EPSP) synt hase. Such polxﬁeptldes can_confer reS|stance to g)y%posate
her®di ci d2n %%B%QHE&} ORI iSHMNEG ?fgsynmeflﬁ&]ﬂ Upgereph » BFICHIYP PRI Y sal ts

such as {figy bk FOBMBHaRUbRIA b 1§e§|a¥e oﬁéﬁqwﬂ%?ﬁ?ﬁ@fl“ﬁl%rﬂﬁiss%ﬁoh bfg sodium

salt, the pzta55|un1sa It an anmoni um sa . U S. Patent Nos.
6, 45 1 7 3gcnaredlyBo 46Qu1713®ubl%odt1ytpé¢ni DNéslobpy whiebj lsttlamr:eeqtcur fposphwho conpounds
such as golulflqug Ithneathlromosome Large numbers of suitable vectors are known to those of skill
in the art. Vectors can comprise selectable markers, for example: neomycin
25 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 in E. coli. Preferably said vectors are expression vectors, wherein a sequence

30 encoding a polypeptide of interest is placed under control of appropriate transcriptional

and translational control elements to permit production or synthesis of said polypeptide.
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10ammoni um or phosphi not hricin, and pyridi noxy or phenoxy propionic acids
and cycl ohexones al so are suitable. See, for exanple, European Publication
No. 0 242w04611/E2246el | as U. S. Patent Nos. 5,879, 903, 5pPRTAIS2@8/05®82

5, 561, 236. O her herbicides include those that inhibit

phot osynt hesi s, such as triazine and benzonitrile (nitrilase). See, e.g.,

U S. Patent No. 4,810,648. O her herbicides include 152, 2-di chl oropropionic
aci d, sethoxydi m. hal oxyfop, .imdazolji.none herbicides, | f onyl yr ea

ot b o1 BESFS: AHOIOBH e brs CHEPBS K 8 Xy oL natenSitet Bt hng

br omoxy njpk -%&bﬁébrﬁﬂ‘is%@@lr%lﬁﬁt%th@ﬂi%hfd ﬁ%ﬁloté?%eﬁaoélg Tink&PloShAINGRodiRg @ Pr Ot OX
enzyne. See, e.g., U S. Patent Publication No. 20010016956 and U. S’ Patent
No. 6, 08molymElcatide.sonosemisdatidmemnsits, a RxAeephdnnsite (wheolgehamiad?NAancodi ng a

sel ectabl e rker .20can be adapted to..ntegrate intq the genone. of a cell
(oo - auprbawoperimiftion i AR e Byiop el fudu sl 15 rECS AT R ER on. ~ For
exanpl e, cithah&R e Rt cendatbmy Stleabe 6l ablpoBEKRIll §gRndapdd MBkel iy

recogni tion sequences for a reconbi nase such as, e.g., Cre or FLP. In other
enbodi newhish the palgrapbids draxprasedde Seitdds prosiptaslinedpds tseycepeelbr andiar ker can be
adapt ed 4 nt [on_| I . f pation. In
R T i e L R SR T L
fl anked pyneegudiices ihhirtd 8y éncséased Riclobf heteptmaalk, frokenstaglacious nucl eot i de

sequences found within the genome of the plant cell into which the

r ecombi nBiRMoRIeYEelbisdrduged &1 respasise fnisprRIaNdRD-Riogakistor Pxgarosiste (IREG)
endpgeno . gl .eav i f ce-specific
el oas et AEGHEHF BRy SAlucitaRbick M R BAIRLEY b Bl PR EC e IR Cont i n
a recognEkampiesof exstiospcaiiBpetivrncae sigaulfimoschuatans&kinabbgrosigttease can be
t he sanme se]g,uenc_e- Sé)ecifi c nuclease as that which is targeted to_ the donor

nucl eot i TRECHEGHEERE(PSAY), @-aBBHYRSHEBLo&gssd iman suidacday 6SPx A and BoraiciBer ent

fromt ha& taritggt({ed .(ﬁg %he goﬁnor nucl eoti de sequence. In still other
embodi neRtE RN CELHB MNP RURITEY S aci d encoding a sel ectabl e marker can be

adapt ed for inidgeibRipréMotch Paf BEidQBRI®, llgﬁth@%eaé 8itre8€ InhorB yrdféBIgithyi mat e
reconbi nation. Such nucleic acids typically 1lack the flanking sequences and
nuclseas estrase Bheald.disat {LH\e hghther high eonseemncaitrpsignpfrenicwed incPatprzagt pkds adapt ed
for hono 0 i 1,65 speci fd. econmbi,nation. as described.herein. . Methods
g SRR R e L TR A S LA TN el
cell's 10peadéwed i NabBrerapdi. {30063 PRIdidamE(2003); OWahntt H42063); kit Zuoednlds, such
that a genetically nodified organism(e.g., a plant or an animal) is
gener at edhuar?380)]genetical Iy nodified organi sns and cel |'s containing the
nucl ei ¢ aci dspgf I | J . | o prQVi In
sonme enbodi men'?ll 2&/ rg Vte ggn%%@f%%% Sg‘%ﬁq{]éas&gm?%ggdﬁgcl%ﬁntedg(ﬁ*e%n? %ég@g‘n
conmt r ucperimetl@fratoadterintiqudst Sichersosvrppdraton oc aiechepahad yr tdeansives rdd.
Stably transfornmed 15cells typically retain the introduced nucleic acid
sequencetis HCUURFScel | di vision. A construct can integrate in a honol ogous
manner, such {Rat va WAHGLBBE B nRRINER68: RIIRARDUS ol Mal BE phdsafish ar med cel |
is replaced by the construct, where the construct contains a sequence t hat
cor r esporedgmbmantywlpndbbgtda g setjomn cehanbers, uphatane acthvalios ragiansoendror e
nodi ficati ons with respect to the endogenous sequence. It is noted that
while a inducible elements:
25 Recombinant nucleic acid constructs can include a polynucleotide sequence

inserted into a vector suitable for transformation of cells (e.g., plant cells or animal cells).

Recombinant vectors can be made using, for example, standard recombinant DNA

techniques (see, ¢.g., Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual,

2nd ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY).

30 A recombinant nucleic acid sequence as described herein can integrate into the

genome of a cell via illegitimate (i.e., random, non-homologous, non site-specific)
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20pl ant or ani mal containing such a nodified endogenous sequence may be
termed a "genetically nodified organisnf (GMO herein, the nodified
endogenousoenqueee i s not considered a transgene. A comR€TUsea10a5®32 can

integrate in an illegitinmate manner, such that it integrates randomy into
t he genone of the transforned cell. Alternatively, a cell can be
transiently transforned, such that the construct is not 25integrated into

its genone. Eor.exa le, a.plasm d vector containin TALEN codi ng
SequencerEaHPHAIoN Of BacroB A BUcloig G SCAUEBRE P orird TRRIERPERR ng sequence
i s expresfgtdlyintthscRBIRE %én%n{éfﬁf a%ﬁ@hé’hdrﬂ&l@@&ﬁltrg&nﬂ?nétfbﬁ GRRATE.

Transiently transforned cells typically | ose sone or all of the introduced

nucl ei ¢ aud sequoness rdartedifor integretorc ek hogioldgeiprecombiatiomarte ftanked ent r oduced
nucl ei ¢ %bd.canqgt be detg%ted.iq%da%ghkerl ells afteéﬁggsufﬁif'ent nunber
of cell PN SRENFEP B LS SmiRpP e sh ! BreHRREDPAT ERPL BH Y Cequence i s
suf fsi ci e@gu&@e@miav&cmﬂeé DEQUE O RF BB biaBN DRI MREITi @atdRE PArtis@atence
and an en o%enous target sequence. Both transiently transformed and stably

t r ansf or $e6S) de fhegeaame pantawate the prdagepoysdpigeiriciroside pesengssr dugleic Wth

et hods. B4 EFTREES A AEREERAIdh TRSpELRER: RRbupfliin SSTRAPRAREY 7 2,

pl ant s cavo@etiGysiawor k BeqichBAgpetifistiutRidee AlrRindikelysihe etodgnitiod8ite for a
consideration, either in a gromTh chamber, a gr g@house, or in a field.
Genet i calayCRASTPESIEE NPFlistte sar Bnlasatep i the gsneas pt B celbfo be wansforagdar

purpgose, Dgn&'nucfﬁgql Adid §é?1ﬂ§rg(%s s H&CANR Nag t@ﬁ@a!slg' o Afpthd f?? QLR Jih nes, to

transfer a reco nant eic acid to oth ecies or for further
sel ect i omoroblogtuseccabdshatalnl e traits. Alternatively, genetically nodified

pl ants can be propagated vegetatjvely 10fqr those species gnenahle to such
Peohn ques. BT REIHES ddeelebrh Fogineg WD kA AT pl an
line. Progeny ©fintdfraicRsd RsthoBb& R rebddebilafnS 8&AGuE BRI Ake b dn b5@O F3, F4,
F5, F6 and subsequent generation plants, or seeds forned on BCl, BC2, BC3,

and subs#dererth sramences ithou agsl samilar, oradensicelds chdogepousoeqinBE witFnRZ2, F1BC3,

d b ' I S .0d db i cally..nodified
ol it oo e BERC it e Rkl SR LI BRI B B ASRBH S Yg%o0t ai

seeds hoAmAGOUIn ke biRs, Mueledd 4cidedmlaifPRTHEMEsequence for @BIRttabRI | y nodified
cells (e.g., plant cells or animal cells) can be grown in suspension
cul t ur e, market plsa gen Belude gaprognition sie farfa sgaudneedpecHay nydaspuindBess of t he

met hods i: ' S0l | 0, Lgui . Lgues can
bo. used. HLAGHsIEE SiBar igh b MR M leghor ot o B b b L BRI e
medi um oor diffarchefrpihabadontatned avithin therdohot mucldia@icid sequbree (pkacadbd N cont act
with the nedi.um, K Wen usinq I iquid medium .cells can be placed onto a

f1 08t at i BROBUETAIRY, the Syne nuclense 8L ICHAORBT IS MY SCORE e PECPRMTSIRY Y medi um
Sol 1 d TeghitdfBnt XiIEAL tian e AR nuf10RNIRIh SrlTBA UM DY addi ng agar . For

exanple, a solid nmediumcan b rashi ge ‘and Skoog (Ms) nedi um cont ai ni ng
agar and 25a buionaghlasesc anewembimant wrlof aad sequenex cam. lg.adapted to integrate
2,4-dic hin?or R %%Irl]oorﬁg afFs Eeilf:vig%{tg-slgezciff'c_ r[e)%émgirlllgtioe}l. As used herein, “site-specific”
recombination refers to recombination that occurs when a nucleic acid sequence is
25 targeted to a particular site(s) within a genome not by homology between sequences in
the recombinant nucleic acid and sequences in the genome, but rather by the action of
recombinase enzymes that recognize specific nucleic acid sequences and catalyze the
reciprocal exchange of DNA strands between these sites. Site-specific recombination
thus refers to the enzyme-mediated cleavage and ligation of two defined nucleotide
30 sequences. Any suitable site-specific recombination system can be used, including, for

example, the Cre-lox system or the FLP-FRT system. In such embodiments, a nucleic
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sui tabl e concentration of a cytokinin, e.g., kinetin. A cell can be
transforned with one reconbi nant nucleic acid construct or with a plurality
(e.qg., 2,wB,20tj0722465) of reconbi nant nucl ei ¢ aci d const Pagtts201bf059982 t i pl e
constructs are utilized, they can be transforned simultaneously or
sequentially. Techniques for 30transformng a wi de variety of species are
known in the art. The pol ynucl eoti des and/ or reconbi nant vectors descri bed

herein can be introduced into the genonme of a, host i ng, ,.any of a nunber
o known s ErRIdEIe 4 RETTIOA OPDE FUSGRARF OSSR BT CRIT QRdoBrbl T ot ¢
met hods. ;QN1dRIdBAEdueRtYandROh 4G -BRUARS cQlcn¥E G iS sGRA cA28s, @QBRLABK W th
suitable T-DNA flanking regions and introduced into a conventi onal

Agr obact mrikgnsequerdeaSicersg.hdst. Pawot Ne. 4,86kl 7Agr obact eri um
t umef aci ens- nedi at ed transformati on 5techni ques, including disarm ng and
use of binary vectors, are well known in the art. O her gene transfer and

t r anst or pafukade-yREMDIAEBiIcicnsdsude protopl ast transformation through cal ci um
or PEG electroporation-nmnedi ated uptake of naked DNA, |iposone- nedi ated

t ransf ect i on, S¥luse¢-Hseifigmuslsasoyapdrecoaeingnt siiaedds ¢ncaderdhdmat i on, and

5, 501, 6B IuTENC g Sag oy i pry oy el TENFILRCR9R I 0 i O oo s

t he reci gidonticltdsss e iholndé TAnsffoctonDNMbingingromadaniend@geresat ed from
transforned cultures using technjques known to those skiJled in the art. In
sonme enb®IN#Bht Shusanyglgic Agids FYRORE SaHs PRauERECPeCcifc adannsleases iy direct |y

|t 04Ul b BtebHkd soa o SEATP ek GLURERWIARTER 1ARed ftd oduced i nto a

cell by 15nechani cal 1 njection, ry via a bacterial type Il]
secr et i omuddgmside sgqusycefremtarmoptzast i on, or by Agrobacteri um nedi at ed

transfer. See .9.,. Vergunst. et_.al. 000). Science 290:979-982 for a
i scuse on of TAheTAHPBEE PR e RS PRHORR BHGTES CYSreHICaHio e use 1o
nedi at e pdiRdlehehtohe flaPUIERRER Ry ralcFRTRE BXcléudtadd Fh@on &S khSscriflisd
further respect to plants, the polynucl eotides, vectors and pol ypepti des

20descr i faetprhierteinrorcspacifie plant gorbac dbe primeryaaminaiserd sefuanspototilledonous and

di cqt yl .l t cell . i ngl udj di cot h
saf B over ity TS SORRaRA ey i o SARPENPRe! PENBSLER BEGHT B el ¢ aci o
and canop@ictddeNVAL @Ffe&URT AIBAL cHSct¥8lallsoasn %@@ﬂ%iﬁ&é‘redi W gcdsragdd fopal m

sugar cane, banana, sudangrass, corn, wheat, rye, barley, oat, rice, mllet,
or sor ghliPumoseokRiniag|te patislgy mshenside saqusneds, #sdoseribedhgramne. 25Thus, t he

nmet hods descrj r.ei i:].i WMt j | ant s

el onging. s b g (OB, SRYASANL AL PHEAEK FERRIRR BYS | e,

Pi per al esncodingstmcivhsd @, pdiompbenldsise, Ramuaibud admsseciffaplewearpallemain

Sarracenj aceae, Trochodendral es, Hag&mel i dal es, ELllcom' al es, Leitnerial es,
alt.

Myrical eSOMEyRT B ostrgliaparidnayQeise sl (ke o/ gAY a0 Py d6dél es,
Pl unbagi gl @?A oBi1l 5&ni & e%)th(%q;g@ﬁ?‘&ﬁﬁ)n}lé\@és%ghﬁ? indthdd, ftlc&EmplcMLI dal es,
Vi ol ates, Salicales, Capparales, Ericales,

Hindlll, Notl, BbvCl, EcoRl, Bgll, and Alwl. The fact that some endonucleases (e.g.,

Fokl) only function as dimers can be capitalized upon to enhance the target specificity of

the TAL effector. For example, in some cases each Fokl monomer can be fused to a TAL

25 effector sequence that recognizes a different DNA target sequence, and only when the

two recognition sites are in close proximity do the inactive monomers come together to

create a functional enzyme. By requiring DNA binding to activate the nuclease, a highly

site-specific restriction enzyme can be created.

A sequence-specific TALEN as provided herein can recognize a particular

30 sequence within a preselected target nucleotide sequence present in a cell. Thus, in some

embodiments, a target nucleotide sequence can be scanned for nuclease recognition sites,
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D apensal es, Ebenal es, Prinulales, Rosales, Fabal es, Podostenal es, Hal ora
gales, Mrtales, Cornales, Proteales, Santales, Rafflesiales, Celastrales,
Euphor bi avep11iRiTaamal es, Sapi ndal es, Jugl andal es, Ger aniparasz01Pobgpgal al es,
Unbel | al es, Centi anal es, Pol enoni al es, Lam al es, Pl antagi nal es,

Scrophul ari al es, Canpanul al es, Rubi al es, Di psacal es, and Asteral es. The

nmet hods descri bed herein al so can be utilized with 5nonocotyl edonous pl ants

such as th se hel ongi to the | i tal es rocharital es,

Ny ndat e iyl SR R oo arg B et st s o 685 Mbal s,
Juncal esTAC¥RELa18ngih¥RB@tPRIrgeBh 951&%{11@% E3hlFsBgIR8S aA BRelcNRGRYRSice

Cycl ant hal es, Pandanal es, Aral'es, liales, and Orchidales, or with plants

bel ongi nglCDdln@}hmdﬁsped ﬁﬂéEl\bcag be lmemad @:gp a@ smg]bm expresgype adetbe ancapa

Gnet al es é%%@q ds d[ g ag%%e of g ant Fngs eci es,

i ncl udi ng® %8“?? %Oﬁeheé‘%fis%? B FSq“RP?ec?p Ori\’f B HTE > AEEHT di um
Arachi s, sdgabc@ Gaibedp&ablBnassd foa proaiotdtatdiencddacwliLgad & @nStutitaicum s,
Citrus, Gtrull us Capsi cum Cat har ant hus, Cocos, Coffea, Cucurbita,
Daucus, DiRgeRslonaf trseerrrdtase i theispesics of pligiata be tragsupdnpltanyivels,
Gossypi u y num

it son, T ebBbb RS useip bRy Aol YATEATHS ) InASH SR oy b BNk oy S

Ni coti aniad @ @ﬁldltiaaaltéa@msmﬂn (PapavetssiddamslescerZiramadtion] chiditias).aFoPi sum
Pyr us, Pr unu f?nus Ri ci nus, Seneci o, Sinonmenium St ephanl a, Sinapis,
Sol anum © %@dﬁﬁl VTIPS TUF 3O G DRAMPIST cap ke uped {RrifeBsitVAYS s and Vi gna:

t he1ononog)%tresg§,ﬁe Gin & c'ohH{Hm 61918 ﬁ&cluﬁé agiii hﬁTtat"@rPQl'i linéVena,

Cynodon, Elael's, Festuca, 20 estu |um ‘Heterocal I'1's,” Hordeum Lemmna,

Lol i um $ynstese Qroyragr, Aamibopunn Iﬁam&s,eandrthe fhingquromotéoaln sféamal e, Sorghum
Triti cum Zea; or Mos genera Abies, Cun ham a, Picea,
Pi nus, g%ﬂ mhcwl Sroggr- e tspmter & Gan e gFTd oM pioBeke  or pl ant

can be 'Q@fy%s‘sfohe&d%g'h |3 0ls R adnfYipash sﬁmen&h%e@%@@%wt shepeRgitgeer ed
cells for particular traits or aCPI vities, e.g., those 25encoded by marker

genes oresdiogebi Gthicr consldtianahpromodrrm dit cgubﬁhussd tredyrdentpr gnemplel leaat-i on

nmet hodol o known t ayl n rdin the art. In
a1 onthaiBle el MRk U et A BeH e et PR Tty o e

transfor g@@teacod ﬁ?ﬂ@ 1hrige bukim it ubuRKE bRPRdsYBAtS caboRdReanpl i fi cation for
detection of a polynucleotide; Northern blots, 51 RNase protection,

pri mer - ext ensFuRserat terpgihe T ALceifackn-DNA raediBing gy RRIAT SO prawstr i pts;
t f | tid
enzymati G eg%’@&eg{hagﬁ%f%ﬁﬁéa{‘l a%@%%e{ﬁ’ e%{e 1&19 Y Mhn@tdr %ﬁ%’ eo pol ypept i des

and polynu protein rop oresi s, rn bl ots,
I Mmunopr gerapeitadallpeffeativd aemmamyitrSuth ulcadbmmmmassiay%hhd&itaeﬂ ipel ypepti des.

Qt her teghniques such as in sity hybridization, enzy st ai and
i mAtnost éPﬁ?ﬂ@m&P@b fg%fﬁVﬁémﬁ%td if; t§° amppiradpRisisredd s RRwiQlpgie iifresm on of

Pt o enchl aa B LR e PSRRI Bl )
i ncor por etaagde imtho ppyaeibgy ef ths reamiciteln tht podetednicnt, en ogdntis pl ant s usi ng,
For exanﬁlly%iolosélgaqgrasrlgm cr:a%?gjig réseé‘ﬁpenrleaﬂts 1 a decrease in the severity of one or
more symptoms of the targeted disease and in a genome correction of the lesion or
25 abnormality. Vectors comprising targeting DNA and/or nucleic acid encoding a TAL
effector-DNA modifying enzyme can be introduced into a cell by a variety of methods
(e.g., injection, direct uptake, projectile bombardment, liposomes, electroporation). TAL
effector-DNA modifying enzymes can be stably or transiently expressed into cells using
expression vectors. Techniques of expression in eukaryotic cells are well known to those

30 in the art. (See Current Protocols in Human Genetics: Chapter 12 “Vectors For Gene

Therapy” and Chapter 13 “Delivery Systems for Gene Therapy”).
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In the context of the present invention, "eukaryotic cells"” refer to a

fungal, yeast, plant or animal cell or a cell line derived fromthe
or gani snmewbi2etied2d3el ow and established for in vitro cul ParasS20o 089932
preferably, the fungus can be of the genus Aspergillus, 10Penicillium

Acrenoni um Trichoderma, Chrysoporium Mrtierella, Kl uyveronyces or
Pichia. Mire preferably, the fungus can be of the species Aspergillus

ni ger, Aspergjllus. njdul ans, .Aspergil.lus oryzae, ergillus terreus,
ben 115 om o9/ JyahTabRaa! BF PRt B SR AL e A ey Sstinum
Tri chodegiBnicq§ $fstanYRly AG-BhhancdeRicNEe., LPENEIIRRY bl dddekpowense,

Kl uyveronycCes lactis, Pichia pastoris or Pichia ciferrii. 15In the present
i nvent i onmmpeolpgiaaitrespanschd vafictytnd naggiads fov arhélooatpigor ehimgartingrilglete@miuanum

Lactuca,. Brassica,, Oryza araqus, Pisum Medi cago ea rdeum Secal e,
Tri U caneaRu S B CRRARA TS bp B R Y BB BT Bl or e
pr efser abppifericdentoaitbertane AT QFetldE DNIE GiodFy M REEHAS B sabithdlallgFae ol cot i ana
t abaccum Sol anum | ycopersi cum Sol anum t uber osum Sol anum nel on gena,

Sol anum ¥sfetmeitethionpeL Aetheravaato ayaid wrveaésqddmmigiolpgicaBrepsipnsds &1 er acea,

Br assi ca i MR.r - iV r ' iwipalis, Pisum
sativum CC{\T}@P }:eago égf?gé%bﬁrﬁa%lgﬁlgv&%@n%rﬁoﬁﬁ aér}%,gq%g%g:yg%zp gal ,
Tri ti cunpaesiopyldne glicolt('RRGY)d prefutabl Cap SOC oM (@00 daltdns Sueagchhdlacpapo,

Cucum.s nelo, Citrus aurantifolia, Ctrus nmaxina, Ctrus

Citrullus | anatu f

medi ca, wrichs VNS CGuivesatiae 11t FHGox PG g derepiped by Oitvischat ReSani el cel |
b ca R non: eni si ! i. wa li's,

Zanio® 241 S3 BRI caBichit nobifmitiBon Es ORI QUL S8 wal | ©

Caenor hajodultle $A LnadfeetopiDey & naldifyingtdneymaa coghgated witle amti-bealofctivite Sspdai es Hono
sapi ens, ttus nor.vegi cus S scul us, Sus scrofa, Bos, tayrys, Danio
Tor o CHEtY Tt SR Pt Sl RSy B AW E o ODONaF RS o5

Gal | us g@ditd#$r aO(US8MBk8agy. i s gal | opavo; the animal cell can be a fish cell
from Salno salar, Teleost fish or zebrafish species as non-limting
exanpl es. The aninmal cell in the present invention can also be an insect
ceI15 froB1 Drosolphi | a nel anogaster as a non-limting exanple; the aninal

7 L. e
cel P can"8f40™ €2 worm cel I from Caenorhabditis el egans as a non-limting

exanpl e. In t ABoRi&EER hdréi@rd te@bmbinBe: mirldic £ady iReludinpldensdr mrRldotid@

manmal i an cell, a fish cell, 5an insect cell or cell lines derived from

t hese oranFss Adpnernuglootide saguenfeesn drclysle apgrigntcsenpence AREASANE BEL | y from
living tj - i . i i tro - . . i,mting

excarp! es o5 fofflafit 16, SRER LR, Wphirkt & BUh UL wBTBER A" S0
cells; HukRIStaklalgt nddenidesceducace fd2nObndmichsuslNvihid EBe galong: ofS@llael | s;
SP2 cel |l s; S cells; DXA4 cells; K-562 cells, U937 cells; | cells;

| M0 ceb ansiimedalserafared HEL%%Im%,lﬁFétaég%é‘PF@ﬁ?“‘iﬁrlsﬁﬂ%’Ge c)e|T|E§;

HCT- 116 ¢6ldnBseqiidt4vififih bk doibY fic1G8hei ')HJ\@JI i¢ 1l b sidedWith t hese cell
i nes caﬁ bae %E%éi%éxg by %hdgﬁﬁe?%oﬁgo%ﬁ? e p&elgent éid?lo\?ebnotti ggesﬁgtpr ovi de

cel | |ineqmoabeb that arepiodarees ideasipalds the apdagdniofiy targhe nedteotidetsagyenac gene or a
protein of interest. these nodels can .also be.u to screen hjologically
et ve  ntbedhEETE The R Buoi e rPe S B AR DG St b DS QU | ol o
such as hamoGaklcoRdQfil&ngih (cheraRakt 30cucRddddd 0 IR uBISotRA; dtildlst | Ng.
exanpl es. The present invention also provides nethods for harnessing

t he2ss e quEtbrucigpaided, intleBNA 0B nndieftflcd.orrddanis W nuelaatidon, adfd6d0drs to, for
ccor osei BRISTHg" A0 AT AR Bl L LA il of Ru 100 TeIRRE,
t her api efomFRdbuEIBERIbEUt 3000 $QBREIBOMbIRBbE, 100he 2P0Es Motidoy, €iin Sbupr ovi des
100 to about 1000 nucleotides, from about 100 to 500 nucleotides, from about 200 to
about 500 nucleotides, or from about 250 to 400 nucleotides). Thus, homologous
30 recombination can occur between the recombinant donor nucleic acid construct and the

endogenous target on both sides of the variant sequence, such that the resulting cell’s
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20met hods for nodifying cellular genetic material. In sonme enbodi nents, the
nmet hods i nclude introducing a pol ypeptide containing a TAL effector DNA

bi ndi ng dwoabnyo7ea46a nucl ei ¢ aci d encodi ng such a pol ypepriuse1oiop9e2 a cel |
The TAL effector DNA binding domain can be fused to all or a portion of a
DNA nodi fyi ng enzyne (e.g., an endonuclease). In sone enbodi nents, the

nmet hods i nclude introducing two or nore 25reconbi nant nucleic acids into a
cell. Afirst reconbLnant nucl ei ¢ aci.d contains.a donor nucl eotide sequence

that i ncBUGBYE GREMS e¥EntsfueneCaY YA he Goniext ofgRdopsiays sehencydio®i ons, or

inserti ofRgkxhple, the SRRE berdeO Rd&RE hESPARR BucnRE BaLhEsBhtdAbIgh G eoti de
sequence found in the cell. The donor nucl eoti de sequence can undergo

honol ogosistableseatsinpawiithin agenienteh dn e mikog dooersintpde, gatonaumicdatidd ecieneence,
such that the en enous, .30sequence or ortion thereof is replaced with
the. donor B HENCA oF THRPDrONCE repesr PoRREbE FhsePBhitkalst 1 hE MeBience
t ypiscal | yrotdie betdegisdast @@?@Hﬁ kdsis@ihcs b, bodss olSRALENES; drob@ERGblbtagiccl ALEN. 1 n
sone cases, a target nucleotide sequence can include recognition sites for
two or nBIe. o sgangdhat produres greandgi-nutriignabp foxdditiana thgetongeiististids t hat are

di stinct Egﬁ- A | Sti ) B&p¥ e, bi.ndj cificity
can be u%@g%%gfﬁggﬁgéﬁ%a eg?%fﬁggggg%%kgg%f 61§ﬁﬁﬁ&%%€33%§%h%g%&%§L

i ncreased as conpared to 5cases in which only one target sequence (or
mul ti ple_copies of the sanme target sequence) is used. A second reconbi nant

nucl ei ¢ edulenskers a nucl eoti de sequence encodi ng a sequence specific

TALEN that bi @&ﬁ%gpgl%%tﬁ&g eggé;(gsekrémtiﬁcw& twa%et@ffagtﬁhd@%hﬁm lnfle _sequence.

I n sone cases, t onor nu sequence and the nucleotide sequence
10encodi mgl¢ihecid equelicea sqpexctalile or stuenelss enaclaar. Bemodaotide sephence dntediagne

nucl eic acid construct. Alternatively, the donor nucl eotide sequence and
The S ERPuSaaR L EemE S St pinle e s tEr ot o or L he

TALEN polyReRbhAfis@on s RERANFR&iGNEbHtR EQEAUERY. Bbf 8GhipYe, aRt@pRsk& |- N

sonme enbodi ments, a third reconbi nant nucleic acid containing a nucleotide
15sequenewtaven diohglcscgeinee crdoldmgrrasckastabll markpngpdseblyidekkd Whreremeosnd and

Seatfencob rterna P sPE AR ndOEh Bat BRATRANBaeRinibtef o051

reconbi ngitadie RURMbE: BakcBeah liddd@ict Wb I{rhitfion, pansiPhlics nfdrkigy can occur
t hrough honol ogous reconbi nati on or through site- specific reconbination.
The recoifbistacs torincnapotis spdsasdanamecia; GHl S Alresusing agpicibsefuent i al | y

t ransf or Wy . i.n i i r rmation.
wnon t netmapi I 415 HeRibie Bh SARMGAFREL SR B, PERSBRELRIRIET TR
i ncl ude st epsisactodascge fiernat imglaats poastangdntaaicivictaglctrhaktr @ansbofered cel |,

gener ati ng. progeny of the plant, selecting or screening for plants
expilessi W@ls{)aﬁ%e @éﬂé&?{%ﬂ@ %Fﬁﬂé@ltsch? HONENE, BYAY O YRGB URY 2bibgeny of t he

sel ect ed;phaifon@hth LBRL| Mgkl M&eRIpBRY BolkBedides t HRUStee8REDde for
mutant ALS and AHAS enzymes as described, for example, in U.S. Patent Nos.
5,767,366 and 5,928,937. U.S. Patent Nos. 4,761,373 and 5,013,659 are directed to
plants resistant to various imidazolinone or sulfonamide herbicides. U.S. Patent No.

25 4,975,374 relates to plant cells and plants containing a gene encoding a mutant glutamine
synthetase (GS) resistant to inhibition by herbicides that are known to inhibit GS, e.g.,
phosphinothricin and methionine sulfoximine. U.S. Patent No. 5,162,602 discloses plants
resistant to inhibition by cyclohexanedione and aryloxyphenoxypropanoic acid

herbicides. The resistance is conferred by an altered acetyl coenzyme A carboxylase

30 (ACCase).
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25precursor cells, or whole plants) or progeny of the plants for

reconbi nation at the target nucl eotide sequence. In sone cases, the nethods
can i ncl uaie 20ut07e246ssi ng t he sel ected plants to renove Phe/tsedionswbl e

mar ker, and/or screening the selected or out-crossed plants for the absence
of the sequence-specific nucl ease. In sonme enbodi nents, the present
i nvention provides nethods for nndifying t he 30genetic naterial of a cel

e.g., a prok otic.celLl, an ani I eII. he meghods can
R I g ) A D DR ot T T SR T A e A 2

cont ai ni NGy arR sMEHIE ERAst BT S8kt NYE, e dxdRpREGUS Faeent RS, 4,941 gesjone or nore
nodi fi cations i n nucleotide sequence mntﬁ respect to a correspond|ng t ar get
nucl eot i été6%@6|heHcSe PpicasNat 5,0 i, 13edisdddes trassgmllclgljaﬁloaaw e&smgﬁmt mame site for
a sequence-specif.ic T and. a cond re ant a contalnlng
2 ol ot BaitfEt Rt ARG Fad B A i SR R e R B R he Ce
is & pl aPIPglinth@cPl Sith poBpkptidys REn E&ﬁeﬁt@blhtaﬁ@“to@@yﬂl@ﬁt&é BéBkidagnd cel | s,
seed, or tissue obtained fromthe plant (or progeny thereof) can be

anal yzedCqenosHEns msihRg, orithant ]tllﬁéattl% gbhpwed sl ped dbience. The first and
second r I I I

tr anst or (U Aot 5. In B ERRRT R, B OANAUR, the BoupS iy Tut g

t r ansf or fietahionidim ssloNBed; aped). SI]Mexfthc&t6Aﬂu7$£m@4invmzonbl nant nucl eic
aci ds can be ﬁ@gsent in the sane construct. In so ¢ases, the method

al so can i ncl DRI¥PSRYides B EFSiRiaNCcA @ PRasehens qompounils sych &g ghiesinat nug leic acid
et o R o P PR S Lo e TSR T o

pr o?egg I;}I:erkrlﬁabnesmtmeassmtabbe See| fer txainipde, Farr dggran Pﬁbﬁcamiteﬁgﬁxg g;%l;!grlé{ hgan
;Bgeﬁce %*W? ‘QSIE é&%@@@i gég?ﬂggﬁggéégigggqﬁence encodi ng the

sel ectabl e mapkRF hmm&rs 1ﬁ@1¥dentﬁéset1ﬁatflhlﬁﬂﬁ%ﬁot@ﬁ'ﬁnﬁﬁésﬁ Slcdhes tRyzimuglgeot i de
sequences that are simlar or identical to nucleotide sequences endogenous

to the cednzonitrile eitrdpscg. déc, @IgealwgléatﬁurNta 45O @hmélndnmdqzﬁel@clﬂd@

nucj ease, A0 recogniti. Ite egquence i fi recombi nase. In
Conte” e acre igroRBPRAR L€ Rak e P Dy PR SRR IR sk oo  ng & he
Or gani smulfBhogesyhcdbicldds t@éﬂoicﬁfyﬁﬁﬁdlﬁaﬂeﬂb@m@dsr @ﬁfh@dlefl@fm&lb@s alasence of the

sel ect abl e marker. present invention also provides nethods for
nodi fyi n@rwyglénéISPéuﬁﬁtl@aﬁeéIer@ld% thaf qonfes repistange (9 aptoteefNZyBic. Mcani nal
cell), i hLE (ﬁ&ﬁ equence, e.d.,
a chronns ﬁaI§I%%?gg Pp% %@hgﬁforo%%a[?gsgﬁ%gggb% ich it 25is

desired to hakﬁmhﬁnnMngnauseneahmmamumndemamnimmbmmgdma@cﬁbwéhﬁkMihat

contains a i fying enzynme donmain an endonucl ease in) and a
TAL2%f f e‘&nd?%éﬁtﬁg P WaRE g R0 ageapmept 6106'%%_% ef PEEt &l ‘Iré‘ﬁé‘&tr%gtcg& ,in

combi nat{pfc. giegﬁiictré)co%‘tﬁﬂaﬁﬁ)'nf IFGr BUEh Ot s@ﬁue?l%%ﬁéb%l | (Mt d@abRF 98t DNA

sequence,” providing a nucleic acid contalning a sequence honol ogous to at
| east a @uortc famked by MOgmtlgesquMQes diorch Eoombmtwerﬁgch he ctear@etor FOPNM sequence
in the ce L, with.the TAL e cIe se s hat bP p Ptra ds of
other embodiments, a recom inant hucfeic act enco ing a selectable matkercan be
adapted for integration into a plant genome by homologous recombination. In such
25 nucleic acids, the sequence encoding the selectable marker can be flanked by sequences
that are similar or identical to endogenous nucleotide sequences found within the genome
of the plant cell into which the recombinant nucleic acid is to be introduced. At least one
of the endogenous sequences can be at the cleavage site for a sequence-specific nuclease.
The nucleic acid encoding the selectable marker also can contain a recognition site for a

30 sequence-specific nuclease. The nuclease can be the same sequence-specific nuclease as

that which is targeted to the donor nucleotide sequence, or a sequence-specific nuclease
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nucl eoti de sequence within or adjacent to the target DNA sequence in the
cell are cleaved. Such cl eavage can enhance the frequency of honol ogous
reconbi nawoaen11zt7214e t arget DNA sequence. The target DNRCTABa@no0899%2aN be
endogenous to the cell. The methods can include introducing into the cell a
vector containing a cDNA encodi ng the TAL endonucl ease, and expressing a
TAL endonucl ease protein in the cell. In sonme 5cases, the TAL endonucl ease

protein jtself. can be introduced jnto the cel|, for ex l e, by mechanica
i ect ol By EaRT ARy 1 BEFE0he ioraygeotdciscatiare: FORICYFem by

el ect r opghBddiRRntsOf rlB¥mbRLLRAG RS At ATRdindl L& dcfBRSheker JdheRLMNEdS
described herein can be used in a variety of situations. In agriculture,
for exanforantegretiorouito the genohedf hplaei ¢elldyallagiimate reeoriibivatian. ffuehhonol ogous

10reconbj nat.ion .af a target. site.can be used, to,renpve a.preyi ousl

i nt egr at 8 egbRle i gR mShiliaf tag R B S R B S BB b1 an
ling, vagdndided @ithiiyatlett acldiedapkd esthodRScdoub 8esiesRtiicab&muiadiionqsused to
nodi fy an endogenous gene such that the enzyne encoded by the gene confers
her bi ci décseebidshosgibe, e.g., nodification of an endogenous 5- enol pyruvyl
shi ki mat e- 3- phosphat e (EPSP) synt hase gene such that the nodified enzyne
15confers resistance to gl yphosate herbicides. As another exanple, the

met hods #esevi bed herein are useful to facilitate honmol ogous reconbi nation

at regulatory regions for one or nore endogenous genes in _a plant or nmanmal
met abol i ¢ pat A& PerSPT the sansirugts pepvideddipirin e 9 used (e Hanyhi estlsr essi on of

sucfy genﬁﬁi/&sa l?ggk: Ifnb&@'yihg oftryAESIahed i REd inf§ el ELRA Yt ‘A%%%éatkggg ( herein

are useful to Itate ho ogous reco Ination 1n an a e.g., a
rat or amodiisd)rganison€.©ra plenteorendogealpisgegented. dhus, peretestly moddieded i n, as
non- limting exanmples, netabolic and ipternal signali at hways such as
those entGaTAg® 4B FelB PRI nr EIC a5t g Pheabpide descls A5 Hied to a
parti cul gt pdh SIS an said eﬁﬂB}zSdi%‘éﬂ?s? a KRRYBrr & Q8 Ha§a P&t hiddlcid abrar ti cul ar

phenotype of an ani mal cel The present invention also grOV|des met hods

for desi gmsﬁgcts'@tqgl@tﬁdéntsm@cg:em)me,ﬁ% 2B bf Steblydgransivapad| Stably transtormed i ng wit h

particul ar \ uences.(e.g.,,  TALENs .capabl e of, cl eaving .DNA qt specific
Pockt ontis MiRet RROGES aldfotig LT R R Pl B GE bl oo
sequencecdmtr@et.ca@ int&RERGE B BUMmolIpOON RS AR sUSE e BGclcatidd deqediendr i al DNA
sequence, or a chloroplast DNA sequence) at which it is desired to have TAL

ef f ect or CIsioAERAYg ¢ thedransfarmgedierdins ecpdaicd da ke ¢ansiugewberd thaganssedtde sequence
at which_jit, i i i - . desi gni ng
2" sequoncstiaihS HERLRG 13 Rdahi ORGSRl 3o PO N Bl bhuai b 2 g
repeat s odhadre rhadificatong atithatspebi todhd endobencuasggicnces deisanoel. théisvidescr i bed
herein, TAL effectors includﬁ a qﬂggfr of i nperfect repgats t hat determ ne
t he?%s pecPIRMQTpImzlcANRHRGSUCh @ynottiet edoggihqus SeganceERey b p®sd 2bi nds to a
single b : i e ' L = an i resi dues
12"and 13 arICRE AR Ayt RRMQUICIAL 1 nMINA ALEIEUAIRRY, Tt

ef f ect or ngteogsiderad h irgnspiean dArcon§tuee hlsd quemtagrate eart dlepminmtremades.cuched
herein),ﬂggfticu r s, can be t

it 1ntegr|at%s ra%m%i 1In?o the genome ofthd ?}alei\&brmed cell.
Alternatively, a cell can be transiently transformed, such that the construct is not
25 integrated into its genome. For example, a plasmid vector containing a TALEN coding
sequence can be introduced into a cell, such that the TALEN coding sequence is
expressed but the vector is not stably integrated in the genome. Transiently transformed
cells typically lose some or all of the introduced nucleic acid construct with each cell
division, such that the introduced nucleic acid cannot be detected in daughter cells after

30 sufficient number of cell divisions. Nevertheless, expression of the TALEN coding

sequence is sufficient to achieve homologous recombination between a donor sequence
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Such engi neered TAL effectors can be used, for exanple, as transcription
factors targeted to particular DNA sequences. A diagram of a generic TAL

ef fect or we 20hiomiee46n FI G 1A, with the repeat
and the RVD in the representative repeat sequence (SEQ ID NG 1)
10Exanpl es of RVDs and their correspondi ng target nucl eotides

boxes,
under | i ned.

are shown in Table I A (See, also, PCT Publication hb vm2010/079430)

| A RVD Nuc] eotide HD C NG T NI lglNhtranswﬁA\l NS A

10

15

20

25

30

and an endogenous target sequence. tly trans orrned anyk tabqy transforrned
cells can be useful in the methods described herein.

With particular respect to genetically modified plant cells, cells used in the
methods described herein can constitute part or all of a whole plant. Such plants can be
grown in a manner suitable for the species under consideration, either in a growth
chamber, a greenhouse, or in a field. Genetically modified plants can be bred as desired
for a particular purpose, ¢.g., to introduce a recombinant nucleic acid into other lines, to
transfer a recombinant nucleic acid to other species or for further selection of other
desirable traits. Alternatively, genetically modified plants can be propagated vegetatively
for those species amenable to such techniques. Progeny includes descendants of a
particular plant or plant line. Progeny of an instant plant include seeds formed on Fy, F»,
Fs, Fa, Fs, Fs and subsequent generation plants, or seeds formed on BC,, BC;, BCs, and
subsequent generation plants, or seeds formed on F,BC;, F|BC,, F1BCs, and subsequent
generation plants. Seeds produced by a genetically modified plant can be grown and then
selfed (or outcrossed and selfed) to obtain seeds homozygous for the nucleic acid
construct.

Genetically modified cells (e.g., plant cells or animal cells) can be grown in
suspension culture, or tissue or organ culture, if desired. For the purposes of the methods
provided herein, solid and/or liquid tissue culture techniques can be used. When using
solid medium, cells can be placed directly onto the medium or can be placed onto a filter
film that is then placed in contact with the medium. When using liquid medium, cells can
be placed onto a floatation device, ¢.g., a porous membrane that contacts the liquid
medium. Solid medium typically is made from liquid medium by adding agar. For
example, a solid medium can be Murashige and Skoog (MS) medium containing agar and
a suitable concentration of an auxin, ¢.g., 2,4-dichlorophenoxyacetic acid (2,4-D), and a
suitable concentration of a cytokinin, e.g., kinetin.

A cell can be transformed with one recombinant nucleic acid construct or with a
plurality (e.g., 2, 3, 4, or 5) of recombinant nucleic acid constructs. If multiple constructs
are utilized, they can be transformed simultaneously or sequentially. Techniques for
transforming a wide variety of species are known in the art. The polynucleotides and/or

recombinant vectors described herein can be introduced into the genome of a host using
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IGT *Denotes a gap in the repeat sequence corresponding to a | ack of an

am no acid residue at the second position of the RVD. 5O her

RvDs and their

corr espormipregiteaeyet nucl eoti des are shown in Tabl e 1B Pablus2018/0R9E2

Nucl eotide HA CND C NK GH C HN G NA G SN

10

15

20

25

30

any of a number of known methods, including electroporation, microinjection, and
biolistic methods. Alternatively, polynucleotides or vectors can be combined with
suitable T-DNA flanking regions and introduced into a conventional Agrobacterium
tumefaciens host vector. Such Agrobacterium tumefaciens-mediated transformation
techniques, including disarming and use of binary vectors, are well known in the art.
Other gene transfer and transformation techniques include protoplast transformation
through calcium or PEG, electroporation-mediated uptake of naked DNA, liposome-
mediated transfection, electroporation, viral vector-mediated transformation, and
microprojectile bombardment (see, e.g., U.S. Patents 5,538,880, 5,204,253, 5,591,616,
and 6,329,571). If a plant cell or tissue culture is used as the recipient tissue for
transformation, plants can be regenerated from transformed cultures using techniques
known to those skilled in the art.

In some embodiments, a DNA modifying enzyme (e.g., a TALEN) can be directly
introduced into a cell. For example, a polypeptide can be introduced into a cell by
mechanical injection, by delivery via a bacterial type III secretion system, by
electroporation, or by Agrobacterium mediated transfer. See, e.g., Vergunst et al. (2000)
Science 290:979-982 for a discussion of the Agrobacterium VirB/D4 transport system,
and its use to mediate transfer of a nucleoprotein T complex into plant cells.

With further respect to plants, the polynucleotides, vectors and polypeptides
described herein can be introduced into a number of monocotyledonous and
dicotyledonous plants and plant cell systems, including dicots such as safflower, alfalfa,
soybean, coffee, amaranth, rapeseed (high erucic acid and canola), peanut or sunflower,
as well as monocots such as oil palm, sugarcane, banana, sudangrass, corn, wheat, rye,
barley, oat, rice, millet, or sorghum. Also suitable are gymnosperms such as fir and pine.

Thus, the methods described herein can be utilized with dicotyledonous plants
belonging, for example, to the orders Magniolales, llliciales, Laurales, Piperales,
Aristochiales, Nymphaeales, Ranunculales, Papeverales, Sarraceniaceae,
Trochodendrales, Hamamelidales, Eucomiales, Leitneriales, Myricales, Fagales,
Casuarinales, Caryophyllales, Batales, Polygonales, Plumbaginales, Dilleniales,
Theales, Malvales, Urticales, Lecythidales, Violales, Salicales, Capparales, Ericales,

Diapensales, Ebenales, Primulales, Rosales, Fabales, Podostemales, Haloragales,
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Gor AYGT 10Wen it is desired to have sequence-specific DNA cl eavage,
for exanple, a sequence-specific TALEN can be designed to contain (a) a
pl ural i t ywof20DM&2336ndi ng repeat domains that, in conbinaCirarszoloiosed3t o t he
endogenous chronosomal nucl eoti de sequence, and (b) an endonucl ease that
generates a doubl e-stranded cut at the second nucl eoti de sequence. Such
sequence-speci fic DNA cl eavage can be useful to enhance 15honol ogous

reconbi nation, as descri bed herein. O her ,uses, for, TALE i.ncl ude, for
exanpl e, ﬁ}éfgf_a e %Fﬁ@%t"i Jgtegg%ﬁ Nealgs, M%Z:WQFA&EZ@@%%BE@%{%%M ed to
target pﬁh&rhr?dié@[?a;)’ihfl@bs, IRIMEINHES Ge%ﬁ@ll%k, %l;?&?alé’s‘ 3k n RS, e afdiegi ng or

abol i shing virul ence. The material s aid met hods provided herein can
be used Polempdiafey, kdeiaksofilenginoiesaSqraphiloudlas, (yewenidales, Rdriglet,ed manner. A

gene may,.contain a plurali of .seguences .to 20whi ch ,an engi neered TAL
ef fect or? épc?ﬁfagesbgnq gf@@?@d%ﬁ?ﬁ@%@rﬁﬁc eﬂé?@ﬂ%%%%%‘?ﬁelf‘tﬁlzg%wt in target
SeqwenCeﬁloH@dbtﬁsddmﬁﬁﬂﬁﬁﬂfs%ﬁéh ¥ethys ¥ @RIRdo thOsrdexaIBh@ra/@ds set forth in
Exanpl e 9, sequences having particular characteristics nay be nore

ef f ect i vAV§rockwrfetesdVaigdaipy. Tetutidatesrommplimsilest Reogrstdled Repiangiaded her ei n

can incl i 1y n . arti ar criteria.
These inggﬁéégg@é)@eshlgg’ge r%%éi?)%j ﬁ?ﬁﬂﬁg&gﬁ%%%?s%%gegr%rf %a%%]f 15 bases and an
or i ent at Cotlakheley, Pantiondes, Walbs, dillialesyandi Grickidylepy @oeich plgnts beloaging tat t he 5°
end; ii) do not have a T in the first (5) position or an Ain the second
posi t i onCYMIRSPPITsRd Cign Findes. (HBkgogles. (rpagalshang (BHe%sd do not have a G at

t he,snext to | ki Lo LM : - 0.3% A,
11-83% G, 0- 2505 B e R o R B R, A I S ener al 1y

wor k as fiomehs diceogrmeardogiardivesdgiine hanetdivon sdnpcky,i Belcheiedion can i ncl ude

identifying a first genam c, nucl eotide 5sequence _ and a_second genom c
el cot | BERSEe AR, Coalt: CURE G e Ol s LR el hucl oot | de
sequenceg,iReinmls, C8a3t COM&, ChuckMBaChhl &k BudRhiaf BIhridbay &iand are
separated by 15-18 bp. In some cases, one TALEN pol ypeptide can bind to

each nucfegurideCEegiven §dxinaiwspipéne Mbdimmtive aldevegoflyaicrwisi hattimes, TALEN can
et Rods. FoP QR oo PRGSO, MUSTAL M o0 Provi des
Medicago, Nicotiana, Olea, Parthenium, Papaver, Persea, Phaseolus, Pistacia, Pisum,
Pyrus, Prunus, Raphanus, Ricinus, Senecio, Sinomenium, Stephania, Sinapis, Solanum,
Theobroma, Trifolium, Trigonella, Vicia, Vinca, Vitis, and Vigna; the monocot genera
Allium, Andropogon, Aragrostis, Asparagus, Avena, Cynodon, Elaeis, Festuca,
20 Festulolium, Heterocallis, Hordeum, Lemna, Lolium, Musa, Oryza, Panicum,
Pannesetum, Phleum, Poa, Secale, Sorghum, Triticum, and Zea; or the gymnosperm
genera Abies, Cunninghamia, Picea, Pinus, and Pseudotsuga.
A transformed cell, callus, tissue, or plant can be identified and isolated by
selecting or screening the engineered cells for particular traits or activities, e.g., those
25 encoded by marker genes or antibiotic resistance genes. Such screening and selection
methodologies are well known to those having ordinary skill in the art. In addition,
physical and biochemical methods can be used to identify transformants. These include
Southern analysis or PCR amplification for detection of a polynucleotide; Northern blots,
S1 RNase protection, primer-extension, or RT-PCR amplification for detecting RNA
30 transcripts; enzymatic assays for detecting enzyme or ribozyme activity of polypeptides

and polynucleotides; and protein gel electrophoresis, Western blots,
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animals into which a desired nucleic acid has been introduced. Such nethods
can include obtaining a cell containing an endogenous chronbsomal target
DNA sequewoeoimt7ezaéhi ch it is desired to introduce the ROTIUS2E0A69932
introducing into the cell a TALEN to generate a doubl e-stranded cut within
t he endogenous chronosonal target DNA sequence, 15introducing into the cel
an exogenous nucleic acid containing a sequence honol ogous to at |east a

portion of the endogenous chronos | target DNA, where the infroduction is
Gone undBPERRATPGHEN Ak TREP R PRSI BGY Y ICSiER RABPERIeD Diktr bet ween
the exogRpHGuRUGILICinak ByBiRdlz4tR, BNJARERAKS g CINIQARS RRLink Y 48 c4NA,  and
generating an animal from %]he primary cell in which honol ogous

r econbi nbt issd thdetcgdbapresance Thexzoonsif pgbwsptides lked/or paioudentidencl ude,
e.g., a | eot.i de sequence that .di sSrupts a gene after honol ogous

F egombi oS T TR EOe e L sEneke Rt P 4E a2 ARGl ot tar  homol ogous
rec@gnbi NPliyAilecdidosi Lot iseiBlysiaasppaedtit@dtplam cEpdsigas iarRichd intdbakt on 1 nto
a gene after honol ogous reconbi nati on, or a nucl eoti de sequence that

i nt r oducklgnty upidguifoaexanyle; stamdard epediegisclyyeuss r econbi nati on. 25The net hods

provi ded her e} I e . ne i fi lants in

whi ch a desi riél hgﬁéﬁgﬁg&gg@i %fg%glgl R]g%tgoqll’ n%;&% uoggggﬁgs&%t %Oe%ﬁ% él’ ggaﬁgi ncl ude

obt ai ni nplaat g¥laaithal@ell br & ocil Hhdddriycdroan the@egumitind ltgEbclNAnS eqaldizhed | nt o

which it is desired to intrqduce tth nucleic acid, introducing a TALEN to
fi

gener at e 74y coltater M?d%aregﬁfﬁblw IR EERRIRIGER BERISERPEET MINA sequence,
i ntyyoducy a7 antrcel | S > .ei I ining a
soatence’ Pachlbd J e D e, o S BHE B RO TR
wher e t hBichiat Madtelpraficrabls, thodergus omdbd ofoths spdvats Aopengilfus rigempl pgogiBus

reconbinatipn tp occur between the exogenqus. nucleic acid and t
endogenoffd {4t gEpesRRL Omegi%?ér%?wf@r%usp%mﬁ%%ﬁﬁfﬂﬁ@gwﬁﬂn?’e@épﬁwn whi ch
honol 0goL-iuee UIPENMilR L RREgRGFM T BRbdePNE i, My rE&LlIg agner ated by the
TALEN-facilitated honol ogous reconbi nati on 5nmet hods provided herein is

modi f i edChiasosponparlacknpoeessl Kéoviratybavectivolichivdersgoner dlidhia miniods, and

| ining the nodifi.ed. DNA ferred jcall
ot oa. » 1 tme hiSel e iE0uR Mhh bFhEH Sl el ARG TR et 1 s mmy

not be cewshfer Y B R%ick RYYEBIBPYrdRUS, POSOE M&EHARe, B Modddamdi T i cation

i nvol ves _a honol ogous reconbi nation and not randomintegration of a

t r ansgen&ecatendisticysi pepstayar, CoTarENCrachita1Gtredisneitfode Weskri-Bdercherein to
generate i i, i i - j : exanpl e,
2 andar PR DAR! CBTEITER SRR ARUAPRARPRLR Nl B b Q£ G o
may be aSa@ugedlycopersicuf Beunimeulbedsuaf Stlange et ngenetSotuniecaodemain on, as

provi ded herein, can include introducing into a cel Isée. g., .a plant cell,
i ns¥ct  chiqiuca sgfisgrafsicayapus| Bragyicaplprigpa-dipssycayapq sORGE RDE4kEd ol ecul e

encodi ”gaayzgébﬁv%,%%z%%%ﬁssﬁﬁtﬁﬁmﬁliﬁ &, e} faﬁz‘v%feé%%%& sa?ﬁzﬂyfézﬁﬁalgyesi nduci ng

expressi o t hé I'n the ce and I tifying a reconbi nant cell

i n whi chHvhkuselépiredeDNA ceranl dritsequesidenehibimn sluaumtaisicom seevey,, a
RS AL AT I S M U
i ntroduceg s &iidd)8r €8s -reticulata.
25 In the present invention the animal cell can be of the genus Homo, Rattus, Mus,
Sus, Bos, Danio, Canis, Felis, Equus, Salmo, Oncorhynchus, Gallus, Meleagris,
Drosophila, or Caenorhabditis; more preferably, the animal cell can be of the species
Homo sapiens, Rattus norvegicus, Mus musculus, Sus scrofa, Bos taurus, Danio rerio,
Canis lupus, Felis catus, Equus caballus, Oncorhynchus mykiss, Gallus gallus, or
30 Meleagris gallopavo; the animal cell can be a fish cell from Sa/mo salar, Teleost fish or

zebrafish species as non-limiting examples. The animal cell in the present invention can
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20l n sonme enbodi nents, a nononeric TALEN can be used. TALENs as descri bed
herein typically function as dinmers across a bipartite recognition site
with a spsioeniveeh that two TAL effector domains are e&cCh/uSasiens4982 a

catal ytic domain of the Fokl restriction enzyne, the DNA recognition sites
for each resulting TALEN are separated by a spacer sequence, and bindi ng of
each TALEN nononer to the recognition site allows Fokl to 25di nerize and

create a double-stra break within the spacer (see,..e.q., scou and
Bogdanovi sy BOB]es: CE8mBr» TR me e e Trverut Sl Bt
const r ucfghal HAMRKALso BRUCKotD&dI SbMATRnIMab ik SLLRESasl fonl aRGt O a

nucl ease that does not require dinerization to function. One such nucl ease,
for exangdamplé.s a single-chain variant of Fokl in which the two nonomers

are expressed a _single polypeptide.(Mnczuk,et al. 30(2008 ucl ei c

At ds Res. - 36vBsBrSRg eBRn AP Rl G AR GRS memarTah i hadidhononer i ¢
nuclseas egn mb&R cElabr &RIrliRes Bl Eedr fadrd thebO Brdaidms @6:08 R4 aNteeyBiphinkged for a
nmononeri c TALEN can be derived froma naturally occurring TAL effector

Al t er nat ¢alls|tgkentdirsctbnizomd svdhiitsie andiesiablishedelior Bevien ghliesr Atnenlimgiggni ze a
specific . | heer I e- 10, | 0

cgnst r uc?%é&%gﬁ%lﬁ Ea{ahgget ‘%gef%raefgdlﬁq glee %ﬁ%&%ﬁ%‘;ﬁ% g? ggl?rfle( %Bﬁﬁﬁ%%%;ni tion
domai n. &R, v celthadl-O8SrdcHs; NIHI3 TR edlls; BRSO cHeusRcelIspedOES celisticl ease can
be generated u L@gétmo differen} DNA hi ndi ng domains (e.g.., one TAL

ef f ect or DEfigF SrapslisaHed dre! i MBICR gty HRY Kraeln ot Radls: HpE2 of

mol geul eéellsﬁgeﬁa%elfs?lﬂlfrhl 0%@%@3; HAOE 1 TOLENS 1S Radu R €110 NiyPh calld. Y ,
function as Imers across a bipartite recognition site wth a spacer. Thi s
nucl ease ar chitlebdsarcell fhsocandwe nielifisklly the mdtlrdyeftthes pesérftiinventiod wases
10generated. from. for exanple, one TALEN nmonoper and one zinc finge

nucl caseP RGN ling MIOGERAC BEES, SFRE DA TRGGIRCL PBRY & HB8 OF HPAHEOT ALEN
and zi nCinkdrBgaheRUASRASQNTINIUFRIS] FARrRA LIARGCA LAY nf I GRAS R iférest. |
appropriate length. Binding of the two nononers ‘can allow Fokl to dinerize
and cr eatngeseatiduand greduction oyagiks Weldh iswcht dsehepieb bicfeesdheapcubsatsl ndi ng

donni ns otrheor tgsan z_hrrﬁct.fi nger%, such as honeodomnai ns, 15nyb repeats or
| euci ne %Brbepp%, WU BEPFSed to Fokl and serve as a partner with a

TALEN nononer Th@pes@@ i catidrldlss poRes Meeloda & harnessing the ss@iddcerprdiqrent s, a
TAL effector can be used to target other protein domains

e.g., .
non- nuc| BX<ebipding domatns ratiig YALSTislers toi tor syemnelet 41@étl@a$a@tifc1%§t.emﬂor

exanpl e, : f C i i onaj wi t hout

i Cat | SR EeUR0 Ry REplebRSE dnd o Ardt PARLRATBL L AT (et ase,
an i nt egamseiralahdrapins pagsasenplel insohicgas@diments, tlansesdnpinventi@cprovidtor s or

r epr essor, or protein that interacts with or nodifies other proteins such
s HH st OMEUION Gk e BERaRC TRTEA § Brxcghe RGNS t DRgeods or

exanpl e, ; : ; (RN [ o\ 1r t : i ng

o e spe e R R R e "G
expr essi mrleiandd gochding sugh 25ohympeptdd, mts ticaldt TheTAL effectot PNsobmd@gbodi nent s,

t he spacer af th ar get .sequence can sel,ected or varied to nodul ate
TALEN, spnfin et b B Bea PrR ot ion g DR FoufT REhten fik e for TALENS
t hat funé‘ﬁdoﬁﬂclélé“seg_' IABbMcRGIRE It kRN thbE 1hEHAS Mtldding k& oMbl @ spacer
denonstrate that TALENs can function over a range of spacer |engths, and

t hads t hercgembpinpnynugteiTaidENg o3l ife8rshiechmbproenudleaageifl coBems agogor, Exanpl e
gebgLg\évérﬁl-lrc{fegot{dlggéaiélt%irlée;t&l ti 1'(1:1lcJ U ?saognger 6151202 tgnho Lﬁ"cg&igr?s;[ @%agllfbasﬁtu%i%%sc, %1e'ti8£‘§t h can
or insertions) with respect to a corresponding, preselécte.d, target nucleotide sequence
found in the cell. The donor nucleotide sequence can undergo homologous
recombination with the endogenous target nucleotide sequence, such that the endogenous
30 sequence or a portion thereof is replaced with the donor sequence or a portion thereof.

The target nucleotide sequence typically includes a recognition site for a sequence-
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genone) with high specificity. Further, the variation in activity observed
for different spacer |lengths indicates that spacer |length can be chosen to
achi eve awdesiwmekssevel of TALEN activity. In sonme enbo@diCRarse&L0/03M™BEN
activity can be nodul ated by varying the nunber 5and conposition of repeats
wi thin the DNA bi nding domai n(s). As described in Exanple 7 herein, for
exanpl e, a PthXol -based TALEN showed greater activity than an AvrBs3- based
TALEN. Pthmy ﬁ%ﬁﬁﬁrf from AvrBs3 both in, the nunber.and RVD conposition of
its repedsiic i 17 9 e ASTETAUCIPOULTIRIPFIG SN EICSERe oA sites for
these prgtgifaiswd drintdre 'dﬁtih&eMLENé/@e"_.l%et%eoppr%@tﬁ 8t JoqaRRes ihearbeCOgNIi tion

sequences predicted based on 10t he L effector ci pher descri bed by

Moscou adigtiBogaalnthae TALEPsdipyinEdistiner DNdesgguanice binsingmpTaliEiNg cafbe he same

l ength (12 but with differi conpasition differed in their

ot i ¢ yieghamaugs ot hditbine Tk pERNR AR b Bl Riiritasd fn
custsom TAsENn WibIE onlf@ne @eﬂ%ét s6@IendANJENRI RSl c @B H SR E arh O tal €% Q& UcA&) 2 DNA
sequence of interest, but (1) the nunber of repeats can be varied to

nodul at els &l.activity, (2) different binding sites can be selected to
achieve diffe I | S.. RYARRYA (.3 Lt . RvDs and
fheir fit to PREuriEln AR sl o Pl dRer BmeR el T°, 5
modul at esciibdd spedifiy TAYEN that binddenhd keeogdmiid\sitesinithie tardeehwradideeri ¢ form
for instance with two different nonomers includipg each a TAL effector
domai n alfdueNEokt SO Fases dhecdanar w@leotﬂi@r%ﬁﬂwpcezm%%e RyeIOtderseRReIcUNd i n
equjyval e?{coag@i‘ﬁé s ﬁetﬁ%g‘s?%é}ﬁc hﬂ?eés@@aﬂ_ Bl c&tdifed BF thd OIRL A%oleifhcigach domai n
can display di'f ergnt nunbers of RVDs. For i1nstance, It a total of 22 RVDs
is used tamstrictd Ali¥akinels, thadonawuakcotidt exqodicamnd cheTIRAIERN cadingspprhse can be
found in each of .the two TAL effector. d iLns; alternativel 1Q repeats
can be { G RIE TP FB IR SrPeLRBE iRt G bR ahEt hor
The presgitbdhdverticb®ningd §ecienconpasses 25TALEN wi th DNA nodi fyi ng enzyme
domai n whi ch functions as a nononer. In this case, all the RVDs can be
found in a sihglomemmbadirhenss.arthidmesombingint adrléis a¢idsentaining hrudenidaer i c

enzyne. |In this case, i rder to have efficient, bindi he nunber of
e sttt rnF iR n b e dudls nabiGy BRS forftrs Sbf e L Bl e bund i n
an equi vakembindhtRicicic doMsahhy der@X@PhBinalifsiveBdn@fgchaw fegudklcd &leat s on

two different TAL effector 30domains (as in the case for a dineric TALEN)
one woul Gupieergtg inte plexgenoms of thy ¢edlt g reegmpiaation eisisican badlagHinde case
for a no i i ion, the
toral nimersPranabcas qegr thidhef HoioldiShe ARBEEhaltn bIEREIRAL! 07| 22,
14. | n agpetiterrcéomibiiheaionadie ctconfbiidne ni¢ivie atidonan bhdnutth@dousiywber of repeats
within the digfric %% nqponeric lAL N i ?t | east .20. Inﬁgnother further
asplct otcarrialyentiogRcd Hethe el and gab ef 16?“’@%%8%{?%”\}%}@? FOR. di neri ¢ or
Smonomeri ¢ TAREN, i &l i Qzﬁtnt %.4}, e mBRBINGHVIdYd hbelh BaREGherSiciidle
invention, the total nunber of repeats wthin the dinmeric or nononeric
TALEN i ssteps Juelass g8B@rating a planflepstapatgestht trapygbingal detingalesting poavdede ©f net hods

2° af ger Mt eci rcutcehial PhEr R e A ras R A GRATE) o ¢ '
acid encgdicRfin T(g@engbfﬁféts@Fecﬁehﬁlant@ﬁncﬁte% b peinRgc LOdRER, focwi th a

plurality of I ndi ng repeats, each repeat containing a RVD t hat

det28r mi nprscyrsQiaghi.tor ovhods planthlaeyreprpgany of tha Hents Srgeonthiimtiontaé the tetgeh DNA
bi ndi ng repeat, i s respansible for.rec i.zin e base paif in the target
DA As MBS HpsgecE Rpis S bt Bk Pk e R Fasti besRec®d T A
posi ti onpladts @ rdnkechhdsbldtgabid inerkdB in@bhadteaiid e kaeg@ed bneutcagaed ty for
engi neered TAL effector proteins. Thus, generating a TAL 15effector

encodi ngPlanis fey the abseacefithe praugee-spaeide poelstseng a nucl ei ¢ aci d encodi ng a

vari ant In some embodiments, the present invention provides methods for modifying the

30 genetic material of a cell, e.g., a prokaryotic cell, an animal cell, or a plant cell. The

methods can include introducing into the cell a first recombinant nucleic acid containing
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Ot h DNA bi ndi ng repeat sequence with specificity for A, C, or G thus
elimnating the requirenent for T at position -1 of the binding site.

I n addi tiwo,2omat7bzads are provi ded herein for generati ng PCAIUSe§ 10869902 S

havi ng enhanced targeting capacity for a target DNA. Such nethods can

i nclude generating a 20nucleic acid encoding a TAL effector that conprises
DNA bi ndi ng domai n having a plurality of DNA binding repeats, each repeat

contai nin D that determ nes r on of a bas ai.r i.n the target
oA - ne BRI el St aReuiclidn BpGerRremogiBRIAN T ho oot
conmon RYRIdaE sécﬁféﬁ%?tﬁ‘ %e@ct@&&@%@spb@dlﬁg AR NI VR EcRB re%@tﬁ iyary
with context, but certain Ds have enhanced specificity G 25Thus,

met hods thﬁ@vil,cb@dvdhleqsamcmmanmﬂeddtea muﬁlg:eesp@@ﬁﬂiﬁém/@sdtah@aonday have nore
robust s ICIt r (% ﬁgp %,th or chhselected fromthe

group co N&}ng UORRY %ﬁeq“fi%e%‘fo BRODFIES NV BN, B
NV, sNC, @E‘cﬁ@‘]}Aﬂ\ﬁﬂ Nﬁdenl‘tﬁb cdif'is alfant D1, aPMant Sdntatiihg hi\celTlhn B, NE, NF, YN,

Y*, and NQ can be used, where the asterisk indicates a gap at the second
posi t i ong@kraters apl/pellsaerery qritispessotiginghiomabe nlaat (PR Ef%lﬁ’é‘é theteofrspadei on al so

provi des, al f n ic acid
mol ecul e¥ Q%\igggg éreg&ﬂ% a#i‘%éﬁfggpﬁi&é&tdegeqs&%e eﬁ%m tlaglr(]isré légdéﬁit ai ni ng such
nucl ei ¢ mmdbﬂiahﬁﬁmlee@a@dis qalb¢paniliahesyslpor S'Eﬁhlly?ﬁdmfu@ﬂeﬁaﬁt@ teagdlhard ed

5cel | lines. Such |%ens can be used, for exanple, as research tools, or
t her apeu?li‘ec%rl may © 1“?4?@6%%%%?@?%@%0“ R safeicases. 1Be Tkt And secedd e can

i ncjude fe%ﬁ%mfaﬁ RS GRBETALEN HIAOdniERIAQR.Pr Ovi ded herein. The

seeds can be con usi ng neans known in art and packaged usi ng
packagi ng mat hrsoaie cums thiemoathod alsd ban 1aciid¢ mtppde@pag etathearctliached of

manuf acture ack seed. can have a | abel ata r
secur od Teigpafia Bkt PRY Hitker T reondS pesberer b sHoTHEe RSy ng

mat erial 50f de@erhﬁ‘rﬁﬁ% WhRERF et atnmrgaﬂlﬁﬁ PRGKRY Grom e clenitz%r&g%ﬁy m@é&at e
that the seeds confained within the p l%a e can produce a crop

genet i catApyesserdthé Sfédctwlamaskeraﬂiue wﬂmdémﬂnarl@emntc CtSEERENISG ﬁhﬂa&tellathe al tered
by fhe genet.i ¢ nodi f ve t

o ton s PEREhSR o R0 dshy Her S ror Bt BtetSs i DRt FeRy ST gl e e are

desi gnat @dubieskc@hfoBEE MedbiRerable ridtRerah®, diethiehottRdRnkédlonbdth Ridet By exanpl e,
Q neans G n or dutam ne residue, R nmeans Arg or Arginine residue and D

nmeans Aspucdotids ﬁ%qqen@eSéhqt@r%@mlaw identical to nuclgatidRscauenses aiPEERANSItON means
the repl t%%fé@@?{th% OB 18P fRY gcén%tséeﬁ&%cg %{hﬁ@ﬁ&‘?&@@ g%cogﬂﬁltoﬁnce the

repl acenen rgl nine-residue wt am ne resSidue 1n-a peptide
sequencesites fan squarcaptdfis tdesbinats. oin. sombwasesptht deshal dscesiigeiladedeas
fol | ows: one | etter code is used for d§5|gnat|ng the base of a nucl eosi de:

a 12 adeHrhel oyt-gressingfhg erganism; Progrny of Hie oukygepsy cansbeteasenad fardhe ¢ he
degener a&t%@nd%%ﬁ*tﬁ%e‘l&%leﬁla{k%{” esents g or a (purine nucleotides), k

represents g or t, s repr esents g or ¢, wrepresents a or t, mrepresents
aorec, yr eprfs]m&SQnt inventian {lpy pronideds methods for modifying the genetic material of

a cell (e.g., a plant cell or an animal cell), comprising providing a cell containing a target

DNA sequence, ¢.g., a chromosomal, mitochondrial, or chloroplast sequence, in which it
25 is desired to have homologous recombination occur, providing a TALEN that contains a

DNA modifying enzyme domain (e.g., an endonuclease domain) and a TAL effector

domain having a plurality of TAL effector repeats that, in combination, bind to a specific

nucleotide sequence within the target DNA sequence, providing a nucleic acid containing

a sequence homologous to at least a portion of the target DNA, and contacting the target
30 DNA sequence in the cell with the TAL endonuclease such that both strands of a

nucleotide sequence within or adjacent to the target DNA sequence in the cell are
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nucl eotides), d represents g, a or t, v represents g, a or c, b represents
g, t or ¢, hrepresents a, t or ¢, and n represents g, a, t or c. The term
"DNA nodiwgizog/geagne” refers to any protein which i s capahiseoiofosevdi fyi ng
the genetic material of a cell, whatever the | evel of DNA nodification
30(cl eavage, covalent interaction, water-nediated interaction...).
DNA-interacting proteins (e.g., a nethylase, a topoi sonerase, an integrase,
a transpolsas , Or | i ase}), transcr.i pti on g%tiv tors or epressor , ot her
pr ot ei nsCSHER FYChFISTERESH GHYNUF digeCY 08 NPRODSARY FYMBE LT iled i n t he
the neanj,Rgt HINA R IThY it getaMIXBquen Ve HbESRAs tdtha cJIfLTRE f ect or - DNA
modi fyi ng enzyme the DNA nodifying enzyne is refered as the DNA nodifying
enzyne dorthiods c@-inJlnde ingroducing vite deetlliasvector eprdeidings ¢IMNSAdeodxpthgc| eases
and endo | eases - The t "endonucl ease’ refers to any wld-type
or vari altLEROgHEI e AN S5 el Sl PRETERE R EInBTS oTh JRYEHE) "of bonds
bet ween gu4ed, CTAL bhlfontblchchréteiaNAcHcabAintRIdacdd iato BE eéle rf@rbémrn%ld?w

nol ecul e. Non-limting exanpl es of endonucl eases include type |

restri ct Meghagirabmiretiendwsdelivery vaza bagerial trngi 1T soptistion pystawdy BbYCI, 10EcoR!,
Bgll, an d qu MR rare-cutting endonucl eases when
havi ng t%ﬁ%o\ﬁomgg’ (go y‘%%’??ﬁg%?@?e reéigagegd?]tlt%lg%eﬁ site of about 12-45 base
pairs (bp) inThemgthbds dacebal lefrenabh Ye 0fcdlidadariby.of Baiaoast In ng

endonucl eases significantly increase HR hy induci ng DNA doubl e-strand

br eaks (%ﬁé‘fm@t 05ea%mplﬁel&eﬁheé%eseweﬁ@éte,relsﬁ{%%ﬁﬂaq faCIiké@z}%lﬁeL?éws Smi h et
al . 11994 ChOHL IRt Rgtbl Hicilan o usdPRRemBlOYBHY AT ilehMRudART

SRS o o o e e e B e e ease
(Paques @, Tushiatdeacsi@@GE)tranggonh) fremiacplZithine Franger, onydirila Sthe (nZdEN)ds
resulting fromthe fusion of engineered zinc-finger d ins with the

catal yti SO hTgR R0eaLpY ped B hdgoLSERRsich Par PESEDARY Car r ol |

2005) or cRoBOER ARlgeROSMIMG heAtadd FsRRASE R dhoditiddtod oFlan 3hdoRROR 3-
Arinmondo, Thonas et al. 2006; Sinopn, Cannata et al. 2008). In chem cal

20endonugiodpisesy! shikghetaidepliosphatpegtSPaisgntbissaene such thanhaugadiéddentines to a
pol ymer of .nucleic acids pr not.her, DNA r ecogni zi a . specific target

P oatfoncetongita ey e eop el e RLES e iantef SREDP B g R ik bel femce.
Chem cal h&pidndiGdcBia 36 Sacallts@ hoRMIPRAS EecoinBinatbh 6t rRPEhOASRSidnk K6 sirrjrugat es

of orthophenanthroline, a DNA cl eaving nol ecul e, and tri&lqu-f orm ng
ol i gonuches ndesenorreenes ik plant plompnad! Bstbpk¢ pathngy &egueHy asid2s5(Kal'i sh and

O azer 20080 SR 6o SRAORIELEARES L HEROTRILAGHd Rabfle. TRCT

"endonuc cording to the prese i nventi on. es of such
endonucl| mateds desctibe] herSaard ustfuCliw facilithte Go@ologbuCapvmbibtiGc @ dn, anfthalTl i |,
Pl-Mul I-Ceul I-Sce Il, ISce Ill, HO PI-Cv I PI-Cr I, Pl-Aae | PlI-Bsu
| Pi0- Dhal §-2pp I'#h04 amoyse). iggye pr mofe gdegenass grags of intpjestypyolyedin. 2P pi - Myo
| Pl M i3l B lel; mEBhbdfcanld i ¥8ighal RlopaARMER shoh Rlthd&Bnbodthg M N |
Pl-Mu | Pl-Me | 'B-Npu | Pl-Pru T, PloRra T Pr-8pb I Pl~Ssp I,°Pl-Fac I,
Pl -M a | cdPlsuPfaoe markRlrs, TagesliderPificT lay beinPlinFébtola Rirticidqy dischsdybind any The
endonucl eases according to.th resent invention can. b rt of a

Transcri BURSRIOLE i orarile PrRETT e et b Nasasatrea st E TaLENy P
By "TALEN' i SThdhREGe thv@ntisiP41Sd ProG RIEP Hctioas f@k dESi@Rme sticdnedseticvpior - | i ke
(TAL) effector binding domain and an endonucl ease domain, the fusion of
bot2% doneffarsors camsbletafngteragting with merisnlac DIV Bquen@s e g rbAbIRIsicepable &N can be

funct| Ongllea 11%5 DR at specific locations). The methods can include identifying a target

nucleotide sequence (e.g., an endogenous chromosomal sequence, a mitochondrial DNA

sequence, or a chloroplast DNA sequence) at which it is desired to have TAL effector

binding (e.g., a sequence adjacent to a second nucleotide sequence at which it is desired
30 to introduce a double-stranded cut), and designing a sequence specific TAL effector that

contains a plurality of DNA binding repeats that, in combination, bind to the target
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and others require dinerization with another nonomeric TALEN. The

di merization can result in a honodi neric TALEN when both nononeric TALEN
are identwoabiian72zan result in a heterodi neri c TALEN wheoTraseao®sd9s2 TALEN
are different. Two nononmeric TALEN are different when, for exanple, their
RVDs nunbers are different, 10and / or when the content (i.e amno acid
sequence) of at least one RVDis different.By "TAL effector-DNA nmodifying

enzynme" is intended a. tein S|n Tr ans ion Activator-Like

o 1 2ot or SBI A dorraitRd B TR RorT e RgC sy ommercct ropcets tay

"vari ant detbgnihoRRP&G &ty WAR WAL th@;l‘ Qﬁt&h&,wﬁh BNAATERK ¥ RlaNbihfdfo 4does not
naturally exist in nature and that 1s obtained by genetic engineering or by

randon1nmnggeaesdqmnmneonI@apmem@mneemedopmdwemmHWJMMsm¢aﬁdémmdﬂﬁ@ﬁe|n can

for exa e be ained by substitution. st _one residue t he

2 o acld SEabeHE: BY etiaeTe ﬁvpfspeaﬁﬁawﬁlmaiﬁfos*? Greieg PSSR h

di ffser enfec o@%&eckﬁaq@saemmab& Hére éﬁl iuddk DIOA sRYPERIR thgeted! roduced by
site-direct mut agenesi s and by random nut agenesi s. By "cel

or "cel | 8uch; @giwega"é\df%f FRptQss 94@611?@5/@@% Obexmerayéttan@ﬂmﬂw f?gtqrerarrgctecte| |

20l i nes f or ceIIs
fom ani %g{ah‘{c%‘i’ar ﬁﬁ{i‘s&ib%ﬁ?es @&Qéﬁ&g)ffa, %en&“c YALT ?ffeﬁ}d% %s“sh&% nPFic?‘ficAgl o are
i nt endedwﬁeltﬁesreped(easglm rnemh{eyl biyropion bbxzesngldths Rwe) {ni thereﬂ%s@m’givmpea[tl al) and

established for_growh in vitro, that have undergone very few popul ati on
doubling%ﬂéﬁﬁeéﬁgQﬂﬁemgﬁBﬁ@dﬁﬁpgirepresentat|ve of the naln functiona
25cqmponent s _Ragh Q0SS ARV B hitd ik BfreldoRtiESarl b GRBIER khSe.i & sl ved
from in comparison to continuous tu rlg artificla Iy |nnDrtaI|zed
cell i nlaA(Se‘Ehels«aRiéWPuﬂaltclat;mNepWéﬁ@ﬂO/Oﬁ%ﬁi})e val uabl e nodel to the in vivo
state to which they refer. - By "honol ogous” is intended a sequence
wi th enough identity to another one to | ead to honol ogous reconbi nati on

bet ween sequences, nore particul arlygiayAng at | east 3095 %identity,
preferably 97 %identity and nmore preferably 99 % "ldentity" refers to
sequence identity between two ngy®i c a,mawmgkﬁ@uhes or pol ypepti des.

| dentity can be determ ned [by C ari ngl a p 1Itrgn in each sequence which
may be aligned for purposes—ef—cofparitsen: position in the conpared
sequence i s occupi ed by thg saneNpase, hen'fhe npl ecul es are identical at
that position. A degree of |5simhgrity pr identity between nucleic acid or
am no aci d sequences is a flunctipgn of the nunher |of identical or matching
nucl eoti des at positions shared t he hucPdE ac d sequences. Various

al i gnment al gorithns and/ or| progN&ns may Aber Wee@ to cal culate the identity
bet ween two sequences, includlngNEASTA or ¢ AST which are available as a
part of the GCG sequence arfalysis package (Univergsity of Wsconsin,

Madi son, W), and 10can be |used Hoth e g efault setting. by "nutation”
is intended the substitutidgn, deHEtion i nsertion| of one or nore

nucl eoti des/am no acids in |a polﬁﬂucleo i de { cDNA, gene) or a polypeptide
sequence. Sai d nutation can—affect—the—codifig—seguence of a gene or its
regul atory sequence. It nmay also affect the structure of the genomc
sequence or the structure/stability of the encoded 15nRNA. By "gene" is
meant the basic unit of heredity, consisting of a segnent of DNA arranged
in a linear manner along a chronosone, which codes for a specific protein
or segnment of protein. A gene typically includes a pronoter, a 5

untransl ated regi on, one or nore codi ng sequences (exons), optionally
introns, a 3" untranslated region. The gene
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20may further conprise a termnator, enhancers and/or silencers. The term
"gene of interest"” refers to any nucl eoti de sequence encodi ng a known or
put ati ve worrelprodact . As used herein, the terrCTIuscus/059932t he
specific physical |ocation of a DNA sequence (e.g. of a gene) on a
chronmosone. The term "l ocus” usually refers to the 25specific physi cal

| ocation of a target sequence on a chronbsone. By "fusion protein" is
intended the result of a well-known process in the art consisting in the

j 0i ni ng Qf two or nore genes which originally encode for, separate proteins,
the transSPatate? &P 1BARGCPEH SFBIN Refrarespisling forigagkofancamige acigseyisti de
with functional properties d@rseoan mastionedéhe BYDt he ori gi nal proteins. 30-
By "catalytic domain" is intended the protein domain or nodul e of an enzyne
contsai ni Othet R&Y Dacind viecis¢dreespdndsia @rgenayaiegtidoy amshowe isTabde iB i nt ended t he
part of said enzyne at which catalysis of the substrate occurs. Enzynes,
but also their catal ytic domains, arglehssified and naned according to the
reaction they catalyze. The_Enzyme Commssion nunber (EC nunber) is a
nunerical classification sghene RV enzymMagledtideed on t he chem cal
reactions they catalyze (Wrld Wde Veb|at Qghen1qnul.ac.uk/iubnb/enzyne/).
In the scope of the present—faveritiom—anry—<catatyti c domain can be used as
a partner and be fused to TAL ¥Pfectof dorfain tio generate a chineric
fusion protein resulting in a TANKeffector-RNA nodi fying enzyne.
Non-limting exanpl es of such ca}ﬁlytlc do ns clan be those of Mrel,
EsaSSI I, CstM, NucA, EndA (Esehet+ehta—toeH—NueM EndA Streptococcus
pneunoni a, SNase 10 Staphyl ococdds aur eus, GNase|l St aphyl ococcus hyi cus,
SNase shigella flexneri, Bgcillugasubtil|is ymncB, [Endodeoxyri bonucl easel

Ent er obacteri a phage T7, EnqdoG bgvine, ttSar DNAm smatch repair protein
mut S, cl eavage domai n of My SN ;aGEEEZ!gL the present invention

wi || enpl oy, unless otherwise indiGcated| corlVentijonal techni ques of cel

bi ol ogy, cell culture, nolecular biology, transgenic 15biol ogy,

m cr obi ol ogy, reconbi nant DNA, and i nmunol o which are within the skil

of ®he art. SWwnitdeHaiitgdde hayeescaygmeaispesdfie ﬁI(Iz%/cleagﬁéor PXaEIAL. Gre. See, for
exanpl e, r j r. Bl . Wl ey and
son | no, “THEI e SFe AT I el be @yt B ool AT BRRE DY AT Yt
Thi rd EdicpeaniomaBantatpalcoatbiration 230d fo G0 keaddgenousghHandsomal hesieofaick: Col d
Spring Harbor Laboratory, Press); Qigonucleotide 20Synthesis ( J. Gait
ed., 19ssflucngeganddby an ggdonyclgars thajmenqipics érieubiasaawgrwmti%q 16899 (Harri es

and H gghlgﬁeo‘%ﬂé seqtefd) * SUEhABRRAE -Fﬂe@fﬁc@ﬁATcrl&%%éaIn% UsERTRSerlfkH 99i ns
eds. 1984); Culture of Animal Cell's (Freshney, an R Liss, Inc., 1987);

| mobi | i zedolGedusseccaman&Evmy avdes¢iiRid @r@ss@ﬂﬂc@&&)s;fOPEAIQENs iklRlcattri cal Qui de
to Mol I d oni 984); th ' Met hods i.n E I I d
Si o, AT oS leathe BBl LY PGS o A BN ACA DNGRIRSIRS (SBaarF Iy,
Vol s. 154viande ce(s\,/Iéle@JEilcljgf‘ljsh_e Vs DN AR ¥@oind 8OaboliRAE vERSRh&S ST ONn

Technol ogy" (CGoeddel , ed. Gene Transfer Vectors For Mammalian Cells
(MIler and Chhesmeisials andgrthadsipeovSiad hegeirigabbe uicdiio maddly yhe scnensa@t hemi cal

Met hods jn Cell and.Wlecul ar Biol Vayer and \Wal ker .eds. .  Academ c
g T L S s L TR R e A O
anco30Bl &ﬁig%hIengiﬁé&ed TA9&Sfcctonbsul VBB tpEdted. | Agdésobddhisen Bdwarer, ( Col d
Spring Har bor

P J certain target sequences may be more effectively targeted. For example, as set forth in

Example 9, sequences having particular characteristics may be more effectively targeted

by TAL effectors. Thus, the methods provided herein can include identifying target

sequences that meet particular criteria. These include sequences that: 1) have a minimum
25 length of 15 bases and an orientation from 5’ to 3’ with a T immediately preceding the site

at the 5” end; ii) do not have a T in the first (5°) position or an A in the second position;
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Laboratory Press, Cold Spring Harbor, N.Y., 1986). The above
written description of the invention provides a nanner and process of
maki ng arwousimg2iss such that any person skilled in thi®carus2e19/089%abl ed to
make and use the same, this enabl enent being provided in particular for the
subject matter of the appended clains, which make up a part of the original
description. 5As used above, the phrases "selected fromthe group

v en from’ the |ike énclude niﬁtures.of t he

ription. ¢ ’
Sonel Tt ol el in T afBOIRN ) Shian g dhdebi GRf i Seo i hET i apdl o

herein, Lhg,@nOpRERbSpEdiGod HEd-B8ady, ALGY, cablosvabugs ARsh,subranges within a
nunerical "limt or range are specifically included as if explicitly witten

out. 10The abbwec daEENSps doseribed herewmegened!ly ovoslhabiliences, pems ombsdinientsd i n t he
art to an se the ji.nvention,, and,i rovi.ded in the context of a
St oul e Athads Bro A YD P Be R e Bh Y St AR R st ot he
pr efser r egtqasiRGhiRRECN dchoiR diRRALHY sRBRIcant ctlR, Whasia thkfilst & i n the art,
and the generic principles defined herein may be %ﬁglied to ot her

O

enbodi nmetfcendrrleghideisedcnensnegt ehisust ode paihe ichitprisentorthabeys #ndtarand 15scope
of the i i T hj s | nt. | i i.nt: . b imted to the
ombodi menparddi 15 o, b %Ogleb%gegsc{’:%e?fld%jaﬁlt\]ﬁ?gﬁ’(ée@%‘%?%ﬁ“é%%”c%ﬁﬂéi stent with

t he pri neudidozisle 3afhcheal adatc dhdonliolsesd doataried.in HaVIAIGEN eme clabveywillgacr i bed
this invention, a further understanding can be obtained by reference to
certain $6derkSiRP PReffpl es, which are provided herein for 20purposes of

illpstration i [ i r gl | : | ow ng
exanmnl cor  whi Sh s T B e B e B b B 1"t he
cl ai rs umliesh iotoherivh & desipdautlicedicidANRRERDE BocaimBueh inethodls capineludgover ns

TAL effector-DNA recogni.tion To, determ pe wh er there ijs a
one- t o- oA EFeSH!] COBRITIRE Bk AIEEN S RELRP SRS kst Bﬁ}*nﬁqga%gnﬁmfrl&%t i des

in the TRk dAH68€lo Birb&uccttheni&d &t eidrBd o theQLIPR TALEN to dda€ralo H00 bp
i mredi ately preceding the annotated translational start site) of the known

t ar get génwbld-grandad butofithie thepadogdnoes tlupmopemalderganie Awicaienche TAL ef f ect or
RVD sequence f.or. 30aligpnments that mnim.zed entro randomess) in
RvOonuc) B0 fyd irto BB TR & Canna® nit gt MG PP b SR ZERRE ST ¢
ent r opy, atibgt € phttios of iR &dbg@oubMIBmbesmilnergeEDNAC hdEse th: igrolib&ionet of four
nucl eotides (A, C, G T), and fid represents the observed fre%#ency W th

c

whi ch t héonerundprgondiwge it Bermif hemelpgoystrpcomiinaionite@ccur between
exogenous nucleic acid and the endogenous chromosomal target DNA, and generating an

animal from the primary cell in which homologous recombination has occurred. The

20 homologous nucleic acid can include, e.g., a nucleotide sequence that disrupts a gene
after homologous recombination, a nucleotide sequence that replaces a gene after
homologous recombination, a nucleotide sequence that introduces a point mutation into a
gene after homologous recombination, or a nucleotide sequence that introduces a
regulatory site after homologous recombination.

25 The methods provided herein also can be used to generate genetically modified
plants in which a desired nucleic acid has been introduced. Such methods can include
obtaining a plant cell containing an endogenous target DNA sequence into which it is
desired to introduce the nucleic acid, introducing a TALEN to generate a double-stranded
cut within the endogenous target DNA sequence, introducing into the plant cell an

30 exogenous nucleic acid containing a sequence homologous to at least a portion of the

endogenous target DNA, where the introducing is under conditions that permit
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(max ) - i ERj ED Multiple low entropy sites were present in each
pronoter. For effector AvrBs3, 5however, only one mapped to the 54 bp upa20
pr onot er woagnwrte246dent i fied previously as sufficient ardTrsSec@ss®sey2 for
activation, and it coincided with the UPA box conmon to genes directly
activated by AvrBs3 (Kay et al., supra). Also, for effectors PthXol and

Avr Xa27, only one site each overl apped a pol ynor phi sm bet vveen the activated
and non- ﬁCtl vated alleles of their espectl ve tar %ets and Xa27.

Across t FRINAPEYTEFANDIRFIONGP eeit Behyesd Y $ogenqgyH! ﬁlﬁtﬂaé t h¢ssoci at i ons

vere congi®geMus ta%gettlﬁIQAr SRR b pEMEBHSHhWB 8t &8 BGiiReh RaasEgon t hose
associ at i ons resul'ting in exactly one site per TAL effector- target pai r

(FIG 1Breaombﬂiab¢lehazs)000@a@h site is preceded by a T (FI G 1D). To

wmn gnt ot i x 0 P BErIREY e N e Bl heaEE REb R ®

RVDsnucl gethodep@dsiied ihdicidRmdbals a vadpasd fscllt ftat h@s‘b 16t ha&koueRpy TAL
effector-target site alignments (FIL.G 1B). The weight nmatrix was then used

to scan MREOBHGRBEEEs qoakiAg therpodifiod PNsparsrefcead mJaSt ‘sengticaligl ati onal
start, Oﬂlogﬁ%ﬁ ~NHRS ﬁ&gﬁ%ﬁ%v&e@%% 35mb Q?I{té ﬁﬁlg sﬁ’éﬁ’éeeh S&k Y %b%pp j aponi ca

CV. N| pponbare ( ease rice. e U e u) for best

mat ches tansideredfGM®© DAkegldt@etparsey, sﬁlbesudh@em@daﬁbagmnmxanwu)nonas oryzae
(Avr Xa27, PthXol, 20PthXp6, PthXo7, and Tallc). For AvrXa27, the sequence
upst r ean NN gausrELERIRKIOR 208 9] BRdorgRiggysien wé%trﬁtﬁg%e WSTHIIRE st r eam

Segfyencer %EEN%C@IE?E@@&%%I’OH%%SQHQM&Ht SfEMEDe Jli%gu??&dbut egtﬁni G B@”C' es

were wei ghted at 90% an e remal ni ng 10% was equa yto
f r equencadsnafeaislin fus Jobéxanmpds stndird oemilatédtyi gocentes alvmgevitlathked usi ng a

wei ght matri.x score (y axis), tak as a negative |log of the frequency
25scor e %Pé??l%tsﬁgmﬁ&ﬁné %‘?&})[?erﬂ}’(?t‘% ti de association frequencies in FIG 1B.
Thus, the | 0V\©fhe'[r RRUREIbELard A& ék%%ﬁ@fec&ﬁ%mﬁﬁ&& his pFRIdSAHRESD, caRtAPRRR

PthXo7 and Tall c, the experinentally identi fied target gene was the best
or near | intlodegingrinte i celBet g. e plant eshlemsegt cell, rtdteoqmﬁeh edb@r byinl TelDwer e not

| Pons. M gt A R AROGRE o PR Rt BTl A3 R e Mo

30sequenimdsciiti ekstesionoré TAL ESCORhiAghaddlIg ateiakstifyhan feb@mbiakaed isi t es for
the knowmn targets. This result does not inply that TAL effectors bind to

t he posi Whigh thﬁt solastd DA thigeh searense erabity hayptdignde2on deletian PHEGREFE
orientat th% 15§<a§§7dsgﬁloﬁ%fggrgetﬁ%déﬁé{eorst}o'tﬁ"g'gelet{&?a %%5@8 e é he fifth

ef fect or I seaseé resistance gene ., Ssupra).
The poormlatehal)kAfdmnotDi\Bwtm@dhlieﬁnﬂmcemoﬂmfdeﬁct a cal i brat ed or recent
and 5sub-opti mal host adaptation. Better scori Qg sites I| kely c rise

gen®s tar get et WNSADRLITCH Y BARARRHEEN can b usadsTag- sv@@ﬁ@ﬁt%dnatri X

agai n, tﬁé}elingltsélmhc@éﬂ &%Qﬁ%ct’tﬁg Qb%%\t'tﬁb R&d tﬁYloﬁ gf%‘ﬁttr 4 g&éer rhGie

pr ormt ers wt ditional X oryzae eft tors an I ning the best
al i gnnmenthst fwar TAvhieffectothdongomnst m@imﬁug@hte wvasﬂ}etcxdwmiledf tharHokbrestifcgon i on

\t,)mats ﬁdt ﬁg 12?{ %}FCDJE%%%%&IU%}{ sites t%r llil%’%(sd lftl "PALEIQICa?eS sseipglgtte%%g))a gp-arlg'ebrl e3). As
sequence, and binding of each TALEN monomer to the recognition site allows Fokl to
25 dimerize and create a double-strand break within the spacer (see, ¢.g., Moscou and
Bogdanove (2009) Science 326:1501). Monomeric TALENS also can be constructed,
however, such that single TAL effectors are fused to a nuclease that does not require
dimerization to function. One such nuclease, for example, is a single-chain variant of
Fokl in which the two monomers are expressed as a single polypeptide (Minczuk et al.

30 (2008) Nucleic Acids Res. 36:3926-3938). Other naturally occurring or engineered

monomeric nucleases also can serve this role. The DNA recognition domain used for a

48



T precedes each site, and no reverse-strand sites scored better. The
RVD- nucl eoti de associ ation frequencies of the total 20 alignnents are shown
in FIG Mo2he@y2menstitute a strikingly sinple cipher. PChasBMDom96t eot i de
frequencies in the expanded set of 20 TAL effector 15nucl eotide alignnments
were used to generate a new weight matrix, and a conputational script was
witten in Python v2.5 (www. pyt hon.org). The script can be used to scan any

col l ection of uences, f.or tches t artl TAL effector, with
2 user - dRPIRBTS ALE G PR debred Bom e ABEL B RV muc cot | de
associ at Aﬁa%am%“&sf tAOBS Qe uﬁmcﬁﬂaﬁ%ar( @@&{gﬁaeere%ﬂm o@nize aSpBEridegener acy
in the cipher rong aSSOC|at|ons may represent anchors that account for

nmost of DhE\ targetli hugiadar¢dsingle-chiin TAIdks mey be tasidr d; sorptrodt adidigpl@ymsasur e of
erX|b|I Al ternative fects may be involved. The latter
possi bi | hﬁif%é%fe PRVt e&ﬁ%‘gﬁregﬁ\z&ecpﬁ?lﬂpﬂso?lﬁ@ nucl eoti de associ ati on
freguenci es ofn ¥R smIRMnEANA dimerie NN sdqaend3\petific @utlbgie cah@e and
conparing themto the total 25observed frequencies - in other mords by

sorting sHeraDsHEveodiffaenpRiNA bigéma@@mam%@gt, en¢ heLrediceipbindmeD to the
ot o b n@00 GRTRRIOR RG FLALL e bF FRURIES o, L (876 IRl fye" NS
sorted w vera fre uenc £ ?re uenci es’ of the

RvDnucl e@ALEBJsalsmﬂbbdihm@ﬁ&ypmanheﬂmbuom@ cghfemraccbsé amﬂliarﬁke\re@tgﬁltmngnef icantly
fromthe total obser ved frequencies, suggesting_ that the ?ssom ations are
context VHB@BHEENThis 3pdears aFrbEsctIcAk 49 Denscd fr tapgepedfie sucleasseal ed no

conger Vegen%hh%cﬁﬁéﬁldﬁ)? gﬁééﬁ Bl ore ﬂiEI@ onbm Ph‘ﬂd& nd ﬁ%% %ngl@&‘sec' rich

follown site an oor t roug out Flg 1D). ew excepti ons,
si t es begonomert Hih sudlcakbgs, tlmsH)NAamocghlttohmtaﬂfamﬂwt%LENané emicgingenal start,

and none are closer than,6 87 to, the transl ati on (Tabl e. 2 and
b1 005 Gt MOBREE AN bS SR EPf Srver o P dese b B op g, o

descri be@yd RofBOR |8 ao @ Pk IR YR NHRESE: £ 8sWId &rarﬂrtﬁgdl&&/itl@iﬁ tf TAL

effector targets in a genonme and construction of targets de novo are now
possi bl e8pa¢¢resea1mn10¢tl]’NPoblpd@éld@maQStoél@r\bhanl m@d{nmst suhgsrironfeodemiiosn, of host

gengs | tant in, di sease. uct tar ds prom se
Por Baesi BP rd i Lt ek eranbe Sbhe bed B FATEN SHohEl S8R b erved or
mul ti pl eTARENahbeh@ s crebtésd PAttZdnabnudoMasef f ectors for arbitrary gene
activation or_10targeting of fused proteins for DNA nodification also is

possi bl e, as e dekpdiaends. i TAlgifonharigap pe 2agHeTrgg @h o/ musggsionzny e 2

(e.g., non-nuclease protein domains) to specific nucleotide sequences. For example, a
TAL effector can be linked to a protein domain from, without limitation, a DNA

20 interacting enzyme (e.g., a methylase, a topoisomerase, an integrase, a transposase, or a
ligase), a transcription activators or repressor, or a protein that interacts with or modifies
other proteins such as histones. Applications of such TAL effector fusions include, for
example, creating or modifying epigenetic regulatory elements, making site-specific
insertions, deletions, or repairs in DNA, controlling gene expression, and modifying

25 chromatin structure.

In some embodiments, the spacer of the target sequence can be selected or varied
to modulate TALEN specificity and activity. The results presented herein for TALENs
that function as dimers across a bipartite recognition site with a spacer demonstrate that
TALENS can function over a range of spacer lengths, and that the activity of TALENs

30 varies with spacer length. See, ¢.g., Example 6 below. The flexibility in spacer length

indicates that spacer length can be chosen to target particular sequences (e.g., in a
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5 and composition of repeats within the DNA binding domain(s). As described in Example
7 herein, for example, a PthXol-based TALEN showed greater activity than an AvrBs3-
based TALEN. PthXol differs from AvrBs3 both in the number and RVD composition of
its repeats. In addition, the naturally occurring DNA recognition sites for these proteins
differ in their divergence from the respective recognition sequences predicted based on

10 the TAL effector DNA cipher described by Moscou and Bogdanove (supra). Further,
several custom TALENS of the same length (12 RVDs) but with differing RVD
composition differed in their activity, and a 13 RVD custom TALEN had higher activity
than a 12 RVD custom TALEN. Thus, not only can TALENSs be engineered to recognize
a DNA sequence of interest, but (1) the number of repeats can be varied to modulate

15 activity, (2) different binding sites can be selected to achieve different levels of activity,
and (3) the composition of RVDs and their fit to the target site (according to the cipher)
can be varied to modulate TALEN activity.

When the TALEN is in a heterodimeric form, for instance with two different
monomers including each a TAL effector domain and a FoklI nuclease catalytic domain,

20 the RVDs can be found in equivalent number in each of the two TAL effector domains, or
cach domain can display different numbers of RVDs. For instance, if a total of 22 RVDs
is used to bind DNA in a particular heterodimeric TALEN, 11 repeats can be found in
cach of the two TAL effector domains; alternatively, 10 repeats can be found in one of the
two TAL effector domains and 12 in the other. The present invention also encompasses

25 TALEN with DNA modifying enzyme domain which functions as a monomer. In this
case, all the RVDs can be found in a single TAL effector domain, which is fused to the
monomeric enzyme. In this case, in order to have efficient binding, the number of RVDs
must be equivalent to the total number of RVDs that would be found in an equivalent
dimeric TALEN. For example, instead of having 10 repeats on two different TAL effector

30 domains (as in the case for a dimeric TALEN), one would have 20 repeats in a single

TAL effector domain (as in the case for a monomeric TALEN).
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In a further aspect of the invention, the total number of repeats within the dimeric
or monomeric TALEN is at least 14. In another further aspect of the invention, the total
number of repeats within the dimeric or monomeric TALEN is at least 20. In another
further aspect of the invention, the total number of repeats within the dimeric or

5 monomeric TALEN is at least 24. In another further aspect of the invention, the total
number of repeats within the dimeric or monomeric TALEN is at least 30.

This patent application also provides methods for generating TAL effector
proteins having enhanced targeting capacity for a target DNA. The methods can include,
for example, generating a nucleic acid encoding a TAL effector that has a DNA binding

10 domain with a plurality of DNA binding repeats, each repeat containing a RVD that
determines recognition of a base pair in the target DNA, where each DNA binding repeat
is responsible for recognizing one base pair in the target DNA. As described in Example
12 below, relaxing the requirement for T at position -1 of the binding site may enhance
the targeting capacity for engineered TAL effector proteins. Thus, generating a TAL

15 effector encoding nucleic acid can include incorporating a nucleic acid encoding a variant
Oth DNA binding repeat sequence with specificity for A, C, or G, thus eliminating the
requirement for T at position -1 of the binding site.

In addition, methods are provided herein for generating TAL effectors having
enhanced targeting capacity for a target DNA. Such methods can include generating a

20 nucleic acid encoding a TAL effector that comprises DNA binding domain having a
plurality of DNA binding repeats, each repeat containing a RVD that determines
recognition of a base pair in the target DNA. As described in Example 12 below, the
specificity of NN (the most common RVD that recognizes G) appears to be generally
weak and can vary with context, but certain RVDs may have enhanced specificity for G.

25 Thus, methods provided herein can include using alternate RVDs that may have more
robust specificity for G. For example, one or more RVDs selected from the group
consisting of RN, R*, NG, NH, KN, K*, NA, NT, DN, D*, NL, NM, EN, E*, NV, NC,
ON, Q*, NR, NP, HN, H*, NK, NY, SN, S*, ND, NW, TN, T*, NE, NF, YN, Y*, and NQ
can be used, where the asterisk indicates a gap at the second position of the RVD.

30
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Articles of Manufacture

The present invention also provides articles of manufacture containing, for
example, nucleic acid molecules encoding TALENSs, TALEN polypeptides, compositions
containing such nucleic acid molecules or polypeptides, or TAL endonuclease engineered
cell lines. Such items can be used, for example, as research tools, or therapeutically.

In some embodiments, an article of manufacture can include seeds from plants
generated using methods provided herein. The seeds can be conditioned using means
known in the art and packaged using packaging material well known in the art to prepare
an article of manufacture. A package of seed can have a label e.g., a tag or label secured
to the packaging material, a label printed on the packaging material or a label inserted
within the package. The label can indicate that the seeds contained within the package
can produce a crop of genetically modified plants, and can described the traits that are

altered by the genetic modification, relative to unmodified plants.

Other definitions

- Amino acid residues or subunits in a polypeptide sequence are designated herein
according to the one-letter code, in which, for example, Q means Gln or Glutamine
residue, R means Arg or Arginine residue and D means Asp or Aspartic acid residue.

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

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

- The term “DNA modifying enzyme” refers to any protein which is capable of
modifying the genetic material of a cell, whatever the level of DNA modification
(cleavage, covalent interaction, water-mediated interaction...). DNA-interacting proteins

(c.g., a methylase, a topoisomerase, an integrase, a transposase, or a ligase), transcription

52



29.7 Tal 3b BLS256 18 0s05927590 42 34 -1 104 3.4E-08 8.5 Tal 4a BLS256 26
0s03g37840 1 152 221 363 2. 2E-04 2.6 Tal 4b
WO 2011/072246 PCT/US2010/059932

activators or repressor, other proteins such as histones, and nucleases are intended to be
included in the the meaning of “DNA modifying enzyme”. When comprised in a TAL
effector-DNA modifying enzyme the DNA modifying enzyme is refered as the DNA
modifying enzyme domain.

5 - The term “nuclease” is intended to include exonucleases and endonucleases.

- The term “endonuclease” refers to any wild-type or variant enzyme capable of

catalyzing the hydrolysis (cleavage) of bonds between nucleic acids within a DNA or
RNA molecule, preferably a DNA molecule. Non-limiting examples of endonucleases
include type Il restriction endonucleases such as Fokl, Hhal, Hindlll, Notl, Bbv(Cl,

10 EcoRl, Bgll, and Alwl. Endonucleases comprise also 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-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).

15 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
FokI (Porteus and Carroll 2005) or a chemical endonuclease (Eisenschmidt, Lanio et al.
2005 ; Arimondo, Thomas et al. 2006; Simon, Cannata et al. 2008). In chemical

20 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 molecule,
and triplex-forming oligonucleotides (TFOs), known to bind specific DNA sequences

25 (Kalish and Glazer 2005). Such chemical endonucleases are comprised in the term
“endonuclease” according to the present invention. Examples of such endonuclease
include I-Sce I, I-Chu I, I-Cre I, I-Csm I, PI-Sce I, PI-Tli I, PI-Mtu I, I-Ceu I, [-Sce 11, I-
Sce IlI, 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-Mle I, PI-Mma I, PI-

30 Msh I, PI-Msm I, 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.
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The endonucleases according to the present invention can be part of a
Transcription Activator-Like (TAL) effector endonuclease (TALEN).

- By “TALEN” is intended a protein comprising a Transcription Activator-like
(TAL) effector binding domain and an endonuclease domain, the fusion of both domains
resulting in a “monomeric TALEN”. Some monomeric TALEN can be functional per se
and others require dimerization with another monomeric TALEN. The dimerization can
result in a homodimeric TALEN when both monomeric TALEN are identical or can
result in a heterodimeric TALEN when monomeric TALEN are different. Two
monomeric TALEN are different when, for example, their RVDs numbers are different,
and / or when the content (i.e¢ amino acid sequence) of at least one RVD is different.By
“TAL effector-DNA modifying enzyme” is intended a protein comprising a Transcription
Activator-Like effector binding domain and a DNA-modifying enzyme domain.

By “variant” is intended a “variant” protein, i.c. an protein that does not naturally
exist in nature and that is obtained by genetic engineering or by random mutagenesis, i.c.
an engineered protein. This variant protein can for example be obtained by substitution of
at least one residue in the amino acid sequence of a wild-type, naturally-occurring,
protein with a different amino acid. Said substitution(s) can for example be introduced by
site-directed mutagenesis and/or by random mutagenesis.

By “cell” or “cells” is intended any prokaryotic or eukaryotic living cells, cell
lines derived from these organisms for in vitro cultures, primary cells from animal or
plant origin.

By “primary cell” or “primary cells” are intended cells taken directly from living
tissue (i.e. biopsy material) and established for growth in vitro, that have undergone very
few population doublings and are therefore more representative of the main functional
components and characteristics of tissues from which they are derived from, in
comparison to continuous tumorigenic or artificially immortalized cell lines. These cells
thus represent a more valuable model to the in vivo state to which they refer.

- By "homologous" is intended a sequence with enough identity to another one to
lead to homologous recombination between sequences, more particularly having at least

95 % identity, preferably 97 % identity and more preferably 99 %.
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- "Identity" refers to sequence identity between two nucleic acid molecules or
polypeptides. Identity can be determined by comparing a position in each sequence which
may be aligned for purposes of comparison. When a position in the compared sequence is
occupied by the same base, then the molecules are identical at that position. A degree of

5 similarity or identity between nucleic acid or amino acid sequences is a function of the
number of identical or matching nucleotides at positions shared by the nucleic acid
sequences. Various alignment algorithms and/or programs may be used to calculate the
identity between two sequences, including FASTA, or BLAST which are available as a
part of the GCG sequence analysis package (University of Wisconsin, Madison, WI), and

10 can be used with, e.g., default setting.

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

15 mRNA.

- By “gene” is meant the basic unit of heredity, consisting of a segment of DNA
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

20 may further comprise a terminator, enhancers and/or silencers.

- The term “gene of interest” refers to any nucleotide sequence encoding a known
or putative gene product.

- As used herein, the term “locus” is the specific physical location of a DNA
sequence (e.g. of a gene) on a chromosome. The term “locus” usually refers to the

25 specific physical location of a target sequence on a chromosome.

- 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.

30 - By “catalytic domain” is intended the protein domain or module of an enzyme

containing the active site of said enzyme; by active site is intended the part of said
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enzyme at which catalysis of the substrate occurs. Enzymes, but also their catalytic
domains, are classified and named according to the reaction they catalyze. The Enzyme
Commission number (EC number) is a numerical classification scheme for enzymes,
based on the chemical reactions they catalyze (World Wide Web at
5 chem.qmul.ac.uk/iubmb/enzyme/). In the scope of the present invention, any catalytic
domain can be used as a partner and be fused to a TAL effector domain to generate a
chimeric fusion protein resulting in a TAL effector-DNA modifying enzyme. Non-
limiting examples of such catalytic domains can be those of Mmel, EsaSSII, CstMI,
NucA, EndA Escherichia coli, NucM, EndA Streptococcus pneumonia, SNase
10 Staphylococcus aureus, SNase Staphylococcus hyicus, SNase shigella flexneri, Bacillus
subtilis yncB, Endodeoxyribonucleasel Enterobacteria phage T7, EndoG bovine, ttSmr
DNA mismatch repair protein mutS, cleavage domain of Metnase.
The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic
15 biology, microbiology, recombinant DNA, and immunology, which are within the skill of
the art. Such techniques are explained fully in the literature. See, for example, Current
Protocols in Molecular Biology (Ausubel, 2000, Wiley and son Inc, Library of Congress,
USA); Molecular Cloning: A Laboratory Manual, Third Edition, (Sambrook et al, 2001,

Cold Spring Harbor, New York: Cold Spring Harbor Laboratory Press); Oligonucleotide
20 Synthesis (M. J. Gait ed., 1984); U.S. Pat. No. 4,683,195; Nucleic Acid Hybridization

(Harries and Higgins eds. 1984); Transcription and Translation (Hames and Higgins eds.

1984); Culture of Animal Cells (Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells

and Enzymes (IRL Press, 1986); Perbal, A Practical Guide to Molecular Cloning (1984);

the series, Methods in Enzymology (Abelson and Simon, eds.-in-chief, Academic Press,

25 Inc., New York), specifically, Vols.154 and 155 (Wu et al. eds.) and Vol. 185, "Gene

Expression Technology" (Goeddel, ed.); Gene Transfer Vectors For Mammalian Cells

(Miller and Calos eds., 1987, Cold Spring Harbor Laboratory); Immunochemical

Methods in Cell and Molecular Biology (Mayer and Walker, eds., Academic Press,

London, 1987); Handbook of Experimental Immunology, Vols. I-IV (Weir and

30 Blackwell, eds., 1986); and Manipulating the Mouse Embryo, (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1986).
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The above written description of the invention provides a manner and process of
making and using it such that any person skilled in this art is enabled to make and use the
same, this enablement being provided in particular for the subject matter of the appended
claims, which make up a part of the original description.

As used above, the phrases “selected from the group consisting of,” “chosen
from,” and the like include mixtures of the specified materials.

Where a numerical limit or range is stated herein, the endpoints are included.
Also, all values and subranges within a numerical limit or range are specifically included
as if explicitly written out.

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

Having generally described this invention, a further understanding can be
obtained by reference to certain specific examples, which are provided herein for
purposes of illustration only, the invention being further described in the following
examples, which do not limit the scope of the invention described in the claims unless

otherwise specified.

EXAMPLES

Example 1 — A cipher governs TAL effector-DNA recognition

To determine whether there is a one-to-one, linear correspondence between RVDs
and contiguous nucleotides in the TAL target site, the predicted promoter region (i.c., the
1,000 bp immediately preceding the annotated translational start site) of the known target
gene for each of ten TAL effectors was scanned with the TAL effector RVD sequence for
alignments that minimized entropy (randomness) in RVD-nucleotide associations. The

following formula was used to quantify entropy, where R is the set of RVDs for the
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were transforned i nto YPHSQD 5]&% MAT a strain) ransformants were

pl at ed oh é@ff?e@rﬂ%fgm@m(ﬁbG a1d Hethe2). dechisite wgctede@)bbﬁﬂe@ GatPYing the
t t t I I I d
arget reportep Qi ?étﬂ%t 2 étg%oﬁféh%abg%ﬁdé%@gv\l}w tg 5’8 Bﬁseﬁ%I %np asm

were cultured overnig respectively.
The cul t maes wer fersaghnusteibasad dnhﬁlesqueeﬁmaﬂ allmaﬂﬁlebtld@éss@:aaimmer e m xed

into 200 IA YPD medi um The xture S i.ncubated at 30C for_4 hours to
al | Bw t hebseRs %@é%thaﬁery@agen]swgpﬁ T?@f ?fé clor-t¥est HOAEBGM S UF 5 kY- spun

down 10T§@Qefgﬁ§ﬁﬁ§9&'\9@s@hér{‘u§éd% sc%g tH¥ o%@ér%g%n IRE1 ou6 BB hheebdiah et i1 the

0D600 reaches "a range of 0.5-1. The cells were harvested and quahtitative
13- gal actrosiatiase saas“smjsacxheroerqdencﬂmtgmbmedailesnm Iﬁémzn(s'ﬁ@msmglap@m@l (2009)
Nat ur e 459 442- 445

Resul t.s: Th. AL- Fok e-specific
e eas et MR RR O5p L Reieaan Dot o Rt Biphois Brt e AT e R Th o Shec 1 ¢
Fokl DNAfi¢d eAY 2GR -G the rlwﬁatﬁ&genm%nro%@ gan&I; Qvi@IRIMhXan be
engineered to bind different DNA s &uences described in Exanple 1

her®i n, PhXopNAhXedoanditalbn. SpediviXaed’t Shefsbquellmupstré?m@é toF é (GenBealel cl ass
e e T A
repeats, vaﬁﬂoﬁlihre.a@bﬁeﬁ'@@gmacﬁataﬂl(fréljuﬁﬁhlés)wsm%léhted 8 Ys extlibb e@Baingl no aci d
10% was distributed equally to frequencies of all possible associations. Alignments were
ranked using a weight matrix score (y axis), taken as a negative log of the frequency
25 score derived from the RVD-nucleotide association frequencies in FIG. 1B. Thus, the
lower the score, the better the match. For PthXo1, PthXo6, PthXo7, and Tallc, the
experimentally identified target gene was the best or nearly best match. Better matches
were not preceded by a T, were not represented on the microarray used to identify the

target, or lacked introns and EST evidence. Scanning the reverse complement promoter

30 sequences yielded no better scoring alignments than the forward sites for the known
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20sequences of the repeats are conserved except for two adjacent highly
vari abl e residues at positions 12 and 13 of the repeats. These positions

t oget her wpeeaitfoy2isndi vi dual nucl eotides in the DNA bi ndiPag/Us2410/05098E r epeat
to one nucl eotide The architecture of the TALENs is illustrated in FIG 7,
The TALE% function as diners, with each nononmer conposed of engineered TAL
DNA recognition repeats fused to a non-specific 25 cleavage donmain from

t he Fokl endonucl ease., The rec iti.on repeats can.be engineered to
bind t ar GECTDNATS QU HRSIOMTERY ] gtn Bt o Ik 18 hssROS RS TARKL lihs o

nmononer sinRidafks tit 8RS MBhctioon PMARL brigithtfsn bhatle &) @e peRATALRAIPYHE Spacer
sequence. This spacing allows the Fokl nononmers to dinerize and create a

doubl e- skrayrdtaiinobihe dicth(abisBlor, Avitdad7 sip dsatiseegesin@ochgmeea@d 71 G ct

hal f-sites. 30To,explore th tent i the TAL effector DNA recognition
dormi . SesupimeRERo@herabl fafRh SOl L S s EEHEF Sy eeoh b

ef f gct or sybCeptinkd) M6Stiadfptason. V21RO 1ddrE2A4ORETY LERPALY dg%ﬁ&&:i?gewdqiyeas es when
fused with the Fokl nucl ease domain. The yeast-based assay was carried out
by usi ngAdr R faupdteegsacespr essi on construct and a target reporter
construct. Asgl tra [ - se
expr essi on co[r%]tn%g% &]g%ﬁ alht?% ag%b%l atﬁ@@iog%g‘lgg og%t?]s\we&é@n@ﬁ%ﬁgiﬁ?er m nal
nucl ear $cagaing zaltrico pran@odiwi(NLR)dditheat Xcantdeol ADfeffebiorsSydasthinTitgthe
pronoter. Several restrictjon sites are |ocated between the Fokl nuclease
donai n abRst tlpgagns fepivhichitae dawnyticprygene Wanpetyy atd C{wgé%fgctmbaéﬂ ®ttors.

The, it i : ith 125
€ alr ?@blfe%@f&faﬁ% g?ﬂ%gﬁiﬂf‘(ﬁbﬁ?g? a@ce@élﬁ% &Uﬁ%?ﬁl‘a!bi?&ﬁ rA?sRQ{t]lréﬁ{? dﬂllﬁgﬁse‘{‘;!a a

1
bp gup ation o sequence as s FIG 6. T plication
fl anks aTRABdgpemnech singl and harayetsesegqubsitos s¢@odpatsed Toé R nhakdtidsi t es and a

spacer sequence).recogni z b L .DNA bi ndi ng 1Qd ins..Jf the TALEN
s, antrUeHOr L ECR do0n e o rhmers AT BORL TGt 6 HEh e o
such brealsikinoly M8PRLoipire repaired predom nantly by honol ogous

reconbi nati on between the duplicated | acZ sequences through single strand

anneal i ng ( Habke RVIDBa®)lcmidedregngsicp:ib08)cxpRatsdsdi afad0i okl cHeeibt s in

reconsti tuii (%.ré o@ a frﬁnCti onal .l acZ gene and.lhgss of URA3 1(ﬂl%opgerri ng

5- f Puor oB1RIIEC LPYPYER FSteahEd j0 SRSTET T U8 YU BALLt 204 ACOMPY 8Pt ALENS was
measur edsdppt dat @k eRimBythas 2.8 '@Wﬂﬁﬁ&ﬂ.&ﬂgt).YThe script cad Be dt@s@s@hudies, a
native TAL effector, AvrBs3, which had a central nucl ease repeat region as

set fort ¢plicatigEes PHANCuarsey for @atdes i patieHadT Ahtcbieetvr witlct Bsese expr essi on
vect or, Mlaéfr%ﬁxééﬁgﬁ Ei*?c?tgmﬁ @F‘]ggs;qer\iééit\%.suﬂotb\é\&vpd RYDMu AL AdRgRd ¢ an

inverted ori otn bp spacer sequence were cloned into the

t arget r®petdrend\BagidetioveZfire).yeast assay was perforned using the schene
shown in FIG 9 and descri bed above.. The results showed that the |lacZ
act?ovity front JE8&L S0 Jegengranyshdhsnhsti SHOBSEHOERBORVPBSSPHS  ease pl asnid

and the fangRinieRQnelorRhdke Bt B WRRI ﬁﬁhft&,%ﬁ{ Walg"ésg&ﬁﬁtic(négr&'idihg ld
hi gher) than the control yeast cells that contained only the targét
r epor t er mphsasnofofldxiiliy. ljerndtivehs neighbor offasts ofmydreviedolved. heuletterase f usi ons

made with only the.Sphl 25fra nt. that encodes predom pantly. the repeat
dormi n. T C kRS B e e SEieas T oA AP HE NACBITLIENG! donat n ar e
requi r edefepy RUAY-EM dRednle ioh Yhe REPOG LeRheli@SdHddomMatife 8RACRIth BRgt hs of 6 and
9 bp also failed to show activity, indicating that %he space between the

t woshi ndebsgrvsiltieequénsiasr injogher wosdsaby sevtipe it R Deiyetgotide paifings accarding
0ot e RS b B RS SO DS RIS RS
pair thus sorted with the overall frequency for that pair. The frequencies of the RVD-
nucleotide associations sorted by neighbor did not deviate significantly from the total
observed frequencies, suggesting that the associations are context independent.
30 Sequences flanking the 20 target sites revealed no conserved nucleotides except

the T at -1, but they tend to be C-rich following the site and G-poor throughout (Fig. 1D).
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Exanple 3 - Mdul ar assenbly of TAL effector repeats for custom zed TALENs
Conpl enent ary ol i gonucl eoti des corresponding to the 102 basepairs of each

of four iwoOi2oilduad46 TAL ef fector repeats, each specifyi ngCa/useéhosmnl

nucl eoti de, are synthesized, annealed and cloned into a high copy bacteri al
cloning vector, individually 5and in conbinations of 2 and 3 repeats in al

permutations to yield 4 single, 16 double, and 64 triple repeat nodul es

usi ng st d restriction digestion and |ligati.gn techniques (e.g., as
DR S A AR AR A R LS ooy R N
assembl egafYanldHohO FCIEGr IR SABP ORI tRInSlaTOLL @R (FeOenhialby Jynto a

Gat eway-ready high copy bacterial cloning vector containing a truncated

f orm of AHditipadlirules gevmning £V D/agkisotideaasi@easions ate deeqdwtl in Egiropleesteapt f or
t he chargcteristic final half repeat. For exanple, an 18 repeat TAL

ef fector codi ng sequence can be assenbled by sequentially introducing 5
tripl e modul esi@Rdhcke dauht, Srem@etigne ITAIOCFRROrIEUHS & £dedorhd anl vect or.
Exanple 4 - A system for nodul ar assenbly of TAL effector repeats

15P1 asni epsapetioneliggets e revaiag apypedsiblsr The abilisg torjedictishviAexreditect or -
encodi ng. : . i pfLcit T f i erm ned
by t he SR aphdf ot 0ghes Abr RITIAEEL nfinifBhohGRkelRa el T o
repeat s pudchiel foeddsigreng durhble riyiQime P8nartRatradd Rspiitdivienc oosetuednii al w t h
regard to functiong%ﬁspecifichty. Thus, custom TAL effector genes were

gener at eBuiPlG BAL sEregrs; faisiosyaiag TAdgithstass fos arbiirayigens otbigHor Okt f ect or

ge W t Nl ; . r : es outside
Phe  RVDs R eh e B g e L e T e R R e o ng
TAL effector repeats were sequentially assenbled into nodul es encodi ng one,
two, or three repeats, and the nodul es were cloned into a TAL effector gene
fromwhich the original repeats were renoved. Each encoded repeat, wth the
exception of the last (half) 25repeat, had the sequence

LTPDQVVAI ASXXGCGKQALETVQRLLPVLCQDHG (SEQ I D NG 18; FIG 12A). The | ast

(half) repeat had the sequence LTPDQVVAI ASXXGEKQALES (SEQ I D NG 20; FIG
12B). In both sequences, "XX" indicates the |ocation of the RVD. The RVDs
used in the nodul ar repeats were NI, HD, NN, and NG which specify binding
to A, C G and T, respectively. In the experinments 30descri bed bel ow, the
tall c gene of Xant hononas oryzae pv. oryzicola strain BL5256, wth its
repeats renoved, was used as the "backbone" for building custom TAL

ef fect or genes. The net hod descri bed herein included five conponents:
(1) generation of single repeat starter plasmds; (2) generation of single
repeat nodule plasmds; (3) generation of 5multiple repeat nodul es; (4)
generation of a conplete set of one-, two-, and three-repeat nodul e

pl asm ds; and (5) assenbly of custom TAL effector codi ng sequences.

To generate single repeat starter plasmds, the tall ¢ gene was digested
with Mscl and religated to renove the entire repeat region except for the
first part of the first repeat and the last part of the |ast, truncated
repeat, resulting in the plasm d designated pCS487
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10(FIG 13). The resulting gene encoded the RVD NI and, |ike nost TAL

ef fector genes, contained two Sphl sites that flanked the repeat region.
The gene wonvavaierdéno Xhol site. Next, a transl at iPcmaiskg10s599ent

mut ation was introduced into pCS487 to create a unique PspXl site, which
enconpasses a unique Xhol site centered on codons 19 and 20. The nutation
is depicted in FIG 14, which shows the original and altered nucleotide 15
sequences for codons 18-21 (SEQ ID %LO 1.and SEQ I D NO 23, respectively),
bot h of which encode the am no_ acid §'@g"1ﬁnqe ALES (S% | D NG 22). The

resul t i ng_Predéaiediayged sdekrtreat/en cpregamglalsydeniyied AL ele s HESHPU hy e

addi ti on cts enerated with RUERIZeD, NN, d TN At
create tﬁiéA%I%gl?HOgs de\gﬁgﬁ%e?ed pCS490, pC&.Q s egedepCS492,T§S(;reslmct |0\1;le y.

The Sphl fr nt encompagsinvgat bezaoph.fi ed repeat, region s transferred
from pCSA%‘g%% 90, pPGHAALPXW PCS492 to VLe E%r%g@ Dn redistant pl &4nid
desi gnat ed pCs488 (Fl GX%S’)" S\%]Sl c\p encoded onl yéS?e N- and C-term nal
portions AfrBsad | c, wi t RoGf" PR r%p‘eat regiorg i he .Gat ewa9 entrly vetld3or
PENTR-D (I nvitrogen, CAFPSHSHE ca). This transfdPPS8ulted in the single
repeat st 3 pl asmi dsX 28udpssitignpt.ed pCS493, ( FI GPAB), p 4, pGS495,.and
pCS496, r%%%ggti vel y. Teac®RepXl 1X7i ol si te31|8§1 t Kpertpevincat e %r epegtSer elr%(?ned
uni que in, the sm ds. .Lhe TAL effector gene Bs3-HCS488 d each of jts
deri vativ%‘érg\ﬁg&egﬁ@cedﬁo 5:‘56‘% 'VﬁgsﬁDal gar no g“nd @g@ér)sequeﬁges fgr 136
efficient translation in prokaryotes and eukar yoj es, respectively. Single
repeat noAluiBe3plcasdd’ds Mediicd AerBwSonst r uct eh Orlglﬁl a)sm d was 30dener Ht3ed
for each of the four chosen RVDs (NI, HD, NN, anB°Wi&/. Each plasnid had a
5' conpatjble cohesive end that reconstituted apshol but naot a PspXl site
when Iiga‘f\é@lahfnto a PSpXidetle, and a 3 cld‘hpat(bgﬂp@r)cohesﬁ?e end that?!
reconstituted both a Xhol and a Ps%l site. Therﬁfl ﬁém ds were generated by
cl oni ng amhral’ed synth "O(SyZ%Bﬁp‘?r% ntary a4 gof(ieeoti des i t h eyer hzsigs
(FIG 17A) into the Ps ol site of pBluescriPBES)SK-, resulting in
pl asmi ds ggghgnat ed pCSSOPZUFPE OTYZAS) | pCS503, PE3584, and 3pCS50%0 136
Srespectively. Each pl 880% al |l owed for introdudtifdn of additional repeats
at the 3 of the sidgheae ppeayzatodul e t heOsdhillblyé regonsti jut ed, RspX1
site, or I?‘t@g exci si on @fX®9E repeat nodul e Usi ndritde recongﬁt utlggl Xh‘(‘)ﬁij9S
sites. Addi ti onalx singt evrepgaslanodul es, angimach for N, , . and
NG were jgwj’é]ncer ated. Eag@ydmdd a 5 conpati bI]e6$cot'(ﬁ§¢')ve end tifat dﬂg ng\h
reconsti e a PSpXl. qr 1O0Xhol sSife en. ligated into a.PspXl site, a 3
conpat i bf{gbfo?ﬁB%ﬁ%'\Yém R RIS Ee, ?Wﬁf%ga St ST a Pspxt site,
and a tr SHSTleRYEAT SHcsiliosafions 3EY BwRtVaLe heps£hd of e fAreH st dest r oyed t he
i nt ernal ' Gset alsistgra( FI G. 18A). These nodul es were generated by annealing
synt heti%:;(ay_aetrml @oentaiyncoBigoaicl eotides with overhangs. Ligating any of
t_hese adtRbmenélal 00U Sclenpeats:qazdul es into the unique PspXl|Xhol site of a
singl e repgakrs ct al. (1992) Nature 356:172

> Rémer et al. (2009) Plant Physiol.

10 % Schornack et al. (2008) New Phytologist 179:546
7 Yang et al. (2006) Proc. Natl. Acad. Sci. USA 103:10503
® Sugio et al. (2007) Proc. Natl. Acad. Sci. USA
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15nodul e plasm d (pCS502, pCS503, pCS504, or pCS505) resulted in no new
Xhol site at the 5 junction, but restoration of the unique 3" PspXll Xhol
site, so wheorlggedssi ng pl asm ds coul d be |inearized for PCmtuso@nos999n of
nore additional repeats by cutting with PspXl. Reiteration of this process
resulted in nodul es containing nultiple repeats (FIG 18B). Further, each
entire multiple repeat nodul e could be excised using Xhol. Because the 20
Msci site was destroyed in the addi tﬂ&ﬁﬁl si ngl e repeat nodul es, the Mscl
Ar

site in the initial repeat remined and was useful to check
ori ent at i Saniigmanas Myeta bt cager emdKigtcdpractidn mgr petiated disiaginfeslion. o

Addi ti on I eat u e clpn {BARA| y into t h&ol ngl e
r epeat miédff(l%lt&g ?stfrzlﬁgs t%{}ﬁgnie{?gtlaé@lrsal onp eﬂ% thoa s:/ﬂbl e ré eatch | e
pl asm ds, Ta1compImtss85setes of oghénipossi bl e qpe- -24swo-317andobir ee-3 gpeat
nodul es, T01c a t atid250f 847 pl asmgdsordesignated pBE502 45hr opgh pCSHB5 (FI G
19). Modutgss cont@igyspg npg e bh@yadiysee pepeats g. g.102f oydbE-ofi vey 7si X,
seven, e'ﬁahﬁb n| @Lsztsén % ”@E@Sg@?@i‘) tep raepeats) argqgepgraged ¢5 the

Same menngj Waszé SOy SR 19 apsenbly anyssequenge ol qrepeats
into the " bone4 t B gf(ﬁt)te B cuyston JTAL fe§ fzge The
nmet hod | ded t IIo ngo§ S0 ]_%h ? cfiqu ci glbn Eﬁ%\

(D) Choosle SI n r 7 Oasr‘rlld V\fSth %bre repeat
(pCs493, 2{ enco? . fl

respect i nerixe the pfa d i (3)

i sol ate tiH ﬂ%duIPQ(CP%Qr th%3 ne®p e eat (s fr36m tF&P a Pop% ?%‘toé m)%j@n e
pl asmi d SHpES502 BHYBgh prssO8TFlRTIng Xhol 333 44 (49| haE®S 45 (5)
check orikaitaat i orPXYPUi gedt i oRskenlh Mscl land4confd rm 8dquefdd frohthe 3'
end usi ngla7afect AX@Sed P8 i nOROIgaRTHO0 2  (38) rePeatl0dt ep8E@M5 uhfil al |
repeats ar£7mH&semied? 102(Exa®p(b1%46290 Liggr ar-y of-27d asaowdsi.ge01nodut ar
assenbly of TALENs nbl'y of TALEN repeats_ as described herein

. Pq{feﬁeats‘taeﬁeleéeﬁwéwdn IrHkrUE056%.9 | 2 gener8odshs yapsdobeser Rier nedi at e
pI asm dsthe S IAivveighy mabdx eeese: gSninneated Benseapepakstantaiéh ngt., RHSEBSCHI asni ds
i's $toredlSstrenslativaral giart pibe. drgcatdnyArasatatts t6 the Srwd o thetBrgstswitehy yalugs TALENs
(pMATs) ars fgenemaaedon feomoekxampisdveFinESpoits Apan 86 BoBscdépi mbculim@nassenbl y of
repeat nglitesd foar dorstiblicihiange gifenlAlat @6 Hony (PERXES, dcbatiom0d3)t ar get t he
nucl eoti de sequences shown. In FIG 21A repeat nodul es from plasm ds
desi gnat ed pCS519, pCS524, pC8537 pC8551 pC8583 and pCS529 are
sequentially added to tpE&agg 2 d ait YeIShsm d desi gnat ed

PCSA93. res ul Hagrg d cg"on@zlrﬁ‘mnd Sl"hg%%tgﬂae[oﬂgl sequenc of the TAL effector, AvrBs3,

was obtained by digestion from a plasmid with BamHI. A DNA fragment encoding

principally the repeat domain was excised with Spil. The amino acid sequence of
AvrBs3 can be found under GENBANK Accession No. P14727 and SEQ ID NO:12
(FIG. 3), and the nucleic acid sequence under Accession No. X16130 and SEQ ID NO:13
15 (FIG. 4). In FIG. 4, the BamHI and Sphl sites are in bold and underlined. The AvrBs3
BamHI and Sphl fragments were cloned into the nuclease expression vector
pDW1789 TAL (FIG. 5) adjacent to sequences encoding the Fokl nuclease domain. To
clone the AvrBs3 target site into the target reporter plasmid, two complementary DNA
oligos, containing two AvrBs3 recognition sites arranged in an inverted orientation with
20 an 18 bp spacer sequence in between, were synthesized with Bg//1 and Spel overhangs at
the 5" and 3’ ends, respectively. Other reporter plasmids were made that had recognition
sites with spacer lengths of 6, 9, 12 and 15 bp. The annealed DNA oligos were cloned

into the reporter plasmid, pCP5 (FIG. 6), which was digested with Bg/Il and Spel.
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20pMATSS5, pMATS6, pMATS57, pMATS58, pMAT59, and pMAT60. In FIG 21B, repeat
nodul es from pl asm ds desi gnated pCS530, pCS533, pCS522, and pCS541 are
sequent i awbyoadderét o t he sequence in the plasm d desi graras2@veI®32
resulting in plasm ds designated pMAT61, pMAT62, pMAT63, and pMAT64.
25Exanple 6 - Generation and testing of custom zed TALENs The TAL
DNA recognition donain was used to create TALENs that recogni ze and cl eave

parti cul ar targets (FI G 22A), using the system described in Exanples 4
PR 5. T assbiekT HATENT IS Birortr PENERS H6Ee R Rae A A0 Gt TH N L ac
actiVvityypauyes Ba raluh ] saliRhsRtmMOwWelERYRER QW RpIcRl - . supra).
In this assay, a target 30plasm d and a TALEN expréssion plasmd are

br ought mediathleeking trypiepbamiSCe®)l Ty TrdtEM gxprIyseont plasyaitls plerstrandfammsda | acz

upt i cat 10 PG T2 LRl S O B g RN R

doulyl e- shik@dife BNAH)T aalstRefaies c@ﬁr%fanQhé @f@etepditbiepladrhidiad cepaick ed through

si ngl e-strand anneal i ng between the duplicated sequences, which creates a
funct i ongdrmingthe JedENRuessiatpplagsidorere swtused erecirighieat 303 iryliguid SGaMd

13- gal ac A SS - ' | Ei e ut 2A) .

Thi s ass%@g%g?%g@ﬁ’ %xeﬁreghgé&a? ég%{;@%@gﬁ;&g@fé{e&t@ |ecsta{oﬁr:é 0 60?’ﬁ1(é&;g§? f }Zty of a
ZFN t o cofack wehy mined el 200yl FPDmsdiayn. NFsImturt evas indibhtad et 3aobogous
reconbi nati on for tgene editing in higher eukgryot es uQTownsend et al.,

supra; anrEifaigveticaro tyrsp ebycast %@.119 Rahite ad Bg Mixgq cultyesavaspun slgvg- 12033) .
Two,wel | axﬁﬂ%ﬁ&?%&feﬂ%ﬁ@ lAC ST ERLGE St Y& BvUARS: or A @%;Eggg Faaw@s pepper

10pat hogen Xant hononas canpestris pv. vesicatoria an fromthe rice
pat hogenraXgoof/@.ad. phhe wmlly vae {aBorstd aatl qahntit{th@gByalMibsid4Se nssagBewete.

218:127-136; d . (2006 ... Natl . ..Sci . USA
103: 1050%61%5@%@?? %rn}gtbgc{ﬁﬁgvnééngetg}gég@(%ya reﬁé?éggﬂé%ct)e f ound under
GENBANK' Acces i@y Nohe PA4 L2 30domEQ s'it?—sh'&iﬁéguélga{s@co@istin%fwtﬁehﬁADUC| ei c

aci d sequence under Accession No. X16130 and SEQ ID NO 13 '15(FI G 4). The
am no acPiAsegogmien ¢dmn e thecmm-specifio diodl DideslcorrBANKaine ddsdiAdn No.

ACD58243 d SEQ...D NO 31 (FLG 23 nd..t he .nucl el c, aci d seqyence under
AccBas R Rbre e TR s b by ditsec B bl e A RS GEIRS 52 " The
am no acidcspguarExandic Ph&r&al themsien (ENBANK speaasisi &R TG, «iAGE8243 is
truncated at the N-term nus due to a msannotation of the start codon. The

conpl et en&Egtlericd PNATOpHES epinad. hay epodegphiered. In partisslay dheBNAYomai ns of
both Avr ggg 4 ALE:. BNCO %Oeg{ pthin, a; eryved . Sphl
fr agn‘ent§?§]|n . n%rg%?g*éﬁ)\.ﬁeg(@){shﬂﬁ Il_rggﬁ #Igec’b)él}l m@%%% |iﬁ%@?r§§%e‘{sr%§ géahave a
BanHl r esfritetwioch famagomnizctandtbiehocppats 83 A hepeadisngnseguadce for the
repeat domai n ang 287 ami no acids prior and 2%1‘ amno acids after (FIGS. 4
and24; KBRS} Soihe SSIPE TOIRICTVABERHD! RF 1P EHECBARHRLY FAGNSTEN IS the TAL
ef f ect Orp&s‘i@cﬂé%'aﬂ&'19%?"the%ﬁéa‘(@,@t’ﬂ%§‘e ?(%%1@'&}&%(6@ shdrer, SRl id.ragnents and the
BanHl fragnents were fused to a DNA fragnent™ encodi ng Fokl that is present
in the nusledades expr 8361 bmdingctior ipRZ85it to one nucleotide. The architecture of
the TALENGg 8 tllustrated in FIG. 7. The TALENs function as dimers, with each
monomer composed of engineered TAL DNA recognition repeats fused to a non-specific
25 cleavage domain from the Fokl endonuclease. The DNA recognition repeats can be
engineered to bind target DNA sequences within a genome of interest. TAL nuclease
monomers bind to one of two DNA half-sites that are separated by a spacer sequence.
This spacing allows the Fokl monomers to dimerize and create a double-strand DNA
break (DSB) in the spacer sequence between the half-sites.
30 To explore the potential of the TAL effector DNA recognition domain,

experiments were conducted to determine whether native TAL effectors can function as
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(FIG 25). The fusion proteins between Fokl nucl ease and the BanHi
fragnments encoded by AvrBs3 and PthXol are given in FIGS. 26 and 27; SEQ ID
NCS: 33 armlo2411/B%Hke Fokl nononers nust dinerize in ordecTius2elbomsnss? but

t he appropriate spacer |length between the two DNA recognition sites was
uncl ear. For ZFNs, in which the zinc finger array is separated from Fokl by
a 4-7 amno acid |linker, the typical spacer between the two recognition
sites is 5-7 bp (Handel et al. (2009) Mol. Ther. 17:104-111). Since, for
exanpl e, 235 r r t 0 Lh.the BanH
TALEN condpisis WAeRfb et I ARk e d SRGRE TARTRARLACR ISP bos plGTE
BanHl and oﬁphy uﬁngm'sEALumtlsas(sprres,sthpnstﬁlpt add targetiypporisecansmetdAs As a

t L, l]-¢h t
b nai ng ddniaeg Pt v BRACRE FabEehid plharbon it Bt B 07 o1
and Bal ti mihE:Eas(eZBGﬁ)n and iag DsermBiaal: nac8)r lmzmmdlgnﬂls(Nmégamdeveomwhoﬁbes t he

TAL effector ins were fused.to. a catal | c vari ant or
tested agdiAtt ﬁﬁr%‘ﬁ?{asg eyt ‘i%ﬁgts s ?)léﬁap? 0|e(§‘¥%eéllqﬁ %‘ifk\fglslfg%%t ai ni ng
ei ther TALdohhaixnd@BSNDS nidtif toathgﬁtatemkaﬁﬁg af vaﬁo@(l)\luéffaiomvﬂlmtght culture

were mated in YPD nedium 30 fter 4 hour s repl aced
Wt 5 TEROTEB RS B ARG A A RaTIs o000 & 4 SRAvRic e o SollPR
cul tures V@ﬁ&n&é’&%ﬁowm 8o Fh¢ aipticaibddinksanURAD gachad a earperaetuatice4 15 nm

using a 96-wel | te reader (Townsend et .a ct osi dase

| evel s wer(€oRRAsE ‘P Q@aﬁé't"fﬁ‘& £ SPRCES %ﬂ“%‘ﬁe)§EFS§P‘Fa‘F‘éYat%ﬁ‘é‘8§ '@gﬁ Bocity. The

resul fos obfomiaiiRd 1fthé MALBNGSds 2R BéretitesTNIA dbublé-Strand dieake(DSBs) at thp spacer

separating the two recognition sites g hown ipr%ﬁl G, 22B. Al nucl ease
Fd P

expr essi orf@e e el E’eﬂ‘ér IYERFLAFOIFPA fninap PMOIQBYEh encoded

princi pal |pcdmbingiien Bativead t'halduplfca!eh %Z&&]l&h&%\hlﬁﬁigh\&idg}e stiandlarehlingg t hat
am no acid Sequences in addition to those in the re eaf. #'Eg%Pare reCIL“red

for functi®aberElBs) Qwsﬁsay%m@t %%?‘F’\‘}f"l")fesuﬁf)iﬁé'\‘?‘éﬂ“ ttghen Bl or bot h

t he Avr Bs3,@ngknk hfd 1B P&WRA%&P@&QSL%&&J@%M%IM Relapeent (FI G
22B). The actlivi t%/vaf t he Pt

Xol TALEN Eorom ma{afg t of the ZFN
posi t®ve cnavagsiactivieofJALENs Waseeasuredby delerminipg {264 fEAYMEMNVilormi n and was
specific for the, HNA shidSf ndtif€ TAN FREtoD A VEBD] wai&hﬁ&d_ﬂénn&xmrdaﬁmnts al so
were conducted to test varioqus distances get ween the TAL 25effector binding

sites (11 TReAbTeRion aF peh farth ip SEQIDINQI 64RIE- Shwasglongdnigthepuctegss qent i fy

spacer |erkgbxté§su§rh@%to$rbﬂ@|ﬂ% ARBL3 tafsefldit® (twd Bintiptsites drran@inlay ifveltéd 28A) .
Bot h enzynmes showed two spacer |ength optinma o&eﬁ at 15 bp and the other

at eit her orignghion) Xjtheadf b(BrSP%&’ Wﬂ“‘(‘PF H’XE?I §°“e¢5‘r‘° BEBFL ROCET YACLY: was

obserxyed ffye K@Ht ads8y Wep e RARET usitlé Seherhd stvndn #1605 GRdeschbeE alsdvacer
| engths for AvrBs3 showed no acti vg\é, however, sugge t| nﬂ?g’o‘i‘hat spacer

| engt h i s Theiresultashomsd thag the dacd. apfiyingom yeast cells transiorpe Bst ed
activity OAvrBQﬁP&!éIEé 16si@afd\he té&\@ét@éboherrpiasmwwﬁ .ﬁ@@hym&agmstst on

sequences placed in OE position on either side of t ‘g'pacer Si nce such
@

pal i ndr orifelddiighes) thancthe panitnebyspsticslisibat sontgined, paly the targetfepRIIFT Plagmidget s,

exper i Ment@yaoe n&a&m&%s B&elév%afwnm\%&lb&e ﬁEA’dﬂEHﬁdswh@nfyun@s Wn as
het er odi mers. AvrBs3 and PthXol recognition sites I ace in head to

tai | ri erfragmenthefienegdenpiedamigantlyftherepent SB‘“S@ng@ﬂ“d' HRtsEaUsRCERy r Bs3 and
Pt hXxol TA%tHaHQﬁeVDﬂﬂadlﬁdfnﬂmnaZﬁ iré 8&uitEd foh TALENSRBCRY.| Répokter ginfiddNas

measured as control s. a negative control, a &gast culture with only the
target si t\eltlpﬁpagqml@gfb@pf 6 red 9 Bp also filpd fo show ety itygiadisating thef thesspage,c 7

act Vi ty. oHifeeh GRS IsHGH 1o dIBVIRKP IRz, TEMLSEN AlieRox] mat ed an

average of the activities observed wth the two honodi neric enzynmes (FI G
28B). 10Tchatdks Avided FAL nruelpwtcamjémaﬁlqssaS@éﬁe-mecef@g@ﬁlsﬁédhaﬁaleﬁ‘éﬁsg'ét TALENs to
ar bi tg,

ary cognate target sequence in yeast.
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chronmosomal sequences, two genes were chosen that were previously targeted
for nmutagenesis with ZFNs - ADHL from Arabi dopsis and gridlock from

zebr af i stwQRol1ey2m6 al . (2009) PLoS One 4:e4348; and Zhaog/ustoialos993supra) .
A search was conducted for 12- 13 bp sequences in the coding regions that
were preceded by a 5 T and with a nucl eotide 15conposition simlar to that
of TAL effector b| nd| ng sites identified by Mdscou and Bogdanove (supra).

In ADH1 and ri ch Sit Four 12
bp sites we d bigat 1Al

: 575 of the
chronpsonmal  gepgpRARUERE Blig &ﬂ@le@ﬂ@es%n@%o%ﬁﬁl% tb ﬂleﬂlrdzcﬂaﬁ’éi}ﬁlrﬁ @F cRQPrLion 2356
of the chrom)somal gene sequence; TAL effector repeat domains

wer e confur usligdug Gid. erf&@tmgmpzaetSt mb@pwaﬁyg@%dlffa@lnhguqldrmdme abundant RVDs

f TAL , ef f NI f. . HD f } for N T T
L onot 1 act s Pt rAririt diledtiBlo fhigh bRyl Nopl Eymf REUTTR” V- O

i ndisvi dugld i canbhiRESAIHE 2shd NiPcatd diidiBperutAid8s td yiBld 4indlbr i@edouBReat s as
described in Exanples 4 and 5. These nodul es were ligated sequentially into

a deri vatnd/gd félmlqmeattquu&éﬂéme Mesesd f@%@“%gb%ﬁﬁ@\?@an%%ﬁt@)l teqhaidu@hi ch t he
25 f
engt noer ek TRITEK PR PR CARRKE S BRE oHRTH colh BATERN R I AT AEREBy

domai n ofntrlb@kding ﬂlemﬁﬂl&@rléﬁlrﬂbd@éﬁ)mqﬁnﬁeﬂﬁm @Gaﬂé‘é&la&bﬂﬁad}alﬁlghzb@;@ to ADHL from
Ar abi dopsi s and the zebrafish gridlock gene vgre created. The resulting
cust om TRk ﬁl@fl@gwég%aor}tﬁntnrgé tnsaied daangt the tal ingraie ARatilacks BALENS ( t hat

i's,ethe i %}@h 0 tation on
ei twer m%ﬁm feﬁg?hr 8%%gg%gé%r‘§h§ra\e%ﬁﬁougﬁél%%ff?%éﬁgtFd;\égélﬁﬁleh{g% ggpom nmeric
TALENs wepbad Tﬁdedfetcmrlaedmgrssqlreucetmttemsshm‘tﬁled by begavagdlyantrohtcinged | y
occurring. r get S acer .| en s were ¢h ased on the distance

cl osest *?6’%(’@‘36??@9 mOéW& I%Phlﬂ%téu%@?ﬁtﬁi ?Fg%rrl ng (and opposi ng)
candi date site. Sixteen bp spacers were used for ADH1-360- 12,

ADH1- 408-12r, and 18 bp spacers for ADH1-928-12, ADH1-975-12r, and
gridl ock- 52356Es@npleheA yesiem fmagmassemhlt'of RAH effectonmapeitbed above.

oo o SoeeP R S RSB e B3 O e

activit yeiddoaingWesesd anetthedtdnsl speefitity 68MAL ¥ffakionas dderntiegbby e Roang r ol s.
For each TALEN that gave positive results, nuclease activity was specific

to the c@gh%ff‘é’e@téar?’ééi@“ffbﬁééléfeﬂ‘e@mef golyperiiusres mohaepessved clsewhte ional
TALENs c t Exanmple 7 -
Nat ur al | @1@ g@ﬁ@% ?Iﬁegr %ar ge aneériEF'ﬁ%ll_68 %ﬁﬁlt%gllglrc {slgs %\?C%) alplﬁm%nd

posi t i onalstdm a4 Lidffedtoc pexads incbee Mrmﬁmmg&hempeaﬁ&'@en B0ampaibitedy t ar get s

and TAL effegfteors anal zed by Moscou ng Bogdanove (supra) were eval uated
f or2over ¥hk¢ %b%?nlelvbl lt?p%@és soRInEE thodsstied RYIDset hs deReabIIHERCR 0t | de or

RVD frequanal &R R\blbs Hﬁ&h@@%ﬁ&l’ﬁ%ﬂs&s@@&ueﬁbé §~§ e 6ABwY NONRORLIh MRS Sidodifhg) were
generally A- and CGrich G poor verage percent- A was 31 "16% (1
st andar dTAkifattoorepeatT vercasegnagellpessembtedinteasodBifes ¢b88ding hee,dwer@ge per cent

G was 9

th?eé repeats, and the modules were cloned into a TAL effector gene from which the
original repeats were removed. Each encoded repeat, with the exception of the last (half)
25 repeat, had the sequence LTPDQVVAIASXXGGKQALETVQRLLPVLCQDHG (SEQ
ID NO:18; FIG. 12A). The last (half) repeat had the sequence

LTPDQV VAIASXXGGKQALES (SEQ ID NO:20; FIG. 12B). In both sequences, “XX”
indicates the location of the RVD. The RVDs used in the modular repeats were NI, HD,
NN, and NG, which specify binding to A, C, G, and T, respectively. In the experiments

30 described below, the tallc gene of Xanthomonas oryzae pv. oryzicola strain BLS256,
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20and the average percent T was 22 10% Since the alignments vary in

| ength, the analysis of positional effects was restricted to the five

posi ti onswonosack4end. Stri kingly, bias in the target sequarscEs/ 0332
apparent for A and against T at positions 1 and 3, and for T at position N
and possibly 2. Gwas particularly rare at position N-1. This bias was
reflected by matching RVDs in the effectors, with NI being nost conmon at
positions.1.25and 3, no NG at SitiQ nearl y .al.ways NG sition N,
Poa r ar on i gunresh e wb 1 e “Bisfoors dip iR YR a L M S Pk agont 5
for rapighassenbly and cloning of custom TAL effector repeat arrays 30The
ol den te cloning nethod [Engler et al. (2008), supra; and Engler et al.
(2009), supr aThempthogslesdnibed beteint ipclofledfipecdn®nentst (1) genasaticardfomgld eases
(e.g. Bsal) .to cut, outsi their recognition sites to .create custom

ver hangePhs Rt GTarbih i PR bR ERhaneS T3 frretiERhsl y.
Usi g thin@ltgsqaé RPeht nsRNESsad4) DiiferhtiROITRNdoIED s@@dfbHsCHyvd-NAf @fccakp@y I N a
specific order and cloned into a desired destination vector in a single

react i onmefylgplaymyds; and (Ppppwmbinell qustoge ik offsptoneedinghiadnenceist om TAL
ffect i | b : Gat
oy vnen B AR A JRYEAPEA TR B R

syst em Wen es—ar oSl er- sl de ector
repeat cad egsedivant@ye deantisgepeergasesxdapt fopdatfirbt@gnadnhe filsardpest by 4- bp

over hangs. K Because th | eavage site is not sequence-specific, b

st agger i #y the @a&%&ﬂ e ‘gﬁ E@ét, é%}ﬁcqs@f Fertasayting it pk?é%ﬁge%ﬁﬂda%%&r y
ovef,hang O(st i ) I ?@ﬂD I i- I epeat

ar r{'gys. 1é iﬁAﬁﬁg%ersglr%g%o%e nggﬁg:dgg%e S (gléga’qg(f%\ﬁ gﬁgﬁ %el?f,%k%%éesherat ed to
al | ow t heogained twangdl sit@éssbafhinkedthe ugpehtregdnr Epegdncwontamed mboZos silpar r ays, "
foll owed by sj.nultanequs sembl f.one, .two, or.thr t hese subarrays
together v ¢ NN AR FURERo b Fepiian vt S ghrerCS e et ray . Ton
st agger eghiggd Bs 241 @ Urhitbh @8EFRaSses 1151%&?1'8 XroReEsintdréd éh Sfon§ Mok NG a

repeat nodule with a different one of the four nost common RVDs, HD, NG

NI, and Rhe mugatien sydepiased inddGatl vdligngwwisrhoomgivdand altermd my¢lagfidche
tetracycline resistanc n tota l-asm ds.. Four r

tr oot wanrneS BrSoBEn L RE Bed e P bRt sRodBHG 2F Rubf EERalo G 20

am no acwiih caasde the agmNicideRgeEcd ATESASHEITRNO: 21 Tok rédudtidgqilisnitast conmon
RVDs, were synthesized and cloned 20into a different vector carrying the

spect i noWpediignesdn(@i€8 gene to yield four more plasnids, designated as

"l ast repeat i y . . i ts are
fl anked by Bs%’ @ﬂeggmlt?‘ééb %és’\%iléjg% %(}dol‘lslé)nail E%\?sﬁ@ eibegég]%&vlﬁ%& %gg;a{er e %gs es the
f r agment HDWNN) adil NG teatcats thecdysmeids dedifratedap CSH0f pCS48S endbp§S492, t he

appropriate order; that is, i.e. the gverhang. at the 3" end of a fragnent
f or2% epeePSrbielye The Icfrﬂ%me@ﬁ@%fpmwssz%ﬁhpwqdﬁq%@p%&%%\y%t the 5 end

of the f{aaeRl flﬁ&ﬁ ngb@@%tpdﬁﬁ%','&s%@ﬂé}ﬁi éﬁ%rﬁ%‘ﬂlea}%n&g?cigre ghiof repeat

nodule 2 1's conplenentary only to the ov ng at the nd of repeat

nmodul e 3plasmid desigoated PO848§ dfGeht)swhichtcheoded onlyrtbpdatang Casmaisgl are fl anked
D e Ol 2 L S BRS, R STHE LTGRO SPGB Rep®! - Fourteen
(Invitrogen, Carlsbad, CA). This transfer resulted in the single repeat starter plasmids
25 designated pCS493 (FIG. 16), pCS494, pCS495, and pCS496, respectively. The
PspX1/Xhol site in the truncated repeat remained unique in these plasmids. The TAL
effector gene in pCS488 and each of its derivatives was preceded by Shine-Dalgarno and
Kozak sequences for efficient translation in prokaryotes and eukaryotes, respectively.
Single repeat module plasmids were then constructed. One plasmid was
30 generated for each of the four chosen RVDs (NI, HD, NN, and NG). Each plasmid had a
5" compatible cohesive end that reconstituted a X%ol but not a PspXI site when ligated
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described foll owi ng, were constructed as destination vectors to receive
assenbl ed 30subarrays. The first destination vector, plasmd pFUS A
was constwocbad7emer ecei ve the first subarray of 10 repearastaohsdassenbl ed
into a final array of 21 or fewer repeats (counting the final, truncated
repeat). pFUS A was constructed such that cleavage by B sal creates an

over hang on one side conplenentary to the overhang at the 5 end of the

first repeat ule and _an overhang at the other side conpl ntary to the
over hang it SUREESGAN 87 FHRPLBIEREPuaE AP Eon BB EHEER b 7d Siiond
SUbaFraYPQBH%QeQThéEﬂ%ﬁkﬁ%ﬁﬁ@%&x&@e@@y@@ﬁﬁ%%hﬁ&ﬂ&ﬁ&ﬁmﬁﬂﬁﬂxﬁmﬂ&ﬁ&ha rray,
destination vector plasmds pFUS Bl, pFUS B2, pFUS'B3, pFUS B4, pFUS B5,
pFUS B6, olpgawsclBatides Rk ®8rhapE S 1689] 7 AndtophuBsB{BXdrsitc o6 pBlucsript Krhat when
cl eaved

over hang St BTG R ORI R FIRTPLG dTbY el R TRE P of 1 ne

repegat meRgpdcavEIQr Ehdeplaghidesioard fainodReEbR df RRBiidaepts 8t the BhénhddfUS B6
overhang for the 3' end of the subarray matches the overhang of the four

repeat ndyingld ieaeptamdylera thepesqud repersiitutosy Papd seie.ovider ¢xqisgmug the and t he
pFUS B seri 0 ] - - Esp3l sites in the vector and when
rel easedree%%/a%gll]og({élg{)\h%%wvl\ﬁg?%C%Egtbtgtllea gp%l?e\réays have 15uni que conpl enent ary
over hangs t hatdditiboal sirple tehednnicalubs, dricgatie toriNI, BID] &N, alnd NG, widrdl a fi nal
truncated repeat _fragnen{ into_destination vector pTAL, which encodes a
TALEN ni 8&teHded eachdpdar sappaible onativaerd hahdid ngtreeenssigite p4vr¥l @avage with
Esp3l al | i 2 : ! and in

the cor roat arT et A he e P KRGy SES Byt RO EhE R SO RIRY

conpl enebdthithe Xiowltahe adspKhsing aed a trassl&ionelyl sibkdnt hhdedtidesub2Botem thepeat

subarray and ap. overh t.t nd co enmentary to the overhang at
the 3' effdBY°4Hhe I&tﬁwgfﬁlﬁ &Hegfléﬁﬁ%]&e SS¢ PIOGHIEH ¥ [ acTaseg) by anncalingryy g
final twgn@Rst] é@ﬁﬁl&ﬁeﬁ&%@g@o%&eﬁﬂd@witﬁ%@th&%& 13p4inRRHY oA AR ver e

construct'ed to receive the first and second ten repeat subarrays to be

assenbl ealditmnal singlicmepcatmpdylepint@the 3mique gopX¥ XrplFUs oA3BmetmepeRUS A30B wer e

constructed ,such that i ion-mith ES el eases the a s, wwth the
onBopr 1R B o0 oA oIS Fr T e S e M L
order al MG’ jiinttord blrhickdration aY tHe @iq P BPYKBYNAGEe! soahé radultindplashiigincat ed

repeat fragnment froma |l ast repeat plasmd, released siml arly bi/ di gestion
wi t h Esp@tuld betineaprad fqrmptdugzqn of more additional rapeatylesseytiag woh Riedt or s have

t he LacZ . | ' - - 30restricli mjclease
sites, aﬁglgév}\ngt}logl &gfﬁglg:rét}eep %W%%% ?@é@éﬁgo t(%lrﬁ n%eﬂ}clgﬁ !enrgﬁ%ag&@gcep “for pTAL,
whi ch caFiitles, cclyemée haitiglepdpehd mbdule esild bavedsedalsingt W ldBstdusaticon vectors
carry ae%ne-for spectinonmycin resistance. To r%fi dly construct a.custom

TALef f edbelsiteaynsdestegyiedyn thsiaqgitioRalsingl eregesftaodugsethe Juch ity thetmad was
o ' ! ! tte T |
establ | Slllt?gat rérﬂaﬁlgc?uﬁlgﬁétané W%E g?%fglitg%ggém{én%ﬁ%lgagﬁ gﬁﬂé%@len&@cm e

pl asm ds for the necessary su ten or r repeats are mxed
t oget her ofsht multiyde aqpeatopedud¢.e desti nati on vector in one tube. T4 DNA |igase

and Bsal endonycl ease.are added and the reaction is.ingubated in a PCR
machi ne for 100GYEMASTEAC BPH ARGLES rerSolenah teraeyoly iie B Sela ecaic ne
respecti Hl%dﬁl@tp'ldiﬁﬂidstt@r%ﬁér@ﬁe%l@{% vth th\End MR RAZHEBR e plhRidsEREShPBteM Xt ur e
is then treated with the PLASM%}SAFETm nucl ease to ROhydroI yze all linear

dsDI9A f rsegoeal podsibloerter twoe, gaddhisatrcnshompdgcs florshiotal ef 84 plasords! et e
designated pCS502 through pCS585 (FIG. 19). Modules containing more than three
repeats (e.g., four, five, six, seven, eight, nine, ten, or more than ten repeats) are
generated in the same manner.

A method was then devised to assemble any sequence of repeats into the tallc
30 “backbone” to generate a custom TAL effector gene. The method included the following

steps, which also are depicted in FIG. 20:
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arrays by in vivo reconbination, and then the mxture is used to transform
chem cally conpetent E. coli cells. The resulting reconbinant plasmds are
i sol at ed woaotimg2mer r ect constructs confirned. Then, inPChaSs@onsmd3st ep,
the confirnmed plasmds fromthe first step are m xed together with the
appropriate |ast repeat plasm d and pTAL, and the digestion 15and |igation
reaction cycle carried out as in the first step. Fi nally, the reaction
products are oduced into E. coli, an Ien rray
st ruct 1o VSGIHSPEcr aneC e it bR BiBTbLBI LB TEerored by one
person whtsdgy, ?Cw o§pCSﬂ@5 encodin @Drﬁﬁﬁlﬁwod}@tl@%éﬁcﬁ@i YJALENS 85, 102
and 117 in Tabl e 4A, as well as TALENS MPRT-3254-17 an RT.3286- 20r,
described in @émpir@elhlﬁlﬂ%rowwnﬂef’@&bnade using the nmethod and reagents

described in this r.ays..cl oned T, re subcl oned
eadi 1y 1nto GoRH ARl o regBaL oo aRt € RSP el Do B
restsri ct(gmgsggﬁﬁaugilg@sfgssmﬁ Xrbpt flank the repeat regi on. 25Exanple 9 -
Cust om TALEN data show initia support for "rules" and a correlation

bet ween RVD nifadigrtcand activity Exanpl e 6 descri bes experinents

conducted to e % afe) recogni ze
uni que DNA se uglﬁ%gsd’rleh{s&%agggrﬁ%e ) %h@g}g@gﬁﬂf ]%R%%Rl}seg?éeggﬁlr{ﬁggd sites in
the Ar aberdnmsngSaﬁdbltdirtﬁﬁtdimﬁbdsraﬁmsh gridl ock genes. 30Additi onal cust om TAL

ef fector DNA bi ndi ng donai ns re engineered to recognize not only sites in
these genes, WUEERSASYCRSY-? HBtielachbeare & feshi dopsi's, and tel omerase from
zebyafish (Foley et al., supra; and Zhang et al., supra) These custom

TALENs were nade using the nmethods described in Exanples 3, 4 and 8. In
engi neeri ng t he Exasipen FAFMy, oftphesnidisior wedulao asombtlyi i L] posi ti onal

conduct ed for \SRbnet FEN TRkt st Phiet Gubisiniob Shelandd By a5 T
and at | pRSDOLRBIR ihAubRREE RatcARAidtd Blashiad c@nﬂaﬁﬁﬁgef%ife‘dﬁng ARBSs lbiron

consistent wth the averages noted agove Specifically, only those sites
wi th O- 6Bpsas. Eelc-hezf%f@e p@sa@&)leﬁtomﬁosuzh Hpop hbmey ef plesrnids o m@ddr si t es

Lo Phe: obSEPOSA Aeiny okl AGY iBuedlele oSV CSEp BRMER P Lo B 0 0o

of bl ndi Me@btyeffreptae@@ttuleﬁﬁecoﬂﬁhent)ﬁbﬂﬂ?ALletlu@tdlctda@és th@rall kagdQhbp in
| ength and separated by 15-18 ﬁ-]pﬁ%fo t hat bi nding of the engineered TALENs

woul d al tlltﬁl\r:qﬂérerseq%n@nswhewaeln MO digpegt medutasitom plasmislislesignategdl es 3 and
4 t t d
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25 Example 6 — Generation and testing of customized TALENSs

The TAL DNA recognition domain was used to create TALENS that recognize
and cleave particular DNA targets (FIG. 22A), using the system described in Examples 4
and 5. To assess TALEN function, a yeast assay was adapted in which LacZ activity
serves as an indicator of DNA cleavage (Townsend et al., supra). In this assay, a target
30 plasmid and a TALEN expression plasmid are brought together in the same cell by
mating. The target plasmid has a lacZ reporter gene with a 125-bp duplication of coding
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Accession No. CP000967, gene ID 6305128, and SEQ ID NO:32 (FIG. 24). The amino
acid sequence of PthXo1l under GENBANK Accession No. ACD58243 is truncated at the
N-terminus due to a misannotation of the start codon. The complete sequence is
20 presented in FIG. 23.
The repeat domains of both AvrBs3 and PthXo1 are encoded entirely within a
conserved Sphl fragment (FIGS. 4 and 24). Both TAL effector-encoding genes also have
a BamHI restriction fragment that encompasses the coding sequence for the repeat
domain and 287 amino acids prior and 231 amino acids after (FIGS. 4 and 24; see, also,
25 FIG. 22A). Absent from the BamHI fragment is the TAL effector transcriptional
activation domain. Both the Sp/Al fragments and the BamHI fragments were fused to a
DNA fragment encoding Fokl that is present in the nuclease expression vector pFZ85
(FIG. 25). The fusion proteins between Fokl nuclease and the BamHI fragments
encoded by AvrBs3 and PthXo1 are given in FIGS. 26 and 27; SEQ ID NOS:33 and 34.
30 The Fokl monomers must dimerize in order to cleave, but the appropriate spacer

length between the two DNA recognition sites was unclear. For ZFNs, in which the zinc
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constructs (6, 9, 12, 15, and 18 bp) were used. As a positive control, a well-characterized
zinc finger nuclease with a DNA binding domain derived from the mouse transcription
factor Zif268 (Porteus and Baltimore (2003) Science 300:763) was used. As negative
controls, the TAL effector domains were fused to a catalytically inactive Fokl variant or
tested against non-cognate DNA targets.

Haploid cell types containing either TALEN expression or target plasmid in 200
ul of overnight culture were mated in YPD medium at 30°C. After 4 hours, the YPD
medium was replaced with 5 ml of selective medium and incubated overnight at 30°C.
Mated cultures were lysed, ONPG substrate added, and absorbance read at 415 nm using
a 96-well plate reader (Townsend et al., supra). B-galactosidase levels were calculated as
a function of substrate cleavage velocity. The results obtained with target reporter
constructs that had a 15 bp spacer separating the two recognition sites are shown in FIG.
22B. All nuclease expression constructs derived from the Sphal fragment, which encoded
principally the repeat array, failed to show activity, indicating that amino acid sequences
in addition to those in the repeat array are required for function (FIG. 22B). Robust
activity, however, was observed for both the AvrBs3 and the PthXol TALENSs derived
from the BamHI fragment (FIG. 22B). The activity of the PthXol TALEN approximated
that of the ZFN positive control. The activity required the functional Fokl domain and
was specific for the DNA target recognized by a given TALEN.

Experiments also were conducted to test various distances between the TAL
effector binding sites (11 length variants between 12 and 30 bp), in order to identify
spacer lengths that enable Fokl to dimerize most efficiently (FIG. 28A). Both enzymes
showed two spacer length optima — one at 15 bp and the other at either 21 bp (AvrBs3) or
24 bp (PthXo1). For PthXol, activity was observed for all tested spacer lengths 13 bp
and longer. Some spacer lengths for AvrBs3 showed no activity, however, suggesting
that spacer length is critical for certain TALENS.

The above experiments tested activity of homodimeric TALENSs, which bind two
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identical recognition sequences placed in opposition on either side of the spacer. Since
such palindromic sites are unlikely to occur naturally in genomic targets, experiments
were conducted to test whether TALENSs could function as heterodimers. AvrBs3 and
PthXo1 recognition sites were placed in head to tail orientation on either side of a 15 bp
spacer. Activity of AvrBs3 and PthXol TALENS individually and Zif268 on their
respective targets was measured as controls. As a negative control, a yeast culture with
only the target site plasmid for the heterodimeric site was assayed for LacZ activity. The
resulting activity of the heterodimeric TALEN approximated an average of the activities
observed with the two homodimeric enzymes (FIG. 28B).

To test whether repeat domains can be assembled to target TALENS to arbitrary
chromosomal sequences, two genes were chosen that were previously targeted for
mutagenesis with ZFNs — ADH 1 from Arabidopsis and gridlock from zebrafish (Foley et
al. (2009) PLoS One 4:¢4348; and Zhang et al., supra). A search was conducted for 12-
13 bp sequences in the coding regions that were preceded by a 5’ T and with a nucleotide
composition similar to that of TAL effector binding sites identified by Moscou and
Bogdanove (supra). In ADHI and gridlock, such sites occurred on average every 7-9 bp.
Four 12 bp sites were selected in ADH! (at positions 360, 408, 928, and 975 of the
chromosomal gene sequence) and one 13 bp site in gridlock (at position 2356 of the
chromosomal gene sequence; FIG. 29A). TAL effector repeat domains were constructed
to recognize these targets, using the most abundant RVDs from native TAL effectors (NI
for A, HD for C, NN for G, and NG for T). To construct custom TALENS, repeats with
these RVDs were synthesized individually and assembled into modules of one, two, or
three repeats as described in Examples 4 and 5. These modules were ligated sequentially
into a derivative of the tal/lc gene (Moscou and Bogdanove, supra) from which the
original repeats had been removed, and BamHI fragments from these engineered TAL
effectors were fused to sequences encoding the catalytic domain of Fokl in pFZ85 (FIG.
25). Five custom TALENS targeted to ADH/ from Arabidopsis and the zebrafish
gridlock gene were created.

The resulting custom TALENSs were tested in the yeast assay as homodimeric
TALENS (that is, the identical DNA binding site was duplicated in inverse orientation on
cither side of a 16-18 bp spacer), although it is noted that heterodimeric TALENs would
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need to be constructed to direct cleavage at naturally occurring DNA targets. Spacer
lengths were chosen based on the distance closest to 15 bp from the 3’ end of the next
neighboring (and opposing) candidate site. Sixteen bp spacers were used for ADH/-360-
12, ADH1-408-12r, and 18 bp spacers for ADH1-928-12, ADH[-975-12r, and gridlock-
2356-13r. The yeast assay was performed as described above.

Robust nuclease activity was observed for the ADH-360-12 and gridlock-2356-
13r TALEN (FIG. 29B). The ADH[-928-12 TALEN had modest activity that was
nonetheless significantly above the negative controls. For each TALEN that gave
positive results, nuclease activity was specific to the cognate target. These results indicate
that novel, functional TALENS can be created by assembly of customized repeat

domains.

Example 7 — Naturally occurring target and TAL effector pairs show overall and

positional bias in nucleotide and RVD composition

The 20 paired targets and TAL effectors analyzed by Moscou and Bogdanove
(supra) were evaluated for overall composition bias and for positional effects on
nucleotide or RVD frequencies. It was observed that sites (on the positive strand) were
generally A- and C-rich, and G-poor. The average percent A was 31 + 16% (1 standard
deviation). The average percent C was 37 & 13%. The average percent G was 9 + 8%,
and the average percent T was 22 + 10%. Since the alignments vary in length, the
analysis of positional effects was restricted to the five positions on each end. Strikingly,
bias in the target sequences was apparent for A and against T at positions 1 and 3, and for
T at position N and possibly 2. G was particularly rare at position N-1. This bias was
reflected by matching RVDs in the effectors, with NI being most common at positions 1
and 3, no NG at position 1, nearly always NG at position N, and rarely NN at position N-
1 (FIG. 30).

Example 8§ — Method and reagents for rapid assembly and cloning of custom TAL

effector repeat arrays

The Golden Gate cloning method [Engler et al. (2008), supra; and Engler et al.
(2009), supra] employs the ability of Type IIS restriction endonucleases (e.g. Bsal) to cut
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outside their recognition sites to create custom overhangs for ordered ligation of multiple
DNA fragments simultaneously. Using this method, several DNA fragments can be fused
into an array in a specific order and cloned into a desired destination vector in a single
reaction (FIG. 31).

A method and reagents for assembling custom TAL effector repeat encoding
arrays were developed based on the Golden Gate system. When Bsal sites are positioned
on either side of a TAL effector repeat coding sequence, cleavage releases a repeat
fragment flanked by 4-bp overhangs. Because the cleavage site is not sequence-specific,
by staggering, repeat clones can be released with ordered, complementary overhangs
(sticky ends), enabling the ordered assembly of multi-repeat arrays.

A library of 58 plasmids (FIGS. 32A and 32B) was generated to allow the
simultaneous assembly of up to 10 repeat units into “subarrays,” followed by
simultaneous assembly of one, two, or three of these subarrays together with a final
truncated repeat into a complete, custom array. Ten staggered sets of four fragments,
cach fragment in a set encoding a repeat module with a different one of the four most
common RVDs, HD, NG, NI, and NN, were synthesized and cloned into a vector
carrying the tetracycline resistance gene, for a total of 40 plasmids. Four more fragments
that encoded the terminal truncated TAL effector repeat of 20 amino acids, each fragment
encoding a different one of the four most common RVDs, were synthesized and cloned
into a different vector carrying the spectinomycin resistance gene to yield four more
plasmids, designated as “last repeat plasmids,” FIG. 32A). All fragments in the staggered
sets are flanked by Bsal sites in the vector so that cleavage with Bsal releases the
fragments with different sticky ends that allow for assembly in the appropriate order; that
18, 1.¢. the overhang at the 3’ end of a fragment for repeat module 1 is complementary
only to the overhang at the 5’ end of the fragment for repeat module 2, the overhang at
the 3° end of repeat module 2 is complementary only to the overhang at the 5° end of
repeat module 3, and so on. The fragments in the last repeat plasmids are flanked by sites
for a different Type IIS restriction endonuclease, Esp31. Fourteen additional plasmids,
described following, were constructed as destination vectors to receive assembled

subarrays.
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The first destination vector, plasmid pFUS A was constructed to receive the first
subarray of 10 repeats to be assembled into a final array of 21 or fewer repeats (counting
the final, truncated repeat). pFUS A was constructed such that cleavage by Bsal creates
an overhang on one side complementary to the overhang at the 5’ end of the first repeat
module and an overhang at the other side complementary to the overhang at the 3’ end of
the 10th repeat module. To receive a second subarray of 10 or fewer repeats to be
assembled into such a final array, destination vector plasmids pFUS B1, pFUS B2,
pFUS B3, pFUS B4, pFUS BS5, pFUS B6, pFUS B7, pFUS BS, pFUS B9, and
pFUS B10 were constructed that when cleaved by Bsal have overhangs respectively
complementary to the overhang at the 5’ end of the first repeat module and the 3’ end of
the repeat module for the corresponding numbered position (e.g., the pFUS B6 overhang
for the 3° end of the subarray matches the overhang of the four repeat module fragments
for position 6). Arrays cloned in pFUS_A and the pFUS_B series of plasmids are flanked
by Esp3I sites in the vector and when released by digestion with Esp31 the arrays have
unique complementary overhangs that allow for them to be ligated in order along with a
final truncated repeat fragment into destination vector pTAL, which encodes a TALEN
missing the repeat region. pTAL was constructed so that cleavage with Esp31 allows
insertion of the repeat array at the correct location and in the correct orientation by virtue
of an overhang at one end that is complementary to the overhang at the 5” end of the first
ten repeat subarray and an overhang at the other end complementary to the overhang at
the 3’ end of the final truncated repeat fragment (FIG. 33).

The final two destination vector plasmids, pFUS _A30A and pFUS A30B were
constructed to receive the first and second ten repeat subarrays to be assembled into a
final array of 22-31 repeats . pFUS_A30A and pFUS_A30B were constructed such that
digestion with Esp31 releases the arrays with the appropriate complementary overhangs
such that the arrays can be ligated in order along with a third array from a pFUS_B vector
and a final truncated repeat fragment from a last repeat plasmid, released similarly by
digestion with Esp3l, into pTAL (FIG. 32).

All destination vectors have the LacZ gene cloned in between the Type IIS

restriction endonuclease sites, allowing for blue-white screening for recombinants.
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Except for pTAL, which carries a gene for ampicillin resistance, all the destination
vectors carry a gene for spectinomycin resistance.

To rapidly construct a custom TAL effector repeat array using these reagents, the
following method was established. In the first step, the appropriate individual RVD
module plasmids for the necessary subarrays of ten or fewer repeats are mixed together
with the appropriate destination vector in one tube. T4 DNA ligase and Bsal
endonuclease are added and the reaction is incubated in a PCR machine for 10 cycles of 5
minutes at 37°C and 10 minutes at 16°C, the respective optimal temperatures for the two
enzymes. The reaction mixture is then treated with the PLASMID-SAFE™ nuclease to
hydrolyze all linear dSDNA fragments in order to prevent cloning of shorter, incomplete
arrays by in vivo recombination, and then the mixture is used to transform chemically
competent E. coli cells. The resulting recombinant plasmids are isolated and the correct
constructs confirmed. Then, in the second step, the confirmed plasmids from the first step
are mixed together with the appropriate last repeat plasmid and pTAL, and the digestion
and ligation reaction cycle carried out as in the first step. Finally, the reaction products
are introduced into E. coli, and the full length, final array construct is isolated and
confirmed. The protocol can be completed by one person within a week’s time.

Expression constructs for TALENS 85, 102 and 117 in Table 4A, as well as
TALENS HPRT-3254-17 and HPRT-3286-20r, described in Example 14 below, were
made using the method and reagents described in this example.

Repeat arrays cloned in pTAL are subcloned readily into other TAL effector gene
contexts using the conserved Spil restriction endonuclease sites that flank the repeat

region.

Example 9 — Custom TALEN data show 1nitial support for “rules” and a correlation

between RVD number and activity

Example 6 describes experiments conducted to engineer the TALEN DNA
binding domain so that it can recognize unique DNA sequences. As described, these
custom TALENS recognized sites in the Arabidopsis ADHI and zebrafish gridlock genes.
Additional custom TAL effector DNA binding domains were engineered to recognize not

only sites in these genes, but also in the 774 gene from Arabidopsis, and telomerase from
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zebrafish (Foley et al., supra; and Zhang et al., supra). These custom TALENs were
made using the methods described in Examples 3, 4 and 8. In engineering the custom
TALEN:S, the observed compositional and positional biases were adopted as design
principles or “rules.” First, a search was conducted for sequences in the coding regions
that were preceded by a 5" T and at least 15 bp in length, and that had a nucleotide
composition consistent with the averages noted above. Specifically, only those sites with
0-63% A, 11-63% C, 0-25% G, and 2-42% T were selected. Such sites occurred on
average every 7-9 bp. Sites were then selected that conformed to the observed positional
biases described above. From this set, two pairs of binding sites in each gene were
identified that were 15-19 bp in length and separated by 15-18 bp, so that binding of the
engineered TALENSs would allow Fokl to dimerize. The modular assembly methods
(Examples 3 and 4) generated partial length constructs.

In total, 21 intermediate and full length TALENSs designed to target 16 nucleotide
sequences, ecach with an array of nine repeats or longer. The amino acid sequences of
these TALENS are provided in FIGS. 34A-34U (SEQ ID NOS:35-55). These 21
TALENSs were tested for their ability to cleave DNA using the yeast assay described in
Examples 2 and 6. Activity data are shown in FIG. 35 and summarized in Table 4A.

Some of the intermediate, partial length TALENS correspond to targets that break
the rules for nucleotide composition and terminal T. Table 4A shows length, conformity
to these two rules, and activity relative to that of ZFN268 for each TALEN. The results
reveal a general trend that increasing the length of the RVD array increases activity of the
resulting TALEN. This suggests that there is a minimal number of RVDs that are needed
before a DNA target can be recognized in vivo. Further, conformity to the rules appears
to be important. Of the six TALENs showing no detectable activity, two violated the
target composition rule, two did not end in NG, and another broke both rules (one obeyed
both rules). Three of the eight TALENS with activity less than 25% of ZFN268 violated
one of the rules, and one of four TALENS with activity 25-50% of ZFN268 did not have
an RVD sequence ending in NG. It is noted that TALENSs with activity 50% or greater
than that of ZFN268 obeyed all the rules, and for TALENSs of the same length, rule
breakers generally had less activity than obedient arrays. Consistent with the overall

trend regarding length, even for intermediates that broke no rules, the corresponding full
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length TALENSs had higher activity (Table 4A and FIG. 35). Variation in spacer length
due to TALEN length differences on the same target may have contributed to this
observation, but some range of spacer lengths is tolerated (Christian et al., supra).
Some complexities in the data were apparent. For example, activity varied among
5 obedient TALENS of the same length, some short arrays had moderately high activity,
and some long arrays that were obedient had little or no activity (Table 4B).
Nonetheless, the results provided support for the conclusions that 1) generally a greater
number of repeats results in greater activity, and 2) conformity to composition and
positional bias rules is important for activity. Therefore, the following design principles
10 were derived.
» TAL effector binding sites are designed to be a minimum of 15 bases long and
oriented from 5’ to 3’ with a T immediately preceding the site at the 5’ end.
* A site may not have a T in the first (5") position or an A in the second position.
* A site must end in T (3’), and may not have a G at the next to last position.
15 * The base composition of the site must fall within specified ranges (average +

two standard deviations): A 0-63%, C 11-63%, G 0-25%, and T 2-42%.
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Table 4B
Excerpt of Table 44, sorted by activity level
. . % Ends
RVDs | Activity GATC | in NG
9 - n y
12 - y n
12 - n n
12 - y n
15 - y y
15 - n y
10 + n n
12 + y y
15 + y y
15 + y y
16 + y y
17 + n y
18 + y y
18 + y n
12 ++ y n
13 + y y
15 + y y
16 + y y
15 +++ y y
16 ++++ y y
18 +++++ y y

PCT/US2010/059932

Example 10 — Heterodimeric TALEN pairs cleave their intended naturally occurring

target sequences in the yeast assay

The data in Examples 2, 6 and 9 demonstrate that custom TALENSs can be

engineered to recognize novel target DNA sequences. The yeast activity data for the

custom TALENS was gathered using individual TALEN monomers that recognized a

homodimeric target site. That is, the target sequence of the TALEN was duplicated in

inverse orientation on either side of a 15-18 bp spacer. Cleavage of endogenous

chromosomal sequences, however, generally would require that two different custom

TALENSs recognize two different sequences on either side of a spacer. As described in

Example 6, this ability was demonstrated for the AvrBs3 and PthXol TALENS together
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using a corresponding chimeric target site in the yeast assay. We tested whether two
different custom TALENS could recognize and cleave a naturally occurring DNA
sequence. Using the yeast assay described in Example 2, custom TALENSs designed to
cleave two different target sequences in the Arabidopsis ADH1 gene were assayed for
activity on these targets. The DNA sequences of the target sites and the corresponding
TALENSs are shown in FIG. 36A. The amino acid sequences of the TALENS are provided
in FIG. 34. The beta-galactosidase activity obtained in the yeast assay is plotted in the
graph shown in FIG. 36B. The activity of the TALENS on their naturally occurring target
sequence was significantly above the negative controls, indicating that TALENSs can be

engineered to recognize and cleave endogenous target DNA sequences.

Example 11 — TALENS cleave native genes in Arabidopsis and introduce mutations by

imprecise non-homologous end-joining

One of the active TALEN pairs designed to recognize a target sequence in the
Arabidopsis ADHI gene was tested to determine whether it can bind, cleave and mutate
chromosomal DNA. Each of the individual ADH/ TALENs comprising this pair
(pPTALENS 69 and 74) was cloned into the plant expression vector pFZ14, which places
the TALENS under the control of the constitutive 35S promoter (Zhang et al., supra).
The resulting constructs were then introduced into Arabidopsis protoplasts by
electroporation. After 48 hours, genomic DNA was isolated and digested with Tth1111.
A Tth111I cleavage site is located in the spacer sequence between the two TALEN
recognition sites (FIG. 37A). Cleavage of the chromosomal DNA by the TALEN would
be expected to introduce mutations by imprecise non-homologous end-joining (NHEJ),
which would result in failure to cleave by Tth111l. A 375 bp fragment encompassing the
TALEN recognition site was then PCR amplified. The PCR product was digested again
with Tth111] to remove most of the remaining genomic DNA that was not modified by
TALEN-mediated NHEJ. The digestion products were then run on an agarose gel. An
uncleaved PCR product was observed, and such uncleaved PCR products are diagnostic
of nuclease activity (in this case TALEN activity) at the endogenous target sequence
(Zhang et al., supra). The uncut DNA was cloned and analyzed by DNA sequencing.

The sequencing of nine independent clones revealed that six carried mutations introduced
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by NHEJ (FIG. 37B). Thus, TALENS cleave endogenous chromosomal loci and

introduce DNA double strand breaks and mutations.

Example 12 — Enhancing targeting capacity

At the core of the TAL effector DNA cipher, the four most common RVDs each
have apparent one-to-one specificity for the four nucleotides, based on association
frequencies. This is markedly so for HD, NG, and NI, but less so for NN (FIG. 1C). NN
associates most frequently with G, but almost as commonly with A, and sometimes with
CorT. For a randomly assembled TAL effector with NN at four locations in a 13 RVD
sequence, having G at all corresponding positions in an artificial target gave the best
activity (Boch et al. (2009) Science 326:1509-1512). A reduced but did not abolish
activity, and C and T eliminated detectable activity. A drastic loss of activity was
observed when C, T, or A was substituted for G at just the first position in the binding
site for the 24 RVD effector PthXo1, which is an NN (Romer et al. (2010) New Phytol.
187:1048-1057). This was in contrast, however, to the observation that the much shorter
AvrHah1 (14 RVDs) begins with an NN that aligns with A, and the 23 RVD effector
PthXo6 has three NNs in a row at positions 4—6 that each align with A, yet both of these
proteins are highly active (see, Schornack et al. (2008) New Phytol. 179:546-556; and
Romer et al., supra). Thus the specificity of NN for G appears to be generally weak and
can vary with context.

The observed invariance of the thymine immediately preceding TAL effector
target sites is a requirement for several effectors [Boch et al., supra; Romer et al., supra;
and Romer et al. (2009) Plant Physiol. 150:1697-1712]. The amino acid sequence
immediately preceding the repeat region in TAL effectors, which is highly conserved
(FIG. 38A), shares significant similarity with the repeat, both in amino acid sequence
and in predicted secondary structure (FIG. 38B and Bodganove et al. (2010) Curr. Opin.
Plant Biol. 13:394-401). It was hypothesized that this sequence, termed the “0™ repeat,
is the basis for the requirement for T at position -1 of the binding site, and that residues in
the RVD-analogous position (FIG. 38B) specify the nucleotide.

Based on these findings, it was hypothesized that by incorporating repeats with
high specificity for G, and by relaxing the requirement for T at -1, targeting capacity for
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++++ Yy 18 +++++ Yy 5 Exanple 10 - Heterodineric TALEN pairs cl eave
their intended naturally occurring target sequences in the yeast assay

The dat a wo 2BxaTRd4es 2, 6 and 9 denonstrate that cust omPTAILERE00683De

engi neered to recogni ze novel target DNA sequences. The yeast activity data
for the 10custom TALENs was gat hered using individual TALEN nononers that
recogni zed a honodi neric target site. That is, the target sequence of the
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cust om TALENs designed to cleave two different target sequences in the
Ar abi dopkindinappthefewenugiqotide baswy & € op. amddi Fappecfively)t Rercatstcnidtisg The DNA

Sequences, R‘&B@ als8 rIIga,SIItbgsllSEi%f a4 (iinag{)‘%vg ﬁg&%ﬁ{%kﬂﬁn} ArENP %]tzihﬁ;f z&g i g 4

FI G 36A e amno a sequences are Br oV

The bet afigabaget ascdasec et N IHLY, NX! @id™ed. Towhlldmpeasie grsdicity Soabotted in
the graph shown in FIG 36B. The actjvity of the TALENs on_their naturally
occurr | n@eVF@?&@Faté seRpdineenqrgkang tgie B Y Pamters comssvecd- nEhsydgaR Vs Nisnt r ol s,

ieﬂgigg 2?1 'OEIgI %ﬁgggﬁ%g% %{E}Ielgg %gg&ahgw RndPod BERAAZE A0Dr HlEANEG of
the residues (FIG. 1C). Thus, a broad set of derivatives encoding repeats having the
RVDs shown in Table 5 were constructed. The left column lists RVDs having a polar
amino acid (R, K, D, E, Q, H, S, T, or Y) at position 12 and N at position 13. The right
columns list combinations of N in the first position with any of 17 other amino acids (G,

15 L,V,R,K,D,E, Q,H, T, M, C, P, Y, W, or F) in the second position of the RVD. To
account for the possibility of greater specificity without N, repeats also were made with a
polar amino acid (R, K, D, E, Q, H, S, T, or Y) at position 12 and a gap (*) at position 13
(middle column).

Novel artificial RVDs are tested for function in a quantitative reporter gene based

20 assay for transcriptional activation activity of TAL effectors, such as a GUS or dual
luciferase reporter based, Agrobacterium-mediated transient expression assay in
Nicotiana benthamiana, or in the lacZ reporter based TALEN assay in Saccharomyces
cerevisiae, described above (see, e.g., Example 2) Repeat modules containing RVDs to
be tested are incorporated into a TAL effector or TALEN with measurable and sub-

25 saturation levels of activity, and the resulting proteins are tested for differences in activity
on a set of DNA targets with integrated permutations of all four nucleotides at
corresponding positions. In particular, beginning with the PthXo1 variant(s) minimally
active in the in planta and yeast assays and responsive to mismatches at three added
repeats, TALENSs containing each of the novel and rare repeats (in homomeric threes) are

30 tested in vivo against targets with G at each of the corresponding positions. For any that
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Exanpl e 11 - TALENs cl eave native genes in Arabidopsis and introduce

mut ati ons by i nprecise non-honol ogous end-joi ning One of the active TALEN
pai rs deswgnred/we246ecogni ze a target sequence in the 15RCcazhiSdapss®3IADHL
gene was tested to determ ne whether it can bind, cleave and nutate
chronosomal DNA. Each of the individual ADHL TALENs conprising this pair
(pTALENs 69 and 74) was cloned into the plant expression vector pFZ14,

whi ch pl aces. the TALENs under the control .of the constitutive 35S pronoter
(Zhang ethos] IncregseagivitRRe $S5901'7 Fgodle wit e RETB RGP PROFSEUCed | nt o

Ar abi dopgigedeided Qcﬁh@s%tp%si%ns?,Q@h&@&éiﬁ@?é&ﬁéiﬁlﬂﬂ- After 48 hours, genom c DNA
was isolated and digested with Tthl111l. A Tthl11ll cl eavage site is |ocated
in the spacer sequence betwediablt® R¥WDsTAbEMstedCognition sites (FIG 37A).
Cl eavage of the chronosomaiBENA-by e TALEN-woutd be expected to introduce
nut ati ons by i nprecise non-]ﬁ%{lﬁ\ﬁ%ggﬁlarénd-ﬁﬁﬂrng (NHEJ), which woul d
result in failure to cleaverRRy TthRELI. [AG73 fpp f|ragnent enconpassing the
25 TALEN recognition site mas then PCR dnplifli ed. |The PCR product was
di gested again with Tt h111{IKNo renmiife ngs¥Aof| N'he |remai ni ng genomi ¢ DNA
that was not nodified by TALEN-rediatedNHE—Fhe{di gestion products were

by Moz V0

aase

then run on an agarose gel n ung¢leaved ct was observed, and such
uncl eaved PCR products ar el ghagnostg=C of| Nmwicl activity (in this case
TALEN activity) at the endogenous |target|] seqyence [30(Zhang et al., supra).
The uncut DNA was cl oned an@Nanal y£¥d by NNA [eRudnci ng. The sequenci ng of
ni ne i ndependent cl ones reveated—that—stx "arri%d mut ati ons i ntroduced by
NHEJ (FIG 37B). Thus, TALE@@ cl eave eng nqu¥Y cHr onosomal | oci and

i ntroduce DNA doubl e strandglyreaks qand Mupt i|apg. |Exanpl e 12 - Enhancing
targeting capacity 5At the .core off the TAL efif ectgr DNA ci pher, the four
nost comon RVDs each have| BNpar entfl*one-|tNEoneNEpgci ficity for the four
nucl eoti des, based on assogjgation “*equ"r}\cfi eg—7FhHs is markedly so for HD,
NG and NI, but less so forYﬁN (FIC\J} 1C)|.. VNN |assodi at es nost frequently
wth G but alnost as coomonly wih A and sonetines with Cor T. For a
random y ad¥emt.aad N ntepsastation figanencagy aag kiayur Anowstarisk sepressnts a13PpRVD
10sequencegorhapomiingioahe al'lposiaon ashe RN DE.Qohe i3 Dpssition afthacsiskhaisal t ar get
gave the best activity (Boch et @épeat(sggggg%ﬁci ence 326:1509-1512). A
reduced but did not abolish activity, and and T elimnated detectable
activity. Adrastic loss of activity was observed when C, T, or A was

substituted for G at just the first posjtion in the bindjng,site for the 24
RVD ef fector PPHXSI R \W%ﬂw%ﬁowe( ohwa@gowl?m(%f@‘ﬂqq\igwepﬁ@/ﬁ6| .
15187: 10@&%@%% J?yr l_gﬁz}’)%(%zltz:?rﬁ -GORLEGRIbry m\éﬁY@ﬁvedfcﬁoﬁJ‘zﬁldoﬂ%ﬁﬁ%ﬁttdeHe t hat

the much shorter RVDs) begi'ns with an NN that aligns with A,
andiot he @3raRe apfl freferbeonBets Mo S quaces ugzestiiithai positiorswcatpigbby KRins 4- 6 t hat

each align with A yet bot f, t hese proteins are highly active (see,

Sehor nactivgtih erioresfoisp) Rede Bt - v gnaings sed R Bl RS ORS or o)
Thus t heths p&&diick @ial ¥pRify N T af - 1G BRRAA! ST FHIPX PewaR Rtk tionWBAKDANG,20can
vary with context. The observed invariance of the thym ne i medi ately

precedi niyL. pad NBY fardtRend spgeatels fordd™ wereeonstiisitedardhr Talde “aaskbong” ef f ectors

Boch et al ) . al " 9) Plant
prysi of 15t 28 e SRR Al o AU A SR o e ) o i 20 ¢ e
repgat refiiowt ih theliAlp/@frd efd prast aswdyis@linigSargbtg With corsgindan rib(dbtifes B38A)

shares significant simlarity with the repeat, both in am no acid sequence
position -1, namely, C, T, A, and G, respectively. Additional variants of PthXol are

constructed that have S, the residue at position 11 of the consensus repeat sequence,
substituted for the K at position 11 of the 0™ repeat. And other variants are constructed
that have this substitution combined with a substitution of K, the residue at position 16 of
20 the consensus repeat sequence, for the V at position 15 of the 0™ repeat (Table 6). A
proximal TATA box for TAL effector activity may be included. In addition, PthXol is
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and in predicted secondary structure (FIG 38B and Bodganove et al. (2010)
Curr. Opin. Plant Biol. 13:394-401). It was hypothesized that this
sequence,woepnmd214he "Qt h" repeat, is the basis for theprceqiseoensays2for T
at position -1 of the binding site, and that residues in the RVD anal ogous
position (FIG 38B) specify the nucleotide. 30Based on these findings, it
was hypot hesi zed that by incorporating repeats wth high specificity for G

and by rel the re U|renent for T at ar a aC|t for

engi noer GET AP BT SEr B ERa e Al anh bl et p gart

i ni tiat egr 4 PATASTox)META PRGoK IR M e PARXSPhBAMBRHS I mactw&'t&ymf or G
than NN di spl ays, and to repl ace the RVD anal ogols resi dues of the Oth

r epeat mmtdlwclddnmhbﬂﬂmlrbd’ddawm@ﬁdatrm@tﬂvm for robust specificity for G

RVDS (NI, 1D, IR S "R egBaRaE e e B ia MR e iBarT Gt iuBBhih baces

(A sC, Gablﬁﬁydo-farﬁét%émbésv[ﬁbc\éhed Repgatsideodtl hahd, feh@mdfyDs al so may be
useful, and ave increased specificity and/or afflnlt for the four

bases asCQi@I?fﬁ]éﬁUéd’etSét Qfjartifigmal RRDs angdesied foT Gwee lpmmaadﬁwt@b@@s piher ty for

G severagl [ RVDs were constructed. The rare
RVDs NK, f BH%DC%%HZO ggsagegtleaf%ddrtﬁ?ﬁthé%eghggest| ng that N may be i nportant
as one or the other of the residues (FIG 1C). Thus, a broad set of
derivatives encoding repeats having the RVDs shown in Table 5 were
constructed. The left colum lists RVDs having a polar amno acid (R K, D,
E, Q H S, T, or Y) at position 12 and N at position 13. The right col umms
list conbinations of Nin the first position with any of 17 other am no
acids (G 15L, V\ R K D E L Q H T, M C P, Y, W or F) in the second
position of the RVD. To account for the possibility of greater specificity
without N, repeats also were made with a polar amno acid (R, K, D, E, Q

H S T, or Y) at position 12 and a gap (*) at position 13 (m ddle colum).
Novel artificial RVDs are tested for function in a quantitative reporter
gene based 20assay for transcriptional activation activity of TAL
effectors, such as a GUS or dual luciferase reporter based,
Agrobact eri um nmedi at ed transi ent expression assay in N cotiana bentham ana,
or in the lacZ reporter based TALEN assay in Saccharomyces cerevisi ae,
descri bed above (see, e.g., Exanple 2) Repeat nodul es containing RVDs to be
tested are incorporated into a TAL effector or TALEN with neasurabl e and
sub- 25saturation levels of activity, and the resulting proteins are tested
for differences in activity on a set of DNA targets with integrated
permutations of all four nucleotides at corresponding positions. In
particul ar, beginning with the PthXol variant(s) mnimally active in the in
pl anta and yeast assays and responsive to m smatches at three added
repeats, TALENs containing each of the novel and rare repeats (in honmoneric
threes) are 30tested in vivo against targets with G at each of the
correspondi ng positions. For any that show increased activity, the assays
are repeated with targets pernutated to the other nucl eotides at those
positions, to ascertain specificity. Table 5. RVDs to be tested
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NP HN H* NK NY SN S* ND NW TN T NE NF YN Y* NQ aN*, NG
and NS nt association frequencies are known. An asterisk represents a gap
5cor r espowgizog/a7ee4she 2nd position in the RVD (i.e., theCI8ishoposis: on of

t he consensus repeat sequence). Common RVD substitutions for the
RVD- anal ogous position of the Oh repeat to relax specificity of Tat
position -1: Secondary structure predictions and alignnment of the

Example 13 - Novel predicted nucleotide specific RVDs

It was observed that when the RVDs listed in Tables 1A and 1B were grouped by
the second amino acid residue in the RVD (i.c., the 13™ in the overall repeat), there was a
near perfect correlation of that amino acid with the nucleotide(s) specified by the RVD,
5 irrespective of the amino acid at the first position of the RVD (Table 7). Thus, RVDs
ending in a gap (denoted by an asterisk) specify C or T, or T; RVDs ending in D specify
C; RVDs ending in G specify T; and RVDs ending in N specify G or A, or G. It also was
observed that amino acids at position 1 of the RVD were either H, I, N, S, or Y. These
observations suggested that RVD specificity is determined by the residue in the second
10 position, independent of whether the residue at the first position is H, I, N, S, or Y.
Therefore, specificities were predicted for several novel (i.e., yet unobserved) RVDs that
combine residues observed at the second position with residues H, I, S, N, or Y at the first
position. Thus, I*, S*, and Y* were predicted to specify C or T, or T; ID, SD, and YD
were predicted to specify C; SG was predicted to specify T: and IN and YN were
15 predicted to specify G or A, or G. Also, although there was only one instance of K at the
second position, based on the observed specificity of NK, it was predicted that HK, IK,
SK, and YK specify G.
These novel RVDs are tested and compared to existing RVDs for function and
specificity in quantitative TAL effector and TALEN activity assays as described in

20 Examples 2 and 11.
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! An asterisk denotes a gap. RVD groups with like specificities are boxed in thick

lines.

Example 14 — Custom TALENS cleave endogenous targets in animal cells and introduce

mutations by imprecise non-homologous end-joining

To test whether TALENS could be used for targeted mutagenesis in animal cells,

first, expression of TAL effectors AvrBs3, PthXo1, and Tallc was tested in human

10

embryonic kidney (HEK) 293T cells. The stop codon was removed from the AvrBs3,

PthXo1,and Tallc encoding genes and the genes were subcloned into mammalian

expression vector pcDNA3.2/V5-DEST (Invitrogen, Carlsbad, CA) in frame with the

downstream sequence in that vector that encodes the V5 epitope for protein

immunodetection. pcDNA3.2/V5-DEST places the TAL effector gene under the control

15

of the constitutive human cytomegalovirus (CMV) promoter. HEK 293T cells were

transfected using Lipofectamine 2000 (Invitrogen) with the resulting plasmids

individually, and after 24 hours, total proteins were isolated from each transfected batch

&7



N f:4 Exanple 13 - Novel predicted nucleotide specific RVDs It was
observed that when the RVDs listed in Tables | A and 1B were grouped by the
second amvoaorai7ek4sesi due in the RVD (i.e., the 13th i nPChaSemensdos2
repeat), there was a near perfect correlation of that amno acid with the
nucl eoti de(s) specified by the RVD, 5irrespective of the amno acid at the
first position of the RVD (Table 7). Thus, RVDs ending in a gap (denoted by
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specify T. and.|N a%&ﬁ? NAYRRE wegrédé’sﬁgr%p%%%%c&ft%ﬁ&ﬂleﬁia d§9% Itef‘%et%r G Al so,

al t hough t here was onfy’ one I'nst ance Seco based on
t he obs esaqaetmpemefdndbgqnooi hidKan HPRFagn@raadinained HPRAL- 31‘114 17 #&d HRRTand YK
specify G _ These RVDs are tested and conpared o existin

NSRBI TV 3 TEly AN P e MR A R e RE
act jyvi tya&%ﬁ%%/ﬁ-ﬁ %@A %@Mzbesl@odhﬁ% ?@@@@ﬁ@%r%&@%t&&uctea Qiln tuélﬁ]ﬁ\{% grouped

and ordere eir second resfdue 14 residue rd resi ue Nucl eotide N
Gate cloning-based method and reagents described in Example 8. The TALEN genes

were then subcloned into the mammalian expression vector pPCDNA3.1(-) (Invitrogen,
Inc.), which places them under control of the constitutive CMV promoter, yielding
plasmids pTALEN141M and pTALEN 142M. HEK 293T cells were then transfected

15 with both pTALEN141M and pTALEN142M together and separately with pPCDNA3.1(-)
as a negative control. After 72 hours, genomic DNA was isolated and digested with
restriction endonuclease Bpu101. A Bpul101 site exists within the spacer that separates the
HPRT-3254-17 and HPRT-3286-20r binding sites in HPRT (FIG 41A). Following
Bpul0I digestion, PCR was used to amplify a 244 bp fragment spanning the TALEN-

20 targeted site from both the TALEN-treated and the control samples. The expected
fragment was amplified from both samples, indicating that Bpu10I digestion of the
genomic DNA had been incomplete. Subsequent digestion of the PCR products with
Bpul0l1, however, resulted in complete cleavage of the product amplified from the control
sample, but incomplete cleavage of the product from the TALEN treated sample (FIG.

25 41B). The presence of cleavage-resistant PCR product in the TALEN-treated sample
provides evidence that the endogenous Bpu101 site was mutated in vivo as a result of
imperfect repair by non-homologous end joining of a TALEN-mediated double strand
break at the intended target in HPRT. Thus, TALENs can be used for targeted
mutagenesis in mammalian cells.

30
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WO 2011/072246 PCT/US2010/059932

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by the scope of the appended
5 claims. Other aspects, advantages, and modifications are within the scope of the

following claims.
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WO 2011/072246 PCT/US2010/059932

WHAT IS CLAIMED IS:

1. A method for modifying the genetic material of a cell, comprising:

(a) providing a cell containing a target DNA sequence; and

(b) introducing a transcription activator-like (TAL) effector -DNA modifying
enzyme into the cell, the TAL effector-DNA modifying enzyme comprising;:

(1) a DNA modifying enzyme domain that can modify double stranded DNA, and

(i1) a TAL effector domain comprising a plurality of TAL effector repeat
sequences that, in combination, bind to a specific nucleotide sequence in the target DNA
sequence,
such that the TAL effector-DNA modifying enzyme modifies the target DNA within or

adjacent to the specific nucleotide sequence in the cell or progeny thereof.

2. The method of claim 1, further comprising providing to the cell a nucleic acid
comprising a sequence homologous to at least a portion of the target DNA sequence, such

that homologous recombination occurs between the target DNA sequence and the nucleic

acid.

3. The method of claim 1, wherein the cell is a eukaryotic cell.

4, The method of claim 1, wherein the cell is a mammalian cell.

5. The method of claim 1, wherein the cell is a plant cell.

6. The method of claim 1, wherein the cell is a prokaryotic cell.

7. The method of claim 1, wherein the target DNA is chromosomal DNA.

8. The method of claim 1, wherein the introducing comprises transfecting the cell

with a vector encoding the TAL effector-DNA modifying enzyme.

9. The method of claim 1, wherein the introducing comprises mechanically injecting

the TAL effector-DNA modifying enzyme into the cell as a protein.
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NNGor Al NS AorCorG 'An asterisk denotes a gap. RVD groups with |ike
specificities are boxed in thick lines. 5 Exanple 14 - Custom TALENs cl eave
endogenowsotarigaeziéi n ani mal cells and introduce mnutati @O3/USFOLOOPIELI Se
non- honol ogous end-joining To test whether TALENs coul d be used for
targeted nutagenesis in animal cells, first, expression of TAL effectors
AvrBs3, PthXol, and Tall ¢ was tested in human 10enbryoni ¢ ki dney (HEK)

293T cel|s. The stop . cadon was. renmoyed fromthe AurBs3 . PthXol d Tall c
erandt ol G onelie oA T HoMe e RaHETUNE drHOEnE foBPaente it Siniage T ALe: on
vect or peiRNNAR-IINA-hkeRyitd MieyideQ8@Mhe (Af 4sSAbcidBY micths JraREbLakdri] Hhe

downstr eam sequence in that "vector that encodes the V5 epitope for protein
i munodeltlkgaciration spBNA3. 2N5- DEST pl aces the TAL effector gene under the
control 15of the constitutive human cytomnegal ovirus (CW) pronoter. HEK

| : hurman_cyt oregal aw) HEK
casul {1 i pl ol BETRRArorat Al Thoem e Rk aT: Yt M b I Wore

i sol at edeffdcrn@Eahnddipmsd acted ibattedcelofs Cgbletn Bnecattdiiotaioad t o

pol yacryl am de gel el ectrophoresis, western blotting and i mrunol abel i ng
using a nouse_anti-V5 antibody, The | abel ed proteins re detected with a
goat ant {4 noulke %lﬁEhP§8§91ﬁH6 A swhergpy the DNA giodiixwg cagrpe demainisithg t he
Super Si ggfonéatscPi co Chenmil uminescent kit (ThernmoScientific, Inc.).

Equi val ent Poadlng was 5confirnmed by i munol abeling and detection of actin.
Each TAL effector protein was detectably expressed with no apparent

degr adat idn (Fh&netd@yl of claim 12, wherein the endonuclease is a type II restriction

endonuclease.
14.  The method of claim 13, wherein the type Il restriction endonuclease is Fokl.

15.  The method of claim 1, wherein the TAL effector domain that binds to a specific
nucleotide sequence within the target DNA comprises 10 or more DNA binding repeats,

more preferably 15 or more DNA binding repeats.

16. The method of claim 15, wherein each DNA binding repeat comprises a repeat
variable-diresidue (RVD) that determines recognition of a base pair in the target DNA
sequence, wherein each DNA binding repeat is responsible for recognizing one base pair
in the target DNA sequence, and wherein the RVD comprises one or more of:

HD for recognizing C;

NG for recognizing T;

NI for recognizing A;

NN for recognizing G or A;

NS for recognizing A or Cor Gor T;

N* for recognizing C or T, wherein * represents a gap in the second position of
the RVD;

HG for recognizing T;

H* for recognizing T, wherein * represents a gap in the second position of the
RVD;

IG for recognizing T;
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Next, a pair of TALENs were designed as described in Exanple 9 to target a
sequence in the endogenous human HPRT gene, and naned HPRT-3254-17 and
HPRT3286-w0r20(1AI724640A and FI G 40B). Pl asm ds pTALEN14PCEsSoeiong932

HPRT- 3254- 17 10and pl asm d pTALEN142 encodi ng HPRT- 3286-20r were
constructed using the Golden Gate cloning-based nethod and reagents
described in Exanple 8. The TALEN genes were then subcloned into the
mamal i an ex%%ﬁ%i on vector pCDNA3. 1(-) (Invitrogen, Inc.), which places

t hem under co f rSPERReHnst i tuti ve OW pronoter, yiel ding pl asmi ds
PpTALEN141M anﬁm"&%@%ﬁﬁ%%@HEK 293T cells were then transfected 15with
bot h pTALEN141M and pTALEN142M t oget her and separately with pCDNA3.1(-) as
a negative colNDriot recogniemgZ2 hours, genomic DNA was isol ated and di gested
with restrictj endonucl ease Bpul Ol. A Bpul O site exists within the
spacer that SQEE%%O@% RT- 3254- 17 and HPRT- 3286-20r binding sites in
HPRT (FI G 41ANN foetdcophipmgBpul O di gestion, PCR was used to anplify a 244
bp fragnent spanning the TALEN- 20targeted site fromboth the TALEN-treated
and the contrﬁlAfgéF?ﬁP%.Zlngﬁé expected fragment was anplified fromboth
sanpl es, i ndi j . . diigestion of the genom c DNA had been

i nconpl ete. S?J@Eéﬂ%géré}‘%d%lggsj 1rigé)’na(agf the PCR products with BpulOl, however,
resul ted in cumploeteoghieagdyge of the product anplified fromthe control
sanpl e, but inconplete cleavage of the product fromthe TALEN treated

sanple (Fl G 41B). . The presence of cl age-resi stant PCR pr ct in the
TALEN-t r Eét eq"zg%%?h@dﬁ? Sl "éiﬁ?rﬂlé‘r?é%h PR gwﬁ@gémge%weealﬂ% it e was
nut at ed §dehiNG @Soditl @ albadl pdifREhE 8 Lct TRPAISEqRYcO MRGBIPgoNA end

joining of a TALEN-nedi ated doubl e strand break at the intended target in

HPRT . Thinding TélcENs respandbledfeentcdpmzingpgebad pautiathernagittsDNA ssammeti an
cells. 30 QgHER El\/g@ VENTS | t :ﬂ% to be understood that while the

i nvent i ofhERTHEARC BYLILEQRUBS ARG on with the detail ed description
t hereof, the HargRICHEigASE:i ption is intended to illustrate and not limt
t he scope of the invention, which is defined by the scope of the appended
5cl ai ms. Ot heNDalopeaspgniziagant ages, and nodifications are within the scope
of the foll OV\{_IEI?OI,(%%C%i 0B &HAT IS CLAIMED IS: 1. A nethod for nodifying the
genetic material o & cals conpri si ng: (a) providing a cell

cont ai ni ng a HarfgetecODfizmgqiience; and (b) introducing a
transcription activator-like (TAL) effector -DNA nodifying enzyne into the
cell, the TALNéffPeraceeEnipg Giodi fyi ng enzyne conpri si ng:

SN for recognizing G or A;

YG for recognizing T;and

NK for recognizing G,

and one or more of:

HD for recognizing C;

NG for recognizing T;

NI for recognizing A;

NN for recognizing G or A;

NS for recognizing A or Cor Gor T;

N* for recognizing C or T, wherein * represents a gap in the second position of
the RVD;

HG for recognizing T;

H* for recognizing T, wherein * represents a gap in the second position of the
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(i) a DNA nodi fying enzynme donmain that can nodi fy doubl e stranded DNA, and
(ii1) a TAL effector domain conprising a plurality of TAL effector repeat
sequenceswORlat1/072236conbi nati on, bind to a specific nucl ecTiuseospsgeence in
the target DNA sequence, such that the TAL effector-DNA nodifying enzyne
nodifies the target DNA within or adjacent to the specific nucleotide
sequence in the cell or progeny thereof. 2. The nethod of claim1, further
conpriS|E§DErq¥|d|ng to the cell a nucleic acid conprising a sequence

honol ogo "Gt least a portion of the target DNA sequence, such that
honol ogous r egprRirB@ch@mOEcurs between the target DNA sequence and the
nucl eic acid. 3. The method of claim1l, wherein the cell is a eukaryotic
cell. 4.The method of claim1, wherein the cell is a manmmalian cell. 5.The
met hod of8.cl ahmethodfes genaratinigen eusidic peyd gngsiding a AL cffegomnecristiaod of cl ai m
1, mherelleﬁ ﬁtmﬁmh eEeuelg)roka t|, cell. 7.The nethod of claim1l1, wherein

the target I'sC gorral® "8 The nethod of claim1, wherein the
i ntroduci ng C(lmhlhbﬁﬁsnget aaﬁérqﬂztmﬁg withePspadl] thekstafteiepl¥aeil @omphisidgdiang t he TAL
ef fector-DNA nodi fying enzyne. 9. The nmethod of claim 1, wherein the

intr oducnwée%@ﬁﬁtql@a%e %&%ﬁd% figt Tk etfeqtoigDNAIning sfreaicdomaibhgyipgdi f yi ng
enzyne 'Q%\ e§th\% ﬁﬁ%'df%& V\Eee @te e mﬁc\%?f g%&ét%ﬁ@t%é@f%r#ty§§agéﬁé(959932 10.

The net ho alm I'ntroduci ng conpri ses Ivering the TAL
effector nt[alw&tmtadeqtmncrg mmmelfmtomlheffmdrl DEA tandin@topeat doynaireleass of t he
bacteri al ‘&? )é secrei system 11. The nethod of claim1, wherein
the int r &4 ‘ﬁﬁ’ oHtpet €22 St r oduci ng the TAL ef fect or- DNA nodi fyi ng enzyne

into the cel H@%ﬁm n{gﬁtoeﬂhe stive 1@&5&1%95@%&@@DN&&otha%nea'&t@Qn&& claiml,

wherein the yi ng enzy domai n is an endonucl ease. ~ 13. The net hod
of cl ai nmag; TAvheffeitor PNA endiog ueplcatadoandins thatt lyape RMDgr spstific ¢ori tbenext

endonucl ease 0 | aim 13, e |l striction
endonae) BRdGide itar heSelTE B BTy it BB eud RS s WL £ St or

donmi n tﬁﬁkggh&ggnao a specific nucleotide sequence within the target DNA

conprises 10 or nore DNA binding repeats, nore preferably 15 or nore DNA
bi ndi ng r epeaf33 repeating steps (1) and (%) until the nucleic acid encodes a TAL effector

capable of binding to the selected nucleotide sequence.

19.  The method of claim 18, further comprising, after the ligating, determining the
orientation of the DNA module in the PspXI site.

20. The method of claim 18, comprising repeating steps (1) and (2) from one to 30

times.

21. A method for generating a nucleic acid encoding a transcription activator-like
effector endonuclease (TALEN), comprising:

(a) identifying a first unique nucleotide sequence in the genome of a cell; and

(b) synthesizing a nucleic acid encoding a TALEN that comprises (i) a plurality of
DNA binding repeats that, in combination, bind to the first unique nucleotide sequence,
and (i1) an endonuclease that generates a double-stranded break at a second nucleotide
sequence within or adjacent to the first nucleotide sequence, wherein each DNA binding
repeat comprises a RVD that determines recognition of a base pair in the target DNA,
wherein each DNA binding repeat is responsible for recognizing one base pair in the

target DNA, and wherein the TALEN comprises one or more of the following RVDs:
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16. The method of claim 15, wherein each DNA bi nding repeat conprises a
repeat vari abl e-diresidue (RVD) that determ nes recognition of a base pair
in the tawgebiidve4sequence, wherein each DNA bi ndi ng repeatuse&ooe®ponsi bl e
for recogni zing one base pair in the target DNA sequence, and wherein the
RVD conprises one or nore of: HD for recognizing C, NG for recognizing T;
NI for recognizing A, NN for recognizing Gor A, NS for recognizing Aor C
or Gor T, N* for. recognizing Cor T, wherein * represents a gap in
the second poSPAPHFFeBENENE ‘(RVD, HG for recognizing T; H* for recognizing T,
wherein * repNes@Rt®ognid@p T;n the second position of the RVD, 1G for
recognizing T; NK for recognizing G HA for recognizing C, ND for

recogni zi ng ONI Hir ré@gnizengoni zing C; HN for recognizing G NA for

recogni zi ng GNH%%I for r.eco$1i zing Gor A, and YG for recognizing T. 17.The
met hod of cla 6IC“RREFEERN 84¢h DNA bindi ng repeat conprises a RVD that

det er mi nes r eNggpt fetOfhifihg A RTSE GarT; i n the target DNA sequence, wherein
each DNA binding repeat is responsible for recognizing one base pair in the
target DNA sebflidprcecognghe¥din the RVD conprises one or nore of: HA for

recogni zing G rr. nizing C H for recognizing C, HN for
recogni zi ng &G&Y%Pglﬁlg@gggi zing G SN for recognizing Gor A YGfor

recogni zi ng TH*dodreBgriifiig Tecogni zing G and one or nore of: HD for
recognizing C._NG for recognizing T; NI for recognizing A NN for
recogni zi ng dQ)FOTA?C%Slzf%r recognizing Aor Cor Gor T, N¢ for

recogni zi ng QR fof recWBRr LG, represents a gap in the second position of
the RVD; |
HA for recognizing C;

ND for recognizing C;

HI for recognizing C;

HN for recognizing G;

NA for recognizing G;

SN for recognizing G or A; and
YG for recognizing T.

22.  The method of claim 21, wherein the TALEN comprises one or more of the
following RVDs:

HA for recognizing C;

ND for recognizing C;

HI for recognizing C;

HN for recognizing G;

NA for recognizing G;

SN for recognizing G or A;

YG for recognizing T;and

NK for recognizing G,

and one or more of:

HD for recognizing C;

NG for recognizing T;

NI for recognizing A;
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HG for recognizing T; H* for recognizing T, wherein * represents a gap in
the second position of the RVD, and I G for recognizing T. 18. A nethod for
gener at i yoaonuokmsc aci d encodi ng a TAL effector speci Pra/user10as®aet ect ed
nucl eoti de sequence, conpri sing: (1) linearizing a starter plasmd
with PspXl, the starter plasm d conprising a nucl eoti de sequence that
encodes a first TAL effector DNA binding repeat domain having a repeat

vari abl e- di regj due (CRVD .S ci%ic for the first nucleotide of the selected
nucl eoti de se EECORMETEI MOt e first TAL effector DNA binding repeat
domai n has a NRifguRcHaRthe Al & 8 Gidr ;3" end; (2) ligating into the
starter plasmd PspXl sité a DNA nodul e encodi ng one or nore TAL effector
DNA bi ndi ng r¥pdatredegmding Ctardt, have RVDs specific for the next

nucl eoti de(s) ffthe sel ectle_d nucl eoti de sequence, wherein the DNA nodul e
has Xhol sticKy ChHE EHAHS ' (3) repeating steps (1) and (2) until the
nucl eic acid Hﬁ(}‘@d@gogaﬁz‘[ Tedddect or capabl e of binding to the selected
nucl eoti de sequence. 19. The method of claim 18, further conprising, after
the |igati ng,ﬂaéqréf:c‘rﬁgmzﬁ@?he orientation of the DNA nodule in the PspXl
site. 20.The nethod of claim 18, conprising repeating steps (1) and (2)

{1 om ol SPd o of Liafn 371 DRGhdhe BRARIALING Balliel BGsAfldengodi no 2
transcription activator-li1ke effector endonucl ease , conprising:

(a) i denofthyifolpwang critetiauni que nucl eoti de sequence in the genone of a cell;

and (b).synthesizin nucl ei ¢ acid.encoding,a TALEN that conprises
(i) a plural it>ylsafm%ur5iog&? H@S%é‘ﬁ@aﬁ“gl% ﬂ%?l}te‘f&%%’nfﬂ %awlﬁb%ff bind to the

first unjgHediuG! RELddfE REGHENGR. sald: (1) an endonucl ease that generates a
doubl e-stranded "break at a second nucl eoti de sequence within or adjacent to

the first nuclipdoésdmtbequehdethevdhrer(6i) postionoDiAA N thetisagpndgweidionconpri ses a
RVD t hat detern nes.recogniti of .a ba alr.int targe , wherein
Such DA bt ndtmg s T ECRE 1L CDyi A GoB s s & O BL S it i TeT o e

t ar get itigdngwherein the TALEN conprises one or nore of the follow ng
RVDs: for recognizing C NG for recogni ziqr;(g T: N for reco%ni zing A, NN
for recogni zi iy h@sebag cogoshiono Odipin A Ao edr, 2% (Gand 2F2% T.

24.  The method of claim 23, comprising identifying a first nucleotide sequence and a

second nucleotide sequence in the genome of the cell, wherein the first and second
nucleotide sequences meet at least one of the criteria set forth in claim 23, and are

separated by 15-18 bp.

25.  The method of claim 24, wherein the endonuclease generates a double-stranded

break between the first and second nucleotide sequences.

26. A TALEN comprising an endonuclease domain and a TAL effector DNA binding
domain specific for a target DNA, wherein the DNA binding domain comprises a
plurality of DNA binding repeats, each repeat comprising a RVD that determines
recognition of a base pair in the target DNA, wherein each DNA binding repeat is
responsible for recognizing one base pair in the target DNA, and wherein the TALEN
comprises one or more of the following RVDs:

HD for recognizing C;

NG for recognizing T;
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N* for recognizing Cor T, HG for recognizing T; H* for recognizing T; 1G
for recognizing T; NK for recognizing G HA for recognizing C, ND for
recogni ziwg 2@ 1/d#246or recogni zing C, HN for recogni zi ng PGI/US2010069932
recognizing G SN for recognizing Gor A and YG for recognizing T. 22.The
met hod of claim 21, wherein the TALEN conprises one or nore of the
followng RVDs: HA for recognizing C, ND for recognizing C, H for

recogni zi ng é\l N for recognizing G NA for recognizing G SN for

recogni zi ng G OFOTACCOPRIZANE AT acogni zing T;and NK for recognizing G and one
or nore of: I-prigfrercgglggﬁ'g:d&gAC; NG for recognizing T, N for recognizing
A: NN for recognizing Gor A, NS for recognizing Aor Cor Gor T; N for
recogni zi ng ON8rfoMecoiBifing Aramdogrpiy T; H for recognizing T; and IG for
recogni zing T ,ﬁB.The nmet hod C}f claim 21, wherein the first nucleotide

sequence neets at’ FedY“'Bhe Bf *the fol lowing criteria: i) is a

m ni mum of 15HDABEeschbemgingmd is oriented fromS5' to 3' with a T inmediately
preceding the site at the 5 end; ii) does not have a T in the first
(5') positionHddomgegenizAng he second position; iii) ends in T at the

| ast (3') posjdti - . not have a G at the next to last position; and
iv) has a basieégog%%%%ﬁ%ﬂ%?ﬁof 0-63% A, 11-63% C, 0-25% G and 2-42% T.

24. The met hodN&f foeta@bgni2idg Gonpri sing identifying a first nucleotide
sequence and a ..
HA for recognizing C;

ND for recognizing C;

HI for recognizing C;

HN for recognizing G;

NA for recognizing G;

SN for recognizing G or A; and

YG for recognizing T.

27.  The TALEN of claim 26, wherein the TALEN comprises one or more of the
following RVDs:
HA for recognizing C;
ND for recognizing C;
HI for recognizing C;
HN for recognizing G;
NA for recognizing G;
SN for recognizing G or A;
YG for recognizing T; and
NK for recognizing G,
and at least one or more of :
HD for recognizing C;
NG for recognizing T;
NI for recognizing A;
NN for recognizing G or A;

NS for recognizing A or Cor Gor T;
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second nucl eoti de sequence in the genone of the cell, wherein the first and
second nucl eoti de sequences neet at |east one of the criteria set forth in
cl ai m 23, weandiiar7e24separ at ed by 15-18 bp. 25. The net hod eCTalSaémo29932 wher ei n
t he endonucl ease generates a doubl e-stranded break between the first and
second nucl eoti de sequences. 26. A TALEN conpri sing an endonucl ease donai n
and a TAL effector DNA binding domain specific for a target DNA, wherein
the DNA bi ndipg domain.conprises a plurality of DNA binding repeats, each

r epeat conprf@iﬁ@“ﬁ“ﬁ%?@% ﬁ“ﬁgternines recognition of a base pair in the

target DNA, wﬁ@p@}ﬂmg?ggngwa bi ndi ng repeat is responsible for recognizing
one base pair in the target DNA and wherein the TALEN conpri ses one or
nmore of the fHFifowicoegnmsT, 440 f or recogni zing C, NG for recognizing T; N
for recogni zi A, NN for,fecognizing Gor A NS for recognizing A or C or
Gor T, N fo ﬁgégﬁﬁPyﬁﬁb‘C or T, HG for recognizing T, H* for recognizing
T, G for recognizing T; NK for recognizing G HA for recognizing C, ND for
recogni z21g CThéTALBN dfetaarnez ivhgre the kit drmiclch &Ccdigiia isforfoa tHys Mor

recogni zing, G SN for recognizing Gor A, and YG for recognizing T. 27.The
TALEN of regfrigtifd oelonyiglepssi n t he TALEN conprises one or nore of the fol | ow ng
RvDs: HA for recognizing C, ND for recognizing C, H for recognizing C, FIN

for recoghi zi pge %Lﬁ'ﬁ JriaimeR0 Uk Al @e gpeg%gsggcti{oﬁ%ﬁ@éﬂuaeg& Gk A YG for

recognizing T; a NK for recogni zi ng east one or nore of : HD
for recognizing C; NG for recognizing T; NI for recognizing A NN for
recogni z8thg GAJALAN comprising an endonuclease domain and a TAL effector domain,

wherein the amino acid sequence of said TALEN is selected from the group consisting of

SEQ ID NO:33 to SEQ ID NO:55, SEQ ID NO:72, and SEQ ID NO:73.

31. A method for generating an animal, comprising:
providing a eukaryotic cell comprising a target DNA sequence into which it is
desired to introduce a genetic modification;
generating a double-stranded break within the target DNA sequence with a
TALEN comprising an endonuclease domain and a TAL effector domain that binds to the
target DNA sequence; and
generating an animal from the cell or progeny thereof in which a double-

stranded break has occurred.

32. The method of claim 31, further comprising:
introducing into the cell an exogenous nucleic acid comprising a sequence
homologous to at least a portion of the target DNA, wherein the introducing is under
conditions that permit homologous recombination to occur between the exogenous
nucleic acid and the target DNA sequence in the cell or progeny thereof; and
generating an animal from the cell or progeny thereof in which homologous

recombination has occurred.

33. The method of claim 31, wherein the animal is a mammal.
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NS for recognizing Aor Cor Gor T, Nt for recognizing Cor T, HG for
recogni zing T; H* for recognizing T, and I1G for recognizing T. 28. The
TALEN of wbDanmw@&46wherei n t he endonucl ease domain i s f PORUS2419089982
restriction endonuc | ease. 29. The TALEN of claim 28, wherein the type |
restriction endonucl ease is Fokl. 30. A TALEN conprising an endonucl ease
domain and a TAL effector domain, wherein the am no acid sequence of said
TALEN i s, sel ected from.t he oup consisting of .SEQ I D NO.33 to SEQ I D
o5s. ot | Dkl R TR Enghe mediarTah CPBPER dor at | ng an

ani mal , G@URILLSA NS insertion. oPh @MkfbNg a eukaryotic cell conprising a target
DNA sequence into which it is desired to introduce a genetic nodification;
generating a doubl e-stranded break within the target DNA sequence with a
TALEN co?n%ri sinmeethed fondomuetingasplagfopeprivtgl a TAL ef fect or domain t hat
binds to the {arge equence. . an nerati-ng. an, ani pal from
the cel I or pPoyaite TR EEM SABHEN tresobrearoRRagh N MuPLe e ot

32. The fwmEhhedhceta peésaicoted kendtlerhbdificgvmpr i si ng: introducing into the
cell an exogenous nucleic acid conprising a sequence honol ogous to at | east
a portion of EHERAEGetoubjmtrapgied ek WHinithe feeet BNy S eREsdErh ondi ti ons

t hat per r [ i . i nucl ei c
aci d and P HE CARR N FEAARIAR bR and AL RS R AR

gener at | aggeaDNasaabnder ad t he cel | or progeny thereof in which honol ogous

reconbi nati on has occurred. . 33. The t hod of claim 31,. wherejn the ani nal
is a mmmal. WD z@effr%lﬁgfmé@é%ms@efgﬁ@gg@gw 81c0H {1 igh R GUBE- ¢! ai m 31,

wher ei n {hgqaepehi fad g fbgati on conprises a substitution, an insertion, or
a deletion. 35. A nmethod for generating a plant, conprising:

providing a plant cell conprisigg a target DNA sequence into which it is
desired 3% i nThoughedaf plags 8P elortber epamutsing: modi fi cat i on; generating a
double-strandg@? regki%ghpin %gqrgar etnDN@m§%ﬂﬂ§@ q)mh;hnaaTALﬁy
conpri si ng an SRddHNE IPEALE PEBISTh AR B FREFF e & OO 52 RS nds to
t he tar gedmédboiBagueRes a pftbn of the target DN A SAiREAdd, MciPthaMtrddueimstine cel |
or progeny thereof in which a doubl e-stranded break has occurred.

under conditions that permit homologous recombination to occur between the exogenous

nucleic acid and the target DNA sequence in the cell or progeny thereof; and

generating a plant from the cell or progeny thereof in which homologous

recombination has occurred.

37. A method for targeted genetic recombination in a cell, comprising:
introducing into the cell a nucleic acid encoding a TAL effector endonuclease
targeted to a selected DNA target sequence;
inducing expression of the TAL effector endonuclease within the cell; and

identifying a cell in which the selected DNA target sequence exhibits a mutation.

38.  The method of claim 37, wherein the mutation is selected from the group
consisting of deletion of genetic material, insertion of genetic material, and both deletion

and insertion of genetic material.
39.  The method of claim 37, further comprising introducing donor DNA into the cell.

40. The method of claim 37, wherein the cell is an insect cell, a plant cell, a fish cell,

or a mammalian cell.
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36. The nethod of claim 35, further conprising: introducing into the
pl ant cell an exogenous nucleic acid conprising a sequence honol ogous to at
| east a pwotzborn7ef46t he target DNA sequence, wherein thePCRIUSOUOOFING2 i S
under conditions that permt honol ogous reconbi nation to occur between the
exogenous nucl eic acid and the target DNA sequence in the cell or progeny

t hereof; and generating a plant fromthe cell or progeny thereof in

whi ch honpl oggus reconbi nation ccurred. 37. A nethod for .targeted
Gonet i ¢ TbcouBt s B e TRE sEMPLERGe tlenSdltungs wecbne e | a
nucl ei ¢ @i DANCQdidgetBod CdmBhidifE bQfer ARG ANIC] RAREd ERLERLAITAL cAe@&l ect ed
DNA t arget sequence; inducing expression of the TAL effeéctor endonucl ease
Wi t hi n t thet cenprisca RANA bisdingfdpimagn kaverg 4 pluralighpCANhleindiep eerteatd, ®hixemar get
sequence_exhi bi és a_ mut a:%i\/ﬁﬂ g% The net hotd of ct;ai m.37,thwher in the

mut at i on 18 "EERELYAY R B R ADAL AR RSHSTT IR Ut RiaT BYT BHPS 8 net i ¢

mat e [ i al DNtA[} s@feltréi@ e%dnggﬁr&ﬁdi§%F%%a;ig aélspg@nge? hq;rscc{gﬁizﬁig' &t aRdpdinger tion of
genetic materi al . : e nmethod of claim 37, further conprising

i nt r oducthggarddINADNA into the cell. 40. The nethod of claim 37, wherein

the cel |} ! cel l. . i.sh .. . : lian cell.
v 2011 835 A0nld e huaBsd RRoiRiq Rt o8 Shinil o SRR ' 27, CC: o
havi ng eDNanieding as@et seqgerapadi dpyciffioity fortanger GMAs cBairtingtieod conpri si ng
generating a nucleic acid. encogi ng@g TAL effector that conprises DNA

bi ndi ng WaHEFREH AV hat Respiograrof the WRdipg@tshi ndi ng repeats, wherein each
repeat conprises a RVD that determ nes recognition of a base pair in the
target DINA, WASKGhAY RAGBndNM DI T REF£iEPRAINd Shh SRS EcahH ity REQINI Zi NG
one base pair in the target , Wherein said generating conpri'ses

i ncor por argeh ®NA vacl re¢tbod cordpranep géneptmg\aanicemt acid bndolimgts Tl nffcatepeat
sequence, W th specificity. for A C .or hus im.nating the requirenent
For T ar MELITBRS DNbpining doriin iy 4 Ghraipyst RNARAGkE Ao Gonbid g
TAL ef f egdchrreftayédigpraela RVES thafd @&ininG reéaeidnyoffaias@pdinlnaat 14, sai d

met hod coTrI]‘prl sing generating a nucleic acid encoding a TAL effector that
conpr i seBNBNAVhsrad card [ Adiindihgdpag 1arqspeisiile for redogmivmeninediapypaieiveat s,
wherein &ﬁgﬁ,&ﬁﬁﬁgﬁ conprises a RVD that determ nes recognition of a base
pair in et ar get’ DNA, wherein each DNA binding repeat is responsible for
r ecogni zhgenQid@serapiag comprisdiéndoapgetind D, orvhet @uclciRaicllls geowtigt TAD
conprises_incarporating one or nore nucleic acids encoding TAL effector DNA
bi ndi ng ef&eiarANAbardinhdenarins Do) RYE diiniecaiangsd spaifdsityifor Grand  and
wher ei n id: \Shk ; % NG NH,
e, SRR RRERRDE R SREl A AR i SRR EBPRNRMGRRHTRY. R, "

NK, NY, SN, NI* DNAD*, N0y, NN, ENGFE* NEY, NNE, QNNQ* YXR, NROHNCH*WKREr 8iYn SN, i ndi cat es

a gap at sjti he 43. . t hod for oduci ng a

pol ypeptﬁﬁﬁﬁﬁﬁg@,ﬁgtﬁeﬁﬁ, ¥8 Sn"}"gg\EQa‘t"h?r@é‘éiggﬁémBa%Pﬁ P S$99n9 "t ar get
DNA sequgiion dMBe RRDhod conpri sing synt hesi zi ng a pol ypeptide conprising a
repeat donain, wherein the repeat donain conprises at | east one repeat unit
derived froma transcription activator-like (TAL) effector, wherein the
repeat uhi-t cOmptherbor aradppaevaolyispiade bl shectimely icapgnieenatieast erclsgni ti on
of a base.pair. in arget eguence, . wherein the repeat . .unit is
responsi %}lgmfaotra rg(ehfg&%a%:egblgl}ctei tore1 5 hoﬁceo gissén Sglnfr%eis%mgﬁ Oﬁ%ﬁgé%equence, and

wher ei n ¢digprivydied wpeitaldhRin, &dicedin mrrppdasa@m@inrasaﬁigeisemh@@mﬁ Epanutihe group
consisting. of: (a) HD for recognition of C G (b) N for recognition of
AT, (c) deygefl dfon @géwrlpp@ha(gwatpfﬂ;ke (TAL) effector, whérein the repeat unit

comprises a hypervariable region which determines recognition of a base pair in the
target DNA sequence, wherein the repeat unit is responsible for the recognition of one
base pair in the DNA sequence, and wherein the hypervariable region comprises a
member selected from the group consisting of:

(a) HD for recognition of C/G;
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(d) NS for recognition of G Gor AT or T/Aor GC (e) NN for recognition
of GCor AT, (f) IGfor recognition of T/A; (g) N for recognition of CG
(h) HG f ovonetageissi on of C/ Gor T/A;, (i) Hfor recogni PCoSI10D5M32 and ()
NK for recognition of GC  44. A polypeptide produced by the nethod of
claim43. 45. A DNA conprising a coding sequence for the pol ypeptide
produced by the nethod of claim43. 46. An expression cassette conprising
a pronoter Op&f%ﬁlé |inked to.the DNA of claim45. 47. A non-human host
cel | conprisi W NHE e rdassette of claim46. 48. A transforned,
non- human or gayNgITG: eEREh#oNSfiINE, expression cassette of claim46. 49. A
nmet hod for selectively recognizing a base pair in a DNA sequence by a

pol ypepti de, (h&Sor hesdguitnpof €/Ggr 86het TdceriGr§:a pol ypepti de conprising a

repeat donain ein the re dqQnmmi n conprises at | east one repeat unit
derived from Q)%{Eoéf?cé)@{l@oflom{:g%he repeat unit conprises a
hyper vari abl e(fygg'f&r}ewghﬁﬂ,ndﬁ“thm nes recognition of a base pair in the DNA

sequence, wherein the repeat unit is responsible for the recognition of one
base pair in (D& PrrccoeritienetC/Gnd wherein the hypervariabl e region

conprises a g‘%%xt_fosr%s%cgkﬁgpforf%top%@r oup consisting of: (a) HD for

recognition o or recognition of A/T; (c) NG for recognition
of T/A, (d) N9 Hdbor reesggtion 6ONAQEnd/ G or A/T or T/Aor GC  (e) NN for
recognition of G Cor AT, (f) I1Gfor recognition of T/A; (g) N for
recognition o@)wor(%))glili@m? BEGf%cogni tion of CGor T/A

44. A polypeptide produced by the method of claim 43.

45. A DNA comprising a coding sequence for the polypeptide produced by the
method of claim 43.

46.  An expression cassette comprising a promoter operably linked to the DNA of

claim 45.

47. A non-human host cell comprising the expression cassette of claim 46.

48. A transformed, non-human organism comprising the expression cassette of claim
46.

49. A method for selectively recognizing a base pair in a DNA sequence by a

polypeptide, the method comprising constructing a polypeptide comprising a repeat
domain, wherein the repeat domain comprises at least one repeat unit derived from a TAL
effector, wherein the repeat unit comprises a hypervariable region which determines
recognition of a base pair in the DNA sequence, wherein the repeat unit is responsible for
the recognition of one base pair in the DNA sequence, and wherein the hypervariable
region comprises a member selected from the group consisting of:

(a) HD for recognition of C/G;

(b) NI for recognition of A/T;

(c) NG for recognition of T/A;

(d) NS for recognition of C/G or A/T or T/A or G/C;
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(i) Hfor recognition of T/A; and (j) NK for recognition of GC . 50.A

nmet hod of nodul ati ng expression of a target gene in a cell, wherein cells
are proviweaomwn7eaccont ai n a pol ypepti de wherei n t he polrgpastiidos®enpri ses
a repeat domain, wherein the repeat donmain conprises at |east one repeat
unit derived froma TAL effector, wherein the repeat unit conprises a

hyper vari abI e region which determ nes recognition of a base pair in a DNA
sequence, oﬁ he re eat l}lﬁé{% [ tesponsi ble for the recognition of one
base pair in S€q ’élt%l@ é“r rein the hypervariabl e region

conprises a nm%rsfg&%%%d‘fq@mthe group consisting of: (a) HD for
recognition o for recognition of A/T;, (c) NG for recognition

of T/A; (d) I\&)ﬁ\bforr@@ggmwpﬁﬁ/@;f C/Gor ANT or T/TAor GC, (e) NN for
recognition o Cgf recognition of T/A; (g) N for
recogni tion o{h)g Or(rﬁ‘ﬁogpltgo Safd/g@SaIﬁAtl onof CJGor T/A (i) Hfor
recognl tion o{l) fﬁ/f&,;re@@gjnﬁd,ﬂomg @hdrecognition of GC . 51. A pol ypeptide
conprising a repeat domain, wherein the repeat donain conprises at |east

one repeat unt} Kelor ieseeifigmPRGHAL ef fector, wherein the repeat unit
conprises a hypervar| abl e regi on which det erm' nes recognition of a base

pair in g DNA H&Easeom&ﬂ% %p%%goﬁ)ﬁggga{er%‘ Hehe dnSa ée S\;Q/mﬂgt%hpée?l Lo the

recognition o pal r nce, erein
hyper var pabided mélgalmmmm)pbszpsmaienmdmn tisepadygiopddé cmnpmd_fee agepw‘p consi st i ng

O L eRgL .00 o G ) e S Lo o oL AT (€)1
effector, wherein the repeat unit comprises a hypervariable region which determines
recognition of a base pair in a DNA sequence, wherein the repeat unit is responsible for
the recognition of one base pair in the DNA sequence, and wherein the hypervariable
region comprises a member selected from the group consisting of:

(a) HD for recognition of C/G;

(b) NI for recognition of A/T;

(c) NG for recognition of T/A;

(d) NS for recognition of C/G or A/T or T/A or G/C;
(e) NN for recognition of G/C or A/T;

(f) 1G for recognition of T/A;

(g) N for recognition of C/G;

(h) HG for recognition of C/G or T/A;

(1) H for recognition of T/A; and

(j) NK for recognition of G/C .

51. A polypeptide comprising a repeat domain, wherein the repeat domain comprises
at least one repeat unit derived from a TAL effector, wherein the repeat unit comprises a
hypervariable region which determines recognition of a base pair in a DNA sequence,
wherein the repeat unit is responsible for the recognition of one base pair in the DNA
sequence, and wherein the hypervariable region comprises a member selected from the
group consisting of:

(a) HD for recognition of C/G;
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(e) NN for recognition of GCor AT, (f) I1Gfor recognition of T/A; (g) N
for recognition of G (h) HG for recognition of G Gor T/A, (i) Hfor
recogni t iwo 20f1/0722% and (j) NK for recognition of G C . PEZ/UA20MASDENPTri Si ng
a codi ng sequence for the pol ypeptide of claim51. 53. A DNA which is
nodified to include a base pair located in a target DNA sequence so that
the base pair can be specifically recogni zed by a pol ypeptide conprising a
repeat domain }gﬂeirel n the re t domain conprises at |east one repeat unit
derived from & TACERFRENEM ohddr ein t he repeat unit conprises a

hypervari abl e(d) &@i f? r¥doiftiod@F VA nes recogni tion of a base pair in the DNA
sequence, mhereln the répeat unit is responsible for the recognition of one

base pair in (d)élwrwgm@mefcéﬁldrwﬂéoeT/ﬁOIth’Crecel ve a sel ective and
det er mi ned rﬁ{:?g\@ on b t he @/‘ﬁ |able region, the base pair is

sel ected fro fﬁ%iﬁ?g QoL (a) C/ G for recognition by HD, (b)
AT for recongGﬁS}rB%gMnon(df)T/A'/A for recognition by NG (d) CT or A/T or
T/A or GC for recognltlon béSSNS (e) @Cor ATTfor recognition by NN, (f)

T/ A for recog@tN ©respeniion 0§$/@/ G or T/ A for recognition by N, (h) T/A for
recogni tion b%/ﬁ)ﬁ@ﬁgig%%ﬁo %rfcr/écogqutl on by H and (j) GC for
: . ec

recognition b or conprising the DNA of claim53. WO
2011/ 072246 Pl HIBOXOHEHORBES T/A; and

(j) NK for recognition of G/C .
52. A DNA comprising a coding sequence for the polypeptide of claim 51.

53. A DNA which is modified to include a base pair located in a target DNA sequence
so that the base pair can be specifically recognized by a polypeptide comprising a repeat
domain, wherein the repeat domain comprises at least one repeat unit derived from a TAL
effector, wherein the repeat unit comprises a hypervariable region which determines
recognition of a base pair in the DNA sequence, wherein the repeat unit is responsible for
the recognition of one base pair in the DNA sequence, and wherein, to receive a selective
and determined recognition by the hypervariable region, the base pair is selected from the
group consisting of:

(a) C/G for recognition by HD;

(b) A/T for recognition by NI;

(c) T/A for recognition by NG;

(d) CT or A/T or T/A or G/C for recognition by NS;

(e) G/C or A/T for recognition by NN;

(f) T/A for recognition by 1G;

(g) C/G or T/A for recognition by N;

(h) T/A for recognition by HG;

(1) T/A for recognition by H; and

(j) G/C for recognition by NK.

54. A vector comprising the DNA of claim 53.
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55. A non-human host cell conprising the DNA of claim53. 56. A

transf ornmed, non-human organi smconprising the DNA of claim53. 57. A

met hod f owopnodueissg a DNA conprising a target DNA sequecTaSkéatnsg9s2

sel ectively recogni zed by a pol ypeptide conprising a repeat donain, wherein
the repeat domain conprises at |east one repeat unit derived froma TAL
effector, wherein the repeat unit conprises a hypervariable region which

determn recogniti on of a _base pair, i he. target DNA sequence, and
wher ei n gie réﬁ@&ﬂmﬁﬁpwoﬁ§ﬁpégﬁwﬁ§mﬁF@aﬁ%@X?@é@?bg%gnition of one base pair
in the target DNA sequence, the nethod conprising synthesizing a DNA

conpri si sy a Ram@sPahéd, hBahuhtn Rhecsthpi@id@e TECRBNLIRRA 5By the repeat
unit, wherein the base pair is selected fromthe group consisting of: (a)

C/ G for recognition by HD; (b) AT for recognition by NI; (c) T/A for
recogni t ¥bn bi mgthod @y pHuging A/ONrcompasivg actpget BNArssgerisr thabis by NS; (e)

S o ALTobk, TSS9 ol LB B SEORIL LR ki) O © o
recogni t d@naibyotdprisgycht (dapt dok Cepeat uniedapr tiopna DR LNEector, wherein the repeat
unit comprises a hypervariable region which determines recognition of a base pair in the
target DNA sequence, and wherein the repeat unit is responsible for the recognition of
one base pair in the target DNA sequence, the method comprising synthesizing a DNA
comprising a base pair that is capable of being recognized by the repeat unit, wherein the
base pair is selected from the group consisting of:
(a) C/G for recognition by HD;
(b) A/T for recognition by NI;
(c) T/A for recognition by NG;
(d) CT or A/T or T/A or G/C for recognition by NS;
(e) G/C or A/T for recognition by NN;
(f) T/A for recognition by 1G;
(g) C/G or T/A for recognition by N;
(h) T/A for recognition by HG;
(1) T/A for recognition by H; and
(j) G/C for recognition by NK.
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