WD 2010/ 079430PCT/ 1 B2010/ 000154 5MODULAR DNA- Bl NDI NG DOVAI NS AND METHODS OF
USE TECHNI CAL FI ELD OF THE | NVENTI ON 10The present invention refers to

met hods fwo 28sled3bvel y recogni zing a base pair in a targeuBifo®esuence by
a polypeptide, to nodified pol ypepti des which specifically recognize one or
nore base pairs in a target DNA sequence and, to DNA which is nodified so
that it can be specifically recognized by a pol ypeptide and to uses of the
pol ypeptide and DNA in specific DNA targeting as well as to nethods of

nodul ati ng 15expression of target genes in a cell. BACKGROUND OF THE

| NVENTI ON Phyt opat hogeni ¢ bacteria of the genus Xant honbnas cause severe

di seases on many 20i nportant crop plants. The bacteria translocate an
arsenal of effectors including nmenbers of the large transcription

activatar-1ike (NJDUPKREDRA-BYRDENGEBOMA IRSIAND WIETHEDS YXeUKE! secretion
systeminto plant cells (Kay & Bonas (2009) Curr. Opin. Mcrobiol.

12: 37-43, Wite & Yang (2009) Pl ant Physiol. doi:10.1104/pp. 1109. 139360;
Schornack et al. (2006)J. Plant Physiol. 163:256-272). 25 TAL effectors,
key virul ence factors of Xanthononas, contain a central domain of tandem

repeats, nuclear |ocali zZBECOINRKIANFIELONDESIHEANVENTEONI vati on domai n (AD)
and act as transcription factors in plant cells (Kay et al. (2007) Science
318: 648-651; Romer et al. (2007) Science 318:645-648; Gu et al. (2005)

Nat ur e 35’Tl§%;p2g3ﬁi]n]1%5entﬁ'ngefelrsatb ‘me Hgdgtfxpé%l&'ﬁm el fzﬂ{gsa sk ?Qltr Qr{la;f gm Ly,

AvrBs3 from ononas canpestris vesl ato conta

repeats andangadlDNeswqu@rce$>$|aqml§qfephlﬂ%Atc( mpdﬁ'@dlpat@dpihnesmm&s@))ec@eml@s

i ncluding the Bs3 resistance ene in | ant s Kay et al. (2007)

Sci ence 318CHHBIZSHIC ORBIRET Dase éllrs 1“(*‘2’@8%??8% gncs PRI WAGVIiRRO s et al .
(2002) MOL Rhanta M 660REar B §cdfcall Rich328A8) a pdSridERRY (ARGs OF 6T Of
repeats in a TAL effector determne its speC|f|c activity (Herbers et al.

(1992) Nat yrobyr8p6del Al DXA)in sPemfic D2 GLEHOZ24 3CHET A BROW0$ 000G atiepeat

wer e ngmn<§8m§50§8?§ﬁ@%§&ms%§ag§ﬁ bi ndi ng of AvrBs3 and constitute a nove

BACKGROUND OF THE INVENTION

Phytopathogenic bacteria of the genus Xanthomonas cause severe diseases on many

20  important crop plants. The bacteria translocate an arsenal of effectors including
members of the large transcription activator-like (TAL)/AvrBs3-like effector family via
the type III secretion system into plant cells (Kay & Bonas (2009) Curr. Opin.
Microbiol. 12:37-43, White & Yang (2009) Plant Physiol.
doi:10.1104/pp.1109.139360; Schornack et al. (2006) J. Plant Physiol. 163:256-272).

25  TAL effectors, key virulence factors of Xanthomonas, contain a central domain of
tandem repeats, nuclear localization signals (NLSs), and an activation domain (AD)
and act as transcription factors in plant cells (Kay ef al. (2007) Science 318:648-651;
Romer et al. (2007) Science 318:645-648; Gu et al. (2005) Nature 435, 1122-1125; Fig.
1a). The type member of this effector family, AvrBs3 from Xanthomonas campestris

30  pv. vesicatoria, contains 17.5 repeats and induces expression of UPA (upregulated by
AvrBs3) genes including the Bs3 resistance gene in pepper plants (Kay et al. (2007)
Science 318:648-651; Romer et al. (2007) Science 318:645-648; Marois et al. (2002)
Mol. Plant-Microbe Interact. 15:637-646). The number and order of repeats in a TAL
effector determine its specific activity (Herbers et al. (1992) Nature 356:172-174). The

-1-



DNA- bi ndi ng domain (Kay et al. (2007) Science 318:648-651). How this domain
contacts DNA and what determ nes specificity has remai ned enigmatic.

5Sel ect i weOgera7es3pr essi on i s nedi ated via the interactiPOn/IBIO1pP@IRI N
transcription factors with specific nucl eoti de sequences within the

regul atory region of the gene. Th r..in which - bi ndi ng protein
ol s a BSOS St UL I T s BTV R bRT RS 84 nP¥clan

i nportant  oyRALHiRMnE RoMAMSKIL PG 0TS Y&LAk 39'8%4@5(%@?. HHe hiddorhfig control
of gene expression Iin differéntiation and devel opment. 10 The ability to
speci fi cal lopntiesiMAand vdehdetanan®Nacdfindy hep rdowmicd snighwticr ecogni ze a
desired DNA target is highly desirable in biotechnology. Such ability can
be useful for the devel opnent of customtranscription factors with the

abi I'i ty st o gengubabencIspesasRinsdignd vRORe irdérdeionWprétediA@erifroardtes
i ncl ude the extensive work done with 15the design of custom zinc finger

DNA- bi ndi ngVigh snesifisuslsetids seguenses withastne sepuiaeryaegional Begaehddic( Choo et

al . (1994) 21 v P08 (,199%): S¢i 7:93-96; Liu
ot al . pr oo i EAeA SRR 39t BhmBhe wast bR BLSERREELEREET 9000
Proc. Nat| .diffcraat DS seqlloReOB:ah3@Portdrd JUdstiob)iSundRastandNeg cracidlprod&ses U. S.
Pat. No. 7,220,719). Furthernore, polypeptides containjng designer

DNA- bi ndi ngugibaaihg §ontenl ©4 gerecxpression d At rensigtion andeevalopisnt t ar get  DNA
sequengg by the inclusion of DNA nodifying domains, such as a nucl ease
catal ytic domain, within the polypeptide. Exanples of such include the DNA
bi ndi ng dorEicrabdfty o spegdivaldy dasgl daingengraendAuUtihdagelobiAstied ogrighizon site

in combinatjon w a non-specifi.c. pucl ease dpnai see .US Pat . .

2007/ 0141088y e Fitt hlaiiirael At QuabH Puitt S5k Sl Wil ease
domai ns fram §ARIHMERt OF cididnh BREREPHBORDIE! RARER {389 t¢meduRalgenfPP.  Pub.
20090271881), and zinc finger domains in conbination"with a domain with

nucl ease aciprassign upgipiargst DNA biowing. Eypeples ®chdsthd exténsiveernatbdant watbe such
as Fokl, .(Bi.bi kova al . (.2003 ience..300: 764; Urnov. et .al. .(2005) Nature
135, odd "Bt AR Giefiom i5ohater Sy SRRy ProfdH s el aBiaa bR S000)
Nat ure 459:342448ucnke (ClRdo 30al(19943984)reB70645Ndrherdea d¢ al§§ﬁ99~5§i@cience

93:1156-1160; U. S Pat. No. 7,163,824). The current methods utilized for

i denti fyi ng2odiPStYmlzy aicalt, iPriefe PVaNACH. Qe RGAIEI2as> S8RH1 WY )covasi 4iaf or i al

sel ecti on- i1 zi r i \ar ani typigally
RN L A i T e S i O R e TSI
(G ei sman &NRaI20(7199 7Furleireoce palypeihlés 6mitainiddrdesigherd)NA(ROMRY deimaims Nat |
Acad Sci USA 100:12271-12276; |salan et _al. (2001) Nat. Bj ot echnal

19: 656-860.canbe yifzacHg qrodifydhe prrpalitareetRNGescauench by dhg inglugier@h BN and

P L AU, S5 A g i ) paseaames, on oo
si gni f i cantExadpdesaacit inolnde thicHeNAunndéng domtinad's rigganuclease/homing
endonuclease DNA recognition site in combination with a non-specific nuclease
domain (see US Pat. Appl. 2007/0141038), modified meganuclease DNA recognition
25  site and/or nuclease domains from the same or different meganucleases (see U.S. Pat.
App. Pub. 20090271881), and zinc finger domains in combination with a domain with
nuclease activity, typically from a type IIS restriction endonuclease such as Fokl
(Bibikova et al. (2003) Science 300:764; Urnov et al. (2005) Nature 435, 646; Skukla,
et al. (2009) Nature 459, 437-441; Townsend et al. (2009) Nature 459:442445; Kim et
30  al. (1996) Proc. Natl Acad. Sci US4 93:1156-1160; U.S. Pat. No. 7,163,824). The
current methods utilized for identifying custom zinc finger DNA-binding domains
employ combinatorial selection-based methods utilizing large randomized libraries

(typically >10° in size) to generate multi-finger domains with desired DNA specificity

(Greisman & Pabo (1997) Science 275:657-661; Hurt et al. (2003) Proc Natl Acad Sci
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5desi gni ng DNA- bi ndi ng domai ns that recognize a desired nucl eotide target.
BRI EF SUMVARY OF THE | NVENTI ON The present invention provides a nethod for
produci ngvea 2pwlopspt i de t hat sel ectively 10 recogni zes &ChaBmigedonsd n a DNA
sequence, the method conprising synthesizing a pol ypeptide conprising a

ot ved 1 an SR EEUT o RREE ool e APSErRD. SicPErRttne

repeat unityCARRNAEETVA [dMRREVAIELARR B d £ RReniiI¢ uidetRUYITIRS recogni tion
of a base pair in the DNA sequence, wherein the repeat uhit is responsible

for the recdgnificaoon ofa si:ipbrrecimstenpeids forhe begibiAng of DBMdindiies e

pol ypeptides,of the inyentioni co ise repeat ynits,of th res
Poventton. dRReRite Gt Eorae e By h bR o B oen cuts ol rRAEEEM | ng
repeat @ni taesigRing@IARLbiNERE @b ainb &at ERBSHOS deliRAY cbeda@sRNbl ed into a
final destination vector. The invention provides the pol ypeptide produced

the this nethod as well as DNA sequences encodi ng the pol ypeptides and host

organi sns and 20 cells ¢ Eh§ép§ﬂ§§§g5Ehf?ﬁgggggggéjo$pe present invention

provi des a nethod for selective pair in a target DNA
sequence by a pol ypepti de wherein said pol ypeptide conprises at |east a
repeat donmajin conprising repeat units wherein. in said repeat units each
conprise a 2% MSSBY xetonInEoYiges meiRAd &0 raedusing helypaptidg et sdectoelya base

pair ingpsai : I fH o ' s have
deter m'rlr?ed Ijtg%&c%g gﬁg%ﬁbﬁ%ﬁggﬁgg nge%&?%i%ﬁﬁﬁlﬁgbg%%ggﬁgg}éﬁt?éés?g%%éi ble for
sel ecti ve rmtygpiildé ampisidpaseppaidomaim waetcan getrefidAdS0siegumpaees Al dabt

el ucidation of the recognition code,. a general principle for recognizing
speci fic baBe gt Wil fervey Sioge raneatinlehnbaosy e 6l ALY sdecih nECRETHS i n
pol ypepti defemguﬁee&mﬁ%%@yﬁ&dariéﬂr@réfg%%@ﬁ detBANBed RUBhitipss Abati nct

types of repeat units that are part of a repeat unit array of varying
| engt h havepaithe thealpNA sequangereberginithercpast udefis respynspde foritiee tsaegnifen of,

Wt hin . each repeat .uni m ng a repeat donai. W . :
2010/ 079a50BETr D bR sl IR n At Bl e T ResuisnE Fome ™or ¢ he
speci fic raepanlAitsdT tRE pRsd@ S8 cRBO adcad beabiiuctditbyseRbnseapptdids byt he
present invention provides not only a nethod for selectively recognizing a
preassembling repeat units in target vectors that can subsequently be assémbled into a
final destination vector. The invention provides the polypeptide produced the this
method as well as DNA sequences encoding the polypeptides and host organisms and

20 cells comprising such DNA sequences.

The present invention provides a method for selectively recognizing a base pair in a

target DNA sequence by a polypeptide wherein said polypeptide comprises at least a

repeat domain comprising repeat units wherein in said repeat units each comprise a
25  hypervariable region which determines recognition of a base pair in said target DNA

scquence.

More specifically, the inventors have determined those amino acids in a DNA-binding
polypeptide responsible for selective recognition of base pairs in a target DNA

30  sequence. With clucidation of the recognition code, a general principle for recognizing
specific base pairs in a target DNA sequence by selected amino acids in a polypeptide
has been determined. The inventors have found that distinct types of repeat units that
are part of a repeat unit array of varying length have the capacity to recognize one

defined/specific base pair. Within each repeat unit forming a repeat domain, a
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5 base pair in a target DNA sequence by a pol ypeptide conprising at | east a
repeat donmain conprising repeat units but al so nethods wherein target DNA
sequenceswoanigogener at ed whi ch are sel ectivel y recogniPe@dBiyo/n@psiat
dormains in a polypeptide. The invention also provides for a nethod for

constructi ol y ti des. that recaognize 10.specific sequences. These
ol epe 1 uddpER e RER Fo i ORORE TS Fessais PaTaniionsgt 3 ae PP EULA freet

invention apdacRfudiecconstructed by a nodul ar approach by preassenbling
repeat units in target vectors that can subsequently be assenbled into a
final destination vector. 15 The invention also provides a nethod for

targeted ul ation of .gene expressi o constructing. npdul ar .r.epeat units
oot e 1 oty i B sREREQT HRERS bplomY arRdRSd e kPR e R RER L e by
t he addist i Gas@paifl LtafRPBAIA bojubSceS) Aolifepaiabdapsdhgatiedsy Regchde t o now

recogni ze the target DNA, introducing or expressing said nodified

pol ypept i delonpimcynpkary/spEat uis bfratsr pethpds wirpinderzgisDNG seangiices edi d

MR Z%epg%%lﬁﬁ%ﬁ%kﬁ& 5@ sURERR éfego%xgrfedtlsf rggéat DR fS ME @gﬁpep%ﬂi‘é.

nodul at i on of e expression o ge he I'n said as a result
of such recognition. The invention also provides a nmethod for directed

nodi fi cati orheGhventioakBetpréNdessBAABRERITYr édMStreéamStiolHeh@dtsAhat 2edeehippept i de
including at | east a repeat domain of the 25 present invention that

r ecognilfes spagitic DAYAy8¢quengkss dherermodyngntdaested thasiavention| oppwpise tca|ugs ebnt ai ns
a function Ik LEVY] e ja site
specific rgh%ﬁ%g%%gp%ﬁ&&$%§%%&é%?%%&ék&%ﬁﬁgh?g?@gﬁ&%gagg%§E§¥g§%g¥h
sequences) rkpeat abiys i@nati vegtorathgedaadubNguembi fd asednmided intaa aaipdestinagi@nones.
30 The invention further provides for the production of nodified

pol ypept i de¥iOhcl udi ng at | east a repeat dommin conprising repeat units
wherein a hypervari able region within each of the repeat units determ nes
sel ective recognition of a base pair in a target DNA sequence. 4 - WO
2010/ 07194 30PCTintda2i01 @1s0 Pddbdeslamethddi farhangetedipadiu it o6 fertchrxprasvembiyon, DNA

is provided which encodes for a.pol ide co ining ar at donmai n as
destr i bed. dBBVBLCURA TIPS FiPer i apocib st e IR A KA G BREYORL DA | 5
provi ded whghfyiSs APElvhéRRcLY the AU AREcplat DB EPRSE cRAIE Sajl ocated in a
target DNA sequence sO that Said each of
polypeptide to now recognize the target DNA, introducing or expressing said modified
polypeptide in a prokaryotic or eurkaryotic cell so as to enable said modified
20  polypeptide to recognize the target DNA sequence, and modulation of the expression of

said target gene in said cell as a result of such recognition.

The invention also provides a method for directed modification of a target DNA
sequence by the construction of a polypeptide including at least a repeat domain of the
25  present invention that recognizes said target DNA sequence and that said polypeptide
also contains a functional domain capable of modifying the target DNA (such as via
site specific recombination, restriction or integration of donor target sequences) thereby

enabling targeted DNA modifications in complex genomes.

30  The invention further provides for the production of modified polypeptides including at
least a repeat domain comprising repeat units wherein a hypervariable region within
cach of the repeat units determines selective recognition of a base pair in a target DNA

scquence.



t he base pairs can be specifically recognized by a pol ypeptide including a
repeat donmai n having correspondi ng repeat units, each repeat unit

conpri si myoaotwgiessvar i abl e regi on whi ch det er mi nes r eco@airtiBzno/edo1she
correspondi ng base pair in said DNA. 10 In a still further enbodi nent of

the invention,. uses qf .those_.pol.ypepti and Db re provided.

Addi t i onal 1§} a;fP’ES@‘?W&ﬁ’%iF%%PQﬂ%@é%{Y 18’Fl’td§1§érlts Brovidsg ,lcle%?fieSp@rPs and ot her
nonhuman gy feplidScdntARSE ArERAt Whiintab@edcsiBbPhiRAcnucl ei ¢ acid nol ecul es of
the present invention and the proteins or polypeptides encoded by the

codi ng sequences of the present invention. Still further, the polypeptides

and DNA descri erein can be.15i.ntrodu i.nto ani |. .and h cells as
noll e oSt Ebof Rk R R i T b Wi B andt R o e
inventign fiEUEESNS riord®hftOshids 06casl i Glthrgel INMERGEHCE sH thab i@ cRAIJTS I N a

target DNA sequence by a polypeggide wherein said pol ypepti de conprises at
| east a 20 thepwssdaddadl be wepmperlsy rrgogragrddty apnlyrepiide insiudinse fepeEpeat uni t

i sal 0t DEE DR AR bR bR s S DS LGB L B Bl BARET T

consecut i vaefgias evhid deterhinssatebghlogelf tHINdreespmeintebas? pBRINERiOBSBRI PTI ON OF
THE FI GURES Figure 11Mbdel for DNA-target specificity of TAL effectors.
(A) TAL effectors contain central tandemrepeat units (red), nuclear

| ocal i zgtiqf asskiﬁfrf?hger%ﬁlbgmn%m @%%&%ﬁ VAL mhsis%g&maeg@@s-ané\@ggﬁs agi d

sequence of the rst repeat of AvrBs3. Hypervariable no aci 12 and 13
ar e shaded providedAddit{ddpll{Hppetidedraraplasts arthmaes,i sdsdsaplaposills imodh oth2r sord 13  of

the 17.5 AurBs3 repeat units are aligned to the UPA-box co nsus (21).

(O Ropoat THPdogtohR I BPRRar e s euneslod o 4B po LS e By

g\lz mot ers  qhydnfidH GRd tHRSRERINIRE BoBhéENRE chEAE@bY Yhe WRIRBGIABSs dfMhé he upper
strand that correspond to thé hypervariable am no acids in each repeat

wer e count gucssasiavcrdiont Hiell Sfrdicr.dbd pglypwtidenatd BNS dsscrehaghierat fachor s and
i tal] identifi.ed,t t ; B B UPA10, UPAI UPA14,
AR LS T R T e Sr st i St e

Avr Hahll Bs3layr Xa27/ Xa27, Pt hXol | Xal3, PthXo610sTFX / , PthXo710sTFHAy1l

(see Fig. B5). Predom nant conbinations (n>4) are shaded in gray. An
asterisk indicates that amino acid 13 is 10mssing in this repeat type.

e hyper vareaBTarg e SVEkica8gsbots ettt e  RRPRL, SPRR BZSC OF
st udy). a target DNA sequence by a polypeptide wherein said polypeptide comprises at least a
20  repeat domain comprising repeat units wherein each repeat unit contains a
hypervariable region which determines recognition of a base pair in said target DNA
sequence wherein consecutive repeat units correspond to consecutive base pairs in said

target DNA sequence.
25 BRIEF DESCRIPTION OF THE FIGURES

Figure 1 | Model for DNA-target specificity of TAL effectors.

(A) TAL effectors contain central tandem repeat units (red), nuclear localization signals
30  (NLS) and an activation domain (AD). Amino acid sequence of the first repeat of

AvrBs3. Hypervariable amino acids 12 and 13 are shaded in gray.

(B) Hypervariable amino acids at position 12 and 13 of the 17.5 AvrBs3 repeat units
are aligned to the UPA-box consensus (21).



15 Figure 2 | Target DNA sequences of Hax2, Hax3, and Hax4. (A) Am no
acids 12 and 13 of the Hax2, Hax3, and Hax4 repeat units and predicted
target DNMO=pwai7ddi3ei ti es (Hax-box). 20 (B) Hax-boxes wereTaBzmedoois front
of the mnimal Bs4 pronoter into a GUS reporter vector. (C) Specific
induci bility of the Hax-boxes by Hax effectors. GUS reporter constructs
were codelivered via A tunmefaciens into N. bentham ana with 35S-driven
hax2, hax3, @ﬁé@&ﬂ,unﬁ@gf ?ﬁEtereIto%d( rddictb@ B stdéd%h&’ S(lﬁkf&ﬁotbl%r& i ndi cate
SD; n=3 sarrpl es; 4-MJ, 4-nethyl-unb Ilferone served as
control . Leaducdil gencsweare ahgtmdnmuwly ANucl@tides in the upper DNA strand that

(5-brono-4-chl oro lucur ni de ure 3 | air
Focoont 11 orfolpaenp e I pr BB an Codiyeplel Weks chunigdpas RFiEtn

Ar t X- boxs- defbily@in\embREIEnEHAGHE cffdchfsamld @ eﬁrﬁ&t@ﬂﬂd@%ﬁ@sﬁr f gaRer into
a GUS reporter vector. WO 2010/ 079430PCT/ 1B2010/ 000154 gem ficity of

NG, HD-, MBS, Mé?zfl%ééﬁﬂl}n LR 1R ARGTLKIY, PR
dor! vat | ves, por RGP, hERSahLYBE A3 BRATRES Aghayshgokaroun) (O

Specificity o i Cial ector and’ predi ct ed

target DNA EBEqUQfaM,S)thXM/@lTFMﬂ,&EhJ%T/asTFUﬁyA(sbé(Pc‘lgb6)( Pd&lomiadrtVves
permutated i n_NN-repeat target bases (gray background) (D). Artificial

ef fect ors ACHIRMLIAES Wrkareahadddr gl tgragkd w%t@%qf@éfrﬁé@go a@é(lé)ls Speci fic
i nduci Qigl i tr}{lsgﬁl Al églgﬁé%@%g%y artificial effectors. (A - (E) GJS reporter
ver

constructs were co- via A tunefaciens into N. bentham ana with
35S-driven hax4, artXl, artX2, or artX3 genes, and enpty T-DNA (- ),

especti vely A0St . ) oSG A5 A1l Sl AR, BRLG Rt ned vt

hypervariable amino acids 12 and 13 (experimentally proven in this study).

15  Figure 2 | Target DNA sequences of Hax2, Hax3, and Hax4.

(A) Amino acids 12 and 13 of the Hax2, Hax3, and Hax4 repeat units and predicted
target DNA specificities (Hax-box).

20  (B) Hax-boxes were cloned in front of the minimal Bs4 promoter into a GUS reporter

vector.

(C) Specific inducibility of the Hax-boxes by Hax effectors. GUS reporter constructs

were codelivered via A. tumefaciens into N. benthamiana with 355-driven hax2, hax3,
25  hax4, and empty T-DNA (-), respectively (error bars indicate SD; n=3 samples; 4-MU,

4-methyl-umbelliferone). 355::uidA (+) served as control. Leaf discs were stained with

X-Gluc (5-bromo-4-chloro-3-indolyl-B-D-glucuronide).

Figure 3 | DNA base pair recognition specificities of repeat types.

30
(A) Hax4- and ArtX-box-derivatives were cloned in front of the minimal Bs4 promoter

into a GUS reporter vector.



Figure 41A m nimal nunber of repeat units is required for transcriptional
activation. (A) Artificial ArtHD effectors with different nunbers
(0. 5-15. 5yoahiod43epeat units 20(total 1.5 to 16.5 repe@CTAR2016H00154 B) An
Art HD t arget box consisti ng of TA and 17 C was cloned in front of the

m ni mal Bs4 rorm re er vector ctivation
by ArtHD ef® R SpeEciny ?ﬁ@.ﬁ?@yﬁh, ﬁ%ﬁereper urgi;&éﬁxauﬁgir%bl? B RN
effector g%ﬁv%ve@'ﬁ@ﬁﬂut&e@m et t '\y&ft@rg@s‘ﬁké ég%;eﬁaclégl%uﬁd tU”Ef aC' ens with

the GQUS-reporter construct in bent ham ana "(error bars i ndi cate SD; n=3
sanpl es; 4- 35S::uidA (+) served as control Leaf d| scs were stained

MJ) .
P e B SR o P B B SR R

ef fectos r %@g@én c&HYIALEX 1 -indAdi biReP e AA XN Hok d@thWeBg&mL&Me@ﬁBﬁNe@@at target
Avr Bs3AreplO and AvrHahl were aligned to the UPA-box in the pronoter of

the pepper ESW(EOR Belergeid. (accessi on: WO 2010/ 079430PCT/ 182010/ 000154
EU078684). AvrBs3Arepl6 and AvrBs3Arepl09 are deletion derivatives of
AvrBs3 in which repeat units 11-14 and repeat units 12-14 were del et ed,
respect i vel() Aduifi8aBefodirBaA3A MmNt Xaand dstiddMNA hatgetn@tudiceBs3Ar epl6

i nduce the HR in ECW30R plants. (B) Repeat units of AvrB s3,

Avr Bs3Arepl6, AvrBs3Arepl09, and AvrHahl were aligned to the non-functional
S D030l (e SpRIRERIELILALY bPR,ACRREL EQRRATRgRRe (accessi on: EUDTBGES).
Avr BsSArep16 But not vr Avr Bs3Arepl09, or AvrHahl induce the HR in
pepper ECWplants. (C Repeat units of AvrXa27 were aligned to a putative
target sequenc he pronoter of the rice Xa27 gene.. Xa27 cession:
086492 1) TELELS Ty EetdeRi et o lTr Gh 4 RBBACT B BRG o an HR
but not Xa%n%%&ﬁﬁdvﬁ’l’i‘ﬁﬁéfﬁgéﬁ%rh hxT | FECCHE &rtxageﬂ%d&@)t RepRat (-uni t's

of PthXol were aligned to a putative target sequence in the prom)ter of the

ri ce Xal3/ OsBNZcgeely. 33auid! (tasewss poenntiotd 22Bdi69s W@ersramrde’dﬂb?ﬁ -GlubXol in

rice c I t| sceptibility, but not xal 3 (accession:
DQ4213 r?rrqfl?l:%‘%%th‘i q%\f‘aé% :FOI%EES 20 (E) Repeat units of PthXo6 were
al i gned to a putative target sequence in the prompter of the rice GTFX1

gene (accession: AK108319). OsTEX1 is induced by PthXo6 in rice cultivar
I R24. 25( F)fimegdan minimal MBI OR AP SARNALS A8 reguiser! fos trangeripHenal activatigns

sequence in the pronoter

(A) Artificial ArtHD effectors with different numbers (0.5-15.5) of HD-repeat units
20  (total 1.5 to 16.5 repeat units).

(B) An ArtHD target box consisting of TA and 17 C was cloned in front of the minimal

Bs4 promoter into a GUS reporter vector.

25  (C) Promoter activation by ArtHD effectors with different number of repeat units. 355-
driven effector gene or empty T-DNA (-) were codelivered via A. tumefaciens with the
GUS-reporter construct into N. benthamiana (error bars indicate SD; n=3 samples; 4-

MU). 358::uidA (+) served as control. Leaf discs were stained with X-Gluc.

30  Figure 5 | Alignment of DNA target sequences in promoters of induced genes with the

hypervariable amino acids 12 and 13 of TAL effector repeat units.

(A) Repeat units of AvrBs3, AvrBs3Arepl6, AviBs3Arep109, and AvrHah1 were
aligned to the UPA-box in the promoter of the pepper ECW-30R Bs3 gene (accession:

-7 -



of the rice GsTFI Il Ayl gene (CB097192). GsTFlII Ayl is induced by PthXo7 in
rice cultivar 1R24. (A - (F) Nunmbers above the DNA sequences indicate
nucl eot i owodnerEmse to the first 30 ATG in the codi ng regrapi1Remaest / base
conbi nati ons not matching our predicted target specificity (am' no acids

12/13: N NG=T;, NS=A/ CJ G T; | G=T I d.
Repeat uni %UW%Z‘LWE%WY?%@/@@@%@ gg%ﬁ‘?% %Fl%le ?Iga%b‘f%gﬁo ‘H%beg% i}’:n 8
- WO 2010/%%2%6’5?[{111{@2@11(4/@1999% Eﬂlgqrzelzﬁwéreﬁlaf‘etéa%sﬁé‘&ﬂv ? RR]EBS@Ct ed by
AvrBs3Arepl6 is bp shorter than wth AvrBs3. Summar y DNasel

f oot print ahaBpsapid, indwivBdah lahut s BB epil 1(1é1e® tH‘tI;j&KmTECWﬁOR(A) Bs3
(top) and B 3t (m ddl e) pronoter sequences protected by AvrBs3 and

Avr Bs3Ar ep ?espectlvely DNasel footprinting reveal ed that AvrBs3

pr ot ect gd 37 10nucl eoti des of the sense strand and 36 nucl eoti des of the
antisense strand of the Bs3 grormt er, and AvrBs3Arepl6 protected 30

n]chcI ﬁoti dedByRepeps uginafA eBsandvilsdABD 1 b B Awes0brnd herHehl wekse st rand
Bs3- E
Onder i meg MgRORThEhon- R bk A ROKRAN O BRI GUECRANEPECH BOLE RAY are

AvrBs3 and (éweE’ﬁ&ArEﬁm%SSI)hAvﬂBAA@eplbnblﬂtﬁlopAQfMeAvtBsmrél;ﬁUE’m\ﬁtht er
derivative with a bp substitution (GAto CT, bold italic) that results in
recogniti odn‘%‘iﬁetﬁléﬁﬁ IPERRSS ESnM PRAtBs 3Ar epl6. DNasel footprinting reveal ed
that 3jgnucl eotides of the sense strand and 34 nucl eotides of the antisense

strand are protected by AvrBs3 (UPA-box is underlined), and 31 nucl eoti des
of the send€)Repaatdnamnadf B32rXuld Ivent bldgedaod a pheatiantarss I@cgleﬁd:erlanhle poenoter

rotected b 6 20 vrBsSAr s, under | i DNA r egi ons
P oted o B e Ao S B e B PR R B R o0t or e s
whi ch were RIRLeatBE2 P adivh BS 3n AIRD bAVARBSEAY é‘aléé&smﬁeﬁﬁg%w'l?w% amwa@r y

experiment, even with |ow protein amunts (equal nolarity of

protein di &Bﬂé) DNA regi ons shaded in gray refer to nucl eotides Whl ch were
not prqéect ed in all of the 4 experinents at aII protein 25concentrations
by the "given proteins. Please note that the 5 '"ends of the AvrBs3- and

Avr Bs3Ar epl®)®: e?éa&@‘lhﬁﬂof BOXONSyodE &idnd@ RS b patativORSHedequendd if@he Ibﬂoﬁﬁ)‘ﬁer
indicate the differences between the 3 'ends of the AvrBs3- and

Avr Bs3Ar ep 181 d¢ce¥t ISdOpY bhesner X¢ iiaeressiomi R4 ZISPP bis dnditced by B Xddel  t hat
one repeat cant agkp I%epcﬁﬁf tooﬂfséepltlglllttﬁ%u% xal3 (accession: DQ421394) in rice

cultivar IRBB13.

20
(E) Repeat units of PthXo6 were aligned to a putative target sequence in the promoter
of the rice OsTFX! gene (accession: AK108319). OsTFX! is induced by PthXo6 in rice
cultivar IR24.

25  (F) Repeat units of PthXo7 were aligned to a putative target sequence in the promoter
of the rice OsTFIIAyI gene (CB097192). OsTFIIAyl is induced by PthXo7 in rice
cultivar IR24.

(A) - (F) Numbers above the DNA sequences indicate nucleotide distance to the first
30  ATG in the coding region. Repeat/base combinations not matching our predicted target

specificity (amino acids 12/13: NI=A; HD=C; NG=T; NS=A/C/G/T; NN=A/G; 1G=T)

are coloured in red. Repeat units with unknown target DNA specificity are coloured in

green.



30 (B) Alignnent of AvrBs3 and AvrBs3Arepl6 target DNA sequences in the
UPA20- ubmr 16 pronoter with AvrBs3 and AvrBs3Arepl6 repeat regions

(hyper varwalzbw/@misno aci ds at position 12 and 13). RepeaCrhayao/e@ndi nati ons
not mat ching our WD 2010/ 079430PCT/ 1B2010/ 000154 predi cted target
specificity (amno acids 12/13: N =A; HD=C, NG=T; NS=A/C/ G T) are coloured
in red. Figure 71 Bs3 and Bs3-E pronpter sequences protected by AvrBs3
and Avr Bs3Arigpl & | The TR GELNEbdtectd BERVEREAERN b V&4 ERNGRRHer fRALAM Nt
experiment TS shown. AvrBs3 DNasSel footprint on the BsS3 pronoter sequence
(A, upper/ senBe3DNA strand; B, |ower/antisense DNA strand). AvrBs3Arepl6
DNasel footprint on the Bs3-E pronoter sequence (C, upper, 10 sense DNA
strand; D, |lower antisense DNA strand). (A - (D) (top) Fluorescently

| abel | ed P@%M%MDN@@I it prat el yskd {Mtﬁ AXBIPlhAd AB¥BENSef Gdses Falsed, for
protein dinmers) of Hi s6::AvrBs3, H s6::AvrBs3Arepl6, and BSA, respectively,
treated with DNasel and anal yzed on a capillary sequencer. The y 15axis of
t he el ectropherogram shows the relative fluorescence intensity
corresponding to the 5 -6- FAM I abell ed sense strand (a, c) or the

5" - HEX- | abelAl) &3 @op) sense-5 (maitt) pbomeéter mluérhses EﬁR:clﬂdfddﬁuA{ersB aath arbitrary
scale. The traces for the reactions with Hi s6:: AvrBs3

n) or
Hi s6: : Avr BSSYKPSPAP | ¢-deppectivesh N asekioptpriatag pysaled thes Rvr gl%@g&?tee@déa ntrol)
20 wer g (SuRgkd gﬁ&?és"tqthé%eh%’%{&hh%ﬂd 96 nB@Ektde b8l 4 hﬂsetnggstpa[nﬁso?'ﬁ?ee&@f Avr Bs3
or AvrBs3Arepl respective in conmparison to the negative control
cor r espondsgromofer, oméaﬁtxirBsBAr&]b]kﬁ moetedt3@duckegiides of shd sedsemmtaadl abhg/ 39r een
(AvrBs3) o

Lhe DA seqUEREESNGS Bt OPaarEH Yol SO RBRBATE o PESAARTL o ( he DNA

nucl eot i de i5édigted hangaidep DS dhadBikd IO 2R POXES Qfpabiproffdigot or s i n

t he DNA sequence are underlined. Nucl eotides covered are
sequences protected by AvrBs3 and AvrBs3Arep16. The UPA20-ubmrl6 promoter is a

15  UPA20 promoter derivative with a 2 bp substitution (GA to CT, bold italic) that results
in recognition by both, AvrBs3 and AvrBs3Arep16. DNasel footprinting revealed that
35 nucleotides of the sense strand and 34 nucleotides of the antisense strand are
protected by AvrBs3 (UPA-box is underlined), and 31 nucleotides of the sense strand
and 32 nucleotides of the antisense strand are protected by AvrBs3Arepl6

20  (AvrBs3Arepl6-box is underlined). DNA regions shaded in green (AvrBs3) or red
(AvrBs3Arep16) refer to the core footprints which were protected by AvrBs3 and
AvrBs3Arepl6, respectively, in every experiment, even with low protein amounts
(equal molarity of DNA and protein dimers). DNA regions shaded in gray refer to
nucleotides which were not protected in all of the 4 experiments at all protein

25  concentrations by the given proteins. Please note that the 5’ends of the AvrBs3- and
AvrBs3Arepl6-protected regions are identical. Dashed vertical lines indicate the
differences between the 3 ends of the AvrBs3- and AvrBs3Arep16-protected promoter
regions which corroborates our model that one repeat contacts one base pair in the
DNA.

30
(B) Alignment of AvrBs3 and AvrBs3Arep16 target DNA sequences in the UPA20-
ubm-r16 promoter with AvrBs3 and AvrBs3Arep16 repeat regions (hypervariable

amino acids at position 12 and 13). Repeat/base combinations not matching our



mar ked by a green (AvrBs3) or red (AvrBs3Arepl6) box. Nunbers bel ow refer
to nucl eotide positions relative to the transcription start (+1) in the
presence WO 200viB3Bo(a, b) or AvrBs3Arepl6 (c, d), respeeCiruBiogo/oqobsttom
DNA PCR product used for DNasel footprinting, anplified fromthe Bs3 (a, b)

Singt o DA et bRRLPaRan s BRI LA O 3/ Sea: HRMOVE: Lol SwARarED o -

nucl eoti de POSIIHIRASH fQl ative to the transcription start (+1) in the
presence of AvrBs3 (a, b) or AvrBs3Arepl6 (c, d), respectively. The
experinments were repeated three tines wwth simlar results. WO
2010/ 07943QRCT/ 0 4 Fi
protect ed bySAvrBSIaht-AvrBsIA i 5
experi mgnt .redME and Avr Bs3Ar ep16 DNaseI 5 footprint on the UPA20 ubmr16
pronot er sequence fA) upper, sense DNA strand; (B) |ower, antisense DNA
strand). (top Fl uorescently | abel | ed PCR product was incubat ed with a 5x
nol ar exces SA 6 .ated for
protein di rr%?e esHhtégveeC veI Ooﬂlﬁte%xpﬁéﬁlgé R %1 /@%ﬁéﬁﬁﬁgg z(gtgh@tn&a
capillary sﬁaﬂeﬂp@motemequenae((& upheit/ftaseDBICY Stfh}ﬁﬁﬁBpl@%ﬂ‘hﬁii’S@m DNa rel ative
fluorescence intensity 10carrespondi n(%gt o the 5' -6-FAM I abel | ed sense

strand (a) RN hAVEPSAESRIOANACE PO 8B M/ Stk RFRMQ!) SCaFCTCRECPERr oduct
on an bi t ctions with His6::AvrBs3

(gr een?lb Hlsgggéglﬁggsgr%%-g?)?g%%g%&g M%“E'?‘gatu ve control BSA (bl ack) were
superi nposed. A reduction of peak height in the presence of AvrBs3 and

Avr Bs3Arepl6.in ¢ ison t n ive control coryesponds to
oprotect) om - TRECHRHudRuh e LRSI e OREeGou ol SR O Chrts) and r ed
(Avr Bs3Ar epk@iss (ellddised fdr'p'i‘@t%m dimeAslb eMisk!: Q@FES@PH’?‘%OQ"\I%%A%IJIBEMQ\'A
sequence. Orange col oured peaks with nunbers correspond to the

nucl eot i de @&Eemeahw,dreaﬁdwléoDN@,E@ apdwealpebdon aapBkBy saqecmagr. kHISHby green
| i nes %rtffiﬂ box (with the UPA box underlined), nucleotides covered by
Avr Bs3 eplaé‘ frar ked by red lines 20 and a red box (with the

Avr Bs3Ar ep ldedaophdiogian $haedxhe rEheiveRASRscoate ml&lsffyt@trés@andl@g\td ®eGTy- i s
indicated in italics. (botto DNA PCR Igroduct used for DNasel

f oot pri nti fgMdapsllcdiseasersirand tane) aphe b-HABXrlnh@lcd eatsnes stranddb b of dist ed
regions on ﬁ('f‘tgpﬁddﬂgﬂeoglti%gk%ﬁ}& Iy %@tr'rl&g'f&ﬂh gea*B ol \Gith POE Ay BITRET S

bel ow refer nuc IonsS re ive e transcription start

(+1) of thggtdeAPE Miish dAVIMSMepm@(red) rdsspwﬁegémceBSAc(elaolﬁ mgitBeTonkbg

experinent was repeated three tines Wlﬁh simlar results. Figure 91GUS
r eport &P ¢ oKEE syparignposed. A reduction of peak height in the presence o AvrBs3 or

AvrBs3Arepl6, respectively, in comparison to the negative control corresponds to

¢S praofected by Ay B:j and, AviBs A <P 1
SR, |

protection. The protected region is indicated by green (AvrBs3) or red (AvrBs3Arep16)
vertical lines. (middle) Electropherogram of the DNA sequence. Orange coloured peaks
with numbers correspond to the DNA nucleotide size standard. The predicted target

25  boxes of the effectors in the DNA sequence are underlined. Nucleotides covered are
marked by a green (AvrBs3) or red (AvrBs3Arep16) box. Numbers below refer to
nucleotide positions relative to the transcription start (+1) in the presence of AvrBs3 (a,
b) or AvrBs3Arepl6 (c, d), respectively. (bottom) DNA PCR product used for DNasel
footprinting, amplified from the Bs3 (a, b) or Bs3-E (c, d) promoters, respectively. The

30  protected regions on the single DNA strands are indicated by gray boxes. Numbers
below refer to nucleotide positions relative to the transcription start (+1) in the presence
of AvrBs3 (a, b) or AvrBs3Arep16 (c, d), respectively. The experiments were repeated

three times with similar results.
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Target DNA sequences (TAL effector-box) were inserted 5 of the m ninmal
tomato Bs4 30 pronoter (41) (pBs4; -50 to +25) sequence and transferred by
GATEWAY rwoantwaiadspon into the A tunefaci ens T- DNA vecPor/IBIWBBBAS4
constructing a fusion to a pronoterl|es uidA (13-glucuroni dase, GUS) gene.
attB1, attEﬁz 10/09430 CT/ 1B2010/ 000154
Figure 10 |28 qu 4840 i n Hax3.

(A Am no a@,@m&% gnd 13 of Hax3- repeat unlts and four possible target
Hax3- boxes Swth pernutations in the position corresponding to repeat O.

(B) The target boxes were cloned in front of the m niml tomato Bs4

pr onot er

P o erpb {ePRERATS PRestdry GapGrnsRen A T AVES i Ealt Rdls © "

reportes C%&tﬁ)hﬁﬁétﬁthb@]@élﬂ@—ulbﬁ-m & se@aincEEA), sipfed; ke BNA strand; (B)
met hyl -unbel | i ferone; n=3; error bars indicate ﬁ@i} For qualitative assays,
| eaf di scs e asiisenyeldNvi srani) (on cFluqusaccaslp dabic PCRepsodist may msiu ettqd ce

with simlapfesuldctar f%é:ssg%'kﬁst %b BBNf—hi%a?fvrBﬁArr V&I@elﬁéga%g’ié A e ' C' “ €s

of repeat types: ox-derivati ves ron

t he m ni malpr&gth dimendiespectinady, areadS vm&pDNTa&ﬂ aMéeahdyzedQuandaptibiy ve data to
Fig. 3. 20 (A Specificity of NI -, and NS-repeat units.
Hax4- i nduciSBA¥SIEsE- dhe paxis o bhe f‘d%cftliova%m%@gl ornibeicadive ﬁluprsea%@e igsity ar get

bases. 16B) SRRGIhf! ttb{ 1 5 Y X RREBLINddNeh S snAﬁ&@o'r U] ﬁ)k '1&%118 A”Xl box

derivatives pernutated 1 n NN-repeat target Speci
i nduci bi l'i taptlssfnsé\sﬂra)ﬂdt(b)(eﬁthbj?carpmﬂmt|oaIanefﬁlemycsr:asleAFheXita,ceNdr)ﬂi&; and Art X3,

tivel t t de d via A
timer aci ond Ui Nt SE R AR FE ! SRS ARy BUREL Tl b SBEYEY | ven
hax4, art Xleongbl B&A (bl@él@)%@serg WH&%@&V APREIonHTH AR ¥ht in %ré@nc@@f white

bars; c, -), respectively ( error bars indicate SDj. dA (+)
served as cbyBsdhnd mheBSéAp@rlﬁmn@rgpwe tpthefrggate cohirel Omeﬁmld&mh simlar

result 35 protection. The protected regions are indicated by green (AvrBs3) and red

(AvrBs3Arep16) vertical lines. (middle) Electropherogram of the DNA sequence.
Orange coloured peaks with numbers correspond to the DNA nucleotide size standard.
Nucleotides covered by AvrBs3 are marked by green lines and a green box (with the
UPA box underlined), nucleotides covered by AvrBs3Arep16 are marked by red lines
20  and ared box (with the AvrBs3Arep16-box underlined). The UPA20-ubm-r16 mutation
(GA to CT) is indicated in italics. (bottom) DNA PCR product used for DNasel
footprinting, amplified from the UPA20-ubm-r16 promoter. The protected regions on
the single DNA strands are indicated by gray boxes. Numbers below refer to nucleotide
positions relative to the transcription start (+1) of the UPA20 wildtype promoter in the

25  presence of AvrBs3. The experiment was repeated three times with similar results.

Figure 9 | GUS reporter constructs.

Target DNA sequences (TAL effector-box) were inserted 5' of the minimal tomato Bs4

30  promoter (41) (pBs4; -50 to +25) sequence and transferred by GATEWAY
recombination into the A. tumefaciens T-DNA vector pGWB330 constructing a fusion
to a promoterles uid4 (B-glucuronidase, GUS) gene. attB1, attB2; GATEWAY

recombination sites.
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WO 2010/ 079430PCT/ 1B2010/ 000154 Figure 12 | Predicted target DNA sequences
for AvrXalO0. (A Amno acids 12 and 13 of the AvrXal O-repeat units and
two possiwbDeotw7gesd boxes with predicted NN type repeat PepaB2oid/eionyy A or G
5 (B) AvrXal O target boxes were cloned in front of the mniml Bs4
pronoter into a GUS reporter vector. (C QIS assay of 35S-driven avrXaloO,
hax3 (specificity control), or enpty T-DNA (-) 10 codelivered via A

tunef aci enspiyith o GRS SRV Secifielts bf e hatakit fopbht PRNIHAT ana | eaf cells.
35S::uidA (F) served as constitutive contirol (n=3; error bars indicate SD).
For qualitative assays, |eaf discs were stained with X-3 uc. The experi nent

f three ti it h.siml | ts. 15Fi 1 iti
Spect 11 ol 1y B TRE b daend ypar Pe el ST ko kpp e o SHRE %NS of
Hax2 repeatwigithdrinu@itidnd fiithe peSiEoPL&rdspoiRhg tdaxgedpoxes for repeat type |G

20 (B) The Hax2 target boxes were cloned in front of the m ninml Bs4
pronmoter into a GJS reporter vector. (C GUS assay of 35S pronoter-driven

hax2 or e - -) .codel i ' Uef aci ens W t he .

Fepor ter - canihs Shools AR B Shmihb e PR PERRIEA SIS (/e
as constit uWUSeepootet ¥&ltor( N=3; error bars indicate SD. For qualitative
assays, l|leaf discs were stained with X-Ad uc. The experinment was perforned
three tines with simlar results. Figure 14 | Hax2 induces expression of
PARI TnoA ()& @RGiviral ifh 33LaY65 Q3 Or T-@m? Blgdd NI gd with A

t unmef aci ens(tQtra?nsIVé%qi vler|3ng T- DNA co%spf}lucts WC SS{Q%H ven expression
of hax2, hax@nefan@nhexl tha @5Sacpartoe lynstiar et SV. danmiimbva ¢afloolls @eMH#H- hax 3

s herd RS, BAIBLSRL ATENLLL 0 FHOERh e, OLAISIORIGN, upggget on

were stained with X-Gluc. The experiment was performed twice with similar results.

15  Figure 11 | DNA base pair recognition specificities of repeat types.

Hax4- and ArtX-box-derivatives were cloned in front of the minimal Bs4 promoter into

a GUS reporter vector. Quantitative data to Fig. 3.

20 (A) Specificity of NG-, HD-, NI-, and NS-repeat units. Hax4-inducibility of Hax4-box

derivatives permutated in repeat type target bases.

(B) Specificity of NN-repeat units. ArtX1-inducibility of ArtX1-box derivatives
permutated in NN-repeat target bases.

25
(C) Specific inducibility of ArtX-boxes by artificial effectors ArtX1, ArtX2, and
ArtX3, respectively.

(A) - (C) GUS reporter constructs were codelivered via A. tumefaciens into N.

30 benthamiana leaf cells together with 35S-driven hax4, artX1, artX2, artX3 genes (gray
bars), and empty T-DNA (a, b, white bars; ¢, -), respectively (n=3; error bars indicate
SD). 35S::uidA (+) served as control. The experiments were performed three times with

similar results.
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WO 2010/ 079430PCT/ 1B2010/ 000154 (B) Transgenic A thaliana line carrying
hax2 under control of an ethanol-inducible pronoter. Plants of a

segr egat iwgQ 200/q7e30l ati on were sprayed with 10% et hanol PCO/IBIdU/o@154
expression of the transgene. Only hax2-transgenic plants accumul at ed

5ant hocyaniPn. TS phot og taken 6 days post treatnent. (O

Semi quant i tgEHG e pATqoEER Gl SUENCOS ANAVIBARY. (32 cycl es), and

el ongation factor Tu (EF-Tu, 32 cycles) with cDNA from hax2- transgenic

pl ants of three independent A thaliana |ines before (-) and 24 h after (+)
sprayi ng wi(@h Amage etidandland 19 of (hD)Avidfahdrapchidmits 2ndfdo pessdfle tdege? boxepeat
units and target uence of 2 E), The pronoter of PAR/ from A

t hal i ana @Wlf}gprgg?%%gi@g e g'rspée_c%m%%fg}ox. M smat ches to the predicted
Hax2-box are coloured in red. A putative TATA-box, the 15natural
transcription start site (+1), and the first codon of the PAP] coding
sequence ar(®)AvaKekh terget Ppxps peera slopedriabyant pf thomaigirasldey4 DrNOtF GéQ @ sequences
of TAL eff r tabl e shows repeat sequences of TAL effectors and
t he predi cﬁggmﬁggg%g?nsequences used fromam no acids 12 and 13 of the
repeat units. The annotations show 25 (A) Xcv, Xanthononas canpestris pv.
vesi catori a; Xﬁjs Xant honpnas gardneri; Xca, Xanthononas canpestris

V.

ar mor aci ae;(C SRAY AbAINELY Fra) s 0@(7?”“30959%@0;“3’)@@,“051&%%%r:raQNé(‘g}lopodi s
V. Citpi; - : JRaAE [

ampest ) s B e ey G PSR ehuits SO (ORI, xoc.

Xant honmonascels. \$Adeuipd .(+pseyeddes| can@But{E) coAtrst @r=3( &ryoritadi indicets SD)dEbdret | on of

amno acid 13. . . . . .
qualitative assays, leaf discs were stained with X-Gluc. The experiment was performed

three times with similar results.

15  Figure 13 | Recognition specificity of the repeat type IG in Hax2.

(A) Amino acids 12 and 13 of Hax2 repeat units and four possible target Hax2-boxes
for repeat type 1G.

20  (B) The Hax2 target boxes were cloned in front of the minimal Bs4 promoter into a

GUS reporter vector.

(C) GUS assay of 355 promoter-driven sax2 or empty T-DNA (-) codelivered via 4.

tumefaciens with the GUS reporter constructs into N. benthamiana leaf cells. 355::uidA
25  (+) served as constitutive control (n=3; error bars indicate SD. For qualitative assays,

leaf discs were stained with X-Gluc. The experiment was performed three times with

similar results.

Figure 14 | Hax2 induces expression of PAP/! in A. thaliana.

30
(A) Leaves of A. thaliana were inoculated with 4. tumefaciens strains delivering T-
DNA constructs for 355-driven expression of hax2, hax3, and hax4, respectively.
Expression of #ax2, but not of #ax3 and hax4 induced purple pigmentation suggestive

of anthocyanin production. The photograph was taken 7 days post inoculation.
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(C) Target DNA specificity deduced fromam no acids 12 and 13 of the repeat
units. A thymdine nucleotide is added at the 5 end due to the specificity
of the puvatowa7eespeat 0. The sequence of the upper (semseiBao/e0vdsof the
doubl e stranded DNA is given in anbiguous code (R=AG N=ACdT, =
unknown specificity) Figure 16 | Protein sequences of AvrBs3, Hax2, Hax3,
Hax4 For each of the protein sequences, the Ntermnus, Ctermnus as well
as the S'nQBﬁiﬁﬁﬂgéﬁcﬁeﬁuﬁ&ﬁﬁﬁné€£% MﬁﬁLEHQQ%ﬁnéﬂbﬂmﬂ%@nﬁfﬁﬁﬁ&%k ARTBs4

i nduces expression of the m nimal Bs4 pronoter (A) Amino acids 12 and 13
of the Hax4rempeatPluns osa mgdeg@tm@lifameplulamrgw@remnwysquuhfho% etharfdiax 4 box) .
The Hax4(rmut) box cont ai ) f our pal xchanges in 15 ¢ arison to the
oxa box. PRI RAPRENaEpfiBe 13MasRe T B e EARIRN Plinly e SPp BB ARTos4
repeat @ni tamtiRgarh exicGiheebgkahgeds thNA @m@prsmdaﬁn&ﬁRTBﬂ box). 20 (C) The
Hax4 box was cloned in front of the mnimal Bs4 pronoter into a GUS
reporter vector. The ARTBs4 box is naturally present in the mninmal Bs4
pronoter. ( I Hax4
bnd ARTEsa © STRERLY L ORERER obh oo el A T OIS, du 8RN, 2

Agr obact erlfumﬁ'ﬁu(mm eyises) nith cDNfbét@hhbd]ﬂZaﬁansgbﬁlh pBmG- aiithreen hax4 (grey
bars), ARTBs4 (white bars) and _enp T-DNA (ev, black, bars) 0respectlvely
(error bar sndspanéast d- @Bﬁanfahlﬂﬁ@ befprﬁit) YT 2 REET (D spigdEge vgﬁsio ficthanelaus,

grey bq@) served as control. Leaf disks were stained with X-Auc (5
-brono-4-chloro -3 -indol yl-13-D-glucuronide). 30 Figure 18 | Di agram for
"Gol den gat(®) Achianiangs 2 anép@af Hdxreipost vants ard faggtt ONA §&gueied dfdilaxd. bl ocks
consi sting of individual repeat units (or other protein donains) are

subcloned with flanking type Il restriction enzyne target sites (e.g. Bsal)
that gener gigg THOPARAREQ A BOPEI M 1B2A/0 @104 oaREHKI dhi il ypOMESt MRRIHox MaL Chi Ng
overhangs are indicated with identical letters (Ato f. D fferent repeat

types are d‘i/ltsn@(tbhaﬁ topthe pchdr@edoHMbM or celwotedgnséd. lﬁoputétevegTATéri@est the,
, T NN=G A.
By e nul g R B BIE Ll e oo 8 Ber Tty hrbleon o

mat chi ng owﬁ@baﬁgs usi ng Gblden gate" cloning (restriction-ligation). In

general, the resulting assenbly product does not contain any of the target
sites used for cloning. Figure 19 Alternative nethod for generation of

desi gner efffig‘&teq%§ T\ﬁﬂ% I%egl%{%d%g target sequences of TAL effectors

20  The table shows repeat sequences of TAL effectors and the predicted DNA target

sequences used from amino acids 12 and 13 of the repeat units.

The annotations show:

25 (A) Xcv, Xanthomonas campestris pv. vesicatoria, Xg, Xanthomonas gardneri, Xca,
Xanthomonas campestris pv. armoraciae; Xoo, Xanthomonas oryzae pv. oryzae; Xac,
Xanthomonas axonopodis pv. citri; Xau, Xanthomonas citri pv. aurantifolii; Xcm,
Xanthomonas campestris pv. malvacearum; Xam, Xanthomonas axonopodis pv.
manihotis; Xoc, Xanthomonas oryzae pv. oryzicola

30

(B) A star (*) indicates a deletion of amino acid 13

-14 -



10cl oning Figures 19 A-D depict various vectors described in the nethods
di scl osed in Exanple 3 below as well as provide a schematic of the nethod.
15SEQUENGEOLDBTI7NG0 The nucl eoti de and ami no aci d sequen®€3/1Brgo/ed1san t he
acconpanyi ng figures and the sequence |listing are shown using standard

| etter abbreyiatio for cleotid ases, and, one-l.etter code for am no
aci ds. The @l areest PR Steslisie 88045 ﬁ%&los%cgﬁdgra&@éegmferﬁp% HOGF A
begi nni ng ahyhgnSnuchidddofs 4daed sedLsNga @R Of%{e%ﬁ@&ﬁéiﬂgoff tRE ﬁ@t][éﬁ've( ﬂeg@at, from

left to right in each line) to the 3 end. y one strand of each nucleic
aci d sequertdhi segicneuf theitpich éscoshsirenkelthe dodtle sinahdied DI er@vaoid t o be

i ncl uded by agny reference to the, di ayed strand. .The am no acid sequences
fol l ow t he a&%é%‘b‘)&?&"‘i% ér@/ﬁoﬁ%%#n%i‘ﬁ %WQ‘WSC%W}%WO terninus of the
sequencg and proceeding forward 25(i.e., fromleft to right in each line)
to the carboxy term nus. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nventi on rdaurgilp| ProteinsequenpescffprBsy. Hlaxgd. HaxbHexfit er with reference to 30
t he acconpanyi ng draw ngs, in which some, but not all enbodi ments of the

i nventions are shown. Indeed, these inventions nay be enbodi ed in many

di fferent froreachadtihspotditl seypiendes, o Nstcrmddls,aS-tdriviidsed webl dshiee dngledi ment s
set forth herein; rather, these enbodinents are provided so that this

di scl osur e P32t SYHENCSE 9reaiBMiicabl e | egal requirenents. Like nunbers refer
to likggpel ements throughout. WO 2010/ 079430PCT/ 1B2010/ 000154 Many

nodi fications and ot her enbodi nents of the inventions set forth herein wll
corme to m ridgiro 13n&hs kffbdterdA R Bsdh endards dxpraskipe bf theesieimai\virtpranstepert ai n
havi ng the benefit of the teachings presented in the foregoing descriptions
and the associ ated 5drawi ngs. Therefore, it is to be understood that the

i nventions @n)amiab abids B ahd M bethelFPaxuhepSPESt dnd prethadh tRgt DA scl osed and
that nodifications and other enbodi nents are intended to be included within
t he scope obetifieitafperdded). dihaitted (it hougintsipetiuf besetrnmxchangeeimpl oyed

her ei n, thec% are usteg iﬁ a4ﬂ\eneri c and descriptive sense only and not for
pur poses of PP PR Ha%* ¥ unber of terms that are used throughout this
di scl osure are defined hereinbelow. The term "repeat donmain" is used to
describe the DNA recognition domain froma TAL effector, or artificial

ver si on t hdBaaminpaeids 42 padid3 aEiha gritfiveal pliepior 4 RdiBsé repsatiunits and predicted
target DNA specificity (ARTBs4 box).

20  (C) The Hax4 box was cloned in front of the minimal Bs4 promoter into a GUS

reporter vector. The ARTBs4 box is naturally present in the minimal Bs4 promoter.

(D) Specific inducibility of the Hax4 and ARTBs4 boxes by Hax4 and ARTBs4,
respectively. GUS reporter constructs were codelivered via Agrobacterium

25 tumefaciens into N. benthamiana with 35S-driven hax4 (grey bars), ARTBs4 (white
bars) and empty T-DNA (ev, black bars), respectively (error bars indicate SD). 4-MU,
4-methyl-umbelliferone. 35S::uidA (GUS, grey bar) served as control. Leaf disks were
stained with X-Gluc (5-bromo-4-chloro-3-indolyl--D-glucuronide).

30  Figure 18 | Diagram for “Golden gate” cloning of repeat domains and effectors

(A) Building blocks consisting of individual repeat units (or other protein domains) are

subcloned with flanking type Il restriction enzyme target sites (e.g. Bsal) that generate
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15consi sting of nodul ar repeat units that when present in a pol ypeptide
confer target DNA specificity. A repeat domain conprised of repeat units
can be adseaoton7e43y pol ypeptide in which DNA sequence tacgaBimgoiosssdesired
and are not Iinited to use in TAL effectors. The term"repeat unit" is used

to describe th Iar Lon of a repeat. dopai ram L effector,

o an ot PPEVEF OVE nlelgt?it%qveﬂtaﬁat SRR a3t GO wo

adj acent afl‘bl@fére'i‘l@téﬂy'éatttﬁlﬁés AL IBh NHuiBARWIGIK I Qkh @oﬁﬁ@@(eog?"ré daf1 @ target
DNA sequence. Repeat uhits taken together recognize a defl ned target DNA
sequence andpabdistte.).dihe repaatgrsatiicdmyaia NIRApBR=WMNG=T, d‘éhi—ﬁ@ra’dded to any
pol ypeptide in which DNA sequence targeting is desired and are not limted
to use in TAL effectors. 25 The term "recognition code" is used to describe
the rel ati qByihp bbﬂ&m/getbcktt@fea@geﬁmapmdﬁa faPp P 08dtér 9NSoatidn dRchalchif a repeat
unit and the correspondi ng DNA base pair in a target %mm sequence that such
ani no aci dsJVétmfl%Sru&ﬂ&:‘é@thtll gHC o <f10nlag (lf%tﬂpts%hgﬂmnf) Jp geaxagHiaeating o G

NI for reca T 30 recognition
of GG or APLfSilugUofs pbSqin bFARE HrER SR ool bl 0, &°F o
recognition of T/A; N for recognition of G HG for recognition of C G or
T/A, Hfor reco.nltlon of T/A and NK for recognltlon of GC WD
2010/ 07943GR& 320 sme Bethed fors asion jof desiggyer gfeciors vigyoioldgn (atg or
proteingy or.ofh ector polypeptlde") refers to constructs or their encoded
pol ypeptid ucts in which said polypeptide is able to recogni ze a
target DNA sequence. The effector protein includes a repeat donmain

conpri sed re rep eat units an ma or
Funet | onal Toediafa-BHRchEREY aiibitsroan i i oo B LI R T ESABRR fen
of the invepidwhs wbings p@hIRGILhematk FURL fe@dal | y capabl e of exerting an
effect, such as regul a glon of gene expression. Although the present
i nvention is not dependent on a particul arly biological mechanism it is
bel i eve that the proteins or i nvention that recognize a
targethNA sequence bind to the %@ﬁg@?ﬂgﬁﬁﬁélﬁﬂén 10 The term"naturally
occurring” is used to describe an object that can be found in nature as
di stinct from being produced by man. For exang a pol ypeptide or
pol ynucl eotThgerusteqiienhens ammiae apidl spaucseer listesd ian vrgampaming Aewigerrdthei r uses)
that can be.j,sqlafith f:OWhAy® QAL dh PRYUF RLART AL 4 NRRoNRE HREE nd
|ntent|onal nodi y man

one-letter code for amino acids. The nucleotide sequences follow the standard

20  convention of beginning at the 5' end of the sequence and proceeding forward (i.e.,
from left to right in each line) to the 3' end. Only one strand of each nucleic acid
sequence is shown, but the complementary strand is understood to be included by any
reference to the displayed strand. The amino acid sequences follow the standard
convention of beginning at the amino terminus of the sequence and proceeding forward

25  (i.e., from left to right in each line) to the carboxy terminus.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully hereinafter with reference to
30 the accompanying drawings, in which some, but not all embodiments of the inventions
are shown. Indeed, these inventions may be embodied in many different forms and
should not be construed as limited to the embodiments sct forth herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal

requirements. Like numbers refer to like elements throughout.
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15l aboratory is naturally occurring. Generally, the termnaturally
occurring refers to an object as-present in a wld-type individual, such as
woul d be wopbhw#l79430r t he species. The terns "nodul ati ng PEXTABHEE&N@MS4
"inhibiting expression” and "activating expression” of a gene refer to the
ability of a polypeptide of the present invention to activate or 20inhibit
transcription of a gene. Activation includes prevention of subsequent
transcri ptigpg mb&fﬂcﬁlﬁéﬂs%ﬂd Othe embBAIBMNARIITAR 19@eﬂtf°oﬂ§ S& FHNh&bindeie
expression) and inhibition includes prevention of subsequent

transcri pt iconelto awnd mawnemkll(ad ie the gt @welnth tesoinvgemas pettiiv aviog fhe

Modul ati on ,can.b ssa det er.m.ni a par anet er i S directly
o f e TR B R et B G O e Ot RRLRTEN St D% basoBiteley ot er
25i ncl uge, d@awWings CNREIELSC, |1ﬂ'ls%@ﬂdef§’c&8dethﬁlt th€uekesitions hddEkR o be liRfiRH € N

acti vi ty, changes in pr oduct | evel s, changes i n downstream gene expression,

changes i n thepreetfi @rerﬁménmt&ﬁ@@lpsq@ﬁnéﬁhe(tmn,dlﬁ@ftla@%andcmirer embodiments are

bet a- gal act. i

Bi ot echnol og%h%gftgé)f%%ﬁéeﬁ% ﬂélﬁ ﬂgesgcloﬁu4 gftthg PP ?gof]g 13% %%83%}1%5%%%& yl ation
and dephospb@isydratimplvyed Beepr, &reylar@@sed i mtgemmtand AsscripeieOBshservsiS@ander
30concentratiqgns (e.g cGW, cAWP, |P3, and Ca2+), cell growth,

neovascul arqoiéqupé‘FPOSanoﬁhr{“rt%lont n vivo, and ex vivo. Such functional effects
can be jgeasured by any neans known to those skilled in the art, e.g.,
measurenent of RNA or protein |evels, neasurenent of RNA stabi | ty,

i denti fi catA onmbér afovunstthaane msredrthmoghcmt tlgedscloxpe exsdobingd Berginbeloma

chem | um nescence, fluorescence, calorinetric reactions, antibody WO

2010/ 079430PCT/ 1B2010/ 000154 bi ndi ng, i nduci bl e markers, |igand binding
assays; changasmh ﬂre?é'ﬁt rd@ﬁl%hl""ii agedsga%ﬁbmmg%&gmm RO mATHAL
inositol triphosphate ); changes in intracellular calciumlevels;

cyt oki ne r effisaoe oramﬁctlﬁezetsuwhm@omhatl@gmﬂdam@mg tl@mma‘ihnds dle¢le$esi to a protein
or a pr tein subse t hat ha scrl na on_activity.
Typicallby. AoPSgR iR usnin i GAOUREmT Rl el ehied (o a
pol ypepti deDNA sbsaﬁ@ﬂ@esgm&pdaﬂ&&ﬁztm@ambﬁsd@&ub@aeuﬁlfsadaﬁ% laBddd0-any

Al ternative ol ypepti de of the present invention can act al one,

wi thout a r@émeml&(vl o eRPNA srqugnactiaregling s dssiFespndarongt lawig tagise &

nodul at e 1OFA]'L%H§§61{ ption. Transcription factor polypeptides fromwhich one
can obtain a regul a bry domai n include those that are involved in regul ated
and basal tTHnsel i'RpéannitSisaRedrl daeid e modokk poigioh baa sgycapddnadin fidet or s,

their effect or dgrral ns, coactivators, silencers, nuclear. hornone receptors
(see, &0g. 2 EdbafeenroF apprti @1@@@)510@éh¢re%&t@250%@n$ e FNBREPTANOpr ot ei ns

and nucl ei G4 %g&ﬁﬁ&@&&&mﬂmwﬁe @ %Tlf%&%f‘éﬁésb%&( 1&§Ee§r§&§ﬁﬁApt' on

factors in gen are revi ewe rnes Adcoc cin
Al | ergy 25 sSgynce. Repd@ Writa tedkeRomptdrer (<COSf)e Weﬁm@ga@n@m seqRéte Bﬁ& 71).
Dat abases dedicated to transcrj ption.factors argOr known Sci ence

(2000 Sa0 au tleR e gL AORBRatBeH S EEt 0 SR By S opids isriflish o

descri bed ImNAfsequ&%@m%&mgﬁm@sﬂe@hn@hre rlod B8mbd to Medn TENESReRSEs5 4855 74. The
C/ EBP ff;_m |y of transcription factors are

The term “recognition code” is used to describe the relationship between the amino
acids in positions 12 and 13 of a repeat unit and the corresponding DNA base pair in a
target DNA sequence that such amino acids confer recognition of, as follows: HD for
recognition of C/G; NI for recognition of A/T; NG for recognition of T/A; NS for

30 recognition of C/G or A/T or T/A or G/C; NN for recognition of G/C or A/T; IG for
recognition of T/A; N for recognition of C/G; HG for recognition of C/G or T/A; H for
recognition of T/A; and NK for recognition of G/C.
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20 reviewed in Wedel et al. (1995) I nmmunobiol ogy 193: 171 85. Coactivators
and co- repressors that nediate transcription regul ation by nucl ear hornone
r ecept or swaneiweviewed i n, for exanple, Mier (1996) EuPCTAB20E0O@Es4 nol .
134(2):158 9; Kaiser et al. (1996) Trends Bi ochem Sci. 21: 342 5; and Ul ey
et al. (1998 ure 39 498 502 GATA transgcrlption fact o,r, whi ch are

i nvol ved i SZ%SQN@ st nciSfeiefefeit GHiGFOE PYteiny r St PraeidR DB @xanpl e,

Si mon (199%hnMafcts SBRREE enchde®pdidpeptl ?%cﬁ%ts@ﬁ whichQ9R) pdEiR; tlhf@ﬁpaﬁo% to
23:99-107. TATA box bi ndi ng pro ein BP) and its assom ated TAF

pol ypept i dersco(gmle@rtangnt:lDN@eseﬁnﬁ@@ ThAEﬁSQtOﬂmml inTlaEes @ repTAFIDBGn and

TAF250) are desc n_Goodr i T 199 Bi ol .
6403 0 andRTIe) ST o8By R feped ity Ml ) Tolufe bng o giorErunffipnaktar
famly gf tdoRRkSi6 Subh h@aﬁlr ggaiatt@wofmﬁl 3A pr&viren@dbddimeh@iof Geaingion, the

Bar ahmand- Pour et al . 96) Curr. Top. Mcrobiol. Inmmunol. 211:121 8.

Transcri pt i '6He¢tactis ﬁédltlmeélly\ﬁénahlﬁom@éagemmfﬁect sveheaeagilptionsef gsneal | .
(1996) J. QAd, qsil&\{ e;t?ﬁtgogg tﬁ?@fe &1&&1{’}8&% noFPH%feB?%%%%Spart W, R her proteins

t hat rmdlfy ion are al'so’useful as
regul atory ‘tﬂ@lﬁgﬂcﬁﬂ&nécﬂhﬁnl@@ﬂ ytﬁepéhedeshaofhetm@temrseﬁpaltypemMembfthn inBuebn

nodi fiers are often involved in WO 2010/ 079430PCT/ 1B2010/ 000154 swi t chi ng
on or of f thaAseEnpriadHerEldNAL BauEIre bitsk o dhaitpict Do PiyRRes:  Ki nases

involvegd in transcription regulation are reviewed in Davis (1995) Mot.
Reprod. Dev. 42:459 67, Jackson et al. (1993) Adv. Second Messenger
Phosphopr ot BicrieiRe Snat@8!l 2 6&ubng”an dsddatuldescambe (ah @8 gy Ghat canFBe\fourEiJilna]layme Gene

Expr. 5:1 77,,. whil hosphat are 5 reviewed in, for, exa ont hal
& Seni n (10985 EoR ARG ProBRSS8T i Rt § PRYPHAIdE hASa e

descri bed igaqYé4Rd th(ag-%%ﬁésefﬁr 1%%@%rgdn%91|9 B ludl virchSsP it Ean BSISIMed dmRA NS can

al so be obt al ned fromthe gene products of oncogenes (e.g., nyc, jun, fos,
myb, nmax, readicerrhaturstand Vidnth hapyiet bmmsmfeaﬁvma}lymﬁbﬁqt@y aad in Hei 1 associ at ed

factors _.and odi fiers, enes ribed in Cooper,
Oncogeﬁés q%"&atBEV 15 ng H‘é%lga 8“%%& %é tte“%él?‘iuéaélyu Oﬁcw%af%fs 888t on,
Mass., Joneshjanes ﬁ%@éﬂt@d 4 wildbh psinaedual 396h asREuIB S tipiaN $6T thoEpRiesf act or s
are reviewed in Waslyl k et al. (1993) Eur. J. Biochem 211:7 18 and

Crepieux et al. (1994) Crlt Rev. Oncog. 5:615 38. Myc oncogenes are

revi ewed i ngp f eﬁ&w »al: e »The
jun and fos ht rgnscrl p |a§1r’111 & (S)ér?én arnéhlé%lzlg%%%l% %O%Cté\%éﬁ%%%& %#e Fos
and Jun 15kdm geheﬁefafto'ﬂlidaﬂﬁl@ﬂyiqﬁhip@[ypEp@ddﬁfShe ﬁd’eg@it ivetigs tol aekivateds. (1994).

The max oncogene is reviewed in Hurlin et Cold S rlng Har b. Synp.
Quant . 2B olinf 159 trfewlraonvﬁ%g?&ﬁo Bﬁaélomalml}@%.pge‘fegt}%%ﬂl SeflURBnei - 1 shii et

al . (1996) {atLriptibAR: 1nMPﬁfoﬂg 0! O?l ebéﬁﬂbﬂ%lf Teﬁésjsm%gofgne J}Q}%S@Bﬁ%g @nly is

reviewed in Yew et al Pol ypepti des
of the presembitioniertdsproantiomaf slﬂbesequelyutaasmylod@lmtmmomm ai pese®nf r om
DNA repair enzynes. and .their associated factors and nodifiers repair
oyst eme. ar STEEN Baiaatom. Vpg1B3ERH & Snis OrakBy eI TG CRETR i o
4:385 95; $ﬁ&%¥ly6¥%ﬁ§&t fécte@%\(r th@@ﬂﬁ&ssm%%f@l@e thidt g&%hgﬁ&{pa&&%&@s Cenet .
Eng. 17:1 19; and Wod Ann. Rev. Biochem 657135 67.

rearranige meneluds z:;gr@bam in RéiAr oryotsei kveld, dhangasis peatein polavify elmgcsam al so

be used 25Gang| of f | (1994
Beper ent 1 ety By 8 crdf iR R R0\ B e BRI BlufacSn Rhorritad)

transcription (luciferase, CAT, beta galactosidase, GFP (see, e.g., Mistili & Spector
(1997) Nature Biotechnology 15:961-964); changes in signal transduction,
phosphorylation and dephosphorylation, receptor-ligand interactions, second messenger
30  concentrations (e.g., cGMP, cAMP, IP3, and Ca2+), cell growth, neovascularization, in
vitro, in vivo, and ex vivo. Such functional effects can be measured by any means
known to those skilled in the art, e.g., measurement of RNA or protein levels,
measurement of RNA stability, identification of downstream or reporter gene

expression, €.g., via chemiluminescence, fluorescence, calorimetric reactions, antibody
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Simlarly, regulatory domai ns can be derived from DNA nodi fyi ng enzymes
(e.g., DNA nethyltransferases, topoisonerases, helicases, |igases, Kkinases,
phosphat ase2p10p0b4sner ases) and their associ at ed fact or s pamdBIOGDGOISYr S.

Hel i cases are reviewed in 30Matson et aI (1994) Bioessays 16:13 22, and

met hyl tran ases 19 5) Curr Struct. Biol.
5:4 10. c;hs%lﬁé?% ﬁn%gﬁ%% s E‘%‘E‘L‘i’lﬁ g ﬁ P%?Ba‘?fﬁ“é‘c@hkl?& sgeondyi nases,

acetyl ases and.ARAGREYLaSEHIP an%lHﬁJSkﬂ%&rﬁJh%&&ﬁ?e @eBCalabasia intRbfifier Sci ence
272:371 2 (1996)) are also useful as domains for ‘addition to the effector

of choi ce. dakciwnéevghsetgokiod rdedsodindehg like.he regul atory domain is a DNA WO
2010/ 079430PCT/ 182010/ 000154 nmet hyl transferase that acts as a
transcriptional repressor (see, e.g., Van den Wngaert et al. FEBS Lett.

426: 283 5289 (428R)ory Bbain” @éfelto aprottdlor a@r@tbm B&BqhOdce Ak had 998) ; Ckano et
al. Nucleic Acids Res. 26:2536 2540 (1998); and Zardo & Caiafa, J. Biol.

Chem 273: 16B3Fiptigsalgnedwg@p)actiyity. dyptaslly. giceplaione dompidsipomabantly or

act via gengnapedoiZhlats «FofrdifgARnshanaT LA iERRmAERNES0) * ract or s
that cont r atansdripeicat Aher@ﬂ@vd@% wilypeptidy 6f theprsamiiiveation bacadt alovat on and

their associated factors and nodifiers; factors derived fromm crobes
(e.g., prokufhay asceulaipydostans oxndthynyliigle ragatprcdamaing Rapodiddeci ate wi t h

or erd'li)y ttﬂi‘ﬁgé naﬁ&s@\grpﬁﬁlef%%tégyﬁgé%hﬂe§ﬁbm 18h Bﬁcoéa%' dbFain h e aéﬁrral ﬁé’

enbodi nent, rec I nases are used as regulatory
one enbodi rtbtrrta,m hickitdotiesa et yictineslséEmasgulatsd usdbasabtranstripinsc Sugt i onal

ti t , . & Scott 199 Bi ol 18: 4377 4384;
Bl 11 o O o Hantiah ibel Mirahs G eion i bir Btetigy Somiingy (O AE g 415
(1996); andikassd, ﬂuﬁ%aﬁlormgm%c%ﬁoéﬁge% §§2@0()a19@132t)al oGy hers & dpdi nent

hi stone deacetylase is used as a transcriptional repressor (see, e.g.
Jin & Scot tfor ¢ 1998y of\proteiGeind nupjcs amdlaemsr?tv 111}@8\213(1 @ymnscupmm, & Thireos

137 20813 2a dEmserionmefi s Bt o B BUERD R Redlo0 S Gk, 65 ”33732)V

As used hergjdigy 298!, z%9raﬁdR@e@ermm@mget@&dsctnaph&cg”ml@7190Dtaﬂaﬁase§, her eof
whi ch ZOCogI)rl ses a codi ng sequence, optionally containi n%@I ntrons, and

control re ed%tedm Ehnﬁcélgmlhfaétotfh@e @QQW@é@ﬁo%g ofcienas (492)R§9988lience and
the tr ansc,erPctléa? ﬂg%oﬂér}teé S cgm‘? BhELROS off asOfoduliRANGE Eia‘?ﬁe{ﬂe RUiEn of NE

term "gene" 1nc besi s codi'ng sequence, fregul At ory sequence such as
t he pronoter, (19951)61110@61 Chem. u}&4%r557|4alrﬁdcrm €amsily & tramstripaionl fadtted aregi on,
term nation si gn& | ation r&gl on _and the like. 25Reqgul atory

d
sequencd oflCHCYEHHE %Spigll%“?éﬁ%%é@mﬁf"%@ gy 1331} $hiGraciyaters apdFot o t he

repressors that mediate transcription regulation by nuclear hormone receptors are
reviewed in, for example, Meier (1996) Eur. J. Endocrinol. 134(2):158 9; Kaiser et al.
(1996) Trends Biochem. Sci. 21:342 5; and Utley et al. (1998) Nature 394:498 502).
GATA transcription factors, which are involved in regulation of hematopoiesis, are

25  described in, for example, Simon (1995) Nat. Genet. 11:9 11; Weiss et al. (1995) Exp.
Hematol. 23:99-107. TATA box binding protein (TBP) and its associated TAF
polypeptides (which include TAF30, TAF55, TAF80, TAF110, TAF150, and TAF250)
are described in Goodrich & Tjian (1994) Curr. Opin. Cell Biol. 6:403 9 and Hurley
(1996) Curr. Opin. Struct. Biol. 6:69 75. The STAT family of transcription factors are

30 reviewed in, for example, Barahmand-Pour ef al. (1996) Curr. Top. Microbiol.
Immunol. 211:121 8. Transcription factors involved in disease are reviewed in Aso et
al. (1996) J. Clin. Invest. 97:1561 9. Kinases, phosphatases, and other proteins that
modify polypeptides involved in gene regulation are also useful as regulatory domains

for polypeptides of the present invention. Such modifiers are often involved in
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coding region. As used herein, "target gene" refers to a gene whose
expression is to be nodul ated by a pol ypeptide of the present invention. 30
As used hwoebmn/o794bant” refers to any of various phot osyarhBaiepooetscar yoti c
mul ti-cellular organisns of the kingdonlplantae characteristically
produci ng enbr con in chl or havi n ceIIqu e cell walls and
| acki ng Ioé@’ﬁ@gingﬁn AL ﬁ?’éﬁcr }Dé‘irﬂe‘f)gtﬁﬂ?g for ?Wﬂﬂﬂ% Ut Sor part of a
plant at anyyai&o® tRhs@g¥sh e on ame%%&yd% %3@&@51) az&lﬁéﬁ% 184,

including seeds, suspension cultures, enbryos, neristematic regions, callus
tissue, |ea\2ets9 &7o daoksorsérabt($ 99 adaet &phyd w;seggarlﬁimsyl@cewtepokd?se% 279

1 ceeoul ot 88! BRUTGSDPICHE Rt Aud ok ¥R o RE S ALarh s SR e ne.

term " psantreticwsdign, féﬂ%&hﬂ#@&s Sc}hﬂﬁthdl & S&@hinl (n mi)@!mw/, BWheB95. Bitisar Pl ant
cells, plant organs, e.g. eafs, stenms, roots, neristens, fl ant seeds,

pr ot opl ast sﬁ}’roéléillelkﬂ@sesc?éﬁ ﬂe&mb@djme\é’an&ﬁc?%h% eyroBis e Sst. alr?t 81 Useigt gani zed
into str UCt&épgamsaﬁg Pso be %%%tlﬁe% '%e?lf: Ipﬁ?,dulét%%e oggd[’g%h . (T,ﬁag)?gé n, chshe

expr ession 0 gene 1 n r Srng

(activati on)lymmlaieﬁfaemi REp, bclemyb,slab@fahutyhﬁelﬁkm)%ﬂltbﬂr ﬁ)ﬁfsoélbﬁdtfﬁﬁ@@t gene
in plant cells wi.th a polypeptide of the present invention, alone or in
combi nat | orﬁnmcrshfé%rﬁé?nqog%@m %QSP%I?Pddef% FXARRIR<Y QAPER FAICOR IS

factor§g orrUGHE! fhdaSirdS: SR BHISHE BROLYRERL | BGes 4l r?@& Pﬁl@}s'hérs 15 As

used herein, a "target DNA sequence" Tefers to & ort| on e- st randed
DNA t o whi c]h>9ﬁeﬂmgsns trarmnnbiyorafapﬁonstaafe memeswdia]mWeslylklemaan%DrﬁaﬂlJnent a

for  gene e HnAck 4 dedicretehartn g CRERPE e retls PR by

al tering thg-0e3kese?bvibled ﬁ%%r‘%%%ﬁfé Rﬁaﬂ ét%ﬂs(Q%(BthQ&%Ln gontapil3 ﬁ' ement
i ncludes positive and negative control elenents such 20a pronoter, an

enhancer, oklegnn m@ctfm raesaipgioe aotors ereglescratedrini far ¢>@stpﬂ¢xs”l“éle@loe aehiun heat

operatdr. duanr o TrpsrERy P @S RART & TERT %Lnsﬁs (L0 SRS DR e

viral, eukatyiewtdin Rlrlir@kACH Kprind\HakiRS9ap. tsmugaq% 18] Bl el udes a
downst ream or an upstrean1se%gence whi ch can protein and thereby

modul at e, tSFp éaamlbylsg@\é%ﬁi Bro-dhsier pp(1 W) Curr Topﬁwérr@@@l @ﬂmﬂﬁ@ term
DNA" “or " DA, @%”%H§ s ?ﬁ{éﬁ% ﬂe%ef@,% if PEEAGH ;}f@é}\&w} Q})y%e cPe

i nvention to polynuc l'ecul’'es conpri sSi se o |nary
skill in tielars. Pélypeptidcogithz prdsélﬁtm\telﬁﬁoﬂﬂeilhmdﬁldaF@u(ﬂﬁcb’fp@l@hialr@%t@fﬁedt he

' nvent I2(())n from DNA repair enzymes and their associated factors and modifiers. DNA repair
systems are reviewed in, for example, Vos (1992) Curr. Opin. Cell Biol. 4:385 95;
Sancar (1995) Ann. Rev. Genet. 29:69 105; Lehmann (1995) Genet. Eng. 17:1 19; and
Wood (1996) Ann. Rev. Biochem. 65:135 67. DNA rearrangement enzymes and their
associated factors and modifiers can also be used as regulatory domains (see, ¢.g.,

25  Gangloff et al. (1994) Experientia 50:261 9; Sadowski (1993) FASEB J. 7:760 7).

Similarly, regulatory domains can be derived from DNA modifying enzymes (e.g.,
DNA methyltransferases, topoisomerases, helicases, ligases, kinases, phosphatases,
polymerases) and their associated factors and modifiers. Helicases are reviewed in

30  Matson ef al. (1994) Bioessays 16:13 22, and methyltransferases are described in
Cheng (1995) Curr. Opin. Struct. Biol. 5:4 10. Chromatin associated proteins and their
modifiers (e.g., kinases, acetylases and deacetylases), such as histone deacetylase
(Wolffe Science 272:371 2 (1996)) are also useful as domains for addition to the

effector of choice. In one preferred embodiment, the regulatory domain is a DNA
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30enconpass pol ynucl eoti de nol ecul es conpri sed of deoxyri bonucl eoti des
(i.e., DNA), ribonucleotides (i.e., RNA) or conbinations of ribonucl eotides
and deoxywphkoruobsot i des. Such deoxyri bonucl eoti des andPcirhBruebh@essd des

i ncl ude both naturally occurring nol ecul es and synt hetic anal ogues

i ncl udi ng, not limted to, nucleotide anal ogs or fi ackbone

resi dues orm?tk“}ﬁl %’raswt}‘raé ACta Pe TYRCHBEORA! TCPjgSS o des: 61%9?1\%9@15%?/‘?%6/ 000154
hatural l'y QﬁgpﬁﬁﬁﬁﬁLmﬁ@Q6Q@@Z@ﬁh@@@}@%ﬂﬁﬁﬁ%?ﬂ‘ﬂﬂﬂ]%Bl@h9h@Y¢l§(ﬂDE?r

bi nding properties as the reference nucleic acid, and which are net abol i zed

i n a mannerOlsinpiel at. NugleihacideRes. @02830364@ 0998 pend ZﬁBi@}:&@Sllaﬂl JsBoth. anal ogs

i nclude, w hou hor h|o dat nmet hyl
phosphonat &rrTsufs L2100 GBI AR ahaba PR pBPRIPERT BEMIEHEBice es,
pept i desnucheh gs Bslide QM)transchoﬁalrypws‘sbﬁow% APV guhesledfagt Re,
invention also enconpass all forms of%BnEanucleotlde nol ecul es |nclud|ng,

but not |i rf&eWQB/0RBAGnd-RG T/ hivded 12 cters thtt eorfral shwamtinenddNAaj r p| ns,
stem and- | O ctﬁ‘g %oltzfglfngf?t an%rf cathQ %Ant eﬁ% th%: ﬁgstsgﬁé{e@ %ac’tork l;and ﬁl&ﬂscfg %cltcgé) er el n

t hose of or inary sequences 6se

al so encorrn&slsecsfr&ﬂl rhiteotes (ﬁ)g epﬂbkhryﬁfestdmahryﬁbee apd Ivfrh@dndl lﬂzﬂ:]tc&@fthade sequence.
As used herein, "specifically binds to a target. DNA sequence" neans that
the bi ndi ngSsfataPith osmogify et Herbonsedhie Obﬁa@s%melilm@ﬁﬁ%ﬁn P a

speci fi19d tANQRImINASEANARGS ah P irtdRldeS hicGRES Xs LGl hod Eflﬁoﬁb”d' ng
%? g 39 Fy %SCgﬁ%araﬁﬁ

afflnlty of the sane pol ypepti a genera
non-t ar get cbiadsecugnstenc Mety.ltrmferm‘ees ssetdmslaltruﬂsng)tmhalaacneq:tela(tsed@rml n of

or cater - dogitd sy (OB arcGel g T §F D5 DauEiERE Sk s B80TE: nai g

Lo non-targeb; %t&?%%c@@ﬁz 1408 1 he (19985 LAl Hadig @%&7' P'NAS@SOJ(SIQ(?,BZ& ar get
DNA sequences. A ponEeptlde of the present invention's Kd to each DNA

sequence cdh9¥9).doapet %rcbmbwdzoqgslestgn@ Heachliyhdé mgrsspeci framcnptlmfal t he

e SeddendstrPhlRoe Calibd: SGURE oRbAMPECYE 5 AR TR Seftidebini o °

bet ween themu@bgelt%wﬁ@ﬂ@@@;@ezmmaamw @akag@ﬁﬁeﬂ D&b%) GBeppait | on of
a pol ypeptide of the present invention to the tar

ol At ot He 2556,251 Esanatne Herlt APYBL . deste herna 1o apget 2B sequence. can
be physically | ocated
As used herein, “gene” refers to a nucleic acid molecule or portion thereof which
20  comprises a coding sequence, optionally containing introns, and control regions which
regulate the expression of the coding sequence and the transcription of untranslated
portions of the transcript. Thus, the term “gene” includes, besides coding sequence,
regulatory sequence such as the promoter, enhancer, 5' untranslated regions, 3'
untranslated region, termination signals, poly adenylation region and the like.
25  Regulatory sequence of a gene may be located proximal to, within, or distal to the

coding region.

As used herein, “target gene” refers to a gene whose expression is to be modulated by a
polypeptide of the present invention.

30
As used herein, “plant” refers to any of various photosynthetic, eucaryotic multi-
cellular organisms of the kingdom Plantae, characteristically producing embryos,
containing chloroplasts, having cellulose cell walls and lacking locomotion. As used

herein, “plant” includes any plant or part of a plant at any stage of development,
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anywhere inside the boundaries of the target gene, e.g., 5 ends, coding
region, 3' ends, upstream and downstream regi ons outside of cDNA encoded
regi on, owoizopyides3enhancer or other regulatory regi on, aou/1B2N0/b@1pr oxi mal
or distal to the target gene. 30 As used herein, "endogenous" refers to
nucl ei ¢ aci.d or.grotein seguenc naturaJIy associated.with @'Lar et gene or
a host cel IMFIHEIBERFRISHSUSRCIPION CHIYISE FERRTY OSABI TS 2HE FRFIFNS: NS feWBus" refers
to nucl ei ¢ |ahjcd BHtsHBbRI PhrRQEMERSEsIRRS YRk UsAlchYmASSP6lat &1 pibtdhya tar get
gene or a host cell into which i't is intfoduced, including non-- naturally
occurring rthércofpdsociopiudsd ot cattings, und ety ovigssue pilhgendelvsedinanpinceory. , DNA
sequence, or. naturally occurring nucleic acid sequence |ocated in.a

o nat ur ai T B dbRerYig LR Fosth Pl iR, B ERUARF Bt R8Pl

nmodi fi ed plpdts, pRint EEIRNEEBNGrEand, 8t Jcafy, 8fcfisSrdo®s, McBkRAs, MhtGBedsoNpr i ses
within its genone an exogenous pol ynucleotide. CGenerally, and preferably,

t he exogendugtoplebyriatiieseil gultirss, epapny sionpegh Herdclly erganizehBteesisals uch
that the quﬁnygﬁqgg%ﬁgmh§ passed on to successive generations. The
exogenous po ynué}eo I'de nay be integrated into the genonme al one or as part
of a reconbi nant 10 expression cassette. "Transgenic" is used herein to
include any cell, cell line, callus, tissue, plant part or plant, the

genot ype ofAwkicd hereds “Bdnlaky the papicsipnafe taieskesnc dn BlnbseliseFders thucl ei ¢
acid ingl udj : 30 ' 1pitl : ‘hose

o cat ed by o P B SRR (o R S ARk By

t ransgeni c.plaheclisewith 4tpohpspredel af thapresene chvheti@i, aloto s imamengonpads t he

alteration of the genonme 15 (chronosomal or gextra-chronosonal

Convent | onditis BT GBAr g FERHOBES Bty oRABLG Py MR Fr ngiesoit s such
as randon1q%9§?o%ﬁﬁﬁﬁ%j%qﬁ&@@dk@on-reconbinant viral infection

non-r econbi nan acterial transformation, non-reconbi nant transposition, or

spont aneous nutation. 20 As used herein, "mniml pronoter" o
subst a

r
TATA o arortty T o Rl S shodefe? RESTR, STy PERUbLEThUROPRIA ¥ °

activity i nothechalRs@ht@ormby Apoitdiadcsiéd YT@bhOBmbddimehe a Praggemaesof a
suitable transcription factor, the mninmal promoter functions to permt
transcri ptiseaucnes’ iagllios part Rép dppscripfieny sartet cnpmefara gepe fargphigkgor " refers

to a protei ({%sﬁr&ﬁsl}eggﬁ/@fa £ QuCRR R Rhin2h b%r%thg gg%‘@%BPits“’éx%Y@sgﬁon. A

transcription or ation, respectiv ereln, "repression”
refers to itrnkdiptionsl @htrbr daraeidtiipdlidys pokitit ¢ amdhadationcdiproBOlchicndisach af
repressqor protein to specific site on DNA or nRNA. Preferably, repression
i ncl uded a SHGHPISTARRNNRIERGENST HePPRTSLT IS, Gre-oFerpiddpyonss Jmpvidat of  at

| east 1.5 1Bl oo BToRl, Atk :@hoh&Aimds fofhelior ki RY G, BRiGi0Rr ef er ably

at least five
and/or a silencer. The transcriptional control element can be viral, eukaryotic, or

prokaryotic. A “target DNA sequence” also includes a downstream or an upstream
sequence which can bind a protein and thereby modulate, typically prevent,

25  transcription.

The use of the term “DNA” or “DNA sequence” herein is not intended to limit
the present invention to polynucleotide molecules comprising DNA. Those of ordinary
skill in the art will recognize that the methods and compositions of the invention

30  encompass polynucleotide molecules comprised of deoxyribonucleotides (i.e., DNA),
ribonucleotides (i.e., RNA) or combinations of ribonucleotides and
deoxyribonucleotides. Such deoxyribonucleotides and ribonucleotides include both
naturally occurring molecules and synthetic analogues including, but not limited to,

nucleotide analogs or modified backbone residues or linkages, which are synthetic,
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WO 2010/ 079430PCT/ 1B2010/ 000154 As used herein, "activator protein" or
"activator" refers to a protein that binds to operator of DNA or to RNA to
enhance tweansovda7pt3von or transl ation, respectively. As ®RESEABIE0/@10m54
"activation"” refers to enhancenent of transcription or translation by 5

bi ndi ng of acti ator rote n to specific .site .on Pref erably,
activati on Tt legugh RO BHA0K QRGP VRIS LR Sbl%lﬂ%ﬂ;l ding PLapeftich | on

level of aty |tﬁ'@1%?eréné nfuellei% aciRRd Rhehef@Rle¥bslizddaaatmdnier iflidy toaRd even
more preferably at |east five fold As used herein, "derivative" or

"anal og" ofretzranst evdbaidesfaresmpic Qef spdr anamgsdmiudﬁedmﬂm@trhmmat@m, a nodified
versi on of the .nol erein

d df
UTonsort ot S GRS poRu e R e By oS iR hs Pt flsler it from a

TAL ef f gct gtho§shoRatd®d-OlBeth Prridntititoedes] pe\pﬁﬂé-'nﬁﬂel@facﬁl@ €PWAs)OTRe TAL
effectors that is Produced y any of the nmethods disclosed herein. 15 In

t he fol | oninegynueketidqpelecplenof @esrp@@twm alse pycompssy #lbamyiof polysegeaitdet o t he
transcript 'rﬁ&Fﬁiﬁéé 1%81%8{n|g' b Gof Tf%'n)ed &l & Ol%g OJtIiahééq 1|*o¥m O%Qlteas r%n&&f%%?cat ed

via the t on sy s emin er 'of this

ef fector f amﬂpms; ﬁerﬁ%h&ﬁ@op d‘tﬁfdﬁﬂ‘es tiethEAlke e Fhiebdravord, aons hyddrﬁoédl Boptheasred
AvrBs3-like famly proteins. Bath expressigns 20 are used synonynously
and can be 9 M@P%éh@lela thohtha thedNNg sedushptselisdescd herem 4l e erqompasseani | y

are as (ol lt%‘@ ﬁt‘éﬁ@ﬁﬁoﬁi‘g e&&ﬁplnﬁémﬁfc ofifie E%ﬁhﬁﬁx sub-fam |y Hax2, Hax3,

and Hax4 as well'as Brgl 1. AvrBs3 an t he menbers of its fanlly are
characterized by their binding capability to specific DNA sequences in

ronoter re |on of .target s .and i nduction of expression of .these
e, < TheyXhiand hosibauBeyaiL Ba i kred CRY S edienfrsmERa it IS act as
transcript 'é?ﬁﬁ’i't @Fé}bd{?ﬁéf)'hae 8f thRlpRbntdR G ion Y & @g&iﬁéd@rg&ﬁmmeau&ce is

honol ogous effectors typicall g have in their rm nal” regi on nucl ear

| ocal i sat i ofrtisteplyrivgsr (iNnshe lﬂidlng aﬁﬁmns@frth@sammlymudm & eme@@kym n (AD).

The central ont ai ns units o i cal m no aci ds.

The repeat. e Bk F5kc] BRA ealhdep g ¥ RER ey Eoft wire 8bHH ons

and it has g3@hdisresdaeaR chtdig o fs?\éclﬁs@ﬁaegd@WAls@ft&n@@ﬁo%rdstmmﬁgreaﬂéﬁl eoti de

sequence bi ndi ng speC|f|§|(§':%)Ilcb the proteins t was shown for AMrBS3 t hat
4

the repeat dsBicese-gr 8t lress er packgsouidi Hign dts bmdmg PHENHNECHP NG n
specificit yse&flenAé{sr 3o %dsuBEtggt?ﬁ |e¥018§18'1? bt m}:’ée? D‘N’A E%e@e@BﬁS fam l y

polypeptide of the present invention’s Kd to each DNA sequence can be compared to

20  assess the binding specificity of the polypeptide to a particular target DNA sequence.

As used herein, a “target DNA sequence within a target gene” refers to a functional
relationship between the target DNA sequence and the target gene in that recognition of
a polypeptide of the present invention to the target DNA sequence will modulate the

25  expression of the target gene. The target DNA sequence can be physically located
anywhere inside the boundaries of the target gene, ¢.g., 5' ends, coding region, 3' ends,
upstream and downstream regions outside of cDNA encoded region, or inside enhancer

or other regulatory region, and can be proximal or distal to the target gene.

30  Asused herein, “endogenous” refers to nucleic acid or protein sequence naturally

associated with a target gene or a host cell into which it is introduced.

As used herein, “exogenous” refers to nucleic acid or protein sequence not naturally

associated with a target gene or a host cell into which it is introduced, including non-
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seens to be nediated by the central repeat domain of the proteins. This
repeat donmain consists in AvrBs3 of 17.5 repeat units and in honol ogous
prot ei ns We 20ompp438ed of 1.5 to 33.5 repeat units whi chraraBiypi@asd y 34
am no acids each. O her repeat unit lengths are also known (e.g. 30, 33,
35, 39, 40, 42 am no acidspﬂ The. | ast réﬁﬁE} in the repeat, 5domain is
usual I'y onlfpuEalhapeurrigampitipe opgicsof 8 gatimllyPosude nughiarid  frée P Nai vi dual
repeat uni tgq@nge, 32O BRI inkdRBll CRld schiEc Y& a¥eddh aGRhiAkRalY@r i abl e

am no acid positions, andng these positions 12 and 13 are hypervari abl e
whi | e posi tacomsing gendme Ratigmd 32 vary with high frequency but at a | ower
frequency than 12 and 13 (variations at other positions occur also, but at
| ower frequency). The conparison of different 10 AvrBs3-1like proteins from
Xant homgnasad g abid OgéretiBallymeNigicad blans @1 4@AGRnIcREM) Tréfor fohn PRt

di fferences confined to the repeat domain. For exanple, AvrBs3 and the

Avr Bs3- | i keviightogppissapathinaily gnemei fexpeenees naliypetlgotids. Gprarelly. epdat domai n

region, wt ept.i . Al i | et {nh th - f.er m nus
of “aurBsa wieRPLE SRR el O RRoS bR HAR R GlET TS
of AvrBs3 akatwkd polgsuddigidais mesaicinttosaciessicegemefatiovhe Therkegshoof the Hax-sub

famly are shown, O particular inportance for the present invention is the
repeat uni tROYIRRICERIGIAY PaEHEFBiAR IR ERpacnPBIe AaR6 ORYPRITBF 4 ESPROHIho aci ds
at posippi ong Pe%si@ﬂgas%e?tt@”ﬁra%ugge ¥l aRli%e AT ROnBGHYSn Al PRSI fihQ RS, and 24.
20Hence, each repeat unit o hese proteins is giver separately. As stated
above, it hasualplaapyt bedantdehs endigpe dhahich hes beepaittredbiyttlse pcsdnicaof he

repeat domai ns determine recqgnition or binding. ability and specificity
of type |1 1SGEIO0E BRCIHFGERGTRE Mplanaics Bl ediang g R e o
under | yi ng 3@8ed9f sk 1RWRoUES drl astNRI BroBESRRAdnMMRNAHI@NtrankP&hié. MMRNERS S have
di scovered that one repeat unit within a repeat domain is responsible for

t he recogni‘tiapsgeofc” enesasdwedin decsDicheosepapsihe alteration af e gemMAC sequence.

Thi s findi is, however, only one elenent of the invention.. The inventors
30 addi'c: ongheyostBGY i irho Sl R e d o B AR ho SR epeat
unit of a nRpealy S@IBIMY dvenfsS8EPNShRdE tRSs-FRERSMbh] fh-REoraPRashesl f i ¢ DNA
base pair in a target DNA sequence. Wthin a repeat unit, the hypervariabl e
regi on (coripEsiehaenteroaiingt haqterigh gansfpomaionpneitpcampingpicranspesatign, pr

r esponsi bl I cognition specificity. Hence WO
2010/07943§$é¥%T%%%§8#%‘§154 each variation in these amino acids reflects a

corresponding variation in target DNA recognition and preferably al so
recognition capacity. As used herein, "hypervariable region” is intended to
mean p@@itions 12 and 13 or 5equival ent position in a repeat unit of the

present invenid.g 'Eereh{, “hﬁmﬁﬁ?%&i&&d ot Q@Jstantially similar term refers to a promoter

clement, particularly a TATA element, that is inactive or that has greatly reduced

promoter activity in the absence of upstream activation. In the presence of a suitable
transcription factor, the minimal promoter functions to permit transcription.

25
As used herein, “repressor protein” or “repressor” refers to a protein that binds to

operator of DNA or to RNA to prevent transcription or translation, respectively.

As used herein, “repression” refers to inhibition of transcription or translation by
30  Dbinding of repressor protein to specific site on DNA or mRNA. Preferably, repression
includes a significant change in transcription or translation level of at least 1.5 fold,

more preferably at least two fold, and even more preferably at least five fold.
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positions 12 and 13 of the invention correspond to positions 12 and 13 in
the full-length repeat units of AvrBs3 and other TAL effectors as discl osed
herei n. Iwoi2e100arp43ner recogni zed t hat by "equi val ent po®CTiBHg0/000354 nt ended
positions that corresponds to positions 12 and 13, respectively, in a
repeat unit, of e present, One can readil deterntne qui val ent

posi tions W‘éﬁeb&ﬁteﬁb aﬁvatpéyﬁéoé?muﬁfta%Vt‘tH%/aFe? 0.9 IRt ’e‘b‘&gt ©Oynit of
AvrBs3. It df)eatortdmmct?o RR@ER SAMMR tfaRbcripfien bf frétslatttonerettatwagle repeat
unit in a repeat domain of a DNA-binding protein recognizes one base pair
in the target DNA, and that one amino 1l5acid or two adjacent am no acid
resi dues |n ad eat unit thin th ervaria regi ons of a
epeat uni (A BB DR oY HsEE: (R cniab S B R A el SR e
Based on tmlﬁdlﬁg Bt ator pRREiE esekiflc! sed oh DN AT RN WOPHcebritgy adetiQation
specifically target base pairs in a target DNA sequence of |nterest by

modi fyi ng angbdspeenideanhchanicn in tr@nspepfem orttrﬁnts@tlem lovpleofrag fraait 1.216M6i n to

ficall Based
onthi s 11 PR ArRe PR TRl dorh ahd el Ay R B e R e o

DNA-t arget specificities of different repeat types and were able to predict
target DNA sequences of several TAL effectors which could be confirmnmed

exper i ment &y ysed hatean. wiervatiye ¢4 gRalpryof applsculsreferyie aingstinn dsrvad fiom of
host QQBGS(ﬁQﬁﬁmﬁE&iGQHHh%EﬁQrﬁM,Jﬁe effectors. The linear array of repeat

units which recognizes a |inear 55 sequence of bases in the target DNAis a
novel DNA-protein interaction. The nodul ar architecture of the repeat

domai n and f he recognitjion code |de i fied by.the invent targeting
DA i £ h i ABEERTT. er TSpoa vt B Mo KRk PR gor TR bR F ¢

DNA- bi ndi ng.redefpet fé?erﬁR{afé%@at'tﬁlteﬁrdfﬁ‘ﬁ'T%Ue@éct&t‘%ﬁlariﬁécﬁﬂé&é‘tl artifi6lbgersig? | n one
enbodi nent of the present invention, the repeat domains are included in a

transcri pt iadiong acmors TAbreficptorsthatas prpdmednls}camyptf thamethotodisclasad heecinn
pl ants,,particularly preferred in type IIl effector proteins, e.g. in
effect&?s of the AvrBs3-like famly. However, after having uncovered the

correl ati onnhigd mewlﬂgﬂﬂlerlﬁmtonwsﬁeslﬂcalﬁdéseﬂeatwdpmpm ethchensiptioand and
t he base sequence in the target DNA on the other hand, the WO

2010/ 07943@Pewtqebbq@@®@f%4t0ﬁ£@mlwhb@h@m ransiqgaedofa ‘thﬁéyneelﬁe?&?feti@lﬁral n can
be used in g&xmgh%tpef’%ro A%‘ﬂe%%%'rherf?@ WFafls ERLctS ALER! &&‘RVPEPS%CPE%%?{%WH

DNA sequenc y I'n uci ng repea domai ns Conpri srng repea sinto a
pol ypept i deT Abeffestor fahelyrie psahamad NsrBy3eliltofdidilyed prateias.d®ith topregignsi se one
hypervari abl e regi on per repeat %nlt and wherein the 5 hypervariable

r egi on “det e IFESYRABEYRSL; B cah ba inberspangss Nolimiting rampiRRT &quence, the

Ceauances T DG R B R R e R R PR e i n has
been found Hax2bHaxEspdhkixBlae wictras Bingl 1. AvrBs3 and the other members of its family

are characterized by their binding capability to specific DNA sequences in promoter

regions of target genes and induction of expression of these genes. They have

25  conserved structural features that enable them to act as transcriptional activators of

plant genes. AvrBs3-like family and homologous effectors typically have in their C-

terminal region nuclear localisation sequences (NLS) and a transcriptional activation

domain (AD). The central region contains repeat units of typically 34 or 35 amino

acids. The repeat units are nearly identical, but variable at certain positions and it has

30  now been found how these positions determine the nucleotide sequence binding

specificity of the proteins.

It was shown for AvrBs3 that the repeat units are responsible for binding to DNA. The
DNA-binding specificity of AvrBs3 and probably other members of the AvrBs3-family
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10 specific recognition of one base pair in a DNA, several repeat units can
be conbined with each other wherein each repeat unit includes a

hyper var iwbl2e1wiggizon that is responsi ble for the recogniPCiran2bé/o@ash repeat
unit to a particular base pair in a target DNA sequence. 15Techni ques to

specifically nodif ences in order to optain.a specified codon for
P epect {1 c SR pEialed Ok Gwe el RG APy Romstior TR SRS gng
pol ynucl eotdodgsRlit B ALIUTI 7hA%EeR R MddaInd&sons insRRombAe3AP! €,
Kunkel (1985) Proc. Natl. Acad. Sci. USA 82:488-492; Kunkel et al. 20(1987)

Met hods i n tEA3yrmopeat wiits 8Bizh 382ypidals; 3PamninoNeids4ag8v Dtheaepaas e tengthd

Gaastra, eds. (1983 echni I cul ar Bj ol MacM.l | an Publ i shi ng
oot Ny 0 R e, FEES, a8 ARl sells? i lesh kiR s cat! ons
are hergi n dondi RAsadIBCoY a heffeERACET 1925 20henihe héiaMeAgthe XBERIdesdu oVi de

met hods for constructing new repeat units and testing the specific binding

activi ti es repeagprifsare genaryllycemisdantictleBhanepentt eppinsvasipbleianmisaprdig .
0" be" cen R SR s SolPbar BB MR A EPRa e

I'n can be ascer in’the
art by routandg2expewithbiphatdquoncydainar @ldwer fidtudreqsiianll2ankepaatridtiving st ar e
considered as a m.ninum although typically at |east about 8 repeat units
will be usederpraitipRLReetr ¢fpe tbyt Bfdonst frediraCY o I hecaipiasised af didise®t units, as
repeat j@nit i L Z-€ r ef

pol ypep}t% i dégv]?lg% E’% %Egogaﬁse?fglﬁln&gfgﬁbé@%ggZg\%%lsrhgggggty Ggﬁ%r?lﬁgélﬁlkflﬁqgetgg ticular
nunber of rejpeabstuhffersncellvasiing tpoho/peedtiddmaot. FohexaWple, AvrBs3 and the

2oL TP TR RIRR ALY D SR i bS8 T
11.5, 12, IZitpthe bRecphidn oPa fohfhamifto Roid YSletidPinthe EOtermBudof AVrBshAvich 18,
18.5, 19, 19.5, 20, 20.5, 21, 21.5, 22, 22.5, 23, 23.5, 24, 24.5, 25, 25.5,
26, 26.5, 2%spesttodyrBshs 17.5 repeat units and i nduces expression of UPA
(up-reqﬁl ated by AvrBs3) genes. The nunber and order of repeat units wll
determme the corresponding activity and DNA recognition specificity. As

further exanmi@fe 16hBe Aviddsadid quéntcoBMOME3 kO MaXZsitNCAmiAe Scidlscqudnepeat
units, Hax3 11.5 repeat units and Hax4 14.5 repeat units. Preferably, a

pol ypept i deofdiie mp@benspé Hici Ik -subnfgmillyase s Of parigutapirapmtanca®r thpeat

units. Mor : i . of I: i i out 11.5
to about s3rBenunaatiofis AetheRERls RRif'st MY RIGER RAMELRER AR Wit
34 am no acingifo Gtitds at@siteht €2 aedt®)ind the variable amino acids at positions 4 and 24.

20  Hence, cach repeat unit of these proteins is given separately.

As stated above, it has already been described that the repeat units within the repeat
domains determine recognition or binding capability and specificity of type III effector
proteins of AvrBs3-family. However, the principle underlying was not known until the

25  present invention.

The inventors have discovered that one repeat unit within a repeat domain is
responsible for the recognition of one specific DNA base pair in a target DNA
sequence. This finding is, however, only one element of the invention. The inventors
30  additionally discovered that a hypervariable region within each repeat unit of a repeat
domain is responsible for recognition of one specific DNA base pair in a target DNA
sequence. Within a repeat unit, the hypervariable region (corresponds to amino acid

positions 12 and 13) are typically responsible for this recognition specificity. Hence
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shown bel ow. LTPEQVVAI ASNGGGKQALETVQRLLPVLCQAHG 20 A further consensus
sequence for a repeat unit with 35 amno acids (in one-letter code) is as
fol |l ows: WORE@OTMIASNCGEKQALETVQRLLPVLCQAPHD 25 The rep@al/IBilo/goon ch can
be used in one enbodi nent of the invention have an identity with the
consensus sequences described above of at |east 35% 40% .50% % 70%
75% 80% S8 VEHILBAN Bi5os aNRORCKl EFHSSH BRsEaPRegvartaHen kst Bg\g%uences

of AvrBs3, HaxAitioiand préterabBXdfsARbo dntidh@hadigrbers of the AvrBs3- family

are used. The repeat unit séquences of these nenbers are indicated in Fig.
16. 30 These repeat unit sequences can be nodified by exchangi ng one or

nore of the, am aci ds. The. opdi fi ed. r.epeat, unit sequenc h an
[dentity wANERACHTT: oh g sk Ireiol ird RRRTGH O e oM HORRT 2 HEREE of t he
Avr Bs3- samdoivaRat 0th adtpdaeasit oBBUprdiinaOHon 6@% re€0fhiZ&PhaB0% 85%
90% or 95% In preferred enbodi nents, the amno acids in positions 12 and
13 are al t erosigions 2 ard |3 of the imisptiemprieispet t@,poalﬁaiomalZa@mdjb"pmrthv@ll-length

20107 0754305t RO AR ity BRRI FAENPrcrorshid didfliscBRGR? Pl Gufthdier ed
Preferably, e nunber’ of” am no - aci'ds per repeat are in‘a range between

20- 45 am nae@@inired that by equindentPsidioniis imeriet @ositishd thht dovesgodids &82- 39 am no
acid, and further optionally 32, 34, 35 or 39 ami no acids per repeat unit.
5Speci f i calNoyitioph s AYh b yasrehiely. iy raRat WitpiithppigseniinOpe gt Badidhe t he
specifiyg r (B . LAk C re
specifﬂ?alﬁ%, tkghﬁgggﬁ?gggn a§20?%3%3P§?£g% f% %?E%%ggg%e g??%%ﬁgf

recogni ti orreqeciit bEAVyBsBet ween ami no acids found at positions 12 and 13 in
a repeat unit and base pairs in the target DNA sequence: 10 HD for
recognition of /G N for recognition of AAT NG for recognition of T/A

NS for recqgRid ROk, Gt sBEWATT tRE fifsh AnIth&Foe repeat unit in a rep¥t HOMain of
recognition of GCor AT
a DNA-binding protein recognizes one base pair in the target DNA, and that one amino
15  acid or two adjacent amino acid residues in a repeat unit, typically within the
hypervariable regions of a repeat unit, determine which base pair in the target DNA is
recognized. Based on this finding, a person skilled in the art would be able to
specifically target base pairs in a target DNA sequence of interest by modifying a
polypeptide within its repeat units of the repeat domain to specifically target base pairs
20  in the desired target DNA sequence. Based on this finding, the inventors have identified
a recognition code for DNA-target specificities of different repeat types and were able
to predict target DNA sequences of several TAL effectors which could be confirmed
experimentally. This will additionally facilitate the identification of host genes that are
regulated by TAL effectors. The linear array of repeat units which recognizes a linear
25  sequence of bases in the target DNA is a novel DNA-protein interaction. The modular
architecture of the repeat domain and the recognition code identified by the inventors
for targeting DNA with high specificity allows the efficient design of specific DNA-

binding domains for use in a variety of technological fields.

30  In one embodiment of the present invention, the repeat domains are included in a
transcription factor, for instance in transcription factors active in plants, particularly
preferred in type 11 effector proteins, e.g. in effectors of the AvrBs3-like family.
However, after having uncovered the correlation between the repeat units in a repeat

domain on the one hand and the base sequence in the target DNA on the other hand, the
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15 I1G for recognition of T/A N for recognition of G Gor T/A
HG for recognition of T/A H for recognition of T/A

NK for rewognii7oassoof G C. 20 It has to be noted that tireTaABIMO@O@EF4ds are
represented in the single letter code. The nucl eotides are given as base
pairs, wherein.the first base is |pcated in the. upper strand a he second
base in t he PO Y CEHER oty rapRt PR i in R PreidirL lﬁéaﬁaﬂh‘tﬁ? n the
upper stranded Brithobdis poUEit tabiaMdA Leudibtd ByasRERicidedcphe dsinpgb e am no
acids N and H, respectively, amno acid 13 of "AvrBs3 appears to be m ssing
from t he repewrisingirepeahemtsootopapaypdpyidewhticpl de agricaburatiak meduiedde
alignnments wi,th the other repeat. units. 30 In one. enbodi nent of the

Tvent fon. VS ReeBrRRgre BEREBR gpuast Pl UEh SRR RS Eo R or |
recogni t5i orhyppeatihile kdo¥orf @terdhides rocog@ftionhe altRGORI inl Oiar@PPBIA bdgubcedf sai d
repeat. In a particularly preferred enbodi nent of the invention, repeat
units of t Hbe pcogmtion phnlarge wyicBsd napteing s pre-dotermpnasistarest DNHesaqepsss s of

t hi s proteipfam.l ve been 35specified above. Particularly, the nenbers
of the pr ot‘{e)liﬂnbac;gé}%ﬁ?gy?ghave an am no acid honol ogy of at |east 95% at | east
90% at least 80% at |least 85% at |least 70% at |east WO

2010/ 079430PCT/ 1B2010/ 000154 75% at | east 60% at |east 50% at |east 40%
or at | eastASYWRIEPCa HBIt AihHL2 KErd doaihrsdcst fonpd B B rssReRsIIBfdthS to the

ani no 36! d SEAHERB:Alioh BPoALRRBal i § DNA AU B3 FopditUhMechHetohfbinBgnd.  t he
hypervari able region in a repeat unit can be deduced by an amno acid
conpar i son voigh b tidn evhoemio each rofcat tiat ehids8a hgpdrvariablaregiparthdatcul arl y
preferred errbodi.anfts, t he am no _.acids are in é)osi.tio s 12 and 13 of a
responsible for the recognition of each repeat unit to a particular base pair in a target

DNA sequence.

15  Techniques to specifically modify DNA sequences in order to obtain a specified codon

for a specific amino acid are known in the art.

Methods for mutagenesis and polynucleotide alterations have been widely described.
See, for example, Kunkel (1985) Proc. Natl. Acad. Sci. USA 82:488-492; Kunkel ef al.
20 (1987) Methods in Enzymol. 154:367-382; U.S. Pat. No. 4,873,192; Walker and
Gaastra, eds. (1983) Techniques in Molecular Biology (MacMillan Publishing
Company, New York) and the references cited therein. All these publications are herein

incorporated by reference.

25  The following examples provide methods for constructing new repeat units and testing
the specific binding activities of artificially constructed repeat units specifically

recognizing base pairs in a target DNA sequence.

The number of repeat units to be used in a repeat domain can be ascertained by one

30  skilled in the art by routine experimentation. Generally, at least 1.5 repeat units are
considered as a minimum, although typically at least about 8 repeat units will be used.
The repeat units do not have to be complete repeat units, as repeat units of half the size
can be used. Moreover, the methods and polypeptides disclosed herein do depend on

repeat domains with a particular number of repeat units. Thus, a polypeptide of the
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repeat unit of AvrBs3. However, variable regions nmay also be located in

different am no acid positions. Exanples for variable positions are am no
aci ds nurmvenrsio79e, 24, and 32. In a further enbodi menPCofiB2theodomssent i on,
the ami no acids responsible for the specific recognition of a base pair in

a DNA sequence are located n positions, 10 i ch typicall t_yary

bet ween t hénﬁeé]ﬁIBEan BRI *R?F%@Bpkaﬁgi%/ﬁ&\g?%%pﬁsﬁygiso S éh(?qg’hﬂgrse\évari abl e
but not hynes waisakheo.5Tq 1SHNFEN, 785, 11431 AVANTHES19AY8. U, thaf7 5 epeat
units determ né the recognition of one base pair on a DNA sequence and t hat

the hyper valSi, aB5el%,d§i50R0A0thi2h, 2l 5,683 SRR, 23 5526t 2 1i26e35.5.106, ReSodhi t i on

ni s corr /e b G oA Spotl FOG P ndat ‘o e Bt SbasE gt 1 f h ar get | DA

sequencg. Twes,i3NVENS s 383V, 3oundo 405 460471 6] 4t UDB, 48, UD 5 @5 pRICY, 460 Avr Bs3
and verified it with resggct to a representative nunber of nenbers of the

Avr Bs3- | i ketotaii/| 47-8f48pf 00 et h$9- 5w 0.1 O eipaete rerpapyiiBs Lypidedys AwiBsy nenbers,

am no acid k ' It .13 4 ' or
othor an no B T BHR BBF b SRRt fRG i oL PR GERAR T Pl s’ of
Avr Bs3- | i kgepe Tt Asmbdinga ddirde@f e¢peatdnifsFiifl deritinerthacirpdsporlinyadiegya
powerful tool to custom ze a . polypeptide with its cognate target DNA
tenpl ate fondPNALP@E)ition Sﬁffpﬁ?l&vat%fv&h%@iaamlwgt,hea%ﬁrB%faHMYnmﬁ@aerﬁo,

dul ati ' j [ In th
modul atjipon 19fx 960G &XAN £ %ﬁ@g@&%%&%@ﬁgeﬁ%ﬂg%ﬁﬁiﬂﬁﬁ Fdat ! N the

present invention, polype can I gne conprise a repeat
domai n wi t FPrefepebdyt, apol tpsptdresfehainviantidrecongpeas ahwut 8 andypeouad9 adpkd r egi ons
are included.which de%gr i ne Hecogﬂit'gﬁ.of a base pair.in ﬁf{a%%et DNA
sequence. 'HifnMaEHBEERARN 2 BRYREER RY Bl Mo SaRPHEs @Beutiy OjaRe udes a
hyper var i abjzes f86itQRityhi ch deternmine 30 recognition of one base pair in a
target DNA sequence. In a further enbodinent, 1 or 2 repeat units in a
repeat donmmin are included which do not specifically recognize a base pair

in a target A sequence. Considering.th ecogni tion cod ound . by the

| vent doe. A Rl FINERES araRRet b PR sl TGP e P ST A &Y o cac
repeat uni tshpenmerpensi bl e for the specific recognition of one base pair in
a target DNA sequence. WO 2010/ 079430PCT/ 1B2010/ 000154 Consequently, a
sequence of repeat units corresponds to a sequence of base pairs in a

target DNA sequence s BE@R, fetee Cﬁﬂé gﬁﬂgp se pair.
Provi ded that a targe?T gé%ﬁenagbis ‘%%%E a sl’Hﬁ%\gggﬁﬂ?ecognition by a
protein is

20 A further consensus sequence for a repeat unit with 35 amino acids (in one-letter code)

is as follows:
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAPHD

25  The repeat units which can be used in one embodiment of the invention have an
identity with the consensus sequences described above of at least 35%, 40%, 50%,
60%, 70%, 75%, 80%., 85%, 90% or 95%. In preferred embodiments, the repeat
sequences of AvrBs3, Hax2, Hax3 and Hax4 and further members of the AvrBs3-
family are used. The repeat unit sequences of these members are indicated in Fig. 16.

30  These repeat unit sequences can be modified by exchanging one or more of the amino
acids. The modified repeat unit sequences have an identity with the original repeat
sequence of the original member of the AvrBs3-family sequence of at least 35%, 40%,
50%, 60%, 70%,75%, 80%, 85%, 90% or 95%. In preferred embodiments, the amino

acids in positions 12 and 13 are altered. In still further embodiments, amino acids in
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5desired, the person skilled in the art is able to specifically construct a
nodul ar series of repeat units, including specific recognition amno acid
sequenceswoant/Essenbl e these repeat units into a pol ypepTilB®10/n00tie
appropriate order to enable recognition of and binding to the desired
target DNA seguence.  Any l.ypeptide ¢ dified bei ng, conbi ned with
a nodul ar rROSEIRPS Tintly 26@&%&2%? E‘&’rﬁfg rl?é%nragfy’ g%&“&?@% 8%“1}“:‘?\?8 iPShEeP¥8such
exanpl es i ngl JoeraAt YAGREL 9635 bhdlo A1, RirBReRb Bl b a¥Rk il fher
repressor proteins, resistance-nediating proteins, nucleases,

t opoi soner a¥e¥) arthingaswls and hirdgr ergmaally 82,cb3 has#sammeswldsasespestenity | ases,
acetyl ases, denethyl ases, deacetyl ases, and any ot her pol ypepti de capabl e
of nodi fying DNA, RNA, or proteins. 15 The nodul ar repeat unit DNA-bi nding
domai n a&f tdjRcificEISE Mic hypeentibbR réaon bea £peRtivnadicWrinheaRd bpcelFRacdoiRItn

| ocal i sation signals,such as nucl ear |ocalisatian siaggls, to function at
any ot her red@ur dessmpirrisgiteget DNAciedwineg Mare speeificalh, thednyators havsorndt i onal
regul atory i slqat i I term { eqj . . I further
crbod mont (B Y RS A0S B BB en s sl sl e
conbi ned widokitians 2 aeh X Ineagpedanitiand dafeahairs ivthecdrgad NG siifenskren br ought
into proximty with DNA as a result of binding by the repeat domain. Such
endonucl eol ytic breaks are known to stinulate the rate of honol ogous

reconbipation in e i kng fungi, plants, and animals. The
abilitﬁ@to si mul at cXQ%% nlthH%kw{l‘r}mination 25at a specific site as a

onol ogous rec
result of a sitéisE% QIFCCOSUIPH R &Y olytic break allows the recovery of
transforned cel 1% Naforfespenitint T4 ed a DNA sequence of interest at the
specific site, & &Snuctechgmher of C&gonclyort Wanori@/(possi bl e wi t hout havi ng
made the site-speciNN forlbscegkitioh bf @ddiot Adh, endonucl eol ytic breaks such as
those gaused by polymaRtidasidmed froma repeat donmein and an

endonucl ease donpai g Fﬁ”8§MESﬁQP /G gPpigyed by 30 the cellular DNA netabolic
machi nery in a way Pt a [.S t%?{ equence at the site of the break, for

ter.
i nstance by causin 1SCEH3P§¢W3§ n or deletion at the site of the break
conpared to the Un&lPErEasEEeRR £& These sequence alterations can cause

i nactivation of % hdK fongedosnition 08Gfene or protein, for instance by altering
a prot é0n-codi ng sequence to nake a non-functional protein, nodifying a
splice sit o that transcript is not :

2010/ 070430bE42 B3 0967 08 TG eI grecTREOHSY RS HBE' 'SP dbF ona
transcript,nehan@snge %ﬂ%’@n RS BAR helrs, SARUSRER @kt BPhs@ RNBcA& NBE upfer §@hd0

| onger by appropriately transcribed, etc. Breaking DNA using site specific

endonuc| eagad thasecontbasa setheHeweratandffonomndey b(s nBanehenbiinecited i thet he

regi on of t In. s odi nents, the Fok | (Flavobacterium
okeanokoité£§e£%%%§3%%%g§EOW§§%g§&BtiIized in an effector to i nduce DNA

breaks.25The Fok | endonucl ease domain functions independently of the DNA
bi ndi ng domai n and cuts a doubl e stranded DNA t¥pically as, a dinmer (Li et
R

al . (1992) 'Wibaespreitty thegangle amgo acidsN apgl, (espnctingly ampp gcidgdpfid wbBsl al .
(1996) Pr Ocappgﬁg fo be missing from the repeat unit when compared by multiple amino acid

sequence alignments with the other repeat units.

30  In one embodiment of the invention, the N-terminal domain of AvrBs3-like proteins

confers recognition specificity for a T, 5' of the recognition specificity of said repeat.

In a particularly preferred embodiment of the invention, repeat units of the protein
family AvrBs3 are used. Examples for the members of this protein family have been
35  specified above. Particularly, the members of the protein family have an amino acid

homology of at least 95%, at least 90%, at least 80%, at least 85%, at least 70%, at least
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10Acad. Sci. U S A 93 (3):1156-1160; the disclosures of which are

i ncorporated herein by reference in their entireties). A single-chain Fokl
di mer haswel2sw/iesn devel oped and coul d al so be utilize#CTNVB200/@G015d .
(2009)J. Biotechnol. 140:156-161). An effect or coul d be constructed that

e vl | as 7 RaR oo onat [ Sssneanies €8 pra et BATbMeRAgeeck or 15 near

the target s@&%n%@ef:lmﬁ?ssspmlhﬂaﬂ R (RE SMIRMR I IRk RRE IR QY LG o1 NC i nger
nucl eases (Townsend et al. (2009) Nature 459: 442-445; Shukia et al. (2009)

Nat ure 459,A%B33 mmglhlls mfrnm/d; thh hapeevarabla mgloncmap@eattladt @ylheefeéu@dce in
their entireties ati.on .of su cto coul nahl e t he

gener at 1 on S aygerEl CRRRRGEE Fhv GEBn sl A Ty drons,

del eti oBs gagicAB proReed cmdbdiaitsts, BRANIIONSIS Scibpseticd 12s8g 1B3eparted for
zinc finger nucl eases as per Bibi kova et al. (2003) Science 300, 764; Urnov
et al. (2008)canaRitpEAydss3. Hawevay vagisblcaegians mapebs e Toated|indiffaenir nal

44: 693- 705a’mlﬁg'g(f1hj 8§%1t15) 15 Ies Z()rj\f@l?ﬁ fbo%ﬂ ns argg&nr?o %d%ﬁmﬁ%gﬁ(m ICh are

herein |ncorpor ere ce In Iretires

endonucl eass, aidhsd. rlnaaﬁmltbe eﬁib@dm@bnbyfﬂﬁe:lﬁnfehﬁm ttheargioQoids rédddngbletitre mar i ne
bacteria Fl avobacterl um okeanagkoites. (ATCC) prepared by standard net hods.
The sequendBe grectifgeepprtionnidhies RAUSE 3 BNAVSSINEE ST CBEH HERPSIRRE . No.
V28828 191 iieh oRaA048%8: vir %e@%e%ﬁ't%ﬁﬁﬁer@%fﬂﬁ'&\tm § GarhilEG RPHSGH, herei n
by reference In elr entir 30 T I -Sce | endonuclease fromthe
yeast Sacchaohmpeesriglde éui sitdgptrasridbden used t o produce DNA breaks that

i ncrease the rate of honol ogous reconbination. I-Sce | is an endonucl ease
encoded by a mtochondrial intron which has an 18 bp recognition sequence,
and t her ef of L @M, IWhfdnBAYRRGYoRhd ﬁlﬁp&?éutﬁmfwdabﬁﬁﬁe metr&dgnﬁloalo\fen DNA,
even within |arge genorres (Thierry et al ucl ei ¢ Aci ds 19

(1) : 189- 19@nc\NBABII0F10F DAFO FRgUEn@R20d 0lid 5 erasiablic sedions witbingf remmtclmu s

i ncor pgr.at ed, her ei reference.in i nf cy

ol eavadd si CiESIG Qb TEGoel ks EBi rebiaBS L EEHE MR hanci ng
homol ogous geaEdH Ebeﬂﬁlmlté\é@i’rélat@@@ithd%§§d’1ﬁ@hh@ﬁl of RYDF BAsRPalrhith Aieepc0f | Sce
Ito induce said DNA breaks can be found in U S. Pat. Appl. 20090305402,

whi ch 5is il8rspawarced h@éméqmprbya‘feeﬁoé%ﬂ%cqrwlqtm veifft TepRacy to ABss @ebgni t i on
site for | f st ens.
Subsequent ‘St fig A RERRL ! (BRARRn ity bFRALEL Bl RLBTs R

reconbi nat ifamilgiof pregcipQSVith esspad er AVfBIB lﬂietférnﬁlgsndﬂﬁiﬁﬂs |aﬁﬁmw£h1@m§1duEmhanced
frequenci es of honol ogous 10r econbina on have been aobtained with |-Sce |

sites %Nt r JAREEHOIMM NN 18y tERRat BRE BhirsorRINCTHMNG Acike feBlCogstR WEh ¢t he
nouse geno f C
pl unbagi ni ;%fm@d]gmhﬂl% gaﬁge%(lgsnp: e, SS 1ﬁk|€ pg(?gglﬁﬂl(eplaé%g%e%rogg{lk %‘é}?I Acad.

Sci . U. S. AprBRip(Spro8ies 81)0W61(ﬂl11d0d)ll th a;uﬁbrnwle a molﬁ%)idmﬁh@slcbgr&t@targdS
E 3)2) 1282;&3&&’6 elilillglé’lt:éufcor a Var?étyaolf app hjégt?o S 1né10(|11%:g Cbu’%\(fllotdlS rnlte(? to, rnodulatlon of
gene expression and targeted genome engineering.
25
In the present invention, polypeptides can be designed which comprise a repeat domain
with repeat units wherein in the repeat units hypervariable regions are included which
determine recognition of a base pair in a target DNA sequence. In one embodiment of
the invention, each repeat unit includes a hypervariable region which determine
30 recognition of one base pair in a target DNA sequence. In a further embodiment, 1 or 2
repeat units in a repeat domain are included which do not specifically recognize a base
pair in a target DNA sequence. Considering the recognition code found by the
inventors, a modular arrangement of repeat units is feasible wherein each repeat unit is

responsible for the specific recognition of one base pair in a target DNA sequence.
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15di scl osures of which are incorporated herein by reference in their
entireties. It will be appreciated that any other endonucl ease domai n that
wor ks wi twoletodr7ad3ogous DNA bi ndi ng dormai ns can be uti | ipgedBimo/emwisef f ect or
and that the I-Sce | endonucl ease is one such non-limting exanple. The
limtation of the yse of endonucl eases that ve a DNA refggnitjon and

bi ndi ng dorfeiMCETERY d5CAYEECE Of 19PSALULP C?IH%SPP% gratiSEIEHCS P ¥SRAETR G he 20

intrOducedtQ&eﬁDﬁﬂ@@hﬂmﬁ%kB%ﬂ§lquﬁpﬁﬁt9@&H&nb%ﬁ@®§kﬂﬁ&!0“ at the desired
location prior to the use of said endonucl ease to enhance honol ogous

reconbination at that site, if such site is not aIready present in the

desired lo t| e been r ort ha desi gn .and
aynt hesi s dRoHAULIMER HERT LG SediBRk S ARREH B¢ hoRhief FRS eRivoi vt eas s
or neki Bg ClRkR®, ke peedoni sRNed@h tHRNELt 9 bbb Spdeifidill¢ ReME] LASaslar Zoict BAL
recogni ze novel target DNA sequences, thus paving the may fo eneration of

such engi neepesliuRitd BIRHIRGNSCIdcFEG0RBIton a5)ieaged pispeas ot gt

w03007) 0040 HTBk HEIREHEly B BbrantiBRER IO LASHY %Btr%‘-]l 2 ach as

Res. 36: 2163ndlig & thbdtdircdftargb IDN Aadegudnde thopappq)tﬂdy ctiiebemedifRdiby behgi r
entireties). As such, it could be 30_envisioned that such endonucl ease

domai ns colfembRedsyith ¢ Brodylag rgraamitddNSdiading domamasthg PreseRmvENERA- ng
activity n ive and to
ot 11 26 0sar o e oo R s
effector t cpronadlsmemmb@cdamedaﬂaengpmdlm ntidedshe tomsocrxierdt‘s@k,lhgamymtegtasesuc h
applications, target DNA sequence reco tion wo fer rovi ded
ATl T S R (Al A S S cha R R
DNA cl eavagghioulyhepid ?%tpbfﬁheﬁ‘yhg D&, RRG, ere?ro%tmendonucl ease domai n.

As nenti oned above an effector inclldes a repeat domain with specific

recognition for 5a desired specific target sequence. In preferred

enbodi the ffect bi.nds .t o _an endogenous. chr onbsona
ona seqqence et T RRA-birdRis ot B Tk et Bp RO R b o y
specific e%ﬁﬂﬁt&u&ﬂct@lmmtens RGLINALEN Sighall Suchy nBEldLEBERishilora nucl ei ¢
acid region where it is desired to enhance honol ogous reconbi nati on. For

exanpl e, t éenslieioefuactian 4 apegihshragalptasi regionsginshidiite it neolimiish®. a 10gene in
which it s, desidiedalQuli F&B&%g%ﬁs ﬁ?&THBI?sﬁ |1@0al ¢ ngf atlfoﬁ} rglg)gk.“t mutation or

del etion, or a regron esrre ce a gene
conferring a desired phenotype. Further enbodi nents relate to nethods of
generating a nodjfied plant in whic gesrred addi tj on has bee

i nt r odu@ed. N PHEhECRRPE IReS of H@r%’eﬂ%ﬂ PiTRRA AT %q%tgne%rqpeatsmﬂtﬁate i ncl udes
an endogenqis, i d9eitn %&ﬁg&g&gg%m@ma Bf&l%adu? PR (vReh B@O Atihpduce a

modi fi cation; generating a e-stran cut mrt In the en enous target
DNA sequen q:eoxrmnty vaith BNAeat orestlhaf binding llvdehe gpea&pleatid dmwhrnddratcldoiynids t o

an endogenqus ,target DNA se nce and donucl ease domai n; |ntroducrn
an exogenolEoHEraioRP GRS e 98 Bomo eaiREa hBATbYSUKADE' S | east a

portion of hhediaP¢AIE W, tadll @8fmals. The ability to simulate homologous recombination

25  ata specific site as a result of a site-specific endonucleolytic break allows the recovery
of transformed cells that have integrated a DNA sequence of interest at the specific site,
at a much higher frequency than is possible without having made the site-specific
break. In addition, endonucleolytic breaks such as those caused by polypeptides
formed from a repeat domain and an endonuclease domain are sometimes repaired by

30  the cellular DNA metabolic machinery in a way that alters the sequence at the site of
the break, for instance by causing a short insertion or deletion at the site of the break
compared to the unaltered sequence. These sequence alterations can cause inactivation
of the function of a gene or protein, for instance by altering a protein-coding sequence

to make a non-functional protein, modifying a splice site so that a gene transcript is not
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20 DNA into the plant cell under conditions which permt honol ogous

reconbi nation to occur between the exogenous nucleic acid and the
endogenousotaroggp43DNA sequence; and generating a plant PcoaBiheo@isnt cel |

i n whi ch honol ogous reconbi nati on has occurred. O her enbodinents relate to

genetically nDd fied cells and pl.ant.s de accordin o the net hod
Geccri bod JBORENATVRCTRINIE F o AT and) deness 0 CRREiT e PGt SOEBRR
sequence CQif'adgeQ@s@fhta{ft'cQﬂﬁ‘él "B MpRbprat Q¢ BibRdcBEd, cld Wi || be appreci at ed

that such nmethods coul d be used in any organi sm (such non-limting
organi sns to include animals, humans, fungl, oonycetes bacteria and

viruses) using.te i in.the art and .util zedfor
Vi uses) kA EA YR R ISR N Rl AR LS

inventign, rbhesiEndisilihaid %odaif itestedlQpeain aBdnisodanents,andFaed Wi th one or
nore domai ns responsi bl e for the nodul ati on or control of the expre55| on of
a gene, for(Flavebastrrmnpekqsnalnitcgeendenudienseraiay deneisized nrgaffcgontsindaeny cet e
enes, Virg n ression
By gener at S BR 1 Al T oS B Ra e MEh fnceRins TREN R o BROBIEAP S5

known in t HendiMEd2030/:0d 94@Q%ﬁbIEBﬂ@ﬂ&dQ@NA5§plaﬂly i(SUI. cﬁmePam etNQ$1992)
7.285 416, 7,521, 241 7.361 635, 7.273. 923.
7. 070, 934 Progi¥ath fgad.gSco 7Sk (18):435-424), a%d 52% 69743(1%9&%8”6»? Nm chis

her eby lpfer €1l 9O RK @@& Bg%ﬁdﬁkgfe i gl‘?sc|o'§u1'e5 of @/Hgshra% %1)301}?594% RRLARGE:

these effectors of the A y are nodifie er to bind to
speci fic tacfpeincOitthsequerntes. ASiiogicspainyioéptintehaslghbednateveloptdace be

transcripti tlvat r..repres p tel ption which are
o 11 ed by b KERRbut o (L Gegdeito P 140 LREIEH B ebing 1o
genetic conbhp bd c%ﬂ'stﬁ![b’%ed ﬂﬂa@colﬂ[a%’@il%beé?fdoﬁﬁnpﬁhﬁ‘écogﬁg% 8f Qﬂé’snreégdrg& for a
gene of interest in order to activate, repress or otherw se nodul ate

transcri pt ilDNAskquaicd agyenk as 46 olklrmermlosmqld:ase ﬂqmtalhieto ilviso NYe htealsdgetan er

i nventi ence d.in

spect t a1k BB NS REARE MRy Sl MoRtadR Bl Sing Sk Tgeets,
nodi fied rapeRhscd PTBWhsender ONE0DBANDLLs 459141342@49%&@@ §Bml9matuff@r
menbers of the AvrBs3-like fam |y can be inserted into pronoters to

gener at e nct8) 4¥otd k8 1|0£mhechpafr@ hereeyigcqrpenateddyy rsernga ife Bgirisptirckes).
corr espondi %1N5P8§§ %Etgfs co é?lggl% &Me é’%epa(?fé 'ot? lta?%été{% e@N be
constructed using a trans-acti va or an arge |n t he

trans-acti v@hoied whivhpodlydeepldititas ydobsting alscaouﬂemb&uﬁemdrﬂgammns wafost
| east a repeat dorral n conprising repeat units of the present invention that

bi nd t &0 sa.lae%rgpa%? 98 gC AMECT MHRRecseR preBiiigya efr%@&éh&la'&eﬁp&t &%and the
target gen PRy esent in
di fferent SJ pocP el ne 2’0?)58)@%‘&?%?358%@? ntr gféetsaée(%ml)%g Oa fd?%@g£@€6 odi nent ,
di sease-r es]0§t ant Ui #att Nos.dh! FeS Zlomslt UL &, bl of whehtaraigertinendoapayeted DNA
sequence of b eat %ITB.I n containi ng pol ypeptide of the present invention
in front of ya{e%é © WhileH BHEEFS-expr essi on 1 eads to a defence reaction of
the plant by activating a resistance-nedi ati ng gene.

25  The Fokl endonuclease domain can be cloned by PCR from the genomic DNA of the
marine bacteria Flavobacterium okeanokoites (ATCC) prepared by standard methods.
The sequence of the Fokl endonuclease is available on Pubmed (Acc. No. M28828 and
Acc. No J04623, the disclosures of which are incorporated herein by reference in their
entireties).

30  The I-Sce I endonuclease from the yeast Saccharomyces cerevisiae has been used to
produce DNA breaks that increase the rate of homologous recombination. I-Sce I is an
endonuclease encoded by a mitochondrial intron which has an 18 bp recognition
sequence, and therefore a very low frequency of recognition sites within a given DNA,

even within large genomes (Thierry ef al. (1991) Nucleic Acids Res. 19 (1):189-190;
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25 In a further enbodi ment, custom DNA-bi ndi ng pol ypepti des can be
constructed by rearranging repeat unit types thus allow ng the generation
of repeatwoanaa1s43ni t h novel target DNA bi ndi ng speci fi ecrgB2oiovdiovssdual
repeat units are nearly identical at the DNA | evel which precludes

cl assi cal str The sent ntion pr ovi des qui ck and

i nexpensi véLegtsglg ofhEbainspdoets Wlﬁmsébwaey Wlttﬁet%ﬂgﬁt dorai ns

30 of the ppRsSARhcY W&éﬁda@é‘mte@edo%ﬁfz@&’ By Elsedl rﬁ&e‘é‘i‘tr s%%t)lk kd ¥scSreEN

pol ypepti des, a two-step assenbly nmethod was designed. This nethod was used

to assenbl @npmtwrtgalptmdegowrewrmtoméionr epklational/ srlptmtslteg@tyhntghm nsetcdriget DNA

recognitio bi ndi n C it 79430P 0015

Sarmar 1y Sy et T RREE by s iE R U 5 BitasP el BAORAgt By o $epeat
do_rrai n gont@[ﬂ@b%gp@d y@e@tby%feeéncg Iﬁf,'ltgpérﬁﬁ@t@t i nvention by introducing base
pairs into any region or specific regions of a gene or a genetic
control element to specifically target a polypeptide having a repeat domai n
conmpri sed O112he r§$ %?Etlolﬁ%t%% H@‘ée IVHaL Ibe% 1%%0&1?8 8 qrhtgée oqf d% %ﬁl&e I n
order to facil ic rrecogni nd b

i nventors tameec[ﬂteﬂmwtﬁgadfemstshamm Itsroellynmum Edm&blgowseeamimﬂatm aaﬂd:
preferably binding polypeptide can be efficiently produced, wherein the
bi ndi ng nothopitigh rf‘dthtelt?)m%?ebmtwuped &nhapseatronesnalch of BAMPIogRE of repeat

units iC f ability of a
conbi n\g’tol oﬁeggfn% [)lgér?[tol%g{tjl%gPQ%a(;sﬂgﬁB%??gﬁI%@%E}r& ?élsr%g §@?@iﬂé¢10ule§ﬂge wel | yWi thin

t he capabi |dhtgmaonah®NA imSemplus s&eyitds, the dse getorh@ adé sheggenampoD)dept | de

Che- sequendee Bty Ahvalsfs sl cta oA, Soeal Bl RG PR [ he

15appropri ayf7. AHL S, QEDS% 9 D 6a 00 CASHING 471 '(f@s')‘Mdlr@eli bginscessary
characteristics to bind thereto. The greater the | ength of known sequence

of the tar g[é) 1%%97{3h@ncbl’1gér¢ee¢t al Hé9MInbereioflcidpBal. & (2%)[3569&14 -304P1tbet hat can

be i ncluded the tide. if the equence.is only
o based ) ortiTuEs RRmATEL uBrofftd FEE R e kol AU S rBEY iR kg
t he pol ypethppﬁ@}atddfth&t%yi@ﬂf@ﬁ@n@(ﬁﬁ@@ﬁ@é&idﬂﬁal@ﬁlab%ﬂ@ withgsterblogBuONW to 27
repeat units could be included in the pol ypeptide. The | onger the target

DNA sequendundingdomaing ean breutgizs ambin Fifsetestand that decchaPecelrneonyelesg isnger

t t
gL yen, ar &g Rl PR SEHREL I Lol N ARANS: HPLERHGcos RSN ERARAUI L
modi fied i rrchgd&rontandrmdilftg/ddrhﬁnrsu&h adiSig Idh iaaticesdoghition sitbhheonat i vel y

(or additianally) th and am no, aci d sequence of the. repeat unit
coul d B8 vdPiredicsd %y é‘ﬁﬁgaég methodgioh Bpmglogpuy igeerapinatignatitae %%rei qeatekd.
Ceneral ly, | i gh
ity o SO Ea Foe e  p A A oron REC: B
herein, ef flésntohrsse a:salmtlahfeajb’qlrg%edlnttbe decod hcagomnylethods diptcbceargettedi t e,
for regul at ndo ene of c 0| ce Exarrpl es of

essi o ous
L togetous hemadile Bl S P8 s B ol R B S D et HRTS pha.

Her 2/ Neu, T@bwnR&Menucleases or making chimeric versions of one or more such endonucleases,

25  that recognize novel target DNA sequences, thus paving the way for generation of such
engineered endonuclease domains to cleave endogenous target DNA sequences of
interest (Chevalier et al. (2002) Molecular Cell 10:895-905; W02007/060495;
W02009/095793; Fajardo-Sanchez et al. (2008) Nucleic Acids Res. 36:2163-2173,
both of which are incorporated by reference in their entireties). As such, it could be

30  envisioned that such endonuclease domains could be similarly engineered so as to
render the DNA-binding activity non-functional but leaving the DNA cleaving function
active and to utilize said similarly engineered endonuclease cleavage domain in an
effector to induce DNA breaks similar to the use of Fokl above. In such applications,

target DNA sequence recognition would preferably be provided by the repeat domain
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WO 2010/ 079430PCT/ 1B2010/ 000154 HBV C, S, X, and P, LDL-R, PEPCK, CYP7,

Fi bri nogen, ApoB, Apo E, Apo(a), renin, NF-.kappa.B, I-.kappa.B,

TNF- . al phwaio,20f0A8943bgand, anyl oi d precursor protein, atriPQl/IRZN00@HFC
factor, ob-leptin, ucp-1, IL1 IL2 I L-3, IL4,IL5 IL-6, 1L-12, G CSF,
Gwv CSF Ep PAF , bi.n, strophin, eutrophin
GDNF, 5NGF,° Itl@:el%ﬁtq]? Qﬁ?‘@lgg “‘{‘ﬁ?frﬁfc? lis eﬂﬂ?é’ltg% d t el oner ase,
bcl-2, cycldnisnuchigs @shahi n, |1 G-, | CAM 1, STATS, c-nmyc, c-nyb, TH, PTI-1,
polygalacturonase, EPSP synthase, FAD2-1, delta-12 desaturase, delta-9
desaturase, delta-15 desaturase acetyl - CoA carboxylase

| - ACP-t hj h |
ool i cee MR G o B D DR R AR TR B s s e MR ey

met al chiel af @kied §RL t@x@b@keﬁﬁ@i{c@n@w&bﬁ@d EiBSEmeMis! Ak cTRRBSspepifiRhidy oal
genes, funqh genes, and bacterial genes. In general sui tabl e genes to be
regul at ed ioedsdden epdasenpussch NPTWS@H@EDN;% scqyenge: K he spacicsnuckaie agéni c

factors, cheiRLACh Rl AGEALry QUEARCHINELACLRL B b RASRLRLS. AR U

channels ot er ns, rans gase reS|s ance

genes, and s@qllitﬁbediﬁﬁlﬁﬂﬁe ﬁﬁﬂ&é@dﬂ@ﬁﬂl&m isHositadl tarphdree hampkgbus a et hod of
nodul ati ng expression _of a target gene in a.cell js provided. The cell may
be pr ef er aliF§PBPIpiR: Fefegampze, %&ﬁf&ﬁk‘é“eﬁ‘qld TegifTRRY Bep region which cesiinsgr any

ot her ljjpvi fﬁl Which s asAulea é&ﬂﬂfo@l'u@e AnRPIYREREH qgapﬁaﬁﬁ ﬁiu'fht%ﬁ'ogd Qliypept i de

conprises at [east a repeat domain conprising repeat units, ese
repeat uni tw a26gionimd whachhy peteviaed @bhteoduvegia@enacehfeainp ardep%itphsmoﬁype.s
responsi ble for the recognition of 1 base pair in said target DNA sequence.
Sai d pol ypeptide is introduced either as DNA encodi ng for the pol ypeptide

or the pol YRt dRbdEmbts tAHGE theBRYds SE odldtAin r@aefn&(ﬁhlad P¥nBtAESa known in
the art. Regardless of how introduced ? he pol'ypepti de shoul d include at

| east one rdspieett addisremi ras bhert lnﬁpémeﬂl Uaﬁ inythpdeergrinelode eltainprees pleatisicll bi nds
to a 25_.tar.gget. nce irs and nmodul ates .t he,expression of a
tar get [gendrincTifesAERHAREE0 G dr BRE el aRte Rl S L iGa Rp B

hyper var i abl @odi€ighth; piicehinget ®ublaig@santiarad Wliﬂu@fhe%ﬁld@%ﬁ@um@'&m a target
DNA sequence. Exanpl es of peptide sequences which can | i nked to an

ef f ect or ofscqyracyMabanteifgoionihahinchdes ¢ speatdomain tif bigduier acadegeneps ect or s
into cells ’taﬂg@ﬁbﬁ% eqﬁéﬁce 3h& al! gﬁdJnluEne&s%%oh%ln, introducing an exogenous nucleic

acid that includes a sequence homologous to at least a portion of the endogenous target
20  DNA into the plant cell under conditions which permit homologous recombination to
occur between the exogenous nucleic acid and the endogenous target DNA sequence;
and generating a plant from the plant cell in which homologous recombination has
occurred. Other embodiments relate to genetically modified cells and plants made
according to the method described above and herein. It should be noted that the target
25  DNA sequence could be artificial or naturally occurring. It will be appreciated that such
methods could be used in any organism (such non-limiting organisms to include
animals, humans, fungi, oomycetes bacteria and viruses) using techniques and methods

known in the art and utilized for such purposes in such organisms.

30  In a further embodiment of the invention, these modularly designed repeat domains are
combined with one or more domains responsible for the modulation or control of the
expression of a gene, for instance of plant genes, animal genes, fungal genes, oomycete
genes, viral genes, or human genes. Methods for modulating gene expression by

generating DNA-binding polypeptides containing zinc finger domains is known in the

-35 -



an 11 anino acid peptide of the tat protein of HV;, a 20 residue peptide
sequence which corresponds to am no acids 84 103 of the pl6 protein (see
Fahr aeus w0 2a810/07989896) Current Bi ol ogy 6:84); the thirdPoehBx1ehHootse
60-am no acid | ong honmeodomai n of Antennapedia (Derossi et al. (1994)J.

Bi ol . Ch 269: 104 ct h i i

2020] 0794 30PCH S 103G 14 bt b s dch! 285t he7 180 21262:958 bFEST1%r ow b
factor (K-FGo 34, 8919219.8.919139V6933 11 | AN RCis, eRhFRich & herbliRYclfE | i ot
& O Hare (1997) Cell 88:223 233). O her 'suitablé chemcal noieties that

provi de enhagwparated blyutrengpiraitecntusty bl 5w ibarchethtssalffegtord ofikkbel AvoBs3-

ef fectors. 5Taoxi n nol ecul.es. al so have, the abilit t ranspor ol ypepti des

Sor oo cel IMABIYABS TSR HTorDe A A1 bobrdl et BFA kBT b enst t wo

parts (&al ltypepiidamyighOfor Mtahce Be trm@ﬁb@&aédtﬁatoworh’gﬂdmgpm &f or
e

pol ypeptide and a separate toxin domain or polypeptide. TypicaIL¥, t he
t r ansl ocat itExserEtRRAvioeh e mygskined bethpindod ¢f the prshint entiet@ppesiiicdld t hen

0O 3ed SRR L) M 5ol B R L B

Pseudonpnasinexst ddriderAo aBE)ate, pepredd o3 bthehwist modBlhje trddacripticnsofanidiyeasi s
toxin, and pertussis adenylate cyclase (CYA), have been used in attenpts to
deliver peptides to the cell cytosol as internal or am no-term nal fusions

Aror a gt o ks iRl : L ] I 93
Lt oct 18] e il one fimer AR it 1, Bt N e oot o) o1
113: 1025 1082rdct 8949 spebdienidy togogtizal by 4 A903)ly Beaarinatpeat daoein oSey a  USA
90: 3530 3534; .. bonetti et al. (1995) Abstr. nu. Meet..Am Soc.

M cr obi ol . r@%@lga repeghdgmain. éS.One%é%y')ei the darget ﬁiﬁmﬁqu%@%fgsw%ﬁs; ofki i npel

et al. (199R3 ARHOG.|ilNAhInilyAGRBe in36tted § %@%o%&gio7ge%%%lﬁoﬁﬂébﬂﬂ%ﬂﬁﬂﬂea al .
(1992) J. Biol. Chem 26717186 17193). 20Effectors can al so be introduced

into an animemoise that ganédkendusky by theeemabioadinged vrBsy cHedtop Ssamdsaryand

| i posone derivatives such .as inmmunoliposones. The term"|iposome’ refers to
vesi o 88 caMBTUEIEF LD troon R ORTBR ¥ FRHyoar i b 8PS BT Ebr s,
whi ch encaphgitradseactifa@dfl Leoptyiipadewhiie QUUSSIVScpRIdasempdl§ts@alchyt aGepdadi NS

t he conpound to be delivered to the cell, in this case an effector. The

| i posone f uloERimFQMPHTRE [SPed Wit ohBADreR, INYamEpe Hiat PEIddastid daresiecas f ect or
into the cyasolic 'g‘!(aé]rggs%{. Y8 kins-A0R alo RAF QTR alott %@@%Q&Xé fsRduQld ih@dken up
ranspor &106 In t?’lg (S) H

by the cell 1Tna vesi cl e. osone or phagosone, the
| i posone eidnbetll tiegbadasy slso beipesentin Biffchst oElhinarad ddteit breintrogesdedr Tn
vesicle and releases jts contents, 30The invention particularly relates to

the fi&ld criupherrmbadimenyr fissasetsistant planfsgap fg consiructed by inserting the target

DNA sequence of a repeat domain containing polypeptide of the present invention in
front of a gene which after expression leads to a defence reaction of the plant by

activating a resistance-mediating gene.

25  In a further embodiment, custom DNA-binding polypeptides can be constructed by
rearranging repeat unit types thus allowing the generation of repeat domains with novel
target DNA binding specificity. Individual repeat units are nearly identical at the DNA
level which precludes classical cloning strategies. The present invention provides a
quick and inexpensive strategy to assemble custom polypeptides with repeat domains

30  of the present invention. To improve cloning versatility such polypeptides, a two-step
assembly method was designed. This method was used to assemble polypeptides with

novel repeat types to study their target DNA recognition and binding specificity.
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one aspect, the present invention is directed to a nmethod to nodul ate the
expression of a target gene in plant cells, which nethod conprises

provi di ngwpl2aro7esbl s with a pol ypepti de nodi fi ed accor #CmgB20a0/bdves4

i nvention, said pol ypeptide being capable of specifically recognizing a

target nucl eoti de se e, or a conple tar rand. )
10y 0704 30MPN L Es G S0 S e aaE FEOP Mg b dniPle HBRIng B regadaPiiBui ng
sai d pol ypephiafifing foliFGRER igzﬁle%skeﬁﬁmrﬁwnw iytrm&glgt&séﬁaiﬁk ey S8IDNA.

nucl eoti de sequence, "Whereby the expressionof said target gene in said
pl ant cel | gegion ppshecHicadgioss Theggpeloy papnétibecontinl Pemprtdo spksdicaly tdrgetl ant

cells via any suj.table nethods, known in.the.art. For exanple, the protein
Can be. exogBiauaiY Ty tepSi o bt 8 Hnbi o pRART bie i, &

mai nt ai Bed medaed podidquen is veder thakilidie sReifidepddnior sd hitdigducednhi nt o
the plant cell, binds to the target nucl eoti de sequence and regul ates the

expr essi on @hert he target gene in the plant cells. Aternatively, a
nucl eoti de sequence, e.g., DNA or 10RNA, encoding the polypeptide can be
expressed in the plant cells and the plant cells are maintai ned under

condi ti ons Hi¢dhvdni@t hivedexpiesse chape kryipepbdeer DNAdScoghitihe atdp@eirably
nucl eoti de sequence and regul ates the expression of the target gene in the
pl ant cel | LIndingpelypentisly cappasdiciathpamriused vhsecip isriading mogf obsaidr get gene

in planf c £ f | - : j di cells
R S A S p S

i nvention, teaisof geinpepnittae dpanbtycd padohwiwitios pé particalat base pecogni zi ng, and
preferably pinding, to a rget nucl eoti de.sequence, or conpl enent ary

St rand t hersprdintyt et 85 RFLaaGnTEsHDUTS of ererknegmels S TELE e,

pref er abl Y_&s%ﬁg%lﬁeptimpgﬁle ©¥bindligne afRtiekinRl MbetaSNAScHNGBE sieidby i ons
wherein said 20 pol'ypeptide is produced and binds to said target nucleotide
sequence, weesidgyngehpsapsianofdasspdits nrescgein thetaegd PNAdd phrabiningahlthe i s
nodul at.ed. Any t.arget nucl eot.i de.seqguenc an. be nodul ated by th I esent
ot hod. SForPERHBI R oL Pl S R e 5 TR T B e et e or
exogenous tiind herdi@itordediehe leAgBPAMnERH QEH BN ofahe taRget DNANhE Qftatehe

target nucl eotide sequence can be present in a living cell or present in

vitro. | n dheperbgriof madsbairensat unitsilatican hetnchde dépthicpelypepfidner i s
endogenous e: T, r t] . ed in
any suitabf%gp gégﬂ#%ﬁﬁ%15§%8%ﬂ?g§§ﬁg@ﬁ%@%&%ﬂgg%%ﬂﬂﬁggﬁgégﬁg g%hﬁﬁ%htarget
nucl eot i de abegeieance iaalndéakinups polepeptide. Id charigionaaseydnct 2 Tledenigng,abtron of

t he tar%et gene, Alternatively, 30the target nucleotide sequence is within

the codi ng Y& i2d AeRspt piHEs Cp&}dd@[ inglgﬁgi_ i %p@yg_@tgd,e. The longer the target DNA

sequence, the lower the probability of its occurrence in any other given portion of DNA

elsewhere in the genome.

Moreover, those repeat units selected for inclusion in the polypeptide could be
25  artificially modified in order to modify their binding characteristics. Alternatively (or
additionally) the length and amino acid sequence of the repeat unit could be varied as

long as its binding characteristic is not affected.

Generally, it will be preferred to select those repeat units having high affinity and high
30  specificity for the target DNA sequence.

As described herein, effectors can be designed to recognize any suitable target site, for
regulation of expression of any endogenous gene of choice. Examples of endogenous

genes suitable for regulation include VEGF, CCRS5, ER.alpha., Her2/Neu, Tat, Rev,
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the target nucl eotide sequence is a pronoter of a gene. Any target gene can
be nodul ated by the present nethod. For exanple, the target gene can encode
a productwOnhato/ap43ect s bi osynt hesi s, nodification, cell ecanBrneabioiski ng,

WO 2010/ 079430PCT/ 1B2010/ 000154 net abol i sm and degradation of a peptide, a

protein i a vitamn, an_oligosaccharide,
a car bohyd?’é‘gg ng]%rc %i’ gﬁLJg%éﬁmé@Lﬁd@mqgﬁ?t%%@nEe‘#Wg th 657¢%can be
used to engyneghp @Bantk% f;@B TREL biphs UERS @%aﬁd‘%ﬁﬁzﬁﬁ@ﬂre‘éhﬁs@@ﬁ%téﬁﬁ%‘tﬁaﬂance
nodi fication of structura and storage polysaccharides, flavors, proteins,

and fatty Saoirds; fattoniob- lﬁpmmpng, Tyl ellel?, 183, ok -4, Btk -bokal 2, G-CSF, GM-

nvent i on tr B8  BOher NEa oF 1 [ PRgeriabine g RRebiG i Fin SEyr * 1

interest Im@thetVE@FIrece@mﬂt Sldlk, torsRdoRtaiisa] eBndriscNEESsS sidling, at | east
part of the DNA 10seguence of the structural regi on and/or a regul at ory

region of tangiogeria, 16T, IGAM-¢sSTAHSs¢-gIFriymarbpbily BEb L inebydatistuienasey t he
repeat uni tESPSrp)sg}nrﬂagéj P‘%ﬁ%f‘?ﬁqalpc(%sgﬂl}age {0, b%‘é?ﬂﬁr’agé] dbPa 'i? ﬁ&gﬂfr%s%

specific bas own Sequence, ‘caus hrodi fi ed
pol ypept i deicé‘@l EeAm’ammasda mcplhACPah@eitele@é IADE gmﬁwmbd)phosphdrwesmucl eus

thereof). (1t w apparent that the DNA sequence need not be determ ned
if it is 1§éﬁr9fé%>ar§haéw\?«ﬁulpsqﬂ@th@é@w%& RS, SRNSENCE 2R C it N Fenot © from

the strigct uigly hRal Rig s azggﬂ%yaﬁoﬂe% A hsel Girdl gggesggy &l ghancer

sequence or si m It1Iron ypept i t ageousl y

conpri se f unogal cgalaads aimirimctmaf gamey.dh lzemerply mlelbhge(lm@becragtdatyd ichdiemai ns

fromrestriction endoEucI eases, . reconbi nases, O%h 1cl:ases rases and
Ci0Kh & iR eE

the |ike) o U WEPHPKIEES €ROVEh AR MHRFRI Hi BBt - AP-al so

conpri se aciiivatdcRys, %ceﬁfo?sc PoRkNAMThINRS G-FetdhaSichi a8 uctiogal i sation
signals. These are of particular usefulnéss in targeting the pol ypeptide to

25t he nucl guslcofles, Hscaselresistancoredess, tl ethérahease-redated petieag of t he
pol ypeqtsi de to an intranuclear target (such as genom c DNA).

In another aspect, a method of modulating expression of a target gene in a cell is
provided. The cell may be preferably a plant cell, a human cell, animal cell, fungal cell
or any other living cell. The cells contain a polypeptide wherein said polypeptide
comprises at least a repeat domain comprising repeat units, and these repeat units

20  contain a hypervariable region and each repeat unit is responsible for the recognition of
1 base pair in said target DNA sequence. Said polypeptide is introduced either as DNA
encoding for the polypeptide or the polypeptide is introduced per se into the cell by
methods known in the art. Regardless of how introduced, the polypeptide should
include at least one repeat domain that specifically recognizes and preferably binds to a

25  target DNA sequence of base pairs and modulates the expression of a target gene. In a
preferred embodiment, all repeat units contain a hypervariable region which determines

recognition of base pairs in a target DNA sequence.

Examples of peptide sequences which can be linked to an effector of the present

30  invention, for facilitating uptake of effectors into cells, include, but are not limited to:
an 11 animo acid peptide of the tat protein of HIV; a 20 residue peptide sequence
which corresponds to amino acids 84 103 of the p16 protein (see Fahracus et al. (1996)
Current Biology 6:84); the third helix of the 60-amino acid long homeodomain of
Antennapedia (Derossi et al. (1994) J. Biol. Chem. 269:10444); the h region of a signal
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The nodified pol ypeptide may be synthesised in situ in the cell as a result
of delivery to the cell of DNA directing expression of the polypeptide.

Met hods oWofanvd7p43at i ng 30 delivery of DNA are wel | - knomaTiB20ubvo®essski | | ed
in the art and include, for exanple, reconbinant viral vectors (e.gqg.

retroviruses, . den viru ones the | Alternati t he
od 11 ed. poRHERTIEREs BB RABS G sHEcbh I €T hRGORHE I YPR Y e ed
thereto. Dq{dnyl%wloqwnfhnbﬁoﬁmsw Eafoed: @Ha‘ré‘@l@@@?@é‘ﬂ k@923 hesypolnepept i de
into |iposones etc. or by attach |ng t he pol ypeptide to a targeting noiety

(such as t heityile 200ica 7048 0RCTALBOdO £ 0G0 t¢EUcdliukdupgkporyiabn bef an anti body
or hornopne nnlecg ? {; gffbrane transition donmain, or the translocation
domai n of ah?ﬁﬁ6 VISFG 8ﬁ§ &-ef fector, or the ceII-binding B- donai n of

the cl agsi cRxif'mBldcarh higo @hvdias bBilitydo t%éﬁ&pdfﬁbolyf)é}iﬂﬁ@ﬂacr@s@@eﬁ ingdMhBrhgcant
advantage of the nodified proteins of the invention in controlling gene

expr essi on Giighupechyeolepdes, e compesed of dblepsiéyvg paits (spbed|inary taxapge cel | s.
To the best K ‘é‘ét%%%‘% b?Jdugégﬁorhﬁﬁ%Pé&gﬁ?pt%%%}w% sgécar@te Ry 8&@5111"0? cont ai ni ng

nodi fied rep ea units cal iZin ase pairs in a

t ar get DNAIqumpﬂ&ﬁT@pdmﬂyshémameﬁﬁﬁmid@ﬁﬁnbﬂpﬁ@@ﬂhﬁhﬂﬁﬂb&bag@ﬁﬁmexpre55|on
(as described herein) has never 10 previously been denonstrated. Thus, the

br eakt hr oudReHHor Kl tBeedisfexin iy Espetediatodng e¢lb§@aerﬁlel?aér%lab¥0é§§nt S numer ous
possi bijlyi ti t of the
vent i n, orpIRGIRERIE AR 080T, Bpiftde o 190, EERAORTRE) or
prophylactKmomseLAMPEh@aﬁammngmhMEThiQDQMSammnmmtdxmeaﬁhxmssmsaam@umgenes
For exanpl e, i des could be used to inhibit th xpressi on of
for et gn peruehinsfalS) REpbeaaReE honicamiy Bkl rgelatsdy et sSRar™: o

humans, ot hgferdn bﬁﬁhﬁm%mﬂhﬁ%ﬁon.@@rbﬁh aodidiooh hepRXRI/RHS pES 3914 Miat ed

host genes (such as oncogenes). The invention therefore al so provides an

ef fector pdfeyqiérﬁttﬂﬁélfi%pé&fl&é Iwmwmﬁﬂ@lﬂV AgSa (‘i@%)([Sﬁ@mloﬁt af (1891) J. Cell

Somar a1 Pk dbs S0 RE N J¥0he Panaityr P RIORIPLACTA teed 3428050,

i nhi bit theysexpCasshd@i ephl. (1@95}1%5@;&54@71@5@@@! %eSch%@fob@@méeZ%eBHLd’eﬂ he
ef fect or pon eptide will be designed b ny of the methods of the
i nvention. al-(1995) Infect. Immun. 63:38513857; K rnpel etal. (1992) Proc. Natl. Acad. Sci.

US4 89:10277 10281; and Novak et al. (1992) J. Biol. Chem. 267:17186 17193).

20  Effectors can also be introduced into an animal cell, preferably a mammalian cell, via
liposomes and liposome derivatives such as immunoliposomes. The term "liposome"
refers to vesicles comprised of one or more concentrically ordered lipid bilayers, which
encapsulate an aqueous phase. The aqueous phase typically contains the compound to
be delivered to the cell, in this case an effector. The liposome fuses with the plasma

25  membrane, thereby releasing the effector into the cytosol. Alternatively, the liposome is
phagocytosed or taken up by the cell in a transport vesicle. Once in the endosome or
phagosome, the liposome either degrades or fuses with the membrane of the transport

vesicle and releases its contents.

30  The invention particularly relates to the field of plant and agricultural technology. In
one aspect, the present invention is directed to a method to modulate the expression of
a target gene in plant cells, which method comprises providing plant cells with a
polypeptide modified according to the invention, said polypeptide being capable of

specifically recognizing a target nucleotide sequence, or a complementary strand
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The invention also relates to the field of genome engi neering. An effector

pol ypeptid

speci fi c \DNARIBEgM3Nce in a genone. Sai d pol ypepti de canPbe/1Bmdi/fHieoash t o

e 25can be generated according to the invention to target a

contain an activity that directs nndification of the target DNA sequence

(e.g. site
nmet hod ena

ec reconmbi nati o inte f target sequences).
Bﬁg@oé ¥ B’tae@r@‘\lﬂe%aﬁ“? f‘lgﬂaYlP%ﬁ%} iPA Y(P ledQ IgOrbKES14 30 In a
further e”ﬁﬁﬁidﬁ?&? ty 9hd ’ths%ld t@i’g%%u&ébtld% sQ@leﬁQ@l@&He% 'tﬁe &Eﬁ?¥§sf$%%f‘é€ik10h I's
nodified to |nclua% at

| east a repeat domain conprising repeat units,

repeat uni tterghiaganagn krgelantiedliabs modelgicdn f or det ermi ni ng sel ecti ve

recognitio

2010/ 079430PCT/ 1B2010/ 000154 In a preferred enbodi nent,

n of a base pair in a DNA sequence. WO

Thi s
still

t he

the pol ypeptide

i ncl udes WitH golFRpdd @partprovidéd @ thy pRVE s 3 fy'saghisld ndidel khews &l ect ed
fromthe followng group in order to determ ne recognition of one of the

fol | owi ng Bhe@tgiresample, tappraseinicae bgarageapusty addedto fe mant celécangrihe i on of

AT NGfo

& ¢ 10 ny P EGRTIE R e s Yo SERAPL e BaBspTy Rinhtadng o

recognitio

10

15

20

25

30

rtheplakd ﬁllobmaé A thblG@rg@mutlesidicyi@te ahd ﬂ'dgﬁlates the expression of
the target gene in the plant cells. Alternatively, a nucleotide sequence, e.g., DNA or
RNA, encoding the polypeptide can be expressed in the plant cells and the plant cells
are maintained under conditions such that the expressed polypeptide binds to the target

nucleotide sequence and regulates the expression of the target gene in the plant cells.

A preferred method to modulate the expression of a target gene in plant cells comprises
the following steps: a) providing plant cells with an expression system for a
polypeptide modified according to the invention, said polypeptide being capable of
specifically recognizing, and preferably binding, to a target nucleotide sequence, or a
complementary strand thereof, within an expression control element of a target gene,
preferably a promoter; and b) culturing said plant cells under conditions wherein said
polypeptide is produced and binds to said target nucleotide sequence, whereby

expression of said target gene in said plant cells is modulated.

Any target nucleotide sequence can be modulated by the present method. For example,
the target nucleotide sequence can be endogenous or exogenous to the target gene. In
an embodiment of the invention the target nucleotide sequence can be present in a
living cell or present in vitro. In a specific embodiment, the target nucleotide sequence
is endogenous to the plant. The target nucleotide sequence can be located in any
suitable place in relation to the target gene. For example, the target nucleotide sequence
can be upstream or downstream of the coding region of the target gene. Alternatively,
the target nucleotide sequence is within the coding region of the target gene. Preferably,

the target nucleotide sequence is a promoter of a gene.

Any target gene can be modulated by the present method. For example, the target gene

can encode a product that affects biosynthesis, modification, cellular trafficking,
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H for recognition of T/A 15 NK for recognition of GC The invention also
conpri ses DNA which encodes for any one of the pol ypeptides descri bed

bef ore. 2890I2n1080734301 | further emnbodi nent, DNA is provi dedTaatoadroiss4rodi fi ed
to include a base pair located in a target DNA sequence so that said base
pair can bes |f|c

ecogni ze pept.i de h i ncl| udes  at
aast 2 r epBURIIIT SIS gt Fopak IR on PHEREOHEC AT S ey
hyper vari al)i@nfig %l mcemrﬂ%t@éﬁbaﬁydfﬁmgmla | #1 sRfallSRb I R@SRuRRIhote) Sai d
DNA. In one optional enbodlnent sai'd base pair is located in a gene

25expr essi aifecont ¢anl beseqh@rmlgmemam@ fortenitysueh @srlnqs@ﬂedidma@fremﬁenqee peat
domain, a se

Fepeat " domaroinyon pearparhad SoGRtpasERe it ol bBIT oA BYa DA 1 s

nodi fi ed b)ﬁcﬁisbﬁ&@npé’mﬁg%@élac‘doﬁﬁ ﬁﬁtﬁﬂbﬁél@hir@&tkﬁé/tdcﬂgnﬂﬁ&léﬂ std’l}a%{ der to
receive a selective and determ ned 30 recognition by one of the follow ng

hyper var i atsiapalibly aisthe like.G for recognition by HD A/ T for recognition by
NI T/ A for recognition by NG 35 CT or A/T or T/Aor GC for
recognition by NS G Cor AT for recognition by NN
T/ A for reclgrifoiepthebiyventon provides a methoddfGlefingd thd dxpressiog ogaiptncst by N WO
2010/ 079430PCT/ 1B2010/ 000154

interest in a target cell, comprising : determining (if necessary) at least part of the DNA

10 sequence of the structural region and/or a regulatory region of the gene of interest;

designing a polypeptide including the repeat units modified in accordance with the

invention to recognize specific base pairs on the DNA of known sequence, and causing

said modified polypeptide to be present in the target cell, (preferably in the nucleus

thereof). (It will be apparent that the DNA sequence need not be determined if it is

15  already known.)

The regulatory region could be quite remote from the structural region of the gene of

interest (e.g. a distant enhancer sequence or similar).

20  In addition, the polypeptide may advantageously comprise functional domains from
other proteins (e.g. catalytic domains from restriction endonucleases, recombinases,
replicases, integrases and the like) or even “synthetic” effector domains. The
polypeptide may also comprise activation or processing signals, such as nuclear
localisation signals. These are of particular usefulness in targeting the polypeptide to

25  the nucleus of the cell in order to enhance the binding of the polypeptide to an

intranuclear target (such as genomic DNA).

The modified polypeptide may be synthesised in situ in the cell as a result of delivery
to the cell of DNA directing expression of the polypeptide. Methods of facilitating
30  delivery of DNA are well-known to those skilled in the art and include, for example,
recombinant viral vectors (e.g. retroviruses, adenoviruses), liposomes and the like.
Alternatively, the modified polypeptide could be made outside the cell and then
delivered thereto. Delivery could be facilitated by incorporating the polypeptide into
liposomes etc. or by attaching the polypeptide to a targeting moiety (such as the
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T/ A for recognition by HG T/ A for recognition by H G C for recognition by
NK. 5 In yet another aspect the invention provides a nethod of nodifying a
nucl ei c awodopagmsnce of interest present in a sanple mPKTABE1WYoobiandi ng

thereto a pol ypepti de accor di ng to the invention, corrpri sing contacting the

sanple m xture with said ept|de havi ff|n|t or at |eas ortion
of the seql¥ ‘F\‘ﬁﬁg BPTIPROE AR 1?“ 0218 %4 Olif%onglm‘ggﬂ %é’rﬁcS‘F%}/"bt@ﬁ‘Eq nstiony ({Qg}f@‘ﬁl ze
and pr ef erag;lﬂye t?érﬁﬂ)céﬂ?&f?dlcfﬂlﬁﬁlow ﬁh%ai &%oﬁ%%f%%f’ecfbfr kWS Galing Hie term
“nodi fying" as used herein is intended to nean that the sequence is

consi der ed dopuiif pedic slaspiat PbB femdy loil halitergp! mxmsielnpcﬂdy peepsslgm&cantt i's not

i ntended to su hat .t sequen of nucl eotl i s chan al t hough
such changddS TR rheRontoE paTHS R fudnv BRn it B Rins eGSR e

pol ypepti demmdb@qlemé@do@ﬁee@ehcbr%fpm&ﬁesﬁargeC@alsem ently the nucleic acid
sequence is DNA. Mdification of the nucleic acid of interest (in the sense

of binding thereto by a poI ypeptide nodified to contain nodul ar repeat

uni t s) COUl"ldo ‘Eﬂg bgsqtgﬁg%v é Pf %@X efnto?‘s %1% HBFQ P&%rg%ﬁgfdg%gﬁ%{n?%ﬁnaggedmb ity

shift assays, use e|dt| cou

radi oact i vegpdat usitpetit of wgfmallpfecbgmtzmg/bager@@ﬁsauaddrgetlmlbgl s8juence
Mbdi fi cation of the nucl ei.c acid sequence of i, ntere@gqﬁé)and det ecti on
t her eof ) medrdpis sugqesyiplaise %H}Oéalatl%af R GXPICH N (g HpKsTivednerging baspgver

De d.
Cof]i/;ﬁlkllgﬁt lﬂ;é’%ﬁh( pOTefnLHeh{bﬁEtreR%cP %§'tﬂ biRhk Ry gﬂ%fﬁi% t&nl BvBRIJ In%r e

peptide (an nuc elc acid sequ nces specifically bound
t her et 0) i dlisbdpad ated freomsthenarest pos§ibilties anpitend Wgvadh isgeopkhis. thihe

pol ypepti de- DNA . c | ex.i.s.bound ta.a soljid phase s to facjlitate
Such sopar AU GRIORBIETL RSB e st ipp Bk PHd g e BhesBRit el

acryl am de a%ﬁ/o%%p%ﬁcﬂ@hseniﬁtréglﬁatﬁlr ,thé@lfﬁeégfo%fo?rd?slélls)&asbo"cldtéﬁ@é?iek' p&d on the
surface of a nmenbrane or a mcrotitre plate. In one

embodi ment eafampleesaldmelryp@phdes g@uldlb¢ e@@atp u@lohnathﬁ: @oresips Phipreigpgetesuni ts is

. . . I
pol ypertt ddto thokreya b G v Palaget Ty SrerBadr Y BeRdi wdoar one
or nore speafbdifyefic BRS8ssion of mutated host genes (such as oncogenes).

The invention therefore also provides an effector polypeptide capable of inhibiting the
expression of a disease-associated gene. Typically the polypeptide will not be a

20  naturally occurring polypeptide but will be specifically designed to inhibit the
expression of the disease-associated gene. Conveniently the effector polypeptide will

be designed by any of the methods of the invention.

The invention also relates to the field of genome engineering. An effector polypeptide
25  can be generated according to the invention to target a specific DNA sequence in a
genome. Said polypeptide can be modified to contain an activity that directs
modification of the target DNA sequence (e.g. site specific recombination or
integration of target sequences). This method enables targeted DNA modifications in
complex genomes.
30
In a still further embodiment of the invention, a polypeptide is provided which is
modified to include at least a repeat domain comprising repeat units, the repeat units
having hypervariable region for determining selective recognition of a base pair in a

DNA sequence.
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WO 2010/ 079430PCT/ 1B2010/ 000154 pairs in a DNA sequence, and optionally
wherein said repeat units are taken fromthe repeat donains of AvrBs3-1ike
fam |y ofwpretei7asowhi ch are further optionally nodifiea@CirnBzmaero1s4o obtain
a pre-selected specific binding activity to one or nore base pairs in a DNA
sequence. 5 The invention enconpasses i sol at ed or subst anti ally puri fied
pol ynucl eotide or protein conpositions. An "isolated" or "purified"

pol ynucl eoty dg, &b &hB8bdimchY, tﬁ‘a pﬂlﬁ%ﬁ@é In¢1A6s tiBinR@ld deptht Lhgheof , i's
substantially or essentially free Trom conponents that normally acconpany
or inter acthymltvhrlabierqngwh@hemql@@ddkorprﬂmfeilnwag groumuah drderitp dettOnacur al | y
occurring enV|r P#? fn ated or purified polynucleotide or
protein is rgiﬂ%]{ gﬁtq IHF§7 efg %ng ﬁ%erpaérél lular material or culture nmedium
when prgduced by reconbi nant techni ques, or substantially free of chem cal
precursors or other chem cals when chemcally synthesized. Optimally, an

"i sol at ed" pol yraucHébfor gesogritibn @€CHs sequences (optlnally protei n encoding
sequences) that ehalNifalregoghitamkoft@ 15pol ynucl eotide (i.e., sequences
located at the & wHfo3rec@pfisiofbf e pol ynucl eotide) in the genonic DNA of
t he organi sm frqgm whi cved. For exanple, in

vari ouaoenbodl mentNSfS ietcigbf%% %ﬁé@ Fp}g};gﬁe%% %%can contain less than
about kb, 4 kb, %Dk VALONR or 0.1 kb of nucl eotide
sequence t hat nat ufG ‘Pr o¢qEaHione nucl eotide in genomic DNA of the cell
from whi ch the pol Waer@ggma@n pEC % 20A protein that is substantially
free of cellul are nHKbﬁnaﬂmgmmbudé§h®reparations of protein having | ess than
about 30% 20% el0% fobfeco@iitid¥of Dy dry wei ght) of contami nating protein.
Wen the protein, of\Hé ﬂﬁ,rédggﬁ%hgp(}% bi ol ogically active portion thereof is
reconbi nantly produced imal I'y cul ture nmediumrepresents |ess than about
30% 20% 10% 5% or 1@6(by dry weight) of chem cal precursors or

non- pr ot ei rFafinvaitien akb camphiess REAsvhibl agwdad fr angovasf thapslypéptides

di scl osed equences and proteins encoded thereby are al so enconpassed
by the pres&ni! HE’Q fon. By "fragment” is intended a portion of the DNA
sequence or a portion of the am no acid sequence and hence protein encoded
30 thereby. Fragnents of a DNA sequence conprising codi ng sequences may
encode 20r otleiarstiflfagine et ot inadnt RN Ai is pmvmedgzi/hieh isapedifzed tp iofludhe basatpiave
g;ghglng eaggo?h?g](gi%ﬁqg@ggéﬁ&%ggq{lle&% 59 that sal Ibg paa%rt cla\Illlbte spec(i)ﬁ631211ltya}rreggo(:fgtnlz[e)lc}IA

by a polypeptide which includes at least a repeat domain comprising repeat units, the
repeat units having a hypervariable region which determine recognition of said base
pair in said DNA. In one optional embodiment, said base pair is located in a gene

25  expression control sequence. Due to the modular assembly of the repeat domain, a

sequence of base pairs can be specifically targeted by said repeat domain.

In an alternative embodiment of the invention, said DNA is modified by a base pair
selected from the following group in order to receive a selective and determined

30  recognition by one of the following hypervariable regions:

C/G for recognition by HD

A/T for recognition by NI

T/A for recognition by NG

CT or A/T or T/A or G/C for recognition by NS
G/C or A/T for recognition by NN

T/A for recognition by IG.

C/G or T/A for recognition by N

35
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Alternatively, fragnents of a DNA sequencethat are useful as hybridization
probes generally do not encode proteins that retain biological activity or
do not revaizniom7essot er WO 2010/ 079430PCT/ 1B2010/ 000154 a&criiB2og/000THus,
fragnents of a DNA sequence may range from at | east about 20 nucl eoti des,
about 50 nucl eotides, .about 100 nucleotides, and up to the full-length

pol ynucl eot i de df dHe Qricesniton bysiari ants” is intended to mean
substantial |y siem T&k faegeeendes byfdr DNA sequences, a variant conprises a
DNA sequence haw n@/ébdratcapnstiqnibyeNK. t runcations) at the 5 and/or 3" end;
del etion and/or addition of one or nore nucl eotides at one or nore internal
sites in the native polynucleotide; and/or substitution of one or nore

nucl eot PdedNFet BIOELH psNest Be dnvicaon propiiss A mathed fangdifiansdydec 2pd used
herein, a " Lve ; i i ural ly
cccurting DR EEaL RS BRAERIE o i bl PPRIKP D bl SR SR Aol DN
sequences, acosrdaRvathoviavetdionacinsprising eoteactihg e saapicencese titdt saidoecause of

t he degeneracy of .the.genetic_.code, encode t am no acji.d sequence of one
of the pol yiLREPAAR AT H1Enith (Rt R TR RSB eSS A RE 6 el udo
synt het | calJipudt pysHel 15 RIBENCEI SRS bGPEAENS 1B URMcqlGlce gXaMPI €,
by using sLte-dirgc?ge 15nutagg§esis %ﬁt %h?cﬁ's?ifl eﬁiode gqprgfein of

t he i nMé@nt iioteresGeneral |y, variants of a particular DNA sequence of the
invention will have at |east about 70% 75% 80% 85% 90% 91% 92% 93%
949% 95% 96% 97% 98% 99% or nore sequence identity to that particular

pol ynucl eotTidacams “©edigyinbn@tusty hSrRALS Mten dilditg M¥eA thapfRGEqIEcanRd parameters
as described el sewhere herein. 20 Variants of a particular DNA sequence of

t he i nvent iconsid¢red modifipsl simplrtartbe bDNmesdduepezneptide lhisswt becnsigdtaiat ed by
conpari son t r { se J.dent] e t ncoded
by a vari anS'ECi g%ﬁﬁ;ﬁ%ﬁ%ﬁég ugngen%%%ge%gg%ylﬁéfb%%gg’ %%S e%f& fﬁ?rlf%gfaglpeog%ﬁ e DNA
sequends. Reukiessusfiloenachindi@piof the pogfpspede @rific hiddeild acid@lf ypesetti des can be
cal cul at ed usi ng sequence alignnment prograns and paraneters descri bed

el sewhere H@F@?ﬁ@nwmgﬁémﬁﬁy”ﬁﬁb%ﬁuﬁ§ﬁﬂsg%“bolynucleotides of the invention
is evaluated by conparison of the percent sequence identity shared by the
two pol ypeptides they encode, the percent sequence identity between the two
encoded polMpdificatthesofitse micld¢ieast] ofiboertst{GPthe §&%e 080 ling3Rere®pa 91% 92%
93% 94% 95% 30,96%,..97% 98% 99% or nore .sequence .identity. "Variant"
protein is RO Ha%m%lﬁﬁé%C%@M@O&u%ra@ﬁ%@ats? PR BRdeteies vediafitel n by

del eti 0f (SAMARt beethbHNGAL ioMhoBiityP e Atsa P uSe %ﬂ&le@%&@eﬁﬁde&h%bels
N-term nal and/or C-termnal” end of the native protein; deletion and/or

addi ti on ofcosliendudemdmaanya dluashcnt,\WzR0d 0F BIPE4/308ETVidBIaHdy)000154

Modification of the nucleic acid sequence of interest (and detection thereof) may be all
that is required (e.g. in diagnosis of disease). Desirably, however, further processing of
25  the sample is performed. Conveniently the polypeptide (and nucleic acid sequences
specifically bound thereto) is separated from the rest of the sample. Advantageously the
polypeptide-DNA complex is bound to a solid phase support, to facilitate such
separation. For example, the polypeptide may be present in an acrylamide or agarose
gel matrix or, more preferably, is immobilised on the surface of a membrane or in the

30  wells of a microtitre plate.
In one embodiment of the invention, said repeat domain comprising repeat units is

inserted in a bacterial, viral, fungal, oomycete, human, animal or plant polypeptide to

achieve a targeted recognition and preferably binding of one or more specified base
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at one or nore internal sites in the native protein; or substitution of one
or nore amno acids at one or nore sites in the native protein. Variant

pr ot ei ns wocompassed by the present invention are biol ogctaBiogo/e@isave, that
is they continue to possess the desired bi ol ogi cal activity of the native
protein as descri her ei n. ch Vi ts.my result from for exanple,
genetic pol%?%ﬂ‘bﬁ%&% [Rle g aeing ‘h%ﬂ?n ¥u Bﬁ‘ie}a&%‘hrepﬁtd‘ln%ﬁ@éﬁlﬁ? O iRFe
variants ofrca pHohSing oPAVEELS- 1t1&vf§ﬁtrg RpWtdihs RANE o’ fr@BSEpRRGNY mbAieed75%
80% 85% 9 %9 91% 92% 93% 94% q 96% 97% 98% d%bor nore sequence
i dentity tonphder tmdbiainagird-sslecfad spasificrinding acatifyve ope ot wiore bese getremm ned by
sequence aldgnnment Rr ograns and paraneters descri bed el sewhere herein. A

bi ol ogi cal | éﬁ?ﬂ iO variant of a protein of the invention may differ
fromthagt protein by as few as 1-15 antno acrd resi dues, as few as 1-10,
such as 6-10, as fewas 5, as few as 4 or _even 1 am no acid residue.
The prot ei nEhcgRvanien icAgamRaSEs ivplgfeder Sallbﬁtént&ify wrﬁ@drp@h@uotﬁgtsdq qfdrretdinng

2o 2c1 d RSB U4k Py de PRI CERRRIL RS PO LIP Ry 1ot oo

aci d sequenggvypértiantierafdis %ﬁlmﬂﬁaﬂﬁ opésséllp et €ions ceaporeatsphapar ed by
mutations in the DNA. Methods for nutagenesis and pol ynucl eot i de
al t er at i onOFMBIRFCOMPARMAT inferaqs avithythe p@éreucqusrde@sz RRSFIB 23 kykdn 1te 1085)

Proc. Ngtl .aAGa !’nn&"%rg%nélﬁ8ﬂ%g’an'%mgt@& gﬂau ﬁdlgfgﬂ-ﬁgln??oage Methods in

Enzynol . 154 367. ) Patent No. 4 Gaastra, eds.
(1983) Techmomuemsﬂnumhhﬁyﬁhaof@hahm@yb(NWMMthmMﬁk&ﬁméMnnghﬁbmpdmmd New

York) and the references cited therei e .a ropriate am no
2ot &) subst ITAIETOHENTHAE TS Ko Or SRECHABY GEORT B i pIEHED R AKE pr ot el of
i nterest MaeRgalOVRG diemi@l Wésé@td %ﬁﬂlfy, “1§J)late(11831§)1uc‘f$dtﬁ‘§ iof

Prot ei n Sequence and Structure 25( Nat | Found., Washi ngton,
D.C.), her érae dfnepreporsdppiambliy profesr emn@émgcsernm%athar eatytﬂdﬂgtﬂan&tth@)ns such

opt el R eRaf TS, Fka b BN SRl ol e PorTeRBS T fEms ™ °°

sequences eRGOMRADNACGIA: bhkisth 26 whath ©X PEEhee cdthichs @@twea Fa€ltcahplghanges
in the characteristics of the protein. However, when it is difficult to
predi ct then eﬁra@ts carfodizpenss. thsolaiggpobmuelconde eralcentagnlessohan pacat Sikbnd i n

advance of ’i&gdfgli}, 8 o34, 88 1 i 3%%ct%6&dé"ée§ser§8%a%%ﬁ‘l daﬁlg‘#ﬂa%k dhde ef fect

wi |l be evaltat rodtine’screeni ng assays escri | sewhere herein

or known i mpolyimickbtide MZcAOMY DN%&GR@éllﬁaﬁlﬂil&Oﬂﬁﬁ)élyﬁabﬁeme DNAris&iquences
and praqteins al so enc ass se uences proterns derived fronta nmut ageni ¢
and r ecd8nbi‘h8EEsN Ehas ivnbaRtially) 0£§elrbﬂ¢r BRiGHRL inglydesqireparalinng O pEYCiBuch DNA

shuffling AL . f50r oc.
Snat | . Acad & ?qgggr&%d&r%tfn%%%o@?@%, S‘Q{’e&&m‘”"r’mfdﬁ Ll ufrcg)ﬁ%%haﬁ% 391;

Crameri proteln When the protein of the invention or biologically active portion thereof is
recombinantly produced, optimally culture medium represents less than about 30%,
20%, 10%, 5%, or 1% (by dry weight) of chemical precursors or non-protein-of-interest

25  chemicals.

Fragments and variants of the disclosed DNA sequences and proteins encoded thereby
are also encompassed by the present invention. By “fragment” is intended a portion of
the DNA sequence or a portion of the amino acid sequence and hence protein encoded
30  thereby. Fragments of a DNA sequence comprising coding sequences may encode
protein fragments that retain biological activity of the native protein and hence DNA
recognition or binding activity to a target DNA sequence as herein described.
Alternatively, fragments of a DNA sequencethat are useful as hybridization probes

generally do not encode proteins that retain biological activity or do not retain promoter
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et al. (1997) Nature Biotech. 15:436-438;, Mwore et al. (1997) J. Mdt. Biol.
272:336- 347; Zhang et al. (1997) Proc. Natl. Acad. Sci. USA 94: 4504-4509;
Craneri evoab10/q744998) Nat ure 391:288-291; and U.S. Pat erCTNBZ10/8006865, 793
and 5,837,458. 10 In a PCR approaches, oligonucleotide priners can be

desi gned for .use i.nh PCR react to a Iif corr ng equences
from cONA GEUBRRoHIe. BRANGRY PLEDRH: FoBRGS bR gRn O Dot e * INet hods
for desi gnlﬂwleBQE%sPaBdT?Sé nBAEHRER %b@@ldwllﬁ[e%tlg@sn%@hﬂboth@%ﬂ'[lle'n%tht he art
and are disclosed i n Sanbrook et al. (1989) Ml ecular C oning Laborat ory
Manual (2d pedynuciotide Gghe mychiaorbor Laboratory Press, 15Pl ai nvi ew, New
York). See also Innis et al., eds. (1990) PCR Protocols: A Quide to Methods
and Applications (Acadenm c Press, New York); Innis and Gel fand, eds. (1995)

PCR St r at egivegiafiie adafthgedoes&n sNBMérXMle)mm@d’i@e WAL, m@oﬁe&&@m@nce@d@
(1999) PCR Met hods Manual (Academ c Press ork). Known nethods of PCR

i ncl ude, bmanamewﬁw@‘lsm %Di\@dS%@en%@ﬁl@ﬁsﬂelﬁlpm(lGaﬁ%@?twﬁﬁ)rﬁé the 5' gad/ped
primers, g &14% %p %ﬁ%ofr 'a8d1?10h %?5& orclﬁ&%ﬁ%l%%&&de%ra't Hﬁé gr m&%’]ﬁteﬁﬁ? &'tef {E
vec he

primers, or-sp iners,

l'i ke. In hyhe n@hvkqiollﬁmcle@ﬁdrm |aﬁd;/essubah1luuoﬁ opaiid orahor@ nlaokwﬂde@ok ytw@ﬂ IﬁGﬁel de is
used as a probe that selectlvelg bridizes to other corresponding

pol ynucl eotSitaeid the Babspolypugleot fpo%w%h@}%fa CRBYR P BHSAIECORA fragnent s

or cDNA(f r %ﬁ%&gﬁdé ¢onfiprise§& ﬂQt'ﬁ‘ra‘H %c&%@dﬂlﬁ UchiSd orf iy %Clﬁ?@i@eﬂ &f ga”' S

The hybr|d| zdation probes may be genom c DNA gnents, cDNA nts,
fragnent s, rogpeotivedy. EcangNAweqmexjesnseamdvmmdm& inallndé é@s@/\isetqluelacesldtaect abI e

group such as 32P,. or any oth det ect abl e marker. Thus,. for exanple,
probes for WyHiF af Padesimicesty O e SRIG 6 §0dCA BIROR fiocpHER A¢if Seagtgce of one’

ol i gonucl e%ﬂtﬁ@ﬁol?;ﬁe@ﬁ@em th& GBS %ﬂ@%&ﬁeqh@&eb NG Ml @1 syh@kﬁ@él’l%z for

preparation of probes for hybridization and f construction cDNA"and
genom ¢ |i bieawdagl\@r @quemes,eslublyamhomqnnramdeﬁme@ampﬁ by esing si¢d- o@@ﬂed n

Sanbr o et Labor at or Manual 2 d., Cold
S mo 3 waftsr Drtp HebSaE sRlod s AR Rinr HeP Sl Oepaly Narkufl oS

2010/ 07943%@%1@251@@9@%5&0%8 Eﬂv@hﬂ@ﬁ wihh&ke a8 Ukt ab@qm% esommpohe carried
out under stri 29%ent condi ti ons. "stri ngent condi ti ons" or St ri ngent

hybri di zat i e Ve 3%, P37 %“én%@, %Qﬁ%ﬁ%o%s/m&ﬁde@r RATCERIEENS? obe wi | |
hybri di ze t. d 5t han t
b1 di ze 48l AEORhARAYENGRSEDIR SOLEGHARIN LRRLEL oi5gEaE St han to

condi tions Iﬁb@raﬁleqn@pmﬂ&m&%o&rlt&ﬂélmhbrebﬁrdﬂmf ferent in different

ci rcunst ances. By controlling the stringency of the hybridization and/or
was hi n&ocondi ti ons target sequences that are 100% conpl enentary to the

probe can b@aﬂa‘ﬂ a‘?t‘i’cuﬁ (BWA% cé’BPt'Hb Mfkntid fi QT MR do¥&bnbe YA NgENCY

conditions can USt %l to a OW sonme m snat C@II ng In
sequence) can also be evaluated by comparison of the percent sequence identity

between the polypeptide encoded by a variant DNA sequence and the polypeptide

encoded by the reference DNA sequence. Percent sequence identity between any two
25  polypeptides can be calculated using sequence alignment programs and parameters

described elsewhere herein. Where any given pair of polynucleotides of the invention

is evaluated by comparison of the percent sequence identity shared by the two

polypeptides they encode, the percent sequence identity between the two encoded

polypeptides is at least about 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%,
30 96%, 97%, 98%, 99% or more sequence identity.

“Variant” protein is intended to mean a protein derived from the native protein by
deletion (so-called truncation) of one or more amino acids at the N-terminal and/or C-

terminal end of the native protein; deletion and/or addition of one or more amino acids
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10sequences so that |ower degrees of simlarity are detected (heterol ogous
probing). Generally, a probe is |ess than about 1000 nucl eotides in |ength,
opti mal | ywbesn/a7hsn 500 nucl eotides in |length. Typical | yCTAB2O16Vg@ME4
conditions will be those in which the salt concentration is | ess than

15about 1.5 M Na ion, typically about 0.01 to 1, 0. M Na ion concentration
(or other S&PPSYT @Preﬁpfe%é S5 18 thy nafiye prateipeQpubgtiien olngor MAE AMIgL Lyt 30C

for short Wcﬁ@%?oﬁ@o&n@re]sgeﬂﬂtﬁ@nﬁ%lﬁ%ind%iaﬁﬂﬁro?éiné &1@§ﬁ1p§§§9&'5 BC for
| ong probes (e.g., greater than 50 nucl eotides). Stringent conditions may

al so be achireseatinwétttiontanebiatigidallyactofe, tastsahéy ¢antinge tgamsess theadesiagd

f i de. plary. | trip . iti i ncl ude 20. hybri di zat i
Wt but A oBRHCiel g B B T et Bt Ga hekdThy REKE o S 8Bl om
dodecyl ssul fphiat By exddmpld, Gendith Rishior forh Qurrén SR {uPAn SBholegidalfy M

NaCl/0.3 Mtrisodiumcitrate) at 50 to 55C. Exenplary noderate stringency
condi t i ons dcHES vaTEnkyda rptedt efche inyeuteon willdsos pbleas wbere, 70%0. G5k RATL, 1% SDS
at 37C, an iR Q 0 a 5 ' i
stri ngencyd&fg/‘”\(/:\%%%i li%’%sﬁ)f’fngél/i’j% /‘F??g% ?%’a? ?%hég)% %% oro?}%%%qgér,gégl M NaCl,

1% SDS at Jdé&ititatdtha amasadid sdqudnceFoHIhahatt protcddbis detpidindiatyl sequanes h
buffers may conprise about 0.1%to about 1% SDS. Duration of . hi/bri di zation
i s gener al 13/1ZN@sYt RIAZRMS BB Parpmetssy fescribri psawhersiieing 4 Hologisally tetisour s,

The durati : 1 1 ] fet fficient
o readn equrTHr e R ki ey B BORLR PORa B Rl hei
post - hybr i dinnat rad revadivesas feweas d¢+li0f swchlasfoall, as vbad hgs fdveas 4, @, stevengt h
and tenperature of. the final wash solution. For DNA-DNA hybrids, the Tm can
be appr oxi nedBdORFYHFIAE- equati on of Meinkoth and Wahl (1984) Anal .

Bi ochem 138:267-284: Tm= 81.5C + 16.6 (log M + 0.41 (%) - 0.61 (% WO
2010/ 079430PCT/ 1B2010/ 000154 form - 500/L; where Mis the nolarity of
nonoval ent Bwtriroteins o¥4bE ingentive nportealicregan ohrigusanaysiinduding amytomsithe

nucl eot,i.des_jn..t he .% formijs the percentage,o ormani de in.the

ybr 1 di 2at 1R Bt Ry % BEGRR, MERE P FE i RUisa: o
The Tmis theotRMIBI@ownan (hnder Falekmpr, hfhoGckd Jeqhdich vaishtpihd at whi ch
50% of a 5conplenentary target sequence hybridizes to a perfectly matched

probe. Tm ifsagmeaticd dhoprothsgan be prenaresshmutgions initbeBNehi Mgthodhfss, Tm
D ) = S e
chquences. ofttppdagdhd PR ARRMC W R0 RAR: BIAORAGE the B, NS B0 00s

identity arsas@legRunkdlieogbmrean Nogl. deqd. Sas e 41821 88GEIPe Kalnky, e &1, (198F¢ Nt
condi ti_ons arz selected to_be about 5C |ower than the thermal 10 nelting
poi nt Pm) Mefodyis fagapek 134 3@qden e SabrientNo- daipiddelelkst aad Hatsttded i oni ¢
strength a W e id i i a
hybri di zat i"ég%lﬁtg?lgl or )\/[\’ggyﬁeszgy@l%ﬁl?ﬂ?lg% guctaflga/[eh%% g%ﬁ?gge?ﬁ?}%&}f&vnel ting
poi nt (Tm ;Yoerbiardthe rgfershedsrgedthecondGuidanse gsan appriopriate aenifyfaid di zat i on
and/ or wash mel ti n%epoi nt

t. 6, 7,.8,,9 ot 10C |ower than the thernpl
(T 1 ow Sepriginnybesnait e DU e gB of theprofetn SFinnciEet
found in the model of Dayhoff et al. (1978) Atlas of Protein Sequence and Structure
25  (Natl. Biomed. Res. Found., Washington, D.C.), herein incorporated by reference.

Conservative substitutions, such as exchanging one amino acid with another having

similar properties, may be optimal .

The deletions, insertions, and substitutions of the protein sequences encompassed

30 herein are not expected to produce radical changes in the characteristics of the protein.
However, when it is difficult to predict the exact effect of the substitution, deletion, or
insertion in advance of doing so, one skilled in the art will appreciate that the effect will
be evaluated by routine screening assays as described elsewhere herein or known in the

art.
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15 hybridi zati on and/ or wash at 11, 12, 13, 14, 15, or 20C | ower than the
thermal nelting point (Tm. Using the equation, hybridization and wash
conposi t iwo1emdsddesi red Tm those of ordinary skill wpCh/Brden®isnd t hat
variations in the stringency of hybridization and/or wash solutions are

i nherently described. If the desired degree of msmatching results in a Tm
of less than 45C (aqueous solution) or 32C (formam de solution), it is 20
opti mal to VAGHERSA IBeReCak@POfIh] Ald ARoRPal\Budcl Qﬂ%{rotfeﬁﬁ%ﬁ%d” e can
be used. An extensive guide to the hybridization of nucleic acids is found
in Tijssen ftam9utigor andargorTandgringuascddurdBiuch e PN slyufﬂmg Mdlatsgidsar

(e sovier REWGEPRR i indl it st Ba0r pxBitls S PRRL B EPcon s i n

Mol ecul ar Byl o@¥d. Seham.£91:207143 BEse, ﬁ@ﬁkﬂeﬁmm) Aneir2 37108291, t@meki ence,
New Yor k). See Sanbrook et al. é1989 Mol ecul ar O oni %‘A Labor at ory
a

I\/anual (2d eédl (15(&71)674%?%@@44&1 gpoaboyiaeisrey apl( EXY) J. il 2: Nw Yor k) .
I s reco ﬁ fle (f{ ﬁ%of?\%?]eﬂ&?f ?JSﬁrﬁtfﬂoqs45%t) &J&%ler{‘é’tent' on

enconpass ecul es an proteins conprising a nucleotlde

or an am nc(la%)d\fcsmljiémmz%tzl@a;andsUSUPﬁﬂeﬁﬂNm 5)606;7981%111@818317@158 he DNA
sequences or to the am no acid sequence disclosed herein. The term
"sufficiently identical” is used herein to refer to a first amno acid or

nucl eotjipde HeqHaNGE bidk ,%@igsﬁjcﬁ'e%fae gﬂH&ﬁi{aﬁ% a4 ﬁ'&ﬁoﬂl%@ AP Feallions
i dentical or equi ent %e. oY W|t1h simlar smh% chain) am no aci
resi dues onompﬂmmr&zﬁmmwmmmcemmﬁmmmgmm DNAaxgecahffomm no

acid or nucl eotide se uence at the. fi and se m nho aci d or
el ot i o A GeEatoaaSE Rk feideer e pier o akdh SohAR s
functional RGtkM| kﬁowfﬁfth@éﬁrﬁﬁh‘ﬁre KU TR sgngfooﬁ%bﬁ@fggdgm%u%ces t hat
contain a common structural domain havi nf?fa | east about 70%identity,

p

pr ef er abl y Gorizgs il deheriateyy Mone! idefde @@/ﬁa@n@ty&a@gg@wﬁ%s 97% 98% or
99% i dentit d f To.det th
005 e R B T L ST AU R e

sequences  av/erhadls @RI AR(ATE] et PRAE, ISEN YRUHP Bm@Sand Khafpe! &Rt i dentity
10 between the two sequences is a function of the nunber of identical

posi tions s(ﬂa%?iéd’%Snrmg@é@@dé@sc [riesse Newpeorkarmndiloripnend Getfanyader of
I dentical peg§yd, ﬁéj}e%%% AM"QF QleRRP s O w Vo) K&o‘(x?f{ln]%{?ﬂ%h?gfﬁgﬁg“ ons)

x 100). In ‘one mn sequences are e sane l'eng

percent i dangludy bbe:tmmenhmmed &eqmﬁmﬁeasmgpmb@i sehes mased p|1:l1$ndﬂg stn@ibhni gues
simlar_to thaose described below, with or w.thout allow ng 9

15cal cdlat |Sﬁ6°1 %P’é@ﬁfs ﬁ%@ﬁ?liafeypmflﬁfﬁﬂ %?8?1596%@%@11“@% Y -SRPE 1&6813&3&% The

det er m natl Iy %Ed:f)ﬂﬁﬁ}sl Eﬂdttﬁ%tl'}(@en two sequences can be acconplished
using a rrat ica aI gorithm A preferred, nonlimting exanple of a

mat hemat i cal aI gorithmutilized for the corrparl son of two sequences is the
g|7 g g r2 I6£1 h mnglalhgﬁlrg%flzgéo% t%cl}zggqqpe\% tfﬁ];qqg)lart oJf9 % nown pofynu'c\l%otlde is usedd asSaCII)robeU SA

that selectively hybridizes to other corresponding polynucleotides present in a

25  population of cloned genomic DNA fragments or cDNA fragments (i.c., genomic or
cDNA libraries) from a chosen organism. The hybridization probes may be genomic
DNA fragments, cDNA fragments, RNA fragments, or other oligonucleotides, and may
be labeled with a detectable group such as **P, or any other detectable marker. Thus,
for example, probes for hybridization can be made by labeling synthetic

30  oligonucleotides based on the DNA sequences of the invention. Methods for
preparation of probes for hybridization and for construction of cDNA and genomic
libraries are generally known in the art and are disclosed in Sambrook et al. (1989)
Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor Laboratory

Press, Plainview, New York).
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Al tschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an al gorithm
is incorporated into the NBLAST and XBLAST prograns of Altschul et al.
(1990) J.wbtmwio/Bpab. 215: 403. BLAST nucl eoti de sear chesPcanBiao/p@nfor ned

wi th the NBLAST program score = 100, wordlength = 12, to obtain nucl eotide
sequences honol ogous to 25 the pol ynucl eoti de nol ecul es of the invention.
BLAST protein searches can be perforned with the XBLAST program score =

50, wor dl engf;dizadion bPsRitsdlibndeld M8y BEELriSEaMANAESst { agRorlsO BRY Ot ei n
nol ecul es of” the invention. To obtalin gapped alignments for conparison

pur poses, CappedntBoadliosgivretrugentiybddiastiahesnditioas” isnntéhdsslgonditiens al .
(1997) Nucl ei,c ids Res. - 3389. Alternativel PS| - Bl ast can be used
Soto. per f ortiianiehs ardty RBP4t EFEE et wd el sRERr Pt neen
mol ecul gs.  thattoAth&abyllentds (Blg:., al LAADHoSdipvar baMlbesund) | Birhighiét BhdiGibns 4apped
BLAST, and PSI-Bl ast prograns, the default paraneters of the respective

programs ( ecguencxpepgitentrpad il Rstyfferent ipdiffpse cirgapstances. By controlling the

http:// . nebi ' - =limti I f
nL L B all 0 By B0 05 UL EEL ol B LRG, AT © ©f
2010/ 0794301R0% ddB2f130L808/104hd Srobd eardhegidentt it (Admblogoss @obinM.| | er (1988)

CABI CS 4:11-17. Such an algorithmis incorporated into the AL| GN.program
(versi on 2./¥cmathickh siraeengyicopditiopecands alattrdife sllavisgmrapemaishingds e

packaggq \Wen, dikLd §ozth£'tqo$vﬁrfde§l‘ée f b9 iﬁ*&r@%te%@[f@ﬁét&r@%g@ﬂg' pfigh d

sequences, a PAM 120 wei g esi due tabl’e, a gap l'ength~penalty-of 12, and
a gap 5 penradreyallyf a grobams lees thae dboudll D@fhmexitotintay indksgh etiped fydesselchnn®@ual | y
by inspection, Unless otherw se stated, sequence identity/simlarity val ues
provi ded hePS[eRUAGSHB I  he val ue obt ai ned usi ng the full-1ength sequences
of the invention and using nultiple alignment by nean of the algorithm
Clustal W(Nucleic Acid Research, 22(22):4673- 10 4680, 1994) using the
progr am Al i gmxcallpcitaeizeat ponditiansyatlthadhase pawvhahaha/sadt oncdqriatisnis lessbasi on 7

(I'nforNax, lnc., esda, . S, in def aul t ranmeters; or. any
Cau vaan: PSR MErEdmitEly g e YEICRe M RugPhAcEu PRI TR S Y
sequence COBHIT.G @8 .Braadteibahituré Rrat Bayt dboat NEqUBNSRSt prob&sUest, 10
generates an alignnment having identical nucleotide or am no acid residue

mat ches andPOaricleatines) ed atdesst abrut £8°G &yjlentrroberelte tycaigidharcdhpar ed to the
corr espondi gleg{i{i%g.rg@g}g%%g{létﬁggs 11?1){% %9%!’3‘%\(&4%1% 91]'3 ﬁﬁ?ﬁ%h opsi ng defaul t

paranmeters (aval uropean Biol'n mat1 cs stitute website:
ht t p: / / www. deltiabidieinglaigtte ksdhcds singdnide nHexmpibiy bw stiepcbNAc@rifieRdedudd t he
i nventign can he provi i.n expressjon cassettes for 20expression in any

pr okar Y8t i CYSFIdEak wggfbuéfsw 1ol Yr30de dar Gimgmident & BetlilnePlgi ng, but
o oo gyl R o i g Thoggaser
sequence ofNa(Gid).3 M/eisbdiom citrate) at 50 to 55°C. Exemplary moderate stringency
conditions include hybridization in 40 to 45% formamide, 1.0 M NaCl, 1% SDS at
37°C, and a wash in 0.5X to 1X SSC at 55 to 60°C. Exemplary high stringency
25  conditions include hybridization in 50% formamide, 1 M NaCl, 1% SDS at 37°C, and a
wash in 0.1X SSC at 60 to 65°C. Optionally, wash buffers may comprise about 0.1%
to about 1% SDS. Duration of hybridization is generally less than about 24 hours,
usually about 4 to about 12 hours. The duration of the wash time will be at least a
length of time sufficient to reach equilibrium.
30
Specificity is typically the function of post-hybridization washes, the critical factors
being the ionic strength and temperature of the final wash solution. For DNA-DNA
hybrids, the T,, can be approximated from the equation of Meinkoth and Wahl (1984)

Anal. Biochem. 138:267-284: Ty, = 81.5°C + 16.6 (log M) + 0.41 (%GC) - 0.61 (%
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"Operably linked" is intended to nmean a functional |inkage between two or
nore el enents. For exanple, an operable |inkage between a pol ynucl eoti de or
gene of 280rbavmEst3oand a regul atory sequence (i.e., a pPOFIBENY/000354
functional link that allows for expression of the pol ynucl eoti de of

interest. erab i nked_ el epents ymay.be contiguous or, _non-contiguous.
Wnen used (BT Br D kg iR M iR R LB Gt R HGC BN
oper abl y | igpggghdsiel dal @08 He hllakotidiq it BRITNYAT €0fofRSs Bk§etRntaposame readi ng
frame. The cassette may additionally contain at |east one additional gene

to be 30cotfoamahide metheibybudizhtéoroyodetiming and JAlis the heangthved] the hytred indabe parsal

ene(s) can.b royvi ded on | tiple. expression cas tes., .Su a
Oxpr easi on HRckbi T CE s ludeDp SRR RE Sar AR T4 B e
and/ or Becshiphdhddty Sirk@Sef@inct AFBidizRno @Fpeﬁf@@ly@h@tcﬁ&ﬁ%ﬁ@ €T} & reudeader
the transcriptional regulation of the regulatory regions. The expression
cassette nmayy 4adi tColvarigh Lonf mlsﬁnasr@hlé&;ttglaﬂ, & mpiybelizagiemernd/opgyash
2010/ 079430PCT/.. 0 DL essi Wil nclude in the
5'-3 direé?%%%égf8%8%H%@#%%ﬁ§@§?8§9§?hn%@&F%%@%ﬁ%?&%nél@?%sﬂ%ﬁiona
initiation gxeg@plnif(seqencesaviphi OB adgntitparoNbugrgtieNgeanbe Hbgedsay €0td.on, and

a transcriptional and trans|ational termnation region é%%e., S5term nation
region) furfédicEt SRt sprditions as¢ prlgctest lgdsiadpioy Ciswehibaatheatbamatel | . The

regul atjgry i T 8. L Pt I gi ons,
and 1 ogs! RPAREPSRCITS fon RE SRR SauileRRAT) CpBeRl SaUbERaL XnleTl g

i nventi on msayngh andpHv dlanaicngousely atringentoatitioes tanoutilizo adgbhdiabtiver .

Al ternatively, the regul atory regi ons and/ or sequence of the invention
my b het GBS AL bt ReTHEGORer s et E RO BGRER (| Ak M HEr of .

" het er ol ogQusngehNcdn@ftRING B&LuliIPzct BBAHLAGSN ARl/G WANUEBCE & badr 1PEIbWat es
froma foreign species, or, if fromthe sane species, is substantially

modi fi ed f rthan the shaneel meltihgpaint Ao lgyosiiingaey anedivensganaitiliec # ocus by

del i berate ,h n intervention r , pronoter operably linked to a
et er o SoolS SBroRL FF AL 1 F G X I LEos 208k G- RE BRPrlanUBEET e
from whi ch goae (TRpalsing tee@uatds, Watsrididtion @dd wakh cothpdsitisis! fil deein® BRal ogous
speci es, one or both are substantlalléﬁnodlfled fromtheir original form

and/ or gendhess af eedisary skillwidl yndersind that yargions i theatringengr rybEdizeien t he
operably |iflgd aol Xcﬂjgﬁ%n%%é f}‘ﬁare y Héﬁ%ﬂb&frﬁ\!ﬂ% de@ir&i‘hégﬁéé §t HERRACHAIDT 225 @
y |1 nke o’ a itra

codi ng sequence opera ranscriptionin ion regl t hat
i s het er ol agailts it o T, e diangt58€ qupiroes sod@iohher 3 FMifo@idntide sEgii@n), ey be
native with the transcrigtional initiation region, my be native with the

oper abl%y | iankig! fNACatfan SeCorneshtiatiang 1o thagg Nigheriempiratuse ¢4 hansehost | or

may be der iaedyft QMRS RS i nificic LRAGK AR AekenqLogguS) to the

pronoter, the DNA“sequence “of I nterest, e plan ost,” or ‘any "conbi nati on

t her eof Conueénieoty Rsbeymsnatbiehemeyivems MaoeculgeBiotogpl-anthsideangomwaiil abl e

fromthe -I-i]\_fupclleaz'éS zqqczgl Igf];bév; Part I, Chapter 2 (Elsevier, New York); and Ausubel ef al., eds.

(1995) Current Protocols in Molecular Biology, Chapter 2 (Greene Publishing and

25  Wiley-Interscience, New York). See Sambrook et al. (1989) Molecular Cloning: A
Laboratory Manual (2d ed., Cold Spring Harbor Laboratory Press, Plainview, New

York).

It is recognized that the DNA sequences and proteins of the invention encompass

30  polynucleotide molecules and proteins comprising a nucleotide or an amino acid
sequence that is sufficiently identical to the DNA sequences or to the amino acid
sequence disclosed herein. The term “sufficiently identical” is used herein to refer to a
first amino acid or nucleotide sequence that contains a sufficient or minimum number

of identical or equivalent (e.g., with a similar side chain) amino acid residues or
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tunmef aci ens, such as the octopine synthase and nopal i ne synt hase
termnation regions. See also Guerineau et al. (1991) Ml . Gen. Cenet.

262: 141- ™o 20fwvoomsboot (1991) Cell 64:671-674; SanfaconPet/1B010/0@381) GCGenes
Dev. 5:141-149; Mgen et al. (1990) Plant Cell 2:1261-1272; Minroe et al.
(1990) Gene 91:151-158; Bgllas et. al. (11989) Nucl ei c. 30Aci ds Res.

17: 7891- 796%19368}@65 B3fspeasd agfino 09987 PUNERLId85eURBF TR Rdiiat ﬂi@sﬁfgwft 9639.

Wier e appr agdrl£nind BEdRP hYABGH RALY H8S e BN e R oAt AR AIrdl Ao niafiRASed
expression in a transfornmed organism That is, the polynucleotides can be

synt hesi zedoosnergfuootdonsagivét e Foedkanyple,heihostid bonudlensrdoveqhcosgrtbatsi on

See, f I Cambe] | Gowni, VWD 2010/.0794 T/ 1B2010/.00Q154 (1990
D ant phys by cdRabr sy AR GRSt e g R PO AP i RS L age. )

Met hods sar €758y aich@®! Sotdprefeeatdy 85%:090% yI8ohexdos, 979,984 oPIRL eddntiel gene,
particularly plant-preferred genes. See, for exanple, U S. Patent Nos.

5, 380, 831, %ﬁaect)her%,asgqf,ﬁcmdymnﬁla@- et al. (1989) Nucleic Acids Res.
17:477-498, herein incorporated by reference. 5 Additional sequence

nodi fications are known to enhance gene expression in a cellular host.
These i ncl uttede@tmtihddkipertenf idseiiiensasaihoadidgqsqided eus tRonyialdrmeldt i on
signals, exon-intron splice site signals, transposon-I|ike repeats, and
ot her such f@ePqdueress a@taél@p%@rgaa@éﬁ%%p%% PWHROSHe THe PefceRiBRNItY 0 gene

expr essgiyon. G s of fuh B H]{ﬁﬁb&?ﬁ&%ﬁ Ipdsitihs (R deaéﬁls
averagebfoﬁmgnﬁ?Ve%%ce |E?§?;&BSP;H§§ caﬁ%u ate By fe reﬁcé;toﬁin wn
genes expr ebssdjuemces (e, hesdenc elehtity Whemipo 9§ ideh8cal phstisedoeh acember afodi f i ed

to avoid predicted hairpin .secondar tructyres. The expression
Casaett es RYRE &5 AT FOPEBADHIS~ T0RhdRronS GETRRisat. a5 B oG
15sequences,;eaR samb 1&gt MRNGEcdnf ARAHBIIRARecn thBR8GRhEQah BRUSIEmALE known
in the art and include: picornavirus 'eaders, for exanple, EMCV | eader

( Encephal ompogdediniquss 5imiko frobabandeserlhddie)ov, Brittogr Witleduh adowilg gaps.989)  Pr oc.

Nat | . ad. Sci .. USA 86:.6126-6130),; potyvirus |eaders, for exanple, TEV
eader ToToisA RGBSR BN GE Ty oy SRefnhSgsE ST 165() 25a. 238),
MDW | eader (Maize Dwarf Msaic 20 Virus) (Virology 154:9-20), and human
i mrunogl obul i n heavy-chai n binding protein (Bi P) (Macejak et al. 81991)
Nat ur e 353:G@-dgymingHop aﬁmra@@ddqngad@twwrbﬁm fraunsat cqirsrascompiiad of

325 625- 625 " pANER AT, SRALHER Bhifnadifle OF difemia, |,
Mol ecul ar  Bilgdrivigy voiliz&NBr tiedcon(aeibor( &ff t9®, sedigncdis ke al ggrith@idof-kbhny andind
P T T RN A e O SRR
84:965- 968. Ajtschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an algorithm is
incorporated into the NBLAST and XBLAST programs of Altschul et al. (1990) J.
Mol. Biol. 215:403. BLAST nucleotide searches can be performed with the NBLAST
program, score = 100, wordlength = 12, to obtain nucleotide sequences homologous to
25  the polynucleotide molecules of the invention. BLAST protein searches can be
performed with the XBLAST program, score = 50, wordlength = 3, to obtain amino
acid sequences homologous to protein molecules of the invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST can be utilized as described in
Altschul et al. (1997) Nucleic Acids Res. 25:3389. Alternatively, PSI-Blast can be used
30  to perform an iterated search that detects distant relationships between molecules. See
Altschul ef al. (1997) supra. When utilizing BLAST, Gapped BLAST, and PSI-Blast
programs, the default parameters of the respective programs (e.g., XBLAST and
NBLAST) can be used. See http://www.ncbi.nlm.nih.gov. Another preferred, non-

limiting example of a mathematical algorithm utilized for the comparison of sequences
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In preparing the expression cassette, the various DNA fragnents may be
mani pul ated, so as to provide for the DNA sequences in the proper

ori ent at iwo 2ar0dh7948 appropriate, in 30 the proper readi rRgTiBZIM@000THMAr d
this end, adapters or linkers nay be enployed to join the DNA fragnents or

ot her mani pul.ati ons, may be invol ved (glo)VA| for_conveni ent restriction
qi tes, rondyie aordmat Musue A (LT SAASES et TGl | £ e
l'ike. For tiRictpRifcRQs® thd RLYGN R0 HNAIERRI290), REICHEY pdrEPBhE GA®§ddubidd ON,

anneal i ng, resubstitutions, e.g., transitions and transversions, my be
i nvol ved. \ahgaotay07t9480RCTiZBITLO! 0dlddmitha AdUfdeprogfanpfasrompasngaminge used

inth t f the j i Th t b | d .based
the host oftclorarase ard Tindo et eacbidine Lk gHhafaif oLl dedddiibe "
conbi ne@ WigchalePast ednild 0éed. MligsMenthsf £§d Bdlper@irmed ﬂﬁlﬁmﬂgﬂ]ﬁ@in@ﬁ&tiﬁﬁf

e

expression 5in plants. Such constitutive pronoters include, for exanple,
the core CaW 35S pronoter (Cdell et al. (1985) Nature 313:810-812); rice

ti M El : 9 l.ant. 2. - X i LLi i
s ey ol 000 FLann oy ML O BT
Pl ant Mot . Biuwlobtdi@sdonkingGB0 Yull-phMl detpdsiceesd s tat inved@Rilndibayrmultipl . Cenet .

81:581-588):. MAS (Velten et al. ,%284) EMBO J. .3:2723-2730):_ 10ALS pronot er
(U.S. Pat eritighgentshygneanfdhe algarthpnelusiak & (Nygheie AcshRBeserighi 22D ¥t er s

i ncl ud f X . . N q; . : : 1121;

5. 560, 997 Q%?QB?%@E?“@%’@?%%%;AII, z618“,%é@?ﬁlsﬁ“égﬁftﬁﬁ‘%?’%%n#ﬁ%"??‘?h.

Ti ssue- pr efSarteéttrpon fgindord o mchBatidsta, A0, TS A asige thedtiancedarextprsesisi on

within a 15particul ar host tiss such tissue-preferre ronoters for use
bl ants TR FIUSHCBURTO SRR RSl By rEa AT PSR b B BPORBERS.

r oot - pr ef erd@thaRSAMMbErath thi€ &R e 6 SERRInRLINRL&AKiSn, RAakk %H‘aﬁ%ﬁﬁ@r[tr ed
pronoters. Tissue-preferred prondters iInclude Yamanoto et al. (1997) Pl ant
J. 12(2): 256vgSdenkigalamatcatide ondmin Ro@I7ysiphamatetie dandrinydénsical [B8¢en) : 792- 803;

Hansen .et al. (1997) .Mot.. Gen Cenet. 254(3):337-343; ssel | 20et al.
(1557 151 ansudite bl s Bhorate bt Aifme B3 Bhysi o
112(3) : 133ICHBILALMAV &aioR 1643) abing d3Q0 pafhdbdrs ARYZAHN at tAd B(dpedR5- 535;
Canevascini_et al. ( 996% Pl ant Plgwysi,ol. 112(2):513-524; Yanmanoto et al.
(1994) Pl ardiomépmapiky Biseiute welpsiy: gl gwer. chigenk/lgalpjclmsdwlindexdiiay). . Cel |
Differ. 20:181-196; Orozco et al. (1993) Plant Mt Biol. 23(6):1129-1138;
Mat suoka et al. (1993) Proc Natl. Acad. 25Sci. USA 90(20):9586-9590; and
CGuevar a- GarticaDEA satjuencdO&3he MivaitionlcandeProvid&t dQapreStich cpsatwtf@r s can be
nodi fied, if necessary, for weak expressian. nerally, it wll be

benefi &lal FXBEXPR EsEMRKGERE Y FHAAlS Fﬁimdgrer TERNGTHR P BInterp iGludingr | y

froma pat R@asr kRHULIOPh & a0 AL al gaPYA BB AMRh AR Ls | TRl Y& RARGndIEAM

5'and 3' regulatory sequences operably linked to a DNA sequence of the invention.

“Operably linked” is intended to mean a functional linkage between two or more
clements. For example, an operable linkage between a polynucleotide or gene of

25  interest and a regulatory sequence (i.c., a promoter) is functional link that allows for
expression of the polynucleotide of interest. Operably linked elements may be
contiguous or non-contiguous. When used to refer to the joining of two protein coding
regions, by operably linked is intended that the coding regions are in the same reading
frame. The cassette may additionally contain at least one additional gene to be

30  cotransformed into the organism. Alternatively, the additional gene(s) can be provided
on multiple expression cassettes. Such an expression cassette is provided with a
plurality of restriction sites and/or recombination sites for insertion of the DNA
sequence to be under the transcriptional regulation of the regulatory regions. The

expression cassette may additionally contain selectable marker genes.
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30pat hogenesi s-rel ated proteins (PR proteins), which are induced follow ng
i nfection by a pathogen; e.g., PR proteins, SAR proteins,

bet a- 1, 3-wbrowEssy chiti nase, etc. See, for exanple, RedolBo1evocass (1983)
Neth. J. Plant Pathol. 89:245-254; Uknes et al. (1992) Plant Cell

4: 645-656; and Van Loon (1985) Plant Mdt. Virol. 4:111-116. See al so WO
99/ 43819, herein incorporated by reference. WO 2010/ 079430PCT/ 1B2010/ 000154
OF i nterestTiRI&p FHsﬁHi‘PE@srs&tetxbﬁ‘ltlné‘lﬁﬁe ﬁ%ﬁﬁé%sﬁ(%ﬁirelst@&%ﬂﬁ/anéé fg{onn@ar the site of
pat hogen i nf ectlon See, for exanple, Marineau et al 987) Pl ant Mbt.
Biol. 9: 335ra®4@1ptmaltandt@nslaﬂlona4 m@%ﬁonl\mgleu(m @ra Iﬁbalnter)wad)l‘ébeeqmefr aCti ons
2: 325-331; ,Sonsisch et,a 19 SA 83:2427-2430;
Sonsi sch ettg Vet gyd R/hf‘ns(c&Bﬁogaé&‘i‘.igan%ﬁ“é@a‘é%‘:ml&ﬁ%m@ﬁ‘&n 1996) Proc.
Nat | . Asad.tefihatiddSOei93) AmhBtedral dnts SE6thdt &@aniSA®M nBh-hahman GdGW). Phant J.
10: 955- 966; Zhang et al. (1994) Proc. Natl. Acad. Sci. USA 91:2507-2511,;
VAar ner et aArgulftonompiop . pyomgtels FapgTiptichad Keeulatorgtregipns, @u@sgt}slmoaﬁlt Cel |
1: 961- 968; 7 g): and the
references tg%§ 4 n%ﬁ@ﬁ%}raﬁlﬁ/m%ﬁﬁ %Su Qgg?:éh(r%gngégggH%a? e i nduci bl e
pronot er f afativérendiedons tdRathogtededl, or\tvheﬁsﬁ oehdpr adtstmrivils, the depaedonyyreibns

pat hogen Fusarl umponiliforme (see, for exanple, Cordero et al. (1992)
Physi ol . Mid/opDiW} sesieRce Qlflth%’g@l?%maich%l%’?té@ll%oé@tﬂ @Féﬁ“ﬁ?@ﬁﬁfoe%hcan be

used t 90”0%1'16;1“ AsLREd E&Qﬁlesl%tﬁglr%gé%ﬁ'" i980Echf: @ a]s%gﬁ’érﬁé‘ﬁs MU tlhaﬁe

application an exogenous c regul at or pendi ng
obj ecti ve, drignapesdnob erforray species, ohefifromlthe sehucspeties,ps mhstaanallwmedleﬁed

applicati o of .the.chem cal induces ne expressi qn, a
chom cal - r JBVBESEI [BFB b PO Wi FenaRiciiarsdd dHBBAE T epr esses
gene expr eﬁﬁﬂe%nn&bem&%hmbfédH%k&ﬁ&e@dﬁ%@ﬂﬁﬁﬁlm@rtg R0t he art and

i nclude, but are not limted he nai ze I n2-2 pronoter, 20 which is
activated b}olmnlzehé%lslffomaﬁ@@@ﬂdeﬁfmmfmnélaifwﬁelﬁsfromhéhln]mﬂl@e GST pronoter,
whi ch i act vat

ob| el ectro c conpounds t re used as
ot e- e gorto R P ER e SRR e T L PR T BB o Pepo FaRact t vat e
by salicyl |s@b§@ﬁt€blly@1&tﬁﬁed¢ﬂ@1ﬂ'tﬁ@& orﬁ%ﬁw fﬁfrﬁdnc%pg@ﬁoﬁﬁcs 1efis lolﬂﬂ%r]gﬁﬁltnoteBC' ude
st er oi d- I‘eSpOI’]SI ve pr onot ers (see or ex

gl ucocort i dbPeLthe agEcHIrempics Fasttes opasatsby H@h&o mlyrwcleogé@ 199 vyedpiesrin, aNat | .
Acad. S 99
a9y par. STPRIEOATAOAE AL Mi6ch bberbyy Mokod P MnsEN AR thiiasin .

pronot er s (ﬁ@entﬁam[sI&xampgeustﬁahaccﬁiﬁngadequénb%l) l\/bt Gen. Genet.
227:229-237, and U.S. Patent Nos. 5,814,618 and 5, 789, 156), herein
i ncor p(;toat ed by reference. 30The expression cassette can also conprise a

mar ker gencnar g L A R T A SRR AL e edp RGPS = ©
ti ssues. Markee witbriesopendily tekgdnN4 encodk of irertsthinay be natesi witlathedostsuch as
{hose encodyng neenveL R ehosell Lapel srase 1L (G end Iyaromvely,
her bi ci dal {5OPBOY RIS en@Win@R s e st Mateo ¥Ry 2B i34 IR HBA04[4100154
25  termination regions for use in plants are available from the Ti-plasmid of 4.
tumefaciens, such as the octopine synthase and nopaline synthase termination regions.
See also Guerineau et al. (1991) Mol. Gen. Genet. 262:141-144; Proudfoot (1991) Cell
64:671-674; Sanfacon ef al. (1991) Genes Dev. 5:141-149; Mogen et al. (1990) Plant
Cell 2:1261-1272; Munroe et al. (1990) Gene 91:151-158; Ballas et al. (1989) Nucleic
30  Acids Res. 17:7891-7903; and Joshi et al. (1987) Nucleic Acids Res. 15:9627-9639.

Where appropriate, the polynucleotides may be optimized for increased expression in a
transformed organism. That is, the polynucleotides can be synthesized using codons

preferred by the host for improved expression. See, for example, Campbell and Gowri
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ammoni um bronoxynil, imdazolinones, and 2, 4-dichl orophenoxyacet ate
(2,4-D). Additional selectable nmarkers include phenotypic nmarkers such as
13- gal actwei2zdeggind fl uorescent proteins such as greenPCTOBz@e/0CE@ME4 pr ot ei n
(GFP) (Su et al. (2004) Biotechnol Bioeng 85:610-9 and Fetter et al. (2004)

Pl Cel | 16:215-28), 5§ | . i YP | | . (2004
7 Gl 1 soi 450 Pl g8 a1 R Tl ot rontm oPil so et Metiods 2%
129: 913- 42),rc gGlalRlih AW drl RF § Eé%'izivpgl%%s?-gfbf&%ﬂ) SRR TM i &2 M RS BEerR e,

Bolte et al. (2004) J. Cell Science 43-54)7 For addit’ional selectable
mar ker s, segngeriwcalor gxanyiles Qs BateitIOOR $,380,83 1, 20di 368193t exhMuBage64/511;

Chri st oph l.. (1992 : tl.. Acad. i, USA 89:6314-6318; V.
ot ol (1083 R R4ed B8 TRE AR riin (G Rl by THEKBRS of - 6: 2410- 2492
Bar kl eyset al. (1980) in The Operon, pp. 177-220; Hu et al. (1987) Cel

48: 555-566; Brown et al. (1987) Cell 49:603-612; Figge et al. (1988) Cel
52: 713- 722;Ad6{enahpesquetcegnodificgpoy apy kg wnNg enhange gene axpressiogm 8eelBloo-

beuschl e edtoat TRhoBRRER nTl0s bR e il unMpey 8T RIS L,
Uni ver si ty sifnableexial-ibabg splifeRat Bgaale] tralsposoh 93 refRascandNsthér shcladellSci . USA

90: 1917-1921; Labow et al. (1990) Mt. Cell. Biol. 10:3343-3356; Zanbretti
et al. (199Pprapicgeed sggpencepthamaigbe delgispopntozeyo expgssion. pHiefy £t coptent( 1991)

Proc. Natl -of’%ﬁ@&}}ugﬁﬁc%%n?)a%ﬁ @ﬁg@&%@ﬁ%&%&%?%@%w&{ cdular b9 Nucleic

Aci ds Res. 19: 4647/ nand- W ssman Topics MoL Struc. Biol

10: 143- 162;cabatppnkint tefatncalto kidw® g¥nchrkpressed abtheAgsinted. Gieangidseble, the
35:1591-1595; 20Kl ei nschnidt et al. 988) Bi ochemi 27:1094-1104; Bonin
(2603) P DOUHGS{ SHOTHRY b o1 P i AP Bt B OBRN A Uy 196)  Pr oo,
Nat L Acad. Sci. USA 89:5547-5551; Oiva et at. (1992) Antim crob. Agents
Chenot her. 36:913-919; H avka et at. (1985) Handbook of Experi nent al

Phar macol oghhe e\’lpte.ssimcqss@msimﬁgfeqddit@ma‘ég,comnlﬁ lepder@pqueneds. Huch [crd@8) Nat ur e

334: 721724, Such disc]osures are hereif incorporated % reference. 25 The
above 17at BRErecnab 8 ke T GuREe’ CohDR BRI e Rob P IR oy
sel ect abl e iFALHE Hi@eNEi6R abes UBEEkdnip ¢, TV OVEIB &It (ERiépRdlb@RocaNiiflBsOUS pl ant
transformation vectors and nethods for transformng plants are
noncoding region) (Elroy-Stein et al. (1989) Proc. Natl. Acad. Sci. USA
86:6126-6130); potyvirus leaders, for example, TEV leader (Tobacco Etch Virus)
(Gallie et al. (1995) Gene 165(2):233-238), MDMYV leader (Maize Dwarf Mosaic
20 Virus) (Virology 154:9-20), and human immunoglobulin heavy-chain binding protein
(BiP) (Macejak et al. (1991) Nature 353:90-94); untranslated leader from the coat
protein mRNA of alfalfa mosaic virus (AMV RNA 4) (Jobling et al. (1987) Nature
325:622-625); tobacco mosaic virus leader (TMV) (Gallie et al. (1989) in Molecular
Biology of RNA, ed. Cech (Liss, New York), pp. 237-256); and maize chlorotic mottle
25  virus leader MCMYV) (Lommel et al. (1991) Virology 81:382-385). See also,

Della-Cioppa et al. (1987) Plant Physiol. 84:965-968.

In preparing the expression cassette, the various DNA fragments may be manipulated,
so as to provide for the DNA sequences in the proper orientation and, as appropriate, in
30  the proper reading frame. Toward this end, adapters or linkers may be employed to
join the DNA fragments or other manipulations may be involved to provide for
convenient restriction sites, removal of superfluous DNA, removal of restriction sites,
or the like. For this purpose, in vitro mutagenesis, primer repair, restriction, annealing,

resubstitutions, e.g., transitions and transversions, may be involved.
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30avai |l abl e. See, for exanple, An, G et al. (1986) Plant Pysiol.,
81:301-305; Fry, J., et al. (1987) Plant Cell Rep. 6:321-325; Block, M
(1988) Thwonro10Agpi30Cenet . 76: 767 -774; Hinchee, et al. @Ce9B)01Bv@dier .
Genet. Synp.203212.203-212; Cousins, et al. (1991) Aust. J. Plant Physiol.
18: 481-494; Chee, P. P. and Slightom J. L. (1992) WO

2010/ 079430PCT/ 1B2010/ 000154 Cene. 118: 255-260; Christou, et al. (1992)
Trends. Bi of 8GRBE of p%@mgt%% At be ukbdal théF‘,R ct1é°et oféhe 1n@73>19c%%) BeGrdB6RAYan

10: 309-314; Dhir, et al. (1992) Pl ant siol. 99:81-88; Casas et al.
(1993) Pr odbe shiztted hesed ®dhe hdzEAf gmerm;amﬂm@md @Heome.olihe myclgia988y | n
Vitro Cell 2 Pl ant Cel |
Rep. 12: 18cfa1[1)%% Ci@%meﬁﬂﬁl& COE‘S“t nge 85119&%%%8[)& OYR%”G( Bﬁ’é%‘}terﬁl(f%ﬁx cpion

91: 139- $48,;in plaanKISudh cnstitutivd rﬁéﬂeﬁL{nclﬁde For &xhBDB), tHY @it Calvy 359I .

102: 167; Col ovkin, et al. q19 3) Plant Sci. 90;41- 52; Guo Chin Sci. Bull.
38: 2072~ 20 A8ompish Hadellegr a) ( 9@ rep|1ai$tl 0-GAR): mépcth@/lclﬂwwl NI9MD and

(100u) Pt arH e A 1 ¥ g R RChe Bl o GERD7 By PRILFE0E 13850955

Bor kowska eatndalhrls(eil%@t alQP&‘)Za PIM)MSOIOBZOPl 18r875-689), D103 0astChid §199u) P.

(1994) Agro. Food. Ind Pl ant Cel |
ben. 1ot S nsap it i B 8 S MAB AT et TR G R, T 1ab3E O (ol b

et al. 1 9 91? E%o%ﬁ%/ter (M)S Pa@n@ No g%S % é%?])?’ gérrde%h%g%s V\@?her xon&tut%q)rlwﬁaéﬁx P.

G (1994) P siol. 104:374 of the I nvention iInvolve
|hnt rodu?:: ngndugg fymaxeedt, Ude Ratams tNos.ct, 6@80 S, 5H0RJ 44 Dﬁwhkﬂq:jeirwé9Znt 0 a
ost cell. "Intr LR ~)S, ) pres to the ant the

pol ynucl eotf%‘é” néggg%w’lg%zéi%@ é@gﬁg% “tdtfg{l}t’ construgt gai ns access
to the interior of the host cell. The nmethods of the invention do not
depend on a particular nethod for introducing a po!qi_/lnucl eoti de construct

into a hostTiwleerref@lﬁt@fpmhmterscmhbe Milﬁdﬁmaegﬁtied@n@ stpressiongaitng aaccess to
the interior of r introduci.n

pol ynudseot gl Gt itets Turb Euaereri piales o i ah PG Blidaut upe
known in theyt @fditct B | bdipacferrfdiproRidfterh bt efckRd pedraditR, Sdcapséfene@mt i on

rret hods, transient transformation nethods, and virus- nedi at ed net hods. 25By

"Stabl e tr 2HEMBICHRENGHCMICicHES RERSEP e a IS HE DG PBeIcTYackenst r uct
duced
I ntroduce %ﬁﬁaﬁn@mphﬁﬁ d9’7 ﬁﬂfn?.tfeﬁéir?”és% éé&ggg%%%&”aé g%eﬂ?%m%% I's

capabl e of being In er| prog ther
t ransf or matR/gRiol. |38(7)Wt9e¥&ﬁ)6ﬂHhﬂmh eﬁapoﬂ%ﬂ)lMoe@dnctéemr%ﬂ(&)GmBmBrRmhsel@d into
t he host does not integrate into the %enorre of the haost. 30 For the

t r ansf @Omatd’ 6h (BOTY srpgenin fei 06t 1 508 Rinchart phel- H@40LReBE B9 he
i nvention 3ir19l(3$)r!%§!it1§@ U3 J‘@arﬁé@ﬁﬂa @93fﬁ?mﬂ@§§)l'ﬂbgz(fﬂ%-%@?&gﬁevléw o

the art that swtab or expression o uences i n a
or organi smrof. (19&6@%%%@@ $E2(er b 1M AHfY antrenate et @ (198pHeRdsr G/l t he

preferred transfqroatj echni que and 't r S s.to be
t ransf or me hy\?{@}%é@/fdggﬂgo,ﬁ:@/(ﬁ%ﬁ%f@@@%’géﬂ&ﬁ Dije EO%Q?%E Orozco et
al. (1993) Plant Mol Biol. 23(6):1129-1138; Matsuoka et al. (1993) Proc Natl. Acad.
25 Sci. US4 90(20):9586-9590; and Guevara-Garcia et al. (1993) Plant J. 4(3):495-505.

Such promoters can be modified, if necessary, for weak expression.

Generally, it will be beneficial to express the gene from an inducible promoter,
particularly from a pathogen-inducible promoter. Such promoters include those from

30  pathogenesis-related proteins (PR proteins), which are induced following infection by a
pathogen; ¢.g., PR proteins, SAR proteins, beta-1,3-glucanase, chitinase, etc. See, for
example, Redolfi et al. (1983) Neth. J. Plant Pathol. 89:245-254; Uknes et al. (1992)
Plant Cell 4:645-656; and Van Loon (1985) Plant Mol. Virol. 4:111-116. See also WO
99/43819, herein incorporated by reference.
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Met hodol ogi es for constructing plant expression cassettes and introducing
foreign nucleic acids into plants are generally known in the art and have
been prewousino7esecri bed. For exanple, foreign DNA canPb@/1Brue/omused i nto
pl ants, using tunor- 5 inducing (Ti) plasm d vectors. O her nethods
utilized for foreign DNA delivery involve the use of PEG nedi at ed
protopl ast transformation, electroporation, mcroinjection whiskers, and

bi ol i stics ©Of infir&t MRRHBEH BatRROBA BN o chBY atlirm@st thEMW: St aRen SUcCh
met hods are known in'the art. (U S~ Pat. No.” 5,405,765 to Vasil et al.;
Bi | ang et ahfecidrp9¥oe, feanmamplo; Maddea@0 nl. SEHE) Pletr V!, Bio(. PRBDY34% MatiGen.

Genet., 228; -112: he, et Al 1987), Rl.ant  Sci 52: - 116;
Neuhause et 41 UK SbR e BT MG Dedaiesb ok 2 B 54: SRS 419957 1507,
Nat ure 327:prp0-Nail. Adedch. 1834 83:2421-10R0 BowGisen e/ 20889266/ G seheret al .,

(1985) Science 227: 1229-1231; DeBlock et al., (1989) Pl ant Physiol ogy 91:

694- 701; M Pbas: gdrY g hYO Wbl ee uYadk ABid 156G SV B3 9Ahd SeRedlass Kdeh
ds.) Acadepi | . . h i 5. Pl . Bi ol
CSchu or - arigubi BT Ziark Doiped3 00, A Va9 Al R Y SENE! noa or

t r ansf or matd10250d33e MOW atved B &/NE 9B pPAkune£13:1%1e200e Sidhans bat/nadso)skiabd | ity of
vectors used, ression | evel of,%Fne product s, and, ot her ﬁaraneters. The

DNA sequen&%@lg?£¥ﬁ@*ﬂﬁ§eﬁ?@3@“ﬁéy BéSﬁﬁv?aﬁeé%prﬁPBXﬁméﬁ SIEERFERGAt act i ng
20pl antjg Wi &g ﬁle¥éifl.u§)f§5ﬁ% faRtnt@UGliEIe iRt Bméﬁtot%e'MMﬁg bagls

e ,
i nvol ve incorporating po ynuc?éotléé construct o e inventionwthin a
viral DNA owhd=bdléxprossemuils éndulctd bg thegadgger Edsdrhat mbhidifanpr(edeetar ceimplee

i nvention be injtjal synt i.zed as part o viral polyprotein,
whi ch Iategﬁﬁﬁ9°5€“%ﬂtgggéﬁﬂxgyﬂg?Jﬁ@ﬂﬂ?@@éﬁﬂﬁ9ﬁ%@g or invitroto produce
the desired reconbi nant protein. Further, it is recognized 25 that

pronoters of the invention also enconpass pronoters utilized for
transcri pt idrenbgalviguitcRmnputty ver beessd tivatddotite the expmssiauefc gage in a

pol ynugl.eotide constructs.into plants and expressing a pyotej.n encoded
Pher e o1 VO JTRGEL I SO g PR P PRIl R RB  ePh iR SRR S
for exanmpl ebjddtide, tRep@htotdNasay e BRI inducBIO pAbterd wBER apBhication 98 he367

and 5, 316,931; herein incorporated by reference. 30 In specific
enbodi nent sshemifal Ddacesegne paBessim, phchamiettrsssein Prangeowhg®d to a pl ant

using a varj et =15 0 ' et | - i
transfornaf#gﬁéﬁg%ﬁ%ggﬂ?ﬁgﬁ%%%%ﬂ%g% eﬂ%%ﬁ%?& |ﬁ?@gﬁngggﬁﬁﬁghgﬁﬁpﬁgégtion of
t he prot ei nir@knovad inathé art and idchaigMeuitase fdidingiadd td) the edaiz¢ ThDRprofetepl ant or

t he introduction of a transcript W 2010/ 079430PCT/ 1B2010/ 000154 encodi ng
the praPei nVhigh & %CHéatEfi Bnpenzepesy ! fapapige geli%rfeqiwée,n% fheanajppfig I promoter,

m cr oi nj ectyQpy AlacR#Mitd B%Eycﬁegﬁb%ﬁéj@@&{'o hﬁ?c%orﬁﬁ%ﬁn&%ﬁﬁﬂr@useiq a@?ﬁé’yay et al.
(1986) Mol 'Gen. Genet. 2027 179-185; Nomura et fal . (1986) Plant Sci.
44:53-58; Haplrgmt berbadides(dRiOhy tdProm. PRNA . Iprondetad whth is adtivat@iibiesalt@®: and

UG TNECT IR A IS e e IR L
promoters (see, for example, the glucocorticoid-inducible promoter in Schena et al.
25 (1991) Proc. Natl. Acad. Sci. USA 88:10421-10425 and McNellis et al. (1998) Plant J.
14(2):247-257) and tetracycline-inducible and tetracycline-repressible promoters (see,
for example, Gatz et al. (1991) Mol. Gen. Genet. 227:229-237, and U.S. Patent Nos.
5,814,618 and 5,789,156), herein incorporated by reference.

30  The expression cassette can also comprise a selectable marker gene for the selection of
transformed cells. Selectable marker genes are utilized for the selection of transformed
cells or tissues. Marker genes include genes encoding antibiotic resistance, such as those
encoding neomycin phosphotransferase II (NEO) and hygromycin phosphotransferase

(HPT), as well as genes conferring resistance to herbicidal compounds, such as glufosinate
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pol ynucl eoti de can be transiently transforned into the plant using

techni ques known in the art. Such techni ques include Agrobacterium

t umef aci ewe-20di7ad3ed t ransi ent expressi on as descri bed IpeiraBzo1d/000THe cel |l s
that have been transfornmed may be grown into plants in accordance with

conventional ways. See, for.exanple, M ick et al. (1986 nt Cell
Reports 5: g0 .1uWh@§@°WLi%éﬁ@1nP%na'ﬁgﬁ \ FonkFR R 22;3%3551-; nated with
the sanme trongfiofalede&iviabdriQs fﬁ]'ccfutig pBMotsi€ RlaN&rs @RE af PSralR&idldabdyghghybri d

having constitutive expression of the desired phenotypic characteristic
i denti fi ed.flubwscort pnateias geahersar¢aorfiiotSaeyt phascigr(GliR) {1 end 2804)hat

expression of the desired ot ypi c char ristic s, mai nt ai ned
and i nheri tb,éate )p((? l%ﬁoeeﬁggge@@?ﬂ%ﬁ(&g@?éGgl‘f%‘oégbu@ﬁ@ngeé%)r gésgs%ﬁg%]cyat%e desi red
phenot ygi ¢ fidiadcamtp@bietit (CY H)aBohe em/aQ00eN.e CelllSaidnbé 51 M94MSL and Kgtol: 85 €Nt
invention provides transforned seed (also referred to as "transgeni c seed")

havi ng a pdRY¢RIdleathnteot b9 3utd), afd yahlew flaressenigmotefroPheXEinIfeom an
expression cassette gf the 2Qipyenti .stably,j rporated. into, thejr
Gonone. T aragene: PReAEr SO e Reisied B4Rt Fat fiondl S an
speci es, i nahldhisN@e gBitralROY atrhrtbi EIB9L PCLNDDHE OB Breth B : SHECHI S ChidteHetsoR
particular interest include, but are not limted to, and grain plants that
provi de seedd!. OFRWWraceXe!. A5l -556 dBAN%uimt14;031 8Yier el d1PBp Catht’ §:634Ad

Ar abi dgpsi | . of, .iNnt. In0 r Al . Such corn,
whoat . Bar iy Atph3E0 SRI el 20 S5 RER T BLET. P RBFRCR BRI B o,
soybean, saf7f7l220eHu esUNfID8MRT /] 43 3635s36GaBroval & /. (897alCkd 49 6361 2, dugarvat |
etc. Legum nou;ggtgl ants include beans and peas. Beans include guar, |ocust

bean, fenugtddR8®)<s)pear3-/garRenciie s, (18edaac Nindeeardc LSHEoR¥aR; fava
bean, |entidgq. GRIEKPH ’1ggégﬁroéW#AH&?g?ir‘%g'8@7253@9?53‘?%&#&”& af NCl udes

pl ant cells, plant prot s, plant ce tissue cultures from which
pl ants can (b290) Sgiener 28el80-43B aGivsse@( 19P3) Ri.anthesisuipisersanadf Itidelbergel | s t hat

ceeds Bon SR a8 BRkinluchy Bt DR L 7t 5Bl LEPmLPE! ne
the T ke. Rroomny. 10vusanss 7 anskiD 2000097430 /LRI0N8R)S4smit ant s of

the regenerated plants are also included within the scope of the invention,
provi ded t HE6t Bawer paf 191 Brasr Ne# Achd SchtliSBakfc T 2pd7gnWybeskiiedes. The

present L VEHS ) Mot ADG REMLIRAERSS, FiiliEnd IAWRISES { RRoPfo iGN e auences
Biol. 10:143-162; Degenkolb et al. (1991) Antimicrob. Agents Chemother. 35:1591-1595;
20  Kleinschnidt et al. (1988) Biochemistry 27:1094-1104; Bonin (1993) Ph.D. Thesis,
University of Heidelberg; Gossen et al. (1992) Proc. Natl. Acad. Sci. USA 89:5547-5551;
Oliva et al. (1992) Antimicrob. Agents Chemother. 36:913-919; Hlavka et al. (1985)
Handbook of Experimental Pharmacology, Vol. 78 ( Springer-Verlag, Berlin); Gill et al.
(1988) Nature 334:721-724. Such disclosures are herein incorporated by reference.
25
The above list of selectable marker genes is not meant to be limiting. Any selectable

marker gene can be used in the present invention.

Numerous plant transformation vectors and methods for transforming plants are

30 available. See, for example, An, G. ef al. (1986) Plant Pysiol., 81:301-305; Fry, J., et
al. (1987) Plant Cell Rep. 6:321-325; Block, M. (1988) Theor. Appl Genet.76:767-774;
Hinchee, et al. (1990) Stadler. Genet. Symp.203212.203-212; Cousins, et al. (1991)
Aust. J. Plant Physiol. 18:481-494; Chee, P. P. and Slightom, J. L. (1992)
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5the invention into non-plant host cells, including, but not limted to,
bacterial cells, yeast cells other fungal cells, human cells, and ot her
ani mal cewb=o10a194ddi ti on, the invention enconpasses thecirnBrogo@ison of
t he DNA sequences into animals and ot her organisns by both stable and

transi ent transfqormation nethods. di scussed, herej : quence of
the present ?”ﬁvlégtzgg#@agﬂﬁﬁmé)?ﬁ%g&eﬁ? iT’FF"flﬂﬁgteélfﬂ?zr@%%?%%&m’
Synthesi s of ;hei®n9BagushneP1¥390.38at DHRSer i d(Y@@Zi)_tPl&r% Pgbibr ko@wmgs( Sher man
et al. (1982) Methods in Yeast Cenetics, Cold Spring Hafbor Laboratory).

Two wi del y Qashd ¢rzed 19¥agtsc or. praldies ti$hodf 1 213 bRl 6t ChrigowtPe( H93ake

Sacchar onycg. rLevi siae d Pichi storis. Vi oy Strai ]

pr ot ocol s %ﬁo%%ééyfés@?lo%?‘f% @%ﬁéfm&esaﬁ&?gﬁ%@ﬂ%e&%@‘gg?he art
and avaisl ablss; Db@gnICATERS NichhglRHPR! (1993) RBnLSci. I1MFOL 1439 BFahkliSUT HIaki e
vectors usually have expressi on control sequences, such as pronoters,

i ncl udi ng 3lried phodPYekratie Phiviels 0% O hIGadodin.ox nb AKW3) &fenr a¢- B0 di n of
replicationy,. Lehma i Bull, 385122078 gsaﬁlﬁeet'dh.‘igﬁ@ BIGR ¢S Re .‘i’IhE%e%S ENees
igated to v 0

of the presént Tnvention can alSo be rious expressi vectors

for use in Nr™nsfdrdrk, . Del199¢uCtmrRes. Plannsoirad 2ag-209; Basdoleral.i(gd)
Illustrative cell_ cultures useful for the production of the peptides are
manmal i an ddiils/. wHurtie Beskerselid dBPEIHI@ £e139% 3 We Soskaykp & @ (1€RpL essi ng
i nt act {pr ot gi 3 ehaped. i, t , ILAC ; 293,
BHK21, lgnd %ﬁ}%ﬁppﬂaﬁgg 6 %?ﬁgégﬁr&%%gg?lo%s #g,ra(p?: ﬁgg'em%glgleﬁ}g' %:E? i ncl ude
expr essi on XoRhpa er wé qUeEHQ ¢3gnt <ed/MReps 1 HO8BHR@i Harthar, epd/i 0&P#pBip- a pr onot er

(e.g. the roonof.er HSV tk pr.o r_or P hoglycerat e ki nase)
pr onot er),%h’gq{ﬂ%vn@em?%}e ta%teeﬂl: é‘@f&%lfmtt Eﬁ%ﬁn%f’}] gﬁé?ggéza&@),a%%
necessary QRr Qa83hiadx, M@ I®I4) FsifigSor. 3048748 ribosome binding sites, RNA
splice sites, polyadenylation sites (e.g., an 5v40 large T Ag poly A

addition site), and 30transcriptional term nator sequences. O her ani nal
cells ef for 0 tion of .prgteins of. the present invention are

cvai | ative, Pisrnr HEHIES nf P Rt iaibaiing ) BeBaiREdies BEFRL: on o
2010/ 0794 30B8prik BEAUONAARdHhcARRG @PbbiakR. BECiMfcIubRl” @XRicagsd frgsdatiagei ns of
the present invention in insect cells are usually derived fromthe SF9

bacul ovi r ugo tiouplanishepelpaucdotide cpnytiugeia spefe naan¢Byihe epnsEve 8N S| | kwor m

(oo sonnardas 1 DaAgRhEnaF iy, SRERHIED, Afo S SRRNENERS EB3da ol £
yeast, wherpaftiglemaliddel imfodptiapt pobsiucleetidescoasteud b ayhest, ccipbniadenyl at i on
or 20  the polynucleotide construct gains access to the interior of one cell of the host.

Methods for introducing polynucleotide constructs into bacteria, plants, fungi and

animals are known in the art including, but not limited to, stable transformation

methods, transient transformation methods, and virus-mediated methods.

25 By “stable transformation” is intended that the polynucleotide construct introduced into
a plant integrates into the genome of the host and is capable of being inherited by
progeny thereof. By “transient transformation” is intended that a polynucleotide

construct introduced into the host does not integrate into the genome of the host.

30  For the transformation of plants and plant cells, the DNA sequences of the invention
are inserted using standard techniques into any vector known in the art that is suitable
for expression of the DNA sequences in a host cell or organism of interest. The
selection of the vector depends on the preferred transformation technique and the target

host species to be transformed.
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transcription term nator sequences are typically incorporated into the
vector. An exanple of a term nator sequence is the pol yadenyl ati on sequence
from t he wovnre7ge3owt h hor none gene. Sequences for accuraraBzpdiimg of the
transcript may al so be 10 included. An exanple of a splicing sequence is
the VP 1 intron from5Vv40 (Sprague et al. (1983)J. Virol. 45:773-781).

Addi tionally, gene sequences to control replication in the host cell nay be

i ncor por at %eﬂhﬂ&&o@@@fo‘f%@ﬁs@fucﬁﬂ%@laﬁﬁ u@%&%n%@é&@@es‘ a'ﬂdt?l?d/ddi'l@m@ef@ﬂe énomi virus
type-vectors (Saveri a-Canpo ( Cl oni ng Vol a Practi cal

Appr oach, Ducldic @idpviato, plEds arelgenerﬁﬂseksqwmm the gtt@nd hvae beepprevaaslh238) . 15

Ani mal d Kk . Q.
o R S o i S o R RE oS RO, O

wel | - kngwn ingidnQaai phladridreeieed. nGthEBNAethBEPutavei®br foRligrSDNIN@SEetyncl ude:
cal ci um phosphat e preci gﬁt ation, fusion of the recipient cells with

bacterial prulvpihgsseot Géﬂ@ﬁlﬁgd pieéopbiAtransferatationt clegtroporatipe, r eci pi ent

cel |5 i th LICRARRNES, R AL 1A% e NANTEABABX bEh R BLFERS ARRLTNEN.

biolistics, M Cro-1 nj ecftlono rec rnto ece

t r ansf ect edlpwdel Sucﬂiﬂ‘rﬁethbdstaﬂé Bﬁioxblylmﬂhaaﬁ @es) Pd(nNWB 405, 185etoardsil Kuichl er
(1997) Biochem cal Mthods in | ture and Vi rollgg?/, Dowden, Hut chi nson
Af &wén

and Ross, Iitang ef ok P9 4 Fgpe Q- %§125pf%‘ﬁ‘6@rﬁtla{f gPal) gé’él”b? ¥ari ous
strain of | r I ed in

t he rre?r?od 1?1‘4 ltcl(%et}}lﬁll\?g%,tgl:/%n(l%gman &usedﬁprlg é%gﬁ?dga%sgﬁétt?& 9zg))(z,‘?zences
whi ch are d@febneghphéemirn’i: 30i36c Kildde epa/oiiASh) Vafor 327 aisET;iHtwaneriani ti at i on,
optionally , 2l ong wt j.hosone i ncl ude
such commr{%édjssalf”ﬁ g@i%%@%“[}ﬁéa bé?%gi)gp‘teﬁffa%g qg@ﬂq%ﬁ (beﬁﬂ%%)e 30and

actose (| ag) (BROFPLAF PRYSIEDO (.GOAND1 Slrcbs fol%?;%t atang B9%056)  Lhe

tryptophan (trp) pronoter system (Goeddel et al 80) Nucl ei ¢ Aci ds Res.
8: 4057) andWm@bh@MaW@@iébaabﬁde)IAdethe¢SSahd (I‘ll%@rﬁéldri\debb@@rm Rbinidi ng

i i | 92:128).. Th | |
mar ker 31 n B @ PR G AR RSt Reqe D P WS B S i cs of
such mar kerficth6® bligenrs@eRRatos BGehiyipte O RALE 10:6 94 IRREIAKE hB1IRPEL 54

resistance to anpicillin, tetracycline, or chloranphenicol. The vector is
sel ect ed t o/esloroNseilrpERItion iyl ¢ e@eﬂoﬁéiuawﬂ@mheap@ramﬁs cel|. Bacterial
vectors are typically of plasm d or phage origin. Appropriate bacterial
cells are infected 5 with phage vector particles or transfected with naked
phage vect oFheDNRA skfludace efh dlv\éﬁtﬁxtmrhaj' Be ume)ducddhﬁtot}ﬂﬂttebjr abnte@inks are
transfected with the plasm d vector aEresa on systemi for expressing
a prot &ln dranthwit rae%@ﬁpr Vﬁ%léﬁlﬁet?rﬁcéﬁse Gepsrallyptush methifs ea¥alYq us sp. and

Sal monel | a ﬁgg{)y@t@ ?blyn&é}%&?d)e GRAfcLsr t?wg Hrverten witRmRAGR gN&lof)FwS?’)

Nat ure 302: 543-545 respect to fusion proteins, "opera i nked"
is int endednolecufeah 1areCogrotadahatl the & proage oﬁéte\mmmtlbmma@rrbermmlellgl enents or

oo s el 1 s 0 RO a0 o L, S B ©°
desired fungtjp rbr(?ﬁ vild8o YEIuBE (HIRISir&l @B&HAbiRant protein. Further, it is recognized
25  that promoters of the invention also encompass promoters utilized for transcription by
viral RNA polymerases. Methods for introducing polynucleotide constructs into plants
and expressing a protein encoded therein, involving viral DNA or RNA molecules, are
known in the art. See, for example, U.S. Patent Nos. 5,889,191, 5,889,190, 5,866,785,
5,589,367 and 5,316,931; herein incorporated by reference.
30
In specific embodiments, the DNA sequences of the invention can be provided to a
plant using a variety of transient transformation methods. Such transient
transformation methods include, but are not limited to, the introduction of the protein or

variants and fragments thereof directly into the plant or the introduction of a transcript
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15 I n one enbodi ment of the invention, fusion proteins conprise a repeat
domain of the invention operably linked to at | east one protein or part or
domai n t woeofo/o7p430cert ai n enbodi nents of the inventi onpCrhB20po/eaoesan or
part or domain thereof conprises a protein or functional part or donain

t her eof, that pabl e .of I.n 20 ot her. enbodi nent s,
e e n or Pholits SRR ilogh st Stpmaclgs ifde, SFamBl. Flisiow SHPRg g’ a
transcr'ptkﬁ@ﬁhwﬁﬂ&hMﬁ&&ﬁmﬁrS%eHB@&éﬁﬁﬂ@kh@ﬁ%b/Q@EW?ﬁ%@BAkFG%EeG&%Q
proteins include, but are not [imted to, transcrlptlon activators, a

transcrlpthﬂﬁ]ﬁ@ﬁhésEbnEHaa¢ﬁd§9&®dﬂw@4had%aiﬁﬁ©Iﬁmhﬂ@rm@(ﬂﬁﬂbPeases

acotyl ases Vbreetyt nons? | TENoRRGT s 5T AEELY s /4R e SeiE: T ases

2010/ 0734301WF/7387%Q1£M QWK@H are herelnTﬁU@rﬂcﬁhﬂe@ AEfeRNTPA RS aRIRiher ed by
way of illustration and not by way of Ilnltatlon 5EXAMPLES Exanpl e 1:

| dent i f i catiodyiugkeotigrecaBds t@m@ntlmms@p@aﬁdﬂm@lth@/pl@m USNLS tEehneques K8OWRE f act

target . 10gaout RAgYepiiRs T Ao BB AP TG USRI a7 2 007)
Sci ence 31&xpASsiobd8Jescibeiipll@d us to investigate the basis for

DNA- sequence specificity. Each repeat region generally consists of 34 am no
acid, and the repeat units are nearly identical; however, amno acids 12

and 13 1gr e Fheneny ifat ?’Me%e&?‘frgﬁsrf&%@ﬂ rﬁz}%l na%ro(xx%qgt@)piat}tf n%t:o@gﬂc%'vﬁlth

163: 256-272; Fig. he nost C-ter repeat of AvrB oOWs sequence
15sim !l ari topntzmtmhhiemayseﬁeatfoumanq)l@rMc,Cormmkt&aﬂl(ﬂ@%)ﬂamﬂaﬁb’?@o'rtds and is

t herefore r s hal f eat. The repeat units can be classified
e o Ot f orEhkl Snt rinann HER R ahoRar CHOS oy M T BsoRmEng 15t h

am no aci dstra(ngfogmeé-ﬁ}am BEGRRS Etlf‘éﬁnss 'aﬁ@tlf%freﬁdl‘ﬁlgq?ﬁ?ﬂ)‘ha(fﬁl% doRfiddd (21) bp)

al nost corresponds to the nunber of repeat units i'n AvrBs3, we
consi der ed xheesgon of thie|desiredtthanotypie Ch@r]@etanstmd@nttﬁedA\TrvBs@ neoistestistiane 20

180et aScn PupBSEioRR b onatl el B ERRE il RS Re Do R b BRERAE et ¢ s

certain repealy huResn&PiidahRiRedhidthsP @it hervbasEtopakirs ckprebdién bxhget DNA.
For exanple ﬁb and NI repeat units have a stronaﬁpreference for C and A,

respect i veldgsicr phenagpic dhgracterisiin hasitiegn aghacyeds iyt @appdrythp gEesenti n t he
upper  ( Sen%ﬁ'}eng\lﬁ‘p%vrl@e@qrangdﬁngﬂ) geh (ﬁgo referred to as “transgenic seed”) having a

polynucleotide construct of the invention, for example, an expression cassette of the

20  invention, stably incorporated into their genome.

The present invention may be used for transformation of any plant species, including, but
not limited to, monocots and dicots. Plants of particular interest include, but are not
limited to, and grain plants that provide seeds of interest, oil-seed plants, leguminous
25  plants, and Arabidopsis thaliana. Seeds of interest include grain seeds, such as corn,
wheat, barley, rice, sorghum, rye, etc. Oil-seed plants include cotton, soybean,
safflower, sunflower, Brassica, maize, alfalfa, palm, coconut, etc. Leguminous plants
include beans and peas. Beans include guar, locust bean, fenugreek, soybean, garden
beans, cowpea, mungbean, lima bean, fava bean, lentils, chickpea, etc.
30
As used herein, the term plant includes plant cells, plant protoplasts, plant cell tissue
cultures from which plants can be regenerated, plant calli, plant clumps, and plant cells
that are intact in plants or parts of plants such as embryos, pollen, ovules, seeds, leaves,

flowers, branches, fruits, roots, root tips, anthers, and the like. Progeny, variants, and
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25recognition specificity is supported by the fact that the AvrBs3 repeat
del etion derivative AvrBs3Arepl6 which |acks four repeat units (All-14;

Fig. 5A Wp22moomsnzes a shorter and different target DRATABZpu@n@es4 Fi gs. 5
to 8). Based on sequence conparisons of UPA-boxes of AvrBs3-induced pepper

genes and nutatio anal , t he target x of AvrB ears to be 1
bp I onger tRYANE 6 Cereiae G s arg iead R Readre Pﬁﬁd@YpePP% aTis
conserved gkotil&] Mat @B &fnsfcbﬁ HEeAthE%rddﬁ‘IH&ﬁlbcﬁ Jeoliti&cedi ng the predicted
recognition specificity of the flrst r epeat ig. 1). Intriguingly,

secondary structure predlctlons of the proteln region preceding the first

repeat and e eat re ShOM/SIn1| itie des C
o 0- sequents upRaERvat Rg i St tbdherThl IS BN Sabn b e
repeat @ ( Fth@mvéﬁi}on 1nm&10§19ﬁﬂ169ﬂ&ﬂﬁ’qﬁél@1&% 10t @801 dcd B, badtédacells,

substanti ate and extend our nodel : we predlcted t he yet unknown
t ar get DNA}@@W@%%@@%&IH%&@@%#@W&@ cqi alei other avmakgededowdditins, Sequence of

their r.epe;}fuye‘#ﬁ ﬂoh%g?o%%ja[ %]erﬁﬁe &Er%ﬂucttf&% ! lJe{@l}I%rs%q Jne%s“ﬁ‘éﬂ‘gn}@'ggsfa%@&ﬁ{er genes

and their resence o ive

identified cﬁgqmleﬁbcstamblerugldttﬁasmtafhnefoadaﬁcnembﬂmds.t y in pronoters of
alleles that are induced in response to the correspondi ng TAL effector, but
not in non-induced alleles (Fig. 5CF). The presence of these boxes

suggest;y t hat dlgxgﬁsédr}fe fr! d, lgﬁlgse 11%6 S fif Eptresteﬁf ﬁi% o?ifcah e e?@‘regs%ﬁ ppndi ng TAL
effectors. Bas on t as requency for d| ferent eat types in
Eﬂe éﬁAt?rghﬁfBNknsggugpfas.Eshﬁ@?eDQMﬂmﬁkgoeipdgnmﬂaansdeﬂmmadgeﬂcoge f$r
e arget specifici certain.repea ig. . To
experinentdgp SF@H@P@tﬁﬁﬁﬁﬁgbgkﬂ%@sﬁ? k@ﬁég g%ﬁ P¥nces for the
TAL ef f ect QrapoHsrd). (o éldegplﬁﬁ{zeﬁl Neds®) for bi%’&ﬁct(&]of{'_éukﬁ@@@é pldfiihsSare and Hax4

(14.5 repeat 15 unlts) from the Brassi caceae-pathogen” X canpestris pv.
ar nor aci ae J@RQharomyeestceransiagenid Vechie pegetis. DIt sarsing,gind Hsotgcan tbr Hax 4,

because .t he exclus el y contain eat -types .present in AvrBs3 (am no acid
15/ 13: R | Colrgmyosy A FIAD s KB i ierr i Brfishomhd gene
activation damt@erblempehewe gxﬁﬁzliﬂrd%m Bulityble ThG@oraxdalpnehvlaxgretsddrget boxes

were placed in front of the mnimal (-55 to +25) tomato Bs4 20 pronoter,
whi ch has vepffolisarensas archastnrometprs, schistingadphesphaglycqratgdm)asapr alcghodnt -

M-cr obe | NtSEASL - a_né%n Jo%é%\é%g]?lca{: b tel%ﬁnatl:ongs @&Cesdiﬂd\‘[hgﬁk@asoéegﬂ@&.er less

ui dA (0- glucurdénidase e or ‘el ‘gene. tFransi ent expression
studies, we transfected the reporter constructs together with caulifl ower

nosai ¢ Vi rus 358—pronnter driven effector genes hax3 and hax4 into
Ni coti @fa bERRaANSF=CT Banween S1vsgtiMyFBIFAA &5 Hented toyaHRY QPEFSIPD mHRRLOTS

del ivery. Qya}dd 1Httﬂa}{§eﬂ{h% c%)}(l%ﬁfthﬂe%f M%n@%ﬁaﬁ%ﬁﬁ%éct@ﬁ ﬁldsﬂgt%% dchat

pronoters containing t oX were stro gly and specifically
i nduced i n cultures useful for the production of the peptides are mammalian cells. A number of

suitable host cell lines capable of expressing intact proteins have been developed in the
art, and include the HEK293, BHK?21, and CHO cell lines. Expression vectors for these

25  cells can include expression control sequences, such as an origin of replication, a
promoter (e.g. the CMV promoter, a HSV tk promoter or pgk (phosphoglycerate
kinase) promoter), an enhancer (Queen et al. (1986) Immunol. Rev. 89:49), and
necessary processing information sites, such as ribosome binding sites, RNA splice
sites, polyadenylation sites (e.g., an SV40 large T Ag poly A addition site), and

30  transcriptional terminator sequences. Other animal cells useful for production of
proteins of the present invention are available, for instance, from the American Type

Culture Collection.
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the presence of the corresponding effector (Fig. 2C). Likew se, we
addressed the inportance of the first nucleotide (T) in the predicted
target DNmOzemuemse of Hax3 and generated four differenPCHAIRBH000eSt Wit h
either AA C, Gor T at the 5 end (Fig. 3010A, B). Coexpression of hax3 and
t he reporte[%lp constructs i.n N. bent ham’.ana%tﬂermnstr.at ed that onl r onot er

a
cont ai ni ng ‘aPHERAAG YL {9 XPEoSSHE RECiRg Plfhe PYFSPTHABYSBHOR Y 1fget ﬁ%/léssaégce of

Hax3 wher eag,ined@ive idnl &€ SFO vaBREGFusASHKMA InQebt CEl Bnesli@hde MBiGuilondi cat es
that position contributes to pronoter activation specificity of Hax3 and

| i kel y ot hdarv@Alsilewbeetaymywoito, mddraad Prosmhgesslil bindsi sugh ahabclyemder cepeat

types confer 2010/ 079 / Bﬁg 00Q154. brga ecificity, i.e.,
recogni ze ﬁﬂﬂﬁgg?ehgﬁ 5 erggésge:%ﬂv%m qa%zfpa %fp{lﬁegﬁggﬁdﬁ @x (Fig. 3A, B).
Transi egt GUS assays showed that NI-, HD-, and NG repeat units in Hax4
strongly favour recognition of the bases A, C, and T, respectively, whereas

NS- repeat AnivitB yeessawisndesher pnipglpr plastdipsy qlly araenplpyeg. pelypdenydntionwer al

generat od APPSR RO RERH Wity inctp @RI nd ek Rhe T

deduced a cuum@RMademgnidAsdqaeghs thegolgdeugiim segidnge tom thodevipEi g. 3C) .
Anal ysis of Art X1-box deriyatives denonstrated that NN-repeat units

recogni ze HBPWthhomanezens peysperdpeircrrt o ligngmt ghe tmperintingy 4leshy ¢

confir 0 IAGEJ gk T ! i i ai ns
ol T her oan A L Y R e R
5C) . I n addi/t({1683) néirdérdisviad- i Axdikstsiralleg, gwe Xadibnbwxe sontidl mepdichti@r inA or G

at position orr onding to NN-repeat units. in AvrXal Q Both reporter
conbtr uct o Yehe PHIGBEFCRPTEISR (0 0 W kare Lrehee 1amyl Ipggueher |t hese
data stronglayilRuaoeas t&ﬂb@ec&ﬁﬂ?&a’if@ﬁ@—@anfpﬁw%s ENQTIGEnSNBE I b prasg pairs
whereas others are nore flexible. 15 An exceptional TAL effector is Hax2

because it ApmeahnD. 86 GavaioEdcIRdsPrsss, Arbipetan, Yaspreadd3d88t.he typical 34
am no al‘éi d-repeat units (Kay et al. (2005) Mdl. Plant-M crobe Interact.
18:838-848). In addition, Hax2 contains a rare am no acid conbination in

its second A@pRAind RWePOuIAEYIHS (&.%/, $3ast) Hast &dlllg areAympcynt BEFoRUERE ed t he
corresponding third 20 base of the Hax2-box and anaI{zed reporter gene
acti vat i on sampstenhor dmpefestion yasepious megns; Bere aehssivesst wad<agwn Trtkodsipbwed

that an IG; fxe i fici r (Fi g&b( x only
| eads to pr%ﬁ%ﬁ%?nggg‘ﬁﬁvlgﬁ %ﬁlﬁglyge g'xjgzt?ésiﬁltdu-r&gt fa%c?u@)%s%}&&arx I gf 20) .
Thi s denondusiah esthchedipidht @it Rathaat@ritlgpemplagiiichstafnimcthe ONA | tket@éntaifi no
acid-repeat units. This js supported by the fact that the TAL effector

| S
Avr Hah12025,{A¢ EXFRGH Callny s Epaemiss cariprineehe AN P EQE dentine elsclayeration: at ed
resistance ‘t(io—cl?sl?i%,%ﬂ& lfnicro-inj ection of the DNA directly into the cells. The transfected cells

are cultured by means well known in the art (Kuchler (1997) Biochemical Methods in

Cell Culture and Virology, Dowden, Hutchinson and Ross, Inc.).

25  Prokaryotes most frequently are represented by various strains of . coli; however,
other microbial strains may also be used in the method of the invention. Commonly
used prokaryotic control sequences which are defined herein to include promoters for
transcription initiation, optionally with an operator, along with ribosome binding
sequences, include such commonly used promoters as the beta lactamase (penicillinase)

30  and lactose (lac) promoter systems (Chang et al. (1977) Nature 198:1056), the
tryptophan (trp) promoter system (Goeddel et al. (1980) Nucleic Acids Res. 8:4057)
and the lambda derived P L promoter and N-gene ribosome binding site (Shimatake et
al. (1981) Nature 292:128). The inclusion of selection markers in DNA vectors

transfected in E coli. is also useful. Examples of such markers include genes specifying
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et al. (2008) New Phytol. 179:546-556). The repeat types of AvrHahl match
to the UPA-box in the Bs3 pronoter (Fig. 5A, B). Interestingly, the

expr essi omoabioegs30i n Ar abi dopsi s thaliana | eads to pur pCe&/IBDI1@M0eE!

30l eaves, indicati ng an accunul ation of ant hocyanin (Fig. 14A, B). To

identify Hax2 tar S We an zed er regions of the A thaliana
genone usi 1§ ?ﬂcteg mg’é"gf htetrP‘é}fcﬁﬁ%/@ﬁCh GWW/[ar abi dopsis.org) with
degener at ed Hax2-box sequences. One of the put ative Hax2 target genes

encodes the MYB transcription factor PAPL (Atl (G56650) which controls
ant hocyani nltivestpnisrebiced((@elewintrodectial intq ROEP)ropfianhowoell. Bacterial

2010/ 079430PCT/ 182010/ 2:2383-2394 titative.anaglysis
of he. PAPI EPATS NIRRT El s uh R R AT, RRPTORREE AL BR 61 Madfered

strongl y i %ﬂﬁﬂ@hg@&beé‘ﬂ@%ﬁaﬁlﬁbgor thfislectdivitthakie D pREE! Veotdr TINA NE a BAEi@r onot er
regi on reveal ed the presence of a suboptiml Hax2- box (Fig. 14D, E). Based

on the codeveror isTaed.dhe beatasial eellieue tranghected withy them_i}}snadcye@tﬁé%@dat a

descri bed r i.tional
TAL of f oct arD a3iE sBH e AR AL L K o Bl TN B M BT
1) . BecauseBdcifusrsppait Suvoiedl: (Palvd Alalef1088}) Gerse ZZaIi@e%ﬁf)rMmssﬂacﬁ et@l.28.5, a
key questi on is whether effectors with few repeat units can activate gene
expressi on. %r]\é‘ft@’ﬁéoz\/@é P¥1-ested how the number of repeat units
influenges target gene expression. For this, we constructed artificial
effectors containing the N and C-term nal regi ons of Hax3 and a repeat
dormain w t HWeth Sespoct 16 fisiddlproepaatoperibl sliflepé ad Mtanided tof roeanG) funfidenat echni cal
reasons, e fir eat in all cases s.NI (specific f The

Cor raspondi T ESPse TR BoRoCsisr et I EEraseech e By o Fi g
4A, B). Projiei&E afltd 36add Ry BoRNertddGn dbtideh Ghd ofahd G O BoMaSerBASIY ed
using the transient Bs4-pronoter GUS-assay in N bentham ana. Wile at

| east 6.5 reyetatn thaidesroddnectivaeddit thororgeere clendutst i on, 10.5 or nore repeat
units Isd to strong reporter gene activation (Fig. 4C). These data
dermnst ate that a m nimal nunber of repeat units is required to recognize
the artifi gh@he tAbeeindRNGY 10X \@RGod GldidPp Bt GR@nEHRE @FepcaNdont4lf of gRul t S

al so suggest that effectors 20 with fewer repeat nunbers are |argely

i nactive. WVHEQB operally ltnkad ta ﬁée%b@@anroteég@rdwﬂdﬂrr dpmainetheecef. olisceHas a

sequenti al ce.
Hence, it s c]ﬁ %I{t?@;tgg %Jeﬁﬁ 118%511 & 1%?? Otd)ora\sﬁ?%}\}te gﬁ%@@\ﬁﬁqﬁgﬁdl ng
specificit i@&’ﬁ.mc_ﬁbﬁﬁ@aﬁrdrldbhﬁlrﬁﬂheleﬁf eleit o GplElt of grdEagdN A RNA. B t X2,

Art X3), each with randomy assenbled 12.5 repeat units (Fi 3C, D), and
t est ed 2or qthIGEOEMGHS, BEUCD 9p fiBirH PRl pﬁ%ﬁéé&)@ﬁlﬂf &F §Ca@%{%ﬁfm ng

predi et od {86 8RB SRANEARR Al abPEEPLARLbI G Pl RRLEOpLEa ronal y and

specifically In reporter only 1n resen e of e corresponding
target DNA-froing Emcgude;%Eut #F¢ got limited tQuiramsodptionf zmtwatersog manSCuptlstECI ficity of
TAL effectors in which one repeat unit contacts one base in the DNA

via am no aFSIi’r(ﬁ%SOiszaé??bSt%ec?f‘e Ug FUFRA USHART e OPPSOBFENT fl '8He bi ndi ng

speci fici tMn@@rases, recombinases, resolvases, methylases, acetylases, demethylases, and

25  deacetylases.
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30 TAL effectors and identification of plant target genes. As many TAL
effectors are major virulence factors the know edge of plant target genes
will greawbyomnhisdsoe our understandi ng of plant di seasePd@xuBtopnenss caused
by xant honpbnads. In addition, we successfully designed artificial effectors
that act as transcription factors with specific DNA-bi ndi ng donains.
Previously, zinc finger transcription factors containing a WO

2010/ 079430PCT/ TR 060 %&%P@Q%é"ﬂf?e‘%é%ﬂ?ﬁf1IRLEtthidﬁCanH'nBQ§§w'el?'ofs have
been engineered to bind Specific target sequences. Simlarly, TAL

ef fect ors Hawigatwn| i near DNA- bi ndi ng specificity that can easily be
S5rearranged. It has not escaped our notice that the postul ated right-handed
superhelical structure of the repeat regions in TAL effectors imredi ately
suggestg a possi ble mechanismfor i EeAMIIEN W th the right-handed helix
of the genetic material. It will be inportant to determne the structure of
the novel DNA-binding domain of TAL effectors conplexed with target DNA. 10
The fol |l owing. | : ntion: 1)
Predi cti on oF qufA]E ﬁfec ngB-

honol ogous proteins and gener ation of resi stant pI ants 15The repeat units
of the repeat donmmin of naturally occurring effectors of the AvrBs3- famly

encode a c&@é@ﬁdh%l%‘ﬁer?ﬁt]ﬁ@% the, BEHF S, f promefeiselemertdy H}dﬂlic%ta%ﬁuences
can be jpr ecﬂeﬁ&seg( ygetrtl IB{ t(ftﬁﬂ SELRN §1'896‘42§3?§|le Rornefrwﬁl 2160'7 § sGbAl J1Rg@sLi on of

t he pre icte Ion equences In front ne in transgenic plants

| eads t o explggsomptedius tdwmvgsbilgeteithe bdses ﬁ)ODﬁ\éﬁsp@mdncﬁgspémﬁsta EackeepZ@‘ef fector
is translocated i nt the tgécel.l

e.dg. ring a bacterial jnfection). If
Lhe T ocogniieron sbnamsRl S idert ke i d O e dndSie Tl deBliGieser bn
leads to a %%fe%&cﬁmﬁrﬁﬁ&‘idsqu a(xlaqs'a% RSy IREIcAbEREnA&Ne L. 95006h 9. Plipnt . such
constructed transgenic plants are resistant agai nst an infection of plant

pat hogeni ¢ %@@érlﬁé 20hi2dB; Figah). dbamest Aecmonplasprandf AyrBsbfsbeveoscquas?) The
Ie? fe gf:lt B:ch; I]f?lﬂ \}& %@%t 1fe§ﬁ%qes t\SNgI?ly mnt e[X %25?38 Ia?r{llnol gculisnegn Hlereyfore re ?r%hf 'c

to as half repeat. The repeat units can be classified into different repeat types based on

their hypervariable 12th and 13th amino acids (Fig. 1B). Because the size of the UPA-
box (18 (20)/19 (21) bp) almost corresponds to the number of repeat units (17.5) in
AvrBs3, we considered the possibility that one repeat unit of AvrBs3 contacts one

20  specific DNA base pair. When the repeat types of AvrBs3 (amino acid 12 and 13 of
cach repeat) are projected onto the UPA box, it becomes evident that certain repeat
types correlate with specific base pairs in the target DNA. For example, HD and NI
repeat units have a strong preference for C and A, respectively (Fig. 1B). For
simplicity, we designate only bases in the upper (sense) DNA strand. Our model of

25  recognition specificity is supported by the fact that the AvrBs3 repeat deletion
derivative AvrBs3Arep16 which lacks four repeat units (A11-14; Fig. 5A, B)
recognizes a shorter and different target DNA sequence (Figs. 5 to 8). Based on
sequence comparisons of UPA-boxes of AvrBs3-induced pepper genes and mutational
analysis, the target DNA box of AvrBs3 appears to be 1 bp longer than the number of

30  repeat units in AvrBs3. In addition, a T is conserved at the 5' end of the UPA box
immediately preceding the predicted recognition specificity of the first repeat (Fig. 1).
Intriguingly, secondary structure predictions of the protein region preceding the first
repeat and the repeat region show similarities, despite lack of amino acid-sequence

conservation. This suggests an additional repeat, termed repeat 0 (Fig. 1B).
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The prediction of DNA target sequences of a corresponding effector of the
AvrBs3- famly in the pronoter region of plant genes is an indication for
t he i nducwbl2e10ewpe3essi on of t hese genes by the effector PCOgBrgovives4ret hod
according to the invention 30it is possible to predict inducible plant
genes. Predictions are particularly straightforward in sequenced genones.
WO 2010/ 079430PCT/ 1B2010/ 000154 3) Use of other effectors as

transcri pt Imﬁhh@lcgutby@ﬁ@a&é and e Q4RI GRThQLR] A S BB wARA BRI e tyRt dfl@owae of
Hax3 and Hax4, the predicted DNA bi ndi ng sequences of other "nenbers of the

Avr Bs3- f amtm;ge‘daNAb@qumw o%&mtmr@orms&nﬂt effecters bgeedemahesqgevnacaritthat | abl e
pronot ers mhlch ca

|nd res |n ffecto 54
Pomerr ot i oRa wiRaRfins et Rt SO STR IR B e bty bl ot Aetes
i ntrodused forthe ppés@ﬁuesOf patatist bu@lﬂga@it%s OB edMES® s@MBH@S Sha@dhingthender
control of an inducible pronoter. Secondly, a target gene that contains the

Hax3- box i rPredieice seseiicaiy. in PrInRieisoh abigles that asg mcblggd wrregfonpsedhe eads to

producti on nes he

Parger genconmngiBirh ELALELE ohgh il BT ERRIS 1B SEST TG el

t wof ol d expifelxst GoxSWupgdtswhitahe ﬁlldhcn&Sgeaeyﬁe idirbttaargu@iof st cirefontding t ar get

gene. The trans-activator and the targ@ gene, can al so be present first in
g

di fferent plaheffpstpesBased ondhe BAA hrse @gcéféora@lffmem repRHAYRS§ St o thi s,
Hax4 ang tRg..copNes n%g{}éﬂc@g &ﬁ%éﬁ@f}é@ ?Fgm Us€fedulBd céd’éqo??eqﬁ%a' so be

used wi th otHher rs o y or art| Icla rivatives and

predi ct ed Dhifet segétitit b egtagneesat tiijes (Fignt€) PDn&ki )y of the system coul d
al ready be verified. Transgenic Arabidopsis thaliana plants were

constructed, which contain an inducible avrBs3 gene as well as a Bs3 gene

under contrgJ nhkﬁmﬂﬁkhﬂﬁn@éﬁﬂﬁéﬁﬂmw%ﬂ&ﬁée@&ﬁé&?ﬁﬁ&@mﬁéHmQQbfﬂ@qgﬁg by
AvrBs3. The induction of expression of avrBs3 | eéads to expression of Bs3

and t her ef cffsctoss et (2d Sacheat Saigs), MEX 2009y @H@TBBItS)h@rdeHW“I (déérlpm‘aat ed by
referegge. ZOEQfCDE@§EUCtJOH of sea e- reS|stant | ant.s h& t t ar get
sequencd of AN AVPBERTH N T Er & 85?% ?aénpeﬁtglérpt e Oﬁa?l% ) HS& YYene whose
expr essi on degiaestak @t DNIRHeRGEoF Hacd iHANE SE&usNEey eﬁslumelg doeinagpdat- t he
plant, correspondingly constructed trans enlc lants will be resistant

agai nst i nft@msmé@ﬁe@tfmpwﬁﬁ (ranine geidile/1g¢ érﬁIE G, N& Eie- Ak Eig Br Tt f ect or

avai | abl e. o a
| ocal cell‘gﬂ&?ﬁﬁﬁ% ﬁl?@gg%ﬁgggﬁégggFﬁéq%EEFﬁe or gﬁﬁéﬁgﬁgeyLog%%s
i nduce the dnd&ﬁix40ﬁrgsmeﬂwereqﬂ§dedﬁlaﬁﬁﬁt cﬁfthé hﬁllpiaapss aells) thhatcamer at i on of

repeat dommi ns for the detection of a specific DNA sequence and induction
of pt r andcr |H§915118Wr,dy 1?%”%%@'%}%%%1 act1V1ty (Schomack et al. (2005) Mol. Plant-

Microbe Interact. 18:1215-1225; Fig. 2B; Fig. 9), driving a promoterless uidA (-
glucuronidase, GUS) reporter gene. For transient expression studies, we transfected the
reporter constructs together with cauliflower mosaic virus 355-promoter driven effector
genes hax3 and hax4 into Nicotiana benthamiana leaves using Agrobacterium-

25  mediated T-DNA delivery. Qualitative and quantitative GUS assays demonstrated that
promoters containing the Hax3- or Hax4-box were strongly and specifically induced in
the presence of the corresponding effector (Fig. 2C). Likewise, we addressed the
importance of the first nucleotide (T) in the predicted target DNA sequence of Hax3
and generated four different Hax3-boxes with either A, C, G or T at the 5' end (Fig.

30  10A, B). Coexpression of zax3 and the reporter constructs in N. benthamiana
demonstrated that only a promoter containing a Hax3-box with a 5' T was strongly
induced in the presence of Hax3 whereas the others led to weaker activation (Fig. 10C).
This indicates that position 0 contributes to promoter activation specificity of Hax3 and

likely other TAL effectors. To address the possibility that some repeat types confer
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30 The nodul ar architecture of the central repeat domain enabl es the
targeted construction of definite DNA binding specificities and with this
t he i nducwoanioaf7943nanscri pti on of sel ected plant genes. PChaBmNo@iIFdi ng
specificities can either be artificially inserted in WO

2010/ 07943QPCT 1820 /000154 front of et. genes so that. novel

o 1 oct or - DRSS HESHI e s afﬁgog@é%?é?%ﬁeéﬁa FIE behie NerRATBHBNG BS FHEALPEN of

target genqgig NAr BYVELnsiERRARS adOVRIhDS o8 @lht RE-, @H)lsﬁﬁdlﬂt}efé &aﬁ%&n@ﬁpogm ze a
natural |y occurring DNA sequence 1n organi sns. The advant age of th

approach i saxatrongly fevqur esognitiondf émbag@n‘é, ¢ rand&nmSpanB’gls'nW(he@agHSr snNE can
be i nduced 5if a orresp ffe i hvent i I s present in the
ool 15 of -+ Hekeat A TeRaRRRt B Bhp S el il dir e Srebb Ak S BERE T
different vein NN- reFéal)unttg (amgfseandvfrlg bﬁqtaslrellq W béhePatd AEXI1Nait AdifSROT t
secretion syste (2) cell- bonbar dment with an

Z?/ts |t ? |m m( :I QML Bgfsctgrr Witk NAN-repeat ungtgpngd ﬁi@dwfséﬁ cpfreROmNAS SRNyhErrogRiaD | eads to
Crotort! on ShybiEuShLSE, Bl (4G P OLEIGORee ALANRCL ST

upt ake of tthst I‘@ﬂ-fré[ﬁﬁaﬂﬁnlw‘rﬁ&(gn&eby)tﬁ heant @, géth gefekentbéora@ (Fipa3Cy. @pat donmai n
of effectors of the AvrBs3-fam | fy is a newtéoe of . DNA bi.ndi ng domai n (Kay
et al., 20073ult cpREMRReYRIEdighOTL thaBatye AVFXEL Horon asevhichheriaipegiir

15uni t§gnowpal BPM"%} dt s hgﬁ%é;)iﬁﬂﬁegpcﬁﬁ?r&ttﬁt}m@qﬁefat Euﬂ%( s Nl P@it@?e&é ficity

of this region. region can be transl-ational used to
ot her functdeamed tVﬂDlD’(BB]Ibii@ Amr)@ﬂﬁéxoabsawﬂhthmo%elsﬁacptbmtrorsfdoaesm)ndﬁgltow, four
exanpl es of ratein f are given.

h 7). 1 1
et ot N rE L Shar e L e e B cucts pr e SPHEE D001 1 cel 1 s
of living of@xaieEg . %geﬂfe&omése%famtdﬁ%ngwsﬁggesk tﬂﬁeerﬁéHebyaﬂtmce the

expression of genes’i | ant cells. For t , C-termnus of the protein
is essenti abcome@he@ﬁﬁgwerlvglraWﬁllCl@ﬁS@ﬂlﬁlptar@mate Bexiblvat i on domai n and

nucl ear, | ocal i zati on sequences that nediate the inport of the protein into
t he pl amt nucl eus. The C-term nus of the AvrBs3-honol ogous protein can

An exceptional TAL effector is Hax2 because it contains 35 amino acids per repeat
instead of the typical 34 amino acid-repeat units (Kay et al. (2005) Mol. Plant-Microbe
Interact. 18:838-848). In addition, Hax2 contains a rare amino acid combination in its
second repeat (amino acids 12/13: IG; Fig. 2A). We permutated the corresponding third

20  base of the Hax2-box and analyzed reporter gene activation with the effector Hax2
using the transient assay. This showed that an 1G repeat confers specificity for T (Fig.
13). The Hax2-box only leads to promoter activation by Hax2, but not by Hax3 or
Hax4 (Fig. 2C). This demonstrates that 35 amino acid-repeat units function like 34
amino acid-repeat units. This is supported by the fact that the TAL effector AvrHahl

25  which contains 35 amino acid repeat units, induces Bs3-mediated resistance (Schornack
et al. (2008) New Phytol. 179:546-556). The repeat types of AvrHah1 match to the
UPA-box in the Bs3 promoter (Fig. 5A, B).

Interestingly, the expression of hax2 in Arabidopsis thaliana leads to purple coloured
30  leaves, indicating an accumulation of anthocyanin (Fig. 14A, B). To identify Hax2
target genes we analyzed promoter regions of the 4. thaliana genome using pattern
search (Patmatch, TAIR; www.arabidopsis.org) with degenerated Hax2-box sequences.
One of the putative Hax2 target genes encodes the MYB transcription factor PAP1
(At1G56650) which controls anthocyanin biosynthesis (Borevitz et al. (2000) Plant
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25 be nodified in such a way that it mediates the expression of genes in
fungal, aninmal, or human systens. Thereby, effectors can constructed that
functi on WO 201001843ni pt i onal activators in humans, ot her pamitprle/)o0dss f ungi .
Thus, the nethods according to the invention can be applied not only to

[ anscr i pt | Al Hr S e anR A i e ZoA0 YRRy ¥ 1 ho T opeat

domai n can e duseded AAEREssivhidt PONGE s MRubdll 1948 (Fid UACNSist
construct effectors that act as specific repressors. These effectors

exhibit a Dmpebmmﬁtge SP&d |pfr¢motleg/regmrem@dbbepreg@weméa@dbqprmnsnllﬁaX%r way

genes. 1 n CBRF At Dot R Bp pe it 4 Nt a e Bl ARG P TR vt or s

these eff ecdalf Gesariledw®OSE W@E@!ﬂctéd}?@h@@é&a@aﬁDMﬁ&lﬁéﬁ&@ fetfadtiRiog QLT AENES.
Li ke cl assical repressors, these fectors are erect ed to cover pronoter

sequences yfeetoe SrOHFee‘th@lﬁFlt prgrmpprtagvinglones frgtarn(Fia dadgede IDNA sequence and
make them 5 inaccessible for factors that otherw se control the expression
of the target genes. Alternatively, or in addition, the repeat donains can

be fused t Ba&alideahs tpeqitnuaiber 8T £ StBgothaamic’ frotmitls ta28 dna EARpmstibd is( Oht a
et al. Plant Cell 13:1959-1968 (2001)). 9). Use of repeat donmajns for
| abel 1i ng aWerthes 6fiaetpesividt feaprepratiugits g Ackivals 2one PHECSRPabREiofE. 8fc a r epeat

domai n C}bo HEGQPR ﬂbg}u%%F bf% ?eét%ﬂﬂnfﬁ'éﬁte%%’rg&%%tﬁee ?}%rpﬁ dt> FS‘r ﬁlﬁg%her Wi th

ot her domains to speci fic DNA sequences
("green-fl w(onstsmmit&rﬁﬁdabdfféb)orgmntélnmgek@h‘phm Geeﬂrmsddeglonmf Ha‘,>¢3l a‘nldcal al

repeat donmi n that detec ed DNA .seque s fusi rotei n
by has i novisehane U5 € 455 M ineabHBT A ek e R hos t 1 on of
this sequenggofy tﬁéwﬁrsp%@ms @n%as%waﬁmsﬂe@%hy%&%y%@goﬁ oﬁ&iﬁ%@hr get
GFP-protein. In an anal o?ous way, other proteih donmmins that enable a

cel I ul ar | dMAiboatcoosistebf 1 hE-Issidues meqeée@by B EisHA, BanPiomotarsedvationa
speci fi et S. t

whi, ch
e eenSnartig e tsisl SRR R Ty St BB AR 05 Brev e oa

recogniti OTTV%Qchlafnlzzﬁdat Wiife at @68, 5 SR Unsts Herd R dbd FR pehOmdGeibnde0 seed to
i sol ate specific DNA sequences. For 20 this, the AvrBs3-1like protein can be

i obi | | zedN@Ts repagREisicd PUioRE EongEics eaictastivaiondE o AG)- g icBNdetio | ecul es t hat

"sol at ed 1o el FEEREES s UFEH O FucaP BE) L (RS ERERATR ST | 1
endonucl eoltyitgecDNAeboagel dtividlfebdipecsEivA. Tiecegultstal@sugpecitat effégorsf t he

repeat domain can be fused to a sui tabl e restriction endonucl ease .to
speci f il Wlﬂtfe@é?\f/éepemumﬁ?é%m recly ietive qtie aees- Speeithaidhaichent gt t he

repeat domgjeyd @f‘i}écté] hhé’&?é%%fﬁdlﬂ&u?é‘thﬁ@&nfe al ¢ 5961%%611th)@ t;Dr%gAY 1§IQ§C' f' ¢

sequences, SO t at the endonucl ease specifically c eaves
desired | ocsaqmanne }&ncmaasm)utd‘ ba ﬁees1ble¢@gmdratonff@oﬂsam@aﬁovl@l\l&l\@etumdmges,

unspecific nuc 30 su Fokl can be 054 in speci.fic
endonucl easBES HREFOJULE TEiHRrRBhe IS (AT Rgle e PUSCHs 4Ckor
exanpl e, t heitpphtsmly Qs&ﬁme@ €2 @%gly@feﬁm{sftﬁlgt 9o, B f8atQtcdWAIHIREGSTE ofShsles
woul d be det erm ned to hat woul d be required to support
25  promoter-reporter fusmns containing predicted target DNA-sequences. All three
artificial effectors strongly and specifically induced the GUS reporter only in presence
of the corresponding target DNA-box (Fig. 3E; Fig. 11). Our model for recognition
specificity of TAL effectors in which one repeat unit contacts one base pair in the DNA
via amino acids 12 and 13 of each repeat enables to predict the binding specificity of
30  TAL effectors and identification of plant target genes. As many TAL effectors are
major virulence factors the knowledge of plant target genes will greatly enhance our
understanding of plant disease development caused by xanthomonads. In addition, we

successfully designed artificial effectors that act as transcription factors with specific

DNA-binding domains. Previously, zinc finger transcription factors containing a
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WO 2010/ 079430PCT/ 1B2010/ 000154 di meri zati on of two Fokl domains. This
woul d be acconplished by analysis of a collection of constructs in which
the two DM@ 2bivdd43g sites are separated by differently ®CTAB208p0@EH
sequences. Using this approach enables one to determ ne the di stances that
al | ow nucl ease- nedi at ed .cl eavage to occur and the functianal 5analysis
of additi oﬁ%@(F 8t 1 EesCh |Z&%‘Esfg‘5%efﬁl&51}aéﬂ3 gt ?ﬂgflfeé?egﬁ?fbt‘ﬂ%ﬁépg‘é G&H8ds. In an
al ternati vhRAREQ@GRes. @ Newl y devel oped singl e-chain Fokl dinmer (Mno et
al . (2009)J Biotechnol 140:156-161) is enployed. In this approach two Fokl
catalytic domains are transcriptionally fused to a single repeat donmain of
the inventigon.. Th functignal ity of orr.espondi n cl ease no | onger
ol i es on 1B EabeHPSiHER 5 e G D Sp g SESRRI AR B TeF RERV G, are
l'ocat ed son remPardbd fieh@not BScap& A\F nofibé that M%oﬁﬁla%@ﬂ%h&-ﬁi@ﬁddd@%p@ﬁ@ﬁbaus ed
successfully in the context of zinc finger-based DNA binding notifs.

Mor eover, tHaseraeftthotpcenagipes ekl sfeepriimmadiaelysugassty aposebleposi ti ons
in conpl ex M&HB&%H&?? ctibd65ih gL ﬂgﬁan%%ﬁ' h@i{f@?QﬁtﬁE ?ﬁé?ﬁrmét@iﬁgﬁ “}fﬁggsed i
ou & B Jeledt i very P

i ntroduce e-stran reaks 1n vivo an I'ncor porate donor
DNA at t hesamppasitttb degrmihb@ssestiietufioothe aova DA BiEngid@daihof Ipdci fical |y

i nsert transgenes. 11) Construction of repeat domains with custom desi gned
repeat or déiHiCHRE Rl dYightagget PN i ty bet ween the indivi dual repeat units
of a rggeat donmin, construction of a custom DNA-bi ndi ng pol ypeptide as
descri bed above m ght not be 20feasi bl e through nethods invol ving

t radi ti onalThel folowmgmetdgogdhs déeritie fiatiee dmboditdens of Xlanjplhentioa: r epeat domai n
with a repeat unit order that matches a desired DNA-sequence in a pronoter
of interest, such as the Bs4 pronoter (Fig. 17B, C), is determ ned based on

Lhe_recogni f)ipeBarags oP DN LGRS S feMRTTBura R RRE MO PBsR Speci fi ¢

11.5 repeat unit order was acconplished using "Gl den gate" cloning (Engler
25et al . (2oe®)loguusProninsamBgetipyatigsofxesisthntpldntscks, we subcl oned the N
and C .term.nus _of X s well,as.th 2 4 ndi vi dual ..r epeat ,uni t
Fesenbi!Png e shaTdAS el oR Rt G B RS EL AR Bt vi qua
flanki ng Bsahilgich@sic(aFdosresgohlido oM Ahih@ne dp &ifiafyehed ré@%ﬁﬂi@h)ée%fenbé'se
fragnents into a custom effector polypeptide. The effector (ARTBs4) was
correctly 48bareslcted with thearceegnafiongfode4 fragnents into a Bsal - 30
conpati bl e binary vector that allows Agrobacterium nmedi ated expressi on of

bl ant col 151 (A o o BB O P81 IR T R ol B35 o Bedei on 10
transgenic plants leads to expression of the gene if the corresponding AvrBs3-like

20  effector is translocated into the plant cell (e.g. during a bacterial infection).

If the recognition sequence is inserted in front of a gene whose expression leads to a
defence reaction (resistance-mediating gene) of the plant, such constructed transgenic
plants are resistant against an infection of plant pathogenic bacteria which translocate

the corresponding effector.

25  2) The identification of plant genes whose expression is induced by a specific
effector of the AvrBs3-family
The prediction of DNA target sequences of a corresponding effector of the AvrBs3-
family in the promoter region of plant genes is an indication for the inducible
expression of these genes by the effector. Using the method according to the invention
30  itis possible to predict inducible plant genes. Predictions are particularly

straightforward in sequenced genomes.
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12) Use of effectors as viral repressors The nucl eotide binding specificity
of the repeat domain can be used to design effectors that disrupt viral
replicatiwo 20m/oed3bs. These effectors will exhibit a nueCeaBrdeodisudi ng 5
specificity targeted to nucl eoti de sequence in viral origins of replication
and ot her Zﬁqren eﬁ¥cri ical to viral,fupction. No additional protein

donai ns need {56 ohather £Hgetops phixapsaripiional KOs Jn SYRAESEOR SYSEB.r to bl ock

viral functidQilegolBeYhGke bf HEx FARSIFACRhRAIIERE DNA BihdSRVRELARO6t @hds of
replication or other key sequences, including pronoters, enhancers, |ong

t er mi nal r epeabersnf the AvaBeB-famibyr ¢ral beringsotsd mgo @rametersito generddy né® bi ndi ng and
maki ng them.i ssible for.host.or vir actors, including viral encoded
RN dependdi g aregtsgy s Seichian S dndiste by BRGEEENonktG FE8E: hsee. whi ch
participate in viral replication and function. This type of strategy has

been used styqu@sEuetiby oMb écontnEhf indgeibld¥ystedi ns (Sera (2005) J. Vir.
79: 2614- 2619; Takenaka et al . 1&'2007Z?§NUC_| Aci ds Synposi um Serj es
51: 429- 430)TWa sonsfinea prentigduces éntp PR Firstny BHi SHC 0WPe PonaIsIon 1e Buds s

S0l at ed. nugh B oA HTBIETLGRc! SoRRANSEdbd RAY R RSN BLIAAS 181 i he

present inventron, tra plants et er ol ogous

pol ynucl eotthéprosicadrl inductior gahatqaedsiontdféik3 padotwepradationopthediaxgd t he
nucl eoti de nol ecul e descri bed above, preferably operably |inked to a 20
pr onot er eIHé?rtéﬁlttﬁ%ﬁB?IdeBiféF]é%?’SPr?S?WQé?é ﬂ%eota%ebé% Bhe s?%‘efél?f‘é*stwo- The

transf qpned,oRlBRtnticenRhelish RREY0? RN Rk pREsiéh &M whilR8116WY £ V4 covers
al so seeds of the transforned plants. The invention covers human and

non- human hogtessien bfthe tagstf generekheviank-aatmyatafand Hee fardey gersl @otisdds of t he
invention or the.poly tides qf the inventjon. The pr ters used. in
conbi nat 1 orbrathiany SREEhE R nes pt bt gy it FRE SRR e DI Bisnvent i on
are preferapy dnd I8 rRRFGHdin CHRYPPH! 8inSoc 15B@ MHaystoRetsl b Piseanti@r s and
pronot ers inducible by4£atho ens. Wiile the present invention can be used

g

in ani mal aierprankersyisthe Ay rBehEnphedrartifedalaistivethies aadrbisdiasnPNAetaeges t o
the usein plant s ns,. T m_pl.ant includes pl a Q0 cells, plant
br ot opi Aot SPibes 1L PR ol bETT B @L b AR e s TonfiShls

r egener at eddrapldapiis Galibha pRhBRtere borspacamdvifitiabéntgialah Sndutile andss peact in
plants or parts of plants such as enbryos, pollen, ovules, seed, |eaves,
flowers, braamches a Bsggepg undesspafrol of ifs netiyespromgichevaosy §EPICHEON §38be Pr ogeny,

vari ants, { £ .ncl

20101 070430 RLI T S 0LSPSLATEd L RARTST AR B E AR RO PESHARE S s
t hat t hese gdnhaecfoanordcH ecithe SeaitwoOdl008M04p 05 3y hueircotogpemtcdNit efdaralcs. and
Met hods

20  5) Construction of disease-resistant plants
If the DNA target sequence of an AvrBs3-similar effector is inserted in front of a gene
whose expression leads to a defence reaction (resistance-mediating gene) of the plant,
correspondingly constructed transgenic plants will be resistant against infection of plant
pathogenic organisms, which make this effector available. Such a resistance-mediating
25  gene can for example lead to a local cell death which prevents spreading of the

organisms/pathogens, or induce the basal or systemic resistance of the plant cell.

6) Generation of repeat domains for the detection of a specific DNA sequence and
induction of transcription of following genes

30  The modular architecture of the central repeat domain enables the targeted construction
of definite DNA binding specificities and with this the induction of transcription of

selected plant genes. The DNA binding specificities can either be artificially inserted in
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S5Bacterial strains and growmh conditions. Escherichia coli were cultivated
at 37C in lysogeny broth (LB) and Agro bacterium tunefaci ens G/3101 at 30C
i n yeast woowot794spot h ( YEB) suppl enmented with appropri &Ce/1azd/ioesd cs.
Plant material and inocul ations. Nicotiana bentham ana plants were grown in
t he 10gree ouse day and ht tenperatuyres of 23C and 19C, respectively)
With 16 h IFORET e FBI®So o R BE9TDRkA PR VI B ey For e

seven- week-iplhifk akbSssRl & thﬂ%@&é@n@& afortbidd, éﬁéé?*aéﬁﬁaﬁ‘{ icpsIsdReudenandl el ess
syringe as described previously 1) . Inoculated plants were transferred
to a Perci \ra¢0@r2@\mmtluh1@nb@wlf¢@mﬁv®nu@w emolrgfam@msz hehadyvanthgd @fqhts 22C and
18 C night te Hre Constrwucti on la ef.f ect

const ructi dioBpas B SRR by e FapBitn el e R TEaeUE 81 gat i on

of Esp3k (Fes mm@s@sﬂdlﬁgeffédt@ﬁdmﬂe ik 8@TERINE presERRS theCddlls oPMisSdrdgnigh. 1S
recogni tion sequence and typically once per repeat. To construct a GATEVAY

(1 nvi t r ogeriptredredan obthe cERTRYCancls dmcfindiffpsendPabon of ef f ect ors of the 20

i nvention, r r L1 Yool a pr oof
readi ng pol(yﬂg?lggee%n%%agg‘ttrﬁmﬁpipd)e?lg%gﬁp\gﬁ ﬁer ase {;&9 Igs fned by
SCE (spli ci(mgcdbybcﬁnwrhlapntemleﬂsamﬁ):raP@RrEs}Gbrbfeeerted i nt 0 pCR8/ GWTCPO
resultlng |n a hax3- derivative w 5 repeat unjts (pC3SE26; first

repeat = NI frasferipipDNpegnent tNts)leadAtqpv@gu?tr% tag ﬁctqsreeem ng the start
codon wgs 'Qﬁ&%r%&?onb)ﬁgﬁdbta?fe%heGfrﬁ%@% AGRBHottaRintentd! OW in franme

N-term nal ons us EWAY reconbi nation (I nvitrogen) resulting in
pC3SEl F. Si(Apbdther mpthads uhan tesulivargtakeplf ithd etbcfor protdiAlbyahd acgadeall usi ng a
forward primer binding to nost repeat units and repeat-specific reverse
prinmers. Both prinmers included the naturally present Esp3l sites. To avoid
anplification of nore than WO 2010/ 079430PCT/ 1B2010/ 000154 one repeat,

tenpl ate D%e%ﬁtrﬁlr%%% t @6 o B8RS ot OAvIBR3 LRI 1E @%ﬁ@z@%ﬂe%D}P&RprOdUCt S
were digested with and cl oned into Esp3l-digested pC3SE26 vyi el di ng

Hax3- deri vdinding d«mn@lﬁ (Eas et @p@@P7uihe decapiptian of the spgrdicity pé tie senglc wpcHxci sed
W th Eslg3l u(nl-ég)'nrox%% Fh%t%%a%%g a%,ﬁﬁ];tlol_llla gt?*[ e M—%ﬁ%aﬁ %)ngl%}gﬁf} be flhl ]i%]élz?ll-lig])‘(B

NG r epeat = repeat repea repea

Hax4) . The WcthiDAdifdiag ngldiﬁ@lﬁbﬁﬁﬁm@l@ﬁ6ﬁaﬂlkj&hse@Qﬁ sttt funefiordh aoﬁiamalﬁd
C-termnus of Hax3 with the_last half repeat rrutated into a HDrepeat The
resul ting cSASRICUCHUGHSS PG ¢fEecty BB&WEsf%l cxamales ap rsdgretelp fapiens arpNA
fragnents Qding repeat units were excised with Esp3l from

pC3SE26- derivati ves containing a single HD-repeat and purified via agarose
gels. 10Ligation was perforned using a nolar excess of insert to vector to
facilitate Ddimatracton bf gansaiptamd] activagdsrioethe intocible axpiressiofitd genesber of

repeat .unit.s s determned in reconbl nant plasm ds using Stul and Hi ncll.
D 306 B by ol it St

The effectors of the AvrBs3-11ke family induce the expression of genes in plant cells.
For this, the C-terminus of the protein is essential, which contains a transcriptional
activation domain and nuclear localization sequences that mediate the import of the
protein into the plant nucleus. The C-terminus of the AvrBs3-homologous protein can
25  be modified in such a way that it mediates the expression of genes in fungal, animal, or
human systems. Thereby, effectors can constructed that function as transcriptional
activators in humans, other animals, or fungi. Thus, the methods according to the

invention can be applied not only to plants, but also to other living organisms.

8) Use of effectors as transcriptional repressors
30  The DNA binding specificity of the repeat domain can be used together with other
domains in protein fusions to construct effectors that act as specific repressors. These

effectors exhibit a DNA binding specificity that has been generated in such a way that
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conbi nati on of repeat types were generated by isolating DNA fragnments
encodi ng repeat units as descri bed above fromcloned single NI-, HD, NN,
and NG r epoaviund43e 15(specificities for A, C, G A andPTI/IBEIedisvel vy) .
The fragnents were added in equal nolar anobunts each to the concatener

l'igation reaction with vector pC3SEIF. Plasm d alLning effectors of the
 nvent i on wheHPIES Gprodglet of EpsPenERBERY 9 @P%ﬁ%@%@%ﬁrﬁsi s.

Ef fectors wemScrfieRadiiNoGAREMAYFLREOAP boRHueRd tb Bk FRASDIestiBh 8f REBMBE ( S2)
for expression of N-termnal G-P-effector fusions. Oigonucleotide

20sequencesgeace lakarlasinab rappesnons gherssiffectard are onptctaddd sovameomeiguenced. GUS

reporter constructs. .The mnimal .Bs4.pronpter lified by PCR,and

| noerted | nEGBERTRY BHTEBERt R0 QURITER v DR RrBE mi T RS end
(S3; Fig. ShicceRINERrehctElhat dtHeWeRe WHte] EhcOi@ekshioh Of HAMB3c( &aks.cont ai ni ng
a pronoterl ess 25ui dA gene. Construction of hax2-transgenic A. thaliana.

hax2 was claltesatiishiepr Bouldition. Bic reprat dotayas pancbealusell toragrmseiptionom

Aspergil | us_pi.dul a i:nt TEVAY- | bl j BV i hpary
ooyt PR oD SRR LI A 401 LY olas ooy
2010/ 079430PCT/ 1B2010/ 000154 contai ning the 35S-driven al cR

et hanol - dependent regul ator gene and a nptll selection marker. Al cR drives

ethanol-dep%ndent i nduction of the al cA promnter %?4) T- DNA cont ai ni ng
t hese gene)Wke€ of repfaf dpmalpsifar dpbellingand isplatien of egHie SRAUEREES aci ens usi ng

floral @i p T%%Pé‘tﬁflﬂy%lf arepat dJh &N Pelfcﬁg‘xﬂ%%a‘é‘ﬁercﬁicsﬁ{%%?b% §Rjuence an be

kananycin-resi stant “pl ants 5on sterile nedium Construction of ARTBs4, an
artificial wtd sgeer witttothde dogaine 'to kbarspagfi¢ B ecquenceal C-t¢ra008)y PLGEB ONE

3: e3647 ed to assenbl.e,effector i.th. 11.5 ecifi.cally,ordered
ot it deetSR up s GRR RS e G St s i B aR PR Gt SRR o ¢ s
10 esembl | ngdookls G aPBRA MO RVERE rSHiEhoRAdbnas BN THG-blark

cont ai ned individual flanking Bsal sites that allowed an ordered assenbly
of the frageaEsspondmed A saqudnee.cihgipositipa of Byis scq@uencelpa thaelyemespragesmbl y of

ef fectqrs wi t;h any, desi r i ti he. bui l,di ng. bl k .
bpert aby o s Be R (68 el BRSE IR AR b RBpeb Ay B ol Bbeth 88ins . (1 (o
any of the tha@whatlatuehhlabdssiatién ofGhe protéifde.§) by RISPYSan botiscd &sla f f er ent

repeat types were chosen, based on.the am no acids 12 and 13 per repeat
unit. specific artificial repeat domain which targets the protein to a corresponding DNA
sequence in the genome of the cell. In addition, the DNA recognition specificity of
repeat domains of the invention can be used to isolate specific DNA sequences. For
20  this, the AvrBs3-like protein can be immobilized to a matrix and interacts with
corresponding DNA molecules that contain a matching sequence. Therefore, specific

DNA sequences can be isolated from a mixture of DNA molecules.

10) Use of repeat domains for the endonucleolytic cleavage of DNA

25 The DNA recognition specificity of the repeat domain can be fused to a suitable
restriction endonuclease to specifically cleave DNA. Therefore, the sequence-specific
binding of the repeat domain leads to localization of the fusion protein to few specific
sequences, so that the endonuclease specifically cleaves the DNA at the desired
location. By means of the recognition of target DNA sequences, unspecific nucleases

30  such as Fokl can be changed into specific endonucleases analogous to work done with
zinc finger nucleases. For example, the optimal distance between the two effector

DNA target sites would be determined to that would be required to support
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The four repeat types and their specificities are: NI = A, HD = C NG = T,
NN = Gor A To generate a universally applicable assenbly kit, four units
corr espormiDregroro9ssach of the four repeat unit types wer @CElIBIaa0MiLEh
flanki ng Bsal sites for each of the 12 repeat positions. The sum of 48

bui | di ng bI cks rese |brar t hat n be used to 20as
of fect or's WIPRIE108 O'Fm maing, s WOH) Esﬁif@&@ﬁ%w tor e &r r epeat

unit types. coilbct@n%%&ﬁhﬂ%%ﬁ wWHRHShe 89S BIRGA bﬁl@[n§§it%§§ﬂe%@§argej§b§ssay5
Agrobacterium strains delivering effector constructs and GUS reporter

const r uct s dagferenthy saeetl Spadsr saqubnceso Hlgingtteid apprioactiNerablics anatdodaterirand thaa | eaves

th 0D6 di 9 t | ed t
days post 1AFIES Hi do B F o5 B PR e R e SR Rl v TGS er mi ned
usi ng 4snetdylysidpedditibe ifeddr krcauGuhaniget diMkeht DA\ degeddebeth 4y evi ously
(Si). Proteins were quantified using Bradford assays (Bi oRad)

Dat a
cor r espond altemativpppnratcs. & aeplyeleveleped tngleshant/opl amos (Mo etqaéa(ﬂpe%it-ﬁ ve GQUS

(5 by omo- 4 pftpET 446 0P SR weli S Bt A b dopaips o
gl ucur oni dejansériptionaldy ﬁl@édltol DYing1SB)peatdRmiaan BLtheiimveatibankius, fanctichalighf

Experinents were perforrred at Jeast twice with simlar results
Expr essi on aoforisapondinggiusieasgpp loagor rehgson mwé}%slw&ﬁﬁdlmf;zlaate@r%f twedokEsed in

planta |3 U%ﬁ{alr‘fsocﬂétra% 10912&59‘%'83 t&gﬂggéééﬁtpkég ngafélﬁ% é{g?WFEotﬁHﬁ@t' Has BbditiFed O

pronoter using p ootprinting. DNasel
footprinti rsgcmsfubyanf the rmmieatsofdi&mcﬁ[ﬂgaeﬁas(eSDNMbﬁrtdimgmoflﬁsl IMWemger these

nodi fi cations; (rl uo scentl abel ed PCF% glr oduct s. of Bs3 Eg

promot er DNACHR Seené é/F%ﬁSé’G IfiGiCHE 2hPRIY/H 19Y HOSRBNY Y o Ek%s3
promoter fragoemktiblORr a?rﬁ&lgtspotﬁéiqﬁhg§ﬁg uRRBliMAdube Jm-stlfftﬁso}eﬁ(s @Bs3-E
pronoter fragment from-224 to +108), respectively, as tenplate and Phusion

DNA pol yneraseafdiictstiyety sr)cor@r@t@ rdesfarethAyat these besiti BRI eso dnathodsfean also

UPA20- ubm r 16 rmt er nerated using plasmd
pCRBI uﬂ?ll bfd-s’ @gcmnﬁﬁtr%ﬁg PA20 pronoter fragment from-213 to +86
containing the ubmr 16 nutation (S?) as tenpl ate and Phusi on DNA

pol ynerase (Finnzynmes). Plasmids pCRBl untl| TOPO : FPBs3,
pCRBI unt | | -Hip6onsirpeden of repgaiytmins vith cusfamn- desigpel epeat aBlerer e sequenced,

using the Fher tﬁQhesﬁ}%Hgglgl? gﬁ&\f b MR indYRIIMAY o (fluﬁltsfer napgaég Ko, (USB)

according to t s I'ns ructlons nin ¢an-500LI Z
20 Size St andsrtticApph cedomBilns xsieding pylgpeptiieds describédatuvo enifhiendDNA
fGr agg:s I;lgt@t ?Lfégslble thrglrl)g,lh rnet:ho(Iisdl%gglIV]II{gctl{;la;[dlltgl)orlllai)E:10I(filln:cg'?\rlfetho(f3 egg dgcgllléd 11121?1% Binds to

example, a repeat domain with a repeat unit order that matches a desired DNA-

sequence in a promoter of interest, such as the Bs4 promoter (Fig. 17B, C), is

determined based on the recognition code of the present invention. Generation of a

specific 11.5 repeat unit order was accomplished using “Golden gate” cloning (Engler

25  etal (2008) PLoS ONE 3:¢3647). As building blocks, we subcloned the N- and C-

terminus of Hax3 as well as the 12 individual repeat units resembling the 11.5 repeat

units. Each building block contained individual flanking Bsal sites (Fig. 18) that

allowed an ordered assembly of the fragments into a custom effector polypeptide. The

effector (ARTBs4) was correctly assembled from the total of 14 fragments into a Bsal-

30  compatible binary vector that allows Agrobacterium-mediated expression of the custom

effector polypeptide as an N-terminally tagged GFP fusion in plant cells (Fig. 18).
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The DNA bi ndi ng domain of TAL effectors is conposed of tandem arranged
34-am no 25acid repeat units. The am no acid sequences of the repeat units
ar e nost lwocorggpased, except for two adjacent highly varcahB®is/e®isiues
(HVRs) at positions 12 and 13 that define DNA target specificity (Boch et
al . (2009) Science 326:1509-1512; Mscou & Bogdanove (2009) Science

326: 1501). Functional analysis identified HVR notifs that bind

preferenti gy E@f@ffé%l)s’as(;n@ﬂpépreg_soﬁ'i\ley |G or equally well to Gand A
(NN) 30(Boch et al 09) Sci ence 326: 1509-1512). Bioinformatic anal ysis
reveal ed HRs rm@lezt)d@bmd%@@@@ﬁmmbm@/rq&@umnmhaan ba usdtetogleyign effectors
pronoter-T I nt.er ctton eC|f| to G

Bogdanove (BGUY R i aBP 3R0h D5 RaGE AREER LA gipl & BelghBig Riihen

singl e GHN sBedifditprarkwed (DucicBti® 86ducare s Ha8l ofifindWF répMtibhendusher of
interaction sites is too low to make reliabl e concl usi ons on the HVR

speci fi ci t yequaaees ¢rificsbtoNRY furgiiopeNsadddionel mateas deppinapred @dirdivged s t hat
may mnedi at d Y e

specificity e[hé Ek)jﬁs%ogt E1 hn%ﬁﬁ%negrdgfglt Bg%% Al ?lln%éblti Tﬁe@r ?ctt E}{lfg Aassical

wel | - char acrblﬁessbeml bynt@veaiag | oﬂglbetcyﬂeea‘phéwdﬁs 3r adttlert ey UE&U&QQXS | includéngBs 3
pronmoter. Using site directed rrutaégenem s we replaced the HYR NI (in the 5th
and the 10 MEPROICEL&BRANGHISt 0By tRIRIPHJEPRE HBLS, ﬁnsi\wteglsl NRESPBIC QO vt &S Y dit ype
Bs3 prqgpt ecﬁn&ﬂ? abll mraﬁﬁl'ggﬂéiﬁ 119afccésgﬁ)lesfol? hg&hr WG @c{b %pcgﬁ’dlﬂ%%rgl dRb&y to
nucl eoti des site-directed nutagenesis we rep

nucl eot i desRINA- debenchB leAnqiognndwset wacocgpsah dbrdtemsc lamd)tm@saseé[ he/hwhl dt ype

Bs3 pronoter and the thre ranot er tants re fused to a dA re orter
e andt dLrEYE 4 AFOBSRAERPDA MBS o e DT cHE it s B o 1

conbi nat i onywidstruBl Whar ziké- k‘qg&%ot%ﬁfsﬁsér oq%oé‘sl)rﬁ% NS 4115 1DI TRtdnalAer

bent ham ana | eaves. GUS assays reveal at ‘AvrBs3-NK516 activated the GUS
reporter omly(2pﬂ7)d@r¢ﬁﬂndsﬁmp<wwm5€mg 5'1&29@413 pronoter nutant while AvrBs3
acti vat %d only the Bs3 wildtype pronoter construct. 20Qur anal ysis suggests
t hat NI% pairs specifically to G and thus provides an option to generate

nore speci fsmmaﬁnﬁﬁg tiRd proyt aRvdn@drsQlditonaReeb¥dreRblajedtrait Be actet Mofddulear get
sequences. nple 3. Method for Generation of Designer Effectors via

Gol den Gat €obs uwddﬁuaﬁ@ off s TINO 45 A dRhigy ceRBfETVANTEIN, vmsf@mm@dﬂw% is corrposed

of t andem T
sequences ot hﬁjﬁgﬁgeaf%é 02&@% e C%%ﬁ?‘% St%l ?%‘Zcé’ %ﬂigt)ed é%(@lgg %? wo adj acent
hi ghl y var icblpeisingshemadedtidyRs)ledle cﬂmsmlﬁddm’mavé,a)rﬁbﬂbly operably hnked to a

20  promoter element and/or operably linked to a gene of interest. The transformed plant is

preferably a monocot or a dicot. The invention covers also seeds of the transformed
plants. The invention covers human and non-human host cells transformed with any of
the polynucleotides of the invention or the polypeptides of the invention. The
promoters used in combination with any of the nucleotides and polypeptides of the

25  invention are preferably tissue specific promoters, chemical-inducible promoters and

promoters inducible by pathogens.

While the present invention can be used in animal and plant systems, one preferred
optional embodiment refers to the use in plant systems. The term plant includes plant
30  cells, plant protoplasts, plant cell tissue cultures from which plants can be regenerated,
plant calli, plant clumps and plant cells that are intact in plants or parts of plants such as
embryos, pollen, ovules, seed, leaves, flowers, branches, fruits, roots, root tips, anthers

and the like. Progeny, variants, and mutants of the regenerated plants are also included
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3013 that define DNA target specificity (Boch et al. (2009) Science

326: 1509- 1512; Mdscou & Bogdanove (2009) Science 326:1501). Different HVR
notifs biwo 2eiod194snf f erent | evel s of specificity to indipeirdaaiioggo18 G or T
nucl eotides. Inportantly, statistical analysis suggests that tandem

arranged repeat units do.not to interfer jth the specifjcity of adjacent
o 97 oS B o tBn ok Phisey Srddin badhéspgurty cShgre hlnttbaited

2010/ 07943Q0RGHREAILY 000154 Thus nodul ar assenbly of repeat units with
pre-characterized specificities is likely to provide an efficient way for
generati on of DNA-recognition nodules with desired DNA specificity. 5
However, the generation of DNA constructs that encode desired repeat
dormains is MQ?&—M&WM%@&O the fact that the repeat units are al nost

i dentical. T €1 ave used chem cal synthesis to generate
effectors genes that encode 17.5 repeat units with the desired HVR

conposi i orBactériAMBasZthd Hidwdh fcbRAitidh S FsbRIMRENJ1LREBcultiVated 28874 DNA

| evel we exploited the degeneracy of the genetic code. The codon-optim zed
10 sequencdysfgehnbrolly (1B raddefdrobilttdri@namdfdage oV B8] ue B0X inagasticRtra@nt r ast
to the corresponding TAL effector w |l dtype gene, PCR-anplifiable and
anenabl e t OroGRYZS) duppitragend siith.apwpribtcradiingscsal so denonstrate t hat

chem cal synthesis of effector repeat donmains is generally feasible.
However, chem cal synthesis does not allow rapid and cost-efficient
generation of nmultiple effectors with desired HVR conposition. .

15Fur t her mdtlant materiab apd dnoculgtions Nicprignadeanihansendaplpeiy Wgeheioat IBihof 1 epeat

cl oni ng® pridvleee At G, FUB ARG S GRS Gfer PO D) pUbE M

1S Fest i R a8 AR M lee S Lo 8P SYHar vk SR BYT Vo §3q82EEZ."e
115 restrictfd | ., B sea

end. Due T TP ELMIR ARl PR TRl MU S G R IR E Y

type 11S eﬁﬁ%{égﬁ%e%‘ﬁlggé%@gﬂ%&éﬁe ¥ aﬁ{%ﬁé&v%ﬁ&&ﬂh@hh&ﬁaq (?’ie Nl SLRhERGOE (44)

different st provi des is for ragnent

|'i gations. WiH e RIGRED2 AeshOIR af nidheichlRAV@AGE Sites, two or 25 nore
fragments cut by type IS restriction enzynmes can be ligated into a product
| acki ngsthe original restriction site (Engler et al. (2008) PLoS ONE
3:e3647; Engler et al. (2009) PLoS ONE 4:e5553). However in practice there
are two | i nCemstiruerion tof attifidalneffdetnats. Theeconstrexion o€ b¥asers with modified repeat

region was based on ligation of Esp31 (Fermentas) restriction fragments. Esp31 cuts
outside of its recognition sequence and typically once per repeat. To construct a
GATEWAY (Invitrogen)-compatible ENTRY-vector for generation of effectors of the
20  invention, the N- and C-termini of zax3 were amplified by PCR using a proof reading
polymerase (HotStar HiFidelity Polymerase Kit; Qiagen), combined by SOE (splicing
by overlap extension)-PCR and inserted into pCR8/GW/TOPO resulting in a hax3-
derivative with 1.5 repeat units (pC3SE26; first repeat = NI; last half repeat = NG). A 1
bp frame-shift preceding the start codon was inserted by site-directed mutagenesis to
25  allow in frame N-terminal fusions using GATEWAY recombination (Invitrogen)
resulting in pC3SEIF. Single repeat units were amplified from TAL effectors using a
forward primer binding to most repeat units and repeat-specific reverse primers. Both

primers included the naturally present Esp3I sites. To avoid amplification of more than
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30 activity in sone reactions, single stranded overhangi ng DNA sticky ends
are reduced fromfour to three bases, effectively making the nunber of
conpat i bIwo=biookys43ends only 16 (24). Secondly, the effi ecensyoiebootie

| igation reactions decreases precipitously with [ arge nunbers of inserts,
such as woul d be needed to create an effector with 17.5 repeat units as

ol Feunvent b it/ SRaRe FR3HEIOG0 AT 08 o pER ERIBACRCRD,

desi gned a r&m@g&% d Oée@t%g'vﬂﬂl 3¢ &bl b infd E%‘é’? d%&e&éé@ﬁ MﬁeRﬁ%’UCt I on

of effecto e repeat unit or our
"repeat - ar gy 0abrveiing with 2 5r§pet &its viere 4 Qlﬁgfetrelfﬂa@&{fi B’e%xcis@@t)vlt%% @I 5

i ndi vi dual repeat units (one repeat unit per plasmd), "internedia
vectors” tH@D-epaitat fepes FastHAAGRI-AeHca0n sdpshtl N fHaxSENE-RcdC- rrepmatofum ts,
and one "acceptor vector" that contains the N~ and C-term nal non-repeat
regi on 6f aHakAtl N&N-fepedtcr G hutaepefatpaanétof Hake). dés iAgtiHol ctfactsuledekborway t hat
the Bsal recognition sites flank the insert in the insert plasmds. 10 To
sinplify thengryt eersistoof thé N hed frctninfis agident with et lhghallecmptef innktdder ei n
the different ends of the repeat unit genes with upper case letters

(i nstead ofintotfeHBagpeatcEheopar tizmepnstrugt eas sestiagigd bﬁﬁﬂ?ﬁﬁr@ﬁ indicate their
orientation (N or C-termnus of the repeat unit) wt or .Cin_square
brackets (eleghosghenjatedrNA fragmentseacqaieg l@a?&téﬂpﬁﬁ W@re ef&l%évﬂhslispﬂe%@&t uni t

e deﬁpec%%%eoggzﬁfv&ﬁ%m@émt;%%gg e

B 3
ey, WLy SR 8 AR BT B e
compat i bl e 183 Irgdz;ﬁ?@sférﬂl%ﬁqntotgggﬁﬁ[ﬂe&%ﬂ&gtﬁpgitu%l%?%?%tg%ﬁ@&lun't gene

will fuse s to the term nus repeat unit gene.
Simlarly tr@@ongngnttp@fsﬂc{bbl%n%f&&%drl‘{znﬁﬁpﬁﬁk1Wéfffec%?@nt‘ﬁ‘al thnddrgat e
specifically to C N term nus 3rd repeat unit gene and so on.

Bsal di gestdoﬁfblﬁaelbﬁ%e@eathgpésevp@atgeﬁaﬂmb&bywsbthuﬁglmmtﬂafghﬁén@\éﬁem s that
are conpatible only with the designed adjacent repeat units. The Bsal

recogni ti onepgdat anitd Sealckeritetaborg from cBimel biagtd eByED -, NISgahd PNGrsdpest vniist or
and the rel eased insert has no Bsal recognition site. The repeat units are
j oi ned 1bogdspreifiditiestfneA p€d6rA sypddi, Féspektivylyl) HEhedvagniasow erg addelbiniequal
cut-ligation reaction (cleavage and ligation running sinultaneously). Due
to the si muhelansvontaeichdnthsfcoBertmerizatipysmetiothwithekitgapt FEIDT Plaepeht
units into the insert donor vector is avoided since this restores the Bsal
recogni ti orfogfajrang éf.ecé@rﬁpf thetinygngion with 12.5 repeat units were chosen for subsequent

analysis. Effectors were cloned by GATEWAY -recombination (Invitrogen) into
pGWB6 (S52) for expression of N-terminal GFP-effector fusions. Oligonucleotide

20  sequences are available upon request. All constructs were sequenced.

GUS reporter constructs. The minimal Bs4 promoter was amplified by PCR and
inserted into pENTR/D-TOPO (Invitrogen) with target DNA boxes at the 5' end (533
Fig. S5). Promoter derivatives were cloned into pGWB3 (S2) containing a promoterless

25  uidA gene.

Construction of hax2-transgenic A. thaliana. hax2 was cloned under control of the
inducible alcA promoter from Aspergillus nidulans into a GATEWAY -compatible
derivative of the binary T-DNA vector binSRNACatN (Zeneca Agrochemicals)
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30desired ligation products |lack the Bsal recognition sites. This
experinmental design nmakes this cloning procedure highly efficient. To
gener at e whRewwwps0t hat are desi gned to recogni ze speci PCE/IBzE@I®EHUENCES,
four variants are nmade for each repeat unit position. These variants are

i ndi vi dual repeat WD 2010/ 079430PCT/ 1B2010/ 000154 units with specific

puchect e EREAARL LORSTATEN it ol Bl B, R GRS RO LAy o
ition | it B hatd sk it, f
o1 SR AR B B P BospEP S gpPINT  fo

possi bl e | Ny@falniR AR Sl Mas RaRFORRI M1 A. PNRma TWDNa RaBBRRR %@ingeSi red
DNA recognition. There are four variants for repeat unit 2, With different

nucl eot i de fieglagp idocantispes)f Trahdfyrmadnts BEdscrbdd & dnahBich-fekistaanplat on for
each repeat position Ligations are carried out in two stages. In the first
stage, 30 rempatle urdivgn.are conbined 10 into an internedi ate vector.
Different sets of 10 repeat units can be conbined in internediate vectors.
I nternedi ate vector 1 contains repeat units 1-10, internediate vector 2
contains repeat units 11-20 and so on. In the second stage, separately
assenbl ed KOoonseipretivn i AR Byde an antificiebeffavtar. 4Gokdpn gateV elohmgs Englheerad.cept or

vector al so t ai t N and C-term nal, nhop-repea as o he
i fector, a0V QVEGigpaDiwaef e aro g S PBaa T $5eeallSs a0 or
ot her mul tiRH&Sd RfpediQnite PRRIN UHI S-tdrfiRBAHUS Gnll 12 iRBvidlNatp&pnsits uct . The
internedi ate vector has Bsal sites in the insert for introduci ng the 10
a

repeat lini tresomdyimenhes! bhdcpabtomitsaerd subslonad Bysh budding$ldack conteinelanki ng
vector sequence, il.1s,another type LIS enzyme w.th recogniti.on site
i stince £ o gt PhnstleC AESGN Thy BT b EofRRARIID kR B

into the "idtiksinedicator. Vecthotarg@tdaPmuBi dTefBpiots WHie adssaireld eghehtOners are
rel eased as one fragnent. This fragnent is ligated in a Bpil cut-ligase
reacti on wi®mPOHEoRJBe pridding Block Fepcitpire pf womtanis wapprpagfed opdowdeh t he N-

and C-ter m'tQ:l%i%tg s’abgéﬁgrcﬁgfog&n i GRS ot il DA¥es ?‘Af q_ﬁéﬁga{n 'JIL)rintlﬁiL& f&ﬁﬁe only 2-4

inserts are e acceptor vecto all’ows 't 0 make each
| i gati dd hidifftrigntsepeit types aret dthosas dbesedloa thasining adQisdAdinddBeer epestunitni t S.

25 The acceptor vector in ich the_repeat upit array. is fipally cloned,
 opr esent s HIeGRTEAA EfReF 9&%}{@%@0{9%@6% ﬁ\ﬁs}%}%?&ﬁﬁﬁi? bl
transfer ofaNPaalhaCt hivLALR ANICARS LELALRXAL IoH i EoapbhEhg hchent |y

the acceptor vector is desigred to generate a TAL-type transcrfiption
fact or. Howe\ier founidphatfumw typadivdare alonedhwith HlienBidg Hsekptes foncech of thalllows al so

f usi f th t t “ok d | t her .desi red
funct i onal "ooapagton: T Siprad By oRl RuTE R Fudhue h et 6 10a 0
WO 2010007 94K 68RO QiB00LS AepBxcamph &idh: ankrcomhipelition ofihd fdastpdagusif Tar get

DNA- Speci fi ¢ Nucl eases
types.

B-Glucuronidase (GUS) assays. For transient GUS assays Agrobacterium strains
delivering effector constructs and GUS reporter constructs were mixed 1:1, and
inoculated into Nicotiana benthamiana leaves with an ODggg of 0.8. Two leaf discs (0.9
25  cm diameter) were sampled two days post infiltration (dpi) and quantitative GUS
activity was determined using 4-methyl-umbelliferyl-B-D-glucuronide (MUG), as
described previously (S7). Proteins were quantified using Bradford assays (BioRad).
Data correspond to triplicate samples from different plants. For qualitative GUS assays,

leaf discs were sampled 2 dpi, incubated in X-Gluc (5-bromo-4-chloro-3-indolyl-3-D-
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Fusion proteins conprising a repeat domain of the invention that recogni zes
a target DNA sequence and a Fokl nucl ease ("TAL-type-nucl eases") are
produced e 20880943bed 5 by any of the nethdod di scl osedPh&nBimo/e00iknonw i n
the art. The fusion proteins are tested for nuclease activity by incubation
wi th corresponding target DNA. The repeat domain DNA target site is cloned
into the it l.oni. i I 1. tor «(e.q. I ript). As
negat i ve. cameBrEaOPRyREs g fos el Rl e ool B MR L
target Sitgmﬂ%nﬁ&ﬁQQQBEﬁ%ﬂ%kﬂﬁ%nﬁﬁm%@%ﬂsﬂ“tati0”5 are used. Before
treatment of 10 the DNA substrate with the TAL-type nucl ease, the vector is
| inearized by treatnment with a suitable standard endonucl ease that cl eaves
in the vector backbone. This linearized vector is incubated with in vitro
gener at ed rEgReésiclooBd2FRk3, BHE RS HDTAB, MITRY a&r@agjrésb&i Rrpgigt s

anal yzed by agarose gel electrophoresis. The detection of two DNA fragnents
in gel él eammkopdomrebofsthe sonsudittatchvléldvorr nsgeiviitus 08 promaster dstrpeeh @Hed

cl eavage. By contrast, the negative controls that do not contain a target
site that iB\oHsogdipAdadHbySh)epeat dommin are unaffected by treatment with

t he repeat domai n- Fokl nucl ease fusion protein. DNA-driven, cell-free
systens for in vitro gene expression and protein synthesis are used to
generate repeat donmai n- Fokl nucl ease fusion proteins (e.g. T7 H gh-Yield

EL%FL.”TFEE e i&g@ibﬁ?&%&i‘?&f i %%?neéé%é&%éé%’f(@dﬁﬁﬁ%di n
T7 RNA : S [ i ia i
Vitro trandbbrBrrsiouiers e on bRbS BN Forar o aulagdiadaye w t hout
b e bR R0y BRI S RN B RS SR o Lol
Ce., granmatical object

of the ar tijehotoBia M Qfod XATR 8108 AlSICATBIOIL FEES FRRS: 1 (g9 el errent

Thr oughout e specrfication the wor onprising,” or variations such as

" conpri ses"p3R6fer QM I 074 t9i-1108 P EesPBARERL 80RnipPaté BRI Mhufsith HRAl usi on of
a stated elenent, iRteger or step, or group of elenents, integers or steps,
but not t hgoytedrds (PMmneimas)yFlbhssentlyeiinid, PCRpRIRE S UBLEPubRY-1@r oup of

el enents, integers or steps. WO 2010/ 079430PCT/ 1B2010/ 000154 Al

publ i cat i onsomodr Palens gapiratedtising plasmit pORBENtIH TOPO: HPeofiteatri®On ar e
indicative of the level of those skilled in the art to which this invention
pertaids. AUPAZ(promeater fagment from -213 to +86 containing the ubm-r16 mutation (S7) as

template and Phusion DNA polymerase (Finnzymes). Plasmids pCRBluntII-
TOPO::FPBs3, pCRBIluntlI-TOPO::FPBs3-E and pCRBluntlI-TOPO::FPU20-ubm-r16
were sequenced, using the Thermo Sequenase Dye Primer Manual Cycle Sequencing
Kit (USB) according to the manufacturer’s instructions. An internal Gene Scan-500LI1Z

20  Size Standard (Applied Biosystems) was used to determine the DNA fragment size.

Example 2: Identification of a TAL Repeat Unit That Binds to G Nucleotides

The DNA binding domain of TAL effectors is composed of tandem-arranged 34-amino
25  acid repeat units. The amino acid sequences of the repeat units are mostly conserved,
except for two adjacent highly variable residues (HVRs) at positions 12 and 13 that
define DNA target specificity (Boch et al. (2009) Science 326:1509-1512; Moscou &
Bogdanove (2009) Science 326:1501). Functional analysis identified HVR motifs that
bind preferentially to A (NI), C (HD), T (NG, IG) or equally well to G and A (NN)
30  (Boch et al. (2009) Science 326:1509-1512). Bioinformatic analysis revealed HVRs
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and patent applications are herein incorporated by reference to the sane
extent as if each individual publication or patent application was

speci fi cawbyoswmdodsndi vi dually 5 indicated to be incorpecatBzdiygoonsf er ence.
Additionally, each of the follow ng patent applications is hereby herein

incorporated referenced in i entirety: DE 10 2009 004 659. il ed January
15 2b00. - EpGS Ygean Hrpm@&r_-tfﬁly ?%f%etorz_éﬁéﬁctla%m@ggé&?@é@?&%ﬁ{M%S&Otau| y 13,
2009. 10 Al 4 huaihdvhe2dooy g&@h&%z‘l621\6]9f1‘5. 'f%e@@ﬁtb&?%}@hlﬂsﬁ%& %chi bR SRR detail

by way of illustration and exanp or purposes 0 arity o

under st andi(bN & NAWT twoi@kobnferaesion kidgs. beouraiigw deangdsr ahuteradiohisgat isons
may be practiced w thin.the scope of the ended. cl ai ng.

2010/ 076430PC L KoB16) Bt o FRT Rl FERRTRE NS 1P Tistsh Re o0 BF oduci ng
a pol ypgpt i @asitiéral a5 aliRbl el Mates HROMaY Bfedalte §iRefFc NANPARSE. pair in a
target DNA sequence, the method conprising synthesizing a 5 pol ypeptide

conprising a repeat donain, wherein the repeat donmain conprises at | east

oRe, Lepeet L dPt AL LA Al AISEI U SR AL BGL o byl octor

recogni t i orofalic welbab&agadizediintetdedoh Betgetn BNMBSeqmdene EPAarigithe Bd3e repeat
unit is responsible . for the reg&gniti on of aone base pair.in t

DNA
sequence, dHAMRITErleyRE tilfedirgisdrudrscantie veach agddhe HyRpl geige émﬁaﬁﬁ@r
sel ect Q‘é f régf?fefo%? &Hﬁ ?g;@llﬁuf@ﬁfc‘[’?& 'iﬁ'gvfﬁs? -NKs6. I? tlhe/wl_i_ldteqég B%\I%grfolﬁ'Btgr%e NI .

recognition o recognition o or recognition
of T/ A residues of the 5™ an(ddhe K8 rdpent oglc oghihtt dnmedcoBid. dfsingy sTteatireted or G C;

150e) NN for, tcoamt Lo of. 3 Guld aflicolids hGul s £S502ML 28 Ol iy () N
nucleotides. The wildtype Bs3 promoter and the three promoter mutants were fused to
an uidA reporter gene and tested via Agrobacterium tumefaciens transient expression in
15  combination with either wildtype AvrBs3 or AvrBs3-NKss in Nicotiana benthamiana
leaves. GUS assays revealed that AvrBs3-NKss activated the GUS reporter only in
combination with the “GG” Bs3 promoter mutant while AvrBs3 activated only the Bs3

wildtype promoter construct.

20 Our analysis suggests that NK pairs specifically to G and thus provides an option to
generate more specific repeat arrays and also to specifically target G-rich target

sequencces.

Example 3: Method for Generation of Designer Effectors via Golden Gate

25 Cloning

The DNA binding domain of TAL effectors is composed of tandem-arranged 34-amino
acid repeat units (REF). The amino acid sequences of the repeat units are mostly
conserved, except for two adjacent highly variable residues (HVRS) at positions 12 and
30 13 that define DNA target specificity (Boch et al. (2009) Science 326:1509-1512;
Moscou & Bogdanove (2009) Science 326:1501). Different HVR motifs bind with
different levels of specificity to individual A, C, G or T nucleotides. Importantly,
statistical analysis suggests that tandem arranged repeat units do not to interfere with

the specificity of adjacent units (Moscou & Bogdanove (2009) Science 326:1501).
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(h) HG for

recognition of G Gor T/A (i) Hfor recognition of T/A;, and

20(j)NK for recognition of GC 2. The nethod of claim1l, wherein the

hyper var iwibl2e1wiegizon corresponds to anm no acids 12 and P8TilR20bveoon&peat
unit. 253.The nethod of claim1 or 2 wherei n t he repeat domain conprises
peat units or 2, . ereinthe
IWSEEP?@SH@%?@&Y %fTFBe%En%S W&EE Cﬁf‘élze épecilﬁcmesgs lif¢1% t9ret hod
of any one b@l&En dificniay %H‘geh%tl@@bf’ﬁmt-fe‘éﬁ

1.5 to 40.
repeat do

fcI

one additional domain that is operably |inked %o t he repeat domain. WO
2010/ 079430PEA/spBA0¢OY.000154 6. The net hod of claim5, wherein the

addi ti onal

domai n conprises a bacterial, viral, fungal, oonycete, human,

animal, plant, or artificial protein, or part thereof 57. The nethod of

clai m 65 wheseiver,tthe g@ttition MTBIN A QB GINRIch SRS d@s@m & dOafny et i onal

part or domain thereof, that is capabl e of nodifying or RNA. 8. The
met hod of cdhallenging dusde dhnfagtibatdheiraprermits a@rﬁémﬁstcéfmcals bsthg pag vy lstvei n or

Functional pag b, QicH QYRS IR at GRS Jerlcl A LRSI YR FQR TR WP ©OF :

10

15

20

25

30

the desired HVR composition. To maximize the differences between repeat units at the
DNA level we exploited the degeneracy of the genetic code. The codon-optimized
sequence of the 17.5 repeat unit encoding DNA sequence was, in contrast to the
corresponding TAL effector wildtype gene, PCR-amplifiable and amenable to PCR-
based mutagenesis. Our findings also demonstrate that chemical synthesis of effector
repeat domains is generally feasible. However, chemical synthesis does not allow rapid
and cost-efficient generation of multiple effectors with desired HVR composition.
Furthermore this approach will most likely not allow generation of repeat domains with

20 or more repeat units.

The recently developed “Golden-Gate cloning” provides an alternative approach for
generation of repeat unit arrays of desired composition. The strategy is based on the use
of type IIS restriction enzymes, which cut outside of their recognition sequence. We
will work with the type IIS enzyme Bsal, which creates a 4-bp sticky end. Due to the
fact, that recognition and cleavage site are separated in type IIS enzymes we can
generate by Bsal restriction in principle 256 (4*) different sticky ends which provides
the basis for multi fragment ligations. With proper design of the cleavage sites, two or
more fragments cut by type IIS restriction enzymes can be ligated into a product
lacking the original restriction site (Engler et al. (2008) PLoS ONE 3:¢3647; Engler et
al. (2009) PLoS ONE 4:e¢5553).

However in practice there are two limitations to this method. Due to exonuclease
activity in some reactions, single stranded overhanging DNA sticky ends are reduced
from four to three bases, effectively making the number of compatible sticky ends only
16 (2%). Secondly, the efficiency of the ligation reactions decreases precipitously with
large numbers of inserts, such as would be needed to create an effector with 17.5 repeat

units as typically found in naturally occurring functional TAL effectors. To circumvent
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transcription activator, a transcription repressor, a resistance-nedi ating
protein, a nuclease, a topoisonerase, a |ligase, an integrase, a

reconbi nawe,2on/a7es0l vase, a net hyl ase, an acetyl ase, a ®#ewaBimb/e®es4 and a
deacetyl ase. 159. The net hod of any one of clains 1-8, wherein the repeat

domai n of t p tide is synthesjzed b ressin ence
encodi ng. ¢ HEBOIPHEBRIRI i oHENETetha. LIOAVEEh AEE" degar it Ao e
pO'YDeptldQﬁﬁ%n@§&%HQ&%Hx@%ﬁE&@@%&QUUk}QGoEHﬁné gatuniti ts in one or nore
target vectors that can subsequently bé assenbled into a final vector

conprising the DNA sequence encodi ng t he polypeptlde 20 10. The
nmet hod of n,t.he re es 30 to 40

Tt o et e BR 181 o8t ARy olFnE M T St R Ap i b R ek Sk

conpri sgs 3ddivitfhal pe@ urin39 (Gl RPeACITHS per plasrmdl;Z ‘ink&YonARL N OcrOf s 2Nt one
of clains 1-11, wherein the pol ypeptide recognizes at least 2, 3, 4, 5, 6,

7, 8, 9, 1Contain repeat dpgainsgonsisiing ef scispof li)srepqa@ ungy, apd opaSecdsaior yeGirt he
target DNA 2
polypept|deﬁég%%%%ﬁaggqgl F?%ﬁnng2§%VF§ %n(#%iggé“e §hpré§%te WO
2010/07943&8@1&&8&&#@&60@&&&1awmythﬁ4he1he[m&@gnmino&usHamknﬂiumwhememﬂ t he

pol ypeptide is capable of binding to the target DNA sequence. 15. A
pol ypept i dénfsEREBES-by t he nethod of any one of claims 1-14. 5 16.
The polyypeptide of claim15, wherein the polypeptide is not naturally
occurring. 17. A DNA conprising a coding sequence for the

pol ypept i délprodpldgdthbyexilartabien neft thedmafti-fragmenteligdtionl aicrmdefinel Berein the
different ends of the repeat unit genes with upper case letters (instead of the sequence

overhang of the sticky end) and indicate their orientation (N- or C-terminus of the

repeat unit) with N or C in square brackets (e.g. A[C]). The insert plasmid containing

15  the 1* repeat unit gene is designed in such a way that Bsal treatment creates A[N] and

B[C] termini. The 2™ repeat unit gene has B[N] and C[C] termini upon Bsal cleavage,

while Bsal cleavage of the insert plasmid with the 3" repeat unit gene results in C[N]

and D[C] termini, and so on. Since only compatible ends can be fused, the B[C]

terminus of the 1% repeat unit gene will fuse specifically to the B[N] terminus of the 2™

20 repeat unit gene. Similarly the C[C] terminus of the 2™ repeat unit gene will ligate

specifically to the C[N] terminus of the 3™ repeat unit gene and so on.

Bsal digestion releases the repeat units with 4-bp sticky overhangs that are compatible
only with the designed adjacent repeat units. The Bsal recognition site itself remains in
25  the cleaved insert plasmid vector and the released insert has no Bsal recognition site.
The repeat units are joined together in the order specified by the overhanging ends in a
cut-ligation reaction (cleavage and ligation running simultaneously). Due to the
simultaneous action of Bsal and ligase the religation of repeat units into the insert
donor vector is avoided since this restores the Bsal recognition site. By contrast the
30  desired ligation products lack the Bsal recognition sites. This experimental design

makes this cloning procedure highly efficient.

To gencrate effectors that are designed to recognize specific base sequences, four

variants are made for each repeat unit position. These variants are individual repeat
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18. The DNA of claim 17, wherein the DNA is not naturally occurring.

19. An expression cassette conprising a pronoter operably linked to the 15

DNA of clwom /79430 20. A non-human host cell conpri #CHEBHEI@LHr €SSi on

cassette of claim19. 21. The host cell of claim 20, wherein the host
or a cell.

cell is a bacterial cell, 20f ungal . cel |, .an ani cell, | ant

22. A transfdlf et s G ogs Q%Ggg‘élﬂ%éﬁ‘tﬂﬁ@?ynge-gﬁj'éDeB?b%%Ss?tdws‘g’é?g te of
claim19. 2a‘~ﬁa31-3Tf’6€refc6?ﬂﬁ&%ﬁE@ 0820 £M0TangLabR). 28he VRRHETOR chiiEp&itdANT SM
is a fungus, an animal, or a plant. 24. A nethod Tor selectively recognizing

a base pai ris inmda vDNAtheeapperTe R tdsticky poldy peptdct ecpaah entiefon cdampleph N angl

constructi ol . tide compri si epeat 30 donmi n, er,ei n,t he
Conent " GomitcT BRmtP 8L aE RIRL Slpd SRRk o BTG e B Rl TS
ef fect o5, whgdaeuhit bhe dhep@asetNbh tHeOdRITES BN A rdtypeikivAr Tiehé erel OO Patianty ch

determ nes recognition of a base pair in the DNA sequence, wherein the
repeat uni tfor &epedisigbindi Witk diffgrentiuicleetiae ricopwitionSpeshiaciyagnd BENY andCtGle DNA

reduerce. SuHSHELLy} S JUPRGIATLANNE [0 o comr see 8 meroer el cctec
(a) HD for recognition of GG (b) NI for recognition of A/T; (c) NG for
recognition of T/A ) ) (d) NS for recognition of G Gor AT or
T/ A or G C;ngatlons are carried out in two stages. In the first stage, 10 repeat units are combined
10 into an intermediate vector. Different sets of 10 repeat units can be combined in
intermediate vectors. Intermediate vector 1 contains repeat units 1-10, intermediate
vector 2 contains repeat units 11-20 and so on. In the second stage, separately
assembled 10 repeat units are combined into acceptor vectors. The acceptor vector also
contains the N- and C-terminal non-repeat areas of the effector, such that a complete
15  effector comprised of 10, 20, 30 40 or other multiples of 10 repeat units is assembled in
the final construct. The intermediate vector has Bsal sites in the insert for introducing
the 10 repeat unit fragments and also has flanking Bpil sites in the flanking vector
sequence. Bpil is another type IIS enzyme with a recognition site distinct from Bsal.
Using Bsal, the 10 repeat units are first assembled into the “intermediate vector” and
20  using Bpil the assembled 10mers are released as one fragment. This fragment is ligated
in a Bpil cut-ligase reaction with the acceptor vector, which contains Bpil sites between
the N- and C-terminal non-repeat arcas of the TAL effector. In this case only 2-4
inserts are ligated into the acceptor vector. This allows to make each ligation highly
specific and to assemble easily 40 and more repeat units.
25
The acceptor vector in which the repeat unit array is finally cloned, represents a
GATEWAY Entry clone and thus allows recombination-based transfer of the effector
into any desired expression construct. Currently the acceptor vector is designed to
generate a TAL-type transcription factor. However, with few modifications the

30 acceptor vector allows also fusions of the repeat array to the Fokl endonuclease or

other desired functional domains.

A schematic of this method is provided in Figure 19A-D.

-81 -



5(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 20fo/07948p and 10(j) NK for recognition of G C. pe¥iBo/nmisvod of
claim 24, wherein the hypervariable regron corresponds to am no acids 12
and 13 in the re %qor 25, wherein the
repeat dome¥IRXE ReL a4 ic NucleaseSrhe et hod of
claim 24 or 25, mhereln t he repeat donaln conprlses 11.5 to 33.5 repeat
units. 20 28. The nethod of any one of clains 24-27, wherein the

pol ypept i d&ufsimmtmeuein@@ampi’isiag agepoonéoraaidiof theriaientionglian rechgnizesa @}wt ably

linked to t eat do The nethod ,af any ,on
a5, wher A EREN e BRI Fkl tuckas eI ALE NG T PE% § P aoag St Bed® 5o
The et sod tgffan |7t ASthdyd @k SosedtHieeif BPRAInwH the 6ANTHE HiR®fondFotedfs.argdd or 39

am no acids. 3031. The nmethod of any one of clains 24-30, wherein the repeat
donmai n tested for nuclease activity by incubation with corresponding target DNA. The repeat

domain DNA target site is cloned into the multiple cloning site of a plasmid vector
(e.g., bluescript). As negative controls, either an “empty vector” that contains no TAL-
nuclease target site or cloned target sites with mutations are used. Before treatment of

10 the DNA substrate with the TAL-type nuclease, the vector is linearized by treatment
with a suitable standard endonuclease that cleaves in the vector backbone. This
linearized vector is incubated with in vitro generated repeat domain-Fokl nuclease
fusion proteins and the products analyzed by agarose gel electrophoresis. The detection
of two DNA fragments in gel electrophoresis is indicative for specific nuclease

15  mediated cleavage. By contrast, the negative controls that do not contain a target site
that is recognized by repeat domain are unaffected by treatment with the repeat
domain-Fokl nuclease fusion protein. DNA-driven, cell-free systems for in vitro gene
expression and protein synthesis are used to generate repeat domain-Fokl nuclease
fusion proteins (e.g. T7 High-Yield Protein Expression System; Promega). To use such

20  systems, repeat domain-Fokl nuclease fusion protein nucleotide sequences are cloned
in front of a T7 RNA polymerase. Such fusion proteins that are produced via in vitro
transcription and translation are used in DNA cleavage assays without further

purification.

25  The article “a” and “an” are used herein to refer to one or more than one (i.¢., to at least
one) of the grammatical object of the article. By way of example, “an element” means

one or more element.

Throughout the specification the word “comprising,” or variations such as “comprises”
30  or “comprising,” will be understood to imply the inclusion of a stated element, integer
or step, or group of elements, integers or steps, but not the exclusion of any other

element, integer or step, or group of elements, integers or steps.
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conprising repeat units is inserted in a bacterial, viral, fungal,

oonycete, human, aninmal or plant pol ypeptide to achieve a targeted

recogni t iwo 2ard7ps3ef er abl y bi ndi ng of one or nore speci PCedBhasepsi rs in a
DNA sequence, and optionally wherein the repeat unit is derived fromthe

repeat domajns of AvrBs3-like effectors which. are further WO. . .
2010/ 079430‘}5@??@15263@/ @gaffse&t amlicaﬁﬁ%swe%a# e ?chfcae?r} £ BHEUIMG %4
pre- sel ect afle RREGth AR il theludt 19RGIGH TR FerkRA HeRGL SAlIPuBIGNBns quence.

32. The nethod of any one of clainms 24-31, wherein the repeat domain 5
conpri si ng andeatcepamticatrins arsharontizdonpdated by rgfoteppetotthe sancoertemlabiiing t he

transcription of,.a ne,..optionally in.transcription. activatar repressor
protei s Gpeh BT PO 81 Byt ab B RN RES SE RS Sag RSl

ef fect o5 prigdieatds o B3incdipratdt }0df@énc8N M danRnelly, thél ofthe folvinypaesi n t he
N-term nal region 10of a repeat domain confers a recognition sgecificity
for a T/ A 5wpbeationeisthsedrydictdin Heemneeated wfergnest in He cntapeatDigAP £009 004 34,
The et hod L, Lel H:h i A4 e DNA
sequence | S rats Tt L 2B E3 s IRLALE, M B0dtRRR B G AR 1
gene, 15t hefilekpilgdsjaooocontrol el ement being targeted by a transcription
control protein conprising the hypervariable region in the repeat unit
recogni zing the base pair located in the expression control elenent to
speci fiygal | r d i (=Y sion
controﬂ@elé%g%%@Pgﬂ%r%$§?§E$3R§ﬁ%@gg%%é%gﬁﬁgggg%ﬁgﬂﬁgﬁﬁgd&%%lgﬁgﬁﬁ?§%?

wher ei n t hallger@ion and cxanspls famepavedoatlanity of @nderstandingat wilbbobbaous that

di sease resi stant organism ..t.he. expression contragl. el ement ing optionally
e tar get CCRHdERLE G ROHTRRISES xR Peteetr v BB dat roPsg A Bt
nmodul ati ng gxpkession of a target gene in a cell, wherein 25 cells are
provi ded which contain a pol ypepti de wherein the pol ypeptide conprises a
repeat donmain, wherein the repeat domain conprises at |east one repeat unit
derived froma TAL effector, wherein the repeat unit conprises a
hypervari abl e regi on which determ nes 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 30 hypervari abl e region
conprises a nenber selected fromthe group consisting of:
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(a) HD for recognition of GG (b) NI for recognition of A/T; (c) NG for
recognition of T/A; (d) NS for recognition of G Gor AT or T/TAor GC WO
2010/ 079430RCIVBB010/ 000154 (e)NN for recognition of GPCTaB20A#/1001§01 G f or
recognition of T/A; (g)N for recognition of G (h)HG for recognition of
CGor T/A recognition of T/A; and (1)NK for recognition of GC
37. A pol ypéﬂ%égemgg%rlgmﬁepeat domai n, wherein the repeat donmain
conprises at |least one repeat unit derived froma TAL effector, wherein the
repeat unit 10 conprises a hypervariabl e regi on which determ nes
recognition of a.base\ paihodifer probidngs egolenerideh selicetivicherccegazts atilviast i s
responsible for the r ecto%n{p]é' n _of one bas%édpﬁ%r I n.the se%uence, and
wher ol n t h B RAT S} RO oRgISr 8 Bty Compapine VUt NE E Aom t he gr oup
consi stisng gb]@ypeﬁﬁddﬂrﬁlﬁ[siﬂge&ﬁ?&ttdgﬁﬁi@fwh@fe@i th2epalNiorhgih coeGeg dt idagt of

o ;

AI'T, (c) NG for recognition T A, ) ) '
one repeat unif derived from a transcription activator-like (TAL) effector, wherein 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
10 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;
15 (¢) NN for recognition of G/C or A/T;
() IG 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
20 Q) NK for recognition of G/C.

2. The method of claim 1, wherein the hypervariable region corresponds to

amino acids 12 and 13 in the repeat unit.

25 3. The method of claim 1 or 2, wherein the repeat domain comprises 1.5 to

40.5 repeat units.

4. The method of claim 1 or 2, wherein the repeat domain comprises 11.5
to 33.5 repeat units.
30
5. The method of any one claims 1-4, wherein the polypeptide further

comprises at least one additional domain that is operably linked to the repeat domain.
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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, 20(g)N for recognition of

C G (h)goforoa7esognition of G Gor T/A, (i)H for recogairtiBmno/edo13 A; and
(JYNK for recognition of G C. 2538. A DNA conprising a coding sequence for

t he pol ypeptide of claim37.. 39.A whi.ch is nmodified.to include a base
pair located in @@tmqﬂ\w %@éﬂ@%@&el{l st dagt dagnai, Fompses e

speci fi cal Iaéc{eﬁgpgﬂalzﬁglgwo&npé)étym%ﬁ{ahdﬁuﬁglnprahﬁ Iopgnaacmgﬁﬁémctq kN,
wherein the repeat domain conprises at |easf one repeat 30 unit “derived

from a TAL thérkelct or, wherein the repeat unit conprises a hypervariable
regi on which deternines recognition of a base pair in the DNA sequence,
wherein the repeat unit is responsible for the recognition of one base pair

in the BNA sequence, TaRnMRT & dlaint 6) WiREEH MR @dﬁﬂn@pddrﬂeﬁnam{aﬁ@%%rm ned
recognition by the hypervarlable reglo 0 the base pair is selected fromthe

group consimeicHrdpactinmlgrioyratp B 1072pable 94 nog)fymyedNaror
recognitio HD, (b) A/T for recognition by NI; (c) T/A for recognition
by NG (d) or AT or T/A or GC for recognition by NS; 5(e)G@Cor AT
for recognition by NN

8. The method of claim 6, wherein the additional domain comprises a
10  protein or functional part or domain thereof selected from the group consisting of: a
transcription activator, a transcription repressor, a resistance-mediating protein, a
nuclease, a topoisomerase, a ligase, an integrase, a recombinase, a resolvase, a

methylase, an acetylase, a demethylase, and a deacetylase.

15 9. The method of any one of claims 1-8, wherein the repeat domain of the
polypeptide is synthesized by expressing a DNA sequence encoding the polypeptide
and where the DNA sequence encoding the polypeptide is assembled by preassembling
the repeat units in one or more target vectors that can subsequently be assembled into a
final vector comprising the DNA sequence encoding the polypeptide.

20

10.  The method of any one of claims 1-9, wherein the repeat unit comprises

30 to 40 amino acids.

11.  The method of claim 10, wherein the repeat unit comprises 33, 34, 35 or

25 39 amino acids.

12.  The method of any one of claims 1-11, wherein the polypeptide
recognizes at least 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 base
pairs in the target DNA sequence.

30
13.  The method of claim 12, wherein the polypeptide recognizes all of the

base pairs in the target DNA sequence.

-85 -



(f) T/A for recognition by IG (g) ¢ Gor T/A for recognition by N, (h) T/A
for recognition by HG (i) T/A for recognition by H and 10(j)G C for
recogni t iwo 2b10/0843040. The DNA of claim 39, wherein the lpasaBpmai/nooist | ocat ed
in a pronoter or other gene regulatory sequence. 1541. The DNA of claim 39,

wherein the DNAis n nat ur al .ocgurring. .. . 42. A vectar
Conpri 51 ng the DA of nertasthediel eifi’ 2 Nheld s pomppidea it ke
conpri sing ¢ g HNR PNALRLAR9. 20 44. The host cell of claim43,
wherein the host cell is a bacterial cell, a fungal cell, an animl cell,
or a plant cell. 45. A transfornmed, non-human organi sm

conprising the of, claim39. 2 46. . The. t ransf grmed or.gani sm of

ol alm 45 “wher ei -t he* PSR @RPrERse tinghsrctagd Srimy@Re opp R,

47. A mgt hod for producing a DNA conprising a target DNA sequence that 30
is selectively recognized by a pol ypeptide conprising a repeat domain,
wherein the repdét dthﬁiPﬁb@thﬁﬁq(sféia%ItHL adsicipihe ppbpeptideinnet ridprpled from a
TAL effectoorcCu grein the repeat unit conprises a hypervariabl e region

whi ch determnes®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 nethod conprising. synthesizing a DNA
conprising a basé- paﬂ*r DN%@O%H%%%%%FG%@%&O?@@@@}ﬁp%fadedgrog%dﬂoéfpeat

uni t, woer g0 fhedR@sky BA &f iisinkelfet ed from the group consisting of:

18.  The DNA of claim 17, wherein the DNA is not naturally occurring.

19.  An expression cassette comprising a promoter operably linked to the

15 DNA of claim 17.
20. A non-human host cell comprising the expression cassette of claim 19.

21. The host cell of claim 20, wherein the host cell is a bacterial cell, a

20  fungal cell, an animal cell, or a plant cell.

22. A transformed, non-human organism comprising the expression cassette
of claim 19.
25 23.  The transformed organism of claim 22, wherein the organism is a

fungus, an animal, or a plant.

24. A method for selectively recognizing a base pair in a DNA sequence by
a polypeptide, the method comprising constructing a polypeptide comprising a repeat
30  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:
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(a) G Gfor recognition by HD;, (b) A/ T for recognition by N; 5(c)T/A for
recognition by NG (d) CT or A/T or T/A or GC for recognition by NS; (e)
G C or A/Woforo/a7esogni tion by NN, (f) T/ A for recogniti eaThp20i@poodsy) C G or
T/ A for recognition by N, 10(h)T/A for recognition by HG (i) T/ A for

recognition by H and(a)( 1) H% ?orfrgcrogilﬁfo%go?ié/i}?n by NK.
(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;
5 (¢) NN for recognition of G/C or A/T;
() IG 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

10 Q) NK for recognition of G/C.

25.  The method of claim 24, wherein the hypervariable region corresponds

to amino acids 12 and 13 in the repeat unit.

15 26.  The method of claim 24 or 25, wherein the repeat domain comprises 1.5

to 40.5 repeat units.

27.  The method of claim 24 or 25, wherein the repeat domain comprises
11.5 to 33.5 repeat units.
20
28.  The method of any one of claims 24-27, wherein the polypeptide further

comprises at one additional domain that is operably linked to the repeat domain.

29.  The method of any one of claims 24-28, wherein the repeat unit

25  comprises 30 to 40 amino acids.

30.  The method of claim 29, wherein the repeat unit comprises 33, 34, 35 or

39 amino acids.

30 31.  The method of any one of claims 24-30, wherein the repeat domain
comprising repeat units is inserted in a bacterial, viral, fungal, oomycete, human,
animal or plant polypeptide to achieve a targeted recognition and preferably binding of
one or more specified base pairs in a DNA sequence, and optionally wherein the repeat

unit is derived from the repeat domains of AvrBs3-like effectors which are further
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optionally modified in order to obtain a pre-selected specific activity to one or more

base pairs in a DNA sequence.

32.  The method of any one of claims 24-31, wherein the repeat domain
comprising the repeat unit is contained in a polypeptide controlling the transcription of
a gene, optionally in transcription activator or repressor proteins, optionally in AvrBs3-

like proteins, e.g. in AvrBs3 or Hax effector proteins.

33.  The method of any one of claims 24-32, wherein the N-terminal region
of a repeat domain confers a recognition specificity for a T/A 5' of the recognition

specificity of the repeat unit.

34.  The method of any one of claims 24-33, wherein the base pair in the
DNA sequence is inserted into an expression control element combined with a gene,
the expression control element being targeted by a transcription control protein
comprising the hypervariable region in the repeat unit recognizing the base pair located
in the expression control element to specifically control the expression of the gene,

wherein the expression control element is preferably a promoter.

35.  The method of claim 31, wherein the gene is a resistance mediating gene
in order to obtain a disease resistant organism, the expression control element being

optionally the target sequence for an AvrBs3-like effector protein.

36. A method of modulating expression of a target gene in a cell, wherein

cells are provided which contain a polypeptide wherein the polypeptide comprises 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;

(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;
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(¢) NN for recognition of G/C or A/T;
(H IG 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

) NK for recognition of G/C.

37. 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;

(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 recognition of G/C or A/T;

() IG 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

) NK for recognition of G/C.

38. A DNA comprising a coding sequence for the polypeptide of claim 37.

39. 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:
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(a)  C/G for recognition by HD;

(b) AT for recognition by NI;

(c)  T/A for recognition by NG;

(d) CTor A/T or T/A or G/C for recognition by NS;
(¢)  G/C or A/T for recognition by NN;

() T/A for recognition by IG;

(g)  C/Gor T/A for recognition by N;

(h)  T/A for recognition by HG;

(1) T/A for recognition by H; and

) G/C for recognition by NK.

40.  The DNA of claim 39, wherein the base pair is located in a promoter or

other gene regulatory sequence.

41.  The DNA of claim 39, wherein the DNA is not naturally occurring.

42. A vector comprising the DNA of claim 39.

43. A non-human host cell comprising the DNA of claim 39.

44, The host cell of claim 43, wherein the host cell is a bacterial cell, a

fungal cell, an animal cell, or a plant cell.

45. A transformed, non-human organism comprising the DNA of claim 39.

46.  The transformed organism of claim 45, wherein the organism is a

fungus, an animal, or a plant.

47. A method for producing a DNA comprising a target DNA sequence that
is selectively 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 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
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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)
(b)
(c)
(d)
(¢)
®
(8)
(h)
@
@

C/G for recognition by HD;

A/T for recognition by NI;

T/A for recognition by NG;

CT or A/T or T/A or G/C for recognition by NS;
G/C or A/T for recognition by NN;

T/A for recognition by IG;

C/G or T/A for recognition by N;

T/A for recognition by HG;

T/A for recognition by H; and

G/C for recognition by NK.
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